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M. Pr Vincent Dousset, Vice-President of the University of Bordeaux

in charge of international affairs,
representing M. Pr Manuel Tunon de Lara, President of the University of Bordeaux

M. Yann Jestin, official in charge of the vine wine sector,
representing M. Pierre Goguet, President of the Bordeaux Chamber of Commerce and Industry (CCI)

symposium under the patronage of the OIV

L’ouverture du 10e Symposium International d’Œnologie s’est déroulée le 29 juin 2015 en présence de :

M. Alain Rousset, Président du Conseil régional de la Nouvelle Aquitaine
M. Pr Vincent Dousset, Vice Président de l’Université de Bordeaux

en charge des relations internationales,
représentant M. Pr Manuel Tunon de Lara, Président de l’Université de Bordeaux

M. Yann Jestin, élu en charge du secteur vigne vin,
représentant M. Pierre Goguet, Président de la Chambre de commerce et d’industrie (CCI) de Bordeaux

colloque placé sous le patronage de l’OIV
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Preface to the 10th International Symposium of Enology

Pr Philippe Darriet

Director of Enology Research Unit
EA 4577, USC 1366 Inra, Institute of Vine and Wine Sciences, University of Bordeaux

This edition of the International Symposium of Enology is the 10th meeting of an international event initiated by Pr
Jean Ribéreau-Gayon and Dr Émile Peynaud more than 50 years ago, in 1963. At the time, the symposium aimed to cel-
ebrate the 100th anniversary of Louis Pasteur’s work and to put forward a young science - enology - in order to show its
importance in wine quality. After the first edition, the symposium continued in 1967, 1977, 1989 and then in 1995, 1999,
2003, 2007, 2011 under the lead of Pr Pascal Ribéreau-Gayon, then Prs Yves Glories, Aline Lonvaud and Bernard
Donèche, with the same philosophy of a general-interest symposium covering the fields of enological science. The research
questions have evolved : enological research initially focused on wine clarity and instability problems, then on fermentation
control, and more recently on the qualitative potential of fruit and its evolution during vinification and aging, and the pa-
rameters of sensory perception.

The Œno2015 edition is consistent with the principle of a general-interest symposium allowing exchanges within a
multidisciplinary scientific community dedicated to vine and wine sciences. Thus, the 4 traditional themes - Plant, envi-
ronment and grape quality, Grape and wine microorganisms, Wine chemistry, Sensory analysis - were the foundation of
the 10th Enology Symposium. However, enology, as Emile Peynaud said in « Le vin et les jours » (meaning « the wine
and the days »), is a science in motion ; as an applied science, it is shaped by developments in basic sciences, as well as
in human and social sciences. In order to open up new avenues of research for the next 10 years, we invited research
experts from various fields including microbiology (Pr David Mills, University of California), chemistry (Pr Ludovic
Julien, Ecole Nationale Supérieure Paris ; Dr Markus Herderich, AWRI), cognitive psychology (Dr Wendy Parr, University
of Lincoln NZ), neurosciences (Dr Gabriel Lepousez, Institut Pasteur Paris) and experimental economics (Dr Pierre Com-
bris, INRA Evry) ; enological research should focus not only on the product and its components, but also on the taster
and his/her perception, and the consumer and his/her act of purchase.

The 10th Enology Symposium brought together nearly 200 presentations in the 4 traditional themes. This included
specific workshops (short oral presentations) on grape and wine microorganisms, oxygen, sensory impact compounds,
grape quality parameters and new processes, and more than 80 poster presentations. 

Focusing on some of the highlights of the 10th Enology Symposium, it is worth mentioning the important proportion
of interdisciplinary research :

- In the field of vine sciences, several studies have shown the essential contribution of genomic, transcriptomic, pro-
teomic and metabolomic approaches to the study of vine ecophysiology parameters, and even sensory analysis. 

- In the field of microbiology, inputs linked to the spectacular development of genomics in microbial ecosystem
analysis and in the study of the metabolism of grape and wine microorganisms allow, along with directed evolution, to
consider new perspectives for yeast and bacterial strains adapted to wine making requirements. 

- In the field of chemistry and processes, several studies were carried out on the transfer of oxygen through stoppers
and barrels and its impact on wine components. Research work in analytical chemistry using global (metabolomics) or
targeted approaches and ever more sensitive and precise mass detectors (high resolution), often related to sensory aspects
of wines, was strongly present during Œno2015, such as the interactions between tannins and macromolecules, sometimes
revealing new health-promoting properties in wine.

- Finally, in the field of sensory analysis coupled to cognitive psychology, neuroscience and experimental economics,
research now takes into account not only the characteristics of the product, but also the tasting conditions and the psy-
chology and purchasing decisions of the taster.

The 10th International Symposium of Enology, Œno2015, was held thanks to financial support from public partners,
private companies, wine interprofessional associations and wine producers who contributed to the sustainability of this
scientific event and to whom the Enology research unit, within the ISVV, wishes to express its gratitude.

Sincere thanks also to :



- The members of the scientific committee, from the ISVV and various French research centers in Montpellier, Dijon,
Reims and Toulouse, who helped us select the abstracts ;

- ISVV administrative staff, BIATSS professors/researchers and staff, in particular my colleagues Dr Marina Bely, Dr
Stéphanie Marchand-Marion, Dr Michael Jourdes, Dr Axel Marchal, Dr Rémy Ghidossi, Dr Cécile Thibon and Pascaline
Redon, who have invested a great deal of time and effort in the organization of Œno2015, as well as Patrick Leger, Elodie
Guittard and our webmaster, Emmanuel Baugier. Thanks also to the doctoral students, post-doctoral researchers and BI-
ATSS staff of the Enology research unit who participated in the organization of this symposium.

At the end, I would like to pay a brief tribute to Pr Denis Dubourdieu, founder and director general of the Institute of
Vine and Wine Sciences Bordeaux-Aquitaine, on July 26, 2016, after a long illness. Pr Denis Dubourdieu, author of more
than 200 scientific and technical publications, was a talented scientist. Guided by his empirical observations as winemaker
and consultant, he was committed not only to advancing knowledge in enology, but above all to preserving and enhancing
the quality of wines. « The aim of enology », he said, « is not only to determine the composition of wines. Its true role is
to explain the natural phenomena involved in the production and aging of wine in order to better guide them ».

The scientific activity of Denis Dubourdieu was that of a researcher deeply involved in the various fields of enology,
carrying out studies on the chemistry of aromas and taste compounds, the biochemistry of grapes, the definition of maturity
criteria (aromas and aroma precursors, polysaccharides) and the enological impact of Botrytis cinerea as an agent of gray
rot or noble rot. He also provided insights in yeast microbiology (characterization of strains and species of Saccharomyces
by molecular biology techniques, role of microorganisms in the sensory quality of wine, and impact of spoilage microor-
ganisms (Brettanomyces sp)) and contributed to a better definition of wine quality perceived by the taster. He wrote a
beautiful page in the history of enology research and set a course for the future.

My colleagues and I wish you good reading and invite you in 2019 for the 11th International Symposium of Enology.



Préface au 10e Symposium international d’œnologie

Pr Philippe Darriet

Directeur de l’Unité de recherche Œnologie
EA 4577, USC 1366 Inra Institut des Sciences de la Vigne et du Vin, Université de Bordeaux

Cette édition du Symposium International d’Œnologie est la 10e rencontre d’une manifestation internationale initiée
par le Pr Jean Ribéreau-Gayon et le Dr Émile Peynaud, il y a plus de 50 ans, en 1963. Il s’agissait à l’époque de célébrer
le centenaire des travaux de Louis Pasteur et de mettre en avant une science encore jeune - l’œnologie - afin de montrer
son importance dans la valorisation de la qualité des vins. Après la première édition, le rassemblement s’est poursuivi en
1967, 1977, 1989 puis en 1995, 1999, 2003, 2007, 2011 sous l’impulsion du Pr Pascal Ribéreau-Gayon, puis des Profes-
seurs Yves Glories, Aline Lonvaud et Bernard Donèche, toujours avec la même philosophie d’un colloque généraliste
couvrant les champs de la science œnologique. Les questions de recherche ont évolué : au départ, la recherche œnologique
s’est penchée sur des problèmes de limpidité et d’instabilité des vins, puis sur la maîtrise des fermentations, avant de s’in-
téresser au potentiel qualitatif contenu dans le fruit et à son évolution au cours de la vinification et du vieillissement, aux
paramètres de la perception sensorielle. 

L’édition Œno2015 se positionne toujours avec le principe d’un symposium généraliste permettant des échanges au
sein d’une communauté scientifique multidisciplinaire au service des sciences de la vigne et du vin. Ainsi, les quatre
thèmes traditionnels - Plante, environnement et qualité du raisin, Microorganismes du raisin et du vin, Chimie du vin,
Analyse sensorielle - ont constitué le socle de l’organisation du 10e Symposium d’Œnologie. Cependant, l’œnologie,
comme le dit Émile Peynaud dans « Le vin et les jours », est une science en mouvement ; en tant que science appliquée,
elle a toujours vocation à être irriguée par le progrès des connaissances en sciences fondamentales, en intégrant aussi les
sciences humaines et sociales. Aussi, dans le cadre de cette dixième édition, afin d’ouvrir de nouvelles pistes de recherche
pour les dix prochaines années, ont été conviés des chercheurs spécialisés dans le domaine de la microbiologie (Pr David
Mills, Université de Californie), de la chimie (Pr Ludovic Julien, École Nationale Supérieure, Paris ; Dr Markus Herderich,
AWRI), et aussi dans les champs de la psychologie cognitive (Dr Wendy Parr, Université Lincoln, NZ), des neurosciences
(Dr Gabriel Lepousez, Institut Pasteur, Paris), de l’économie expérimentale (Dr Pierre Combris, INRA Evry), la recherche
œnologique devant non seulement porter sur le produit dégusté et ses composants, mais également sur le dégustateur et
sa perception, le consommateur et son acte d’achat. 

Le 10e Symposium d’œnologie a ainsi rassemblé près de deux cents communications dans les quatre thèmes tradi-
tionnels présentés. De plus, des séances de travail spécifiques ont été organisées sur les thématiques des microorganismes
du raisin et du vin, sur l’oxygène, les composés d’impact sensoriel, les paramètres de qualité des raisins ou les nouveaux
procédés dans le cadre de short com. Plus de quatre-vingts communications ont aussi été présentées sous forme 
d’affiches.

Dressant brièvement quelques faits marquants du 10e Symposium d’œnologie, il convient d’abord de souligner la pro-
portion importante de travaux menés en interaction entre différents champs disciplinaires :

- Dans le domaine des sciences de la vigne, plusieurs travaux ont montré l’apport incontournable des approches de
génomique, transcriptomique, protéomique, métabolomique en lien avec des paramètres d’écophysiologie de la vigne et
parfois en interaction avec l’analyse sensorielle.

- Dans le domaine de la microbiologie, les apports liés aux développements spectaculaires de la génomique dans
l’analyse des écosystèmes, dans l’étude du métabolisme des microorganismes du raisin et des vins permettent, avec l’évo-
lution dirigée, d’envisager de nouvelles perspectives pour les souches de levures et bactéries adaptées aux exigences de
l’élaboration du vin.

- Dans le domaine de la chimie et des procédés, plusieurs travaux portaient sur le transfert d’oxygène au travers des
obturateurs et des barriques ainsi que sur son impact vis-à-vis des composants du vin. Les travaux en chimie analytique,
avec des approches globales (métabolomique) ou ciblées, avec des détecteurs de masse sans cesse plus sensibles et précis
(haute résolution), souvent en lien avec les aspects sensoriels dans les vins ont été très représentés au cours d’Œno2015,



comme ceux concernant les interactions entre tanins et macromolécules, révélant parfois dans le vin de nouvelles propriétés
hygiéniques.

- Enfin, dans le domaine de l’analyse sensorielle en interaction avec les champs de la psychologie cognitive, des neu-
rosciences et de l’économie expérimentale, les travaux ne prennent plus seulement en compte les caractéristiques du pro-
duit dégusté, mais également l’environnement de la perception et la psychologie du dégustateur, l’étude de son acte
d’achat.

Le 10e Symposium international d’œnologie, Œno2015, a pu se dérouler grâce à de nombreux soutiens financiers de
partenaires public, d’entreprises, interprofessions viticoles, crus, châteaux vinicoles qui ont contribué à pérenniser cette
manifestation scientifique et auxquels l’unité de recherche Œnologie, au sein de l’ISVV, témoigne toute sa reconnaissance. 

Sont aussi remerciés : 

- Les membres du comité scientifique, venant de l’ISVV et de différents centres de recherche français à Montpellier,
Dijon, Reims, Toulouse qui nous ont aidés pour la sélection des travaux ;

- Les personnels administratifs de l’ISVV, les enseignant-chercheurs et personnels BIATSS, en particulier mes col-
lègues Dr Marina Bely, Dr Stéphanie Marchand-Marion, Dr Michael Jourdes, Dr Axel Marchal, Dr Rémy Ghidossi, 
Dr Cécile Thibon, Pascaline Redon qui se sont beaucoup investis dans l’organisation d’Œno2015 ainsi que Patrick Léger
et Élodie Guittard et notre webmaster, Emmanuel Baugier. Merci aussi aux doctorants, post-doctorants et personnels
BIATSS de l’unité de recherche Œnologie qui ont participé à l’organisation de ce symposium.

J’aimerais également rendre hommage au Professeur Denis Dubourdieu, fondateur et directeur général de l’Institut
des Sciences de la Vigne et du Vin Bordeaux-Aquitaine, décédé, le 26 juillet 2016, des suites d’une longue maladie. Le
Pr Denis Dubourdieu, auteur de plus de deux cents publications scientifiques et techniques, était un scientifique talentueux.
Guidé par ses observations empiriques de vinificateur et de consultant, il était toujours désireux que ses travaux conduisent
non seulement à une meilleure connaissance du sujet mais plus encore permettent de préserver et de valoriser la qualité
des vins. « L’œnologie n’a pas pour seul but de déterminer la composition des vins. Son véritable rôle est, disait-il, d’ex-
pliquer pour mieux orienter les phénomènes naturels intervenant au cours de l’élaboration et du vieillissement des vins ».

L’activité scientifique de Denis Dubourdieu a bien illustré celle d’un chercheur profondément engagé dans les différents
champs de l’œnologie ayant mené des travaux sur la chimie des arômes et des composés du goût, en biochimie du raisin
autour de la définition de critères de maturité (arômes et leurs précurseurs, polysaccharides), concernant l’impact œnolo-
gique lié au développement de Botrytis cinerea comme agent de la pourriture grise ou la pourriture noble. Il a aussi apporté
des éclairages en microbiologie des levures (définition des souches et espèces de Saccharomyces avec les moyens de la
biologie moléculaire, rôle des microorganismes dans la qualité sensorielle des vins ou impact de microorganismes d’al-
tération (Brettanomyces sp)) et a contribué à une meilleure compréhension de la perception de la qualité du vin dans la
conscience du dégustateur. Il a écrit une belle page de l’histoire de la recherche en œnologie et il y a donné un cap. 

Nous vous souhaitons une bonne lecture et avec mes collègues vous donnons rendez vous en 2019 pour le 11e sym-
posium international d’Œnologie. 



In tribute - En hommage

Honorary President of the 10th International Symposium of Enology
Président Honoraire du 10e Symposium International d’Œnologie 

Pr Denis Dubourdieu (1er juillet 1949 - 26 juillet 2016)
Director General of the Institute of Vine and Wine Sciences Bordeaux-Aquitaine

Knight of the Legion of Honor - Chevalier de la Légion d’Honneur
Knight of the Order of Agricultural Merit - Chevalier de l’Ordre du Mérite Agricole
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Introduction 
Terroir is a holistic concept which refers to interactions between the identifiable physical and biological 
environment and applied vitivinicultural practices that provide distinctive characteristics for the products 
originating from the area. From a linguistic perspective terroir stems from the Latin word terra, or land. 
Hence at a conceptual level terroir may be defined through characterising distinctive geologies and soils in 
individual vineyards. Yet the inorganic chemical profile of a grape berry has only a distant and indirect 
relationship with vineyard geochemistry, concentrations of minerals in wine bear little relationship to 
geological minerals in vineyard, and so far no evidence supports a direct link between geology, soil 
composition and wine flavour. To further explore the assumption that specific grape and wine flavours can 
be attributed to a vineyard or delimited geographical area where grapes have been produced, we have 
recently studied the spatial and temporal variability of key wine aroma compounds, 1,8-cineole, TDN and 
rotundone. Taken together, these studies suggest that environmental and potentially biological factors - 
together with viticultural management and winemaking practices - are key to shaping wine flavour and to 
creating distinctive wine styles.  

Materials and methods 
Vineyard and fermentation studies conducted to elucidate the origin of 1,8-cineole in red wine have been 
summarised in [1, 2]. The TDN field experiment was conducted during the 2014/15 growing season with 
established Riesling vines within two commercial vineyards separated by 13.7 km. Riesling vineyard sites 
in the Barossa and the Eden Valley, Australia (elevation ~280m and ~450m, respectively), were selected 
based on their 2°C difference in mean January temperature (MJT). Leaf removal (33% leaf removal) was 
conducted by hand at 30 days post-fruit set. As control, light exclusion polypropylene boxes over one grape 
bunch per vine were applied to vines with otherwise normal bunch sunlight exposure and to bunches on 
vines with leaf removal [3]. The analysis of total C13-norisoprenoids was based on a solid-phase extraction 
(SPE) protocol described in [4] with modifications to improve TDN precursor hydrolysis. Rotundone 
analysis was carried out following [5] with the modifications described in [6]. Geostatistical analysis and 
mapping are described in [6] and [7]. 

Results and discussion 
A significant amount of research over many years has aimed at characterising the links between climate, 
soil and cultivar, grape composition, and sometimes wine composition and sensory. For example, it was 
found that the impacts of climate and soil were greater than that of cultivar and that the effects of climate 
and soil on fruit composition were likely mediated through their influence on vine water status, that is a 
reflection of vine water stress in an un-irrigated vineyard [8]. In a study of Pinot Noir the authors observed 
a strong association between soil depth and corresponding water-holding capacity and vine vigour which 
was thought to have an indirect effect on bunch sunlight exposure and vine microclimate, leading to the 
observed variations in grape and wine anthocyanins and tannins [9]. Recently, we have explored the impact 
of viticultural practices on the concentration of TDN precursors in Riesling at Barossa and Eden Valley 
vineyards. In 2014/15, removing 33% of leaves from around the bunch-zone resulted at both sites in greater 
sun exposure and a substantial increase in TDN precursors (6-fold compared to shaded controls). When 
grapes were grown under fully shaded conditions in light excluding boxes, a small increase of ~20% in 
TDN precursors was observed for grapes from the warmer Barossa Valley vineyard compared to the Eden 
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Valley grapes, which may be attributed to the many significant differences between the soils, management 
practices and meso-climates [3]. Taken together, these studies point out that vine water status and stress, 
which may vary according to seasonal weather conditions and irrigation practices, as well as vigour and 
light exposure, are more likely to influence grape and wine composition than soils or sites per se. While 
this in no way suggests that soil properties are unimportant, it is much more likely that it is the diversity in 
weather and climatic conditions, soil fertility, vigour, light exposure and vineyard management practices 
that leads to a broad range of wine styles, flavours and unique wines of distinction, rather than the diversity 
of soils as such.  

The origin of ‘eucalypt’ and ‘minty’ aromas in wine  
This has been the subject of discussions between scientists, grape producers and winemakers and provides 
an interesting case study into how a vineyard’s location and surrounding vegetation affect grape and wine 
aroma. Some researchers believed that ‘eucalypt’ characters were associated with the proximity of 
vineyards to Eucalyptus trees [10] and hence typical expressions of the terroir of some wines; others 
proposed that grape-derived monoterpenes acted as precursors for the ‘minty’ aroma compound 1,8-cineole 
in berries [11]. Further investigations revealed, however, that grape monoterpenes are unable to generate 
high enough levels of 1,8-cineole to reach sensory threshold concentrations [1]. These results shifted the 
focus onto non-grape sources of 1,8-cineole, specifically eucalypt trees that are native to Australia, widely 
planted throughout the world, and are known for their essential oils rich in 1,8-cineole. In a detailed study 
the relationship between grape composition and the proximity of vines to Eucalyptus trees was 
investigated. Indeed, the results demonstrated that the greatest amount of 1,8-cineole was found in wine 
made from grapes that were closest to the Eucalyptus trees. Winemaking experiments revealed a 
continuous increase in the concentration of 1,8-cineole during fermentation that stopped once a wine was 
drained from skins. This indicated that 1,8-cineole was extracted from the grape skins and/or matter other 
than grapes (MOG). Importantly, it was not airborne transfer of eucalypt essential oil volatiles that was the 
main source of 1,8-cineole, but the presence of eucalypt leaves (and to a lesser extent grapevine leaves and 
stems) in harvested grapes that were the key factors responsible for elevated concentrations of 1,8-cineole 
in wine [2]. Overall, the proximity of grapevines to Eucalyptus trees has a major effect on 1,8-cineole 
concentrations in wine, and the presence of MOG can significantly influence 1,8-cineole levels. Hence the 
unique ‘minty’ aroma and terroir effects from 1,8-cineole can be enhanced or reduced to create balanced 
wines that express their terroir through harvesting practices that consider the proximity of native or planted 
eucalypt trees, the species of Eucalypt trees and typical wind direction. In addition to capturing aromas 
from vegetation growing amongst grapevines or nearby, wine grapes also host a wide range of microbes 
originating from the surrounding environment. Recently, it has been shown that regional and site-specific 
factors and grape variety shape the fungal and bacterial consortia in vineyards and on grape surfaces 
[12, 13]. This provides evidence for the existence of a distinctive ‘microbial terroir’ as a key factor that 
contributes to regional variation among wine grapes, potentially through influencing the secondary 
metabolism of the grapevines and grape composition. In addition, such distinctive ‘microbial terroir’ on 
grapes might also be able to influence the microbial populations during fermentation and the diversity of 
flavours in wine made by spontaneous fermentations. 

Rotundone in cool climate Shiraz wine  
Shiraz is one of the most important grape varieties and grown across all regions in Australia. Prominent 
Australian Shiraz styles include elegant, peppery cool-climate wines (for example from the Adelaide Hills, 
or the Grampians); more intensely flavoured, spicy and sometimes minty styles of Margaret River, 
Coonawarra or Clare Valley; sweet chocolaty and ripe-fruited wines (Barossa Valley, McLaren Vale), and 
leathery and rich wines (Hunter Valley). Notably, only a few vineyards consistently produce peppery 
wines, especially in cooler years, and this can be predicted from analysing the concentration of a 
sesquiterpene, α-ylangene, as a biomarker in grapes [14]. Subsequent studies resulted in the identification 
of the sesquiterpene rotundone that is found in the skins of Shiraz berries [15, 16] and responsible for the 
distinctive peppery aroma in grapes and wine [15, 17].  

Key factors associated with the variability of rotundone and peppery aromas in grapes and wine  
Recent research [6] demonstrated that, for a Shiraz vineyard in the Grampians region, variation in the 
concentration of grape berry rotundone was spatially structured at the within-vineyard scale and was related 
to variation in the land underlying the vineyard. There appeared to be a clear soil effect, but of particular 
note, was the apparent control exerted by topography through its effects on slope and aspect [6], with the 
inference being that variation in temperature and/or incident solar radiation was driving variation in berry 
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rotundone concentration. Also, results from another study [18] working at vineyard, vine and bunch scales 
in the same vineyard as that used by Scarlett et al. [6], have highlighted the likely importance of 
temperature and light interception on rotundone accumulation. In addition, the concentration of a number 
of additional grape aroma compounds was also clearly spatially structured and for some compounds from 
presumably closely related biosynthetic pathways - such as β-damascenone and theaspirane - distinctive 
differences in their spatial concentration distributions were observed [19]. Notably, the spatially structured 
differences in aroma compounds were not related to differences in maturity as no significant differences in 
commonly used grape compositional parameters, including total soluble solids, pH, titratable acidity, total 
phenolics and total anthocyanins were observed among low, medium and high rotundone zones in 2012 [18].  

When the original 2012 study was repeated in 2013 and 2015 [7], a 40-fold difference in mean rotundone 
concentration was observed between 2012 and 2013, a 13-fold difference between 2012 and 2015, and a 
3-fold difference between 2013 and 2015, yet the patterns of within-vineyard variation in berry rotundone 
concentration were strikingly similar. That is spatial analysis of maps of rotundone variation produced for 
each year demonstrated that the distinctive patterns of spatial variation in grape rotundone were stable 
between the seasons [7]. This remarkable observation provides a starting point for future research aimed at 
differentiating between the influences of seasonal climatic conditions and the contributions of other terroir-
related environmental, genetic and/or biological factors that could independently or in combination 
contribute to higher rotundone concentrations and distinctively peppery red wine. While other work has 
started to unravel the genetic elements of the biosynthesis of rotundone [20, 21], the question of which 
factors cause the observed spatial and temporal variability in grape rotundone concentration remains 
uncertain. As ‘high-rotundone’ vineyards are found across regions with rather diverse and distinct 
geological terroirs it is unlikely that soil chemistry or geology are playing a causative role in rotundone’s 
formation. In addition, the observed seasonal and spatial variability in a key aroma compound between 
vineyards, within a vineyard, and within grapes from the same vine within a single vineyard point towards 
combinations of genetic and environmental factors that result in enhanced rotundone concentrations in 
grapes. Arguably, the presence of the sesquiterpene rotundone in specific varieties such as Shiraz or Duras 
[22], while it is absent in other varieties that are planted in the same region and similar iso-climates, 
indicate a genetic basis for sesquiterpene biosynthesis that is specific to high-rotundone varietals. The 
observation that specific vineyards within cool climate regions such as Adelaide Hills and Grampians 
(Australia), or Hawke’s Bay (New Zealand), have a historical record of consistently yielding grapes high in 
pepper aroma and rotundone might also point towards the potential presence of a genetic and/or epigenetic 
determinant, although such a suggestion would need further investigation to corroborate it. However, the 
observed differences at a grapevine scale, that is the differences between rotundone concentrations of 
individual grapes within a bunch and between bunches grown on the same grapevine but on exposed or 
shaded sides of a row, cannot be explained by genetic effects. Rather, the observed within-vine variability 
points towards a major role for environmental factors such as light exposure and/or temperature of the 
bunch zone in regulating the formation of rotundone. Similarly the propensity of ‘high-rotundone’ Shiraz 
vineyards to be located across cool-climate regions and the significant seasonal differences in rotundone’s 
concentration point towards weather conditions, especially temperature and perhaps rain or water 
availability, as playing key roles in influencing the formation of rotundone. When reconciling 
environmental factors that may play a key role in the formation of rotundone in grapes and would explain 
the observed spatial and temporal variability in its concentration, it is important to recognise that 
biosynthesis of many volatile organic plant metabolites, including sesquiterpenes, can be induced by a 
herbivore attack [23, 24]. With this in mind it is intriguing to speculate that the presence of rotundone in 
grapes, or of one of its close precursors such as α-guaiene, could potentially be the consequence of a 
herbivore attack onto a vine above or below ground. As the final step in the formation of rotundone, an 
oxidation of a sesquiterpene precursor, most likely α-guaiene, is required. Indeed, the oxidation of 
α-guaiene to rotundone has been shown to occur in the presence of the enzyme laccase [25], by 
autoxidation in air [26], and through a P450 oxidase in grapevine [21]. Recently, the role of the light-
catalysed aerial oxidation of α-guaiene was described, with highest rotundone concentrations being formed 
under shaded/moderate light exposure [27]. This observation lends further support to the hypothesis that 
interaction(s) of a grapevine with its biological environment are key for achieving elevated concentrations 
of direct rotundone precursors such as α-guaiene in certain vineyards, vines, bunches and grapes, and that 
the final concentration of rotundone is limited by the concentration of its precursors and not by the final 
oxidation step.  
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Conclusion 
The results obtained from studying spatial and temporal variability of TDN precursors, 1,8-cineol and 
rotundone highlight the important contributions of environmental conditions, biological factors and 
viticultural management practices to shaping distinctive profiles of flavour compounds in grapes and wines. 
The observed variability among aroma compounds indicates that the scale at which terroir can be 
considered a useful construct for explaining distinctive profiles of grape and wine aroma compounds might 
differ from approaches relying on geology, geomorphology or geochemistry-based definitions of terroir. 
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Berry content ‒ nitrogen ‒ systems biology ‒ untargeted metabolomics  

Introduction 
The oenological potential of grape berries depends on an adequate balance between sugar content, acidity, 
concentration of polyphenols and aroma precursors. Due to climate change and modifications of vineyard 
management, berry sugar content at harvest has increased over the last three decades, while acidity has 
decreased, and phenology was accelerated, with potential detrimental effects on aroma profiles. It is 
therefore important to understand the mechanisms controlling the balance between sugars/organic 
acids/polyphenols and aromas in order to maintain the present typicity of the wines through changes in 
viticultural practices and/or genetic improvement. Preliminary results obtained in our laboratory [1, 2] 
suggest that water stress indirectly affects the sugar/polyphenol balance through the nitrogen status.  

Nitrogen deficiency not only affects the amino acid content of berries, but also their sugar content [3]. 
Nitrogen deficiency promotes anthocyanin biosynthesis in grapevine [4], tomato fruit [5] and apple [6]. 
However, the positive effects of nitrogen deficiency on polyphenol synthesis may be in part indirect, 
through a decreased vigour and an increase of berry exposure to sunlight [7]. Various results obtained in 
Bordeaux also suggest interactions between water stress, nitrogen deficiency and metabolism of aroma 
compounds [8-12]. 

Wine quality largely depends on the berry content at harvest. Berry content at harvest is made up of several 
hundreds of primary and secondary metabolites that will be transformed totally or in part during wine 
making, and finally interact with the sensory organs of the consumer in a complex way. The sensory 
properties are then integrated in the brain to determine the willingness of the consumer to pay a given price 
for an expected quality and tasting pleasure.  

Berry composition at harvest depends on complex interactions between the genotype of the rootstock, the 
genotype of the scion, and their respective environment. In addition to choosing the genotypes used for 
vineyard plantation, the vine grower affects the environment sensed by the canopy and the fruit through 
plantation density, row orientation, partial leaf removal, and cluster thinning. The environment sensed by 
the root also depends in part of vineyard management, through irrigation (where it is authorized) and 
fertilizer supply. Among the different components provided by mineral nutrition, nitrogen plays an indirect 
role in the control of canopy vigour and sensitivity to diseases. It is also a component of many molecules 
contributing to berry composition and oenological potential, e.g. amino acids and aroma precursors. The 
nitrogen status of the cell directly or indirectly controls many different processes, which has led to the 
concept of nitrogen signalling.  

While targeted approaches allow to identify isolated key compounds and parameters that affect precise 
steps affecting berry growth, ripening and composition, integrative approaches are definitely needed to 
identify interaction networks between climate, viticultural treatments, berry composition, wine making and 
wine quality.  
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The present work uses this type of approach to investigate the effects of nitrogen treatment on the berry 
content of several variety/rootstock combinations.  

Materials and methods 
Plant material and extract preparation 
Grapevines (cv. Cabernet sauvignon and Pinot noir) grafted on either RGM or 110R rootstocks were grown 
in 10-L pots and supplied three times per day (1.2 L/day/plant) by drip irrigation with three nitrogen levels 
(0.8, 1.4 and 3.6 mM). Except for nitrogen, all solutions had the same non-limiting concentrations of other 
mineral elements. Berries were collected at two stages: mid-ripening and ripening in 2013 and 2014. The 
skins were separated from the pulp, frozen at -80°C and freeze-dried. The dried skins and pulp were 
powdered, and skin metabolites were extracted in methanol containing 10% water and 0.1% formic acid, 
while pulp metabolites were extracted in methanol containing 10% water.  

Data analysis 
An untargeted metabolomics LC-ESI-MS approach was developed for the simultaneous analysis of many 
compounds in the berries. The MS data matrix was imported into Simca software and unsupervised 
Principal Component (PCA) and supervised Orthogonal Partial Least Square Discriminant (OPLS-DA) 
analyses were performed. The unsupervised PCA was carried out to observe homogeneous sample clusters 
that were used as Y classes in the supervised OPLS-DA. As final output, molecules responsible for cluster 
separation in OPLS-DA were identified by plotting the pq(corr), i.e. the correlation between p (based on the 
X component, the metabolites) and q (based on the Y component, the classes), against p. The statistical 
analyses were validated by performing a) permutation test (200 permutations); b) CV-ANOVA (p<0.05); 
and c) t-test (p<0.05) for a cluster characterizing molecule. 

Results and discussion 
The metabolomics analysis made on berry skin and pulp in negative ionization mode, and the following 
extraction of relevant information by MZmine software allowed to detect about 500 m/z features in the 
pulp and 700 m/z features in the skin; about 150 of them were putatively identified as molecular ion and 
their isotopes and adducts. The identified metabolites mainly belonged to the classes of anthocyanins, 
flavonoids, hydroxycinnamic and hydroxybenzoic acids, procyanidins and stilbenes. Since the more 
abundant metabolites were all putatively identified, the identified total signal (sum of the individual signal 
intensity of all the putatively identified metabolites) corresponded to the 61-80% of the total signal (sum of 
the signals of all the individual m/z features) in the skin, depending on the individual samples, and to 64-
83% in the pulp. Skin and pulp were analysed separately; since they showed similar pattern, but were more 
pronounced in the skin samples, here only the skin sample results are shown. 

As a first approach, data matrix were preliminary explored by the unsupervised PCA, showing, as expected, 
that the samples grouped primarily according to the cultivars and, secondly, also by years (fig. 1A,B).  

The two cultivars were then analysed separately using O2PLS-DA, a supervised approach. The models 
generated by discriminant analysis were validated through ANOVA and through a permutation test (200 
permutations). When the cultivars were analysed separately in more details, using the above supervised 
approach, they clustered both according to the nitrogen status (fig. 2A,B) and rootstock (fig.2 C,D). 

Fig. 1 - PCA score scatter plot. (A) The PCA shows two groups of samples: CS (Cabernet sauvignon) 
and PN (Pinot noir). (B) The PCA also shows two groups of samples according to years. 
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Fig. 2 - OPLS-DA score plot for nitrogen status (A and B) or rootstocks (C and D) dataset in CS and PN. 

Each symbol represents a single chromatography experiment. The analysis was carried out using 
three independent biological replicates for each treatment. 

Moreover, the inspections of the loadings showed that the behaviour of the two cultivars depended on the 
specific cultivar/rootstock combination: in the Cabernet sauvignon cultivar, the graft on the 110R rootstock 
yielded berries positively characterized by many metabolites, while, on the other hand, the berries that 
came from the Cabernet sauvignon-RGM combination did not show any characterizing metabolites 
(fig. 3A). At the opposite, the RGM-Pinot noir combination generates berries more rich in discriminating 
metabolites than the 110R-Pinot noir combination (fig. 3B). 

Fig. 3 - S-plot for the rootstock dataset, obtained by mapping p against pq(corr) in OPLS-DA. 
Each point represents a compound detected and quantified by LC-MS. p is an indicator of the 
discriminant power of each molecule in the model, which directly depends on its abundance; 

pq(corr) indicates the Correlation variable/rootstocks. 

Conclusion 
The metabolome of grape berry skin was analysed in order to investigate the impact of rootstocks and 
nitrogen on berry composition. This study revealed that the multivariate OPLS technique can be a useful 
approach for the analysis of metabolomics data. This technique allowed us to identify metabolites which 
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characterize specific cultivar/rootstock combinations. For each cultivar (CS or PN), the type of rootstock 
affects the berry metabolome. The CS grafted onto 110R positively correlates with the accumulation of 
anthocyanin 3-O-glucoside and anthocyanin (acetyl)-3-O-glucoside. On the other hand, no specific 
secondary metabolites are correlated with the grafting of CS on RGM. Likewise, in Pinot noir, only one 
metabolite (quercetin (acetyl)-3-O-glucoside) is highly positively correlated with the 110R rootstock. On 
the other hand, PN grafted onto RGM positively correlates with two resveratrol-O-glucosides and with 
some hydroxycinnamic acid derivatives. Our result confirms that the genotypes of both rootstock and 
cultivar affect berry composition and oenological potential. In particular, some cultivar/rootstock 
combinations are characterized by the accumulation of secondary metabolites such as anthocyanins or 
stilbenes.  

A better knowledge of the accumulation of berry metabolites in response to nitrogen, rootstock genotype 
and variety genotype could be an asset in viticultural practices to maintain or improve the quality of the 
wines. Nitrogen status affects the grape berry metabolome depending on cultivar/rootstock combination 
(fig. 2 and data not shown). This large metabolomic dataset can serve as a basic framework to integrate 
omics data and understand the rootstock-scion relationship with nitrogen status at the berry level. 

Abbreviations 
CS, Cabernet sauvignon; PN, Pinot noir; RGM, Riparia Gloire de Montpellier; 110R, 110 Richter; PCA, 
principal component analysis; OPLS-DA, orthogonal projection to latent structures-discriminant analysis. 
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Adaptation ‒ climate ‒ innovations ‒ quality 

Introduction 
According to the Vth Intergovernmental Panel on Climate Change report, climate change over the last 
decades is unequivocal and will continue for the following century [1]. As stated by several authors [2-4], 
these changes will impact vine growing and the quality of wines produced all over the world. 
Consequently, adaptation defined as “the set of organization, localization and technical changes that 
societies will have to implement to limit the negative effects of climate change and to maximize the 
beneficial ones” is a necessity [5, 6]. The main goal of adaptation strategies, as expressed by 
representatives of the French wine industry, is to maintain yield potential and wine typical quality – i.e. 
typicity – at a regional level [7]. Facing increasing socio-economic and scientific questions, at regional and 
national levels, the Institut National de la Recherche Agronomique (INRA) decided to launch a 
multidisciplinary research project to explore not only the impacts of climate change on grapevines and 
wines, but also the current and future adaptation strategies. The LACCAVE project brings together the 
expertise of 23 research laboratories, aiming at developing a common knowledge base on climate change 
issues, as well as defining and assessing adaptation strategies at local, regional and national levels. The aim 
of this paper is to give an overview of the predicted impacts of climate change on the wine industry, 
especially in France, and of the possible adaptation strategies that are explored in the frame of the 
LACCAVE project. 

Climatic scenario for French vineyards 
All over the world, the increase in average surface temperature by the end of the 21st century is predicted to 
be likely over 1.5°C in all the scenarios and up to 4.8°C in the most extreme one corresponding to an 
atmospheric [CO2] of about 1400 ppm. Precipitations will be affected with a larger range between dry and 
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wet regions, as well as between dry and wet seasons [1]. However, changes will be uneven all over the 
world and adaptation will occur at local levels. Consequently, there is a crucial need for downscaling 
climatic scenario at regional or local levels. For France, regional simulations were established from two 
climatic models (Aladin-Climat and WRF) at 64 km2 resolution (SAFRAN grid 8 km x 8 km) for 3 of the 4 
general RCP scenarios of GIEC. The reference period was defined as 1976-2005 and climatic conditions 
were simulated for the near future (2021-2050) and the far future (2071-2100). Data are available on the 
DRIAS platform (www.drias-climat.fr). Computations exhibited an increase of average temperature of 0.6 
to 1.3°C regardless of the season and the scenario for the 2021-2050 period, with a more pronounced 
increase of 1.5-2.0°C in the South East of France during summer. Heat waves during summer might 
increase from 0 to 5 days in average and 5 to 10 days in the South East of France. Extreme cold day 
number will decrease by 1 to 4 days in average, and by up to 6 days in the North East of France (currently 
the coldest region). Precipitations might slightly increase regardless of the season but uncertainties are very 
high. For the 2071-2100 period, a strong increase of temperature is predicted, reaching 0.9°C in winter and 
1.3°C in summer for the optimistic scenario, and 3.4-3.6°C increase in winter and 2.6-5.3°C increase in 
summer for the more pessimistic scenario, with a rise in heat waves during summer (> 20 days) and a 
decrease in extreme cold days during winter. Uncertainties remain for precipitations with a simulated 
increase in winter (up to 76 mm over the whole winter) and a decrease (Aladin-Climat model) or increase 
(WRF) in summer for the two medium and pessimistic scenarios. Extreme precipitation events might occur 
more frequently all over France but with a large variability among regions. An increase of drought periods 
are simulated in the South East of France, but this situation could be extended all over the country [8]. For 
each of six selected grape growing regions in France, climatic data were extracted and analyzed for three 
SAFRAN grid 64 km2 areas located in zones actually planted with vine (class #221 of the Corine Land 
Cover 2006 geodatabase; [9]). In that case, the more pessimistic SRES A2 (equivalent to RCP8.5) scenario 
was used. Focusing on the temperature during ripening, it was shown that maximal and minimal 
temperatures are expected to overlap between vineyards and region over the 21st century. This means that 
vineyards from the Northern part of France would progressively face situations already experienced by 
French Mediterranean vineyards. In addition, projected thermic range between regions decreases, with the 
Northern vineyards warming up more than the Southern vineyards. In Languedoc-Roussillon (southern 
France), Lebon and Garcia de Cortazar-Atauri have shown a rise of average temperature from 1.2 to 3.2°C 
for the near and far future periods, respectively [10]. This leads to an increase of the evaporative demand of 
53 mm (+6%) and 148 mm (+18%) for the corresponding periods. Meanwhile, the amount of annual rain is 
expected to decrease of 100 mm as early as 2021-2050 period with an increase of inter-annual variability 
for the near future, and a decrease for the far future. 

Impacts on grapevine production 
Impacts of climate change on grapevine biology and production has been reviewed recently [7; and 
references therein]. The timing of all the phenological stages is expected to be anticipated in the future. 
Compared to the last 30 years, budbreak and the ripening period should occur 3 to 18 days and 20 to 40 
days earlier, respectively, in the second half of the 21st century. The effects of extreme temperatures on 
grapevine development must also be taken into account. The shift towards earlier, warmer ripening periods 
will increase the impact of temperature on the ripening process. Based on changes in grapevine phenology, 
a temperature increase of 4-6°C in Southern France and 6-8°C in Northern France may be observed during 
the ripening period. Yield is under the control of several climatic drivers such as atmospheric [CO2], 
temperature, water supply and nutrient availability. These drivers and their effects will interact in a 
complex manner. For example, leaf area and total vegetative dry weight increase to a greater extent than 
fruit dry weight and yield for vines growing in a free-air CO2 enrichment system without stress. Water 
deficit is expected to increase in duration and intensity after 2050, with negative impacts on yield mainly in 
the South of France [10]. An increase in berry sugar content has already been reported for the last decades 
of the 20th century. Fruit composition will be further modified towards higher sugar content, lower acidity, 
and modified polyphenol and aroma content, with major impacts on the suitability to elaborate the current 
types of wines. High temperature induces a greater decrease of malic acid concentration compared to that 
of tartaric acid concentration. Combined with an increase in potassium uptake, grape juice pH is strongly 
increased. Large varietal differences have been observed in the balance between malate and tartrate 
concentrations and in the response of titratable acidity and pH to heating. Polyphenolic and aroma 
compounds will be affected quantitatively and qualitatively as well. The interactions between various 
environmental parameters such as extreme temperatures, light intensity and quality are critical for this kind 
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of compounds. The disequilibrium between primary and secondary metabolisms may increase, which 
should make the decision about harvest dates more difficult [11]. Changes in the epidemiological pattern 
and geographical distribution of pests and pathogens are expected [12]. Beyond microbial, microflora and 
pathogen activity, the whole ecosystems surrounding the vineyards will also be impacted by climate 
change. Considering the high speed of climate change when compared to geological climate changes, the 
probability for these ecosystems to survive unscathed is very low [13]. The disappearance of certain species 
may set off a chain reaction among other species. These changes may be very wide-ranging and are 
extremely difficult to predict [1]. They will affect microclimate, landscape, local competition for resource, 
composition and structure of soils, and consequently grapevine development [3, 14]. The wine growers 
must therefore adapt to the change in the climate itself, and the modification of the environment due to 
climate change [15]. 

Adaptation strategies  
Adaptation will likely occur through the combination of technical innovations, some growing area 
migration and institutional changes, at both organizational and regulatory levels [7]. 

Many oenological innovations are already available and can offset some effects of climate change. 
In addition to physical and chemical techniques, the selection of yeast reducing the alcohol content is an 
option [16]. Blends of musts with high and low (from early picking) sugar content may also be efficient. 
Although oenological practices can be considered as the most flexible short-term adaptation strategy with a 
short life span, long-term costs and acceptance have to be considered [11]. The beneficial effects of 
existing viticultural practices have to be evaluated in regards of the intensity of forecasted climate changes 
and spatial scales of adaptation [17, 18]. Among techniques, irrigation becomes a critical option, raising 
issues related to cost, quality and access to water, regulation and quality objectives [19]. Even if it appears 
as the most straightforward way to cope with drought, investing in costly irrigation systems could not be a 
sustainable option on a long-term scale [15]. It should only be promoted after a comprehensive assessment 
of water resources and competing needs at the territory scale. In addition to precision viticulture, innovative 
techniques of mechanization and micro-climate management must also be dreamed-up. In the long term, 
breeding and the introduction of varieties and rootstocks more resilient to higher temperatures or drought 
are probably unavoidable [20]. Spatial management of the implementation of technical innovations is 
important. Large variations in climatic conditions exist within the same wine regions due to 
geomorphology, land use or distance to large water bodies and urban areas [14]. These variations bring 
many opportunities for adaptation at a local scale. Modeling the spatial repartition of practices, taking into 
account human and environmental components, may help to define practical solutions to the growers and 
policy makers [21]. Relocation of vineyards and wineries at higher altitude or to cooler parts of a wine 
region also has to be considered [7]. In the context of adaptation, institutional changes appear inevitable. 
The ability of the AOC system to integrate climatic, technical and zoning changes is a major issue. 
Insurance systems may also be considered. At another level, the development of innovative regional 
clusters is an important lever to reinforce the capacity of growers to cope with climate change [22].  

Challenges for the wine industry 
The adaptability of the wine sector is influenced by economic, sociological and legal factors. French 
northern regions have relatively more freedom with respect to adaptation in comparison to southern regions 
where, in the long term, bifurcation towards new systems may be more likely [15]. Climate change will 
impact production costs and the relationship between quality and geographical origins. These factors are 
critical for the competitiveness of the wine industry at local, national but also international scale. 

The perception of changes and of the associated challenges is a condition for adaptation [23]. The 
awareness of growers, wine-makers and professional organizations and the strategies implemented or 
planned have to be evaluated [21, 24] with a particular focus on the concept of “terroir” [25, 26]. Finally, 
the perception of consumers and their willingness to purchase new types of wines are also key issues [27]. 
Our research, based on sensory analysis frameworks and the implementation of experimental markets, 
shows how the stability of preferences cannot be guaranteed. Instead, consumers could less enjoy wines 
whose characteristics are particularly influenced by global warming. To maintain a wine type as it is 
defined today will become a big challenge for producers and researchers. To project ourselves – actors of 
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the wine industry and scientists – into an uncertain future is a complicated task. A foresight exercise is a 
comprehensive approach which proposes to define adaptation scenarios combining different possible levers 
depending on the intensity of the changes planned or contemplated. For France, five scenarios have been 
drawn in the frame of the LACCAVE project [7]: i) the “static scenario” where the industry does not 
change to adapt; ii) the “conservative scenario” relies on incremental innovations and relocations; iii) the 
“innovative scenario” focuses on radical technical changes (new varieties, practices, wines, etc.); iv) the 
“nomad scenario” promotes vine relocation, including in new regions; and finally v) the “liberal scenario” 
expresses a wide range of adaptation opportunities. These scenarios will serve as a basis of debate with the 
actors of the wine industry in the different producing regions and should provide a framework to guide and 
prioritize actions whether in research, innovation transfer agencies or the institutional device of the French 
wine industry. 
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Grape physiology ‒ berry quality ‒ abiotic stress ‒ climate change 

Introduction 
Environmental factors such as average atmospheric temperature and carbon dioxide (CO2) levels are 
predicted to increase by the end of the century [1]. In addition, changes in climate (more clear days) as well 
as stratospheric ozone may condition the exposure of viticultural areas to UV-B. This is likely to impact 
leaf carbon metabolism, which in turn will affect fruit ripening rates and berry quality at harvest [2]. 
Indeed, vine cultivation is already affected by global climate change, and a greater impact is expected in the 
coming decades. Comparing harvest dates from previous decades with current ones revealed an advance of 
2-3 weeks. Thus, there is a widespread phenomenon whereby the accumulation of sugar in the grapes 
occurs at an accelerated rate, and this in turn may affect other quality parameters, such as acidity or berry 
color [3]. Factors framed within climate predictions (CO2 levels, temperature, water availability and solar 
radiation) have individually shown impact on both physiology and composition of grapes [3]. The aim of 
this work was to study how the combination of UV-B radiation and various environmental factors affected 
by climate change would impact the most important physiological processes in vine leaf and how it might 
affect ripening and fruit quality. 

Materials and methods 
Grapevine (Vitis vinifera cv. Tempranillo) fruit-bearing cuttings were grown in controlled conditions 
(glasshouse) as previously described [4]. Controlled stress conditions were applied on the grapevines in 
glasshouses at the University of Navarra, Pamplona, Spain (42º48’N; 1º40’W). Three separate experiments 
were performed:  

- experiment 1, in which three doses of UV-B were tested (0, 5.98 and 9.66 kJ.m-2.d-1 of biologically 
effective UV-B) in two different developmental stages (from fruit set to maturity and from the 
onset of véraison to maturity); 

- experiment 2, in which the same three doses of UV-B were applied, and combined with two water 
availability regimes (cyclic drought and optimum irrigation); 

- experiment 3, in which the three doses of UV-B, combined with two CO2 and temperature regimes, 
were tested: 390 ppm CO2–24/14ºC day/night (designated -CO2/-T) and 700 ppm CO2–28/18ºC 
day/night (designated +CO2/+T). 
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Leaf gas exchange, chlorophyll fluorescence, lipid peroxidation, antioxidant enzyme activity, level of UV-
absorbing compounds, and concentration of chlorophylls and carotenoids were determined according to 
Martínez-Lüscher et al. [4]. Berry phenology, skin anthocyanin concentration and must pH were analyzed 
as described previously [5]. 

Results and discussion 
Impact on leaf physiology 
Leaf exposure to UV-B radiation induced a reduction in photosynthetic rates, mainly in the short term 
(20 days). This was caused largely by a reduction in leaf stomatal conductance, although the efficiency of 
photosystem II (ɸPSII and Fv/Fm) was also significantly affected. After an acclimation period, 
photosynthetic rates were restored to initial values with a sharp increase in antioxidant levels in leaves and 
berries [4]. 
 

Table 1 - Time to reach technological maturity (in days) for the various stress conditions. 
Values are the mean ± standard error of 10-12 replicates. Letters indicate the results 

of an ANOVA and LSD post-hoc test (p< 0.05). 

UV-B doses (kJ.m-2.d-1) 0  5.98  9.66  
Experiment 1 UV from fruit set 84.3±1.5b 82.5±0.7b 84.0±2.2b 

   UV from véraison nd 83.7±2.0b 85.5±4.2b 

Experiment 2 Optimal irrigation 64.5±1.0d 76.0±5.7bc 70.6±3.5c 

   Cyclic drought 77.7±3.4b 82.4±2.4b 91.6±2.8a 

Experiment 3 -CO2/-T 101.0±6.9a 103.2±6.8a 108.8±2.5a 

   +CO2/+T 78.0±2.7b 83.0±5.5b 82.6±5.2b 
 

Impact on grape phenology  
The time to reach the onset of véraison was not affected by UV-B radiation doses. Conversely, drought 
stress and the combination of high temperature and CO2 did significantly advanced the onset of ripening. 
Indeed, numerous studies have shown that early véraison is a general response to water stress in grape, 
through an increase in abscissic acid, a ripening promoting hormone in this non-climacteric fruit [3]. The 
time to reach technological maturity (22 °Brix) was affected by all the applied stress factors (Table 1). 
It was increased in plants exposed to UV-B radiation combined with optimal irrigation and further 
increased in plant submitted to a combination of high UV-B dose and cyclic drought. Elevated CO2 and 
high temperature hastened berry ripening, a trend mildly attenuated by high UV-B doses [6]. 
 
Table 2 - Skin anthocyanin concentrations in berry skins at maturity, expressed in mg.g-1 of dry mass. 

Values are the mean ± standard error of 10-12 replicates. Letters indicate the results 
of an ANOVA and LSD post-hoc test (p< 0.05). 

UV-B doses (kJ.m-2.d-1) 0  5.98  9.66  
Experiment 1 UV from fruit set 15.4±1.1ab 18.0±2.3a 15.9±1.9ab 

   UV from véraison nd 17.6±0.8a 13.2±0.6b 

Experiment 2 Optimal irrigation 13.5±0.6b 14.1±0.5ab 16.2±0.7a 

   Cyclic drought 13.4±0.6b 14.9±1.3ab 15.3±0.9ab 

Experiment 3 -CO2/-T 21.6±0.4b 28.1±0.5ab 29.9±0.6a 

   +CO2/+T 18.6±0.2d 22.9±1.6c 23.5±0.5c 
 

Impact on must pH values 
Neither UV-B radiation, applied from fruit set or from véraison, nor elevated CO2 and temperature 
conditions did affect must pH (Table 2, experiments 1 and 3). Conversely, water deficit significantly 
increased must pH, whatever the UV-B dose applied (Table 2, experiment 2).  
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Table 3 - Must pH values at maturity. Values are the mean ± standard error of 10-12 replicates. 
Letters indicate the results of an ANOVA and LSD post-hoc test (p< 0.05). 

UV-B doses (kJ.m-2.d-1) 0  5.98  9.66  
Experiment 1 UV from fruit set 3.99±0.04a 3.91±0.10a 3.91±0.10a 

   UV from véraison nd 3.88±0.01a 3.98±0.10a 

Experiment 2 Optimal irrigation 3.38±0.03d 3.48±0.06d 3.59±0.07c 

   Cyclic drought 3.65±0.0.04c 3.89±0.07b 3.59±0.07c 

Experiment 3 -CO2/-T 3.60±0.01b 3.63±0.03b 3.70±0.01a 

   +CO2/+T 3.63±0.03b 3.63±0.03b 3.70±0.01a 
 

Conclusion 
In this study, grapevine, and more specifically cv. Tempranillo, showed great resilience to high levels of 
UV-B radiation. Despite inducing a transient reduction in photosynthetic activity, the contribution of UV-B 
radiation (delaying maturation, increasing the proportion of skins and the synthesis of anthocyanins and 
flavonols in the berry) resulted in a positive balance in terms of grape quality. The water deficit in this case 
did not produce an increase in the synthesis of phenolic compounds in the skin, but increased their 
proportion in the skins. The conditions of elevated CO2 and temperature did not negatively and directly 
affect the leaf physiology and grape composition, but severely affected the rate of maturation, which 
largely decoupled technological-phenolic maturation. The result was a lower concentration of anthocyanins 
for the same degree Brix. This study raises the need to (i) further investigate the effects of climate change 
on plants and (ii) develop cultivation techniques adapted to the new conditions that are to come, in order to 
preserve not only crop yields, but also the enological potential of the berries. 
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Sauvignon blanc ‒ early leaf removal ‒ thiols ‒ methoxypyrazines ‒ glutathione 

Introduction 
The removal of leaves has important effects on yield components and secondary metabolism in grapes. 
In general, leaf removal improves the microclimate of the cluster area, and the application of the technique 
at different timings also has a different impact on composition and concentration of secondary metabolites 
in grapes at harvest [1]. Caspari et al. already reported that leaf removal around flowering has important 
impact on flower fertility, leading to smaller and looser clusters [2]. Among secondary metabolites, a lot 
of results were published in the last years as regard polyphenols, whereas little information is available 
for aroma compounds [3-5], and only one study reported the positive effect of leaf removal on thiol 
occurrence [6]. 

Volatile thiols have a low perception threshold and their concentrations in wines will determine the aroma 
perceived [7]. 4-Mercapto-4-methylpentan-2-one (4MMP) is a volatile thiol that accounts for a 
reminiscence of box tree, passion fruit, and elderberry (olfactory threshold of 0.8 ng/L), while 
3-mercaptohexan-1-ol (3MH) impacts wine aroma with notes of passion fruit, grapefruit, gooseberry and 
guava (olfactory threshold 60 ng/L) and 3-mercaptohexyl acetate (3MHA) with notes of passion fruit, box 
tree, and gooseberry (olfactory threshold of 4.2 ng/L) [8, 9]. Since there is a lack of knowledge of the effect 
of leaf removal on the occurrence of thiol precursors in grapes, an experiment was carried out in a 
Sauvignon blanc vineyard in the seasons 2013 and 2014.  

Materials and methods 
Leaf removal treatments 
An experimental trial was carried out in a Sauvignon blanc vineyard located in Oslavia (North-Eastern 
Italy) during the seasons 2013 and 2014. A completely randomized experimental design was set up with 
three treatments and three replicates. The treatments compared were: UNT, untreated (no leaves removed); 
ELR, pre-flowering leaf removal (10 days before flowering 5-6 basal leaves/shoot were removed); and 
LLR, post-flowering leaf removal (10 days after flowering 2-3 basal leaves/shoot were removed).  

Metabolite analysis 
For each plot, 10 plants were marked and yield parameters at harvest were collected. From veraison to 
harvest, grapes were collected for the analysis of both basic parameters and secondary metabolites. 
50-Berry samples were collected in plastic bags, hand-squeezed and analyzed with a WineScanTM FT120 
Basic (FOSS, Hillerød, Danimarca). Additional 50-berry samples were collected and immediately frozen in 
liquid nitrogen in the vineyard, transferred in dry ice and stored at -80°C until thiol precursor and 
methoxypyrazine analyses. Frozen grapes were cryogenically ground and the powder was stored back at 
-80°C. For the analysis of thiol precursors, a slightly modified method as described by Lisjak et al. was 
used [10]. Pulverized grapes were rapidly transferred into ice-cold, deoxygenated methanol (1:4, w/v). The 
extract was vortexed, spiked by deuterium-labelled internal standards and centrifuged. Part of the extract 
was directly injected for the determination of glutathione and oxidized glutathione. Extracts were cleaned-



 

up and concentrated by ion exchange and styrene
precursors. Analyses were performed by liquid chromatography coupled to tandem mass spectrometric 
detector (Agilent Technologies, Palo Alto, USA).

For the determination of methoxypyrazines
(purified by a Milli-Q system) working 
methoxypyrazine (IPMP) and 2-isobutyl
into a 20-mL SPME vial along with a stir bar, followed by 6 mL of Milli
working solution of IBMP and IPMP (IBMP = 50 ng/L + IPMP = 56 ng/L), 2 mL of 4 M NaOH and
100 μL of working solution of [2H3]
plate to dissolve the NaCl.  

The samples were prepared by placing 
by 2 g of grape powder, 6 mL of Milli
solution of [2H3]-IBMP (0.5 μg/L). The vial was closed an
NaCl. The samples were analyzed using a gas chromatograph 
a Gerstel MPS2 multipurpose sampler
upgraded with triple axis detector) 

Wines were made from the same treatments under reductive conditions in order to prevent oxidation. After 
fermentation with Alchemy II yeast (Anchor wine yeast, South Africa)
with 50 ppm SO2 and frozen until thiol analyses. 
atmosphere and submitted to thiol analyses.
one (4MMP), 3-mercaptohexan-1-
modified method of Tominaga et al. 
Technologies 7890A) coupled to a mass spectrometric detector
with triple axis detector).  

The data were analyzed through ANOVA and when the differences were significant, Tukey’s HSD test was 
applied to separate the averages (P<0.05).

Results and discussion
The timing of leaf removal impacted in a different way the physiology of the grapevine as compared with 
the control where no leaves were removed. At harvest
found in the yield and basic maturation parameters 
the case of ELR was shown (data not 
treatments. At harvest, both ELR and LLR grapes had 
than UNT grapes in both years (figure 1). 
significantly higher IBMP content in UNT
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Fig. 1 - IBMP content in Sauvignon blanc 
at harvest. UNT, untreated (no leaf 

ELR, early (pre-flowering) leaf removal; LLR,
(post-flowering) leaf removal. 
standard error. Means were separated
Tukey’s HSD test (P<0.05; same letters

not significant differences).
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The application of leaf removal resulted in a change in the concentration and relative proportion between 
thiol precursors, with a particular behavior in the case of ELR and LLR as compared with UNT (figure 2). 
No significant differences were found as regard the content of 4-S-cysteinyl-4-methylpentan-2-one (Cys-
4MMP) and 4-S-glutathionyl-4-methylpentan-2-one (G-4MMP) in both seasons, but there were higher 
values in ELR grapes and lower values in LLR grapes at harvest in 2013. The 3-S-cysteinyl hexan-1-ol 
(Cys-3MH) content was not significantly different between treatments in both years, whereas the 3-S-
glutathionyl hexan-1-ol (G-3MH) content was significantly higher in ELR and LLR grapes than in UNT 
grapes in 2013. The total (Cys+G) 3MH precursors were found at higher levels in LLR in 2013 as 
compared with UNT, while ELR was intermediate. Regarding GSH, no significant differences were found, 
but there was a trend towards a higher content in the case of LLR (data not reported).  

 

 

 

 

 
 
 

Fig. 2 - Effect of the timing of leaf removal on thiol precursor concentration in Sauvignon blanc 
grapes at harvest. A, cys-4MMP; B, cys-3MH; C, G-4MMP; D, G-3MH. Means were separated with 

Tukey’s HSD test (P<0.05; same letters for not significant differences). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 3 - Correlation between A. cys-4MMP, B. cys-3MH, C. G-4MMP and D. G-3MH in grapes 
and the related 4MMP and 3MH thiols in wines for the season 2013 (●) and 2014 (▲).  

The 4MMP content in the wines produced from the same treatments was higher in UNT and ELR wines 
than in LLR wines in 2013, and in 2014 as a trend. On the opposite, the concentration of 3MH was 
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significantly higher in UNT and LLR wines than in ELR wines in 2013, whereas in 2014 it was the highest 
in UNT wines. The concentration of thiols in the wines was closely related with the concentration of 
cysteinylated precursors in the grapes in both seasons, while no good relationship was found with 
glutathionylated precursors (figure 3). There were, however, dramatic changes between the two seasons. In 
2014 the concentration of 4MMP and 3MH was much higher than in 2013, and the obtained result was 
opposite to that reported above for thiol precursors. In the second season (2014), the severe Botrytis cinerea 
infection accounted for the differences between grapes and wines [13]. During grape collection, only 
healthy grapes were sampled for the analysis, while for wine production all grapes were harvested; even if 
grapes were cleaned, a lot of infected berries still remained. 

Conclusion 
Leaf removal did not have a profound effect on yield components and basic maturation parameters in 
grapes, but important changes in the composition of thiol precursors in grapes and thiols in wines were 
ascertained. It can be speculated that the accumulation of thiol precursors was affected by the timing of leaf 
removal; thus, in the case of post-flowering application, a faster aromatic maturation resulted in higher 
3MH contents, while with pre-flowering leaf removal the maturation was delayed, obtaining a higher 
concentration of 4MMP and a lower concentration of 3MH. In the second season (2014), the concentration 
of thiol precursors in grapes and that of thiols in wines was probably significantly affected also by the 
occurrence of Botrytis cinerea and other rots. Thus, the relative contribution of pre- and post-flowering leaf 
removal was somehow masked and therefore unclear. 
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Precision viticulture ‒ micro-vinification ‒ berry ripening ‒ wine composition 

Introduction 
Precision Viticulture (PV) is the implementation of Precision Agriculture (PA) practices in viticulture [1]. 
Soil attributes commonly measured in the framework of PV are soil structure, texture, water and nutrient 
content, depth, and electrical conductivity (ECa). Previous studies have reported significant correlations 
between soil ECa and vine properties [2, 3]. The majority of PV studies in winegrapes have focused on the 
relation of soil and vine-related spatial data with grape composition at harvest. However, the inclusion of 
site-specific wine quality data are very rare in literature, even though grape quality is ultimately judged 
upon wine properties. This study aimed to apply PV on both grape composition and wine quality. 
The experimental field was set up in the region of Nemea, northern Peloponnesus, Greece. This region is 
planted with Agiorgitiko, a red variety producing PDO (Protected Designation of Origin) Nemea wines.  

Materials and methods  
Experimental field 
The study was conducted in a non-irrigated vineyard (0.83 ha) at Asprokampos, Peloponnese, Greece 
(latitude 37.54ο, longitude 22.33ο), during the 2013 season. The vineyard was situated in the Nemea PDO 
area, which is the biggest in Greece, covering about 3000 ha. The vineyard was planted with Vitis vinifera 
L. cv. Agiorgitiko, a Greek red winegrape variety, grafted onto 1103P rootstock. Vines were spaced 1.0 x 
2.5 m and trained to a Lyre system. The vineyard was situated on a slope (≈12%) and was sectioned in a 
regular grid of 18 cells of similar size (400 – 550 m2) in order to analyze the spatial variability in grape and 
wine components. 

Data collection 
Elevation and slope data were acquired from SRTM satellite in Global Mapper 14 (Blue Marble 
Geographics, Maine, USA). Soil variability was assessed by ECa measurements using an EM-38 probe 
(EM38 RT, Geonics LTD, Ontario Canada). Ground conductivity was measured within 1.5 m of effective 
depth range, using vertical dipole mode. The mean ECa value of every cell was calculated in ArcMap 10.1 
(ArcGIS 10.1, ESRI Inc., California, USA) through the join data menu between cells and measurement 
points. Maps of the above measurements were produced with the Surfer 11 (Golden Software Inc., 
Colorado, USA) software.  

Grape analysis 
Harvesting was performed manually and yield was measured by counting and weighing the total number of 
plastic bins per cell, when completely full. 300-Berry samples were taken from each vineyard cell five 
times during the ripening period, respectively, on 17th of August, 25th of August, 5th of September, and 
15th and 25th of September (harvest time) 2014. Individual berry fresh weight was determined on a sub-
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sample of 50 berries per vineyard cell, while a second sub-sample of 200 berries per cell was pressed and 
the must analyzed for total soluble solids (oBrix), total acidity and pH. Total anthocyanins and total 
phenolics were analyzed as previously indicated [4, 5]. Grape tannins were estimated using the MCP 
(methyl cellulose precipitable) tannin assay method [5].  

Micro-vinifications 
20 kg of berries from each of the 18 vineyard cells were transferred to the Oenology Laboratory of the 
Agricultural University of Athens to be micro-vinified separately in duplicate. For the winemaking trials, 
grapes of each cell were crushed and destemmed and 60 mg/L SO2 (as potassium metabisulfite) were 
added. Pectolytic enzymes (Safizym Colour, Fermentis, France) at 3 g/hL as well as lyophilized yeasts of 
the commercial strain SC 22 (Fermentis, France) at 20 g/hL, previously hydrated in water (15 min, 38°C), 
were also added. Beginning on the second day of fermentation, and for the following days, three punching 
downs per day were conducted to extract phenolic compounds. After 7 days of maceration, the wines were 
drained and transferred to other tanks and were inoculated with Viniflora Oenos, CHR Hansen malolactic 
bacteria and malolactic fermentation was completed after approximately 1 week. The wines were racked, 
supplemented with 50 mg/L SO2 (as potassium metabisulfite), filtered and bottled until the time of analysis. 

Wine analysis 
In the final wines, alcoholic degree and titratable acidity were determined according to the OIV methods 
[6]. Color intensity and hue were assessed by measurement of the absorbances at 420, 520 and 620 nm 
under 1 mm optical way [7]. Total anthocyanins were determined using the SO2 bleaching method at 520 
nm optical density in HCl media [8]. Tannin concentration was measured both after heating in acid medium 
8 and after precipitation with methyl cellulose 5. Total wine phenolics were determined using the Folin-
Ciocalteu reagent [9].  

Statistical analysis included correlation matrices and descriptive statistics for all measured parameters by 
SPSS 20 (IBM Corp., New York, USA). 

Results and discussion  
Initial maps of elevation and ECa provided a visual representation of the variability across the vineyard 
(Fig. 1). Elevation varied from 785 to 803 m above sea level with a slope of 11.82%. Yield and ECa 
showed the highest within-field variability with higher levels at the lower-east side of the field. ECa ranged 
from 70.40 to 106.91 (Table 1). 

 

   
   (a) Elevation                    (b) ECa (c) Yield 

 
Fig. 1 - Elevation (with sampling grid), electrical conductivity (ECa) and yield maps 

of the experimental vineyard. 

ECa presented significant negative correlations with both elevation and slope (r = -0.638 and r = -0.701 
respectively, p < 0.01; Table 2). This result shows that the effect of landscape on soil properties was 
probably due to erosion, soil from the elevated part migrating towards the leveler part of the field. 
In general, increased slope indicates that the soil root zone in the leveler part of the field is deeper, thus 
increasing access to soil water reserves [10]. Besides, yield presented a positive correlation with ECa 
(r = 0.508, p < 0.05; Table 2) and a significant negative correlation with elevation and slope (r = -0.523 and 
r = -0.602 respectively, p < 0.05; Table 2), which confirms that higher depth of the soil leads to higher vine 
development and yield. 
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Table 1 - Descriptive statistics of field parameters 

  N Minimum Maximum Range Mean 
Std. 

Deviation CV (%) 

Elevation 18 801.252 811.629 10.38 805.863 3.734 0.5% 
Slope (%) 18 10.930 12.710 1.78 11.827 .533 5% 
Yield (t/ha) 18 4.98 12.74 7.76 8.08 2.36 29% 
ECa 18 70.402 106.914 36.51 89.620 11.667 13% 

 

Table 2 - Pearson’s correlation matrix among field parameters 

 
Elevation Slope (%) Yield (t/ha) ECa 

Elevation 1 
   

Slope (%) 0.977** 1 
  

Yield (t/ha) -0.523* -0.602* 1  
ECa -0.638** -0.701** 0.508* 1 

*Correlation is significant at the 0.05 level (2-tailed). 
**Correlation is significant at the 0.01 level (2-tailed). 

Berry weight presented a consistent spatial pattern through ripening, linked to soil variability, with 
consistently higher values at the lowest-east part of the vineyard (data not shown). Low variability within 
the vineyard was observed for total solids (Brix), acidity and pH, which are directly related to must 
chemical composition. Grape phenolic compounds (anthocyanins and total phenols) showed the highest 
(2-3 fold) within-field variability (data not shown). However, this variability in phenolic compounds was 
reduced in the wines, although remaining the highest among wine components (Table 3). 

 

Table 3 - Descriptive statistics of wine composition parameters 

  N Min Max Range Mean Std. 
Deviation 

CV 
(%) 

Colour density 18 8.19 12.52 4.33 10.16 1.43 14 
Colour tint 18 0.45 0.58 0.14 0.51 0.04 8 
Total anthocyanins (mg/L) 18 150 389 239 214 57 26 
Total phenolics (mg/L of catechin) 18 1.07 1.61 0.54 1.41 0.17 12 
Total tannins (g/L) 18 2.12 3.39 1.27 2.83 0.40 14 
Astringency (mg/L) 18 110 266 156 165 45 27 
Αlcohol (v/v, %) 18 12.35 13.37 1.02 13.03 0.34 3 
pH 18 3.30 3.70 0.40 3.49 0.12 3 
Titratable acidity (g tartaric acid/L) 18 4.50 7.20 2.70 6.06 0.72 12 

 

Table 4 - Pearson’s correlations among field and wine composition parameters 

Elevation Slope Yield (t/ha) ECa 
Colour density 0.008 0.025 -0.061 -0.244 
Colour tint 0.601** 0.627** -0.741** -0.426 
Total anthocyanins (mg/L) 0.116 0.037 0.134 0.109 
Total phenolics (mg/L of catechin) -0.380 -0.353 0.411 0.315 
Total tannins (g/L) 0.166 0.195 -0.114 -0.468 
Astringency (mg/L) 0.207 0.198 0.113 -0.252 
Αlcohol (v/v, %) -0.240 -0.222 0.001 0.132 
pH 0.646** 0.726** -0.540* -0.495* 
Titratable acidity (g/L tart. acid) -0.492* -0.481* 0.284 0.362 
*Correlation is significant at the 0.05 level (2-tailed). 
**Correlation is significant at the 0.01 level (2-tailed). 
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Wine composition parameters presented limited significant correlations with field characteristics. 
A positive correlation of colour tint with elevation and slope (r = 0.601 and r = 0.627 respectively, p < 0.05; 
Table 4) was recorded, while the correlation with yield was negative (r = -0.741, p < 0.05; Table 4). 
Besides, a negative correlation was found for titratable acidity and elevation and slope (r = -0.492 and 
r = -0.481 respectively, p < 0.01; Table 4), while a positive correlation for both these parameters was found 
for pH. No correlation was found for tannins and astringency with field characteristics. 

Conclusion 
Most Greek vineyards have small areas but present significant variation in soil properties, mainly due to 
variations in topography. According to our results, grape and wine composition was not strongly spatially 
structured with the exception of berry weight, which was significantly linked to the variation in soil and 
topography and colour tint and wine acidity. Both these last parameters are very important for wine quality 
and can help the selection of fields according to the quality of the produced wine. Thus, this study indicated 
the necessity to evaluate wine quality spatial data alongside grape yield and composition to increase the 
profitability of PA implementation in vineyards. 
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Aglianico ‒ berry ripening ‒ proanthocyanidins ‒ anthocyanins 

Introduction 
Aglianico is a high-quality and late-ripening grape variety of Southern Italy. Aglianico grapes can 
accumulate a high content of polyphenols, mainly tannins which, depending on the vinification condition, 
may confer different astringent qualities to wines. Astringency is a tactile sensation felt as drying, 
puckering and roughing in the epithelium [1], and is mainly associated with the precipitation of salivary 
proteins by tannins [2]. Structural characteristics of Aglianico grape tannins have been recently 
characterized both in seeds and skins, and compared to international cultivars such as Merlot and Cabernet 
Sauvignon [3]. The high content of proanthocyanidins and flavans as well as the elevated degree of 
galloylation of tannin fractions make this cultivar a model for astringency. The accumulation of 
polyphenols through berry development has been widely studied for many grape varieties [4, 5], both at 
chemical and molecular levels. However, it has never investigated in Aglianico grapes until now. Towards 
this goal, we carried out a combined chemical and transcriptional profiling of Aglianico cultivar over five 
stages of fruit development and in different berry tissues. 

Materials and methods 

Plant material 
Aglianico del Taburno berries (clone Ampelos TEA 22 grafted on rootstock 1103 Paulsen – V. berlandieri 
x V. rupestris – clone ISV 1) were collected at the following developmental stages: fruit set (15 days after 
flowering [DAF]); post-fruit set (35 DAF); véraison (V, 70 DAF); mid-ripening stage (R, 84 DAF); and 
technological ripening (TR, 115 DAF). Starting from the véraison stage, berries were manually dissected 
into skin, pulp and seeds starting from frozen berries. Three biological replicates were sampled.  

RNA extraction and cDNA synthesis 
Total RNA was isolated from 40 mg of ground material using the Spectrum™ Plant Total RNA kit (Sigma-
Aldrich, St. Louis, USA) following the manufacturer’s protocol with some modifications. Quantity and 
quality of the isolated RNA was measured using the NanoDrop ND-1000 spectrophotometer (Thermo 
Scientific, Wilmington, DE) and Qubit 2.0 fluorometer (Life Technologies, Carlsbad, CA). For cDNA 
synthesis, 100 ng of each RNA sample was reverse transcripted using the SuperScript® III cDNA 
Synthesis Kit (Invitrogen, Carlsbad, CA) following the manufacturer’s protocol.  

Gene expression analysis 
Expression analysis was conducted by real-time PCR using a SYBR Green method on a 7900HT Fast Real-
Time PCR System (Applied Biosystems, Foster City, CA, USA).  
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Preparation of extracts  
Extracts from Aglianico skins and seeds were prepared in triplicate as follows. Seeds and skins were 
removed by hand from 20 berries and treated with liquid nitrogen. The frozen seeds and skins were ground 
in a ball grinder. The obtained powder was weighted and extracted using acetone/water (80:20, v/v) in a 
ratio 1:10 (g:mL) for 4 h and methanol/water (60:40, v/v) for 2.5 h in the same ratio. The extracts were 
fractionated into monomers, oligomers and polymers according to Sun et al. [6].  

Phenolic analyses 
Tannins were evaluated according to the Bate-Smith method [7]. Vanillin reactive flavans were 
determined according to Di Stefano and Guidoni [8]. Anthocyanins were analysed using the method by 
Harbertson et al. [9].  

The Saliva Precipitation Index (SPI) analysis 
The SPI was obtained by the chip electrophoresis of human saliva before and after the binding assay with 
grape fractions [3]. 

Results and discussion 
To investigate the genetic regulation of anthocyanins and tannins in Aglianico del Taburno, the transcript 
abundance of genes involved in the flavonoid pathway was monitored using a quantitative assay in whole 
berry, berry skin and seeds. Based on their key roles, the 15 key-genes selected for the present study were 
grouped into five groups as follows: PAL, C4H and 4CL genes in the core phenyl-propanoid-related group; 
F3’H, F3’5’H, FLS4, FLS5, DFR and LDOX genes in the flavonoid-related group; ANR, LAR1 and LAR2 in 
the proanthocyanidins-related group; and UFGT in the anthocyanins-related group. The transcriptional 
factors MybPA1 and MybPA2 were taken separately. The selection of reference genes to normalize the 
cDNA represents a critical step in any quantitative RT-PCR analysis. In this analysis, β-tubulin (TUB), 
β-actin and elongation factor were tested as housekeeping genes. The expression of β-tubulin was the most 
stable among the three candidates in different tissues and therefore was selected as reference gene. 

The pattern of expression of the phenyl-propanoid-related genes suggested not significant variations 
between the two tissues, except for the PAL gene, which showed both a decrease and an increase of the 
expression at mid-ripening in seeds and skins, respectively. As reported by Ali et al. [10], the increasing 
levels of PAL transcripts at post-véraison stages led to higher accumulation of the substrate 4-coumaryl-
CoA for the downstream pathways. The expression pattern of F3’H, FLS4, LDOX and LAR2 genes in skins 
increased at the post-véraison step, consistently with the knowledge that this stage is the starting point for 
the transcriptional regulation of the flavonoid pathway. Véraison, the onset of ripening in red cultivars, 
represents the major switch in the flavonoid biosynthetic pathway from proanthocyanidins to anthocyanins 
and is associated with an increased gene expression of the anthocyanin-specific gene UFGT. The regulation 
of UFGT and F3’5’H genes have been demonstrated to be similar [11] and indeed our data are consistent as 
UFGT and F3’5’H showed the same expression pattern in whole berry and skins. In skins, the expression 
increased at ripening, which is correlated to the higher production of anthocyanins.  
 

 

Fig. 1 - Skin anthocyanin accumulation through Aglianico berry development 
(V véraison, R ripening, TR technological ripening). 



OENO 2015 

30 

As shown in Figure 1, the production of anthocyanins starts after véraison in ripening skins. From R to TR, 
an increase of anthocyanin accumulation was observed.  

Regarding proanthocyanidin production across the three stages of berry development, véraison represents 
the maximum point (Figure 2). After this, for skins and seeds a decline can be observed when grape ripened. 
While berry skins are characterized only by polymers and oligomers, monomers are still abundant in seeds. 
An important reduction of both polymeric and oligomeric proanthocyanidins occurred in skins. A slight 
diminution of monomers and oligomers was observed in seeds, while polymers decreased at R, and then 
increased at the last point TR. 
 

 
Fig. 2 - Proanthocyanidin (polymers, oligomers and monomers) concentration of Aglianico skin 

and seed fractions during development (V véraison, R ripening, TR technological ripening). 

Considering the tannins reactive towards salivary proteins, the SPI showed a progressive reduction from V 
to TR in skins and seeds, meaning that during grape ripening the tannins causing astringency decreased in 
both tissues (Figure 3). Maximum astringency matched with the maximum accumulation of 
proanthocyanidins at V. At this point, astringent tannins act as a defense mechanism of the plant in order to 
defend the fruit from predators before seed maturation. In skins, the polymeric fraction at V was highly 
astringent, as shown by the high value of SPI, at R the SPI decreased but remained unchanged at TR 
despite the drastic reduction in proanthocyanidin amount. Indeed, during ripening stages the concentration 
of skin tannins may decline because of the interaction with pectins, polysaccharides, and anthocyanins [12]. 
However, astringency of skins, which is due to the high degree of polymerization, seemed to be only 
slightly affected. The astringency of seed fractions also changed, but similarly with proanthocyanidin 
concentration. 

Proanthocyanidin synthesis is catalyzed by the action of ANR, LAR1 and LAR2. These genes have been 
found to be tissue specific [13], since they showed opposite expression levels in skins and seeds. 
The higher expression in the proanthocyanidin pathway has been recorded with ANR at the post-véraison 
stage in seeds, with LAR2 at post-véraison time points in skins, and with LAR1 at ripening in seeds. 
These results demonstrated the seed specificity of ANR and LAR1 and the skin specificity of LAR2.  

A different behavior has been identified in the transcriptional factors VvMybPA1 and VvMybPA2. 
These genes are extremely specific to the polyphenol pathway and positively regulate proanthocyanidin 
synthesis in grape tissues [14]. The spatiotemporal expression of VvMybPA2 is compatible with a putative 
role in the regulation of proanthocyanidin synthesis, because its expression increased exponentially in the 
whole berry analysis and is comparable with the LAR2 expression in the seed and skin analyses. Previous 
studies demonstrated that the majority of enzymes encoding for polyphenolic compounds can be expressed 
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differentially in different grape varieties [10] and tissues, especially in berry skin development [15, 16]. 
The reason for this could be that the enzymes encoded by the investigated genes are controlled by post-
transcriptional or post-translational modifications, or that their levels are sufficient to allow the 
pathway to operate without coordinated regulation; it would explain the different transcript abundance 
in skin and seeds. 
 

 

Fig. 3 - The SPI (astringent tannins) of Aglianico skin and seed fractions during development 
(V véraison, R ripening, TR technological ripening). 

 

 

Fig. 4 - A Principal Component Analysis (PCA) performed on Aglianico skins and seeds at the three 
stages of development (SK-V, SK-R, SK-TR; Sd-V, Sd-R, Sd-TR), according to analytical data 
in monomers (m), oligomers (o), polymers (p) [SPIm,o,p; T(tannins)o,p; FL(flavans)m,o,p], and 
proanthocyanidins key-genes and transcriptional factors (MybPA1, MybPA2) expression.  

A Principal Component Analysis (PCA) was carried out in order to assess relationships between Aglianico 
skins (SK) and seeds (Sd) at the three stages of development (SK-V, SK-R, SK-TR; Sd-V, Sd-R, Sd-TR), 
and analytical data in monomers (m), oligomers (o), polymers (p) [SPIm,o,p;T(tannins)o,p; FL(flavans)m,o,p], 
and proanthocyanidins key-genes (LAR1, LAR2, ANR) and transcriptional factors (MybPA1, MybPA2) 
expression.  
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In Figure 4, the first two principal components accounted for 75.94% of the total variation (F1+F2). In the 
first axis, representing 45.44% of the total variance, were distributed the skin samples, which were mainly 
characterized by polymers and oligomers. Skins at ripening (SK-R; SK-TR) significantly differed from 
samples at véraison (SK-V), and were mainly associated to the expression of the LAR2 gene. The LAR1 
gene was highly correlated with flavan concentration in monomeric fraction. In the second principal 
component (F2), accounting for 30.50% of variance, were loaded seed samples, with no difference between 
developmental stages. Seeds were characterized by high astringency in monomers and oligomers, which 
was positively correlated with the expression of the ANR gene in this tissue. 

Conclusion 
In Aglianico grapes, the expression levels of genes involved in the first steps of the phenyl-propanoid 
pathway appear to be similar to other red grape cultivars, both in skins and seeds of developing fruit. 
The overall high expression levels of such genes from véraison to technological ripening (harvest) correlate 
to the accumulation of anthocyanins and the decrease in tannins. The total astringency of skin and seed 
proanthocyanidins also decreased as berry ripened, but the astringency of tannin fractions (monomers, 
oligomers and polymers) differed depending on the fruit tissue. These tissues contain proanthocyanidins of 
different polymer length and at different concentrations. No correlation of gene expression with 
proanthocyanidin accumulation was found, while the transcript level of some genes positively correlated 
with the reactivity of tannins towards salivary proteins (SPI).  
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Analyse sensorielle ‒ dégustation ‒ raisin ‒ qualité – outil d’aide à la décision 

Introduction  
La dégustation et l’analyse sensorielle des raisins sont aujourd’hui des outils reconnus d’aide à la décision 
pour déterminer la date optimale des vendanges [1-4]. Ces outils permettent en effet d’appréhender le 
niveau de maturité des baies, d’y associer une caractérisation descriptive de la matière première mais aussi 
une aide au choix de l’itinéraire œnologique le mieux adapté à la qualité de raisin évaluée par dégustation. 

Ces aspects ont été développés depuis 2010 en Anjou-Saumur sur les raisins de Cabernet Franc. Ces 
travaux, avec un panel entraîné à l’évaluation sensorielle, ont permis la mise au point d’une fiche de 
dégustation des raisins à destination des vignerons et des professionnels de terrain. L’utilisation de panels 
entraînés peu adaptés à une dégustation quotidienne d’un nombre important de parcelles a été substituée par 
cette méthode rapide, efficace et spécifique aux besoins des professionnels. Suite à ces premiers travaux, 
avec la publication d’une fiche technique [5], les professionnels sont aujourd’hui demandeurs de la mise en 
œuvre de ces techniques sur d’autres variétés et pour d’autres types de produits. Pour cela, une adaptation 
aux particularités de chaque cépage a été nécessaire. Après les travaux sur le Cabernet Franc, une 
méthodologie permettant de passer du profil sensoriel mis en place en laboratoire avec un panel entraîné à 
une méthode d’évaluation pour les professionnels a été aussi développée pour le cépage blanc Chenin [6] et 
transférée au cépage blanc Melon de Bourgogne. 

Ce travail a ainsi permis de proposer depuis 2010 des méthodes sensorielles rigoureuses d’analyse sur le 
terrain de différentes variétés de raisin du Val de Loire (France).  

Dans ce contexte, nous présenterons ainsi la mise en place du processus global qui a permis de générer puis 
de valider une méthode rapide d’évaluation de la qualité sensorielle des raisins adaptée aux attentes des 
professionnels qui souhaitent caractériser leurs produits dans un temps de dégustation limitée et d’avoir un 
outil d’aide à la décision leur permettant d’orienter leurs itinéraires œnologiques. Ce travail sera également, 
pour les cépages étudiés, un support qui nous permettra de définir différentes typologies de raisins 
correspondantes à différents types de vins. 

La co-construction d’une fiche de dégustation pour les 
professionnels  
La démarche globale a été décomposée en grandes 2 phases. Une première période (millésimes 2010 et 
2011) avec l’identification des descripteurs sensoriels qui caractérisent les raisins de Chenin au cours de la 
maturité et ceci de façon spécifique en lien avec les différents objectifs de production du vigneron et 



OENO 2015  

34 

l’origine parcellaire. Suite au travail réalisé sur Cabernet Franc, le panel entraîné constitué d’une quinzaine 
de juges qualifiés à l’analyse sensorielle et à la dégustation de baies de raisin a suivi les recommandations 
de Le Moigne et al. [1]. La deuxième période (millésime 2012), qui a permis la validation d’une fiche 
réduite par la mise en place d’un protocole commun de dégustation des raisins du cépage Chenin [4] sera 
par conséquent présentée en détail dans cette article. 

 
Tableau 1 - Attributs sensoriels de la baie de Chenin évalués par le panel entraîné 

et le panel professionnel 

 

Validation d’une fiche réduite de dégustation des raisins du 
cépage Chenin 
Les parcelles de Chenin 
Des prélèvements de raisin de Chenin ont été effectués en 2012 à trois maturités différentes en Anjou-
Saumur (As) et en Touraine (To). Pour chacune des 2 zones, des prélèvements ont été effectués sur deux 
parcelles dont le raisin est destiné à élaborer un vin de base correspondant à une maturité plus précoce 
(VB), sur deux parcelles correspondant à un vin blanc frais dit « de printemps » (VP) et sur deux parcelles 
correspondant à un vin blanc de caractère (VC). Au total, douze parcelles (6 en Anjou-Saumur et 6 en 
Touraine) ont donc été sélectionnées en fonction de leur potentiel qualitatif (évalué par les vignerons) pour 
un objectif de production d’un des trois types de vins précédemment cités. Sur ces 12 parcelles, huit ont été 

Panel entraîné Panel professionnel 

Baie n°1 
 

Elasticité 

Baie n°1 
 
 
 
 

  
  Fermeté 
Force pour détacher le 
pédicelle 

  

Quantité de chair autour du 
pédicelle 

Quantité de chair autour du pédicelle 

Croquant Croquant 
Jutosité Jutosité 
Sucre   
Acide   
Intensité globale aromatique Arômes de la baie (de 1 à 5) :  

 
                    Végétal (1) 
                    Floral (2) 

Floral-Fruité (3) 
                    Fruité (4) 
                    Confit (5) 

  
  
  
  

Végétal 
Floral  
Note confite 
Fruité blanc 
Fruité jaune 
Fruité exotique 
Fruité agrumes 
Moisi 

Champignon 

Astringence de la pellicule 
Agressivité de la pellicule 
(sécheresse, acidité, amertume) 

Baie n°2 Teinte Teinte 

Baie n°2 

Quantité de chair collée à la 
pellicule   
Epaisseur de la pellicule en 
bouche   
Dilacération Dilacération de la pellicule 
Couleur des pépins Couleur des pépins 

 Conclusion sur la maturité (1 à 4) 



 

évaluées par l’ensemble des dégustateurs (les deux jurys de professionnels à Angers et à Tours et le panel 
entrainé de l’ESA) et feront l’objet de la validation méthodologique.

Les panels 
Le panel entrainé est constitué de 13 juges « qualifiés », tous salariés du groupe ESA, entraînés
dégustation des baies de Chenin depuis 3 années 
17 professionnels du monde viticole (techniciens, chercheurs, viticulteurs) et/ou salariés de l’IFV
(9 à Tours) et (8 à Angers). Les données des deux panels 
pour les traitements statistiques des résultats 

Méthode de dégustation des baies
Des différences fondamentales de protocole de dégustation caractérisent les deux groupes de dégustateurs: 
liste des attributs, échelle de notation et nombre de baie par lot dégustés. La liste des attributs sensoriels 
utilisés pour la caractérisation des baies pour chacun des 2 panels (23 attributs pour le panel entraîné et
10 pour le panel professionnel) est présentée a
se fait à partir de 2 baies par lot (répétée 4 fois) et par juge présentées dans un flacon teinté.
l’évaluation des 10 attributs par le panel professionnel se fait avec une seule 

Méthode de dégustation des jus 
Afin de statuer sur le lien sensoriel qui existe entre baies et jus d’une même parcelle, les jus de chacune de 
ces parcelles ont également été caractérisés 
entrainé. La liste des attributs sensoriels utilisés pour la caractérisation des jus pour chacun des panels
(17 attributs pour le panel entraîné et 5 pour le panel professionnel) est présentée 
Les échelles de notation utilisées sont les mêmes que celle des baies
maturité » de la liste du panel professionnel permet à nouveau aux juges de noter globalement le niveau de 
maturité du jus sur 4 niveaux comme pour la d

Tableau 2 - Attributs sensoriels des jus de raisins de Chenin évalués par le panel entraîné

Panel entraîné

Moût 

Teinte 
Limpidité 
Sucre 
Acide 
Astringent 
Intensité globale aromatique
Végétal 
Floral  
Note confite 
Fruité blanc 
Fruité jaune 
Fruité exotique 
Fruité agrumes 
Moisi 
Champignon 
Terreux 
Pruneau 

Résultats de la dégustation des baies
Des panels très discriminants 
Une analyse de variance (ANOVA), à 2 facteurs (parcelle et sujet) avec interaction, a été réalisée pour 
chaque attribut par panel. Tous les attributs évalués par le panel professionnel sont significativement 
discriminants à un seuil de 5%. Sur 23 attributs
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égustateurs (les deux jurys de professionnels à Angers et à Tours et le panel 
entrainé de l’ESA) et feront l’objet de la validation méthodologique. 

Le panel entrainé est constitué de 13 juges « qualifiés », tous salariés du groupe ESA, entraînés
dégustation des baies de Chenin depuis 3 années [4]. Le panel professionnel est constitué de
17 professionnels du monde viticole (techniciens, chercheurs, viticulteurs) et/ou salariés de l’IFV
(9 à Tours) et (8 à Angers). Les données des deux panels professionnels ont été concaténées en un seul jeu 
pour les traitements statistiques des résultats [4]. 

Méthode de dégustation des baies 
Des différences fondamentales de protocole de dégustation caractérisent les deux groupes de dégustateurs: 

attributs, échelle de notation et nombre de baie par lot dégustés. La liste des attributs sensoriels 
utilisés pour la caractérisation des baies pour chacun des 2 panels (23 attributs pour le panel entraîné et
10 pour le panel professionnel) est présentée au Tableau 1. L’évaluation des 23 attributs par le panel entraîné 
se fait à partir de 2 baies par lot (répétée 4 fois) et par juge présentées dans un flacon teinté.
l’évaluation des 10 attributs par le panel professionnel se fait avec une seule baie par lot et par juge.

 
Afin de statuer sur le lien sensoriel qui existe entre baies et jus d’une même parcelle, les jus de chacune de 
ces parcelles ont également été caractérisés (2 répétitions par jus) par le panel prof

La liste des attributs sensoriels utilisés pour la caractérisation des jus pour chacun des panels
(17 attributs pour le panel entraîné et 5 pour le panel professionnel) est présentée 

isées sont les mêmes que celle des baies. Le dernier attribut « Conclusion sur la 
maturité » de la liste du panel professionnel permet à nouveau aux juges de noter globalement le niveau de 
maturité du jus sur 4 niveaux comme pour la dégustation des baies de Chenin. 

 
Attributs sensoriels des jus de raisins de Chenin évalués par le panel entraîné

et le panel professionnel 

Panel entraîné Panel professionnel

Moût 

Teinte 
  
Sucre 
Acide 
  

Intensité globale aromatique Arômes de la baie (de 1 à 5) : 
                     Végétal (1) 
                     Floral (2) 
                     Floral-Fruité (3)
                     Fruité (4) 
                     Confit (5) 

   
  
  
  
  
Conclusion sur la maturité (de 1 à 4)

 

Résultats de la dégustation des baies 

Une analyse de variance (ANOVA), à 2 facteurs (parcelle et sujet) avec interaction, a été réalisée pour 
chaque attribut par panel. Tous les attributs évalués par le panel professionnel sont significativement 
discriminants à un seuil de 5%. Sur 23 attributs évalués par le panel entraîné, 7 ne sont pas discriminants à 
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égustateurs (les deux jurys de professionnels à Angers et à Tours et le panel 

Le panel entrainé est constitué de 13 juges « qualifiés », tous salariés du groupe ESA, entraînés à la 
Le panel professionnel est constitué de 

17 professionnels du monde viticole (techniciens, chercheurs, viticulteurs) et/ou salariés de l’IFV 
professionnels ont été concaténées en un seul jeu 

Des différences fondamentales de protocole de dégustation caractérisent les deux groupes de dégustateurs: 
attributs, échelle de notation et nombre de baie par lot dégustés. La liste des attributs sensoriels 

utilisés pour la caractérisation des baies pour chacun des 2 panels (23 attributs pour le panel entraîné et 
L’évaluation des 23 attributs par le panel entraîné 

se fait à partir de 2 baies par lot (répétée 4 fois) et par juge présentées dans un flacon teinté. En revanche 
baie par lot et par juge. 

Afin de statuer sur le lien sensoriel qui existe entre baies et jus d’une même parcelle, les jus de chacune de 
par le panel professionnel et le panel 

La liste des attributs sensoriels utilisés pour la caractérisation des jus pour chacun des panels 
(17 attributs pour le panel entraîné et 5 pour le panel professionnel) est présentée au Tableau 2. 

Le dernier attribut « Conclusion sur la 
maturité » de la liste du panel professionnel permet à nouveau aux juges de noter globalement le niveau de 

Attributs sensoriels des jus de raisins de Chenin évalués par le panel entraîné 

Panel professionnel 

Arômes de la baie (de 1 à 5) :  
 

Fruité (3) 

Conclusion sur la maturité (de 1 à 4) 

Une analyse de variance (ANOVA), à 2 facteurs (parcelle et sujet) avec interaction, a été réalisée pour 
chaque attribut par panel. Tous les attributs évalués par le panel professionnel sont significativement 

évalués par le panel entraîné, 7 ne sont pas discriminants à 
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5% (quantité de chair autour du pédicelle, force pour détacher le pédicelle, quantité de chair collée à la 
pellicule et les arômes « fruité jaune, moisi, champignon, fruité exotique »). Les tableaux des ANOVA par 
panel sont présentés au Tableau 3. Parmi les 6 attributs « communs » aux deux méthodes de dégustations, 
5 sont discriminants à 5% « teinte des baies, couleur des pépins, croquant de la baie, dilacération de la 
pellicule et jutosité de la baie ». Le descripteur « quantité de chair autour du pédicelle » est non 
discriminant pour le panel entraîné.  
 
Tableau 3 - P values des ANOVA par panels [Var(descripteur) = Parcelle + Sujet + Parcelle*Sujet avec 

Sujet en aléatoire]. En gras : attributs discriminants au seuil de 5%. 

Anova Baie 
Panel professionnel 

Parcelle Sujet Parcelle:Sujet 

Teinte 4,09E-35 1,35E-16 5,44E-06 
Couleur des pépins 5,96E-22 1,42E-30 3,43E-06 
Arôme  1,50E-21 1,02E-15 9,45E-04 
Maturité 2,91E-21 4,14E-36 2,22E-28 
Dilacération 2,99E-18 5,44E-35 1,88E-07 
Agressivité 2,74E-14 1,44E-08 1,98E-07 
Croquant 5,27E-07 1,37E-20 8,58E-04 
Fermeté 6,63E-07 1,87E-41 1,49E-03 
Quantité de chair autour du pédicelle 1,72E-06 1,23E-40 6,01E-05 
Jutosité 5,41E-06 1,74E-20 3,59E-09 

 
Anova Baie 

Panel entraîné 
Parcelle Sujet Parcelle:Sujet 

Teinte 1,38E-18 1,27E-22 1,31E-03 
Couleur des pépins 1,83E-10 9,04E-10 3,40E-01 
Croquant 9,00E-06 3,19E-25 2,42E-02 
Astringence de la pellicule 1,44E-05 7,92E-55 1,97E-04 
Acidité de la baie 1,81E-05 3,39E-56 3,43E-05 
Dilacération 3,58E-05 1,63E-52 3,50E-08 
Arôme Végétal 8,60E-05 1,75E-106 2,99E-09 
Arôme Confit 9,54E-05 7,65E-28 6,83E-08 
Sucrosité de la baie 1,71E-04 6,38E-58 4,00E-07 
Elasticité de la baie 1,58E-03 1,48E-34 3,77E-06 
Epaisseur de la pellicule 2,37E-03 1,77E-27 1,24E-04 
Arôme Fruité blanc 5,99E-03 1,71E-99 6,10E-10 
Intensité Globale Aromatique 1,32E-02 1,42E-88 5,88E-05 
Arôme Fruité agrumes 1,45E-02 2,88E-77 2,73E-08 
Jutosité 2,37E-02 3,21E-51 2,56E-07 
Arôme Floral 4,24E-02 6,71E-136 2,61E-04 
Arôme Fruité jaune 7,31E-02 2,30E-69 3,47E-12 
Arôme Moisi 2,13E-01 6,07E-03 1,71E-05 
Arôme Champignon 2,80E-01 1,22E-54 1,39E-12 
Force pour détacher le pédicelle 3,98E-01 2,17E-21 2,08E-04 
Quantité de chair collée à la pellicule 4,52E-01 2,13E-53 1,70E-02 
Quantité de chair autour du pédicelle 6,60E-01 6,68E-78 3,52E-06 
Arôme Fruité exotique 9,38E-01 2,11E-47 2,23E-11 
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Une forte proximité entre les panels  
Le calcul du R² montre qu’il y a un accord entre les deux panels pour les descripteurs « couleur des pépins, 
teinte des baies, dilacération de la pellicule et croquant de la baie » (Figure 1). « L’agressivité de la baie » 
évaluée par le panel professionnel est davantage corrélée à « l’acidité » qu’à « l’astringence » notées par le 
panel entraîné. Concernant « la jutosité », le désaccord observé entre les deux panels peut être lié à une 
compréhension différente de ce descripteur, toutefois il reste consensuel lorsqu’il est pris individuellement 
au sein de chacun des groupes. 

L’analyse factorielle multiple (AFM) réalisée sur les données sensorielles des baies moyennées des 
8 parcelles issues du panel entraîné et du panel professionnel (Figure 2) montre (i) une bonne 
discrimination des différentes maturités et (ii) confirme l’accord entre les deux panels pour les descripteurs 
« couleur des pépins, teinte des baies, dilacération de la pellicule et croquant de la baie ». 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1 - Accords entre les deux panels (professionnel en abscisse et entraîné en ordonné). 

Résultats de la dégustation des jus 
L'acidité des jus évalués par le panel professionnel n'a pas été un facteur discriminant en lien avec un très 
fort désaccord entre les juges (IFV Angers et Tours) pour ce descripteur. Sur les 17 attributs évalués par le 
panel entraîné ESA, 10 sont significativement discriminants acide, sucre et astringence, teinte, les aromes 
(vert, fruité blanc, fruité agrumes, pruneau, moisi, terreux). L’analyse globale des résultats conjoints des 
2 panels (professionnel IFV et entraîné ESA) montre cependant des panels qui sont très discriminants en ce 
qui concerne l’analyse des jus. L’AFM (non montrée) réalisée sur l’ensemble des données des deux panels 
confirme une forte proximité entre les deux groupes pour la dégustation des jus. Cette analyse montre 
également un arôme fruité blanc qui caractérise la maturité des raisins à destination de l’élaboration d’un 
vin de printemps. 
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Fig. 2 - AFM réalisée sur les données moyennées des baies issues du panel expert 
et du panel professionnel, attributs à 20% (en rouge descripteurs méthode professionnelle, 

en vert descripteurs méthode panel entraîné). 

Discussion et conclusion 
Les résultats obtenus lors du millésime 2012 par les 2 panels (entraîné ESA et professionnel IFV) sont en 
accord avec une forte corrélation entre les attributs sensoriels obtenus sur baie et sur jus. Néanmoins les 
résultats du panel entraîné montrent un meilleur niveau de précision sur les différences aromatiques (fruité 
blanc) validant sa pertinence quand la problématique nécessite un focus aromatique. La dégustation des jus 
qui permet d’assurer une homogénéité des lots dégustés par juge (dégustation d’un plus grand nombre de 
baies) et une meilleure représentativité de l’état général de la parcelle ressort comme indispensable et 
complémentaire à la dégustation des baies. Le processus consistant à mettre au point une liste exhaustive 
d’attributs pertinents par l’analyse sensorielle avec un panel entrainé avant de les soumettre à des 
professionnels pour en réduire le nombre en fonction de leurs pratique sur le terrain et de leur expertise, est 
par conséquent une démarche qui fonctionne. La méthodologie d’analyse sensorielle des baies et des jus de 
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Chenin par les professionnels a ainsi été validée. Un transfert de cette méthode de terrain a été réalisé pour 
les millésimes 2013 et 2014 pour une caractérisation sensorielle de la qualité des raisins d’autres cépages 
blancs tels que le Melon de Bourgogne et le Riesling. 
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Terroir ‒ temperature variability ‒ Saint-Emilion area ‒ phenology ‒ grape ripening 

Introduction  
Terroir plays an important role in grape composition as well as in wine quality and typicity. Key factors in 
terroir expression are soil, climate and grapevine variety [1]. Over the past decades, soils of most 
winegrowing areas have been mapped at different scales. Studying climate variability, however, is a more 
recent practice. Thanks to the development of new technologies, especially the miniaturization of 
reasonably priced sensors, it has become possible to improve our knowledge of spatial climate variability, 
particularly with regard to temperature, at a fine scale. Knowing the importance of temperature on vine 
development [1-3] and wine quality [4], it has become of utmost importance to improve our assessment of 
this parameter for a better adaptation of plant material or training systems. A previous study, published in 
2007, described the climatic variability in the wine growing area of Bordeaux [5]. It was based on the 
development of private and public weather stations. The study showed great variability in terms of 
temperature and modeled precocity for maturity in this area. The objective of this study is to assess climate 
variability at a higher spatial resolution. A network of temperature sensors was set up within a set of sub-
appellations of the Bordeaux area, including the famous Saint-Emilion and Pomerol winegrowing areas. 
The first results show great temperature variability. Consequences on precocity, vine development and 
maturity are discussed.  

Materials and methods 
Temperature monitoring 
In order to characterize temperature variability in this area of 12,200 ha of vineyards, a network of 90 
temperature sensors was set up at the end of 2011. This corresponds to a density of 1 sensor for 240 ha. 
At this local scale, it is important to take into account the relief (exposition, slope, altitude) but also local 
parameters, such as rivers, urban areas, vegetation, and soil types, which can have an influence on the 
spatial distribution of temperature. The diversity of this area, both in terms of relief, local parameters and 
soil types, is particularly interesting for studying fine-scale temperature variations. The temperature sensors 
used in this project are Tinytag Talk2 (Gemini Data Loggers, UK). These sensors can be easily installed on 
vine posts inside the plot at 1.2 m in height. The data loggers have been parameterized in order to record 
both minimum and maximum hourly temperatures.  

Vine development and grape ripening monitoring 
To measure the effect of temperature on vine development and wine quality, phenological stages (bud 
break, flowering and veraison) and grape maturity dynamics have been monitored on 18 reference plots of 
Merlot. Their position has been determined by taking into account all the local parameters which can have 
an influence on temperature variability, so as to have the greatest possible amplitude in precocity. 
Phenological stages are recorded for the specific day when 50 percent of vine organs reach C stage for bud 
break; I stage for flowering; M stage for veraison [6]. Every week, starting at veraison, major grape 
metabolites are measured and, prior to harvest, phenolic compounds (anthocyanin, total polyphenols, seed 
maturity) are also analyzed.  
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Bioclimatic indexes 
In order to implement climatic zoning in viticultural areas and to measure the climatic variability, several 
bioclimatic indices have been developed over the years. One of them, the Winkler degree days [7], is 
presented here. This index is based on the sum of temperatures above 10°C, from April 1st to October 31st.  

Results and discussion 
Temperature is highly variable, in particular for minimum temperatures 
Our results show greater amplitude on the minimum daily temperature compared to the maximum 
temperature (Figure 1). During 2012, the amplitude of maximum day temperature was mostly around 3°C, 
while amplitude of minimum day temperature was about 4°C, but this fluctuates up to a maximum of 10°C. 
The type of weather has an impact on this spatial distribution, and some weather types, like anticyclonic 
clear sky conditions without wind, enhance thermal amplitude. 
 

 

Fig. 1 - Daily temperature amplitude for maximum and minimum temperatures over the study area. 

A 1.5°C difference between the warmest (14.6°C) and coolest (13.1°C) sensors was recorded for mean 
temperature in 2012. During the vegetative season from April to October the mean temperature ranges from 
17.9°C to 19.2°C (amplitude of 1.3°C). There is a difference of 3°C between the extreme sensors (6.2°C 
and 9.2°C) for minimum mean temperature. This difference is 1.4°C (19.1°C and 20.5°C) for maximum 
mean temperature. These differences are close to the results of the temperature variability in the overall 
Bordeaux winegrowing area which was, for the period of 2001-2005, about 2.9°C for minimum 
temperature and 1.9°C for maximum temperature [5].  
 

Table 1 - Winkler Index and amplitudes between 2012 and 2014 

  Winkler Index 2012 Winkler Index 2013 Winkler Index 2014 

Minimum 1622 1617 1704 

Maximum 1889 1855 2019 

Amplitude 268 238 315 

Great variation in temperature sum and spatial distribution for Winkler Index  
Winkler index, which is well adapted to show the influence of temperature on vine development, has been 
calculated. The result (Table 1) shows a great amplitude of over 250°C.days in average in the years 2012 to 
2014. Given these temperature ranges, vine development could be delayed by 30 days in the latest ripening 
plots, compared to early ripening plots.  

Spatial distribution of Winkler index (Figure 2) shows the temporal variations which correspond to the 
vintage effect. 2014 was warmer than 2012 and 2013. These maps also highlight a spatial structure which is 
similar during the 3 years. The limestone plateau of Saint-Emilion and its south facing slopes are the 
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warmest area. The North East of the area, the South East and the bottom of the valleys are cooler. Another 
early area, not specifically link with the topography, is the western part of the area around the town of 
Libourne, including Pomerol.  
 

 
Fig. 2 - Maps of Winkler Index in the years 2012 to 2014 calculated on each temperature sensor. 

 

Vine response to climate variability 
Phenology observations carried out in 2012 and 2014 are presented in Table 2. These show, in particular, 
how important the vintage effect was: the warmer climatic conditions of 2012 and 2014 induced more 
spatial variability of temperature in this area and induced differences in the timing of phenological stages. 
We recorded a window of about 8 days for flowering, 15 days for veraison. The influence in terms of 
maturity is even more pronounced, with more than 20 days of difference between the earliest and the latest 
ripening plot. 

Table 2 - Phenology and sugar maturity (2012-2014) 

  Year Period Mean date Duration (days) 

Flowering 

2012 30/05 - 08/06 4 June 10 

2013 15/06 - 20/06 17 June 6 

2014 31/05 - 07/06 3 June 8 

Veraison 

2012 31/07 - 18/08 9 August 19 

2013 16/08 - 26/08 21 August 11 

2014 30/07 - 16/08 7 August 18 

Sugar maturity  
(day of the year 

sugar concentration 
reaches 200g/l) 

2012 22/08 - 12/09 1 September 22 

2013 05/09 - 4/10 21 September 30 

2014 31/08 - 22/09 10 September 23 
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Conclusion 
Climate is an important factor in wine production. Wine quality depends on the vintage. Vintage typicity is 
essentially related to the inter-annual variability of the climate. Soil parameters also participate in wine 
characteristics, but they are generally constant over time. It is also important to study the intra-annual 
variability of climate inside a given region, since this has an influence on vine development and grape 
ripening. Precise knowledge on local temperature variation is a key factor for better adaptation of plant 
material and viticultural practices, especially in a context of climate change.  

The great variability in terms of temperature, due to the local parameters, and the consequence on vine 
behavior has been investigated on this paper. Spatial variability in minimum and maximum temperature 
was measured, as well as its impact on vine phenology. The creation of temperature maps over the area by 
means of spatial modeling is under progress. Phenology models can be coupled to temperature models to 
assess spatial variability of the timing of phenology with greater accuracy over the area. 
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Cabernet franc ‒ rapport feuille/fruit ‒ profil sensoriel ‒ composés aromatiques 

Introduction 
Cette étude vise à établir les rapports existant entre les itinéraires de production de raisins de Cabernet franc 
(leurs effets sur le Rapport Feuille/Fruit) et la composition aromatique et le profil sensoriel des vins qui en 
sont issus. Elle se situe dans le cadre des travaux de caractérisation de la typicité des vins du Val de Loire 
menés par l’UMT Vinitera (Unité Mixte Technologique) [1]. Elle devait dans un premier temps identifier 
et quantifier des marqueurs aromatiques dans les vins de Cabernet franc, afin, à terme, de mettre en 
évidence les relations entre les produits (raisins et vins), d’une part et les terroirs et itinéraires de 
production d’autre part [2]. 

Matériel et méthodes 
Parcelles et traitements 
L’étude est réalisée sur un réseau de 6 parcelles mis en place en Anjou et en Touraine. L’étude comporte un 
volet viticole orienté sur la gestion du Rapport Feuille/Fruit (RFF).  

Sur chaque parcelle, pendant 3 millésimes, l’objectif est d’obtenir 2 lots de vendanges différents en faisant 
varier le Rapport Feuille/Fruit du simple au double entre les modalités RFF bas (RFFB) et RFF hauts 
(RFFH) grâce aux deux principales techniques de l’éclaircissage (majoritairement) et de la modulation de 
la hauteur de rognage. Sur 2 des parcelles, trois différentes dates de récolte viennent compléter le dispositif. 
La date de récolte est fixée en fonction de la date de mi-véraison, du titre d’alcool potentiel et de l’acidité 
totale (mesurés lors du contrôle maturité) et de l’état de la parcelle (pourriture, grains prêts à tomber, etc.). 

Vinifications et analyses 
Tous les lots de 50 kg de raisin (issus de 4 blocs réunis) sont vinifiés de façon identique selon un schéma de 
vinification dit « classique » avec une macération de 9 jours avec des pigeages légers, à une température de 
25°C. Une fois mis en bouteilles, les 20 vins obtenus subissent des analyses physico-chimiques classiques, 
de polyphénols et aromatiques. Les molécules aromatiques analysées ont été choisies d’après le travail 
bibliographique de M. Maestrojuan sur les composés aromatiques des vins rouges [3-5]. Enfin les analyses 
sensorielles sont réalisées par le jury expert de l’Unité de Recherche GRAPPE du Groupe ESA. 

Résultats et discussion 
Les mesures de Rapport Feuille/Fruit obtenues sur le réseau durant les trois années d’étude se situent entre 
1,25 et 3,60 pour les hauts et entre 0,81 et 1,93 pour les bas (exprimés en m2/kg) selon les parcelles et les 
millésimes. Il est considéré de manière générale qu’il faut un RFF supérieur à 1,4 pour élaborer des vins 
rouges structurés. La parcelle 211 possédait initialement un RFF plutôt élevé, supérieur à ce seuil. 
Néanmoins, même si parfois le rapport n’est pas tout-à-fait de 1/2, les RFF bas et hauts obtenus sont 
toujours bien différentiés et devraient permettre d’obtenir des récoltes différentes. 
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Concernant les critères physico-chimiques sur vins (éthanol, acidité totale, pH, Indice Polyphénols Totaux, 
Intensité Colorante) sur les trois années d’essai, les facteurs statistiquement discriminants peuvent être 
classés par ordre d’importance de la manière suivante : millésime > parcelle > date de récolte > rapport 
feuille/fruit. Le millésime, donc le climat, apparait comme le facteur le plus discriminant de tous, devant 
l’effet parcelle. La combinaison climat/sol-sous-sol offre sans surprise la plus grande source de variation. 
L’effet date de récolte joue aussi un rôle important sur les maturités technologique et phénolique. Enfin, un 
RFF plus élevé favorise l’avancement de la maturité, il entraine un degré alcoolique et un pH supérieurs et 
un plus grand Indice de Polyphénols Totaux (IPT). 

Concernant les analyses sensorielles des vins, pour les millésimes 2010 et 2012, les notes attribuées aux 
vins pour les différentes variables générées par le jury expert (plus d’une quarantaine) ont été reliées à leur 
valeur de RFF à l’aide d’une régression linéaire multiple (régression PLS). Par cette méthode, aucune 
corrélation entre RFF et descripteurs n’a été montrée et les valeurs de R2 sont même quasiment toutes très 
proches de 0. Le RFF n’influence donc pas directement les différentes composantes des vins. L’intérêt s’est 
donc ensuite porté sur la comparaison entre les RFF hauts et bas. Les analyses de variance permettent de 
mettre en évidence l’importance relative des différents facteurs discriminants, le seuil α de 10% est retenu 
pour cette étude.  

Le tableau 1 présente les 5 critères significativement différents en 2010 parmi les 21 testés. La date de 
récolte n’a eu aucun effet sur les aspects visuel et olfactif des vins. L’effet parcelle ne s’est manifesté que 
sur l’aspect visuel, avec des couleurs plus intenses pour les vins issus des parcelles de Touraine. Enfin, les 
RFF hauts présentent une plus grande intensité de la couleur et une teinte plus rouge. Au nez, le caractère 
animal ressort de ces vins. En bouche, la seule différence observée concerne la sensation de chaleur due à 
l’alcool : la date de récolte plus tardive (date D3) a un côté plus « chaud » que la date plus précoce (date 
D1). Les RFF hauts présentent en rétro-olfaction des notes légèrement plus marquées de fruits macérés. 
Aucun effet parcelle n’est observé. 

 
Tableau 1 - Critères significativement différents à l’analyse sensorielle sur les vins du millésime 2010 

 
Oeil Nez Bouche Rétro-

olfaction 
Probabilité 

effet 
Intensité 
Couleur 

Teinte Animal 
Chaleur 
alcool 

Fruits 
macérés 

Parcelle 0,007 0,116 0,703 0,945 0,925 
Date 0,213 0,243 0,954 0,097 0,621 

Modalité 0,001 0,093 0,089 0,811 0,068 
H / B H > B H > B H > B   H > B 

 

Pour 2011 et 2012, les dégustations se sont concentrées exclusivement sur l’aspect olfactif (23 critères). 
L’effet millésime est le plus discriminant. Il n’y a pas d’effet de la date de récolte et il existe une différence 
inter-parcellaire seulement sur le descripteur « cassis frais », avec la parcelle 207 qui se démarque sur ce 
critère. Enfin, la seule différence existant pour le RFF concerne le descripteur « musc ». L’ensemble des 
variables significativement différentes sont présentées dans le tableau 2. 
 

Tableau 2 - Critères significativement différents à l’olfaction des vins des millésimes 2011 et 2012 

 

Floral Fruits cuits Boisé Autres

Probabilité 
effet

Cuir Musc Violette Prune cuit Cassis frais
Cerise 

griotte 
frais

Prune frais
Herbe 

coupée
Poivron Boisé Ethanol

Millésime 0,003 0,669 0,044 0,018 0,996 0,061 0,039 0,082 0,008 0,08 0,056

Parcelle 0,869 0,793 0,369 0,435 0,02 0,277 0,628 0,459 0,453 0,311 0,761

Date 0,654 0,56 0,318 0,54 0,147 0,299 0,817 0,828 0,157 0,587 0,283
Modalité 0,632 0,089 0,979 0,374 0,373 0,766 0,597 0,168 0,691 0,951 0,833

H/B H < B

Animal Fruits frais Végétal
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De nombreuses molécules aromatiques ont été dosées sur tous les vins élaborés lors de cette étude. 
L’ensemble des molécules analysées constitue le tampon aromatique d’un vin. Prises individuellement, 
toutes ne possèdent pas d’odeur associée permettant de les reconnaitre, mais elles jouent un rôle dans la 
matrice aromatique de chaque vin. 

Les 30 molécules dosées appartiennent aux familles des alcools, acides, composés carbonylés, esters, 
phénols volatils, thiols et autres tels que la 3-isobutyl-2-méthoxypyrazine (IBMP), la β-damascénone, etc. 

Parmi toutes ces molécules dosées, l’unique effet discriminant du RFF est celui observé sur les teneurs en 
benzèneéthanol : des RFF hauts les augmentent significativement. A l’inverse l’effet millésime est de 
nouveau le plus discriminant puisqu’il influence 25 des 30 molécules étudiées, c’est-à-dire toutes sauf le 
1-octanol, l’acide 3-méthylbutanoïque, le phényléthanal, le 4-éthylgaïacol et le 4-éthylphénol. 

Les tableaux 3 et 4 présentent uniquement les critères significativement différents (autres que ceux 
mentionnés dans le texte) pour les alcools, composés carbonylés, phénols, thiols et autres, d’une part et les 
esters, d’autre part. Les odeurs associées indiquées dans ces deux tableaux sont celles mentionnées dans la 
littérature. 
 

Tableau 3 - Critères significativement différents en fonction des parcelles et de la date 
pour les composés aromatiques autres que les esters 

 

 
Concernant les alcools, qui vont apporter des notes plutôt désagréables, l’effet millésime est très saillant 
tandis que l’effet parcelle l’est un peu moins. Aucun effet n’est observé concernant la date de récolte. 
Enfin, un RFF haut augmente significativement la teneur en benzèneéthanol. 

Pour les acides et les composés carbonylés (notes vineuses et parfois désagréables), l’effet millésime est 
encore très discriminant, tandis que l’effet parcelle ne s’observe que pour le 2,3-butanedione et l’éthanal. 
La date de récolte, ainsi que le RFF n’ont pas d’incidence sur ces composés aromatiques. Par ailleurs, 
concernant les phénols volatils, aucun effet n’est observé sur le 4-éthylgaïacol et le 4-éthylphénol. En effet 
ces composés sont produits par les levures Brettanomyces et une bonne hygiène de cave permet d’éviter 
leur développement. La date de récolte influe seulement sur la teneur en phénol. 

Comme pour tous les composés, l’effet millésime apparait comme le facteur déterminant les teneurs des 
composés « autres ». L’effet parcelle est aussi un facteur discriminant excepté pour le diméthyle sulfure 
(DMS) et la β-ionone. La date de récolte joue un rôle sur le 3-mercapto-hexanol (3MH), avec des 
concentrations supérieures pour la date D3. Enfin, aucune différence n’est induite par le RFF. Il faut noter 
que pour ces composés « autres », les teneurs rencontrées se situent en dessous des seuils de recouvrement 
(concentration à laquelle 50% des dégustateurs perçoivent et identifient un composé odorant spécifique), en 
particulier pour la β-damascénone, composé reconnu comme exhausteur des arômes fruités dont les teneurs 
sont très faibles. Seul le DMS est présent à des concentrations dix fois supérieures à son seuil de 
recouvrement. Le DMS jouerait un rôle d’exhausteur d’arômes fruits rouges dans les vins rouges.  

Concernant les esters, molécules apportant beaucoup de fruité aux vins (excepté l’acétate d’éthyle), l’effet 
millésime influence toutes leurs teneurs. L’effet parcelle est lui aussi très discriminant, avec 11 molécules 
impactées sur les 16 dosées. L’effet date de récolte est bien moins marqué, avec seulement 4 molécules 
impactées. Enfin, la modification du RFF n’influence pas les teneurs en esters des vins. En outre, les 
niveaux de concentrations de ces composés se situent également bien en deçà des seuils de recouvrement. 
Seul l’éthyl hexanoate se trouve à des concentrations trois fois supérieures à son seuil de recouvrement.  

Ph. Volatils Thiols

Probabilité 
effet

1-Octanol
2-

Ethylhexanol
3-Hexène 1-

ol
2,3-

Butanedione
Ethanal Phénol 3MH (ng/L) Furanéol IBMP Damascénone

Parcelle 0 0,03 0,08 0 0,09 0,01 0,01 0,04 < 0,0001 < 0,0001

Date 0,36 0,78 0,18 0,55 0,84 0,02 0,02 0,73 0,55 0,71

Odeur 
associée

beurre pomme
encre, 

phénolé
fruit de la 

passion
grillé poivron vert fruit exotique

Alcools Composés carbonylés Autres
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Tableau 4 - Critères significativement différents en fonction des parcelles et de la date pour les esters 

 
 

Conclusion 
Faire varier le RFF permet, comme prévu, d’obtenir 2 lots de vendanges aux caractéristiques distinctes, sur 
toutes les parcelles.  

D’un point de vue physico-chimique, les vins issus du RFF haut ont des degrés alcooliques et des pH 
supérieurs, ainsi qu’une concentration en polyphénols et une intensité colorante plus fortes (signes d’une 
maturité plus importante). Cependant, le RFF reste le facteur le moins impactant, derrière le millésime, le 
sol (la parcelle) et la date de récolte. 

Concernant les molécules aromatiques, leurs teneurs sont notablement influencées par le millésime et le 
sol. La date de récolte fait varier la concentration de quelques molécules comme le 3MH (thiol) et certains 
esters. Par contre, le RFF n’a d’impact sur aucun des composés dosés exception faite du benzèneéthanol. 

Enfin, les profils sensoriels générés par le jury expert ne font quasiment apparaitre que des différences liées 
au millésime. Même l’effet parcelle n’est pas discriminant. L’« espace produit » est tellement restreint que 
les différences sont très minces et difficilement détectables. Il est vrai que le Cabernet franc n’est pas un 
cépage réputé aromatique mais, par exemple, sa particularité à donner des goûts de poivron est connue. 
Or, seul le millésime semble influer sur ces notes végétales. 
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Probabilité 
effet

3-
Méthylbutyl 

acétate

Butyl 
acétate

Ethyl 2-
hydroxy 

propanoate

Ethyl 2- 
méthyl 

butanoate

Ethyl 2-
méthyl 

propanoate

Ethyl 3-
méthyl 

butanoate

Ethyl 6-
hydroxy 

hexanoate

Ethyl 
acétate

Ethyl 
butanoate

Ethyl 
hexanoate

Ethyl 
octanoate

Hexyl 
acétate

Parcelle 0 0,01 0 < 0,0001 0,01 < 0,0001 0,06 < 0,0001 0 0,7 0 0,07

Date 0,04 0 0,01 0,73 0,28 0,44 0,3 0,23 0,44 0,03 0,85 0,65

Odeur 
associée

banane, 
fruité

fraise mûre ascescence
fraise 
tagada

confiture 
de fraise

fruits 
rouges, 

framboise

Poire, 
banane

Esters



48 *Auteur principal : montserrat.nadal@urv.cat 

Impact du porte-greffe sur les composés phénoliques 
du cépage Marselan en climat méditerranéen 

M. NADAL*, A. SANCHEZ-ORTIZ 
 

Dep. Bioquímica i Biotecnologia, Facultat d'Enologia, Universitat Rovira i Virgili, 
Campus Sescelades, 43007 Tarragona, Spain 

 

Changement climatique ‒ Grenache noir ‒ composition des vins ‒ anthocyanes 

Introduction 
L’adaptation de cépages méditerranéens type Grenache noir ou de cépages importés type Cabernet 
sauvignon au changement climatique est de plus en plus nécessaire pour obtenir des vins rouges de qualité 
dans les zones vitivinicoles de la méditerranée comme par exemple la Catalogne. L’importance du porte-
greffe et du cépage est primordiale en relation à son adaptation au terroir [1] et au changement climatique 
actuel pour obtenir des vins rouges de qualité. L’objectif de cette étude est donc d’évaluer l’effet du porte-
greffe (Richter-110, 140-Ruggeri, 41B et Fercal) sur le rendement et la composition phénolique des vins de 
Marselan pour en déterminer leur adaptation au terroir [2]. 

Matériel et méthodes 
Parcelle d’étude 
La parcelle d’étude se situe dans le vignoble de l’Université Rovira i Virgili sur le territoire de Tarragone 
(Espagne), qui jouit d’hivers tempérés et d’étés humides et chauds, climat typique des régions 
méditerranéennes. Le sol est de texture franc-argileuse et calcaire (pH 8.2 et carbonates 56%) avec une 
réserve hydrique moyenne. La plantation réalisée en 2009 est conduite en espalier avec une taille Royat sur 
des rangs 2.4 m x 1.1 m. Les combinaisons cépage/porte-greffe sont distribuées au hasard en 3 blocs de 
répétition et comprenant 17 souches par parcelle élémentaire. Pendant les années 2012 et 2013 des mesures 
du potentiel hydrique ont été réalisées pendant l’été. Le poids de récolte et l’efficacité de l’usage de l’eau 
(WUE) ont aussi été déterminés [3].  

Analyses 
La composition phénolique des vins issus de chaque traitement a été analysée par HPLC-DAD/FLD. 
Les résultats ont été traités par ANOVA (P<0.05) et les différences entre traitements ont été calculées en 
utilisant le test de Tukey (package SPSS v21.0). 

Résultats et discussion 
Les principaux résultats montrent que le porte-greffe Fercal est le moins résistant à la sécheresse (Tableau 1), 
avec une forte contrainte hydrique en 2012. Le Fercal a eu les valeurs de 13C (δ13/12C vs PDB) à maturité les 
plus faibles en accord avec les résultats de Gaudillere et al. [4]. Par contre, 140-Ruggeri et 41B ont eu les 
WUE et une production de raisins les plus élevées. Le 13C a révélé beaucoup plus de stress pendant l’année 
chaude (2012) par rapport à l’année la plus tempérée (2013). Ce stress à la véraison a influencé 
négativement la concentration des anthocyanes retrouvée dans les vins (Figure 1). Le porte-greffe 
vigoureux 140-Ruggeri fut le plus productif et donc les teneurs en anthocyanes dans les vins furent les plus 
faibles en année chaude. 
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Tableau 1 - Production par souche, WUE (efficacité de l’eau), discrimination isotopique δ13/12C 
des raisins (13C) et potentiel hydrique de base (Ѱhb) (Vé=véraison ; Ma=maturité ; S=stress) 

2012 Production (Kg/s) WUE Ѱhb M δ13/12C Vé δ13/12C Ma 
110R 2.16 ± 0.28b 4.06 ± 0.56bc -0.86 -27.33 s -24.91 
140Ru 3.24 ± 0.27a 6.35 ± 0.54a -0.88 -28.82 s -26.37 
41B 3.21 ± 0.39a 5.33 ± 0.78ab -0.80 -28.54 s -25.86 
Fercal 2.83 ± 0.66b 3.78 ± 1.31b -0.89 -27.48 s -27.30 s 

2013      
110R 2.46 ± 0.46c 4.48 ± 0.86b -0.85 -25.60 -23.83 
140Ru 4.19 ± 0.67c 6.77 ± 1.24ab -0.89 -25.49 -25.58 
41B 4.22 ± 1.34a 3.32 ± 2.63ab -0.72 -26.5 -24.54 
Fercal 3.62 ± 1.31b 8.39 ± 2.92a -0.83 -25.85 -23.78 

 

 
Fig. 1 - Evolution de la concentration en anthocyanes et de l’IPT en fonction 

des porte-greffes et de l’année.  
 

Il est aussi à noter que les degrés alcooliques, les concentrations en anthocyanes et les IPT (indice de 
polyphénols totaux) des vins sont toujours les plus élevés pour le Richter-110 lors des deux années d’étude 
(Tableau 2).  

En ce qui concerne la composition phénolique des vins de Marselan, une proportion relativement plus 
élevée en anthocyanes était présente dans les vins de Richter-110 (Tableau 3). Par contre, les vins de 
140-Ruggeri avaient des pourcentages plus faibles en anthocyanes et plus élevés en proanthocyanidines et 
en acides hydroxycinnamiques. Ces variations parmi les porte-greffes seulement sont appréciées l’année 
chaude (2012). En condition plus tempérée (2013), nous n’observons qu’une augmentation relative des 
proanthocyanidines.  
 
Tableau 2 - Composition chimique des vins : titre alcoométrique volumique (TAV. %. v/v), pH, acidité 

totale (ATT, g/l tartrique), anthocyanes totales (ANT, mg/l) et indice de polyphénols totaux (IPT) 

2012 TAV (%, v/v) ATT (g Tartrique/l) pH 
110R 14.6 ± 0.1a 5.92 ± 0.07b 3.70 ± 0.00b 
140Ru 13.7 ± 0.1b 5.71 ± 0.01c 3.80 ± 0.01a 
41B 13.6 ± 0.1b 6.23 ± 0.02a 3.56 ± 0.02c 
Fercal 13.0 ± 0.1c 5.09 ± 0.02d 3.70 ± 0.01b 

2013    
110R 13.3 ± 0.3a 6.28 ± 0.01b 3.48 ± 0.04b 
140Ru 12.2 ± 0.1c 6.86 ± 0.08a 3.64 ± 0.06a 
41B 12.7 ± 0.1b 6.21 ± 0.13b 3.53 ± 0.01b 
Fercal 12.1 ± 0.4c 5.90 ± 0.10c 3.65 ± 0.01a 
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Tableau 3 - Composition relative (%) des acides hydroxybenzoiques et hydroxycinnamiques, 
flavonoles, proanthocyanidines et anthocyanes des vins de Marselan 

pour les deux années d’études 2012 et 2013 

2012 110 R 140Ru 41B Fercal 
Hydroxybenzoiques 8.9 16.2 15.4 17.5 
Hydroxycinnamiques 15.2 20.2 17.2 17.3 
Flavonoles 8.9 8.2 7.1 6.0 
Proanthocyanidines 8.1 12.3 8.1 5.6 
Anthocyanes 58.8 43.1 52.1 53.7 
2013 
Hydroxybenzoiques 7.8 8.4 7.1 7.7 
Hydroxycinnamiques 14.6 19.7 19.0 15.3 
Flavonoles 11.7 9.5 9.2 9.4 
Proanthocyanidines 12.6 12.1 13.8 15.2 
Anthocyanes 51.9 50.3 50.9 52.4 

 

Conclusion 
Les vins issus des porte-greffes Richter-110, Fercal et 41B ont les proportions en anthocyanes les plus 
élevées dans les vins de Marselan surtout dans l’année de stress hydrique (2012) qui, en général, 
correspond aussi à une concentration plus élevée. La vigueur excessive et les hauts rendements observés 
pour le porte-greffe 140-Ruggeri entraîne une diminution des anthocyanes et une augmentation des 
proportions en proanthocyanidines. De plus, toujours en année sèche et chaude le Richter-110 et le 41B 
donnent les concentrations en composés phénoliques totaux les plus élevées. 

L’effet de l’élévation des températures provoquée par le changement climatique conduit sûrement à une 
synthèse modulée des composés phénoliques, constatée par une variation des espèces phénoliques trouvées 
selon le porte-greffe et l’année d’étude. 
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Secondary Domestication Centre ‒ Vitis vinifera ‒ SSR or Microsatellites ‒ populations 

Introduction 
From the classification of Negrul [1] to studies by Arroyo-Garcia et al. [2], it was postulated that different 
secondary domestication centres (SDC) existed in the Mediterranean basin. Clearly in the westernmost part 
of the Mediterranean basin were grown ecotypes of Vitis vinifera ssp sylvestris, which were very different 
from those defined by Negrul [1] in the easternmost part (Vitis vinifera ssp sylvestris var. aberrans, 
Vitis vinifera ssp sylvestris var. typica, etc.). This is postulated by different authors such as Forni [3] and 
Marsal et al. [4].  

The existence of SDC in France is a controversial topic. While authors such as Arroyo-García et al. [2] and 
Bacilieri et al. [5] joined the French and central Europe areas in a single zone, Negrul [1] defined the sub-
proles gallica in the French area. Meanwhile, Forni [3] did not describe any SDC in France, but the 
extension of its fifth SDC corresponding to northern Italy (1st millennium BC) covers almost the entire 
Languedoc area. Terral et al. [6] hypothesize SDC located in the Languedoc area based on phenotypic 
studies (geometrical analysis of seeds). Finally, the hypothesis of the existence of two single SCD in France 
was only described by Böhm [7] and Marsal et al. [4]. 

Materials and methods  
Grapevine accessions and SSR analysis 
A set of 338 grapevine accessions (Vitis vinifera) were obtained from the Bodegues Sumarroca germplasm 
(Subirats, AOC Penedés, Spain). This grapevine collection came from 23 different countries. Leaves were 
collected in spring and immediately stored at -20oC. DNA was extracted according to our method, which 
was improved for leaves [8]. The grapevine gene pool was genotyped at 20 simple sequence repeat (SSR) 
markers, which were selected for quality and polymorphism (VVS2, VVS3, VVS29, VVMD5, VVMD6, 
VVMD7, VVMD27, VVMD28, VVMD36, VrZAG21, VrZAG47, VrZAG62, VrZAG64, VrZAG79, 
VrZAG83, scu06vv, VvUCH11, VvUCH12, VvUCH19, and VChr19a). Microsatellite amplifications were 
performed by means of polymerase chain reaction (PCR) analysis. Amplification products were separated 
by capillary electrophoresis with an ABI PRISM 3730® Genetic Analyzer (Applied Biosystems, 
Foster City, CA). Amplified fragments were sized with the Peak Scanner Software (Applied Biosystems, 
New Jersey, USA). Each cultivar was analyzed twice to prevent possible errors. The geographical origin 
assignation for each accession was conducted from existing bibliographical references on the subject matter.  

Data analysis 
The GenAlEx 6.5 software was used for data analysis: cultivars matching, the Frequency-based 
Assignment Test (Fst) and Principal Coordinate Analysis (PCoA) were employed to further examine the 
genetic relationships among the detected populations on the basis of the same SSR data. 
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Results and discussion 
Forty-three samples (of the 338 initial accessions) displayed exactly the
were therefore excluded from the analysis, 
resulting in a population of 295 unique genomic profiles.

The strategy of this study deals with getting the best Genetic Structure for our population when the 
geographical origin is the criterion of the formation
classified by areas because some of the countries have a low number of accessions. 
literature, 9 subpopulations are defined: CAU (Armenia and Georgia), NE (Cyprus, Egypt and Lebanon), 
GRE (Greece), BALK (Bosnia-Herzegovina, Bulgaria, Sloveni
(Italy), CE (Germany, Austria, Switzerland, 
(Argentina, United States, South Africa).
[2, 3] apart from those described in the Anatolian
and Transcaucasus (6th-4th millennium BC) 
fragmenting certain geographical 
divisions were therefore proposed: 

1) the Italian Peninsula into two 
covering the north (IT-N) [3]  

2) France into two areas, one in the south (FR
other in the north-central area (FR-

3) the Iberian Peninsula into three
(PI-N-NW), and finally the east Peninsular (PI
De Andrés et al. [10], Böhm [7] and Forni

It should be highlighted that three subpopulations have kept fixed without reassigning 
Based on all these consideration
representatives located in each population
These proposed classifications 
subpopulations are reallocated, a goodness of 92% was achieved that can reach 98% when the fixed areas 
(CAU, NE and NW) are not included
reliable way the origin of the studied variety populations.

 

Fig. 1 - Map of the location of the 13 subpopulations of 

Figure 2 shows the principal coordinates for 
13 subpopulations, forming two 
different SDC. On the right sector, 4 clusters (IT
includes the subpopulations IT-N and
from the first millennium BC and from the contemporary period to Roman Empire
subpopulations FR-S and FR-N-C,
2, which is highly influenced by the vestiges of wild 
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th millennium BC) [3]. For that reason, it was considered the possibility of 

 areas classically, as described previously in other works. The following 
divisions were therefore proposed:  

1) the Italian Peninsula into two area, one covering the south-central (IT-CS) [3, 9

2) France into two areas, one in the south (FR-S), more specifically in the Languedoc 
-CN) [7] 

three areas, the west (PI-CSW-CS), which also cover
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and Forni [3].  
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members of the Pinot family, as well as varieties like Teinturier, Bequignol noir, Chenin blanc, Vioshino, 
Sauvignon blanc, Cabernet sauvignon, Carmenère, Petit Manseng blanc, and others. 

Furthermore, after the observation and interpretation of Figures 2 and 3, it can be concluded that both 
locations in the graphic (so far from the rest) and their Fst (quite high compared to the rest) indicate these 
French populations could be considered SDC. Terral et al. [6] hypothesized a SDC located in the 
Languedoc area (based on phenotypic studies). Furthermore, they described Pinot noir as one of the oldest 
cultivars, considering it is parent of more than 46 current cultivars. Regner et al. [11] proposed that one 
parent of Pinot was the variety Savagnin blanc, whose best-known synonymy is Traminer. In addition, he 
also exposed two theories on the origin of the Pinot family: 1) due to their morphological traits 
(ampelographic) it is assumed a close relationship with the wild vine and 2) the Romans were responsible 
for the expansion thereof. Myles [12] proposed as progeny of the variety Savagnin blanc, among others, 
varieties such as Pinot noir, Chenin blanc, Sauvignon blanc, Bequignol or Petit Manseng blanc, and 
curiously all of them are part of the subpopulation FR-NC. Terral [6], in turn, also described a relationship 
between Savagnin blanc and Pinot noir and emphasized once again the hypothesis of hybridization between 
the wild vine and an imported viniferous from Rome (which in this case could be the variety Traminer 
(Savagnin blanc)). 

Finally we conclude that: 1) the hypothesis of the existence of two SDC (Languedoc area and northern 
France), might be confirmed, and 2) to carry out studies based on geography, it is necessary to reallocate 
their individuals to obtain reliable results. 
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Trellising system ‒ wines ‒ volatile compounds ‒ DMS 

Introduction 
Several factors such as soil, climate, variety [1] and viticulture practices [2] may influence the aromatic 
potential of grapes and hence the volatile compounds of the corresponding wines. To improve the quality of 
red wines, various viticultural practices have been applied in vines, such as training systems [3]. 
Each training system involves specific growing conditions, including the berry exposure to sunlight, foliage 
orientation, vine density and vine size [4] and as a consequence affects the grape and wine composition 
including volatile compounds and sensory parameters [2, 3, 5]. Vitis vinifera c.v. Xinomavro is the main 
red grape variety cultivated in Northern Greece. The wines produced from this variety are characterized by 
“hard”, “rustic” and “sharp” tannins and have a unique aromatic character consisting of fruity and vegetal 
aromas. In previous studies, high levels of dimethyl sulphide (DMS) were reported in Xinomavro wines 
after ageing period [6, 7]. The aroma of DMS was described as corn and cabbage [8] and it is an important 
compound for this variety [7].  

The aim of the present work was to investigate the effect of the vine trellising system on the volatile 
composition of the corresponding wines. For this purpose, three different training systems, one divided 
(Lyre) and two vertical (Royat and Guyot), were applied in a vineyard of Naoussa. 

Materials and methods 
Trellising system treatments 
The study was carried out during the 2011 season in a 7-year-old commercial vineyard in Naoussa, 
northern Greece (40°39'32"N   22°4'21"E, 250 m), planted with Vitis vinifera L. cv. Xinomavro (clone V6) 
and grafted onto 110R rootstock. The vineyard was located on a clay loam soil (pH 7.8) and rows were 
east-west oriented. Vines were trained according to three different trellis systems, one horizontally divided 
(Lyre) and two vertically positioned, Royat and Guyot, at 2970 (2.30 × 1.45 m), 3970 (2.30 × 1.10 m) and 
3970 (2.30 × 1.10 m) plants/ha, respectively. In the Lyre treatment, vines were pruned to 10 spurs of 2 buds 
per vine. The Royat system was composed of a double spur-pruned permanent cordon with 5 spurs of 
2 buds per vine, while for the Guyot system, a single cane of 10 buds and one spur of 2 buds were retained. 
The three treatments were replicated 3 times in a randomized block design, with 20 vines per replication. 
All treatments were equally irrigated, receiving 42 L per vine during the season. Harvest was conducted 
simultaneously for the three treatments on 28/08/2011 according to technological maturity surveys 
(must °brix). Three red wine vinifications took place under similar conditions in triplicates. 

Volatile compound analysis 
Aroma components were analyzed by GC–MS using the Head-Space Solid Phase Micro Extraction 
(HS-SPME) methodology. A volume of 25 mL of wine spiked with the internal standards, 2.5 μg [2H]6-
DMS and 25 μg 3-octanol, were placed into a 40-mL vial, then supplemented with 3 g NaCl, a magnetic 
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stir bar and sealed with a screw-top cap with a silicon septa. The vial was placed on a heating stir plate and 
the solution was equilibrated by magnetic stirring at 750 rpm for 5 min at 30ºC. Then the SPME needle was 
inserted manually through the vial septum and the fiber (DVB/CAR/PDMS, 75 μm) was exposed to the 
headspace of the sample for 30 min at 30ºC. The fiber then was retracted, the SPME device removed from 
the vial and inserted into the injector of GC for thermal desorption for 10 min. [2H]6-DMS was used as an 
internal standard for the quantification of DMS [7, 9] and 3-octanol as an internal standard for all the other 
volatile compounds.  

Analysis was performed using an Agilent 7890A GC equipped with an Agilent 5873C MS detector. 
The column used was an HP-5 capillary column (30 m × 0.25 mm i.d., 0.25 μm film thickness) and the gas 
carrier was helium with a flow rate of 1 mL min-1. The injector and MS-transfer line were maintained 
at 250ºC and 260ºC, respectively. Oven temperature was held at 30ºC for 5 min and raised to 160ºC at 
4ºC min-1 and then to 240ºC at 20ºC min-1. The selective ion monitoring (SIM) mode was applied and as 
quantifiers ions were used for DMS (m/z 62), [2H]6-DMS (m/z 68), ethyl isobutyrate (m/z 43), ethyl 
butyrate (m/z 71), ethyl 2 methyl butyrate (m/z 102), isoamyl acetate (m/z 43), 3-octanol (m/z 59), ethyl 
hexanoate (m/z 88), ethyl octanoate (m/z 88), and 2 phenyl ethyl acetate (m/z 104), respectively.  

Data analysis 
Data were subjected to one-way analysis of variance (ANOVA) using Statistica V.7 Software (Statsoft Inc., 
Tulsa, OK). Comparison of mean values was performed using Tukey’s HSD test when samples were 
significantly different after ANOVA (p < 0.05).  

Results and discussion 
The concentrations, the odor thresholds and the odor activity values of aromatic compounds in relation with 
the trellising system are shown in Table 1. Odor threshold values were found in the literature [8, 9] and the 
odor descriptors were based in pure standard compounds compared to the literature [8]. Significant 
differences were observed in the mean concentration values of most compounds as far as the three trellising 
systems are concerned.  

 
Table 1 - Concentrations of aromatic compounds of the three trellising systems and odor description. 

Values with different letter are significantly different (Tukey’s test, p < 0.05) 

Aromatic 
compound  Lyre Royat Guyot Odor 

description 
dimethyl 
sulphide 

28.27 ± 1.5a 26.22 ± 1.3a 27.8 ± 1.7a 
corn, 
cabbage 

ethyl 
isobutyrate  

18.2 ± 0.7a 15.07 ± 0.5b 20.5 ± 1.2a strawberry 

ethyl butyrate  67.79 ± 2.1a 52.5 ± 1.3b 66.5 ± 33.7a fruity 
ethyl 2 methyl 
butyrate  

3.43 ± 0.6a 2.39 ± 0.3b 3.48 ± 0.6a apple 

isoamyl acetate  31.69 ± 2.5a 20.84 ± 3.2b 34.62 ± 1.6a banana 

ethyl hexanoate  20.10 ± 1.1a 11.26 ± 2.4b 20.35 ± 1.5a 
pineapple, 
apple 

ethyl octanoate  97.41 ± 3.3b 126.46 ± 3.7a 92.9 ± 9.8b 
pear, 
pineapple 

2 phenyl ethyl 
acetate  

31.45 ± 2.3a 30.40 ± 3.7a 30.46 ± 2.8b rose, honey 

sum esters  298.41 ± 10.3a 285.11 ± 2.7b 296.72 ± 5.8a 
 

 

Wines from the Royat system showed lower values in ethyl isobutyrate, ethyl butyrate, ethyl 2 methyl 
butyrate, isoamyl acetate, ethyl hexanoate and ethyl octanoate known to confer fruity notes (Table 1). 
However, Guyot resulted in wines with the lowest content of 2 phenyl ethyl acetate (rose nuances). Higher 
concentrations of total ethyl esters were observed for Lyre (298 μg L-1) and Guyot (297 μg L-1). 
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These results are in agreement with previous studies, where it was studied the effect of training system on 
the ethyl ester content of wines [3, 5]. However, another study pointed out that trellising system might have 
an impact on flavor but not on wine aroma [2]. Finally, no differences were observed among wine DMS 
contents (Table 1).  

As shown in Table 1, most compounds were present at higher concentrations than their corresponding odor 
thresholds. To evaluate the contribution of aroma compound to wine, the odor activity value (OAV) was 
introduced (Table 2). Odor activity values (OAV) = Cv / OTH, where Cv is the mean value of each volatile 
compound and odor threshold (OTH) is its odor threshold [3, 8]. Volatile compounds with OAV > 1 have 
an active contribution to the odor of the wine [3, 8]. According to the OAV, the most important odorant of 
Xinomavro wines was ethyl octanoate (OAV > 18), especially in Royat wines (OAV = 25.29). Ethyl 2 
methyl butyrate and 2 phenyl ethyl acetate might not contribute to wine aroma since their OAV were lower 
than 1. Isoamyl acetate and ethyl hexanoate OAV values were also found to be lower than 1. However, 
compounds with OAV < 1 might contribute to the aroma indirectly through synergy with other compounds 
[10]. 

 
Table 2 - Odor threshold (OTH) and odor activity value (OAV) of aromatic compounds 

Aromatic compound  
OTH 

(μg/L) 

OAV 

Lyre Royat Guyot 

dimethyl sulphide 25 1.13 1.05 1.11 

ethyl isobutyrate  15 1.22 1 1.37 

ethyl butyrate  20 3.39 2.62 3.33 

ethyl 2 methyl butyrate  18 0.19 0.13 0.19 

isoamyl acetate  30 1.06 0.69 1.15 

ethyl hexanoate  14 1.44 0.8 1.45 

ethyl octanoate  5 19.48 25.29 18.58 

2 phenyl ethyl acetate  250 0.13 0.12 0.12 

 

Conclusion 
Trellising system may affect the aromatic composition of the wines. The Royat system resulted in wines 
with lower concentrations of total ethyl esters, which confer fruity notes. No differences were observed 
regarding the concentration of DMS, which confers cassis to vegetative nuances depending on its 
concentration. 
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Vitis vinifera ‒ tartrate biosynthesis ‒ grape berries ‒ Ugni blanc 

Introduction  
The acid component of grape berries, malate and tartrate, plays an important role in both biochemical and 
sensory quality of berry 1. Whereas the primary metabolism of the grape berry and the malate pathway 
relating to grape maturity have been studied in depth 2, 3, few studies relate to the metabolism of tartrate 
4, 5, and particularly to the control of this metabolism 6. In Vitis vinifera, the synthesis of tartrate occurs 
in the early stages of grape berry development 2 and is the result of L-ascorbic acid (or vitamin C) 
catabolism via the conversion of 5-keto-D-gluconate to L-idonate under the action of L-idonate 
dehydrogenase (L-IdnDH), the only enzyme of this pathway known to date 4. Recent studies on climate 
change in the French region of Cognac showed a significant increase of temperatures 7. Many studies 
performed on grape varieties have demonstrated that one of the main consequences of this change for the 
grapes is a decrease of acidity 8, making harder wine preservation and storage 9. It is especially true for 
wine distillation, such as Ugni blanc wine for Cognac, because these wines are kept in tanks without 
sulfites until distillation (decree n° 2011-685 of 16 June 2011), and they must have high acidity to avoid 
microbiological spoilage or development of olfactory default after distillation. In the last several years, the 
acid contents in berries have decreased steadily, but the control of these pathways is not yet assessed. Our 
study proposes to use a global approach with genetic (Q-PCR), proteomic (Label-Free), metabolomic 
(HPLC) and enzymatic aspects of the biosynthetic pathway of tartaric acid to explain the evolution of 
tartaric acid content in Ugni blanc grape berries from floral bud to maturity and its regulation process. 

Materials and methods 
Plant material 
10 grape clusters (Vitis vinifera L. cv Ugni blanc) were collected in 2011, from a Cognac vineyard 
(France), at 6 developmental stages 10 (beginning of flowering (BF)= stage 19= 0DAA; pea-sized (PS)= 
stage 31= 10DAA; berry touch (BC)= stage 33= 31DAA; 10% ripe berries (VB)= stage 35= 61DAA; 80% 
ripe berries (VE)= stage37= 78DAA; maturity (H)= stage 38= 106DAA), from 10 vines, 3 times over and 
immediately frozen in liquid nitrogen. Berries were ground in liquid nitrogen using Mixer Mill MM400 
(Retsch) and powders were stored at -80°C until analysis. 

Biochemical assay 
Organic acids were extracted and analyzed by HPLC 11. 

Enzymatic study and proteomic analysis 
After extraction of proteins, the enzymatic activity of L-IdnDH was analyzed by spectrophotometry and 
proteins were precipitated for Label-free analysis 12, 13.  
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Gene expressions 
DNAc were analyzed by Q-PCR (analysis of VvGME, VvVTC2, VvL-GalDH, VvGLDH, VvL-IdnDH genes) 
after RNA extraction 14, DNase treatment, quality controls (PCR, electrophoresis) and RT-PCR. 

Statistical data treatment 
All analyses were performed in triplicate, and all data were performed with non-parametric tests (α= 0.05): 
Friedman test for the statistical significance of differences marked in the figures with asterisks; correlation 
matrix of Spearman (R software; packages: RColorBrewer; psych; corrplot). 

Results and discussion 
Organic acid contents and enzymatic activity of L-IdnDH during grape berry development (Table1)  
The accumulation of tartrate, as the accumulation of total ascorbate, increased regularly up to VB, remained 
stable until VE and tended to increase anew until H. The evolution of contents of these two acids is highly 
and positively correlated, which confirms a strong link between tartaric acid and its precursor. 
The comparative analysis of patterns in tartrate levels and in the activity of L-IdnDH showed that the first 
peak of enzymatic activity (at PS) is followed by an accumulation of tartrate content, which reflects and 
confirms a link between enzyme activity and the final product. In the same way, the second accumulation 
phase of tartrate, during maturation, is in accordance with the evolution profile of enzyme activity for 
which an increase is observed at the end of maturation. This resumption of activity might be due to a 
vintage effect due to wet weather conditions during August 2011.  
 

Table 1 - Experimental data of biochemical, enzymatic, genetic and proteomic analysis. 
(*): significant difference with the Friedman test (α= 0.05) 

FB PS BC VB VE H
1,48 24,78 106,25 190,86 188,9 227,51

± 0,05 * ± 1,44 ± 5,47 ± 70 ** ± 15,42 ± 31,78 **

0,22 0,22 0,21 0,2 0,1 0,11

± 0,01 ± 0,01 ± 0,01 ± 0,07 ± 0,01 ± 0,02

0,021 0,37 0,77 1,2 1,03 2,35

 ± 0,01 * ± 0,06 ± 0,11 ± 0,06 ± 0,06 ± 0,96 **

3,12 3,33 1,42 1,14 0,56 1,18

± 1,24 * ± 0,51 * ± 0,28 ± 0,06 ± 0,03 ** ± 0,48

0,01 1,05 0,52 1,09 4,17 1,27

± 0,02 ± 0,75 ± 1,04 ± 1,40 ± 2,57 *  ± 1,79

2,22 9,47 1,04 1,09 2,25 0,63

± 3,14 ± 6,78 * ± 2,11 ± 1,32 ± 1,39 * ± 0,89

0,9 1,5 0,12 0,25 0,02

± 1,58 ± 1,22 * ± 0,03 ± 0,42 ± 0,02 **

0,01 0,85 0,18 0,1 0,01

± 0,02 ** ± 0,69 ± 0,16 ± 0,15 ± 0,01 **

0,25 2,84 0,76 0,47 0,2

± 0,23 ± 1,72 * ± 0,52 ± 0,62 ± 0,19 **

0,53 0,87 0,13 0,14 0,02

± 0,85 ** ± 0,57 * ± 0,04 ± 0,25 ± 0,02 ***

7,01 4,86 0,14 0,6 0,49

± 4,55 ± 4,70 * ± 0,09 ** ± 0,27 ± 0,63

25176 31778 56871 38099 25767 19115

± 9% * ± 47% ± 19% ** ± 29% ± 15% * ± 41% *

459522 981369 674765 390920 304876 803123

± 16% ± 35% * ± 31% ± 18% ** ± 63% ** ± 55% *

672065 719228 897675 392115 289722 298119

± 7% ± 3% ±9% * ± 5% ± 16% ** ± 20% **

normal ized RQ (/0DAA) of 
VvGME ± SD 

1 *

normal ized RQ (/0DAA) of 
VvVTC2 ± SD 

Mean of Tartrate content  ± 
SD (µmol/berry)

Mean of Tartrate content  ± 
SD (mmol/gFW)

Mean of Ascorbate content 
± SD (µmol/berry)

Mean of Ascorbate content 
± SD (µmol/gFW)

Mean of L-IdnDH enzymatic 
activi ty ± SD (µkat/berry)

Mean of L-IdnDH enzymatic 
activi ty ± SD (µkat/gFW)

Relative proteomic 
expres s ion of GME 
(F6HTR2) ± CV%

Relative proteomic 
expres s ion of L-Ga lDH 
(D7T3I7) ± CV%

Relative proteomic 
expres s ion of L-IdnDH 
(Q1PSI9) ± CV%

1 *

normal ized RQ (/0DAA) of 
VvL-GalDH ± SD 

1

normal ized RQ (/0DAA) of 
VvGLDH ± SD 

1 *

normal ized RQ (/0DAA) of 
VvL-IdnDH ± SD

1

 
 
 



 Plante, environnement et qualité du raisin 

61 

Relative mRNA expression levels and translation of organic acid precursors during grape berry 
development (Table 1)  
Profiles of expression of the coding genes in the Smirnoff-Wheeler pathway (VvGME, VvVTC2, VvGLDH, 
VvLGalDH) were comparable and characterized by a first phase of overexpression during herbaceous 
growth up to a peak of maximal expression synchronized at BC. The expression then decreased until the 
end of the maturation phase (H). The evolution of relative expression of these genes is positively and more 
or less highly correlated (Fig. 1), which confirms a strong link between these genes. We have noticed that 
the profile of protein expression of GME is comparable and positively correlated with the profile of 
VvGME (Fig. 1). However, the profile of protein expression of L-GalDH is not comparable and not 
correlated with the profile of VvL-GalDH (Fig. 1). The expression profile obtained for VvL-IdnDH differs 
from that of the previous 4 genes in that it shows a strong overexpression at PS until BC, followed by a 
significant decrease until VE, which tended to remain stable until H. The profile of protein expression of 
L-IdnDH is comparable and positively correlated with the profile of VvL-IdnDH (Fig. 1). The synthesis of 
tartrate seems to be regulated in a different way from that of ascorbate, especially as the evolution of 
relative expression of VvL-IdnDH is not correlated with that of the previous 4 genes of the Smirnoff-
Wheeler pathway (Fig. 1). We have highlighted two interesting correlations (Fig. 1): tartrate contents vs 
genetic expression of VvL-IdnDH were positively (mmol/gFW) or negatively (µmol/berry) correlated; 
tartrate contents vs protein expression of L-IdnDH were positively (mmol/gFW) or negatively 
(µmol/berry), and strongly correlated. And we have noticed that these correlations also appear between 
ascorbate content vs genetic expression of VvL-IdnDH, or between ascorbate content vs protein expression 
of L-IdnDH. Thus, a strong link between tartaric acid, total ascorbic acid, VvL-IdnDH and protein 
expression of L-IdnDH has appeared. 
 

 

 

Fig. 1 - Correlation matrix of some genes and proteins of interest in the tartaric-acid pathway. 
The disks are the significant p-values (p0.05) and the colors represent the rho in the Spearman test. 
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Conclusion 
The existence of two distinct pathways was confirmed: one upstream of ascorbate, corresponding to the 
VvGME, VvVTC2, VvL-GalDH, VvGLDH genes, with one phase of genetic and protein activity (during the 
herbaceous phase). The other downstream of ascorbate, leading to the synthesis of tartrate and 
corresponding to the VvL-IdnDH gene, with maximum genetic and protein expression towards the 
beginning of the growth phase, and in correlation with the enzymatic activity profile. This study highlights 
a strong link between tartrate, ascorbate, VvL-IdnDH and protein expression of L-IdnDH. Further studies 
seem indispensable to complete these first results, by taking into account the vintage effect.  
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Géosmine ‒ flore microbienne ‒ élicitation des savoirs experts ‒ modèle conceptuel 

Introduction  
Le [1,10-trans-dimethyl-trans-9-decalol], couramment appelé géosmine, est un composé présentant une 
odeur terreuse et moisie [1] et constitue un défaut organoleptique du vin appelé goût moisi-terreux (GMT). 
En France, sur le raisin, le composé a été mis en évidence dès le début des années 1990. Des travaux sur le 
sujet ont commencé au début des années 2000 et se poursuivent encore aujourd’hui. C’est pourquoi, il a 
semblé intéressant de faire un bilan des connaissances sur le sujet. Celles-ci ont été inventoriées dans la 
bibliographie ou par élicitation des savoirs experts. 

Un bilan des études réalisées sur le problème a été réalisé et a permis d’identifier (i) les conditions de 
production de la molécule, (ii) l’état de la végétation favorable à la production, (iii) les méthodes permettant 
d’éviter l’apparition du composé dans le raisin et (iv) les leviers d’action curatifs à la cave. Afin de 
schématiser le bilan des connaissances réalisé, la méthode de modélisation conceptuelle a été utilisée.  

Matériel et méthodes  
Elaboration du modèle conceptuel 
La modélisation conceptuelle d’un agroécosystème est une méthode itérative avec comme produit final un 
modèle fourni sous la forme d’une représentation graphique associée à une base de connaissances 
apportant les justifications de chaque composant et relation [2]. Le modèle conceptuel est mis en place 
grâce à une démarche d’élicitation des savoirs experts. La bibliographie ainsi que des entretiens avec des 
experts permettent de définir (i) les composants de la plante, (ii) les composants de l’environnement et 
(iii) les relations entre composants intervenant dans le problème étudié.  

Des entretiens avec des experts ont permis de recenser leurs connaissances et d’éprouver et valider les 
hypothèses mises en place à partir de la bibliographie et des conclusions des entretiens avec d’autres experts.  

Une liste de 54 facteurs pouvant avoir une influence sur la synthèse de géosmine par la flore productrice a 
ensuite été soumise à un ensemble d’experts de disciplines variées associée à une description de la 
problématique étudiée. Chacun devait alors affecter des points, selon leur ordre d’importance, aux facteurs 
ayant selon lui le plus d’influence. Une classification ascendante hiérarchique a été réalisée sur l’ensemble 
des facteurs en utilisant la somme des notes reçues et a permis de sélectionner les facteurs les plus 
influents, qui sont présentés dans cet article. 

Analyse des données 
Les analyses statistiques ont été réalisées grâce au logiciel STATlab V3.0 (SLP Infoware, Ivry-sur-Seine, 
France). Les schémas ont été réalisés à l’aide du logiciel yEd version 3.11.1 (yWorks GmbH, Tübingen, 
Germany).  
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Résultats et discussion 
Description du mécanisme de production 
La géosmine est produite sur un milieu riche en azote ou en sucres. Sur le raisin, elle est principalement 
produite par certaines souches de Penicillium expansum [3, 4]. La figure 1 met en avant les étapes 
nécessaires, sans pour autant être suffisantes, pour que de la géosmine soit produite dans le raisin.  
 

 
Fig. 1 - Etapes clefs menant à la production de géosmine. 

 
Penicillium expansum ne possède pas d’enzymes pectolytiques leur permettant d’altérer la pellicule de la 
baie de raisin. Ils ne peuvent donc contaminer la baie qu’après qu’un élément perturbateur (principalement 
le vers de la grappe et le champignon Botrytis cinerea), provoquant des blessures sur la baie leur ait donné 
accès à la pulpe [4]. Même si la baie est déjà blessée, la germination et le développement du mycélium de 
Penicillium expansum n’ont lieu qu’après la véraison. Cela s’explique par le passage, au moment de la 
véraison, de la baie d’un organe chlorophyllien à un organe puits se chargeant en sucre.  

Penicillium expansum synthétise la géosmine lorsque les conditions extérieures et l’équilibre du microbiote 
sont favorables [4, 5]. Deux voies de production ont été proposées et peuvent co-exister. Une première voie 
de production possible est la voie directe pour laquelle dès que les conditions de synthèse sont atteintes, les 
microorganismes synthétisent la molécule en détournant a priori une des molécules produites lors de la 
glycolyse [3]. D’autres auteurs émettent l’hypothèse que la synthèse de géosmine par Penicillium 
expansum se fait sur un substrat préalablement carencé par Botrytis cinerea, notamment en azote, minéraux 
ou vitamines [4].  

Facteurs influençant la production 
Les conditions extérieures (température, hygrométrie, rayonnement solaire, pression partielle de dioxygène 
ou de dioxyde de carbone) ont un effet sur la capacité des microorganismes à germer, se développer, 
sporuler et produire différents métabolites.  

L’activité photosynthétique de la plante permet de fournir aux microorganismes producteurs le substrat 
nécessaire à la synthèse du composé. Le franchissement de la véraison nécessite qu’un certain cumul de 
températures ait été atteint. Au sein de chaque cep, les conditions extérieures ne sont pas directement 
transmises aux baies. Elles sont traduites en microclimat du feuillage ou de la grappe. Un feuillage plus 
dense et / ou des grappes plus compactes favorisent un microclimat plus frais et plus humide que les 
conditions extérieures. Cela explique l’effet favorisant des entassements de végétation sur la sensibilité des 
baies de raisin à la géosmine. La figure 2 schématise ces interactions.  
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Fig. 2 - Schéma bilan des interactions entre composants influents 

sur la production de géosmine présentés dans cet article. 
 
Les techniques culturales permettent d’agir sur la forme du feuillage, sa densité, l’entassement de la 
végétation, le nombre de grappes et leur entassement. Elles agissent ainsi sur le microclimat ce qui a une 
influence sur les mécanismes de production décrits ci-avant. La classification réalisée pour déterminer les 
facteurs les plus influents sur la production a mis en avant une influence primordiale de l’effeuillage, de la 
mise en place d’un enherbement compétitif, de la lutte chimique et de l’ébourgeonnage pour permettre de 
lutter contre la production de géosmine. Il y a une forte composante cépage dans la détermination de la 
sensibilité à la géosmine.  

Bilan des travaux et proposition d’expérimentations pour valider le modèle 
L’application de la méthode de modélisation conceptuelle d’un agroécosystème nous a permis de recenser 
l’essentiel des connaissances acquises sur la problématique depuis 15 ans : flore productrice, mécanismes 
de production, méthodes prophylactiques, méthodes curatives, interaction avec l’environnement …  

Ce travail nous a permis de relever les points de la problématique manquant encore de consensus. 
Des expérimentations ont ainsi pu être proposées. Elles devraient permettre de (i) déterminer l’effet de 
B. cinerea dans la production de géosmine, (ii) mettre en avant de nouveaux modes de lutte contre la flore 
productrice et (iii) élucider les éléments déclencheurs de la synthèse. 

Conclusion 
La problématique de la production de géosmine sur raisin nous a semblée bien connue. D’importantes 
connaissances sont disponibles sur les microorganismes producteurs, des méthodes prophylactiques ainsi 
que des méthodes curatives. Ces connaissances nous ont semblé moins nombreuses à propos du cycle de 
développement de Penicillium expansum et des raisons précises déclenchant la production du composé par 
ce champignon. Toutefois, d’un point de vue strictement technique, la problématique semble bien 
circoncise en France et grâce à l’application des règles prophylactiques conseillées, il ne devrait plus y 
avoir de GMT dans les prochains millésimes. 
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Grape ‒ UV-light ‒ phytochemical ‒ ripening 

Introduction 
Plants require sunlight exposure to provide energy for the photosynthetic activity. In response to elevated 
doses of solar radiation, including UV radiation, plants have evolved a number of protective mechanisms. 
One effective strategy is the accumulation of phenolic compounds that selectively absorb UV in the plant. 
Phenolic compounds in grape berries not only determine the mouth-feel, storage period, color and 
biochemical stability of wines [1 but also have health benefits, such as antioxidant and anticancer 
properties, protection against cardiovascular disease and so on [2. Nowadays, there is much interest in 
studying the potential health benefits of dietary polyphenols as antioxidants, but also of other 
phytochemicals present in grapes such as carotenoids and dietary fiber. The beneficial health-related effects 
of dietary phytochemicals in grapes are of importance to consumers, grape producers and the wine industry.  

The aim of this work was to study the influence of different types and doses of UV-light radiation on the 
quality and content of bioactive molecules in grape berries during the ripening until harvest. Resveratrol, 
β-carotene and fiber content were determined in grape berries at harvest time after the vine was irradiated 
with both UV-B and UV-C light at different intensities and doses. Tempranillo variety grapes were selected 
for the study. The study was carried out in 2013 harvest. 

Materials and methods 
UV treatments 
The experiments were conducted in 2013 in a vineyard of Bodegas Baigorri, grown on trellises. 
The vineyard was planted in 2001 and the grapes were of Tempranillo red variety. The vineyard was 
divided into five different treatments: one being used as control, two exposed to UV-B radiation and the 
other two to UV-C. The difference between the same types of irradiation was based on the dose. 
Some grapes were irradiated from veraison until harvest and other grapes only some weeks before harvest.  

The radiation to the grape was supplied by UV-B and UV-C lamps. The UV-B lamp (wavelength range 
280-315 nm) had the emission spectrum energy concentrated at 311 nm and the UV-C lamp (wavelength 
range 200-280 nm) had the emission spectrum energy concentrated at 254 nm. The grapes were exposed 
daily to the UV irradiation for some seconds. The control sample was not exposed to any UV irradiation 
by lamps. 

Grape phytochemical analysis 
All the grape samples were hand-harvested at harvesting time. The samples were protected from light to 
avoid light induced reactions during sample treatment. One hundred berries of each sample were randomly 
taken from different places on 5 clusters, freeze-dried and stored at -20ºC until extraction. 

The resveratrol extraction and determination was realized based on Romero-Pérez et al. [3 and the 
β-carotene extraction and analysis on Oliveira et al [4. The fiber content was determined by the AOAC 
Official Method [5. Besides, other parameters were analyzed in grape berries like pH, acidity, organic acid 
content and color-related parameters (color intensity, hue, CIELab). 
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Results and discussion 
The concentration in resveratrol, β-carotene and fiber in response to the different UV exposure were 
examined in the grape berries at harvest time. The levels of these molecules are shown in Figures 1-3. 
The content varied depending on the type of irradiation and the applied dose. 
 

 

Fig. 1 - β-carotene content in grape berries at harvest time. 

 

 
Fig. 2 - Resveratrol content in grape berries at harvest time. 

 

 
Fig. 3 - Total fiber content in grape berries at harvest time. 
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In grape berries treated in the vineyard with different UV types and doses, the highest levels of resveratrol 
were detected when the irradiation began at maturity. Besides, UV-B produced higher resveratrol content in 
grape berries than UV-C. The results show that the final resveratrol content is reduced if the grape berries 
are irradiated since veraison. In berries of the field experiment, the highest levels in resveratrol were 
obtained when the grape berries were irradiated during the maturity stage. These results show that in this 
case it is enough to irradiate from the maturity stage to harvest to obtain 6-times higher resveratrol content 
in comparison to the non-additional UV irradiated grapes. 

Regarding β-carotene, in grape berries the presence of this carotene is abundant before veraison, and 
subsequently decreases dramatically. Cultivar, viticulture region, exposure to sunlight and ripening stage all 
affect carotenoid concentrations in grapes [6. 

The irradiation with UV light decreased this reduction. The grape irradiated with UV-C presented the 
highest final content in β-carotene in comparison to the grape irradiated with UV-B. Regarding the dose, 
the grapes more irradiated maintained the highest concentration.  

According to the fiber content, the experimental results showed that UV-B and UV-C irradiance caused the 
reduction of the content of total fiber. Significant decrease in total fiber content was observed in grape 
berries when irradiated since veraison. The reduction was by 31% with UV-C and by 36% with UV-B. 
This reduction was lower when the radiation was applied since the maturity stage with reductions in UV-B 
and UV-C treated grape berries by 25% and 23%, respectively. The results show no significant differences 
in the parameters related to grape quality (pH, total acidity, organic acids). Nevertheless, differences were 
found in color-related parameters (color intensity, hue, CIELab) depending on the type of UV light and the 
applied doses.  

Conclusion 
According to our results, it seems that UV stimulates the biosynthesis of UV absorbing compounds and 
carotenoids, which both perform a photoprotective function, in accordance with the results of other authors 
[7. The results suggest that the use of this technology to increase the amount of different bioactive 
molecules is feasible considering also that it does not interfere with other important quality parameters in 
wine like acidity or color. Therefore, UV radiation is a promising emerging technology for increasing 
bioactive molecule content in grape berries, which would provide also an added value to wine. 
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Introduction 
In the past few decades, several new resistant grape cultivars were bred and introduced in Czech Republic. 
However, the effect of different factors, such as rootstocks and vineyard sites, on primary and secondary 
metabolite composition is still unknown. The main directions of grape breeding programs in the region are 
to obtain grape cultivars with complex resistance to powdery and downy mildew and of high wine and 
grape quality. The importance of those new resistant cultivars in ecological and sustainable farming 
systems is very high. The use of those varieties helps to reduce environmental pollution risks (less pesticide 
application) and the related production costs [1. 

The choice of rootstock is a pre-planting decision that lasts for the life of the vineyard, and so should not be 
taken without careful consideration. Rootstocks allow vines to perform better in soils of a particular type 
(e.g. high pH or very deep and fertile) or in those with an undesirable infestation (e.g. phylloxera or 
nematodes) [2. Numerous studies confirm that rootstocks significantly affect vegetative growth [3, scion 
phenology [4, leaf area and canopy development [5 as well as yield [6 and grape quality [7. Research 
that concerns secondary metabolites gives controversial results. Most authors agree that rootstock does not 
influence or have minor influence on secondary metabolites and phenolic compounds in particular [8, 9. 
Although the interactions between rootstock and scion are very complex, current work could contribute to 
their better understanding. 

The most widespread rootstocks in Czech Republic, SO4 and K5BB, belong to the V. berlandieri x 
V. riparia family, therefore it is very important to study rootstocks from a different origin that suit best to 
the local conditions. 

It is known that phenolic compounds, in particular stilbenes, play major role in disease resistance of vines 
[10. Therefore the choice of suitable rootstock could help in reducing the incidence of major grape 
diseases and in supporting natural resistance of vines along with grape and wine quality via direct and 
indirect mechanisms. The aim of the present study was to evaluate the influence of different rootstocks on 
the grape and wine composition along with the phenolic compounds of two resistant red cultivars. 
The experiments were conducted for three consecutive years with field-grown plants. 

Materials and methods 
Plant material and experimental conditions 
Field experiments were conducted in a commercial vineyard “Terasy” (PB 8803/4), at Vinselekt 
Michlovsky a.s., Czech Republic, during three growing seasons (2009, 2010 and 2011). The vineyard is 
located on slope with 10.3° inclination. The slope orientation is south and south-west. The average altitude 
is 282.6 m. Soil is heavy and represented by black soils, brown soils, slightly gleyed eroded soils, and limy 
soils according to carbonate content. The vineyard was planted in 2004 with new red wine cultivars (Laurot 
and Nativa) that have high resistance level to downy and powdery mildew and that are highly suitable for 
organic viticulture. The wines are of high quality, with a dense color and distinct St. Laurent-Merlot 
aromas. The genealogical analysis showed that the heritage basis of both cultivars included 9% of six 
American species (Vitis rupestris, Vitis lincecumi, Vitis aestivalis, Vitis cinerea, Vitis berlandieri, 
Vitis labrusca) and 91% of Vitis vinifera. Lemberger, St. Laurent and Merlot contributed 25% each, further 
16% of the heritage basis was contributed by other V. vinifera cultivars. Laurot was grafted onto rootstocks 
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V. berlandieri x V. rupestris (Paulsen 1103), V. berlandieri x V. riparia (SO4, Binova, Teleki 5C, Kober 
125AA, 8B, Craciunel 2), and V. riparia x V. cinerea (Börner). The second interspecific hybrid (Nativa) 
was grafted onto rootstocks Paulsen 1103, SO4, Kober 125AA, 8B, Binova, Craciunel 2 and Börner. 
The grapevines were spaced 2.4 m between rows and 0.9 m within rows. The plants were cane-pruned to 
8-10 buds. Vineyard is managed in the system of ecological farming. Rootstock SO4 was used as a control. 
For each cultivar*rootstock combination, 10 plants were chosen by means of complete randomization 
method for small plot winemaking and berry sampling [11. Among studied agrobiological indexes were 
yield and cluster weight. 

Standard analysis of must and wine 
Must chemical analysis (sugar content, total acidity and pH) was performed according to standard 
techniques [12 in Vinselekt Michlovský a.s. laboratory. Wine chemical analysis (alcohol content, total 
acidity, residual sugar, pH, malic acid, tartaric acid, glycerol, citric acid, lactic acid, volatile acidity and 
non-reducing extract) was performed on Foss WineScan FT 120 in the laboratory of Vinselekt Michlovský 
a.s. Wine sensory assessment was based on altered tasting method of UKZUS [13. 

Analysis of phenolic compounds 
The concentrations of certain groups of phenolic compounds in berries and wine were measured by means 
of spectrophotometer (total phenols, total flavanols, antiradical activity, anthocyanin content). The content 
of 22 individual phenolic compounds in grape berries (gallic, caftaric, coutaric and fertaric acids; trans-
resveratrol, trans-piceid, cis-piceid, trans-piceatannol and trans-astringin; rutin, quercetin-3-β-D-glucoside, 
quercetrin, quercetin, kaempferol and myricetin; catechin, epicatechin; delphinidin-3-glucoside, cyanidin-
3-glucoside, petunidin-3-glucoside, peonidin-3-glucoside, malvidin-3-glucoside) was measured by means 
of HPLC. The methods were developed in the laboratory of Mendel University, department of viticulture 
and enology, Lednice [14. 

Statistics 
Data were analyzed using STATISTICA software. Means and standard deviations were evaluated using 
ANOVA with subsequent Tukey´s test at P>0.95 significance level. The mean-centered and scaled data 
were subjected to PCA and hierarchical cluster analysis. 

Results and discussion 
Fig. 1 shows the average yield and S/A ratio of studied rootstock*cultivar combinations. The average 
values of total phenols, total flavanols, antiradical activity and anthocyanin content in berries are shown in 
Fig. 2. Though the significant differences between the majority of studied indexes and parameters were 
established, the influence of year was found to be more prominent when compared to the influence of the 
selected factor (rootstocks). 

2010 was the year when the temperature during maturation was lowest, while the rainfall was higher than 
usual, which probably led to higher pathogen pressure. The eruption of the Eyjafjallajökull volcano in 
Iceland in 2010 probably led to those climatic changes. Higher TA of grape juice and wine along with 
lower sugar content and higher malic acid content in wines were observed in 2010. It is known that resistant 
grape varieties tend to produce higher amounts of phytoalexins when compared to sensitive varieties [10. 
That situation was observed in grape berries of studied varieties. In particular, the content of phenolic acids, 
stilbenes and flavanols in grape berries was significantly higher. Content of rutin decreased in 2010, which 
was probably due to the decreased number of sunny days during maturation. It was found that the ratio of 
rutin and quercetin-3-β-D-glucoside changed through the years, and in 2010 the proportion of quercetin-3-
β-D-glucoside increased while that of rutin decreased in studied varieties up to 10 times. It seems that this 
ratio correlates with disease resistance, as it correlated with the rate of grey rot (Botrytis cinerea) infection 
of berries. However, further investigation is needed to confirm that hypothesis. A decrease in selected 
spectrophotometric indexes in grape berries of red varieties was observed in 2010 (e.g. TP of Laurot grape 
juice on Börner was 6739.6 mg kg-1, 19% lower than in 2009), as well as an increase in the proportion of 
delphinidin-3-glucoside and a decrease in the proportion of malvidin-3-glucoside in the anthocyanin profile 
of red varieties, which probably explain the color of red wines. Thus, the decrease of malvidin-3-glucoside 
in the anthocyanin profile could be an indicator of stressful growing conditions. However, further 
investigation is needed here. 
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Fig. 1 - Average yield (kg m-2) and S/A ratio (⁰NM / g l-1 in tartaric acid). 
 

 
Fig. 2 - Average values of total phenols (TP), total flavanols (TF), antiradical activity (AA) and 

anthocyanin content (Ant) in berries (g kg-1 GAE). 
 

In 2011 the temperature during maturation was higher, while the rainfall was lower and the number of 
sunny days was higher than usual, which was probably the reason of the decreased content of malic acid in 
wines. It is known that flavonol synthesis is light induced, and that flavonols play one of the major roles in 
protection from UV radiation [15. Our results showed that rutin content in grape berries had significantly 
increased. 

The whole dataset covering all rootstocks was subjected to PCA to verify correlations between different 
biological replicates and to identify the main sources of metabolic variations for the different rootstock 
genotypes tested. The first two PC explained 61.35% of overall variation. The first PC is strongly 
correlated with caftaric acid (0.885), coutaric acid (0.940), fertaric acid (-0.813), rutin (0.809), quercetin-3-
β-D-glucoside (0.938), quercetin (0.849), petunidin-3-glucoside (0.931), sugar content in must (0.902), 
alcohol in wine (0.800) and malic acid in wine (0.801), and explains 40.95% of the total variance, while 
gallic acid (-0.856), epicatechin (-0.776), anthocyanins in berries (-0.751), pH of must (-0.767) and TA of 
wine (0.784) contribute more to the second principal component, which explains 20.4% of the total 
variance. In Fig. 3, the rootstocks are plotted on the plane defined by the two PC. Rootstock T5C is plotted 
separately probably due to the fact that it was used only for the Laurot variety, whereas the other two 
groups were formed by rootstocks of different origin. The variation is probably caused by the indirect effect 
of rootstock vigor on secondary metabolites. 
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Fig. 3 - PCA. 
 

When analyzing the rootstock*year variance, the first PC explained 54.8% of overall variation. The first PC 
is strongly correlated with trans-resveratrol (-0.946), trans-piceatannol (-0.839), delphinidin-3-glucoside 
(-0.853), TF in berries (-0.783), TP in wine (0.780), anthocyanins in wine (0.848), sugar content (0.848), 
must TA (-0.949), alcohol (0.882), pH in wine (0.762), and malic acid in wine (0.929), and explains 34.2% 
of the total variance, while trans-piceid (0.963), cis-piceid (0.842), rutin (0.618), quercetin (-0.705), 
peonidin-3-glucoside (0.672), malvidin-3-glucoside (0.745), antiradical activity in wine (-0.880) and pH of 
must (0.918) contribute more to the second PC, which explains 20.6% of the total variance. 
The rootstock*year combinations are plotted on the plane defined by the two PC. The combinations of the 
“good years” (2009 and 2011) appear on the right side of the plane, grouped by the year of harvest, 
while the combinations of the “bad year” (2010) are plotted on the left side of the plane. The second PC 
mainly differentiates between two good harvests (2009 and 2011). 

Fig. 4 shows the dendrogram obtained after the application of cluster analysis to the 38 parameters 
analyzed in the three years for 8 rootstocks and 2 cultivars (STATISTICA program). This analysis was 
used to classify the individual rootstocks into groups showing similar properties; the contents of studied 
parameters were used as variables. The dendrogram shows the classification of rootstocks on two main 
groups based on the scion. Each of cultivar*rootstock interaction has its own particularities, but it is 
interesting to note that control rootstock SO4 stands apart in both groups. The main distinction between the 
studied cultivars seems to be due to the differences in anthocyanin profiles (Fig. 5), whereas the distinction 
between rootstocks is less obvious but could also be due to the differences in vigor.  
 

 
Fig. 4 - Cluster analysis. 
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Fig. 5 - Anthocyanin profile of studied varieties. 

 

Some of the studied rootstocks showed similarities in phenolic compound accumulation for both studied 
cultivars: 

 SO4 has higher concentration of anthocyanins in wine and higher concentration of gallic acid in grapes 
 8B tends to have higher concentration of anthocyanins in wine 
 125AA tends to have lower concentration of catechin in grapes 
 1103 Paulsen tends to have lower concentrations of studied flavanols in grapes 
 CR2 have higher organoleptic evaluation of wines and higher antiradical activity of must 
 Börner tends to have higher content of rutin, quercetin-3-β-D-glucoside and catechin in grapes. It was 

also noticed that rootstock Börner had higher content of most of the studied phenolic compounds in 
grapes of Laurot cultivar, suggesting that rootstocks other than V. berlandieri x V. riparia, 
V. berlandieri x V. rupestris crosses (e.g. V. cinerea, V. cordifolia etc.) could have a positive effect on 
the accumulation of phenolic compounds. Although further investigation is needed, similar results 
could be observed in other studies [12, 16. 

Conclusion 
The field performance of two new resistant red wine cultivars (Laurot and Nativa) was evaluated on eight 
rootstocks in the South Moravia region, Czech Republic for three years. For the most part the variation of 
studied parameters (agrobiological, must and wine chemical analysis, content of chosen phenolic 
compounds) was dominated by scion cultivar and climatic variation among years. Nevertheless, PCA 
highlighted the main source of metabolic variation: the origin of the rootstock. As a result, the most suitable 
rootstocks for Laurot and Nativa cultivars in given conditions were: CR2 and SO4 based on studied 
parameters and sensory wine evaluation. Rootstock 1103 Paulsen had lower content of studied phenolic 
compounds in both cultivars, which was probably due to its higher vigor in given conditions. Interestingly, 
Börner rootstock on the Laurot cultivar had higher concentrations of most of the studied phenolic 
compounds, although those results were not confirmed on cultivar Nativa. Both cultivars had higher 
concentrations of most of the studied phenolic compounds when compared with Lemberger cultivar. 
Studied cultivars do not contain anthocyanin diglucosides. The anthocyanin profile of Nativa is closer to 
the V. vinifera profile when compared to Laurot. Further research is needed in order to understand the 
scion-rootstock interaction and its influence on phenolic content in berries and other parts of vine plant, 
along with its possible effect on the incidence of main fungal and bacterial diseases, and positive effect of 
final products (wine, juices, concentrates) on human health. 

Abbreviations 
TP, total phenols; TF, total flavanols; AA, antiradical activity; Ant, anthocyanins; S/A ratio, sugar content 
to total acidity ratio; PCA, principal component analysis; TA, total acidity.  
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Botrytis cinerea – vins liquoreux – lactones – précurseurs S-conjugués – arôme 

Introduction 
Des travaux récents ont établi le rôle de certaines lactones et du 3-sulfanylhexan-1-ol (3SH) dans 
l’expression aromatique de fruits confits des vins liquoreux de pourriture noble [1, 2]. B. cinerea accélère le 
phénomène de passerillage et il modifie aussi la composition des baies en produisant à la fois des composés 
odorants, dont les lactones et en induisant une augmentation de précurseurs d’arômes de nuances zestées, 
comme les précurseurs cystéinylés et glutathionylés [3-5]. Ces composés étant en partie formés au cours de 
la botrytisation des raisins, une étude a été réalisée dans le vignoble du Sauternais avec pour objectif de 
préciser les modalités de leur biogenèse en fonction du stade de développement de la pourriture noble. 
Complétant les travaux de Sarrazin [3], le but de ce travail est de considérer aussi la confrontation de la 
surmaturation sur deux types de sol et deux millésimes différents. Ainsi l’étude a été menée, avec le cépage 
Sémillon (clone 315, porte greffe 101-14 Millardet, Grasset), au cours de deux millésimes (2012, 2014), 
à 4 stades de maturité et surmaturité des raisins (raisins sains à maturité, stade pourri plein, stade pourri 
rôti, stade pourri rôti + 15jours) en considérant deux parcelles d’un cru classé de Sauternes présentant des 
caractéristiques pédologiques différentes. 

Matériel et méthodes 
Prélèvement des échantillons 
Les baies ont été ramassées sur les parties hautes, moyennes, basses, ensoleillées et ombragées des grappes. 
Les prélèvements ont été réalisés à quatre stades de développement de B. cinerea : 1) Stade sain : baies à 
maturité non atteintes par botrytisation. 2) Stade pourri plein : baies dont la surface a entièrement été 
colonisée par B. cinerea. Les baies prennent une couleur brun-chocolat mais ne sont pas encore 
concentrées. 3) Stade pourri rôti : baies entièrement colonisées par B. cinerea et déshydratées. Du fait de la 
dessiccation, les baies sont très riches en sucres, ce qui augmente la pression osmotique à l’intérieur de 
celles-ci et empêche le champignon de poursuivre son développement. 4) Stade pourri vieux : baies 
marquées au stade pourri rôti et ramassées 15 jours après. Les prélèvements ont été effectués à deux 
millésimes différents (2012, 2014) et dans deux types des sols différents (parcelle 44.2 : Calcosol ; 
parcelle 51 : Peyrosol). 

Extraction et quantification des lactones dans le moût 
Un volume de 100 mL de moût est supplémenté avec 100 µL de 3-octanol et de 2-octanol en solution 
hydroalcoolique (1/1, V/V) à 10 mg/L. Puis les composés organiques sont extraits par le dichlorométhane 
(8,8 et 5 mL) sous agitation magnétique à 600 r.p.m. pendant 10 minutes. Les phases organiques sont 
récupérées et rassemblées pour être séchées sur Na2SO4 anhydre, puis concentrées sous flux d’azote inerte, 
jusqu’à un volume de 500 µL. L’analyse des extraits est réalisée par la chromatographie en phase gazeuse 
couplée avec la spectrométrie de masse. La chromatographie est réalisée sur colonne capillaire en silice 
fondue, avec une phase stationnaire polaire de type carbowax 20M (BP20, 50m-0,22mm-0,25µm, SGE, 
Australie). 
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Quantification des précurseurs du 3SH dans le moût 
Les précurseurs cystéinylés et glutathionylés du 3SH ont été quantifiés par une adaptation de la méthode de 
Capone et al. [6]. Brièvement, le dosage de l’ensemble des précurseurs d’arômes du 3SH nécessite une 
purification de l’échantillon par SPE, associé à un système de vide (Vac Elut 20 Manifold, Varian). 
L’élution des composés d’intérêt est réalisée avec 3 mL de méthanol/eau 30/70 (V/V) à 1 mL/min. 
Les échantillons sont ensuite évaporés à sec au Rapidvap (Labconco, France). Enfin l’extrait concentré a 
été injecté à un système UPLC-FTMS. 

Résultats et discussion 
Les résultats de quantification des lactones dans les moûts à différents stades de botrytisation montrent des 
teneurs variables selon le composé, le stade de botrytisation, la parcelle étudiée et le millésime étudié. 
Pour les γ-octalactone et γ-décalactone, des teneurs très faibles sont mesurées quelque soit la parcelle ou le 
stade de botrytisation (Figures 1 & 2). 

 

Fig. 1 - Evolution des teneurs en lactones saturées dans les jus de raisins des deux parcelles 
en fonction du stade de botrytisation (millésime 2012).  

 

Fig. 2 - Evolution des teneurs en lactones saturées dans les jus de raisins des deux parcelles 
en fonction du stade de botrytisation (millésime 2014). 

Les γ-nonalactone et δ-décalactone présentent, quant-à-elles, des valeurs plus élevées. D’abord, une 
augmentation est notée selon le stade de botrytisation, puis, une différence marquante est observée dans les 
teneurs en γ-nonalactone entre les deux parcelles. La parcelle 51 présente des concentrations plus élevées 
en γ-nonalactone par rapport à la parcelle 44.2, tandis que pour la δ-décalactone une tendance inverse est 
notée. Par ailleurs, selon le millésime une différence dans le niveau de concentration de ces lactones est 
observée, les teneurs des lactones étant plus élevées pour le millésime 2012. 
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L’étude a aussi permis de relever des informations importantes concernant les concentrations en 2-nonen-4-
olide et en massoia lactone, deux lactones présentant la particularité de posséder une double liaison sur leur 
hétérocycle. Ainsi, les résultats de quantifications dans les moûts ont montré une évolution différente des 
teneurs de ces lactones au cours de la botrytisation par rapport à la γ-nonalactone et la δ-décalactone. 
En effet, ces dernières présentent des valeurs plus importantes au stade « pourri vieux », alors que la 
massoia lactone et le 2-nonen-4-olide ont toujours leur pic d’accumulation au stade « pourri rôti », qui est 
le stade le plus qualitatif pour l’élaboration des vins liquoreux de pourriture noble (Figures 3 & 4). 
Notons que la même tendance dans les teneurs de lactones insaturées est observée pour les deux 
millésimes. La différence d’évolution de concentrations entre le 2-nonen-4-olide et la massoia lactone, 
la γ-nonalactone et la δ-décalactone respectivement, pourrait être due à un processus de limitation de 
biosynthèse de lactones insaturées avec l’évolution du stade du développement de la pourriture noble. 
Ainsi, nous formulons l’hypothèse que la massoia lactone et le 2-nonen-4-olide puissent être considérés 
comme marqueurs moléculaires de la qualité de la pourriture noble due à B. cinerea. 

 

Fig. 3 - Evolution des teneurs en lactones insaturées dans les jus de raisins des deux parcelles 
en fonction du stade de botrytisation (millésime 2012). 

 

Fig. 4 - Evolution des teneurs en lactones insaturées dans les jus de raisins des deux parcelles 
en fonction du stade de botrytisation (millésime 2014). 

Concernant les expériences de quantification des précurseurs du 3-sulfanylhexan-1-ol, les résultats ont 
aussi montré des différences selon le millésime, le stade de botrytisation et la parcelle (Figures 5 & 6). 
D’abord, en fonction du stade du développement de la pourriture noble, une augmentation de la teneur en 
précurseurs est observée associé à l’impact de B. cinerea. Cet effet a déjà été étudié par Thibon et al. [4, 5]. 
Aussi, s’agissant du millésime, les teneurs en précurseurs sont plus élevées au cours du millésime 2014 par 
rapport au millésime 2012. Enfin, comme pour les lactones, selon la nature du sol, les teneurs des 
précurseurs sont différentes avec dans le cas présent, des teneurs plus élevées pour la parcelle 51 
(peyrosol).  
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Fig. 5 - Evolution des teneurs en précurseurs cystéinyles du 3SH dans les jus de raisins 
des deux parcelles en fonction du stade de botrytisation 

 

Fig. 6 - Evolution des teneurs en précurseurs glutathionylés du 3SH dans les jus de raisins 
des deux parcelles en fonction du stade de botrytisation. 

Conclusion 
En accord avec les travaux par Miklósy & Kerényi [7] et Sarrazin [3], ces travaux ont permis de confirmer 
le rôle majeur de la botrytisation, avec des fluctuations selon le millésime, sur l’évolution des 
concentrations dans le raisin en composés d’impact organoleptique ou en leur précurseurs 
(lactones, précurseurs du 3SH). En particulier, nos observations montrent une évolution qui n’est pas 
similaire selon la structure moléculaire des lactones, des lactones insaturées voyant leur concentration 
diminuer au dernier stade de botrytisation (pourri rôti + 15jours). Alors que les concentrations en 
γ-nonalactone continuent d’augmenter au cours du dernier stade (pourri rôti + 15jours), les teneurs en 
2-nonen-4-olide et en massoia lactone, lactones insaturées, atteignent leur maximum au stade pourri rôti. 
En outre, ces travaux révèlent des niveaux et modalités d’accumulation contrastés pour un matériel végétal 
identique (Sémillon clone 315, greffé sur porte-greffe 101-14) et planté dans les 2 cas il y a plus d’une 
trentaine d’année, en fonction du sol viticole. Ils contribuent par une approche scientifique à démontrer un 
effet terroir bien connu empiriquement des praticiens et à l’origine de la grande palette aromatique des vins 
liquoreux de pourriture noble. 
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Abréviations 
S, stade sain ; pp, pourri plein ; pr, pourri rôti ; pv, pourri vieux ; 3SH, 3-sulfanylhexan-1-ol. 
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Grape berries ‒ phenotyping ‒ analyses ‒ FTIR ‒ calibration 

Introduction 
Grape berry composition has been a centre of interest ever since Louis Pasteur in the middle of the XIXth 
century. Viticulturists need this information to assess the impact of environmental factors and management 
practices. Enologists and winemakers need to know berry composition to guide their winemaking practices. 
In viticultural research, recent complex experimental set-ups which investigate the genotype*environment 
relationship yield an increasing number of samples of grape berries which then must be analyzed. 
These analyses are generally performed on the grape juice obtained by pressing or squeezing the berries. 
Grape juice is a complex solution, containing primary (sugars, organic acids) and secondary metabolites 
(aroma precursors, phenolic compounds) as well as cations (potassium). Specific analysis methods have 
been developed for each particular compound. Protocols for reference methods are accessible through the 
web site of the International Organization of Vine and Wine [1]. Some of these compounds are easily 
accessible, like Total Soluble Solids or Brix. Others are not, like tartrate, malate or potassium. When a 
large number of samples of grape berries must be characterized, implementing specific methods for each 
compound is constraining and often time consuming. Multiparameter approaches allowing the 
determination of several parameters in a single analysis exist. They can also reduce dramatically the time 
and cost of analyses. Among different multiparameter approaches, Fourier Transform Infrared 
Spectroscopy (FTIR) is widely used in food science in general and in enology in particular [2]. 
This method is a spectroscopic method that uses the mid intra-red of the electromagnetic spectrum 
(from about 2500 to 10000 nm) and is based on the absorption related to the analyzed matrix. An FTIR 
spectrometer simultaneously collects high spectral resolution data over a wide spectral range. A complex 
data set is acquired which needs calibration with multivariate statistical analyses (Multiple Linear 
Regression, Partial Least Square) against reference analyses. It has the advantage that no other sample 
preparation is needed other than a careful filtration or centrifugation of the grape juice [3]. Hence, it can be 
considered as an accurate, reliable, rapid, non-destructive, and inexpensive way of analysing samples of 
grape juice. However, an important question raised in FTIR analyses is whether the calibration is universal 
or whether a specific calibration is needed for each sub-set of samples (per vintage, per grapevine variety, 
per maturity level; [4]). This question was investigated in this study through a trial where the grape juices 
of 52 grapevine varieties were analyzed from veraison to harvest over successive years. Values for Brix, 
total acidity (TA), tartrate, malate, pH and Yeast Assimilable Nitrogen (YAN) were compared with 
reference analyses. 

Materials and methods 
Mode and frequency of sampling  
The berries from the 52 different grape varieties were collected weekly from mid-veraison (phenological 
stage BBCH 85) to harvest. The samples were taken in an experimental plot (INRA campus of Villenave 
d’Ornon, France) with 5 blocks (replicates), designed for statistical analysis of the obtained data for each 
variety (eliminating intra plot variability). The 5 replicates for each variety were composed of 10 vines on 
which each sample was collected. Depending on the variety and berry size, each sample contained 50 to 75 
berries. 
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Juice extraction  
The berry samples were counted and weighed in the laboratory to determine berry weight. The juice was 
extracted by pressing the berries between two metal blades (Bagmixer 400W – Interscience, France) and 
then filtered (Lateral BagFilter - Interscience, France) before being centrifuged at 20°C for 10 minutes at 
10,000 rpm. The supernatant recovered (minimum volume: 12 mL) was then analyzed. 

Reference analyses  
For Brix determination, the juices were manually analyzed by an electronic refractometer (Digital 
Refractometer, Ningbo Gamry Optical Instrument Co., Ltd.). For the total acidity, the juices were diluted 
1/4 or 1/8 depending on the stage of maturity and analyzed by titration with sodium hydroxide using an 
automatic titrator (Cogétude, France). For malate and tartarate, juices were analyzed on a continuous flow 
analyzer (800 trAAcs BRAN-LUBBE). Malate was analyzed by enzymatic assay (adaptation of the method 
OIV-MA-AS313-12A) and tartrate by colorimetric assay (OIV-OENO 391-2010 FR). YAN was evaluated 
by formol titration (Sørensen formol titration). 

Procedure of FTIR analyzer 
Once centrifuged, the grape juices (12 mL) were analyzed using a WineScan™ Auto analyzer (FOSS 
FRANCE, 92000 Nanterre) according to the method “Must” provided and calibrated by the manufacturer. 
Each sample was analyzed twice through two successive determinations. 

Results and discussion 
Brix values measured with FTIR are highly correlated to Brix measured with an electronic refractometer 
(Figure 1A, R2 > 0.97). No vintage effect is observed. Correlation remains valid through a wide range of 
maturity levels, from 7 to 27°Brix. The equation y = 1.11x – 1.16 indicates that Brix levels measured with 
FTIR are slightly overestimated for low Brix levels and slightly underestimated for high Brix levels.  
When the data is plotted for a sub sample of 4 varieties (2 red and 2 white varieties, 3 vintages), no variety 
effect is graphically shown. This means that no variety-specific calibration is needed (Figure 1B). 
 

        A                B 
  
 
 
 
 
 
 
 
 
 
 

Fig. 1 - Correlation between °Brix obtained by FTIR analysis and by electronic refractometer. 
A, data obtained from 52 grapevine varieties in three vintages. B, data obtained from Assyrtiko, 

Merlot, Rkatsiteli and Touriga nacional in three vintages. 
 

Total acidity values measured with FTIR are highly correlated to TA measured by titration (Figure 2A,  
R2 > 0.98). No vintage effect is observed. Correlation remains valid through a wide range of maturity 
levels, from 2 to 22 g H2SO4/L. The equation y = 1.02x + 0.02 indicates that values measured with FTIR 
are very close to values measured by titration. When the data is plotted for a sub sample of 4 varieties 
(3 red and 1 white varieties, 2 vintages), no variety effect is graphically shown. This means that no variety-
specific calibration is needed (Figure 2B). 
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Fig. 2 - Correlation between Total Acidity (TA) obtained by FTIR analysis and by titration. A, data 
obtained from 52 grapevine varieties in two vintages. B, data obtained from Castets, Grenache, 

Sangiovese and Sémillon in two vintages. 

Malate values measured with FTIR are highly correlated to malate values measured with enzymatic 
analysis (Figure 3A, R2 > 0.98). No vintage effect is observed. Correlation remains valid through a wide 
range of maturity levels, from 1 to 26 g/L. The equation y = 1.02x - 0.29 indicates that values measured 
with FTIR are very close to values measured by titration. When the data is plotted for a sub sample of 
4 varieties (2 red and 2 white varieties, 2 vintages), no variety effect is graphically shown. This means that 
no variety-specific calibration is needed (Figure 3B). 
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Fig. 3 - Correlation between malate obtained by FTIR analysis and by enzymatic analysis. A, data 

obtained from 52 grapevine varieties in three vintages. B, data obtained from Grenache, 
Petit Verdot, Rkatsiteli and Ugni blanc in two vintages. 

 
YAN values measured with FTIR are only moderately correlated to YAN values measured by formol 
titration (Figure 4, R2 = 0.87). The equation y = 0.71x + 33.49 indicates that values measured with FTIR 
overestimate real values, particularly when YAN is high. Hence, only rough estimates of YAN can be 
obtained with the calibration provided by the FOSS equipment and specific calibration is needed when a 
greater precision is desired. 

 
 
         

Fig. 4 - Correlation between Yeast Available Nitrogen 
obtained by FTIR analysis and by formol titration. 

Data obtained from 52 grapevine varieties in 2012. 

 

 

 



Plante, environnement et qualité du raisin 

83 

Tartrate measured with FTIR is poorly correlated to tartrate measured by colorimetric assay (Figures 5A 
and 5B, R2 = 0.71 in 2011 and 0.87 in 2012). The equation is very different in 2011 (y = 0.96x + 0.09) 
compared to 2012 (y = 1.23x - 0.47). This means that in 2011 the estimation of tartrate by FTIR was not 
very precise and that in 2012 values measured by FTIR were largely underestimated. Specific calibration 
needs to be carried out for tartrate and this calibration seems to be vintage specific. 

               A               B 
  

 

 

 

 

 

 
Fig. 5 - Correlation between tartrate obtained by FTIR analysis and by colorimetric assay. 

Data obtained from 52 grapevine varieties in 2011 (A) and 2012 (B). 
 

Conclusion 
For °Brix, TA and malate, calibration curves provided by the FOSS company were very accurate and 
remained valid through the complete range of varieties, vintages and maturity levels. This was not, 
however, the case for tartrate and YAN. For these parameters, only a rough estimation was obtained by 
FTIR technology with calibration provided by the FOSS Company. Specific calibration is necessary for 
these parameters and this calibration is vintage specific. 
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Tannins ‒ polysaccharides ‒ pulsed electric field ‒ Cabernet Sauvignon 

Introduction 
Pulsed electric field (PEF) is an emerging technology in the winemaking industry recognized for its ability 
to enhance polyphenol extraction. This process is appealing since it is physical (no use of chemicals), 
athermal (no aroma degradation), fast and ecofriendly (low energy consumption). Nevertheless, the 
mechanism remains poorly understood and requests to be further studied.  

The aim of this study was to investigate the effects of PEF treatment on grape-skin histo-cytological 
structures and on the organization of skin cell-wall polysaccharides and tannins, which, until now, have 
been moderately investigated. 

Materials and methods 
Pulsed electric field treatments 
This study related the effects of two different pulsed electric field treatments on harvested berries: 
- PEF1 of medium strength (4 kV/cm) and short duration (1 ms);  
- PEF2 of low strength (0.7 kV/cm), with a longer duration (200 ms).  

Histo-cytological structures 
Berry skins were observed by optical microscopy (MO), after chemical fixation, inclusion and P.A.S. 
coloration, or under transmission electronic microscopy (TEM) after chemical fixation, inclusion and 
contrast. 

Polysaccharides and tannins  
Polysaccharides and tannins were quantified after extraction of cell-wall fraction and:  
- extraction of polysaccharidic fractions of the cell-wall fraction and spectrophotometric analysis;  
- extraction of tannins of the cell-wall fraction and analysis by reverse phase HPLC.  
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Statistical data treatment 
All analyses were performed in triplicate. We thus performed non-parametric tests. The statistical 
significance of differences was determined by the Kruskal and Wallis test (α= 0.05). Experimental data 
detected as being significantly different were marked in the tables with different letters. 

Results and discussion 

PEF1 (4 kV/cm; 1 ms; low energy (4 Wh/kg)) had measureable but relatively limited effect on the structure 
of phenolic compounds and the pectic fraction. After PEF1, the skin (S) of berries was distended (Fig. 1), 
with vacuolar polyphenols (VPC) which were less dispersed and more condensed (Fig. 1A vs 1B, 2A vs 
2A’, 3B vs 3B’, Table 2). The organization of the pectic skeleton of skin cell-walls was slightly but 
measurably affected by further treatment (Table 1). Small spherical structures, which were localized only at 
the middle lamella level in the control batch (Fig. 4), were observed over a large portion of the hypodermis 
cell wall thickness.  
 

 
 
 
 
 
 
 

Fig. 1 - Skin modifications under MO. A: Control berry; B: berry + PEF1; C: berry + PEF2. 
 

Table 1 - Effects of PEF1 and PEF2 on the contents of external polysaccharide fractions (PSE, PSOX), 
and internal polysaccharide fractions (PSH, PSOH), in berry skins 

Polysaccharide content 
(mg/g of skin) Control PEF1 PEF2 

PSE fractions 8.80 ± 2.25  a* 9.71 ± 3.12  a* 3.88 ± 2.66  b* 
PSOX fractions 1.32 ±0.36  a* 1.57 ± 0.47  a* 2.54 ± 0.73  b* 
PSH fractions 0.70 ± 0.07  a* 0.56 ± 0.07  b* 0.55 ± 0.16  c* 
PSOH fractions 2.59 ± 0.50  a* 1.76 ± 0.74  a* 1.55 ± 0.63  b* 
Values are means ± standard deviations.  
(*): Significant difference in Kruskal Wallis test (α = 0.05) 
 

 
 
 
 
 
 
 

        

Fig. 2 - Vacuolar polyphenols (VPC) of outer hypodermis, under TEM. A: Control berry; 
A’: berry + PEF1; A*: berry + PEF2. 

This study demonstrated a strengthening of the phenolic skeleton of skin cell-walls, which has a protective 
effect, slowing down polyphenol extraction phenomena [1, 2]. 

PEF2 (0.7 kV/cm; 200 ms; high energy (31 Wh/kg)) profoundly modified the organization of skin 
cell-walls. Skin was degraded, especially in the deepest layers of the inner hypodermis, with vacuolar 
polyphenols of the outer cell layers appearing denser and contrasted, and unstructured organelles (Fig. 1A 
vs 1C, Fig. 2A vs 2A*, Fig. 3A vs 3A*). The tannic skeleton was highly disorganized (Table 2, Fig. 1A vs 

S 

S 

S 
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1C, Fig. 3A vs 3A*). All pectic organization of cell-walls was significantly affected (Table 1). The middle 
lamella of cell-walls was unstructured (Fig. 3A vs 3A*, arrowed), with the presence of small spherical 
structures throughout the whole thickness of the cell-walls (Fig. 4A vs 4A*). After PEF2, the pectic and 
phenolic skeletons were largely disorganized, facilitating polyphenol extraction [1, 2]. 
 

Table 2 - Effects of PEF1 and PEF2 on the total tannins and mDP of the PS E, PS OX, PS H, PS OH 
and RP polysaccharide fractions, in berry skins 

Tannins of polysaccharide fractions Control PEF1 PEF2 
T PSE total tannins (mg/g of skin) 0.17 ± 0.11  a* 0.24 ± 0.17  ab* 0.42 ± 0.04  b* 
T PSE mDP 3.42 ± 0.88  a* 2.91 ± 0.49  a* 3.17 ± 2.78  a* 
T PSOX total tannins (mg/g of skin) 0.29 ± 0.08  a* 0.20 ± 0.03  a* 0.14 ± 0.05  b* 
T PSOX mDP 2.43 ± 0.50  a* 3.26 ± 0.72  a* 2.79 ± 1.13  a* 
T PSH total tannins (mg/g of skin) 2.81 ± 0,83  a* 1.13 ± 1.36  a* 2.17 ± 1.59  a* 
T PSH mDP 15.83 ± 5.07  a* 58.03 ± 68.84  a* 13.84 ±1.22  a* 
TPS OH total tannins (mg/g of skin) 2.57 ± 1.85  a* 5.19 ±5.49  a* 9.29 ±8.03  b* 
T PSOH mDP 3.59 ± 3.75  a* 1.63 ± 0.25  a* 1.64 ± 0.13  a* 
T RP total tannins (mg/g of skin) 0.75 ±0.15  a* 0,66 ±0,64  a* 1.67 ±0.87  a* 
T RP mDP 5.79 ± 2.11  a* 2.64 ± 0.32  a* 4.79 ± 1.99  a* 
Values are means ± standard deviations. (*): Significant difference in Kruskal Wallis test (α = 0.05) 

 
 
       
 
 
 
 
 
 
 
 

Fig. 3 - Vacuolar polyphenols (VPC) of inner hypodermis, under TEM. B: Control berry; 
B’: berry + PEF1; B*: berry + PEF2. 

 
      

 
 
 
 
 
 

Fig. 4 - At the middle lamella level (ml) of the outer hypodermis: small spherical structures 
over a large portion of the hypodermis cell-wall thickness, under TEM. C: Control berry; 

C’: berry + PEF1; C*: berry + PEF2. 

Conclusion 
Depending on the parameters of the PEF, cell-wall structure was differently impacted: PEF1 (high strength, 
short duration, and low energy) had little effect on the structure of phenolic compounds and pectic cell-
walls of the skin, whereas PEF2 (higher strength, longer duration, and higher energy) profoundly modified 
the organization of skin cell-walls. Thus, the choice of treatment modality is of prime importance because 
this choice can modify the kinetics of polyphenol extraction and, thus, wine quality [1, 2]. 
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Wine aromas ‒ soil ‒ nitrogen content ‒ terroir effect 

Introduction 
In interaction with climate and genetic or human factors, the soil is a major component of the viticultural 
terroir. Nitrogen, an essential element that vines pick up from the soil, can be considered as a key 
contributor to the terroir effect [2, 8]. It has a strong impact on vine performance, grape composition and 
subsequently wine quality. In addition to its major effect on primary metabolites, nitrogen plays also a 
decisive role in the secondary metabolism, especially in the production of key compounds for berry and 
wine quality, like volatile thiols, i.e. 3-sulfanylhexan-1-ol (3SH), and methoxypyrazines, i.e. 3-isobutyl-2-
methoxypyrazine (IBMP). 

IBMP and 3SH contribute to wine flavor, particularly in the varietal aroma of Sauvignon blanc wines and 
other white and red varieties. IBMP, responsible for the green pepper aroma, is directly present in the grape 
berry [1, 5]. However, 3SH, characterized by the grapefruit flavor, is not present in grape berries but is 
released during fermentation by the action of yeast [10] from odorless precursors whose structure has been 
identified as being S-conjugates to glutathione or cysteine (Pgsh-3SH and Pcys-3SH) [11]. The biosynthetic 
pathways of these aromatic compounds are far from being completely elucidated  

The present study, in which the nitrogen effect was decoupled from those of vigor and vine water status, 
investigates the effect of vine nitrogen status on IBMP, Pgsh-3SH and Pcys-3SH levels in berries and in 
musts, as well as on IBMP and 3SH content in wines.  

Materials and methods 
Location, vine material and experimental set up 
This research was conducted in 2013 in a French vineyard (Château Couhins, Pessac-Léognan, Bordeaux). 
The study plot was planted with Sauvignon blanc vines. This plot was chosen because nitrogen status was 
low in the previous year (Yeast Assimilable Nitrogen (YAN) < 100 mg L-1). Two treatments were 
compared: control (C) without fertilization and Soil N100: 100 kg/ha of nitrogen applied to the soil in two 
applications. Each treatment was conducted with four randomized replicates of 10 vines each. Vines were 
irrigated during the whole season and vine water status was assessed several times by means of stem water 
potential measurements [3]. Similar cultivation practices were adopted during the grape-growing period. 
One hundred fresh berries were randomly sampled from each bloc at three different stages: bunch closure 
(veraison (v)-20 days), mid-ripening (v+28 days) and ripeness (v+35 days). All plant materials were frozen 
immediately in liquid nitrogen, ground and stored at -80°C until implementation of analysis. Analyses were 
also carried out on grape must at harvest. 

Nitrogen status  
Vine nitrogen status was assessed by measuring YAN in grape juice at harvest [7]. YAN was analyzed with 
a WineScan (FOSS®) [4]. 
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Vine vigor 
Vine vigor was estimated by measuring primary and secondary leaf areas at shoot growth cessation as 
described by Mabrouk and Carbonneau [9]. 

Extraction and quantification of IBMP and S-conjugate precursors of 3SH 
In grape berries and musts, IBMP was extracted and quantified by the method described by Guillaumie et 
al. [6]. S-conjugate precursors of 3SH in berries and musts were purified on C18 columns and then 
analyzed by liquid chromatography coupled to a mass spectrometry [12]. 

Statistical analysis 
Statistical analyses were conducted using the statistical package of the R software (R Development Core 
team, 2010). All the data are expressed as the arithmetic average ± standard error (SE) from four biological 
replicates. Statistical significance was analyzed with Student's t test. A value of p value < 0.05 was 
considered to indicate statistical significance. 

Results and discussion 
Agronomic results: vine nitrogen status and vigor 
Berry nitrogen status was assessed in order to check if the fertilization modified plant nitrogen status and if 
this mineral was correctly assimilated. Grape must nitrogen content was determined by measuring YAN 
content just prior to commercial harvest. YAN content was higher in fertilized vines and difference was 
highly significant between modalities (Table 1). Hence, this demonstrated that applied nitrogen was well 
assimilated. 

Nitrogen supply could enhance vegetative growth referred as vine vigor and, in consequence, leaf areas. 
To limit an impact of nitrogen supply on vine vigor, the fertilization was fractionated into two doses for the 
soil N100 treatment and it was applied late in the season (at budbreak and at bloom). Neither primary leaf 
area nor secondary leaf area were different between the two treatments. Vine vigor was similar among 
treatments resulting in a comparable microclimate in the bunch zone for all modalities (Table 1). Hence, in 
the absence of water deficit and with no differences in microclimate in the bunch zone, any modification of 
aroma compounds in this study would result of a direct effect of nitrogen nutrition. 

Table 1 - Vine nitrogen status determined by YAN content (mg L-1) and nitrogen effect on vigor 
determined by primary and secondary leaf areas (m2/vine) at shoot growth cessation 

Control Soil N100 

Yeast Available Nitrogen (mg L-1) 114.7 a 206.2 b 

Primary leaf area (m2/vine) 1.11 a 1.18 a 

Secondary leaf area (m2/vine) 1.02 a 1.30 a 

 
Analytic results: Aroma compound contents in grape berries, musts and wines 
IBMP levels were maximal at (v-20 days) and decreased dramatically throughout ripening (Figure 1). 
Level of IBMP was around 60 ng kg-1 of fresh weight (FW) at the earliest point of analysis and decreased 
to around 20 ng kg-1 FW at harvest (Figure 1A). Samples from fertilized and non-fertilized vines did not 
show significant differences in IBMP content (Figure 1A). In musts, IBMP content was close to the 
detection limit. Like in berries, nitrogen fertilization did not have any effect on the level of this 
methoxypyrazine (Figure 1B). Based on these results, it can be assumed that the postulate of a direct effect 
of nitrogen on IBMP synthesis cannot be retained. 

In grape berries, Pgsh-3SH concentration increased during berry ripening and reached a peak at 
(v+35 days). It was related to vine nitrogen status. Pgsh-3SH level was higher in the soil N100 treatment 
compared to the control (Figure 1C). The concentration of Pcys-3SH was relatively low and stable in the 
subsequent developmental stages. Moreover, the content of this molecule was similar between the control 
and the soil N100 treatment, indicating that nitrogen fertilization did not influence Pcys-3SH content in 
Sauvignon blanc grape berries (Figure 1E). 
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Fig. 1 - Effects of nitrogen supply on the amount of IBMP (ng kg
3SH in grape berries (A, C and E) and in must

Statistical significance was analyzed with Student's t tes
 

In musts, the fertilization led to a significant increase in the concentration of Pgsh
Level of Pgsh-3SH in the control w
N100 treatment. Level of Pcys-3SH 
level, and no significant difference was observed between the two treatments (Figure 
seems to indicate that in response to nitrogen 
independently from Pcys-3SH. 

Moreover, sensorial analysis of these wines by a jury of experts did not reveal any significant differences 
between the two modalities, showing that nitrogen supply did not affect
this experience (data not shown). 

Conclusion 
These results showed that higher berry nitrogen status 
However, it stimulated the synthesis of the glutathionylated precursor of
the concentration of the cysteinylated precursor was not affected.

 

Effects of nitrogen supply on the amount of IBMP (ng kg-1 of fresh weight), Pgsh
3SH in grape berries (A, C and E) and in must (B, D and F). Each point is the mean of four replicates. 

Statistical significance was analyzed with Student's t test (p value < 0.05). Error bars indicate SE.

he fertilization led to a significant increase in the concentration of Pgsh
3SH in the control was in the order of 91 µg L-1 and it increased to 178 µg L

3SH was lower compared to Pgsh-3SH. Nitrogen did not affect Pcys
no significant difference was observed between the two treatments (Figure 

seems to indicate that in response to nitrogen supply, 3SH could be synthetized from Pgsh

s of these wines by a jury of experts did not reveal any significant differences 
showing that nitrogen supply did not affect any of these

These results showed that higher berry nitrogen status did not influence IBMP content in berry and must
stimulated the synthesis of the glutathionylated precursor of 3SH in berries

the concentration of the cysteinylated precursor was not affected. 
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Pépins de raisin ‒ high-pressure freezing – freeze-substitution ‒ immunomarquage 

Introduction 
La maturité phénolique des baies de raisin se caractérise en grande partie par la teneur et la qualité des 
tanins, synthétisés dans la baie au cours de son développement et accumulés dans les parties solides du 
raisin : la pellicule et les pépins. Ces tanins sont extraits durant la fermentation et la macération, 
et confèrent aux vins l’amertume et l’astringence, mais aussi le potentiel de garde. Deux enzymes clés : 
la leucoanthocyanidine réductase (LAR) et l’anthocyanidine réductase (ANR), impliquées directement dans 
la biosynthèse des tanins ont été caractérisées et localisées dans la pellicule des raisins [1-4]. En revanche, 
les techniques de fixation chimique (4% de paraformaldéhyde et 0,25% de glutaraldéhyde dans un tampon 
phosphate 0,1M, pH 7,2) et d’inclusion PLT (Progressive Low Temperature) utilisées pour la pellicule ne 
permettent pas de réaliser des coupes ultra-fines sur les pépins à cause de leur structure complexe. 
Ce travail a consisté donc à mettre au point les techniques alternatives de fixation HPF (High-Pressure 
Freezing) et d’inclusion FS (Freeze Substitution) aux pépins de raisins afin de localiser les deux enzymes 
par immunomarquage.   

Matériel et méthodes 
Matériel végétal 
L’adaptation du protocole d’inclusion pour les études immunohistologiques a été effectuée sur les pépins 
de Cabernet Sauvignon issus des parcelles expérimentales de l’INRA de Bordeaux et aux différents stades 
prélevés en 2013. Pour chaque stade, deux grappillons de 10 baies ont été prélevés au hasard sur deux pieds 
différents, puis réunis, conservés à 4°C et transportés au Bordeaux Imaging Center (BIC) pour une fixation 
par HPF.  

High-pressure freezing (HPF) 
L’HPF est une technique de cryofixation, à très basse température à -196°C avec l’azote liquide et à très 
haute pression (2080 bars). Cette technique permet de fixer les tissus ou les cellules dans leur état natif par 
congélation de l’eau à l’état vitreux, sans déformation des structures cellulaires [5-7].  

Après chaque prélèvement des baies de Cabernet Sauvignon, les pépins ont été séparés immédiatement des 
baies à l’aide d’une pince. 5 pépins, pris au hasard, ont été disséqués avec une lame de rasoir en sections 
d’une épaisseur d’environ 500 µm et d’un diamètre d’environ 1mm selon le plan de dissection (Figure 1). 
Deux sections de chaque pépin ont été sélectionnées et placées individuellement dans une coupelle Alu, 
puis fixées par HPF (Leica, EM HPM 100). A l’issue de la fixation, les échantillons ont été récupérés et 
conservés dans l’azote liquide.  

Freeze-substitution (FS) 
FS est une technique d’inclusion à basse température qui a pour but d’inclure l’échantillon dans une résine 
hydrophile tout en préservant au maximum les structures cellulaires et afin de faire un immunomarquage 
par la suite. Les échantillons fixés par HPF ont été transférés dans de l’acétone déshydraté pré-refroidi à 
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-90°C. La déshydratation et l’inclusion de résines (Lowicryl HM20) ont été réalisées par des bains dans un 
appareil de cryosubstitution (Leica EM-AFS 2) avec un programme spécifique à l’abri de la lumière :  

 acétone déshydraté à -90°C pendant 72h 
 acétone déshydraté de -90°C à -50°C pendant 12h (augmentation de température 3°C par 3°C)  
 2 rinçages successifs à éthanol pendant 1h 
 éthanol – 20% HM20 à -50°C pendant 24h 
 éthanol – 40% HM20 à -50°C pendant 24h 
 éthanol – 60% HM20 à -50°C pendant 24h 
 éthanol – 80% HM20 à -50°C pendant 24h 
 100% HM20 à -50°C pendant 24h 
 100% HM20 à -50°C pendant 50h 
 100% HM20 à -50°C sous UV pendant 48h 
 100% HM20 de -50°C à 20°C sous UV pendant 12h 
 100% HM20 à 20°C sous UV pendant 48h 

Une fois que la résine est polymérisée, les échantillons ont été retirés de l’AFS, et conservés à l’obscurité.  

 

Fig. 1 - Etapes de dissection des pépins de raisin pour la fixation chimique (en rouge) et zone 
d’intérêt pour l’immunomarquage (cadre bleu). 

Réalisation des coupes 
Les échantillons ont été coupés sur un ultra-microtome (Ultracut-UCT, Leica Microsystems). Des coupes 
semi-fines (500 nm) ont été observées au microscope photonique pour repérer la région d’intérêt et en 
vérifier l’ultrastructure. Puis des coupes ultra-fines (70 nm) ont été récupérées sur grilles Nichel 
recouvertes de formvar.  

Immunomarquage et observation au MET  
L’immunomarquage consiste à l’incubation successive des grilles dans plusieurs bains contenant les 
anticorps primaires qui se dirigent contre la protéine d’intérêt et des anticorps secondaires couplés à des 
billes d’or colloïdal (10nm de diamètre) dirigés contre les anticorps primaires. La bille d’or étant dense aux 
électrons, elle permet de visualiser la localisation de la protéine à l’échelle subcellulaire. 

L’immunomarquage a été réalisé avec l’automate d’immunomarquage, IGL (Leica, Microsystems) suivant 
le programme classique (Tableau 1). Les grilles ont été ensuite observées au microscope électronique à 
transmission à 120kV (FEI, Teknai 12).  

Résultats et discussion 
Les pépins de raisin sont des échantillons très difficiles à préparer pour MET et l’immunomarquage à cause 
de leur complexité structurale. Les téguments lignifiés à maturité des pépins de raisin empêchent la 
pénétration des réactifs chimiques. En plus, sous les différentes couches de téguments lignifiés et durs, les 
tissus parenchymateux et l’albumen qui ont une densité beaucoup moins importante sont plus fragiles, ainsi 
se dégradent plus pendant le traitement de la déshydratation et de l’inclusion. Les techniques classiques de 



OENO 2015  

94 

la fixation chimique et la substitution par PLT ne permettent pas d’obtenir une inclusion correcte et donc 
l’obtention des coupes ultra-fines ayant une ultrastructure correcte des tissus.   

 
Tableau 1 - Programme d’immunomarquage pour l'automate IGL (Leica, Microsystems) adapté 

aux LAR et ANR de pépins de raisin 

 
 

 

 

 

 

 

 
 
High-pressure freezing et freeze-subtitution ont permis d’optimiser la réalisation des coupes ultra-fines et 
d’améliorer l’ultrastructure cellulaire des pépins de raisin. Certains tissus et organites ont été identifiés sur 
les coupes ultra-fines au MET (Figure 2).   
 

 

Fig. 2 - Observation des pépins de Cabernet Sauvignon au stade "petit pois" (structures cellulaires 
peu identifiées) après HPF et FS. Abréviations : P : paroi cellulaire ; Vac : vacuole ; Cyt : cytoplasme ; 

Chlo : chloroplaste ; Comp Vac : composés. 

 
Par contre, bien que la qualité des coupes, ainsi que la préservation de l’état de l’ultrastructure cellulaire 
soient améliorées, la déchirure des tissus et la perte des organites ont toujours été observées sur des coupes 
semi-fines au microscope optique (données non présentées). Ainsi, l’immunomarquage des deux enzymes 
n’a pas donné de résultats satisfaisants. Ce phénomène serait dû à l’épaisseur importante et à la lignification 
de la paroi cellulaire des pépins de raisin, qui ne permettent pas aux réactifs d’imprégner et faire effet 
correctement. Ces techniques nécessitent encore des mises au point afin de préserver une meilleure 
ultrastructure cellulaire globale, ainsi qu’une bonne conservation des enzymes et de limiter la redistribution 
des protéines solubles correctes, qui sont primordiales par la suite pour l’immunomarquage.  

La localisation in vivo par immunomarquage de la LAR et de l’ANR pourrait être effectuée après des mises 
au point de ces techniques, dans le but de mieux comprendre la voie de biosynthèse des tanins dans les 
pépins de raisin, en combinant d’autres approches biochimique, protéomique et transcriptomique, ainsi de 
suivre la migration des enzymes et des tanins, et d’évaluer leur extractibilité pour ensuite adapter les 
techniques de macération et d’extraction en fonction de la maturité des pépins.  

N° lame Réactifs Vol goutte (μl) Temps (min) 
1 PBS 0,05M glycine 30 15 

2-3 PBS 1%BSA  30 15 
4 Wash Incubation Buffer (IB) 30 5 
5 IB 30 5 
6 Anticorps I dans IB 10 60 

7-9 IB 30 5 
10 Anticorps II au 1/40ème dans IB 10 90 

11-13 IB 30 5 
14-16 PBS 30 5 

17 Glutaldéhyde 1% dans PBS 30 5 
18-19 PBS 30 5 
20-25 H2O 30 1 
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Wine ageing ‒ aroma compounds ‒ soil type ‒ water and nitrogen status  

Introduction 
In the early 1980s, bouquet of wine has been described as a qualitative complexification of aroma [1]. 
Recent studies proposed a sensorial definition of this bouquet and also identified some of the molecules 
potentially implicated in its development [2]. The diversity of the vocabulary used by professional tasters to 
define the bouquet leads to search for polymorphic sensorial characters, but wine professionals agree that 
“bouquet of ageing” concerns “great wine” of Bordeaux, a prestigious appellation presenting high quality 
potential vineyard as well as oenological practices. The soil type and the physiological response of the 
vines to the climatic conditions are potential terroir elements influencing vine water and nitrogen status [3]. 
Recently, some aromas have been identified as belonging to the typical sensory bouquet of Bordeaux red 
wines such as “undergrowth”, “spicy” and “truffles” related aromas. The truffle aroma is identified in 
wines presenting significant levels of dimethyl sulfide (DMS). Accumulated with ageing, this compound 
has already been described in previous studies as being involved in the bouquet expression [4]. Literature 
quotes many other compounds such as tabanones [5] which could be interesting candidates in the 
expression of red wine bouquet. 

The goal of this work is to study the influence of nitrogen and water status of vines in the development of 
bouquet after ageing for an example of St Emilion red wine. This hypothesis was investigated by analysing 
the composition of wines obtained by micro-scale vinifications performed over several vintages from vines 
of which water and nitrogen status was assessed.  

Materials and methods 
Water and nitrogen status 
Microvinifications were conducted on Cabernet franc, Cabernet-Sauvignon and Merlot grapes. 
These cultivars were grown on three different soil types: sandy, gravelly and clayey. Table 1 lists wines 
aged from 7 to 18 years with the soil type, vintage and the grape variety available for this study. For each 
combination (vintage  variety  soil), water and nitrogen status of the vine were determined during 
the season. Then, a categorization of the water and nitrogen status was carried out according to 
van Leeuwen et al. [6-7].  

Aroma compound quantification 
DMS quantification was performed by HS-SPME-GC/MS according to the method described by 
Picard et al. [2]. The incubation time for SPME injection was reduced to 5 min. Tabanone quantification 
was realised by SPME-GC/MS using the method described by Slaghenaufi et al. [5]. Statistics were carried 
out with the XLSTAT 2010 software (Addinsoft SARL EXCEL, Microsoft). 
 



 

Table 1 - Experimental design 

Cultivar 2007 

Merlot C,G,S 

Cabernet franc 
 

Cabernet-Sauvignon 
 

 
C, Clayey soil; G, Gravelly soil; S, Sandy soil

Results and discussion
The principal component analysis 
yeast available nitrogen (YAN) level
Figure 2 presents the content of DMS in accordance with 
content. For the 3 varieties cultivated on 
higher contents of DMS after ageing
who propose a correlation between DMS precursors (pDMS) and YAN in must. Y
(YAAA) is a component of YAN
YAAA was not directly quantified in this study, but
its content. High YAAA may allow a 
in the must. Furthermore, in grape berries, high level of YAAA may also induce pDMS synthesis.
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 1 - Correlation circle from p

component analysis of DMS concentration, 
water and nitrogen status

 

The levels of the 4 tabanone isomers have been quantified (tab1, 
megastigma-4,7E,9-triene-3-one; tab3, 
triene-3-one and tab5, tab3, megastigma
triene-3-one isomer, which is extracted only 
fact that microvinifications were carried out
strong correlation between tabanone isomer levels and wine age. Th
isomers are liberated during ageing
variable, the sum of 4 isomer levels (µg/L) d
specific character of the 2003 vintage, 
compared to those in a wine having approximately
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Experimental design according to vintage, cultivar and soil type

Vintage 

2006 2005 2004 2003 2002 2001

C,G,S C,G,S C,G,S C,G C,G,S 
 

 
C,G,S C,G,S S 

 
G,S

   
G 

 
C,G,S

C, Clayey soil; G, Gravelly soil; S, Sandy soil 

iscussion 
principal component analysis (PCA) projection (figure 1) shows a correlation between 

yeast available nitrogen (YAN) levels in musts, considered as a good indicator of vine nitrogen status
the content of DMS in accordance with vine nitrogen status assessed by must
varieties cultivated on the 3 soils, wines made from musts with high YAN levels contain 

after ageing. These results are consistent with de Royer Dupré
who propose a correlation between DMS precursors (pDMS) and YAN in must. Yeast available amino acid 

a component of YAN and a high nitrogen assimilation of vines increases 
was not directly quantified in this study, but high nitrogen status should most likely 

YAAA may allow a smoother fermentation, beneficial for the protection of pDMS present 
in the must. Furthermore, in grape berries, high level of YAAA may also induce pDMS synthesis.

Correlation circle from principal 
nalysis of DMS concentration, 

water and nitrogen status.

 

 
 

 

 

 

 

 

 

Fig. 2 - DMS content in wine in relation 
at maturity. Pearson coefficient (R)= 0.823.

he levels of the 4 tabanone isomers have been quantified (tab1, megastigma-4,6Z,8
; tab3, megastigma-4,6E,8E-triene-3-one, tab4, 

megastigma-4,6E,8Z-triene-3-one). As expected, the megastigma
extracted only from oak wood, was not detected. This can

carried out without any contact with oak wood. PCA projection 
ng correlation between tabanone isomer levels and wine age. This confirms the fact that tabanone

during ageing [10] (figure 3). To avoid the effect of age on tabanone content, a new 
sum of 4 isomer levels (µg/L) divided by age (years) was created. This result highlight

specific character of the 2003 vintage, in which levels of measured tabanone were about 4 times higher 
compared to those in a wine having approximately the same age (figure 3). The heatwave and drought of 
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and soil type 

2001 1999 1996 

C,S C,G,S 

G,S C,G,S C,G,S 

C,G,S C,G,S 
 

a correlation between DMS levels and 
indicator of vine nitrogen status [6]. 

vine nitrogen status assessed by must YAN 
, wines made from musts with high YAN levels contain 

Royer Dupré et al. [8], 
east available amino acid 
increases its content [9]. 

most likely have increased 
the protection of pDMS present 

in the must. Furthermore, in grape berries, high level of YAAA may also induce pDMS synthesis.  

DMS content in wine in relation to YAN 
at maturity. Pearson coefficient (R)= 0.823. 

6Z,8E-triene-3-one; tab2, 
, tab4, megastigma-4,6E,8Z-

, the megastigma-4,7E,9-
can be explained by the 

PCA projection shows a 
confirms the fact that tabanone 

(figure 3). To avoid the effect of age on tabanone content, a new 
vided by age (years) was created. This result highlights the 

levels of measured tabanone were about 4 times higher 
the same age (figure 3). The heatwave and drought of 
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this vintage considered as atypical may be the
conditions of the 2003 vintage, 
investigations.  

An effect of strong water deficit 
obtained with another water status
production of tabanone during ageing

 

 

 

 

 

 

 

 

Fig. 3 - Tabanone content in wines 
 

Table 2 - Effect of vine water status on 
are classified from 

Cluster of water stress
No water deficit 

Weak water deficit 
Moderate to weak water deficit

Moderate to severe water deficit
Severe water deficit 

Conclusion 
In this study an influence of vine water and nitrogen status on two 
Bordeaux wines was shown. DMS levels were shown to increase with vine
water deficit was noticed on taba
environmental factors on tertiary aromas in wine
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Grape pomaces ‒ edible extracts ‒ polyphenols ‒ antioxidant activity 

Introduction 
Grapes of Vitis vinifera, one of the most cultivated fruit crops in the world, are known to be rich in 
polyphenols. Each year, the wine making industry produces a substantial amount of grape by-products 
called pomaces which account for about 20% of the weight of the grapes used to make wine [1]. Grape 
pomace, thus, potentially constitutes a very abundant and relatively inexpensive source of a wide range of 
polyphenols including monomeric and oligomeric proanthocyanidins and a diversity of anthocyanin 
glycosides. These compounds can be extracted and may be recovered as functional compounds in foods, 
cosmetics and pharmaceutical products to enrich their final products. Indeed, dietary intake of polyphenols 
has been estimated to be about 1 g/day [2]. Their intake is 10 times greater than that of vitamin C and 
100 times that of vitamin E or carotenoids [3]. As a result, phenolic compounds are currently receiving 
much attention because of their favorable health effect related to their antioxidant. To date, grape and wine 
polyphenols have shown to exert beneficial effects on health [4, 5]. Epidemiological studies have shown an 
inverse correlation between the consumption of polyphenols enriched diet and reduced risks of cardio 
vascular diseases (CVDs) [6, 7]. The potential mechanisms of preventing CVDs could be related to the 
antioxidant activity. Actually, hypertension is the most important of cardiovascular risk factors worldwide. 
According to the World Health Organization 2013 data, hypertension accounted for approximately 
9.4 million deaths a year. The importance of oxidative stress, vascular inflammation and endothelial 
dysfunction has to be highlighted in the development of CVDs. The knowledge of the process has provided 
new perspectives to elaborate novel pharmaceutical or dietary strategies to control the development of 
vascular diseases. 

Therefore, the aim of this study was to analyse the remained potential of grape by-products from important 
Rhône Valley red wine cultivars: Grenache, Syrah, Carignan, Mourvèdre and Alicante. Seeds and skins 
were extracted using water and water/ethanol 70% in order to develop two types of edible extracts: aqueous 
extracts (EAQ) and hydro-alcoholic 70% extracts (EA70). We reported herein the total polyphenol, total 
anthocyanin and total tannin contents along with the determination and quantification of flavan-3-ols 
(monomers, dimers) using HPLC-Fluo. Moreover, the antioxidant capacity of pomace extracts was 
assessed using four antioxidant assays (ABTS∙+, DPPH, FRAP and ORAC). In vivo activity effects of grape 
by-products on a chronic disease model with hypertension are given. 

Materials and methods 
Plant materials and sample preparation 
This study was conducted in 2010 grape pomaces from V. vinifera L. cv. Grenache (from two different 
locations [GRE1 and GRE2]), Syrah (from two different locations [SYR1 and SYR2]), Carignan (CAR), 
Mourvèdre (MOU) and Alicante (ALI), provided from the Rhône Valley area, appellation Châteauneuf-du-
Pape. According to previous study [8], samples were selected on the basis of their high content of 
polyphenols. One hundred grams of GRE1, SYR1 and CAR seeds and GRE2, SYR1, SYR2, CAR, MOU 
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and ALI skins were extracted in triplicate using 350 mL of distilled water for 1 h under magnetic agitation 
at 50°C. In parallel, under the same conditions, these samples were also extracted using a 70% 
hydro/alcoholic (70:30, v/v) solution. The centrifugal supernatants were evaporated and lyophilized to 
obtain two types of samples: an aqueous sample (EAQ) and a 70% hydro-alcoholic sample (EA70) for each 
variety and part. 

Chemical analysis 
Extracts were solubilized in water/ethanol (90:10, v/v; pH 3.5 with tartaric acid) at appropriate 
concentrations. Total phenol content (TPC) was determined by the Folin-Ciocalteu assay [9] and the data 
expressed as mg of gallic acid equivalents (GAE) per g dry weight. Total tannin content was measured by 
acidic hydrolysis using the method of Ribereau-Gayon and Stonestreet [10]. Anthocyanin content was 
determined by the SO2 bleaching procedure [11]. Proanthocyanidins were identified and quantified by 
HPLC-UV-Fluo-MS as described in previous study [12]. The antioxidant capacity of pomace extracts was 
assessed by TEAC, DPPH, FRAP and ORAC test and described in previous study [12]. 

In vivo experiments 
To determine the in vivo effect of grape pomace extracts and their potential effect on hypertension, an 
experiment was conducted with male 9-week-old spontaneous hypertensive rats (SHR) and their 
normotensive control Wistar-Kyoto (WKY) obtained from Janvier laboratory (Le Genest St. Isle, France). 
All rats were maintained at a constant temperature (23°C), with a 12-h dark/light cycle. Water and standard 
diet were given ad libitum. They were daily treated with grape pomace extract (extracted with hydro-
alcoholic 70% solution) by gavage during 6 weeks at a dose of 21 mg/kg/day. Rats were divided in 
different groups: control group (6 WKY), SHR control group (5 SHR treated with 3% EtOH) and 6 groups 
of 4 SHR rats treated with pomace extract dissolved in 3% EtOH (SHR1: Grenache seed pomace extract, 
SHR2: Syrah seed pomace extract, SHR3: Syrah skin pomace extract, SHR4: Carignan seed pomace 
extract, SHR5: Mourvèdre skin pomace extract and SHR6: Alicante skin pomace extract). Blood pressure 
was measured by the tail-cuff method. The average of three pressure readings was recorded for each 
measurement. 

Statistical analysis 
All measurements were performed in triplicate. Results are expressed as means ± standard deviation (SD). 
One-way ANOVA was performed to test the effects of variation factors (different samples) on each 
variable (TPC, total tannins, total anthocyanins, phenol concentrations, etc.). If significant effects were 
found at a 95% confidence interval, ANOVA was followed by a Tukey’s HSD post hoc test to identify 
differences among groups. These analyses were performed using Statistica V.7 Software (Statsoft Inc., 
Tulsa, OK, USA). 

Results and discussion 
Grape pomace seed and skin characterisation 
Overall, the results showed that the use of a 70% hydro-alcoholic solution allowed a better extraction of 
phenolic compounds whether in seeds or in skins. Among the seed extracts, seeds from SYR1 and CAR were 
particularly rich in polyphenols, tannins and anthocyanins in EAQ and EA70 extracts (Table 1). SYR 1 
(EA70) contained a higher tannin concentration, up to 455.42 mg/g DW, while CAR (EA70) has a higher 
quantity in total anthocyanins (57.34 mg/g DW). In both extracts, phenolic contents in GRE1 were low in 
comparison with other varieties. Our results are in accordance with several studies which have reported a 
lower amount of total phenol and anthocyanin contents in products derived from Grenache variety 
compared to other varieties such as Syrah, Mourvèdre and Carignan [13]. 

For both type of seed extracts, SYR1 was the richest, whether in monomers (8.88 mg/g DW in EAQ and 
13.84 mg/g DW in EA70), in dimers (6.87 mg/g DW in EAQ and 7.10 mg/g DW in EA70) as opposed to 
GRE1 (Table 1). The latter had already appeared to contain low amount of polyphenols in previous total 
analysis. However, despite this low content, GRE1 still possessed an exploitable potential, especially when 
extracted with 70% hydro-alcoholic solution. 

Concerning skins, results for EAQ extracts revealed that ALI contained the highest phenolic contents for 
the three tests combined while in EA70, SYR1 skins were predominantly high in phenolic contents 
(Table 2). The poorest extract was SYR2, whether in EAQ or in EA70. 
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Table 1 - Phenolic composition in pomace seed extracts 

  
TPC Total tan Total antho Σ Mono Σ Dimers 

Seeds-
EA

Q
 

GRE11 128.2 ± 0.4a 157.0 ± 0.6a 4.0 ± 0.2a 3.0 ± 0.1a 2.5 ± 0.1b 
SYR11 215.9 ± 1.2c 266.9 ± 2.6b 10.6 ± 0.6b 8.9 ± 0.0b 6.9 ± 0.0c 
CAR1 186.1 ± 0.3b 264.6 ± 2.4b 11.4 ± 0.5b 3.2 ± 0.0a 1.9 ± 0.0a 

Seeds-
EA

70 

GRE11 195.7 ± 1.1a 302.9 ± 4.9a 12.2 ± 0.5a 5.1 ± 0.0a 3.0 ± 0.0a 
SYR11 207.4 ± 2.2b 455.4 ± 1.8b 38.7 ± 4.3b 13.8 ± 0.0c 7.1 ± 0.0c 
CAR1 215.8 ± 1.5b 423.1 ± 15.1b 57.3 ± 1.9b 7.3 ± 0.0b 4.9 ± 0.0b 

1 GRE1, Grenache; SYR1, Syrah; CAR, Carignan. In units of mg/g DW seed. Data are expressed as the mean 
of triplicate ± standard deviation. TPC, total phenol content; total tan, total tannins; total antho, 
total anthocyanins; Σ Mono, Σ Monomers = sum of catechin and epicatechin; Σ Dimer = sum of B1, B2, B3 and B4. 
a, b, c, d, e, f Anova was made to compare values obtain between varieties for the same compound. Same letters 
indicate no significant differences between the value (Tukey’s test, p <0.05). 

 
Table 2 - Phenolic composition in pomace skin extracts 

  
TPC Total tan Total antho Σ Mono Σ Dimers 

Skins-EA
Q

 

GRE21 109.7 ± 0.2c 112.3 ± 2.7b 8.7 ± 0.0c 1.1 ± 0.0ab 1.3 ± 0.0ab 
SYR11 146.5 ± 1.2e 156.6 ± 2.6c 16.0 ± 0.0d 2.5 ± 0.0c 2.0 ± 0.0bc 
SYR21 71.9 ± 0.1a 86.4 ± 1.9a 1.8 ± 0.0a 0.9 ± 0.1a 0.9 ± 0.0a 
CAR1 120.8 ± 1.1d 161.6 ± 1.3c 14.6 ± 0.8d 1.4 ± 0.0b 1.5 ± 0.0ab 

MOU1 102.3 ± 0.4b 104.8 ± 2.0b 5.7 ± 0.0b 1.0 ± 0.0ab 1.5 ± 0.0ab 
ALI1 196.7 ± 0.4f 221.4 ± 3.5d 21.4 ± 0.2e 3.4 ± 0.2d 2.3 ± 0.3c 

Skins-EA
70 

GRE21 195.6 ± 0.3c 256.1 ± 3.7a 53.7 ± 0.8a 1.9 ± 0.0a 1.6 ± 0.0a 
SYR11 224.9 ± 0.2f 312.5 ± 10.8bc 86.7 ± 1.7b 3.7 ± 0.1c 2.2 ± 0.0c 
SYR21 173.6 ± 0.1a 250.2 ± 7.1a 45.4 ± 0.2a 3.2 ± 0.1b 2.2 ± 0.1c 
CAR1 203.5 ± 0.8d 345.3 ± 4.2c 88.4 ± 0.6b 1.9 ± 0.0a 1.8 ± 0.0ab 

MOU1 219.9 ± 0.2e 268.6 ± 11.7ab 46.6 ± 0.4a 2.2 ± 0.0a 2.0 ± 0.0bc 
ALI1 188.9 ± 0.7b 232.7 ± 3.1a 54.4 ± 2.7a 7.7 ± 0.0d 4.8 ± 0.0d 

1 GRE2, Grenache; SYR1 and SYR2, Syrah; CAR, Carignan; MOU, Mourvèdre; ALI, Alicante. In units of mg/g 
DW skin. Data are expressed as the mean of triplicate ± standard deviation. TPC, total phenol content; total tan, 
total tannins; Total antho, total anthocyanins; Σ Monomers = sum of catechin and epicatechin; Σ Dimers = sum 
of B1, B2, B3 and B4. a, b, c, d, e, f Anova was made to compare values obtain between varieties for the same 
compound. Same letters indicate no significant differences between the value (Tukey’s test, p<0.05). 

Grape pomace seed and skin antioxidant activity evaluation 
The antioxidant potential was determined in order to select the most active grape pomace seeds and skins 
among the studied varieties. In this work, the free radical scavenging potential was evaluated by three 
spectrophotometric tests: the FRAP, ABTS•+ and DPPH and a spectrofluorimetric test, the ORAC test. 

Concerning seed extracts, the four antioxidant analytical techniques gave the same classification both for 
EAQ and EA70. The highest antioxidant activities were found in SYR1 for both types of extracts. Results 
were correlated with previous analysis which evidenced SYR1 as having a substantial amount of flavan-3-
ols, procyanidins and anthocyanins. Antioxidant activities of EAQ and EA70 grape pomace seed extracts 
are shown in Table 3. 

In skins, results obtained by the different antioxidant analyses were more disparate, especially in EA70 
extracts (Table 4). In aqueous extracts, the highest antioxidant activity was found in SYR1 and ALI. This 
observation was observed with every test and correlated well with previous results evidencing these 
extracts as containing high phenolic content. In EA70, different antioxidant tests did not give the same 
extract classification. Despite this fact, SYR1 skin extract was classified as being the first or second extract 
showing the highest antioxidant capacity in the four tests. 
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Table 3 - Antioxidant activity characterisation in EAQ and EA70 grape pomace seed extracts 

  
ORAC2 FRAP2 ABTS2 DPPH2 

Seeds-
EA

Q
 

GRE11 1466.4 ± 29.6a 0.63 ± 0.02a 1203.2 ± 24.1a 410.8 ± 43.3a 
SYR11 2230.7 ± 101.7b 1.33 ± 0.08c 2432.6 ± 56.0c 1037.1 ± 64.0b 
CAR1 2058.6 ± 85.1b 1.06 ± 0.08b 1948.8 ± 61.1b 1050.6 ± 30.1b 

Seeds-
EA

70 

GRE11 1926.7 ± 108.6a 1.28 ± 0.01a 2813.2 ± 90.0a 1277.6 ± 54.7a 
SYR11 2614.0 ± 150.9a 1.45 ± 0.16a 3601.2 ± 88.6b 1685.9 ± 130.7b 
CAR1 2332.9 ± 91.9a 1.20 ± 0.06a 3495.6 ± 66.4b 1536.8 ± 38.9b 

1 GRE1, Grenache; SYR1, Syrah; CAR, Carignan. Data are expressed as the mean of triplicate ± SD. 2 ORAC, ABTS 
and DPPH are expressed as µmol Trolox/g DW and FRAP as mmol Fe2+/g DW. a, b, c Anova was made to compare 
values obtain between varieties for the same test. Same letters indicate no significant differences between 
the value (Tukey’s test, p<0.05). 

 

Table 4 - Antioxidant activity characterisation in EAQ and EA70 grape pomace skin extracts 

  ORAC2 FRAP2 ABTS2 DPPH2 

Skins-EA
Q

 

GRE21 1190.7 ± 183.6ab 0.56 ± 0.01c 934.1 ± 11.9b 99.5 ± 10.8a 
SYR11 1345.9 ± 19.2ab 0.88 ± 0.01e 1428,0 ± 54.8c 690.3 ± 147.0bc 
SYR21 1066,0 ± 84.2a 0.14 ± 0.02a 668.3 ± 30.0a 263.9 ± 71.5ab 
CAR1 1077.8 ± 60.2a 0.67 ± 0.02d 1048.8 ± 101.6b 591.0 ± 85.6abc 

MOU1 1033.8 ± 77.6a 0.32 ± 0.01b 965.6 ± 16.6b 279.4 ± 61.7ab 
ALI1 1714.6 ± 14.8b 1.13 ± 0.00f 1760.1 ± 91.0d 1057.1 ± 45.2c 

Skins-EA
70 

GRE21 1828.3 ± 40.4bc 1.32 ± 0.03c 2612.1 ± 130.9a 877,0 ± 74.3a 
SYR11 1912.6 ± 6.1bc 1.52 ± 0.05d 2614.5 ± 10.4a 1391.7 ± 37.2bc 
SYR21 1701.8 ± 88.3bc 0.94 ± 0.03a 2010.6 ± 147.0a 1164.9 ± 55.6ab 
CAR1 1238.4 ± 11.1a 1.34 ± 0.03c 2555.9 ± 146.0a 1075.4 ± 46.2ab 

MOU1 2070.0 ± 60.6c 1.03 ± 0.02ab 2674.8 ± 187.3a 833.3 ± 26.4a 
ALI1 1628.5 ± 82.6b 1.13 ± 0.01b 1923.4 ± 87.0a 1749.3 ± 112.7c 

1 GRE2, Grenache; SYR1 and SYR2, Syrah; CAR, Carignan; MOU, Mourvèdre; ALI, Alicante. Data are expressed as 
the mean of triplicate ± SD. 2 ORAC, ABTS and DPPH are expressed as µmol Trolox/g DW and FRAP as mmol 
Fe2+/g DW. a, b, c, d, e, f Anova was made to compare values obtain between varieties for the same compound. 
Same letters indicate no significant differences between the value (Tukey’s test, p<0.05). 

Regression analyses (correlation coefficient R2) were attempted in order to correlate the results obtained 
with different methods. The best correlations with total phenolic contents were obtained with EAQ extracts 
both for seed and skin extracts: from R2 = 0.87 for DPPH to R2 = 0.99 for FRAP and from R2 = 0.79 for 
DPPH to R2 = 0.97 for ABTS in seed and skin extracts, respectively. Our results illustrated that antioxidant 
activity is more related to the total constituent levels than to the concentration of any individual compound, 
despite the fact that some compounds may contribute more than the others. Actually, the antioxidant 
activities of EAQ and EA70 followed the same trend as the phenol content of the extracts. EA70 extracts 
exhibited higher potential and proved to be more effective than EAQ extracts. Because of bioavailability, 
metabolism, biotransformation and chemical reactivity, in vitro capacity cannot be simply extrapolated. 
Therefore, in order to evaluate the health effects of these extracts, in vivo experiments need to be performed 
and the effects of antioxidant may be evaluated using appropriate biomarkers in biological fluids and 
tissues. 

In vivo results 
Spontaneously hypertensive rats (SHR) selected for this study is frequently used to carry out studies on the 
antihypertensive effect of functional food ingredients. This strain represents nowadays the best experimental 
model for essential hypertension in humans and has shown its efficiency in many studies [14, 15]. 

In order to evaluate the in vivo effect of grape pomace extracts and their potential effect on hypertension, 
rats were fed with different grape pomace extracts at a dose of 21 mg/kg/day, equivalent to a daily dose of 
70 kg human consumption of 0.5 L of wine. Study was conducted during six weeks including three weeks 
of treatments, one week of treatment resumption followed again by two weeks of treatment. 
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Concerning the first experiment, as expected, the growth of WKY (3.3 ± 0.09 g/day) were higher than those 
observed in SHR rats (2.49 ± 0.16 g/day) without significa
gain. The mean systolic blood pressure of SHR rats was comprised between
the experiment and 190 mmHg after five weeks (Figure 1). 
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Fig. 2 - Systolic blood pressure measured at week 2 (after 14 days of treatment with pomace 
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Fig. 3 - Variations of systolic blood pressure during interruption and resumption period

Conclusion 
This investigation screened the phenolic composition of by
Mediterranean grape varieties, in order to assess their potential for nutraceutical applications. Despite 
extraction during vinification, grape see
flavan-3-ols and anthocyanins. The 
pomaces showed significant differences through varieties
and Alicante and skins from Syrah (SYR1), Carignan and Alicante were evidenced as the most interesting 
fractions because of their richest polyphenol content. The 
Grenache seed pomace and Alicante skin pomace 
by a rebound effect. Thus, this study showed that substantial levels of polyphenols, especially f
procyanidins and anthocyanins remained in sufficient quantit
exert anti-hypertensive effects.  

Acknowledgements 
The authors thank the Chateau de Beaucastel for providing grape, pomace and wine samples.

References 
1. Llobera A, Cañellas J (2007) Dietary 

(Vitis vinifera): pomace and stem. 
2. Scalbert A, Williamson G (2000) Dietary intake and bioavailability of polyphenols. 
3. Scalbert A, Johnson IT, Saltmarsh M (2005) Polyphenols: antioxidants and beyond. 

81: 215S-217S. 
4. Teissedre PL, Frankel EN, Waterhouse AL et al (1996) Inhibition of in vitro human LDL oxidation by 

phenolic antioxidants from grapes and wines. 
5. Gorelik S, Ligumsky M, Kohen R et al (2008) A novel function of red wine polyphenols in humans: 

prevention of absorption of cytotoxic lipid peroxidation products. 
6. Chong MFF, MacDonald R, Lovegrove JA (2010) Fruit polyphenols and CVD risk: 

intervention studies. Br J Nutr 
7. He FJ, Nowson CA, Lucas M et al (2007) Increased consumption of fruit and vegetables is related to a 

reduced risk of coronary heart disease: meta

 Plante, environnement et qualité du raisin

Variations of systolic blood pressure during interruption and resumption period
(*p<0.05, **p<0.01). 

 

This investigation screened the phenolic composition of by-products obtained after vinification of different 
Mediterranean grape varieties, in order to assess their potential for nutraceutical applications. Despite 
extraction during vinification, grape seed and skin pomace extracts contained appreciable amounts of 

ols and anthocyanins. The quantitative and qualitative distribution of polyphenols in grape 
pomaces showed significant differences through varieties. Seeds from Grenache (GRE1), Syrah (SY
and Alicante and skins from Syrah (SYR1), Carignan and Alicante were evidenced as the most interesting 
fractions because of their richest polyphenol content. The in vivo study also showed the efficiency of 
Grenache seed pomace and Alicante skin pomace extracts to regulate blood pressure which was illustrated 
by a rebound effect. Thus, this study showed that substantial levels of polyphenols, especially f
procyanidins and anthocyanins remained in sufficient quantities in pomace after the winemaking process to 

 
The authors thank the Chateau de Beaucastel for providing grape, pomace and wine samples.

Llobera A, Cañellas J (2007) Dietary fibre content and antioxidant activity of Manto Negro red grape
): pomace and stem. Food Chem 101: 659-666. 

Scalbert A, Williamson G (2000) Dietary intake and bioavailability of polyphenols. J Nutr 
tmarsh M (2005) Polyphenols: antioxidants and beyond. 

Teissedre PL, Frankel EN, Waterhouse AL et al (1996) Inhibition of in vitro human LDL oxidation by 
phenolic antioxidants from grapes and wines. J Sci Food Agric 70: 55-61. 
Gorelik S, Ligumsky M, Kohen R et al (2008) A novel function of red wine polyphenols in humans: 
prevention of absorption of cytotoxic lipid peroxidation products. FASEB J 22: 41-46.
Chong MFF, MacDonald R, Lovegrove JA (2010) Fruit polyphenols and CVD risk: 

Br J Nutr 104: S28-S39. 
He FJ, Nowson CA, Lucas M et al (2007) Increased consumption of fruit and vegetables is related to a 

coronary heart disease: meta-analysis of cohort studies. J Hum Hypertens 

Plante, environnement et qualité du raisin 

105 

Variations of systolic blood pressure during interruption and resumption period 

products obtained after vinification of different 
Mediterranean grape varieties, in order to assess their potential for nutraceutical applications. Despite 

d and skin pomace extracts contained appreciable amounts of 
quantitative and qualitative distribution of polyphenols in grape 

. Seeds from Grenache (GRE1), Syrah (SYR1) 
and Alicante and skins from Syrah (SYR1), Carignan and Alicante were evidenced as the most interesting 

study also showed the efficiency of 
extracts to regulate blood pressure which was illustrated 

by a rebound effect. Thus, this study showed that substantial levels of polyphenols, especially flavan-3-ols, 
es in pomace after the winemaking process to 

The authors thank the Chateau de Beaucastel for providing grape, pomace and wine samples. 

fibre content and antioxidant activity of Manto Negro red grape 

J Nutr 130: 2073-2085. 
tmarsh M (2005) Polyphenols: antioxidants and beyond. Am J Clin Nutr 

Teissedre PL, Frankel EN, Waterhouse AL et al (1996) Inhibition of in vitro human LDL oxidation by 

Gorelik S, Ligumsky M, Kohen R et al (2008) A novel function of red wine polyphenols in humans: 
46. 

Chong MFF, MacDonald R, Lovegrove JA (2010) Fruit polyphenols and CVD risk: a review of human 

He FJ, Nowson CA, Lucas M et al (2007) Increased consumption of fruit and vegetables is related to a 
J Hum Hypertens 21: 717-728. 



OENO 2015  

106 

8. Ky I, Lorrain B, Kolbas N et al (2014) Wine by-products: phenolic characterization and antioxidant activity 
evaluation of grapes and grape pomaces from six different French grape varieties. Molecules 19: 482-506. 

9. Singleton VL, Rossi JA (1965) Colorimetry of total phenolics with phosphomolybdic-phosphotungstic acid 
reagents. Am J Enol Vitic 16: 144-158. 

10. Ribéreau Gayon P, Stonestreet E (1966) Le dosage des tanins dans le vin rouge et détermination de leur 
structure. Chim Anal 48: 188-196. 

11. Ribéreau Gayon P, Stonestreet E (1965) Le dosage des anthocyanes dans le vin rouge. Bull Soc Chim Fr 
9: 2649-2652. 

12. Ky I, Teissedre PL (2015) Characterisation of Mediterranean grape pomace seed and skin extracts: 
polyphenolic content and antioxidant activity. Molecules 20: 2190-2207. 

13. Ribéreau-Gayon P (1959) Recherches sur les anthocyanes des végétaux. Application au genre Vitis. 
Unpublished PhD, Université de Paris, Paris. 

14. Al-Awwadi NA, Bornet A, Azay J et al (2004) Red wine polyphenols alone or in association with ethanol 
prevent hypertension, cardiac hypertrophy, and production of reactive oxygen species in the insulin-
resistant fructose-fed rat. J Agric Food Chem 52: 5593-5597. 

15. Wada T, Sanada T, Ojima M et al. (1996) Combined effects of the angiotensin II antagonist candesartan 
cilexetil (TCV-116) and other classes of antihypertensive drugs in spontaneously hypertensive rats. 
Hypertens Res 19: 247-254. 

 



 

*Corresponding author: pierre-louis.teissedre@u-bordeaux.fr  107 

Tannin composition of Merlot and Cabernet 
Sauvignon grapes from seven vineyards 

of Bordeaux in vintage 2014 
W. MA1,2,3, M. JOURDES1,2, P.L. TEISSEDRE1,2* 

 
1Univ. Bordeaux, ISVV, EA 4577, Œnologie, 210 Chemin de Leysotte, 

F-33140 Villenave d’Ornon, France 
2INRA, ISVV, USC 1366 Œnologie, 210 Chemin de Leysotte, F-33140 Villenave d’Ornon, France 

3College of Enology, Northwest A & F University, Shaanxi 712100, China 
 

Tannins ‒ proanthocyanins ‒ grapes ‒ Bordeaux 

Introduction 
Cabernet Sauvignon and Merlot are popular and globally recognized red grape varieties in the world. 
In Bordeaux, the worldwide prestigious wine-producing area, these two varieties are widely grown in its 
numerous appellations. Bordeaux red wine is famous for its intense and complex mouth-feel. The tannins, 
which are extracted from the grape during the winemaking, are one of the most important contributors to 
this impressive perception property [1]. Therefore, the qualification and the quantification analysis of grape 
and wine tannin have been attracting great attention for a long time. 

Condensed tannins (proanthocyanidins) are the oligomers or polymers of flavon-3-ols, which are mostly 
located in grape seed and skin. The flavon-3-ol subunits of tannins discovered in grape involve (+)-catechin 
and its isomers (–)-epicatechin, (–)-epicatechin 3-gallate, catechin 3-gallate and gallocatechin 3-gallate. 
Their tannin structures vary in the nature of their constitutive sub-units, degree of polymerization and 
linkage position according to the grape varieties, vineyard management and terroir. The chemical 
characteristics of tannins are generally believed to affect wine perception property. Therefore, the present 
article aims to assess the effect of appellation and variety on tannins, in order to supplement the data of 
grape tannin composition in the Bordeaux vineyards. 

Materials and methods  
Chemicals and samples 
Acetonitrile (HPLC grade), formic acid (HPLC grade), methanol (HPLC grade), glacial acetic acid (HPLC 
grade), L-ascorbic acid, and sodium acetate were purchased from Prolabo-VWR (Fontenays/Bois, France). 
Deionized water was purified with a Milli-Q water system.  

The studied samples are from seven vineyards (six appellations) located in the Bordeaux vine-growing 
region. They are situated in Pauillac (Château Lafite Rothschild), Margaux (Château Brane Cantenac), 
Saint Emillion (Château Figeac, Château Clos Fourtet), Côtes de Bourg (Château Brulesécaille), Grave 
(Château Carbonnieux), and Entre deux Mers (Château Thieuley). The vineyards are all planted with Vitis 
vinifera L. cv. Cabernet Sauvignon (CS) and Merlot (M). All grape samples were collected at maturity in 
September 2014.  

Preparation of extract 
Seeds and skins were removed by hand from grapes, lyophilized for 2 days and stored at -20°C. The frozen 
seeds and skins were finally ground in a ball grinder. An ASE 350 Accelerated Solvent Extraction System 
(Dionex Corporation, Sunnyvale, CA) was used to extract the phenolic compounds from the obtained 
powder. The ground grape seed and skin (~10 g) were submitted to eight solid/liquid consecutive 
extractions with acetone/water (80:20, v/v) as solvent systems and three times with methanol/water (60:40, 
v/v). The ASE experimental variables were pressure (1500 psi), temperature (40 °C), static time (4 min), 
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preheat time (5 min), rinse volume (30%), Purge (100s), Cycles (1) by using a N2 flush to prevent oxidation 
during extraction. The volume of all collection bottles was combined after extraction and then evaporated 
under reduced pressure. The obtained solid residue was dissolved in 30 mL of water and lyophilized, prior 
to final storage as a dry powder under dark conditions until analysis. All samples were extracted in 
duplicate. A crude polyphenol extract was obtained and reserved at -20°C. 

Global analysis of polyphenols 
Total phenol concentration was determined according to the Folin Ciocalteu method. Total tannins were 
estimated spectrophotometrically through the Bate−Smith reaction, in accordance with Ribéreau-Gayon 
and Stonestreet [2]. Total anthocyanidins were determined by the SO2 bleaching procedure [3].  

Mean Degree of Polymerization (mDP) 
The proanthocyanidin mDP concentrations were quantified by phloroglucinolysis reaction as previously 
described [4]. 

Procyanidin analysis by HPLC 
The grape seed and skin crude extracts were dissolved in methanol/water (50:50, v/v) as the concentration 
of 4 mg/mL and 20 mg/mL, respectively. Analysis was carried out on a Surveyor HPLC-UV-Fluo-MS 
system consisting of an autosampler cooler maintained at 4ºC, a Thermo-Finnigan quaternary pump, 
a Thermo-Finnigan autosampler, a Thermo-Finnigan UV-Vis detector (Surveyor PDA Plus), a Thermo-
Finnigan fluorescence detector (Surveyor FL Plus) spectrometer and a mass spectrometer 
(Finnigan LCQ Deca XP Max). Fluorescence detection was set respectively at an excitation and emission 
wavelengths of 230 nm and 320 nm By ESI operating in full-scan negative ionization mode scanning from 
m/z 200 to 2000.  

Separation was performed on a normal phase 250 × 4.6 mm i.d. 5-µm HILIC 200Å column (Phenomenex). 
The method uses a binary gradient with mobile phases containing 2% acetic acid in acetonitrile (mobile 
phase A) and 95:3:2 methanol/water/acetic acid (mobile phase B). The separation was achieved using a 
linear gradient from 7% to 37.6% B in 57 min and then to 100% B over the next 3 min. The conditions 
were held at 100% B for 7 min prior to returning to 7% B over 10 min. The flow rate was set at 1 mL/min. 
Identification of peaks was confirmed by mass spectrometry in full-scan negative ionization. Peak detection 
and quantification were performed by fluorescence. Procyanidins were quantified as percentage of the 
CF-M concentration. 

Data analysis 
Statistical data analysis was performed by Statistica V. 10.  

Results and discussion 
Seed tannin composition in seven vineyards 
The phenol global analysis procedures, widely used in wine, were applied to grape tannin crude extracts 
with appropriate concentrations in model wine. As shown in Table 1, the TPC and total tannin amounts in 
seeds varied from 60.4 to 94.9 GAE mg and from 97.44 to 171.07 mg per g dried seed for the seven 
samples, respectively. One-ANOVA statistical analyses (p < 0.05) revealed that both TPC and tannin 
amounts per g dried seed samples in Merlot were significantly higher than in Cabernet Sauvignon.  

The mDP and the percentage of galloylation (%G), Catechin (%C), Epicatechin (%EC) and Epicatechin-O-
gallate (%ECG) of the seed proanthocyanidin extracts are presented in Table 1. The HPLC-Fluo analysis of 
proanthocyanidins according to their degree of polymerization is shown in Figure 1. Figure 2 reveals the 
composition of oligomeric proanthocyanidins (monomer, monomer-O-gallate, dimers, trimers, tetramers) in 
seed. In Table 1, the mDP of grape seed varied between 8 and 15. The mDP of CS in Château Lafite 
Rothschild was significant higher than the other samples, while the total oligomer concentration of CS and 
M in Château Lafite Rothschild was lower than the other samples (Figure 1). It illustrated that Lafite 
Rothschild did a good performance in seed DP when it was harvested in the 2014 vintage.  

Although there was no significant difference between the percentage of galloylation in Cabernet Sauvignon 
and in Merlot (Table 1), the concentration of monomer-O-gallate in CS was generally higher than in M in 
the same vineyard (Figure 1). It was reported that the esterification of proanthocyanidins with addition of 
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Table 1 - Seed tannin sub-unit content and total phenol analysis 

Appellation 
& varieties mDP % G %C % EC 

TPC 
[GA] (mg/g dried sample) 

Total tannins 
(mg/g dried sample) 

CF-M-SD 10.07±0.01ab 59.71±4.64ab 8.57±0.09ab 31.72±4.73abc 94.90±2.17d  171.07±0.73i 
CF-CS-SD 8.94±1.18a 60.86±1.46ab 8.34±0.63ab 30.80±0.83abc 75.72±2.98abc  111.44±2.90de 
CAR-M-SD 10.47±0.58ab 63.16±0.24b 8.28±0.49ab 28.55±0.25ab 97.83±4.70d  121.89±6.56efg 
CAR-CS-SD 13.42±0.91cd 61.15±0.72ab 6.75±0.46a 32.09±0.26abc 83.95±3.45bcd  110.42±3.06cde 
BC-M-SD 11.01±0.56abc 59.00±0.48ab 7.86±0.47ab 33.13±0.01abc 94.38±5.09d  149.97±1.43h 
BC-CS-SD 11.02±0.05abc 58.78±0.68ab 7.49±0.29ab 33.73±0.38bc 69.16±4.34ab  107.55±0.87bcd 
FIG-M-SD 11.11±1.32abc 59.72±0.05ab 7.65±0.75ab 32.63±0.80abc 94.52±3.60d  131.50±1.72g 
FIG-CS-SD 10.39±0.61ab 59.61±0.75ab 8.22±0.25ab 32.17±0.49abc 78.41±3.38bc  110.27±6.07cde 
BS-M-SD 9.47±0.06a 55.92±0.89a 8.57±0.19ab 35.52±0.70c 99.36±3.45d  119.08±5.89def 
BS-CS-SD 12.44±0.22bc 63.83±0.55b 8.49±0.07ab 27.69±0.48a 95.88±5.44d  107.59±6.03bcd 
LAF-M-SD 11.71±0.21abc 61.62±0.45b 9.16±0.53b 29.22±0.07ab 87.95±5.83cd  98.70±4.74abc 
LAF-CS-SD 15.38±0.25d 60.99±0.44ab 6.55±0.24a 32.46±0.69abc 60.40±0.21a  97.44±8.98ab 
TH-M-SD 11.23±1.29abc 62.63±1.23b 8.22±0.68ab 29.15±0.55ab 118.97±3.11e  123.62±1.99fg 
TH-CS-SD 10.97±0.77abc 62.61±0.08b 8.33±0.99ab 29.07±0.90ab 86.35±2.11cd  91.61±1.93a 

 
Table 2 - Skin tannin sub-unit content and total phenol analysis 

Appellation 
& varieties mDP % P % C % EC 

Total phenols 
[GA] (mg/g dried sample) 

Total tannins 
(mg/g dried sample) 

Total anthocyanidins 
(mg/g dried sample) 

CF-M-SK 25.33±0.21ab 37.23±0.20d 9.90±0.06h 52.87±0.15d 28.25±1.22bc  78.50±1.67b 15.57±0.66e 
CF-CS-SK 41.61±3.37e 49.44±0.24h 5.73±0.33bc 44.84±0.57a 28.09±1.00bc  81.45±2.67b 18.90±0.33f 
CAR-M-SK 24.72±1.27ab 26.46±0.47a 10.62±0.01h 62.92±0.48i 28.59±1.29c  87.80±0.28cd 12.21±0.63b 
CAR-CS-SK 40.95±4.03e 42.52±0.45e 7.13±0.06ef 50.35±0.39c 21.30±2.17a  70.31±0.67a 13.30±0.02bc 
BC-M-SK 19.25±0.17a 34.00±0.12c 7.96±0.32fg 58.04±0.20ef 22.79±1.09ab  81.76±3.50b 10.64±0.46a 
BC-CS-SK 40.22±0.68de 30.15±0.32b 8.31±0.15g 61.54±0.17h 24.60±2.64abc  82.82±1.91bc 16.18±0.14e 
FIG-M-SK 22.32±1.75a 31.11±0.46b 6.86±0.32de 62.03±0.14hi 29.75±2.53cd  110.43±0.34f 14.01±0.33cd 
FIG-CS-SK 51.77±2.86f 48.14±0.21gh 3.61±0.00a 48.25±0.20b 41.47±2.14e  143.14±4.59h 24.25±0.77h 
BS-M-SK 25.06±0.96ab 33.55±0.61c 7.00±0.09e 59.45±0.53g 28.72±0.17c  125.27±2.37g 19.04±0.52f 
BS-CS-SK 22.73±0.49a 36.05±0.12d 6.99±0.06e 56.96±0.06e 25.85±1.32abc  97.52±1.83e 15.00±0.03de 
LAF-M-SK 19.40±0.20a 33.14±0.06c 8.09±0.05g 58.77±0.01fg 34.78±1.48d  124.54±3.06g 17.74±0.64f 
LAF-CS-SK 30.71±1.07bc 46.29±0.19f 6.05±0.32cd 47.66±0.13b 20.32±1.12a  65.92±0.16a 13.62±0.10c 
TH-M-SK 33.01±1.09cd 47.26±0.34fg 5.13±0.25b 47.61±0.59b 47.43±4.64f  182.09±4.79i 33.86±1.74i 
TH-CS-SK 40.53±1.78e 42.62±0.63e 5.09±0.35b 52.28±0.27d 28.61±0.56c  92.23±1.45d 21.09±0.64g 
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gallic acid played a significant role in the protein binding capability [5] and the tannins with lower Dp were 
easier to extract in the aqueous medium like wine [6].This result may partly be due to the wine astringency 
of Cabernet Sauvignon which is usually stronger than that of Merlot, although both TPC and tannin 
amounts per g dried seed samples in Merlot were significantly higher than in Cabernet Sauvignon. 
Additionally, it was observed in seed that there were more epicatechin serving as the procyanidin units than 
catechin.  

 
Fig. 1 - HPLC-Fluo chromatogram of Clos Fourtet Merlot grape seed extract with excitation 

and emission wavelengths at 230 nm and 320 nm using different sensitivity (“medium” model 
in 0-13 min; “superhigh” model in 14-83 min). 

 

 

Fig. 2 - Relative content of monomers, dimers , trimers and tetramers in different samples 
(the contents of monomers, dimers, trimers and tetramers in Clos Fourtet merlot grape seed 

were regarded as 100%, respectively.). 

Skin tannin composition in seven vineyards 
The TPC, total tannin amounts, total anthocyanidins, mDP, %EC, %C and the percentage of 
prodelphinidins (%P) of the skin proanthocyanidin extracts are presented in Table 2. Total anthocyanidins 
ranged from 91.61 to 171.07 mg per g dried seed. Both TPC and total tannin amounts in skins were much 
lower than the amounts in seeds. According to the results of procyanidin composition, it was found that 
both mDP and the percentage of prodelphinidins in CS were significantly higher than that in M. 
This observation well illustrated the higher astringency intensity in CS wine than in M wine, attributed to 
DP [7] and the B-ring trihydroxylation [8]. Similarly to the observation in seed, there were more 
epicatechin than catechin as the procyanidin units.  
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Conclusion 
The present article studied the characterization of tannins in M and CS grapes from seven vineyards of 
Bordeaux in vintage 2014. A higher amount of total phenol in all grapes was discovered in seeds than in 
skins, while a lower mDP value was observed in seeds than in skins. In seeds, the concentration of 
monomer-O-gallate in CS was generally higher than in M in the same vineyard. The seed mDP of CS in 
Château Lafite Rothschild was significantly higher than the other samples, while the total oligomer 
concentration of CS and M in Château Lafite Rothschild was lower than the other samples. In skins, the 
results revealed significant differences between Cabernet Sauvignon and Merlot in Bordeaux in the level of 
both mDP and %P. In future investigations, identification and quantification of polymeric tannins in grapes 
is expected to better illustrate the tannin characteristics in grape. 
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Yeast ‒ adaptation ‒ genome ‒ mutation 

Introduction 
Fermented beverages and foods have a unique place in most societies because of their economical and 
cultural importance, and the development of fermentation technologies is deeply rooted in their history. 
Archaeologists have found evidence for the production of a fermented beverage at the Neolithic period in 
China at 7000 bc [1] and of wine in Hajji Firuz in Iran at 6000 bc and later in Egypt at 3000 bc respectively 
[2, 3]. In addition to the diversity of these fermented beverages and foods, technological practices have 
evolved over time history, especially for wine making.  

The yeast Saccharomyces cerevisiae is the main microorganism responsible for these alcoholic 
fermentations, and it can also be isolated from leavening dough or cheese as well as from natural sources 
such as fruits and from oak bark or litter. Despite the numerous investigations on yeast diversity, yeast 
population structure has been unravelled only recently [4, 5]. These recent studies have shown that yeast 
populations were tightly associated with their ecological origin and have been deeply impacted by human 
activities, suggesting domestication for wine and saké strains [4]. The development of wine making all over 
the world since the Neolithic, which has also favoured the development of wine yeast from a unique origin, 
very likely from the Middle East [5], as well as the extension of grape cultures from different grape stocks 
including one from the Caucasus mounts [6], is a fascinating example of evolution.  

Wine fermentation is a fluctuating environment that exposes yeast to a variety of stresses, including high 
osmolarity reflecting sugar concentrations, high sulphite content, high acidity, nutrient depletion (nitrogen, 
vitamins) and anaerobiosis [7]. The comparison of the phenotypic properties of wine, oak as well as other 
source strains has revealed that wine strains have a better ability to cope with these multiple stresses and a 
remarkable better ability to perform alcoholic fermentation than oak strains [8]. In addition, small scale 
fermentation of Chardonnay grape must performed by wine and oak strains can be differentiated by 
humans, with wines produced by wine yeast being more fruity and those produced by oak strains having 
earthy and sulphurous characteristics [9]. Surprisingly, very few examples of the mechanisms involved in 
the adaptation of wine yeast to its environment have been evidenced. The first example to be described was 
the adaptation to sulphite permitted by a translocation between chromosome VIII and XVI, which is 
widespread among wine yeast. This translocation results in an increase of the production of the Ssu1p 
sulphite pump and provides resistance [10, 11]. Recently, another translocation between chromosome XV 
and XVI was identified in several wine strains through quantitative trait loci (QTL) mapping for lag phase 
duration [12] and revealed a similar increase in the expression of gene SSU1 providing an improved 
resistance to sulphite. Another example of adaptation to a chemical compound has been reported for 
copper. In this case, a different mechanism has been reported: the increase in the number of copies of the 
CUP1 gene [13, 14]. Flor strains, which are also isolated from wine, but are able to build a velum, possess 
a mutation in the promoting region of gene FLO11 coding for parietal protein that provides a higher 
expression, and specific alleles with increased protein length, which favour their aggregation [15]. 



OENO 2015  

116 

The recent genomic approaches performed on S. cerevisiae isolated from wine have revealed that they 
present a specific genomic content [16, 17] with large regions introgressed from distant species by 
horizontal gene transfer. However, the first large scale genomic studies failed to detect more genes 
involved in the adaptation to wine making [18]. 

In order to provide new insights into the adaptation of yeast to anthropic niches, we have obtained high 
quality genome sequences of 82 yeast strains. The genomes have been compared in order to obtain the 
inventory of genetic variation. Because of their contrasted life style (pelagic fermentation growth on 
glucose and fructose contained in the grape must for wine strains, and aerobic biofilm growth utilizing 
ethanol and glycerol of the wine for flor strains), we will focus on the adaptation of wine and flor yeast to 
their environment.  

Materials and methods 
We gathered a set of 82 strains from different origins: strains from different yeast collections (27 wine 
strains, 8 flor strains) as well as 47 strains from rum, fermented dairy product, bakery, and oak trees. 
The DNA was extracted with the phenol chloroform method [19] and submitted to Illumina HiSeq2000 
sequencing with 100bp paired reads. A mean sequencing depth of 100x was achieved (20-400) and 
genomes were assembled de novo. The list of genetic variation was obtained by genotyping using the 
genome of S288C as reference. 

Results and discussion 
A phylogeny of the different strains drawn from these genomic data confirmed that wine strains represent a 
family of closely related strains; however, few strains presented an atypical localization in the tree, 
indicating that they result from the hybridization of wine strains with strains of more distant origins 
(Fig. 1). Flor strains appeared as a well-identified group closely related to wine strains. Distance between 
flor strains measured by branch length is half lower between flor strains than between wine strains, 
indicating a more recent divergence between strains. However, the distance between flor strains and wine 
strains is twice as the divergence between wine strains, indicating that the two groups were separated 
before the expansion of each cluster, which suggests that these groups separated at the very beginning of 
wine making. Interestingly, several strains such as EC1118, QA23 and VIN13 have a median position 
between flor and wine, which suggests that these strains result from a cross between a wine and a flor 
strain, and may explain their specific properties of resistance to ethanol and the ability of EC1118 to 
perform the second fermentation of the Champagne “prise de mousse” step. This phylogeny revealed also 
an important new group of oak strains isolated from Mediterranean countries and Romania. This group of 
wild isolates presents a high interest, as it is the closest to wine and can be considered as a member of the 
wild population from which wine stains have emerged [20]. 

 

 

 

Fig. 1 - Phylogenic tree presenting 
the diversity and the relationships 
between Saccharomyces cerevisiae 

strains from different origins. 
  



 Microorganismes du raisin et du vin 

117 

Different mechanisms have been described in order to explain adaptation to specific environment: 
accumulation of mutation, gene duplication, and horizontal gene transfer. Variation in the number of gene 
copies has been shown to explain the adaptation of yeast to new harsh environment [21, 22], and has been 
proposed as a mechanism explaining the adaptation of flor yeast to the specific environment of biological 
ageing [23]. Our results indicate that flor yeast do not present duplication shared by all strains, and only 
MCH2 and its adjacent gene YKL222C are duplicated in several strains [24]. In contrast, the gene CUP1 is 
significantly amplified in the genome of wine strains as already described [14], which results very likely 
from the use of copper sulphate treatment of vine for pest management (Table 1) but this duplication is also 
observed in the genome of rum strains. We could also notice the amplification of several genes coding for 
parietal proteins (PAU3, PAU21, 22) and ADH7 coding for an alcohol dehydrogenase gene among wine 
strains. Other genes such as IMD2 and PHO12 are also found amplified both in flor and wine strains. 
  

Table 1 - Variations in the copy number of different regions in the genome of wine and flor strains 
in comparison to oak strains. Results are given on 1kb windows and expressed as the log ratio 
of sequence reads mapped in this 1kb region divided by the mean number of reads mapped 

along the genome per 1kb window (Chr: chromosome). 

Chr Coordinates Med Oak Flor Rum Wine Genes contained in the 1kb region 

I 222000 0.62 0.89 0.60 1.32 YAR064W, YAR066W 
I 225000 0.48 1.01 0.08 1.05 YAR068W, YAR069C, YAR070C 
III 309000 0.49 0.13 -2.34 1.24 PAU3 
III 310000 0.39 0.04 -3.23 1.19 ADH7 
VIII 554000 1.28 2.10 1.55 2.36 PHO12, IMD2 
VIII 213000 -0.71 -0.59 0.92 0.97 CUP1_1 
XI 8000 0.59 1.72 1.37 0.38 MCH2 
XI 653000 0.72 0.61 0.57 -0.27 NFT1 
XIV 774000 1.08 0.23 0.41 0.88 HXT17 
XIV 775000 1.20 0.38 0.03 0.58 YNR073C 
XV 1080000 0.79 1.31 1.13 1.31 YOR392W 
XV 1083000 0.03 0.42 0.10 0.51 PAU21 
XVI 9000 0.03 0.20 0.06 0.51 PAU22 

Fig. 2 - Genomic scan presenting nucleotidic diversity calculated by 1kb window, along the genome, 
and displaying divergent regions between wine and flor strains. Each colour corresponds 
to a different chromosome (from I left to XVI and mitochondrial DNA right), and for each 

chromosome, nucleotidic diversity is given according to the coordinates on the chromosome 
from left to right. The dashed line represents the threshold separating the 2% highest values. 

 

The accumulation of mutations in certain genomic regions may also explain phenotypic variations. 
We calculated the nucleotidic diversity combining flor and wine data in order to detect such regions. 
The result of the genomic scan presented in Figure 2 reveals regions that present a high diversity. Among 
the genes contained in these divergent regions, several coded for parietal proteins (FLO9, FLO1, FLO5, 
FLO10, FLO11 as well as most PAU genes). In addition, we could detect genes involved in the regulation 
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of FLO11 which is essential for the film forming ability, and for one of them, the replacement of the flor 
allele by the wine allele led to a decrease of the ability to produce a velum. But this genomic investigation 
revealed also unsuspected features such as the fructophily of flor strains and specific metal homeostasis. 
The fructophily of flor strains is caused by the presence of a specific allele of HXT3 with a high affinity for 
fructose. Another surprising point is the accumulation of variation in numerous genes involved in metal 
transport such as gene ZRT1, suggesting a specific metal homeostasis. It must be pointed out that the 
amplification of CUP1 gene of wine strains is not observed among flor strains, which might be permitted 
by the detoxification of the media performed by wine yeast during alcoholic fermentation resulting in a 
chelation of copper. 

Finally, regarding the three large chromosomal regions named A, B and C, discovered in EC1118 [17] and 
originated from horizontal gene transfer (HGT) from distant yeasts, the complete region C was only found 
among flor strains. 

Conclusion 
These genomic data represent a unique resource for understanding the adaptation of yeast to wine making 
and thus for elucidating the basis of technological properties. Our first results indicate the adaptation of flor 
yeast has involved the accumulation of convergent mutations. But our work has also revealed some specific 
features. 
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Non-conventional yeast ‒ non-Saccharomyces ‒ wine ‒ microsatellite 

Introduction  
Yeast plays a key role in oenology: they are responsible for alcoholic fermentation (AF), an essential step 
in winemaking. Only two yeast species are able to complete AF in winemaking (i.e. are able to consume all 
sugars present in grape must): Saccharomyces cerevisiae, and a closely related species (S. uvarum) which 
has been isolated in northern French vineyards, in Italian wines and botrytized grape must [1].  

Besides the Saccharomyces genus, other yeasts species, frequently designed as ‘non-Saccharomyces’ yeasts 
(NS), are present in grape must and may contribute to the wine’s flavour and taste by producing secondary 
metabolites including esters, higher alcohols, acids, volatile thiols [2-6] and extracellular enzymes like 
beta-glucosidases [7-10]. In addition, some NS species could be of interest for alcohol level reduction in 
wine [2, 3]. Indeed, some NS species are now proposed as starter cultures for winemakers as it is the case 
for T. delbrueckii, Metschnikowia pulcherrima, Pichia kluyveri, and Lachancea thermotolerans. It has to be 
noted that these NS are not able to complete AF, so they must be used in mixed or sequential fermentation 
with S. cerevisiae [2, 4] to secure AF completion. The oenological potential of other NS species (Candida 
zemplinina/Starmerella bacillaris, Hanseniaspora uvarum, etc.) is currently being investigated [2, 5-13].  

Finally, spoilage yeasts are also known in winemaking, the most famous one being Brettanomyces 
bruxellensis, responsible for the ‘brett’ character in wines. This species has detrimental effects on wine 
quality by producing ‘phenolic’ off-flavours [14], acetic acid [15] and ‘mousy’ off-flavours [16]. 

The knowledge of these wine yeasts has greatly increased this last decade, particularly with the revolution 
triggered by genomics and genetics tools. Here we review the recent advances in the biology, evolution, 
adaptation, and dissemination of wine yeasts.  

Genetic diversity to understand wine yeasts  
S. cerevisiae is the most extensively studied yeast. From a genetic viewpoint, the species is divided in 
subpopulations from wild ecosystems and also from human environments: some populations are 
particularly associated with wine, bread, beer, sake, etc. [17-20]. Comparative genomics analyses suggested 
the occurrence of multiple domestication events, i.e. multiple and independent selection of strains for 
different human purposes [21]. In addition, genomic studies show the occurrence of cross-breeding 
(probably driven by human) between these specialized genetic groups [17], and the species could be 
disseminated by insects & human activities [22]. Various mechanisms are involved in S. cerevisiae 
evolution and may have an impact on its technological abilities for winemaking: gene transfer from other 
species [23], chromosomal rearrangements such as translocations [24], polyploidy & hybridization [25], 
allelic variation [26], etc. Ecological studies during winemaking show that indigenous S. cerevisiae 
populations can participate in AF even in the presence of selected starter cultures [27, 28]. The genetic 
diversity during AF varies greatly: Shannon's equitability index (EI) is a diversity indicator (EI=0 meaning 
fully clonal population and EI=1 meaning fully diversified population). EI was computed for a few 
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spontaneous fermentations (Table 1) and ranged from 0.39 to 0.65. The precise impact of such diversity 
(or absence of diversity) on wine quality is still debated/studied [29, 30].  

Table 1 - Genetic diversity from winemaking environments for several yeast species. EI= Shannon's 
equitability index (EI). EI=0 means fully clonal population, EI=1 means fully diversified population.  

Species Sample description EI (number of 
strains analyzed) 

References 

S. cerevisiae 

France, Gers, wine (end of spontaneous ferm. F3) 0.64 (10) [31] 

France, Gers, wine (end of spontaneous ferm. F4) 0.39 (10) [31] 

France, Gers, wine (end of spontaneous ferm. F43) 0.65 (10) [31] 

T. delbrueckii 

France, Burgundy, wine (end of AF) 0.35 (9) Unpublished data 

France, Burgundy (Cote de Beaune vineyard), grapes 0.80 (17) Unpublished data 

France, Loire Valley, bottling chain 0.89 (12) Unpublished data 

New Zealand, Hawke’s Bay, grape must 1.00 (17) Unpublished data 

C. zemplinina 

France, Sauternes, grape must 0.90 (7) [32] 

France, Bordeaux, grape must 0.94 (10) [32] 

France, Burgundy, grape must 0.97 (16) [32] 

B. bruxellensis 
 

France, Bordeaux, red wine (winery A, 2006) 0.31 (7) Unpublished data 

France, Bordeaux, red wine (winery C) 0 (8) Unpublished data 

 

S. uvarum is a sister species of S. cerevisiae, whose genome has recently been published [33, 34]. 
Comparative genomics approaches show that domestic strains (from wine & cider) display lower genetic 
diversity than their wild counterpart. However, domestic strains harbor several genomic introgressions, 
i.e. genome portions coming from other species, mainly from S. eubayanus species. This suggests that 
S. uvarum specialization for winemaking & cidermaking could be related to the gain of such introgressions, 
an hypothesis that remains to be addressed.  

T. delbrueckii is one of the first NS yeast whose population genetics was studied [35]. Microsatellite 
markers reveal that T. delbrueckii strains are clustered in four populations: two wild populations from 
Americas & Old World, and the two others associated with winemaking & other bioprocesses (bakery, 
dairy and other food & beverage fermentations). Preliminary results suggest that in winemaking 
environments, T. delbrueckii populations are quite diverse: Shannon's equitability index was computed and 
ranged from 0.35 to 1.00 for various winemaking isolates, indicating diversified populations.  

The same approach was recently applied to C. zemplinina. C. zemplinina is frequently isolated from 
alcoholic fermentation of grapevine, with occasional colonization of other favorable niches. Its oenological 
use in mixed fermentation with S. cerevisiae has been extensively investigated these last years, and several 
interesting features, including low ethanol production, fructophily, glycerol & other metabolites production, 
have been described. Populations isolated from winemaking environments are quite diverse at the genetic 
level (EI from 0.90 to 0.97) and suggest that C. zemplinina is not under selective pressure in wine [32]. 

Finally, the genetic diversity of the spoilage yeast B. bruxellensis was also investigated using microsatellite 
markers [36]. Our results suggest that B. bruxellensis is a highly disseminated species, with some strains 
isolated from different continents being closely related at the genetic level. We show that one clonal 
population may cause spoilage over decades in wineries [36]. Comparative genomics was also conducted 
and revealed the co-existence of diploid and triploid strains [37], with the occurrence of independent 
triploidization events [38] involving closely related species of Brettanomyces. By contrast with other wine 
species, the genetic diversity of ‘Bretts’ within one sample seems quite low (EI from 0.00 to 0.31, Table 1). 
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Conclusion  
The different yeast species associated with winemaking harbor different features at the genetic level: 
S. cerevisiae, S. uvarum and T. delbrueckii show the coexistence of both wild and domestic populations. 
There are numerous mechanisms driving S. cerevisiae evolution (gene transfer, chromosomal 
rearrangements, polyploidy, hybridization, allelic variation, etc.), while S. uvarum shows low genetic 
diversity except for genomic introgression. Most studied yeasts seem to display medium to high genetic 
diversity in winemaking environments, except for B. bruxellensis that shows high level of clonality and 
dissemination. Variation of ploidy level seems to play an important role in B. bruxellensis evolution, with 
the existence of triploid individuals, an extremely uncommon feature in yeasts and also in eukaryotes. Wine 
yeast species are thus dissimilar when comparing their genetic diversity and evolutionary mechanisms. 

In conclusion, recent advances in genomics (particularly with the revolution of Next Generation 
Sequencing) have greatly increased data availability and subsequently our knowledge of wine yeast 
species. However, there are still many questions to answer, particularly for NS yeasts that are less studied. 
Sequencing their genome is now the next step toward the launching of subsequent genomic approaches. 
Understanding extensive population structure of wine yeast will improve our understanding of their 
evolutionary history and may rationalize selection programs, in order to improve wine quality, in the case 
of species with interesting oenological features. Conversely, for spoilage yeasts, a better understanding of 
their dissemination model and their mechanisms of adaptation to wine may help winemakers to limit their 
development during winemaking. 
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Oenococcus oeni ‒ malolactic fermentation ‒ genomics ‒ population structure 

Introduction 
Oenococcus oeni is a lactic acid bacteria (LAB) species encountered particularly in wine, where it achieves 
the malolactic fermentation (MLF) [1, 2]. MLF consists in the decarboxylation of malic acid into lactic acid 
by the action of the malolactic enzyme. This process contributes to the deacidification of wine, improving 
the microbiological stability and the organoleptic properties of the final product. The microbiological 
activity of O. oeni has a direct impact on the aromatic profile of wine, mainly through modifications on the 
concentration of odorant molecules such as esters and thiols [1-3]. Because of this, mastering the MLF is 
an important issue for winemakers. Although other lactic acid bacteria species have also been documented 
to perform the MLF, O. oeni is the most predominant and is often the only species detected during 
spontaneous MLF [1, 2]. Molecular typing methods have previously revealed that the species is made of 
several genetic groups of strains, some being specific to certain types of wines, ciders or regions [4]. 
The first fully sequenced O. oeni genome was published the last decade [5], and 55 more strains coming 
from different products (wine, cider, champagne) and geographical origins (France, Italy, Australia, 
Lebanon, USA) have been sequenced since [6-10]. Here, we present a genomic comparison of the 
56 strains, revisiting their genetic structure, phylogeny and diversity at the genomic level.  

Materials and methods 
All the genomes are available on NCBI’s public databases (table 1). Whole genome alignments were done 
with JSpecies software using ANIm algorithm [11]. Distances matrices were transformed into the Newick 
format using custom scripts. The tree was calculated with MEGA5 by NJ method [12].  

SNP and indels were mapped against PSU-1 reference genome using MUMmer software [13]. 
The structure of the population was calculated from the SNP data using structure software [14]. 
The molecular effect of each SNP and indel was determined with snpEff [15]. Definition of the ortholog 
groups was done using orthoMCL running under default parameters [16]. Cluster analysis was done using 
pheatmap R package [17]. 
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Unique genetic elements (genes, SNP and indels) were searched by calculating the Shannon’s Entropy (H) 
for each element with the formula H = -∑p(xi) log2p(xi), where p(xi) represents the probability of finding 
the allele xi in an arbitrarily defined group of strains. Enrichment analysis of SNP was done using 
geneAnswers R package [17]. 
 
 

Table 1 - List of the analyzed O. oeni strains and their origins 

Strain Origin Reference 
PSU-1 USA, Red wine [5] 
ATCC_BAA-1163 France, Red wine NCBI 
AWRIB129 France [7] 
AWRIB202 Australia [7] 
AWRIB304 Australia [7] 
AWRIB318 Australia [7] 
AWRIB418 USA [7] 
AWRIB419 France [7] 
AWRIB422 France, Champagne [7] 
AWRIB429 Italy [6] 
AWRIB548 France, Champagne [7] 
AWRIB553 France [7] 
AWRIB568 Australia [7] 
AWRIB576 Australia [7] 
IOEB_0205 France, Champagne [10] 
IOEB_0501 France, Red wine [10] 
IOEB_0502 France, Red wine [10] 
IOEB_0607 France, Red wine [10] 
IOEB_0608 France, Red wine [10] 
IOEB_1491 France, Red wine [10] 
IOEB_8417 France [10] 
IOEB_9304 France, Cider [10] 
IOEB_9517 France [10] 
IOEB_9803 France [10] 
IOEB_9805 France [10] 
IOEB_B10 NA [10] 
IOEB_B16 France, Champagne [10] 
IOEB_C23 France, Cider [10] 
IOEB_C28 France, Cider [10] 
IOEB_C52 France, Cider [10] 
IOEB_CiNe NA [10] 
IOEB_L18_3 Lebanon, Red wine [10] 
IOEB_L26_1 Lebanon, Red wine [10] 
IOEB_L40_4 Lebanon, Red wine [10] 
IOEB_L65_2 Lebanon, Red wine [10] 
IOEB_S277 France [10] 
IOEB_S436a NA [10] 
IOEB_S450 France [10] 
IOEB_VF France [10] 
OM22 Italy, Red wine [9] 
OM27 Italy, Red wine [8] 
OT25 Italy, Red wine [9] 
OT3 Italy, Red wine [9] 
OT4 Italy, Red wine [9] 
OT5 Italy, Red wine [9] 
S11 France, White wine [10] 
S12 France, White wine [10] 
S13 France, Red wine [10] 
S14 France, Red wine [10] 
S15 France, Red wine [10] 
S19 France, Red wine [10] 
S22 France, White wine [10] 
S23 England, White wine [10] 
S25 France, Red wine [10] 
S28 France, Red wine [10] 
S161 Red wine [10] 
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Results and discussion 
In order to understand the genetic relationships between the O. oeni strains, the distance between the 
genomes was calculated by whole-genome alignment using ANIm algorithm and a neighbour-joining tree 
was reconstructed. The tree shows that the 56 strains are divided into 2 genetic groups, namely A and B, 
plus an isolated strain, IOEB_C52, belonging to a putative group C (fig. 1). In order to confirm the 
phylogenetic groups A, B and C, an analysis of the population structure was done using SNP data. A total 
of 53,717 SNP and indels were mapped in 52,502 different loci of PSU-1 reference chromosome. A SNP 
matrix was generated and analyzed with structure software. The analysis confirms the presence of three 
populations, matching the groups A, B, and an isolated strain of a putative group C (data not shown). 
The latter strain was isolated from cider, while strains of group B were isolated both from wine and cider 
and strains of group A from different types of wine, including champagne. Strains from specific products 
(champagne, cider) form distinct clusters. There is not enough evidence to tell that there is a direct link 
between the geographical origin of the strains and the genetic groups; while three strains isolated in Italy 
form a distinct cluster, the remaining three are dispersed in groups A and B. The strains from Lebanon are 
all in different clusters, while there is a cluster of 4 genetically-close strains coming from different 
geographical origins and products. The fact that a more ancestral strain coming from cider gave birth to two 
new genetic groups, more adapted to wine, seems to be plausible since group B strains are more diverse 
and can be found both in wine and cider, while group A strains are more numerous, genetically closer, 
and are present only in wine. 
 

 
 
 
 

Fig. 1 - Phylogenomic reconstruction of the 
56 O. oeni strains. Colours indicate 

the genetic groups depicted (A, B, C). 
Strains from cider and from champagne 

form distinct clusters. 
 
 
 
 
 
 
 
 

In order to evaluate whether the pangenome of the species has been fully represented, we determined the 
ortholog groups, analyzed the composition of the pangenome, and plotted the evolution of the coregenome 
versus the pangenome from 1 to 56 strains (fig. 2). The tendency of the curves suggests that the pangenome 
of the species has not yet been exhaustively pictured, since the pangenome of the species keeps growing 
when adding new strains to the analysis. The pangenome of the 56 strains is composed by 3,155 CDS 
distributed in 2,918 ortholog groups. From this set, 576 correspond to the coregenome, 1,877 to the 
shellgenome, and 702 to the cloud genome, being distributed in 574, 1,688 and 688 ortholog groups, 
respectively. These results are consistent with previous analyses for 14 genomes [7]. When we calculate the 
core and pangenome for the same 14 strains, we get a set of 1,067 and 2,549 genes, respectively, compared 
to the 1,165 and 2,846 genes found previously. These divergences in the results might be due to the method 
for determining the ortholog groups and the parameters of the algorithms. Regarding the pan and 
coregenome of groups A and B separately, the set of group A strains is composed of 829 and 2,733 genes 
for the core and pangenome, respectively, while that of group B is composed of 914 and 2,370 genes. 
However, when only 13 random strains of group A are analyzed, in order to compare a group of equal size 
to group B, the core and pangenome are composed of 1,122 and 2,329 genes, respectively. Because group 
A strains have a more conserved coregenome, it is possible that they have been further domesticated than 
group B strains, since domestication is characterized by a diminished genetic diversity and a loss of 
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functions [18], both reflected in the fact that group A strains have a bigger coregenome and a smaller 
pangenome. Although domestication of O. oeni had already been reported [18], we propose that the 
domestication is not homogeneous for all the genetic groups. 
 

 

Fig. 2 - Progression of the pangenome of the 56 O. oeni strains. Genomes were added sequentially 
from 1 to 56, plotting the core and pangenome, and iterating each step 55 times.  

To explore the distribution of the ortholog groups, a cluster analysis of the pangenome was done with 
pheatmap package on R. The generated heatmap reveals that strains being closely related genetically tend 
to share similar sets of CDS. Strains from groups A and B, strain C, and strains from champagne share sets 
of 5, 1, 65 and 13 genes respectively that differentiate them from the rest of the strains, i.e. they are 
systematically present or absent in contrast to all the remaining strains. Although most of the genes that 
characterize the groups of strains are of viral origin, some of them are not (data not shown).  

Regarding the mutations (SNP and indels), an entropy analysis reveals that strains of different genetic 
groups or products share specific sets of mutations that distinguish them from each other. Although most of 
these mutations seem to be expected (i.e. N/S ≈ 1/3), some others might be the product of environmental 
pressure. For example, the strains coming from champagne show an inverted ratio of N/S mutations, and 
they share a set of 21 unique mutations that truncate the genes at less than 1/3 of their total length, plus 3 
mutations that affect the start codon of genes (fig. 3). An enrichment analysis of the characteristic 
mutations for each group of strains reveals that these mutations are not randomly distributed all over the 
genome on group B and champagne strains, but they are concentrated in some specific pathways (data not 
shown). 

 

 
 
 
 
 
 
 
Fig. 3 - Molecular effect of the characteristic SNP of the groups of O. oeni strains. 

The molecular effect of the unique SNP of each group was calculated. 

Conclusion 
A holistic analysis of the population structure of the O. oeni species by comparative genomics has 
confirmed the distribution of strains reported in previous studies, i.e. two major groups, namely A and B, 
each hosting some subgroups. The major presence of group A strains in wine could be an evidence of the 
existence of subspecies, but previous studies show that group B strains are occasionally detected in wine 
and there is not a clear phenotypic divergence between strains from both groups, making this subdivision 
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still premature. A phylogenomic reconstruction revealed one strain isolated from cider that might be a 
member of an ancestral group from which originated the others. This analysis, along with the distribution 
of orthologs and the presence of unique genes and SNP, agrees with the idea that O. oeni is a species that 
has been domesticated to cider and wine. Group A might have appeared as a new group with better fitness 
than group B and C to dominate wine-like environments. The narrowness of its pangenome in comparison 
to that of group B might be an evidence that group A strains have been further domesticated than the 
others. The presence of unique genes and mutations could possibly explain some phenotypic features of 
certain groups of strains (e.g., those coming from champagne). 
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Adaptive evolution ‒ Box-Behnken design ‒ online monitoring ‒ fermentative aromas 

Introduction 
Fermentative aromas (especially higher alcohols and esters) play an important role in the organoleptic 
profile of young wines. Their production depends both on yeast strain and on fermentation conditions. 
Within the wine industry, there is a will to develop innovative strategies for enhancing and controlling the 
fruity character of the wines. To achieve this purpose, two strategies can be considered: the control of 
fermentation conditions (including sustainable addition of nutrients) and the development of yeast strains 
with aromatic properties. The main objective of this work is to quantify and better understand the impact of 
three environmental parameters (nitrogen, phytosterol and temperature) on the fermentative aroma 
production. This study was performed with two Saccharomyces cerevisiae strains having different aromatic 
profiles, Lalvin EC1118® and Affinity™ ECA5, obtained by evolutionary engineering of Lalvin EC1118® 

and presenting an enhanced aroma production [1]. 

Materials and methods 
Yeast strains 
Fermentations were performed using two commercial wine yeast strains: Lalvin EC1118® and Affinity™ 
ECA5, obtained by evolutionary engineering of Lalvin EC1118®. In these culture media, the lipid fraction 
was represented by a commercial mixture of phytosterols (mainly -sitosterol, campesterol and 
stigmasterol) similar to the sterols present in grape solids. 

Treatments and volatile compound analysis 
First, fermentations were performed in 330-ml fermenters in synthetic media with different initial 
concentrations of nitrogen (70, 200 and 330 mg/l) and phytosterols (2, 5 and 8 mg/l) at three different 
temperature (20, 24 and 28°C). The effect of temperature and initial nitrogen and lipid contents on the 
production of volatile compounds was determined using a Box-Behnken experimental design [2]. The 
effects of these three factors were studied in a single block of 16 sets of test conditions and 4 central points. 
The order of the experiments was fully randomized. Statistical analysis was performed with R software, 
version 2.14.2. A quadratic polynomial model was defined to fit the response.  

Then, four fermentations (70 and 330 mg/l nitrogen, 2 and 8 mg/l phytosterol) leading to very different 
productions of aromas were run in 10-l tanks at 24°C. The release of CO2 was measured using a mass flow 
meter. The concentrations of volatile compounds in the headspace of the fermenter were measured with an 
online GC (gas chromatography) device [3]: the headspace gas was pumped through heated transfer lines. 
Carbon compounds were concentrated in a cold trap and analyzed by GC (Figure 1).Thanks to the high 
measurement frequency, we can calculate rates and specific rates of production of fermentative aromas. 
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Fig. 1 - Online monitoring of aroma compounds by gas chromatography. 

Results and discussion 
Relative performances of Affinity™ ECA5 compared to Lalvin EC1118®  
In previous studies [1, 4, 5], the capabilities of Affinity™ ECA5 and of its parental strain Lalvin EC1118® 
were compared and major differences were identified. Especially, the production of fermentative aromas 
was enhanced for the evolved strain [1]. 

In this work, to evaluate the generality of these observations, the productions of higher alcohols and esters 
of the two yeast strains were compared in various fermentation conditions. The combined effects of 
nitrogen, phytosterols and temperature were evaluated using a Box-Behnken design [2]. For each aroma 
compound, we plotted the ratio of final concentration obtained with the strain Affinity™ ECA5 divided by 
the one obtained for Lalvin EC1118® (Figure 2). These ratios were systematically greater than 1 for higher 
alcohols (except propanol) and acetate esters, indicating that these compounds were systematically 
overproduced by the evolved strain whatever the fermentation conditions. These molecules were thus 
identified as metabolic markers of the evolved yeast strain. Conversely, we found that for the ratios for the 
fatty acids and ethyl esters, 1 was included in the confidence interval. Thus, these compounds were not 
systematically overproduced by Affinity™ ECA5. 

 

 
Fig. 2 - Ratios between final liquid concentrations of fermentative aromas produced by Affinity™ ECA5 

and Lalvin EC1118®. PR: propanol; ISO: isobutanol; IA: isoamyl alcohol; HE: hexanol; ME: methionol; 
PHE: 2-phenylethanol; EA: ethyl acetate; ISA: isobutyl acetate; AA: amyl acetate; IAA: isoamyl 

acetate; PEA: 2-phenylethylacetate; PA: propanoic acid; BA: butanoic acid; IBA: isobutanoic acid; 
IVA: isovaleric acid; MBA: 2-methylbutanoic acid; VA: valeric acid; HA: hexanoic acid; OA: octanoic 

acid; DA: decanoic acid; EB: ethyl butanoate; DS: diethyl succinate; EL: ethyl lactate; EV: ethyl 
valerate; EH: ethyl hexanoate; EO: ethyl octanoate; ED: ethyl decanoate; EDD: ethyl dodecanoate. 
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Kinetics profiles of fermentative aromas 
First, we observed an interaction between nitrogen and phytosterol production for both strains; but this 
interaction was more marked in the media containing 330 mg/l of assimilable nitrogen and for Affinity™ 
ECA5, as detailed in Table 1. 
 

Table 1 - Total production (mg/l) of fermentative aromas by Lalvin EC1118® and Affinity™ ECA5 

Initial 
nitrogen 

concentration 
(mg/l) 

Initial 
phytosterol 

concentration 
(mg/l) 

Propanol Isobutanol Isoamyl alcohol 

Total 
production 
(mg/l) by 
EC1118 

Total 
production 
(mg/l) by 

ECA5 

Total 
production 
(mg/l) by 
EC1118 

Total 
production 
(mg/l) by 

ECA5 

Total 
production 
(mg/l) by 
EC1118 

Total 
production 
(mg/l) by 

ECA5 

70 2 5.04 4.52 25.8 36.1 165 276 
70 8 5.25 4.63 28.8 36.5 175 270 
330 2 25.6 22.2 19.9 42.1 103 148 
330 8 27.6 21.2 36.3 54.9 156 221 

Initial 
nitrogen 

concentration 
(mg/l) 

Initial 
phytosterol 

concentration 
(mg/l) 

Ethyl acetate Isobutyl acetate Isoamyl acetate 

Total 
production 
(mg/l) by 
EC1118 

Total 
production 
(mg/L) by 

ECA5 

Total 
production 
(mg/l) by 
EC1118 

Total 
production 
(mg/L) by 

ECA5 

Total 
production 
(mg/l) by 
EC1118 

Total 
production 
(mg/l) by 

ECA5 

70 2 37.7 27.1 0.05 0.23 0.45 3.29 
70 8 39.7 22.9 0.05 0.19 0.43 2.14 
330 2 67.7 124 0.36 1.79 3.83 13.0 
330 8 52.8 73.3 0.31 1.45 2.87 12.0 

Initial 
nitrogen 

concentration 
(mg/l) 

Initial 
phytosterol 

concentration 
(mg/l) 

Ethyl hexanoate Ethyl octanoate   

Total 
production 
(mg/l) by 
EC1118 

Total 
production 
(mg/L) by 

ECA5 

Total 
production 
(mg/l) by 
EC1118 

Total 
production 
(mg/l) by 

ECA5 

    

70 2 0.67 0.72 0.64 0.62     
70 8 0.63 0.68 0.57 0.55     
330 2 1.32 1.71 1.71 2.05     
330 8 0.88 1.07 1.26 1.18     

 

We then compared the kinetic profiles of production of fermentative aromas of the evolved and ancestral 
strains using the online GC system. The interaction between factors resulted in differences in the kinetic 
profiles of synthesis of aroma compounds (example of isoamyl acetate, Figure 3). The shapes of these 
specific rates were dependent on the strain but also on the environmental parameters. At high nitrogen 
content, the profiles of the specific rates of acetate ester production were mostly dependent on the lipid 
dose, showing the predominance of the environmental effects. At 2 mg/l of lipids, the specific production 
rate peaked and then decreased, whereas at 8 mg/l of phytosterols, once the maximum value was reached 
the decrease was much slower (Figure 3). The flux of ester synthesis was affected in the same way for both 
strains. Conversely, in SM70, the strain effect was predominant. When comparing the total production and 
the specific rates of these esters, it was interesting to note that the ranking of the fermentation conditions 
according to these two parameters was different (Figure 3, Table 1). This observation illustrates the interest 
of online monitoring of the kinetics of production to better understand the regulation of the metabolic 
pathways of aroma production.  

Bioconversion between higher alcohol and its acetate ester 
We wondered if the systematic overproduction of acetate esters by the evolved strain was solely due to the 
overproduction of their higher alcohol precursor or if the activity of the alcohol acetyltransferases 
(Atf1p and Atf2) responsible for this bioconversion was also involved.  
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Fig. 3 - Changes in the specific rates of production of isoamyl acetate in SM70 (A) or SM330 (B). 

We studied two couples of higher alcohol / acetate ester: isobutanol and isobutyl acetate; and isoamyl 
alcohol and isoamyl acetate. For these two couples and for both strains, the conversion yield was dependent 
on the initial nitrogen and phytosterol contents: the highest yields were obtained at high nitrogen (330 mg/l) 
and low phytosterol contents (2 mg/l) (Figure 4). For Lalvin EC1118®, the yield always remained constant 
throughout the fermentation. By contrast, for Affinity™ ECA5, there were generally two production 
phases, with a much higher yield in the second phase. The transition occurred during the stationary phase 
and was particularly visible with 330 mg/l nitrogen and 8 mg/l phytosterols (Figure 4). This transition could 
be related to the presence of lipids, which are known to repress the expression of ATF1 [6]. To confirm this 
hypothesis, we added phytosterols at different stages of fermentation (Figure 5). These additions had no 
impact on the bioconversion of higher alcohol into acetate ester by Lalvin EC1118®: the bioconversion 
yields remained constant despite the additions. On the other side, the additions of phytosterols dramatically 
lowered the bioconversion of higher alcohols for Affinity™ ECA5. Indeed, after each lipid addition, the 
yield was divided by two (Figure 5). This result clearly illustrated a modified management of phytosterols 
by the evolved strain.  
 

 
Fig. 4 - Changes in total isoamyl acetate production as a function of total isoamyl alcohol 

in SM70 (A) and SM330 (B). 

Conclusion 
This study demonstrated the major impact of environmental parameters; in particular, an important 
interaction between nitrogen and phytosterol was highlighted. Overall, the two strains presented a similar 
response to the changes in fermentation conditions; however, the productions of aroma compounds were 
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generally higher for the evolved strain. In addition, substantial differences in the chronology of production 
of fermentative aromas between the two strains were observed, which suggest modifications in the 
regulation of aroma synthesis. 

 

 

Fig. 5 - Changes in total isoamyl acetate production as a function of total isoamyl alcohol production 
in SM330 with 8 mg/l of phytosterols for Lalvin EC1118® (in blue) and Affinity™ ECA5 

(in purple and red). The arrows indicate the phytosterol additions. 

This kinetic monitoring of production of aroma compounds allowed highlighting some mechanisms, which 
differed between the two strains. Indeed, we noted substantial differences in the management of the lipid 
source for the evolved strain. These metabolic modifications were particularly visible on the bioconversion 
of higher alcohols into acetate esters. 

These results have already a practical interest. They provide additional knowledge on the management of 
nutrition in oenological fermentation. Nevertheless, the study of the role of oxygen and the quality of 
nitrogen source should greatly supplement these contributions. In the longer term, the data generated will 
allow the development of new fermentation driving modes to better control the aromatic quality of wines. 
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Interspecific hybrids ‒ aromas ‒ proteomics ‒ yeast selection 

Introduction 
The benefits of hybridization have been described in a large range of plant and animal species in an 
agronomical context. One of the most striking consequences of hybridization results in the phenotypic 
superiority of hybrid over its two progenitors (i.e. heterosis). Hybridization may also confer an improved 
phenotypic stability over environmental change (i.e. homeostasis). In the Saccharomyces sensu stricto 
clade, hybrids can be easily obtained both at the intra- or interspecific level, allowing yeast improvement. 
Although hybrids are readily used for selection, the heterosis and homeostasis phenomena have scarcely 
been studied in yeast. Measuring 35 enological traits, we investigated the physiological and technological 
properties of a collection of four S. uvarum and seven S. cerevisiae parental strains and all their 55 possible 
hybrids, namely 27 intraspecific hybrids and 28 interspecific hybrids, under winemaking conditions at two 
temperatures. We analyzed the sources of phenotypic variation ‒ genetic and/or environmental ‒ for 
various categories of traits (fermentation kinetics, life-history, volatile composition, proteome expression), 
compared the intra- and interspecific hybrids and assessed the extent to which hybridization increased 
homeostasis at a multi-trait level.  

Materials and methods  
Yeast strains 
Fully homozygous diploid strains were used as parental strains. W1, D1, D2, E2, E3, E4 and E5 are 
S. cerevisiae strains; U1, U2, U3 and U4 are S. uvarum strains. With this genetic material, a complete 
diallele of 55 hybrids (6 S. uvarum hybrids, 21 S. cerevisiae hybrids and 28 interspecific hybrids) was 
constructed by mating all the strains together.  

Fermentations and trait analysis 
Fermentations were carried out in Sauvignon blanc grape juice and run at two temperatures (18°C and 
26°C) in triplicate for a total of 370 experiments. Thirty-five traits were collected and grouped into four 
classes (Fermentation Kinetics Traits, Life-History Traits, Basic Enological Parameters and Aromatic 
Traits) according to da Silva et al. [1]. Fermentation Kinetics Traits (FKT) were calculated from weight 
loss raw data. Life-history traits were obtained from growth curves, cell size and viability data measured by 
flow cytometry. Aromatic traits and Enological parameter traits correspond to the concentration of end 
point compounds measured by the SARCO laboratory. At 40 g/L of CO2 produced, a biomass sample was 
collected, frozen and total proteins were extracted in order to quantify the yeast proteome by an LC-MS 
approach [2]. Figure 1 summarizes the overall experiment. 
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Fig. 1 - Experimental design. 

 

 

 

Results and discussion 
Impact of temperature and species effect on the alcoholic fermentation traits and yeast proteome 
A total of 396 alcoholic fermentations were performed (66 strains * 2 temperatures * 3 replicates). The 
sources of variation of each phenotypic trait were studied by analysis of variance (ANOVA) to estimate the 
Strain, Temperature, and Strain*Temperature interaction effects. Broadly, fermentation kinetics parameters 
(lag phase, biomass production, maximal CO2 rate…) are strongly affected by a temperature elevation, 
while the concentrations of volatiles (esters, higher alcohols, volatile thiols…) are more affected by the 
yeast strain used. The total phenotypic variation (35 traits) was analyzed by a Principal Component 
Analysis (PCA). As shown in Figure 2, PCA axis 1 discriminates the fermentation according to 
temperature, while PCA axes 2 and 3 (25 % of total inertia) well discriminate the fermentations according 
to the “hybrid type” (S. cerevisiae, S. uvarum or interspecific hybrids). Interestingly, this strong “hybrid 
type” effect was also found at the proteomic level (615 common proteins) as shown in the PCA (Figure 3).  
 

 

Fig. 2 - Fermentation PCA. Each point represents one of the 55 hybrid strains: S. cerevisiae 
intraspecific hybrids (in red), S. uvarum intraspecific hybrids (in blue) and interspecific hybrids 

(in green), at 18°C (circles) and 26°C (triangles). The names of the parental strains are noted in italic 
(18°C) or regular (26°C) characters. A: axes 1 and 2 (33 % of the total inertia). B: axes 2 and 3 (25 % of 

the total inertia). C: correlation of the variables to discriminant axes PCA1, PCA2 and PCA3. 
Only variables showing a significant correlation (p-value < 0.0001) are shown. The four-color palette 

corresponds to the four variable categories (FK: Fermentation Kinetics, LHT: Life-history Trait, 
BEP: Basic Enological Parameters, AT: Aromatic Traits). 
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By constructing a unique diallel design of 55 hybrids we demonstrated that hybridization could generate 
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By constructing a unique diallel design of 55 hybrids we demonstrated that hybridization could generate 

Saccharomyces genus results in 
e0123834. 
lucidate heterosis of protein 
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Oenococcus oeni ‒ malolactic fermentation ‒ wine must ‒ genome-scale metabolic model 

Introduction  
The microbiology of wine involves more than just yeasts. Lactic Acid Bacteria (LAB) are also present in 
wine must. They metabolize numerous substrates, playing an important role in the final quality of wine [1]. 
Five genera of LAB can be found in grape must: Lactobacillus, Pediococcus, Leuconostoc, Oenococcus 
and Weissella. However, Oenococcus oeni is the predominant species at the end of primary fermentation 
and after. Its remarkable metabolism makes it resistant to high ethanol concentrations (15% v/v), low pH 
(as low as 2.9), limited nutrient availability [2] and high SO2 concentrations (50 ppm) [3]. These 
characteristics make O. oeni the main organism responsible of carrying out malolactic fermentation (MLF).  

The MLF (also called secondary fermentation) is responsible for the decarboxylation of L-malic acid to 
L-lactic acid, which has three main consequences. First, MLF reduced the acidity of wine, increasing wine 
pH and decreasing titratable acidity. Second, it confers microbial stability to the wine through the removal 
of malic acid, which could act as a carbon source for other microorganisms. Finally, MLF impacts sensory 
properties, providing organoleptic complexity [2]. MLF generally occurs once the primary fermentation has 
finished, but could also start earlier, or several months after. The reasons for this are not clear yet, which 
transforms FML in an unpredictable and problematic process for winemakers. 

Metabolic networks at the genome scale (so called GENREs or GENome-scale metabolic REconstructions) 
are built systematically using genome annotation, knowledge databases, "omics", and primary literature. 
The resulting networks provide an accurate representation of the metabolic capabilities of the target 
organisms at the time of reconstruction [4]. Integrating this information in a structured fashion enables its 
translation into computational models, called GEnome-scale Metabolic models or GEMs, that can be used 
to simulate metabolic phenotypes [5]. In 2005, the genome sequence and annotation of O. oeni PSU-1 
strain was released [6], allowing the study of the metabolic pathways of this organism. The latter provides 
an opportunity to generate a high-quality GEM that allows a comprehensive understanding of possible 
phenotypic states that are generated during MLF.  

The objective of the present work is to develop a genome-scale metabolic model of the malolactic 
bacterium O. oeni PSU-1 capable of properly identifying and evaluating the nutritional requirements and 
specific rates of this unique bacterial species under MLF culture conditions. This will allow in the near 
future to infer more effective strategies for the development of appropriate and predictable malolactic 
fermentation conditions. 

Materials and methods 
Procedure  
The GEM of O. oeni PSU1 strain was constructed following the protocol for generating a high-quality 
genome-scale metabolic reconstruction proposed by Thiele and Palsson [7]. This protocol comprises five 
stages. The first one consists of generating a draft reconstruction, based on the genome annotation of the 
target organism and biochemical databases. In the second one, the entire draft reconstruction is re-evaluated
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Fig. 1 - Metabolic networks at the genome scale of O. oeni PSU1 strain, which contains 694 reactions and 528 metabolites. This model includes most 
of the reactions describing the primary metabolism of this strain and 138 membrane transporters. 
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and refined. The metabolic functions and reactions collected in the draft reconstruction are individually 
evaluated against organism-specific literature and expert opinion. In the third stage, the reconstruction is 
converted into a mathematical format and condition-specific models are defined. System boundaries are 
defined, converting the general reconstruction into a condition-specific model. The fourth stage consists of 
network verification, evaluation and validation. This evaluation generally leads to the identification of 
missing metabolic functions in the reconstruction – or network gaps – and the consequent reparation of 
these gaps. In the fifth stage, the final reconstruction is made available to the research community in two 
formats: as a spreadsheet containing all information collected during the reconstruction process; and as a 
SBML file, a transportable format of the models which can be used with other modeling tools.  

Software and databases  
Pathway Tools v. 16.5 [8, 9] was employed to create a draft reconstruction of O. oeni, and as a platform to 
refine the reconstruction. TransportDB [10] was used to incorporate information on cytoplasmic membrane 
transporters and outer membrane channels of O. oeni. Omix v. 1.8, an editing and visualization tool for 
biochemical networks [11], was employed to re-evaluate and perform additional refinement of the draft 
reconstruction. The Cobra Toolbox for MATLAB [12, 13] was used to simulate, analyze and predict 
metabolic phenotypes using the resulting O. oeni´ GEM. Specifically, we carried out Flux Balance Analysis 
(FBA) based on linear optimization of the biomass formation under different sets of constraints.  

Results and discussion  
We built a GEM of O. oeni PSU1 strain which contains 694 reactions and 528 metabolites (Figure 1). This 
model includes most of the reactions describing the primary metabolism of this strain – including the 
malolactic reaction and reactions of the heterolactic fermentation pathway – and 138 membrane 
transporters, as well. 86% of the reactions in the model are associated with at least one gene. 

For model validation, an in silico single omission experiment was performed using the chemically defined 
medium determined by Terrade et al. [14]. This experiment consisted in removing each nutrient from the 
medium separately and analyzing if the microorganism is able to grow after its removal. Nutrients that 
inhibit growth, when removed, were considered essential. The model showed an accuracy of 89%, pointing 
to its high performance. 

Amino acids have been the most studied nutrients in O. oeni, by far. Of the twenty amino acids, the 
essentiality of eighteen of them was correctly predicted by the model. Indeed, the model predicted that 
L-arginine, L-asparagine, L-glutamic acid, L-histidine, L-isoleucine, L-leucine, L-methionine, 
L-phenylalanine, L-tryptophan, L-tyrosine and L-valine were essential for growth, in agreement with 
experimental results of most O. oeni strains [15-17]. On the other hand, L-alanine, L-aspartic acid, 
L-glutamine, L-glycine and L-proline have been shown to be non-essential nutrients in vivo [15-17], which 
is also correctly predicted by the model. L-cysteine, which is present in low concentrations in wine must, 
is essential to most strains of O. oeni. Nevertheless, Mills [6] concluded that the strain PSU-1 has all the 
genes of the L-cysteine biosynthesis pathway. Interestingly, the model predicts that this strain is indeed 
able to synthesize L-cysteine.  

Vitamin requirements have also been widely studied in O. oeni. For example, pantothenate and nicotinic 
acid have been shown to be essential, while biotin, aminobenzoic acid, choline chloride, cabalamin, folic 
acid, pyridoxine, riboflavin and thiamine are not [14, 16, 18]. With the exception of biotin, the model 
predicts correctly the essentiality of these vitamins. 

Minerals also play a critical role in O. oeni metabolism. Manganese is strictly necessary for growth 
[14, 19], probably due to its participation in the activation of the malolactic enzyme [20, 21], allowing the 
generation of a proton gradient which produces ATP and leads to growth stimulation [22]. The necessity 
for manganese is correctly predicted by the model. Other minerals, such as calcium, copper, iron, 
magnesium and zinc are not required for growth, which is also correctly simulated by the model. 

The resulting model was employed to predict growth rate in continuous and batch cultures. Zhang et al. 
[23] determined glucose and fructose consumption rates, as well as lactate, mannitol, acetate and ethanol 
production rates under five different dilution rates in continuous culture. However, with these few 
measurements as inputs to the model, it was not possible to predict growth rate accurately, mainly due to 
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the absence of measurements of major metabolites like carbon dioxide, for example. Interestingly, we 
discovered that if we fix the rates of carbon dioxide production and adenine consumption, the model is able 
to predict growth rate with a mean difference of 11%, with respect to the in vivo growth rates.

We also carried out FBA to predict the specific growth rate in batch cultures. Employing the data of Olguin 
and co-workers [24], we calculated the specific consumption and production rates from batch cultures in 
exponential phase at different pH and ethanol concentrations. When ethanol is absent in the medium, the 
model is able to accurately predict specific growth rate at pH 4 and 3.5. We are currently working on the 
calibration of the model for ethanol rich cultures, and further model refinement will require determining 
biomass composition and maintenance coefficients under increasing ethanol culture conditions. 

Conclusion 
In this work, we built a GEM of the wine malolactic bacterium O. oeni containing 694 reactions and 528 
metabolites. The resulting metabolic model was validated by comparing nutrient requirement predictions 
with literature. For a total of 44 growth/non growth experiments, the model showed an accuracy of 89% in 
its predictions, suggesting a high overall performance.    

Additionally, the model was employed to predict specific growth rates in continuous and batch cultures in 
exponential phase. In continuous culture, an average percentage difference of 11% was observed between 
experimental and predicted specific growth rates. In batch cultures in exponential phase, a percentage 
difference of 23% and 19% was observed at pH 4 and 3.5, respectively. Predictions were not achieved 
under ethanol growing conditions, probably due to the limited information concerning 
activation/deactivation of genes/reactions of O. oeni growing in a medium containing ethanol. Further 
model refinement will require determining biomass composition and whole gene expression of O. oeni 
under ethanol growing conditions.  

Finally, this model is the first step towards the generation of a comprehensive understanding of O. oeni 
metabolism and the consequent control of malolactic fermentation during winemaking. This model could 
be useful to predict the rate at which malolactic fermentation occurs in wineries, helping winemakers to 
predict the putative duration of this process. Challenges remain in improving specific growth rate 
predictions of O. oeni under ethanol growing conditions and in incorporating high throughput data and 
regulatory mechanisms. 
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Oenococcus oeni ‒ proteomic ‒ stress ‒ iTRAQ and 2D-DIGE 

Introduction  
Oenococcus oeni is the main lactic acid bacteria responsible for malolactic fermentation (MLF). 
Malic conversion plays an important role in the improvement of the organoleptic quality and sensorial 
properties of wines. Although O. oeni can survive the harsh conditions of wine (low pH, ethanol and sulfur 
compounds), sometimes the survival is low and the MLF may stop. This bacteria is studied in order to 
understand the genetic diversity and furthermore the enological potential.  

The proteomic studies on O. oeni are quite scarce. The first of them was from Silveira et al. [1] in which 
they used 2D gel electrophoresis (without the DIGE application) and showed that both ethanol stress and 
adaptation changed the protein profiles of O. oeni cells. Other authors have been studying enological 
starters from a proteomic approach in order to understand better the adaptation and changes into wine [2-4]. 

Nowadays, different proteomic techniques are available. 2D-DIGE technique was first described in 1997 
[5]. It relies on a pre-electrophoretic labeling, allowing multiplexing of samples into the same gel.  

There is another gel-free technique which uses isobaric tags for relative and absolute quantification 
(iTRAQ). It is combined with liquid chromatography (LC) and electrospray ionization tandem mass 
spectrometry (MS/MS) analysis, and nowadays it is emerging as a powerful methodology. It enables 
quantification and comparison of protein levels directly from samples with greater efficiency and accuracy.  

Here, we use the iTRAQ technique to analyze absolute protein expression changes in O. oeni PSU-1 during 
the first hours after the inoculation to wine. Using the 2D-DIGE technique and iTRAQ method in tandem 
with LC-MS/MS, we have identified several proteins that were either up- or down-regulated. This is the 
first proteomic analysis using these techniques with O. oeni to elucidate proteins involved in the adaptation 
to wine. 

Materials and methods 
Strain and inoculation 
The strain used in this study was O. oeni PSU-1 (CP000411.1), whose complete genome sequence is 
available. Strain PSU-1 was taken from cryopreserved culture and inoculated in modified MRS medium 
(Fluka, Switzerland) supplemented with 4 g/L D,L-malic acid and 5 g/L fructose (Sigma-Aldrich, USA) pH 
5 at 28ºC. Bacterial growth was monitored by optical density measurement at 600 nm with 
spectrophotometer UV2 (Unicam, United Kingdom) until reaching OD=1.6. At this point, the wine-like 
medium (WLM) with 12% ethanol and at pH 3.4 [6] was inoculated at 2% of culture and kept at 20ºC. 

Protein extraction 
After the inoculation into WLM, samples were taken at different time points for protein extraction (1h, 2h, 
4h, 6h, 8h) and at 0h from MRS broth to make the control sample. Regarding the amount of pellet needed, 
800 mL of WLM were collected and centrifuged at 4500 rpm for 15 min, the supernatant was removed and 
the pellet was washed with Tris-Cl pH 8 10 mM, frozen in liquid nitrogen and kept at -80°C until protein 
extraction. 
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Proteomic analysis 
The proteomic extracts were obtained by a cell disruptor. Then the samples were taken to the Centre for 
Omic Sciences from Servei de Recursos Científics i Tècnics de la Universitat Rovira i Virgili (Reus, Spain) 
where both proteomic characterizations were carried out.  

To perform 2D-DIGE, the Gorg et al. [7] protocol was followed and the analysis of the spots displaying a 
≥1 average-fold increase or decrease in abundance with a p-value ˂0.05 was selected for protein 
identification [8]. The peptides were analyzed on a MALDI TOF/TOF (Ultraflextreme, Bruker Daltonics, 
Bremen, Germany).  

Peptide analysis was also performed by iTRAQ labelling, using a nano LC II (Thermo Fisher Scientific, 
Bremen, Germany), coupled to an LTQ-Orbitrap Velos Pro mass analyzer (also from Thermo Fisher 
Scientific). All MS/MS samples were analyzed using Mascot (Thermo Fisher Scientific; version 2.4.1.0). 
Mascot was set up to search the NCBInr database (2.4, 46742655 entries), following the application of the 
restriction for Firmicutes taxonomy. Proteins that resulted with p>0.05 and ≥1.5 average-fold from the 
analysis of the variance were selected as differentially expressed between times 0h vs 1h and 0h vs 6h. 

Results and discussion 
All the proteomic samples were taken before the start of MLF and characterized by 2D-DIGE. 33 proteins 
that were significantly up- or down-regulated were selected to be identified by mass spectrometry (MS). 
The maximum differences were seen comparing points 0h vs 1h and 6h, from which 25 proteins were 
unequivocally identified by PMF (Peptide Mass Fingerprinting) and MS/MS. The analysis of all the spots 
from the 1h and 6h samples was repeated taking all the possible spots in order to obtain the maximum 
number of proteins related to these samples. Some proteins were detected in different spots because of post-
translation modifications or the identification of fragments. In general, the amount of proteins up-regulated 
was higher than the down-regulated: for the analysis 0h vs 1h, 22 different proteins could be identified as 
up-regulated and 13 down-regulated; for the analysis 0h vs 6h, 30 different proteins were up-regulated 
(15 of them were in the 1h analysis) and 10 proteins down-regulated (6 of them were in the 1h analysis).  

To make an overview of the proteins that have appeared in the analysis, the Clusters of Orthologous 
Groups (COGs) were used. Fig. 1A shows the different number of proteins obtained using 2D-DIGE 
analysis and the corresponding COGs. Some proteins are annotated in more than one COG because of their 
multifunctionality. The existence of few proteomic analyses in O. oeni makes this step sometimes difficult 
due to the lack of information.  

In both times (1h and 6h), it can be seen an increase of COGs related to energy production, amino acid and 
carbohydrate metabolism. At 6h there are more proteins related to energy production, so possibly part of 
this energy will be needed for active transport of substrate, mainly L-malate. On the other hand, COGs 
F and J (nucleotide metabolism and translation) are present in the down-regulated proteins in both times. 
The same proteins clustered in post-translation modification (COG O) are up-regulated at 1h and 6h and 
both correspond to molecular chaperones. 

Samples at 1h and 6h were used for iTRAQ quantification because these were the times where more 
proteins were differently regulated regarding 0h. With this gel-free technique, 23 different proteins could 
be identified as up-regulated and 27 down-regulated for time 1h; for the analysis 0h vs 6h, 28 different 
proteins were up-regulated and 29 proteins down-regulated. In total, there were 105 proteins because some 
of them are differentially regulated at both times analyzed. 

It could be seen, as with the other technique, the relevance of different alcohol dehydrogenases involved in 
energy production. In Fig. 1B, the COG more relevant is translation (J) and energy production (C) for up- 
and down-regulated proteins, respectively. However, this technique reveals other information comparing to 
the 2D-DIGE, the proteins obtained are different. 

Proteins up-regulated with the two techniques are alcohol dehydrogenase and an S-ribosylhomocysteinase. 
The former is related to energy production and the latter is involved in amino acid metabolism and 
inorganic ion transport. S-ribosylhomocysteinase is involved in the synthesis of autoinducer 2 (AI-2) which 
is secreted by bacteria and is used to communicate both the cell density and the metabolic potential of the 
environment.  
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With this technique some stress proteins like two thioredoxins and several peptidases are differentially 
regulated. Since peptides account for the largest proportion of total nitrogen in wine, these results suggest 
the relevant relationship between wine nitrogen composition and the ability of O. oeni to cope with its 
environment. 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 1 - COG functional annotation of differentially regulated proteins. A, proteins obtained 
from 2D-DIGE technique. B, proteins obtained from iTRAQ technique. For each COG category 
the red bars represent the number of up-regulated and green bars the down-regulated 
proteins. COG annotation: A (RNA processing and modification), C (Energy production and 
conversion), E (Amino acid transport and metabolism), F (Nucleotide transport and 
metabolism), G (Carbohydrate transport and metabolism), H (Coenzyme transport and 
metabolism), I (Lipid transport and metabolism), J (Translation, ribosomal structure and 
biogenesis), K (Transcription), L (Replication, recombination and repair), M (Cell 
wall/membrane/envelope biogenesis), O (Post-translational modification, protein turnover 
and chaperones), P (Inorganic ion transport and metabolism), R (General function prediction 
only), S (Function unknown), T (Signal transduction mechanisms), V (Defense mechanisms).    
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Conclusion 
O. oeni is the main species to carry on the MLF and although this transformation can be spontaneous, 
the inoculation with a commercial starter strain increases the control of MLF [9]. After the inoculation into 
wine, the bacteria must deal with different stress factors and give a cellular response. Proteomic techniques 
give us a great number of cytosolic proteins that are differentially regulated after the inoculation and before 
the MLF and it is a great approach to know what is happening in the cell. 

In this period of adaptation to this new environment, we have obtained several proteins which are up- and 
down-regulated using two different techniques, 2D-DIGE and iTRAQ. It has been seen that from all the 
samples analyzed, the ones with more proteins differentially regulated between control (0h) were at 1h and 
6h. We have revealed more up- than down-regulated proteins, three relevant COGs related to metabolism 
(C, E and G) in both techniques, and proteins involved in translation. 

Different approaches have been obtained from the results of the two complementary proteomic techniques 
used in this work. However, we think that this is the path to unveil the complex process of adaptation of 
O. oeni to wine. 
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Malolactic fermentation ‒ malolactic enzyme ‒ yeast antimicrobial peptides ‒ inhibitory kinetic 

Introduction 
In the context of winemaking, it is usually known that after the accomplishment of alcoholic fermentation 
(AF) carried out mainly by Saccharomyces cerevisiae, most of the red wines and certain white and 
sparkling wines are spontaneously, or purposely, taken through a malolactic fermentation (MLF) step, 
mostly by indigenous or inoculated lactic acid bacteria of the Oenococcus oeni species. The MLF, 
an enzymatic decarboxylation of L-malic acid into L-lactic acid and CO2, diminishes wine acidity and 
improves its sensorial characteristics and its microbial stability [1, 2]. However, it is often difficult to 
trigger and accomplish because of the individual or synergistic antibacterial activity of several physical 
chemical wine parameters and yeast inhibitory metabolites. Some of these factors have been intensively 
investigated such as low pH [3, 4], inadequate temperature [3], nutrient depletion [5], endogenous and 
exogenous SO2 [6], phenolic compounds [7], high ethanol content [3, 4] and medium chain fatty acids [8]. 
While the anti-MLF role of the previous compounds is already well established, there are gradually 
growing evidences suggesting the involvement of yeast peptides/proteins in the inhibition of O. oeni 
growth and L-malic acid consumption. Few authors such as Dick et al. [9], Comitini et al. [10], Osborne 
and Edwards [11], Mendoza et al. [12] and Branco et al. [13] demonstrated that some S. cerevisiae strains 
were able to produce extracellular proteinaceous compounds of different MW active against some O. oeni 
strains with no conclusive results on their mechanism of action. Most of the time, the impact of these 
compounds on the growth of O. oeni was the main parameter evaluated and few data concerning the malate 
consumption was given. Besides, the effect of these compounds on the malolactic enzyme activity was 
never studied. In a previous work [14], we demonstrated that S. cerevisiae D strain was able to produce a 
5-10 kDa peptidic fraction responsible for the strong inhibition of O. oeni X strain growth and malate 
consumption during sequential cultures. In the present work, we intended to further characterize this 
fraction by measuring its inhibitory effect on the malolactic enzyme activity.  

Materials and methods 
The S. cerevisiae D strain and the O. oeni X strain used in this work were kindly provided by Lallemand 
Inc. (Blagnac, France).  
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Growth media  
- Synthetic grape juice medium (SGJ medium): The medium composition that simulated the natural grape 
juice consisted of D-glucose 100 g l-1, D-fructose 100 g l-1, yeast extract 1 g l-1, (NH4)2SO4 2 g l-1, citric 
acid 0.3 g l-1, L-malic acid 3 g l-1, L-tartaric acid 5 g l-1, MgSO4 0.4 g l-1, and KH2PO4 5 g l-1, pH 3.5. 
The medium was autoclaved before use (121°C, 20 min).  

- Modified MRS medium: The medium composition consisted of MRS 51g l-1, 1 ml of Tween 80, L-malic 
acid 3 g l-1, ethanol 10 % (v/v), pH 3.5. The medium lacking ethanol was first autoclaved at 121°C for 
15 min. After cooling, ethanol was added aseptically through sterile filter membranes of 0.22 μm cut-off 
(Elvetec services, Meyzieu-France) and the pH was readjusted to 3.5 using an 85 % orthophosphoric acid 
solution.  

Isolation of the 5-10 kDa peptidic fractions from the yeast fermented medium by ultrafiltration  
The SGJ medium was first inoculated by S. cerevisiae D strain at an initial concentration of 3 x 106 cells 
ml-1 and the alcoholic fermentation (AF) was carried out at 22°C with stirring at 150 rpm in Erlen-Meyer 
flasks for 120 h to allow complete sugar consumption (< 2 g l-1). In order to isolate the proteinaceous 
compounds, the yeast fermented medium was fractionated each 24 h by ultrafiltration through centrifugal 
filter units (3500 g, 45 min, 4°C) having cut-offs of 10 kDa (Amicon® Ultra-15 with ultracel-10 membrane) 
and 5 kDa (Corning® Spin-X UF 20 Sigma-Aldrich). This yielded five peptidic fractions with a MW 
between 5 and 10 kDa, 75 times concentrated, collected at 24, 48, 72, 96 and 120 h of the AF.  

In vitro evaluation of the inhibitory effect of the 5-10 kDa peptidic fractions on the malolactic enzyme 
activity  
- Preparation of the bacterial enzymatic extract comprising the malolactic enzyme: A bacterial culture of 
O. oeni X strain was performed in a modified MRS medium. An inoculum of 2 x 106 cells ml-1 was used 
and the culture was followed for 5 days at 22°C with stirring at 150 rpm. After a centrifugation at 3500 rpm 
for 20 min at 4°C, the supernatant was removed and 0.4 g of the bacterial pellet were weighed and 
suspended in 800 μl of a phosphate buffer (67 mmol l-1; pH 6.7). The bacterial cells of the suspension were 
then lysed by vortexing them with glass beads presenting a diameter of 300 μm (Sigma-Aldrich) in a 
FastPrep® FP120 bead-beater device (BIO 1010/Savant) at 6 m s-1 for 3 x 45 s at 4ºC. Between 2 
consecutive runs, the cells were kept on ice for 1 min. The cell debris was removed by centrifugation at 
14000 g for 10 min at 4°C [15]. The supernatant containing the cell-free enzymatic extract was recovered 
and the volume completed to 2 ml using the same buffer.  

- Monitoring of the L-malic acid consumption in vitro: The 2 ml of each enzymatic extract were divided 
into 2 aliquots; one used as a control and the other one as a test medium containing the 5-10 kDa fractions. 
The reaction mixture is given in Table 1. The enzymatic reaction was performed at 30°C for 40 min. 
The inhibitory kinetic of the 5-10 kDa fractions on the malolactic enzyme activity was evaluated. The five 
peptidic fractions of 5-10 kDa collected each 24 h of the AF were tested separately. At the end of each 
assay, the concentrations of the L-malic acid consumed and the L-lactic acid produced were measured in 
both aliquots (control and test) and compared.  

- L-malic acid consumption and L-lactic acid production by bacteria: The L-malic acid and the L-lactic acid 
concentrations were determined using two enzymatic assays (Boehringer Mannheim/R-Biopharm, kit. 
No 10 139 068 035 and kit. No 10 139 084 035 respectively, Darmstadt-Germany) and the results were 
expressed in g l-1.  

Results and discussion  
The pair S. cerevisiae D strain/O. oeni X strain was previously tested by applying the sequential culture 
strategy that simulated the natural winemaking process. In other words, the MLF started after the 
accomplishment of the AF. The AF lasted 120 h and its stationary phase started after 50 h. The MLF results 
showed a strong inhibition of both the bacterial growth and the L-malic acid consumption. The MLF was 
followed for more than one month and no L-malic acid was consumed. The results were reproducible both 
in the synthetic grape juice and the natural grape juice media fermented by the yeasts. Investigations 
indicated the involvement of a yeast peptidic fraction with a MW between 5 and 10 kDa in the MLF 
inhibition.  
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Table 1 - Reaction mixture for the monitoring of the L-malic acid consumption in vitro 

Aliquot 1 (Control) Aliquot 2 (Test) Amounts 
Enzymatic extract Enzymatic extract 1 ml 
Mn2+ Mn2+ 0.1 mg 
NAD+ (35 g l-1) NAD+ (35 g l-1) 0.1 ml 
aphosphate buffer bABP (10.5 x) 0.14 ml 
L-malic acid (1 g l-1) L-malic acid (1 g l-1) 1 mg 

aphosphate buffer: 67 mmol l-1; pH 6.7  
bABP: antibacterial peptides (5-10 kDa fractions, 10.5 times concentrated)  

In an attempt to determine the mechanism of action of the 5-10 kDa fractions, an in vitro enzymatic 
reaction was designed and the fractions of 5-10 kDa collected each 24 h of the AF were tested as described 
in Table 1.  

Table 2 shows the amounts of L-malic acid consumed and the corresponding L-lactic produced for each 
5-10 kDa fraction tested. First, the results clearly show that the 5-10 kDa fractions were able to reduce the 
amount of L-malic acid consumed of 28 % (D1: 24 h) to 91 % (D5: 120 h) when compared to the control, 
thus exhibiting a direct inhibitory effect on the malolactic enzyme activity. Second, the kinetic of the 
inhibition showed that the 5-10 kDa peptidic fraction was gradually released during the AF with the highest 
concentration reached at the end of the stationary phase. Third, it is known that during the MLF, each mole 
of L-malic acid decarboxylated by the malolactic enzyme releases one mole of L-lactic acid and one mole 
of CO2. The amounts of L-lactic acid produced were measured and found to be stoichiometrically 
equivalent to the amounts of L-malic acid consumed. As an example, in the presence of the fraction D1, 
0.72 g l-1 of L-malic acid equivalent to 5.4 mmol l-1 were consumed and gave 0.48 g l-1 of L-lactic acid 
which corresponded to 5.3 mmol l-1. Consequently, the gradual decrease in the amount of L-lactic acid 
produced was an additional indicator of the malolactic enzyme inhibition by the 5-10 kDa peptidic 
fractions. Therefore, we suggest that in vivo, these peptides would enter the bacterial cells and directly 
inhibit the malolactic enzyme.  
 

Table 2 - Amount of L-malic acid consumed (g l-1) and L-lactic acid produced (g l-1) during the 
enzymatic reaction in vitro in the presence of the 5-10 kDa fractions collected each 24 h of the AF 

Sampling time of the 5-10 
kDa fractions during the AF 

Consumed L-malic acid 
(g l-1) 

Produced L-lactic acid 
(g l-1) 

Inhibition % of 
malate consumption 

Control (absence of *ABP) 1 (± 0.02) 0.67 (± 0.013) 0 (± 0) 
After 24 h of the AF (D1) 0.72 (± 0.015) 0.48 (± 0.01) 28 (± 0.6) 
After 48 h of the AF (D2) 0.63 (± 0.013) 0.42 (± 0.009) 37 (± 0.8) 
After 72 h of the AF (D3) 0.56 (± 0.011) 0.38 (± 0.008) 44 (± 1) 
After 96 h of the AF (D4) 0.1 (± 0.002) 0.07 (± 0.002) 90 (± 2) 
After 120 h of the AF (D5) 0.09 (± 0.002) 0.06 (± 0.002) 91 (± 2) 
Inhibition % of malate consumption = (consumed L-malic acid in the control - consumed L-malic acid in the presence 
of ABP) x 100 / (consumed L-malic acid in the control) 

No previous works have shown the involvement of yeast proteinaceous metabolites in the direct inhibition 
of the malolactic enzyme activity. Few have attempted to explain the mechanism of action of the yeast 
antibacterial peptides/proteins by evaluating mainly their impact on the bacterial growth. The proteinaceous 
compound ≥ 10 kDa found by Comitini et al. [10] was dose dependent and was able to reduce the bacterial 
growth with a typical saturation kinetic, thus suggesting the presence of a receptor on the bacterial cell. 
Therefore its bacteriostatic or bactericidal effect depended on its concentration and the incomplete MLF 
was correlated to its bactericidal effect. Mendoza et al. [12] found that their peptidic fraction having a MW 
between 3 and 10 kDa inhibited the bacterial growth but not the ability to consume L-malic acid with a 
typical saturation kinetic similar to that suggested by Comitini et al. [10]. Osborne and Edwards [11] 
suggested that their antibacterial peptide presenting a MW of 5.9 kDa inhibited the bacteria along with SO2. 
The mechanism proposed was that of bacteriocins forming membrane pores and facilitating the entry of 
SO2 inside the cells therefore leading to the bacterial death and arrest of MLF. The mechanism of action of 
the GAPDH-derived peptides identified by Branco et al. [13] and that inhibited the growth of O. oeni was 
not elucidated. In addition, no data concerning the malate consumption was shown [13].  
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Conclusion 
In conclusion, the results of the present work revealed that S. cerevisiae D strain was able to produce an 
anti-MLF proteinaceous compound with a MW between 5 and 10 kDa that was mainly released at late 
stages of the AF stationary phase. It was shown for the first time that yeast proteinaceous compounds were 
able to inhibit the malic acid consumption by directly targeting the malolactic enzyme activity. Current 
work is carried out in order to purify and sequence the putative bioactive peptides of the 5-10 kDa fraction. 
Future work should investigate their antimicrobial range of action, their biochemical and inhibitory 
properties and the possibility of using them as natural alternative biopreservatives in food products.  
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Introduction 
The contamination of red wine by the yeast Brettanomyces bruxellensis is one of the major problems for 
winemakers worldwide. This yeast produces volatile phenols that give characteristic off-flavours and off-
odours in contaminated wines [1]. The persistence of B. bruxellensis in wine is mainly attributed to its 
characteristic slow growth, ability to enter into a viable but not culturable (VNBC) state and thrive under 
conditions of low pH, high ethanol, low sugar concentration and low nutrient levels [2, 3].  

Winemakers use the chemical preservative sulphur dioxide (SO2) to control microbial spoilage in wine as 
well as for its antioxidant properties. However, the antimicrobial property of SO2 is dependent on the 
B. bruxellensis strain to be eliminated and also on the pH of the wine, which influences the concentration of 
molecular SO2 [4]. Biological compounds termed killer toxins have been postulated to be used as partial 
alternatives to SO2. The killer toxins Kwkt, Pikt and PMKT secreted by non-Saccharomyces yeasts have 
indeed been shown to control the growth of B. bruxellensis under winemaking conditions [5].  

Killer toxins execute their lethal effect by binding to receptors located on the cell wall or cell membrane of 
the target cells. Once the killer toxins are bound to the receptors, they kill the target cells by either 
permeating the cell membrane, inhibiting DNA synthesis, arresting cell cycle completion, inhibiting 
β-1,3-glucan synthase activity or hydrolysing the cell wall components β-1,3-glucans and β-1,6-glucans [6]. 

The aim of this study was to investigate and characterize antimicrobial compounds secreted by two strains 
of Candida pyralidae against B. bruxellensis. 

Materials and methods 
Strains and culture conditions 
Two strains, IWBT Y1140 and IWBT Y1057, of the wine yeast C. pyralidae were screened for their killer 
activity against 22 B. bruxellensis strains. The C. pyralidae strains were cultured in YPD broth and the 
extracellular protein crude extracts were used to test for killer activity. The crude extracts were 
characterized for their proteolytic nature, environmental stability and activity by exposing them to 
proteolytic enzymes and high temperature, and to conditions found during winemaking in terms of 
temperature (15 - 25°C), pH (3.4 - 4.5), ethanol and sugar concentrations between 0 - 14% and 2 - 230 g/L, 
respectively. Residual activity after exposure to these conditions was tested against the sensitive strain 
B. bruxellensis IWBT Y169 using the seeded agar method. 

Killer toxin activity 
The effect of the crude extracts on B. bruxellensis IWBT Y169 was tested in red table grape juice adjusted 
to pH 4.5. The medium was inoculated with this sensitive strain to a final concentration of 105 cfu/mL and 
100 AU/mL of each crude extract was added to the medium. Hundred microliters from each test tube was 
immediately sampled, serially diluted and plated on YPD agar plates. Sampling was also carried out after 6, 
12, 24, 48 and 120 h. The YPD agar plates were incubated at 30°C for 5 days. The experiments were 
performed on biological triplicates. 
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Fluorescence microscopy 
B. bruxellensis IWBT Y169 cells 
propidium iodide, aniline blue and concanavalin A Alexa Fluor
cell membrane, β-glucans or mannoproteins
Analytical Facility at Stellenbosch University
microscope and the Carl Zeiss Confocal LSM 780 Elyra SI microscope. The experiment was carried out on 
biological duplicates and cell imaging was 
visual areas of each biological sample. Cell wall morphology damage was investigated on
cells after exposure to the crude extracts for 
2.5 h and dehydrated with increasing amount of ethanol (i.e. 30, 50, 70, 90, 95 and 100%) for 3 min for 
each concentration of ethanol. The cell
stub and coated with a thin layer of gold
Electron Microscope.  

Results and discussion

The C. pyralidae strains IWBT Y1140 and IWBT Y1057
screened. The crude extracts secreted by the 
as their antimicrobial activity was
compounds contained within the crude extracts were 
CpKT2 for the strains IWBT Y1140 and IWBT Y1057
activity between 20 and 25°C, pH
stable at 15 and 20°C, pH 4.5 for CpKT1 
of the killer toxins CpKT1 and CpKT2 correlates 
stability of killer toxins as described by 
representing conditions found during beginning, middle and end stages of fermentation did not affect the 
stability of these killer toxins (Figure 1)
toxins in winemaking. 
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indicate that CpKT1 and CpKT2 exert their killer activity through membrane permeabilization which is 
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strains IWBT Y1140 and IWBT Y1057 inhibited 16 of the 22 B. bruxellensis
secreted by the C. pyralidae strains were confirmed to be of proteolytic nature 

activity was inhibited by Proteinase K and after boiling at 100°C
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The cells treated with CpKT1 and 
respectively. These results 
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similar to the mode of action of the 
target the cell wall components β
toxins to the mannoprotein layer resulted in
while binding to the β-glucan layer
within the sensitive cells. This indicated the disturbance of the mannoprotein layer and degradation of the 
β-glucan layer. Indeed, β-glucans and 
[6] serving as translocation intermediates for the killer toxins
B. bruxellensis cells treated with 
indentations, cracks and peeling 
B. bruxellensis cells as such morphological changes h
The results obtained suggest that the 
by binding followed by hydrolysis of the cell wall components by the killer toxins. 
permeate the exposed plasma membrane

Fig. 2 - Growth response of 

Conclusion 

This study showed that the killer toxins CpKT1 and CpKT2 are 
B. bruxellensis. The killer toxins also 
winemaking. The killer toxins were shown to
B. bruxellensis cells. Future work 
winemaking conditions.  
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Introduction 
Must inoculation with a selected strain of Saccharomyces cerevisiae is a well-known practice by 
winemakers and represents a technological breakthrough for the safety of fermentations. In Europe, approx. 
50% of the wine would be inoculated with Active Dry Yeasts (ADY). But, since the late 90s, many studies 
have focused on the potential negative impact of the implementation of a single “exogenous” strain to the 
full expression of the aromatic complexity of the wine [1, 2].  

Based on these data, new questions emerge from some winemakers. In the case of a choice of fermentation 
with indigenous flora, how to overcome an organoleptic drift in an uncontrolled start in fermentation? 
Is inoculation of ADY starter the only solution? On the contrary, if the yeast starter is an integrated step in 
the winemaking process, why not consider an inoculation with a yeast strain previously isolated in the 
production area? Faced with this emerging demand, new companies offer winemakers a micro-area 
selection of S. cerevisiae strains and the development of “home-made” starter cultures.  

In 2010, in relation with four Burgundy wineries, we initiated the program “Florigène” (2011 to 2013) 
supported by the Regional Council of Burgundy and the Inter-professional Office of Burgundy Wines. 
The objectives of this program were to study Saccharomyces yeast biodiversity at different stages of 
alcoholic fermentation during three years, in order to potentially identify winery specific yeast strains and 
analyze the influence of the origin of the grapes on the biodiversity of these yeasts. In other words: 
Do “winery” yeasts exist? Do “Terroir” yeasts exist? The results presented here were obtained with one of 
the four partner areas. 

Materials and methods 
Experiment design and sampling 
The partner had never used commercial ADY in winemaking. The different modalities were clearly 
separated in the cellar in order to limit the spread of the yeasts from one modality to another by the material 
used. The partner had also committed not to change cultural practices and the winemaking process during 
the three years of studying. Two modalities were identified with the partner for red winemaking: M2 (Pinot 
noir grapes from the plot “Côte de Beaune”) and M3 (Pinot noir grapes from the plot “Corton”).  

Sampling was conducted at four steps: S1: grapes on parcel 24 hours before the harvest; S1': after 
homogenization and putting into tank (only in 2012 and 2013); S2: at mid-alcoholic fermentation 
(mid-AF); S3: end AF. 

Sample analysis 
The samples were analyzed in the laboratory as soon as possible, to avoid cold storage of samples. Grape 
samples were crushed directly in sterile bags. First, we estimated the sample total population (juice and 
fermenting musts) by microscopy direct counting in order to apply the ideal dilution for a maximum of 100 
colonies per Petri dish. Approx. 50 colonies per modality and step were inoculated and stored at -80 °C in 
glycerol YPD medium.  
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The technique of PCR ITS [3] was carried out to discriminate Saccharomyces from non-Saccharomyces 
yeasts. The strains belonging to the genus Saccharomyces were distinguished by a characteristic 880-bp 
band. Then, an intra-specific identification of Saccharomyces yeasts was performed by inter-delta PCR 
analysis [4]. Delta sequences are 0.3-kb elements found in the genome of Saccharomyces yeasts at different 
positions. Conducting a PCR amplification of the inter-delta sequences allows the establishment of a 
characteristic and unique profile of one strain (or one clone) analyzed.  

Comparison of all profiles obtained required: i- an image analysis for each gel giving the size bands for 
each colony; ii- the development for each profile in a binary matrix (values 0 or 1 for the absence or 
presence respectively were assigned according to band size); and iii- the statistical treatment of the data set 
allowing the construction of a phylogenetic tree. Two colonies are considered identical (same clone) if they 
have a dissimilarity less than or equal to 10%. However, the results were sometimes ambiguous and the 
10% threshold could be sometimes slightly exceeded. In this case, only gel visual observation allows 
validation of the result. 

Results and discussion 
Inventory of Saccharomyces colonies 
Table 1 lists the number of isolated colonies of the genus Saccharomyces. The frequency of detection of 
Saccharomyces yeasts on the grapes was low, with only one S. cerevisiae strain detected among 296 
colonies. These results agreed with previous data [5-7] that highlight the predominance of non-
Saccharomyces yeasts on grapes. The predominance of Saccharomyces yeasts was observed during 
alcoholic fermentation. However, we note, particularly in 2012, the exclusive presence of Saccharomyces 
before the fermentation (putting into tank), which can be explained by a late sampling compare to 2013. 
However, during alcoholic fermentation, non-Saccharomyces yeasts were isolated especially for the 2012 
harvest. The persistence of non-Saccharomyces yeasts during the fermentation has already been 
reported [8].  
 

Table 1 - Frequency of detection of Saccharomyces colonies 

  2011   2012   2013 
Sampling 
time (S) 

M2* M3* Total   M2 M3 Total   M2 M3 Total 

Grapes S1 0/50 0/50 0/100   0/49 1/50 1/99   0/47 0/50 0/97 

Tank S1' / / /   50/50 50/50 100/100   49/50 0/50 49/100 

Mid-AF S2 50/50 50/50 100/100   18/48 14/50 32/98   49/50 49/50 98/100 

End AF S3 50/50 50/50 100/100   50/50 48/50 98/100   / / / 

Total by 
modality 100/150 100/150 

200/300 
(67%)   118/197 113/200 

231/397 
(58%)   98/147 49/150 

147/ 297 
(49%) 

*M2 (modality "Côte de Beaune"); M3 (modality "Corton")  

2011 vintage analysis 
The distribution of the number of clones for each occurrence (number of colonies per clone) relative to the 
total number of identified clones is presented Figure 1. 89.4% of the identified clones were represented by 
less than four colonies, with 67.3% of mono-clones. This reflected a high biodiversity of S. cerevisiae 
strains on two studied modalities. No predominant strain could be detected, even during mid-FA. 
The maximal number of occurrences was 9. We focused the analysis by modality and sampling step only 
on clones whose number of occurrences was greater than or equal to 4 (14 clones). Two clones were 
identified specifically on the modality “Côte de Beaune” and one clone was identified specifically on the 
modality “Corton”. Eleven clones were common to both conditions, with five predominant clones on the 
modality “Côte de Beaune” and five predominant clones on the modality “Corton”. One clone could not be 
assigned to a specific modality. For the same modality, no clone covered two sampling steps (mid-AF and 
end-AF), which suggests a strong blending of strains during the progress of the alcoholic fermentation. 

Data comparison between the three vintages 
The results obtained in 2012 and 2013 confirmed previous data, with a significant biodiversity of 
S. cerevisiae clones during fermentations. More than 65% mono-clones relative to the total number of 
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clones were counted (Table 2). The years 2012 and 2013 were also characterized by small rates (approx. 
5%) of clones whose numbers of occurrences were greater than or equal to 4, with twelve clones identified 
in 2012 and one in 2013 for both modalities studied. No dominant clone could be counted. Moreover, only 
two clones were identified on one modality at two sampling steps in 2012, supporting the hypothesis of a 
succession of different strains during the fermentation process. 
 

 
Fig. 1 - Distribution of the number of clones for each occurrence in relation with the 

total number of clones – Vintage 2011. 
 
Statistical analysis of 578 profiles obtained on the modalities “Côte de Beaune” and “Corton” led to the 
following conclusions. We have identified 28 clones whose numbers of occurrence were greater than or 
equal to 4. Fourteen clones were identified only on a single vintage, eleven clones were found in two 
vintages and three clones were identified on three successive years. None of these three clones was 
affiliated with a modality (origin of the plot of vines). However, a higher detection rate was obtained for 
both clones from the modality “Corton”. 
 

Table 2 - Comparison of key data collected during three vintages 

 
2011 2012 2013 

Rate of identified mono-clones 67.3% 65.5% 80.0% 
Rate of clones whose number of occurrence  
was greater than or equal to 4  

10.6% 8.5% 0.9% 

Maximum number of occurrence  9 9 4 

Conclusion 
The origin of S. cerevisiae strains remains a controversial topic [9]. Some authors argue that 
Saccharomyces yeasts, although they are a minority, come from the surface of the grapes. Their presence 
depends on vine or sanitary quality of grapes. Other studies estimate that S. cerevisiae strains are linked to 
the environment of the winery. Other authors even suggest that the yeast has not an identified habitat. 
Yeasts appear in the vineyard and in the winery with different vectors such as insects or birds [10, 11], 
and yeast development becomes significantly quantifiable in winery that represents a favorable 
environment for yeast growth. 

Do “winery” yeasts exist? Our data highlight only three yeast strains detected on three successive vintages, 
which is very low. Moreover, none of these strains was dominant, which minimizes the impact of a 
“resident” strain in the winery. Do “Terroir” yeasts exist? No strain was identified exclusively on one vine 
plot. Our data underlined also the absence of dominant strains during alcoholic fermentation. 
The fermentation process with indigenous flora is provided by a consortium of different yeasts, whose 
dynamics changes during the fermentation process. 
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Evolved yeast ‒ fermentation ‒ ethanol yield ‒ glycerol 

Introduction 
Over the past two decades, the level of ethanol in wine has increased in most wine-producing regions, 
raising a number of issues related to consumer health, prevention policies, fermentation efficiency and wine 
sensorial quality. While different approaches have been proposed at all stages of the winemaking process to 
reduce this trend, microbial strategies have the advantage of being inexpensive and easy to implement. 
Many research efforts during the last two decades have therefore focused on developing novel yeast strains 
that produce less ethanol during wine fermentation [1]. Because the diversity between S. cerevisiae isolates 
for ethanol yield is very low [2, 3], the development of strains producing less ethanol requires a marked 
modification of yeast metabolism. This is a challenging task that requires considering a number of 
important constraints, such as maintaining carbon, redox and energetic balances, preserving wine quality 
and yeast performance.  

Metabolic engineering approaches have been first used to generate strains producing less ethanol. Among 
various strategies, rerouting carbons towards glycerol has emerged as the best option to reduce ethanol 
yield [4-7]. As a proof of concept, wine yeast strains overproducing glycerol and 2,3-butanediol with a 
lower ethanol yield and without accumulation of unwanted by-products have been successfully constructed 
by metabolic engineering strategies [8]. These strains have the potential to decrease alcohol levels in wines 
by up to 3% (vol/vol).  

Evolutionary engineering is a GM-free strategy that has proven its effectiveness to reshape yeast 
metabolism. The concept of adaptive evolution is that microorganisms tend to evolve their intrinsic 
characteristics to adapt to new conditions. During this process of evolution, random genetic mutations 
occur, and if a selection pressure is applied, strains having one or more beneficial mutations in the selective 
medium will dominate in the culture medium and can thus be selected. This approach is based on the 
extended cultivation of a strain in controlled selective medium to select for natural genetic variants having 
beneficial mutations under the conditions used. Since the emergence of mutations is a rare event, several 
hundred generations are usually necessary before observing an evolution, which can last several months.  

We present here our recent work based on adaptive evolution for developing wine yeast strains with 
reduced ethanol yield. Different strategies to redirect carbons towards other by-products than ethanol were 
used to reprogram the metabolism of a commercial S. cerevisiae wine yeast strain, and resulted in the 
selection of an evolved strain producing less ethanol. These strategies and the characteristics of the wines 
produced at lab-scale and pilot-scale by the selected evolved strains will be discussed. Overall, this work 
shows that adaptive evolution is a valuable alternative to rational modification for reducing ethanol yield in 
wine yeasts. 

Materials and methods 
Strain 
The commercial S. cerevisiae wine yeast strain Lalvin EC1118® was used as the ancestral strain. 
This strain is diploid and heterozygous. 
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Adaptive evolution experiments 
Long-term serial transfer procedure was performed in capped tubes (13-mL), each containing 5 mL of 
selective medium. The cultures were incubated at 28°C under agitation at 225 rpm. Such serial transfers 
were repeated for up to 450 generations. Every 50 generations, 1-mL samples of the evolving populations 
were collected and stored at 80°C in 20% glycerol for subsequent analysis. Duplicate evolution 
experiments were performed. The selective media used were (i) SD gluconate medium (0.67% nitrogen 
base, 2% gluconate) pH 6 (adjusted with a solution of NaOH 32%); (ii) YPD 8% glucose (1% Bacto yeast 
extract, 2% bactopeptone) containing KCl or sorbitol. KCl and sorbitol concentrations were sequentially 
increased from 1.25 M (KCl) or 1.5 M (sorbitol) to 2.4 M and thereafter maintained at 2.4 M; and (iii) SD 
containing methylglyoxal in concentrations sequentially increased from 30 to 200 mM. 

Fermentation medium and growth conditions 
Evolved populations and strains of these populations were characterized in a synthetic must at laboratory 
scale (1 L). Batch fermentations were carried out in synthetic medium (MS), which mimics standard grape 
juice [9], containing 240-260 g/L glucose, in 1-L bioreactors equipped to maintain anaerobiosis, at 28°C, 
with permanent stirring. The CO2 release was determined by automatic measurement of fermentor weight 
loss every 20 min.  

Selected KCl-evolved strains were characterized in pilot-scale fermentations (1 hL) performed in 
cylindrical stainless-steel tanks with natural grape must from Syrah 2013, 2014 or Merlot 2013. 
Grape musts were flash pasteurized and stored at 2°C before fermentation.  

Metabolite quantification 
Glucose, acetate, fructose, and glycerol were analyzed by HPLC using an Aminex HPX-87 ion exchange 
column. Acetoin and 2,3-butanediol were assayed by gas chromatography (GC). Volatile aroma 
compounds were extracted according to the method described by Rollero et al [10] and determined by 
GC/MS analysis after dichloromethane extraction. Extracts were analyzed with a Hewlett Packard (Agilent 
Technologies, Santa Clara, California, USA) 6890 gas chromatograph coupled to a HP 5973 mass 
spectrometer. 

Results and discussion 
Amplification of the pentose phosphate pathway 
A first approach was based on the amplification of the pentose phosphate (PP) pathway [11]. Rerouting 
carbon towards the PP pathway was expected to reduce the availability of carbon for ethanol production. 
For each sugar molecule entering this pathway, there is a loss of 1 carbon out of 6 in the form of carbon 
dioxide. Using long-term batch cultivation of a commercial wine yeast strain on gluconate, a substrate 
poorly assimilated by S. cerevisiae and metabolized by the PP pathway, several variants with increased 
capacity to assimilate gluconate were obtained. The evolved strain Affinity™ECA5 had a 1.5-fold increase 
in flux through the PP pathway compared to the ancestral strain (17% of the carbon flux was channeled into 
the PP pathway versus 11%). As a result, this strain produced slightly less ethanol than the EC1118 strain, 
which exactly matched the additional excretion of 6.9 mmol of carbon as CO2. However, such a decrease is 
expected to reduce the ethanol concentration in wine of about 2g/L, which is hardly detectable. A 5-fold 
increase in flux through the PP pathway would have been necessary to reduce the ethanol level of wine by 
approximately 1% (vol/vol). Nevertheless, the evolved strains had various other commercially relevant 
properties, including reduced acetic acid production and remarkably increased ester production [11, 12].  

Glycerol overproduction 
We then considered strategies aiming at rerouting sugars towards the formation of glycerol. In addition to 
its key role in redox balance, glycerol is also the main compatible solute produced by yeast in response to 
hyperosmotic stress. This response is controlled by the HOG (high osmolarity glycerol pathway) signaling 
pathway. We therefore carried our evolution experiments using various agents known to stimulate the HOG 
pathway, such as methylglyoxal, sorbitol or potassium chloride [13]. After prolonged cultures on rich 
medium containing these stressors, we observed a marked overproduction of glycerol on KCl medium after 
200 generations (Figure 1). This overproduction was observed simultaneously for 2 evolution replicates 
carried out in parallel on this medium. 
 



 

                  
Fig. 1 - Glycerol production of EC1118® populations cultivated for 100 (green), 200 (blue) or 300 (red) 

generations in the presence of methylglyoxal (YNB medium)
correspond to two evolution experiments conducted in parallel.

 
Strains were isolated from the evolved population and characterized during wine fermentation on synthetic 
must. The evolved strains had a marked increased glycerol production
These strains also produced more succinic acid and 2,3
accumulate undesirable organoleptic compounds, such as acetic acid, acetaldehyde, or acetoin. In a second 
step, this evolutionary strategy was coupled to a genetic approach in order to amplify the metabolic shift.
A population of 150 haploid derivatives from the evolved strain was produced, and the haploid strains
with the highest capacity to produce glycerol were selected and mated, generating intra
strains [13].  

Pilot-scale fermentations (1 hL) on Syrah using t
1.3% (vol/vol) lower ethanol level (9% reduction in ethanol yield), more glycerol (17.9 g/L versus 10.8 g/L 
for the ancestral strain), 2,3-butanediol
1.11 g/L) and succinic acid (1.5 g/L versus 1.3 g/L)
the level of acetic acid was markedly reduced 
the production of other undesirable by
Other pilot-scale trials in different grape musts gave consistent results with 0.6 to 0.9% (vol/vol) less 
ethanol, depending on the initial sugar amount
the volatile acidity. 

Conclusion 
Today, health concerns and consumer expectations for wines that are easy to drink have made ethanol 
reduction a focal point of research. 
strategies such as evolutionary engineering have been 
ethanol yields. For the first time, unprecedented diversion of sugars towards the formation of glycerol and 
2,3-butanediol without additional unwanted effects 
wine yeast. This approach can lead to
similar, although less pronounced, 
strain previously obtained. Pilot
properties of the evolved strain, a combination of traits of particular interest in the context of climate 
change. 

Current work focuses on the elucidation of
sequencing, combined with gene expression and metabolic flux analysis, 
the genetic basis of improved phenotypes, enabling 
evolutionary strategies is expected to increase with 
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EC1118® populations cultivated for 100 (green), 200 (blue) or 300 (red) 
generations in the presence of methylglyoxal (YNB medium), sorbitol (YPD) or KCl (YPD)

correspond to two evolution experiments conducted in parallel.

from the evolved population and characterized during wine fermentation on synthetic 
. The evolved strains had a marked increased glycerol production and produced less

These strains also produced more succinic acid and 2,3-butanediol than the ancestral strain and did not 
accumulate undesirable organoleptic compounds, such as acetic acid, acetaldehyde, or acetoin. In a second 
step, this evolutionary strategy was coupled to a genetic approach in order to amplify the metabolic shift.

of 150 haploid derivatives from the evolved strain was produced, and the haploid strains
with the highest capacity to produce glycerol were selected and mated, generating intra

hL) on Syrah using the improved evolved strain (H2) resulted in wines with 
1.3% (vol/vol) lower ethanol level (9% reduction in ethanol yield), more glycerol (17.9 g/L versus 10.8 g/L 

butanediol, a polyol having no sensorial impact in wine
1.11 g/L) and succinic acid (1.5 g/L versus 1.3 g/L) compared to the ancestral strain (EC1118)
the level of acetic acid was markedly reduced (below 10 mg/L versus 0.5 g/L for the ancestral strain
the production of other undesirable by-products such as acetaldehyde and acetoin remained very low.

scale trials in different grape musts gave consistent results with 0.6 to 0.9% (vol/vol) less 
depending on the initial sugar amount and the grape and conditions used, and marked reduction of 

Today, health concerns and consumer expectations for wines that are easy to drink have made ethanol 
reduction a focal point of research. Due to the poor public acceptance of GM-based foods, non
strategies such as evolutionary engineering have been recently used for generating wine yeast with reduced 
ethanol yields. For the first time, unprecedented diversion of sugars towards the formation of glycerol and 

without additional unwanted effects was obtained by adaptive evolution of a commercial 
can lead to a reduction of up 1.3% (vol/vol) ethanol in wines

similar, although less pronounced, flux redistribution towards glycerol and 2,3-butanediol 
ilot-scale trials confirmed the reduced alcohol yield and acidification 

properties of the evolved strain, a combination of traits of particular interest in the context of climate 

the elucidation of the genetic bases of the evolved phenotypes. W
sequencing, combined with gene expression and metabolic flux analysis, are key approaches

ic basis of improved phenotypes, enabling their transfer to other strains. The power of adaptive 
evolutionary strategies is expected to increase with the rapid development of these approaches.
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EC1118® populations cultivated for 100 (green), 200 (blue) or 300 (red) 

sorbitol (YPD) or KCl (YPD). (a) and (b) 
correspond to two evolution experiments conducted in parallel. 

from the evolved population and characterized during wine fermentation on synthetic 
produced less ethanol. 

ancestral strain and did not 
accumulate undesirable organoleptic compounds, such as acetic acid, acetaldehyde, or acetoin. In a second 
step, this evolutionary strategy was coupled to a genetic approach in order to amplify the metabolic shift. 

of 150 haploid derivatives from the evolved strain was produced, and the haploid strains 
with the highest capacity to produce glycerol were selected and mated, generating intra-breed diploid 

resulted in wines with 
1.3% (vol/vol) lower ethanol level (9% reduction in ethanol yield), more glycerol (17.9 g/L versus 10.8 g/L 

, a polyol having no sensorial impact in wine (3.96 g/L versus 
compared to the ancestral strain (EC1118). By contrast, 

for the ancestral strain) and 
products such as acetaldehyde and acetoin remained very low. 

scale trials in different grape musts gave consistent results with 0.6 to 0.9% (vol/vol) less 
and marked reduction of 

Today, health concerns and consumer expectations for wines that are easy to drink have made ethanol 
based foods, non-GM 

used for generating wine yeast with reduced 
ethanol yields. For the first time, unprecedented diversion of sugars towards the formation of glycerol and 

was obtained by adaptive evolution of a commercial 
in wines and results in a 
butanediol than in a GM 

scale trials confirmed the reduced alcohol yield and acidification 
properties of the evolved strain, a combination of traits of particular interest in the context of climate 

the genetic bases of the evolved phenotypes. Whole-genome 
are key approaches for elucidating 

The power of adaptive 
the rapid development of these approaches. 
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Yeast ‒ bacteria ‒ strain optimisation ‒ fermentation ‒ directed evolution ‒ high-throughput screening 

Introduction 
Fermentations, whether the ethanolic or malolactic, are not always completed in a timely manner or with 
minimal winemaker intervention. Similarly, the contribution by the microbes to the sensory properties of 
the wine is not always predictable or desirable. The source of difficulties is often the limited capabilities of 
the microbes in terms of their fermentation robustness or their propensity for a given metabolic output. 
Our efforts centre on i) the generation or isolation of more robust organisms to ensure smooth and efficient 
fermentations and ii) predictable or desirable sensory contributions to the finished wine. With the aim of 
providing strains that can be readily adopted by the wine industry, the approaches taken have deliberately 
been non-recombinant and include classical strain isolation and screening, EMS mutagenesis and directed 
evolution. Recombinant methods have been utilised to better understand or confirm the genetic basis of 
desired attributes in superior strains as well as to identify genes and cellular processes linked to attributes of 
interest. This information in turn informs further non-recombinant strain generation efforts. A summary of 
some of the main activities undertaken by the group in recent years is presented below. 

Materials and methods 
Most materials and methods have been reported previously. In the interests of brevity, the reader is directed 
to the appropriate references mentioned in the text. Details of any unpublished materials or methods are 
included in the text. 

Results and discussion 
New yeast through directed evolution 
In our first publication detailing the application of directed evolution to wine yeast [1], we described a 
strain capable of completing fermentation of a defined medium (200 g/L sugar) in ~60% of the time of the 
parent strain (L2056). In subsequent work we have sought to define the basis of this dramatic improvement. 
Specifically, efforts have utilised whole genome sequencing and lipidomic [2] and metabolomic analysis. 
In addition, the suitability of the strain for real juice fermentation has been assessed at a number of scales in 
recent vintages. As an example, fermentations at 22 ºC of 10-L aliquots of 2012 Chardonnay juice 
reiterated the superior performance of the evolved strain, which completed fermentation in ~350 hours 
compared to almost 500 hours for strain EC1118 and the parent, L2056 (Fig. 1).  

Additional directed evolution experiments have been conducted to produce a suite of potentially useful 
yeast strains. Targets for improvement have included traits such as the enhanced utilisation of fructose, 
the predominant monosaccharide with glucose found in grape juice, or reduced ethanol yield. 
Unlike glucose, fructose utilisation is characteristically delayed, resulting in a shift from the near equimolar 
mix of these sugars to a predominance of fructose late in fermentation. Completion of fermentation is often 
predicated on the ability of the inoculated yeast to ferment remaining fructose, a sugar that most 
Saccharomyces cerevisiae strains inherently utilise less effectively, and whilst experiencing harsh 
conditions (high ethanol content, low nutrition, declining viability, etc). 
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Fig. 1 - Evaluation of evolved strain FM16-C7 H in 10-L fermentations (triplicate, 22 °C) 
of 2012 Chardonnay juice from Padthaway, South Australia. Juice parameters: 

287 mg L-1 YAN, 11.8 Bé, pH 3.85, 4.5 g L-1 TA, 7 mg L-1 free SO2.  
 
Strain AWRI 796 was cultured continuously on limited amounts of fructose (~5 g/L) as sole carbon source 
[3]. At regular intervals the mixed culture and individual isolates were screened in micro-fermentations 
using sacrificial sampling (i.e. 5-6 replicate plates prepared, and one destructively sampled at each chosen 
time point for enzymatic residual sugar determination [Boehringer Mannheim; Cat: 139106]). Figure 2 
shows the fermentation performance of several isolates from such a screening exercise. Fermentation by the 
parent strain (AWRI 796) required approximately 80 hours. The mixed, evolved population took a similar 
amount of time. The individual isolates spread in their fermentation durations between ~65 and 80 hours. 
The fastest isolate being “mutant 43”.  

 

Fig. 2 - Evaluation of candidates evolved for enhanced ‘fructophilicity’. Panels show the removal of 
glucose and fructose (TOTAL SUGAR). The kinetics of removal of individual sugars from the same 

fermentations is shown in the bottom panels. See text and [3] for details. 
 

Examination of the fermentation kinetics for each sugar indicated that the basis for the accelerated 
fermentation by “mutant 43” was not an increase in the utilisation of monosaccharides generally, but rather 
was due to a more rapid utilisation of fructose specifically. These results indicate the effectiveness of the 
directed evolution strategy and provide candidate strains for further evaluation, characterisation and as 
breeding material (i.e. to incorporate rapid fructose utilisation into other strain backgrounds).  
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Evaluation of these and other candidate strains (yeast or bacteria) have used a staged approach, 
commencing with ‘micro-fermentations’ conducted in 96-well plates. Apart from their great convenience, 
these micro-fermentations showed good agreement [4] with results obtained on the more traditional 
‘laboratory’ scale (i.e. ~100 mL) trials. Subsequent trials occur in ever-increasing volumes (100 mL, 
10 L, etc) with a reducing number of candidates according to the analytical needs (e.g. sensory or 
descriptive analysis of wines) and the attribute in question.  

New bacteria through directed evolution 
Given the inherently inhibitory nature of wine to the growth and activity of lactic acid bacteria, a directed 
evolution approach seems ideal for the improvement of these fastidious organisms. In another example of 
the early application of this approach to wine microbes, Betteridge [5] cultured the commercial Oenococcus 
oeni strain SB3 (Laffort) continuously in MRSAJ (MRS broth + 20% [v/v] apple juice) containing modest 
ethanol content (~5% [v/v]), which was progressively increased to ~15% (v/v). Regular evaluation of the 
evolving culture in comparison to the parent eventually revealed an improved phenotype (Fig. 3). Ongoing 
characterisation of isolate 90 includes physiological and genomic analyses. Several single nucleotide 
polymorphisms have been identified in the evolved strains compared to the parent. The biological 
significance of these is under investigation. In an assessment of the ethanol tolerance of strain 90, excellent 
resistance to 17% (v/v) ethanol in MRSJA at 22 °C was demonstrated through complete catabolism of 
3 g/L of malic acid in ~25 days compared to trace malic acid catabolism in the same time by SB3 (data not 
shown). Further studies of the strain in real wines are underway.  
 

 
Fig. 3 - Evaluation of malic acid metabolism by parent strain SB3 and four clonal isolates from the 
directed evolution culture described in the text. Strains were grown in 10 mL of MRSAJ at 22 °C 

supplemented with 15% (v/v) ethanol. Values are the averages of three biological replicates. 
 
Guidance for strain improvement from genetic resources 
One advantage of research on Saccharomyces cerevisiae is the multitude of genetic resources and data 
available for this model organism. Libraries of deletants (each containing a single unique gene deletion) are 
commercially available for interrogation of the response of deletants to specific growth conditions or 
physicochemical challenges [6]. In such studies, the failure of a deletant to perform well implies the 
importance of the corresponding deleted gene in coping with the challenge applied. With this knowledge it 
is possible to quickly identify the gene and/or cellular process that underpins the sought-after attribute. 
Such deletion libraries have been widely exploited to determine the identity of genes involved in tolerance 
of challenges relevant to winemaking, e.g. ethanol, low/high temperature, acetic acid, etc. Whilst useful, 
such studies may have some limitations. The background for the deletion library is not a wine strain. 
Previous versions of these libraries have auxotrophic markers mandating the addition of amino acids and 
thereby complicating the study of nitrogen-related attributes in these strains (important in oenology since 
nitrogen is often limiting). Also, unlike a wine fermentation where many challenges are faced sequentially 
and in parallel over an extended time-frame of many days, such studies tend to focus on a single challenge 
over a short time-frame. Our recent work sought to address these limitations and identify the genes 
essential for fermentation under wine-like conditions [7]. These so-called fermentation essential genes, 
i.e. genes without which fermentation was not completed in a designated time, number around 90 and 
constitute the “fermentome”. As validation of the approach used, one third of the genes identified have not 
previously been linked to fermentation, whilst the remainder have been highlighted in one or more single 



OENO 2015 

166 

stress screens of relevance to winemaking. This work has highlighted the importance of some core 
biological processes such as ion homeostasis and vacuolar acidification to efficient performance during 
wine fermentation, particularly high-sugar fermentations. Such information is helping to tailor future strain 
optimisation strategies.  

Other genetic resources include a sequenced set of 96 recombinant F2 progenies dissected from the F1 
generation of a cross between two winemaking strains [8]. This collection is being used to identify many 
Quantitative Trait Loci (QTLs), including those linked to the retention of pigmented compounds in the 
culture supernatant vs adhering to the biomass in model wine fermentations containing a polyphenol extract 
from grapes. The work has so far highlighted several candidate regions for further investigation. 
These contain genes responsible for the synthesis of cell-wall components, which may conceivably be 
involved in different degrees of binding of polyphenol pigments from the fermentation medium to the yeast 
cell wall (thereby removing them from the culture supernatant).  

Conclusion 
This work has demonstrated the utility of several methods for the identification of yeast and bacterial 
strains with enhanced properties. In being non-recombinant in their nature, such strains can be readily 
trialed in industry if not quickly taken up for commercial production. Characterisation of these strains is 
also providing insight into the basis for their enhancement, thereby yielding fundamental information and 
guidance to future optimisation efforts. Characterisation of deletion mutant libraries as well as QTL 
analysis of hybrid collections is also revealing possible genetic targets for exploitation in the development 
of strains tailored for fermentation robustness of specific compositional contributions to wine. 
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Non-Saccharomyces ‒ Torulaspora delbrueckii ‒ mixed inoculation ‒ esters 

Introduction 
The fermentation of grape must is a complex microbial process involving sequential development of 
various yeast communities including Saccharomyces and non-Saccharomyces species. The dominance of 
non-Saccharomyces yeasts during the early stages of the reaction has a major impact on the aromatic 
composition and sensory properties of wine [1, 2]. 

Torulaspora delbrueckii, one of the few non-Saccharomyces yeast species currently commercialized, has 
been described as having a positive impact on the organoleptic quality of wines thanks to its low production 
of off-flavour compounds such as acetic acid and ethyl acetate [3, 4] and its production of few specific 
esters in more important concentrations than S. cerevisiae [5, 6]. 

The aim of this work was to study the specific ester formation of T. delbrueckii and its aromatic impact 
when used in association with S. cerevisiae during the alcoholic fermentation of wine.  

Materials and methods 
Strains and culture conditions 
In this study, two commercial strains from Laffort company (France) were used: S. cerevisiae Zymaflore® 
FX10 and T. delbrueckii Zymaflore® AlphaTD N. SACCH. Single and mixed cultures were inoculated with 
1 x 107 viable cells/mL for T. delbrueckii and 2 x 106 viable cells/mL for S. cerevisiae. Yeast growth was 
determined by plate counts. 

Ester analysis 
The concentration of 20 esters was determined using a head space solid phase microextraction (HS-SPME) 
followed by gas chromatography-mass spectrometry (GC-MS) [7]. Seven esters (ethyl butanoate, ethyl 
hexanoate, ethyl octanoate, ethyl decanoate, isoamyl acetate, hexyl acetate and phenylethyl acetate), found 
at higher concentrations in S. cerevisiae pure culture than in T. delbrueckii pure culture, were named 
“major esters”, and the others were named “minor esters”.  

Sensory analysis 
Sensory analyses were performed as described by Martin and de Revel [8]. The panel was composed of 
33 professional tasters (17 women and 16 men) aged between 24 and 60 years selected for their experience 
in assessing fruity aromas in red wine. 

Data analysis 
Experiments were performed in triplicate in laboratory scale and in duplicate for winery scale. In order to 
compare modalities, data were analyzed by single-factor variance analysis (ANOVA, p < 0.05) after the 
verification of variance homogeneity (Levene test, p > 0.05). Thereafter a multiple comparison test 
(Duncan) was applied to classify the different modalities (p < 0.05).  
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Results and discussion 
Laboratory scale 
Four different fermentations were carried out: two pure cultures and two mixed cultures. For simultaneous 
mixed culture, T. delbrueckii and S. cerevisiae were inoculated at the same time while T. delbrueckii was 
inoculated 24 h before S. cerevisiae in sequential mixed culture.  

When comparing single species inoculations, the sum of all measured esters at the end of fermentation was 
5-fold higher with S. cerevisiae than with T. delbrueckii as shown in Table 1. However, few specific esters: 
ethyl propanoate, ethyl isobutanoate and ethyl dihydrocinnamate were respectively found at 5-, 3- and 67-
fold higher concentrations in T. delbrueckii pure fermentation than in S. cerevisiae pure fermentation.  
 

Table 1 - Final ester concentrations in pure and mixed T. delbrueckii and S. cerevisiae cultures 
(laboratory scale conditions) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Average values of three experiments ± standard deviation  
a, b, c, d represent significantly different statistical groups (p < 0.05) 
* Isoamyl acetate, ethyl isobutanoate and isobutyl acetate are also called 3-methylbutyl 
acetate, ethyl 2-methylpropanoate and 2-methylpropyl acetate, respectively 

 
These three esters were also found in higher concentrations in mixed inoculations in comparison to 
S. cerevisiae pure culture. Furthermore, these esters, specifically produced by T. delbrueckii, were 
significantly correlated (Spearman test, p < 0.05) to the maximal T. delbrueckii population reached in 
mixed cultures (Table 1 and 2). Thus, ethyl propanoate, ethyl isobutanoate and ethyl dihydrocinnamate 
were considered as activity markers of T. delbrueckii during mixed inoculations. On the other hand, 
isobutyl acetate and isoamyl acetate concentrations were systematically increased during mixed 
inoculations although not correlated with the development of either species but rather due to positive 
interactions between these species. 

This study indicates the major role of the inoculation procedure when performing mixed T. delbrueckii / 
S. cerevisiae inoculations, as it drastically impacts the population dynamics of the species, thereafter 
involving modifications in ester production. Favouring T. delbrueckii development when performing 

Compounds

Major esters (µg/L)

Ethyl butanoate  29 ± 4 a 220 ± 14 b 343 ± 16 d 286 ± 20 c

Ethyl hexanoate 120 ± 10 a 671 ± 27 b 1195 ± 60 c 1301 ± 96 c

Ethyl octanoate 187 ± 13 a 580 ± 41 b 1364 ± 91 c 1407 ± 130 c

Ethyl decanoate 458 ± 69 a 533 ± 17 a 878 ± 38 c 614 ± 41 b

Isoamyl acetate * 64 ± 1 a 3834 ± 101 c 4957 ± 84 d 1828 ± 63 b

Hexyl acetate 3,9 ± 1,0 a 179 ± 17 b 219 ± 16 c 236 ± 16 c

Phenylethyl acetate 53 ± 10 a 455 ± 69 b 540 ± 31 c 435 ± 3 b

Sum 915 ± 104 a 6472 ± 287 b 9496 ± 336 c 6107 ± 369 b

Minor esters (µg/L)

Ethyl propanoate 195 ± 12 c 233 ± 8 d 110 ± 14 b 37 ± 10 a

Ethyl isobutanoate  * 24 ± 2 b 41 ± 3 c 24 ± 2 b 8,8 ± 1,1 a

Ethyl 2-methylbutanoate 0.49 ± 0,08 a 1,4 ± 0,2 c 0.87 ± 0,04 b 0.87 ± 0,08 b

Ethyl isovalerate  0.34 ± 0,05 a 1,3 ± 0,1 b 1,1 ± 0,1 b 2,0 ± 0,1 c

Ethyl trans- 2-hexenoate 0.25 ± 0,04 a 1,7 ± 0,1 d 1,2 ± 0,1 c 0.71 ± 0,02 b

Ethyl dodecanoate 9,3 ± 0,9 a 15 ± 3 b 41 ± 3 c 43 ± 3 c

Ethyl phenylacetate  0.10 ± 0,00 a 0.27 ± 0,05 b 0.20 ± 0,00 b 0.43 ± 0,06 c

Ethyl dihydrocinnamate 14 ± 1 c 1,3 ± 0,2 b 0,34 ± 0,04 a 0.20 ± 0,01 a

Ethyl cinnamate 1,1 ± 0,0 a 1,1 ± 0,0 a 1,0 ± 0,0 a 1,1 ± 0,0 a

Propyl acetate 11 ± 2 a 56 ± 11 c 53 ± 3 c 36 ± 4 b

Isobutyl acetate * 12 ± 1 a 99 ± 9 c 103 ± 5 c 51 ± 3 b

Butyl acetate 0.12 ± 0,01 a 2,7 ± 0,2 b 5,1 ± 0,6 c 2,8 ± 0,1 b

Octyl acetate 0.05 ± 0,04 a 0.21 ± 0,03 a 0.71 ± 0,06 b 0.81 ± 0,16 b

Sum 266 ± 3 b 454 ± 35 d 340 ± 30 c 182 ± 22 a

Total sum (µg/L) 1181 ± 107 a 6926 ± 322 b 9836 ± 366 c 6289 ± 392 b

T. delbrueckii 
pure culture

Sequential 
mixed culture

Simultaneous 
mixed culture

S. cerevisiae 
pure culture
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sequential inoculation will enhance the concentration of esters linked to T. delbrueckii activity. On the 
contrary, simultaneous inoculation restricted the growth of T. delbrueckii, limiting the production of its 
activity markers, but involved a very important production of numerous esters due to more important 
positive interactions between species.  
 

Table 2 - Maximal cell populations in pure and mixed T. delbrueckii and S. cerevisiae cultures 
(laboratory scale conditions) 

 
 
 
 
 
 

Average values of three experiments ± standard deviation  
a, b, c, d represent significantly different statistical groups (p < 0.05) 

Winery scale: sensory impact of minor esters generated by mixed inoculations 
Fermentations were carried out at temperatures between 18 and 22°C in 200-L tanks filled with Merlot 
must from the Bordeaux area (pH: 3.54, sugar concentration: 258 g/L, available nitrogen concentration: 
210 mg/L). Two different fermentations were carried out: a pure culture of S. cerevisiae and a sequential 
mixed culture where T. delbrueckii was inoculated 24 h before S. cerevisiae yeast. 

Winery scale results confirmed the ones obtained with laboratory fermentations. Total ester concentration 
in sequentially mixed wines was slightly higher than in the S. cerevisiae fermented wine (Table 3). As in 
the laboratory scale fermentations, this difference is mostly due to minor esters and in particular ethyl 
propanoate, ethyl isobutanoate and to a lesser extend ethyl dihydrocinnamate and isobutyl acetate. 

 
Table 3 - Final ester concentrations in pure S. cerevisiae (adjusted or not with esters) 

and sequential T. delbrueckii and S. cerevisiae cultures (winery scale conditions) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Average values of two experiments ± standard deviation 
*Significant differences (p < 0.05) between S. cerevisiae pure culture and sequential mixed culture 
nd, not determined 

T. delbrueckii     
pure culture

Sequential    
mixed culture

Simultaneous 
mixed culture

S. cerevisiae    
pure culture

T. delbrueckii 
(viable cells/mL)

8.1.107 ± 2.8.106 c 6.1.107 ± 7.1.106 b 4.3.107 ± 3.5.106 a /

S. cerevisiae 
(viable cells/mL)

/ 2.4.107 ± 7.1.105 a 4.4.107 ± 2.3.106 b 7.6.107 ± 1.8.106 c

Compounds

Major esters (µg/L)

Ethyl butanoate 146 ± 6 169 ± 1 146 ± 6

Ethyl hexanoate 338 ± 13 355 ± 4 338 ± 13

Ethyl octanoate 409 ± 25 377 ± 7 409 ± 25

Ethyl decanoate * 273 ± 14 126 ± 6 273 ± 14

Isoamyl acetate * 318 ± 13 536 ± 10 318 ± 13

Hexyl acetate * 1,0 ± 0,1 1,6 ± 0,1 0,98 ± 0,10

Phenylethyl acetate * 29 ± 2 36 ± 1 29 ± 2

Sum 1514 ± 112 1601 ± 88 1514 ± 112

Minor esters (µg/L)

Ethyl propanoate * 143 ± 11 267 ± 8 267 ± nd

Ethyl isobutanoate * 49 ± 5 110 ± 6 110 ± nd

Ethyl dihydrocinnamate 0,39 ± 0,10 0,53 ± 0,10 0,53 ± nd

Isobutyl acetate * 16 ± 1 38 ± 2 38 ± nd

9 other minor esters 52 ± 20 58 ± 14 52 ± 20

Sum * 260 ± 24 474 ± 19 468 ± nd

Total sum (µg/L) 1774 ± 142 2075 ± 115 1981 ± nd

S. cerevisiae 
pure culture

Sequential 
mixed culture

S. cerevisiae 
+ esters
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Fig. 1 - Descriptive sensorial analysis of red wines 
after blending of duplicates. Grades ranked 
from 0 (poorly intense) to 7 (very intense). 

 

 
 

In order to evaluate the aromatic impact involved by the increase of these four minor esters during mixed 
inoculation, their pure chemical compounds were added to S. cerevisiae pure treatment to reach 
concentrations found in sequential mixed treatment. This new modality named "S. cerevisiae + esters" 
presented the same major ester concentration as S. cerevisiae pure culture but higher minor ester 
concentrations (Table 3).  

First, sequentially mixed and pure S. cerevisiae wines were compared by triangular sensory analysis. 
They were perceived as significantly different by the sensory panel. Then the S. cerevisiae adjusted wine 
was introduced and it was perceived as significantly different from the control S. cerevisiae wine but not 
from the sequentially mixed one. Hence, the addition of the four minor esters impacted the sensory profile 
of the wine.  

The panel was then asked to rate the three wines according to the following descriptors: aromatic 
complexity, fruitiness and vegetal notes. The sequentially inoculated wine was perceived significantly more 
fruity and complex than the pure S. cerevisiae (Fig. 1). These results are in accordance with those from 
other authors [9]. The "S. cerevisiae + esters" wine was also perceived significantly more fruity and 
complex than the pure S. cerevisiae (Fig. 1). Furthermore, no significant differences were found for these 
characters between the sequential modality and the "S. cerevisiae + esters" wine. In other words, 
the addition of these four esters restored the more fruity and complex intensities perceived in the 
sequentially inoculated wine. Although the vegetal note was perceived more intensively for the pure 
S. cerevisiae wine, the differences with the two other modalities were not significant. 

These results hence show that the higher levels of ethyl propanoate, ethyl isobutanoate, ethyl 
dihydrocinnamate and isobutyl acetate found in mixed T. delbrueckii / S. cerevisiae wines were responsible 
for the increase of fruitiness and complexity in comparison to pure S. cerevisiae wine. In other words, these 
four esters can be considered as aromatic markers of T. delbrueckii during mixed inoculations.   

Among these specific esters, only ethyl isobutanoate is present above its perception threshold (15 µg/L) 
[10]. There is hence no doubt about its fruity contribution (strawberry, kiwi, fruity) to wines fermented 
partially with T. delbrueckii. However, the three other esters: ethyl propanoate (ripe strawberry; perception 
threshold: 2100 µg/L) [11], ethyl dihydroxycinnamate (fruity, pineapple, almond; perception threshold: 
1.1 µg/L) [10] and isobutyl acetate (solvent, fruity; perception threshold: 1600 µg/L) [12] presented 
concentrations below their perception threshold, questioning the effective contribution of these molecules 
to the wine aroma. However, it has been recently shown that through particular perceptive interactions 
certain esters can have an impact on wine aroma, even if present far below their perception threshold 
[11, 13]. Furthermore, slight single ester variations among complex mixtures can lead to aroma modulation 
[14]. This is the case for ethyl propanoate, clearly involved in black fruit/jammy notes in red wines in spite 
of its concentration being below its perception threshold. Furthermore, according to other authors, isobutyl 
acetate and ethyl propanoate are particularly implicated in this perceptive interaction phenomenon and 
enhance the intensity of fresh fruit and black fruit notes [15]. As a consequence, their omission among a 
mix of different esters can significantly impact the aroma perception of the matrix, and their presence 
(even if below their perception thresholds) in this ester mix, lowers the perception threshold of this 
aromatic pool, suggesting that isobutyl acetate and ethyl propanoate can be considered as aroma enhancers. 
In our experiments, the systematic increase of ethyl propanoate and isobutyl acetate during mixed 
inoculation allowed the enhancement of fruity notes in comparison to S. cerevisiae pure fermentation. 
Concerning ethyl dihydrocinnamate, no information on its aroma impact can be found in the literature.  
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Conclusion 
Ethyl propanoate, ethyl isobutanoate and ethyl dihydrocinnamate are activity markers of T. delbrueckii 
during mixed inoculations with S. cerevisiae. Indeed, on the one hand they are produced in higher 
concentrations in pure T. delbrueckii culture than in pure S. cerevisiae culture, and on the other hand they 
are significantly correlated to the maximal T. delbrueckii population reached in mixed cultures. 
Furthermore, isobutyl acetate concentration was systematically increased during mixed inoculations 
although not correlated with T. delbrueckii development.  

Finally, sensory analyses, with and without artificial ester concentration adjustments, showed that mixed 
inoculations between T. delbrueckii and S. cerevisiae allowed to increase wine's complexity and fruity 
notes in comparison to S. cerevisiae pure culture and demonstrated that the higher levels of ethyl 
propanoate, ethyl isobutanoate, ethyl dihydrocinnamate and isobutyl acetate in mixed wines were 
responsible for the increase of fruitiness and complexity. However, this aromatic impact depends on the 
inoculation procedure which drastically impacts the population dynamics of the species, thereafter 
involving modifications in ester production.  
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Torulaspora delbrueckii ‒ yeasts ‒ esters ‒ sensory analysis  

Introduction 

Wine aroma is one of the most influential parameters in consumer preference. The relationship between 
chemical composition and the fruity aromatic fraction of wines is a key topic in wine research. 
Many volatile compounds are enzymatically synthesized during alcoholic fermentation by yeasts. 
Esters have been shown to impact wine fruity aroma. Even at subthreshold level and low concentrations, 
esters seem to play an important role in wine aroma perception. This complex synergism between flavours 
emphasizes the importance of accurate and precise quantitative data [1]. 

Spontaneous alcoholic fermentation of grape must is a complex process carried out by sequential action of 
several yeast genera and species. Usually, Saccharomyces (the strongest ethanol-tolerant species) take over 
the alcoholic fermentation. Furthermore, co-inoculation with non-Saccharomyces yeast species such as 
Torulaspora delbrueckii is considered as a strategy to increase wine flavour diversity. In recent years, 
the utilization of non-Saccharomyces yeasts has been considered for industrial wine production due its high 
oenological potential. 

In this study, three yeast fermentation experiments were compared: conventional inoculation with 
Saccharomyces cerevisiae, co-inoculation of Saccharomyces with Torulaspora delbrueckii, and 
spontaneous fermentation. The study was developed on two white grape varieties (Chardonnay and 
Verdejo) in harvest 2014. Wines were characterized by oenological quality parameters, volatile compounds 
and sensory analyses. 

Materials and methods 
Fermentation conditions 
Chardonnay and Verdejo grapes were harvested, destemmed and crushed. Sulphur dioxide (40 mg/L) and 
Lallzyme HC enzyme were added (1g/HL) into the must. After dejuicing, musts were divided into three 
batches (in 20-L stainless steel tank each), and total acidity was corrected. Alcoholic fermentation was 
started as follows: (i) Control assay (CT): Saccharomyces cerevisiae was inoculated (Lallemand Lalvin 
YSEO QA23®); (ii) Co-inoculation assay (CI): T. delbrueckii (Td) was inoculated first and S. cerevisiae 
(Sc) was added when density decreased by 15 points; and (iii) Spontaneous assay (SP): no inoculation of 
yeast was carried out. Once alcoholic fermentation was finished, wines were racked, supplemented with 
sulphur, clarified, cold stabilized, and finally bottled and analyzed. 

Oenological quality parameters  
For determinations, OIV international analytical methods were used [2]. 

Ester analysis 
The samples were extracted and analyzed by headspace–solid-phase microextraction (HS-SPME) and gas 
chromatography-mass spectrometry (GC-MS) according to Antalick et al. [1] with modifications. 
A method for quantification of esters in white wines was previously developed and validated. 
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Sensory analysis 
Descriptive sensory analysis was performed following the Sensory Profile Method according to standard 
ISO 6564:1985 (ISO, 1985) by 11 judges. The descriptors were scored on a scale of 1 to 10 (1: absence of a 
descriptor, 10: maximum intensity).  

Statistical analysis 
One-way analysis of variance (ANOVA) and least significant difference test (LSD) were carried out on 
data with a significance level of p< 0.05. Statistic version 9.0 (Analytical Software, Tallahassee, FL, USA) 
was used. 

Results and discussion 
Regarding oenological parameters (Table 1), in both varieties “CI” wines presented the lowest values of 
ethanol content and total acidity. “SP” wines showed the highest ethanol contents. Moreover, “CI” 
fermentation in Chardonnay wines presented the highest glycerol amount. 
 

Table 1 - Mean values of oenological parameters 

 Chardonnay  Verdejo 
 CT CI SP p-value CT CI SP p-value 

Ethanol (% v/v) 12.59b 12.23c 12.73a *** 11.96b 11.70c 12.07a *** 
Sugars (g/L) 1.04 0.71 1.26 n.s 2.35a 1.75b 1.57b * 

Total acidity (g/L TH2) 5.72a 4.59c 5.00b *** 5.80a 4.63c 4.83b *** 
Volatile acidity (g/L AcH) 0.42b 0.43b 0,51a *** 0.41 0.44 0.45 n.s 

pH 3.27c 3.38a 3.32b *** 3.21b 3.28a 3.18b *** 
Glycerol (g/L) 6.37b 7.37a 6.07b *** 6.52a 6.27b 6.24b * 

Regarding major volatile compounds (Table 2), non-significant differences were found in ethyl acetate and 
methanol. “CI” wines presented higher content of isobutanol. “SP” wines showed the lowest content 
of isoamyl alcohols in both varieties. Finally, “CI” in Verdejo wines showed the lowest values in 
acetaldehyde contents. 
 

Table 2 - Mean values of major volatile compounds (mg/L) 

 Chardonnay Verdejo 
 CT CI SP p-value CT CI SP p-value 
Acetaldehyde 28 30 45 n.s 61a 14b 66a * 
Ethyl acetate 30 36 42 n.s 25 32 32 n.s 
Methanol 36 36 36 n.s 38 38 38 n.s 
Propanol 32b 35a 20c *** 31a 31a 24b * 
Isobutanol 21b 39a 24b *** 22b 40a 29ab *** 
Isoamyl alcohols 255a 243a 214b ** 236 b 262a 143c *** 
ΣHigher Alcohols 308a 317a 259b ** 289b 333a 247c *** 

Data on ester content are shown in Table 3. On both varieties, esters were significantly affected by the 
fermentation process. Compared to “CT”, “CI” wines were characterized by the lowest concentrations of 
methyl fatty acid esters (MFAEs), ethyl esters of straight chain fatty acids (EEs) and isoamyl esters of fatty 
acids (IEFAs) and the highest concentrations of ethyl esters of branched acids (EEBAs). Our results are in 
agreement with results obtained by Renault et al. [3] in fermentations stopped at midway using mixed 
starters of T. delbrueckii with S. cerevisiae. “SP” assays were characterized by the highest levels of higher 
alcohol acetates (HAAs). 

Regarding sensory analyses (Figure 1), “CI” Chardonnay wines showed increased complexity and fruity 
notes such as “stone fruit” and “mature fruit”. “CI” wines resulted less acid than “CT” wines. “SP” wines 
had increased “citrus” and “white fruit” notes. In Verdejo wines, aromatic differences between “CI” and 
“CT” wines were lower. “CI” wines presented increased “mature fruit” notes in comparison with “CT” 
ones, while “SP” wines showed higher “citrus” and “white fruit” notes than the other wines. Both “SP” and 
“CI” wines were less acid and more balanced than “CT” ones. 
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Table 3 - Mean values of ester contents (µg/L) in fermentation assays 

 

 
Chardonnay Verdejo 

CT CI SP p-value CT CI SP p-value 

Isobutyl hexanoate 0.13a 0.06b 0.12a *** 0.12ab 0.07b 0.16a * 

ΣMEs 0.13a 0.06b 0.12a *** 0.12ab 0.07b 0.16a * 

Propyl acetate 54.6b 24.0c 64.4a *** 58.62a 24.6b 59.0a ** 

Isobutyl acetate 45.7b 20.1c 114a *** 47.6b 19.5c 82.6a *** 

Isoamyl acetate 2707b 564c 6992a *** 2557b 355c 3877a *** 

Hexyl acetate 235b 22.6c 392a *** 210b 8.69c 329a *** 

Octyl acetate 1.23a 0.03c 1.06b *** 0.86a 0.04b 0.90a ** 

Phenylethyl acetate 230b 145b 516a *** 194b 84c 256a *** 

ΣHAAs 3274b 775c 8081a *** 3068b 491c 4604a *** 

Methyl hexanoate 0.88a 0.37c 0.72b *** 1.13a 0.51b 1.12a *** 

Methyl octanoate 1.67ab 0.12b 2.34a * 1.11a 0.16b 1.26a *** 

Methyl decanoate 0.28a 0.03b 0.21a ** 0.26a 0.08b 0.31a *** 

ΣMFAEs 2.83a 0.52b 3.26a ** 2.50a 0.74b 2.68a *** 

Ethyl isobutyrate 32.62b 87.4a 24.4b *** 39.1b 113a 24.1c *** 

Ethyl 2-
methylbutyrate 

3.24b 4.16a 1.57c *** 3.80a 4.48a 1.65b 
*** 

Ethyl isovalerate, 9.88a 6.58b 5.54b *** 11.26a 7.55b 5.26c *** 

Ethyl phenylacetate 1.45a 0.78b 0.63b *** 1.85a 0.69b 0.77b ** 

ΣEEBAs 47.2b 98.9a 32.2c *** 56.0b 125a 31.8c *** 

Ethyl butyrate 339a 186b 316a *** 327a 191b 317a *** 

Ethyl octanoate 1270a 390b 1241a *** 111a 385b 1164a *** 

Ethyl hexanoate 1053a 342b 980a *** 974a 360b 1043a *** 

Ethyl decanoate 355a 75.4b 370a ** 292 152 409 n.s 

ΣEEs 3100a 994b 2908a *** 2606a 1087b 2933a *** 

Ethyl valerate 0.18b 0.32a 0.16b ** 0.30ab 0.42a 0.20b ** 

Ethyl nonanoate 0.29b 0.41ab 0.47a * 0.35a 0.26ab 0.25b * 

Ethyl heptanoate 0.44a 0.29ab 0.28b * 0.56 0.29 0.60 n.s 

ΣMEEs 0.91 1.03 0.91 n.s 1.22 0.96 1.04 n.s 

Isoamyl butanoate 0.37a 0.27b 0.30b ** 0.33a 0.29ab 0.27b * 

Isoamyl hexanoate 1.74a 0.46c 1.39b *** 1.21a 0.47b 1.10a *** 

Isoamyl octanoate 2.54a 0.41b 2.50a *** 1.08a 0.36b 1.24a * 

ΣIEFAs 4.65a 1.14b 4.18a *** 2.62a 1.12b 2.60a ** 

ΣTotal Esters 6429b 1871c 11028a *** 5737b 1707c 7576a *** 
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Fig. 1 - Sensory analyses 

Conclusion 

This work contributes to our understanding of the impact of multi-starter fermentation on chemical 
composition, aroma profile and sensory characteristics of white wines. According to literature, “CI” assays 
produced wines with lower ethanol content (on both Chardonnay and Verdejo varieties). Higher glycerol 
production was found in “CI” Chardonnay wines and lower acetaldehyde content was found in “CI” 
Verdejo wines. Regarding ester content, “CI” wines showed the highest contents of EEBAs and the lowest 
significant quantities of total esters, while “SP” wines contained the highest concentrations of HAAs and 
total esters. From a sensory perspective, “SP” assays produced wines with increased fruity flavour in 
comparison with “CT” wines. The higher contents of HAAs found in “SP” wines may be responsible for 
those aromatic differences. Furthermore, “CI” experiments provided white wines with increased 
complexity and more distinctive aromatic characteristics on Chardonnay musts than on Verdejo ones. 
Therefore, esters seem to play an important role in aromatic perception of “SP” wines, while other 
compounds seem to make a higher contribution to aromatic characteristics of “CI” Verdejo wines. 
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Lactic acid bacteria ‒ fruity aroma ‒ hydroxylated branched esters 

Introduction 
Malolactic fermentation (MLF) allows, among other things, microbial stability of wines by substrate 
depletion. These secondary bacterial metabolisms are responsible for chemical modifications affecting the 
olfactory and gustative perception of wine. The most frequently reported aromatic compound associated 
with MLF is diacetyl (2,3-butandione), largely released by lactic acid bacteria (LAB) [1] and associated 
with an increase of wine buttery character [2]. Ethyl lactate is another marker of bacterial activity [3], 
however, its impact on fruity aroma modulation is quite limited, contrary to other esters. Indeed, these 
aromatic compounds are considered as one of the most important families of fruity compound in wines [4]. 
For that reason, several studies have investigated the influence of microorganisms, especially of LAB, on 
ester levels in red wines. However, no real consensus has been established; some authors reported that 
MLF coincides with a significant increase in ester concentration [5], while others highlighted opposite 
findings [6]. These diverging results could be explained on the one hand by the use of different LAB strains 
between these studies and on the other hand by a matrix effect resulting of both cultivar and yeast strain 
used to carry on alcoholic fermentation (AF) [7].  

In order to better understand the contribution of LAB strain to the ester composition of red wines, 
the purpose of this study was to investigate the influence of MLF with different Oenococcus oeni strains on 
ester levels. To evaluate the impact of the matrix on ester LAB metabolism, this work was conducted over 
two vintages, on two cultivars, Merlot and Cabernet Sauvignon. To complete this investigation, AF was 
made by inoculating different Saccharomyces cerevisiae starters. 

Materials and methods 
Winemaking conditions 
Six single-varietal red wines from 2011 and 2012 vintages were sampled before MLF, after MLF and 
during wine aging in five different wineries. AF was initiated by inoculation with rehydrated dry yeast; 
three S. cerevisiae strains were tested. MLF were carried out using starters or indigenous strains in 
triplicate for all experimentations. The winemaking conditions varied following the samples as summarized 
in Table 1.  

 
Table 1 - Origin of samples 

Vineyard Cultivar Vintage Yeast strains LAB strains 
WEC11 Cabernet Sauvignon 2011 522D, FX10, XR B28, 450 

MRGX11 Cabernet Sauvignon 2011 522D, FX10 Indigenous 
MDC11 Merlot 2011 522D, XR B28, 450, indigenous 
WEC12 Cabernet Sauvignon 2012 522D, FX10, XR B28, 450 
PCLN12 Cabernet Sauvignon 2012 522D, FX10 B28, 450 
STEM12 Merlot 2012 522D, XR B28, 450 
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Ester analysis 
Thirty-two esters were quantified by HS-SPME-GC/MS according to the method validated by Antalick 
et al [8]. The concentration of two hydroxylated branched ethyl esters (ethyl 2-hydroxy-3-methylbutanoate 
(E2H3MB) and ethyl 2-hydroxy-4-methylpentanoate or ethyl leucate (E2H4MP)) as well as the levels of 
their enantiomeric forms were measured by liquid-liquid extraction and GC/MS analysis based on the 
method developed by Lytra et al [9] and Gammacurta [10], respectively. Olfactory thresholds of E2H3MB 
and E2H4MP were determined orthonasally in red wine, using triangular tests (AFNOR NF EN ISO 4120, 
2007) with ascending concentrations. 

Data analysis 
Data were tested with an ANOVA followed by a Tukey post hoc test to identify differences between groups 
using a 95 % confidence interval. Statistical analyses were performed using XLSTAT 2015.1.03.15659 
(Addinsoft, Paris, France). 

Results and discussion 
Statistical analyses do not permit to highlight yeast x LAB interaction effect, indicating that the yeast strain 
used to conduct AF does not seem to influence ester content in wines after MLF regardless of the bacteria 
strain [11]. Therefore, and for more clarity, results presented here will only focus on one yeast strain 
(522D).  

The concentration of principal odorant esters such as ethyl esters or acetates decreased following MLF, 
regardless of the experiment considered. The decrease of these compounds was more important, in 
proportion, for long chain acetates, as observed for ethyl esters. Results were less clear for minor 
compounds. In particular, the variation in ethyl propanoate level was highly dependent on the 
experimentation considered. The concentration of other odd number ethyl esters (5 to 9 carbons) and 
methyl esters (4 to 10 carbons) remained stable in WEC-11 and LP-11 wines, whereas a decrease of their 
concentration was observed after MLF in the other wines. 

In contrast with linear esters, the concentration of four branched esters (ethyl 2-methylpropanoate, ethyl 2-
methylbutanoate, ethyl 3-methylbutanoate, ethyl 2-phenylacetate) quantified in this study increased after 
MLF in wines from all experimentations. The quantification of these compounds during wine aging showed 
that their concentration still increased over time (Figure 1a, b) in a range of 20 to 40 %, depending on the 
esters and the matrix considered. Moreover, no significant difference could be highlighted regarding to the 
LAB strain, no matter what experimentation regarded. Thus, the LAB strain used to conduct MLF does not 
seem to be an important factor for the synthesis of these aromatic molecules in the present study. 

 

 

 

 

 

 

 

 

Fig. 1 - Evolution of mean concentration (µg/L, n=3) in ethyl 2-methylpropanoate (a), ethyl 2-
methylbutanoate (b), ethyl 2-hydroxy-3-methylbutanoate (c) and ethyl 2-hydroxy-4-

methylpentanoate (d) in WEC12, PCLN12 and STEM12 wines fermented with the yeast 522D 
and two different bacteria strains.  
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Two other branched ethyl esters with a hydroxyl group, E2H3MB and E2H4MP, were also quantified. 
Their concentration increased after MLF in all wines from all experimentations, as observed for branched 
esters. The observed variations in ester levels were influenced by the matrix but also by the LAB strain 
used during MLF. The quantification of these two aromatic compounds during wine aging showed that 
their concentration increased over time (Figure 1c, d).  

 

 

Fig. 2 - Chromatograms obtained after the analysis on chiral column of ethyl 2-hydroxy-3-
methylbutanoate (a, c; E2H3MB) and ethyl 2-hydroxy-4-methylpentanoate (b, d; E2H4MP) 

commercial racemic mixture (a, b) and of a PCLN wine extract after MLF (c, d).  

 
E2H3MB and E2H4MP have one asymmetrical carbon atom in position 2, indicating the possibility of two 
different enantiomers. The analysis of chromatograms showed that only the R form of E2H3MB 
(Figure 2c) or E2H4MP (Figure 2d) were found in all wines of this study after MLF. Lytra et al [9] had 
already observed that young red wines contained only the R form, whereas aged wines presented both 
enantiomeric forms in various ratios, according to age. However, this is the first time that the influence of the 
LAB strain on the concentration of these two aromatic compounds is clearly demonstrated. Campo et al [12] 
revealed the presence in wine of these two compounds, and hypothesized that they could be important 
contributors to some of the specific fruity notes of wines. Falcão et al [13] then assessed the organoleptic 
impact of E2H4MP, suggesting that this compound contributed to fresh blackberry aromas. Results of 
sensory analyses carried on WEC, PCLN12 and STEM12 wines, presented in a previous study [11], 
highlighted the impact of the yeast strain on fruity aroma modulation, whereas no LAB strain impact could 
ever be demonstrated. Moreover, the perception thresholds of R-E2H3MB (51 000 µg/L) and R-E2H4MP 
(10 000 µg/L) in red wine were largely higher than the levels found in these wines. Despite a clear 
significant difference in E2H3MB and E2H4MP concentration observed between wines fermented with 
B28 or 450 LAB strain, these two compounds seem to have a limited direct impact on overall red 
wine flavor. 

Conclusion 
In summary, our findings indicate that MLF can significantly influence the ester composition of red wines 
from different Bordeaux regions, made with different cultivars over two vintages. The concentration of 
principal esters as acetates and ethyl esters decreased after MLF, whereas levels of branched esters 
increased, irrespective of the LAB strain considered. Conversely, LAB strain has a strong influence on the 
concentration of hydroxylated branched esters. These results also demonstrate that LAB seems to 
synthesize only the R enantiomer of E2H3MB and E2H4MP. Further experiments are needed to elucidate 
the mechanisms involved in the biosynthesis of these odorous compounds by O. oeni, as well as the impact 

S-E2H4MPR-E2H4MP

(a) (b)

(c) (d)
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of different bacterial starters to definitively confirm their interest as a remarkable marker of the MLF. 
Sensory investigations are also needed to elucidate their impact on red wine fruity aroma, in purpose to 
establish a correlation between the synthesis by O. oeni and the flavor modifications associated with MLF. 
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Fungicide ‒ wine ‒ yeast ‒ alcoholic fermentation 

Introduction 
Grey mould (Botrytis cinerea), powdery mildew (Erysiphe necator) and downy mildew (Plasmopara 
viticola) are responsible for serious yield loss in the wine sector. They are the most damaging diseases of 
cultivated grapes (Vitis vinifera) worldwide [1, 2], leading to severe injuries and resulting in significant 
commercial losses. The use of phytosanitary preparations in order to reduce the incidence of these 
viticulture pests can lead to the presence of fungicide residues under the legal limit from the grapes up to 
the corresponding wines [3-5]. Moreover, it is necessary to consider the possibility that the fungicides 
could be added without respecting the prescription of fungicide producers, with residues over the limits. 
Although chemical fungicides have been used to combat these problems, they can be nonspecific and 
therefore act on organisms other than the target fungus, including other naturally occurring beneficial 
organisms [6, 7]. Fungicide residues can lead to modifications in the structure of the cellular membranes of 
the yeast and affect their specific function. In Figure 1, an overview of the main effects of fungicides on 
yeast performances in fermented beverages is reported. Metalaxyl-M is the main optical isomer of 
metalaxyl. The EU pesticide residues and maximum residue levels (mg/kg) of metalaxyl and metalaxyl-M 
is 1 mg/kg for wine grapes [8]. To the best of our knowledge, no studies have been conducted to assess the 
impact of commercial preparation of metalaxyl-M on yeast performances in fermented beverages.  

Materials and methods 
Fungicide and media preparation 
A commercial fungicide preparation was added to YPD and MRS broth to achieve a final concentration of 
1 mg/L, a dose equal to the maximum residue levels (MRLs) established for metalaxyl-M by European 
legislation in wine grapes [8].  

Yeasts and lactic acid bacteria inoculation 
In this study we used four commercial strains of Saccharomyces cercevisiae (Fervens SLC, Elegance, 
Enartis Ferm SB, Lalvin RBS133) and two indigenous S. cerevisiae strains (I6 and E4). 
Non-Saccharomyces spp. yeasts used in this study were Hanseniaspora guilliermondii, Hanseniaspora 
uvarum, Hanseniaspora pulcherrima, Issatchenkia orientalis, Issatchenkia terricola, Kluyveromyces 
thermotolerans, Candida zemplinina, Torulaspora delbrueckii, Metschnikowia pulcherrima, Pichia 
B05A36, and Pichia B05A29. Lactic Acid Bacteria (LAB) investigated in this study were strains belonging 
to the species Lactobacillus brevis, Lactobacillus hilgardii, Lactobacillus plantarum, Leuconostoc 
mesenteroides, and Pediococcus parvulus. Yeasts and LAB were routinely grown at 30 °C on YEPD and 
MRS (Oxoid, Italia), respectively. 
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In a preliminary assay, the growth of Saccharomices spp., non-Saccharomyces spp. and LAB was 
monitored in a synthetic culture media supplemented or not with the pesticide at a concentration 
corresponding to the EU limit in grapevine. Growth of S. cerevisiae was always lower in pesticide-enriched 
media when compared with the pesticide-free media. In particular, Elegance and Fervens SLC were the 
strains mainly affected by the occurrence of Ridomil (Figure 1). Similarly, non-Saccharomyces strains 
showed a reduction in their growth rate in media with the pesticide. Interestingly, the growth of H. uvarum, 
H. guillermondi, I. terricola, T. delbrueckii, and Pichia spp. was completely inhibited in media containing 
Ridomil, while H. pulcherrima, K. thermotolerans, I. orientalis, and C. zempilina were more resistant at the 
same conditions (data not shown). In contrast, the presence of Ridomil in MRS broth did not affect in any 
way the growth of the tested LAB (data not shown).  

In a subsequent step, we monitored the fermentation process of must artificially contaminated with the 
same concentration of Ridomil. Trials were performed by using “Nero di Troia”, a wine made from “Uva di 
Troia” grapes, an autochthonous black grape variety from the Apulian region (south of Italy). Commercial 
and indigenous strains of S. cerevisiae were inoculated to start the fermentation in microvinification assays. 
As reported in Table 1A, we found that in uncontaminated must, fermentation took place regularly, 
resulting in approximately 14 g of weight reduction within 2 weeks. In contrast, when must was 
supplemented with the pesticide, a slower and incomplete fermentation occurred (Table 1B). The weight 
loss after 2 weeks was less than 5 g for all the investigated strains (Table 1B). 

 

Table 1 - Weight reduction (g) monitored during 14 days in must not (A) or contaminated (B) with a 
Ridomil preparation containing 1 mg/L of metalaxil and inoculated with S. cerevisiae strains 

                   A 

                       
      B 

 

If incomplete fermentations occurr, microbial communities other than Saccharomyces, including 
non-Saccharomyces, spoilage yeasts, or lactic acid bacteria, could proliferate. A recent study has 
investigated the non-Saccharomyces biodiversity during the early steps of spontaneous alcoholic 
fermentation of “Nero di Troia” wines, providing the basis for an improved management of 
non-Saccharomyces in typical Apulian wines [12]. However, fermentation under uncontrolled conditions is 
a risk from a technological and safety point of view. Therefore, in order to investigate the effect of the 
presence of residual pesticides on the fermentation in a more complex ecosystem resambling the microbial 
conditions of the must, “Nero di Troia” must was co-inoculated with each S. cerevisiae strain and two 
mixtures containing commercial and autochthonous non-Saccharomyces yeasts and LAB strains. 
In particular, the non-Saccharomyces yeasts were divided in two panels on the basis of their tolerance to 
the pesticide: Panel A formed by the more RG resistant species and Panel B formed by the more RG 
susceptible species.  

The results showed that in uncontaminated must, fermentation took place regularly (Table 2A). In contrast, 
fermentations always stucked when must was supplemented with a Ridomil preparation containing 1 mg/L 
metalaxyl-M (Table 2B). The higher weight reduction was observed for the co-inoculum Elegance-PB and 
E4-PB in untreated and treated samples, respectively (Table 2). 

Strain 1 4 5 6 7 8 11 12 13 14 Total 
I6 1.555 8.839 1.170 0.765 0.672 0.510 0.522 0.070 0.000 0.000 14.103 
E4 1.501 8.739 0.991 0.657 0.534 0.429 0.453 0.102 0.053 0.059 13.518 
Ferm HT 1.435 8.544 1.023 0.641 0.454 0.283 0.046 0.000 0.000 0.000 12.426 
Suprared HG 1.180 9.162 1.514 0.894 0.539 0.579 0.910 0.202 0.189 0.061 15.230 
MS-08 1.296 8.501 0.859 0.590 0.529 0.596 0.861 0.200 0.200 0.064 13.696 
PDM 1.438 8.487 1.196 0.835 0.746 0.598 0.894 0.152 0.103 0.029 14.478 

Strain 1 4 5 6 7 8 11 12 13 14 Total 
I6 0.163 0.451 0.970 0.727 0.676 0.433 0.264 0.229 0.201 0.158 4.272 
E4 0.153 0.732 1.232 0.776 0.579 0.295 0.064 0.144 0.108 0.101 4.184 
Ferm HT 0.185 0.696 1.078 0.843 0.759 0.384 0.256 0.190 0.046 0.073 4.510 
Suprared HG 0.156 0.602 1.091 0.801 0.685 0.344 0.220 0.167 0.092 0.086 4.244 
MS-08 0.164 0.737 1.172 0.743 0.604 0.341 0.000 0.072 0.071 0.126 4.030 
PDM 0.197 0.624 1.235 0.743 0.610 0.391 0.141 0.174 0.111 0.110 4.336 
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Table 2 - Weight reduction (g) monitored during 14 days in must not (A) or contaminated (B) with a 
Ridomil preparation containing 1 mg/L of metalaxil and inoculated with S. cerevisiae strains 

and two mixtures (PA and PB) of non-Saccharomyces + LAB 
 
    A 

                 
                 B  

 

Interestingly, after about 7 days of fermentation, a thick gelatinous coating appeared on the surface of 
treated must, while in untreated must this coating was never detected. This finding suggested that the arrest 
of fermentation deviated the winemaking towards alterations of the wine, probably due to the metabolism 
of spoilage LAB or acetic acid bacteria (data not shown). 

Conclusion 
Fungicides are becoming less accepted by the wine industry because of the rising awareness of science, 
policies, and consumers for the increase of resistant strains and for their negative impact on human health 
and on the environment [2]. In contrast, their use might increase: recent scientific publications suggest that 
climate changes may increase vineyard's susceptibility to fungal pests [13-14]. 

We assessed the impact of a commercial fungicide formulation containing metalaxil-M on the alcoholic 
fermentation performances of five commercial preparation of dried yeast used in oenology. Our results, for 
the first time, demonstrated that fungicide preparations might cause complete inhibition of alcoholic 
fermentation. These findings suggest a major attention to fungicide management in viticulture/oenology, 
given that the economic losses avoided using chemical pesticides to fight grey mould, powdery mildew, 
and downy mildew have to be compared with the risks of economic losses due to fermentation stuck. 

 Strain 1 3 7 8 9 10 11 14 Total 
 Must 0.419 1.649 6.345 0.662 0.555 0.416 0.255 0.699 11.000 

PA
 

Must 0.810 2.020 3.671 0.246 0.233 0.202 0.158 0.469 7.809 
I6 1.189 2.233 5.287 0.479 0.373 0.225 0.191 0.675 10.652 
E4  1.221 1.936 3.967 0.349 0.264 0.195 0.112 0.063 8.107 
Lallemand 1.211 2.177 5.512 0.738 0.616 0.53 0.451 1.268 12.503 
ENARTIS 1.041 1.908 6.075 1.064 0.907 0.785 0.574 1.446 13.800 
DAL CIN 1.162 2.066 5.409 0.518 0.326 0.219 0.203 0.798 10.701 
MAURIVIN  1.295 2.345 7.281 1.243 1.048 0.861 0.805 2.500 17.378 

PB
 

Must  1.063 1.953 6.056 0.985 0.882 0.735 0.577 1.743 13.994 
I6   1.213 1.901 5.716 0.817 0.721 0.635 0.612 1.971 13.586 
E4  1.294 2.064 6.142 1.004 0.930 0.819 0.690 2.170 15.113 
Lallemand  1.432 2.355 6.827 1.083 0.993 0.882 0.747 2.338 16.657 
ENARTIS  1.326 2.184 6.895 1.215 1.104 0.926 0.747 2.182 16.579 
DAL CIN  1.304 2.074 6.632 1.126 0.981 0.842 0.710 1.827 15.496 
MAURIVIN  1.462 2.552 8.108 1.586 1.473 1.269 1.098 3.209 20.757 

 Strain 1 3 7 8 9 10 11 14 Total 
 Must 0.262 0.272 2.250 0.677 0.287 0.156 0.129 0.754 4.787 

PA
 

Must 0.276 0.305 2.550 0.724 0.335 0.213 0.184 0.853 5.440 
I6  0.214 0.225 2.396 0.635 0.232 0.090 0.058 0.427 4.277 
E4  0.203 0.206 2.121 0.614 0.227 0.120 0.078 0.478 4.047 
Lallemand  0.173 0.188 2.052 0.668 0.230 0.075 0.080 0.478 3.944 
ENARTIS  0.176 0.184 1.851 0.590 0.181 0.056 0.049 0.488 3.575 
DAL CIN 0.233 0.251 2.055 0.686 0.255 0.104 0.102 0.750 4.436 
MAURIVIN  0.252 0.274 2.133 0.847 0.341 0.177 0.162 0.780 4.966 

PB
 

Must 0.250 0.272 2.098 0.685 0.286 0.162 0.146 0.877 4.776 
I6  0.258 0.298 2.323 0.788 0.295 0.175 0.138 0.683 4.958 
E4  0.348 0.389 2.675 0.789 0.388 0.229 0.347 1.599 6.764 
Lallemand  0.264 0.295 2.095 0.724 0.340 0.185 0.136 1.004 5.043 
ENARTIS  0.269 0.297 2.149 0.742 0.334 0.140 0.109 0.642 4.682 
DAL CIN  0.227 0.263 1.634 0.793 0.410 0.131 0.102 0.714 4.274 
MAURIVIN  0.276 0.326 2.018 0.839 0.379 0.195 0.141 0.745 4.919 
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Grape berries ‒ water activity ‒ microbial population ‒ metabolic activity 

Introduction 
Grape berries are a primary source of microbial communities that play a prominent role in crop health and 
also interfere with the winemaking process [1]. The epiphytic microbial community of grape berries is 
influenced by several factors, biotic and abiotic [2]. Despite previous studies, the impact of factors such as 
the microclimate has never been addressed till now.  

The climate and/or the microclimate (the distinctive climate of a small-scale area) are important 
components involved in the viticulture concept of terroir [3], which posits that the microclimate plays an 
essential role in grape composition and quality, and can differentiate dramatically the quality of grapes 
within the same wine region. To date, no study has analyzed the impact of the microclimate on grape berry 
microbiota. 

In this work, we studied four vineyards in the same geographic area (sharing similar characteristics but in 
two different regions characterized by specific microclimate). We characterized and compared the 
microbial communities of those two wine appellations and investigated the factors which could explain the 
differences between them.   

Materials and methods  
Sampling design 
This study was conducted on 2010 vintage, in the Libourne wine area (southwest France), in two different 
wine appellations: Pomerol (44°55’52’’ N, 0°12’16’’ W, 34 m altitude) and Puisseguin St Emilion 
(44°55’26’’ N, 0°04’38’’ W, 91 m altitude). These two wine growing regions are characterized by specific 
climatological conditions. In 2010, Pomerol had an annual average temperature of 19.36 ºC, average annual 
relative humidity of 69.55 % and average annual precipitation of 74.50 mm. In Puisseguin, the values were 
18.03 ºC, 74.47 % and 76.00 mm, respectively.  

Three sampling points, each corresponding to five vines, were selected in each vineyard. Samples were 
collected at harvest ripe. At each sampling, approximately 1 kg of undamaged grapes with their pedicels 
attached were aseptically removed from several bunches and put in sterile bags. Grapes were transported to 
the laboratory in refrigerated boxes and analyzed within 12 h after collection. 

Microbial biomass recovery and DNA extraction 
250 undamaged berries were dispersed in an isotonic solution [4] and used to inoculate the medium, 
and the rest was filtered through 0.2-µm pore, 47-mm ø cellulose acetate filter and DNA was extracted.  

Colony isolation, counting and identification 
Cell suspensions were cultured on 1/10 diluted LB and LT medium. From each medium, 30 colonies were 
picked. 16S rDNA for bacteria and the D1/D2 variable domains of the ribosomal DNA large-subunit for 
yeasts were sequenced [4].  
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Water activity (Aw) in grape skins 
For each sample, 14 berries were chosen at random (the pedicel was surrounded with paraffin). We used an 
Aw-Sprint (Novasina) as Aw-meter.  

Microbial community structure analysis 
T-RFLP: a nested PCR: 8F and 1406R, secondly 8F (5′: 6-FAM) and 1063R [6]. Digestion with Hae III or 
Hinf I and profiles were normalized [5, 6]. CE-SSCP: D1/D2 domain of the LSU rRNA gene was amplified 
using NL3A and NL4 primers [5].  

Results and discussion 
Results revealed that sizes of the cultivable communities (bacteria, yeast and filamentous fungi) were 
higher in Puisseguin samples (Table 1 B). The identification of isolates showed that some of the fungal 
genera were specific to a wine appellation: Penicillium and Metschnikowia in Puisseguin and Cryptococcus 
in Pomerol (Figure 1 A). For bacteria, we also observed that some genera were specific to a wine 
appellation: Brevibacterium, Cellulomonas, Microbacterium, Paenibacillus, Rhizobium, Rhodococcus and 
Sphingomonas in Puisseguin, and Arthrobacter, Burkholderia, Curtobacterium, Pantoea, Streptomyces and 
Staphylococcus in Pomerol (Figure 1 B).   

We characterized the bacterial and fungal community structure by T-RFLP and CE-SSCP respectively; 
the results indicated that the diversity of the microbial community profiles was, in all samples, higher on 
Puisseguin vineyards (Table 1 A). 
 

Table 1 - Diversity of microbial community structure and cultivable population 
determined by plate counting 

                            A – Microbial community structure  B – Cultivable Population 
                                CE-SSCP (H’)              T-RFLP (H’)       LT medium         LB -10 medium 

Pomerol 3.59 
(+/- 0.01) 

1.22 
(+/- 0.04) 

3.89 
(+/- 0.02) 

3.95 
(+/- 0.07) 

Puisseguin 4.01** 
(+/- 0.02) 

1.62*** 
(+/- 0.01) 

4.25* 
(+/- 0.05) 

4.40* 
(+/- 0.01) 

A) Shannon diversity index (H’) obtained from CE-SSCP and T-RFLP profiles, values in 
parentheses represent standard deviation (n = 6). B) Cultivable populations, results are 
expressed as log 10 CFU/g of fresh weight, determined by plate counting on LT medium and 
LB 1/10 medium. Significant differences (one way ANOVA) between Pomerol and Puisseguin 
samples are represented as follows: * p < 0.05, ** p < 0.005, *** p < 0.001. 

 

 
Fig. 1 - Abundance of cultivable fungal (A) and microbial (B) genera in grape samples in the different 

vineyards. Bar plots show genus relative percentages of isolates in each vineyard. 
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Due to its importance in microbial growth [7], we assayed the water activity (Aw) in grape skins of 
Puisseguin and Pomerol samples (Figure 2). The Aw analyses revealed significant higher values in 
Puisseguin samples (0.945 ± 0.004) compared to Pomerol samples (0.908 ± 0.001). We compared these 
values with the plate counting on LT and 1/10 diluted LB medium, and we noted that Aw had a significant 
positive effect on the cultivable population of bacteria (Pomerol samples: R2 = 0.90 p < 0.01; Puisseguin 
samples: R2 = 0.96 p < 0.0.1) and yeast (Pomerol samples: R2 = 0.87 p < 0.01; Puisseguin samples: 
R2 = 0.89 p < 0.01) (Figure 3).  
 

 

Fig. 2 - Water activity (Aw) on grape skins. Color code: black, Pomerol; gray, Puisseguin. Asterisks 
indicate categories that are significantly different between the two subjects (p < 0.05). 

 

 

Fig. 3 - Correlation between water activity and population. Blue diamonds and blue triangles 
represent Pomerol and Puisseguin samples from organic and conventional farming system, 

respectively. A) LT population (Pomerol samples: R2 = 0.87 p < 0.01; Puisseguin samples:  
R2 = 0.89 p < 0.01), B) 1/10 diluted LB population (Pomerol samples:  

R2 = 0.90 p < 0.01; Puisseguin samples: R2 = 0.96 p < 0.01). 

Our results showed that microclimate could impact the epiphytic microbial population of grapes. 
The cooler and humid vineyards of Puisseguin presented a higher cultivable population compared to 
Pomerol (drier and warmer). Some genera were specific to a wine appellation. T-RFLP and CE-SSCP data 
showed that the population structure in Puisseguin was more diverse. The analyses of Aw revealed to be 
one factor responsible for the differences between these two wine appellations. These results suggest that 
climatic conditions can impact the grape skin Aw, and consequently the microbial communities. 
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Non-Saccharomyces yeasts ‒ copper ‒ sulfur 

Introduction 
The most common products used for vine protection are copper and sulfur, whatever the type of farming 
(conventional, organic, etc.). The effectiveness of these two non-specific products has been widely studied 
on their respective targets but the effects on other organisms such as yeasts present on grapes remain poorly 
documented. Impacts of chemical fungicides and biological treatments (based on copper and/or sulfur) 
were compared and reported by Milanovic et al. [1]. The diversity of yeast species isolated in the organic 
vineyard seems weak compared to the diversity of yeasts isolated in conventional vineyard: for example, 
the species Metschnikowia pulcherrima, widely found in conventional samples, has been found 
occasionally in biological samples.  

Few studies have focused on the resistance to copper or sulfur of yeasts isolated from the environment. 
Vadkertiová et al. [2] studied the resistance to copper of yeast strains belonging to 15 species isolated from 
water, soil and tree leaves and showed a very high intraspecific and interspecific variation regarding the 
resistance to copper. No strain is able to grow at a concentration greater than 10 mM, but this concentration 
is tolerated by M. pulcherrima, Pichia americana and Cryptococcus laurentii. Amiranashvili et al. [3] 
studied the ability of more than 170 yeast strains isolated on vine from flowering to maturity to degrade 
2 pesticides containing copper oxychloride (Cihom Blue and Neoram). These authors showed that the 
impact on yeast growth is different depending on the concentration of copper oxychloride. Only 22% of 
strains tested were grown in the presence of Cihom Blue (5 g/L) and 44% in the presence of Neoram 
(4 g/L). Cordero-Bueso et al. [4] evaluated the sulfur resistance of yeast strains belonging to 9 species 
isolated from grape must and spontaneous fermentations. Torulaspora delbrueckii, Rhodotorula 
mucilaginosa and Hanseniaspora guilliermondii species are able to resist to 10 mg/L of sulfur. In contrast, 
the species Candida apicola and M. pulcherrima are inhibited by a sulfur concentration of 2.5 mg/L and 
10 mg/L, respectively.  

The objective of this work was to study i) the tolerance to copper and sulfur of non-Saccharomyces yeasts 
isolated from grape must and ii) the intraspecific variability of the tolerance to copper and sulfur of strains 
tested.  

Materials and methods  
Yeast strains and culture conditions 
The yeast isolates studied are from the IUVV collection and have been isolated from a plot of Chardonnay 
in a Burgundy vineyard (Mâcon, France). A total of 37 isolates of the Candida and 76 isolates of the genus 
Metschnikowia were studied. Initially, a growth curve was performed for all isolates in order to normalize 
the experiment to study the resistance to copper and sulfur. After a preculture of 24 to 72 hours at 30°C in 
YPD medium, a defined volume of each preculture was deposited in liquid YPD medium to a final volume 
of 2 mL and an absorbance at 600 nm of 0.05 and incubated at 30°C. The growth of each isolate was 
carried out by spectrophotometry readings at 660 nm (A660nm), after a linear agitation for 30 seconds, every 
four hours for 32 hours. This growth monitoring was performed in 24-well microtiter plates. 
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Copper and sulfur resistance 
For the experimentation in presence of copper, 
each preculture was deposited in liquid YPD m
incubated at 30°C. Copper was added to
was measured by monitoring the absorbance 

For the effect of sulfur, yeasts were cultivated on
(0 to 500 mM S) of Thiovit (Syngenta, France). Combined effect
for strains able to grow with 250 mM sulfur
presence of 250 mM sulfur and increasing concentrations of copper

Results and discussion
Copper and sulfur tolerance of oenological interest
Candida and Metschnikowia was evaluated.
of different copper concentrations 
a high resistance to copper compared to other yeasts isolated from different environments. Indeed, 
Vadkertiová et al. [2] have shown that
yeasts are not tolerant to a copper concentration
 

 
Yeast resistance to copper is variable
resistant to 6.5 mM and 40% to 5
6.5 mM and only 25% at 5 mM. 
For the genus Metschnikowia, differentiation could not be performed between 
and M. pulcherrima. For the genus 
renamed Starmerella bacillaris. The use of
strain level and demonstrated a strain

The sulfur resistance of the tested
Metschnikowia is less affected 
Metschnikowia isolates are able to grow 
only 10% and 57% of isolates of 
respectively. These results confirm
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Copper was added to YPD liquid medium as CuSO4 (0 to 10 mM 
monitoring the absorbance during 30 hours (standard inoculation: A

effect of sulfur, yeasts were cultivated on YPD solid medium containing 
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h 250 mM sulfur. The experiment was conducted in YPD
increasing concentrations of copper (0 to 5 mM).  

iscussion 
Copper and sulfur tolerance of oenological interest non-Saccharomyces yeasts belonging to the

was evaluated. Figure 1 shows the percentage of isolates
 tested. All tested strains are resistant to more than 2 mM, demonstrating 

to copper compared to other yeasts isolated from different environments. Indeed, 
have shown that depending on the environment studied, between

copper concentration of 2 mM.  
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These results show that the application
genera, species or strains of yeasts present
explain the differences in yeast diversity
conventional vineyards. The use of these fungicides seems 
to isolates of other environments [2]

Conclusion 
The effect of the two main fungicides used
belonging to the genus Candida and
more resistant to copper than the genus
strain-dependent. Conversely, all isolates
For the genus Candida, this sulfur resistance
are highly resistant to sulfur. Further works are needed to study the resistance mechanisms of these
non-Saccharomyces yeasts, mechanisms currently little studied and desc
resistance of other yeast genera could
fungicides on the yeast communities
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Wine yeast ‒ carbon dioxide ‒ fermentation ‒ organoleptic properties 

Introduction 
During the early stages of winemaking, non-Saccharomyces yeasts are usually predominant. However, due 
to their low ethanol tolerance and microbial competition, Saccharomyces cerevisiae develops rapidly and 
becomes predominant and the main agent of alcoholic fermentation [1]. Among the non-Saccharomyces 
species frequently isolated from must, the species Hanseniaspora uvarum and Candida zemplinina are 
considered as being the most predominant. Less frequently, Metschnikowia pulcherrima can also be present 
at fairly high populations. In addition, several minor species have also been isolated, such as Torulaspora 
delbrueckii, Pichia kluyveri, Hanseniaspora guilliermondi, Issatchenkia orientalis, Zygosaccharomyces 
bailii, Pichia anomala, etc. [2-5]. 

The impact of CO2 on microorganisms has been widely studied, essentially on bacteria and particularly 
when it is used at high pressure [6, 7]. The presence of CO2 in culture media is required for the growth and 
survival of microorganisms. Indeed, CO2 is necessary for several biological processes like amino and 
tricarboxylic acid formation. If it is totally absent from the culture media, yeast growth is inhibited [8]. 
In yeast, CO2 fixation by S. cerevisiae was observed in several culture conditions [9, 10]. Nevertheless, 
CO2 is also known to have an inhibitory effect. Gaseous CO2 is widely used in the food industry to prevent 
the proliferation of spoilage microorganisms. Inhibition is much higher when CO2 concentration and 
pressure increase, temperature decreases and in presence of glucose and ethanol [11-13]. 
Plasmic membrane is the first target of CO2 where it can diffuse easily causing anaesthesia. Anaesthesia 
occurs when foreign molecules occupy a critical volume of the membrane [14, 15]. This leads to structural 
and functional modifications. Then, accumulation of CO2 in the cytoplasm disturbs enzyme activities by 
decreasing intracellular pH or modifying the equilibrium between carboxylation and decarboxylation 
reactions [7, 16-18]. In 1976, Chen and Gutmanis [19] observed the effect on S. cerevisiae of unpressured 
CO2 under conditions favourable for biomass production in bioreactors. In this study, portions of nitrogen 
in the airstream of the bioreactor were replaced by CO2. A drop in population occurred when 40% of 
nitrogen was replaced by CO2. At 80% (1.1 g/L of dissolved CO2) a strong decrease in fermentation rate 
was observed. 

Non-Saccharomyces yeasts are known to contribute either positively or negatively to the organoleptic 
characteristics of wine. Some factors are known to influence yeast growth in oenological conditions: 
temperature, dissolved oxygen, turbidity, etc. [5, 20]. The aim of this work is to see how the addition of 
gaseous carbon dioxide (CO2) in must could affect wine yeast and particularly if this factor can help us to 
eliminate undesirable non-Saccharomyces (H. uvarum, C. zemplinina) and favour species of interest 
(T. delbrueckii, Metschnikowia spp., etc.). 

Materials and methods 
Yeast strains 
Five non-Saccharomyces species were used in this study: Torulaspora delbrueckii, Metschnikowia spp. 
(99% of identity with M. andauensis), Candida zemplinina, Pichia kluyveri and Hanseniaspora uvarum. 
One Saccharomyces cerevisiae strain was also included (Table 1). 
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Preculture conditions 
Except for S. cerevisiae and T. delbrueckii, two preculture steps were necessary before fermentation. 
First, strains were grown at 24°C for 24h in YPD-based medium containing 1% yeast extract (w/v, Difco 
Laboratories, Detroit, MI), 1% Bacto peptone (w/v, Difco), and 2% glucose (w/v). Then, cultures were 
transferred in half diluted grape must and grown at 24°C for 24h. For S. cerevisiae and T. Delbrueckii, only 
growth in half diluted grape must was performed. 
 

Table 1 - Oenological strains used for alcoholic fermentations 

Species Strain Collection 
Torulaspora delbrueckii Alpha Laffort, Bordeaux, France  
Metschnikowia spp. L0563 

Centre de Ressources Biologiques Œnologie, 
Bordeaux, France 
 

Candida zemplinina PE401 
Pichia kluyveri Pk.31 
Hanseniaspora uvarum L0666 
S. cerevisiae X5 Laffort, Bordeaux, France 

 

Alcoholic fermentations  
Alcoholic fermentations were carried out in Sauvignon Blanc grape must from the Bordeaux region (sugars 
197 g/L, assimilable nitrogen 121 mg/LN, free SO2 15 mg/L, total acidity 4.02 g/L H2SO4) at 18°C with 
agitation and in 125-mL bioreactors. The different strains were inoculated at 106 viable cells/mL in pure 
cultures. Two conditions were tested for each strain: saturation with gaseous CO2 (added in bioreactors to 
obtain a dissolved concentration of 1.2 g/L corresponding to saturation in grape must) and without 
saturation (control). Saturation was done just after inoculation.  

Cell enumeration 
Yeast growth during fermentation was monitored by flow cytometry with a Cell Lab QuantaTM (Beckman 
Coulter, USA) equipped with a 488-nm laser. Viability was measured using propidium iodide. 

Growth parameters 
Several growth and fermentation parameters were calculated for each species: lag phase (time between 
inoculation and beginning of growth, h), growth rate (g.L-1.h-1), maximum population size (viable cells. mL-1). 

Data analysis 
All fermentations were performed in triplicate. R software was used for statistical analysis (R Development 
Core Team, 2008). Variance heteroscedasticity led us to apply non-parametric test (Kruskal-Wallis) to 
determine the difference between the fermentations. The statistical level of significance was set at p≤0.05.  

Results and discussion 
No variation of pH was noticed in the fermentation medium when CO2 was added. All growth kinetics 
parameters are presented in table 2. All fermentations with S. cerevisiae, with and without CO2, were 
completed. Nevertheless, in the presence of CO2, S. cerevisiae growth is slightly inhibited with a decrease 
in growth rate and maximum population size.  

Concerning non-Saccharomyces species, in terms of growth kinetics, two behaviours can be distinguished. 
First, T. delbrueckii and M. pulcherrima are stimulated in the presence of CO2, the growth rate and 
maximum population being enhanced. On the other hand, CO2 has a negative impact on C. zemplinina, 
P. kluyveri and H. uvarum.  

The use of carbon dioxide could be interesting in winemaking. Indeed, C. zemplinina and H. uvarum are 
very sensitive to CO2 and are known to produce undesirable compounds such as H2S, volatile acidity, etc. 
In contrast, T. delbrueckii and M. pulcherrima are stimulated by this gas and can impact positively wine 
aroma [21-24]. Moreover, CO2 also delays the growth and the beginning of alcoholic fermentation in 
S. cerevisiae, which could allow non-Saccharomyces yeast to develop easily. 

As for T. delbrueckii and M. pulcherrima, P. kluyveri can enhance wine aroma but saturation with CO2 
does not seem to be a good way to stimulate this species. 
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Table 2 - Growth parameters 
 

Species Condition Lag phase (h) Maximum growth rate (h-1) 
Maximum population size  

(viable cells/mL) 

S. cerevisiae 
Control 2.3a ± 0.4 0.15a ± 2.9x10-2 1.6x108a ± 1.1x107 

CO2 2.6a ± 0.6 0.08b ± 1.2x10-3 9.6x107b ± 2.4x106 

T. delbrueckii 
Control 1.8a ± 1.0 0.15b ± 1.5x10-2 2.1x108b ± 9.0x106 

CO2 1.6a ± 0.8 0.19a ± 4.0x10-3 2.8x108a ± 2.2x106 

Metschnikowia 
spp. 

Control 1.7a ± 0.3 0.11b ± 8.8x10-3 1.0x108b ± 5.4x106 

CO2 1.5a ± 0.1 0.13a ± 6.1x10-3 1.5x108a ± 7.7x106 

P. kluyveri 
Control 2.4b ± 0.2 0.18a ± 1.5x10-2 4.6x107a ± 1.9x106 

CO2 3.4a ± 0.1 0.09b ± 4.5x10-4 2.5x107b ± 1.2x106 

C. zemplinina 
Control 1.1b ± 0.2 0.12b ± 1.3x10-3 1.8x108a ± 4.8x106 

CO2 2.0a ± 0.1 0.10b ± 5.8x10-3 8.7x107b ± 1.2x106 

H. uvarum 
Control 3.4b ± 0.3 0.09a ± 2.3x10-4 4.2x107a ± 1.2x106 

CO2 7.1a ± 0.2 0.03b ± 1.8x10-4 7.9x106b ± 1.9x106 
a,b: groups resulting from Kruskal-Wallis test, p≤0.05 

Conclusion 
Saturating grape must with CO2 at the beginning of alcoholic fermentation could be an interesting way to 
inhibit undesirable species and favour the interesting ones. The effects observed on growth are not due only 
to a lack in oxygen concentration as saturation with nitrogen does not have the same impact on yeasts 
(results not shown). More experiments need to be carried out with more strains and in mixed cultures to 
confirm the impact of CO2 on the modulation of non-Saccharomyces yeasts. 
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Saccharomyces cerevisiae ‒ redox balance ‒ alcoholic fermentation ‒ aroma compounds 

Introduction 
During alcoholic fermentation, S. cerevisiae produces a variety of volatile metabolites, including acetate 
esters, ethyl fatty acid esters, higher alcohols, volatile fatty acids and volatile sulfur compounds that 
contribute to the fruity and floral profile of wine. These volatile compounds are formed through a complex 
and dynamic metabolic process during fermentation and many factors have been reported as controlling 
their production: grape variety, yeast strain and fermentation conditions (temperature, micronutrients and 
nitrogen availability in the must) [1].  

The redox status of yeast cells could be an additional parameter involved in the qualitative and quantitative 
modulation of the profile of fermentative compounds. Maintaining the balance between NAD/NADH and 
NADP/NADPH, which are the main contributors to redox metabolism, is a fundamental requirement to 
sustain metabolism and growth in S. cerevisiae. These cofactors, involved in more than 300 reactions in 
yeast, are among the most highly connected molecules in metabolic networks [2]. Understanding the links 
between the cell redox status and the concentrations of volatile compounds in wine has important 
implications with respect to winemaking parameter such as oxygen and its impact on wine quality. 
The objective of this study was to gain a better understanding of the effect of the redox balance on the 
synthesis and regulation of volatile compounds. To this end, the NAD(P)H oxidation was increased under 
fermentative conditions by the reduction of acetoin to 2,3-butanediol in strains overexpressing native 
NADH- or engineered NADPH-dependent butanediol dehydrogenase (Bdh) in the presence of acetoin.  

Materials and methods 
Strains 
The strains used were derived from the S. cerevisiae haploid strain 59A. Strains NADH-Bdh and NADPH-
Bdh were obtained by overexpressing the NADH-dependent 2,3-butanediol dehydrogenase (Bdh1p) or a 
mutated version of this protein [3] with a NADPH cofactor specificity [4].  

Fermentation medium and growth conditions 
Batch fermentations were performed in 1-L bioreactors equipped to maintain anaerobiosis, at 24°C, with 
permanent stirring. Fermentation experiments were carried out in synthetic medium, as described 
previously [5], containing 100 g L-1 glucose and 100 g L-1 fructose at pH 3.4. Acetoin was added at 
200 mM at the beginning of the fermentation. Fermentations were performed at 24°C. CO2 release was 
determined by automatic measurement of fermentor weight loss every 20 min.  

Metabolite quantification 
Glucose, acetate, fructose, glycerol and succinate were analyzed by HPLC using an Aminex HPX-87 ion 
exchange column. Volatile compounds were determined by GC/MS after dichloromethane extraction 
procedure with the Siebert GC/MS method [6]. 
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Statistical analysis 
Statistical analyses were performed using R software, version 3.1.1 [7]. To obtain a general overview of the 
final production of volatile compounds, a principal component analysis (PCA) was performed using the 
FactoMineR package [8]. Each variable was then tested using a one-way analysis of variance (ANOVA) 
with the conditions (strains overexpressing NADH or NADPH-Bdh with 0 or 200 mM acetoin) as a factor 
to detect a global effect. In the figures, conditions sharing the same letter are not significantly different at a 
0.05 threshold.  

Results and discussion 
Impact of NADPH and NADH perturbations on aroma compounds 
We investigated the impact of an increased demand of cofactors (NADH and NADPH) on aroma 
compounds whose synthesis involves several aldehyde/alcohol dehydrogenases sensitive to 
NAD(P)/NAD(P)H ratios. Fermentations with the strains NADH-Bdh and NADPH-Bdh grown without 
acetoin addition were used as control for the analysis of the incidence on aroma compound formation of 
NADH and NADPH perturbation, respectively. We found that an increased NADH or NADPH oxidation 
markedly changed the production of fermentative aroma. Furthermore, the metabolic variations were more 
important in response to a NADH imbalance compared with a modification of the NADPH demand. 
A principal component analysis (PCA) was carried out to get a general overview of the incidence of redox 
modifications on the formation of aroma (Figure 1).  

 
 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1 - Principal component analysis of 59A-NADH-Bdh or 59A-NADPH-Bdh strains supplemented or 
not with 200 mM acetoin for 26 volatile aroma compounds, based on mean values calculated from 
3 replicates. (A) Individual factor map: NADH-Bdh in the presence of 200 mM acetoin (blue) or 
without acetoin (orange), and for NADPH-Bdh in the presence of 200 mM acetoin (green) or without 
acetoin (violet); (B) Variable factor map. On the x axis is the percentage of variation explained by 
principal component 1 (Dim 1; 56.98%); on the y axis is the percentage of variation explained by 
principal component 2 (Dim 2; 12.84%). ISO: Isobutanol, IBA: Isobutyric acid, BA: butyric acid, 
EA: ethyl acetate, EP: ethyl propionate, ISA: isobutyl acetate, PRA: propyl acetate, PR: propanol, 
PA: propionic acid, DA: decanoic acid, OA: octanoic acid, DDA: dodecanoic acid, EH: ethyl hexanoate, 
EB: ethyl butanoate, ED: ethyl decanoate, EO: ethyl octanoate, EDD: ethyl dodecanoate, EIB: ethyl 
isobutyrate, MBA: 2-methyl butanoic acid, PEA: phenyl ethyl acetate, ME: methionol, 
PHE: phenylethanol, IAA: isoamyl acetate, IA: isoamyl alcohol, IVA: isovaleric acid, HA: hexanoic acid. 

The final productions of volatile compounds by the strains NADH-Bdh and NADPH-Bdh grown with or 
without 200 mM acetoin addition were used as quantitative variables. The first two axes accounted for 70% 
of the total variations and independently separated fermentations with NADH or NADPH imbalance from 
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the control cultures (NADH-Bdh and NADPH-Bdh without acetoin). The strain NADH-Bdh grown in the 
presence of acetoin was differentiated along the first axis on the basis of a higher formation of propanol and 
isobutanol and their derivatives as well as a lower synthesis of medium chain fatty acids and their ethyl 
esters. This axis also contributed to the discrimination of the NADPH-perturbation modality but to a lesser 
extent and together with the second axis, mainly defined by the variables isoamyl alcohol, isoamyl acetate, 
methionol and 2 phenyl ethyl acetate.  

Effect of the redox perturbation on the medium chain fatty acid (MCFA) and (MCFA) ethyl ester 
formation 
We then focused on the production of medium chain fatty acids (MCFA) and their ethyl ester derivatives. 
Contrary to other MCFA, the formation of both butanoic acid (the shortest MCFA) and ethylbutanoate 
were almost unchanged due to a redox imbalance (Figure 2). These results suggest the existence of other 
enzymes that can support their synthesis or the existence of several metabolic pathways behind the 
formation of butyric acid. Indeed, Rollero et al. [9] suggested isobutyryl-CoA could be converted to 
butanoyl-CoA, the precursor of ethyl butanoate.  
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
 

 
 

Fig. 2 - Average contents in µM/g DW of medium chain fatty acids and ethyl esters produced by 
NADH-Bdh and NADPH-Bdh strains in response to redox perturbation (200 mM acetoin). Conditions 
with the same letter do not differ significantly at Tukey’s test (p<0.05). Metabolite concentrations for 
NADH-Bdh without acetoin (orange) or in the presence of 200 mM acetoin (blue), and for NADPH-
Bdh without acetoin (violet) or in the presence of 200 mM acetoin (green). 
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Further synthesis of MCFA consists in C2-unit elongation of the carbon chain provided by the active 
malonyl-CoA that requires NADPH. In line with the cofactor requirements for MCFA elongation 
metabolism, the formation of MCFA (hexanoic, octanoic, decanoic acids) was reduced by 30% on average, 
irrespective of the nature of the cofactor. In the same way, fatty acid esters deriving from the combination 
of MCFA with ethanol exhibited similar patterns in relation to redox demand. The NADPH specificity of 
fatty acid synthase excludes a direct regulation of MCFA production by NADH cofactor availability. 
One of the most likely explanations for the decrease in MCFA formation with an increased NADH and 
NADPH demand is a limitation of the intracellular pool of their acetyl-CoA precursor. Moreover, the 
down-regulation of the gene EEB1 encoding for the main acyl-CoA-ethanol O-acyltransferase, responsible 
for ethyl ester formation [10] in response to an increased NAD(P)H oxidation, may also contribute to the 
reduced production of this family of volatile compounds [11].  

Conclusion 
These data provide a wide picture of the effects of NADH or NADPH on the aroma network. As esters are 
central components of the fruity character, a better understanding of the regulation of this network will help 
to better manage the aroma levels in fermented beverages with improved sensorial quality. 
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Non-Saccharomyces yeast ‒ Starmerella bacillaris ‒ mixed fermentations ‒ low ethanol wines 

Introduction 
In the last 20 years, there has been an increasing interest toward the alcohol content in wines, influenced 
mainly from the media and the government programs due to the marketing, social and health associated 
reasons [1]. This global observation has been also linked with the climate change associated with the trend 
to delay the harvests in order to achieve a “phenolic maturity”, as well as to obtain a rich and ripe fruit 
flavor in the wine. Several techniques have been proposed so far in order to control the alcohol produced 
by Saccharomyces cerevisiae during fermentation, ranging from viticulture to oenological practises [2]. 
Among these techniques, the fermentation of must with selected non-Saccharomyces yeasts in combination 
with S. cerevisiae strains is gaining attention due to the ability of the first to consume higher amounts of 
sugar to produce 1% (v/v) of alcohol [3, 4]. Among the non-Saccharomyces yeast species of oenological 
interest, the use of Starmerella bacillaris (synonym Candida zemplinina) [5] is gaining attention since their 
ability to produce less ethanol from sugar consumed [6, 7] and persist until the last stages of the alcoholic 
fermentations [8]. In this context, the aim of this study was to understand the potential use of 
Starm. bacillaris in combination with S. cerevisiae in sequential inoculation cultures, in order to achieve a 
high level of alcohol reduction. 

Materials and methods 
Three Starm. bacillaris from the yeast culture collection of DISAFA (Dipartimento di Scienze Agrarie, 
Forestali e Alimentari, University of Torino, Italy) and the commercial S. cerevisiae strain Uvaferm BC® 

(Lallemand, Montreal, Canada) were used in this study. Fermentations were carried out in pasteurized 
Barbera variety must containing about 230 g/L of sugars. Musts were inoculated with an initial cell density 
of about 1.0 x 106 cells/mL, which was determined by plate counts on WL nutrient medium (Biogenetics, 
Milan, Italy). Two inoculation protocols were investigated: firstly, evaluation of the fermentation 
performance of each strain in pure culture fermentations and secondly, inoculation of the S. cerevisiae 
strain Uvaferm BC®, 2 days after the Starm. bacillaris addition. Fermentations were performed in a final 
volume of 25 mL, under static conditions for 21 days. 

Results and discussion 
The fermented musts by the Starm. bacillaris strains in pure culture were characterized by the presence of 
residual sugars, mainly glucose (22 – 33 g/L), confirming the fructophilic character of this species [9]. 
Complete sugar consumption was observed only for the S. cerevisiae strain Uvaferm BC®. The chemical 
composition of these wines was characterized also by the presence of significant levels of glycerol 
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(> 11.7 g/L) and lower levels of ethanol (up to 14% by volume) than the S. cerevisiae strain in pure culture, 
in accordance with the results demonstrated by Giaramida et al. [10]. 

When we investigated the possibility of using Starm. bacillaris as a partner of S. cerevisiae in mixed 
fermentation cultures, a completely different picture has emerged. Mixed culture fermentations produced 
wines with 0.7% (v/v) less ethanol, compared to wine produced by S. cerevisiae Uvaferm BC® in pure 
culture. Specifically, the strains in the mixed fermentations used more sugars (17.0 – 17.5 g/L) to produce 
1% (v/v) of alcohol, during the fermentation progress, highlighting the impact of Starm. bacillaris on the 
chemical composition of the final product [10]. Glycerol production was also influenced in the mixed 
culture fermentations. Compared to the wines produced from the strain Uvaferm BC® in pure culture, 
wines produced from the mixed culture fermentations contained more glycerol (increase of about 4.0 g/L) 
than the control wine (8.3 g/L), in agreement with previous studies [11]. Finally, the acetic acid content 
was not influenced by the inoculation strategy and all the couples used in this study maintained the values 
at low levels (< 0.5 g/L). 

Conclusion 
In conclusion, we have shown that the addition of S. cerevisiae with 2 days delay could guarantee a 
decrease of about 0.7% by volume of alcohol and an increase of almost 4.0 g/L of glycerol. The impact of 
this inoculation on the chemical composition of the wine in terms of aroma should be further investigated. 
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Interactions ‒ levures non-Saccharomyces ‒ contact direct/contact indirect 

Introduction 
Dans le domaine des boissons fermentées (vin, tequila,…) l’association de levures non-Saccharomyces, 
du genre Hanseniaspora, Pichia, Lachancea, Kluyveromyces…, à la traditionnelle levure Saccharomyces 
cerevisiae a permis l’obtention de caractéristiques organoleptiques optimisées et diversifiées, en modifiant 
la composition de molécules aromatiques et/ou en diminuant la concentration de composés néfastes pour le 
vin [1, 2]. L’existence d’interactions microbiennes a pu être mise en évidence, entrainant une inhibition de 
la croissance et parfois la mort d’une des populations, modifiant ainsi la qualité du produit final obtenu 
[3, 4]. A l’exception du mécanisme killer existant entre certaines souches de levure [5], ou des phénomènes 
de compétition pour le substrat [6], ces interactions ne sont pas encore bien connues et sont fortement 
dépendantes des couples de levures utilisées et des conditions de culture mises en œuvre. 

Cette étude a pour objectif de comparer le comportement de deux couples de levures, en culture pures et en 
cultures mixtes afin de mettre en évidence ou non un phénomène d’interaction entre des levures 
Saccharomyces et non-saccharomyces, et de préciser ensuite l’origine de l’interaction, par un contact 
physique direct et/ou une interaction sans contact (= indirecte) via un ou des métabolites. Un couple de 
levures isolées du vin, S. cerevisiae et Lachancea thermotolerans, et un couple de levures isolées de la 
tequila, S. cerevisiae et Kluyveromyces marxianus, ont été étudiés en co-culture sur des jus synthétiques. 
Pour cela, des co-cultures en double bioréacteur à membrane spécifique développé au laboratoire [7] dans 
lesquelles les populations sont physiquement séparées de part et d’autres d’une membrane (contact indirect) 
ont été comparées à des cultures pures puis des co-cultures en absence de membrane (contact direct).  

Matériel et méthodes 
Les cultures pures, mixtes directes et mixtes indirectes ont été réalisées dans un double bioréacteur 
à membrane, spécifiquement conçu pour les études d’interaction [7]. Les cultures mixtes ont été menées 
avec membrane pour les cultures mixtes en contact indirecte et sans membrane pour les cultures pures en 
contact direct. 

Conditions de culture pour les études sur milieu « vin » 
- Souches : L. thermotolerans IWBT Y1240 est issue de la collection de l’Institut pour la 

Biotechnologie du vin de l’Université de Stellenbosch et la souche de S. cerevisiae EC1118 est issue 
de la collection Lallemand (Lallemand Inc.).  

- Chaque fermentation a été inoculée pour obtenir un total de 2 x 106 cells/mL (en cultures pures 2 x 
106 cells/mL pour L. thermotolerans ou S. cerevisiae et en cultures mixtes, co-inoculation à 1 x 106 
cells/mL pour chaque levure). Le milieu de culture est le milieu synthétique AWRI proche du jus de 
raisin. Les cultures ont été aérées à l’air deux fois par jour pendant 30 minutes à un débit de 0.5 vvm. 

- Les cellules viables ont été mesurées par culture sur milieu WL Nutrient Agar à 30 °C. 
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Conditions de culture pour les études sur milieu « tequila » 
- Souches : Les souches S. cerevisiae AR5 et K. marxianus DU3 sont issues de la collection CIATEJ 

(Mexique) et ont été isolées au Mexique respectivement de la tequila et du mezcal. 
- Chaque fermentation a été inoculée pour obtenir un total de 5 x 106 cells/mL (en cultures pures 

5 x 106 cells/mL pour L. thermotolerans ou S. cerevisiae et en cultures mixtes, co-inoculation à 
2.5 x 106 cells/mL pour chaque levure). Le milieu de culture est un milieu synthétique proche du jus 
de tequila [8]. Les cultures n’ont pas été aérées. 

- Les cellules viables ont été mesurées par culture sur milieu solide WL Agar ou WL différentiel Agar 
à 30 °C. 

Résultats et discussion 
Une série de fermentations a été réalisée pour chaque couple de levure afin de mettre en évidence la 
présence ou non de phénomène d’interaction et de préciser le type d’interaction(s) observée(s), c’est-à-dire 
dû à un contact physique entre les cellules ou via un métabolite excrété dans le milieu. Pour cela des 
cultures pures ont été réalisées pour chaque couple, ainsi que des co-cultures dans un double bioréacteur à 
membrane en présence ou non d’une membrane permettant d’empêcher le contact direct entre les deux 
populations de levures étudiées. 

Mise en évidence de l’interaction : comparaison culture pure/culture mixte  
Pour les deux couples de levures, l’interaction a pu être mise en évidence en comparant les résultats issus 
des cultures pures et des cultures mixtes en contact direct, réalisées dans le même milieu (milieu vin ou 
milieu tequila). En effet, une modification du comportement d’au moins une des deux souches a été mise en 
évidence dans les deux cas.  

Pour chacun des couples, une interaction négative a été observée, menant à la mort prématurée des levures 
non-Saccharomyces (Figure 1a et 1b). 

Néanmoins pour les deux couples, l’impact du phénomène d’interaction a été différent :  

- Pour le couple de levures issues du vin (Figure 1a), la concentration des deux levures semble 
affectée, avec une diminution des concentrations des deux levures S. cerevisiae et L. thermotolerans, 
montrant un double effet négatif des levures l’une envers l’autre.  

- Pour le couple de levures issues de la tequila (Figure 1b), le comportement de la levure S. cerevisiae 
reste inchangé en culture pure et mixte, les concentrations finales et les cinétiques de croissance de 
S. cerevisiae obtenues sont très proches. Seule la concentration de la levure K. marxianus semble 
avoir été affectée. On peut remarquer également que bien que les milieux de culture soient 
différents, le phénomène d’interaction est observé plus rapidement pour le couple de levure issue de 
tequila que sur le couple de levures issues du vin. 

 

Fig. 1 - Couple de levure du vin (A) et de la tequila (B). Cinétique de croissance représentée 
en ufc/mL pour S. cerevisiae (losanges bleus) en culture pure (trait plein) et en culture 

mixte contact direct (tirets), et L. thermotolerans (carrés rouges) en culture pure (trait plein) 
et en culture mixte contact direct (tirets). 

A : Wine yeasts pure/mixed direct contact  B : Tequila yeasts pure/mixed direct contact 



OENO 2015  

204 

1E+05

1E+06

1E+07

1E+08

0 10 20

vi
ab

le
 y

ea
st

s (
uf

c/
m

L)
 

Time (h)

1,0E+05

5,0E+07

1,0E+08

1,5E+08

0 50 100 150 200

vi
ab

le
 y

ea
st

s (
uf

c/
m

l)

Time (h)

Mise en évidence des différents mécanismes d’interaction : comparaison culture mixte direct/culture 
mixte indirect  
L’utilisation d’un double bioréacteur spécifique à l’étude des interactions a été développé au laboratoire et 
permet de pouvoir mener une co-culture de levures sur un même milieu, qui reste homogène tout au long de 
la cinétique, tout en évitant le contact physique entre les deux populations de levures grâce à l’utilisation 
d’une membrane en fibre creuse laissant par contre passer le milieu de culture et les métabolites produits 
par les levures. Ce système permet ainsi de pouvoir mettre en évidence un phénomène d’interaction lié à 
l’excrétion dans le milieu d’un ou plusieurs métabolites produit par l’une ou l’autre des levures. En effet, 
si les cinétiques obtenues sont différentes de celles obtenues en culture sans membrane (donc avec contact), 
c’est qu’un phénomène d’interaction lié au contact physique a lieu au sein du couple.  

Les expérimentations menées pour le couple de levures issues du vin (Figure 2a) montrent à la fois des 
cinétiques et des concentrations en levures différentes en culture mixtes avec et sans contact, et ce pour 
chacune des levures Saccharomyces et non-Saccharomyces, mettant ainsi en évidence la présence d’une 
une interaction de type « cell-to-cell contact » pour ce couple. Ceci a pu déjà être observé par d’autres 
chercheurs [3]. Néanmoins, ce phénomène n’est pas le seul observé car on note également un 
comportement différent des levures en culture mixte sans contact et en culture pure : un ou des phénomènes 
d’interaction via des métabolites du milieu ont donc également lieu pour ce couple de levure de vin. 
Grâce au bioréacteur à membrane, ce type d’interaction avait pu être mis en évidence sur d’autres couples 
de levures [8]. 

 
  

 

 

 

 

 

 
 

Fig. 2 - Couple de levure du vin (A) et de la tequila (B). Cinétique de croissance représentée 
en ufc/mL pour S. cerevisiae (losange bleus) en culture mixte indirect (pointillés) et 

en culture mixte contact direct (tirets), et L. thermotolerans (carrés rouges) en culture 
mixte indirect (pointillés) et en culture mixte contact direct (tirets). 

Pour le couple de levures issues de la tequila, les résultats obtenus en culture mixte sans contact 
(avec membrane) montrent au contraire des cinétiques de croissance et des concentrations en levures très 
proches de celles obtenues en cultures sans membrane, donc avec contact. Ce résultat se vérifie aussi bien 
pour la levure S. cerevisiae que pour la levure non-Saccharomyces (K. marxianus). Ces résultats mettent 
donc en évidence que l’interaction observée pour ce couple est essentiellement dû à un métabolite excrété 
dans le milieu.  

Conclusion 
L’objectif de cette étude était de comparer le comportement de deux couples de levures, l’un issu de vin, 
et l’autre issu de tequila, en culture pures et en cultures mixtes afin de mettre en évidence ou non un 
phénomène d’interaction. Le comportement des deux couples a été différent. Dans chaque cas, 
des interactions négatives ont été observées en culture mixte, menant à une mort prématurée des levures 
non-Saccharomyces comparativement aux cultures pures réalisées dans le même milieu. Néanmoins pour 
les levures issues du vin, les deux populations ont été affectées par l’interaction avec la seconde, alors que 
pour les levures issues de la tequila, seule la levure non-Saccharomyces a été affectée. Ces résultats 
suggèrent que le phénomène d’interactions sont dépendants des souches utilisées. 

B : Tequila yeasts direct/indirect A : Wine yeasts direct/indirect 
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Dans un second temps, grâce à un réacteur spécifique développé au laboratoire, nous avons pu dissocier les 
phénomènes d’interaction, à savoir ceux dus à un simple contact physique entre cellules ou ceux dus à une 
interaction via un métabolite excrété dans le milieu, ou encore les deux phénomènes cumulés.   

Ces résultats suggèrent que les phénomènes d’interactions peuvent être dus à plusieurs mécanismes, 
notamment à des contacts entre cellules ou à l’excrétion de métabolites dans le milieu. Il a été également 
mis en évidence que les mécanismes d’interaction étaient fortement dépendants des souches ou couples de 
levures utilisés. 
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Alcoholic fermentation ‒ metabolomics ‒ scale ‒ aroma 

Introduction 
Alcoholic fermentation is affected by multiple factors such as yeast strain, temperature, oxygen, nutrients, 
among others, all of which impact wine quality and commercial value [1-5]. Several studies have 
highlighted the importance of grape must nitrogen content, in terms of both nitrogen composition and 
concentration [2-8], as nitrogen directly impacts the final aroma composition in terms of the production of 
higher alcohols, volatile fatty acids, esters, and sulphur and carbonyl compounds [7,8]. However, this effect 
is highly complex and the link between a specific nitrogen composition and the aromatic profile is not well 
understood [2, 6]. Model fermentations are routinely conducted under controlled conditions in order to 
study yeast metabolism and its associated metabolome. These fermentations, with replicates, are generally 
conducted in volumes ranging between 100 and 500 mL, and are mostly analyzed at the end of alcoholic 
fermentation [1, 6].  

The aim of this study is to build a metabolic pipeline for the online monitoring of fermentations, by 
profiling the volatile fraction analyzed by HS-SPME/GC-MS using an untargeted approach and various 
multivariate techniques. A high-throughput method, using only pre-existing equipment, following the 
evolution of the volatile fraction during the course of fermentation would greatly contribute to our 
understanding of yeast metabolism. 

Materials and methods 
Strain, media, and fermentation conditions 
The yeast (VIN13, Anchor yeast, Cape Town, South Africa) was pre-cultured in a model grape juice 
medium adapted from Jiranek et al [9] and with NH4Cl (1 g/L) as the nitrogen source. This pre-culture was 
harvested and used to inoculate fermentations to an optical density (OD, 600 nm) of 0.1 (final cell density 
of approximately 106 cells/mL). The same model grape juice medium was used in subsequent fermentations 
(M1–5) containing 200 mg/L of nitrogen but varied in its composition (Table 1). The effect of scale was 
evaluated in two volumes, 5 and 500 mL. Yeast growth was monitored by measuring the OD at 600 nm. 
To synchronize all the fermentations, two additional sets of the 5-mL fermentations were conducted for OD 
and weight measurements. The 500-mL fermentations were also monitored for both OD and weight 
measurements.  

Volatile analysis 
The small-scale fermentations (5 mL) were conducted directly in the 15-mL SPME vials (CTC Analytics 
AG, Zwingen, Switzerland) on the sampling tray. A SPME (CAR/DVB Carboxen) fiber (Supelco, 
Bellefonte, PA) was use to collect headspace volatiles every 24 h from each 5-mL fermentation. Samples 
taken daily from the 500-mL fermentation were analyzed in the same manner. Sampling took place from 
the headspace of the fermentation vials with an extraction time of 10 min at ambient temperature 
(20 ± 2°C). The SPME fiber was thermally desorbed in the injection port of the GC-MS instrument 
(Agilent Technologies, Little Falls, Wilmington, U.S.A.). The MS was operated in full-scan mode, 
scanning from 35 to 650 amu, with and ionization energy of 70 eV and an electron multiplier voltage of 
1541 V, as described by Ferreira et al [10].  
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Data analysis 
The normalized Total Ion Count (TIC-Fingerprint) matrix underwent baseline correction and the first stage 
of peak alignment using correlation optimized warping (Unscrambler X 10.1 (Camo, Norway)). 
MarkerLynx XS (version 4.1, Waters, U.S.A.) was used for peak deconvolution, peak integration 
(using apex track peak detection), and sample alignment. The list of features originated was then subjected 
to multivariate analysis. The matrix resulted from MarkerLynx underwent correlational analysis using 
Excel. Data was analyzed using PCA (principal component analysis) and OPLS-DA (using SIMCA-P+ 
(version 12.0.1, Umetrics, Sweden)). The relative growth rates and CO2 liberation in different volumes and 
different media were evaluated via two-way analysis of variance (ANOVA), using Microsoft Office Excel, 
version 2010. 

Table 1 - Nitrogen treatments 

Medium Description 

M1 NH4Cl (200 mg N/L, control) 

M2 NH4Cl (50 mg N/L)  

All amino acids: cysteine, alanine, arginine, asparagine, aspartic acid, 
glutamine, glutamic acid, glycine, histidine, isoleucine, leucine, lysine, 
methionine, phenylalanine, proline, serine, threonine, tryptophan, tyrosine, 
and valine (150 mg N/L) 

M3 NH4Cl (50 mg N/L)  

Preferred amino acids: arginine, asparagine, aspartic acid, glutamine and 
glutamic acid (150 mg N/L) 

M4 NH4Cl (50 mg N/L)  

Aromatic and branch chained amino acids: isoleucine, leucine, phenylalanine, 
tyrosine, and valine (150 mg N/L) 

M5 NH4Cl (50 mg N/L)  

Sulphur containing amino acids: cysteine and methionine (150 mg N/L) 

Results and discussion 
Fermentation kinetic parameters 
Irrespective of the fermentation media or volume, fermentations proceeded at similar relative fermentation 
rates (data not shown). Additionally, yeast growth rates were similar for all fermentation treatments, 
however, differences were observed between fermentation volumes (data not shown). Rossouw et al also 
reported improved yeast growth in smaller volume fermentations, and attributed this to the presence of 
more oxygen [11]. 

Screening by TIC 
The metabolic information was subjected to preprocessing through algebraic normalization (Pareto) using 
MarkerLynx, both in one dimension (1D), where the total ion chromatogram per sample was used, and in 
two dimensions (2D), where the retention time vs m/z per sample was used. The PCA plots of the TIC data 
(Figure 1a, b) show that the second component separates M4 (aromatic and branch chained amino acids) 
from the rest of the data, with M5 (sulphur containing amino acids) separating at the third component. 

2D “landscape” data preprocessing 
In the 2D PCA plots, each chromatogram and all its information is compressed and projected onto a single 
point, thus representing the entire exogenous volatile metabolome. The PCA (Figure 1c) shows that yeast 
metabolism is affected by the amino acids supplied but not by the fermentation volume. For both volumes, 
the first component (x vector) describes the fermentations over time. The second component shows the 
separation of M5, M4, and a cluster consisting of M1, M2, and M3. Therefore the 2D procedure captured 
the relevant information more efficiently than the 1D. 
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Fig. 1 - (A) PCA score plots of normalized raw data for (i) PC1 vs PC2, (ii) PC2 vs PC3. (B) PCA 
loading plots of normalized raw data for (i) PC1, (ii) PC2, (iii) PC3 for (1) ethyl acetate; 
(2) ethanol; (3) unknown 1; (4) isobutyl acetate; (5) ethyl butanoate; (6) methyl thiolacetate; 
(7) 2-methyl-1-propanol; (8) ethyl thiolacetate; (9) isoamyl acetate; (10) 3-methyl-1-butanol; 
(11) unknown 3; (12) ethyl hexanoate; (13) acetoin; (14) unknown 4; (15) ethyl octanoate; 
(16) benzaldehyde; (17) dihydro-2-methyl-3(2H)-thiophenone; (18) ethyl decanoate; 
(19) 3-methylsulfanylprop-1-ene; (20) unknown (74//60/41); (21) methionol; (22) phenylethyl 
acetate; (23) benzyl alcohol; (24) 2-phenylethanol. (C) PCA score plots of normalized data after 
preprocessing with MarkerLynx and normalization by Pareto (i) 5 mL, (ii) 500 mL. (D) Biplot of 
the first two PC after preprocessing with MarkerLynx and normalization by Pareto 
(5-mL fermentations). 
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A biplot was constructed in order to understand and analyze how samples cluster together (scores) and 
identify which metabolites most contributed to their separation (loadings) (Figure 1d). This may lead to 
metabolic discovery through the identification of biomarkers. The biomarkers identified, for each media, 
were the same in both volumes. The clustering of M1, M2 and M3 was due to ethyl acetate and ethanol. 
Ethanol is a product of fermentation and ethyl acetate is formed from ethanol and acetyl-CoA by alcohol 
acyltransferase and is the most abundant ester produced during alcoholic fermentation [6]. This cluster 
contains media that placed fewer nutrient constraints on yeast growth as they contained the principal 
precursors for the synthesis of nitrogenous compounds [8]. This may somewhat explain the similarities in 
the volatile profiles. The compounds responsible for the clustering of M5 were methyl thioacetate, ethyl 
thiolacetate, dihydro-2-methyl-3(2H)-thiophenone, and methionol [12]. These may have a negative 
contribution to aroma due to the formation of thiols and sulfides [13]. The clustering of M4 was due to 
products of the Ehrlich pathway (isoamyl alcohol, 2-phenylethanol, hexanoic acid and benzyl alcohol). 
The higher alcohols isoamyl alcohol and 2-phenylethanol are formed by the decarboxylation and 
subsequent reduction of α-keto acids produced as intermediates of the amino acids leucine, isoleucine, 
and phenylalanine catabolism (Ehrlich pathway) [14]. These results are in agreement with literature [15]. 

Overall, the results show that fermentation volume may impact yeast growth, but has no influence on the 
quality of the volatile fraction. The application of this online pipeline would allow one to track yeast 
metabolism, as previously reported by Ferreira et al [10]. 

Conclusion 
This work culminates with the development of a new metabolic profiling pipeline that relies on an 
unsupervised and untargeted approach. Additionally, the small fermentation volume allows the high-
throughput analyses and “real time” monitoring of the metabolic changes of a perturbed system and the 
identification of molecular candidates that are later validated in a biochemical context. The pipeline 
proposed has several practical applications such as yeast phenotyping studies or exploring the impact of 
nutrient availability on yeast metabolism and subsequent volatile fraction quality. These results do require 
sensory validation on a larger scale. 
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Proteins – haze – protease – Metschnikowia pulcherrima 

Introduction 
The formation of haze during the making of white wine occurs when grape proteins become unstable and 
aggregate into light dispersing particles. The proteins can sediment or flocculate resulting in an unsightly 
haze [1] that is perceived as a fault leading to a reduction in the commercial quality of wine.  

In order to remove these proteins before bottling, winemakers usually resort to bentonite fining. 
This adsorbent clay has several adverse effects on wine quality and the alternative application of proteolytic 
enzymes offers promising advantages [2].  

Aspartic proteases are active between pH 2 and 5 and are classified as endopeptidases. Several aspartic 
proteases have been used in industry and show promising results in the wine industry for the removal of 
haze forming proteins. In a previous study, an aspartic protease-encoding gene (MpAPr1) was isolated from 
Metschnikowia pulcherrima IWBT Y1123. This particular strain showed strong extracellular protease 
activity against skim milk and was also active against grape proteins [3].  

The aim of this study was to express the MpAPr1 gene in Komagataella pastoris X33 and characterize the 
enzyme within the extracellular crude extract. 

Materials and methods 
Cloning and expression of MpAPr1 
The MpAPr1 gene was amplified from gDNA extracted from M. pulcherrima IWBT Y1123. The PCR 
product was cloned into pGEM®-T easy and transformed into E. coli DH5α for amplification. 
After plasmid extraction, the gene was subcloned into the pGAPZαA vector and the construct was 
transformed into K. pastoris X33. Positive transformants were selected and plated on skim milk plates to 
confirm activity [4]. The cells were then cultured in 1% yeast extract, 2% peptone and 4% glucose for 72 h 
at 20°C. Extracellular protein crude extracts were collected from the culture supernatant and concentrated 
10 times using an Amicon stirred cell Model 8200. It was then used in downstream experiments to test for 
aspartic protease activity and to characterize the enzyme. 

Enzyme activity assay 
Protease activity was determined by measuring the release of acid-soluble material from Azo-Casein. 
Briefly, 1350 µl substrate (5 mg/ml Azo-Casein) was incubated with 150 µl crude extract for 12 h after 
which 300-µl samples were removed at specific time points. In order to stop the reaction, 300 µl 20% 
trichloroacetic acid was added and the reaction was allowed to stand for 5 min. The mixture was 
centrifuged at 10,000 rpm for 10 min and the supernatant collected for absorbance measurement at 440 nm. 
The effect of pH on the crude extract was tested by measuring activity at 40°C over the pH range 3 – 8 
using 20 mM McIlvaine’s buffer. Optimal temperature for protease activity was tested by measuring 
activity over a temperature range between 10°C and 70°C in 20 mM McIlvaine’s buffer (pH 4.5).  
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Enzyme kinetics and effects of possible inhibitors 
The crude extract was assayed against increasing amounts of substrate between 0 and 20 mg/ml 
Azo-Casein and the Km and Vmax were determined by the Lineweaver-Burk double reciprocal plot. Pepsin 
and acid protease from Aspergillus saitoi was included in the experiment to serve as a comparison. The Ki 
was determined by measuring the hydrolytic activity of the crude extract incubated with concentrations of 
Azo-Casein between 2.5 and 20 mg/ml in the presence of pepstatin A ranging from 2.5 – 25 nM. Ki was 
calculated by plotting substrate concentration over substrate velocity against inhibitor concentration [5]. 

Proteolytic activity was also tested in the presence of various metal ions in order to further characterize the 
crude extract. Metal ions were added at a final concentration of 1 mM and included CaCl2, CuCl2, FeCl2, 
MgCl2, MnCl2, NiCl2 and ZnCl2. These ions are naturally found in grape juice at concentrations lower than 
1 mM. Additionally, activity was measured in the presence of 2 mM CaCl2 and 5 mM MgCl2, representing 
the average amounts occurring in grape juice. 

Furthermore, the effects of sugar and ethanol on the activity of the crude extract were also tested. Different 
amounts of sugar (2, 100, 200 and 300 g/l) and ethanol (6, 12 and 15% v/v) were added to the reaction, 
representing concentrations typically found throughout grape juice fermentation.  

Results and discussion  
Metschnikowia pulcherrima IWBT Y1123 was previously shown to display strong extracellular proteolytic 
activity and the gene responsible isolated [3]. The MpAPr1 gene was amplified from gDNA and cloned into 
K. pastoris X33 for heterologous expression. Successful transformation was confirmed by skim milk plate 
assays (data not shown). Cells were cultured and a crude extract was obtained. Milk clotting assays were 
performed on the crude extract and it was determined that protease activity was retained (data not shown). 
A crude extract preparation from untransformed cells was also included and no activity could be observed, 
indicating that protease activity is from the recombinant enzyme.  

Optimal working temperature was in the range of 30°C to 50°C with a maximum activity at 40°C 
(Figure 1). Up to 50% activity was still retained at lower temperatures, but at temperatures above 60°C, 
activity was dramatically affected. Identical temperature optima have been found in other Metschnikowia 
species [6] and are similar to proteases from filamentous fungi [7, 8]. Moreover, pH optima was measured 
over a range of 3 – 8 and optimal activity could be observed at 4.5 (Figure 1). Similar pH optima have been 
observed for other aspartic proteases from yeast species [9-11]. In contrast, an aspartic protease from 
Metschnikowia reukaufii had a pH optima of 3.4 [6]. 

 

Fig. 1 - The effect of temperature and pH on MpAPr1 activity. 

Km and Vmax values were calculated using the Lineweaver-Burk reciprocal plot method and compared to 
that of pepsin and an acid protease from Aspergillus saitoi (Table 1). A Km value of 3.09 mg/ml was 
obtained which was lower than both that obtained for the other two commercial acid proteases, indicating a 
higher affinity to the substrate. Moreover, inhibition kinetics of the crude extract were calculated using 
pepstatin which is a well-known inhibitor of aspartic proteases. The Ki value was calculated by plotting 
substrate concentration over substrate velocity against inhibitor concentration and it was also determined 
that the enzyme follows uncompetitive binding. 
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Table 1 - Kinetic rate constants 

Source Kinetic rate constant Value 
Crude extract (MpApr1) Km 3.09 mg/ml 

 Vmax 0.00494 mg/ml per hour 
Acid protease from Aspergillus Km 3.26 mg/ml 

saitoi Vmax 0.0027 mg/ml per hour 
Pepsin Km 4.44 mg/ml 

 Vmax 0.0218 mg/ml per hour 
 

Table 2 - Effects of various metal ions, ethanol and sugar on MpAPr1 activity 

Compound Concentration Relative actvity (%) 
None  100 
CaCl2 1 mM 92.2 ± 0.8 
 2 mM 104.4 ± 0.4 
CuCl2 1 mM 52.7 ± 1.7 
FeCl2 1 mM 99.1 ± 2.5 
MgCl2 1 mM 95.2 ± 1.5 
 5 mM 103.0 ± 0.8 
MnCl2 1 mM 95.3 ± 1.9 
NiCl2 1 mM 74.7 ± 3.6 
ZnCl2 1 mM 93.3 ± 1.3 
Ethanol 6% 46.8 ± 2.2 
 12% 17.1 ± 0.8 
 15% 9.1 ± 0.3 
Sugar 2 g/l 101.7 ± 1.1 
 100 g/l 87.2 ± 0.4 
 200 g/l 71.7 ± 1.8 
 300 g/l 60.4 ± 1.1 

 

The effect of various metal ions on protease activity within the crude extract was examined at 40°C and pH 
4.5 (Table 2). The addition of CaCl2, MgCl2, MnCl2 and ZnCl2 at a final concentration of 1 mM had a 
slight inhibitory effect whereas FeCl2 had no effect. However, both CuCl2 and NiCl2 had a strong inhibitory 
effect on activity. Finally, addition of CaCl2 and MgCl2 at a final concentration similar to those found in 
grape juice had an enhancing effect on activity. Moreover, the effect of sugar and ethanol concentrations 
typically found during fermentation was also tested at 40°C and pH 4.5 (Table 2). Inhibition of protease 
activity was in both cases more severe with increasing concentrations, suggesting that, for optimal activity, 
the enzyme should be applied during the middle stage of alcoholic fermentation when sugar and ethanol 
concentrations are moderately low. 

Conclusion 
In this study, the acid protease-encoding gene MpAPr1 from the wine yeast M. pulcherrima IWBT Y1123 
was cloned into the pGAPZαA vector and transformed into K. pastoris X33 for heterologous expression. 
A protein crude extract was obtained and after verification of protease activity the properties were 
characterized. Optimal temperature and pH for activity were observed at 40°C and pH 4.5, respectively. 
A high affinity toward casein was observed when compared to that of other commercially available aspartic 
proteases. The effects of various metal ions where found to be similar to that of other fungal proteases. 
Sugar and ethanol concentrations typically present during fermentation were also tested and it was 
discovered that both have an inhibitory effect on enzyme activity. However, the results show that, overall, 
MpAPr1 should retain good activity during fermentation. Purification and further analysis of MpAPr1 are 
currently in progress to elucidate its potential use in industrial applications. 
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Strains – alcoholic fermentation – network reconstruction 

Introduction 
The vast majority of chemicals found in wine are the metabolic byproducts of yeast activity during 
fermentation. Therefore, it is important to characterize the winemaking abilities of wine yeast to ensure 
reproducible fermentation performance and product quality. The fermentation properties of wine yeasts 
have been genetically defined. Global gene expression analyses have been carried out in recent years to 
characterize the physiological properties of natural and commercial yeasts as well as genetically and 
metabolically engineered yeasts. However, the impact of different strains in an untargeted approach has not 
been very explored.  

Metabolomics is defined as the comprehensive and quantitative analysis of all metabolites and makes it 
possible to visualize metabolic differences and identify the metabolites contributing to the differentiation 
[1]. Metabolomics highlights the comprehensive understanding of metabolic pathways or provides potential 
biomarkers; however, the huge amount of candidates makes metabolomics contextualization very difficult. 
Network reconstruction has proven to be a useful tool in the study of chemical changes occurring during 
wine aging. This study addresses the potential use of chromatographic signals coupled with network 
reconstruction for screening the biochemical modifications of the volatile fraction of fermentations 
performed with 4 different strains (one non-wine (A) and three wine strains (B, C and D)).  

Materials and methods 
Strain, media and culture conditions 
The yeast strains used in this study were Saccharomyces cerevisiae A, B, C and D strains. Fermentation 
vessels were inoculated with pre-culture in the logarithmic growth phase (OD640≈1) to an OD640 of 0.1 
(final cell density of approximately 106 cfu/mL). Fermentations were conducted in synthetic grape juice 
(SGJ) adapted from Ciani and Ferraro [2]. All fermentations were performed in Schott bottles modified 
with a plastic tube and a syringe in order to allow the sampling without opening the flask, thus avoiding 
media aeration. The ratio liquid/gas was maintained (1:1) in all replicates in order to avoid any deviation. 
The 1000-mL fermentations were sampled daily for sensory analysis, GC-MS and GC-FID analysis, optical 
density measurements, sugar consumption and ethanol production. All fermentations were conducted in an 
incubator at a controlled temperature (22°C) and were agitated before sampling.  

Growth measurement  
The yeast growth in the fermentations was monitored by measuring the optical density using a UV/VIS 
spectrophotometer Nicolet evolution 100 (Thermo electron corporation, Cambridge, UK). The absorbance 
of the homogenized sample was read at 640 nm in acrylic cuvettes with 1 cm of light pathlength.  

Sugar and ethanol monitoring 
Glucose, fructose, ethanol and glycerol measurements were performed using a HPLC equipment 
(Beckman, System Gold) with an Aminex HPX-87H (ion exclusion column – 300 mm x 7.8 mm) 
connected to a refraction index detector. A H2SO4 2.5 mM solution at 0.6 mL/min flow rate was used as 
mobile phase and 20 μL of sample was injected. The column was kept at a constant temperature of 40°C.  
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Higher alcohols 
Higher alcohols were analyzed using a Hewlett–Packard 5890 gas chromatograph equipped with a flame 
ionization detector and connected to a HP 3396 Integrator. 50 µL of 4-methyl-2-pentanol, at 10 g/L, were 
added to 5 mL of wine as internal standard. The sample (1 µL) was injected (split, 1:60) into a CP-WAX 57 
CB column (Chrompack) of 50 m x 0.25 mm and 0.2-µm phase thickness. The temperature program was 
40°C (5 min) to 180°C at 3°C/min. Injector and detector temperatures were set at 250°C. Carrier gas was 
H2 at 1–2 mL/min. 

Volatile analysis 
Volatile extraction was performed by SPME using a SPME grey (DVB/CAR/PDMS) fiber (Supelco, 
Bellefonte, PA) and the volatiles were analyzed using a Varian 450 Gas Chromatograph equipped with a 
mass spectral detector, Varian 240-MS and a CombiPAL auto sampler (CTC Analytics AG, Zwingen, 
Switzerland). The column used was a VF-WAXms (15 m x 0.15 mm, 0.15 μm) (Varian). A 5-mL sample 
was spiked with 20 μL of 3-octanol (50 mg/L) as the internal standard. Anhydrous sodium sulphate (0.5 g) 
was added to increase ionic strength.  

Samples were pre-incubated in the CombiPAL oven at 40°C and 500 rpm for 2 min, then the fiber was 
exposed on the sample headspace for 10 min at 250 rpm and 40°C for extraction. The fiber was kept at 
10 mm from the bottom. Desorption of volatiles took place in the injector in splitless mode, at 220°C for 
15 min in both methods. The oven temperature was 40°C (1 min), and then increased 4°C/min to 220°C 
and held for 2.5 min (48.5 min). The carrier gas was helium at 1 mL/min, with a constant flow. The injector 
port was heated to 220°C. The injection volume was 1 μL in splitless mode and the split vent was opened 
after 30 sec. All mass spectra were acquired in the electron impact (EI) mode (ionization energy, 70 eV; 
source temperature, 180°C). The analysis temperatures were: trap 170°C, manifold 50°C, transfer line 
190°C and ion source 210°C. 

Compound identification was achieved by comparing retention times and mass spectra obtained from a 
sample containing pure, authentic standards. Compound quantification was performed based on standard 
calibration curves. 

Results and discussion 
Four Saccharomyces cerevisiae strains were used in this study: three wine strains and one cachaça strain. 
Triplicate fermentations were carried out with each of the four strains using SGJ. For each strain, a daily 
sample was collected in order to monitor fermentation metabolic changes. All the three strains present a 
typical fermentative profile with a Vmax between 0.7 and 0.9 g/L/h of CO2 released.  

The fermentation kinetics differed in a strain dependent manner. Strains A and B show a faster 
fermentation profile and present a higher maximum fermentation rate in comparison with strains C and D. 

In order to obtain a characterization of their metabolic profile, HPLC, GC-MS and GC-FID analyses were 
performed. In particular, we quantified: higher alcohols, ethyl esters, acetates and volatile fatty acids. 
Network correlation projections were used to screen for compounds related to target molecules. 
The network obtained applying specific thresholds in the correlation values was different for each strain as 
well as the number of edges and nodes. 

It has been observed a correlation between CO2 release and acetaldehyde formation, being the maximum 
concentration related with the Vmax. 

The ASCII file of GC-MS data obtained from each time point in each fermentation sample has been 
extracted and all the m/z channels were normalized to total intensity to yield a total ion current (TIC) 
chromatogram for each sample. The chromatograms were aligned with icoshift, wavelets were used for 
peak calling, and the resulting matrix was used to perform network reconstruction via correlation networks. 
Network correlation projections were used to screen for compounds related to target molecules (sugars, 
ethanol, higher alcohol acetates and fatty acid ethyl esters) according to Jacobson et al. [3]. 

In the faster fermentations (strains A and B), the ethanol concentration was connected with ethyl esters and 
acetates but the same trend was not observed with the slower strains (C and D). These differences may be 
linked to differences in the gene expression of each strain.  
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Conclusion 
The network reconstruction could be a potential tool for yeast strain selection based on the volatile 
metabolism characteristic of each strain and in the identification of the molecules/pathways with impact on 
the wine quality. 
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Phenotypic divergence – genotyping – fermentative performance – sparkling wine 

Introduction 
Sparkling wine production using the traditional method involves a second fermentation that takes place 
inside the bottle. This second fermentation presents several stress sources such as low nutrient availability, 
increasing CO2 pressure and high ethanol concentration. Thus, the Saccharomyces cerevisiae strain 
selected to conduct the second fermentation must have specific characteristics to ensure the completion of 
the second fermentation [1]. Recently, the effect of the yeast strain on the second fermentation development 
was found to be of relevance; however, the genetic basis of the phenotypic variability exhibited during the 
second fermentation by different strains has not been deciphered [2]. In that sense, quantitative trait loci 
(QTL) mapping has proved to be a useful approach to find the genetic causes behind the phenotypic 
diversity of different wine strains. Several studies have used the QTL mapping approach in winemaking 
conditions to decipher traits of relevance for the oenology field such as the duration of the lag-phase [3, 4], 
the differences in nitrogen assimilation profiles [5] or the residual sugar and production of succinic acid [6]. 
The aim of the present study is to decipher the genetic basis behind the phenotypic divergence in the 
fermentative performance during sparkling wine production.  

Materials and methods 
Strains and phenotyping 
We used 117 haploid segregants derived from a cross between the strains SB and GN previously obtained 
[3]. For QTL validation, a reciprocal hemizygous assay was realized on the F1 hybrid HOLV3 according to 
[8]. The haploid segregants were phenotyped for their fermentative behaviour during the second 
fermentation. Before inoculation, yeast cells were acclimated following a protocol described elsewhere [2]. 
At the end of the proliferation phase, yeasts were inoculated at 0.2 OD (2x106 cells/ml) into natural base 
wine supplemented with sucrose (22 g/l) and bentonite (30 mg/l). The mixture was introduced into bottles 
(750 ml) that were hermetically closed, and the second fermentation took place at 16°C. The CO2 
production was monitored over time by measuring the pressure inside the bottle with an aphrometer 
(L.sensor.CO2, L PRO SRL, Camisano Vicentino, Italy). Fermentation kinetics data were fitted using the 
5PL model [7] to extract the relevant parameters.  

Genotyping and QTL mapping 
The haploid segregants were genotyped using NGS approaches. Briefly, total DNA was extracted and DNA 
libraries were constructed using the Illumina Nextera XT kit (Illumina, California, USA). DNA libraries 
were then pooled and sequenced (MiSeq) using MiSeq standard kit v2 (Illumina, California, USA). 
All sequencing data filtering and mapping was performed using the available tools at the public Galaxy 
server (https://usegalaxy.org). Filtered reads were mapped to the reference genome of S. cerevisiae strain 
s288c, using the BWA software. We extracted all the mapped positions using SAMTools’, and the dataset 
with all the mapped positions was then processed with a custom written R script to obtain the genotype of 
each segregant at the position of the non-common SNP of the parental strains.  

QTL mapping was performed using a custom written R script applying a Wilcoxon test and retaining the 
LOD score. Significance was estimated using permutation tests (FDR = 5%). 
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Hemizygosity analysis 
To determine if the allelic variation in the selected candidate genes was responsible for the phenotypic 
divergence we tested its effect using reciprocal hemizygosity analysis [8]. PMA1 and VMA13 reciprocal 
hemizygotes were obtained by deleting one of the parental alleles in the hybrid strain (HOLV3). Briefly, 
~500bp of the flanking regions of the gene to delete were added to the Kan-Mx4 cassette. The hybrid yeast 
strain was then transformed with the constructed cassette. The correct allele deletion was verified by PCR 
and the remaining allele was assessed by RFLP. The transformants were evaluated for second fermentation 
traits following the protocol described before. Furthermore, we adjusted the pH of the base wine at 2.8, 
3 and 3.3 to assess the effect of the pH on the fermentative traits of the transformant strains. 

Results and discussion 
We evaluated 117 haploid segregants for second fermentation traits such as the maximum pressure 
achieved, the fermentative rate, or the time to reach two or five bars (pressure) inside the bottle (middle and 
end fermentation). High variation among segregants was observed. For example, the fastest segregant 
finished the fermentation in 12 days while the slowest needed 40 days to reach 5.25 bars. For second 
fermentation traits some transgression in the phenotypes could be observed. As an example, the values 
obtained for the time needed to reach 5.25 bars among the progenies and the parental strains can be 
observed in Figure 1A.  

The sequencing and genotyping of all the progenies resulted in the construction of a genetic marker map of 
approximately 1000 markers, evenly distributed, with a segregation of 1:1 among the progenies and for 
which we had at least 50% of the progeny genotype at every position. The resulting marker map can be 
observed in Figure 1B.   

Fig. 1 - (A) Duration of the fermentation for the haploid segregants (grey), the parental strains 
(black), and the hybrid strain (white). (B) Genetic marker map. Every marker considered is 

represented as a black point in its position along the chromosome. 

Linkage analysis was conducted applying the Wilcoxon test to assess the relation between every phenotype 
with the genotype of all the progenies at every marker position. We detected two major significant QTLs 
(Figure 2). One QTL located in chromosome VII related to the fermentative rate and the time needed to 
reach 2 bars during the second fermentation, and the other QTL located in chromosome XVI related to the 
time needed to reach the 4 and 5.25 bars, thus controlling the time needed to finish the second fermentation. 
Several candidate genes located in the QTL region were selected considering their function and the 
presence of the non-synonymous SNP in the sequence of the parental stains. To validate the QTL found in 
chromosome VII (QTL1) we selected PMA1, and to validate the QTL mapped in chromosome XVI (QTL2) 
we selected VMA13. The validation of the detected QTL was carried out using reciprocal hemizygosity 
analysis (Figure 3A).  
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Fig. 2 - QTL detection. Two major QTL related to fermentative traits were mapped.  

We could verify the effect of the allelic variation of the genes PMA1 and VMA13 in the fermentative rate 
and the time needed to achieve 5.25 bars (Figure 3B and 3C). The hybrid strain containing only the allele of 
the parental strain SB achieved a significantly higher fermentative rate. The fermentative rate of the hybrid 
strain containing the GN allele and the fermentative rate of the hybrid strain were not different, indicating 
the recessive character of the SB allele. For the time needed to achieve 5.25 bars, we could also verify the 
effect of the allelic variance existing between the parental strains as responsible for the phenotypic 
divergence. In this case, the hybrid strain containing only the GN allele needed significantly less time to 
complete the second fermentation, while the hybrid strain presented an intermediate phenotype and the 
strain containing only the SB allele of VMA13 needed significantly more time to reach 5.25 bars. 

Additionally, taking in consideration that PMA1 and VMA13 encode for the cytosolic ATPase and a subunit 
of the vacuolar ATPase, respectively [9], and the low pH of the base wine used to produce sparkling wine 
(cava) (2.8<pH<3.5), we thought that the effect of the allelic variations within the gene sequences may be 
conditioned by the base wine pH. To test this hypothesis, we assessed the fermentative behaviour of the 
hybrid strains and the transformants for PMA1 and VMA13 genes, by fermenting the same base wine at 
different pH (2.8, 3, and 3.3). We could detect a significant effect of the pH on the fermentative behaviour 
of the strains (data not shown). Furthermore, significant allele-pH interactions were found. The difference 
between the fermentative rate of PMA1SB and PMA1GN strains was accentuated at low pH: while the strain 
containing only the SB allele (PMA1SB) did not present changes in its fermentative rate regardless of the 
pH, the strain with the GN allele (PMA1GN) was strongly affected and its fermentative rate was even slower 
at lower pH. The duration of the fermentation was also found to be affected in an allele dependent way. 
The positive effect of the GN allele of VMA13 was lost at low pH, while it was accentuated at higher pH.  

 

 

 

 

 

 

 

 

Fig. 3 - (A) Reciprocal hemizygosity analysis scheme. (B) Fermentative rate of the reciprocal diploid 
hemizygotes, retaining only one copy of the PMA1 gene. The value represented is the average of 
three different transformants, the error bar is the standard deviation. (C) Time needed to reach 

5.25 bars of reciprocal diploid hemizygotes, retaining only one copy of the VMA13 gene. The value 
represented is the average of three different transformants, the error bar is the standard deviation.  
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Conclusion 

The application of a QTL mapping approach on the second fermentation performance of S. cerevisiae 
strains allowed us to identify the allelic variation within PMA1 and VMA13 sequences as responsible for 
the observed phenotypic diversity. Furthermore, a strong interaction with the environment was detected. 
The pH of the base wine modulated the effect of the identified alleles. The genetic variants identified could 
be used to select new yeast strains suitable for conducting the second fermentation or to improve already 
existing strains via marker assisted introgression. 

Acknowledgements 
The authors thank Biolaffort for supporting this work and providing the strains, VITEC for allowing the use 
of the aphrometer, and Juve&Camps for providing the base wine.  

References 
1. Torresi S, Frangipane MT, Anelli G (2011) Biotechnologies in sparkling wine production. Interesting 

approaches for quality improvement: a review. Food Chem 129: 1232-1241.  
2. Martí-Raga M, Sancho M, Guillamón JM et al (2015) The effect of nitrogen addition on the fermentative 

performance during sparkling wine production. Food Res Int 67: 126-135. 
3. Marullo P, Aigle M, Bely M et al (2007) Single QTL mapping and nucleotide-level resolution of a 

physiologic trait in wine Saccharomyces cerevisiae strains. FEMS Yeast Res 7: 941-952. 
4. Zimmer A, Durand C, Loira N et al (2014) QTL dissection of Lag phase in wine fermentation reveals a 

new translocation responsible for Saccharomyces cerevisiae adaptation to sulfite. PloS One 9: e86298. 
5. Jara M, Cubillos FA, García V et al (2014) Mapping genetic variants underlying differences in the central 

nitrogen metabolism in fermenter yeasts. PloS One 9: e86533.  
6. Salinas F, Cubillos FA, Soto D et al (2012) The genetic basis of natural variation in oenological traits in 

Saccharomyces cerevisiae. PloS One 7: e49640. 
7. Gottschalk PG, Dunn JR (2005) The five-parameter logistic: a characterization and comparison with the 

four-parameter logistic. Anal Biochem 343: 54-65. 
8. Steinmetz LM, Sinha H, Richards DR et al (2002) Dissecting the architecture of a quantitative trait locus in 

yeast. Nature 416: 326-330. 
9. Orij R, Brul S, Smits GJ (2011) Intracellular pH is a tightly controlled signal in yeast. Biochim Biophys 

Acta 1810: 933-944. 

 



222 *Corresponding author: m_darsonval@hotmail.fr 

Impact of Oenococcus oeni esterase EstA7 
on wine aromatic compounds 

M. DARSONVAL*, H. ALEXANDRE, C. GRANDVALET  
 

UMR Procédés Alimentaires et Microbiologiques (UMR PAM), 
Equipe Vin, Aliment, Microbiologie, Stress(VAlMiS), AgroSup Dijon - Université de Bourgogne, 

Institut Universitaire de la Vigne et du Vin, Dijon, France 
 

Oenococcus oeni – esters – EstA7 – wine aromatic profile 

Introduction 
Nowadays, malolactic fermentation (MLF) is sought in most red wines and some white wines. Despite a 
large microbial diversity in grape must, O. oeni predominates to provide the MLF and represents the 
majority of malolactic ferments commercialized. Besides the total acidity decrease of wine, numerous 
studies report that Oenococcus oeni can have a potential impact on the chemical composition of wine by 
releasing esters, attractive aromatic compounds, by the action of their own esterases [1]. 
The characterization of O. oeni esterases with potential aromatic interest is necessary for fundamental 
perspectives and opens the way to oenological applications using lactic acid bacteria (LAB). Esters form 
one of the most important families of aromatic compounds in wine and are responsible for the fruity aroma 
of young wines. The main wine esters are derived from grape berry or produced by yeasts during the 
alcoholic fermentation (AF) by enzymatic catalysis [2]. While extensive research has focused on esterase 
activity of yeasts, the impact of O. oeni esterases during MLF remains relatively little-explored [5]. 
Current knowledge is mainly based on ester profile study of oenological yeast strains or LAB strains in 
wine-like conditions. Previous studies have already characterized four genes encoding esterases from 
O. oeni (estA2, estA7, estC and estB) under conditions relevant to winemaking [3-6]. The esterases EstB28 
and EstC of the O. oeni Ooeni28 strain were shown to have a dual activity of hydrolysis and synthesis on 
natural esters [6]. We have focused our study on EstA7 and established a link between the flavor profile 
and this esterase. We have successfully cloned and in vivo expressed the estA7 gene in O. oeni ATCC 
BAA-1163. The O. oeni recombinant strains were used to inoculate Aligoté wine and performed MLF. 
The flavor profile of each wine was established by SPME-GCMS. This study is the first report of the 
characterization of EstA7 from O. oeni and shows that EstA7 is able to synthesize esters in wine.  

Materials and methods 
Cloning and expression of the estA7 gene 
Based on the published sequences of estA7 (JX215244) esterase gene from strain O. oeni Ooeni28 
(Lallemand, nuovi Ceppi OO2), the estA7 gene encoding putative esterase was identified and successfully 
amplified from O. oeni ATCC BAA-1163 strain. The coding sequence of estA7 from ATCC BAA-1163 
(accession number KT716344) was then cloned into an E. coli-LAB shuttle vector developed in our 
laboratory [7]. Resulting plasmid (pSYNestA7) was transferred in E. coli MG2163 strain (ECestA7 strain) 
and O. oeni ATCC BAA-1163 (OoestA7 strain). Enzymatic activity of EstA7 was confirmed by enzymatic 
assay first in E. coli (EcestA7 strain) then in O. oeni (OoestA7 strain) using pNP-butanoate as synthetic 
substrate at 410 nm at 37°C. O. oeni strain with native plasmid (Oosyn strain) was used as a control.  

MLF and ester analysis 
The two recombinant O. oeni strains were used to inoculate sterile white wine from Aligoté grape variety to 
perform MLF. Ester concentrations were managed before and after MLF by SPME GC-MS method [6]. 
Analyses were performed on three independent samples in triplicate. One-way ANOVA was used 
to compare the concentrations of each wine ester concentration from each recombinant strain of O. oeni 
(p ≤ 0.05). 
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Results and discussion  
Characterization of esterase activity 
The esterase specific activity of EstA7 assayed in E. coli and O. oeni recombinant strains was normalized 
relative to the esterase specific activity of the strain carrying native plasmid (ECSyn and Oosyn). In the 
E. coli recombinant strain, the relative esterase activity observed was 5-fold higher than in the ECSyn strain 
(Figure 1). In the O. oeni recombinant strain, relative esterase activity was 12-fold higher than in Oosyn. 
These findings validated our cloning and expression system in O. oeni using the estA7 gene and suggested 
that high enzymatic activity observed in recombinant strain could have the potential to affect the ester 
profile of wine during the MLF (Figure 1). Moreover, we noticed that the relative esterase activity level 
was 2-fold higher in O. oeni recombinant strains than in E. coli. This result could be explained by the use of 
an expression system designed for LAB. 

 
 
 

Fig. 1 - Relative esterase activity level of E. coli 
and O. oeni recombinant strains towards the 

synthetic substrate pNP-butanoate.  

 

 

Modification of ester profiles after MLF 
Based on previous results, we have established the ester profile of the Aligoté wine undergoing MLF by the 
recombinant strains of O. oeni. The concentration of eight main esters by GC-MS-SPME after and before 
the MLF (ethyl acetate, isobutyl acetate, ethyl butanoate, isoamyl acetate, ethyl hexanoate, hexyl acetate, 
ethyl lactate and ethyl octanoate) has been monitored (Table 1 and Figure 2). In wine having undergone 
MLF by the O. oeni strain with native plasmid (Oosyn), significant changes in ester composition consisted 
in the increase of ethyl lactate and ethyl octanoate and the decrease of isoamyl acetate and isobutyl acetate, 
and suggested a reduction of the banana aroma and an intensification of the ripe fruit flavor (Figure 2). 
The quantification of these esters confirmed the fermentative abilities of our laboratory strain O. oeni 
ATCC BAA-1163 and was essential to discern its ester profile on Aligoté variety. Concentration of ethyl 
lactate and ethyl acetate increased significantly in the two wines with MLF performed by Oosyn and 
OoestA7 strains relative to the non-inoculated wine, meaning that EstA7 has no detectable hydrolyzing or 
synthesizing activity towards these esters. Knowing that ethyl lactate formation is correlated with the 
degradation of malic acid, these results were not surprising [1]. The significant increase of hexyl acetate 
concentration during MLF performed by OoestA7 strain suggests that EstA7 is capable to synthesize this 
ester. Moreover, the concentration of ethyl octanoate and isoamyl acetate seemed to be increased in lower 
degree. EstA7 could play a more important role in ester synthesis rather than hydrolysis.  

Table 1 - Concentrations of selected esters prior and post MLF in Aligoté wine 

Ester (µg.L-1) No inoculation Oosyn OoestA7 Aroma characteristics[1] 

Ethyl acetate 50 164±5 616 43 749±8 725 45 769±4 128 Fruity, Solvent(at > 100 mg.mL-1) 
Isobutyl acetate 52±7 33±13 32±6 Fruity, banana 
Ethyl butanoate 56±7 46±9 47±4 Floral, strawberry 
Isoamyl acetate 4 800±623 3 307±666 3 895±423 Fruity, banana 
Ethyl hexanoate 836±119 899±11 913±132 Fruity, strawberry 
Hexyl acetate 197±24 145±3 178±24 Pear, banana 
Ethyl lactate 14 410±830 33 682±5 804 27 695±4 762 Milk, buttery 
Ethyl octanoate 1 731±130 2 611±135 3 329±649 Fruity, ripe fruit  
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Fig. 2 - Ester concentrations of Aligoté wine not inoculated (white) or inoculated with O. oeni ATCC 
BAA-1163 recombinant strains: Oosyn strain (grey) or OoestA7 strain (black). Significant differences 

are based on one-way analysis of variance followed by a Tukey’s multiple test (p < 0.05). 

Conclusion  
Little is known about EstA7 from O. oeni because of its instability and its difficulty to purify in vitro [8]. 
Our findings report for the first time that EstA7 of O. oeni is able to synthesize ester in wine. Indeed, EstA7 
has an impact on hexyl acetate, an ester associated with the pleasant aroma descriptor of pear and banana 
sought in wine according its specificity. Our work underlines that EstA7 might be an interesting 
oenological selection criterion. Indeed, the expression level of estA7 could be used as a direct application to 
screen future commercial malolactic ferments. For the first time in O. oeni, we have successfully expressed 
a gene encoding a functional protein, we can now consider the investigation of the role of the other 
esterases in O. oeni [5, 6].  
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Champagne wine – polysaccharides – Oenococcus oeni 

Introduction 
Champagne is a sparkling wine elaborated exclusively from grapes grown in the area of Champagne in the 
northeast of France, under strict regulation conditions. The wine is characterized by a great acidity, 
freshness and crispy taste. The malolactic fermentation (MLF), realized by the lactic acid bacteria, is taking 
place in most cases to ensure the microbial stability, especially during the second fermentation in the bottle. 
Oenococcus oeni is the selected species to drive the MLF. It is naturally present on grapes, in the cellar or 
can be added in the form of malolactic starters. Recently, the analysis of 50 genome sequences of O. oeni 
revealed the presence of multiple biosynthetic pathways for exopolysaccharide (EPS) production [1]. 
Interestingly all the strains isolated from Champagne wines formed a subgroup sharing the same eps gene 
profile. The Champagne strains were singular as they did not display a functional eps2 cluster and they all 
present a glycosyltransferase gene (gtf) implicated in the production of β-glucan and responsible for a ropy 
character observed in laboratory culture conditions. The prevalence of the gtf gene in a collection of more 
than 200 strains was previously shown to be less than 7.5%, while more than 85% of the O. oeni strains 
studied displayed a functional eps2 cluster.  

The bacterial polysaccharides have never been considered to be of special interest in Champagne wine. 
However, β-glucan was previously shown to protect the bacteria from acid stress [2]. The purpose of our 
study was to analyze a greater collection of bacterial strains isolated from Champagne wines, regarding 
their EPS production profile and to answer the two following questions: (i) Is the presence of the gtf gene a 
common feature of the O. oeni strains isolated from Champagne? (ii) Do all the O. oeni strains isolated 
from Champagne display the same eps gene profile? The strains were characterized at the genotypic level 
by specific PCR reactions and VNTR analysis, and then at the phenotypic level through the quantification 
of the EPS produced. 

Materials and methods 
Strains and culture conditions 
The 55 O. oeni strains studied were either commercial malolactic starters (3) recommended for Champagne 
or acidic white wines, or isolates from white (49) or red (3) wines in various regions of France including 
Champagne (Table 1). They were stored in glycerol (50%) at -80°C.  

The bacteria were routinely grown on grape juice medium made of commercial red grape juice 250 mL.L-1, 
yeast extract 5 g.L-1 and Tween 80 1 mL.L-1, pH 4.8 and sterilised for 20 min at 121°C. When stated in the 
text, 10 g.L-1 of sucrose were added to grape juice medium before sterilisation. Alternately, a semi defined 
(SMD) was used [1]. It contained either glucose 20 g.L-1 or glucose and sucrose, 10 g.L-1 each, as growth 
substrates. Growth was carried out at 25°C, for 7 to 15 days, without any agitation, except before sampling. 
Growth was monitored through OD600 measurements. The ropy phenotype was estimated by observation of 
the cell deposit behavior during vortex agitation before sampling. 
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Table 1 - The 55 Oenococcus oeni isolates with their corresponding origin 

Isolates  Origin  Isolates  Origin  
1  Champagne White wine  29  Chablis White wine  
2  Champagne White wine  30  Bourgogne White wine  
3  Champagne White wine  31  Bourgogne White wine  
4  Champagne White wine  32  Bourgogne White wine  
5  Champagne White wine  33  Champagne White wine  
6  Champagne White wine  34  Champagne White wine  
7  Champagne White wine  35  Commercial strain  
8  Champagne White wine  36  Commercial strain  
9  Champagne White wine  37  Commercial strain  
10  Champagne White wine  38  Champagne White wine  
11  Champagne White wine  39  Bourgogne White wine  
12  Champagne White wine  40  Bourgogne White wine  
13  Champagne White wine  41  Bourgogne White wine  
14  Champagne White wine  42  Bourgogne White wine  
15  Champagne White wine  43  Bourgogne White wine  
16  Champagne White wine  44  Bourgogne White wine  
17  Champagne White wine  45  Bourgogne White wine  
18  Champagne White wine  46  Bourgogne White wine  
19  Champagne White wine  47  Bourgogne White wine  
20  Champagne White wine  48  Bourgogne White wine  
21  Champagne White wine  49  Bourgogne White wine  
22  Champagne White wine  50  Bourgogne White wine  
23  Champagne White wine  51  Bourgogne White wine  
24  Champagne White wine  52  Bourgogne White wine  
25  Jura White wine  53  Bordeaux Red wine  
26  Jura White wine  54  Bordeaux Red wine  
27  Jura White wine  55  Bordeaux Red wine  
28             Chablis White wine  

 

EPS analysis 
For EPS concentration measurements, the whole culture medium was centrifuged (10,000 x g, 15 min, 
4°C). Three volumes of ethanol-HCl 1N (95-5) were added to the supernatant to precipitate the 
polysaccharides. The tubes were let to stand for 24 hours at 4°C. Then, they were centrifuged (10,000 x g, 
15 min, 4°C), and the pellet was washed with ethanol (80% vol), centrifuged again, dried for 20 min at 
65°C and dissolved in distilled water. The amount of neutral polysaccharides was determined by the 
anthrone-sulfuric acid method [4], using glucose as the standard. For each sample, the polymer 
precipitation and assays were done in triplicate.  

PCR and VNTR analysis 
Total genomic DNA was purified using the Wizard Genomic DNA purification kit (Promega, Madison, 
WI, USA). For PCR analysis, primers were designed according to the eps gene sequences published by 
Dimopoulou et al. [1]. The gtf gene was screened using PF1 (GATTGTAATAAAATAAAAAGACCC) 
and PF8 (CATATGATAACACGCAGGGC) and its chromosomal localization by the primers AGAGAA 
TTCATAGTTCACTGGGCTACCA and TTAGCTAAAATAGGGAGGATGCTATCTGTG. The operons 
eps1 and eps2 were screened using op1dir and op1rev (GTTGAGTTGGATGATCGCACCGAACCTG) 
and (GAATCTAATTATCAAGTCAGAATCGACCGA) or op2dir (CAAAGAAATACGAATGTTACGA 
GACGGAA) and op2rev TCATTTCGGTTCCTTGATTCCTTTTT). The dsrO gene was analyzed using 
the primers ATGAGAGATGGGGATAAAAATCGTCCG and AATTGTGATCCTGTAACTGCAATT 
CCG. Thirty PCR cycles (30 s at 95°C, 30 s at 55°C, 2 min at 72°C) were performed before agarose gel 
electrophoresis followed by ethidium bromide staining. VNTR analysis was carried out as described by 
Claisse and Lonvaud-Funel [3]. 
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The 44 strains were then characterized for the other eps genes (Figure 2). Regarding the type of eps1 and 
eps2 gene cluster present, the 44 tested isolates were less similar. Actually, 19/44 strains had the same eps1 
model and 20/44 the same eps2 model as the reference strain (IOEB 0205). However, only 10 isolates 
displayed exactly the same eps profile as the reference strain (gtf, eps1, eps2 and dsrO) (Figure 2). 

 
Fig. 2 - Dendrogram based on VNTR sequences for 44 strains (isolates from wine with distinct VNTR 
profiles) of O. oeni, with their corresponding exopolysaccharide genotypic and phenotypic profile. 

The target locus tested by PCR is: A: glycosyltransferase gene gtf, B: glycosyltransferase gene 
localization: positive result if identical to O. oeni 0205, C: eps1 type O. oeni 0205, D: eps2 type O. oeni 
0205, E: dextransucrase gene. The black box shows the presence of the target locus and the gray box 

its absence, according to the PCR results. The culture medium used for the EPS concentration 
measurements was supplemented with either glucose (G) or glucose and sucrose (G/S). The color 

indicates the different EPS production level as follows: ( ): 0-50 mg.L-1, ( ): 50-150 mg.L-1, 
( ): 150- 1000 mg.L-1, ( ): >1 g.L-1. The bacterial strains are indicated in numbers. 
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The polysaccharide concentration produced was determined after growth into two different culture media: 
SMD Glucose and SMD Glucose/Sucrose (Figure 2). The EPS concentration produced was always higher 
than 50 mg.L-1 when the gtf gene was present in the genome of the bacteria. In this case, the culture 
medium was always ropy. Some of the strains studied were also able to produce more than 1 g.L-1 of EPS, 
when the sucrose was added in the medium. However, as already observed, the presence of the dsrO gene 
in the chromosome was not always correlated with an over production of EPS in the presence of sucrose [2] 
(Figure 2). 

Conclusion 
The aim of this study was to investigate the eps gene profile of O. oeni strains isolated from Champagne 
and other French white wines. We first confirmed the high prevalence of the gtf gene among these strain 
(66%). Our results suggest that this is probably due to the acquisition of the gene by a common ancestor, 
putatively associated with increased fitness to white wines [2] but this fitness remains to be demonstrated in 
O. oeni. However, we also found that Champagne strains do not obligatory display exactly the same eps 
profile. In the future it will be interesting to study oenological consequences of the presence of O. oeni EPS 
in white sparkling and non-sparkling wines. 
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Selected wine bacteria – malolactic fermentation – hydroxycinnamic acids – volatile phenols 

Introduction 
This article explores a natural way to control the spoilage yeast Brettanomyces and the volatile phenols its 
produce by using selected wine bacteria to conduct malolactic fermentation (MLF). 

The yeast Brettanomyces/Dekkera is considered a contaminant in wine and its growth must be limited. 
The major problem associated with Brettanomyces spoilage is the production of volatile phenols: 
4-ethylphenol (4-EP) and 4-ethylguaiacol (4-EG). The volatile phenols 4-EP and 4-EG are produced from 
the hydroxycinnamic acids p-coumaric acid and ferulic acid respectively through a two-step enzymatic 
process. The hydroxycinnamic acid is first converted to a vinylphenol via a cinnamate decarboxylase 
before being reduced to an ethylphenol via a vinylphenol reductase (figure 1). 
 

 

Fig. 1 - Biochemical pathways of volatile phenol production. Production potential of volatile phenols 
is linked with the levels of hydroxycinnamic acids present.  

p-Coumaric acid and ferulic acid are naturally present in grapes and are commonly present as esters of 
tartaric acid known respectively as coutaric and ferulic acid. As it was recently shown that Brettanomyces 
bruxellensis was unable to metabolize these tartaric acid ester bound hydroxycinnamic acids [1], 
any conversion from tartaric acid bound hydroxycinnamic acid into its free form needs to be taken into 
consideration. Because of this, the capacity of selected wine lactic acid bacteria (LAB) to perform this 
conversion was investigated. 

Although Brettanomyces can be detected at any stage of the winemaking process, it is typically detected 
after alcoholic fermentation (AF) and before spontaneous malolactic fermentation or during barrel aging. 
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In addition to control the precursors of volatile phenols, it is also important to limit the growth of 
Brettanomyces and consequently reduce the production of volatile phenols. One way to achieve this is by 
avoiding lag phase after AF by applying an early inoculation of selected wine bacteria. This process was 
investigated in Pinot noir [2] and in practical cases [3]. 

Materials and methods 
Screening of wine LAB for the ability to degrade tartaric esterified hydroxycinnamic acids 
The study was conducted in the laboratory of J. Osborne at Oregon State University (USA). 10 strains of 
Lallemand collection (AlphaTM, VP41TM, PN4TM, O-MEGATM, BetaTM, V22TM, MT01TM, Elios AltoTM, 
Elios 1TM, MT01TM) were tested for their ability to degrade tartaric esterified hydroxycinnamic acids. Trials 
were conducted in a Pinot noir wine produced following standard procedures (yeast strain RC212, Fermaid 
K addition, 27C fermentation temperature). Basic wine parameters after pressing were pH 3.53, 
TA 0.67 g/100mL, and 13.2% alcohol. After settling, the wine was pad filtered (2-3 µm) prior to being 
sterile filtered (0.45-µm PES cartridge). Pinot noir wine was inoculated with bacteria at approximately 
1 x 106 CFU/mL. Treatments were performed in triplicate and a non-inoculated control was also prepared. 
After the completion of MLF (< 30 mg/L malic acid), samples were taken and assessed for 
hydroxycinnamic acid content by HPLC-DAD according to Burns and Osborne [4]. 

In an additional trial [5], Pinot noir wines where MLF was conducted with Oenococcus oeni strain 
AlphaTM, VP41TM and LAB1 were inoculated with Brettanomyces bruxellensis UCD-2049 at a rate of 
approx. 1 x 104 CFU/mL. After 40 days, samples were taken and assessed for free and tartaric esterified 
hydroxycinnamic acid (HPLC-DAD) and 4-EP and 4-EG (GC-MS). Treatments were performed in 
triplicate and a non-inoculated control was also prepared.  

Influence of inoculation with selected wine bacteria on the growth of Brettanomyces and the 
subsequent production of volatile phenols  

- Practical case 1: Pinot noir experiment – Burgundy 
The study was conducted by IFV (France – V. Gerbaux). Trial was run in a Pinot noir wine made from 
grapes of the Bourgogne Hautes Côtes de Beaune appellation. Basic wine parameters were pH 3.36, 
alcohol 12.8%v/v, TA 7.6 g/L tartaric acid and malic acid 1.8 g/L. 2 commercial LAB were used for 
inoculation of the wine at 2 x 106 CFU/mL right after the end of AF. Concentrations of 4-EP and 4-EG 
were determined by gas chromatographic analysis. 

- Practical case 2: Cabernet Franc experiment – Bordeaux area 
The grapes were separated in 2 homogeneous lots. Must parameters were potential alcohol 13.2%v/v, 
pH 3.49, TA 4.55 g/L H2SO4 and malic acid 2.4 g/L. Both lots were inoculated with a selected yeast at 
20 g/hL. The first lot was inoculated 72h after yeast addition (co-inoculation) with the bacteria BetaTM. 
The other lot was not inoculated in bacteria (spontaneous MLF). Levels of ethylphenols were determined in 
both cases at the end of MLF. 

- Practical case 3: Cabernet Sauvignon – Languedoc-Roussillon 
The grapes were separated in 2 homogeneous lots. Must parameters were potential alcohol 12.8%v/v, 
pH 3.48, TA 4.6 g/L H2SO4 and malic acid 2.1 g/L. Both lots were inoculated with a selected yeast at 
20 g/hL. The first lot was inoculated 48h after yeast addition (co-inoculation) with the bacteria BetaTM. 
The other lot was not inoculated. Levels of 4-EG and 4-EP were determined in both cases at the end of MLF. 

Results and discussion 
The first step to controlling Brettanomyces is respecting winemaking best practices. It is important to have 
an integrated strategy that takes into account the interdependence of diverse wine parameters, such as grape 
quality, SO2, pH, wine temperature, nutrients, oxygen, barrel condition and oenological practices. 
Good cellar hygiene, reducing the lag phase between the end of AF and the beginning of MLF, and early 
stabilization, along with proper SO2 dosage, greatly minimize the risk of microbial spoilage. 
The winemaker’s strategy to limit the risk of developing Brettanomyces has three key factors: the presence 
of precursors for volatile phenols, the growth phases of Brettanomyces and the wine conditions. Selected 
wine bacteria can prevent Brettanomyces development by taking into consideration these three aspects. 



OENO 2015 

232 

Limit the levels of precursors for volatile phenols 
The objective is to investigate the capacity of selected wine bacteria to degrade hydroxycinnamic acids 
bound to tartaric esters present in wine into the free form which are precursors for volatile phenol 
production by Brettanomyces. Results for 4 selected strains are presented in table 1.  
 

Table 1 - Concentration (mg/L) of hydroxycinnamic acids in Pinot noir wine at the completion of MLF 
after inoculation with 4 commercial wine LAB 

 
Caftaric acid  Coutaric acid  Caffeic acid  p-coumaric acid  Ferulic acid  

PN4TM 23.2 ± 0.4 6.6 ± 0.1 2.4 ± 0.2 0.9 ± 0.1 3.5 ± 0.2 

OMEGATM 24.1 ± 1.3 6.9 ± 0.4 3.0 ± 0.1 1.0 ± 0.1 3.3 ± 0.3 

BetaTM 25.0 ± 2.2 7.0 ± 0.6 2.6 ± 0.5 0.8 ± 0.3 4.2 ± 0.5 

V22TM 25.8 ± 1.3 7.1 ± 0.3 2.4 ± 0.1 0.6 ± 0.1 3.8 ± 0.1 

Control (no MLF) 25.1 ± 1.1 6.8 ± 0.5 2.2 ± 0.2 0.9 ± 0.3 4.1 ± 0.3 
 

At the completion of MLF, no change was noted in the concentration of the tartaric esterified 
hydroxycinnamic acids (caftaric and coutaric acid) or the corresponding free hydroxycinnamic acids 
(p-coumaric and ferulic acid) for any of the ten strains tested.  

In an additional trial the impact of a wine LAB strain known to degrade tartaric esterified hydroxycinnamic 
acids on volatile phenol production by Brettanomyces was investigated. The results are shown in table 2.  
 

Table 2 - Concentration (mg/L) of hydroxycinnamic acids in Pinot noir wine at the completion of MLF 
after inoculation with 3 commercial wine LAB and after 40 days of growth of B. bruxellensis UCD-

2049 including final 4-EP and 4-EG concentrations (µg/L) in the wine (adapted from [5]) 

 
At the completion of MLF (initial) 

After 40 days of growth of B. bruxellensis UCD-2049 
(final) 

 

Caftaric 
acid  

Caffeic 
acid  

Coutaric 
acid  

p-
coumaric 
acid  

Caftaric 
acid  

Caffeic 
acid  

Coutaric 
acid  

p-
coumaric 
acid  

4-EP 4-EG 

LAB1 11.1 ± 2.2 16.5 ± 4.1 3.5 ± 0.7 6.9 ± 1.7 9.9 ± 0.7 17.1 ± 1.6 2.5 ± 0.3 0.1 ± 0.0 
1580.3 
± 154.1 

270.7  
± 131.5 

AlphaTM 31.6 ± 0.2 3.3 ± 0.1 10.2 ± 0.2 1.4 ± 0.4 30.1 ± 0.2 3.2 ± 0.2 9.6 ± 0.1 0.1 ± 0.0 180.1  
± 12.8 

70.7  
± 1.5 

VP41TM 31.3 ± 0.2 2.8 ± 0.1 9.9 ± 0.2 1.2 ± 0.6 29.5 ± 0.2 2.7 ± 0.2 9.6 ± 0.1 0.1 ± 0.0 
216.2  
± 13.8 

80.8  
± 3.8 

Control  
(no MLF) 

29.7 ± 0.2 2.5 ± 0.4 9.2 ± 0.7 1.6 ± 0.2 28.5 ± 2.9 2.2 ± 0.6 9.4 ± 0.7 0.1 ± 0.0 
260.1 
± 42.1 

80.2  
± 6.4 

 
No significant changes in free or tartaric acid ester bound hydroxycinnamic acids were observed for wines 
that underwent MLF with AlphaTM or VP41TM when compared to the control without MLF. On the 
contrary, wine inoculated with LAB1 had significantly lower concentrations of caftaric and coutaric acid 
and higher concentrations of caffeic and p-coumaric acid. The increase in the concentration of volatile 
phenol precursors led to elevated production of 4-EP and 4-EG in the wine by Brettanomyces compared to 
the other three lots.  

Control of MLF to prevent the growth of Brettanomyces bruxellensis and avoid production of volatile 
phenols 
The period from the end of AF to the start of MLF is particularly conducive to the development of 
Brettanomyces: the wine is not protected by SO2, there are still some nutrients available to the spoilage 
yeast, and competition from other wine micro-organisms is hardly a threat, as the yeast has finished and is 
dying off and the indigenous lactic bacteria are not yet established. The use of selected wine bacteria is a 
solution to shorten the time lapse between AF and MLF and thereby prevent the development of 
Brettanomyces. The three practical cases summarized in table 3 show how MLF control can permit to limit 
the content of volatile phenols in the final wines when compared to non-inoculated wines. 
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Table 3 - Volatile phenol production in Pinot noir, Cabernet-Franc and Cabernet-Sauvignon wines 
after MLF induced by inoculation with selected wine bacteria versus a control which 

underwent spontaneous fermentation 

 

Bacteria 
Timing of 
addition 

4-EP (µg/L)  4-EG (µg/L) 

Pinot noir 
Lalvin 31 End of AF 46 20 

FML Expertise S End of AF 32 15 

Spontaneous - 1119 551 

Cabernet-Franc 
BetaTM Co-inoculation Total = 5 

Spontaneous - Total = 680 

Cabernet- 
Sauvignon 

BetaTM Co-inoculation 205 78 

Spontaneous - 1667 349 

Conclusion 
Managing the winemaking process through secure AF and MLF is a good starting point to prevent the 
development of undesirable indigenous flora. It is also important to utilize wine LAB strains for MLF that 
cannot degrade tartaric esterified hydroxycinnamic acids as this process will lead to increased volatile 
phenol precursors in the wine. Moreover, appropriate inoculation strategies (co-inoculation, and early or 
sequential inoculation right after AF) have been shown to be effective tools to prevent the development of 
Brettanomyces. 

Abbreviations 
AF, alcoholic fermentation; MLF, malolactic fermentation; 4-EP, 4-ethylphenol; 4-EG, 4-ethylguaiacol; 
LAB, lactic acid bacteria.  
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Bio-adhésion – micro-organismes – matériaux – vin 

Introduction 
L’hygiène est un des facteurs les plus importants pour l’obtention de vins répondant qualitativement au 
marché. L’incidence du niveau d’hygiène et des conditions de conservation en bouteilles sur l’apparition 
des phénols volatils d’un vin rouge a pu être mise en évidence [1]. La mise en place de procédures 
d’hygiène plus strictes et plus adaptées réduit significativement les populations résiduelles sur le matériel 
de transfert ou d’élevage [2], mais les phénomènes de bio-adhésion restent récurrents. Une meilleure 
connaissance des caractéristiques bio-adhésives des micro-organismes d’altération a été entreprise en 
conditions maîtrisées, dans un environnement plus ou moins favorable. L’utilisation de la microscopie 
confocale laser à balayage et à épifluorescence permet de caractériser la bio-adhésion de différentes levures 
du genre Brettanomyces. 

A l’échelle du circuit-test, en conditions dynamiques maîtrisées, les résultats précédents sont confirmés. 
Le positionnement d’un manchon équipé de coupons extractibles dans le circuit-test permet de modéliser 
des cinétiques d’encrassement [3] et l’aptitude des micro-organismes à former des biofilms, à résister à une 
procédure de nettoyage-désinfection, voir même à recontaminer un vin par les surfaces en contact. 

Matériel et méthodes 
Essais d’adhésion 
Les caractéristiques microbiologiques et physico-chimiques de plusieurs souches de levures du genre 
Brettanomyces sont évaluées par les tests MATH et MATS (Microbial Adhesion To Hydrocarbon / 
Solvent) et les mesures de mobilité électrophorétique. Les essais d’adhésion en conditions statiques, après 
sédimentation, sont observés par microscopie à épifluorescence après coloration par une solution d’orange 
acridine. Pour les essais de biofilms, l’observation des structures en trois dimensions obtenues après mise 
en suspension et remplissage des puits est réalisée à l’aide d’un Microscope Confocale Laser à Balayage 
(après coloration au Syto 9). L’ensemble des images est analysé avec le logiciel IMARIS pour une 
reconstruction en 3D, par l’équipe UMR-INRA d’AgroParisTech. 

Essais à l’échelle du circuit-test 
Sur circuit-test, le CETIM (Centre technique des industries mécaniques) propose une configuration de 
tuyauterie présentant une cartographie hydrodynamique homogène pour l’implantation d’un manchon 
porte-coupons, grâce à l’utilisation de la simulation numérique d’écoulement. Les coupons extractibles 
permettent de suivre l’adhésion des micro-organismes dans le temps et de caractériser leur cinétique 
d’encrassement. Grâce à cette même configuration – manchon avec coupons extractibles – l’aptitude des 
cellules viables cultivables survivant à une procédure de nettoyage-désinfection est mesurée pour trois 
souches différenciées par leur comportement bio-adhésif au laboratoire. 

Résultats et discussion 
Comportement bio-adhésif 
Les tests MATH et MATS montrent des différences dans les caractéristiques morphologiques et physico-
chimiques de 24 levures de la filière viti-vinicole. Les souches se distinguent pour leur croissance, 
hydrophilie, mobilité électrophorétique (figure 1). Il en est de même pour les tests réalisés sur un panel de 
12 souches de levures du genre Brettanomyces.  
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Fig. 1 - Mobilité électrophorétique des souches (UMR INRA AgroParisTech). 
 
Pour les tests d’adhésion, quelle que soit la souche, l’adhésion la plus élevée est obtenue sur l’acier 
inoxydable 316 (photo 1). Sur les trois matériaux (acier 316, PET, verre), les niveaux de biocontamination 
se sont révélés souche-dépendants. Les observations microscopiques ont mis en évidence une distribution 
relativement homogène des cellules adhérentes sur l’acier inoxydable et le verre et plus hétérogènes sur le 
PET. 
 

 
 
 
 
 
 
 
 

 
Photo 1 - Adhésion sur l’acier des souches 23A, 8 et 20. 

 

Enfin, concernant les biofilms, toutes les souches ont montré une capacité à former des structures 3D, 
l’architecture de ces structures est souche-dépendante. On observe des structures éparses, plus denses ou 
continues (photo 2). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Photo 2 - Biofilms formés par les souches à la surface des microplaques. 
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La biocontamination des surfaces dépend de la nature des matériaux et de celle des souches contaminantes ; 
ces données ont sûrement un impact sur l’efficacité des procédures d’hygiène. 

Cinétique d’encrassement 
En conditions dynamiques, sur circuit-test, l’aptitude de 3 souches de levures du genre Brettanomyces à la 
bio-adhésion est confirmée sur acier inoxydable 316. La simulation numérique utilisée par le CETIM a 
permis la conception puis la réalisation du manchon en acier inoxydable ; incorporé (photo 3) au circuit-test 
et muni de 16 coupons extractibles, il a permis de suivre dans le temps la cinétique de bio-adhésion. 
Les résultats confirment les observations faites au laboratoire. 
 

 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

Photo 3 - Manchon incorporé dans le circuit-test et coupon extractible incorporé 
à chacune des faces du manchon. 

 
Des informations complémentaires apparaissent. Des différences de comportement bio-adhésif sont mises 
en évidence sur le niveau d’encrassement (nombre de cellules vivantes adhérentes sur les coupons), 
pic d’adhésion (dans le temps). Les niveaux d’adhésion (exemple de la souche Br8 sur le graphique 1) sont 
importants. L’aptitude des souches à « survivre » à une procédure de nettoyage-désinfection est évaluée, 
par leur capacité à recontaminer les surfaces (coupons extractibles du circuit-test) après passage d’un vin 
synthétique stérile. Des différences entre les trois souches apparaissent également.  
 

 
 

Graphique 1 - Nombre de cellules vivantes adhérentes sur les coupons en fonction 
du temps de circulation pour la souche Br8. 
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Conclusion 
En conditions maîtrisées au laboratoire (statique) puis sur circuit-test (dynamique), l’aptitude des trois 
souches de levures du genre Brettanomyces est confirmée. La plate-forme microscopique de l’équipe de 
l’UMR INRA d’AgroParisTech l’a mis en évidence. Il semble clairement que l’aptitude à l’adhésion soit 
très sensiblement liée à la nature de la souche de levure et au type de matériau. 

Les caractéristiques morphologiques et physiologiques de la souche semblent avoir une incidence directe 
sur le pouvoir d’adhésion mais également sur la capacité de la souche à résister à une procédure de 
nettoyage-désinfection, puis à recontaminer un autre vin par l’intermédiaire des surfaces. Les résultats 
obtenus grâce à la conception – par le CETIM – du manchon équipé de coupons extractibles confirment des 
niveaux et pics d’adhésion différents entre les souches. Il en est de même, apparemment, pour la stratégie 
de résistance de la souche. Ces données sont à prendre en compte aujourd’hui pour une meilleure gestion 
des paramètres hydrodynamiques de la procédure. 
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Oenococcus oeni – lytic phage – phenolic compounds – red wine 

Introduction  
Bacteriophages infecting the lactic acid bacterium Oenococcus oeni, responsible of driving the malolactic 
fermentation (MLF) in wine, were first reported in the late of 1970’s [1, 2]. Since then, many oenophages 
were isolated directly from distinct geographical origin wines, especially with sluggish or delayed MLF, 
or after induction from O. oeni lysogenic strains [3-10]. Some of these bacteriophages were characterized 
in terms of morphology, structural protein composition, lytic spectra, genome size, restriction enzyme 
analysis and/or DNA homology. 

More recently, several prophage complete sequences were provided through the whole-genome sequencing 
of O. oeni lysogenic strains [11, 12]. Their analysis revealed an expanded genetic diversity of oenophages. 
Genome sequences of O. oeni prophages were clustered into four integrase groups (A to D) which were 
related to the chromosomal integration site [12]. PCR-based methods were developed for detection of 
O. oeni lysogenic strains and for detection and classification of temperate oenophages [12, 13]. The high 
prevalence of lysogeny in the O. oeni species was confirmed [11-13] and some prophages were annotated 
[12]. 

Despite the advances in the O. oeni bacteriophage molecular characterization, the role of these viruses in 
the wine ecosystem is still not clearly defined. Some oenophages would be able to induce O. oeni growth 
inhibition and MLF failures in red wines, even at low pH [2, 4], while others on the contrary would not 
affect MLF, probably due to their potential inactivation, total or partial, by wine conditions, such as low pH 
(<3.5), ethanol above 5% (v/v) and/or sulfur dioxide content [3, 5]. It was also reported that monomeric 
phenols of wine, especially caffeic acid, would affect the oenophages infective capacity [5]. In the same 
way, other wine phenolic compounds might act against O. oeni phages since they are inhibitory to animal 
or bacterial viruses [14, 15].  

Actually, the risk of MLF failure associated to phage attack is difficult to assess and may be wrongly 
neglected. A better understanding of the interaction of the phage with its host and with its environment is 
needed to point out the factors which govern the activity of oenophages in wine. In this context, the aim of 
this work was to investigate the effect of wine phenolic compounds on the lytic activity of O. oeni 
bacteriophages. 

Materials and methods 
Isolation of phenolic fractions 
A phenolic rich extract obtained from a Cabernet Sauvignon red wine was fractionated with centrifugal 
partition chromatography (CPC) according to the protocol previously described by Pawlus et al. [16]. 
A total of 104 phenolic fractions were obtained. Fractions displaying similar phenolic profiles on thin layer 
chromatogram (TLC) were pooled.  
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Quantification of oenophages lytic activity 
The resulting 32 fractions were added at a rate of 2 or 10% to Ca-MRS culture medium, and cultures of 
Oenococcus oeni IOEB-S 277, infected or not with the lytic phage OE33PA (=19-277), were conducted 
in microplate incubator at 30°C. Bacterial growth was assessed by OD600. Effective infection by OE33PA 
with a multiplicity of infection (MOI) of 0.1 resulted in the inhibition of bacterial growth and then in the 
lysis of cells. Phenolic fractions were considered as active when their presence in the culture medium 
induced a significant reduction of the inhibitory activity of the phage on the bacterial growth. 

Analysis of phenolic compounds  
The phenolic compounds present in major quantities in active fractions were tentatively identified by liquid 
chromatography-mass spectrometry (LC-MS) and their impact on OE33PA stability and lytic activity on its 
bacteria host was studied. They were added to Ca-MRS culture medium for Oenococcus oeni growth at 
concentration levels found in wine. The cultures infected or not with OE33PA at a MOI of 0.01 were 
conducted in 10-mL vessel at 25°C in triplicate. Bacterial growth was assessed by OD600 and by counting 
on grape juice (GJ) agar plate. Phage counts were carried out using the classical double-layer plating 
technique, using Ca-MRS agar. 

Results and discussion 
On the 32 phenolic fractions obtained from the Cabernet Sauvignon red wine, only two fractions, 
designated F9 and F11, were shown to influence the inhibitory activity of OE33PA on O. oeni bacterial 
growth (Table 1). Added at 10% (v/v) to culture medium, F9 and F11 induced a reduction in the inhibition 
rate of bacterial growth from 100% to 8.44% and 36.68%, respectively. 

 

Table 1 - Influence of two phenolic fractions from a red wine (Cabernet Sauvignon) on 
the inhibitory activity of OE33PA on O. oeni bacterial growth. As phenolic compounds of the 
fractions F9 and F11 were dissolved in ethanol, this solvent was added to reference cultures. 
Cultures, done in duplicate, were stopped in stationary phase after 40h incubation at 30°C. 

OD measurements were done at 600 nm. 

LC chromatograms recorded for the fractions F9 and F11 at 306 nm are shown in Figure 1 (A and B, 
respectively). In fraction F9 (Figure 1A), 9 peaks were detected. Among the compounds present in higher 
amount, those at tR of 26.1 and 30.9 have been identified as trans-resveratrol and quercetin, respectively. 
The peaks eluted at 24.1 min and 30.1 min have been identified as myricetin and cis-resveratrol. Fraction 
F11 (Figure 1B) presented one prominent peak (tR 13.7) and 3 major other ones (tR 23.6, 25.7 and 30.9) 
among 14 detected peaks. The main phenolic compound has been shown to correspond to p-coumaric acid. 
Two of the other three major compounds have been identified as myricetin and quercetin. 
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Fig. 1 - LC chromatograms at 306 nm of the F9 (A) and F11 (B) fractions. Peak identification was 
based on (i) analysis of the retention times (tR), wavelengths of maximum absorbance (max), 

pronated molecules ([M+H]+) and major fragment ions (MS/MS in positive mode) and 
(ii) comparison to published literature [17-19]. 

Within the compounds identified in active fractions, quercetin was the first to be tested for its ability to 
reduce the lytic activity of phage OEPA33. Preliminary experiments were performed to investigate the 
stability of the phage at 25°C in presence of quercetin. No decrease in phage count was observed during the 
five days of incubation in the Ca-MRS medium supplemented with quercetin at 50 or 100 mg/L (data not 
shown). Efficiency of infection by OE33PA was then investigated in presence of quercetin, as shown in 
Figure 2 (A and B). The addition of quercetin at 50 mg/L to the culture medium slowed the bacterial 
growth but limited the effects of phage attack. The inhibition rate of bacterial growth due to OE33PA 
reached 97.35% when infection was done in Ca-MRS and dropped to 58.39% when the medium was 
supplemented with quercetin (after 58h incubation at 30°C, Figure 2A). In the same way, the viral 
population was significantly lower when quercetin was included in the culture medium.  

 
Fig. 2 - Bacterial growth of Oenococcus oeni IOEB-S 277 at 25°C in cultures infected or not with 

phage OE33PA. The phage was added at t=0 at MOI 0.01. Values represent the absorbance 
at 600 nm (A) and the bacterial counts (B) of one of three independent experiments. 
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The negative effect of quercetin on the growth of O. oeni has already been reported by Garcia Ruiz et al. [20]. 
Our results suggest that quercetin may modify O. oeni physiology so that the lytic development of OE33PA 
is reduced. Changes induced by quercetin may affect the cell wall and limit the adsorption of the phage to 
the bacterium. Same experiments were done with trans-resveratrol at 58 mg/L. The results showed no 
reduction of the lytic activity of OE33PA. The presence of trans-resveratrol, at a concentration level found 
in wines, induced only a decrease in growth of O. oeni. Such inhibiting effect has already been reported but 
at higher concentrations [20]. 

Our study should now be extended to p-coumaric acid and other phenolic compounds identified in the 
fractions F9 and F11. 
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Levure non-Saccharomyces – bio-protection – sulfitage 

Introduction 
Le millésime 2014 confirme le réchauffement climatique et pose une situation microbiologique inédite. 
Nous observons, non seulement une infection acétique hors normes, mais aussi une énorme quantité de 
germes par baie, qui pose un problème de fermentation prématurée et compromet le débourbage des jus 
blancs. Température, blessure des grains par Drosophilia suzukii, maturité et pH favorisent la 
multiplication de la microflore sur le raisin, mais au détriment de l’implantation du genre Saccharomyces, 
et au profit de nombreux autres, dont Brettanomyces bruxellensis et les bactéries. Les piqûres fulgurantes 
en début de vinification ou les odeurs de cheval après la fermentation malolactique peuvent être 
spectaculaires, mais le plus souvent les microorganismes impactent la qualité des vins de façon plus 
insidieuse. Les vinificateurs se soucient beaucoup de l’extraction du potentiel aromatique du raisin, mais 
pas toujours de l’effet « masqueurs d’arômes » dont est responsable une partie de la microflore. Il est vrai 
que dans des vignobles septentrionaux ou avant le réchauffement climatique, l’objectif majeur était 
d’extraire les arômes : par vendange fraîche et de moindre maturité la microflore était facilement tenue à 
l’écart avec 5g/hl de SO2. Par une maturité et une température plus élevée, les priorités s’inversent : 
le potentiel aromatique et phénolique s’extraient facilement mais la microflore devient envahissante et le 
sulfitage inefficace. Et la menace microbiologique s’aggrave si des pourritures s’installent : les millésimes 
2006 et 2014 étaient une illustration de ces phénomènes. Tout porte à croire qu’ils seront de plus en plus 
fréquent et que nous devrons adapter nos techniques de vinification. 

Les levures sélectionnées ne standardisent pas les vins  
C’est une question fréquente dans les vignobles : « le levurage systématique, par quelques souches 
majeures, n’est-il pas une source d’uniformisation ou de perte de typicité locale » ? Il faut se rappeler que 
le genre Saccharomyces ne produit aucune extravagance, c’est une levure relativement neutre qu’elle soit 
sélectionnée ou d’origine indigène. Sa principale qualité est de protéger le jus contre l’invasion d’autres 
genres. Elle évite la production de masqueurs d’arômes et aide ainsi à l’expression de la typicité. 
L’élaboration de la complexité et de la personnalité d’un vin ne se joue pas sur l’une ou l’autre variété de 
Saccharomyces fermentaire. Certes elle peut favoriser des thiols volatils ou des esters dominants comme 
l’isoacétate d’amyle, si elle est mise dans des conditions précises de fermentation, mais ce ne sont pas des 
arômes durables. Ils laissent facilement la place à une expression locale, s’il y en a une ! 

Le sulfitage a plus d’effet sur la standardisation des vins que le 
levurage 
La personnalité d’une cuvée se forme dès la phase pré-fermentaire. A la récolte ou au pressurage des 
centaines d’espèces différentes sont dispersées dans le jus. Il faut rappeler que le jus de raisin, tant qu’il est 
emprisonné dans le grain, est stérile. L’originalité d’une cuvée n’est pas nécessairement due à une souche 
spécifique de levure. Elle est liée à un agencement de genres de micro-organismes très variés en nombre et 
proportion. La configuration particulière, en genre, nombre, proportion et succession de la flore, participe à 
la complexité typique d’un cru. Or cette configuration, reposant sur des centaines d’espèces, est détruite par 
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Temps (h) après ajout 
de Primaflora  

le sulfitage. Bien sûr, tous les micro-organismes ne sont pas éliminés. Le SO2 opère une sélection et laisse 
subsister quelques souches résistantes. Mais le sulfitage est-il un sélectionneur pertinent ? Oui, dans 
certaines conditions, pour assurer la sécurité et vinifier un vin loyal et marchand, mais au prix de la perte 
d’éléments caractéristiques de la cuvée.  

D’autre part, la sélection par le SO2, favorise l’émergence de souches résistantes aux sulfites, productrices 
d’H2S ou d’éthanal. Le vin final pourrait être moins expressif et combiner plus de sulfites. 

Comment bénéficier de la flore indigène en évitant ses dérives ?  
L’expression de la flore indigène et des levures sélectionnées ne sont pas incompatibles. La microflore 
pré-fermentaire indigène non-saccharomyces peut se révéler positive dans des conditions particulières dont 
les ordres de grandeur peuvent se résumer par une vendange saine, un pH inférieur à 3.5 et une maturité 
inférieure à 14% d’alcool potentiel. 

Dans ces conditions, il est possible de laisser s’exprimer la flore indigène avant d’implanter une levure de 
l’espèce saccharomyces. Bien sûr, pour bénéficier du travail de cette flore, il faut proscrire tout sulfitage. 
Pour laisser de la place à la flore spontanée, il faudra retarder le levurage de 24 à 72 heures après le 
débourbage ou après l’encuvage. Mais le non-levurage ou le levurage retardé présente des risques 
importants que le vinificateur devra savoir gérer. On ne le répétera jamais assez : ce n’est pas l’abandon du 
sulfitage qui présente des risques, mais l’abandon du levurage. 

La protection biologique pour une meilleure typicité 
Même dans nos régions septentrionales de Bourgogne, d’Alsace ou de Champagne, la climatologie actuelle 
demande une protection biologique et autorise rarement la fermentation spontanée sous peine de montée en 
acidité volatile et autres odeurs acétates. Le millésime 2014 s’est caractérisé par un inoculum de population 
indigène très important, qui dépassait parfois 2 millions de germes/mL, dès la récolte, et avec une 
proportion de bactéries acétiques inédites. En vinification en blanc, nous avons observé des démarrages de 
fermentation spontanée dans les 2 heures qui suivaient le pressurage. Avec de tels inoculums le sulfitage est 
inopérant et nous l’avons confirmé sur ce millésime. 

Vinification en blanc  
La vinification en blanc pourrait s’orientée vers l’abandon de l’utilisation du SO2 et du débourbage 
statique, au profit de la bio-protection et du débourbage dynamique. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 1 - Incidence de l’apport de Primaflora sur de déclenchement de la FA. 
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La figure 1 ci-dessus montre que la bio-protection ne provoque pas de fermentation prématurée. Dans ces 
conditions climatiques, la stratégie sera, à l’avenir, d’abandonner le débourbage statique au profit de la 
flottation ou de la filtration des moûts. La bio-protection par l’addition de 3g/hl de Primaflora s’est montrée 
efficace contre les formations d’acétates. Le débourbage statique peut encore s’envisager quand on travaille 
en raisin entier jusqu’au pressurage et que l’on sépare les premiers jus d’écoulage, les plus chargés en 
micro-organismes indigènes et acétiques. Ces jus devraient être filtrés. Cette pratique de « fractionnement 
microbiologique » au moment du pressurage, proposée par Nicolas Secondé, a permis de limiter les départs 
en fermentation prématurés et d’autoriser un temps de débourbage statique.  

Vinification en rouge 

La bio-protection par 5g/hl de Primaflora VR dès la machine à vendanger en remplacement du sulfitage a 
été appliquée pour la première fois à grande échelle dans divers vignobles, alors que le millésime présentait 
des risques microbiologiques particulièrement élevés. Cette démarche s’est montrée payante et a rassuré 
des œnologues très inquiets à l’idée d’abandonner le sulfitage des moûts. La réussite des vinifications en 
rouge, aussi bien vis-à-vis des « Brettanomyces » que des bactéries acétiques, repose sur ces deux 
opérations, sans sulfitage : 

- Utilisation de Primaflora VR le plus tôt possible, à la vigne. 
- Levurage très homogène appliqué en cours d’encuvage en goutte à goutte ou par pompe doseuse.  

Conclusion 
Dans l’œnologie actuelle, il n’y a pas de gestion microbiologique pré-fermentaire. Cette étape étant 
neutralisée par le SO2. Le sulfitage des moûts est un facteur important de réduction de la typicité. La lutte 
biologique, encore appelée bio-protection, permet de limiter des déviations aromatiques liées à un 
développement de la levure d’altération Brettanomyces bruxellensis et de favoriser la typicité. Le millésime 
2014, très touché par Drosophilia Suzukii a montré, la pertinence de cette stratégie. La gestion 
pré-fermentaire des microorganismes des moûts devrait faire partie de l’art de vinifier et ne plus se résumer 
au sulfitage.  
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Saccharomyces cerevisiae – autochthonous strain – wine starters – Greek cultivars 

Introduction 
The purpose of this study was to standardize a methodology for the isolation of indigenous S. cerevisiae 
yeast strains from two protected designations of origin located in Greece. The isolated yeast strains were 
assessed as potential fermentation starters in order to enhance the expression of the regional characteristics 
through the produced wines and to improve the quality. Indigenous S. cerevisiae yeast strains were isolated 
from spontaneously fermented grapes of cv. Agiorgitiko (Nemea region) and cv. Moschofilero 
(Mantinia region). 28 and 33 yeasts were isolated from Agiorgitiko and Moschofilero spontaneously 
fermented wines and two of them (one from each fermentation) were selected according to their unique 
random amplified polymorphic DNA-polymerase chain reaction (RAPD-PCR) patterns. These strains, 
L2M (Moschofilero) and Soi2 (Agiorgitiko) will be assessed in industrial fermentations of Agiorgitiko and 
Moschofilero grape musts.  

Materials and methods 

Fermentation conditions 
Two different spontaneous fermentations were performed in 5000-l stainless-steel fermenters, 
which contained 2000 l and 3000 l of Agiorgitiko and Moschofilero musts during the 2013 vintage. 
Fermentations were carried out until Bé was equal to 0. After the completion of the fermentations, 
50-ml samples from the middle zone of each fermenter were taken in sterile falcon conical tubes. 
The samples were placed at -20οC for temporary storage. Serial dilutions of wine samples (10-1-10-10) were 
made up in 2% w/v peptone solutions. 100 μl of each dilution was inoculated on YPD agar plates and 
incubated for 2 days at 28οC. 10-4 and 10-5 dilutions of Agiorgitiko and Moschofilero plates, respectively, 
allowed us to clearly isolate 28 and 33 yeasts, respectively.  

PCR conditions 
RAPD-PCR was used to analyze 28 and 33 yeasts from Agiorgitiko and Moschofilero wines, respectively. 
For this analysis, yeasts were screened with the RAPD-12 (5’-ACGGCGATGA-3’), OPA-12 
(5’-TCGGCGATAG-3’) and OPC-06 (5’-GAACGGACTC-3’) primers. RAPD-PCR profiles were analyzed 
by 1% w/v agarose gel electrophoresis. Images of DNA patterns obtained after agarose gel electrophoresis 
were analyzed using the PyElph software [1] in order to prepare the phylogenetic dendrograms using the 
neighbor joining method. Reproducibility of banding patterns for all isolates was also evaluated. 

Results and discussion 
Since the aim of the study was to isolate the most phylogenetically scarce S. cerevisiae yeast strains, from 
both Agiorgitiko and Moschofilero spontaneously fermented wines, research for RAPD-PCR primers was 
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conducted. This should produce few but distinct PCR bands instead of a large number of indiscernible ones. 
Moreover, in the first RAPD-PCR screen a less time-consuming protocol was adopted which, on the one 
hand, resulted in the isolation of low quality genomic DNA but, on the other hand, allowed to screen a 
large number of colonies.  

28 yeasts from Agiorgitiko and 33 yeasts from Moschofilero were DNA extracted and analyzed in RAPD-
PCR analysis using the RAPD12 primer. RAPD12 primer (5’-ACGGCGATGA-3’) resulted in three major 
types of RAPD-PCR patterns (A, B and C) (Fig. 1). And the three kinds of patterns were observed in the 
isolated yeasts of both Agiorgitiko and Moschofilero varieties (Fig. 1). Two strains/28 yeasts (7.1%) from 
Agiorgitiko and two strains/33 yeasts (3%) from Moschofilero spontaneously fermented musts presented 
unique RAPD-PCR patterns compared with the dominant ones. In the case of Moschofilero, the unique 
pattern consisted of three bands of ~1200 bp, ~1000 bp and ~800 bp (pattern D), and the strain was named 
L2M, while in the case of Agiorgitiko the unique pattern consisted of four major bands of ~1250 bp, ~800 bp, 
~450 bp and ~350 bp (pattern E), and the strain was named Soi2 (Fig. 1). Pattern A was observed in 28.6% 
of the total analyzed yeasts (8/28) in the Agiorgitiko variety and 30.3% (10/33) in the Moschofilero variety. 
Pattern B was observed in 35.7% of the total analyzed yeasts (10/28) in the Agiorgitiko variety and 36.4% 
(12/33) in the Moschofilero variety. Finally, pattern C was observed in 28.6% of the total analyzed yeasts 
(8/28) in the Agiorgitiko variety and 30.3% (10/33) in the Moschofilero variety. 
 

 

 
 

Fig. 1 - RAPD-PCR analysis of Agiorgitiko and Moschofilero indigenous yeast strains 
primed-off with the RAPD-12 primer. 

 

One strain from each RAPD-PCR pattern was selected in order to proceed to further molecular analyses. 
The L2M (pattern D), M9 (pattern C) and L26A (pattern B) strains were selected from Moschofilero grapes, 
while the Soi2 (pattern E) and Soi103 (pattern A) strains were selected from Agiorgitiko grapes (Fig. 1).  

Further RAPD-PCR analyses were performed with DNA isolated from the 5 indigenous S. cerevisiae yeast 
strains and 3 commercial ones that have been used extensively from the two wineries in the past. 
The commercial yeast strains were (a) SC22 (Fermentis), which is particularly adapted to cultivars like 
Cabernet Sauvignon, Cabernet Franc and Merlot, (b) Saint Georges S101 (Fermentis), which is adapted to 
cultivars like Pinot Noir and Gamay as well as to all other light-body red varieties intended to produce 
wines with a rapid turnover (young Tempranillo, Sangiovese, Cinsault, Pinotage, Grenache) and (c) Martin 
Viallate’s 58W3 strain. RAPD-PCR analysis with OPA-12 and OPC-06 primers showed a clear 
phylogenetic relationship between all strains tested (Fig. 2). OPC-06 resulted in bands of low 
polymorphism so it was discarded from further analyses (Fig. 2). The RAPD fragments which were 
generated with OPA-12 primer were further analyzed using the PyElph 1.4 software (see M&M). 
Reproducibility of banding patterns for 8 strains was also evaluated. Phylogenetic analysis revealed that the 
two Moschofilero isolates (L2M and M9) grouped together in a separate clade far away from the other 
yeast strains (L26A, Soi2, Soi103, 58W3 and Sc22), while the Soi2 strain which was isolated from the 
Agiorgitiko spontaneous fermentation was grouped in a second clade separated from the L26A, Soi103, 
58W3 and Sc22 ones (Fig. 3). 58W3, Soi103, S101, Sc22 and L26A seemed to be the most 
phylogenetically related compared with the other strains (Fig. 3).  
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Fig. 2 - RAPD-PCR analysis of Agiorgitiko and Moschofilero indigenous yeast strains 
primed-off with the OPA-12 and OPC-06 primers. 

 
 
 
 
 
 
 
 
 
 
 
 

Fig. 3 - Phylogenetic analysis of RAPD-PCR patterns of Agiorgitiko and Moschofilero 
indigenous yeast strains primed-off with the OPA-12 primer. 

 
The combination of phylogenetic, biochemical and oenological analyses revealed that Soi2 (Agiorgitiko) 
and L2M (Moschofilero) yeast strains seem to be the best candidates for proceeding into industrial 
fermentations of Agiorgitiko and Moschofilero musts. As a result, during the 2014 vintage these strains 
were used in order to perform industrial vinifications. Three industrial vinifications per yeast strain were 
performed in 5000-l capacity stainless-steel wine tanks. Both Soi2 and L2M yeast strains were used either 
for the fermentation of Agiorgitiko and Moschofilero musts. For Moschofilero fermentation, a commercial 
yeast strain frequently used for Moschofilero wine production was used (CYS2), while for Agiorgitiko 
fermentation a common commercial yeast strain for this variety was used (CYS3). Fermentation’s 
behaviour was checked daily by temperature and sugar content measurements. Average sugar content 
consumption slopes were calculated during fermentations while wine analytical parameters were calculated 
after the completion of the fermentations. 

Our results showed similar fermentation behaviour for L2M and Soi2 strains in both Moschofilero and 
Agiorgitiko fermentations when compared with the CYS2 and CYS3 reference yeasts (Fig. 4). 
For Moschofilero fermentations, similar analytical characteristics were observed for both indigenous strains 
compared with the control CYS2 strain (data not shown). Ethanol content, free and total SO2, pH, total 
acidity and density were similar in all strains tested (data not shown.). CYS2 resulted in the lower 
concentration levels of reducing sugars in Moschofilero fermentations, while both indigenous yeast strains 
resulted in higher but not prohibitive volatile acidity levels (data not shown). For Agiorgitiko fermentations, 
similar analytical characteristics were observed between all strains tested regarding the ethanol content, 
free and total SO2, pH, total acidity and density (data not shown). And in this case the L2M resulted in 
higher volatile acidity and reduced sugar levels, while Soi2 and CYS3 resulted into wines with similar 
characteristics regarding these two parameters. Soi2 resulted in higher colour density and hue levels 
(data not shown). Moreover, sensory evaluation tests resulted in almost similar scores. According to the 
global sensory quality assay these wines presented similar sensory profiles when compared to the control 
(fermented with the reference CYS2 and CYS3 strains for Moschofilero and Agiorgitiko, respectively) 
after comparative evaluation of the appearance, aroma, flavour and texture of the wines (data not shown).  
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Fig. 4 - Sugar consumption slopes (oBé at 20οC) of industrial vinifications of Moschofilero (A) and 
Agiorgitiko (B) grape musts fermented with the L2M and Soi2 S. cerevisiae strains. CYS2 and CYS3 

were used as reference strains for Moschofilero and Agiorgitiko, respectively. 
Data are expressed as mean ± SD of three experimental replicates. 

Conclusion 
We have developed an easy-to-use laboratory methodology which can be directly applied in oenological 
practices in order to phylogenetically distinguish S. cerevisiae autochthonous yeast strains isolated from 
Greek terroirs. Our methodology clearly distinguished S. cerevisiae yeast strains from spontaneously 
fermented musts of Nemea (Agiorgitiko) and Mantinia (Moschofilero) regions (Greece), in order to assess 
their oenological, molecular and biochemical characteristics as potential autochthonous yeast starters for 
industrial fermentations. Our results demonstrate the feasibility of using this methodology for the isolation 
and characterization of S. cerevisiae indigenous yeast strains in a commercial context. Moreover, we found 
that L2M and Soi2 strains could be easily used as wine starters for alcoholic fermentations of Moschofilero 
and Agiorgitiko musts; surprisingly Soi2, even if it was isolated from Agiorgitiko spontaneous 
fermentations, could be also exploited for the fermentation of Moschofilero or more generally for the 
industrial fermentations of white grape musts. 
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AAB – microbiological internal control – DNA extraction – qPCR  

Introduction 

Acetic acid bacteria (AAB) (Acetobacter spp., Gluconobacter spp., Gluconacetobacter spp.) are wine 
spoilage microorganisms. They metabolize ethanol to acetaldehyde which leads to an increase of acetic 
acid during winemaking, aging or wine storage.  

Many techniques allow the detection of AAB such as nested PCR or by detection of adhA gene by PCR. 
Other techniques allow the interspecies detection of the presence of AAB [1] such as DGGE, TGGE, 
PCR-RFLP, MALDI-TOF-MS [2] AFLP, RAPD, ERIC-PCR and REP-PCR. However, today 
quantification of total AAB or species specific AAB could only be done using qPCR [1]. 

Detection and quantification of AAB is useful during winemaking and wine storage in order to prevent 
AAB development and increase in volatile acidity. However, the reported qPCR protocols are always based 
on wine artificially enriched in AAB without growth in wine medium. Moreover, enumeration by common 
laboratory media is uncertain and not reproducible, especially the samples coming from extreme 
environments such as wine [3] Therefore, the aim of our study was to develop a qPCR protocol that allows 
the detection-quantification of AAB naturally present in wine.  

Materials and methods  
Bacterial strains and growth conditions in red wine 
Four AAB were used: A. aceti DSM 3508; A. pasteurianus (isolated from vinegar); G. oxydans DSM 7145; 
and Ga. liquefaciens CIP 103109. Cells were pre-adapted to alcohol using a synthetic wine medium 
(5%v/v) and then inoculated in filtrated (0.2-µm) Pinot noir red wine (pH: 3.5; TAV: 12%v/v).  

Internal control for DNA isolation and amplification 
An internal control was included in the assay by adding 104 cells/mL of Escherichia coli in order to have a 
control for DNA preparation as well as PCR amplification. 4 log cells/mL of internal control gave 
a Cq value of 25.5 ± 0.4.  

DNA isolation  
Two DNA extraction protocols were tested to compare and highlight the most discriminating:  

 CTAB (cetyltrimethylammonium bromide) [4], the most used method in microbiology laboratories 
for AAB DNA extraction (Ausubel method),  

 A technique developed for the extraction and the purification of plant DNA [5], which also uses 
CTAB (Doyle method).  

At the beginning of the DNA extractions, the AAB pellets were treated or not with PVPP in order to 
eliminate phenolic compounds: No treatment (NT): pellets were suspended in lysis buffer; PVPP: pellets 
were suspended in lysis buffer supplemented with PVPP to obtain a final level of 1% (w/v). 

Each bacterium species was analyzed in red wine in three independent experiments and for each individual 
experiment, three replicates were performed. Moreover, three wines naturally contaminated were analyzed.   
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Real-time PCR amplification 
Acetic acid bacteria primers amplifying the 16S rRNA gene were selected [6]: AAB-F (5’ TGAGAGGATGA 
TCAGCCACACT 3’), the reverse primer AAB-R (5’ TCACACACGCGGCATTG 3’). BSA (400 ng/µL) 
or PVP (0.5% (w/v)) addition in the qPCR mix was assessed in order to improve PCR 
amplification quality.  

Results and discussion 
Specificity 
The specificity of the PCR assays was tested in silico and in vitro against Oenococcus oeni, Pediococcus 
sp. and Lactobacillus sp. The specificity of the qPCR assay was also tested against a panel of yeast strains 
encountered in wine: Zygosaccharomyces bailii, Candida vini, Pichia membranifaciens, P. fermentans and 
Saccharomyces cerevisiae. Cq value of O. oeni is 25.9 ± 0.4 whatever the cell concentration tested. 
Moreover, for the yeasts mentioned earlier, Cq value is 30.3 ± 0.3. So, no interferences with the AAB 
detection and quantification were shown.  

DNA isolation methods comparison and PCR inhibition assay  
DNA extraction of AAB grown in red wine was performed after addition of 104 cells/mL E. coli (internal 
control) using two different methods (Doyle and Ausubel methods) with or without PVPP treatment during 
cell lysis. Then, qPCR was performed either with BSA or PVP or without (control). For A. pasteurianus 
(Figure 1) and the three other AAB (data not shown), the Doyle method with or without PVPP lead to a Cq 
much lower (more efficient) than the Ausubel method. Moreover, the figure shows that PVPP improves the 
qPCR efficiency. However, using BSA and PVP in the qPCR mix does not enhance qPCR efficiency for 
the Doyle method. From this, the Doyle DNA extraction method was used for all AAB DNA extraction in 
red wine. 

 

 

 

 

 

 

 

Fig. 1 - Results of qPCR (Cq) after Doyle and Ausubel DNA extraction with or without PVPP 
during cell lysis of a sample of A. pasteurianus in red wine. BSA or PVP were added to the 

qPCR mix and qPCR efficiency was compared to Control. 

Linearity, repeatability and reproducibility in red wine  
After growth of each AAB in red wine and enumeration by flow cytometry, Doyle DNA extraction with 
PVPP was realized (three independent experiments, three replicates). An example of a representative 
standard curves in red wine for the four AAB is presented in Figure 2. From this, efficiency, r2 and 
y-intercept were determined. The four AAB have an efficiency, r2 and y-intercept statistically identical 
following an analysis by a Tukey test (data not shown). These results highlight that whatever the bacteria 
species present in red wines the Cq for a given population is similar, hence, our method allows a reliable 
quantification of various AAB specie in wines.  

Evaluation of the method with naturally spoiled red wines 
AAB were quantified in three red wine samples enriched with our internal control (Figure 2). 
Wine dilutions were performed to assess and validate the linearity of the method. No statistic differences 
between red wines artificially and naturally contaminated were measured (data not shown). The trend curve 
equation for detection and quantification of AAB in red wines is: -0.45*Cq + 14.11.   
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Fig. 2 - Example of standard curves Cq as a function of log cells/mL obtained from Doyle DNA 
extraction from AAB artificially inoculated in red wine and 3 red wines naturally contaminated 

obtained by dilution of initial AAB sample before extraction. Standard deviation mean for Cq is 1.7. 

Limits of detection (LOD) and quantification (LOQ) 
The method for LOD and LOQ determination uses slope, residue standard deviation and standard deviation 
of the intercept obtained from linearity validation experiments [7]. With this method, LOD and LOQ values 
of 2 and 5.2.103 cells/mL, respectively, were obtained.  

Conclusion 
In this study, we have developed a qPCR method that allows reliable detection and quantification of acetic 
acid bacteria in red wine. We have shown that the previously reported DNA extraction method was not 
efficient enough for a precise quantification (high AAB LOD & LOQ). Finally, as far as we know, we have 
for the first time validated a qPCR protocol for AAB quantification in wines artificially or naturally 
contaminated. Specific AAB species quantification is not possible with our method, however, our main 
goal is to quantify AAB in wines whatever the species present in order to evaluate the risk of spoilage.  
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Brettanomyces bruxellensis – carbohydrate requirements – diversity – adaptation 

Introduction 
Among wine spoilage yeasts, Brettanomyces bruxellensis is the most dreaded. It can be detected at almost 
every stage of vinification, from alcoholic fermentation to bottling. It produces volatile phenolic 
compounds which cause off-flavors described as spicy, sweaty animal, leather, medicinal, smoked and 
clove-like aromas [1, 2]. This wine alteration is an important issue in winemaking as it causes the wine 
rejection by the consumers and devalues the image of the producer. All actors in the sector are looking 
forward to solutions to detect and prevent the development of these yeasts. 

The nutrient requirements of B. bruxellensis remain unclear probably because the species displays a high 
level of genomic and phenotypic diversity [3]. Defining the carbohydrate requirements of various 
B. bruxellensis strains would contribute to a better knowledge of the species phenotypic diversity. It would 
also enlighten us about the B. bruxellensis adaptation to microbial competition in wine. 

Materials and methods 
Yeasts 
Ten B. bruxellensis strains named A to J were analyzed. These strains were isolated from either red wine, 
white wine, grapes or wine deposit and stored in glycerol (50%) at -80°C. 

Growth conditions 
Initially, the yeast strains were grown on YPD plates with the following composition (20 g.L-1 glucose, 
20 g.L-1 agar, 10 g.L-1 yeast extract, 10 g.L-1 peptone, pH 4.8). For culture in liquid medium, YNB broth 
was used. It contained 6.7 g.L-1 of yeast nitrogen base with ammonium sulphate (DifcoTM) and 10 g.L-1 of a 
single carbohydrate (name stated in the text). Sixteen sugars were chosen because they are naturally present 
in wine or must [4, 5]: monosaccharides (D-glucose, D-fructose, D-ribose, D-xylose, L-arabinose, 
D-mannose, D-galactose, L-sorbose), disaccharides (saccharose, trehalose, cellobiose, melibiose, lactose 
and maltose) and polyols (D-mannitol and D-sorbitol). The pH was adjusted to 3.5 and the medium was 
sterilized by filtration (0.2-µm). Cultures were carried out at 25°C, under agitation (250 RPM, aerobic 
conditions).  

The liquid cultures were started by propagating a colony in 2 mL of liquid glucose YNB medium. This tube 
was then used to inoculate subsequent cultures and the inoculum rate was adapted to ensure an initial OD600 
equal to 0.05. Growth was monitored for 15 to 20 days through OD600 measurements confirmed with 
cellular numeration on Malassez cells. A control culture in the absence of sugar enabled to check the 
absence of growth in the absence of sugar (final OD600< 0.3). 

HPLC analysis 
The concentration of residual sugar and metabolic products (such as acetic acid and ethanol) was analyzed 
in the culture supernatants by HPLC using a Biorad Aminex HPX-87H column maintained at room 
temperature, and a Waters (Milford, USA) system, consisting of a pump (Waters 600), an injector (Waters 
717) and a refractometer (Waters 2414). The mobile phase was H2SO4 5mM, and had a constant flow rate 
of 0.5 mL/min.  
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Results and discussion 
Growth was monitored through OD measurements for 15 to 21 days and acidification of the media was 
detected by pH measurement at the end of the culture. Results for strain A are represented in figure 1. 
The control experiment confirmed the absence of growth without carbon source (OD<0.1). 
 

 

 
 
 
 
 
 

Fig. 1 - Growth monitoring of Brettanomyces bruxellensis strain A on YNB medium 
and different carbohydrates over a period of two weeks. 

 

For strain A, at stationary phase, when the sugar was metabolized, OD was usually included between 1.8 
and 2: this was the case for growth in media containing D-glucose, D-fructose, D-galactose, D-mannose, 
cellobiose, maltose, trehalose or sucrose. A pH decrease of about 1 unit was observed due to the formation 
of acetic and lactic acid (aerobic conditions) and these tests were considered positive.  

Strain A did not grow on L-sorbose, D-xylose, L-arabinose, D-melibiose, and D-mannitol: the OD 
remained low (<0.15), the pH was stable and the analysis of the culture supernatant indicated no sugar 
consumption nor product formation (ethanol, acetic acid or other products of metabolism). These sugars 
were thus considered as not metabolized by strain A.  

In the case of D-ribose, lactose and D-sorbitol, strain A grew to a maximum OD of 0.5, and this growth 
was associated with a slight decrease of the pH and metabolite production indicating that the sugar was 
indeed metabolized. This was considered as an intermediate result. Longer experiments (more than 
15 days) or pre-acclimatization tests would be necessary to understand whether it is a true limited growth 
or if the result is due to a delay in the establishment of the metabolic arsenal. 

The carbon profile consumption of strains A to J is summarized in Table 1. As previously observed for 
strain A, when the carbon source was metabolized (positive test, +), the final OD was higher than 1.5 and 
growth was associated with production of acetic acid and ethanol. The negative (-) and intermediate (+*) 
tests were also defined as those described above for strain A. 

None of the strains studied was able to metabolize all the 16 sugars of the test. Three sugars, D-xylose, 
L-arabinose (pentose) and L-sorbose, were not metabolized (OD<0.1, no acidification and no production of 
secondary metabolites) by any of the strain studied. On the other hand, all the strains were able to ferment 
nine out of the 16 sugars including D-glucose, D-fructose, D-galactose, D-mannose (4 out of the 5 hexoses 
tested), sucrose, maltose, trehalose and cellobiose.  

In addition, five strains were able to grow in an intermediate way on D-ribose, lactose or D-sorbitol, to a 
maximum OD around 0.5 associated with a pH decrease of 0.3. Strain A was able to metabolize all three 
but also with intermediate efficiency. 
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Table 1 - Overview of the results of the growth tests on sole carbon source 
obtained with the ten B. bruxellensis strains studied  

Substrate A B C D E F G H I J 
D-Glucose + + + + + + + + + + 
D-Fructose + + + + + + + + + + 

D-Galactose + + + + + + + + + + 
D-Mannose + + + + + + + + + + 
L-Sorbose - - - - - - - - - - 
D-Xylose - - - - - - - - - - 
D-Ribose +* - - - - - - - +* - 

L-Arabinose - - - - - - - - - - 
Melibiose - - - - - - - - - - 
Cellobiose + + + + + + + + + + 
Maltose + + + + + + + + + + 
Lactose +* - - +* - - - - - - 

Trehalose + + + + + + + + + + 
Saccharose + + + + + + + + + + 
D-Mannitol - - - - - - - - - - 
D-Sorbitol +* - - - - +* - +* - - 

*: OD between 0.4 and 1. 

Therefore, the B. bruxellensis strains studied did not present a high level of phenotypic diversity regarding 
their growth substrate: the strain selection grew efficiently with most of the hexoses and disaccharides 
analyzed but disliked pentoses and polyols. However, this result should be confirmed with a larger strain 
collection and the experiment should be extended to non wine strains. Indeed, recent studies using whole 
genome sequencing and genetic analysis such as DNA fingerprinting [6] or microsatellites analysis [7] 
have shed light on the genetic diversity among Brettanomyces strains. The genetic traits enabled to group 
the strains and the genetic groups matched with the group made based on the substrate of origin of the 
strains (such as wine, beer, cider, kumbucha and bioethanol fermentation). It would be interesting to 
investigate whether this genetic diversity is associated with diversity in term of carbohydrate consumption 
to see if this low level of diversity (i) is confirmed for wine strains, (ii) if it differs for non wine strains, 
and (iii) if it is the result of an adaptation to wine or a general trait in the species.   

The low phenotypic diversity observed here is quite surprising as Oenococcus oeni, a bacterial species 
which shares the same ecological niche as B. bruxellensis (wine after alcoholic fermentation) and which 
has been reported to compete with B. bruxellensis [8], displays a very high level of diversity regarding the 
accepted growth substrate. Actually, among the substrates analyzed here, O. oeni was reported to 
metabolize from 3 to 13 sugars depending on the strain [9]. As a result, O. oeni and B. bruxellensis should 
compete for D-glucose, D-mannose, cellobiose and trehalose which are accepted as growth substrate by a 
high proportion of strains in both species, and which are all present at significant concentration in wine 
after alcoholic fermentation. On the other hand, B. bruxellensis may take advantage of the presence of 
D-fructose, D-galactose, maltose or sucrose which are rarely accepted as growth substrate by O. oeni 
strains. Fructose is the most abundant of these 4 carbohydrates in wine. O. oeni does not use it for growth 
but all strains studied reduce it into mannitol. A slightly different form of competition for fructose may thus 
exist since mannitol is not used by any of the species. Sucrose is only encountered in musts and may 
benefit to B. bruxellensis in the early stages of winemaking, while maltose is very rare in wine. Galactose 
may be slowly liberated from grape polysaccharides and may advantage B. bruxellensis later in the 
winemaking process. 

Conversely, O. oeni may take advantage of the presence of pentoses or melibiose which are encountered in 
most wine either free or associated into grape polysaccharides. Indeed, O. oeni efficiently grows on 
meliobiose (73% of the strain studied), ribose (90% of the strains studied) and arabinose (82% of the strains 
studied). A lower proportion also grows on xylose (24%). Lactose, L-sorbose and polyols should be 
regarded as marginal substrate for both species. The two former being rare in wine, this result is not 
surprising. 
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Conclusion 
For the ten B. bruxellensis strains studied, coming from wine or grapes, carbohydrate consumption is quite 
similar even though ribose, lactose and sorbitol differentiate 4 out of the 10 strains. This result should be 
confirmed on a larger number of wine strains and compared with that observed for strains isolated from 
other beverages, and the links with genetic diversity (microsatellite analysis) should be analyzed. 
Moreover, genetic diversity can also be studied regarding the level of ploidy [3, 6-7]. Carbohydrate profile 
may rely on the level of ploidy of a strain, as additional genetic material increases the potent metabolic 
equipment. 

Moreover, it should be confirmed that the carbohydrate consumption profiles of B. bruxellensis is different 
from that of its main competitor in wine O. oeni and that carbohydrate availability is a key element for the 
establishment of one or the other species. 
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Introduction 
Identifying changes in metabolites resulting from desiccation stress would permit optimisation of the 
drying process. During the application of stress, desiccation and rehydration, the yeast’s metabolic 
processes are in a suspended state induced by cell water removal [1]. However, as soon as water becomes 
available, these organisms rapidly swell and return to active life. 

At present, Villas-Bôas et al. [2] made a number of advances in yeast sample preparation procedures, with 
a focus on the following steps: cold methanol quenching, metabolic extraction by chemical treatment and 
sample concentration through solvent evaporation. Other well-known and widely used extraction methods 
in yeast research include methanol-chloroform, pH and boiling ethanol; however, problems have been 
identified in each case, including the recovery of non-phosphorylated compounds, compound stability at 
extreme pH levels and compound thermolability, respectively [3]. In the case of metabolite extraction from 
E. coli and S. cerevisiae, these effects can be mitigated by extracting in 50% (V·V-1) methanol after a -80ºC 
cycle [2, 4]. 

For the present study, Saccharomyces cerevisiae, Naumovia castellii, and Saccharomyces mikatae, which 
each possess different dehydration tolerance capabilities, were selected. Through metabolomic 
characterisation, the aim of this study was to identify the putative compounds involved in overcoming such 
stress. Our analysis included S. mikatae from the sensu stricto group, which includes yeast species that are 
closely related to S. cerevisiae. In addition, we selected N. castellii, belonging to the sensu lato group, 
which includes heterogeneous yeast species that diverge more significantly from S. cerevisiae [5]. 
In tandem with these two strains, the metabolism of S. cerevisiae was analysed. These species differ from 
each other in a very limited number of physiological characteristics, some of which may be controlled by 
single mutated genes [6]. 

Materials and methods 
Strains, growth conditions and the desiccation-rehydration process 
The yeast species Saccharomyces cerevisiae (CECT-1477: Burdeos sparkling wine), Naumovia castellii 
(CECT-11356: Finland soil) and Saccharomyces mikatae (CECT-11823: Japan monosporic culture) were 
grown in shake flasks (170 rpm) over 24 hours in YPD (1% (W·V-1) yeast extract, 2% (W·V-1) bacto-
peptone and 2% (W·V-1) glucose at 28ºC by inoculating with overnight liquid culture at an initial OD600 of 
0.5. The effect of different compounds during rehydration was studied by adding each compound 
individually to the pure water basal condition. The desiccation-rehydration process and cell viability 
determination by flow cytometry were performed as previously described by Rodríguez-Porrata et al. [6]. 

Metabolite extraction 
Frozen cells were pelleted and resuspended in methanol-water (1:1, V·V-1) to 400 µL, as described by 
Villas-Bôas et al. [2], and 10 µL of ribitol at 2 mg·mL-1 was added as an internal standard (IS). To optimise 
this step, samples were placed for 10 min at 90ºC, for 15 min in the presence of 0.1 mm glass beads and 
were then disrupted in a multitube bead-beater using 3 cycles of 10 s/beat, followed by 30 s rest for 
cooling. The 4 h dried residue was redissolved and derivatised for 1 h at 40ºC in 50 µL of 20 mg mL-1 
methoxyamine hydrochloride in pyridine, followed by a 90-min treatment at 40ºC with 70 µL MSTFA. 
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GC-MS analysis 
Analytical gas chromatography was performed using an Agilent Technologies Network CG System 6890N. 
Detection of compounds was carried out with an inert Mass Selective Detector 5975. A 2-µL cellular 
extract was injected with a split ratio of 20:1 into a DB-5HT column (30 m x 0.25 mm x 0.1 μm) with an 
automatic injector 7683B. Helium was used as the carrier gas at a constant flow of 1.0 mL·min-1. 
The injector temperature was 200ºC. The column oven temperature was initially held at 80ºC for 4 min and 
then increased first to 200ºC at the rate of 5ºC·min-1 and subsequently to 300ºC at the rate of 25ºC·min-1, 
where it was held for 7 min. The MSD transfer temperature was 300ºC. The MS quadrapole and source 
temperatures were maintained at 180ºC and 280ºC, respectively. The MS data were acquired in electronic 
ionisation (EI) scan mode at 70 eV for the range of 35-650 amu after a solvent delay of 4 min. Post-run 
analysis was performed with the Agilent MSD Chemstation. The relative abundance was corrected by the 
internal standard peak. These values were related to the 1x109 colony formation units (cfu) according to the 
cells plated and counted after 24 h of culturing and desiccation-rehydration treatment. 

Flow cytometry analysis 
Flow cytometry was carried out using a CYFlow® space instrument. The two-colour fluorescent probe 
LIVE/DEAD® Yeast Viability Kit was used. An overnight YPD culture of each Saccharomyces sp. strain 
was taken as a control of full viability (99% by FUN1 red-orange/Calcofluor white stain). 

Results and discussion 
Yeast cell viability after dehydration stress 
The mean value of viable cells after rehydration was calculated after taking into account viability before 
drying. The survival rates for S. mikatae and N. castellii were lower than that for S. cerevisiae, 
with viabilities recorded at 20%, 40% and 84%, respectively. 

Metabolomic profiling of yeast cells during the desiccation process 
A total of 44 peaks were identified and quantified for each strain before dehydration (BD) and after 
rehydration (AR). Multivariate data analysis was performed using principal component analysis (PCA), 
including normalisation according to the IS and cfu correction (see m&m), to examine the variations 
among metabolites between BD and AR steps in S. cerevisiae, N. castellii and S. mikatae (data no shown). 
As summarised in Fig. 1, these results may suggest that the viability of N. castellii is negatively affected 
during stress synergy due to inefficient detoxification and/or a poor capacity for metabolic esterification of 
phosphoric acid into nucleic acids, proteins, lipids, and sugars [8]. No significant differences among the 
yeast species were recorded BD in terms of phosphate content. However, between the BD and AR steps, 
S. mikatae and S. cerevisiae reduced their phosphate content by 70% and 30%, respectively, while 
N. castellii showed a 100% increase. The fact that N. castellii accumulated double the amount of phosphate 
AR compared to S. cerevisiae did not enhance its dehydration tolerance, with viability of 60% and 95%, 
respectively. However, S. mikatae showed a significantly lower content of phosphate after the drying and 
rehydration process, which was in line with the low cell viability level of 36%. A 50% increase in cellular 
glycerol accumulation was observed during stress imposition for N. castellii and S. cerevisiae, while 
S. mikatae showed 50% less and the lowest viability level of 36% (Fig. 1). Glycerol biosynthesis is an 
important side-reaction of the glycolytic pathway, as it provides NAD+ that is necessary for cellular 
glycolysis activity [7]. Our results suggest that cells undergoing glycerol synthesis during the dehydration 
process possess a backup of NAD+ for swift glycolytic activation when cell activity resumes. The NAD+ 
generated is oxidised to maintain redox balance by the conversion of glyceraldehyde-3-phosphate into 
1,3– bisphosphoglycerate by glyceraldehyde-3-phosphate dehydrogenase (GAPDH). At the GAPDH 
glycolytic pathway step, under stress conditions, glycolytic flux is strongly prone to glycerol accumulation 
depending on the kinetic characteristics of GAPDH [9]. Pyruvate acts as a precursor for a side-reaction 
in α-alanine synthesis. Increases of 3-fold and 2-fold were observed for intracellular α-alanine in 
N. castellii and S. cerevisiae, respectively, while S. mikatae showed a 2-fold decrease between the BD and 
AR steps (Fig. 1). 

The acetyl-Co-A branch point metabolite could be transformed into citric acid or lipids and fatty acids, 
such as palmitoleic acid, which were increased in N. castellii and S. cerevisiae during the dehydration 
process, while a 30% reduction was observed in S. mikatae. Meanwhile, the only intermediate in the TCA 
that showed significant variations during stress imposition was succinic acid, the levels of which were 
increased by 9-fold and 2-fold in N. castellii and S. cerevisiae, respectively, while no changes were 
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recorded in S. mikatae. S. cerevisiae does not accumulate succinic acid intracellularly [10], which may 
tentatively explain the insignificant differences between BD and AR values for S. mikatae, while 
N. castellii showed the highest accumulation, which suggests a metabolic difference with respect to the 
other two yeast species. In the TCA cycle, succinic acid is converted to oxaloacetate, which can be 
transaminated to form aspartate. All of the yeasts showed a very similar abundance of aspartic acid BD. 
However, this content in N. castellii and S. cerevisiae increased by 13-fold after rehydration, while in the 
case of S. mikatae, this level was only increased by 3.5-fold (Fig. 1). Taking into collective consideration 
the changes in both aspartic and succinic acid abundance, it may be suggested that S. mikatae cells do not 
present TCA activity during the dehydration and rehydration process, in contrast to N. castellii and 
S. cerevisiae. The TCA intermediate 2-oxoglutarate is also a branch point metabolite, and through 
transamination, it may form lysine and glutamate that could be used to synthesise other amino acids, such 
as glutamine, proline, and arginine. Our results indicated that the three yeast species showed similar 
contents of lysine and glutamine BD, whereas during stress imposition, the changes in abundance of these 
amino acids did not correlate with the putative changes in their TCA activity. S. mikatae showed 3-fold less 
lysine after stress induction, while N. castellii and S. cerevisiae showed increases of 3-fold and 2-fold, 
respectively. The glutamine abundance was significantly reduced in S. mikatae and S. cerevisiae by 6-fold 
and 3-fold, respectively. In fact, one of the two anaplerotic pathways responsible for replenishing the TCA 
cycle with intermediates, which maintains its function, is the glyoxylate cycle, in which isocitrate 
dehydrogenase can form 2-oxoglutarate from isocitrate. The participation of both the TCA and glyoxylate 
cycles for providing 2-oxoglutarate to the cell makes it very difficult to understand the glutamine and lysine 
abundance variations during stress induction. In addition, these variations were not correlated with the 
dehydration tolerance profiles of the different yeast species. 

 

Fig. 1 - Relative abundance of significant and stress-related compounds BD (white bars) and 
R (grey bars) in S. cerevisiae, S. castellii, and S. mikatae. The values represent the means of three 
independent experiments. *Results for each compound with statistically significant differences 

(p-value<0.05) compared to the BD condition. 
 

Effect of compound supplementation on yeast cell viability 
We next sought to ascertain whether the low viability of S. mikatae after the rehydration process could be 
due to the low levels of lysine, Na2HPO4, or glutamine. A statistically significant increase of 20% in cell 
survival driven by 1, 2 and 5% lysine or 10% glutamine supplementation was observed only in S. mikatae 
(Fig. 2); S. cerevisiae did not show beneficial effects when submitted to the same rehydration conditions. 
Unexpectedly, phosphate supplementation was detrimental and increased cell death to 30% compared to 
the pure water reference condition (data not shown). 
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Fig. 2 - Effect of rehydration treatments on cell viability. S. mikatae yeast cells were incubated at 
37ºC for 30 min in pure water or in the presence of lysine (Lys), phosphate (Pho), or glutamine (Gln). 

The scale of relative viability (%) indicates the percentage of experimental values for the different 
yeasts relative to the non-complemented condition (H2O).The values represent the means 

of three independent experiments. *Results with statistically significant differences 
(p-value<0.05) compared to the H2O condition. 

Conclusion 
The high mortality rate showed by S. mikatae and N. castellii was not due to a single metabolite; rather, the 
accumulation of both succinic and phosphoric acid by N. castellii during stress imposition may have led to 
the reduced cell viability rate of 60%. In addition, the metabolite profiles suggested the activity of the 
glycolytic pathway and TCA cycle in N. castellii and S. cerevisiae. However, S. mikatae displayed very 
low activity with respect to these pathways, which could have led to a reduction in secondary metabolites 
required for viability AR. Furthermore, our results demonstrated that the presence of lysine or glutamine 
during the rehydration process had a positive effect on the recovery of S. mikatae cell activity; on the other 
hand, supplementation with these compounds might be yeast dependent.  
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Oenococcus oeni – diversity – indigenous – SNP 

Introduction 
Microbial biogeography intends to document the spatial diversity of microorganisms at different 
environmental scales. Its goal is to propose hypotheses that explain the processes responsible for the 
creation of diversity patterns and the factors influencing their evolution [1]. This field proved to be of 
particular interest in enology when questions about the diversity of indigenous microorganisms - associated 
with grapes and wine - and terroir were being brought up [2-4]. 

An important microbial consortium interacts from the vineyard until the end of the fermentation process 
[5-7]. Among them, Oenococcus oeni is the main species of lactic acid bacteria of enological interest. 
While this species is barely identified on the grape and in the must, it develops right after the alcoholic 
fermentation and quickly becomes the predominant species [8, 9]. It is known to perform most of the 
malolactic fermentation (MLF) not only in red wine, but also in champagne, white wine and cider. 
The diversity of O. oeni has often been studied with the aim of selecting performant strains to produce 
malolactic starters [10, 11]. The use of new genotyping methods and phylogenetic approaches has allowed 
a more precise and easy identification of strains in the case of spatial or temporal inventory. Numerous 
studies have reported the high genetic and phenotypic diversity of this species in wines [12-14]. Population 
structure analyses also revealed that the strains of this species form two major genetic groups, named A 
and B, which are subdivided into subgroups eventually specific to a region or a product [15-17].  

The aim of this study was to determine the biogeography of this species based on the analysis of a large 
collection of strains isolated from several wine and cider-producing regions. Predominant bacteria present 
in wines and ciders during MLF were isolated by plating on specific media then identified at the species 
and strain levels by 16S rDNA and VNTR analysis. O. oeni strains were further analyzed phylogenetically 
by using a new method based on SNP analysis which was developed specially for this purpose. 

Materials and methods 
Bacteria isolation and preservation  
The strains of O. oeni were isolated from 235 malolactic fermentations during a sampling campaign of 
wines and ciders from historic wine producing regions and cider in France; few additional samples were 
taken from wineries in Lebanon. Details of the number of samples per region are given in Table 1. 
For 3 vintages, 2011, 2012, 2013, a total of 189 red wines, 36 white wines and 9 ciders were analyzed. 
Strains were isolated on solid grape juice medium (GJM) with pimaricine (100 mg/L) (Sigma), 
after incubation for 7 days under anaerobic conditions at 25°C. For each sample, 15 colonies were 
cultivated in liquid GJM under the same conditions. An aliquot of the culture was preserved at -80°C with 
30% glycerol (Sigma). The other part was centrifuged 5 min at 10000 g, washed with distilled water and 
kept frozen at -20°C until genotyping. 110 strains isolated from red and white wine, cider, liquor wine and 
old vintages from 1989 until 2008 were added to this study. They were obtained from the Centre de 
Ressources Biologiques Oenologique (CRB OENO) from Bordeaux University at ISVV 
(http://www.crboeno.univ-bordeauxsegalen.fr/). 
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Species identification and strain genotyping  
Colonies of O. oeni were identified and genotyped by multiplex VNTR analysis [18]. Other bacterial 
species were identified by 16s rDNA sequence analysis.  

Phylogenetic analysis  
A genotyping method based on single nucleotide polymorphism (SNP) analysis was developed to classify 
strains in genetic groups. Based on the whole-genome alignments of the sequences of 50 O. oeni strains, 
10 phylogenetic clusters were defined, which allowed the selection of 40 SNP characterizing each cluster. 
The iPLEX Gold kit (Sequenom Inc., San Diego, CA) was employed to amplify all of the 40 SNP for each 
strain. The multiplex PCR product was then spotted on a SpectroCHIP and analyzed by MALDI-TOF mass 
spectrometry. Raw data were instantly treated using SpectroCALLER to define the SNP then the 
SpectroACQUIRE software was used to extract SNP data that were imported into MEGA 6.0.5 (Tamura, 
Stecher, Peterson, Filipski, and Kumar 2013) and BioNumerics v5.1. (Applied Maths, Belgium) for 
phylogenetic analysis. 

Results and discussion 
A total of 2997 colonies of O. oeni were isolated from 226 wines and 9 ciders (Table 1). This represents 
93.3% of all the bacterial colonies analyzed and confirms that this species is predominant during MLF. 
Shannon-Weaver diversity index values were close to 4.5 in regions where more than 500 colonies were 
isolated. In agreement with previous studies, this indicates that the diversity of O. oeni strains is very high 
in each region. This also confirmed that the sampling was representative of the regional diversity of the 
strains during MLF. VNTR analysis showed that the 2997 colonies represented at least 514 strains. 87% of 
these strains were detected only in one region, indicating that each region holds a unique O. oeni 
population. All the strains were specific for either cider or wine since no strain was detected in both 
products.  

 
Table 1 - Number of O. oeni strains isolated in each region and values of 

the diversity and evenness indexes 

Region Number of 
samples 

Number of 
O. oeni 
clones 

Number of 
O. oeni 
strains 

Shannon 
diversity 

index 
Pielou 

evenness 
index 

Number 
of unique 

strains 
Aquitaine 80 1072 200 4.57 0.86 150 
Burgundy 70 837 142 4.19 0.84 124 
Languedoc 
Roussillon 36 514 134 4.28 0.87 93 
Val de Loire 8 117 29 2.96 0.88 22 
Bretagne 
(cider) 9 104 25 2.7 0.86 25 
Lebanon 32 353 57 3.17 0.82 46 
Total 235 2997 514 

   The total number of strains represents the number of different VNTR profiles when comparing all the 
regions together. 

 
The phylogenetic relationships among the strains were determined by multiplex SNP genotyping. Figure 1a 
shows that most of the strains (84.2%) belong to the genetic group A and only 12.6% belong to the group 
B. Previous studies have also reported the predominance of group-A strains in wine [15, 16]. Interestingly, 
18 strains (3.2%) were not classified in any of these groups and form supposedly a third group “C” as 
previously suggested [16]. Cider strains belong exclusively to subgroups B and C (Figure 1b). Wine strains 
were spread throughout the 3 genetic groups independently of their region of origin. However, some 
subgroups hold strains isolated from the same type of wine: A5 seems specific to strains from white wine 
and champagne, A2-8 to strains from red wine from Burgundy and subgroups B and C for cider strains.  
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Fig. 1 - Minimum spanning trees presenting the 514 strains of O. oeni based on the phylogenetic 
cluster and the region of origin. a) The proportion of each phylogenetic cluster. Cluster A: green, 

cluster B: blue, cluster C: yellow. b) The proportion of strains of each region in each cluster. 
Aquitaine: red, Burgundy: turquoise blue, Languedoc-Roussillon: green, Val de Loire: pink, 

Lebanon: yellow, Cider Brittany, Normandy and Asturias: brown. 
 

Unlike the current idea that strains selected from a regional wine are specific to this particular region or 
terroir, our results show that these unique strains are not so far specific to their region of origin. Indeed, it 
appears that the indigenous population of O. oeni is actually a patchwork of strains belonging to different 
genetic groups. The phylogenetic groups of this species are very widely spread over all the regions that 
were analyzed. However, a separation in the population is observed between strains isolated from cider, red 
wines and white wines. The detection of genetically related strains in these products reveals that some 
strains have evolved to develop in specific types of wines.  

Conclusion 
Taken together, these results emphasize the importance of the genetic diversity of the species O. oeni and 
support the idea that local winemaking processes and specific wine characteristics lead to the local 
development or selection of specific strains. 
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Oenococcus oeni – genome – plasmid – selection 

Introduction 
Oenococcus oeni plays an essential role in winemaking as the main lactic acid bacteria involved in 
malolactic fermentation (MLF), which brings deacidification, aromatic complexity and microbial stability 
to wines. Nowadays, MLF is more and more performed by the addition of industrial starters, O. oeni being 
the main species selected because of its high tolerance to acidity and alcohol related stresses. However, 
strains can exhibit large phenotypic variations such as tolerance to freeze-drying, abilities to survive in 
wine and to lead a complete and rapid MLF. Many O. oeni genes involved in wine adaptation have been 
identified but have not always been truly efficient for the selection of enological strains which remains 
essentially based on time-consuming phenotypic techniques. This study aims at identifying specific genes 
involved in strain performances, through a systematic analysis and comparison of different O. oeni 
genomes.  

Materials and methods 
Strains and phenotypic determinations 
A collection of 44 O. oeni strains from diverse geographical and product origins was studied. All strains 
were produced in a freeze-dried form before testing their survival and fermentative capacities in model 
wine. Briefly, strains were cultivated by successive batches in the production media incubated at 25°C and 
concentrated by centrifugation. The pellet was prepared by adding a cryoprotectant before the freeze-drying 
cycle which consists in an overnight freezing at -80°C followed by a 24h drying step in a lyophilizer. 
Then the lyophilisates were inoculated at 107 cell/mL in a model wine and MLF was carried out at 20°C. 
Thus the freeze-drying yield, the 24h survival rate and the MLF kinetic phenotypes were determined for all 
44 strains.  

Genomic analysis 
For each phenotype, the genome of 4 strains with low and 4 strains with high performances were compared 
to construct a list of candidate genes only present in the efficient strains. In parallel, genetic analysis of 
pOENI-1 plasmids was performed to detect other potential candidate genes. The distribution of selected 
genes was studied by PCR detection in the 44 O. oeni strain collection. The ROC (Receiver Operating 
Curves) statistical analysis was used to validate genes as genetic markers of technological interest in 
O. oeni strains. 

Results and discussion 
Technological properties of 44 O. oeni strains 
First, the phenotypes representing the technological and enological skills of the strains were determined. 
Each of them was freeze-dried and then inoculated into a model wine to induce MLF. This experiment 
allowed the ranking of the strains according to their freeze-drying yield, survival in wine and MLF kinetics 
(Figure 1). As expected, O. oeni strains showed a large phenotypic diversity. The strains were more or less 
adapted to the production process and encountered stresses, which led to variable freeze-drying yields from 
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1 to 40 g.L-1. Some of them were not able to survive in wine 24h after inoculation, whereas others stayed 
viable and even developed. Among the collection, 36 strains induced a MLF more or less rapid and 
complete (from 14 to >100 days) and 7 of them were not able to start MLF after 42 days, probably because 
of population decline in the days after inoculation. Thanks to this phenotypic characterization, we could 
easily rank the strains and create distinct groups based on their technological skills.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1 - Technological properties of 44 O. oeni strains. (A) Freeze-drying yields. Values correspond 
to the mass of standardized freeze-dried bacteria obtained from 1 liter of culture. (B) Survival rates 

in wine. The viable cells were determined by epifluorescence after 24h in wine. (C) MLF kinetics 
of 18 indigenous strains. Green, commercial strains; orange, indigenous strains. 

 
Identification of potential technological genes by genome comparison 
Secondly, a genomic comparative study was performed to define a list of candidate genes specific to 
efficient strains for each technological property (freeze-drying yield, survival rate, MLF kinetics). 
The core-genome shared by all strains was excluded and only the shell-genome, shared by some strains, 
was analyzed. The genome comparisons based on the detection of present/absent genes highlighted 
22 genes discriminating strains according to their phenotypes. These genes are present only in strains with 
the best technological skills and are located in three regions of genomic plasticity, two of them being 
already described in previous genomic studies (Figure 2) [1, 2]. The region 1 contains 30 genes which are 
certainly involved in sugar transport, metabolism and carotenoid biosynthesis, the region 2 is composed of 
12 genes related to sugar and amino acid metabolisms, and the region 3 encodes 4 genes closely related to 
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the pentose phosphate pathway. According to genetic analysis, the efficient strains possess the partial or 
complete regions whereas they were completely absent in the strains with low skills.  

In parallel, the study of the plasmid "pOENI-1" isolated from a commercial strain also revealed two 
accessory genes, oye and tauE (respectively encoding an oxidoreductase of the "Old Yellow Enzyme" 
family and a permease of the "sulfite export TauE/SafE" family), frequently associated with malolactic 
starters and indigenous strains causing spontaneous MLF (Figure 3) [3, 4]. 
 

 

Fig. 2 - Regions of technological interest on the strain PSU-1 chromosome. 
 

 
Fig. 3 - pOENI-01 genetic map. 

 
Validation of selected genes by statistical analysis 
Finally, the statistical distribution of these genes was studied among the 44 phenotyped O. oeni strains. 
Five genes representative of genomic regions 1 (nqr), 2 (araC), 3 (xyl) and pOENI-01 plasmids (oye, tauE) 
were analyzed by PCR. We can observe the absence of these genes in 2 strains characterized by low 
technological properties whereas they were all present in 4 performant strains carrying also the plasmid. 
The construction of ROC (Receiver Operating Characteristic) curves allowed us to assess the quality of 
these candidate genes as markers of technological interest traits in all O. oeni strains. The ROC tool is a 
statistical measure of the binary classifier performance which allows (i) to identify and describe an 
interesting gene and its discrimination power and (ii) to predict the technological properties of a strain 
carrying this gene (Table 1, Figure 4). For example, the significant ROC analysis obtained for the tauE 
gene showed a performance test with technological relevance, characterized by a threshold value of ≤ 38 
days, a sensitivity of 64% and a specificity of 73%. In other words, 64% of tauE positive strains were able 
to lead MLF in less than 38 days and 73% of tauE negative strains performed MLF in more than 38 days. 
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Only the gene xyl representative of the region 4 did not allow to discriminate strains according to their 
phenotypes. It hence cannot be considered as reliable genetic marker. Besides, the simultaneous presence of 
the 4 genes nqr, araC, oye and tauE statistically highlighted efficient strains, able to be produced in a 
freeze-dried form, survive to wine inoculation and lead to a complete and rapid MLF (Table 1).  

 

    

                          Fig. 4 - Example of a significant ROC analysis. 

 

 

 

 
Table 1 - Significant ROC analysis 

 
Number of strains ROC curve 

  Absent 
gene 

Present 
gene 

Threshold 
value 

Sensitivity          
(%) 

Specificity           
(%) 

Production yield 
    

nqr*araC 15 27 > 30.6 g/l 63 73 
Survival 

     
arac 12 30 > 21 % 77 70 
MLF 

     
tauE 33 11 ≤ 38 days 64 73 
oye*tauE 36 8 ≤ 30 days 75 86 

 

Conclusion 
In enology, the use of selected Oenococcus oeni strains as malolactic starters is more and more 
recommended to perform MLF. Their selection protocol is mainly based on long and tedious empirical 
approaches. In this context, our study aimed at identifying technological interest genes specific to efficient 
strains, by combining the phenotypic characterization of 44 O. oeni strains and some genome comparisons. 
Twenty-four genes associated to four regions of genome plasticity located on the chromosome or a plasmid 
were identified as potential candidates to sign the technological superiority of some O. oeni strains. The use 
of an original statistical tool, the ROC analysis, allowed to define which genes had a high discriminant 
power and also to predict phenotypic traits in strains which possess these genes. Thanks to this approach, 
we can consider to preconize a first selection step of efficient O. oeni strains by an easy and quick PCR 
detection of these genes. Moreover, a more comprehensive study of these genomic regions could allow us 
to gain insight on wine adaptation of O. oeni. 
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Introduction 
Malolactic fermentation (MLF) is the decarboxylation of L-malic acid to L-lactic acid and CO2 by wine 
lactic acid bacteria (LAB). Aside from L-malic acid consumption, wine LAB can metabolise other wine 
components during malolactic fermentation and contribute to the wine sensory profile. Through the citric 
acid metabolism, LAB produce diacetyl which contributes to wine complexity or give a buttery character 
depending on its concentration. Wine selected bacteria have a considerable number of other metabolic 
pathways and enzymes that lead to hydrolysis and synthesis of volatile secondary compounds at 
concentrations above their perception threshold. Secondary compounds that have been shown to change 
during MLF include ethyl and acetate esters, higher alcohols, carbonyls, volatile fatty acids and sulfur 
compounds. It was reported that these changes depend on the strain used to conduct MLF [1-3]. 
Practical MLF trials with several selected bacteria were conducted in different wines. Aroma analysis and 
wine tasting were done in order to check bacterial strain sensory contribution.   

Materials and methods 
Selected wine LAB strains 
The Oenococcus oeni strains under freeze-dried form (MBR®) were directly inoculated into must/wine 
either 24h after yeast addition (co-inoculation) or after alcoholic fermentation (AF) (sequential 
inoculation). 

Wines/Regions 
MLF trials were conducted in different grape varieties and countries: Chardonnay (Val de Loire, France), 
Merlot (Bordeaux, France), Barbera (Piemonte, Italy) and Riesling (Baden, Germany). 

Aroma analysis and wines tasting 
SPME-GC/MS was used for aroma analysis. Wine tasting sessions were done with an international jury of 
60 experts. Statistical result analysis was done with Fizz software (Biosystemes, France). 

Results and discussion 
Diacetyl is associated with the buttery character of wine. It is formed as an intermediate metabolite in the 
reductive decarboxylation of pyruvic acid to 2,3-butanediol and mainly comes from the citric acid 
metabolism. This metabolism is highly LAB strain dependant [4]. The sensory threshold of diacetyl in wine 
has been shown to strongly depend upon the style and the type of wine and has been determined to vary 
from 0.2 mg/L for Chardonnay wine, 0.9 mg/L for Pinot Noir to 2.8 mg/L for Cabernet Sauvignon wine. 
In a study done at the AWRI by Bartowsky et al. [5] in Cabernet Sauvignon wines in Southern Australia, 
the results show a variation of diacetyl content in the final wines from 4 to 14 mg/L depending on the 
7 wine LAB added in sequential inoculation. Another comparative practical trial with 7 selected LAB 
added in sequential inoculation in a Barbera wine also clearly shows the bacteria strain impact on diacetyl 
content (figure 1). While strains like S4 and S6 produce less than the sensory threshold thanks to a late 
citric acid metabolism, some others as S2 and S5 are able to produce more than 9 mg/L. In this trial, the 
spontaneous malolactic fermentation leads to a very high level of diacetyl (18.8 mg/L).  
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Fig. 1 - Results of diacetyl analyses in a comparative trial of MLF with 6 different selected bacteria 
(sequential inoculation) and a control (spontaneous) in a Barbera wine. Italy, 2013. 

Another trial was conducted in a Chardonnay wine in France. MLF was induced with 2 different selected 
bacteria inoculated after AF. In correlation with the low diacetyl produced by the S4 bacteria in Barbera, 
the Chardonnay wine inoculated with this strain was found distinct from the one inoculated with the 
S7 strain, especially on the buttery notes (figure 2). The S7 strain is known for having an early metabolism 
of citric acid which means for having a high potential to produce diacetyl (results not shown). MLB strains 
produce significant different concentrations of diacetyl when inoculated in sequential inoculation. It is not 
the case in co-inoculation, when the bacteria are added to the must 24h after yeast. During AF, under the 
reductive conditions generated by active yeast cells which consume part of the oxygen available, diacetyl is 
immediately reduced to acetoin then 2,3-butanediol which results in a wine with very little lactic/buttery 
flavours. Other factors play a role on diacetyl final content in wine such as citric acid level, temperature, 
bacteria inoculation rate, timing of SO2 addition after MLF, and contact with lees [1]. 

 

 

Fig. 2 - Results of a tasting in a Chardonnay comparative trial of MLF with 2 selected wine bacteria 
(sequential inoculation). 

Another comparative MLF trial with 4 selected wine bacteria was conducted in the Bordeaux area. 
Durations of MLF range from 14 to 36 days depending on the strain inoculated. Some aroma compounds 
were analysed in the 4 final wines: 3 ethyl-esters, 2-phenylethanol, isoamyl acetate and β-ionone (figure 3). 
The concentrations of the 6 compounds were affected by the strain used for MLF and were all above their 
odour threshold. As previously studied [5], O. oeni strains can have varying impact on the profiles of esters 
that can affect berry fruit properties of wines. Variations of glycosylated bound flavour compounds, such as 
C13-norisoprenoids, could be also of importance as they can contribute to the fruity notes of red wines. 

0 2 4 6 8 10 12 14 16 18 20

S1

S2

S3

S4

S5

S6

Control (Spontaneous)

Diacetyl content after MLF
Comparative trial done with 6 selected lactic acic bacteria and a 

control (spontaneous)

Diacetyl (mg/L)

0

1

2

3

4

5
Aromatic intensity

Fresh fruit

Ripe fruit

Dry fruit

Varietal ***

Buttery notes (nose) *

Mouthfeel

FreshnessBitterness

Balance

Buttery notes (mouth)

Aromatic intensity mouth

Fruitiness (mouth)

Aromatic persistancy

Global appreciation

Chardonnay France 2011

S4 (sequential inoculation) S7 (sequential inoculation)

* significant 10% 
** significant 5% 
*** significant 1% 
**** significant 0.1%  



 Microorganismes du raisin et du vin 

271 

 
Fig. 3 - Analysis of 4 ethyl-esters, isoamyl acetate, 2-phenylethanol and β-ionone in a Merlot 

comparative trial with 4 selected wine LAB. 

Wine tastings were organized after large scale trials of MLF on Barbera and Riesling wines, which 
respectively compared MLF results obtained with 2 and 3 bacteria strains added in co-inoculation. 
The results of descriptive sensory analyses (figures 4 and 5) confirm that the bacteria strain has a 
significant impact on the wine profile. Indeed, in Barbera wines, fresh fruit and spicy note descriptors were 
different depending on the bacteria strain used for MLF. In Riesling, olfactive aromatic intensity and 
fruitiness of wines were statistically found different, and in a less extent floral notes, aromatic intensity in 
mouth, balance and mouthfeel in function of the bacteria strain. 
 

 

Fig. 4 - Results of a tasting in a Barbera comparative trial of MLF with 2 selected wine bacteria 
(sequential inoculation). 
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Fig. 5 - Results of a tasting in a Riesling comparative trial of MLF with 3 selected wine bacteria 
(co-inoculation). 

Conclusion 

Selected wine LAB are involved in modification of aroma compounds such as buttery and fruity-berry 
aromas. In relation with recent and ongoing research on this contribution, practical MLF trials highlight 
how wine aroma composition and sensory perception can be modulated by the choice of the bacteria strain.  
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Brettanomyces – quantification – DNA extraction – q-PCR 

Introduction 
Brettanomyces bruxellensis is well adapted to winemaking conditions, i.e. high ethanol concentration [1] 
and low pH [2], which allows it to develop in difficult environment such as wine. 

Due to the production of volatile phenols and other compounds responsible for organoleptic defects, 
Brettanomyces is regarded as spoilage yeast encountered mainly in red wine. It is able to transform 
p-coumaric, ferulic and caffeic acids, respectively, to 4-ethyl-phenol, 4-ethyl-gaïcol and ethyl-4-catechol 
via two enzymes [3, 4]. These volatile and odorous molecules are the source of phenol and animal character 
recalling "horse stable", "horse sweat" sometimes called "Brett character". Other molecules are responsible 
for organoleptic deviations described as "mouse taste" [3]: the tetrahydropyridines. However, despite 
previous knowledge on this yeast, Brettanomyces contamination is still hard to manage and is considered as 
the main microbiological problem in red wines. Therefore, the detection and quantification of this yeast is 
essential in order to prevent wine spoilage. Several specific detection and quantification kits based on 
q-PCR assay are commercially available. Although these kits are frequently used not only by private 
enological laboratories but also by research laboratories, neither inter-laboratory nor inter-assay 
comparisons have been published so far. The aim of this work is to highlight advantages and disadvantages 
of each kit to help professionals choose the most suitable kit according to their needs. 

Materials and methods  
Brettanomyces bruxellensis strains and growth conditions 
Brettanomyces bruxellensis strains from Rhône Valley and Bordeaux were used in this study. Cells were 
pre-adapted to alcohol using a synthetic wine medium (5%v/v) and then inoculated in filtrated (0.2-µm) red 
wine from three vineyards (Bordeaux, Burgundy and Rhône Valley). 

Conditions 
Wines of Bordeaux and Rhône Valley were inoculated at 103 cells.mL-1 and then analyzed by three 
different q-PCR kits. Moreover, Brettanomyces cells (about 106 cells.mL-1) from two different wines 
(Burgundy and Bordeaux wines) were treated using either bisulfate (molecular form > 2 mg.L-1) or chitosan 
(0.1 g.L-1). Wine samples were collected at different time (0, 7, 14 days) after sulfite or chitosan addition 
(KiOfine-B, ICV). For the latter treatment, sampling was either done on wine with or without racking. 
The assays were conducted over time. For each sample, DNA was extracted and amplified (three different 
kits tested) in order to assess if DNA from dead cells could be amplified and thus give false positives.  

Measurement of the Brettanomyces level  
Brettanomyces wine concentration was checked using a selective medium, ITV medium (SM) (glucose 2%, 
yeast extract 1%, bacto-peptone 2%, p-coumaric acid 0.1%, ferulic acid 0.1%, bromocresol green 0.003% 
and chloramphenicol 0.02%). In parallel, the level of total cells was quantified by flow cytometry (FCM) or 
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DEFT (Direct Epifluorescent Filter Technique) (DEFT). Fluorescein diacetate (FDA) was used to quantify 
yeast cell viability by FCM and CFDA associated to propidium iodide (PI) was used for DEFT.  

DNA extraction and q-PCR kits 
The present study compares the performances of three different Brettanomyces DNA extractions and 
q-PCR kits. Three kits were used in this study and named K1, K2 and K3. These kits are used routinely in 
different laboratories. Each of the three partners: Inter-Rhône (IR), Microflora (MF) and University 
Institute of Vine and Wine (IUVV) tested two extraction kits (one kit common for two laboratories) with 
four repetitions.  

Results and discussion 
Brettanomyces quantification in red wines 
Results of Brettanomyces quantification on specific agar medium (SM) or by flow cytometry (FCM) or 
direct epifluorescent filter technique (DEFT) were compared to quantification results obtained using the 
three kits (Table 1). The results show that SM and FCM or DEFT led to statistically acceptable results for 
the two wines tested by the three labs. The mean levels of Brettanomyces cells measured with these 
techniques for Bordeaux and Rhône wines are 3.53 ± 0.28 and 3.88 ± 0.27 log cells.mL-1, respectively. 
For all quantifications obtained with the three different kits, repeatability is satisfactory independent of the 
lab. For the Bordeaux wine, quantification performed by SM and FCM/DEFT are homogenous whatever 
the lab. Moreover, whatever the kit used, q-PCR results are not significantly different between labs, 
except for kit K3 (Table 1). For the kits K1 and K2, the difference between two labs is less than 
1 log cells.mL-1 (Table 1). For Rhône wine, quantification performed by SM and FCM/DEFT are 
homogenous whatever the lab. At statistical level, only kit K1 has a satisfactory reproducibility. 
However, the variation between labs for kits K2 and K3 is lower than 1 log cells.mL-1. Results obtained 
with kit K3 show the most important heterogeneity for the two wines analyzed whatever the lab (Table 1). 
These differences probably come from matrix variability and/or manipulations and need to be further 
investigated. Moreover, it seems that the population obtained by specific q-PCR is underestimated by about 
1 log cells.mL-1 for the two wines studied.  
 

Table 1 - Concentrations of Brettanomyces cells (log cells.mL-1) determined in Bordeaux 
and Rhône Valley red wines quantified by MF, IR and IUVV labs, means of four trials per kit 
(mean of standard deviation between kit repeatability is 6.0 ± 5.9%). Anova with Tukey test 

was performed to enumeration results for each wine.  

  Bordeaux wine  Rhône wine 

Labs SM 
FCM 

or EM K1 K2 K3 SM 
FCM 

or EM K1 K2 K3 

IR 3.7b 3.8b / 1.5ef 6.3a 4.2ab 3.7b / 3.9b 2.5d 

MF 3.7b 3.3bc 2.1cdef / 1.9def 3.7bc 4.0ab 2.7d / 1.4e 

IUVV 3.6b 3.1bcd 3.0bcde 2.4cdef / 4.2ab 3.7b 3.0cd 4.6a / 

/: not analyzed  
 

Brettanomyces quantification in red wines after microbiological treatments (SO2 / Chitosan)  
In order to assess if q-PCR could give false positives, Brettanomyces cells were treated as described above.  

Bordeaux wine  
 After SO2 treatment, the mean total population obtained by DEFT after 2 weeks is 5.5 ± 0.2 log 

cells.mL-1. However, no viable cells could be detected by DEFT and culture medium (SM). 
Quantification by both kits (K1 and K3) led to 6.3 ± 0.2 and 1.6 ± 0.2 log cells.mL-1, respectively. 
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These results demonstrate that even 2 weeks after sulfite treatment, dead cells still give a positive signal 
by q-PCR.  

 After chitosan treatment and racking, no viable cells could be detected using classical microbiological 
methods and q-PCR with K3. However, using q-PCR K1, 1.3 ± 0.7 log cells.mL-1 were detected after 
2 weeks. This residual population could be due to false positives.  

Burgundy wine  
 After SO2 treatment, the mean total population obtained by FCM after 2 weeks is 5.2 ± 0.2 log 

cells.mL-1. However, no viable cells could be detected by FCM and SM both. Quantification by both 
kits (K2 and K1) led to 5.1 ± 0.1 and 5.1 ± 0.3 log cells.mL-1, respectively. These results demonstrate 
that even 2 weeks after sulfite treatment, dead cells still give a positive signal by q-PCR as Bordeaux 
wine.  

 After chitosan treatment without racking, the mean total population obtained by FCM after 2 weeks is 
5.2 ± 0.2 log cells.mL-1, whereas viability measuring by SM and FCM decreases to the limit of 
detection after treatment. No Brettanomyces cell is detected by K1, whereas K2 gives about 1.8 ± 0.1 log 
cells.mL-1 after 2 weeks.  

Conclusion  
In this study, we have validated that the classical enumerations (SM, FCM or DEFT) led to statically 
identical results, whereas molecular techniques led to different results probably due to matrix and 
manipulations. The different kits do not have the same effectiveness depending on laboratories and wine 
matrix tested. Compared to conventional methods of microbiological counts, most of the time, the kits 
seem to underestimate the viable population. However, the presence of dead cells could lead to an 
overestimation of the viable Brettanomyces population. These variations could be controlled by the use of 
an internal standard. This study must be continued on more wine samples.  
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Grape ecology – wine ecology – ozone – electrolyzed water 

Introduction 
The microbial community present on the grape surface has been well documented to have a significant 
impact on wine quality and composition. The main microorganisms present on the surface of grapes 
are yeast, bacteria and moulds. Since they are the first to colonize the must, the sterilization of the grape 
surface is fundamental, in order to avoid the unwanted spoilage microorganisms to colonize the must 
and produce chemical compounds of unpleasant origin, such as acetic acid [1], in vinification without 
sulfite additions. 

Several studies have proposed the use of Ozone (either in water or in gaseous form) as well as Electrolyzed 
Water as eco-friendly approaches to control the growth of various microorganisms, mainly due to their high 
oxidizing potential and their low environmental impact [2, 3]. 

The aim of this work was to evaluate the impact of these treatments on the yeast ecology in post-harvest 
grapes as well as their impact during the fermentation process, by using culture-dependent (traditional plate 
counts) and independent techniques. After each treatment, the grapes were crushed and then divided in two 
fermentation series: spontaneous and inoculated. Samples were collected before and after each sanitizing 
treatment and during the fermentation and subsequently subjected to DGGE analysis in order to understand 
the effectiveness of each treatment on the grape berry microbiota and the fermentation ecology. 

Materials and methods 
Grapes and fermentations 
Barbera (Vitis vinifera L.) grapes were used in this study. The grapes were harvested in the Piedmont wine 
region (Asti province, northwest Italy) with a good phytosanitary condition, when the maturity was optimal 
for the production of Barbera wines. The grapes without the main stalk were divided in batches of about 
2 kg each, and then placed in a single layer into perforated boxes. The batches were treated in duplicate 
with: 1. Electrolyzed Water (a. 100 mL at 40 mg/L free chlorine, b. 100 mL at 400 mg/L free chlorine); 
2. Ozone Water (a. 5 ppm for 6 minutes, b. 5 ppm for 12 minutes); and 3. Ozone Gas (a. 30 ppm for 
12 hours, b. 30 ppm for 24 hours). After treatments, the crushed grapes were divided in two fermentation 
series: spontaneous and inoculated. The fermentations were monitored with microbiological and chemical 
analyses. 

Microbiological analysis 
The microbial community present on the grape surfaces as well as during the fermentations process was 
determined by using a multi-phasic approach: culture-dependent and independent techniques. For the 
culture-dependent analysis, samples were serially diluted in Ringer solution and then plated in duplicate 
WL Nutrient medium (Biogenetics, Milano, Italy), followed by an incubation for 3-4 days at 25°C. 



 Microorganismes du raisin et du vin 

277 

After the incubation period, the yeast total population was counted. The DGGE was used for the 
independent microbiology approaches. The DGGE analyses were performed by using the protocol 
described by Alessandria et al. [4]. 

Chemical analysis 
The concentrations of organic acid (citric acid, tartaric acid and malic acid), reducing sugars (glucose and 
fructose) and ethanol product were determined by using the protocols described by Giordano et al. [5]. 

Results and discussion 
The yeast total population present on the grape berry surface, before and after the treatments with Ozone 
Water, Ozone Gas and Electrolyzed Water, showed a reduction of their population. In fact, the yeast 
population present on the control trial was in the order of about 105 CFU/mL, while in the case of the 
Electrolyzed Water (400 mg/L), Ozone Water (12 minutes at 30 ppm) and Ozone Gas (24 hours at 
30 ppm), the yeast population was decreased by one logarithm to about 104 CFU/mL. In another study, 
the Electrolyzed Water was already proposed as possible post-harvest control (250 ppm from 10 min) of 
Botrytis cinerea on grape table surface, since it was able to reduce the surface infection for 7 days and the 
disease severity at 2% after 10 days of storage at 25°C [6]. In this context, Ozone treatments in water and in 
gaseous form have been applied to ensure the storage of table grapes, the Ozone was able to reduce the 
contamination by Botrytis cinerea during storage [7, 8]. 

As well as decreased yeast populations, all the treatments demonstrated a selective effect against the yeast 
species present on the grape surface. In fact, these results were in accordance with the results obtained by 
the DGGE analysis. 

The DGGE analysis during all fermentations confirmed the different microbiota ecology found on the 
grape surface between the treatments, particularly in the first fermentation step. 

The counts on WL Nutrient medium during the spontaneous and inoculated fermentations highlighted the 
effectiveness of the treatments, with respect to the control; particularly, a decrease of the apiculate yeasts in 
the first part of the fermentation was observed. These results are very interesting, since apiculate yeasts 
were considered as high producers of acetic acid [9, 10]. The chemical analysis confirmed also this trend 
since control wines were characterized by a higher quantity of acetic acid, while the samples treated and 
inoculated showed low quantity of acetic acid. 

Conclusion 
The results of this work highlight the possibility of using the Ozone (in water and gas form) and the 
Electrolyzed Water as possible alternatives to sulfur dioxide (SO2), in order to control fermentations. 
The treatments reduced and modified the microbial ecology on the grapes, particularly the Electrolyzed 
Water with a concentration of about 400 mg/L and the Ozone Water (12 minutes). The results appear 
promising, since the use of Ozone and Electrolyzed Water in combination with the inoculation of 
S. cerevisiae in the must have resulted in optimum fermentation kinetics. 

Acknowledgements 
The authors would like to thank Cristian Carboni and DenoraNEXT for the Ozone and Electrolyzed Water 
generators used in this work. 

References 

1. Romano P, Suzzi G, Comi G et al (1993) Higher alcohol and acetic acid production by apiculate wine 
yeasts. J Appl Bacteriol 73: 126-130. 

2. Khadre M, Yousef A, Kim J (2001) Microbiological aspects of ozone applications in food: a review. 
J Food Sci 66: 1242-1252. 



OENO 2015  

278 

3. Huang Y, Hung YC, Hsu SY et al (2008) Application of electrolyzed water in the food industry. Food 
Control 19: 329-345. 

4. Alessandria V, Marengo F, Englezos V et al (2015) Mycobiota of Barbera grapes from the Piedmont region 
from a single vintage year. Am J Enol Vitic 66: 244-250. 

5. Giordano M, Rolle L, Zeppa G et al (2009) Chemical and volatile composition of three Italian sweet white 
Passito wines. J Int Sci Vigne Vin 43: 159-170. 

6. Guentzel J, Lam KL, Callan MA et al (2010) Postharvest management of gray mold and brown rot on 
surfaces of peaches and grapes using electrolyzed oxidizing water. Int J Food Microbiol 144: 54-60. 

7. Smilanick J, Margosan D, Mlikota Gabler F (2002) Impact of ozonated water on the quality and shelf-life 
of fresh citrus fruit, stone fruit, and table grapes. Ozone Sci Eng 24: 343-356. 

8. Feliziani E, Romanazzi G, Smilanick J (2014) Application of low concentrations of ozone during the cold 
storage of table grapes. Postharvest Biol Technol 93: 38-48. 

9. Ciani C, Maccarelli F (1998) Oenological properties of non-Saccharomyces yeasts associated with wine-
making. World J Microbiol Biotechnol 14: 99-203. 

10. Jolly N, Varela C, Pretorius IS (2013) Not your ordinary yeast: non-Saccharomyces yeasts in wine 
production uncovered. FEMS Yeast Res 14: 215-237. 



*Corresponding author: natacha.fontes@sogrape.pt 279 

Managing wild yeast potential as an added terroir 
layer for wines’ regional distinctiveness 

N. FONTES1*, F. CENTENO2, M.F. TEIXEIRA2, R. TENREIRO3, B. CABRAL ALMEIDA1, A. GRAÇA1 
 

1Sogrape Vinhos S.A., Aldeia Nova, 4430-809 Avintes, Portugal 
2Proenol - Indústria Biotecnológica Lda, Travessa das Lages 267, Apto 547, 4405-194 Canelas, 

Vila Nova de Gaia, Portugal 
3Universidade de Lisboa, Faculdade de Ciências, Instituto de Biossistemas e Ciências Integrativas 

(BioISI), Edifício TecLabs, Campus da FCUL, Campo Grande, 1749-016 Lisboa, Portugal 
 

Wine yeasts – starter strains – autochthonous strains – terroir – uniqueness – regional 

Introduction 
Wine flavor is the culminating result of a vast number of factors such as grape variety, geographical and 
cultural grape-growing conditions, grapes’ microbiome and winemaking itineraries. Thus, this complex 
character of wine has implicated the use of selected commercial yeast, for a more controlled fermentation 
process and for the production of specific aromatic profiles and the reduction of sensory defects. However, 
the widespread use of these starter cultures can lead to a loss of typicality and complexity of the wines and 
their overall standardization, as well as ecological imbalances that promote the growth of undesirable 
species such as Brettanomyces. Moreover, available commercial «strains» are numerous and one same 
yeast may often have different names or acronyms, a consequence of this practice being the standardization 
of sensory characters resulting from the fermentation process, affecting quality wines. 

The use of “so called” autochthonous yeast strains selected with characteristics of a starter culture could be 
an important tool in improving the organoleptic and sensory characteristics of typical wines of a given 
region, as well as providing for valorization and preservation of the microbial biodiversity [1]. In fact, 
it has been suggested that the land from which the grapes are grown imparts a unique quality to the wine, 
especially when spontaneous fermentations are carried out [2, 3]. 

Indeed, many studies of wine fermentations in various regions of the world have demonstrated the 
important contribution of indigenous wine yeasts to the sensory properties and overall appeal of the final 
product [4-7]. The present work aims to study the oenological potential of using two autochthonous wild 
yeasts belonging to a specific terroir as starter cultures.  

Materials and methods 
Yeast strains and fermentation conditions 
The autochthonous yeast strains – QC386 and QC496 – have been selected over a collection of 
autochthonous wild yeasts of 768 isolates owned by Sogrape Vinhos S.A, originated from four wine 
regions in Portugal, including the Dão Region. Rather than the typical pre-selection of any particular taxon 
(namely S. cerevisiae), a universal approach was applied to all isolates allowing for an individual 
evaluation of each isolate's potential, regardless of species. On the other hand, a more practice-focused 
adaptation of the OIV protocol for yeast selection was used [8]. Industrial fermentations were conducted to 
evaluate the fermentation efficiency of the locally identified yeast strains – QC386 and QC496 – against 
commercial yeast preparations. For this purpose, a total volume of around 500 000 L, over two vintages 
(2013 and 2014), of white and red must (both a blend of grape varieties) was separately inoculated with 
commercial yeasts LALVIN QA23 (for white must) and LALVIN D254 (for red must) and the chosen wild 
strains from the collection.  

PCR analysis 
Genome PCR-fingerprinting techniques [9] were applied to identify and distinguish the inoculated strain 
from the remaining yeast flora present in the grape must. 
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Results and discussion
General technological characteristics influencing vinification were evaluated.
sugars, glucose and fructose, which are the main 
yeast fermentation are represented 
autochthonous selected yeasts and commercial strains, both for sugar and nitrogen consumption (Figures 1 
and 2). However, QC496 showed a higher consumption 
temperature (16°C), resulting in shorter fermentation time (Figure 1). In red wines, the difference 
kinetics properties between yeast strains w
analysis by PCR-fingerprinting, performed in all th
confirmed the inoculated starters as the dominant yeasts during the fermentation process (data not shown).
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Table 1 - Fermentation performance of autochthonous (QC386 and QC496) and commercial (QA23) 
yeast strains in white wine (values represent the average between 10 different replicates over 2013 

and 2014 vintages).

Yeast strain 
Fermentation duration (days)

Average Max
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27 
17 
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fermentation), where fructose utilization by wine yeasts is critically important for the 
fermentation rate at the end of alcoholic fermentation, a different pattern of substrate consumption is 
observed among yeast strains, more pronounced in red musts (Figures 1 and 2).
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Fig. 2 - Glucose (A), Fructose (B) consumption profiles and alcohol production 
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Table 2 - Fermentation performance of autochthonous (QC386 and QC496) and commercial (QA23) 
yeast strains in red wine (values represent the average between 22 different replicates over 2013 

and 2014 vintages).

Yeast strain 
Fermentation duration (days)

Average 

D254 
QC386 
QC496 

6 
6 
5 

Strain QC496 showed a higher sugar consumption rate, both for glucose 
consumption during the 1st AF phase, consuming the same fructose at a higher rate with much less YAN 
demand during the 2nd AF phase. In addition
potential as judging by higher alcohol 
assessed by a blind tasting with a professional panel

Judging from the obtained fermentation kinetics and sensory properties, wild yeasts are 
more competitive than commercial ones since they seem better adapted to the ecological and technological 
features of their own wine-growing area. 
dominant yeast strains during industrial
present in the must. 
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), where fructose utilization by wine yeasts is critically important for the 
fermentation rate at the end of alcoholic fermentation, a different pattern of substrate consumption is 
observed among yeast strains, more pronounced in red musts (Figures 1 and 2). 

        B 

        D 

Glucose (A), Fructose (B) consumption profiles and alcohol production 
) QC496 (●) and D254 (▲) in red wine fermentations. (D) Glucose, Fructose

in the 1st alcoholic fermentation phase (t50) and the 2
Data represent mean values of 2014 vintage replicates. 

Fermentation performance of autochthonous (QC386 and QC496) and commercial (QA23) 
yeast strains in red wine (values represent the average between 22 different replicates over 2013 

and 2014 vintages). Vm: average consumption velocity of sugar

Fermentation duration (days) Sugar consumption 
(%) 

V
(g/L day

Max Min 

7 
8 
6  

5 
5 
4 

98 
98 
99 

33.3
31.6
37.7

 

a higher sugar consumption rate, both for glucose and fructose, as well as YAN 
AF phase, consuming the same fructose at a higher rate with much less YAN 

AF phase. In addition, this autochthonous strain showed a 
igher alcohol production (data not shown) and the evaluated sensory attributes 

professional panel of 15 oenologists (Figure 3). 

Judging from the obtained fermentation kinetics and sensory properties, wild yeasts are 
more competitive than commercial ones since they seem better adapted to the ecological and technological 

growing area. Indeed, genome PCR-fingerprints have s
industrial fermentations, while competing with other 
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), where fructose utilization by wine yeasts is critically important for the maintenance of a high 
fermentation rate at the end of alcoholic fermentation, a different pattern of substrate consumption is 

- AbV (C) observed 
(D) Glucose, Fructose 

) and the 2nd phase (tend). 

Fermentation performance of autochthonous (QC386 and QC496) and commercial (QA23) 
yeast strains in red wine (values represent the average between 22 different replicates over 2013 

ugars. 

Vm 
(g/L day-1) ΔYAN 

(%)  

33.3 
31.6 
37.7 

59 
57 
42 

and fructose, as well as YAN 
AF phase, consuming the same fructose at a higher rate with much less YAN 

strain showed a greater organoleptic 
) and the evaluated sensory attributes 

Judging from the obtained fermentation kinetics and sensory properties, wild yeasts are presumed to be 
more competitive than commercial ones since they seem better adapted to the ecological and technological 

have shown them as the 
 autochthonous yeasts 
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Fig. 3 - Ranking box-plots for the evaluated sensory attributes of the white (A) and red (B) wines 
produced with autochthonous (QC386 and QC496) and commercial yeasts (QA23 and D254). 

 

Conclusion 
The recognition and preservation of microorganisms present in vineyard and their preservation through 
cellar operations is a strategic activity for the oenologist who wants to express his own terroir in his wines. 

This study gave the final confirmation on the existence of autochthonous yeasts from the Dão Region 
suitable for selection as starter cultures. They allow for features to potentially ensure preservation of 
regional distinctiveness while allowing for the production of premium quality wines, thus adding an extra 
layer of terroir to Dão wines. 
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Proteolytic activity – wine yeasts – white grape must – proteases 

Introduction 
Alcoholic fermentation is a complex process that involves sequential development of different yeasts 
species. The first hours of fermentation are dominated by the growth of non-Saccharomyces yeasts [1-3]. 
These yeasts initiate alcoholic fermentation thus leading to environmental modifications (increasing 
ethanol concentration, presence of inhibitors, competition for nutrients…), then Saccharomyces cerevisiae 
becomes predominant and achieves alcoholic fermentation. 

Among non-Saccharomyces yeasts, the genera Hanseniaspora, Candida, Metschnikowia, Pichia, 
Torulaspora and Issatchenkia are frequently found in fermenting grape must [4-7]. It is now well known 
that non-Saccharomyces species produce secondary compounds (volatile thiols, esters, higher alcohols, 
acetic acids…) and can impact positively or negatively on wine characteristics [8, 9]. They can also secrete 
extracellular enzymes that can have an interest in winemaking. Indeed, several enzymatic activities can 
improve wine quality (glycosidases, ß-lyases…) or the winemaking process.  

Proteases could have an impact on wine aroma or liberate peptides and amino acids from proteins and so 
increase assimilable nitrogen for yeasts in must.  

If Saccharomyces cerevisiae is not known as a great producer of extracellular proteases, several studies 
have shown that some non-Saccharomyces species and particularly Metschnikowia pulcherrima have an 
interesting potential [10-13]. Nevertheless, most of the existing methods to reveal proteolytic activity 
require the use of laboratory medium, with conditions very different from grape must. Here we propose a 
method to assess proteolytic activity of yeasts directly in fermenting white grape must in order to gain 
insight on this issue in winemaking conditions. 

Materials and methods 
Yeast strains 
7 yeast strains were used in this study (4 Metschnikowia pulcherrima, 1 Metschnikowia spp. (99% of 
identity with M. andauensis), 1 Saccharomyces cerevisiae and 1 Torulaspora delbrueckii) (table 1).  
 

Table 1 - Strains used in alcoholic fermentations 

Species Strain Collection 

Metschnikowia pulcherrima 

L1329 Centre de Ressources Biologiques Oenologiques, Bordeaux, 
France 

Y6259 Northern Regional Research Laboratory 
NZ366 Centre de recherche Pernod-Ricard,, Créteil, France 
IWBT Y1123 Institute for Wine Biotechnology, Stellenbosch, South Africa 

Metschnikowia spp. L0563 
Centre de Ressources Biologiques Oenologiques, Bordeaux, 
France 

Saccharomyces cerevisiae X5 
Laffort, Bordeaux, France 

Torulaspora delbrueckii Alpha 
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Preculture conditions 
Except for S. cerevisiae and T. delbrueckii, two preculture steps were necessary before fermentation. 
First, strains were grown at 24°C for 24h in YPD-based medium containing 1% yeast extract (w/v, Difco 
Laboratories, Detroit, MI), 1% Bacto peptone (w/v, Difco), and 2% glucose (w/v). Then, cultures were 
transferred in half diluted grape must and grown at 24°C for 24h. For S. cerevisiae and T. delbrueckii only 
growth in half diluted grape must is necessary. 

Alcoholic fermentations 
Alcoholic fermentations were carried out in Sauvignon Blanc grape must from the Bordeaux region 
(reducing sugars 203 g/L, assimilable nitrogen 150 mg/LN, free SO2 18 mg/L, total acidity 4.19 g/L 
H2SO4) at 18°C with agitation and in 125-mL bioreactors. The different strains were inoculated at 
5.106 viable cells/mL in pure cultures. Fermentations kinetics were monitored by CO2 release with regular 
weight loss measurement.  

Cell enumeration 
Yeast growth during fermentation was monitored by plate counting on a YPD-based medium (1% yeast 
extract (w/v), 1% Bacto peptone (w/v), 2% glucose (w/v), 2% agar (w/v)). 

Proteolytic activity 
In order to monitor the proteolytic activity directly in fermenting grape must, a chromogenic protease 
substrate was used: azocasein (Sigma). Azocasein proteolysis liberates a free dye into the supernatant, 
which can be quantified by optical density measurement at 440 nm. A solution of azocasein at 20 mg/mL 
was prepared in NaOH 0.1 M and added in bioreactors at 1.5 mg/mL final concentration. To verify that 
azocasein does impact yeast growth and fermentations, assays were carried out with and without azocasein. 
Samples were taken all along alcoholic fermentation. Reaction was stopped with trichloroacetic acid 
(10% final concentration v/v, Sigma). Samples were then centrifuged at 14 000 rpm for 10 minutes. 
Optical density of the supernatant was measured to evaluate the proteolytic activity of the different species. 

Data analysis 
All fermentations were performed in triplicate. Several growth and fermentation parameters were 
calculated for each species: growth rate (h-1), maximum population size (CFU.mL-1), fermentation lag 
phase (time between the inoculation and the beginning of alcoholic fermentation, h), maximum 
fermentation rate (g.L-1.h-1) and maximum CO2 release (g.L-1). R software was used for statistical analysis 
(R Development Core Team, 2008). Variance heteroscedasticity led us to apply Kruskal-Wallis test to 
determine the difference between fermentation with and without azocasein. The statistical level of 
significance was set at p≤0.05.  

Results and discussion 

Effect of azocasein on growth and alcoholic fermentation 
Kruskal-Wallis test on the different parameters revealed that azocasein had no significant impact on growth 
and fermentation for the different strains tested (S. cerevisiae X5, T. delbrueckii Alpha, Metschnikowia spp. 
L0563, M. pulcherrima IWBT Y1123). This substrate will be use to measure proteolytic activity of several 
yeast strains in oenological conditions. 

Proteolytic activity of yeasts during alcoholic fermentation 
Evolution of optical density of the different yeasts due to the degradation of azocasein is given in figure 1 
and growth kinetics in figure 2. No variation was detected for T. delbrueckii and S. cerevisiae, showing no 
protease activity, in accordance with previous studies [10]. In contrast, a strong increase in the optical 
density, reflecting a high proteolytic activity was observed for all Metschnikowia strains tested. 
The proteolytic activity of M. pulcherrima was already highlighted in laboratory medium [10]. 
Differences between Metschnikowia strains were observed in terms of proteolytic activity. In our 
conditions, Metschnikowia spp. L0563 has the strongest activity, leading to an increase of OD440 nm up to 
0.21, unlike M. pulcherrima Y6259 which reaches only 0.17.  

For all strains except M. pulcherrima Y6259, proteases are active from the start of growth, the cumulated 
activity being maximal at the end of growth. For M. pulcherrima Y6259, the proteolytic activity is detected 
only at the end of growth.  
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Fig. 1 - Proteolytic activity 

 
 

 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

Fig. 2 - Growth kinetics 

Conclusion 
In this work, we propose for the first time a test 
alcoholic fermentation, directly in 
active but differences could be observed
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Ethanol – ROS – oxygen – vacuole – lipids 

Introduction 
Sparkling wines produced according to the méthode traditionnelle are found in many viticulture countries. 
The more famous are Champagne (France), Cava (Spain), Asti Spumante (Italy), Premium Sekt (Germany), 
and Cap Classique (South Africa). In Spain, the 95% of bottle-fermented sparkling wines are mainly 
produced within the Penedès region (Catalonia). The achievement of secondary fermentation mainly 
depends on some factors such as chemical composition of base wine, acclimation process of yeast strains 
and secondary fermentation temperature. The wine yeast strains have to be acclimated to these 
unfavourable growth conditions to ensure a regular and complete fermentation. Although some industrial 
yeast acclimation processes are widely used to conduct the prise de mousse [1], little information exists for 
improving yeast performance. 

The aim of this study was to analyze the influence of some acclimation growth parameters on the yeast 
capacity to improve its performance during the secondary fermentation. 

Materials and methods 
After a four-day yeast acclimation which mimics the industrial procedure [1], a commercial wine yeast 
strain (Saccharomyces cerevisiae EC1118, Lallemand) was used to inoculate a defined base wine to realize 
the secondary fermentation in bottle at 25ºC. Briefly, the acclimation conditions were aerobiosis (OXI) or 
semi-anaerobiosis (NOXI) in presence of sugar, and with limited-sugar content in aerobiosis (ETOXI) 
through the process. Samples taken at time 4 days were evaluated for ROS accumulating cells [2], 
microvacuolation formation and vacuolar activity [3], fatty acid [2] and sterol [4] compositions. The prise 
de mousse was monitored by measuring the bottle pressure inside through aphrometers. At 2, 4 and 6 bars, 
samples were taken to analyze sugar content (enzymatic method), alcoholic degree (ebulliometry method) 
and cell viability (flow cytometry method) [2]. 

Results and discussion 
The 4-days process was performed on a defined wine base medium to permit us to point out the main 
physiological parameters which could play an essential role in this feature such as cell lipid composition, 
vacuolar activity and ROS intracellular accumulation. As observed in Figure 1, yeast cells had consumed 
all disposable sucrose during the first 24 hours, producing an increase of ethanol content in the acclimation 
medium. After this activation phase (P1), cells placed in different conditions developed a different response 
in relation to the availability of carbon source and oxygen. Concretely, cells were placed in no limited 
oxygen cultures in which sugar content was added or not during the second phase of acclimation (P2), 
OXI and ETOXI conditions, respectively. These features allowed us to measure the behaviour of yeast cells 
in respiro-fermentative (OXI) and respiratory (ETOXI) conditions. 

Another condition was developed to determine the incidence of a fermentative behaviour (NOXI) in which 
cells were acclimated in presence of sugar in limited oxygen culture. In presence of sugar, OXI and NOXI 
supported the same production curve of ethanol rising to 13.61 ± 0.15% (v/v) for OXI and 14.78 ± 0.19% 



 

(v/v) for NOXI along the 3-days of P2 (Fig. 1).
cells by which three adaptive features were found.
 

Fig. 1 - Time course of cell acclimation process to ethanol. Et: Ethanol; Su: Sugar; OXI: Aerobiosis + 
sugar addition; NOXI: Semi-anaerobiosis + sugar addition; ETOXI: aerobiosis without sugar addition.

To observe the induced features during the acclimation process, secondary fermentations in bottles were 
conducted at 25ºC in a base wine with OXI, OXI and ETOXI cells at 2 10
fermentation was completed with NOXI cells, 35 days, while the others had a stuck fermentation 
(experiment stopped at time 40 days) 
 

Table 1 - Evolution of some parameters during the secondary fermentatio
25ºC with acclimated Saccharomyces cerevisiae
+ sugar addition; NOXI, Semi-anaerobiosis + sugar addition; ETOXI, Aerobiosis without sugar addition.

 
Final sugar content (g/l) 
Alcoholic degree (%, v/v) 
Days to reach 4 bars 
Cell viability at 4 bars (cell/ml) 

 

If we observed the time to reach 4 bars, we could note some differences due the type of acclimation used 
for cells. In this case, the fastest was NOXI,
Concerning the final sugar and ethanol content
10.90% (v/v) and the lowest sugar level with 2.24 g
viability at pressure 4 bars but no viable cells were found at time 40 days for both OXI a
In NOXI condition, the viability remained 
shown). 

Looking at the cytological parameters such as vacuole 
could observe a best state of cells acclimated in the NOXI condition (
highest vacuolar activity, the best microvacuolation 
ROS accumulation. Vacuoles are involved in many processes includin
modified their morphology depen
ethanol, cells placed in NOXI condition seemed to
challenge because of their high degree of vacuole fragmentation and 
into the vacuole. Under osmotic or ionic stress, vacuole must be able to fuse and fragment at will t
to different cellular challenges [5].
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s of P2 (Fig. 1). Finally, by this way, we had three types of acclimated 
cells by which three adaptive features were found. 

Time course of cell acclimation process to ethanol. Et: Ethanol; Su: Sugar; OXI: Aerobiosis + 
anaerobiosis + sugar addition; ETOXI: aerobiosis without sugar addition.

 

To observe the induced features during the acclimation process, secondary fermentations in bottles were 
conducted at 25ºC in a base wine with OXI, OXI and ETOXI cells at 2 106 cells/ml. Only, the secondary 
fermentation was completed with NOXI cells, 35 days, while the others had a stuck fermentation 
(experiment stopped at time 40 days) (results not shown). 

Evolution of some parameters during the secondary fermentation of bottled base wine at 
Saccharomyces cerevisiae EC11118. The conditions used were: OXI, Aerobiosis 

anaerobiosis + sugar addition; ETOXI, Aerobiosis without sugar addition.

OXI NOXI 
5.41 2.24 

10.30 10.90 
16 10 

 1.18 106 1.34 106 

If we observed the time to reach 4 bars, we could note some differences due the type of acclimation used 
for cells. In this case, the fastest was NOXI, the slowest was OXI with a 6-day difference between both. 
Concerning the final sugar and ethanol contents, NOXI condition showed the highest alcoholic degree with 
10.90% (v/v) and the lowest sugar level with 2.24 g/l. Little differences were observed in relation to the 
viability at pressure 4 bars but no viable cells were found at time 40 days for both OXI a
In NOXI condition, the viability remained ca 25% of the total population (2.55 106

the cytological parameters such as vacuole morphology and activity, or ROS accumulation, we 
of cells acclimated in the NOXI condition (Fig. 2). They significantly have the 

highest vacuolar activity, the best microvacuolation (fragments into multiple small vesicles) 
Vacuoles are involved in many processes including the homeostasis

morphology depending on the growth conditions [5]. In our conditions of acclimation to 
NOXI condition seemed to be better prepared to the secondary fermentation 
high degree of vacuole fragmentation and their capacity to maintain an acid pH 

Under osmotic or ionic stress, vacuole must be able to fuse and fragment at will t
]. 
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Finally, by this way, we had three types of acclimated yeast 

 

Time course of cell acclimation process to ethanol. Et: Ethanol; Su: Sugar; OXI: Aerobiosis + 
anaerobiosis + sugar addition; ETOXI: aerobiosis without sugar addition. 

To observe the induced features during the acclimation process, secondary fermentations in bottles were 
ml. Only, the secondary 

fermentation was completed with NOXI cells, 35 days, while the others had a stuck fermentation 

n of bottled base wine at 
EC11118. The conditions used were: OXI, Aerobiosis 

anaerobiosis + sugar addition; ETOXI, Aerobiosis without sugar addition. 

ETOXI 
3.51 

10.55 
13 

1.30 106 

If we observed the time to reach 4 bars, we could note some differences due the type of acclimation used 
day difference between both. 

s, NOXI condition showed the highest alcoholic degree with 
Little differences were observed in relation to the 

viability at pressure 4 bars but no viable cells were found at time 40 days for both OXI and ETOXI. 
6 cells/ml) (results not 

or ROS accumulation, we 
They significantly have the 

(fragments into multiple small vesicles) and the lowest 
homeostasis of cell pH and 
conditions of acclimation to 

secondary fermentation 
capacity to maintain an acid pH 

Under osmotic or ionic stress, vacuole must be able to fuse and fragment at will to adjust 
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Fig. 2 - Microvacuolation, vacuolar activity and ROS determinations of 
EC1118 cells through the acclimated process at 25ºC. The conditions used were: LSA
Yeast Rehydrated in water during 30 min; LSA

30 min; P1, activation phase (24h); OXI, Aerobiosis + sugar ad
addition; ETOXI, Aerobiosis without sugar addition.

 
On the other hand, ROS accumulation was increased in constant aeration, OXI and ETOXI, compar
NOXI condition. Besides, a significant decrease in presence of
respect to OXI condition was observed.
 

Table 2 - Lipid composition of Saccharomyces cerevisiae
at 25ºC. The conditions used were: OXI, Aerobiosis + sugar addition; NOXI, Semi

addition; ETOXI, Aerobiosis without sugar addition.

 
UFA/SFA 
C18:1/C18 
Ergosterol (%) 
Ergosterol/Squalene 
Ergosterol/Zymosterol 

 

Concerning the lipid composition, it was interesting to note that no changes occurred in the ergosterol 
percentage regardless of the condition used during the acclimation. However, it seemed that this 
acclimation process (NOXI) induced a significant decrease of membrane fluidity because the relation
between UFA and SFA, ergosterol and squalene, and oleic (C18:1) and stearic (C18) 
On the other hand, in situation of catabolite derepression (exhaustion of fermentable sugars, ETOXI 
condition), the results were in agreement with those of 
decrease of the ratio ergosterol/zymosterol for one ergosterol
OXI and NOXI conditions. Such as described by 
ethanol (ETOXI). In our conditions, this fact was observed with the ratio ergoste

Conclusion 
In conclusion, our results seem to show that the best cell acclimation to ethanol depends on the cell sugar 
metabolism and other physiological factors such as cell oxidative state
composition at 25ºC. Some works are necessary to confirm these features at lower temperature, 15

 

Microvacuolation, vacuolar activity and ROS determinations of Saccharomyces cerevisiae
EC1118 cells through the acclimated process at 25ºC. The conditions used were: LSA
Yeast Rehydrated in water during 30 min; LSA-W, Active Dry Yeast Rehydrated in base wine during

30 min; P1, activation phase (24h); OXI, Aerobiosis + sugar addition; NOXI, Semi-
addition; ETOXI, Aerobiosis without sugar addition. 

On the other hand, ROS accumulation was increased in constant aeration, OXI and ETOXI, compar
NOXI condition. Besides, a significant decrease in presence of no fermentable carbon source (ETOXI) 
respect to OXI condition was observed. 

Saccharomyces cerevisiae EC1118 cells through the acclimated process 
at 25ºC. The conditions used were: OXI, Aerobiosis + sugar addition; NOXI, Semi-

addition; ETOXI, Aerobiosis without sugar addition. 

OXI NOXI 
2.58b 1.60a 
3.11b 2.29a 

54.33a 53.98a 
8.70b 6.40a 
3.37b 3.30b 

Concerning the lipid composition, it was interesting to note that no changes occurred in the ergosterol 
the condition used during the acclimation. However, it seemed that this 

acclimation process (NOXI) induced a significant decrease of membrane fluidity because the relation
between UFA and SFA, ergosterol and squalene, and oleic (C18:1) and stearic (C18) 
On the other hand, in situation of catabolite derepression (exhaustion of fermentable sugars, ETOXI 
condition), the results were in agreement with those of Quain and Haslam [6]. Indeed, we observed a 

ymosterol for one ergosterol content slightly higher in ETOXI than in both 
Such as described by [6], steryl esters increased when yeast cells 

ethanol (ETOXI). In our conditions, this fact was observed with the ratio ergosterol/zymosterol.

In conclusion, our results seem to show that the best cell acclimation to ethanol depends on the cell sugar 
metabolism and other physiological factors such as cell oxidative state, vacuolar activity
composition at 25ºC. Some works are necessary to confirm these features at lower temperature, 15

  

 

Saccharomyces cerevisiae 
EC1118 cells through the acclimated process at 25ºC. The conditions used were: LSA-R, Active Dry 

W, Active Dry Yeast Rehydrated in base wine during 
-anaerobiosis + sugar 

On the other hand, ROS accumulation was increased in constant aeration, OXI and ETOXI, compared with 
no fermentable carbon source (ETOXI) with 

EC1118 cells through the acclimated process 
-anaerobiosis + sugar 

ETOXI 
2.84c 
3.35c 

55.08a 
9.99c 
3.00a 

Concerning the lipid composition, it was interesting to note that no changes occurred in the ergosterol 
the condition used during the acclimation. However, it seemed that this 

acclimation process (NOXI) induced a significant decrease of membrane fluidity because the relations 
between UFA and SFA, ergosterol and squalene, and oleic (C18:1) and stearic (C18) acid were the lowest. 
On the other hand, in situation of catabolite derepression (exhaustion of fermentable sugars, ETOXI 

. Indeed, we observed a 
content slightly higher in ETOXI than in both 

ers increased when yeast cells grew on 
rol/zymosterol. 

In conclusion, our results seem to show that the best cell acclimation to ethanol depends on the cell sugar 
, vacuolar activity and lipid 

composition at 25ºC. Some works are necessary to confirm these features at lower temperature, 15-17ºC. 
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Non-Saccharomyces – biodiversity – wine – alcoholic fermentation 

Introduction 
Grape juice is a non-sterile mixture with several types of microorganisms belonging to the microbiota 
naturally present on grape berries. In particular, yeasts can ferment the substrate, promoting the 
transformation of grape sugars into ethanol, carbon dioxide and hundreds of other metabolites (alcoholic 
fermentation). Spontaneous fermentation is carried out through a sequence of different yeast species, 
in reason of their metabolic aptitudes and of alcohol tolerance: non-Saccharomyces yeasts are the most 
abundant at the beginning of alcoholic fermentation (AF), replaced, after 3–4 days, by Saccharomyces 
cerevisiae [1]. S. cerevisiae is considered the principal microorganism responsible for vinification. 
However, during spontaneous AF several yeast genera such as Hanseniaspora, Kloeckera Candida, Pichia, 
Zygosaccharomyces, Schizosaccharomyces, Torulaspora, Kluyveromyces and Metschnikowia have been 
isolated [1-3].  

Non-Saccharomyces yeasts, generally considered spoilage yeasts, in several cases display physiological 
characteristics that lead to consider some strains as potential starter cultures, with a positive influence on 
the quality of the wine [1] and/or may be used with a specific technological purpose (e.g. to decrease 
volatile acidity, decrease alcohol content) [4]. In addition, several authors have recently proposed the direct 
application of non-Saccharomyces as biocontrol agents against moulds or spoilage microorganisms [5].  

Several studies suggest the inclusion of non-Saccharomyces wine yeasts, together with Saccharomyces 
strains as part of mixed and multi-starter fermentations [6-9]. The study of non-Saccharomyces microbial 
biodiversity represents a subject of increasing interest in wine regions. It is crucial to underline that non-
Saccharomyces yeasts are a very heterogeneous group of microbes, representing not only a vast source of 
direct applications [3], but posing also risks to the quality of wine. The aim of this work was to study, for 
the first time, the biodiversity of cultivable non-Saccharomyces yeasts associated with grapes collected 
from the North-Apulian region on the autochthonous vine variety ‘Uva di Troia’ ‘Nero di Troia’ is the 
corresponding wine obtained with ‘Uva di Troia’ as unique variety during the vintages ‘2012’ and ‘2013’. 
In particular we collected grapes in vineyards from four different geographical areas (San Severo, Barletta, 
Lucera, Ascoli Satriano) on which production of four different wines with the status of geographical 
indication (wine with appellation of origin) (‘San Severo Rosso’ DOC, ‘Rosso Barletta’ DOC, ‘Cacc’e 
mitte’ DOC, ‘Tavoliere delle Puglie’ DOC) is achieved. The common denominator of these wines is the 
autochthonous grape variety ‘Uva di Troia’, which can be used at different percentages in reason of product 
specification limitations. 

Materials and methods  
Spontaneous fermentations and media preparations 
Spontaneous alcoholic fermentations were performed by sampling Nero di Troia grape cultivars in the 
North Apulia area from four vineyards located in the geographical areas of San Severo, Barletta, Lucera, 
and Ascoli Satriano, during vintages 2012 and 2013. Yeast sampling was accomplished at the beginning of 
AF on WL nutrient agar, supplemented with 10 mg/l chloramphenicol. About 25 green colonies, with 
different morphology, were selected for isolation and identification and stored at -80°C in YPD medium 
supplemented with glycerol (30% v/v).   

Genotypic characterization  
The isolates were identified by PCR-RFLP analysis of 5.8S rRNA genes and the two ribosomal internal 
transcribed spacers (ITS), performed according with Esteve-Zarzoso et al. [10]. 



 Microorganismes du raisin et du vin 

 293 

Table 1 - Identification of yeast isolated from grape must collected from four wineries (Barletta, San Severo, Lucera, Ascoli Satriano) 
by ITS-RFLP analysis and sequencing 

Species 1 ITS Restriction fragments N° isolates Origin Accession 
HaeIII HinfI CfoI DdeI 2012 2013 Number 

Candida boidinii 750 700 390+190+160 350+310+90 / 12 8 Barletta  KP241860-KP241861 

Candida zemplinina  475 475 235+235 215+110+80+60 / 9 12 Barletta KP241864-KP241865 

Hanseniaspora guilliermondii 750 750 350+200+180 320+310+105 380+180+95+80 25 30 Barletta KP241874-KP241875 

Issatchenkia terricola 450 290+125 240+105+105 130+100+90+85+45 / 2 / Barletta KP241882-KP241883 

Zygosaccharomyces bailii 790 690+90 340+225+160+55 320+270+95+95 / 2 / Barletta KP241898-KP241899 

Candida boidinii 750 700 390+190+160 350+310+90 / 7 2 San Severo KP2281424-KP281425 

Candida zemplinina  475 475 235+235 215+110+80+60 / 12 10 San Severo KP241866-KP241867 

Hanseniaspora guilliermondii 750 750 350+200+180 320+310+105 380+180+95+80 22 24 San Severo KP241876-KP241877 

Issatchenkia terricola 450 290+125 240+105+105 130+100+90+85+45 / 6 5 San Severo KP241884-KP241885 

Hanseniaspora uvarum  750 750 350+200+180 320+310+105 300+180+95+90+85 1 8 San Severo KP241872-KP241873 

Zygoascus hellenicus  650 625 350+170+130 325+325 / 2 1 San Severo KP241902-KP241903 

Candida boidinii 750 700 390+190+160 350+310+90 / 10 4 Lucera KP2281426-KP281427 

Candida zemplinina  475 475 235+235 215+110+80+60 / 8 10 Lucera KP2281428-KP281429 

Hanseniaspora guilliermondii 750 750 350+200+180 320+310+105 380+180+95+80 26 26 Lucera KP241878-KP241879 

Issatchenkia terricola 450 290+125 240+105+105 130+100+90+85+45 / 2 1 Lucera KP241886-KP241887 

Zygosaccharomyces bailii 790 690+90 340+225+160+55 320+270+95+95 / 2 1 Lucera KP241900-KP241901 

Hanseniaspora uvarum  750 750 350+200+180 320+310+105 300+180+95+90+85 1 6 Lucera KP241870-KP241871 

Hanseniaspora opuntiae  750 750 350+200+180 320+310+105 / 1 2 Lucera KP241868-KP241869 

Candida boidinii 750 700 390+190+160 350+310+90 / 12 8 Ascoli Satriano KP241862-KP241863 

Candida zemplinina  475 475 235+235 215+110+80+60 / 6 10 Ascoli Satriano KP2281430-KP281431 

Hanseniaspora guilliermondii 750 750 350+200+180 320+310+105 380+180+95+80 30 30 Ascoli Satriano KP241880-KP241881 

Issatchenkia terricola 450 290+125 240+105+105 130+100+90+85+45 / 2 2 Ascoli Satriano KP241888-KP241889 
1 Species assignation according to Esteve-Zarzoso et al. [10] 
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PCR products were digested without further purification with the fast restriction endonucleases HaeIII, 
HhaI (CfoI) and HinfI, although in some cases endonuclease DdeI was used. Two randomly selected PCR 
fragments for each restriction pattern obtained with RFLP-PCR were purified using the QIAquick PCR 
purification kit and sent to Primm Biotech (Milano, Italy) for sequencing. Identification of the strains was 
performed by comparison with sequences available at the NCBI database (GenBank) using the standard 
nucleotide_nucleotide homology search Basic Local Alignment Search Tool (BLAST, http://www.ncbi. 
nlm.nih.gov/BLAST).  

The 5.8 ITS sequences obtained were deposited in the GenBank data library under the accession numbers 
for the strains reported in Table 1. Data generated has been analyzed by One-way ANOVA, Tukey test 
(P < 0.005). All statistical analyses were performed using Past, version 3.05 [11]. 

Results and discussion 
A total of 200 purified-colonies isolated from grape juice during alcoholic fermentation from Uva di Troia 
variety were subjected to a PCR-RFLP analysis of the 5.8S ITS rDNA region. Samples were collected from 
four different vineyards located in the North Apulia region (Figure 1) during two consecutive vintages, 
2012 and 2013. The yeast species identified and the isolation frequencies obtained during the spontaneous 
fermentations are shown in Table 1. A wide variety of non-Saccharomyces yeasts were found. We observed 
8 different restriction profiles of ITS–5.8S rDNA region, corresponding to Candida boidinii, Candida 
zemplinina, Hanseniaspora guilliermondii, Issatchenkia terricola, Zygosaccharomyces bailii, 
Hanseniaspora uvarum, Zygoascus hellenicus and Hanseniaspora opuntiae (Table 1). All samples 
analyzed in this study show the predominance of non-Saccharomyces yeasts in the first steps of 
spontaneous alcoholic fermentation [12-14]. 
 

 
 
 
 
 

Fig. 1 - Schematic representation 
of the geographical vineyard 

sampling location. 

 

 

 

Several yeast species such as C. boidinii, C. zemplinina, H. guilliermondii and I. terricola represented a 
common denominator of all the vineyards studied. Otherwise some species has been isolated only from one 
vineyard (for example, Z. hellenicus from San Severo and H. opuntiae from Lucera) (Table 1). In Figure 
2A and 2B the frequency of strains identified from the four different vineyards, respectively during vintage 
2012 and 2013, is shown. In Figure 3 the frequency of yeast isolated during vintage 2012 and 2013 in Nero 
di Troia vineyards is reported. Among the non-Saccharomyces characterized in this study, the most 
abundant genera were Hanseniaspora (about 58%: H. guilliermondii 53%, H. uvarum 4% and H. opuntiae 
1%) and Candida (about 32%: C. zemplinina 19% and C. boidinii 16%) (Figure 3). The analysis of non-
Saccharomyces diversity in the four different areas revealed a great variability, showing, in several cases, 
statistically significant differences among locations (Figure 2) and vintages (Figure 3).  

In terms of yeast diversity, our results are similar to those found in other wine-producing areas. In fact, 
several studies already reported a dominance of Candida and Hanseniaspora genera, at the beginning of 
spontaneous AF in wine [14, 15] although non-Saccharomyces yeast such as Lachancea, 
Wickerhamomyces and Torulaspora were sometimes reported as the main non-Saccharomyces dominant 
species [16]. Furthermore, it is important to underline that, within Candida and Hanseniaspora genera, 
the species with the highest frequencies are usually different. For example, in this work H. guilliermondii 
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and C. zemplinina were found as dominant species, while Ocón et al. [17], investigating the yeast 
population present in four spontaneous alcoholic fermentations in the Rioja appellation (D.O.Ca. Rioja, 
Spain), found C. stellata and H. uvarum in major proportions during fermentation. Our results can be 
correlated to specific pedoclimatic conditions, in fact both vintage studied has been characterizated by high 
levels of precipitation. 

 

 
Fig. 2 - Percentage frequency of non-Saccharomyces yeasts isolated from spontaneous fermentation 

of vine variety “Uva di Troia”, during vintages 2012 (a) and 2013 (b). Open bars, Ascoli Satriano 
vineyards; black bars, San Severo vineyards; light grey bars, Lucera vineyards; dark grey bars, 

Barletta vineyards. Different letters in superscript bars indicate statistical significance 
(One-way ANOVA, Tukey test P < 0.005). 

 
 

 
Fig. 3 - Percentage non-Saccharomyces yeast frequencies during vintage 2012 (dark grey bars) 
and 2013 (light grey bars). Different letters in superscript bars indicate statistical significance 

(One-way ANOVA, Tukey test P < 0.005). 
 

The most represented among species isolated in this study, in both vintages and in all the locations, are 
H. guilliermondii and C. zemplinina, non-Saccharomyces yeasts of oenological interest. These findings 
lead us to suggest these two species as possible candidates for the design of mixed/multistrains 
autochthonous starter cultures for several typical Apulian wines, with the final aim to achieve a product via 
a representation of autochthonous virtuous microbial diversity.  

In conclusion, this is the first report on the yeast microbiota during the beginning steps of spontaneous 
alcoholic fermentation from Apulian Nero di Troia wines. Our findings provide the basis for an improved 
management of non-Saccharomyces in typical Apulian wines important for the development of the local 
wine industry and to achieve an enhanced standard of safety in the final productions.  
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Chitosane – rémanence – Brettanomyces bruxellensis – microscopie électronique 

Introduction 
Les moyens de lutte contre la principale levure d’altération des vins rouges, Brettanomyces bruxellensis, 
reposent essentiellement sur des démarches préventives visant à créer des conditions défavorables à son 
développement et à suivre analytiquement les vins. Malheureusement, ces moyens ne sont pas toujours 
suffisamment efficaces, et il existe encore beaucoup de situations pour lesquelles un développement 
excessif de cette levure entraîne des concentrations en phénols volatils bien au-delà de leur seuil limite de 
préférence.  

Le chitosane, associé à une préparation enzymatique (OenoBrett) est un des rares moyens permettant de 
lutter contre cette levure mais les mécanismes sous-tendant son action ne sont pas encore totalement 
élucidés. Chez certains microorganismes, une dépolarisation de la membrane plasmique est évoquée [1], 
associée à une chélation des métaux, empêchant ainsi la croissance cellulaire [2]. Néanmoins, peu d’études 
se sont intéressées à l’action du chitosane sur les microorganismes œnologiques. C’est pourquoi des 
observations en microscopie électronique en transmission ont été réalisées afin d’observer à l’échelle 
cellulaire l’action du chitosane, que ce soit en milieu modèle ou bien dans des vins naturellement 
contaminés.  

Dans un deuxième temps, une étude sur la rémanence du chitosane a été réalisée afin de comprendre si 
l’application de ce produit, à action très rapide, perdurait dans le temps. Pour cela, des vins traités à 
l’OenoBrett® ont été artificiellement contaminés avec B. bruxellensis et leur population ainsi que la 
production de phénols volatils suivie. 

Matériel et méthodes 
Souches, vins et milieux modèles 
La souche de B. bruxellensis IOEB 1120 (CRB Œnologie, ISVV, Bordeaux) a été utilisée et cultivée en 
milieu liquide YPD. Les cultures en milieu YPD ou bien des vins contaminés ont été traités à l’aide 
d’OenoBrett® (Laffort) à 10 g/hL.   

Analyses microbiologiques et dosage des phénols volatils 
Les populations de B. bruxellensis sont suivies sur milieu sélectif MIL-BRETT (SARCO). Les dosages 
d’éthyl-4-phénol et d’éthyl-4-gaïacol sont réalisés par le laboratoire SARCO, par SBSE-GS-MS.  

Observations par microscopie électronique en transmission 
Après centrifugation et obtention d’un culot, les levures sont déposées dans un support échantillon puis 
recouvertes d’un second support et insérées dans l’équipement afin de réaliser la cryofixation haute 
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pression (HPM100-Leica Microsystems, Vienne). Les échantillons sont ensuite cryo-substitués dans 2% 
tétroxyde d’osmium dilué dans de l’acétone anhydre à -80°C pendant 3 jours. Après plusieurs paliers de 
remontée en température (8h à -60°C ; 8h à -30°C puis une dernière étape à 4°C), le milieu de substitution 
est remplacé par de l’acétone pure. Pour l’inclusion, après un premier bain dans la résine époxy/acétone 
(1/3) pendant 3h, le mélange est remplacé successivement par un mélange 1/1 puis 3/1 de 3h chacun. Apres 
une nuit en résine 100%, cette dernière est polymérisée à 60°C pendant 48 heures. Les blocs sont ensuite 
coupés à l’aide d'un couteau de diamant (Diatome, Biel- Bienne, Suisse) sur un ultra-microtome 
(EM Ultracut - UC7, Leica Microsystems, Vienne, Autriche). Les coupes Ultrafines sont alors prélevées 
sur des grilles de cuivre puis contrastées avec de l’acétate d’uranyle et du citrate de plomb. 

Les grilles sont examinées au Bordeaux Imaging Center, à l’aide d’un microscope électronique en 
transmission (H7650, Hitachi, Tokyo, Japon) à 80 kV, équipé d'une caméra Orius 11Mpixel 
(Roper scientifique, France). 

Protocole mis en œuvre pour l’étude de la rémanence du chitosane 
Un vin rouge du millésime 2013 (TAV : 12,93% vol. ; AV : 0,5 g/L H2SO4 ; AT : 3,21 g/L H2SO4 ; 
pH : 3,65), contenant une population initiale de 4,8.104 UFC/mL de B. bruxellensis et une concentration en 
éthyl-4-phénol + éthyl-4-gaïacol de 332 µg/L est traité avec 10 g/hL d’OenoBrett® (Laffort). Une fraction 
est conservée non traitée. Le vin traité est régulièrement re-contaminé avec des cellules de B. bruxellensis 
(10 à 50 UFC/mL final), 8 jours, 1 mois ou 2 mois après traitement. Le vin non traité est séparé en deux 
autres fractions, l’une étant conservée telle que afin d’observer l’évolution des populations initiales de 
B. bruxellensis, l’autre étant filtrée sur membrane de 0,45 µm de taille de pores afin d’observer l’effet d’un 
traitement alternatif. 

Résultats et discussion 
Observations microscopiques de l’effet d’OenoBrett® sur des populations de B. bruxellensis en milieu 
modèle et dans du vin 
Les photos présentées figure 1 indiquent qu’avant traitement, les cellules possèdent une bonne intégrité 
cellulaire, une paroi et membrane plasmique visibles, ainsi que des organites en bon état. Huit jours après 
traitement, de gros amas, correspondant vraisemblablement au chitosane sont visibles, associés à des 
structures, sans paroi ni membrane, se présentant comme des agglomérats de structures subcellulaires 
(figure 1). Ainsi, dans ces conditions, le chitosane a entraîné la déstructuration totale des cellules, et sur 
l’ensemble des lames observées, aucune structure cellulaire intacte n’a pu être visible. Dans le vin, avant 
traitement, les cellules présentent aussi une structure cellulaire viable (figure 2), et dès le premier jour de 
traitement, bien que les parois soient encore visibles, le milieu intracellulaire est fortement perturbé et les 
structures subcellulaires totalement désorganisées. Cet effet est renforcé après 4 et 8 jours de traitement.  

 
Fig. 1 - Cellules de B. bruxellensis cultivées en milieu YPD non traitées (photos de gauche)  

ou bien traitées à 10 g/hL d’OenoBrett® et observées après 8 jours (photos de droite). 
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Fig. 2 - Cellules de B. bruxellensis dans du vin naturellement contaminé,  

traité ou non à OenoBrett® (10 g/hL) et observé après 1, 4 et 8 jours de traitement.  
 
Evolution des populations de B. bruxellensis dans un vin traité à l’OenoBrett : impact d’une re-
contamination 
La figure 3 illustre l’évolution des populations de B. bruxellensis au cours des 4 mois de conservation après 
traitement ou non à l’OenoBrett®. Le témoin non traité maintient une population au delà de 103 UFC/mL et 
la concentration en phénols volatiles est multipliée par 7 en 4 mois. Les traitements qu’ils soient physique 
(filtration) ou à base de chitosane, permettent l’élimination de B. bruxellensis de façon rapide et 
pratiquement totale si bien qu’après 1 semaine, plus aucune cellule n’est détectable (inférieur à 
10 UFC/mL). Néanmoins, la modalité filtrée s’est spontannément re-contaminée, indiquant que des cellules 
résiduelles ont pu se développer et entraîner la formation de phénols volatils, dont la concentration est 
multipliée par 5 durant les 4 mois de conservation (tableau 1). Le vin traité montre une augmentation 
transitoire des populations, correspondant peut-être à des cellules présentes dans les lies, mais qui en aucun 
cas n’entraînent la synthèse de phénols volatils. Dans l’essai traité et re-contaminé après deux mois, 
les populations s’implantent transitoirement, mais ne sont pas capables, dans ces conditions 
d’expérimentation, de former des phénols volatils. Des résultats similaires sont généralement obtenus pour 
des re-contaminations réalisées après 1 semaine et 1 mois de traitement. Dans quelques rares cas, une 
augmentation de population assortie d’une augmentation en phénols volatils peut être observée 
(mais jamais au niveau du témoin non traité ou de la modalité filtrée), indiquant que la rémanence observée 
du produit OenoBrett permet de limiter la synthèse de phénols volatils mais parfois pas de l’empêcher 
totalement (données non montrées). 

 
 

 

 

 

 

 

 

Fig. 3 - Evolution des populations de B. bruxellensis dans le cas d’un vin laissé sur Oenobrett® 
(Laffort) durant 4 mois et re-contaminé artificiellement après 2 mois  
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Tableau 1 - Concentration en éthyl-4-phénols et éthyl-4-gaïacol  
après 4 mois de conservation des vins  

Traitements Somme des éthyl-4-phénol 
et éthyl-4-gaïacol (µg/L) 

Vin non traité (témoin) 2252 
Vin filtré (0,45 µm)  1631 

Vin traité avec 10 g/hL de Oenobrett®, non re-contaminé 280 
Vin traité avec 10 g/hL de Oenobrett® et re-contaminé après 2 mois 300 

 

Conclusion 
Les observations microscopiques réalisées indiquent que le chitosane agit rapidement sur les cellules de 
B. bruxellensis. Dès le premier jour de traitement, que ce soit en milieu modèle ou dans du vin, 
l’organisation intracellulaire est fortement perturbée, ne laissant plus aucun organite intact. De plus, la 
paroi et membrane cellulaire disparaissent progressivement, ne laissant que des “squelettes” visibles en 
microscopie. L’observation microscopique indique également que le chitosane forme de grosses particules, 
qui sédimentent rapidement. Néanmoins, l’étude sur la rémanence du produit montre que son effet est 
prolongé durant au moins 4 mois. Cet effet peut être lié soit à un effet direct par la présence de particules 
plus fines ayant aussi une activité vis-à-vis de B. bruxellensis, soit de façon indirecte en influençant la 
composition du vin, créant ainsi des conditions défavorables au développement et l’activité métabolique de 
cette levure. Des travaux supplémentaires sont donc nécessaires afin de comprendre plus précisemment les 
mécanismes sous-tendant cet effet rémanent. Ainsi, le produit OenoBrett®, jusqu’ici préconisé uniquement 
dans le cas d’une démarche curative, peut aussi être utilisé dans une action préventive vis-à-vis du 
développement de B. bruxellensis.   
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Native lactic acid bacteria – malolactic fermentation – Oenococcus oeni – Priorat 

Introduction 
Malolactic fermentation (MLF) usually occurs after alcoholic fermentation (AF), especially in red wines. 
MLF is the decarboxylation of L-malic acid into L-lactic acid and CO2, which contributes to an 
organoleptic improvement of wine and its microbiological stability. This process is carried out by lactic 
acid bacteria (LAB), particularly by Oenococcus oeni.  

The trend of consumer preferences in recent years to the ecological wines represents an opportunity for 
traditional and peculiar terroirs. In this sense, the use of native LAB as inoculum can offer great potential. 
To achieve this goal, a good collection of isolated and well-typified strains is required, and an accurate 
assessment of their potential in winemaking too. 

This work is part of a project whose main objective is to identify, select and characterize indigenous 
microbial diversity of vineyards and wines from the DOQ (Denominació d’Origen Qualificada, Qualified 
Appellation of Origin) Priorat (South Catalonia), and from other European wine regions. 

Materials and methods 
Sampling 
26 samples of Grenache and Carignan grapes and 47 samples of wine made with those same grapes 
performing spontaneous MLF were aseptically collected from two consecutive vintages (2012 and 2013) 
from vineyards of Priorat. In these vineyards, minimal pesticide treatment was used and commercial LAB 
strains were not used. The wines had high alcohol content (13.5-16%) and a pH of 3.4-3.6. 

Isolation and growth conditions 
Grape samples were homogenized (Stomacher-400 Circulator Seward: 2500 rpm, 2.5 min) and both the 
must and pulp obtained, and whole grapes were collected separately. These samples were cultured in 
MRSm3 medium, which is MRS [1] supplemented with L-malic acid (3 g/L), fructose (5 g/L), nystatin 
(100 mg/L), sodium azide (25 mg/L), L-cysteine (0.5 g/L) and tomato juice (100 mL/L), at pH 5, 
and incubated 7-15 days in anaerobic atmosphere at 27ºC. When growth was observed, the sample was 
cultured on solid MRSm3 (20 g/L agar). After 7-15 days of growing in anaerobic atmosphere at 27ºC, 
30 colonies were picked randomly from each sample and cultured in the same medium without agar. 
Wine samples were directly cultured on solid MRSm3. All isolates confirmed to be LAB (morphology, 
Gram +, catalase -) were kept at -20ºC with glycerol. 

Strain identification and typification 
The isolates with characteristics of Oenococcus were confirmed to be O. oeni by specific PCR technique 
[2]. Afterwards, they were typified using Variable Number Tandem Repeat (VNTR) following [3]. The rest 
of the isolates (lactobacilli and other cocci) were identified with 16S-ARDRA method and MseI digestion 
in accordance with [4]. The DNA extraction was performed according to [5]. The PCR products were 
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solved by electrophoresis in 1.5% (w/v) agarose gels with TBE 1x (100V, 1h30), and were dyed with 
ethidium bromide. 100-pb markers were used (Roche Diagnostics). The different profiles obtained were 
confirmed by 16S fragment sequencing. Subsequently, they were typified using rep-PCR with GTG5 
technique [6]. 

L-malic acid degradation by the isolates in simulated wine 
Wine-Like Medium (WLM) according to [7] was used, with 2 g/L L-malic acid. The strains were grown in 
MRSm3 medium until A600nm = 1.6. The pellet obtained was inoculated (2%) in 50 mL of WLM 12 and 
14% of ethanol, by duplicate for each strain, at 20ºC. L-malic acid was measured enzymatically 
(Miura One, TDI S.A.) and both the L-malic acid consumption and fermentative velocity were calculated. 

Best strains phenotypic and genotypic characterization 
Resistance tests were performed with the best strains during growth in WLM combining different pHs (2.8, 
3, 3.3, 3.6 and 4) and ethanol quantities (6, 12, 14 and 16%) during 3 weeks, following [8]. The detection 
of the histidine decarboxylase (hdc), tyrosine decarboxylase (tdc) and ornithine decarboxylase (odc) genes 
was performed by specific PCRs according to [9] with the extraction of DNA in order to discard the 
possible biogenic amine producer strains. The Simple Nucleotide Polymorphism (SNPs) technique was used 
to analyse these strains too, to obtain the phylogenetic relationship between them, following [8]. 

MLF starter culture in cellar 
The three best O. oeni strains were selected regarding their L-malic acid degradation and characterization 
results and were used as starter culture for the inoculation of a total of four wines (two made from 
Grenache and two from Carignan) in cellar. For each wine, the strains were grown separately in 1.5 L of 
MRSm3 medium until A600nm = 1.6. The total pellet obtained was used to inoculate (2%) 225 L of wine. 
L-malic acid consumption was followed in the cellar. FML final samples were collected to confirm the 
presence of the inoculated bacteria. 

Results and discussion 
The total samples analysed provided us with 1904 LAB isolates (Table 1). Most of them were confirmed to 
be O. oeni by specific PCR technique. For bacilli and other cocci, LAB common species in grapes and wine 
were found, such as Lactobacillus mali, L. plantarum, L. sanfranciscensis and Pediococcus pentosaceus, 
and other less common such as L. lindneri and Fructobacillus tropaeoli were found too. Some grapes were 
processed for observation with the Scanning Electronic Microscope (SEM) and probable forms of LAB 
were observed (Figure 1). 
 

Table 1 - Number of isolates from the grape and wine samples 

Lactic acid bacteria Grape Wine Total 
Oenococcus oeni 111 1318 1429 

Bacilli and other cocci 413 62 475 

Total of isolates 524 1380 1904 
 
O. oeni identified isolates were typified using VNTR, obtaining 180 different profiles. Bacilli and other 
cocci were typified with rep-PCR with the GTG5 technique, obtaining a wide variety of profiles. The 50 
predominant strains, from O. oeni, bacilli and other cocci, were characterized by their efficiency of L-malic 
degradation and their fermentative speed in simulated wine fermentation (Table 2). 

 
 

 
Fig. 1 - Bacilli, probably LAB, in a sample of 

grape skin (SEM, Servei de Recursos Científics 
i Tècnics, URV). 

 
 



 Microorganismes du raisin et du vin 

303 

Table 2 - Efficiency of L-malic degradation (2 g/L) in wine-like medium (WLM) and fermentative 
speed from the predominant strains from different species. Ratio strains grouped by 

their efficiency are shown. Assays were done in duplicate. 

Species 
Strain ratio 

(%) 

% L-malic consumed MLF speed (mg/L/h) 

12 g/L Ethanol 14 g/L Ethanol 12 g/L Ethanol 14 g/L Ethanol 

O. oeni 

64 100 100 25-40 20-28 

12 100 80-100 13-17 3-6 

4 100 <50 18 2 

4 80-100 80-100 4 4 

F. tropaeoli 4 100 66 15 3 

L. mali 4 100 73 15 3 

L. lindneri 4 100 51 15 2 

L. plantarum 4 36 33 4 1 

 
Based on resistance tests and fermentation speed results the best strains were selected. None of the biogenic 
amine genes analysed were found in the studied strains, which contribute positively to their use as MLF 
starter strains. On the other hand, the SNP technique results suggest that the majority of the strains are 
grouped into a unique phylogenetic cluster.  

The inoculum prepared with the three best strains successfully performed FML in the two Grenache 
(1 week) and two Carignan wines (1 month). The imposition from two of the inoculated strains in those 
MLF was confirmed. 

Conclusion 
Different species of Lactobacillus from grape and beginning of MLF were isolated, and an important 
number of Oenococcus oeni strains was isolated from MLF, making them an important source of study for 
the selection of native starters from Priorat.  

The isolation of O. oeni directly from grape has been achieved in this project, which has not been reported 
before. This has been possible thanks to the exhaustive sampling and especially the use of richer media and 
longer incubation times.  

Moreover, MLF has been carried out successfully in Grenache and Carignan wines in cellar, using the three 
best strains found as inoculum. 
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Non-Saccharomyces yeasts – aromatic profile – indigenous yeast – gas chromatography  

Introduction  
Interest in customized and personal vinifications has increased lately in order to differentiate high quality 
wines from standard ones [1]. In addition, organic wine demand has increased due to consumer concern 
about environmental issues [2]. Although employing commercial yeasts allows a better control on 
winemaking processes, it finally gives way to the homogenization of quality in the market of wine 
products. Nowadays, many wineries are making efforts in the development of natural and ecologic wines 
whose differentiated characteristics could confer market advantages [1-3]. Among different yeast genera, 
particularly, non-Saccharomyces ones are known to start fermentation and contribute metabolites 
responsible for particular organoleptic properties of wines [4-11]. 

The Research Team of Microbial Biotechnology at Francisco de Vitoria University has analyzed more than 
600 grape and must samples obtained from different wineries belonging to Ribera del Duero PDO (Spain). 
Thus, 25 yeast strains belonging to 8 genera have been isolated and identified using AFLP molecular 
markers, based on the methodology previously developed by the research team. Among these, a reduced 
number of isolated yeast strains was selected [12, 13]. This assortment was carried out following 
oenological advice, sensory analysis and evaluation of microfermentations via GC-FID [14]. 

The aim of this work is firstly to study the contributions of these yeasts on the production of different 
alcohols and esters during must fermentation, and afterwards, to select aromatic effects (both positive and 
negative) due to differences in starting yeast population and its evolution along fermentation. Hence, our 
goal is to analyze the synergies or mitigated responses which could result in wine complex aromatic 
profiles caused by the participations of these yeasts along must fermentation.  

Materials and methods 
Chemicals 
Dichloromethane was supplied by Sigma. Acetaldehyde, ethyl acetate, 1-propanol, isobutyl acetate, ethyl 
butyrate, isoamyl acetate, ethyl hexanoate and ethyl propionate were purchased from Dr. Ehrenstorfer 
GmbH. Concentrated red wine must was supplied by Mostos Españoles S.A. Glucose, peptone and yeast 
extract were obtained from Conda. Deionized water was used to prepare all media and stock solutions. 

Yeast strains 
Saccharomyces cerevisiae U3c1, Saccharomyces uvarum M1.6.4f, Hanseniaspora uvarum M1.4.2fl, 
Kluyveromyces thermotolerans U3.1, Metschnikowia pulcherrima M1.4.5f and Torulaspora delbrueckii 
M3.7.8 were the yeast strains used in this work. 

Microfermentation assays 
Experiments were carried out using 50 mL of rehydrated must (15ºBx) coming from Tempranillo grape 
variety. 107 cells.mL-1 was employed as total initial biomass concentration. Pre-inoculums in liquid YPD 
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medium (20 g.L-1 glucose, 20 g.L
and grown over night at 22ºC. Samples were coll

Analysis of volatile compounds 
Gas chromatography coupled with flame ionization detector (GC
collected from fermentation broth. Acetaldehyde, ethyl acetate, isoamyl acetate,
hexanoate and ethyl propionate were determined by direct injection into a 7980A gas chromatographer 
(Agilent Technologies Inc., Palo Alto, CA) equipped with a flame ionization detector. These 
performed at the Gas Chromatography Service of Biological Research Center (CIB

Results and discussion 
In previous works [15], different 
PDO (Spain) were employed individually in 
fermented must were analyzed by GC
showing the desired characteristics. In this work, different combinations of the
have been used in fermentation experiments carried out
wine (Table 1).  
 

Table 1 - Experimental design. Combination of indigenous yeast st
to carry out the alcoholic 

Ferm. 
No. 

S. cerevisiae U3c1,
S. uvarum M1.6.4f,

K. thermotolerans 

1 

4·106 cells·mL-1

2 

3 

4 

5 

6 

 
The results showing the relative production of each previously mentioned compound at the end of each 
fermentation is presented in Figure 1. The relative production 
chromatographic signal of a particular compound and the maximum signal obtained. 
 

 
 
 

 

 

 

 

 

Fig. 1 - Relative production of volatile compounds. 
(c) Isoamyl acetate. (d) Ethyl propionate. (e) Ethyl hexanoate. (f) Acetaldehyde.

glucose, 20 g.L-1 peptone and 10 g.L-1 yeast extract) were prepared from frozen stocks 
. Samples were collected after 17 days of fermentation [15]

Gas chromatography coupled with flame ionization detector (GC-FID) was employed with samples directly 
collected from fermentation broth. Acetaldehyde, ethyl acetate, isoamyl acetate, 
hexanoate and ethyl propionate were determined by direct injection into a 7980A gas chromatographer 
(Agilent Technologies Inc., Palo Alto, CA) equipped with a flame ionization detector. These 

tography Service of Biological Research Center (CIB-CSIC)

iscussion  
, different yeast strains isolated from wineries belonging to the Ribera del Duero 

PDO (Spain) were employed individually in controlled must fermentations. The aromatic compounds of the 
fermented must were analyzed by GC-FID and the results obtained allowed the selection of
showing the desired characteristics. In this work, different combinations of the yeasts 

in fermentation experiments carried out to analyze the aromatic profiles of the resulting 

Experimental design. Combination of indigenous yeast strains used as starters
to carry out the alcoholic fermentation of grape must. 

U3c1, 
M1.6.4f, 

K. thermotolerans U3.1 

M. pulcherrima 
M1.4.5f 

H. uvarum 
M1.4.2fl 

T. delbrueckii 

1 

2·106 cells·mL-1 - 

- 2·106 cells·mL-1 

- - 2

2·106 cells·mL-1 - 2

- 2·106 cells·mL-1 2

2·106 cells·mL-1 2·106 cells·mL-1 

elative production of each previously mentioned compound at the end of each 
is presented in Figure 1. The relative production is calculated as the ratio between the 

chromatographic signal of a particular compound and the maximum signal obtained.  

Relative production of volatile compounds. (a) Ethyl acetate. (b) Isobutyl acetate.
(c) Isoamyl acetate. (d) Ethyl propionate. (e) Ethyl hexanoate. (f) Acetaldehyde.

yeast extract) were prepared from frozen stocks 
[15].  

FID) was employed with samples directly 
 ethyl butyrate, ethyl 

hexanoate and ethyl propionate were determined by direct injection into a 7980A gas chromatographer 
(Agilent Technologies Inc., Palo Alto, CA) equipped with a flame ionization detector. These analyses were 

CSIC) [16, 17].  

from wineries belonging to the Ribera del Duero 
The aromatic compounds of the 

FID and the results obtained allowed the selection of specific strains 
yeasts previously chosen 

to analyze the aromatic profiles of the resulting 

ains used as starters 

T. delbrueckii 
M3.7.8 

- 

- 

2·106 cells·mL-1 

2·106 cells·mL-1 

2·106 cells·mL-1 

- 

elative production of each previously mentioned compound at the end of each 
is calculated as the ratio between the 

 

Isobutyl acetate. 
(c) Isoamyl acetate. (d) Ethyl propionate. (e) Ethyl hexanoate. (f) Acetaldehyde. 
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The results show that T. delbrueckii produce the highest levels of ethyl acetate, isobutyl acetate, ethyl 
propionate and acetaldehyde, when the selected strains of S. uvarum, S. cerevisiae and K. thermotolerans 
are simultaneous employed, even though it causes a big accumulation of undesirable ethyl acetate. Besides, 
under these conditions, H. uvarum causes the biggest production of ethyl hexanoate, while M. pulcherrima 
achieves the most intense isoamyl acetate build up.  

Moreover, the simultaneous presence of M. pulcherrima and H. uvarum results in the best volatile profile, 
allowing the richest production of favorable aromatic compounds and the lowest quantity of ethyl acetate. 
However, despite the fact that the other combination caused a significant build up of ethyl acetate, 
it resulted in an interesting bouquet, according to the oenologist advice. 

Conclusion  
Hanseniaspora uvarum M1.4.2.fl, Kluyveromyces thermotolerans U3.1, Torulaspora delbrueckii M3.7.8 
and Metschnikowia pulcherrima M1.4.1 were selected as the best isolated yeast strains due to their 
particular contribution to the aromatic profile found and evaluated through oenologist advice and GC-FID 
analysis. For instance, Kluyveromyces thermotolerans U3.1 was found to produce low amounts of ethyl 
acetate and isoamyl acetate, but higher quantities of ethyl butyrate. These results are consistent with the 
result of previous work carried out using and comparing different strains of Torulaspora delbrueckii [18]. 
Other authors remark this positive effect of non-Saccharomyces yeasts in combination with Saccharomyces 
ones. However, sequential inoculation is preferred instead, which could be an improvement in our 
methodology [19]. Finally, several complex combinations of yeasts were proposed as starter cultures in 
order to carry out commercially outstanding fermentations. In conclusion, four of the tested complex 
combinations of yeasts (No. 3, 4, 5 and 6) were chosen for must fermentation in winery scale fermentation, 
since the results were congruent with the winemaker interests. 
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Introduction  
Yeast biodiversity plays a critical role in the quality of wines. In grapes, mainly non-Saccharomyces 
species are found; however, these species are gradually replaced by Saccharomyces cerevisiae throughout 
the alcoholic fermentation [1]. In order to control this process, single S. cerevisiae starter cultures have 
been used during the last decades in wineries, since non-Saccharomyces yeast species were associated with 
a negative influence and wine spoilage. Recently, several non-Saccharomyces species have been related 
with the production of favourable features such as the release of interesting volatile compounds [2]. 
Consequently, mixed starter cultures containing both S. cerevisiae and non-Saccharomyces species have 
been proposed as an approach to improve the chemical and aromatic characteristics of the final wine [3].  

On the other hand, due to the increasingly competitive global market, there is a trend in which local wine 
producers attempt to link their products with geographical identity. Additionally, the use of the same 
commercial starter cultures all over the world generates uniformity in the resulting wines. To avoid this, 
several studies support the incorporation of locally selected microorganisms, particularly yeasts, to obtain 
wines exhibiting local identity as well as complexity [4].  

The aim of this study is to validate at industrial level the use of a mixture of native Priorat yeast cells, 
composed by different non-Saccharomyces species as well as several S. cerevisiae strains. The multistarter 
culture was composed mimicking Priorat natural musts, and designed to sequentially inoculate Red 
Grenache and Carignan musts from this region. 

Materials and methods  
Yeast strains 
In this work, different yeast strains previously isolated from QDO Priorat and selected for their oenological 
potential were included as starters for wine production. Sequential inoculations were performed under 
industrial conditions (1050 L) with Red Grenache (GR) and Carignan (CA) musts in a cellar belonging to 
QDO Priorat. At time 0, non-Saccharomyces species including Hanseniaspora uvarum (29.3%), Candida 
zemplinina (14.6%), Torulaspora delbrueckii (2.4%) and Metschnikowia pulcherrima (2.4%) were 
inoculated into the must. After 24 h, a mixture of three native strains of S. cerevisiae SFB1 (17.1%), SFB2 
(17.1%) and SL1 (17.1%) were also inoculated. Proportions used for each non-Saccharomyces species 
reflected the biodiversity naturally found in Priorat musts. CA tank was inoculated with a total yeast 
population of 4·106 cells/mL while GR inoculum consisted of 4·105 cells/mL, since this must contained 
lower levels of microbial load.  

Fermentation kinetics and yeast identification 
Fermentation kinetics and yeast population dynamics of the different species were monitored. Yeast counts 
were carried out in duplicate on solid YPD and agar-Lysine (LYS) media, after serial decimal dilution of 
the samples. Plates were incubated at 28°C during 3 days. For yeast isolation and identification, samples 
were taken at 4 different time points: 24 h after the inoculation of non-Saccharomyces (24h), 24 h after de 
inoculation of S. cerevisiae (24h Sc), and at mid (M) and final (F) fermentation. Approximately 25 colonies 



OENO 2015 

310 

1,E+03

1,E+04

1,E+05

1,E+06

1,E+07

1,E+08

1,E+09

1,E+10

0 2 4 6 8

Days

Ye
as

t (
cf

u/
m

L)

990

1010

1030

1050

1070

1090

1110

1130

D
en

si
ty

 (m
g/

L)

CA YPD GR YPD CA LYS GR LYS CA Density GR Density

from each medium and each sampling point were picked up randomly. Yeast identification was performed 
by RFLP-PCR of the 5.8SITS region [5] and sequencing D1/D2 of the 26S rRNA gene [6]. Additionally, 
typing of isolates of H. uvarum by RAPD-M13 [7] and S. cerevisiae through interdelta analysis [8] was 
also carried out.  

Results and discussion 
In both grape must varieties, the alcoholic fermentation finished within 8 days. The delay in starting the 
alcoholic fermentation was due to the previous cold maceration of the must, which provoked that the low 
temperatures delayed this start until higher temperatures were achieved. Total yeast (YPD) and non-
Saccharomyces (LYS) counts along GR and CA industrial fermentations are represented in Figure 1. 
Values at time 0 correspond to must samples before inoculation. Initial yeast population of GR and CA 
started at 2·103 and 4·104 cfu/mL, respectively. This very low yeast population allowed reducing the yeast 
inoculum to 105 cells/mL in GR. In both cases, the typical growth kinetics is observed and total cell 
viability remains quite high until the end of the fermentation. Contrarily, there is no growth of 
non-Saccharomyces species at this end point, while counts at the mid fermentation were between 105 and 
106 cfu/mL. 

 

Fig. 1 - Must density and yeast growth along Grenache (GR) and Carignan (CA) fermentations. 

 
In the case of GR, the initial must presented high biodiversity concerning yeast composition, while in CA 
this diversity was much poorer than expected, although similar to other Priorat musts. In GR, isolates from 
nine different yeast species were found, the most abundant being Rhodotorula mucilaginosa (30%), 
Debaryomyces hansenii (21%) and M. pulcherrima (19%). Additionally, other species such as 
Wickerhamomyces anomalus and Zygoascus hellenicus were isolated on minor proportion. On the other 
hand, in the case of CA musts, only H. uvarum, C. zemplinina and M. pulcherrima were identified, the 
former being the most representative (74%).   

As it can be seen from Figure 2, once the must was inoculated with non-Saccharomyces yeasts, the four 
species aforementioned were recovered from the fermenting musts, except T. delbrueckii which was not 
found in the CA fermentation. After 24 hours of fermentation, the three S. cerevisiae strains were also 
added, and gradually dominated the fermentative process, although H. uvarum was still found after the mid 
fermentation point (day 5) in both cases.  
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Fig. 2 - Yeast population dynamics along Grenache and Carignan fermentations (YPD). 

Additionally, isolates from S. cerevisiae and H. uvarum species were typified in order to check the inocula 
imposition. As it is shown in Table 1, all S. cerevisiae colonies isolated at the end of the fermentation, as 
well as the H. uvarum colonies isolated at the last point recovered, showed identical electrophoretic profiles 
than those of the starter culture. These results indicate that the multistarter culture succeed in conducting 
the alcoholic fermentation in both wine grape varieties under industrial conditions.  
 

Table 1 - Percentage of strains exhibiting the same electrophoretic pattern than the inocula 

 S. cerevisiae H. uvarum 

Fermentation SFB1 SFB2 SL1 Total  

Grenache 8 44 48 100 100 

Carignan 14 18 68 100 100 

 
 
The use of locally selected inocula in the alcoholic fermentation proceeded without any significant set back 
and followed the same kinetics than the control wines in the same cellar (inoculated with a single 
commercial strain of S. cerevisiae). It is especially relevant that the inoculated non-Saccharomyces species 
were able to survive and be recovered in plates until mid fermentation, which is not usual, due to the fast 
imposition of S. cerevisiae in these fermentations. Thus, we can presume that the characteristics due to the 
presence of those non-Saccharomyces yeast will be present in the final wines. 

Conclusion 
This study highlights the applicability of locally selected non-Saccharomyces as well as S. cerevisiae 
strains in the production of QDO Priorat wines. Additionally, the use of the proposed multistarter culture 
reproduces the typical microbial footprint of wines from this geographical area. Thus, the incorporation of 
this yeast consortium to industrial alcoholic fermentations in QDO Priorat could enhance the Terroir 
characteristics of the resulting wines, but with controlled fermentations from the microbiological and 
kinetics point of view.   
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L. thermotolerans – S. cerevisiae – dissolved oxygen – mixed culture fermentations 

Introduction 
In recent years, there has been an increasing demand for styles of wine which differ from those generated 
using the most common method, i.e. the use of Saccharomyces cerevisiae starter cultures and addition of 
SO2 to eliminate indigenous yeasts [1, 2]. Furthermore, increased interest in producing wines with lower 
ethanol content and a more complex aromatic profile [3] has led to the re-evaluation of the role that non-
Saccharomyces yeasts play during winemaking and their potential use in multistarter fermentations 
together with S. cerevisiae [4]. Indeed, several studies have highlighted the potential positive contributions 
that non-Saccharomyces yeasts may provide [5-10]. Although these studies are promising, some aspects 
remain unclear. In particular, the role that dissolved oxygen can play on the behaviour of and interaction 
between yeast species remains largely unknown. In this context, it is commonly believed that ethanol plays 
the most important role in the decline of non-Saccharomyces yeasts during fermentation, but recent studies 
have indicated that dissolved oxygen could prolong their survival, thereby enhancing their global impact on 
wine [11, 12]. Indeed, most wine-related non-Saccharomyces yeasts have higher oxygen requirements than 
S. cerevisiae and oxygen availability may increase their ability to compete with S. cerevisiae. 

Lachancea thermotolerans is a good candidate for mixed culture fermentations with S. cerevisiae since 
multiple studies have shown its positive contributions [8, 13-14] and one strain is already commercialised. 
This study aimed at broadening our current knowledge regarding the role that dissolved oxygen may play 
on the behaviour and interaction of L. thermotolerans and S. cerevisiae in mixed culture fermentations. 

Materials and methods 
Strains and culture conditions 
L. thermotolerans strain IWBT Y1240 from the yeast culture collection of the Institute for Wine 
Biotechnology at Stellenbosch University and S. cerevisiae strain Lalvin EC1118 (Lallemand Inc.) were 
used in this study. The strains were grown on YPD agar (20 g/L glucose, 20 g/L peptone, 10 g/L yeast 
extract, 20 g/L agar) and maintained at 4°C. Viable cell counts were calculated with the use of Wallerstein 
(WL) Nutrient agar at 30°C. 

Fermentations 
Each fermentation was inoculated to obtain a total cell count of 2 x 106 cells/mL: for pure cultures 
2 x 106 cells/mL of either L. thermotolerans or S. cerevisiae strains and for mixed cultures, a co-inoculation 
strategy was used (1 x 106 cells/mL of each strain). Fermentations were carried out with the use of a 
synthetic grape must medium (total volume of 1 L) in the BioFlo® 110 reactor manufactured by New 
Brunswick Scientific. All fermentations were carried out at 30°C, 250 rpm and headspace saturation with 
N2 at a flow rate of 0.5 vvm (volume of air per volume of medium per minute). The latter parameter was 
used in an attempt to compare results with similar bioreactor fermentations. Twice a day (at 8 am and 
4 pm), immediately before sampling, air was sparged through the medium for 30 min at a flow rate of 
0.5 vvm. This oxygenation strategy was considered as the control. Further fermentations were conducted to 
test the effect of oxygen on the fermentation dynamics by sparging air for 30 min once a day at 8 am and 
once at the beginning of fermentation at a flow rate of 0.5 vvm. Samples of 20 mL were taken twice a day. 
All fermentations were carried out in duplicate. 
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Chemical analyses 
Samples were used to monitor optical density at 600 nm (1mm pathway) and the rest of the sample was 
spun down at 7,500 rpm at 4°C. The supernatant was stored at -4°C. Dry weight was determined on the last 
day of fermentation by spinning down 2 mL samples at 7,500 rpm at 4°C, washing the pellet with 1 mL of 
distilled water, repeating the centrifugation step and drying the pellet at 100°C for 48 hours. Glycerol, 
acetic acid, glucose and fructose concentrations were determined with the use of enzymatic assays (Arena 
20XT Photometric Analyzer obtained from Thermo Electron Oy, Finland).  

Results and discussion 
A series of fermentations testing different oxygenation strategies were performed to investigate what the 
effect would be on the growth of L. thermotolerans and S. cerevisiae pure and mixed cultures. Air was 
supplied either twice a day (control), once a day or once at the beginning of fermentation. Two repeats 
were performed.  

For all types of fermentations, S. cerevisiae pure cultures achieved the highest biomass measured as OD600nm, 
while pure cultures of L. thermotolerans produced the lowest, and mixed culture fermentations intermediate 
amounts (Figure 1). A reduction in the frequency at which oxygen was supplied led to a reduction in biomass 
formation for all fermentations, but this effect was somewhat less pronounced in the mixed cultures. The latter 
fermentations (where max OD values ranged between 10 and 15) appeared to be less affected, especially 
when compared to S. cerevisiae pure culture (where max OD ranged between 10 and 22).  

 

 

 

 

 

 

 

 

Fig. 1 - Fermentation growth represented in OD600nm for L. thermotolerans [A] and S. cerevisiae [B] in 
pure cultures and mixed cultures [C]. Different oxygen treatments represented as:  (Oxygenation 

twice a day);  (Oxygenation once a day);  (Oxygenation once at beginning of fermentation). 
 
For each fermentation, dry weight was also calculated at the end of fermentation (Figure 2). Once again, 
it was observed that a decrease in oxygen led to a decrease in biomass production and that S. cerevisiae and 
L. thermotolerans pure cultures accumulated the highest and lowest amount of biomass respectively, while 
the mixed culture achieved intermediate amounts. The results correlate well with those shown in Figure 1, 
but here a reduced effect of biomass reduction was also observed in the mixed cultures.  

The reduction in the frequency of oxygen pulses also affected fermentation duration (Table 1). Here, along 
with Figure 1, it can be observed that a reduced oxygen availability led to an increase in the fermentation 
duration (i.e. time it took to ferment to dryness). This effect had the greatest impact on L. thermotolerans 
pure cultures (which all took the longest to ferment to dryness). This is somewhat unsurprising, since it has 
been found that L. thermotolerans has higher oxygen requirements compared to S. cerevisiae [7]. 
Furthermore, reduced oxygen availability had no impact on the fermentation duration of the mixed cultures. 

Here, all fermentations were completed within 93 h, regardless of oxygen supply. L. thermotolerans died 
off earlier in the fermentation, likely due to 1) reduced oxygen availability and 2) the presence of a high 
concentration of S. cerevisiae cells (which has been found to lead directly to the cellular death of 
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L. thermotolerans [3]). Together, these two phenomena could have led to the death of L. thermotolerans 
and, consequently, provided an extra source of nutrients which aided S. cerevisiae’s ability to survive until 
the end of fermentation even as oxygen supply was reduced. 

 
 

 

 

 

 

 

Fig. 2 - Dry weight (g/L) measured on the last day of fermentation for L. thermotolerans (red bars) 
and S. cerevisiae (blue bars) in pure and mixed cultures (purple bars). Darker, lighter and lightest 

shades of red, blue and purple indicate oxygenation of twice, once a day and once at the beginning 
of fermentation, respectively. 

 

Table 1 - Total sugars, glycerol and acetic acid present at the end of fermentation of 
L. thermotolerans and S. cerevisiae pure cultures and mixed cultures for three different oxygen 

treatments (oxygenation twice and once a day and once at the beginning of fermentation) 

Fermentation Oxygenation 
Time 

Point (h) 
Total 

Sugars (g/L) Glycerol (g/L) Acetic Acid (g/L) 

L. thermotolerans 
Pure 

2/day 144 4.4 (±0.0) 8.7 (±0.4) 0.65 (±0.1) 

1/day 168 5.8 (±0.7) 10.6 (±1) 0.69 (±0.0) 

Once @ beg 192 0.1 (±0.0) 10.2 (±1.2) 0.71 (±0.0) 

S. cerevisiae 
Pure 

2/day 69 0.4 (±0.1) 10.3 (±0.5) 0.91 (±0.0) 

1/day 93 0.5 (±0.5) 11.1 (±2.4) 0.97 (±0.2) 

Once @ beg 144 0.7 (±0.8) 9.2 (±1.8) 0.94 (±0.0) 

Mixed 

2/day 93 0.2 (±0.2) 9.6 (±0.4) 1.14 (±0.1) 

1/day 93 0.2 (±0.3) 9.2 (±0.3) 0.87 (±0.1) 

Once @ beg 93 0.5 (±0.6) 8.7 (±0.4) 1.18 (±0.3) 
 

Overall, there was a slight reduction in glycerol for mixed cultures and S. cerevisiae pure cultures when 
less oxygen was provided, while the opposite was observed for L. thermotolerans pure cultures (Table 1). 
A significant reduction in glycerol production was previously observed for T. delbrueckii when less oxygen 
was supplied [15] and this could be attributed to the fact that respiration was favoured to generate NAD+. 
However, these authors supplied oxygen throughout the fermentations, while our study made use of oxygen 
pulses. Our approach (oxygen pulses) is, however, a closer representation to oxygen variation in traditional 
wine making practices (such as pump-overs). This method also never resulted in glycerol levels lower than 
the amount needed to detect an increase in wine sweetness [16]. No significant changes in acetic acid 
production were observed when less oxygen was provided, in agreement with previously published data 
[15]. It must however be stressed that some variation in the analytical data was detected and this was most 
likely due to the method of oxygen supply. Fermentation conditions will require further optimisation to 
make comparison between different data sets more feasible. 

Conclusion 
Yeast interactions and the dissolved oxygen concentration have a clear impact on the fermentation 
dynamics, but the effect is less clear on the production of secondary compounds. Our experimental layout 
has not been tested before and in fact, few studies have monitored the effect of the dissolved oxygen 
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concentration during the wine fermentation process and how it may impact on the behaviour of the yeast 
and the survival of non-Saccharomyces yeasts in co-cultures with S. cerevisiae. For this reason, future work 
should focus on the optimisation of this method to reduce variation in data. Such efforts should find ways 
of effectively monitoring, measuring and controlling the application of oxygen into the system and concede 
to the fact that the smallest change in oxygen concentration may impact greatly on yeast behaviour.  
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Hanseniaspora – diversity – cellar – grape berries 

Introduction 
Many studies investigated the origin and diversity of Saccharomyces cerevisiae strains during alcoholic 
fermentation (AF). It has been demonstrated that a large number of S. cerevisiae strains participates in AF. 
Some strains resident of cellar can also be found in must and become dominant during fermentation at the 
expense of strains present on grape berries [1]. 

However, S. cerevisiae is not the only species present during AF. In particular, yeasts of the genera 
Candida, Hanseniaspora and Metschnikowia are implicated during early days of AF [2-4]. Moreover, 
many non-Saccharomyces yeast species have also been isolated in the cellar environment [4-6]. This raises 
the question of the origin of non-Saccharomyces yeasts found in grape musts during fermentation.  

This study focuses on the genus Hanseniaspora, known to participate in the early stages of AF and 
described as being present both in the winery environment and in grape must [6]. The objective was to 
characterize strains of the genus Hanseniaspora present in fermenting must using FT-IR spectroscopy to 
determine their origin (grape and/or winery). 

Materials and methods  
Yeast populations isolated from must of Chardonnay, during a spontaneous fermentation (at time T0 to T6 
days of AF), were compared to those isolated on grape berries and in the cellar environment (air, soil, wine 
making equipment) before the arrival of the harvest (T-1). FT-IR spectroscopy coupled with an HTS-XT 
unit (Bruker, Ettlingen, Germany) was applied to identify yeast isolates. This spectroscopy method is based 
on measurement and calculation of a light absorption spectrum. This specific absorption is attributed to 
several cell components used for identification [7]. By comparison with reference spectra obtained with an 
appropriate powerful database (3000 wine relevant strains belonging to 215 species), identification is 
possible at the genus level and/or at species level [7]. By hierarchical cluster analysis, a differentiation at 
the strain level has been possible for two species of genus Hanseniaspora, H. guilliermondii and 
H. uvarum. 

Results and discussion 
The populations isolated on grape berries, in the winery environment and in the must were identified by 
FT-IR. A total of 1375 isolates were identified. The genus Hanseniaspora was isolated in must and in the 
cellar environment before the arrival of the harvest but not on berries (Table 1). This genus represents 27% 
of isolates in must. The proportion of the genus Hanseniaspora increases during the first days of 
fermentation up to 0.4% (v/v) ethanol (T1). At T2 (5.1% (v/v) ethanol), this genus was isolated in low 
proportion (Table 1). These observations confirm literature results describing this genus as unable to resist 
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high ethanol concentrations [3, 8-9]. The genus Hanseniaspora represents 35% of isolates in cellar 
environment and it is the only one detected on the floor, in the equipment and in the air before the arrival of 
the harvest.  

Two species: H. guilliermondii (8 strains) and H. uvarum (19 strains) were identified and discriminated at 
the strain level. An important intraspecific diversity for the two species was observed in cellar environment 
(7 strains for the species H. guilliermondii and 10 strains for the species H. uvarum) and in must (4 strains 
for the species H. guilliermondii and 7 strains for the species H. uvarum) during AF (Table 1). As observed 
for the isolates, the number of strains decreases with the increase of ethanol content in grape musts. 
Thus, at T0 (0% (v/v) ethanol), 10 strains were detected, at T1 (0.4% (v/v) ethanol) 9 strains were present 
and at T2 (5.1% (v/v) ethanol), 4 strains have yet been found. No yeast belonging to the genus 
Hanseniaspora was isolated in the must above this ethanol content. The resistance to ethanol of yeasts of 
the Hanseniaspora genus appears to be strain dependent.  

Among the 4 strains of H. guilliermondii isolated into grape must or during fermentation, 3 were previously 
present in the cellar environment. For the species H. uvarum, 5 of the 7 strains isolated during the 
fermentation come from the cellar environment. Thus, 58% of Hanseniaspora strains isolated from grape 
must correspond to strains present in the cellar before the arrival of the harvest. 
 

Table 1 - Distribution (number of isolates and percentage in parentheses) 
of Hanseniaspora strains in different environments  

Species Strain Berries 
Material Soil Air Must during AF 

T-1 T-1 T-1 T0 T1 T2 T3 T6 

Hanseniaspora 
guilliermondii 

A -a - 2 (2%) - - - - - - 
B - - 3 (3%) - - - - - - 
C - - 22 (21%) - - 1 (3%) - - - 
D - - 30 (28%) - 2 (8%) 4 (12%) 1 (25%) - - 
E - 1 (2%) 8 (7%) - 1 (4%) - - - - 
F - - - - 1 (4%) - - - - 
G - 2 (4%) - - - - - - - 
H - - 1 (1%) - - - - - - 

Hanseniaspora 
uvarum 

A' - - - 1 (100%) - - - - - 
B' - - - - 8 (31%) 15 (44%) - - - 
C' - - 1 (1%) - 2 (8%) 4 (12%) 1 (25%) - - 
D' - - 2 (2%) - 1 (4%) 5 (15%) 1 (25%) - - 
E' - - 4 (4%) - 4 (15%) 2 (6%) - - - 
F' - 1 (2%) 3 (3%) - 4 (15%) 1 (3%) 1 (25%) - - 
G' - - 30 (28%) - 1 (4%) 1 (3%) - - - 
H' - - 1 (1%) - - - - - - 
I' - 1 (2%) - - - - - - - 
J' - 28 (61%) - - - - - - - 
K' - 13 (28%) - - - - - - - 
L' - - - - 2 (8%) 1 (3%) - - - 

Number of isolates b 140 245 286 4 99 100 99 100 100 
a: non detected, b: number of isolates obtained for all genera yeast per sample 

Conclusion 
The results of this study show that a significant proportion of non-Saccharomyces is found in the cellar 
environment. A wide variety of strains for H. guilliermondii and H. uvarum species is present both in the 
cellar environment and in grape musts during alcoholic fermentation. This work confirms also that yeasts 
belonging to the genus Hanseniaspora are not resistant to high ethanol concentration and shows that this 
resistance is strain dependent. Finally, for the first time, the implantation of cellar yeasts in the grape must 
is demonstrated for a non-Saccharomyces genus. 
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Introduction  
S. cerevisiae wine yeasts display outstanding fermentative capacities during wine fermentation, where they 
are challenged with stressing and changing environmental conditions. The fermentation of grape juice 
exposes yeast cells to harsh environmental conditions: high sugar amount, increasing alcohol concentration, 
acidity, presence of sulfites, anaerobiosis, and progressive depletion of essential nutrients, such as nitrogen, 
vitamins, and lipids. These conditions, as well as unwitting selection by man for optimal winemaking traits 
have generated hundreds of strains that are currently used in the wine industry, characterized by unique 
traits (fermentation performance, tolerance to alcohol, production of low levels of SO2, acetate or H2S).  

Deciphering the mechanisms that participate to these evolutionary processes and identifying the variations 
contributing to properties of wine yeast remain a major challenge. Various mechanisms contribute to the 
adaptive evolution of industrial strain genomes, including interspecific hybridization and introgression 
[1, 2], chromosomal rearrangements and duplications [3-5] and gene copy number variations [6-8]. 
Horizontal gene transfer (HGT) can also significantly contribute to wine yeast phenotypes [9-11]. 
We previously showed that three large regions (A, B and C) acquired by HGT containing 39 genes 
(including 5 pseudogenes) from distant yeasts have shaped the genome of wine yeasts [9]. These new genes 
potentially encode important metabolic functions in winemaking (sugar and nitrogen metabolism), 
suggesting a role in adaptation to the wine environment. To assess the adaptive value of these HGT, 
we carried out a functional analysis of a mutant deleted for the region C (65 kb). Here, we report that this 
region confers a higher biomass formation, a better cell viability and capacity to complete the fermentation 
in grape must. These phenotypes are associated to the presence of FOT1-2 genes encoding oligopeptide 
transporters. We showed that these genes improve the utilization of nitrogen sources present in grape juice 
by favoring the uptake of a broader range of oligopeptides. Fot-mediated peptide uptake also substantially 
affects the glutamate node and the NADPH/NADP+ balance, resulting in decreased acetate and increased 
ester formation. These findings demonstrate the adaptive value of FOT genes which improve nutrient 
resource utilization in a nitrogen-limited environment and pinpoint their metabolic effects that can 
positively affect the organoleptic balance of wines.  

Materials and methods 
Yeast strains 
The S. cerevisiae strain 59A used in this study is a haploid derivative of the commercial wine yeast strain 
EC1118. The recombinant strains used, Δamn1 (MATa ho AMN1::kanMX4) and Δfot1-2 (MATa ho FOT1-
2::loxP AMN1::kanMX4) are isogenic to 59A and have been described previously [11]. We used a 
Chardonnay grape must (Coursan, 2012) containing 230 g/L sugars (100 g/L glucose and 130 g/L fructose) 
and 240 mg/L assimilable nitrogen (free amino acids and ammonium). 

Fermentation conditions 
Fermentation experiments were performed in fermenters with a working volume of 1.1 L and inoculated at 
a density of 106 cells/mL. Fermentations were performed at 24 °C with continuous magnetic stirring 
(150rpm). Population size was determined by counting yeast cells with an electronic particle counter 
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(Multisizer 3 coulter counter; Beckman Coulter, CA). Cell viability and GFP activity were determined by 
flow cytometry using a C6 cytometer (Accuri, BD Biosciences, Piscataway). Cell viability was analyzed by 
adding propidium iodide (PI) (Calbiochem, CA) to cell suspensions (5 µL of 0.1 mg/mL solution).  

Grape must analysis 
Dry weight was determined gravimetrically by filtering 10 mL of sample through a Millipore filter (pore 
size, 0.45µm) and drying the sample for 24 h at 100 °C. Extracellular glucose, glycerol, ethanol, 
α-ketoglutarate, succinate, and acetate concentrations were determined by high-pressure liquid 
chromatography (HPLC), using an HPX-87H ion exclusion column (Bio-Rad). Dual detection was 
performed with refractometer and a UV detector. 

Oligopeptide purification 
The oligopeptide fraction of the must was purified by two successive ultrafiltrations using a hollow fiber 
cartridge filter, UFP-10-C-4 then UFP-1-C-4, to recover the peptides under 10 kDa then 1 kDa. 
The oligopeptide purified fraction less than 1 kDa was then hydrolyzed by incubation for 24 h at 110 °C in 
6N HCl. Amino acids were quantified using an amino acid analyzer (Biochrom 30) (liquid chromatography 
on an ion-exchange column).  

Results and discussion 
Effect of FOT genes on biomass, viability and fermentation efficiency during grape must fermentation  
To investigate if region C and FOT genes could confer a benefit upon exposure to the selective conditions 
of grape must fermentation, we deleted the entire region C or the two tandem-duplicated genes FOT1-2 in 
the wine yeast 59A, a haploid derivative of EC1118 strain. During wine fermentation in a synthetic 
medium simulating a grape must, the wild type and deletion mutants exhibited similar growth, fermentation 
rate and metabolite profile (data not shown). We therefore assessed the role of FOT genes in a Chardonnay 
grape must containing more diversified nitrogen resources, as for example ϒ-aminobutyric acid (GABA), 
peptides or proteins in addition to ammonium and amino acids. While the deletion mutants showed superior 
growth and fermentation rates during the first hours of fermentation (Fig. 1, a, b), these advantages were 
lost very quickly resulting in a 8 % and 11.5 % lower biomass production in ΔC (183 mg/L, p = 0.04) and 
Δfot1-2 (270 mg/L, p = 0.07) mutants respectively, compared to the wild type. Furthermore, the deletion 
mutants exhibited a higher mortality at the end of fermentation (25 % and 18 % higher for ΔC and Δfot1-2, 
respectively, compared to the wild type strain) and performed incomplete fermentations, with 6 g/L of 
residual fructose for ΔC and 2.5 g/L for Δfot1-2 (Fig. 1, c, d). Thus, our data suggest that region C, 
and particularly FOT1-2 genes play a key role in maintaining cell viability and fermentation efficiency 
during the last step of wine fermentation. Nitrogen is the main limiting nutrient during wine fermentation. 
Its availability is directly related to biomass production, which governs fermentation rate. 
As a consequence, nitrogen deficiency is the most prevalent cause of stuck and sluggish fermentations. 
As FOT genes encode transporters of a broad range of oligopeptides [12], the phenotypic differences 
between the wild type and Δfot1-2 strains could result from a higher uptake by 59A of nitrogen sources, 
such as small peptides. 

Effect of FOT genes on the uptake of oligopeptides 
To evaluate the amount of oligopeptides in the grape must, we purified the oligopeptide fraction <1 kDa, 
including small peptides of 2 to 9 amino acids. We found that this oligopeptide fraction (<1 kDa) represents 
a substantial part of the total nitrogen available in the grape must (17 %), and approximatively 10 % of the 
total assimilated nitrogen. We then determined the total content in nitrogen, free amino acids and 
oligopeptides in the grape must and in the wine fermented by the wild type and mutant strains, at the 
beginning of stationary phase (40 g/L of CO2 produced, after the nitrogen source was totally exhausted). 
While all strains consumed the same amount of free amino acids and ammonium, 59A consumed ~35 % 
more nitrogen derived from oligopeptides than the deletion mutants (~10 mg/L, p = 0.027 and 7.7 mg/L, 
p = 0.037 more than Δfot1-2 and ΔC, respectively). This difference linked to the higher uptake of 
oligopeptides is in agreement with the measured difference in biomass between the wild type strain and the 
deletion mutants. The analysis of amino acid composition of the oligopeptide fraction of the grape juice 
shows that it is mainly constituted of glutamate or glutamine (these two compounds are indistinguishable). 
The oligopeptide fraction specifically consumed by 59A was particularly rich in glutamate/glutamine and 
to a lower extent in several other amino acids (Fig. 2). Since glutathione is a tripeptide composed of 
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L-glutamate, L-cysteine and glycine which can be found in grape must in amounts ranging from 
undetectable to 100 mg/L [13, 14], we also decided to quantify this compound. In S. cerevisiae, glutathione 
is involved in many cellular processes like redox homeostasis and response to oxidative stress and can also 
be used as nitrogen and sulfur source. We found that most glutathione in the supernatant of the grape must 
is under the form of oxidized glutathione (GSSG) (16 mg/L against less than 2 mg/L for reduced 
glutathione, GSH). The wild type strain consumed more GSSG compared to deleted strains (Fig. 3, a). 
Furthermore, the wild type strain grew better on SD medium with glutathione as sole nitrogen source than 
the deletion mutant, which demonstrates that Fot1-2 is also able to transport glutathione (Fig. 3, b). 
Therefore, consumption of glutathione contributes to the formation of a higher amount of biomass, even if 
the extra amount of nitrogen from glutathione consumed by 59A does not exceed 2 mg/L (corresponding to 
20 % of the oligopeptides rich in glutamate/glutamine assimilated by Fot1-2).  

 

Fig. 1 - Phenotypic analysis of 59A (green), ΔC (blue) and Δfot1-2 (red) in Chardonnay must. 
(a) Growth rate, (b) Fermentation rate, (c) Residual fructose measured at the end of fermentation 

(t=236 h), (d) Mortality at the end of fermentation (t=236 h). Data presented in a, c, d, are 
means ± s.d. (n=3). A representative experiment is presented for d. 

 

 

Fig. 2 - Amino acid composition of the oligopeptide fraction of the Chardonnay must specifically 
assimilated by 59A in comparison with ΔC (blue) or Δfot1-2 (red) at the beginning of stationary phase 

(40 g/L of CO2 production). Data are presented as means ± s.d. (n=3). 

dC
O

2/
dt

 (g
/L

/h
) 

0 

0,5 

1 

1,5 

2 

0 50 100 150 200 250 

Time (h) 

b 

10
6 

c
el

ls
/m

l 

a 

0 

50 

100 

150 

200 

0 50 100 150 200 250 

c 

0 

50 

100 
%

 M
or

ta
lit

y 

59A      ΔC      Δfot1-2 

0 

2 

4 

6 

8 

Fr
uc

to
se

 (g
/L

)  
d 

0 

0,5 

1 

1,5 

2 

2,5 

Ala Arg 

Asp
 + 

Agn
 

Glu+Gln Gly His Ile
 

Le
u Ly

s 
Phl 

Se
r 

Th
r 

Tyr Val 

Δ 
as

si
m

ila
te

d 
 N

 (m
gN

/L
) 



 

Fig. 3 - (a) Consumption of glutathione during grape must fermentation and (b) growth
containing glutathione as sole nitrogen source. 59A (green diamond), ΔC (blue square)

triangle). Data are presented as means ± s.d. (n=3).

The presence of FOT1-2 genes markedly affects central carbon and nitrogen metabolism 
To evaluate the impact of the assimilation of these oligopeptides on yeast metabolism, we monitored the 
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ethanol, glycerol and succinate were produced a
major differences were observed for 
2-fold lower respectively for the wild type strain compared to 

 
 

 
 

 
 

 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 4 - Competition assay using 59A and 
wild type strain was competed with tdimer2 labeled 
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Consumption of glutathione during grape must fermentation and (b) growth
containing glutathione as sole nitrogen source. 59A (green diamond), ΔC (blue square)

triangle). Data are presented as means ± s.d. (n=3). 
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To evaluate the impact of the assimilation of these oligopeptides on yeast metabolism, we monitored the 
production of the main fermentative metabolites produced by the two strains. Most by
ethanol, glycerol and succinate were produced at the same level by 59A and 
major differences were observed for α-ketoglutarate and acetate, whose production was

fold lower respectively for the wild type strain compared to Δfot1-2 strain. 

Competition assay using 59A and Δfot1-2 strains in Chardonnay grape must. (a) GFP
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Consumption of glutathione during grape must fermentation and (b) growth in SD medium 

containing glutathione as sole nitrogen source. 59A (green diamond), ΔC (blue square), Δfot1-2 (red 
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These metabolic changes point to a specific modification of the glutamate node as consequence of the 
NADP+/NADPH redox balance and are most likely correlated to the higher assimilation of 
glutamate/glutamine rich oligopeptides.   

The production of volatile compounds was also markedly affected as the result of the higher assimilation of 
oligopeptides. The levels of higher alcohols (2-phenylethanol, isoamyl alcohol, isobutanol, propanol and 
methionol) and esters acetates (2-phenylethyl acetate, isobutyl acetate and amyl acetate) produced were 
markedly higher for the wild type strain than for the deletion mutant. By contrast, very small or no 
differences were observed in the amounts of ethyl esters produced by the two strains. The global activation 
of the synthesis of volatile compounds suggests a response to the higher availability of nitrogen.  

FOT1–2 genes increase strain fitness during wine fermentation 
To evaluate the adaptive role of FOT genes, we performed competition experiments under controlled wine 
fermentation conditions. Co-cultures of 59A expressing green fluorescent protein (GFP) and FOT1-2 
mutant expressing red fluorescent protein (t-dimer2) were achieved during three successive fermentation 
experiments on grape must. The relative abundance of each strain was monitored over time by flow 
cytometry. The competition assays revealed a considerable competitive advantage of the strain having FOT 
genes in the natural must. Despite a transient advantage of the deletion mutant in the early steps of 
fermentation, in line with a higher growth and fermentation rates at this stage (Fig. 1), the strain Δfot1-2 
was quickly dominated during the stationary phase. At the beginning of the third successive co-culture, the 
FOT1-2 mutant totally disappeared from the co-culture (Fig. 4). These results demonstrate the strong 
selective advantage provided by the gain of FOT1-2 genes during wine fermentation.  

Conclusion 
The presence of FOT1-2 genes and the resulting greater assimilation of oligopeptides rich in glutamate by 
wine strains may have several implications for winemaking. We showed that the presence of FOT1-2 genes 
increases cell viability during wine fermentation, ensuring a more efficient fermentation compared to Δfot1-
2 mutant which leaves a high amount of residual fructose (6 g/L) [11]. The higher assimilation of 
oligopeptides mediated by Fot1-2 also dramatically decreases acetic acid production during wine 
fermentation. This is of interest in oenology, since the production of high levels of acetic acid, above 
0.8 g/L, is undesirable. Moreover, the production of higher alcohols and their esters was markedly 
increased in the presence of FOT1-2. These compounds, particularly esters and 2-phenylethanol have fruity 
and floral notes and contribute to the aromatic complexity of wine [15]. Thus, the presence of FOT1-2 
genes could become an interesting criterion for the selection of starter strains to maximize the aroma 
potential and acidic balance of wines while keeping good fermentation efficiency. 
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Polyphenomics – grapes and wine – stilbenes – flavanols 

Introduction 
Metabolomics can be defined as the study of metabolites in living or dynamic systems. This field has many 
very important applications in biology and medicine but also in food systems [1-3]. In enology, this field 
that we may call œnomics can involve the study of metabolite changes induced by microbiological or 
chemical transformations during ageing [4]. One important subfield is the study of polyphenol composition 
[5] and evolution from the vine to the wine. This subfield, which we have called polyphenomics [6], 
requires powerful analysis tools such as NMR or high resolution mass spectrometry techniques. In this 
paper we illustrate some applications in the field of grape and wine polyphenomics. 

Materials and methods  
Chemicals, grape and wine samples  
All chemicals were of analytical reagent grade. Acetonitrile was purchased from Fisher Scientific 
(Waltham, MA) and formic acid from Sigma Aldrich (St. Louis, MO). Deionized water was purified with a 
Milli-Q water system (Millipore, Bedford, MA). Wine or grape seed samples were collected from the 
Okanagan Valley, BC and were at −85 °C before analysis. Wines were brought at room temperature and 
simply filtered with a 0.45-μm membrane (PTFE, VWR) before analysis. The complete list of samples and 
procedures can be found elsewhere [6-8]. 

UHPLC ESI-Q-TOF conditions 
The UHPLC analysis was performed on an Agilent 1290 system (Agilent Technologies, Santa Clara, CA) 
equipped with an autosampler, a vacuum degasser, a binary pump, a quaternary pump, a thermostated 
column department, and a diode-array detector. The binary mobile phase consisted of water (mobile phase 
A) and acetonitrile (mobile phase B), acidified with 0.1% formic acid in both cases. The specific gradient 
and mass spectrometry conditions for the different class of compounds can be found elsewhere [6-8]. 

Results and discussion 

Identification of glycosylated flavanols in grape seed and wines 
Flavonoid compounds are an important class of polyphenols in grapes and wine, which influence their 
colour and taste. Some of these compounds are mainly present as glycosides such as flavonols 
(e.g. quercetin-3-O-glucoside) or anthocyanins (e.g. malvidin-3-O-glucoside). Other compounds like 
flavanols are mainly present in non-glycoside forms such as flavanols (e.g. (+)-catechin) and their 
polymeric forms (i.e. proanthocyanidins or condensed tannins). Some recent studies have shown the 
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presence of catechin glycosides in other plants 
chemical strategies [10]. We used a semi
14 glycosylated new flavanol glycosides
the exact nature of the hexose and the position of the linkage. We can anticipate that beta
very common in plant and Vitis vinifera
 

Fig. 1 - Example of a glycos

Identification of polymeric stilbenes in red wines
Stilbenoids such as resveratrol are important antioxidants in grapes and wines and are known to
potential human health-related benefits. By using a similar semi
compounds including 23 new polymeric and glycosylated forms were detected [8]. A series of 41 red wines 
from Canada was analyzed and the new compounds w
internal standard (Figure 2). The new oligomeric forms of stilbenoids were present at lower concentration 
compared to the previously known forms of wine stilbenoid
before. 

 

Fig. 2 - Quantification of stilbenoids in red wines (n=41)
 

Conclusion 
Polyphenomics of wine is a new emerging field to better understand how polyphenols are biosynthesized in 
vine and how they are extracted and transformed in wine. Recent 
sensitivity of mass spectrometers have allowed the detection
compounds are very often not commercially available, a lot of further studies involving NMR and hemi
synthesis strategies will take place in the future to make 
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Identification of polymeric stilbenes in red wines 
Stilbenoids such as resveratrol are important antioxidants in grapes and wines and are known to

related benefits. By using a similar semi-targeted approach, 41 stilbenoid 
compounds including 23 new polymeric and glycosylated forms were detected [8]. A series of 41 red wines 
from Canada was analyzed and the new compounds were semi-quantified by using resveratrol as an 
internal standard (Figure 2). The new oligomeric forms of stilbenoids were present at lower concentration 
compared to the previously known forms of wine stilbenoid, which explains why they were not detected 

Quantification of stilbenoids in red wines (n=41). 
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Polymeric pigments – red wine – phloroglucinolysis – high resolution mass spectrometry 

Introduction 
Anthocyanin (A) and condensed tannins (T) are two important classes of polyphenolic compounds in red 
wine since they are responsible for red wine color and taste. During wine making and aging, both of them 
undergo chemical changes leading to the formation of polymeric pigments. With the development of 
analytical tools such as mass spectrometry and nuclear magnetic resonance (NMR), the structures of 
different kinds of anthocyanin (A+ or A)-derived pigments [1] have been clearly revealed including B-type 
[2], A-type [3], aldehyde bridged type [4] and flavano-pyranoanthocyanin type [1]. Until now, 
the polymeric pigments in red wine have usually been quantified based on their precipitation with gelatine, 
their sulfite bleaching, and their high acidity resistance. However, due to the high complexity of polymeric 
pigments present in red wine, their respective impact of red wine color during aging cannot be elucidated 
with these mentioned methods. Therefore, the evolution of each family of polymeric pigments during aging 
is poorly known. 

The objective of this study was the identification of polymeric pigment markers after phloroglucinolysis in 
order to establish a quantification method. Nine groups of polymeric pigments were distinguished and their 
corresponding quantification markers were identified by high resolution mass spectrometry (UPLC-UV-Q-
TOF). A series of wines (1-19 years old) was analyzed with this new method to obtain characteristic kinetic 
pattern according to wine age.  

Materials and methods 
Reagents 
Deionized water was purified with a Milli-Q water system (Millipore, Bedford, MA). Methanol (MeOH, 
analytical grade), ethanol (HPLC grade), methanol (HPLC grade), L-ascorbic acid and hydrochloric acid 
were purchased from Prolabo-VWR (Fontenay s/Bois, France). Water (Optimal® LC/MS), methanol 
(Optimal® LC/MS) and formic acid (Optimal® LC/MS) from Fisher Scientific (Geel, Belgium) were used 
for high resolution mass spectrometry analysis. Phloroglucinol and oenin chloride were obtained by 
Extrasynthese (Z.I Lyon Nord, France). Eight Bordeaux red wines from vintage 1995-2012 were obtained 
directly from the winery. 

Fractionation of red wines and their depolymerisation 
The red wines were fractionated on a C-18 cartridge (Supelco, St Quentin Fallavier, France) as follows: 
2.5 mL of wine was dried under reduced pressure, re-dissolved in 10 mL of water, and applied on the 
cartridge after conditioning. The cartridge was sequentially eluted with: 50 mL of distilled water, 50 mL of 
methanol and 50 mL of distilled water. The methanol fraction was dried under reduced pressure and 
dissolved in 1 mL of methanol. 200 µL of these fractions were acidified with 1% formic acid and analyzed 
for un-depolymerised pigment analysis. Then, the depolymerisation of polymeric pigments was conducted 
by phloroglucinolysis. The phloroglucinolysis reagent solution containing 0.1 N HCl in methanol, 50 g/L 
phloroglucinol and 10 g/L ascorbic acid was prepared. 200 µL of the MeOH fraction obtained above was 
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added to 200 µL of the phloroglucinolysis reagent solution. Then, the reaction mixture was placed at 50°C 
for 20 min and 1 ml of 40 mM acetate sodium aqueous solution was added to stop the reaction. 
The reaction mixture was then analyzed by UPLC-UV-Q-TOF.  

UPLC-Q-TOF  
The UPLC-MS system used was an Agilent 1290 Infinity equipped with an ESI-Q-TOF-MS (Agilent 6530 
Accurate Mass). Chromatographic separation was carried out on an Eclipse Plus C18 column (2.1 x 100 
mm, 1.8 µm). The solvents used were: water with 0.1% formic acid for solvent A and methanol with 0.1% 
formic acid for solvent B at a flow rate of 0.4 mL/min. The gradient for pigment analysis was as follows: 
6% of B during 0.5 min; from 6 to 95% of B in 13.5 min; 5% of B during 4 min. ESI conditions were as 
follows: gas temperature and flow were 300°C and 9 L/min, respectively; sheath gas temperature and flow 
were 350°C and 11 L/min, respectively; capillary voltage was 4000 V. The obtained data were treated by 
MassHunter Qualitative and Quantitative Analysis software. Calibration curve was established with oenin 
chloride in 0.5 M HCl in MeOH. 

Results and discussion 
Identification of the quantification markers for polymeric pigments by Q-TOF 
By analyzing Bordeaux red wines, their polyphenolic fractions and the corresponding depolymerised 
fractions, 23 markers of polymeric pigments classified in nine groups were identified by high resolution 
mass spectrometry (UPLC-ESI-Q-TOF). These nine families of polymeric pigments in red wine were: 
A (flavene)-T, T-A+, A+-T, T-AF(A type), AF(A type)-T, A+-E. B.-T, A+-E. B.-A, anthocyanin oligomer 
and flavano-pyranoanthocyanin. 

 

Fig. 1 - Mechanism of released markers for polymeric pigment analysis after phloroglucinolysis. 
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The identification of these markers and MS/MS data are not discussed in detail in this paper. Figure 1 
shows the released mechanism of the markers from five groups of polymeric pigments after 
phloroglucinolysis. For example, compound A+-E. B.-F showed to be resistant to the phloroglucinolysis 
condition, so the detected marker A+-E. B.-F-phloroglucinol was used to specifically quantify the A+-E. B.-
T type pigments harboring an A+-E. B.-F structure as first unit. 

Evolution kinetic pattern of polymeric pigments during red wine aging 
The release of monomeric anthocyanins after the depolymerisation reaction was observed. These released 
monomeric anthocyanins originated from A (flavene)-T type polymeric pigments. The released quantity 
indicates the concentration of such kind of polymeric pigments. The released malvidin-3-O-glucoside by 
relatively old red wine was 2-3 times higher than in young red wine even though the concentration of 
malvidin-3-O-glucoside in the young wine was 90 times higher than in the old wine (Figure 2 A). 

 

Fig. 2 - Released malvidin-3-O-glucoside (A) and flavano(dimer)-pyranoanthocyanin according to 
wine age (vintage from 1995-2012). 

 
After the depolymerisation, the concentration of two F-A+ adducts increased while the concentration of two 
A+-F adducts remained stable. The F-A+ adducts released during the depolymerisation derived from the 
depolymerisation of high molecular weight polymeric pigment with F-A+ sub-structure as terminal unit. 
This released amount decreased during aging. Concerning the A type dimer [A-(4-8, 2-O-7)-F] which are 
colorless, they showed a higher stability during red wine aging. 

The concentration of A+-E. B.-F and A+-E. B.-A decreased dramatically during aging. A+-E. B.-A can only 
be detected in red wine less than two years old. However, polymeric pigment of A+-E. B.-T type decreased 
less dramatically over time. The flavano(dimer)-pyranoanthocyanins resisted to the phloroglucinolysis 
depolymerisation condition. Their concentrations decreased slightly during wine aging and some strong 
vintage effect (1996) was observed (Figure 2 B). 

Conclusion 
In this study, 23 markers of polymeric pigments were identified and quantified before and after 
depolymerisation of the polyphenolic fractions of red wine. In order to establish their concentration, a new 
quantification method on a UPLC-UV-Q-TOF system has been developed. Characteristic kinetic pattern of 
these polymeric pigments according to wine age was established for the first time. 
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GC-MS fingerprinting – multivariate data analysis – Cabernet Sauvignon – wine volatiles 

Introduction 
Conventional targeted GC-MS analysis of wine volatile compounds is always limited to a set of a priori 
known and identified compounds. Samples can therefore only be compared in respect of these preselected 
compounds. In contrast to targeted analysis, non-targeted approaches take known and unknown compounds 
into account. The aim of non-targeted analysis such as metabolic fingerprinting is to gain as much 
information on as many compounds as possible from the analyzed samples. Moreover, non-targeted 
methods include a fast and unselective sample preparation combined with a fast chromatographic 
separation to facilitate a high sample throughput. Detected unknown compounds are usually identified only 
when they contribute to the differentiation of samples. Non-targeted analysis therefore facilitates a more 
holistic and unbiased exploration of samples. The extra information gained from non-targeted analysis can 
lead to a better understanding of chemical and biochemical processes and may help to identify compounds 
playing a key role in the differentiation of samples.  

The gained popularity of non-targeted approaches to mass spectrometry in many different fields such as 
food sciences and life sciences with a special respect to all the ‘omics’ related research areas can be 
explained by the development and accessibility of specific software for feature selection, deconvolution, 
signal alignment and multivariate modeling [1-4]. However, automated feature selection such as peak 
integration remains troublesome due to coelution and potential erroneous peak integration and/or 
assignment. Often manual corrections of the results are necessary. Depending on the method and criteria 
for the feature selection, relevant information from the raw data can be lost [5, 6]. Moreover, 
the deconvolution of coeluting chromatographic peaks can sometimes be time-consuming in terms of 
model construction and evaluation of results [7-10]. 

Alternatively, more comprehensive approaches which avoid feature selection and aim at an easier 
extraction of more information from the data involve the modeling of the two dimensional chromatographic 
mass spectrometry raw data signal of each sample in entirety [11-13]. Mathematical transformation of the 
original raw data in a manner in which changes in elution time and peak shape are taken into account have 
a big potential in multivariate and multi-way modeling of chromatographic mass spectrometry data from 
non-targeted fingerprinting approaches. The usage of sums of squares and cross product (SSCP) matrices 
XXT, which are the product of a matrix X with its transpose, are especially suitable to either transform data 
prior to modeling or to be included into the algorithm of multivariate and multi-way models. 
This transformation however presupposes that the mass spectral profile is not shifted. SSCP matrices are 
utilized for instance in PARAFAC2, STATIS and the calculation of RV -coefficients [12, 14-17]. 
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The scope of this study was the development of a fast, non-targeted methodology for exploratory 
multivariate data analysis of whole GC-MS chromatograms without prior retention time alignment. 
The developed approach includes the segmentation of the chromatograms followed by rearrangement and 
transformation of the segments to SSCP matrices. The transformed data array is then analyzed using the 
three-way method PARAFAC. Particularly the transformation of segments of two dimensional 
chromatograms into SSCP matrices facilitates the comparison of samples without prior alignment of peaks. 
The developed data processing approach was applied to a data set obtained from a non-targeted HS-SPME-
GC-MS analysis of experimental wines which were made using different lactic acid bacteria under different 
inoculation scenarios to conduct malolactic fermentation (MLF). 

Materials and methods 
Experimental wines were all produced from the same Cabernet Sauvignon grapes from the 2012 vintage 
(State New York, USA). Fermentations were carried out using six combinations of yeast and lactic acid 
bacteria, which were selected according to their organoleptic properties indicated by the manufacturer. 
A total of twelve experimental wines were studied here, whereas six yeast/bacteria combinations and two 
different inoculation strategies were used: inoculation of lactic acid bacteria 24 h after yeast inoculation 
(co-inoculation), and inoculation of lactic acid bacteria after the completion of alcoholic fermentation 
(sequential inoculation). For headspace solid phase microextraction (HS-SPME) a 100µm 
polydimethylsiloxane (PDMS) fiber was used. Extraction time for each sample was 30 min. Separation was 
carried out on a 30m HP-5 MS column with an internal diameter (i.d.) of 0.25mm and a film thickness of 
0.25µm. A steep temperature ramp of 15°C/min ensured a total GC run time of 25 min. Furthermore, full 
mass spectra were acquired in the range of 35u to 350u. All injections were carried out fully randomized, 
fiber and column blanks were carried out regularly to confirm that no sample carry-over occurred.  

Results and discussion 
HS-SPME was used for sample preparation because of its simplicity for wine analysis in terms of full 
automation, speed, and sensitivity. The fully automated SPME procedure together with a steep GC oven 
program facilitated a fast GC separation in less than 25 min. A loss of resolution resulting in coeluting 
peaks was tolerated, as the developed data analysis approach takes the entire mass dimension into account. 
All chromatograms were divided into 84 segments based on visual examination of overlays of total ion 
chromatograms (TICs) of all samples. After the mathematical transformation using SSCP matrices, 
PARAFAC was used to analyze the transformed data set. A twelve component PARAFAC model was the 
appropriate model explaining 79.9 % of the variation in the data. Four of the twelve components contained 
important information on systematic differences among samples which could be observed in the 
PARAFAC scores. The remaining eight components reflected unsystematic variation in the 
chromatograms. All important segments contributing to the grouping of samples were identified by 
investigating the PARAFAC loadings. Single mass traces or deconvoluted signals of all peaks in each 
segment showing clear differences between samples were then integrated and compiled into a peak table. 
If possible, peaks were tentatively identified by comparing deconvoluted mass spectra with the NIST08 
spectral library and linear retention indices were compared with literature values. Final PCA on the peak 
table was used to validate the results from PARAFAC modeling. The results show systematic differences 
as a function of the yeast/lactic acid bacteria inoculation strategy and highlight new avenues for future 
research on the effects of MLF inoculation strategies. 

Conclusion 
The new multi-way approach to non-targeted GC-MS analysis developed here is a fast method facilitating 
the modeling of entire two dimensional GC-MS chromatograms of multiple samples. Retention time shifts 
among samples and distortion of peak shapes are taken into account by transforming segments of the 
chromatograms into sums of squares and cross product (SSCP) matrices prior to modeling. Therefore, 
neither feature selection such as peak integration nor retention time alignment is needed to preprocess data. 
Detailed description of the approach can be found in [18]. 
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Grain type – oak – cooperage – sensory and chemical analysis 

Introduction 
Sessile oak and pedunculate oak have shown several differences of interest for enological purposes. 
Tannic and aromatic composition among sessile oak or pedunculate oak has been well studied [1, 2]. 
Sessile oak is generally more aromatic than pedunculate, while the latter is more tannic. This scientific 
point of view is rarely applied to classify oak in cooperages. Most coopers use the type of grain to 
distinguish wide and thin grain. While the former leads to barrels with less aromas and more tannins, 
often oriented to alcohols, the latter is more aromatic and convenient for wine ageing. Does the traditional 
cooper grading by grain size has a link with species in the chemical expression of oak? Our study is aimed 
to answer this question and to estimate which factor is more efficient: type of grain or DNA? 

Materials and methods 
Oak trees and species identification 
Several oak trees from the same plot in the Forêt Domaniale de Saint Palais (France) were studied. Recent 
developments of DNA tests can identify oak species or hybrid (instead of morphological determination that 
can be approximate). DNA tests were performed on each tree to identify their species. The method has been 
developed by the INRA Institute.  

Grain type classification 
After excluding hybrids, only pure sessile oak and pure pedunculate oak were considered and separated 
into two batches. Staves were split from each oak batch, classified according to their type of grain 
(tight grain is < 3 mm while wide grain is > 3mm) and put in the yard for 24 months of seasoning. 
For sampling, 24 staves per species were picked up from 8 pallets (5 of tight grain and 3 of wide grain as it 
is mainly representative of the supplying) as shown in Figure 1. This was made at the beginning (T0) and 
after 6 months (T6) of seasoning using the same process: shavings have been taken at the edges of each 
murrain, blended by pallet and stirred with hydroalcoholic solution (12% v/v), 5 g/L tartaric acid during 
72 hours. Then they were filtered for chemical analyses.  

Chemical analyses 
Chemical analyses (lactones, eugenol, vanillin, furfural, ellagitannins) were performed at T0 and T6 of 
seasoning with chromatographic methods (HPLC/UV and SBSE/GC/MS). 

Sensory analyses 
Shavings have also been submitted to direct sensory analyses using a panel of experts well trained on 
woody aromas; microflora analyses were performed on these shavings too by numeration of different 
populations (yeasts, molds, bacteria) on selective nutritive media and observation of the species diversity 
by PCR-DGGE. 
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Fig. 1 - Sampling process. 
 

Results and discussion 
Cluster dendrograms have been made according chemical results for both samplings (Figure 2). 

Among the sessile oak, two groups (in blue) can be distinguished whatever the time of sampling. 
The former (group G1, light blue) is extremely rich in lactones, whereas the latter (group G3, dark blue) is 
poorer and can be considered as a “neighbor” of pedunculate oak that is poor in lactones and eugenol but 
richer in ellagitannins (Figure 3). Pedunculate oak is homogeneous (group G2, red group) whether its grain 
is tight or wide. Sessile oak seems to be impacted by the type of grain. The richer group is related to only 
thin grain while the poorer is mainly made of wide grain. After 6 months of seasoning, one sessile pallet 
over the 8 ones considered has moved to the neighborhood of pedunculate oaks. 
 

 

Fig. 2 - Cluster dendrograms of sessile and pedunculate oaks according to chemical analyses. 
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Fig. 3 - Chemical analysis at the beginning (T0) and after 6 months (T6) of seasoning. 

 

 

Fig. 4 - Microflora analyses performed at the beginning (T0) of seasoning. 
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The two species show already several differences at the beginning of seasoning (Figure 3). Oak compound 
evolution during seasoning is a result of many features but microflora is one of most important as many oak 
compounds can be released by enzymatic activities [3]. Then differences between species can be also 
explained by the kind and amount of microflora found in the staves. Analyses were performed on stave 
shavings blended by species. Pedunculate oak showed a more important and varied microflora as shown in 
Figure 4.  

Tastings on oak shavings at the beginning and after 6 months of seasoning showed that sessile oak has 
spicy, fresh and pastry aromas whereas pedunculate oak was acetic. But statistical treatment does not lead 
to clusters as found with chemical analyses. 

Conclusion 
These two steps at the beginning of the yard seasoning have shown that the grain has a true effect on the 
aromatic composition of sessile oak, especially concerning the oak lactone amount (cis and trans-
whiskylactones). Indeed, sessile oaks with tight grain have significantly more oak lactones than sessile oaks 
with wide grain. Are these differences kept along yard seasoning barrel making and wine ageing? 
The sampling of the staves in the next 18 months of the seasoning will provide part of the answer. 

Abbreviations 
INRA, Institut National de Recherche Agronomique. 
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Elevage sous bois – sucrosité – amertume – quercotriterpenosides 

Introduction 
L’élevage sous bois est une étape cruciale de l’élaboration des vins, au cours de laquelle leurs 
caractéristiques analytiques et organoleptiques sont modifiées. A l’instar d’une tenue de soirée, le bois 
souligne élégamment les qualités du vin, à condition qu’il soit choisi avec discernement et utilisé à bon 
escient. A l’inverse, son usage excessif et mal approprié confine à la caricature et déprécie l’arôme et la 
saveur du vin. De nombreux paramètres influencent la composition du bois de chêne et son effet sur le goût 
du vin. Parmi ceux-ci, l’origine botanique a été établie comme un facteur déterminant. En effet, des travaux 
précédents ont démontré que les teneurs moyennes en β-methyl-γ-octalactone [1] et en ellagitannins [2] 
étaient respectivement plus élevées et plus faibles dans le chêne sessile (Quercus petraea Liebl.) que dans 
le chêne pédonculé (Quercus robur L.). Toutefois, une forte variabilité interindividuelle a été observée au 
sein de chaque espèce. Par conséquent, ces molécules ne peuvent servir de marqueurs pertinents pour une 
discrimination sans ambiguïté des deux espèces de chêne européen utilisées en tonnellerie. Récemment, des 
triterpènes à saveur sucrée, les quercotriterpenosides (QTT), ont été identifiés dans le bois de chêne [3, 4] 
et le goût amer d’un dérivé glucosylé de l’acide bartogénique (Glu-AB) a été établi [5]. La présente étude 
vise à déterminer l’influence de l’espèce de chêne sur la teneur en triterpènes sapides du bois de chêne 
(Figure 1). Une méthode de dosage en chromatographie liquide couplée à la spectrométrie de masse à haute 
résolution (LC-HRMS) a été développée à cette fin.  
 

 
Fig. 1 - Structure chimique des triterpènes quantifiés dans le bois de chêne. 

 

Matériel et méthodes 
Origine et préparation des échantillons de bois 
Les QTT et le Glu-AB ont été purifiés à partir du bois de chêne par chromatographie de partage centrifuge 
et chromatographie liquide haute performance à l’échelle préparative, selon la procédure décrite par 

R1 R2 R3

QTT I OH CH3 CH2OGall

QTT II OGall CH2OH CH3

QTT III OGall CH3 CH2OH

Glu-BA

Gall = galloyl
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Marchal et al. [3, 4]. La tonnellerie Seguin-Moreau a gracieusement fourni 22 échantillons de bois de 
chêne, prélevés dans 6 forêts françaises (Saint-Clément, Spincourt, Xures, Tronçais, Châteauroux et Liffré). 
Pour chaque arbre étudié, deux échantillons ont été collectés : dans le bois de cœur et dans les feuilles. 
Les prélèvements de feuilles ont été soumis à des analyses génétiques réalisées par le Dr Erwan Guichoux 
(UMR BIOGECO, INRA) afin d’identifier l’espèce de chêne [6, 7]. Le prélèvement de bois a été séché, 
réduit en poudre, puis macéré à 50 g/L pendant 48h dans une solution hydro-éthanolique à 12% v/v 
(5 g/L d’acide tartrique, pH 3.5). Après filtration dégrossissante sur papier, les macérats ont été dilués au 
1/25ème, filtrés à 0.45 µm et analysés par LC-HRMS. 

Conditions chromatographiques et spectrométriques  
Une méthode de quantification des QTT I, II, III et du Glu-AB a été développée [8]. La plateforme 
analytique était constituée d’une chaîne chromatographique U-HPLC Accela connectée à une colonne 
Hypersil Gold C18 (2.1 x 100 mm ; 1,9 µm ; Thermo Fisher Scientific, Les Ulis, France). De l’eau 
ultrapure (A) et de l’acétonitrile de qualité LC-MS (Optima, Thermo Fisher Scientific, B) ont été utilisés 
comme phase mobile, selon le gradient suivant : 0 min, 20%B ; 0.5 min, 20%B ; 4 min, 50%B ; 4.1 min, 
98%B ; 6.1 min, 98%B ; 6.2 min, 20%B ; 7.5 min, 20%B. Le débit était de 600 µL/min, avec un volume 
d’injection de 5 µL. La détection était assurée par un spectromètre de masse Exactive équipé d’un 
analyseur Orbitrap (Thermo Fisher Scientific). L’ionisation a été réalisée en mode négatif, à l’aide d’une 
source par électro-nébulisation chauffée (HESI I). La quantification est basée sur la mesure des aires des 
pics chromatographiques construits par appel des ions (XIC) compris dans une fenêtre de 5 ppm autour de 
la masse monoisotopique exacte des ions déprotonés. Les résultats sont traités grâce à l’application 
Quanbrower du logiciel Xcalibur (Thermo Fisher Scientific), par intégration automatique. 

Analyse des données 
L’expression des résultats en valeur absolue est permise par l’obtention de droites de calibration 
construites, pour chaque composé, par l’injection de solutions de référence (de 500 ng/L à 5 mg/L). 
Les résultats sont exprimés en microgrammes de composés par gramme de bois, en considérant la 
concentration des macérats ainsi que le facteur de dilution. Le traitement statistique a été réalisé par le 
logiciel XL-STAT version 2010.5.05 (Addinsoft, Paris, France), en évaluant l’incidence de l’espèce 
botanique sur les concentrations en triterpènes par analyse de variance à une variable, après avoir vérifié 
l’homogénéité de la variance (test de Levene) ainsi que la normalité de la distribution des résidus 
(test de Shapiro-Wilk). 

Validation de la méthode de dosage 
Afin de valider la méthode de quantification, plusieurs critères analytiques ont été étudiés. La linéarité a été 
vérifiée dans la gamme de travail, par mesure du coefficient de corrélation des droites de calibration. 
La détection par spectrométrie de masse à haute résolution garantit la spécificité de l’analyse, ce qui permet 
par ailleurs l’injection directe des échantillons. Compte-tenu des caractéristiques de la HRMS, la méthode 
classique, basée sur la mesure du rapport signal/bruit n’est pas pertinente pour la détermination de la 
sensibilité. L’approche développée par De Paepe et al. a ainsi été utilisée pour définir les limites de 
détection et de quantification [9]. Des injections de 5 réplicats d’échantillons standards et d’échantillons 
dopés en composés dosés ont permis de calculer la répétabilité et la justesse de la méthode. 

Résultats et discussion 
Développement d’une méthode de dosage des triterpènes du bois par LC-HRMS 
La LC-HRMS combine le pouvoir de séparation de la chromatographie liquide à ultra haute performance et 
la spécificité de détection de la spectrométrie de masse à haute résolution. Elle constitue donc une 
technique de choix pour le dosage de composés non-volatils dans une matrice complexe. La méthode 
chromatographique développée ici a permis de séparer les différents triterpènes, comme présenté à la figure 
2, et de les doser à des concentrations allant de 1 µg/L à 5 mg/L, avec une linéarité supérieure à 0.996 pour 
tous les composés. La justesse et la répétabilité ont été mesurées respectivement supérieure à 89% et 
inférieure à 7% pour tous les composés. Les temps de rétention variaient très peu d’une injection à une 
autre et la précision de mesure de masse a toujours été inférieure à 2.8 ppm pour tous les composés. 
La méthode de quantification a ainsi été validée, les différents paramètres de cette validation sont reportés 
dans une étude récente [6]. 
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Fig. 2 - Chromatogrammes LC-HRMS des ions totaux et des ions extraits (en rouge correspondant 

aux QTT et en vert au Glu-AB) d’un macérat de bois de chêne. 

 
Influence de l’espèce de chêne sur la teneur en triterpènes sapides du bois 
Les analyses génétiques ont révélé que parmi les 22 échantillons analysés, 8 étaient de chêne sessile et 14 
de chêne pédonculé. Les traitements statistiques ont montré une corrélation positive entre les teneurs en 
QTT I, II et III. La moyenne de la somme des concentrations de ces trois triterpènes sucrés (∑QTT) a été 
mesurée à 1457 ± 963 µg/g dans le chêne sessile et 21 ± 8 µg/g dans le chêne pédonculé. L’espèce 
botanique a donc une incidence significative sur la teneur en QTT (Figure 3), mais il faut toutefois noter 
une forte variabilité interindividuelle traduite par l’écart-type élevé pour les échantillons de chêne sessile. 
A l’inverse, les teneurs moyennes en Glu-AB sont de 24 ± 7 µg/g dans le chêne sessile et 780 ± 372 µg/g 
dans le chêne pédonculé. En dépit de forts écarts entre individus au sein d’une même espèce, le Glu-AB est 
significativement plus abondant dans le chêne pédonculé que dans le chêne sessile (Figure 3). Ainsi, ces 
résultats démontrent que l’espèce de chêne influence la composition triterpénique du bois, puisque le chêne 
sessile contient davantage de triterpènes sucrés tandis que le chêne pédonculé est plus riche en triterpènes 
amers. Ces données analytiques peuvent être mises en parallèle de l’utilisation empiriquement privilégiée 
du chêne sessile pour l’élevage des vins et du chêne pédonculé pour la maturation des eaux-de-vie. 
Toutefois, compte tenu des fortes variabilités interindividuelles observées au sein de chaque espèce, aucun 
de ces composés ne peut, individuellement, permettre une identification à coup sûr de l’origine botanique 
d’un échantillon de bois. Des résultats similaires avaient déjà été observés pour la β-methyl-γ-octalactone [1] 
ou encore les ellagitannins [2]. 
 

 

 

 

 

 

 

 

 

 
Fig. 3 - Concentrations moyennes en QTT (à gauche) et en Glu-AB (à droite) mesurées 

dans du bois de chênes sessiles et pédonculés. Les barres d’erreur correspondent 
aux intervalles de confiance à 5%. 
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Calcul d’un indice triterpénique permettant la détermination sans ambiguïté de l’espèce de chêne 
En l’absence de marqueurs chimiques connus pouvant être dosés de façon ciblée, l’identification de 
l’espèce botanique d’un échantillon de chêne repose jusqu’à présent exclusivement sur des analyses 
génétiques. Or, l’examen des chromatogrammes obtenus précédemment a semblé montrer une influence de 
l’espèce sur le profil triterpénique des échantillons. Afin de traduire ce profil triterpénique en une valeur 
quantifiable, un indice triterpénique (IT) a été défini de la façon suivante :  
 

𝐼𝑇 = log
[𝑄𝑇𝑇 𝐼] + [𝑄𝑇𝑇 𝐼𝐼] + [𝑄𝑇𝑇 𝐼𝐼𝐼]

[𝐺𝑙𝑢 − 𝐵𝐴]
 

 
La figure 4 présente les valeurs moyennes de cet IT calculées pour les échantillons analysés. 
 
 

 
 
 
 
 
 
 
 

 
 

Fig. 4 - Valeurs moyennes de l’IT calculées pour les échantillons de chênes sessiles et pédonculés. 
 

Les résultats montrent un effet significatif de l’espèce de chêne sur l’IT, avec une valeur moyenne de 
1.63 ± 0.21 pour le chêne sessile et -1.70 ± 0.22 pour le chêne pédonculé. En outre, de faibles variations 
interindividuelles sont observées, tant pour les chênes sessiles (valeurs comprises entre 1.41 et 2.15) que 
pour les chênes pédonculés (valeurs entre -2.19 et -0.84). Tous les échantillons de chênes sessiles ont un IT 
supérieur à 1 tandis que tous les échantillons de chênes pédonculés ont un IT inférieur à -0.5. Ainsi, la 
mesure de cet index triterpénique permet une discrimination chimique de l’espèce de chêne, contrairement 
au dosage individuel des triterpènes, des ellagitannins [2] ou bien encore de la β-methyl-γ-octalactone [1]. 

Conclusion 
Ce travail décrit le développement et la validation d’une méthode de dosage de triterpènes sapides du bois 
de chêne par LC-HRMS. L’application de cette méthode a permis de montrer que le chêne sessile était 
significativement plus riche en triterpènes sucrés (QTT) que le chêne pédonculé, tandis que ce dernier 
contenait davantage de triterpènes amers (Glu-AB). Au-delà de cette découverte, et des futures applications 
œnologiques qui pourront en découler directement, cette étude a permis, grâce au calcul d’un indice 
triterpénique, de proposer la première méthode chimique ciblée de détermination de l’espèce de chêne. 
L’intérêt de cette méthode pourrait être lié à son application après séchage et après chauffe du bois, voire 
directement sur les vins et les spiritueux élevés au contact du bois, ce que ne permet pas la méthode 
génétique. Des travaux ultérieurs viseront à étudier ces hypothèses et à préciser le champ des applications 
possibles de cette méthode. 
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Cork stopper – image analysis – oxygen transport – diffusion 

Introduction  
Cork is the natural material stripped from the outer bark of cork oak. It is still the most used stopper to seal 
wine bottles and to preserve wine during storage [1]. This material is compressible and elastic, has a low 
permeability to gases and liquids, but presents a high heterogeneity. Cork is generally sorted visually by 
hand or by optical analysis as a function of its overall outside general aspect, considering the defects 
viewed from the outside are a good estimation of the inside. These defects can be considered as the 
macroporosity of the material, named lenticular channels. The larger the quantity of lenticels, the poorer is 
the quality of the cork. In this way, cork qualities are divided in 7 classes, with class 0 being the best 
quality and class 6 the poorest quality. 

During post-bottling aging of wine, oxygen transfer through the stopper occurs depending on the 
permeability of the sealing material used. This can lead to oxidation reactions, involving in particular 
phenolic compounds. A final result of such reactions is color change (browning) and off-flavor 
development, which modify the organoleptic properties of wine. Therefore, it is important to investigate the 
internal structure of cork stoppers and to better understand how the transport of gases, particularly oxygen, 
occurs for a better control of their barrier properties. 

Materials and methods 
Neutron imaging 
The visual defects of cork stoppers named lenticels were investigated using two non-invasive methods: 
neutron and X-ray tomography. These techniques allowed to visualize, identify and quantify the pore 
distribution within full cork stoppers.  

Oxygen transfer 
Oxygen transfer through 3-mm cork wafers was measured at 25°C using a manometric permeation 
technique [2] (Fig. 1). The initial pressure of oxygen was fixed between 50 and 800 hPa, at one side of the 
cork wafer (C1), while the other side was maintained under dynamic vacuum (C2). The decrease of 
pressure in C1 was followed as function of time. Depending on the mechanism of mass transfer, 
the transport coefficients can be determined. 

Results and discussion 
The 3D reconstruction of the whole cork stopper revealed that there is no interconnectivity between 
lenticels [3] (Fig. 2). This means, in terms of permeability, that gas transport could occur through lenticels 
(following Darcy or Knudsen mechanism) but must go through the alveolar structure of the material to 
fully cross the stopper. 

Increasing the initial pressure of oxygen from 50 to 800 hPa led to a change in the values of the transport 
coefficients determined from the manometric method. This means that oxygen transport through cork is in 
favor of the Fickian mechanism [4]. From these results, it can be concluded that the limiting step of oxygen 
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transport through cork occurs in the cell wall. From the dependence of the diffusion coefficient on pressure, 
an apparent activation volume of 45 ± 4 nm
This large value (close to the molecular volume of the ideal g
also diffuse though a gas phase in large space such as lenticels, plasmodesmata (if not obstructed), or, more 
probably, inside the empty cells when moving from one site to another [

Fig. 1 - Manometric device used for the measurement of oxygen transfer through cork.

Fig. 2 - 3D reconstructed 
(A) Stopper external surface; (B) axial and radial section; (C) lenticular channels

 

Fig. 3 - Schematic representation of oxygen diffusion through cork
(○: oxygen molecule, 
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k occurs in the cell wall. From the dependence of the diffusion coefficient on pressure, 
an apparent activation volume of 45 ± 4 nm3 was also determined by applying the transition state theory. 
This large value (close to the molecular volume of the ideal gas, 41 nm3) indicates that oxygen molecules 
also diffuse though a gas phase in large space such as lenticels, plasmodesmata (if not obstructed), or, more 
probably, inside the empty cells when moving from one site to another [4] (Fig. 3). 

Manometric device used for the measurement of oxygen transfer through cork.
 

3D reconstructed cork stopper from X-ray tomography
surface; (B) axial and radial section; (C) lenticular channels

matic representation of oxygen diffusion through cork
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Conclusion 
For the first time, the internal structure of cork stopper was investigated. Neutron and X-ray tomography 
allowed to identify and quantify cork defects. Moreover, from the 3D reconstruction, the distribution of the 
lenticels inside the stopper did not show any interconnectivity. According to this internal structure, 
gas molecules can not only transfer within lenticels but must go through a dense phase to cross the material. 
The limiting step of gas transfer in cork is the diffusion of gaseous molecules through the cell walls. 
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Oxygen transfer – oxygen desorption – barrel – permeameter 

Introduction 
Nowadays 5 percent of wines in the world are aged in barrels [1]. Barrel aging has many beneficial effects 
on wine and its role as an oxygen provider is a long known advantage. However, questions such as how 
much oxygen is transferred into barrel during barrel aging and how oxygen molecules move through 
barrel’s walls have not been clearly answered. A quantification of oxygen transfer during barrel aging will 
better guide wine-makers to adjust and control their cellar work.  

Based on the hypothesis of the existence of oxygen transfer through barrel wall, Ribereau-Gayon in his 
earlier work estimated an annual transfer from 15 to 45 mg.L-1.year-1 for a new French barrel in hermetic 
condition; 0.7 to 3.3 mg.L-1.year-1 for unsealed barrels [2]. This rate is widely cited by researchers in the 
field. Peterson and Singleton later on questioned the possibility of oxygen transfer through barrel as they 
found out for sealed barrels, a vacuum could gradually formed over time, enough to cause barrel micro-
deformation; this suggested a perfect air-tightness of the barrel [3, 4]. However, researchers such as 
del Alamo-Sanza and Nevares followed the oxygen transfer hypothesis and determined the oxygen transfer 
rate at 11.62 mg.L-1.year-1 [5]. Feuillat in 1996 pointed out the importance of oxygen desorption in wine-
saturated area of barrel’s inner surface [6]. But it is only recently that specific study on oxygen desorption 
of oak has been accomplished. Pons et al. [7] studied the oxygen desorption of oak chips using model 
solution in 2014. During the first 5 days of measurement, dissolved oxygen concentration increased rapidly 
from 0 to 1 mg.L-1, which covered 80% of the total oxygen dissolved during the whole measurement period 
(35 days); they found out that oxygen concentration decreased from the 8th day till the end of the 
measurement as it is consumed by oxidative phenol compounds released from oak itself [7].  

As for the subject of possible air passages in a barrel, researchers have formulated many hypotheses 
derived from their observations. Ribereau-Gayon [2] suggested that the zone around the bunghole is more 
porous to oxygen. Moutounet et al. [8] demonstrated the possibility for the barrels to have micro-
deformation in the end of staves in the barrel’s lower part, allowing a gas exchange. Recently, del Alamo-
Sanza and Nevares [5] suggested that stave gaps may be the most effective transfer passage in a barrel. 

The objective of this study is to understand barrel’s oxygen supply by different oxygen desorption and 
oxygen transfer phenomena. A quantification of oxygen desorption during the first month of contact is 
studied as well as an identification of oxygen passage in barrel using an innovative permeameter. 

Materials and methods 
In search for a better understanding of the subject, barrels were primarily used for a global approach; 
oxygen desorption phenomenon was further investigated in laboratory scale; a permeameter was developed 
for the study of oxygen transfer and oxygen passages; several parameters influencing oxygen transfer rate 
were evaluated with the permeameter.  
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Oxygen desorption in barrels set in different conditions 
Barrels were set in two different conditions to differentiate the phenomenon of oxygen desorption from oak 
and a combination of oxygen supply from barrel and ambient air. One barrel was set in a climate-controlled 
room (18 ±1 °C) exposed to ambient air, the other in a closed system filled with nitrogen gas in order for 
the barrel to stay isolated. Barrels stayed closed during each test to avoid oxygen contamination from the 
bunghole. At the beginning of each experience, the barrels were filled with degassed model solution; 
the concentration of dissolved oxygen was followed over a month by an oxymeter (Hach HQ 30d flexi, 
France). The oxygen dissolution curve of the two barrels was compared. 

System of desorption for the quantification of oxygen desorption 
A special system was installed in the laboratory for the evaluation of oxygen desorption from small grain 
oak of different heating level (unheated, medium heat and strong heat). Oak wood was sliced into small 
pieces and imbibed in bottles filled with degassed model solution (104 cm2 of contact surface/L model 
solution, the same ratio in a 225L barrel). The model solution was renewed every 5 days to make sure no 
oxygen consumption took place inside the bottle as a preliminary study showed that oxygen consumption 
by oak polyphenols starts from 15 days on. The concentration of dissolved oxygen in the solution was 
followed during 2 months. The influence of heating level over oxygen desorption was studied as well.  

Identification of oxygen passages using the permeameter 
Oxygen transfer through a piece of stave (dimension 4.5cm * 4.5cm * 2.3cm) was studied with a 
permeameter co-developed by ISVV and ENSAM. The oak samples were cut from oak stave, either in 
whole or sliced into two half-round pieces to imitate stave gaps. Samples were placed in the intermediate 
chamber of the permeameter. The upstream, intermediate and downstream chambers were equipped with an 
entrance and an exit of gas, permitting a preliminary step of nitrogen scanning; the volume of the model 
solution in contact with oak sample was calculated with the same ratio volume/surface as if in 225L barrel. 

The oxygen concentration in the upstream and downstream chamber was detected using a mobile optical 
fiber coupled with small sensor spot. The luminescent systems selected for this were the Oxy-trace 
(PreSens GmbH, Germany) coupled with PSt3 type (detection limit = 15 ppb, 0 - 100% oxygen). 
The dissolved oxygen concentration in the solution in contact was followed during 120 hours for each test. 
Nitrogen gas and pure oxygen gas were injected in the upstream chamber at a fixed pressure of 0.5 bars. 
Oxygen desorption phenomenon could be proved to exist while alternating the type of gas applied in the 
upstream chamber and by analyzing the oxygen dissolution kinetics curves. 

Results and discussion 
The study of oxygen desorption in barrels showed that for barrel set to open air the quantity of oxygen 
supplied by barrel diminishes with the number of soaking. During the first oak/solution contact, oxygen 
supply achieved the highest level of 2 mg.L-1 during 30 days of measurement. The third time contact 
brought significantly lower oxygen level to solution compared to the previous two. A dry barrel brings 
more oxygen than used wet barrels. The decrease of dissolved oxygen (DO) is mainly due to oxygen 
consumption by oak-originated polyphenols (Figure 1). 

 

 

Fig. 1 - Dissolved oxygen concentration in a barrel exposed to ambient air.  
 

0

1

2

3

0 5 10 15 20 25 30

O
xy

ge
n 

co
nc

en
tr

at
io

n 
(m

g,
l-1

)

Time (days)

first repetition of barrel put to ambient air 
second repetition of barrel put to ambient air
third repetition of barrel put to ambient air



 Chimie du vin, procédés et composants du vin à effets physiologiques 

353 

The comparison between the first repetitions of barrel set to different conditions showed that for the barrel 
in an isolated system, the concentration of DO decreased from 15 days on whereas for the barrel exposed to 
ambient air, DO decreased from 28 days on, suggesting an oxygen ingress for DO in barrel exposed to 
ambient air. The second repetition showed a same tendency while for both barrels DO supply was 
significantly decreased compared to the first two repetitions. DO’s origin is thus deduced to come from the 
oak itself for a large proportion; oxygen can also be transferred from the exterior, possibly through stave 
gaps or through micro-deformations (Figures 2 & 3). 

 

 

Fig. 2 - Comparison of dissolve oxygen concentration between barrels set into different 
conditions of first-time contact. 

 
 

 
Fig. 3 - Comparison of dissolved oxygen concentration in barrels set into different 

conditions, second repetition. 
 
Quantification of oxygen desorption with a system developed in laboratory 
Quantification of oxygen desorption from oak was further studied at laboratory scale. Results show that 
oxygen desorption from oak is most efficient during the first month of contact and is independent of 
heating level. In average, 10% of oxygen in oak is released to solution in contact, corresponding to 
5 mg.L-1 in concentration under 0.2 bar vacuum. Oxygen desorption is thus deduced to be the first and 
foremost contributor to barrel’s oxygen supply (Figure 4). 

 

 

Fig. 4 - Percentage of oxygen desorption from oak of different heating level (5 days/cycle). 
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Identification of oxygen passages and its influential factors using an innovative permeameter 
Oxygen passageways were studied using the permeameter, in which a round piece of small grain oak 
(26 mm thick) is set in the middle, in contact with pure oxygen gas on one side, a deoxygenized model 
wine solution on the other side. It is observed that during 5 days of measurement, with a pressure of 
0.5 bars, no pure oxygen molecule has successfully passed through the wood piece (Figure 5), neither when 
pure oxygen gas was applied nor when nitrogen gas was used. At the end of each measurement, DO stayed 
always inferior to 8 mg.L-1, the saturation concentration of ambient air, instead of approaching 40 mg.L-1, 
the saturation concentration of pure oxygen. If pure oxygen migrated under 0.5 bar pressure through oak 
stave, DO in downstream chamber would surpass the threshold of 8 mg.L-1. The difference between two 
curves is thought to come from variability in oak tissues; however, further studies are required to validate 
this hypothesis. 

 
Fig. 5 - Oxygen dissolution curve in the downstream chamber of the permeameter during 120 hours 
of measurement; in the upstream chamber: application of pure oxygen or nitrogen gas at 0.5 bars. 

 

Oxygen molecules were proved to be able to pass through stave gaps at different rate according to applied 
pressure. Several wood pairs (A and B) were made from two half-round pieces to imitate stave gaps. 
For both pair, A and B, a decrease in tightening force applied on stave gaps (from 14 to 8 bar) results in a 
release of available oxygen transfer passageways, hence the quantity of oxygen transfer to model solution 
over a fixed period. When applied with the same tightening force, pair B possesses more oxygen passages 
than pair A as the DO is far beyond 8 mg.L-1 at the end of the measurement, suggesting the flow of pure 
oxygen molecules in solution in the downstream chamber (Figure 6). This indicates that oak surface’s 
smoothness has an equally important impact on oxygen transfer efficiency as the tightening force. 

 

 
Fig. 6 - Influence of applied pressure and influence of surface contact at stave gaps on 

oxygen transfer efficiency over 5 days of measurement using the permeameter. 
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Conclusion 
These results highlight the oxygen transfer phenomenon during barrel aging: the enrichment of oxygen in 
barrels is largely due to oxygen desorption from wood itself and to oxygen transferred at stave gaps under 
insufficient applied pressure, a transfer also influenced by stave polishing process during barrel fabrication.   
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Thiol precursor – Sauvignon blanc – 3-sulfanylhexanol – identification 

Introduction  
Although extensively studied, the origin of the aroma of Sauvignon blanc wines is still far from being fully 
understood. The compounds responsible for the varietal aroma of this wine were associated with the family 
of volatile thiols. 3-sulfanylhexanol (3SH, formerly named 3-mercaptohexanol or 3MH) is known to 
significantly contribute to the characteristic aroma of wines made from the Sauvignon blanc cultivar [1]. 
Usually absent in grape juice, volatile thiols are produced by S. cerevisiae during the fermentation process 
from S-3-(hexan-1-ol)-L-cysteine (Cys-3SH) [2-4] and from S-3-(hexan-1-ol)-glutathione (Glut-3SH) [5]. 
Another pathway of 3SH formation from corresponding C6-aldehyde was also proposed but is 
controversial [6]. Furthermore, Capone et al. demonstrated that the addition of labeled (E)-hex-2-enal to 
whole grape berries before crushing results in the formation of labeled S-3-(hexan-1-al)-glutathione [7]. 
It is therefore conceivable that an intermediate compound such as S-3-(hexan-1-al)-glutathione 
(Glut-3SH-Al) exists in the musts.  

Materials and methods  
Juice samples were produced with Sauvignon blanc grapes. Medium Pressure Liquid Chromatography 
(MPLC) was carried out on the Armen Spot Prep II system with an integrated quaternary pump, detector 
and fraction collector. The column was a CHROMABOND® Flash RS330-C18ec column (330 g). 
The analysis was carried out on LC-Exactive (Thermo Fisher Scientific) mass spectrometer equipped 
with a heated ESI ion source. 1H and 13C NMR spectra were recorded with a Bruker AC-300 FT 
(1H: 300 MHz, 13C: 75 MHz) at +4°C on freshly prepared sample (40 mg of lyophilized compound in 
0.5 mL of cold D2O).  

Results and discussion 
Identification of the Glut-3SH-Al and Glut-3SH-SO3 in grape juice  
The aldehydic form of glutathione S-conjugate of 3SH was synthesized via the Michael-type addition of 
glutathione to the corresponding α,β-unsaturated aldehyde ((E)-hex-2-enal) according to protocol of Thibon 
et al. [8] and purified by MPLC on a C18 column. The Glut-3SH-Al bisulfite adduct (Hydrogen S-3-
glutathionyl-hydroxyhexanesulfonate or Glut-3SH-SO3) could easily be obtained by bisulfitic combination 
(figure 1). The full-scan mass spectrum of Glut-3SH-Al recorded in positive mode exhibits a prevalent 
pseudo-molecular ion [M+H]+ at m/z 406.1631 corresponding to the molecular formula C16H28O7N3S, 
whereas the mass spectrum of Glut-3SH-SO3 presents two prevalent ions: a peak at m/z 488.1366 relevant 
to the pseudo-molecular ion [M+H]+ (corresponding to the molecular formula C16H30N3O10S2) and a peak 
at m/z 406.1630 [M-H2SO3+H]+.  

Partial purification of the aroma precursor from Sauvignon blanc juice was achieved by applying medium 
pressure liquid chromatography (MPLC). We screened for the presence of target compounds in the 
200 fractions obtained by fractionation of 5 L of grape juice on C18 column.  
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Fig. 1 - Structure of S-3-(hexan-1-al)-glutathione (Glut-3SH-Al) and Hydrogen 
S-3-glutathionyl-hydroxyhexanesulfonate (Glut-3SH-SO3). 

 
Identification was confirmed by study of mass accuracy, fragmentation patterns and retention time. 
For example, the FTMS spectrum exhibits a prevalent ion peak at m/z [M+H]+ 406.16388, in agreement 
with the molecular formula of C16H28O7N3S, with an error less than 1 ppm in relation to the calculated 
mass (Table 1). Fragmentation experiments in FTMS and retention time confirmed the identification of 
Glut-3SH-Al and Glut-3SH-SO3 in the sample.  
 

Table 1 - Chemical formula, diagnostic ion (Diag. ion), fragment ion, calculated and observed 
m/z in the juice extract (MPLC fraction) for each ion and compound. Mass accuracy 

(Mass acc.) is expressed as mass error in ppm. 

Chemical  
formula 

Diag. 
ion 

m/z 
observed  

Mass 
acc. 

Fragment 
 ion 

m/z 
observed  

Mass 
acc. 

C16H27O7N3S [M+H]+ 406.16388 0.901 [C11H19O3N2S]+ 259.11127 0.706 

C16H29O10N3S2 [M+H]+ 488.13648 0.406 [C11H19O3N2S]+ 259.11113 0.191 

 

Validation of S-3-(hexan-1-al)-glutathione as a direct precursor of 3-sulfanylhexan-1-ol  
In order to evaluate the contribution of the new putative precursors to the 3SH wine content and to 
investigate the capacity of S. cerevisiae to release 3SH from Glut-3SH-Al or Glut-3SH-SO3 during 
alcoholic fermentation, Glut-3SH-Al and Glut-3SH-SO3 were added to the model medium or must prior to 
fermentation at 100 or 500 µg/L. Table 2 shows the 3SH levels in the wine and model wine after total 
fermentation and the conversion rate in the different modalities.   

The bioconversion rates were similar for Glut-3SH-Al and its bisulfite adduct when the fermentations were 
carried out in synthetic medium or in grape juice. The rate was approximately 0.4% for the free and 
combined Glut-3SH, irrespective of the added concentration. The addition of 100 µg/L of Glut-3SH-Al in 
the must induces an increase in 3SH release that ranged from 15 to 20% (959 vs. 810 ng/L for the control, 
Table 2). These results clearly indicate that Glut-3SH-Al and its bisulfite adduct are new direct precursors 
of 3SH with molar conversion yields close to 0.4% in enological conditions. The fact that the yeast 
bioconversion rate of Glut-3SH-SO3 was higher in the absence of SO2 in the medium may (data not shown) 
indicate that the bisulfitic combination is reversible and may dissociate to give the free aldehydic 
Glut-3SH-Al (with a higher 3SH bioconversion rate) when the free SO2 levels diminish.  
 

Table 2 - Bioconversion of Glut-3SH-Al and Glut-3SH-SO3 into 3SH by S. cerevisiae. Precursors 
were added to the synthetic medium or must at 100 µg/L and 500 µg/L. 3SH release was 

measured after complete fermentation (n = 3), expressed in ng/L and the conversion rates 
were estimated (%). In must, the conversion rate was estimated from the 3SH levels 

due to the spike (relative to the control). 
 

 

 

 

 

 

 Compounds 
Spike 
(µg/L) 

Synthetic medium Fermented must 

  3SH (ng/L) 
 

Conversion 
(%) 

3SH (ng/L)  
 Conversion 

(%) 
- No Spike - 

 
- 810 ± 58  - 

Glut-3SH-Al 100 139 ± 29  0.42 959 ± 26  0.45 

 
500 645 ± 120 

 
0.39 1470 ±70   0.40 

Glut-3SH-SO3 100 126 ± 33  0.38 949 ± 36  0.42 

 500 725 ± 88  0.38 1434 ± 36  0.38 
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Evaluation of Glut-3SH-Al and Glut-3SH-SO3 contribution on 3SH release  
The detected amount of total Glut-3SH-Al in the 35-45 and 75-85 fractions seems to be of the same order 
of magnitude as Glut-3SH (detected in the 70-75 MPLC fraction, data not shown). As the Glut-3SH content 
in the must was found to be between 50 and 500 µg/L in the Sauvignon blanc musts [2, 4], we can estimate 
that the contribution of Glut-3SH-Al is between 50 and 500 ng/L of the resulting thiols, i.e. with a putative 
relative participation in terms of the total 3SH content between 10 and 25% in wine.  

Conclusion 
In this work, two new direct S-conjugate precursors of 3SH were identified in Sauvignon blanc juices for 
the first time. Further work is now required to determine the exact content of Glut-3SH-Al and its bisulfite 
adduct in the must in order to adjust the contribution of these new precursors to the 3SH release. 
The impact of SO2 and the bisulfite dissociation constant will also be specified in order to enhance our 
understanding of the aromatic potential of grape juice. 
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Potentiel thiol – oxydation – disulfures – 3MH et 3MHA 

Introduction 
Les thiols variétaux tels que le 3-mercaptohexanol (3MH) et l’acétate de 3-mercaptohexyle (3MHA) sont 
des molécules clés de l’arôme du vin grâce à leur puissance olfactive. Ils confèrent aux vins des notes 
d’agrumes, de fruits tropicaux ou de cassis, très appréciées du consommateur.  

La teneur de ces composés est réputée diminuer au cours du vieillissement des vins, entrainant une perte 
aromatique dont les mécanismes sous-jacent ont déjà été détaillés [1]. Cependant, contre toute attente, 
certaines observations montrent au contraire, que les teneurs en thiols variétaux (3MH et 3MHA) de 
certains vins lors de leur stockage en bouteille ont pu augmenter (jusqu’à +30% en 3MH) [2]. 
La réversibilité des équilibres d’oxydoréduction des thiols et disulfures pourrait expliquer la libération des 
thiols au cours du vieillissement.   

Ainsi, il apparait que le dosage des formes libres ne constitue qu’une information partielle de l’état 
aromatique d’un vin. 

Le but de ce travail est de comprendre l’évolution des teneurs en thiols variétaux au cours du vieillissement 
du vin et de modéliser la proportion de disulfures du 3MH et du 3MHA formée en utilisant un nouvel 
indicateur analytique : « le potentiel thiol ». Pour cela, une méthode de dosage des thiols sous formes libre 
et disulfures a été développée par dilution isotopique et nanoLC-MS/MS.  

Matériel et méthodes 
Plan expérimental 
3 vins blanc, rosé et rouge (respectivement Manseng-Côtes de Gascogne, Grenache-Rosé de Provence et 
Gamay-Beaujolais) ont subis divers traitements œnologiques : 1-témoin, 2-oxygénation, 3-CuSO4 (10 
mg/L), 4-CuSO4 (10 mg/L)/GSH (50mg/L) et 5-GSH (50 mg/L)/oxygénation. Toutes les modalités étudiées 
ont été réalisées en triplicat et conditionnées dans des tubes étanches (Wine In Tube, 45 mL) équipés de 
capteurs à oxygène (PSt3, Nomacorc). La consommation en oxygène des vins a été suivie durant 7 à 10 
jours par luminescence au moyen de la sonde NOMASense O2. Lorsque les teneurs en oxygène dissout ont 
soit atteint une valeur inférieure à 1 mg/L, soit une stagnation, les vins ont été analysés. 

Analyse des thiols variétaux et des disulfures associés 
Les échantillons de vin (2 mL) sont analysés différemment selon la mesure souhaitée. Pour l’analyse des 
thiols libres, la première étape consiste en une dérivatisation au N-phénylmaléimide (NPM) tandis que pour 
les disulfures, une étape de réduction avec la tris(carboxyethyl)-phosphine (TCEP) puis de dérivatisation au 
NPM sont réalisées. L’analyse séparée des deux types d’échantillon permet d’accéder par différence à la 
proportion de thiols sous formes de disulfures, quel que soit le second thiol engagé dans la liaison disulfure. 
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Tableau 1 - Teneurs en SO2 libre, potentiels 3MH / 3MHA et 3MH / 3MHA libres dans des vins rouge, rosé et blanc ayant subi divers traitements 
œnologiques. Les teneurs en thiols sont exprimées en ng/L et sont la moyenne de triplicat d’échantillon. Les teneurs potentiel 3MHA et 3MHA libre 

sont non détectées dans les vins rouge et blanc (nd : non détecté). 

 
  Red wine Rosé wine White wine 

  Free 
SO2 
(mg/L) 

3MH  
potential 

3MH 3MHA  
potential 

3MHA Free 
SO2 
(mg/L) 

3MH  
potential 

3MH 3MHA  
potential 

3MHA Free 
SO2 
(mg/L) 

3MH  
potential 

3MH 3MHA  
potential 

3MHA 

Control 10 206 189 23 19 28 2743 2632 255 228 15 5497 5070 25 12 

O2 4 169 144 19 15 19 2713 2311 223 180 13 5236 4688 nd nd 

CuSO4 7 28 0 15 1 17 1372 10 118 13 11 1478 31 nd nd 

CuSO4/GSH 5 34 9 17 11 19 1001 42 100 15 12 1180 83 nd nd 

GSH/O2 11 208 188 26 18 27 2667 2365 219 187 17 5421 4737 nd nd 
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Résultats et discussion 
Présents à l’état de trace dans les vins, le 3MH et le 3MHA sont des molécules très réactives à cause de la 
fonction chimique thiol. En effet, les thiols peuvent réagir avec de nombreuses espèces électrophiles du vin 
pour former soit des thioéthers [1], soit des complexes avec des métaux lourds [3], soit des disulfures [4]. 
Dans les deux cas, le piégeage des thiols est responsable d’une perte aromatique [5]. Cependant, l’évolution 
des thiols sous forme de disulfure est un processus réversible selon le potentiel redox du vin, alors que 
l’addition nucléophile, notamment sur les quinones d’ortho-diphénols est irréversible [6]. Il est donc 
pertinent de pouvoir connaître la part de thiol piégée sous forme de disulfures puisqu’elle peut s’apparenter 
à une réserve aromatique dont la teneur évolue de la fin de la fermentation alcoolique jusqu’au 
vieillissement du vin. 

Pour cela, une méthode d’analyse consistant en l’analyse de toutes les formes disulfures possibles du 3MH 
et du 3MHA a été développée afin de caractériser le réservoir aromatique du vin. Ce nouvel indicateur 
analytique est appelé : « le potentiel thiol » et correspond à l’addition des formes libres et disulfures du 
3MH et 3MHA. D’un point de vue analytique, la méthode a été validée selon les recommandations de 
l’Organisation Internationale de la Vigne et du Vin et affiche une grande sensibilité (LOD inférieure à 
3 ng/L), exactitude (95-110%) et répétabilité (CV<15%) toutes matrices de vins confondues. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1 - Répartition des formes libres, disulfures et autres du 3MH dans les vins rouge (A), rosé (B) et 
blanc (C). Les valeurs représentées ici sont la moyenne de triplicat d’échantillon.  
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Trois types de vin ont ensuite subis divers traitements œnologiques afin de mimer le devenir des thiols en 
conditions plus ou moins oxydantes. L’ensemble des résultats analytiques est présenté dans le Tableau 1. 
De façon générale, les échantillons analysés sont des vins jeunes dont la majorité des thiols sont sous forme 
libre (plus de 90%). La part de disulfure est minime avant quel que traitement que ce soit. Par comparaison 
avec l’échantillon témoin, il a été calculé pour chaque essai la proportion de disulfures et de pertes 
aromatiques non-réversibles formées (Figure 1). 

Les modalités oxygénations affichent des teneurs moindres en thiols libres alors que la proportion de 
formes disulfures reste voisine à celles rencontrées dans le témoin. Par conséquent, l’oxygénation des vins 
induit préférentiellement une perte aromatique de type non-réversible (jusqu’à 20% des teneurs initiales en 
thiols).   

Les modalités CuSO4 et CuSO4/GSH conduisent à la disparition quasi-totale des thiols libres (Tableau 1). 
En revanche, la proportion des formes disulfures du 3MH et du 3MHA oscille entre 15 et 50% des teneurs 
initiales en thiols. En d’autres termes, des vins ayant subi des traitements au cuivre possèdent toujours un 
réservoir aromatique pouvant se révéler au cours du vieillissement du vin.  

Les modalités comportant un traitement au GSH affichent des proportions en pertes irréversibles moindres 
que les autres essais et cette observation est d’autant plus vérifiée sur les vins rouges. En se combinant 
préférentiellement sur des espèces électrophiles, le GSH joue un rôle de protecteur (scavenger). 
En revanche, les ajouts de GSH ne modulent en rien les teneurs de disulfures. Dans nos conditions, le GSH 
agit davantage comme un protecteur plutôt qu’un antioxydant.  

Conclusion 
La mesure du potentiel thiol permet d’avoir une vision plus globale de l’arôme d’un vin puisqu’elle permet 
de quantifier précisément la part de disulfures qui s’apparente à une réserve aromatique. Cet indicateur 
devrait à terme permettre de prédire la conservation maximale d’un vin en ce qui concerne la composante 
thiol. Il ouvre également la voie à une meilleure gestion du type d’embouteillage, du mode de 
vieillissement et tout autre paramètre influant sur le potentiel redox du vin.  
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Arômes – maturation – Merlot – vins  

Introduction 
L’expression aromatique des vins rouges de Bordeaux est intimement liée à l’état de maturité des raisins. 
Les modifications climatiques au cours de cette dernière décennie [1], constituent l’un des facteurs à l’origine 
du changement des conditions de maturation des raisins. Au cours de la maturation, le caractère végétal des 
raisins s’estompe puis disparait lorsque ceux-ci atteignent leur maturité pour ensuite laisser place à des 
nuances de fruits cuits (figue, pruneau) lorsque les raisins sont récoltés plus tardivement en état de 
sur-maturation. En effet, à la faveur d’étés chauds et secs, il est empiriquement admis que la maturation 
excessive des baies s’accompagne du développement de ces nuances de fruits cuits. Celles ci sont alors 
retrouvées à la fois dans les moûts et les vins jeunes, et souvent dans ceux élaborés à partir de raisins de 
Merlot. A ce jour, les composés responsables de ces nuances fruits sont inconnus. Aussi, nous présentons les 
premiers résultats de l’identification puis du dosage de marqueurs moléculaires pertinents retrouvés dans les 
mouts et les vins. 

Matériel et méthodes 
Chromatographie en phase gazeuse couplée à l’olfactométrie et à la spectrométrie de masse (GC-O-MS) 
Les analyses par GC-O-MS sont effectuées à partir d’extraits de moûts et de vins (marqués ou non par des 
odeurs de fruits cuits) obtenu par 3 extractions liquide-liquide successives au dichlorométhane 
(100mL d’échantillon pour 10-5-5mL de dichlorométhane). La recherche de zones odorantes (ZO) 
caractéristiques des nuances recherchées ainsi que leurs identifications ont été réalisées à l’aide d’un 
chromatographe Trace GC Ultra (Thermo Scientific) équipé d’un sniffing port et couplé à un spectromètre de 
masse DSQ II (Thermo Scientific) fonctionnant en impact électronique. La quantification du furanéol 
(étalon interne : ethyl maltol) et de la massoia lactone (étalon interne : 3-octanol) est réalisée à partir d’un 
extrait liquide-liquide et a été validée en terme de répétabilité, linéarité et sensibilité.  

Effet de la date de récolte : expérience en champ 
Une parcelle de Merlot (millésime 2014, appellation Pauillac) a été récoltée à quatre dates de récoltes 
espacées de 6, 4 et 9 jours correspondants à D1, D2, D3, D4. Ces quatre lots ont été vinifiés de la même 
façon à la propriété dans des cuves de 25hL. Les lots ont été ensemencés en levures (S. cerevisiae) et 
levains malolactiques (O. oeni). Des prélèvements ont été effectués afin de suivre l’évolution des 
paramètres œnologiques courants ainsi que les composés volatils d’intérêt caractéristiques des moûts et des 
vins. Un travail d’analyse sensoriel est venu compléter l’évaluation des mouts et des vins issus des 
différentes dates de récolte. 
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Résultats et discussion 
Recherche et identification par GC-O-MS de composés volatils associés aux zones odorantes (ZO) 
caractéristiques des nuances fruits cuits retrouvées dans les moûts et les vins  
Afin d’améliorer notre connaissance sur les marqueurs moléculaires de l’arôme « fruit cuit » des moûts et 
des vins, nous avons recherché par GC-O-MS des ZO rappelant l’odeur des fruits cuits. L’analyse de 
nombreux moûts et vins marqués par ces nuances nous a permis de détecter 20 ZO décrites comme 
spécifiques des moûts et des vins. 

Dans ce travail, nous présentons à titre d’exemple les résultats concernant deux ZO. La première, aux 
nuances de figue ou encore de noix de coco, est la 6-pentyl-5,6-dihydropyran-2-one ou massoia lactone. 
Cette ZO est détectée uniquement dans les moûts et les vins évoquant des nuances de fruits cuits. 
L’identification a été réalisée par comparaison des indices de rétention linéaire ainsi que par co-injection 
avec le composé pur. Elle a déjà été identifiée et dosée dans les vins de Tokaj [2] ainsi que dans les vins 
liquoreux de pourriture noble du bordelais [3]. Ce composé est retrouvé dans l’écorce du bois Cryptocaria 
massoia [4] et dans l’Aeollanthus suaveolens, plante brésilienne évoquant des odeurs de noix de coco [5]. 
Les travaux de Pons et al. [6] ont permis de montrer grâce à l’utilisation de la chromatographie en phase 
gazeuse bidimensionnelle sur colonne chirale couplée à la spectrométrie de masse que seulement la 
(R)-massoia lactone est présente dans les moûts et les vins rouges. Les seuils de perception ont été réalisés ; 
dans le moût il est de 10μg/L et dans un milieu modèle de composition proche du vin il est de 11μg/L. 

La deuxième ZO aux nuances de sucre cuit et de fraise cuite correspond au 4-hydroxy-2,5-dimethyl-(2H)-
furan-3-one ou furanéol. Dans les moûts, ce composé est détecté uniquement dans les moûts évoquant des 
nuances de fruits cuits. Dans les vins, il est détecté dans les vins témoins et ceux comportant des nuances de 
fruits cuits, mais il est perçu comme plus intense dans ces derniers. Ce composé a été identifié comme un 
des contributeurs majeurs de l’arôme des cépages non Vitis vinifera [7]. Il est retrouvé dans les vins rouges 
de Cabernet Sauvignon et de Merlot [8]. Les seuils de perception du furanéol retrouvés dans la littérature 
sont très variés. On peut observer qu’en solution hydro alcoolique, les seuils de perception varient de 5 [9] 
à 70μg/L [3]. Ces grandes disparités de seuils de perception nous ont amenés par la suite, à réaliser des 
seuils de perception au laboratoire. 

Les seuils de perception du furanéol on été réalisés dans une salle de dégustation répondant aux normes 
AFNOR avec un panel composé de 21 experts. Il est de 10.5µg/L en solution modèle de moût 
(240g/L glucose/fructose, 5g/L acide tartrique, pH3.5) et de 49µg/L en solution modèle de vin (12%.vol 
éthanol bi-distillé, 5g/L acide tartrique, pH3.5). 

Cette première approche nous permet d’établir un lien entre la présence de ces composés et les nuances de 
fruits cuits des moûts et des vins liées à la maturité des raisins. Par conséquent, il nous a paru nécessaire de 
mettre en place une expérience en champ sur l’incidence de la date de récolte sur ces composés afin de 
nous permettre d’observer l’évolution des concentrations en furanéol et massoia lactone dans les vins issus 
de raisins présentant des maturités différentes pour au final préciser leur impact sensoriel.  

Incidence de la date de récolte sur l’arôme des vins et sur leurs teneurs en furanéol et en massoia 
lactone en conditions réelles de vinification  
L’analyse des paramètres œnologiques (Tableau 1) montre que la date de récolte a un effet sur les teneurs 
en sucres réducteurs ; en revanche, il n’y a pas d’effet sur le pH. Dans les vins, la maturité entraîne une 
augmentation du TAV et du pH. 

Tableau 1 - Teneurs en sucres réducteurs et pH des moûts, TAV et pH des vins  

MOUTS D1 D2 D3 D4 
Sucres réducteurs (g/L) 223 224 221 244 

pH 3.57 3.37 3.59 3.53 

VINS D1 D2 D3 D4 
TAV (%Vol.) 13.31 13.32 13.7 14.20 

pH 3.46 3.54 3.60 3.62 
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Afin d’observer l’incidence de la date de récolte sur les teneurs en composés volatils d’intérêt, des dosages 
ont été réalisés par GC-MS sur les vins (Figure 1). Les dosages du furanéol montrent que c’est à partir de 
D3 que les teneurs sont supérieures au seuil de perception. Il y a un facteur 2 de concentrations entre D1 et 
D4. Les teneurs en furanéol dans les vins sont liées à l’état de maturité des raisins. Les dosages de la 
massoia lactone dans les vins indiquent qu’à partir de la D2 les teneurs sont supérieures au seuil de 
perception ; entre D1 et D2 les teneurs sont multipliées par un facteur 4. La massoia lactone semble être 
elle aussi liée à l’état de maturité des raisins. 

 

 
 

 
 

 
 

Fig. 1 - Teneurs en furanéol (A) et massoia lactone (B) dans les vins pour les dates de récolte 
D1, D2, D3 et D4 (SP : Seuil de perception). 

 

Enfin, sur une échelle de 0 à 10, il a été demandé au panel de 20 experts de juger l’intensité des nuances 
fruits cuits, végétales et fruits frais dans ces quatre vins. Afin d’analyser si des corrélations entre la 
dégustation et les teneurs en composés volatils pouvaient émerger de cette analyse sensorielle, une analyse 
en composantes principales a été réalisée (Figure 2).  
 

 

Fig. 2 - Analyse en composantes principales des intensités des descripteurs « végétal », « fruits frais », 
« fruits cuits » et des teneurs en furanéol et massoia lactone dosés dans les vins D1, D2, D3 et D4. 

(A) Projection des vins et (B) Représentation des composés volatils et des descripteurs  
(Variabilité totale : 72.95%).  

 
La projection des vins permet de montrer que la date de récolte, c'est-à-dire l’état de maturité des raisins, 
est corrélée avec les nuances fruits cuits perçues à la dégustation dans les vins. De plus, la représentation 
des composés volatils et des descripteurs montre que l’intensité des nuances de fruits cuits est corrélée avec 
les teneurs en la massoia lactone et le furanéol. Il existe donc bien un lien entre ces deux composés volatils 
et la date de récolte dans les vins.  
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Pour conclure, les analyses sensorielles et les mesures quantitatives ont permis de valider l’importance de 
la date de récolte et donc de l’état de maturité des raisins sur l’expression aromatique et les teneurs en 
composés volatils des vins. 

Conclusion 
Dans des moûts et des vins issus de raisins sur-muris, deux zones odorantes ont été détectées et les 
composés responsables ont été identifiés par GC-O-MS ; ils correspondent au furanéol et à la massoia 
lactone. Les seuils du furanéol en solution modèle ont été déterminés. Nous avons mis en évidence que la 
date de récolte pour le millésime 2014 sur une parcelle de Merlot a une incidence sur les teneurs dans les 
vins en massoia lactone et en furanéol ; elles sont liées à l’état de maturité des raisins. Pour finir, l’analyse 
sensorielle a confirmé également l’importance de la date de récolte par la modification de la perception des 
nuances de fruits cuits. L’analyse en composantes principales confirme le lien entre le furanéol et la 
massoia lactone avec la date de récolte et l’intensité des nuances de fruits cuits perçues dans les vins. 
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Monoterpenes – grape metabolite – aromatic herbs – red wines 

Introduction  
Australian Cabernet Sauvignon wine aromas have been described using specific attributes such as 
“eucalyptus” and “dried herbs” [1, 2]. It has been established that 1,8-cineole plays an important role in the 
occurrence of “eucalyptus” character in Australian red wines [3]. The relationship between the presence of 
eucalyptus trees in the vicinity of vineyards and the presence of 1,8-cineole in corresponding wines has also 
been reported [3]. In parallel, other studies have suggested that the 1,8-cineole found in Australian 
Cabernet Sauvignon wines could also be directly derived from grapes [4]. 1,4-cineole, a compound with 
very similar structure and odour to 1,8-cineole, has been recently identified in red wines [5] but quantitative 
data and sensory characterisation have not been reported. Its origin in wine is still unknown. This study 
investigated the occurrence and potential aromatic contribution of 1,4-cineole to Australian red wines. 

Materials and methods 
Wines 
A range of commercial Australian red wines (104 in total), comprising of 51 Cabernet Sauvignon (mean 
age 3.5 years), 4 Cabernet Sauvignon/Merlot blends (mean age 7 years), 27 Shiraz (mean age 3.5 years) 
and 22 Pinot Noir wines (mean age 2 years) were purchased. The wines originated from different 
Australian regions, including important regions for Cabernet Sauvignon wine production: Barossa, 
Coonawarra, McLaren Vale and the Margaret River. Twelve commercial French wines, predominantly 
Cabernet Sauvignon-Merlot blends (mean age 6.5 years) from the Bordeaux region, were also analysed.  

Cineole analysis 
The method for quantifying 1,4-cineole and 1,8-cineole by HS-SPME-GC-MS was developed in 
combination of previously published method for wine volatiles [3, 6]. The method was validated with a 
limit of quantification for 1,4-cineole calculated at 4 ng/L using octan-2-ol as internal standard. 

Sensory analysis 
Sensory analysis was carried out by orthonasal evaluation. Sixteen to thirty-three volunteers participated in 
the different sensory panels. The contribution of 1,4-cineole to Cabernet Sauvignon wine aroma was 
assessed quantitatively using a series of triangle tests, covering a concentration range from 0.13 to 
0.54 μg/L in red wine, that were presented in a random order. The triangle test results were analysed 
statistically using tables that interpret the binomial law that corresponds to the distribution of answers in 
this type of test. 
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The descriptive analysis focused on the impact of 1,4-cineole, both independently and in combination with 
1,8-cineole, using an adapted version of the Deviation from Reference Method [7]. These tests were 
performed by comparing the aromatic perception of the hay and bay leaf reference standards to the same 
base wine that had been spiked with 1,4-cineole (1.6 μg/L) and/or 1,8-cineole (2.5 μg/L). For each test, the 
panel assessed the olfactory similarity of the samples compared to the standard presented. All the 
descriptors were mean-centered per panellist and scaled to unit variance. The data from multiple 
comparison tests were processed comparing scores with a Duncan post hoc test.  

Results and discussion 

The 1,4-cineole identification in red wines consisted of the analyses of different Australian red wines and 
solutions of 1,4-cineole in water and wine by HS-SPME-GC-MS. Peaks that displayed the identical mass 
spectrum of 1,4-cineole were found in all the chromatograms at the same retention time that matched the 
1,4-cineole retention index. A quantitative method for 1,4-cineole and 1,8-cineole in red wines was 
developed and validated. This method enabled a survey of these two compounds in 104 Australian red 
wines to be performed (Table 1). The quantification of 1,4-cineole in red wine has been reported for the 
first time. 

1,4-cineole was detected in all the wines analysed, with concentrations ranging from 0.023 to 1.6 μg/L. 
An important varietal effect was observed, with an average concentration 8.4 and 2.7 fold higher in 
Cabernet Sauvignon wines than in Shiraz and Pinot Noir wines respectively. The distribution of 1,4-cineole 
in the Australian red wines was dissimilar to the corresponding 1,8-cineole measurements (data not shown). 
These findings indicate that 1,4-cineole and 1,8-cineole in wines might have different origins and suggests 
the occurrence of 1,4-cineole is probably not due to the proximity of the vineyard to eucalyptus trees.  

The analysis of different vintages of a unique Australian and French wine label from different vintages 
showed that the concentration of 1,4-cineole increased with wine age (Figure 1). 1,4-cineole has been 
previously reported in an aged Riesling wine [8], suggesting that 1,4-cineole might be chemically 
synthesised during wine ageing. 
 

 
 
 
 
 
 
 
 
 
 
 

Fig. 1 - Effect of wine age on 1,4-cineole in Australian and French red wines. 
 

The average concentration of 1,4-cineole was 2.4 fold lower in the French wines in comparison to 
Australian Cabernet Sauvignon wines (single variety wines and blends) despite the greater age of French 
wines (Table 1). Significant variations in 1,4-cineole concentrations were also observed between Cabernet 
Sauvignon wines from different Australian regions, despite similar vintages being analysed. The wines that 
originated from Margaret River (0.87 ± 0.33 μg/L) exhibited higher concentrations of 1,4-cineole than 
wines from Barossa (0.48 ± 0.27 μg/L; p < 0.05), McLaren Vale (0.57 ± 0.28 μg/L; p < 0.05) and to a lesser 
extent Coonawarra (0.64 ± 0.29 μg/L; p = 0.08). It is possible regional variations of 1,4-cineole measured 
in wines might reflect the climatic differences that exist between regions during the corresponding vintages. 
Therefore the chemical composition of grapes grown under Australian climatic conditions might favour 
1,4-cineole synthesis in the corresponding wines compared to French conditions. 
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Table 1 - Mean concentrations ± SD of 1,4-cineole and 1,8-cineole in Australian Cabernet Sauvignon, 
Shiraz, Pinot Noir and French Cabernet Sauvignon blend wines. One way ANOVA was used to 

compare data. Means followed by different letters in a row are significant at p ≤ 0.05 (Fischer’s LSD). 

 
 
 
 
 
 

The calculation of climatic indices [9] for the Margaret River and Bordeaux regions (Table 2) enabled a 
more detailed investigation of the differences in 1,4-cineole concentrations. The temperature-related indices 
are very similar between Margaret River and Bordeaux. The annual rainfall levels are in the same range, 
but with drier summers and wetter winters in Margaret River compared to Bordeaux. Light radiation has 
also to be considered as Australia experiences 12 to 15% higher UV radiation than Europe [10]. The impact 
of UV-B radiation on grape and wine composition has been recently reported for Sauvignon Blanc variety 
[11]. Increases in terpinolene, a potential precursor of 1,4-cineole, have been reported after UV-B radiation 
in grape leaf tissues [12]. Higher UV radiation observed in Australia compared to France could potentially 
contribute to the differences of 1,4-cineole concentrations measured between Australian and French wines. 
 

Table 2 - Average climatic indices calculated for Margaret River (Australia) and Bordeaux (France) 
regions from 1995 to 2014 [9]. The values were calculated for one site per region based on SILO 

database [13] and Meteo France data for Margaret River and Bordeaux respectively. 

 
 
 
 
 
 
 

The sensory characterisation of 1,4-cineole was performed in a French Cabernet Sauvignon wine that was 
known to contain 10 ng/L of 3-isobutyl-2-methoxypyrazine. A similar method to that described above was 
used in the present study to quantitatively assess the concentration range above which 1,4-cineole was 
perceivable in the red wine. An addition of 0.54 μg/L of 1,4-cineole, to produce a final concentration of 
0.63 μg/L, was required before it was detected by the panel. This level suggests that 1,4-cineole can 
probably influence the aromatic profile of Australian Cabernet Sauvignon wines. 

The descriptive analysis focused on attributes such as “hay” and “bay leaf” often reported in Australian 
Cabernet Sauvignon [2]. The ANOVA and Duncan post-hoc test showed the addition of 1,4-cineole, both 
independently and in combination with 1,8-cineole, enhanced hay aromas in comparison to the control 
wine (p < 0.05) (Figure 2). The intensity of bay leaf notes were significantly enhanced by the association of 
1,4-cineole and 1,8-cineole (p < 0.05) (Figure 2).   

 
 
 
 
 
 

 
 

Fig. 2 - Evaluation of the contribution of 1,4-cineole and 1,8-cineole to hay and bay leaf aromas 
of Cabernet Sauvignon wines using the deviation from reference method, and expressed 

in normalised score. CS: control wine; 1,4c: 1,4-cineole; 1,8c: 1,8-cineole. 

Compounds Wines 
 Cab. Sauv. 

(n = 52) 
Shiraz 
(n = 27) 

Pinot Noir 
(n = 22) 

French Cab. Sauv. 
(n = 12) 

1,4-cineole 0.59 ± 0.33a 0.07 ± 0.04c 0.22 ± 0.2b 0.25 ± 0.15b 
1,8-cineole 2.82 ± 3.26a 1.75± 1.42a 0.99 ± 0.33b 0.20 ± 0.1c 

 Margaret River Bordeaux 
Huglin index 2154 ± 118 2144 ± 133 
Cold night index (°C) 14.9 ± 0.7 15.0 ± 0.8 
Rain winter (mm) 813 ± 119 493 ± 127 
Rain summer (mm) 159 ± 56 361 ± 107 
Number of days T≥35 °C  4 ± 3 3 ± 4 
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These findings highlight that 1,4-cineole may contribute to the hay and dried herb aromas that have been 
reported in Australian Cabernet Sauvignon wines.  

Conclusion 

This work contributes to the knowledge of wine aromas describing for the first time the quantification and 
sensory influence of 1,4-cineole in red wine. The possibility of using 1,4-cineole as a varietal marker for 
Australian Cabernet Sauvignon wines was discussed. Further studies that investigate the origin and 
influence of 1,4-cineole in wines produced from other regions in the world would be valuable.  
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Ageing bouquet – red Bordeaux wines – DMS – volatile thiols 

Introduction  
The ageing bouquet, which defines the overall quality of fine wines, counts among the most fascinating but 
least known phenomena in oenology. It denotes a set of aromas which, together, form an olfactive 
equilibrium, where individual perceptions do not clearly dominate, analogous to a complex perfume. 
As a result, a wine possessing an ageing bouquet is described as a fine wine. However, the identification of 
compounds bearing the chemical expression of this olfactory concept is still poorly documented. 
In a previous work, the ageing bouquet typicality of a set of high quality red wines from the Bordeaux area 
was assessed and seven aromatic descriptors (undergrowth, empyreumatic, liquorice, mint, truffle, spicy, 
and fresh red and black-berry fruit notes) were highlighted as its best representative attributes [1]. 
As a second step, the current study was designed to define the potential impact of some active odorous 
molecules in the aroma signature of the ageing bouquet of red Bordeaux wines. Our investigations were 
focused on compounds formed under reducing conditions during bottle ageing whose aromatic notes are 
related to the previously identified aroma descriptors and which may give a positive contribution to the 
polymorphism of the final ageing bouquet.  

Materials and methods  
Red wines 
Twenty four commercial red wines were selected from nine different Bordeaux area appellations. 
All wines, coming from 19 vineyards, were barrel-aged and came from various vintages from 1994 to 2005. 

Sensory analysis 
Sensory analyses were focused on a typicality assessment task and were performed in a similar way than 
described in a previous work [1]. A Hierarchical Cluster Analysis (HCA), using the Ward method 
(dissimilarity criteria), was applied to classify wines according to their typicality score. 

Chemical analysis 
DMS, tabanone isomers and aromatic heterocycles (thiazoles, thiophens, alkylpyrazines and furans) were 
quantified in all studied red wines by SPME-GC/MS developed methods [2-4]. Six volatile polyfunctional 
thiols (3SH, 4MSP, E2SP, E3SP, BMT and 2FMT) were specifically extracted and analyzed by GC-MS 
according to the methodology described by Tominaga and Dubourdieu [5].  

Data analysis 
For the multivariate (chemical and sensorial data) analysis, the statistical method employed was the 
Factorial Discriminant Analysis (FDA). The FDA was based on the classification from the wine tasting, 
which allowed to group wines according to typicality score of the ageing bouquet.  

Results and discussion 
HCA led to the clusterization of the 24 tasted wines into three main groups according to perceived 
differences in assessment of their typicality.  
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Cluster 1 consisted of ten wines with the highest average typicality scores (mean value ± SD: 6.2 ± 0.6) and 
considered the most representative models of the wine ageing bouquet concept. Cluster 2 consisted of five 
wines with the lowest average typicality scores (mean value ± SD: 3.8 ± 0.9). Finally, cluster 3 included 
seven wines with no clearly-defined correlation with the ageing bouquet concept. As their typicality 
assessment varied drastically among the panel of wine professionals, they were considered intermediate 
models for ageing bouquet typicality. 

The circle of correlation issued from the FDA (Figure 1a) showed that the first principal component, which 
explained 87.3% of the total variance, was highly positively loaded with the typicality score and tended to 
distinguish wines with and without an ageing bouquet.  

Besides, the loading plots showed a good correlation between the typicality score and DMS, 2FMT and 
3SH concentrations. BMT and E2SP were positioned on the same positive side than the typicality score, 
but farther from the correlation circle than DMS and 2FMT, showing their minor tendency to contribute to 
the wine ageing bouquet.  

Alkypyrazines and thiophenes were situated on the negative side of the first axis, meaning that they 
unlikely brought any impact on the typicality. At last, as regards to 4MSP, E3SP, thiazoles, tabanone and 
furans, they all were positioned on the second axis (12.7% of the total variance) which was not at all 
correlated with the typicality score, meaning that these compounds did not contribute actively to the aroma 
of the ageing bouquet of red Bordeaux wines. 

Figure 1b represents the projection of the wines in the space defined by the two first principal components. 
Nine out of ten wines initially considered as good examples of the wine ageing bouquet (represented by 
circles) were loaded on the positive side of the first component whereas the 5 wines considered as poor 
examples (represented by squares) appeared on the opposite and negative side of the first component.  

These results validated the wine typicality clusterization performed by HCA and pointed out a good 
agreement between the two statistical methods. Importantly, within the currently analyzed series of 24 red 
Bordeaux wines, they highlighted that those with an ageing bouquet seemed to present specific features 
concerning their chemical profile in DMS, 2FMT and 3SH. 
 

 

Fig. 1 - Factorial Discriminant Analysis (FDA) according to the typicality score and the concentrations 
of volatile compounds: (a) correlation circle between volatile compounds and typicality score, 

(b) projection of wines. 
 

Importantly, measured concentrations of DMS, 2FMT and 3SH in wine samples (Figure 2) showed 
that these compounds significantly discriminated wines according to their typicality representativeness 
since mean concentrations were found twice higher in wines with an ageing bouquet compared to atypical 
ones [6]. 
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Fig. 2 - Mean concentration (± confidence interval) of DMS, 2FMT and 3SH in red Bordeaux wines 
according to their ageing bouquet typicality representativeness. (*) corresponded to a significant 

difference (Mann-Whitney test U; p<0.05). 
 

Conclusion 
Overall, the current results provided convincing arguments for a relevant impact of DMS, 2FMT and 3SH 
into the global aromatic balance of the wine ageing bouquet concept of Bordeaux red wines. 
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Merlot – wine fractionation – trimeric anthocyanins – CPC system 

Introduction 
During all the wine-making process, red wine undergoes physical and chemical reactions involving 
phenolic compounds. Tannins, which are flavan-3-ol oligomers or polymers, are responsible for 
astringency and bitterness sensations, whereas anthocyanins are pigments mainly involved in wine colour, 
especially in red wine colour. Anthocyanins are responsible for red/purple hue of young red wines. 

During wine ageing, molecular anthocyanin concentration decreases. These molecules are involved in 
several chemical reactions: 

 Direct condensation reaction between anthocyanins themselves (A-A adducts) or between anthocyanins 
and flavan-3-ols (A-T and T-A molecules) [1-3]; 

 Anthocyanin condensation, with other anthocyanins or flavan-3-ol units, by the way of an ethyl-bridge 
(A-ethyl-T or T-ethyl-A), due to the presence of ethanal in the wine [4]; 

 Cycloaddition between anthocyanins and some yeast cell double-bond compounds, which leads to the 
formation of very stable pigments: pyranoanthocyanins [5]. 

Anthocyanin polymerization via direct condensation mechanism is possible in red wines following the 
similar mechanism as anthocyanins and flavan-3-ol addition. Anthocyanin-anthocyanin dimers with A and 
B-type structures have been detected in red wine fractions [1-3]. A and B-type trimeric anthocyanins have 
also been identified in grape skin [6]. Only one A-type anthocyanin trimeric molecule, composed of three 
malvidin-3-O-glucoside (Mv-3G) moieties, has been identified and characterized in a Port red wine [7]. 
However, investigations did not yet revealed the occurrence of trimeric forms including other anthocyanin 
monomers than Mv-3G. 

Our previous study, based on wine fractionation with XAD 16N and TSK HW 40S resins, has shown the 
occurrence of three trimeric anthocyanins in Merlot red wines. The first one was composed of three Mv3G 
moieties, previously characterized [7]. Two other trimeric anthocyanins were detected, composed of two 
monomers of Mv3G, the third unit being either petunidin-3-O-glucoside or delphinidin-3-O-glucoside, 
respectively. Furthermore, a first quantification in equivalent Mv3G was established to obtain a 
characteristic kinetic pattern according to variable oxygenation and acidity conditions applied to a Merlot 
red wine. 

In order to further investigate our findings and to detect other trimeric pigments, a fractionation method is 
developed using centrifugal partition chromatography (CPC) as the key purification technique. CPC is a 
support-free liquid-liquid chromatography [8], thus providing a few advantages. On one hand, the 
fractionation is applied on a significant quantity of product, in a short period of time, and thus leads to high 
purification yield [9]. On the other hand, the selectivity of the solvent systems provides efficiency for 
separating molecules from each other. 
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Materials and methods 
Wines and extract preparations 
The studied wine was a young Merlot red wine purchased from Rauzan cooperative winery (Bordeaux 
region, France) aged in stainless steel tanks for 12 months [pH 3.5, 12%vol.]. The Merlot wine was 
previously conditioned under pH 3 and oxygenated during 4 months with 20 mg/L of O2. 20-25% of 1 L of 
this wine was evaporated and fractionated onto a 530 × 65 mm i.d. Amberlite® XAD 16N column. 
The sample was first washed with 6 L of milli-Q water acidified with 1% formic acid, to elute sugars and 
glycerol. Then the polyphenolic fraction was eluted with 3 L of acidic acetone (1% formic acid). 
This fraction of interest was evaporated, re-solubilized in acidic water and lyophilized to obtain the crude 
extract. 

Fractionation conditions 
The CPC system used was a commercial model from Kromaton® (Angers, France) fitted with a stacked 
disks type rotor. The characteristics of the apparatus are: total volume of the column: 204 mL, dead 
volume: 32.3 mL, total number of partition disks: 20, total number of partition cells: 1320 cells with a 
volume of 0.13 mL, distance between each cell and the middle of the rotor: 105 mm, rotation speed: 
from 0 to 2000 rpm. A HPLC 321-H12 binary pump (Gilson) was used to drive the solvents into the 
column. The sample was injected by the way of a high-pressure valve (3725(i)038 Rhéodyne), equipped 
with a 20 mL injection loop. 

The system used was ethyl acetate/1-butanol/water 0.1% trifluoroacetic acid (2:3:5) in the descending 
mode (lower phase mobile) [10]. The rotor was entirely filled with the stationary phase while rotating at 
500 rpm. After injection of the 1-g crude extract dissolved in 9 mL stationary phase and 9 mL mobile 
phase, speed was increased to 1100 rpm, and the mobile phase was pumped into the column in descending 
mode at a flow-rate of 3 mL/min for 240 min. Fractions of 3 mL were collected in 12 mL test tubes every 
minute. The back pressure was 33 bars. 

Each sample collected in the test tubes was concentrated 5 times, filtered on a 0.45 µm membrane and 
injected on a UHPLC-UV Q-TOF system. The UHPLC Agilent 1290 Infinity series consisted of a 
quaternary pump, a solvent degasser, an autosampler and a diode array detector (DAD). The analysis was 
carried out on a 2.1 × 50 mm i.d., 1.8 µm Eclipse Plus C18 column. The UHPLC system was coupled to an 
ESI-Q-TOF-MS Agilent 6530 Series Accurate quadrupole time-of-flight (Q-TOF) with an Agilent Jet 
Stream Technology ESI. The mass spectrometer was operating in extended dynamic range of 2 GHz with 
the mass range up to 1700 Th, with a drying gas flow and temperature respectively set at 9 L/min and 
300°C. The capillary voltage was 4 kV. The software used for the determination of the exact molecular 
formula of the trimeric anthocyanins was MassHunter Qualitative Analysis. The solvents used for the 
gradient were A: H2O/CH3CN/HCOOH (919.5:79.5:1) and B: H2O/CH3CN/HCOOH (449.5:549.5:1). 
The gradient consisted of 6-25% B in 2 min, 25-50% B in 6 min, 50-60% B in 1.5 min, 60% B for 0.5 min, 
and 60-95% B in 0.5 min. The column was washed with 95% B for 1 min and re-equilibrated with the 
initial conditions for 1 min. 

Results and discussion 
First of all, Test tube no. 10 was recovered, concentrated 5 times and analyzed with UHPLC/Q-TOF 
system. Five masses which could correspond to five trimeric anthocyanins were detected (Figure 1): 1477, 
1463, 1449, 1433 and 1447. The differences between the extracted ion masses and those calculated from 
the formulas are respectively 0.47 ppm, 4.65 ppm, 2.69 ppm, 1.88 ppm and 2.90 ppm. 

These results were a first element of confirmation of the formulas potentially corresponding to five trimeric 
anthocyanins: 1477.3876, composed of three Mv3G moieties; 1463.3720, composed of two Mv3G moieties 
and a petunidin-3-O-glucoside (Pt3G) moiety; 1449.3563, composed of two Mv3G moieties and a 
delphinidin-3-O-glucoside (Dp3G) moiety; 1433.3614, composed of two Mv3G moieties and a cyanidin-3-
O-glucoside (Cy3G) moiety; and 1447.3770, composed of two Mv3G moieties and a paeonidin-3-O-
glucoside (Pn3G) moiety. 
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Fig. 1 - High-resolution mass analyses (LC/Q-TOF), test tube no. 10: Mv3G-Mv3G-Mv3G, mass 
1477.3876 (1); Mv3G-Mv3G-Pt3G, mass 1463.3720 (2); Mv3G-Mv3G-Dp3G, mass 1449.3563 (3); 

Mv3G-Mv3G-Cy3G, mass 1433.3614 (4); Mv3G-Mv3G-Pn3G, mass 1447.3770 (5). 
 

The first three compounds were identified in our previous study, and the last two molecules were identified 
for the first time in Bordeaux red wine. However these pigments were not yet visible from the 520 nm 
chromatogram, for they might occur in very small quantities. 

Second of all, Test tube no. 33 was recovered, concentrated 5 times and analyzed with UHPLC/Q-TOF 
system. Only one mass, which could correspond to a trimeric anthocyanin, was detected: 1623. 
The difference between the extracted ion mass and thus calculated from the formula is 0.86 ppm, which 
was a first element in favour of the formula corresponding to a trimeric Mv3G pigment with one 
p-coumaroylglucoside moiety (mass: 1623.4244) (Figure 2). 
 

 
Fig. 2 - High-resolution mass analysis (LC/Q-TOF), test tube no. 33: MvMvMv-2G·CG 

(CG = p-coumaroylglucoside), mass 1623.4244. 

Conclusion 
Five masses corresponding to five oligomeric anthocyanins were identified in a Merlot red wine aged under 
oxidative conditions. More wine fractionation will confirm that CPC is an appropriate technique to separate 
monoglucoside anthocyanins from p-coumaroylglucoside anthocyanins. Further investigation about the 
CPC solvent system and UV characterization will provide pure fractions of these molecules to fully 
characterize their molecular structure by NMR. 
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Lignan – bitterness – vibrational circular dichroism – natural products  

Introduction 
Lyoniresinol is a lignan from Quercus oak wood [1-3], also found in oaked wines [4]. It has been recently 
described to participate to wine taste by exhibiting bitterness [5]. Another study showed that lyoniresinol 
was present in wines aged in new oak barrels at concentrations higher than its perception threshold 
(1.5 mg/L in white wine), establishing its contribution to the increase in bitterness observed during oak 
ageing [6]. 

As lyoniresinol is a chiral compound, it has two enantiomers. Furthermore, among the several plant species 
from which lyoniresinol has been isolated, it has been observed as a mixture of both 8R, 8’R, 7’S- and 8S, 
8’S, 7’R- enantiomers in diverse proportions [7]. However, in Quercus oak wood, its specific optical 
rotation measurement indicates that the two enantiomers are present as a racemic mixture [2]. Nevertheless, 
the individual gustatory properties of lyoniresinol enantiomers have never been assessed. Considering the 
strong bitterness developed by lyoniresinol in racemic mixture, we decided to isolate and characterize 
lyoniresinol enantiomers to study their gustative impact on wine taste. In this way, we opted for an original 
racemic resolution method based on the hydrolysis of two natural xylose-derivatives of lyoniresinol. 

Materials and methods 
Lyoniresinol enantiomer isolation 
Two natural xylose-derivatives of lyoniresinol, lyoniside 2 ((+)-lyoniresinol 9’-O-β-xylopyranoside) and 
nudiposide 3 ((-)-lyoniresinol 9’-O-β-xylopyranoside), were isolated as previously described by 
Marchal et al. [6]. 

Mass spectrometry analysis 
For the racemic resolution of lyoniresinol enantiomers, lyoniside (57.4 mg) and nudiposide (58.6 mg) were 
separately solubilized in a 4 mol/L trifluoroacetic acid (TFA) solution and placed under reflux at 80°C. 
Experiments were performed in parallel under a nitrogen atmosphere for 14 hours. After reaction, 
the solutions were evaporated in vacuo to remove TFA traces, suspended in water and freeze-dried twice. 
In order to remove the by-products, the crude reaction mixtures were purified using preparative HPLC 
equipped with a C18 column and monitored by a UV detector at 280 nm. Chromatographic peaks were 
collected manually just downstream the UV detector. Samples obtained after successive injections were 
pooled, evaporated in vacuo to remove acetonitrile and freeze-dried twice. The hydrolysis reaction and the 
purification by preparative-HPLC were monitored by U-HPLC-HRMS (Thermo Fisher Scientific, Les Ulis, 
France) using a C18 column with water and acetonitrile as mobile phases. Also, chiral chromatography 
analyses were performed on a Chiralpak® IB-3 column (2.1 mm x 150 mm, 3µm particle size). 
Mass acquisitions were performed in negative Fourier transform mass spectrometry (FTMS) ionization mode.  
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Structure characterization 
Characterization of lyoniresinol enantiomers structure were obtained by 1D and 2D NMR experiments 
performed on a Bruker Avance 600 NMR spectrometer and all NMR spectra were acquired at 300 K in 
methanol-d4. Specific optical rotations of lyoniresinol stereoisomers were determined with a JASCO 
P-2000 polarimeter with a sodium emission wavelength (λ = 589 nm) in methanol at 293 K. Lyoniresinol 
enantiomers 1a and 1b absolute configuration were determined by means of Vibrational Circular 
Dichroism and DFT calculations. IR and VCD spectra were recorded with a ThermoNicolet Nexus 670 
FTIR spectrometer equipped with a VCD optical bench. Lyoniresinol enantiomers spectra were measured 
in DMSO-d6 at a concentration of 50 mM. 

Sensory analysis 
To determine lyoniresinol enantiomers sensory characteristics, a tasting session was organized in a specific 
room air-conditioned at 20°C and equipped with individual booths and normalized glasses. Lyoniresinol 
enantiomers were tasted at 2 mg/L in a 12 % vol. alc. hydro-alcoholic solution composed of pure and 
demineralized water and distilled ethanol, as well as in a white non-oaked wine (Bordeaux 2013). 
Five wine-tasting experts were asked to describe the gustatory perception of each compound using wine 
tasting vocabulary and to evaluate the bitterness intensity. 

Results and discussion 
Isolation of lyoniresinol enantiomers 
The specific optical rotation of lyoniresinol was reported to be close to zero in Quercus oak wood [2], 
suggesting that lyoniresinol was present as a mixture of two enantiomers 1a and 1b (Figure 1). Therefore, 
all sensory studies concerning lyoniresinol until now have been carried out using a racemic mixture 
purified from oak wood and the properties of each enantiomer have never been individually assessed.  
 

 
Fig. 1 - Chemical structure of lyoniresinol enantiomers 1a and 1b (absolute configuration). 

Since two enantiomers cannot be separated in a symmetric environment, we decided in this study to resolve 
the lyoniresinol racemic mixture by separation and hydrolysis of two natural derivatized diastereroisomers. 
Indeed, previous studies have established the natural presence in oak wood of lyoniside 2 and nudiposide 3, 
two native xylopyranoside-derivatives of (+)- and (-)-lyoniresinol, respectively [6].  

For this purpose, purified lyoniside and nudiposide were heated in acidic conditions under inert atmosphere 
in order to proceed to the hydrolysis of the xylose moiety of lyoniresinol (Figure 2). The hydrolysis was 
monitored by LC-HRMS in order to ensure a complete reaction with a total disappearance of lyoniside 2 
and nudiposide 3 through xylopyranoside cleavage from the genin, leading to lyoniresinol enantiomers 1a 
and 1b and xylopyranoside by-products. The last step consisted of a preparative HPLC on each crude 
reaction mixture in order to purify 1a and 1b by removing all by-products.  

An HPLC analysis with a chiral analytical column was performed on each purified enantiomer and on 
racemic lyoniresinol. (±)-lyoniresinol injection revealed two peaks at 5.88 min and 7.16 min, while the 
purified (+)- and (-)-lyoniresinol enantiomers each presented only one peak at 5.92 min and 7.17 min 
respectively, confirming the enantiomers purity and the efficiency of the racemic resolution (Figure 3). 



OENO 2015  

380 

 

Fig. 2 - Release of lyoniresinol enantiomers 1a and 1b by acidic hydrolysis of lyoniside 2  
and nudiposide 3, respectively. 

 

 
Fig. 3 - LC-HRMS chromatograms of (±)-lyoniresinol, (+)-lyoniresinol and (-)-lyoniresinol  

(from top to bottom) on a chiral column. 
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Structure characterization of lyoniresinol enantiomers 
The enantiomers relative configuration was confirmed by 1D and 2D NMR experiments. 1H NMR spectra 
of (+)- and (-)-lyoniresinol enantiomers superimposed on that of (±)-lyoniresinol and the NMR data were 
identical to those reported in the literature for lyoniresinol [8-11]. ROEs correlations between protons 
H-2′(H-6′)/H-8′ and H-7′/H-8 suggest that H-7′ and H-8′ are trans-orientated and that H-7′ and H-8 are 
cofacial, which establish lyoniresinol enantiomer relative configuration. Specific optical rotation of each 
enantiomer was measured to be +43 and -45. These values, similar with opposite signs, confirm the 
enantiomeric relationship of the purified compounds. Lyoniresinol enantiomers absolute configuration has 
never been determined by chiroptic spectroscopic method. Nevertheless, it has been previously proposed as 
(8R, 8’R, 7’S)-(+)-lyoniresinol but only by degradation reactions and comparison with known compounds 
[8, 12]. In this study, we used vibrational circular dichroism (VCD) which is a well-established method for 
determining the absolute configuration and conformation of chiral molecules in solution [13]. The method 
is based on the comparison between VCD spectra measured for both purified compounds and the spectrum 
calculated at the density functional theory (DFT) level for a specified absolute configuration [14]. Because 
enantiomers have a VCD band of opposite sign for each vibrational mode, the VCD spectrum provides a 
unique rich signature of the absolute configuration. 

The two spectra were opposite with respect to the baseline, confirming that the two molecules were 
enantiomers (Figure 4). Theoretical calculation of the (8R, 8’R, 7’S)-lyoniresinol was performed and its 
VCD spectrum was predicted. This theoretical VCD spectrum reproduced fairly well the intensity and the 
sign of most bands observed in the experimental spectrum of (+)-lyoniresinol, confirming the absolute 
configuration as (8R, 8’R, 7’S)-(+)-lyoniresinol and (8S, 8’S, 7’R)-(-)-lyoniresinol. 

 

 
Fig. 4 - Comparison of experimental 

VCD spectra of (+)- and (-)-
lyoniresinol recorded in DMSO-d6 

solution (50 mM, 100 µm 
path length, bottom) with the 

predicted VCD spectrum of (8R, 
8’R, 7’S) lyoniresinol isomer 
calculated using DFT at the 

B3PW91/6-311G** level (top).  
 
 
 
 
 

Sensory characterization of lyoniresinol enantiomers 
To measure the gustatory impact of each lyoniresinol enantiomer on the bitter perception of their racemic 
mixture, enantiomers 1a and 1b were tasted at 2 mg/L in a 12 % vol. alc. hydro-alcoholic solution and 
compared to the control medium solution. The same concentrations were tasted in a non-oaked white wine. 
Five experts described for the first time that lyoniresinol 1a exhibited a strong bitterness equivalent to the 
bitterness of (±)-lyoniresinol at 4 mg/L, while lyoniresinol 1b exhibited no taste. Thus, only 
(+)-lyoniresinol 1a is responsible of (±)-lyoniresinol bitterness. 

Finally, an oaked Bordeaux wine was analyzed by LC-HRMS equipped with a chiral column to search for 
the presence of lyoniresinol enantiomers. Two peaks were observed on the XIC for an m/z ratio specific to 
lyoniresinol, one at 5.94 min and the second at 7.15 min corresponding to lyoniresinol enantiomers 1a and 
1b, respectively. This analysis confirmed that both lyoniresinol enantiomers were present in this red oaked 
wine with a relative abundance similar to that observed in oak wood. In view of these results and the 
sensory characteristics of lyoniresinol enantiomers, it appears that only (+)-lyoniresinol 1a is likely to 
influence the taste of wine by increasing its bitterness. 
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Conclusion 
This study reports the purification and sensory characterization of lyoniresinol enantiomers which 
established that only (8R, 8’R, 7’S)-(+)-lyoniresinol impacted significantly the taste of wine by its bitter 
taste. The racemic resolution allowed for the first time the unambiguous determination of the absolute 
configuration of lyoniresinol enantiomers by means of VCD measurements associated with DFT 
calculations. These results demonstrated that the stereochemistry strongly influences the nature and the 
intensity of the sensory perception and subsequently the perception of consumers. 
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Red wine – substituted esters – enantiomers – sensory impact 

Introduction 
Among red wine ethyl esters, those derived from short hydroxylated and/or branched-chain aliphatic acids 
constitute a family with a particular behavior and sensory importance. They have been previously discussed 
in the literature [1] and recent studies have established that some of them are strongly involved in the fruity 
aromas of red wine [2].  

Some of these compounds have an asymmetrical carbon atom, indicating the possible presence of two 
different enantiomers which may have different olfactive properties. Therefore, it is important to separate 
these optical isomers to obtain an accurate assessment of their organoleptic impact. In this work, three 
chiral esters, with alkyl and/or hydroxyl substituents, have been studied: ethyl 2-hydroxy-4-
methylpentanoate (2Me4OHC5C2), ethyl 2-methylbutanoate (2MeC4C2), and ethyl 3-hydroxybutanoate 
(3OHC4C2).  

Materials and methods 
Samples 
2Me4OHC5C2, 2MeC4C2, and 3OHC4C2 were assayed in 55, 37, and 87 red wines, respectively, from 
several vintages and origins. 

Enantiomer quantification in wine samples 
The optical isomers of the 3 chiral esters were separated by chiral gas chromatography–mass spectrometry 
on β- and γ-cyclodextrin phases. Chromatographic conditions and sample preparation were as described by 
Lytra et al. [3, 4].  

Aromatic reconstitution using wine fractions (FAR1) 
A 500 mL wine sample (Vin de Pays d'Oc) was prepared as described by Lytra et al. [3] to obtain 1.25 mL 
wine extract. Reverse-phase (RP) HPLC was performed on this raw extract using a Nova-Pak C18 column 
(300 × 3.9 mm i.d., 4 μm, 60 Å, Waters, Saint-Quentin, France), without a guard cartridge. 
Chromatographic conditions were those optimized by Pineau et al. [1]. The 25 fractions in dilute alcohol 
solution were then directly evaluated by three trained assessors. For aromatic reconstitutions, fractions were 
retained and added individually or blended together to reproduce the initial concentrations in the original 
wines, adding double-distilled ethanol and microfiltered water to obtain an ethanol content of 12% (v/v). 

Aromatic reconstitution using esters (FAR2) 
For aromatic reconstitutions, the various esters were added, individually or blended together at the average 
concentrations found in red wines (Table 1), to double-distilled ethanol diluted with microfiltered water to 
obtain an ethanol content of 12% (v/v) (pH adjusted to 3.5 with tartaric acid). The mixture containing all 
13 esters constituted the fruity aromatic reconstitution (FAR2). 

Sensory analyses  
Discriminative testing methods. The “olfactory thresholds” of specific mixtures were determined using a 
three alternative, forced-choice presentation (3-AFC) (NF ISO 13301: 2002). The “olfactory thresholds” of 



OENO 2015 

384 

FAR were thus measured in different matrices: dilute alcohol solution and dilute alcohol solution 
containing a compound of interest. The olfactory thresholds of the following mixtures were measured:  

 FAR1 in dilute alcohol alone, or supplemented with 420 μg/L of a mixture of R- and S-2Me4OHC5C2 
(95/5, m/m). 

 FAR2 excluding 2MeC4C2 in dilute alcohol solution alone or containing 50 μg/L S-2MeC4C2. 
 FAR2 excluding 3OHC4C2 in dilute alcohol solution alone or 350 µg/L of a mixture of S- and 

R-3OHC4C2 (85/15, m/m). In addition, interaction effect for the mixture of S- and R-3OHC4C2 (85/15, 
m/m) was evaluated using Feller’s additive model [5]. The “olfactory threshold” of FAR was thus 
measured in dilute alcohol solution containing 350 µg/L of a mixture of S- and R-3OHC4C2 (85/15, 
m/m) at a fixed concentration only in the “positive sample” (the latter applied the value calculated for 
Feller’s additive model [5]). 

The results of all 3-AFC tests were statistically analyzed (NF ISO 13301: 2002).  

Descriptive testing methods. Sensory profiles of aromatic reconstitutions were evaluated for red-berry, 
black-berry, fresh-, and jammy-fruit aroma intensity. Each sample was presented twice in each session. 
The subject rated the intensity of the descriptors in each sample on a 100-mm scale. Statistical data were 
analyzed using the Mann-Whitney statistical non-parametric test (XLSTAT software). All descriptors were 
mean-centered per panelist and scaled to unit variance. The statistically significant level was 5% (p<0.05). 
 

Table 1 - Composition of the fruity aromatic reconstitutions presented in the olfactory tests 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Results and discussion 
Enantiomeric distribution and concentrations 
Young red wines (after the end of alcoholic fermentation) contained only the R-2Me4OHC5C2 form. Aging 
was demonstrated to impact the R/S-2Me4OHC5C2 ratio with an average of approximately 95/5 (m/m). 
The maximum prevalence of the R-2Me4OHC5C2 form (R-form percentage compared to their combined 
concentration) was found in all wines just after the end of alcoholic fermentation with an enantiomeric ratio 
of 100/0 (m/m). The highest S-2Me4OHC5C2 levels were found in the oldest samples (maximum 
concentration in red wines = 62 μg/L, Haut-Médoc, 27 year-old) and the S-2Me4OHC5C2 form reached a 
maximum percentage compared to their combined concentration in a Margaux wine (19 year-old) with an 
R/S enantiomeric ratio of 85/15 (m/m). 

Compound C (µg/L) 
ethyl propanoate  150 

ethyl butanoate  200 

ethyl hexanoate  200 

ethyl octanoate  200 

ethyl 2-methylpropanoate  250 

ethyl 3-methylbutanoate 50 

ethyl (2S)-2-methylbutanoate (2MeC4C2) 50 
ethyl (2R)-2-hydroxy-4-methylpentanoate and ethyl (2S)-2-hydroxy-

4-methylpentanoate (95/5, m/m) (2Me4OHC5C2) 
400 

ethyl 3-hydroxybutanoate (3OHC4C2) 300 

butyl acetate  10 

hexyl acetate  2 

methylpropyl acetate  50 

methylbutyl acetate 250 
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2MeC4C2 concentrations were generally higher in the oldest wines than in the younger ones, with a 
maximum of 157 μg/L (Haut Médoc, 21 year-old), a minimum of 3 μg/L (Pessac-Léognan, after the end of 
alcoholic fermentation), and an average of about 50 μg/L. In light of these findings, it seems likely that 
only a few micrograms per liter of 2MeC4C2 were formed during alcoholic fermentation. Wine aging 
resulted in a gradual increase in 2MeC4C2 concentrations over time, stabilizing after about 5 years. 
With regard to the enantiomeric distribution of 2MeC4C2, the S-enantiomer was found almost exclusively 
in all wines studied. Generally, young red wines (after the end of alcoholic fermentation) contained only the 
S-2MeC4C2 form, whereas very small amounts of the R-2MeC4C2 form were detected in aged red wines. 

Concerning 3OHC4C2, the average S/R enantiomeric ratio of this compound in all 72 red wines studied was 
approximately 75/25 (±13), with an average total concentration of 450 (±150) μg/L. During aging, 
R-3OHC4C2 levels increased gradually over time, but no differences was detected in S-3OHC4C2. 
The maximum S- and R-3OHC4C2 concentrations were 625 μg/L (Pessac-Léognan, after the end of 
alcoholic fermentation, S/R = 96/4, m/m) and 325 μg/L (Corton, 12 year-old, S/R = 50/50, m/m), 
respectively. The maximum percentage (compared to their combined concentration) was 100% for the 
S-form (Côtes-de-Bordeaux, after the end of alcoholic fermentation in two out of 18 wines, 
with concentrations of 130 and 37 μg/L S-3OHC4C2) and 50% for the R-form (Corton, 12 year-old, 
325 μg/L R-3OHC4C2). 

Organoleptic impact of substituted esters on quantitative odor perception 
The “olfactory threshold” of FAR1 was 2.5 times higher than that of dilute alcohol solution supplemented 
with 420 μg/L of a mixture of R- and S-2Me4OHC5C2 (95:5, m/m) (p<0.001). The “olfactory threshold” of 
FAR2 (excluding 2MeC4C2) was 2.7 times higher in dilute alcohol solution alone than when it was 
supplemented with 50 μg/L S-2MeC4C2 (p<0.001). The “olfactory threshold” of FAR2 (excluding 
3OHC4C2) was 1.5 times lower when the mixture of S- and R-3OHC4C2 (85/15, m/m) was added (p<0.05), 
than that of dilute alcohol solution alone. These results clearly demonstrated that esters 2Me4OHC5C2, 
2MeC4C2, and 3OHC4C2 had a synergistic effect on the perception of fruity aromas in wine. 
The experimental detection probability FAR2 (excluding 3OHC4C2) was higher than the value calculated 
using Feller’s additive model (Figure 1), revealing a hyper-addition effect for this ester, present at 
subthreshold concentrations. 

 

 

 

 

 

 

 

 

Fig. 1 - Detection probability of FAR2 (excluding 3OHC4C2) supplemented with 350 µg/L of a mixture 
of S- and R-3OHC4C2 (85/15, m/m) in the “positive” sample, determined experimentally and 

calculated according to Feller’s additive model. *, expressed in mL FAR2 diluted in 50 mL matrix; 
OTFeller, olfactory threshold estimated using Feller’s additive model; and OTExp, experimental 

olfactory threshold. The curves are drawn according to a sigmoid function. 
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Organoleptic impact of substituted esters on qualitative odor perception 
Sensory profile evaluations of FAR1 demonstrated that the average scores for red-berry fruit intensity were 
identical after the addition of 2Me4OHC5C2, whereas jammy-fruit intensity was significantly lower. 
The average scores for black-berry and fresh-fruit aromas were significantly higher when FAR1 was 
supplemented with 2Me4OHC5C2. These results confirmed the sensory importance of 2Me4OHC5C2, 
suggesting that it contributed actively to the black-berry and fresh-fruit nuances. Later evaluations revealed 
significant differences in black-berry-fruit intensity between FAR2 alone (without 2MeC4C2) and 
supplemented with 50 μg/L S-2MeC4C2, whereas the average scores for red-berry-, fresh-, and jammy-fruit 
aroma descriptors were unchanged by the addition of this ester. These results confirmed the sensory impact 
of 50 μg/L S-2MeC4C2, suggesting that it contributed actively to the black-berry-fruit nuance. Finally, 
adding the S- and R-3OHC4C2 mixture (85/15, m/m) to FAR2 (without 3OHC4C2) had a significant 
intensifying effect on red-berry and fresh-fruit aromas.  

The sensory impact of these chiral compounds has been established, revealing their role as natural 
enhancers of black-berry, red-berry and fresh-fruit aromas. Our data corroborate and expand the findings of 
Pineau et al. [1] and Lytra et al. [2-4], highlighting the impact of substituted esters on the fruity expression 
of red wines. 

These results suggest that these compounds are initially produced during alcoholic fermentation and 
increase during aging due to a chemical reaction involving the corresponding direct precursors, also 
produced during alcoholic and malolactic fermentation. This hypothesis requires further investigation to 
elucidate the various pathways involved. 
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Enantiomères – diastéréoisomères – perception – arôme 

Introduction 
Des résultats récents concernant l’arôme des vins liquoreux de pourriture noble, ont montré l’importance 
d’un phénomène bien connu en parfumerie, l’accord aromatique, pour interpréter la perception de nuances 
d’orange confite dans ces vins [1]. Ainsi, des composés associés à la fois au bois de chêne (3-méthyl-4-
octanolide, eugénol) et à la botrytisation (2-nonen-4-olide, γ-nonalactone) permettent de contribuer 
ensemble à une nuance aromatique spécifique des grands vins liquoreux de pourriture noble au travers des 
phénomènes d’interactions perceptives alors même que ces composés présentent tous une odeur distincte de 
celle qui est perçue dans le mélange. Cette démonstration, phénomène de perception synthétique, a pu être 
établie à partir d’expériences de reconstitution sensorielle et des tests d’omission, avec des fractions 
d’extraits de vins supplémentées en les composés volatils préalablement mentionnés et aussi en solution 
simple [2]. Par ailleurs, si nos résultats ont montré l’impact majeur de composés tels que le 2-nonen-4-olide 
et le 3-méthyl-4-octanolide, d’autres composés peuvent aussi contribuer à renforcer l’expression 
aromatique d’orange confite tel que le 3-sulfanylhexanol, rappelant l’odeur du pamplemousse [3]. 
Cette observation conforte les études de Sarrazin [4, 5] qui avait établi le rôle de ce thiol dans la 
valorisation de l’arôme des vins liquoreux de pourriture noble. Afin d’approfondir les connaissances 
concernant l’implication des composés préalablement mentionnés sur la perception sensorielle de l’accord 
aromatique, l’axe des recherches a été mis sur l’étude des formes énantiomères du 2-nonen-4-olide et de la 
γ-nonalactone d’une part, et des diastéréoisomères du 3-méthyl-4-octanolide d’autre part. 

Matériel et méthodes 
Expériences des reconstitutions 
Des différentes expériences de reconstitution ont été effectuées dans des solutions hydroalcooliques 
(12,5% vol., pH : 3,5). Les concentrations utilisées correspondent, à celles trouvés dans le vin. 
L’intensité de l’arôme orange confite a été évaluée sur une échelle non structurée de 0 à 10 cm. 
Afin d’évaluer statistiquement les modifications sensorielles en mélange, des analyses de la variance à un 
facteur sur les données ont été réalisée. Les conditions d’application de l’ANOVA ont été vérifiées sous le 
logiciel R : homogénéité des variances (test de Levene) et normalité de résidus (test de Shapiro-Wilk). 

Extraction et séparation enantiosélective des composés 
Un volume de 50 mL de vin est percolé sur une cartouche pré remplie « Bond Elut-ENV » (Varian, 
les Ulis, France ; 200 mg ; 3 mL) à un débit de 2 mL/min. Puis la cartouche est rincée avec 20 mL d’une 
solution méthanol/eau 40:60 (V/V) contenant 1% NaHCO3 (V/V ou W/V). La cartouche est séchée pendant 
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30 minutes par circulation d’air. L’extrait récupéré est concentrée à 50 µL et est ensuite analysé par 
GC-GC/MS avec une précolonne polaire BP20 (50 m, 0,22 mm, 0,25 µm) et d’une seconde colonne chirale 
(Mega Dex Beta 25 m, 0,25 mm, 0,20 µm). 

Résultats et discussion 
Les derniers résultats obtenus concernant l’implication des formes énantiomères a soulevé des questions 
d'un grand intérêt. Nous avons débuté les expérimentations en nous focalisant sur la distribution 
enantiomèrique des composés associées à l’arôme d’orange confite dans les vins liquoreux de pourriture 
noble qui sont des lactones qui proviennent soit de l’élevage du vin en barrique soit de l’action de Botrytis 
cinerea sur les raisins. Ensuite, avec des méthodes chromatographiques adaptées (CPG-chirale), l’étude de 
la distribution enantiomèrique des différentes formes a été effectuée.  

 
Fig. 1 - Distribution énantiomérique du 2-nonen-4-olide dans des vins 

de millésimes variés (1966 à 2009). 
 

 
Fig. 2 - Distribution énantiomérique de la γ-nonalactone dans des vins 

de millésimes variés (1966 à 2009). 
 

Les premiers résultats de l’étude des lactones du raisin comme le 2-nonen-4-olide et de la γ-nonalactone 
ont montré des différences à l’évolution des formes enantiomèriques selon le vieillissement du vin. 
Concernant la lactone 2-nonen-4-olide, nous constatons une plus grande abondance de la forme (R) en 
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corrélation avec le vieillissement du vin alors que la forme (S) est plus présente dans les vins jeunes 
(Figure 1). A l’inverse la γ-nonalactone présente toujours une dominance de la forme (R) sur n’importe 
quel millésime (Figure 2). Des études ont monté que l’abondance relative de chaque énantiomère dans la 
nature varie considérablement, mais il y a une tendance générale pour une dominance de la configuration 
(R) [6, 7]. Dans ces études, les formes énantiomères (R) semblent être plus odorantes, que les formes 
énantiomères (S) correspondantes. Ainsi pour un même contenu en lactones, selon la forme énantiomère, 
l’impact sensoriel sera différent. L’étude sur la distribution diastéréoisomérique du 3-méthyl-4-octanolide 
(Whisky Lactone) a montré une domination de la forme cis (Figure 3) ce qui est liée exclusivement par la 
gestion des barriques et le choix du bois au cours de l’élevage des vins étudiés. Le rapport entre les 
isomères cis et trans est caractéristique de l’origine du bois de chêne [8]. Pour le chêne américain, 
ce rapport varie de 5 à 8, avec une moyenne de 6,0 ± 1,3 (pour l’isomère cis). Pour le chêne européen, 
le ratio varie entre 1 à 1,5, avec une moyenne de 1,3 ± 0,2 (pour l’isomère cis). En analysant le rapport des 
isomères, il est possible de déterminer la source de bois utilisée pour l’élevage des vins. Par des travaux 
complémentaires il a été montré que le chêne américain présente environ 10% d’isomère trans alors que le 
chêne européen présent des quantités presque égales entre les isomères trans et cis [9].  
 

 
Fig. 3 - Distribution énantiomérique du 3-méthyl-4-octanolide dans des vins 

de millésimes variés (1966 à 2009). 
 

Après avoir étudié la distribution énantiomérique des composés associés à l’arôme d’orange confite dans 
les vins liquoreux de pourriture noble, nous nous intéressons à étudier le comportement du mélange des 
quatre composés qui ont préalablement été associés à l’arôme d’orange confite, dans une solution simple 
telle que le solution hydroalcoolique (12% vol., pH 3,5). Des expériences de reconstitution avec les 
différents formes isomériques et diastéréoisomériques ont été effectuées en n’utilisant que les composés de 
référence (3-méthyl-4-octanolide, eugénol, 2-nonen-4-olide, γ-nonalactone). Les concentrations ajoutées 
dans les mélanges sont celles qui étaient dosées dans un vin typé. Ainsi, différents types des mélanges à 
partir de composés ont été préparés. Dans un premier temps, les analyses sensorielles avec reconstitution, 
impliquant les composés associés à l’arôme d’orange confite, et intégrant les formes énantiomères du 
2-nonen-4-olide, ont montré que l’arôme est mieux perçu lors de l’utilisation de la forme (R) dans le 
mélange (Figure 4). Ensuite, l’étude de l’impact sensorielle concernant les formes énantiomères de la 
γ-nonalactone, a montré qu’il n’y a pas des différences significatives entre les échantillons (Figure 5), 
ainsi l’effet sensoriel des formes énantiomères de la γ-nonalactone reste limité. Enfin les analyses 
sensorielles sur l’effet des formes diastéréoisomères du 3-méthyl-4-octanolide, ont montré un effet 
significatif pour le cas du cis 3-méthyl-4-octanolide avec de moyennes plus élevées par rapport à la 
perception de l’arôme orangé (Figure 6). En conclusion, grâce à la caractérisation des déterminants 
moléculaires associés à l’arôme d’orange confite, le rôle privilégié de deux lactones, l’une provenant du 
bois, l’autre associé à la pourriture noble ont été soulignés. Aux concentrations considérées, 
la γ-nonalactone semble présenter une moindre contribution ainsi que l’eugénol. 
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Fig. 4 - Intensité moyenne de l’arôme orangé à partir de reconstitutions aromatiques 
des composés purs (cas du 2-nonen-4-olide). 

 
 
 
 
 

 
 
 
 
 

 
 
 
 

 

Fig. 5 - Intensité moyenne de l’arôme orangé à partir de reconstitutions aromatiques 
des composés purs (cas de la γ-nonalactone). 

 

 
 
 

 
 
 
 
 
 

 
 
 
 

 
 

Fig. 6 - Intensité moyenne de l’arôme orangé à partir de reconstitutions aromatiques 
des composés purs (cas du 3-méthyl-4-octanolide). 
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Conclusion 
Après l’analyse des proportions relatives de formes énantiomères ou diastéréoisomères, par 
chromatographie en phase gazeuse multidimensionnelle impliquant une chromatographie énantiosélective, 
ou chromatographie en phase gazeuse conventionnelle, respectivement, les expériences de reconstitution 
ont été menées avec les composés considérés, impliquant l’une ou l’autre forme énantiomère ou 
diastéréoisomère. Les premiers résultats, concernant la lactone 2-nonen-4-olide, montrent une dominance 
de la forme (R) en corrélation avec le vieillissement du vin alors que la forme (S) est plus présente dans les 
vins jeunes. Les analyses sensorielles impliquant les expériences de reconstitution des composés associés à 
l’arôme d’orange confite, contribuent à démontrer l’importance des formes isomères dans la construction 
de l’image sensorielle. Plus particulièrement, les expériences de reconstitution impliquant la forme (R) du 
2-nonen-4-olide et la forme cis du 3-méthyl-4-octanolide, permettent de souligner leur impact majeur en 
comparaison avec les formes énantiomères de la γ-nonalactone.  
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Sparkling wine – glycosylated aroma compounds – yeast – sensory perception  

Introduction 
The flavour of sparkling wine, which emerges during the vinification process, including grape processing, 
first and secondary fermentation, is significantly influenced by glycosylated aroma precursors [1]. 
Precursor content is basically determined by the grape variety but can also be considerably influenced by 
processing parameters, e.g. maceration time and pressing, as these substances are primarily located in grape 
skins [2]. The odourless aroma precursors are liberated by acid hydrolysis or by enzymatic hydrolysis 
depending on microorganisms used for fermentation [3]. Microorganisms are highly diverse in their 
enzymatic function and therefore in their ability to hydrolyse glycosidic linkage which includes glucose 
and, in the majority of cases, an additional sugar which can be rhamnose, arabinose, or apiose. 
β-glucosidase activity in Saccharomyces strains is controversially discussed as liberation of aroma-
glycosides has been described on the one hand, but enzymatic function and extent of enzymatic activity 
remain unclear on the other [4]. In contrast, non-Saccharomyces yeasts and especially mould species 
like Aspergillus niger are known to possess β-D-glucosidase enzyme and also 
α-L-rhamnopyranosylglucopranosidase, α-L-arabinofuranosylglucopyranosidase and β-D-apiofuranosyl 
glucopyranosidase which are required to cleave glycosidic linkage concerning grape aroma precursors [5].  

Materials and methods 
Grape samples 
Chardonnay and Riesling grapes were processed differently using whole bunch pressing and a skin contact 
time of 24 h to obtain varying concentrations of aroma precursors. Muscatel grapes were only subjected to 
24 h of skin contact. The three different grape varieties were fermented using various combinations of yeast 
strains and enzymes for first and secondary fermentation. The chosen yeast strains had either low (L) or 
high (H) ability to liberate aroma precursors. From these base wines, sparkling wines were produced using 
different yeast strains again (table 1). Each batch of sparkling wine produced was either left untreated or 
was additionally treated with enzyme preparation AR 2000 (DSM) originating from Aspergillus niger. 
 

Table 1 - Experimental design. SCT: skin contact time 24 h; WBP: whole bunch pressing. Yeast strains 
used: Uvaferm BC (BC), Lalvin DV10 (DV10), Erbslöh IOC 18-2007 (IOC), and Siha Aktivhefe 4 (Siha 4) 

with either low (L) or high (H) ability to liberate aroma precursors. 

Grape variety Chardonnay (SCT/WBP) Riesling (SCT/WBP) Muscatel (SCT/WBP) 

First fermentation DV10L BCH DV10L IOCH DV10L BCH 

Second fermentation BCH IOCH Siha4H BCH BCH IOCH Siha4H IOCH DV10L BCH DV10L BCH 
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Sparkling wines were prepared according to 
experimental control samples (acid hydrolysis control)
examine the effects of acid hydrolysis

Descriptive analysis 
Descriptive analysis (DA) was conducted with base 
subjected to two training sessions. Subsequently
triplicates with regards to colour, mouthfeel, fruity, sour, bitter, sweet and to seven aroma perceptions 
(peach/apricot, cantaloupe, smokey/honey, floral, lemon/grapefruit, apple, green grass). Aroma standards 
were prepared in neutral white wine or spa

GC-MS analysis 
Following solid phase extraction (SPE) and enzymatic hydrolysis
analysed by gas chromatography-mass spectrometry (GC
concurrent solvent recondensation large volume s
injected allowing detection of trace amounts without any further concentration step after liquid
extraction from the enzyme buffer. Overall
stable isotope dilution assay (SIDA) and their quantitative data was then combined in the categories 
monoterpenes, C6-alcohols, benzene derivatives, C13
related deuterated standard was used for every group of substances. 

Results and discussion
In Chardonnay, which is basically characterised by 
differences in the sensory profile of 
processing (figure 1a). Chemical analysis of
substance group showed any significant differences 

 

Fig. 1 - Influence of yeast strain selection on Chardonnay sensory 
contents, n=3 (b). SCT skin contact, WBP whole bunch pressing, yeast strains: Uvaferm BC (BC),

 

In contrast to Chardonnay, Riesling features mediu
Riesling base wines, the effect of yeast strains was 
However, grape processing had a 
than yeast strain selection. Sensory analysis
the perceptions of floral notes, lemon, apple,
amounts of aroma precursors which 
base wines.  
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es were prepared according to the méthode champenoise. Additionally 
(acid hydrolysis control) without yeast or enzyme treatment were prepared to 

acid hydrolysis only.  

DA) was conducted with base and sparkling wines. 20 experienced judges were 
subjected to two training sessions. Subsequently, every sample was rated on an unscaled 10 cm line scale 

to colour, mouthfeel, fruity, sour, bitter, sweet and to seven aroma perceptions 
(peach/apricot, cantaloupe, smokey/honey, floral, lemon/grapefruit, apple, green grass). Aroma standards 
were prepared in neutral white wine or sparkling wine.  

Following solid phase extraction (SPE) and enzymatic hydrolysis the extracted free aroma compounds were 
mass spectrometry (GC-MS) supporting large volume injection. Using the 

recondensation large volume splitless injection technique [6], 22 µl of sample were 
injected allowing detection of trace amounts without any further concentration step after liquid
extraction from the enzyme buffer. Overall, 30 individual aroma compounds were quantified utilizing a 
stable isotope dilution assay (SIDA) and their quantitative data was then combined in the categories 

alcohols, benzene derivatives, C13-norisoprenoids, and volatile phenols. A structurally 
ed standard was used for every group of substances.  

iscussion 
basically characterised by very low aroma precursor contents
profile of the four base wines could be found caused by yeast selection 

Chemical analysis of precursor liberation confirmed this observation 
substance group showed any significant differences (figure 1b). 

 
Influence of yeast strain selection on Chardonnay sensory profile, n=20

(b). SCT skin contact, WBP whole bunch pressing, yeast strains: Uvaferm BC (BC),
Lalvin DV10 (DV10). 

In contrast to Chardonnay, Riesling features medium levels of aroma precursors. Comparing the four 
ffect of yeast strains was still minor but at least

had a stronger influence on sensory profile and analysed precursor liberation 
ensory analysis showed that SCT base wines were rated significantly higher in 

, lemon, apple, and colour. Skin contact time most likely
which had already been detected in the must and were 
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Additionally to usual fermentation, 
without yeast or enzyme treatment were prepared to 

sparkling wines. 20 experienced judges were 
on an unscaled 10 cm line scale in 

to colour, mouthfeel, fruity, sour, bitter, sweet and to seven aroma perceptions 
(peach/apricot, cantaloupe, smokey/honey, floral, lemon/grapefruit, apple, green grass). Aroma standards 

he extracted free aroma compounds were 
MS) supporting large volume injection. Using the 

], 22 µl of sample were 
injected allowing detection of trace amounts without any further concentration step after liquid-liquid 

ounds were quantified utilizing a 
stable isotope dilution assay (SIDA) and their quantitative data was then combined in the categories 

and volatile phenols. A structurally 

precursor contents, no significant 
caused by yeast selection or grape 

precursor liberation confirmed this observation as no 

 

, n=20 (a) and precursor 
(b). SCT skin contact, WBP whole bunch pressing, yeast strains: Uvaferm BC (BC), 

s. Comparing the four 
at least obvious (figure 2). 

on sensory profile and analysed precursor liberation 
base wines were rated significantly higher in 

time most likely increased the 
were still detectable in the 
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Fig. 2 - Influence of yeast strain selection on Riesling sensory evaluation
contents, n=3 (b). SCT skin contact, WBP whole bunch pressing, yeast strains: Uvaferm BC (BC),

For Muscatel, which exhibits very high amounts of glycosylated 
yeast strain selection became obvious
significantly more intense in floral and cantaloup
chemical analysis although the difference

Concluding, the influence of yeast strain selection 
on the concentration of the aroma precursors present, which is determined by the 
Hence, it might be hypothised that a high content of aroma precursors stimulates enzyme activity in the 
yeast, however, mechanisms for this remain unclear. 

Examining secondary fermentation
yeast strains on the liberation of aroma precursors and the resulting aroma profile of the final
wine for all three grape varieties. This is

Fig. 3 - Partial Least Square Regression 
Chardonnay sparkling wines. SCT skin contact, WBP whole bunch pressing, yeast strains: Uvaferm BC 

(BC), Lalvin DV10 (DV), Erbslöh IOC 18

 

Influence of yeast strain selection on Riesling sensory evaluation, n=20
(b). SCT skin contact, WBP whole bunch pressing, yeast strains: Uvaferm BC (BC),

IOC 18-2007 (IOC). 

very high amounts of glycosylated monoterpenes, a significant influence of 
obvious (data not shown). Using yeast strain BC, base wines were rated 

intense in floral and cantaloup in descriptive analysis. That could be confirmed in 
although the differences where within standard deviation. 

influence of yeast strain selection in the first fermentation seems to be 
the concentration of the aroma precursors present, which is determined by the 

it might be hypothised that a high content of aroma precursors stimulates enzyme activity in the 
yeast, however, mechanisms for this remain unclear.  

fermentation, chemical and sensory analysis revealed generally
strains on the liberation of aroma precursors and the resulting aroma profile of the final

This is exemplified in figure 3 using the examples of 

artial Least Square Regression (PLS) of glycosylated precursors and sensory data explaining 
Chardonnay sparkling wines. SCT skin contact, WBP whole bunch pressing, yeast strains: Uvaferm BC 

(BC), Lalvin DV10 (DV), Erbslöh IOC 18-2007 (IOC) and enzyme preparation AR2000 (E).

  

 

, n=20 (a) and precursor 
(b). SCT skin contact, WBP whole bunch pressing, yeast strains: Uvaferm BC (BC), 

, a significant influence of 
, base wines were rated 

That could be confirmed in 

to be highly dependent 
the concentration of the aroma precursors present, which is determined by the grape variety itself. 

it might be hypothised that a high content of aroma precursors stimulates enzyme activity in the 

generally a minor impact of 
strains on the liberation of aroma precursors and the resulting aroma profile of the final sparkling 

in figure 3 using the examples of Chardonnay trials. 

 

(PLS) of glycosylated precursors and sensory data explaining 
Chardonnay sparkling wines. SCT skin contact, WBP whole bunch pressing, yeast strains: Uvaferm BC 

ration AR2000 (E). 
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PLS analysis revealed that grape processing and the use of enzyme preparation had a major impact as the 
wines are grouped irrespective of yeast strain combinations. Sparkling wines treated with “skin contact 
time (SCT)” were correlated with glycosylated monoterpenes. In contrast, sparkling wines produced by 
“whole bunch pressing (WBP)” correlated with glycosylated norisoprenoids, hexenols and benzene 
derivatives. Neither SCT nor WBP sparkling wines showed any correlation with perceived sensory 
attributes. However, using enzyme preparation, all sparkling wines were shifted in the PLS space meaning 
that aroma precursors were liberated and sensory perception of green grass, floral, apple, peach/apricot 
(SCT) and honey and cantaloupe (WBT) was increased in intensity. 

To conclude the results of secondary fermentation, grape processing might influence the accessible aroma 
potential of the base wine. Aroma precursors can then potentially be liberated during secondary 
fermentation, however, only the use of enzyme was proofed to noticably liberate precursors while yeast 
selection did not have a major impact. An explanation for the minor impact of the yeast might be that a 
levelling effect during nine months of sparkling wine fermentation has occurred. Moreover, our observation 
of the experimental control samples (acid hydrolysis control) showed that the same amounts of precursors 
were liberated without yeast treatment compared to treatments with yeast strains (data not shown). 
Eventually, precursor liberation due to acid hydrolysis may have levelled out any possible differences 
caused by using different yeast strains. 

Conclusion 
The impact of yeast strains on the chemical and sensory properties in base wines was strongly dependent on 
the grape variety, respectively, on the given aroma precursor content. In Chardonnay, which is usually 
characterised by a low amount of aroma precursors, no effects were detectable, while in Riesling and 
Muscatel, with higher precursor contents, the impact of yeast strains was greater. For sparkling wines, 
irrespective of the grape variety, the impact of yeast strains was minor. This observation might be 
explained by acid hydrolysis of the precursors during nine months of fermentation, which may have 
levelled any differences caused by enzymatic activity of the yeast. The mechansims of enzymatic 
hydrolysis are still unclear. Only the use of enzyme preparation AR2000, which has a broad spectrum of 
enzymatic functions and activities, could liberate high amounts of precursors. Furthermore, for both, base 
wines and sparkling wines, grape processing had a high impact on aroma compounds and flavour.  
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Yeast fractions – grape skin tannins – wine tannins – interactions 

Introduction 
There is currently a great interest in enology for the use of yeast derived products (YDPs) as an alternative 
to aging on lees to improve wine mouthfeel, color and stability or as new fining aids. These YDPs are 
inactivated cells, cell walls and mannoproteins (MPs) in the first case, and yeast protein extracts (YPE) in 
the second one [1-4]. When dealing with red wines, their impact on wine taste and stability as well as their 
potential interest as fining aids is attributed to their interactions with polyphenols. These interactions can 
take place in solution with YPE or MPs, or be related to polyphenol adsorption on the yeast cell wall, 
which is mainly composed of mannoproteins and β-glucans. However, the exact mechanisms involved in 
their impact on wine composition and properties are not clear yet. To further understand the mechanisms 
that drive interactions between these yeast components and red wine polyphenols, interactions in solution 
between polyphenols and a YPE, a mannoprotein fraction (MPs) and a model linear β-glucan (laminarin) 
were monitored by Isothermal Titration Calorimetry (ITC) and Dynamic Light Scattering (DLS). 
Polyphenols were grape skin tannins, a whole polyphenol pool purified from a red wine (WP) and a wine 
tannin fraction (WT) purified from the pool.  

Materials and methods  

Yeast protein extract and polysaccharides 
The yeast protein extract (YPE) used in the present work was obtained from a commercial Saccharomyces 
cerevisiae enological strain (Lallemand, Montreal, Canada). It contained an insoluble fraction (13% w/w) 
that was removed by centrifugation (15000 g, 15 min) before further experiments. Total Nitrogen was 
determined by the Kjeldahl method on the whole YPE and after fractionation using a 10 kDa ultrafiltration 
membrane. Proteins in the high molecular weight fraction were analyzed by 1D-SDS PAGE. Neutral sugars 
were analyzed after hydrolysis by converting the monosaccharides into their alditol acetate derivatives [5]. 
A commercial yeast mannoprotein fraction from Saccharomyces cerevisiae was used. Ultrafiltration 
(10 kDa) and extensive diafiltration were performed on the commercial solution before use to remove low 
molecular weight components. β-glucan (laminarin) was purchased from Sigma-Aldrich.  

Polyphenols 
Grape skin tannins (Skin27) with an average degree of polymerization (aDP) of 27 and a % of galloylation 
of 16.8 were purified from the skin of Muscat berries [6]. A red wine polyphenol pool (WP) was purified 
from a Merlot wine, according to the procedure described in Mekoue et al. (2015) [6]. Wine tannins (WT) 
were further purified from the WP by chromatography on a Fractogel® EMD Phenyl (S) (Millipore, 
France). Polyphenol monomers in the WP were analyzed according to the procedure described in Ducasse 
et al. (2010) [7]. Tannins were analyzed by HPLC after acid-catalysed cleavage in the presence of excess 
2-mercaptoethanol [8]. 
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Model solution 
ITC and DLS experiments were performed in the same wine-like solution: 12% v/v ethanol solution with 
2 g.L-1 tartaric acid, pH adjusted to 3.5 with KOH 1 M, ionic strength set at 50 mM by NaCl (2.16 g.L-1), 
SO2 (25 mg.L-1). 

Isothermal titration microcalorimetry 
ITC experiments were performed with a VP-ITC instrument (MicroCal, Northampton, MA). A solution of 
(typically 4 g.L-1) YPE, laminarin or mannoproteins was placed in the 1.448 mL sample cell of the 
calorimeter and the polyphenol solution (typically 5 g.L-1) was loaded into the injection syringe. 
The polyphenol solution was titrated into the sample cell as a sequence of 48 injections of 6 μL aliquots. 
The duration of each injection was 12 s, and the time delay (to allow equilibration) between successive 
injections was 8 min. 

Dynamic light scattering 
DLS experiments were carried out by mixing equal volumes of a polyphenol (0.8 g.L-1) solution and of a 
macromolecule (0.8 g.L-1) solution for a final concentration of 0.4 g.L-1. Measurements were carried out on 
a Malvern Zetasizer 3000 HS (Malvern instruments, Malvern, U.K.), equipped with a 10 mW He-Ne laser 
with a wavelength of 633 nm.  

Results and discussion 
Characteristics of YPE and polyphenol fractions 
The YPE soluble fraction (YPE-S) (87% w/w) was used in this work for the interactions studies. The YPE-
S was mostly low molecular weight compounds (<10 kDa). Analysis indicated the presence of about 18% 
free amino acids and peptides and of oligosaccharides (16%) mostly composed of glucose. Proteins with 
molecular weight higher than 10 kDa accounted for 7.7% w/w, along with 5.9% w/w glucan and 
mannoprotein polymers/copolymers. 1D SDS-PAGE analysis evidenced ten protein bands with molecular 
weight ranging from 14 to 66 kDa. 

The characteristics of the three polyphenols fractions are given in Table 1. Skin tannins (Skin27) were 
mostly native structures, as evidenced by the high yield of the depolymerization reaction. Their aDP was 
27. Monomers and tannins represented 11% and 21% respectively of the total polyphenols in the WP. 
This low yield is related to a large proportion in this WP of derived pigments and tannins formed during 
winemaking. The tannin fraction purified from this pool was devoid of monomers and oligomers and 
represented 37% of the tannins in the initial WP. The yield of the depolymerization reaction was twice the 
one obtained from tannins in the WP but still characteristic of chemically modified structures.  
 

Table 1 - Analysis of the different polyphenol fractions obtained by HPLC before (monomers) 
and after depolymerization reactions 

  WP WT Skin27 
 
 
Tannins  

aDP 5.8 + 0.2 7.5 + 0.2 26.7 + 0.5 
% Gallate 3.9 + 0.6 4.4 + 0.0 5.4 ± 0.1 
% TriOH 31.2 + 2 26.5 + 0.2 15 ± 1 
Total (mg/g) 170 + 15 428 + 41 930 
Yield (%) 21.2 + 0.3 42.8 + 4.1 93 

 
 
Monomers 
(mg/g) 

Anthocyanins 33.1   
Flavan-3-ols 8.7   
Phenol Acids 36.9   
Stilbenes 27.3   
Flavonols 6.7   
Total (mg/g) 112.7 0 0 

A420/A280
*  5.3 7.3  

A460/A280
*  6.4 7.7  

A520/A280
*  9.2 7.8  

* in %: from UV-visible spectrophotometric measurements in the model wine 
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Isothermal titration calorimetry 
ITC experiments allowed measuring enthalpy changes associated with interactions between polyphenols 
(WP, WT or Skin27) and macromolecules (YPE-S, mannoproteins or laminarin). From the titration curves 
the heat exchange was calculated from the area under each peak and was expressed as a function of mass 
ratio (tannins/protein) instead of molar ratio due to the sample heterogeneity. For this reason, association 
constants, enthalpies and stoichiometry parameters were not calculated. Depending on the polyphenol-
protein and/or polysaccharides pairs, differences were observed: 

- The shape of the initial part of the integration curve suggested a strong affinity between Skin27 and YPE 
(Figure 1, a1b1c1), attributable to proteins in the extract. The binding sites present in YPE were saturated 
at a mass ratio of about 0.02, and addition of more Skin27 led to a plateau. When wine tannins (WT) were 
added (Figure 1, a3b3c3), the heat changes where higher. Finally, the heat changes observed with WP 
(Figure 1, a2b2c2) was about 2-fold lower compared to those observed with wine tannins at the same 
concentration, and the mass ratio higher than the one obtained with Skin27.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1 - Interaction of grape skin tannins (1), red wine polyphenol pool (2) and red wine tannins (3) 
with yeast protein extract studied by ITC at 25°C showing the thermogram and binding isotherm. 

(a1, a2, a3) Blank experiment for injection of polyphenols at 5 g.L-1 in wine-like solution. (b1, b2, b3) 
Titration plots of polyphenols into 4 g.L-1 yeast protein extract. The molar ratio is the number of moles 

of polyphenols divided by the number of moles of YPE compounds. (c1, c2, c3) Integrated peaks. 

- With mannoproteins (Figure 2), heat exchanged remained very low with the wine polyphenol pool 
(Figure 2, a2b2c2). With the tannins (WT and skin27), the curves were different. The shape of the initial 
part of the integration curve and the low exchanged heat obtained suggested a lower affinity between 
Skin27 and mannoproteins than that obtained with Skin27 and YPE-S.  

- With β-glucan (laminarin), results evidenced initial exothermic interactions upon Skin27 addition 
(not observed with WP), followed by endothermic peaks (Figure 3, a1b1c1). Despite the high 
concentration of laminarin (20 g.L-1), saturation seemed to be reached at a lower mass ratio than that 
observed with mannoproteins and YPE.   
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Fig. 2 - Interaction of grape skin tannins (1), red wine polyphenol pool (2) and red wine tannins (3) 
with mannoproteins studied by ITC at 25°C showing the thermogram and binding isotherm. 

(a1, a2, a3) Blank experiment for injection of polyphenols at 5 g.L-1 in wine-like solution. (b1, b2, b3) 
Titration plots of polyphenols into 10 g.L-1 mannoproteins for Skin27 and 4 g.L-1 mannoproteins for 

WT and WP. (c1, c2, c3) Integrated peaks. 
 
 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 3 - Interaction of grape skin tannins (1) and red wine polyphenol pool (2) with β-glucan 

(laminarin) studied by ITC at 25°C showing the thermogram and binding isotherm. (a1, a2) Blank 
experiment for injection of polyphenols at 5 g.L-1 in wine-like solution. (b1, b2) Titration plots of 

polyphenols into 20 g.L-1 laminarin for Skin27 and 4 g.L-1 laminarin for WP. (c1, c2) Integrated peaks. 
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In accordance with previous studies, these results show that interactions with polyphenols increase with the 
estimated percentage of proteins or with the protein content in the polysaccharides [9]. Much lower 
affinities were found between polyphenols and mannoproteins than between polyphenols and YPE, 
and strong differences were observed between mannoproteins and the model β-glucan. Affinities were also 
strongly influenced by tannin structure, in accordance with previous results [9-12] and by the presence of 
monomers/oligomers in the fraction.  

Dynamic light scattering 
Results of DLS experiments are summarized Figure 4. The addition of Skin27 (0.4 g.L-1) to YPE-S 
(0.4 g.L-1) led to the very fast formation of polydisperse micron-size aggregates, followed by sedimentation 
(Figure 4A). This was evidenced by the very large initial increase of the scattering intensity of the mixture 
(IS-(YPE+PP) around 1600 kC in A.U.) by comparison to that of the sum of the scattering intensity of the YPE 
and PP initial solutions (IS-YPE + IS-PP), followed by its decrease, and by the changes in mean hydrodynamic 
diameters DH values. By contrast, experiments performed with WP or WT and YPE (0.4 g.L-1) indicated 
the formation of finite and sub-micronic aggregates (DH between 200 and 300 nm), and no enlarged 
aggregation was observed. Results obtained with mannoproteins are reported in Figure 4B. The scattering 
intensity of the mixture (IS-(MP+PP)) was found to be much higher than the sum of their own scattering 
intensity (IS-MP + IS-PP), indicating there were interactions between the macromolecules, leading with all 
polyphenol fractions to the formation of stable sub-micronic aggregates. Contrary to that observed with 
YPE and MPs, no interactions could be evidenced by DLS between laminarin and polyphenols (Figure 3C).  

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 4 - Dynamic Light Scattering aggregation studies between YPE-S (A), mannoproteins (B), 
β-glucan (Laminarin) (C) and polyphenols (Skin27, WP and WT). 
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Conclusion  
YPE, mannoproteins and β-glucans can thus be ranked by decreasing order for their interactions with 
tannins as follows: YPE > MPs > β-glucans, in accordance with the protein content of these free 
macromolecules or fractions. ITC and DLS results also evidenced the influence of tannin structure on these 
interactions and on their consequences at a colloidal level. Whereas interactions between YPE and skin 
tannins led to enlarged aggregation and precipitation, this was not the case with the wine polyphenols and 
tannins studied. Tannin structural characteristics also influence the structure of the aggregates formed with 
mannoproteins. However, these aggregates remained stables with all the studied polyphenols in our 
experimental conditions.  
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Red wine – constituent adsorption – surface properties – polymer film 

Introduction  
It is widely known that surfaces play an important role in numerous biological processes and technological 
applications. Thus being able to modify surface properties provides an opportunity to control many 
phenomena occurring at interfaces. For example interactions at interfaces are of primary importance in 
membrane and filtration processes [1, 2]. It is essential to understand the membrane fouling mechanisms in 
wine membrane bioreactor processes in order to improve fouling control and cleaning strategies since 
membrane efficiency and membrane fouling present a significant challenge in membrane related 
technologies. At present, membrane fouling is still the biggest challenge and the major obstacle for the 
widespread implementation of membrane processes. Thus key research is required to investigate in more 
detail the mechanisms causing membrane fouling, the properties of membranes that contribute to fouling 
and the composition and size distribution of wine colloids and their complexes that affect filtration. 

The primary goal of this study was to determine how surface modification affects wine constituents 
adsorption. One way of controlling surface properties is to adsorb a polymer film onto the surface, for 
example through plasma deposition. Plasma-produced reactive surfaces with amine, carboxyl, hydroxyl and 
aldehyde groups have been used by many researchers because of their compatibility with well-established 
chemical reactions for grafting of bioactive moieties such as enzymes, antibodies and proteins [3-5]. In this 
paper we generate surfaces modified with functional groups such as carboxyls and hydroxyls that can be 
utilized for binding of wine constituents. The goal is to explore the capacity of functional surfaces to 
promote or impede red wine constituents’ adsorption. 

Materials and methods 
Wine samples and preparation 
A 2014 AWRI Red MS wine was used as received. Acrylic acid (AcrA) (99%) and ethanol (ET) 
(absolute 99.5% v/v) were obtained from Sigma-Aldrich (Australia) and used as supplied. 
Plasma polymerization was carried out in a custom-built reactor described elsewhere using a 13.56 MHz 
plasma generator. AcrA and ET were used as precursors for plasma deposition in order to generate thin 
films rich in amine carboxyl (−COOH) and hydroxyl (−OH) chemical groups, respectively. Clean silicon 
wafers and QCM sensors were used as substrates. The chamber was evacuated to base pressure of 
1x10−3 mbar before deposition. Ethanol vapour was introduce at 4 sccm, and plasma was applied at 40 W 
for 4 min. Deposition of acrylic acid was carried out at a flow rate of 0.5 sccm, power of 10 W for 10 min. 

XPS analysis 
The surface composition of the plasma-polymerized coatings before and after wine adsorption was 
characterized by X-ray photoelectron spectroscopy (XPS). XPS spectra were recorded on a Specs SAGE 
XPS spectrometer using a MgK radiation source (h = 1253.6 eV) operated at 10 kV and 20 mA. 
Elements present in the samples’ surface were identified from the survey spectrum recorded over the 
energy rate 0-1000 eV at a pass energy 100 eV and a resolution of 0.5 eV. The areas under selected 
photoelectron peaks in a wide-scan spectrum were used to calculate percentage atomic concentrations 
(excluding hydrogen). High-energy resolution (0.1 eV) spectra were then recorded for pertinent 
photoelectron peaks at a pass energy of 20 eV to identify the possible binding environments for each 
element. A QSenseE4 instrument (Q-Sense, Sweden) was used with a variable speed peristaltic pump 
(ISM 935, IDEX Health & Science, Germany). During experiments, four identical plasma-coated gold 
QCM sensors were equilibrated in parallel with MilliQ water delivered at 0.1 mL min-1 until stable 
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frequency and dissipation traces resulted. Wine samples were introduced and remained in contact with the 
sensors for 40 min. In the next step washing with MilliQ water was performed to obtain the sensor readings 
for the final bound amount. 

Atomic force microscopic analysis 
An NT-MDT NTEGRA SPM atomic force microscope (AFM) was used in non-contact mode to provide 
topographical images. Silicon nitride non-contact tips coated with Au on the reflective side (NT-MDT, 
NSG03) were used and had resonance frequencies between 65 and 100 kHz. The amplitude of oscillation 
was 10 nm, and the scan rate was 1 Hz. The scanner used had a maximum range of 100 μm and was 
calibrated using 1.5 μm standard grids with a height of 22 nm. The root-mean squared (RMS) and the peak-
to-valley (PTV) distance for the imaged surfaces were determined using standard AFM procedures.  

Results and discussion 
We have generated functional surfaces where the presence of surface groups such as carboxyls and 
hydroxyls were utilized to evaluate the binding of red wine constituents. AcrA and ET were used as 
precursors for plasma deposition to fabricate surfaces rich in carboxyl acid and hydroxyl functional groups, 
respectively. The XPS results are consistent with studies of plasma polymerized films deposited from AcrA 
(Fig. 1A) and ET (Fig. 1C) which indicate that their coatings contain a significant population of carboxyl 
and hydroxyl functional groups, respectively.  

 

Fig. 1 - XPS C1s profiles showing the peak fit analysis of (A) ppAcrA and (C) ppET as deposited, 
and after red wine adsorption onto ppAcrA (B) and ppET (D) surface. 

 
The capacity of the plasma deposited acrylic acid and ethanol films to bind wine constituents was examined 
in real time using QCM-D measurements. QCM sensors treated with acrylic acid and ethanol were 
conjugated with red wine. An example of typical raw data from the QCM-D measurements upon adsorption 
of wine on plasma polymer surface on one of the sensors is shown in Figure 2. Wine binds to the ethanol 
pp coated QCM-D crystal surface causing a negative frequency shift as mass adsorbs. After adsorption, a 
rigorous washing with MilliQ water was used in attempt to remove any loosely bound material. As evident 
from Figure 2 there is a large change to the dissipation energy loss and Voigt-based viscoelastic modeling 
[6] is required to determine accurate adsorbed mass values. The Q-Sense Q-Tools software was used for 
data analysis and Voigt modeling. The experimental data (open and filled: circles, squares and triangles, cf. 
Figure 2A) and the fit (filled, dashed and dotted lines) using the viscoelastic model are displayed as F/n 
versus time and D versus time for n = 3, 5 and 7. The agreement between the experimental QCM-D data 
and the model must be regarded as very good as the fitted curves are overlaid on the measured values for 
the changes in frequency and dissipation. For ppAcrA/red wine, the average amount bound was 
1890 ± 140 ng cm-2, and for ppET/red wine it was 850 ± 30 ng cm-2. The results presented above 
demonstrate that modification of surface chemical states is a strategy to control the adsorption of red wine 
constituents such as proteins, polysaccharides and polyphenols. Figure 2B shows the variations of viscosity 
and shear elastic modulus of the red wine sample calculated from the Voigt model adsorbed onto ppAcrA 
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and ppET surfaces. On the hydroxyl-rich surface both the viscosity and the shear elastic modulus values are 
larger which suggest that the adsorbed wine layer is much more viscoelastic as compared to carboxyl-rich 
surface. Possible reasons for the differences in the adherence and viscoelasticity may be differences in the 
mass concentration as well as different locations and/or conformation of the wine constituents on the surface. 

Sensors were then analysed by XPS. The high resolution C1s spectra for wine-bound samples were 
obtained by XPS as shown in Figure 1B and D. While the XPS spectra of ppAcrA and ppET had no traces 
of nitrogen in the N 1s spectra of the acrylic acid, showing that no contamination was present, the ppAcrA 
and ppET coated with red wine exhibited nitrogen peak. The presence of nitrogen in the XPS spectrum is 
the evidence that some of the wine nitrogen compounds adsorbed on AcrA surface. Fundamentally, total 
nitrogen in wine includes mineral nitrogen (inorganic form) and various forms of organic nitrogen such as 
amino acids, oligopeptides and polypeptides, proteins and protein casse, amide nitrogen, bioamines, nucleic 
nitrogen and amino sugar nitrogen. 

 
Fig. 2 - (A) F/n and D vs time and (B) changes of viscosity and shear elastic modulus of wine 

sample on the pp surfaces estimated from the Voigt model. 
 

Figure 3 shows the ex-situ tapping mode AFM height images of red wine adsorbed onto ppAcrA (A) and 
ppET (B) QCM sensor surface. The AFM images of the adsorbed layers allow one to make an estimate of 
the wine adsorbed amount. The average height multiplied by the area coverage allows one to determine the 
volume of adsorbed material over the area of the AFM image. This volume per unit area can then be 
compared with the adsorbed amount of each pp wine adsorbed surface determined from QCM data. 
Knowing the actual adsorbed mass from QCM and AFM experiments makes it possible to estimate the 
percentage of hydration water in the adsorbed layers of the different wine samples [7]. The data comparing 
adsorbed amounts per unit area, expressed as adsorbed volume per unit area for both AFM and QCM 
results, are given in Table 1. 
 

 

Fig. 3 - Ex-situ AFM height images of QCM sensors: (A) ppAcrA/red wine and (B) ppET/red wine. 
 

It is well established that surface –COOH groups are less acidic than those in bulk solution. The zeta 
potential of carboxyl-rich surface is near neutral at pH 3 and became negative with increasing pH, which is 
consistent with the weak acidity of –COOH groups. Shyue et al. [8] also reported that at pH 3, the zeta 
potential was zero, and with rising pH, the zeta potential became increasingly negative (-85 mV at pH 11). 
At pH 3.6, which is the pH of the investigated red wine, the –COOH groups are largely protonated and thus 
there is little negative charge on the ppAcrA surface. 

This slightly negatively charged surface attracts positively charged wine compounds. The adsorbed amount 
of red wine on ppAcrA surface is 1.89 ± 0.14 µg cm-2. The presence of nitrogen (N/C ratio of 0.038) in the 
XPS spectrum is the evidence of the nitrogen compounds present in wines. Besides two primary 
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ingredients, water and ethanol, wine constituents include glycerol, organic acids, minerals, nitrogen 
compounds (amino acids and proteins), phenolic compounds and polysaccharides. Depending on pH, 
proteins can be positively or negatively charged. They may also be at the isoelectric point (i.p.) where they 
are neutral. In a solution with a pH < i.p., normally the case for proteins in wine, proteins are positively 
charged. The positively charged components found in wine are expected to adsorb onto a negatively 
charged surface due to the electrostatic interactions. The presence of nitrogen in the XPS spectrum is 
evidence of nitrogen compounds present in wines. Fundamentally, total nitrogen in wine includes mineral 
nitrogen (inorganic form) and various forms of organic nitrogen such as amino acids, oligopeptides and 
polypeptides, proteins and protein casse, amide nitrogen, bioamines, nucleic nitrogen and amino sugar 
nitrogen. The QCM-D and AFM results both demonstrate that the carboxyl-rich ppAcrA surfaces enhanced 
the red wine adsorption. On these surfaces the red wine adsorbed amount was high. The −OH groups are 
neutral hydrophilic. The QCM-D and AFM results both demonstrate that the hydroxyl-rich ppET had the 
low adsorbed amount of wine (red wine: 0.85 ± 0.03). It is known that alcohol-like functionality reduces 
non-specific protein adsorption as it is a non-interacting support for the hydrophobic groups.  
 

Table 1 - Adsorbed Amount (Γ) and Adsorbed Volume (V) for red wine and water on pp surfaces 

Sample  [mg m-2] 
(QCM) 

V x 10-8 
[m-3] (QCM) 

V x 10-8 [m-3] 
(AFM) 

V x 10-8 [m-3] 
volume of water (QCM) 

% of 
water 

AcrA/Red MS 18.9 1.93 1.88 0.05 3 
ET/Red MS 8.5 0.87 0.83 0.04 5 

Conclusion 
This study demonstrates that tuning the surface functionalities is an effective way to promote or discourage 
adsorption of wine constituents. It is likely that functionalities affect the conformation/structure of the wine 
constituents and in turn regulate their binding. In this way they activate different ‘signals’ and affect the 
morphology, location and conformation of the wine constituents. Those results are meaningful for the 
development of the next generation low fouling membrane and/or new sensing platforms that will reduce 
cost and improve productivity in the wine and other related industries. 
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Wine – oligosaccharides – grape cultivar 

Introduction 
Oligosaccharides can be found in important food and medicinal applications [1]. Several health benefits 
have been linked with these molecules [2]. In wine, they have physicochemical properties such as ability to 
chelate cations [3]. Concerning sensorial properties of wines, it has been observed recently a positive 
relation between the astringency perception and the oligosaccharide fraction from wines [4]. Cabernet 
Sauvignon, Syrah and Monastrell are three of the most widely used varieties around the world. We have 
studied the cultivar influence on the concentration, composition and structure of oligosaccharides in wines.  

Materials and methods 
Grape samples 
The Cabernet Sauvignon, Syrah and Monastrell grapes were grown in Murcia (southern Spain) and 
carefully harvested at commercial maturity during the 2007 vintage. Three 90-kg grape samples from each 
variety were destemmed, crushed, and distributed into 100-L stainless steel tanks, then supplemented with 
potassium bisulfite.  

Wine samples 
All fermentations were started by adding commercial dry yeast and were carried out in stainless steel tanks 
equipped with temperature control. When alcoholic fermentation was totally finished, the musts were 
pressed. Free-run juice and press wines of each trial were combined and stored in tanks. One month later 
the wines were racked. After spontaneous malolactic fermentation, the wines were racked again and 
supplied with sulfur dioxide. The wines were cold stabilized, bottled and stored at 18ºC. 

Mass spectrometry analysis 
Oligosaccharide fractions were isolated after removal of phenolic compounds by polyamide and high 
resolution size-exclusion chromatography and the neutral and acidic sugar composition was determined by 
gas chromatography [5]. The glycosyl–linkage composition was determined by GC–MS of the partially 
methylated alditol acetates. The MS spectra of the oligosaccharides were performed on an AccuTOF mass 
spectrometer. Molar-mass distributions on the oligosaccharide fraction from red wine were determined by 
SEC-MALLS and a DRI detector. Average values, standard deviation and statistical significance were 
calculated and performed with the Statgraphics Plus 5.1. package. 

Results and discussion 
The fraction eluted on Superdex 30-HR column and collected between 60 and 93 minutes was taken to 
represent the oligosaccharide fraction of the studied wines. Syrah wine showed significantly higher values 
for most of the detected sugars except glucuronic acid and 4-O-Me glucuronic acid (data not shown). 
The lowest arabinose and glucose amounts were detected in Cabernet Sauvignon wine and the lowest 
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xylose and xylitol amount in Monastrell wine. The total oligosaccharide amount was calculated as the sum 
of individual monosaccharide amounts. Oligosaccharide concentrations were significantly higher in Syrah 
wine (480 mg/L) than in Cabernet Sauvignon (174 mg/L) and Monastrell (244 mg/L) wines. We previously 
presented that oligosaccharide concentration of Monastrell wines from different origin varied between 
195 and 288 mg/L [6]. Ducasse et al. [5] measured 332 mg/L of oligosaccharides in Carignan wine, 
although our Cabernet Sauvignon and Monastrell data were more similar than those reported for Merlot 
(252 mg/L) [6]. On the other hand, Bordiga et al. [7] found 127 and 102 mg/L for Grignolino and 
Chardonnay wines, respectively. It could be explained by differences in maturity stages of grapes according 
to the cultivar properties [5, 8]. 

 
Table 1 - Characteristic ratios of oligosaccharides from studied wines 

 
aAverage of three measurements and standard deviation. 
Different letters within the same column represent significant 
differences according to a least significant difference test (P < 0.05). 

 
Several characteristic sugar ratios show significant differences between varieties (Table 1). The Ara/Gal 
ratio shows significant differences between studied wines, pointing a higher release of arabinose or 
oligosaccharides rich in arabinose arising from the pectic framework in Syrah wines [9]. The Rha/GalA 
ratio was lower in Cabernet Sauvignon oligosaccharide fraction, which could indicate a majority of 
homogalacturonan structures [10]. Ducasse et al. [5] found similar values for this ratio for Carignan and 
Merlot wines. The ratio of (Ara + Gal)/Rha was notably lower in Syrah oligosaccharide fraction, suggesting 
that Syrah oligosaccharides contain more structures coming from the hairy regions of pectins, that is to say 
rhamnogalacturonan-like structures carrying neutral lateral chains. Our values for this ratio are in general 
similar to those that we previously obtained in Monastrell oligosaccharides [6] and also to those showed by 
Ducasse et al. [5] for Carignan and Merlot oligosaccharides. 

Proportions of several families of oligosaccharides (Figure 1) have been calculated from glycosyl linkage 
composition (data not shown) according to previous works about OligoMannans, 
OligoRhamnogalacturonans, OligoArabinogalactans type I and type II and OligoArabinans by 
Ducasse et al. [11], OligoGlucans by Ballou [12] and OligoXyloglucans by Fry et al. [13].  

Regarding the oligosaccharide families, wines from Cabernet Sauvignon and Monastrell presented similar 
values concerning the oligosaccharides from yeasts (the sum of OligoGlucans and OligoMannans), 
with Syrah showing the lowest value (Figure 1). On the contrary, Syrah wines showed a relevant release of 
OligoRhamnogalacturonans. Monastrell had the highest release of OligoArabinans and also of 
OligoXyloglucans. The lowest values for OligoAG type II were detected in Syrah wines. Other 
oligosaccharide structures as OligoAG type I did not show differences between the studied cultivar wines.  

Cabernet Sauvignon, Syrah and Monastrell oligosaccharides showed differences concerning the ratio of the 
terminal to the branched residues. The branching degree could be linked with certain physical-chemical 
properties of wine. For example, Kühnel et al. [14] reported that branched arabino-oligosaccharides from 
sugar beet presented more difficulties to be degraded than linear arabinan-oligomers. 

Differences among the composition of released oligosaccharides in wines from Cabernet Sauvignon, Syrah 
and Monastrell are deduced from the ESI mass spectrometry results. The predominant ions observed in 
mass spectra for Cabernet Sauvignon oligosaccharides were at m/z 499 (Rha-[GalA-CH3]-Rha), 
605 (4-OMe-GlcA, two xylose residues linked in 1→4, and a xylitol residue in non-reducing position) and 
737 ([4-OMe-GlcA-[Xyl]3-Xylitol]), for Syrah oligosaccharides were at m/z 605, 661, 807, 837 and 983, 
whereas for Monastrell oligosaccharides they were at m/z 235, 605, 661, 737 and 983. The ion identified at 
m/z 499 appears only in Cabernet Sauvignon oligosaccharides and represents the structures of 
galacturonans coming from smooth regions. On the other hand, the ions at m/z 605 and 737 correspond to 
glucuronoxylans, a characteristic of xylan families [5, 11, 15].  

Cultivar

CA 1.18 ± 0.19 a 0.47 ± 0.07 a 4.77 ± 0.90 b

SY 1.96 ± 0.20 c 0.73 ± 0.06 b 2.87 ± 0.06 a

MO 1.53 ± 0.18 b 0.67 ± 0.07 b 5.10 ± 0.09 b

Ara/Gal a Rha/Gal A a (Ara+Gal)/Rha a 
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Fig. 1 - Evolution of major oligosaccharide families (relative mole percentage) isolated from 
Cabernet Sauvignon (CA), Syrah (SY) and Monastrell (MO) wines. 

 
The ions observed in the mass spectra at m/z 661, 837 and 983 corresponded to a duplication of the basic 
unit [(1→4)-α-D-GalAp-(1→2)-α-L-Rhap], the pentasaccharide GalA-[Rha-GalA]2 and [Rha-GalA]3, 
respectively [5]. These three oligosaccharides detected mainly in Syrah represent rhamnogalacturonans and 
come from hairy regions. Oligosaccharides of Syrah wine also show the ion at m/z 807, which corresponds 
to α-L-Rhap-(1→4)-α-D-GalAp-(1→2)-α-L-Rhap-(1→4)-α-D-GalAp-(1→2)-α-L-Rhap. This ion indicates 
the presence of rhamnogalacturonans with a residue of rhamnose in terminal position. On the other hand, 
the ion at m/z 605 has also been detected in Syrah wines, corresponding to the presence of glucuronoxylan-
like structure [5, 11]. The ion at m/z 235 was only identified in Monastrell oligosaccharides and 
corresponds to GalA-COCH3. The rest of the ions observed in Monastrell wines (at m/z 605, 661, 737 and 
983) have been above described. 

The oligosaccharide refractive index elution profiles by SEC-MALLS displayed two principal populations 
whose concentration signal peaks are in the ranges 2150-2350 sec and 2350-2600 sec (Figure 2). 
Oligosaccharides of Monastrell wine showed the lowest molar mass profile, Cabernet Sauvignon wine 
showed the highest profile. Concerning the distribution analysis of oligosaccharide fractions, large 
differences along five delimited molar mass ranges (range 1 = 500 to 2 500 g/mol; range 2 = 2 500 to 5 000 
g/mol; range 3 = 5 000 to 7 500 g/mol; range 4 = 7 500 to 10 000 g/mol; and range 5 = up to 10 000 g/mol) 
were observed between cultivars. In the case of Syrah and Monastrell oligosaccharide fractions, 22% and 
64% (respectively) of mass can be found in range 1, Cabernet Sauvignon showing no mass in this range. 
However, this variety had 20% and 15% of mass in ranges 4 and 5 (respectively), whereas Syrah and 
Monastrell present lower percentages of masses in these two ranges (SY: 6% and MO: 3%). Moreover, 
evident differences can be also detected regarding range 2 (Monastrell: 20%; Cabernet Sauvignon and 
Syrah: 52% and 53%). Finally, range 3 showed no clear differences between studied wines. 

 

 
Fig. 2 - SEC-MALLS chromatograms and weight-average molar mass distributions of the 

oligosaccharide fraction of studied wines in 0.1 LiNO3 at 25°C. Refractive Index 
(DRI, thin line) and light scattering (Mw, thick line). 
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Conclusion 

Taken together, our results showed that grape cultivar impacts the concentration, composition and structure 
of the wine oligosaccharides. Obviously further studies should be carried out in order to better understand 
how the oligosaccharide content and composition in wines could influence their physical-chemical and 
sensory properties.  
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Champagne – Pinot meunier – press fractioning – poly- and oligosaccharides  

Introduction 
The separation of different grape juice fractions during the pressing cycle is an important step in the 
production of sparkling base wines. A complete pressing cycle for this style of wine is a series of pressure 
increases resulting in a considerable variation in juice composition during the pressing cycle [1-4]. 
After alcoholic fermentation, wines obtained from “Cuvées” (first quality) and “Tailles” (second quality) 
grape juices also exhibit strong differences for several oenological characteristics such as pH, total acidity, 
and tartaric acid level. These parameters change from a wine produced with a grape juice originating from 
the heart of the flesh to a wine produced with the juice released at the end of the pressing cycle. 
Nevertheless, the impact of the pressing cycle on wine oligosaccharide fraction (OS) and wine 
polysaccharides (PS), implicated in wine foaming properties [5-8], has never been studied at industrial or 
laboratory scale. The aim of this study performed on Pinot meunier wines (vintage 2013) was to better 
understand wine OS and PS composition and change along the 3h30 pressing cycle. 

Materials and methods 
Grape juices and white base wines 
Eleven Pinot meunier grape juice fractions (Champagne region - France) were collected during the pressing 
cycle (8000 kg pneumatic press). The eleven fractions (AP = autopressing, S = squeeze juices and 
R = return juices) were vinified separately in 1.5-L bottles. Wines were sulfited (+ ullage) after alcoholic 
fermentation to avoid malolactic fermentation, centrifuged (17000 g, 10 min), stored one month at cellar 
temperature + 2 months at 4°C and finally filtered to remove insoluble colloidal particles and tartrate 
crystals. 

Isolation of polysaccharide and oligosaccharide fractions 
Wine polysaccharides and oligosaccharides were isolated by high resolution size-exclusion 
chromatography on a Superdex-30 HR column as previously described [9]. 

Sugar composition of oligosaccharide fractions 
The neutral and acidic glycosyl residues of wine oligosaccharides were determined after acidic 
methanolysis with anhydrous MeOH containing 0.5 M HCl (80°C, 16 h), by gas chromatography (GC) of 
their per-O-trimethylsilylated methyl glycoside derivatives as previously described [10]. 

Polysaccharide analysis and concentration 
Neutral monosaccharides were released after hydrolysis of the wine polysaccharides by treatment with 2 M 
trifluoroacetic acid (75 min at 120°C) [11]. They were then converted to the corresponding alditol acetate 
derivatives by reduction and acetylation and quantified by GC analysis.  
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The polysaccharide composition of each wine was estimated from the concentration of individual glycosyl 
residues, as determined by GC, and did not differ from previously described wine polysaccharide 
compositions [12]. 

Results and discussion 
The changes in total PS and OS were monitored for the 11 Pinot meunier Champagne base wines (Figure 1). 
The results show significant changes in PS base wine composition and concentration as the pressing cycle 
progressed. For the total polysaccharides, we determined a concentration of 282 mg/L in the base wine 
corresponding to pressing cycle beginning. This concentration decreases by 40% (167 mg/L) at the last step 
of the pressing cycle. 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1 - Changes in total polysaccharides (PS) and oligosaccharides (OS) of Pinot meunier Champagne 
base wines elaborated from grape juices collected during the press fractioning. AP, autopressing 

(b, beginning; e, end); S, squeeze juices; R, return juices. 
 

The major wine PS can be grouped into three families: (i) polysaccharides rich in arabinose and galactose 
(PRAGs) from the cell wall of grape berry, (ii) those rich in rhamnogalacturonans, 
mainly rhamnogalacturonan II (RG-II), which comes from the pecto-cellulosic cell wall of grape berry, 
and (iii) mannoproteins (MPs), released from the yeast during fermentation and on-lees aging. 
The concentration of MPs, PRAGs and RG-II in Pinot meunier Champagne base wines is shown in Figure 2. 
A wide variation of concentration of the four major glycosyl residues of the total polysaccharides, namely 
glucose, arabinose, galactose and mannose, was observed. In Figure 2, we can observe a higher MPs 
concentration in the base wine corresponding to pressing cycle beginning (106 mg/L) than in the base 
wines obtained from the different steps of the pressing cycle. This concentration decreases by around 24% 
(81 mg/L) at the last step of the pressing cycle. Taking into account that the yeast strain was similar in the 
Champagne base wines studied, the decrease during the pressing cycle of wine MPs might be attributed to 
initial composition of the must [13] but also to winemaking conditions such vinification temperature. 

The concentration of PRAGs significantly decreased, by 52%, in the base wine from the pressing cycle 
beginning to the last step of pressing cycle (from 146 to 70 mg/L). At the pressing cycle beginning, 
higher concentration of PRAGs in wine reflected a greater release of this polysaccharide family by berry 
endogenous pectolytic enzymes in grape juice. The differences observed can be related to differences in 
maturity stages into the grape berry pulp and the cell wall. In fact, the pH increases and the total acidity 
decreases in the grape juice from the pressing cycle beginning to the last step of the pressing cycle. 
That might modulate the extraction of components such PS during pressing cycle. Furthermore, enzymatic 
degradation or precipitation phenomenon of some PRAGs during vinification, as suggested by previous 
results [14], could affect their concentration in Champagne base wine. 
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Fig. 2 - Concentration of mannoproteins (MPs), polysaccharides rich in arabinose and galactose 
(PRAGs) and rhamnogalacturonan II (RG-II) in Pinot meunier Champagne base wines elaborated 

from grape juices collected during the press fractioning. AP, autopressing 
(b, beginning; e, end); S, squeeze juices. 

 

On the other hand, the concentration for RG-II was 30 mg/L in the base wine corresponding to pressing 
cycle beginning. This concentration decreases by 47% (16 mg/L) at the S1 step, and it remains stable until 
the last step of the pressing cycle. Although RG-II was present in low concentration, this polysaccharide 
was detected in all Pinot meunier Champagne base wines. These results contrasted with the absence of the 
RG-II molecule observed in Spanish monovarietal white base wines [7]. These authors attributed this 
absence to the winemaking process but it could be explained by varietal characteristics or by different 
maturity stages of grape berries.  

The total oligosaccharide amount was calculated as the sum of individual monosaccharide amounts 
measured by GC. For the total oligosaccharides (Figure 1), we determined a concentration of 127 mg/L in 
the base wine corresponding to the S1 step. This concentration decreases by 23.8% (97 mg/L) at the S4 step 
of the pressing cycle. These results reveal, for the first time, changes in OS Champagne base wine 
concentration as the pressing cycle progressed. 

Conclusion 
This study is the first report proving that the OS and PS composition and content of Champagne base wines 
are affected by press fractioning technique. The understanding of release of OS and PS into the grape juice, 
and during alcoholic fermentation, is a first approach to investigate the effect of these complex fractions on 
the organoleptic and technological properties of Champagne still and sparkling wines. Further experiments 
such as “champagnisation” with on-lees aging are needed to complete the impact of press fractioning on 
polysaccharide and oligosaccharide fraction on Champagne wine quality as foaming properties. 
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Stilbene – α-synuclein – neuroprotection 

Introduction 
Among all polyphenol classes, stilbenes have been shown to possess a large panel of health-related 
beneficial effects [1, 2]. Stilbene structure derives from resveratrol with an essential skeleton of two 
aromatic rings joined by an ethylene bridge [3]. Although stilbenes were identified in various plants, 
vine and wine constitute the main dietary sources of stilbenes [4]. 

The hallmarks of Parkinson’s disease are the Lewy’s Bodies. They are mainly composed of highly 
aggregated fibrillar species of α-synuclein [5]. Studies have shown that mutation of the gene encoding this 
protein can lead to the transcription of an aggregation-prone structure of the protein or to its 
overexpression, which also triggers the α-synuclein aggregation [6, 7]. Thus, α-synuclein accumulation and 
aggregation are suspected to be directly linked to the disease. Small α-synuclein oligomers seem to be the 
most toxic species, instead of the fibrils [8]. Numerous studies have highlighted that toxic oligomers can 
form annular rings and then permeabilize model lipidic membranes.  

Many studies have focused on phenolic compounds, indicating that some of them can have strong 
inhibitory effect against fibrilization of α-synuclein, leading to stabilization of non-toxic oligomer species 
[9]. We have recently reported that stilbenes inhibit β-amyloid fibril formation [10]. Our findings suggest 
the formation of non-toxic soluble complexes between polyphenol and β-amyloid [11]. Here, we aim to 
assess the anti-aggregative behavior of resveratrol and piceatannol. We also investigated their ability to 
prevent α-synuclein toxicity against PC12 neural cells. 

Materials and methods 
Material 
Purified recombinant human α-synuclein was purchased from Alexotech AB (Umeå, Sweden) and was 
used without further purification. Solutions of 140 µM α-synuclein were prepared in a 20 mM Na2HPO4, 
140 mM NaCl buffer at pH 7.4 and sonicated 2 min prior to each experiment. Stilbenes were isolated from 
Vitis vinifera vine stalks [4]. Purity was controlled by HPLC measurements. The stilbenes were kept as 
20 mM stock solutions in dimethylsulfoxide (DMSO). 

Thioflavin T based fluorescence assay 
Solutions of 140 µM α-synuclein and 200 µM stilbenes were mixed with equal volumes in a 96-well plate 
with 20 µM Thioflavin T (ThT). The plate was incubated at 37°C, 300 rpm. Fluorescence was measured for 
4 day with a Fluostar Optima plate reader (BMG Labtech, Germany) set at 450 nm for excitation and 
485 nm for emission. Blanks of each compound were subtracted from the measured fluorescence. 
Each condition was triplicated. 

Observation on transmission electron microscopy 
Drops of samples of α-synuclein aggregated alone or with stilbenes during 4 days were deposited during 
2 min on carbon coated copper grids submitted to a glow discharge (0.3 mBar, 2 A). After quick washing in 
ultrapure water, negative staining using 4% uranyl acetate during 2 min was then performed. 
Transmission electron microscopy (TEM) observations were done with a CM120 electron microscope 
(FEI, Oregon, USA) using 2k × 2k USC1000 slow-scan CCD camera (Gatan, CA, USA). 
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MTT assay 
PC12 cells, established from a rat pheochromocytoma, were obtained from the American Type Culture 
Collection (ATCC, Manassas, USA). PC12 cells were maintained in DMEM-Glutamax supplemented with 
100 IU/mL penicillin, 100 µg/mL streptomycin, 15% fetal horse serum and 2.5% fetal bovine serum at 
37°C in a humidified atmosphere of 5% CO2. α-synuclein was incubated at 200 µM during 2 days in order 
to be fully aggregated. The cells were subcultured in 96-well culture plates (30 × 103 cells/well) for 24 h 
and then treated with 500 nM of aggregated α-synuclein, with or without further addition of stilbenes at 
concentrations ranging from 5 to 30 µM, for 24 h, in serum-free culture medium. Compounds were 
dissolved in DMSO at a final concentration of 0.1%, which is a subtoxic concentration. Cell viability was 
determined by using MTT reduction assay. PC12 cells were incubated in 0.5 mg/mL MTT at 37°C for 3 h. 
Then, the MTT solution was removed and the resulting formazan crystals were dissolved with DMSO. 
Absorbance values were read at 540 nm on a microplate reader (MRII, Dynex). All samples were analyzed 
in triplicate. 

Results and discussion 
Finding molecules to prevent the aggregation of α-synuclein could be a therapeutic goal in Parkinson’s 
disease and relative diseases [10]. ThT fluorescence assays were used in presence or absence of stilbenes. 
In absence of inhibitor, α-synuclein exhibits a quasi-sigmoidal binding curve (Fig. 1).  
 

 

Fig. 1 - α-synuclein fibril formation. The α-synuclein was incubated for 4 days in presence of ThT. 
Results are expressed as mean fluorescence in arbitrary fluorescence unit. 

 

A first screening of stilbene anti-aggregative behavior was performed at a concentration of 100 M of each 
compound. The results were expressed as the percentage of α-synuclein assembly in the absence of 
compound (taken to be 100%). A first screening of stilbene anti-aggregative behavior was performed. 
It appeared that most stilbenes have an inhibitory activity on the α-synuclein aggregation. Among them, 
piceatannol and resveratrol appeared to be two of the best inhibitors (Fig. 2). The piceatannol lowered the 
aggregation to an extent of 29% and resveratrol to 15%. 

To observe the morphology of α-synuclein aggregates, electron microscopy studies were realized (Fig. 3). 
After incubation of α-synuclein alone, evident α-synuclein fibril extensions were observed. In presence of 
resveratrol or piceatannol only small amorphous aggregates were observed. These results confirm that 
stilbenes are potent inhibitors of α-synuclein aggregation. 
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Fig. 2 - Structures of stilbenes and inhibition of α-synuclein fibrils. Results are expressed 

as percentage of aggregation, compared to the fluorescence signal of ThT 
when the protein is aggregated alone. 

 
 

 
Fig. 3 - Observation of α-synuclein aggregation states using transmission electron microscopy.  

The α-synuclein (A) was aggregated alone (B) or with 100 µM piceatannol (C) during 4 days. 
Scale bar indicates 300 nm. 

 

Finally cell viability measurement assays were performed using PC12 cells to assess the potent protective 
effects of stilbenes. As previously reported, aggregated α-synuclein reduces PC12 cell viability (Fig. 4). 
Dose dependency experiments demonstrate that resveratrol and piceatannol have cytoprotective effect. 
These findings indicate that resveratrol and piceatannol inhibited not only α-synuclein fibril formation but 
also the α-synuclein-induced cytotoxicity. As previously mentioned these results suggest that stilbenes lead 
to the formation of non-toxic α-synuclein/polyphenol complexes and may hence have therapeutic potential. 
Surprisingly, piceatannol is more active than resveratrol. It demonstrates complex relation between 
filament inhibition and cytotoxicity in this system including other potent protective effects of stilbenes. 

 

Fig. 4 - Protective effects of resveratrol and piceatannol against α-synuclein cytotoxicity in PC12 cells. 
Results are presented as a percentage of MTT reduction, with the values obtained in the absence of 

added α-synuclein taken as 100%.  
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Conclusion 
The inhibitory properties of stilbenes against α-synuclein fibril formation and toxicity were evaluated. 
Results indicate that resveratrol and piceatannol reduce the aggregation and the toxicity of α-synuclein. 
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Grapevine – CPC-MS – gradient elution – stilbenoids 

Introduction 

Stilbenoids are structurally characterized by the presence of two aromatic rings joined by an ethylene 
bridge (C6-C2-C6). They can be divided into two categories, monomers and oligomers which result from 
different oxidative couplings of the formers. While stilbenoids are found in a number of plant species 
[1, 2], grapes are the most significant dietary source. Currently, there are over 60 known stilbenoids found 
in the various parts of the grapevine (Vitis vinifera), the majority of which have received little or no 
biological testing. Since stilbenoids are important biologically active compounds, in regards to both vine 
and human health, they have been the subject of numerous biological studies. The stilbenoid monomer, 
resveratrol (E-3,5,4’-trihydroxystilbene), a naturally occurring phenolic compound, has been highlighted as 
a potential chemopreventive agent for several pathologies such as cardiovascular [3] and neurodegenerative 
diseases [4, 5] and different types of cancer [6]. 

To investigate these proposed activities further, large amounts of compounds for in vivo studies are 
required. The existing HPLC techniques are not suitable for the large-scale purification of these compounds 
due to irreversible adsorptions onto the solid phase material. For this reason, efforts have been devoted to 
the purification of these non-flavonoid polyphenols. Centrifugal Partition Chromatography (CPC), 
a very versatile separation technique that does not require a solid stationary phase, appeared to be the ideal 
tool for this purpose. 

A classical isocratic elution profile has been successfully applied for the purification of phenolic compound 
from several natural sources [7]. This classical method was not powerful enough to separate simultaneously 
the major stilbenoids (E-piceatannol, E-resveratrol, and, E--viniferin). In order to obtain an effective and 
efficient separation of these major compounds, CPC gradient between Arizona K [8] and Arizona K 
modified systems [9] was developed to achieve their separation in the same run. Moreover, following the 
preparative isolation, the fractions collected are usually analyzed by HPLC to evaluate their purity. 
These additional steps are time-consuming. To overcome this problem, a direct coupling of the CPC with a 
mass spectrometer was developed. 

Materials and methods 
CPC separation was performed on CPC 200 apparatus from Kromaton technologies 
Two biphasic systems were used to change the polarity of the mobile phase during the gradient elution. 
The former was Arizona K-ACN system (n-heptane/ethyl acetate/acetonitrile/water 1:2:0.82:2, v/v) and the 
latter was Arizona K system (n-heptane/ethyl acetate/methanol/water 1:2:1:2, v/v). The CPC column was 
first filled with the upper K–ACN phase and equilibrated with the lower K–ACN phase at 4 mL/min and 
with column rotation at 1300 rpm. The sample (1 g of crude vine extract) previously dissolved in 5 mL of 
each phase of Arizona K-ACN system was injected in the column in descending mode with the lower 
K–ACN phase during 20 min. Then mobile phase composition changed from 100% lower K–ACN phase to 
100% lower K phase in 200 min. After the total time of 220 min, the extrusion step was performed with the 
upper K–ACN phase.  
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The output of the CPC was coupled to a mass-spectrometer. The CPC outgoing flow stream was divided 
thanks to a Rheodyne MRA100-000 active splitter [10]. This device allows a small amount of the CPC 
output to be mixed with the HPLC-MS solvent flow. The solvent used on the analytical flow-path of the 
active splitter chain is responsible both for dilution, effective phase mixing and correct ionization in the 
sample in the mass spectrometer. In this experiment, 0.1% formic acid in ethanol was used at the flow-rate 
of 1 mL/min. The active splitter was set at a 500:1 splitting ratio to provide the appropriate dilution of the 
highly concentrated CPC output into the DAD-MS analytical flow (Figure 1). 

ESI Source parameters: drying gas was set at a flow-rate of 9.0 L/min and a temperature of 320°C, 
nebulizer pressure was set to 35 psi. ESI-MS parameters in negative mode: HV capillary 4300 V, end plate 
offset -500 V, capillary exit -176.4 V, skimmer -29.5 V, trap drive 75, scan delay 25000 μs, rolling average 
10, and trap average 10.  
 

 

 

 

 

 

 

 

 

Fig. 1 - CPC/ESI-MS workstation. 

Results and discussion 
The crude extract of grapevine contained three major stilbenoids: two monomers, E-piceatannol, 
and E-resveratrol, and a dimer, E--viniferin. To separate these major stilbenoids from the grapevine crude 
extract in one step CPC, a rarely used approach using an elution gradient was adopted, consisting in a 
change of mobile phase polarity along the elution while keeping the stationary phase the same. A gradient 
between Arizona system K with and without acetonitrile has been used as these showed adequate and 
radically different separation abilities. The Arizona K system with acetonitrile (Arizona K-ACN) was first 
used in descending mode, then the composition of the mobile phase was changed from the Arizona K-ACN 
system to the Arizona K system. While gradients involving different solvent systems are usually avoided 
due to the belief that they could reduce the efficacy of the separation, the results obtained here are very 
encouraging and prove that this is a viable approach. The resulting CPC fractions are well defined (Figure 2). 

 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 2 - CPC-UV-MS chromatogram of crude extract of grapevine cane. 



OENO 2015 

420 

Figure 3 shows the HPLC chromatograms of pallidol, E-piceatannol, E-resveratrol, and E--viniferin 
obtained by CPC by using the gradient elution. All these major stilbenoids were purified from a crude 
extract in only one step at a preparative-scale, and due to the nature of CPC separations can be scaled-up 
with the advantage of a better resolution as the column size increases. As the HPLC-purities obtained here 
were close or over 90%, this approach shows a significant improvement over the more classical approaches 
using solid phase chromatography. 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Fig. 3 - HPLC-UV chromatograms of the major stilbenes obtained from the crude extract 
of grapevine canes using one step CPC gradient. 

Conclusion 
In the recent years, the development of gradient elution in CPC has allowed the successful separation of 
natural products such as stilbenoids [10] and anthocyanins [11, 12]. In this study, we have applied CPC 
gradient elution using a modified solvent system to successfully purify four stilbenes from a crude extract 
of grapevine cane in the same run with an HPLC purity close or even greater than 90%. Moreover, 
the output of CPC was directly coupled to the mass spectrometer. This allowed us to shorten 
experimentation times by optimizing the gradient profile. Due to the exceptional abilities of CPC to be 
scaled-up, this method can be applied with bigger column volumes thus providing both a higher throughput 
and a better resolution likely leading to a greater yield. Another advantage of this chromatographic 
approach is the reproducibility of the elution profiles even between different column sizes, thus eliminating 
the need of an online hyphenation during scaled-up productions. 
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Voltammétrie à vague carrée – carbone – polyphénols – vin rouge 

Introduction 
Les polyphénols sont des composés ayant des propriétés réductrices et peuvent par conséquent être oxydés 
sur une électrode inerte. Leur caractérisation par des méthodes électrochimiques est donc possible. 
Parmi les différentes techniques électrochimiques existantes, la voltammétrie cyclique s’est imposée 
comme la technique la plus utilisée permettant de caractériser les polyphénols et les antioxydants dans les 
boissons, et plus particulièrement dans les vins [1-4]. On peut citer également la voltammétrie 
impulsionnelle différentielle [3, 5]. Le but de cette étude est de montrer que la voltammétrie à vague carrée 
peut également être utilisée lors de la caractérisation électrochimique des polyphénols dans les vins rouges 
à la fois avec une électrode classique mais aussi par des électrodes sérigraphiées jetables, cette technique 
permettant d’obtenir un seuil de détection faible [4]. 

Matériel et méthodes 
Voltammétrie 
Les mesures de voltammétrie à vague carrée ont été effectuées à l’aide d’un potentiostat (Autolab PGSTAT 
302N, Metrohm, Suisse) et du logiciel GPES 4.9 (Metrohm, Suisse). Les paramètres pour les voltammétries 
à vague carrée ont été : fréquence 25 Hz, pas de potentiel 4 mV, amplitude 20 mV, et plage de potentiels de 
-0,2 V à 1,2 V. 

Les mesures avec l’électrode en carbone vitreux ont été effectuées dans une cellule électrochimique 
classique à l’aide d’un montage à 3 électrodes (Metrohm, Suisse) : une électrode de travail en carbone 
vitreux de diamètre 3 mm, une électrode de référence (Ag/AgCl) et une contre électrode en platine. 
Avant chaque mesure, la surface de l’électrode de travail a été polie, rincée à l’eau (Millipore) puis plongée 
dans un bain à ultra-sons. Les mesures ont été effectuées immédiatement après avoir introduit l’électrode 
dans la solution à étudier. Pour les mesures avec les électrodes sérigraphiées, différentes électrodes 
(Dropsens, Espagne) ont été utilisées : électrode de référence en argent, contre électrode en carbone et 
électrode de travail de diamètre 4 mm en carbone, nanotubes de carbone monofeuillets et nanotubes de 
carbone multifeuillets. Les mesures ont été effectuées immédiatement après le dépôt de 200 µL de solution 
à étudier sur les électrodes. 

Spectrophotométrie 
Les mesures spectrophotométriques de l’IPT (indice des polyphénols totaux) selon [6], de l’Indice de Folin-
Ciocalteu selon [5] et de la capacité antioxydante par la méthode ABTS selon [7] ont été réalisées à l’aide 
d’un spectrophotomètre Safas UVmc2 (Monaco). La quantité de polyphénols totaux a été dosée par mesure 
de l’absorbance à 280 nm après séparation des composés par HPLC (Waters 2690/Waters 996 DBD et 
logiciel Millenium 32, Waters, USA) selon [6]. 

Molécules standards 
Les molécules standards (acide caféique, acide gallique, malvidine-3-O-glucoside et catéchine) ont été 
dissoutes et les vins dilués dans une solution hydro-alcoolique modèle (12% vol. d’éthanol, concentration 
en acide tartrique de 0,033 M et pH=3,6). 
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Vins 
5 vins rouges commerciaux issus de 2 millésimes, de différents cépages et régions viticoles du Sud de la 
France ont été caractérisés : AOP Coteaux du Languedoc (Syrah/Grenache, 2012), AOP Puisseguin Saint 
Emilion (Merlot, 2010), AOP Cahors (Malbec, 2010), AOP Côtes du Rhône (Grenache/Mourvèdre/Syrah 
(60%/20%/20%), 2012) et IGP Pays d’OC (Pinot noir, 2012). 

Résultats et discussion 
Voltammétrie à vague carrée des molécules standards 
Concernant l’électrode en carbone vitreux (concentration 0,1 mM), pour l’acide caféique, un seul pic 
anodique sur les voltammogrammes à vague carrée est observé à 0,42 V dans la plage de potentiels étudiés 
(0 V à 1,2 V) alors que pour l’acide gallique et la catéchine (Fig. 1), 2 pics sont présents, le premier pic 
étant à 0,38 V pour ces 2 composés. Le pic pour l’acide caféique ainsi que le premier pic pour l’acide 
gallique et la catéchine correspondent à l’oxydation des groupements hydroxyles en position ortho du 
diphénol, du pyrogallol et du noyau B de ces composés respectivement. Pour l’acide gallique et la 
catéchine, un second pic anodique est observé à 0,75 V. Pour cette dernière, ce second pic correspond à 
l’oxydation des groupements hydroxyles en position méta sur le noyau A alors que pour l’acide gallique, 
le pic est du à l’oxydation du troisième groupement hydroxyle sur le pyrogallol, adjacent aux groupements 
hydroxyles déjà oxydés. Enfin, en ce qui concerne la malvidine-3-O-glucoside, un seul pic d’oxydation à 
0,66 V est observé aux concentrations étudiées (2 µM et 4 µM). Il correspond à l’oxydation du groupement 
hydroxyle du noyau B. Pour les électrodes sérigraphiées (plage de potentiels étudiés de -0,2 V à 0,8 V, 
concentration 0,5 mM), les voltammogrammes (molécules standards et vins) les mieux définis ont été 
obtenus avec les nanotubes de carbone monofeuillets et des potentiels de pics de 0,16 V pour l’acide 
caféique, 0,15V et 0,48 V pour l’acide gallique, 0,16 V et 0,5 V pour la catéchine, et enfin 0,4 V pour la 
malvidine-3-O-glucoside (concentration 0,1 mM) ont été obtenus (les valeurs de potentiels de pics étant 
quasi identiques pour les autres matériaux). Il est à noter que les pics sont décalés vers de plus forts 
potentiels lorsque la concentration en molécules augmente. 
 

Fig. 1 - Voltammogramme à vague carrée d’une solution de catéchine 0,1 mM dans une solution 
hydro-alcoolique modèle (électrode en carbone vitreux). 

 

Voltammétrie à vague carrée des vins 
Les voltammogrammes à vague carrée pour les vins rouges dilués 60 fois présentent 3 pics caractéristiques 
pour les techniques électrochimiques [1-3, 5] (Fig. 2A et 2B). Pour l’électrode en carbone vitreux, 
le premier pic (qui représente les molécules les plus facilement oxydables) à environ 0,4 V correspond au 
potentiel attendu pour l’oxydation des o-diphénols (noyau B) de molécules présentes dans le vin (flavanols, 
polymères). Pour ce pic, l’oxydation d’acides phénols et de flavonols intervient également [2]. Le pic 
central à environ 0,6 V quant à lui représente l’oxydation du noyau B des anthocyanes de type malvidine. 
Enfin, le troisième pic à environ 0,9 V correspond à l’oxydation des m-diphénols (noyau A) des molécules 
présentes dans le vin. Pour ce dernier pic, l’oxydation d’acides phénols et de flavonols se produit également 
[2]. Il en est de même avec l’utilisation des électrodes sérigraphiées (nanotubes de carbone monofeuillets) 
avec 3 pics à environ 0,15 V, 0,35 V et 0,6 V.  
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Fig. 2 - Voltammogrammes à vague carrée 
hydro-alcoolique modèle 

(nanotubes de carbone en 

Capacité antioxydante des vins 
L’aire sous la courbe des voltammogrammes 
Les valeurs de cette capacité anti-oxy
de l’Indice de Folin-Ciocalteu (exprimé en équivalent d’acide gallique), 
par la méthode ABTS (exprimée en équivalent 
pics obtenus à 280 nm (exprimée
liquide. Les valeurs obtenues par voltammétrie à vague carrée 
celles des 4 grandeurs citées ci-dessus

Conclusion 
La voltammétrie à vague carrée est une technique électrochimique analytique qui peut être utilisée pour la 
caractérisation électrochimique des polyphénols dans les vins rouges à la fois avec une électrode classique 
en carbone vitreux mais aussi avec des électr
monofeuillets. Les voltammogrammes présentent 3 pics d’oxydation dans la plage de potentiel
Une capacité antioxydante des vins peut être estimée à partir des voltammogrammes.
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Oak wood – ellagitannin – toasting – UPLC-MS (Q-TOF) 

Introduction 
Ellagitannins (ETs) have been reported to be the main phenolic compounds found in oak wood. 
These compounds, belonging to the hydrolysable tannin class of polyphenols, are esters of 
hexahydroxydiphenic acid (HHDP) and a polyol, usually glucose or quinic acid [1]. ETs can occur as 
complex polymers reaching high molecular weights, which makes accurate identification difficult. 
The toasting process during barrel’s manufacturing burns the inner oak wood barrel surface with an open 
fire, inducing severe changes in ellagitannin structures and compositions. Up to now, only one research 
group using purified oak ellagitannins showed that during the toasting process castalagin is oxidized 
whereas its diastereomer vescalagin is reduced [2]. Therefore, thermal ellagitannin products or the reaction 
mechanisms underlying the ellagitannin degradation have not been well investigated. The purpose of the 
present study was to examine oak wood ellagitannin changes during toasting. 

Materials and methods  
Extraction and pre-purification of ellagitannins 
50 g of untoasted oak chips (Quercus robur/Quercus petraea) were extracted using acetone/water 
(70/30, v/v, 3 times × 1 L) overnight at ambient temperature under agitation. The obtained mixture was 
filtrated, evaporated under reduced pressure, dissolved in water, and freeze-dried to give a crude oak 
ellagitannin extract. 100 mg of this crude ellagitannin extract was dissolved in 10 mL of water and then 
fractionated on column using Toyopearl TSK HW-40 (F) gel from Tosoh Corp. After loading the sample, 
the column was washed with 100 mL of distilled water then successive elutions were performed using 
300 mL of water/acetone/formic acid (70/29.6/0.4, v/v/v). Ellagitannins were eluted in the acetone/water 
fraction. This fraction was dried under reduced pressure and then dissolved in 10 mL of water in order to be 
further fractionated on a C-18 column. This column was washed with 50 mL of water and eluted with 
150 mL of methanol/water/formic acid (15/84.6/0.4, v/v/v). The purity of all the obtained fractions was 
estimated after total ellagitannin concentration and ellagitannin composition determination by HPLC-UV [3]. 

Thermal treatment of ellagitannins 
The above obtained fraction containing the eight main ellagitannins was dry-heated in a lab oven for 
60 min, 120 min and 180 min at 220°C. After cooling, it was further fractionated on C-18 column before 
being injected into the UPLC-MS (Q-TOF). 

UPLC-MS (Q-TOF) 
The UPLC-MS system used was an Agilent 1290 Infinity equipped with an ESI-Q-TOF mass spectrometer 
(Agilent 6530 Accurate Mass). Chromatographic separation was carried out on an Eclipse Plus C18 column 
(2.1 x 100 mm, 1.8 µm). The solvents used were: water with 0.1% formic acid for solvent A and methanol 
with 0.1% formic acid for solvent B at a flow rate of 0.3 mL/min. The gradient of solvent B was as follows: 
1% to 3% of B in 5 min; 3% to 8% of B in 2 min; 8% to 12.50% of B in 7 min; 12.50% to 98% of B in 
1 min; 98% to 1% of B in 4 min; stay at 1% of B during 4 min. ESI conditions were as follows: gas 
temperature and flow were 300°C and 9 L/min respectively; sheath gas temperature and flow were 350°C 
and 11 L/min respectively; capillary voltage was 3500 V. The collision energy used for MS2 was 20%. 
The obtained data were treated by MassHunter Qualitative Analysis software. 
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Results and discussion
In every step of fractionation the percentage of ellagitannin purification was calculated
quantification of ellagic acid released during acidic hydrolysis and secondly by the 
eight main ellagitannins. Figure 1
purified fraction. After the first TSK 
obtain a fraction containing the eight main ellagitannins 
 

Fig. 1 
 
The purified ellagitannin fraction was dry
by UPLC-MS (Q-TOF). Figure 2 
toasting creates a lot of new compounds
toasting. Even with a higher toasting time
time of 1 h was chosen. Among the 
the dehydrocastalagin (i.e., castalagin ox
increasing during toasting and beca

Fig. 2 - UPLC-UV analysis of ellagitannin fraction
and

and discussion 
In every step of fractionation the percentage of ellagitannin purification was calculated
quantification of ellagic acid released during acidic hydrolysis and secondly by the 

Figure 1 shows the evolution of the crude oak wood ellagitannin extract 
TSK HW-40 (F) column, the fractionation on C-18 column permitted to 

obtain a fraction containing the eight main ellagitannins with a very high purity (i.e., 90

 - UPLC-UV analysis of ellagitannin fraction. 

The purified ellagitannin fraction was dry-heated in a lab oven for 1, 2 and 3 hours at 220°C 
 depicts the UPLC-UV profile after each toasting time

toasting creates a lot of new compounds, the intensity of which seems to be more important after 1
with a higher toasting time, no further compounds appear to be formed.

. Among the formed compounds upon toasting, only one 
the dehydrocastalagin (i.e., castalagin oxidation product) [2]. Figure 3 indicates that dehydrocastalagin 

ame the major compound after toasting. 
 

UV analysis of ellagitannin fraction before toasting,
and after 1, 2 and 3 hours of toasting. 

In every step of fractionation the percentage of ellagitannin purification was calculated: firstly by the 
quantification of ellagic acid released during acidic hydrolysis and secondly by the quantification of the 

crude oak wood ellagitannin extract to the 
18 column permitted to 

90%). 

 

at 220°C and analyzed 
each toasting time. It was clear that 

the intensity of which seems to be more important after 1 h of 
, no further compounds appear to be formed. For this reason the 

only one was already known, 
indicates that dehydrocastalagin was 

 
before toasting, 
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Fig. 3 - Comparative UPLC
 

Other ellagitannin derivatives produced 
971.0456, and 1011.0813 were detected for the first time
performed to concentrate these newly formed and unk
MS/MS analysis. The further purification of the toasted ellagitannin extract permitted to 
unknown detected compounds. Compounds detected 
exhibited m/z 753.0586 (deriving from the 
CO2), with a molecular formula C
the measured mass and the calculated mass (i.e., 
Similarly, the identification of fragments and their chemical formulas have also been confirmed by high 
resolution mass analysis since the mass differences between the measured and the calculated masses were 
around 2 ppm. Up to now Castacrenin E has been identified in 
wood. Castacrenin E is the oxidative metabolite of Castacrenin D
C-glycosidic ellagitannin unit is replaced by a cyclopentenone ring. Castacrenin D 
vescalagin moiety with a gallic acid moiety
toasting Castacrenin D is oxidized 
 

Fig. 4 - Extract ion chromatograms of compounds formed after toasting

 

Chimie du vin, procédés et composants du vin à effets physiologiques

Comparative UPLC-UV analysis of dehydrocastagin before and after toasting

Other ellagitannin derivatives produced during toasting showing [M-H]- ion peak 
were detected for the first time (Figure 4). Another fractionation on C
these newly formed and unknown compounds, in order to identify them by 

The further purification of the toasted ellagitannin extract permitted to 
unknown detected compounds. Compounds detected with m/z 1055.0631, with the 

deriving from the loss of ellagic acid) and m/z 1011.0743 (resulting of the
), with a molecular formula C47H28O29, a high identity score (i.e., 94.99) and low difference between 

the measured mass and the calculated mass (i.e., 0.02 ppm) was assigned to Castacrenin E (
fragments and their chemical formulas have also been confirmed by high 

resolution mass analysis since the mass differences between the measured and the calculated masses were 
astacrenin E has been identified in Japanese chestnut tree 

Castacrenin E is the oxidative metabolite of Castacrenin D in which a pyrogallol ring of the
glycosidic ellagitannin unit is replaced by a cyclopentenone ring. Castacrenin D 

a gallic acid moiety link on the C1 carbon. This structure suggests
 in Castacrenin E. 

Extract ion chromatograms of compounds formed after toasting
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UV analysis of dehydrocastagin before and after toasting. 

ion peak with m/z 1055.0631, 
Another fractionation on C-18 was 

own compounds, in order to identify them by 
The further purification of the toasted ellagitannin extract permitted to identify one of the 

the major fragment ions 
resulting of the loss of 

.99) and low difference between 
to Castacrenin E (Figure 5). 

fragments and their chemical formulas have also been confirmed by high 
resolution mass analysis since the mass differences between the measured and the calculated masses were 

Japanese chestnut tree [4] but never in oak 
in which a pyrogallol ring of the 

glycosidic ellagitannin unit is replaced by a cyclopentenone ring. Castacrenin D structure exhibits a 
This structure suggests that during 

Extract ion chromatograms of compounds formed after toasting. 
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Conclusion 
Sequential fractionation on a TSK (HW
highly pure ellagitannin fraction from 
as the purity of the ellagitannins of this 
at 220°C. After toasting, in addition to the dehydrocastalagin, other ellagitannins 
have been observed for the first time
assigned to Castacrenin E. 

For the identification of the other compounds, the research is still in progress and constitutes the first 
comprehensive identification of ellagitannin transformation during toasting by 
for which levels might be underestimated due to the d
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Closure types – O2 ingress properties – sulfur compounds – Carmenere wines 

Introduction 
The importance of oxygen (O2) exposure during wine post-bottling storage to wine chemical and sensory 
characteristics has been investigated in recent years. Closures can vary with respect to their O2 ingress 
properties, making them a major factor influencing wine post-bottling evolution. Because of their 
implication in oxidation reactions, volatile sulfur compounds (VSCs) represent a major challenge for the 
wine industry. The varietal VSCs 3SH, 3SHA, and 4SMP are thought to contribute positively to wine 
aroma. Major losses of these compounds can occur upon excessive O2 exposure in the bottle, leading to the 
generalized use of closures allowing low O2 ingress. However, with too little O2, certain reductive VSCs 
such as ethyl mercaptan (EtSH) and dimethyl disulfide (DMDS) can accumulate, with potentially 
detrimental effects to wine aroma.  

Materials and methods 
Wine and closure types 
A Carmenere wine was bottled using three closure types allowing different degrees of post-bottling oxygen 
exposure, namely one natural cork (higher oxygen ingress) and Nomacorc synthetic Select 500 
(moderate oxygen ingress) and Select 300 (lower oxygen ingress).  

Chemical analysis 
Analyses of the VSCs 3SH, 3SHA, 4SMP, and benzyl mercaptan (BeSH) were carried out by SPME-GC-
MS with prior derivatization using pentafluorobenzyl bromide. DMDS and EtSH were analyzed by SPME-
GC-MS. Analyses were carried out in duplicate at different time points over a period of 30 months. 

Results and discussion 
Initial concentrations of various VSCs in the Carmenere wine analyzed were in several cases higher than 
their respective odor threshold, indicating that they can contribute to Carmenere aroma. Concentrations of 
3SH, 3SHA, and 4SMP generally decreased during storage. The two synthetic closures generally resulted 
in higher content of these compounds, consistent with their lower O2 ingress. An example of the evolution 
of 3SH is given in Figure 1. A minor influence of O2 and closures on the reductive compound EtSH was 
observed (data not shown). Conversely, BeSH showed complex response to varying O2 exposure (Figure 2). 
Concentration of BeSH initially increased for all closures, with highest levels observed after 6 months in 
the lower O2 ingress Select 300. A decline was then observed, with the higher O2 ingress Select 500 
showing higher concentrations at 12 months.  
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Fig. 1 - Evolution of 3SH during bottle storage with three different closures. 

 

 
Fig. 2 - Evolution of benzyl mercaptan during bottle storage with three different closures. 

 

Conclusion 
VSCs can contribute to the aroma characteristics of Carmenere wines. During bottle storage, 
VSCs generally having a favorable sensory role, such as 3SH, 3SHA, and 4SMP, were found to decrease. 
Closure with lower oxygen ingress allowed increased preservation of these compounds. The evolution of 
the powerful VSC benzyl mercaptan, potentially contributing to empyreumatic aromas, was strongly 
affected by closure type.  
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Oak wood – cooperage – polysaccharides – seasoning 

Introduction  
It is widely accepted that the quality of alcoholic beverages depends on their ageing in premium quality oak 
wood. Three polymers constitute the main part of oak wood: cellulose, hemicellulose and lignin. This study 
focuses on the respective parts of these compounds that may undergo hydrolysis or chemical reactions 
during cooperage processes, which release extractives such as monosaccharides or aromatic precursors 
having a genuine sensorial interest on wine aged in barrel or in contact with oak products. 

Barrels as well as oak wood products (staves, chips, etc.) deriving from different types of wood are 
commonly used in cooperage. In this work, the influence of Index of Polyphenols (IP), age and oak wood 
growth ring (grain selection) were studied respectively on non-mature oak wood and wood during seasoning. 

Firstly, total extractives were quantified and secondly, the parts of cellulose, hemicellulose and lignin in oak 
were evaluated by successive extraction methods. Statistical analysis showed that the respective 
proportions of these compounds in oak wood were modified during seasoning. Thus, the proportions of 
compounds that have the potential to be hydrolyzed during cooperage processes such as toasting are 
modified. Wood raw material composition and seasoning are major factors to take into account in the 
course of barrel fabrication as they determine the final quality. These results highlight the importance of 
oak wood polysaccharide composition, which can be a source of aromatic precursor compounds or 
compounds that have genuine sensorial interest. 

Materials and methods 
Samples 
All the samples in this study were selected from Quercus petraea Liebl. [1784, Fl. Fuld., 403] species. 27 oak 
wood samples in the form of wooden tray have been carefully selected according to 2 factors including the 
Index of Polyphenols (IP) and oak wood growth ring. IP is a parameter used to classify samples according to 
their ellagitannin composition determined by near infrared (NIR) through OAKSCAN® [1] tool. 3 types of IP 
were identified (low potential ≤ 26, medium potential between 26 and 38, and high potential ≥ 38). 
Growth ring can be spotted with the ring width of annual increments, also called “grain”. It includes in this 
plan 3 grain categories: blend, less than 1.5 mm; thin, less than 2 mm; and medium, less than 3 mm. 
Wooden trays were cut into 3 staves and then stored for natural seasoning. This study was carried out on 4 
different times of seasoning: T0: non-matured oak wood, T1: 12 month matured, T2: 18 month matured, T3: 
24 month matured. For each time, 27 samples were collected in the form of transects in 3 parts. These parts 
represent another selection factor since oak wood age depending on the position of the transect, thus, 3 age 
groups of wood were selected for samples. Age group C is the area close to the bark (0-50 years old) while 
group A is the old one (100-150 years old), at the heart wood of the oak ridge. All the samples were crushed 
into a fine powder (particle size < 0.6 mm) to facilitate the extraction of compounds. 

Preparation of parietal residue 
The totality of oak wood extractable compounds was eliminated as described in El-Malki Redouane’s 
thesis [2]. 3 g of oak wood powder was completely encapsulated in 3 heat sealing filter bags (each bag 
contained 1 g) and successive hot extractions were applied, with 96% ethanol and water alternately. 
The mass of extractables was determined after 12 h drying in an oven at 105°C. 
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Lignin content 
300 mg of wood powder previously extracted sustained acid attack with two successive concentrations of 
H2SO4 and then autoclaving for heat hydrolysis. Soluble lignin was dosed after filtration thanks to a 
measurement of optical density at 205 nm, while the insoluble lignin was dried in an oven at 105°C. 
Lignin content corresponded to the sum of insoluble and soluble lignin. 

Cellulose and hemicelluloses content 
Wood powder cellulose content is represented by two sub-forms analyzed: holocellulose (mainly cellulose 
and hemicellulose) and α-cellulose. Hemicellulose content is the result of the difference between 
holocellulose and α-cellulose values. 1g of parietal residue underwent hot delignification using a solution 
of sodium chlorite in an acetate buffer to obtain the residue holocellulose. The α-cellulose fraction is 
obtained after alkaline digestion with NaOH solution on the holocellulose residue. Holocellulose and 
α-cellulose proportions were calculated using the mass of each residue obtained after 12 h drying in an 
oven at 105°C. 

Data analysis  
Significant differences among the samples were subjected to an analysis of variance (ANOVA) using the 
STATISTICA program V. 10.0.1011.7 software (Statsoft Inc. 1984-2011). The average values were 
compared using the Tukey test at 5% probability (p<0.05). 

Results and discussion 

Oak wood general chemical composition 
The analytical results, corresponding to the average concentrations determined for 4 components in 
72 wood samples, are listed in Table 1. Polysaccharides (mainly cellulose and hemicelluloses) and lignin 
represent about 85% of dry wood weight. Their respective proportions naturally bring to wood a balance 
between strength, gas permeability, and hydrophobicity, which represent the most important required 
qualities in barrel manufacturing. Beyond this aspect, these biomacromolecules are involved in each stage 
of the manufacturing process such as seasoning, burning or toasting. As of today, the impact of each 
manufacturing process on these macromolecules is not well known in comparison to advanced research on 
phenolic (ellagitannins) or volatile compounds. 
 

Table 1 - Analytical results 

 Extractables Lignin Hemicellulose Cellulose 
 Mean Sd Mean Sd Mean Sd Mean Sd 

Non matured 15,84 3,23 19,83 3,23 27,61 2,49 36,68 2,49 
12 months matured 14,36 2,63 21,03 2,63 27,77 2,65 36,83 2,65 
18 months matured 13,98 2,17 18,26 2,17 28,22 2,74 39,45 2,74 
24 months matured 13,96 2,05 18,81 2,05 27,56 2,05 39,58 2,05 

Total average 14,63  19,53  27,80  38,01  

 

Correlations analysis  
The Spearman rank correlation presented in Table 2 allowed to measure the degree of association between 
oak wood compounds. In any seasoning step, although average proportions of each compound evolved, 
the relationship between the compounds was the same. A strong negative correlation was observed between 
cellulose and each of the other compounds, explaining that as the proportion of cellulose increases, 
the average proportion of the others decreases in oak wood. Lignin and hemicellulose rates were positively 
correlated; their respective proportions evolved in the same way, all factors considered. 

Seasoning impact on oak wood composition 
Results highlighted a general evolution of oak wood composition during maturation. Statistical test 
established significant differences in cellulose, extractable and lignin contents between non-matured and 
each step of wood maturation. These evolutions are presented in Figure 2. Cellulose and extractable 
behaviors, as shown in correlations above, were strongly anticorrelated over the seasoning.  
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Table 2 - Oak wood compound correlation matrix 

 Extractables Lignin Cellulose Hemicellulose 
Extractables 1,00 0,12 -0,57 0,04 

Lignin 0,12 1,00 -0,55 0,41 
Cellulose -0,57 -0,55 1,00 -0,43 

Hemicellulose 0,04 0,41 -0,43 1,00 
Values in boldface represent significant correlations (Tukey test, p<0.05) 
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Fig. 1 - Oak wood compound correlation. 

 

Seasoning impact on oak wood composition 
Results highlighted a general evolution of oak wood composition during maturation. Statistical test 
established significant differences in cellulose, extractable and lignin contents between non-matured and 
each step of wood maturation. These evolutions are presented in Figure 2. Cellulose and extractable 
behaviors, as shown in correlations above, were strongly anticorrelated over the seasoning.  

Conclusion  
This study assessed in the first instance mean levels of general oak wood composition in non-matured and 
oak wood over seasoning. The influence of maturation on these samples will be further studied by 
successive sampling during several stages of oak maturation. Thus, changes in chemical composition 
during wood maturation will be modeled. It will be also establish the relative impact of the main selection 
factors used in cooperage, grain, IP, and oak wood age. Sensory analysis will also determine the influence 
of studied selection factors and seasoning time on wines. Thus, the role of these compounds should be 
taken into account and elucidate with the aim to further improve organoleptic qualities of alcoholic 
beverages ageing in oak wood. Results obtained showed that changes took place in chemical oak wood 
composition during seasoning. Statistical analysis allowed to highlight these differences and evaluated the 
impact of all factors taken into account during sampling. 
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Fig. 2 - General evolution of oak wood composition during seasoning.
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Oak wood – toasting – ellagitannins – volatile composition 

Introduction 
Oak barrels have long been used in winemaking, initially for storage and transport. Nowadays, it is known 
and very appreciated the contribution of oak wood from barrel to the organoleptic quality and complexity 
of wines stored in it. The hydroalcoholic nature of wine allows the diffusion of certain compounds from 
wood to wine. In fact, the aroma, structure, astringency, bitterness and colour of wines will be modulated 
by those extracted compounds [1, 2]. 

The ellagitannins (hydrolysable tannins) are among these wood compounds, together with volatiles such as 
cis and trans-whisky lactone, vanillin, and eugenol, among others. Their extraction depends mainly on the 
potential extractible compounds initially present in barrel wood, which is specially affected by seasoning 
and toasting; on the contact time between wood and wine; as well as on wine composition [3]. 

Therefore, the principal aim of this research was to define the chemical (ellagitannins and woody volatile 
composition) and sensory characteristics of Cabernet Sauvignon wine from three different countries 
(France, Italy and USA) matured in oak barrels subjected to three different toasting methods (medium MT, 
medium with watering MTAA, and Noisette). 

Materials and methods 
Oak wood origin and drying conditions 
All barrels used were made up of French oak from two species (Quercus robur and Quercus petraea) from 
the same forest located in the Center region of France. The raw staves (100 cm x 11 cm x 0.12 cm) were 
naturally seasoned for 24 months in the Tonnellerie Nadalié (Ludon-Médoc, France) wood yard. 
Once assembled, barrels (225 L) were submitted to different toasting procedures using the traditional way 
over an oak wood fire. Specifically, three different toasting levels were provided: Noisette, 62 min at 
52±3 ºC; MT (medium toast) and MTAA (medium toast with watering), 68 min at 57±3 ºC. In the case of 
MTAA toasting, the watering process took place twice (20 L of water in both cases): first, before starting 
the toasting procedure, and secondly, after 53 min of toasting. 

Wine samples 
Cabernet Sauvignon (CS) grapes (Vitis vinifera L.) were manually harvested at maturity from three 
different countries (France, Italy and USA) during 2013 vintage. Once the malolactic fermentation was 
concluded, wines were transferred and kept in oak barrels for ageing during 12 months at a controlled 
temperature of 15 – 16 ºC. All three toasting methods described above were tested with CS wines from the 
three countries mentioned above. A wine sample was taken as control before being placed into the barrels. 
During the year of storage, wine was sampled from oak barrels representing different toasting method and 
country after being in contact for 10 days, 6 and 12 months. 
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Chemical, sensory and statistical analyses 
Volatile and ellagitannin compounds extracted from oak barrels after a 12-month maceration were studied 
and compared to wine control without wood contact during this period. The quantitative determination of 
volatile compounds proceeding from oak wood was adapted from a previously described gas-
chromatography method [4]. The wood volatile compounds identified were the two isomers of β-methyl-γ-
octalactone (cis and trans-whiskey lactones), the phenols guaiacol, eugenol and isoeugenol, and the 
phenolic aldehyde vanillin. 

The ellagitannin composition of red wine was determined from ellagitannin fraction obtained after column 
fractionation according to Michel et al. [5]. Ellagitannin identification and quantification was performed on 
a Thermo-Finnigan Surveyor HPLC coupled to a Thermo-Finnigan LCQ Advantage spectrometer equipped 
with an ion trap mass analyzer. The quantification of each target compound (castalagin, vescalagin, 
grandinin and roburins A, B+C, D, E) was performed by using their molecular ion. Results were calculated 
relative to the response of the chlorogenic acid (20 mg/L) used as an internal standard. 

Sensory analysis concerning vanilla, overall woody, spicy, fruity aroma, mouthfeel astringency, bitterness 
taste and sweetness was also performed according to Chira et al. [1]. 

Two-way ANOVA was performed by the statistical package R version 3.1.1 to evaluate the existence and 
degree of significant differences among wines from each country with regard to both the contact time wood 
– wine and the barrel toasting method. 

Results and discussion 
The evolution of the oak aroma composition (Figure 1) in terms of concentration was different depending 
on country, barrel toasting and/or contact time. Two-way ANOVA of the raw experimental data revealed 
that the ageing time and the toasting method, as well as the interaction between both factors, had a 
significant influence (p < 0.05) on oak wood volatile composition of CS wines from all the three countries 
in study. 

Vanillin was generally the major oak wood volatile constituent of the 12-month aged wines, 
closely followed by the trans-whiskey lactone. The cis-whiskey lactone generally displayed moderate 
values, whereas the volatile phenols were present as minor constituents, with concentrations lower than 
38 μg/L wine. 

Concentration in wines of cis and trans-whiskey lactones linearly increased during the oak maturation 
period, except for American wines aged in MTAA and MT barrels, which showed their maximum levels at 
10 days of contact. Apart from MTAA wines, which presented higher cis isomer content or a similar 
proportion of both isomers depending on the country, the trans isomer was the predominant one after 
12-month ageing. Hence, the watering process during toasting had an important impact on the ratio 
cis/trans found in wines. At the end of the oak period (12 months) the highest values of the cis isomer were 
found for French and Italian wines aged in Noisette barrels, and for American wines aged in MTAA barrels 
(p < 0.05). In the case of the trans isomer, MT and Noisette wines presented the most important 
concentrations, respectively, for France and Italy, and USA. 

The phenolic aldehyde vanillin is a direct contributor to the flavour quality of barrel-aged wines. 
Regardless of the barrel toasting, for French and Italian wines, it increased progressively in concentration 
over time, but staying below its sensory threshold throughout the ageing period. Nonetheless, for MT and 
Noisette wines from USA, the maximum extraction of vanillin occurred during the first 10 days of contact. 
Then, values maintained constant for the former, but significantly decreased for the latter (p < 0.05), 
probably due to vanillin reduction to the corresponding alcohol [6]. 

Regardless of country and toasting method, a weak ellagitannin extraction from oak barrel wood was 
observed during the first 6 months compared to the significantly higher ellagitannin transfer to red wines 
between 6 and 12-month ageing (p < 0.05) (Figure 2). Furthermore, a particular ellagitannin profile for MT, 
MTAA and Noisette wines from each country was noted in terms of quantification of the individual 
compounds. In the case of French wines, significant differences (p < 0.05) were detected among all three 
toasting methods for all individual ellagitannin concentrations. Specifically, Noisette wine stood out clearly
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Fig. 1 - Evolution of woody volatile compounds in red wines from France (A), Italy (B) and USA (C) 
aged in oak barrels during a 12-month period (t0, control wine without wood contact; 

t1, 10-day ageing; t2, 6-month ageing; t3, 12-month ageing). 
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from the others for its greatest ellagitannin content, followed by 
Italian wines, only MT wine differed significantly from wines aged in MTAA and Noisette barrels
(p < 0.05), which did not show significant differences between 

Fig. 2 - Ellagitannin profile of red wines from France (A), Italy (B) and USA (C) aged in oak barrels 
during a 12-month period (

t2, 6
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It is worth noting that this is the first study in the literature presenting the evolution of oak wood individual 
ellagitannins in wines aged in barrels with different toasting methods. Indeed, references about the 
monitoring of wine ellagitannin composition during ageing are rather scarce, apart from that of 
Jourdes et al. [7] for both oak barrels and chips, and those of Michel et al. [5, 8] for oak barrels and oak 
staves, respectively. However, there are some studies in the literature reporting kinetics of total ellagitannin 
extraction in wines aged in barrels or matured with wine woods of different toastings [1, 2]. 
 

 

 

 
Fig. 3 - Spider web diagrams obtained from average values of olfactory and gustative descriptors 

from sensory analysis of French (A), Italian (B) and American (C) wines after 12-month ageing 
(*, significance of the descriptor at p < 0.05). 
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Regarding sensory analysis, all three control wines were characterized with less vanilla flavour and 
perceived as less woody and spicy than oak-aged wines (Figure 3). This behaviour may be attributed to 
their lower woody volatile levels. Two-way ANOVA of the raw sensory data revealed that the toast level of 
barrels does not have a significant impact on differentiation among wines according to their fruity and 
sweetness attributes (p > 0.05). However, MT wines from France and Italy were generally perceived as the 
woodiest ones (Figure 3A, B), probably due to their higher content of oak wood volatiles. In the case of 
American wines, the toasting level did not lead to significant differences in overall woody perception 
(Figure 3C), maybe as a result of the similar oak wood aroma of wines matured in different toasted barrels, 
in terms of concentration. Significant differences were detected for 12-month aged-wines from Italy with 
regard to their astringency and bitterness (p < 0.05). 

Conclusion 
According to the obtained results, the barrel toasting method has an important impact on ellagitannin and 
volatile composition of wines, as well as on their overall woody perception. To the best of our knowledge, 
this is the first study in the literature which evaluates and compares wines of the same grape variety from 
different countries matured in the same oak barrels (Tonnellerie Nadalié, France) during a 
12-month period. 
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Volatile compounds – rancid off-flavors – oak wood – alkylpyrazines 

Introduction 
Oak (Quercus sp.) is currently the only wood used in making barrels for fermenting and aging quality 
wines. The fundamental aspect of aging wines in oak concerns the aromatic compounds extracted from the 
wood. When these compounds marry perfectly with a wine’s intrinsic aromas, they make a significant 
contribution to the richness and complexity of the bouquet, as well as improving the flavor. 
Volatile extractive compounds from oak wood are responsible for important pleasant olfactory notes, 
such as coconut, wood, vanilla, caramel, and spice. Unfortunately, not all of them are pleasant: 
for example, sawdust or musty are well known off-flavors. Recently, a new off-flavor reminiscent of rancid 
was more frequently found in certain oak wood. 

Therefore, the present study aims at the identification of the most odor-active compounds in oak wood 
marked by rancid odors and also considers the influence of some technological parameters on the presence 
of these molecules in oak wood. 

Materials and methods 
Material 
Conventional dried and non toasted oak wood material for wine maturation and aging purposes was 
used for the investigations. The cardboard was stored under normal storage conditions at 20 °C in the dark 
until use. 

Isolation of volatile compounds 
Oak wood (10 g) was ground to obtain an homogenous powder and moistened with distilled hydroalcoholic 
solution (100 mL, 12% EtOH) at room temperature for 24 h. After filtration the solution was extracted with 
dichloromethane (3x5 mL, 3x5 min, 750 rpm). The extract was dried and concentrated at ambient 
temperature under nitrogen to 0.5 mL. 

General features 
Nuclear Magnetic Resonance Spectroscopy (NMR): 1H and 13C NMR spectra were recorded on a Bruker 
AC-300 FT (1H: 300 MHz, 13C: 75 MHz) and referenced using the lock frequency of deuterated solvent.  

High-Resolution Gas Chromatography-Olfactometry (HRGC-O) 
HRGC-O analyses were performed with the GC system described above with the following modifications: 
the compounds eluting at the end of the capillaries were split with a Y-splitter with a ratio 1:1, v/v and 
transferred via two deactivated capillaries (SGE, Ringwood, Australia) to the FPD or the MS and an 
ODO-1 sniffing port (SGE). In this experimental context, the oak wood extract was introduced onto a polar 
BP20 capillary column (SGE, 50 m, 0.25 mm (i.d.), 0.25 µm film thickness) or a SPB1-type fused silica 
nonpolar capillary column (Supelco, 50 m, 0.25 mm i.d., 0.25 µm).  
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Heart-cut Multidimensional Gas Chromatography-Olfactometry – Mass Spectrometry (MDGC-O-MS) 
The MDGC separations were performed on three capillary columns with different stationary phases or film 
thicknesses on two GC ovens: Oven I was a Hewlett Packard 5890 series II, while Oven II was an Agilent 
6890 coupled with a JEOL-Accutof JMS T100 (Jeol, France). The two chromatographs were connected 
with a temperature-controlled transfer line set at 230 °C. The outlet of the precolumn was connected to a 
sniff port (ODO I; SGE France) to determine odor retention time in this configuration and to the second 
column, via a Gerstel MCS 2 multicolumn switching system. The end of the second column was split (1:1) 
via a crosspiece (Gerstel) between MS detection (JEOL) and the sniffing port (ODP II, Gerstel, Germany). 
Concerning the operating conditions of the JEOL AccuTOF mass spectrometer, it operated in positive-ion 
mode (70 eV) or in chemical ionization mode (MeOH). The source temperatures were set at 220 °C and 
160 °C for EI and CI experiments, respectively.  

Results and discussion 
Identification of volatile compounds associated with rancid flavors in oak wood 
A crude concentrated extract obtained from the maceration of dried oak wood marked or not with rancid 
odors (10 g/L) was analyzed by gas chromatography coupled with olfactometry (GC-O). The analysis 
performed on many batches revealed that six odorant zones (OZ) were reminiscent of this odor and 
associated with the oak wood batches marked by this off-flavor (Table 1). In our particular case, six well 
resolved peaks were obtained during GC-MS; each of them corresponded to the retention time of the six 
OZ. However the mass spectra were not found in the NIST or Wiley Database. So the goal of the next part 
was to find the compounds associated with the mass spectra previously obtained. 

Pure mass spectra of the compounds associated with the rancid odors were obtained by multidimensional 
GC coupled with olfactometry and mass spectrometry MDGC-O-MS (TOF). Mass spectrum of each 
compounds coincided with those of pyrazine derivatives; this hypothesis was also supported by the 
determination of exact mass of the M+ ion and at the end, the molecular formula. The use of GC-O-NPD 
confirmed this hypothesis by revealing that the compounds associated with these OZ contained nitrogen. 
 

Table 1 - Odor-active regions in the oak wood extracts marked (OW-R) or not (OW-C) 
with rancid odors 

Odoriferous 
zones 

Distribution of OZ Odor 
descriptorsa 

LRIb Compound identified 
OW-C OW-R 

OZ1 - ++ Buttery 1495 2,5-di-isopropylpyrazine 

OZ2 - ++ 
Cigarette smoke, 

rancid 
1568 

2-(sec-butyl)-5-
isopropylpyrazine 

OZ3 - + 
Cigarette smoke, 

rancid 
1581 

2-isobutyl-5-
isopropylpyrazine 

OZ4 - ++ Rancid, sweat 1640 2,4-di-sec-butylpyrazine 

OZ5 - ++ Smoke, rancid 1656 
2-(sec-butyl)-5-
isobutylpyrazine 

OZ6 - ++ Buttery 1667 2,5-di-isobutylpyrazine 
a Odor descriptors generated by the two assessors during GC-O. b Retention index (LRI) of odor peak on a 
BP20 (50 m x 0.25 mm, 0.25 µm) column by GC-O. 
 

Pyrazine identification is difficult because the substituents can occur at different positions of the 
heterocycle. While naturally occurring methylpyrazines can carry up to four methyl groups on various 
locations, those carrying larger alkyl side chains usually favor a 2,5-dialkyl arrangement. Nevertheless, 
2,6-isomers also occur, although in smaller quantities because of their biosynthetic origin. The position of 
the side chains cannot easily be deduced from the mass spectra, but the isomers have different values of 
LRI. These were synthesized earlier. 
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Figure 2 reports on the mass spectra and molecule structures validated by NMR (1H and 13C) identified in 
this study. Validation of the identification was also performed by co-injecting the pure compound with an 
oak wood extract. Validation of the retention time on polar and apolar column as well as the descriptors of 
the compounds permit us to validate the identification of these new pyrazines in oak wood. 

Conclusion 
This work reports the identification in oak wood of six new alkyl pyrazines. Detection of odorant zone by 
GC-O, obtaining well resolved chromatographic peak with a clear mass spectrum corresponding to the OZ, 
was achieved by heart-cut multidimensional gas chromatography-olfactometry – mass spectrometry. 
Interpretation of unknown mass spectrum followed by development of synthesis strategy ad hoc was 
necessary to identify irrevocably these pyrazines. Finally, we show that these odor-active compounds were 
associated with rancid butter flavors found in certain oak wood. The origins of this off-flavor are still 
unclear, and further work needs to be envisioned.  
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Wine oxidation – Chardonnay – EPR analysis – aging potential 

Introduction 
The reputation of wines with high added value relies on their aging potential. Indeed these wines have the 
ability to maintain their varietal aromas while developing specific aroma during aging [1, 2]. In the 
particular case of dry white wines, oxidation further relates to the actual worldwide problem of premature 
oxidation, which concerns cellar-worthy white wines within just a few years after the vintage. Today, more 
than a decade after the problem first emerged, its scope remains wide and the causes are poorly understood. 
To date, most studies dealing with premature oxidation have focused on the characterization of potent 
volatile oxidation markers without giving any insights in the mechanisms controlling their formation. 

In order to gain control of white wine oxidation mechanisms, this study focuses on the fate of major 
oxidant compounds (i.e. radical species, phenolic compounds) during the whole vinification process and 
the reactivity of native chemical regulators of oxidation mechanisms like glutathione. In order to estimate 
wine's natural resistance to oxidation and target the physicochemical/enological parameters that control it, 
wine samples were compared according to their responses to the chemically initiated oxidation estimated 
by Electron Paramagnetic Resonance (EPR) spectroscopy. This alone will be very valuable in 
understanding aging potential and will provide an avenue to better control the process by knowing how it 
might be possible to change a wine’s oxidation potential. 

Materials and methods 
Initiation of oxidation on Chardonnay white wines 
Iron (50 μM) and H202 (300 μM) were used in all our samples as a continuous source of hydroxyl radicals 
via the Fenton reaction, as previously described [3]. Oxidation was performed at room temperature 
(298 K). POBN concentration was set at 30 mM for each oxidation experiment. 

Electron Paramagnetic Resonance Spectroscopy  
EPR measurements were performed using a Bruker ER300 EPR spectrometer operating at X-band with a 
cavity. The instrument settings used in the spin-trapping experiments were as follows: modulation 
amplitude, 0.9 G; time constant, 0.16 s; scan time, 120 s; modulation frequency, 100 kHz; microwave 
power, 10 mW; receiver gain, 104; and microwave frequency, 9.48 GHz. The samples were placed in a 
quartz EPR tube, and spectra were recorded at room temperature (298 K) during one hour, with four scans 
every two minutes. The kinetics of POBN-HER spin adduct formation was followed by monitoring the 
intensity of the central characteristic doublet signal, IPOBN-HER, over time in Chardonnay white wines 
(Figure 1). Each kinetic curve was triplicated to validate the presented results. Initial constant rate K 
POBN-HER of spin adduct formation is expressed in M/s.  

Results and discussion 
Based on the kinetic study of POBN-1-hydroxyethyl spin adduct formation in wines initiated via the Fenton 
reaction, a novel tool was developed to quantify the resistance of these wines against oxidation. Indeed, the 
scatterplot diagram (Figure 2) of the relationship between the maximum intensity and the speed rate of 
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POBN-1-hydroxyethyl adduct formation after chemical initiation with H2O2 and Iron(II) addition at 
ambient temperature (20 °C) provided good discrimination of the different wine matrices. Wines presenting 
low Imax POBN-1-HER and K values are considered to consume the produced 1-HER more rapidly and are 
assumed to have better resistance against oxidation.  
 

 

Fig. 1 - (A) EPR spectra of the POBN-1-hydroxyethyl spin adduct in wine characterized by a triplet of 
doublets presenting a nitrogen hyperfine coupling constant of AN = 15.6 G and a hydrogen hyperfine 

coupling constant of AH = 2.6 G, in agreement with the literature [3]; (B) kinetic study of POBN-1-
hydroxyethyl spin adduct formation in wine after spiking with H2O2 and Iron(II) at 20 °C. 

 

 
Fig. 2 - Classification of wines according the maximum intensity and the speed rate (K) of 

POBN-1-hydroxyethyl spin adduct (arbitrary units) formation measured by EPR after chemical 
oxidation initiated by the Fenton reaction. Measures were taken at the end of alcoholic (FA) and 

malolactic (FML) fermentation. Different colors represent the three different Chardonnay vineyards 
considered. Different letters correspond to juice treatments (SM: SO2 addition (6 g/hL) during 

pressing; OH: SO2 addition after settling (6 g/hL); S4: SO2 addition (4 g/hL) before settling; 
and S6: SO2 addition (6 g/hL) before settling). 

 

Most interestingly, the mentioned model could readily discriminate wines according to vineyard origin 
regardless of the different juice O2/SO2 treatments during the very first steps of winemaking 
(grape pressing and juice settling) and barrel aging. Also, wines from O2/SO2 treated juices seem to 
respond against oxidation in a vineyard dependent manner. This result suggests that this novel method can 
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discriminate wines according to their aging potential and leave open the possibility of identifying new 
natural antioxidants. This alone would also provide an avenue to better control the process by knowing how 
it might be possible to change a wine’s oxidation potential.  

Conclusion 
Wine oxidability is a complex property that involves multiple factors. A novel tool based on the initiation 
of chemical oxidation has been developed to discriminate matrices according to their resistance to 
oxidation and to predict wine aging potential. Our ultimate goal is the identification of markers 
characterizing wines having different resistance against oxidation. 

Acknowledgements 
We thank the regional council of Burgundy for their financial support.  

References 
1. Escudero A, Cacho J, Ferreira V (2000) Isolation and identification of odorants generated in wine during its 

oxidation: a gas chromatography-olfactometric study. Eur Food Res Technol 211: 105-110. 
2. Lavigne V, Pons A, Darriet P, Dubourdieu D (2008) Changes in the sotolon content of dry white wines 

during barrel and bottle aging. J Agric Food Chem 56: 2688-2693. 
3. Elias RJ, Andersen ML, Skibsted LH, Waterhouse AL (2009) Identification of free radical intermediates in 

oxidized wine using electron paramagnetic resonance spin trapping. J Agric Food Chem 57: 4359-4365. 

 



448  *Corresponding author: e.dufourc@cbmn.u-bordeaux.fr 

Comparison of precipitates from Bordeaux red 
and white wines by solution NMR  

S. PRAKASH1, N. ITURMENDI2, A. GRÉLARD1, V. MOINE2, E.J. DUFOURC1* 
 

1Institute of Chemistry & Biology of Membranes & Nano-objects, CBMN UMR5248, CNRS University of 
Bordeaux, Bordeaux Institute of Technology, Allée Geoffroy St Hilaire, 33600 Pessac, France 

2BioLaffort, 126 Quai De La Souys, 33100 Bordeaux, France 
 

Precipitate – NMR – red wine – white wine 

Introduction 
Precipitation occurs in both red and white wines but there are certain differences in the precipitates from 
the two types of wines. In red wines, the precipitate is observed as a dark red coloring matter while in white 
wines it is more seen as a haze formation [1]. Unstable proteins, mainly chitinases in combination with 
polyphenols (condensed tannins), or pH have been suggested to cause haze formation in white wine and 
finally precipitation [1, 2]. In red wines, a similar hypothesis has been suggested, i.e., interaction of 
proteins with tannins would lead to aggregate or precipitate formation [3, 4]. However, the polyphenol 
composition of the red and white wines is quite different. In red wines, the major families of polyphenols 
include tannins and anthocyanins with tannins present up to 3-5 g/L. In white wines, tannins are present in 
much smaller quantities, about 50-250 mg/L, and anthocyanins are not present at all [4]. The difference in 
the amount of tannins between red and white wines is due to the fermentation of grape juice in case of 
white wines as opposed to the inclusion of grape solids in the case of red wines. The composition of the 
precipitates from red and white wines could therefore be very different due to the polyphenol composition. 
However, a comparison in precipitate formation between red and white wines has not been performed 
previously. 

To investigate this in further detail, we have performed a study on precipitation in Bordeaux red and white 
wines from 2012 at the start of the barrel ageing. The aim is to identify and quantify components in 
precipitates from red and white wines with solution Nuclear Magnetic Resonance (NMR) spectroscopy to 
provide a comparison on the precipitation between the two wines. NMR spectroscopy is the method of 
choice for this study since it is quantitative, non-destructive and reliable and allows determination of 
components in mixtures, both in solution and solid-state environment.  

Materials and methods 
Precipitate preparation  
Red wine samples of 1-4 L each were taken from the upper layers of wine in the oak barrels from Merlot 
and Sauvignon Blanc (Chateau Reynon, Bordeaux), for year 2012 at time (t) = 1 and 2 months counted 
from the start of barrel ageing. 1-4 L of Merlot and Sauvignon Blanc were used to obtain the Pre-freezing 
(Pf) precipitate by placing the wine at -4°C for 6 days. In the case of Merlot 2012, 3.2 L of wine were 
decanted after the cold exposure. 1 L of Sauvignon Blanc after cold exposure and 0.8 L of Merlot after 
decantation were centrifuged at 5000-9600 rpm in a JLA 8.100 rotor (Beckman Coulter, USA) to yield a 
dark colored solid pellet in case of Merlot and white colored crystalline particles in case of Sauvignon 
Blanc. The supernatant from both preparations was discarded. The precipitates were taken in minimum 
amount of distilled water and lyophilized overnight yielding a dry red and white powder.  

NMR measurements 
Sample preparation: 5 mg of the lyophilized Pf precipitates from Merlot and Sauvignon Blanc 2012, 
respectively, were placed in 990 µL of 90% H2O and 10% D2O. 10 µL of 136 mM 
3-(Trimethylsilyl)propionic-2,2,3,3-d4 acid sodium salt (TMSP) were also added as an internal standard. 
The solution was stirred and left standing for 30 min before centrifuging. The supernatant was taken for 
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measurements using a 5-mm NMR glass tube. The remaining precipitate was lyophilized and weighed. 
It could be estimated from the weight of insoluble fraction that 96% (weight %) of Pf precipitate from 
Merlot and 98% (weight %) of Pf precipitate of Sauvignon Blanc were solubilized in water. 

Liquid state NMR measurements: the solution NMR measurements were performed on a 800 MHz Bruker 
Avance III NMR spectrometer SB (Wissembourg, France) equipped with a 5-mm TCI cryo probe 
(1H-13C/15N/2H) and recorded with an excitation sculpting pulse sequence with gradients to suppress the 
residual water signal (HDO) [5]. The 1H chemical shifts of the NMR data were calibrated to the chemical 
shift of the methyl groups of TMSP at 0 ppm.  

Results 
Pre-freezing (Pf) precipitates were obtained as described in the Materials and Method section for Merlot 
and Sauvignon Blanc 2012. A similar amount of the Pf precipitates, 377 mg/L for Merlot 2012 and 
365 mg/L for Sauvignon Blanc, were obtained. 13C Cross Polarization Magic Angle Spinning (CPMAS) 
solid state NMR spectra from both the Pf precipitates from Merlot and Cabernet Sauvignon Blanc 2012 
were recorded. The spectra were as expected in the first month of ageing, completely dominated by 
potassium bitartrate, making it impossible to assign other peaks (data not shown here). 
 

 

Fig. 1 - 1H-NMR spectrum of water solutions of Pf precipitates for Merlot and Sauvignon Blanc 2012, 
as obtained at a magnetic field strength of 18.8 T, 298 K with an excitation sculpting pulse sequence 

to suppress the water signal (see text). A) Pf precipitate from Merlot 2012, t = 1 month and B) Pf 
precipitate from Sauvignon Blanc 2012, t = 2 months. Tentative assignment wherever possible is 

made in the spectra. The peaks due to the internal standard are marked with an (*). The polyphenol 
region (6-8 ppm) is shown with a scaling of the intensities (x8) in the insets. 

 

To increase the resolution and thereby assign the peaks in the precipitates, the precipitates were solubilized 
in water to perform solution NMR spectroscopy. It could be estimated from the weight of insoluble fraction 
that 96% (weight %) of Pf precipitate from Merlot and 98% (weight %) of Pf precipitate from Sauvignon 
Blanc were solubilized in water. 1H NMR spectra from the Pf precipitate solution from Merlot and 
Sauvignon Blanc 2012 at t = 1 and 2 months in water are shown in Figure 1A and B, respectively. 
The intensities of both spectra are comparable and therefore the relative quantities of the components can 
be compared. There are distinct similarities and differences in the Pf precipitates from Merlot and 
Sauvignon Blanc. The major components identified and assigned in the soluble fraction of both precipitates 
include bitartrate, glycerol, succinic acid and lactic acid. However, malic acid is observed only in Pf 
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precipitate from Sauvignon Blanc. Contributions are observed from bitartrate at 4.5 ppm, succinic acid at 
2.6 ppm, lactic acid at 1.37 ppm, malic acid at 2.85 and 2.7 ppm, and the three -CHOH groups of glycerol 
between 3.4-3.8 ppm. Amino acid contributions from proline are observed for both Merlot and Sauvignon 
Blanc. However, valine is observed only for Merlot. In addition, the peaks from the polyphenolic 
components are in the region from 6-8 ppm. The polyphenol region also looks different in the two 
precipitates. Comparing the area under the peaks of the spectra in Figure 1 and therefore the amounts of the 
components in the precipitates, the relative quantities could be determined. The bitartrate amount is 12% 
more for Sauvignon Blanc precipitate as compared to Merlot precipitate. Quantities of all the other 
components are higher in the precipitate from Merlot as compared to Sauvignon Blanc with the main 
differences observed for succinic acid which is 6 times higher, glycerol which is 4 times higher and lactic acid 
which is 3 times higher. Polyphenols are almost 2 times higher in the case of Pf precipitate from Merlot. 

Discussion 
The results from the NMR study on the solution of the Pre-freezing (precipitates) from Bordeaux red 
(Merlot) and white (Sauvignon Blanc) wine provide information on the molecular composition of the two 
precipitates, making it possible to compare them.  

Both Pf precipitates are almost completely (>95%) soluble in water. This observation is slightly different 
from our previous observation, where we observed only up to 70% of solubility for precipitates 
from Merlot [6]. Since potassium bitartrate is more soluble in water than in water-alcohol medium of wine, 
this observation points to the abundance of potassium bitartrate in both precipitates even more than the 
precipitates solubilized previously. This higher amount of bitartrate in these precipitates has also been 
confirmed by the 13C CPMAS solid state NMR measurements performed on precipitates (data not shown 
here). 

Inherently in red wines, during the fermentation step the grape solids are included resulting in the 
extraction of a large quantity of tannins (3-5 g/L). On the other hand, the fermentation step for white wines 
is carried out on grape juice, resulting in 10-20 times less quantity of tannins (50-250 mg/L). It is therefore 
surprising to find only 2 times less quantity of polyphenols in the two precipitates. Tannins that are present 
in both white wines and red wines include flavan-3-ols (catechin, epicatechin and procyanidins), cinnamic 
and benzoic acids and flavonols [7]. Flavan-3-ols, flavonols and anthocyanins all have NMR resonances in 
the region from 6-8.2 ppm [8-10]. However, the red pigment anthocyanins are not present in white wines. 
Therefore, the difference in the peak pattern in the polyphenol region (inset in Figure 1A and B for the 
region 6-8 ppm) could be due to anthocyanins. One can also argue about aromatic amino acid subunits 
from white wine proteins having peaks in this region. The total protein concentration in white wines is in 
the range of 15-300 mg/L [2] and unstable proteins cause precipitation in white wines, making it a 
reasonable assumption. However, no resonances were observed in the amide region (8-10 ppm in proton 
NMR), characteristic of peptide bonds. It is thus reasonable to assume that no amino acid side chains from 
white wine proteins are observed. On the other hand, free amino acids (proline in case of Sauvignon Blanc 
precipitate; proline and valine in case of Merlot precipitate) have been identified. 

Organic acids such as succinic acid, lactic acid, malic acid and diol such as glycerol are present in large 
quantities in the precipitates. The observation of more lactic acid in Merlot and only malic acid in 
Sauvignon Blanc can be explained. Merlot does not contain malic acid due to the second fermentation step 
which converts malic acid to lactic acid. The surprising difference is the higher amount of glycerol in the Pf 
precipitate from Merlot as compared to Sauvignon Blanc. Both red and white wines contain a similar 
amount of glycerol [7]. The reason for this difference is not apparent. It could be that the higher quantity of 
glycerol in Pf precipitate indicates a slightly different mode of precipitation in Merlot as compared to 
Sauvignon Blanc.  

Conclusion 
In conclusion, it was possible to analyze and identify components in solutions of Pre-freezing (Pf) 
precipitates from Merlot and Sauvignon Blanc by NMR. Both precipitates are dominated by potassium 
bitartrate. The other components identified include organic acids (succinic acid, malic acid and lactic acid), 
amino acids (proline and valine), glycerol and polyphenols.  
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Introduction 
The increase amount of volatile phenols directly affects the wine quality. The presence of vinylphenols 
(4-vinylphenol and 4-vinylguaiacol) and ethylphenols (4-ethylphenol and 4-ehtylguaiacol) is directly 
related to a sequential pathway, due to microbial activity (mainly the yeast Brettanomyces bruxellensis) and 
leading to undesirable odors and flavors in wine. The origin of volatile phenols is most likely due to the 
conversion of hydroxycinnamic acids or their corresponding tartaric esters. 

In literature, hydroxycinnamic acids including p-coumaric acid are very often cited without specifying the 
isomer form. The identification of the cis-p-CA isomer has been reported in several studies [1, 2] whose 
objective was the characterization of polyphenolic compounds in wine. The analysis by LC-PAD-MS 
showed that both isomers have different maximum absorption wavelengths λmax: 295.4 nm and 309.6 nm 
for the cis and trans forms, respectively [3]. Jaitz et al. [4] showed that the isomeric structures of the cis-p-
CA and cis-resveratrol are the result of the aging forms of trans-p-CA and trans-resveratrol. Other studies 
showed that the presence of the cis isomer depends on the grape variety. Concentrations of each of the 
isomers are almost the same in the wines made of the same variety, with an exception for those made from 
Garnacha. However, Betés-Saura et al. [5] and Ibern-Gómez et al. [6] did not detect the cis-p-CA isomer in 
sparkling wines made from the following white grape varieties: Macabeo, Xarel-lo and Parellada [7]. 

In wine, the cis concentration is always less than that of the trans form. Fernández de Simón et al. [8] 
compared concentrations between wines aged in oak barrels originated from Spain, France and the US. 
It appeared that the trans form was always present in higher quantities regardless of the origin. The values 
were 2.44 mg.L-1 for the trans against 0.14 for the cis and sometimes the latter was not detectable in the 
majority of the wines tested. Similarly, in French barrels, values were 2.69 mg.L-1 for the trans against 0.18 
for the cis and 2.27 against 0.47 in US barrels. Hernández et al. [3] reported that the trans-p-CA 
concentration was 0.7 mg.L-1 and 0.85 for the cis before the malolactic fermentation and values increased 
significantly to 21.34 and 7.19, respectively, during the storage in stainless steel tanks and 17.82 and 8.47 
when kept in barrels. 

The cis-p-CA isomer is not commercially available [4] and is quantified using the calibration curve of the 
trans-p-CA [9, 10]. Phenolic compounds that do not have standards can be confirmed using LC-PAD 
(Liquid Chromatography - Pulsed Amperometric Detection) and LC-MS (Liquid Chromatography - Mass 
Spectrometry) [3]. Pozo-Bayón et al. [7] obtained the cis-p-CA from the isomerization of the trans-p-CA 
after 2 h of exposure to UV light (340 nm). 

The main objective of this study is to compare the amount of 4-EP produced by two strains of 
B. bruxellensis when the initial hydroxycinnamic acid is trans-p-CA or cis-p-CA. 
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Materials and methods 
Yeast strains 
Two different strains of Brettanomyces originating from Lebanon (L1) and France (F1) have been selected 
for this study. These strains have been genetically identified as B. bruxellensis species [11]. 

Cis-p-coumaric acid and its stability 
All bioconversion studies were carried out using the trans-p-CA due to the absence of cis standard in the 
market as was stated in literature. We got this isomer on request from Chemos GmbH - 93128 Regenstauf, 
Germany. However, after a certain storage time, it appeared that this product was unstable. 
An isomerization "cis → trans" has probably occurred as after 2 months of storage, the same results as the 
tests with the trans were obtained. This could explain the limited number of strains tested with this reagent.  

Pre-culture and fermentation in synthetic wine media 
Two liquid pre-cultures prior to fermentations are required to reactivate the strain and to ensure an optimal 
functioning of its metabolism during fermentation. All fermentations were made in synthetic wine media 
containing the following composition (in g.L-1): 10 glucose, 10 fructose, 0.5 yeast extract, 0.5 (NH4)2SO4, 
0.3 citric acid, 3 malic acid, 2 tartaric acid, 5 KH2PO4, 0.4 MgSO4.7H2O, 6 glycerol and 10% (v/v) of 
ethanol only added after autoclaving. The main fermentation is inoculated with a concentration of 
3.106 cells.mL-1 when the cells reached their mid-exponential growth phase in the second pre-culture 
medium. All liquid media were adjusted to pH 3.50 ± 0.01 and then incubated at 30°C with continuous 
stirring at 250 rpm.  

Bioconversion study and analytical methods 
The evaluation of the production of 4-EP was studied in the synthetic wine media at the beginning of the 
stationary phase by adding an amount of p-CA. 

- Biomass: yeast counting and biomass concentration were tested by both turbidimetry at 620 nm and 
counting on a Thoma hemacytometer. Population’s viability was also tested. 

- p-Coumaric acid detection: the analysis was performed based on the method published in Salameh et al. [12] 
using a HPLC system, equipped with a UV detector. 

- Volatile phenols detection: concentrations of 4-VP and 4-EP were measured using a HPLC coupled to a 
DAD, which has been described by Sáez et al. [13, 14]. This method was modified in order to improve 
the detection of each of the volatile compound. We found optimum wavelengths for the determination of 
4-VP and 4-EP. These values are 258 and 224 nm, respectively.  

Results and discussion 
Comparative profile showing consumption of both acid isomers for each strain 
Figure 1 shows a comparative profile of two different experiments carried out in parallel, one showing the 
consumption of trans-p-CA and the other the consumption of cis-p-CA for each strain. 

 
 

  

Fig. 1 - Amount of p-CA consumed by F1 & L1 strains. (◊) trans-p-CA, (o) cis-p-CA. 
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The amount of acid initially added (0.067 mmol.L-1) to the fermentation media is never found. For the cis 
isomer, the amount is even lower. The percentage disappeared reaches 60% for F1 and 52% for L1 while 
the same percentage was 20 and 24% for F1 and L1, respectively, with the trans isomer. Then, this quantity 
undergoes a slight increase probably related to the rapid release of the acid to the extracellular medium or 
to the desorption phenomena of the quantity previously adsorbed on the yeast cell walls.  

Bioconversion kinetic profiles  
The bioconversion comparison (Figure 2) shows that the reaction with the cis is slow since the trans 
completely disappeared after 50 h while the cis remained after 200 h with an amount of 0.017 mmol.L-1. 
Similarly, the amount of 4-EP produced by F1 is 0.037 mmol.L-1 after 120 h when the trans is the reagent 
and only 0.01 mmol.L-1 in the case of the cis. The same phenomena of a slow bioconversion with the trans 
are observed with L1 strain. Regarding the mass balance (sum of the three components), it becomes 
constant at 0.047 mmol.L-1 for F1 and 0.052 mmol.L-1 for L1. Table 1 clearly resumes all kinetic 
parameters compared. 
 
 

Fig. 2 - Bioconversion of cis-p-CA by F1 & L1 strains. (◊) cis-p-CA, (□) 4-VP, (∆) 4-EP, (x) mass balance. 
 

Table 1 - Amounts of components and kinetic parameters for bioconversions of both isomers of p-CA. 
 

 Cis  Trans 
F1 L1 F1 L1 

Amount of p-CA initially detected (mmol.L-1) (10-3) 27 32 53 51 
Final amount of p-CA (mmol.L-1) (10-3) 16 18 0 2,5 
Final amount of 4-VP (mmol.L-1) (10-3) 2 0.28 0.99  0.64 
Final amount of 4-EP (mmol.L-1) (10-3) 10 32 37 49 
Final amount of mass balance (10-3) 46 53 47 58 
Specific consumption rate of p-CA (mol.lev-1.h-1) (10-12) 1.52 4.98 3.22  5.92 
Specific production rate of 4-EP (mol.lev-1.h-1) (10-12) 0.29 3.26 1.81 4.51 
Percentage of acid initially disappeared (%) 60 52 20 24 
Conversion rate of p-CA (%) 76 73 100 96 
Overall product yield (%) 20 65 56 76 
Percentage of amounts disappeared (%) 30 21 29 13 
Product yield (%) 21 61 79 85 

 

Cis is less converted than trans for both strains. Its entry into the cell or its decarboxylation by 
hydroxycinnamate decarboxylase enzyme is less effective. For F1 strain, the step associated with the 
reductase enzyme activity is also less effective than in the case where the cis was introduced (yield 21% 
against 79%). Similarly, in L1, the product yield is lower in the case of the cis (yield of 61% against 85%). 
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Conclusion 
As reported in literature, there are no previous bioconversion studies performed with the cis isomer. 
Our results have shown that Brettanomyces strains consume less rapidly the cis-isomer, and this latter form 
is less converted than the trans for both strains so the amount of 4-EP obtained is minor at the end of the 
fermentation.  

It should be noted that usually only the trans form is measured in wine, but it must not be forgotten that the 
cis form is also present and could be converted into 4-EP even if the reaction seems slower. 

Abbreviations 
p-CA, p-coumaric acid; 4-VP, 4-vinylphenol; 4-EP, 4-ethylphenol. 
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Non-invasive gas monitoring in sparkling wines

Service Vin, Pôle Technique et Environnement, Comité interprofessionnel du vin de Champagne,
5 rue Henri-Martin, boîte postale 135, 51204 Epernay, France, 

Non-invasive method – oxygen

Introduction 
Carbon dioxide and oxygen have a significant impact on the wine production process, until consumption. 
This is true for still wines and even more for sparkling wines.

Quantification of dissolved oxygen in wine at one precise 
moment is actually poorly informative. The key 
indication is the total amount of oxygen assimilated by 
wine during winemaking and ageing, wh
its evolution across time [1, 2]. 

For instance, during ageing on lees, in the traditional 
process of sparkling winemaking, the amount of 
received by a wine depends on the crown cap nature of 
the seal, and outstandingly influences wine sensor
properties (figure 1), especially when ageing on lees is 
longer than 18-24 months [3]. 

In spite of this central role, gases have not been exten
obstacles to the analysis process: sampling is difficult and methods of measurement were long and 
imprecise.  

Non-invasive methods have resolved most of those constraints and are indeed efficient tools we
especially adapted for measurements in bottles in our laboratory.

Laser measure of carbon dioxide
Measurements made with classical aphrometer 
cumulate many disadvantages: poorly safe, 
destructive, no possible long term monitoring 
on the same bottle.  

Aphrometers based on infra
technology (figure 2) have allowed 
improvements in dioxide carbon monitoring. 
The system emits an infra-red beam and 
measures its absorption by carbon dioxide 
molecules. CO2 partial pressure and total 
pressure in the bottle headspace can be 
deduced.  

Before being used in routing device in our 
laboratory, a test of correlation with the 
referenced device was made. Laser technology 
showed a very good correlation with the 
referenced measurements, with a correlation 
coefficient of 0.986. 
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Carbon dioxide and oxygen have a significant impact on the wine production process, until consumption. 
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indication is the total amount of oxygen assimilated by 
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process of sparkling winemaking, the amount of oxygen 
received by a wine depends on the crown cap nature of 
the seal, and outstandingly influences wine sensory 
properties (figure 1), especially when ageing on lees is 

In spite of this central role, gases have not been extensively studied in the past years because of various 
obstacles to the analysis process: sampling is difficult and methods of measurement were long and 

invasive methods have resolved most of those constraints and are indeed efficient tools we
especially adapted for measurements in bottles in our laboratory. 

Laser measure of carbon dioxide 
Measurements made with classical aphrometer 
cumulate many disadvantages: poorly safe, 
destructive, no possible long term monitoring 

Aphrometers based on infra-red laser 
have allowed crucial 

improvements in dioxide carbon monitoring. 
red beam and 

measures its absorption by carbon dioxide 
partial pressure and total 

pressure in the bottle headspace can be 

Before being used in routing device in our 
correlation with the 

referenced device was made. Laser technology 
showed a very good correlation with the 
referenced measurements, with a correlation 

  

Fig. 1 - Crown cap permeability impacts 
on final wine sensor

Fig. 2 - Laser aphrometer (L-Pro) with control screen 
and laser beam principle
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Very recently, the Arol Company has launched a new device, based on the same technology, 
allowing measurements on production lines up to 10 000 bottles per hour (figure 3). Unlike the L-Pro 
designed for a laboratory use, the production-line version does not give the operator a pressure, but an 
index (figure 4). We validated this new technology last year on various Champagne production sites, 
and tested 3 different positions within the line: 

- At the disgorging stage, between the frozen bath and the properly disgorging act; 

- After the disgorging step, providing that carbon dioxide in the liquid and gaseous phases is back to 
balance; 

- Just before labelling, checking each individual bottle ready to be dispatched on the market. 

Different uses can be considered, such as detection of any incident in the progress of the second 
fermentation in the bottle (example in figure 4), individual pressure control on the total production, 
pressure monitoring of old sparkling wines with very long ageing duration.  
 

 
 
 
 
 
 
 
 
 
Measure of oxygen by fluorescence 
This non-invasive oxygen measurement technology is based upon the fluorescence quenching by oxygen of 
a metal organic fluorescent dye immobilized in a gas permeable hydrophobic polymer (dot). A dot is 
attached inside the bottle and then is illuminated with a pulsed blue light from a LED (figure 5). 

 

 

 

 

 

 

 

 

 
 

Because the quenching process is a purely collisional dynamic, the oxygen content of the enclosed space is 
not changed by the measurement process. Hence, long-time monitoring on the same bottle is possible.  

Those non-invasive devices can measure oxygen in headspaces as well as in dissolved liquids. We use it for 
two main applications: 

Fig. 5 - Oxysense 210 T (A) and the blue 
light pulse directed on the dot 

for measurement (B) 

Fig. 3 - Laser aphrometer settled 
on a production line 

Fig. 4 - Champagne pressure controls (index) on a batch 
with problematic prise de mousse 

A 

B 
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- Permeability characterization of closures, made in bottle filled with water and pressurized 

- Oxygen quantification at bottling and disgorging. 

In this short article we present the example of permeability characterization of closures. 

Fluorescence technology has allowed more precise results regarding cap permeability [4, 5]. They are 
indeed directly operated from O2 measurements and not deduced, as previously, from CO2 flow during only 
24 hours. Results are expressed in oxygen passing through the closure system per time unit. A protocol has 
been worked out by our R&D team, to characterize crown cap and cork closures.  

Crown cap closure 
The kinetics of O2 diffusion comprises two stages.  

- In the first one, O2 entries are important and nonlinear. This corresponds to the time oxygen needs to 
be balanced through the bidule and the crown cap. It lasts 30 to 40 days (figure 6).  

- The second stage is linear and with lower O2 entries. The slope is the equivalent of the oxygen transfer 
rate expressed in µg/L/day and then calculated in µg/L/year per each crown cap (figure 7). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

For longer monitoring, we can imagine that the entry would no longer be linear, as the oxygen gradient 
would shrink because of the accumulation in the bottle. This gradient can actually be considered as stable 
in the real wine condition, because oxygen is immediately consumed by wine during ageing on lees. 

Cork closure 
Things are more difficult with cork permeability as evidenced in figure 8. In fact, obstacles result in corks’ 
intrinsic nature: they are non-homogeneous and non-inert materials and interact with aromas and with 
oxidation reactions in wine. Kinetics of oxygen content measured in cork-closed bottles can lead to 
3 comments: 

- Corks hold air even if it is compressed before the closing operation, and unlike crown caps, corks have 
a part inside the bottle. Consequently, air is released in the bottle when the cork takes its shape back. 
The average amount is 3 mg of O2 per liter [6]. 

- After this desorption stage, oxygen rate through the cork appears to be very low. On the contrary, 
a synthetic cork tested presented a rapid and linear O2 rate (2.2 mg/L/year). This leads to think that O2 
is trapped or consumed through the cork before reaching the wine. 

- After 200 days, we always observe, with all the corks that have been tested, a decrease of O2 content. 
It is likely due to phenolic compounds that migrate from the cork to the water, and then are oxidized, 
resulting in O2 consumption. Besides, water turns lightly brown. 

Fig. 6 - Oxygen kinetic diffusion of 
different crown caps Fig. 7 - Permeability classification of 

the crown caps used in Champagne 
winemaking 
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Conclusion 
Gases’ impacts in winemaking are widely recognized. Nevertheless, accurate quantifications with portable 
sensors like the oximeter are quite recent. Even though this was a revolution in enology, measures were a 
simple photography of gas content at a given instant, and they were destructive when run in bottles. 
New non-invasive technologies have brought comfort, security, efficiency and quality in the achievement 
of those measurements. The laser technology allows direct pressure measurements in different types of 
bottles, whatever their color. The measure is performed by a laser beam passing through the headspace. 
In the laboratory, this technique has several positive aspects: accuracy (0.1 bars), rapidity and safety for the 
operator. The providing company now has an adaptable version for production lines with which it is 
possible to perform measures at a speed up to 10 000 bottles per hour. On the other hand, the O2 non-
invasive method of analysis is based on the fluorescence principle. Transparent bottles must be pre-
equipped with a sensor (dot). Our laboratory has developed a method on pressurized water, which measures 
the accumulation of O2 in water over time, which is the O2 transfer rate through various closure systems 
placed on the equipped bottle. This technique allows the characterization of the crown caps available on the 
market by providing their permeability to O2. This method is also used to measure the O2 consumption 
capacity of a wine. These non-invasive methods open up very promising perspectives in understanding the 
ageing process in wine, once bottled. They also help to develop monitoring tools on bottling production 
lines to remove any defective bottle, and more importantly to improve the consistency between bottles of 
the same lot by controlling the levels of the gas. 
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Natural corks – oxygen permeability – cork parameters – PreSense 

Introduction 
Among other topics, winemakers’ concerns regarding cork performance have been related with cork 
oxygen transmission rate (OTR). Several studies have been comparing different types of closures, 
naming cork as the more variable. In these studies, the number of samples analyzed is usually low and the 
variables at stake not controlled for corks used. These factors limit the ability to identify parameters that 
impact on the mentioned variability. 

Being aware of the importance of OTR in wine evolution, the cork industry has been working to develop 
tools to sort natural corks by OTR ranges, to further let the winemakers decide what is best for their wines. 
Several studies compared different types of closures [1]. In general, the synthetic stoppers are closures that 
allow oxygen to enter into the bottle at a relatively high rate, while screw caps let in relatively little oxygen. 
Intermediate values are obtained when natural and technical cork stoppers are used [2]. Regarding the 
variability, wider range of oxygen transmission rates is assign to natural corks from about 5.0 x 10-4 to 
1.0 cc/day/closure [3]. This is why wine closed in bottles with natural corks from the very same lot might 
evolve into products with slightly different flavor nuances. Accordingly, the authors have been doing 
efforts looking for tools that provide the information of OTR of every single cork as published under 
WO 2011078714. 

Several methods have been referred to measure the oxygen ingress rates through closures: coulometric 
detection [4-6], colorimetric measurements [7-10], titration of sulfur dioxide [11], chemiluminescence 
[12, 13], mass spectrometry detection [14, 15], and other techniques. 

An interesting aspect of oxygen transfer through cork is its evolution over time post-bottling. 
Using colorimetric measurements Lopes et al. [8] showed that the rate of transfer through natural cork 
stoppers depends on time, with measurements varying from 0.0357 to 0.0643 mg/day (0.02685 to 0.04836 
cc/day) during the first month of storage, from 0.0001 to 0.0087 mg/day (0.00008 to 0.00654 cc/day) 
between the 2nd and 12th month, and from 0.0001 to 0.0063 mg/day (0.00008 to 0.00474 cc/day) between 
the 12th and the 36th month. This suggests a decrease in the oxygen ingress through cork closure over time. 
It could be inferred that the high permeability observed during the initial period is due to a rapid diffusion 
of the oxygen initially contained in the cork closure, and not to permeation through the cork. 

The aim of the current study was to conduct tests on a great number of samples to evaluate the influence of 
the cork properties: dimensions (38x24; 45x24; and 49x24) and density on OTR variance. For this purpose, 
381 natural corks were evaluated through 750-mL glass wine bottles. Measurements were done during 
3 months using chemiluminescence detection using an oxygen sensitive luminophore dot glued inside the 
wall of the glass bottle [12, 13]. The luminescence decay time is detected by an optical fiber used from the 
outside wall of the bottle. This luminescence decay time is correlated to the oxygen concentration. 
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Materials and methods 
Natural corks 
A total of 381 natural corks were analyzed. Table 1 reports the number of samples used for length 
comparison; an extra set of 256 corks, 45x24mm corks, was used for density studies. All groups of corks 
were submitted to the same surface treatment, following procedures for commercial purposes. 

 

Table 1 - OTR values through natural cork stoppers with different dimensions (cc/day) 

Cork dimensions  
length x diameter (mm) 

38x24 
(16 data points) 

45x24 
(84 data points) 

49x24 
(25 data points) 

Data @ 1st week 
Mean 0.006238 0.003004 0.001706 
StdDev 0.003445 0.007625 0.002858 
Median 0.006152 0.001387 0.000583 

Data @ 1st month 
Mean 0.006162 0.002522 0.000752 
StdDev 0.003679 0.005984 0.001104 
Median 0.006075 0.000494 0.000326 

Data @ 3 months 
Mean 0.00573 0.002146 0.000392 
StdDev 0.00464 0.004256 0.000560 
Median 0.00589 0.000375 0.000152 

 

Bottles 
The transparent non-fluorescent bottles used follow CETIE (International Technical Center for Bottling and 
related Packaging) specifications for internal bore diameter. The glass thickness was less than 12 mm. 

Oxygen measurement 
Oxygen concentrations were determined by a non-invasive and non-destructive method based on a 
chemiluminescence principle, using the Fibox 3LCD - trace v7 equipment (PreSense). The sensors used 
were PSt6 dots, which have a detection limit of 0.02 hPa and 1 ppb for measuring headspace and dissolved 
oxygen, respectively. The resolution of equipment at 0.2 and 2 hPa ranges is about 0.009 hPa and 
0.015 hPa, respectively. Automatic temperature compensation was used. Measurements were done in 
empty bottles during 3 months. Carbon dioxide was used to reduce the levels of oxygen below 10 hPa 
(approx. 0.5ppm) before bottle corking. The increase of O2 concentration inside the bottle was used to 
estimate the cork OTR together with cork “outgassing” contribution. 

Results and discussion 
Figure 1 represents the relation between density and cork visual grade with OTR values during the first 
month of storage. We can see that, during this time, all tested corks let oxygen flow in similar amounts, 
independently of the density properties. These results were similar during the 3 months of storage. 
Outliers for OTR were found on the higher range of density – this observation is to be explored further on 
new research programs. 

These results drive us to consider that density can only be kept in the equation of oxygen permeability 
prediction as part of the complex structure of the tested material, but not as a parameter that delivers direct 
cork performance information. 

The oxygen transmission rate (OTR) through natural cork stoppers is presented in Table 1. We can see that 
OTR values increase with the decrease of the cork dimension and depends on time with average 
measurements varying from: 0.00624 cc/day (38x24), 0.00267 cc/day (45x24), and 0.00157 cc/day (49x24) 
during the first week of storage to 0.00728 cc/day (38x24), 0.00074 cc/day (45x24), and 0.00053 cc/day 
(49x24) during the third month of storage. 
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Figure 2 plots the difference of OTR measurements showing that the 38mm tends to have the double 
permeability of the other lengths, whereas the difference between 45mm and 49mm lengths tend to 
disappear over time in bottle. In other words, the differences between 45mm and 49mm are only observed 
during the first couple of months in bottle. 
 

 
 

Fig. 1 - Relation between density and OTR values (calculations with measurements 
in the first month of storage). 

 

 

Fig. 2 - Impact of cork length on OTR values - 38mm, 45mm and 49mm. 

Conclusion 
During the experiment time, all tested corks let oxygen flow in similar amounts, independently of density 
properties. Therefore, density was not found as a predictive parameter for oxygen ingress through the tested 
corks. Despite this, a greater variability was observed on the higher density range. 
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It was also observed that the rate of transfer through natural cork stoppers depends on time of storage. 
This observation aligns with reported findings [7, 9]. Differences over time are more relevant for the longer 
corks with OTR ratio (3 months / 1 month) close to 1 for the 38mm corks and 0.5 for the 49mm corks. 

Comparing cork dimensions, oxygen transmission rate (OTR) increases with the decrease of the cork 
dimension: ratios of 2.4 (1 month) to 2.7 (3 months) were recorded between 38mm and 45mm lengths and 
of 8.2 (1 month) to 14.6 (3 months) when comparing 38mm and 49mm lengths.  
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Vins – conditionnement – oxydation – Bag-in-Box® (BIB) 

Introduction 
Après des débuts discrets, le Bag-in-Box® (BIB) connaît depuis plus de 10 ans une progression 
spectaculaire. Solide, pratique, économique et avec une faible empreinte carbone, il se pose aujourd’hui 
comme une solution alternative au verre pour le conditionnement du vin. Néanmoins, une des propriétés 
limitantes de ces emballages est la faible protection contre l’oxydation qu’ils procurent au vin. Il est ainsi 
communément admis que l’apport d’O2, pendant le remplissage, puis par perméabilité à travers 
l’emballage, entraine une évolution défavorable des vins due à l’accélération des phénomènes d’oxydation 
[1, 2]. La détermination des propriétés de transfert de l’O2 à travers les emballages de type BIB pour 
conditionner les vins reste un challenge dans la mesure où il n’existe pas d’instrument simple ou de 
méthodologies standards pouvant être appliquées à cette détermination. De la même manière il existe très 
peu d’étude mesurant la pénétration globale de l’oxygène pendant son remplissage et sa conservation et 
l’impact de cet oxygène sur la qualité du vin. 

Matériel et méthodes 
Les mesures de Total Package Oxygen ont été réalisées avec un appareil Nomasens et des robinets 
transparents selon la méthode proposée par Vialis et al. en 2011 [3]. Pour mesurer l’impact de l’oxygène de 
la bulle, du vin a été conditionné en BIB de 3L au laboratoire (Muscat 2012 et Sauvignon Blanc 2013). 
L’oxygène dissout a été éliminé à l’aide d’un contacteur membranaire et la bulle chassée par l’ouverture du 
robinet (TPO<0.5 mg/L). De là, des volumes connus d’azote et d’air (Tableau 1) ont été injectés pour 
obtenir une bulle de 50 mL contenant différentes quantités d’oxygène. Un BIB sans oxygène dissout et sans 
bulle est réalisé comme témoin positif. 
 

Tableau 1 - Quantité d’oxygène introduite dans les vins 
 

 

 

 

 

 

Nom 
variantes 

Volume injecté 
dans la bulle 

air mL - N2 mL 

O2 de la bulle 
(%) - mg/L 

VSB 0 – 0  
V0 0 – 50 0 – 0 
V25 12.5 – 37.5 5.25 – 1.25 
V50 25 – 25 10.5 – 2.52 
V75 37.5 – 12.5 15.75 – 3.74 
V100 50 – 0 21 – 5.03 
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Résultats et discussion
La mesure de l’oxygène total emprisonné dans la poche pendant le conditionnement est 
accessible (TPO : Total Package Oxygen)
à savoir, les quantités d’oxygène emprisonnées lors du conditionnement sont important
fonction du volume du BIB et du type de machine (2 à 10 mg/L d’O
Certains systèmes d’inertage s’avérant inefficace
permettant de limiter ces entrées d’oxygène de plus de la 
 

Fig. 1 - Influence du système d’inertage développé sur les TPO de BIB de 3L.

 
L’impact de différentes concentrations en oxygène dans la bulle 
Le transfert de l’oxygène de la bulle vers le vin ne contenant initialement pas d’oxygène est 
La variante V100 constituée de 50 m
Ce transfert donne une valeur d’oxygène
variantes est respecté et les concentrations en oxygène de la bulle et en oxygène dissout décroissent 
régulièrement avec la diminution des volumes d
la consommation en SO2 est plus forte sur les BIB c
plus rapide de cet antioxydant induit une 
d’une part, par un vin dont l’intensité aromatique est plus élevée au niveau de l’o
comme au nez et d’autre part, par
(Figure 3). 
 

Fig. 2 - Evolution du SO

 
Dans un deuxième temps, nous proposons 2 méthodes originales et standardisées (transfert
Gaz/Liquide) permettant d’établir les 
l’O2 gazeux ou via le suivi de la dégradation d’une molécule anti
modèle. Ces méthodes se veulent simples, faciles d’utilisation et permettent de tester l
ensemble. Là aussi, nous évaluons l’impact de cette perméabilité sur la qualité des vins. Ces travaux 
montrent que l’O2 pénètre par perméabilité à travers le film mais aussi à travers le robinet. Etonnement, ce 
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iscussion 
La mesure de l’oxygène total emprisonné dans la poche pendant le conditionnement est 

: Total Package Oxygen). Nos travaux confirment ceux d’autres confrère
les quantités d’oxygène emprisonnées lors du conditionnement sont important

et du type de machine (2 à 10 mg/L d’O2 potentiellement emprisonné).
d’inertage s’avérant inefficaces (résultats non communiqués), un prototype d’inertage 

permettant de limiter ces entrées d’oxygène de plus de la moitié a été développé (Figure 1)

 

nfluence du système d’inertage développé sur les TPO de BIB de 3L.

de différentes concentrations en oxygène dans la bulle sur la qualité des vins
de l’oxygène de la bulle vers le vin ne contenant initialement pas d’oxygène est 

La variante V100 constituée de 50 mL d’air passe de 21% à 10% d’O2 en quelques dizaines de minutes.
Ce transfert donne une valeur d’oxygène dissout de l’ordre de 4 mg/L. D’autre part, l’ordre des différentes 
variantes est respecté et les concentrations en oxygène de la bulle et en oxygène dissout décroissent 

gulièrement avec la diminution des volumes d’injection d’air (résultats non communiqué
est plus forte sur les BIB contenant le plus d’air (Figure 2). Enfin, la dégradation 

plus rapide de cet antioxydant induit une oxydation prématurée du vin qui se traduit en analyse sensorielle
un vin dont l’intensité aromatique est plus élevée au niveau de l’o

comme au nez et d’autre part, par un vin plus amer et dont les notes fruité et florale 

Evolution du SO2 des vins (Sauvignon Blanc 2013, 50 mL, 23°C, 50% HR).

Dans un deuxième temps, nous proposons 2 méthodes originales et standardisées (transfert
Gaz/Liquide) permettant d’établir les transferts d’O2 via une mesure directe par électroluminescence de 

gazeux ou via le suivi de la dégradation d’une molécule anti-oxydante contenue dans une solution 
modèle. Ces méthodes se veulent simples, faciles d’utilisation et permettent de tester l
ensemble. Là aussi, nous évaluons l’impact de cette perméabilité sur la qualité des vins. Ces travaux 

pénètre par perméabilité à travers le film mais aussi à travers le robinet. Etonnement, ce 
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La mesure de l’oxygène total emprisonné dans la poche pendant le conditionnement est désormais 
confrères (Vialis et al. [3]) 

les quantités d’oxygène emprisonnées lors du conditionnement sont importantes et variables en 
potentiellement emprisonné). 

un prototype d’inertage 
développé (Figure 1). 

 

nfluence du système d’inertage développé sur les TPO de BIB de 3L. 

sur la qualité des vins a été mesuré. 
de l’oxygène de la bulle vers le vin ne contenant initialement pas d’oxygène est très rapide. 

en quelques dizaines de minutes. 
D’autre part, l’ordre des différentes 

variantes est respecté et les concentrations en oxygène de la bulle et en oxygène dissout décroissent 
’injection d’air (résultats non communiqués). Logiquement, 

). Enfin, la dégradation 
oxydation prématurée du vin qui se traduit en analyse sensorielle, 

un vin dont l’intensité aromatique est plus élevée au niveau de l’oxydation en bouche 
un vin plus amer et dont les notes fruité et florale sont moins intenses 

 

, 23°C, 50% HR). 

Dans un deuxième temps, nous proposons 2 méthodes originales et standardisées (transfert : Gaz/Gaz ou 
via une mesure directe par électroluminescence de 

oxydante contenue dans une solution 
modèle. Ces méthodes se veulent simples, faciles d’utilisation et permettent de tester les BIB dans leur 
ensemble. Là aussi, nous évaluons l’impact de cette perméabilité sur la qualité des vins. Ces travaux 

pénètre par perméabilité à travers le film mais aussi à travers le robinet. Etonnement, ce 
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dernier peut être responsable de la moitié de la pénétration de l’O
Doyon et al. en 2005 [4]. A température ambiante, cette entrée d’O
Les méthodes mises en place permettent de faire varier les conditions de température et d’hygrométrie, 
permettant d’étudier leur impact sur le comportement de l’emballage [5]. 
 

Fig. 3 - Influence de l’oxygène de la bulle sur l’analyse sensorielle des vi
après conservation

Conclusion 
La mesure globale de la pénétration d’oxygène lors du remplissage et de la conservation des BIB est un 
élément essentiel à l’utilisation de ces emballages. Ils sont un outil préci
adapter leurs vinifications, leurs modes d’utilisation et les conditions de stockage des vins en connaissance 
de cause. Ces résultats sont aussi une base indispensable pour que les industriels proposent des voies 
d’amélioration du conditionnement et
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Vin – arôme – glutathion – conditionnement 

Introduction  
Le glutathion (GSH), tripeptide soufré, est un composé naturellement présent dans les végétaux, et en 
particulier dans les baies de raisins [1]. Son implication dans les mécanismes d’oxydation enzymatique des 
moûts de raisins a été clairement décrite [2-4]. Plus récemment, son rôle pour prévenir le vieillissement 
prématuré des vins blancs secs a été établi, et tout particulièrement pour préserver l’arôme fruité lié à la 
présence de constituants aromatiques appartenant à la famille des thiols variétaux [5].  

Les teneurs en GSH dans les moûts (quelques à plusieurs dizaines de mg/L) varient selon les cépages et les 
conditions de culture de la vigne et en particulier son alimentation azotée [6]. La technologie de 
transformation du raisin, et plus particulièrement l’exposition du moût à l’oxygène pendant la phase 
critique des étapes pré-fermentaires (extraction des jus), les conditions fermentaires et modalités d’élevage 
(présence de lies), sont également autant de facteurs susceptibles d’impacter les teneurs résiduelles en GSH 
dans les vins [7, 8]. 

De fait, outre l’application de techniques susceptibles de préserver le GSH naturel, se pose la question de 
son emploi comme auxiliaire de vinification, pour doper les teneurs originelles et ainsi tenter d’amplifier 
son action antioxydante [9]. 

Matériel et méthodes 
Cépages et modalités GSH 
L’effet d’un ajout de GSH au conditionnement sur l’évolution de la couleur et des arômes de vins blancs et 
rosés a été testé. Les cépages blancs retenus sont le Melon B. et le Sauvignon B., le Grenache en rosé. 
Le dispositif expérimental, répété sur trois millésimes, est appliqué à un vin de chacun des cépages 
considérés, préparé pour un conditionnement en bouteilles (stabilisé et filtré). Trois niveaux d’apports de 
GSH sous forme réduite (Sigma Aldrich) sont testés : 0, 20 et 50 mg/L. Ils sont réalisés dans trois situations 
d’exposition au risque d’oxydation. Pour cela, au moment du conditionnement, les facteurs suivants ont 
été modulés : la teneur en sulfites du vin (20-25 ou 40-45 mg/L de sulfites libres) et la quantité d’oxygène 
total après conditionnement (2 ou 6 mg/bouteille). L’obturation des bouteilles est réalisée avec une capsule 
à vis (Stelvin, joint Saran film étain). Les bouteilles sont stockées en position couchée, à une température 
de 20°C. 

Analyse des vins 
Les caractéristiques analytiques des vins sont mesurées sur trois bouteilles par modalité après 12 mois de 
conservation : sulfites (iodométrie), couleur (spectrophotométrie ou colorimétrie), GSH (LC-MS/MS et 
SIDA), thiols variétaux (3-mercaptohexan-1-ol : 3MH et son acétate : A3MH, GC-MS/MS et SIDA), 
esters éthyliques d’acides gras (C4, C6, C8 et C10, GC-MS et SIDA) et acétates d’alcools supérieurs 
(acétate d’isoamyle, d’hexyle et de phényléthyle, GC-MS et SIDA). 
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Résultats et discussion 
Après un an de conservation, la majeure partie du GSH ajouté a disparu : les quantités résiduelles de 
glutathion contenues dans les vins n’excèdent pas 6 mg/L. Quoique modestes, elles sont malgré tout plus 
élevées lorsqu’un ajout de ce composé est opéré au moment du conditionnement.  

Aussi bien pour les vins blancs que pour les vins rosés, il n’est pas mis en évidence d’effet significatif de 
cet apport de GSH sur la couleur ou les teneurs résiduelles en sulfites. 

Les composés aromatiques de type fermentaire, esters éthyliques d’acides gras et acétates d’alcools 
supérieurs, sont en quantités équivalentes quelle que soit la modalité considérée.  

Avant tout pour les vins blancs les plus exposés à l’oxydation (présence d’oxygène dissous et/ou peu de 
sulfites au moment du conditionnement), l’apport de 20 à 50 mg/L de glutathion se traduit après un an par 
une plus grande quantité de thiols variétaux dans les vins, principalement de 3MH, éventuellement de 
A3MH (Figure 1). Le constat est plus significatif dans le cas des vins de Sauvignon B., naturellement plus 
riches en ce type de composés.  

 

  
 

 

Fig. 1 - Teneurs en 3MH (ng/L) dans les vins après 12 mois de conservation (cas les plus significatifs 
pour chaque cépage considéré). O2 (-) : < 2 mg O2/bouteille ; O2 (+) : 5 à 6 mg O2/bouteille ; 
sulfites (-) : 20 à 25 mg SO2 libre /L ; sulfites (+) : 40 à 45 mg SO2 libre /L ; G0 : + 0 mg GSH/L ; 

G20 : + 20 mg GSH/L ; G50 : + 50 mg GSH/L. 
 

Par contre, dans nos conditions, aucun effet de ce type n’est observé sur les vins rosés.  

Sur le plan sensoriel, sans être systématiques, des défauts olfactifs de type réduction ont été notés sur 
certains vins ayant subi un tel apport de glutathion. 

Conclusion 
Il ressort de ces travaux qu’un apport de glutathion au moment du conditionnement (pratique à ce jour non 
autorisée par la réglementation vitivinicole) pourrait présenter un intérêt dans le cas des vins initialement 
riches en thiols variétaux. Ceci est en accord avec les connaissances acquises jusqu’alors sur le rôle de ce 
composé pour préserver ces arômes de l’oxydation. Pour cela, sans doute conviendrait-il de mettre en 
oeuvre des doses d’apports significatives, de l’ordre de plusieurs dizaines de mg/L. 
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Sauvignon blanc – aroma – oxidation – sensory analysis 

Introduction  
The shelf life of especially white wine is of great concern for the wine industry. Oxidation may play an 
important role in white wine’s composition and its sensory characteristics. During oxidation, a decrease in 
certain aroma compounds occurs followed by a change in wine colour [1, 2]. The change in aroma will 
typically result in the wine initially losing some of the varietal character after which an increase in 
unwanted oxidation aroma compounds such as aldehydes will occur [3, 4].  

The effects of oxygen and aging on various aspects of dry white wines have been investigated [4, 6-10] and 
the evolution of wine sensory quality is thought to reach a peak after a period in the bottle, however the 
time period necessary and the amount of oxygen required to reach this peak remain unknown. 
Understanding a wine’s oxygen capacity enables the winemaker to control wine evolution in the bottle by 
choosing the optimal closure in accordance with the desired wine style and shelf life. 

This study monitored Sauvignon blanc wine evolution in a controlled environment after which both 
chemical and sensory analysis were performed. Successive mild oxygen additions were applied and oxygen 
concentrations were specifically measured while the wines were kept at a mild temperature over a long 
period of time. Frequent sampling also allowed the investigation of the evolution of the aromatic and non-
aromatic compounds during the time of the study and the inclusion of sensory data at each of these stages 
provided a comprehensive assessment of wine oxidative aging in terms of chemical composition and 
sensory effects. 

Materials and methods 
Wine samples and oxygen treatments 
A Sauvignon blanc wine was oxidised at various stages over time to compare chemical content and sensory 
impact. Wine was collected from a commercial cellar (De Grendel Wine Estate, Tygerberg, South Africa) 
directly after the 2011 harvest. The wine was then divided using carbon dioxide gas (Afrox South Africa) 
into 33 x 5 litre glass bottles. All treatments were done in triplicate. After distribution of the wine into the 
bottles, the first treatment (Control 0) was sampled and frozen at -20 °C for analysis. This treatment would 
serve as the “beginning” of the trial (no time lapse). All of the oxidised treatments (T1-T5 Ox) then 
received oxygen by using a micro oxygen sparger connected to a cylinder containing high purity (99.5%) 
medical oxygen (Afrox South Africa). No oxygen was added to the Control samples (T1-T5 Control). 
During sparging, the oxygen concentration was constantly monitored by using oxygen sensor spots (Pst3; 
PreSens, Regensburg, Germany) fitted inside each bottle. As soon as all the oxygen in the Ox samples was 
consumed, the next phase (T1 Control and T1 Ox) was sampled and frozen at -20 °C. The remaining Ox 
treatments (T2 Ox to T5 Ox) were oxygenated again to the required level of dissolved oxygen and the 
process was repeated until all treatments were sampled and frozen for analysis. Overall the study proceeded 
for 7 months. 
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Sensory analyses 
The wines were subjected to descriptive analysis for aroma profiling. Twelve judges participated in the 
evaluation. Four training sessions of two hours each were conducted to obtain consensus between the 
judges. The wines were then scored on a 100 mm unstructured line scale according to the attribute intensity.  

After training, the wines were subjected to testing (no discussion) where the results were collected on paper 
ballots. Each replication was tested in duplicate. Black ISO wine tasting glasses were used to avoid any 
potential bias by the panel due to visual cues. Panellists evaluated the samples orthonasally only and 
regular breaks were taken between samples to prevent fatigue. 

Chemical analyses 
Chemical analyses were performed using various analytical methods as specified by Coetzee, 2014 [11]. 

Results and discussion 
Figure 1 shows the mean values of various compounds during the oxidative aging period. The intensity 
rating (out of 100) for some of the attributes generated by the sensory panel is also included in the figure.  

Total dissolved oxygen concentrations administered during this study varied from an average of 7 mg/L 
(T1 Ox) up to 30 mg/L (T5 Ox). Volatile thiol concentration decreased during the 7 month storage period. 
3-Mercaptohexan-1-ol (3MH) concentration decreased from 648 ng/L in T0 Control to 295 ng/L in T5 Ox. 
3-Mercaptohexyl acetate content decreased from 97 ng/L in T0 Control to 30 ng/L in T5 Ox. 
These decreases were accompanied by a decrease in the “grapefruit” attribute intensity. An increase in 
concentration of oxidation-related aldehydes such as acetaldehyde and methional resulted in higher sensory 
intensity ratings of attributes such as “sherry”. 2-Isobutyl-3-methoxypyrazine concentration remained 
constant throughout the trial at an average of 13 ng/L (results not shown). 

 

 

 

 

 

 

 

 

 

 
 
 

Fig. 1 - Evolution of various compounds during oxidative storage of a Sauvignon blanc wine. 
Sensory intensities of some attributes are also included as bars. Values are means of triplicate. 

 

Considering the concentration of various fruit-driven aromatic compounds (including the volatile thiols) to 
be higher than the perception threshold even in the later oxidative stages (T3-T5 Ox) it is evident that some 
aromatic compounds could have powerful odorous influences causing complete masking or suppressing 
effects leading to significant decrease in the perception of the fruity attributes such as “grapefruit”. So, not 
only is the loss in fruity characters likely to be caused by oxidative damage to flavour compounds, but also 
by sensory interactive effects of especially aldehydes (such as acetaldehyde and methional) being formed. 
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On the other hand, some of the unpleasant oxidation-related compounds that developed remained below the 
perception threshold of that compound (such as sotolon). Sensory interaction studies investigating these 
types of effects have recently been published [5]. 

Sensory evaluation of the Control samples (T1-T5 Control) did not deliver any drastic differences between 
the samples (results not shown). The only attribute showing a specific tendency is “cooked green”. 
“Cooked green” increased in intensity from T0 Control to T5 Control with mostly significantly lower 
intensities in the Ox samples. The compound responsible for the perception of this attribute is not exactly 
known, however the development of ‘reductive’ odours which are often described to impart “cooked 
vegetables”, “onions” and “cabbage” aromas are caused by sulphur-containing compounds such as H2S, 
mercaptans, disulphides and dimethyl sulphides which occur due to low oxygen content in a wine [6, 12]. 
These compounds, however not quantified in the present study, have low perception thresholds and are 
known to negatively influence young white wines, imparting unpleasant odours [12, 13].  

The addition of low amounts of oxygen to the wine could indeed improve the wine sensory quality. 
An improved expression of wine fruity attributes was also observed when Sauvignon blanc wine was 
exposed to low (< 3 mg/L) or moderate (about 6 mg/L) oxygen exposure in conjunction with a decrease in 
‘reductive’ attributes [7]. In the current study, the occurrence of “cooked green” could be an indication of 
the development of ‘reductive’ odours in the Control samples.  

According to the overall sensory results (not shown) T1 Ox was considered to be more fresh and fruity 
when compared to T1 Control. However, T1 Ox seems to correlate well with the Control samples 
comparing the comprehensive chemical analyses performed (results not shown). The question is thus how 
does this sample score fresher and fruitier than the Control samples as seen in the sensory evaluation? 
The similar chemical composition would suggest that the wine be sensorially more similar to the other 
Control samples, however the addition of moderate amounts of oxygen to this wine enhanced the sensory 
experience. This could be due to oxygen addition inhibiting the formation of ‘reductive’ off-odours. 
This also raises the question of the ability of these ‘reductive’ odours to mask and suppress fresh and fruity 
odours considering the similar chemical composition otherwise. Recent publications indicate strong 
suppressive/masking effects of certain compounds [5]. Follow-up studies should investigate the formation 
of the ‘reductive’ odours and what specific oxygen concentrations to administer to benefit the wine quality. 
Interactive effects between the ‘reductive’ sulphur-containing odours and other fresh associated odours 
such as the volatile thiols and the methoxypyrazines need to be investigated. 

Conclusion 
The sensory data reported in the present study is supported by previous publications [7, 13], however this is 
the first study where a comprehensive overview of both chemical (aromatic and non-aromatic) as well as 
sensory data has been obtained during repetitive oxidation of the wines. This provides insight into the 
advantages as well as the disadvantages of various levels of oxygen exposure as well as the capacity of a 
wine to consume oxygen. 

In the present study a significant decrease in the volatile thiol concentration was observed in the oxidised 
samples while the methoxypyrazines maintained a steady concentration. This happened in concurrence with 
an increase in chemical compounds associated with oxidation such as certain aldehydes. 

Determining the complete chemical content of the wine is a daunting task and will most certainly not 
include all the compounds at this stage. However, studying the main groups known to significantly 
influence the sensory perception of a wine might give some insight to the reactions occurring during 
oxidation. Combining the chemical with the sensory analysis confirmed the difficulty in matching the two 
data sets precisely, as predictions according to chemical data alone did not always coincide with the 
sensory profiling of the wine. The presence of compounds not measured in the study could play an 
important role in this observation. 

Moreover, recent publications clearly show the complexity of the interactions that occur between various 
chemical compounds in a wine medium. Masking, suppressing and enhancing effects complicate the 
interpretation of a wine’s sensory composition when observing from a chemical viewpoint alone. In a 
complex medium such as wine, these effects should always be considered. 
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The analytical measurement of aroma compounds to predict the sensory composition of a wine at this stage 
should thus be used as an approximate tool due to complex interactions as well as the fact that even a 
comprehensive survey of chemical compounds in the medium would not necessarily include all compounds 
present. 
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Nano-oxidation – pigments – proteins reactive tannins – red wine oxygen tolerance 

Introduction 
High quality red wines require, in general, a period of aging in bottle before being consumed. During this 
time, many of the complex reactions involving polyphenols are influenced by exposure to oxygen. 
As a consequence, modifications of the characteristics of the wine, such as the reduction of astringency, 
stabilization of the color and the evolution of olfactory profile, occur [1-4]. The low flow of oxygen ingress 
through the cap allows to identify this form of exposure as nano-oxygenation (NOx). The oxygen 
transmission rate (OTR - Oxygen Transfer Rate) of the closure may vary depending on the type of closure 
and strongly influences the evolution of wines during bottle aging. Although it is now well established that 
little oxygen uptake plays an important role in wine maturation and quality improvement, one of 
the enologist main tasks remains the individuation of the maximum amount of oxygen that a wine can 
tolerate. This information could help determining proper aging practices taking into account the wine 
expected lifetime.  

To investigate oxygen tolerance of a red wine it is necessary to consider the wine oxidation chemistry. 
During the oxidation process, the hydrogen peroxide is produced from oxygen reduction giving free radical 
intermediates that oxidize mainly ethanol generating acetaldehyde. The latter reacts with several phenolic 
compounds determining important changes in wine color [5], but when concentration of acetaldehyde is 
higher than its sensory threshold, it negatively affects wine aroma [6]. Therefore, hydrogen peroxide could 
be used as a tool to predict those variations related to wine oxidation [7-8].  

In this study, with the aim to individuate a possible correlation between oxygen tolerance of a red wine and 
the effect of NOx treatment, three red wines with different initial phenolic composition and oxygen 
tolerance determined by their reactivity towards a strong oxidant solution (RSO) were aged for 15 months 
with closures at increasing OTR. 

Materials and methods 
RSO test 
Six samples were prepared and chromatic changes in CIELab units were registered during 72 hours of 
incubation at 20°C. The control sample exposed to air consisted of a sample of wine into a 15 mL flask 
with 5 mL headspace corresponding to 44 mmoles of oxygen. The five following oxidative treatments were 
obtained by adding hydrogen peroxide (30% Fluka- Sigma Aldrich Chemie GmbH Steinheim-France): 
HP1 = wine + 43.5 mg/L H2O2 (eq. to 20 mg/L O2); HP2 = wine + 108.5 mg/L H2O2 (eq. to 50 mg/L O2); 
HP3 = wine + 152 mg/L H2O2 (eq. to 75 mg/L O2); HP4 = wine + 217.5 mg/L H2O2 (eq. to 100 mg/L O2); 
HP5 = wine + 435 mg/L H2O2 (eq. to 200 mg/L O2). The CIELab coordinates, lightness (L*), chroma (C*), 
hue angle (Hue), red-greenness (a*) and yellow-blueness (b*) were determined according to CIE76 formula 
and the data were processed with the PANORAMA® software (LabCognition, Analytical Software GmbH 
& Co.KG for SHIDMAZU Deutschland GmbH, Duisburg). 
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NOx trial 
Two levels of NOx were applied to each wine: 3.2 and 4.5 mg O2/L/year, by means of Nomacorc Select 
300 and Select 700 closures, respectively. Because A wines were less tolerant to the action of strong 
oxidants, a closure at lower oxygen permeability (1.6 mg O2/L/year) was also tested (Nomacorc Select 
100). Wines were analyzed after 0, 7 and 15 months of aging in bottle.  

Analyses performed during NOx treatments 
Chromatic characteristics, anthocyanins and low and high molecular weight phenolics were determined by 
spectrophotometric and HPLC [4] methods. Reactivity of phenolics towards proteins was determined by 
Harbertson-Adams assay (HAa) [9] and Saliva Precipitation Index (SPI) [10].  

Results and discussion 
RSO evaluation 
The reactivity of wines towards a strong oxidant solution (RSO) was evaluated by determining the total 
chromatic changes in CIELab units after 3 and 72 hours of incubation at 20°C with hydrogen peroxide. 
Changes due to hydrogen peroxide addition were less prominent for CS and P wines because, regardless of 
the amount of H2O2 added (from 20 to 200 mg/L of O2 eq.), hue values always fell in the range 
corresponding to a perceived net red color [11]. On the other hand, for A wines, higher was the addition of 
H2O2, higher was the deviation of hue towards yellow tint (hue values higher than 45 units). As always, hue 
values of A wines were higher than CS and P, we can also assert that A wine resulted in a more advanced 
oxidative state. To verify whether differences in chromatic characteristic of wines after addition of strong 
oxidant solutions were large enough to be distinguished by the human eye, the total color differences (E) 
between each treated wine and control one were calculated. On the basis of changes detected in the total 
color differences (E) (e.g., after 72h of incubation E values for the addition of 20 mg/L of O2 eq were: 
2.9 for A, 3.1 for P and 1.6 for CS) and on the trend detected for hue, the order of oxygen tolerance for the 
three wines is A<< P ≤ CS.  

NOx trial 
Color intensity and hue, for all wines, did not change during aging (Table 1). In contrast total and native 
anthocyanins (Table 2) decreased significantly.  
 

Table 1 - Chromatic characteristics and total monomeric anthocyanins of red wines closed with 
synthetic closures at low, medium and high oxygen transfer rate (OTR) 

 
*months after bottling 
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Table 2 - Monomeric anthocyanins of red wines closed with synthetic closures at low, medium 
and high oxygen transfer rate (OTR) 

*months after bottling 
 

Table 3 shows that during bottle aging an increase in Short Polymeric Pigments (SPP) for Pallagrello and 
Casavecchia (more for CS than for P) and in Large Polymeric Pigments (LPP) for Aglianico occurred. 
The formation of these compounds may balance the loss of native anthocyanins contributing to the stability 
of color intensity of wines in agreement with previous finding [12]. Because a greater formation of LPP 
compared to SPP during winemaking and aging has been previously reported [9, 13], it is likely that during 
aging the formation of LPP follows that of SPP. This can indicate that A wine is in a more advanced 
oxidative state than P and CS as predicted by the RSO test. 

 
Table 3 - Evolution of BSA reactive tannins, short polymeric pigments (SPP) and large polymeric 

pigments (LPP) determined by the Harbertson-Adams assay 

 
*months after bottling 
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About phenolics, a decrease of total tannins and vanillin reactive flavans was observed for all wines 
(Table 4), indicating the involvement of these polymeric structures in reactions trigged by oxygen [5]. 
Parameters linked to the reactivity of tannins towards proteins (HAa and SPI) decreased over time in the 
following order: CS > P > A. After 15 months of bottle aging, significant lower values of HAa and SPI 
were detected in CS wines bottled with closures at higher OTR, confirming previous findings on the role of 
NOx in the decrease of tannin reactivity and wine astringency [4]. This confirms that CS wine benefits 
more than P and much more than A of oxygen action and is in agreement with RSO evaluation.  

 
Table 4 - Phenolic compounds (mean value ± standard deviation) and SPI (Saliva Precipitation Index) 

of red wines closed with synthetic closures at low, medium and high oxygen transfer rate (OTR) 

 
*months after bottling 

 

Conclusion 
The trend observed for the evolution of polymeric pigments and for the reactivity of phenolics towards 
proteins of three analyzed wines is in agreement with results of the test performed using a strong oxidant 
solution. Results obtained in this experiment not only confirm previous finding on the positive role of NOx 
in wine phenolic evolution during bottle aging but also indicate that the oxygen tolerance of a red wine is a 
fundamental parameter to choose the NOx level to be applied taking into account the wine expected 
lifetime in bottle.  

References 
1. Caillé S, Samson A, Wirth J et al (2010) Sensory characteristics changes of red Grenache wines submitted 

to different oxygen exposures pre and post bottling. Anal Chim Acta 660: 35-42. 
2. Wirth J, Morel-Salmi C, Souquet JM et al (2010) The impact of oxygen exposure before and after bottling 

on the polyphenolic composition of red wines. Food Chem 123: 107-116. 
3. Wirth J, Caillé S, Souquet JM et al (2012) Impact of post-bottling oxygen exposure on the sensory 

characteristics and phenolic composition of Grenache rosé wines. Food Chem 132: 1861-1871. 
4. Gambuti A, Rinaldi A, Ugliano M et al (2013) Evolution of phenolic compounds and astringency during 

aging of red wine: effect of oxygen exposure before and after bottling. J Agric Food Chem 61: 1618-1627.  



OENO 2015 

478 

5. Fulcrand H, Atanasova V, Salas E et al (2004) The fate of anthocyanins in wine: are there determining 
factors? In Red Wine Color: Revealing the Mysteries 886: 68-88. 

6. Joslyn MA, Comar CL (1941) Role of acetaldehyde in red wines. Ind Eng Chem 33: 919-928. 
7. Müller-Späth H (1992) Der POM-test. Deutscher Weinbau 23: 1099-1100. 
8. Gambuti A, Lisanti MT, Picariello L et al (2014) Prediction test of maximum oxygen tolerance for red 

wine. In 37th World Congress of Vine and Wine, vol. 1, pp. 1-8.  
9. Harbertson JF, Picciotto EA, Adams DO (2003) Measurement of polymeric pigments in grape berry 

extracts and wines using a protein precipitation assay combined with bisulfite bleaching. Am J Enol Vitic 
54: 301-306. 

10. Rinaldi A, Gambuti A, Moio L (2012) Application of the SPI (Saliva Precipitation Index) to the evaluation 
of red wine astringency. Food Chem 135: 2498-2504. 

11. Lago-Vanzela ES, Procopio DP, Filomeno Fontes EA et al (2014) Aging of red wines made from hybrid 
grape cv. BRS Violeta: effects of accelerated aging conditions on phenolic composition, color and 
antioxidant activity. Food Res Int 56: 182-189. 

12. Boulton R (2001) The copigmentation of anthocyanins and its role in the color of red wine: a critical 
review. Am J Enol Vitic 52: 67-87. 

13. Versari A, Parpinello GP, Mattioli AU (2007) Characterisation of colour components and polymeric 
pigments of commercial red wines by using selected UV-Vis spectrophotometric methods. S Afr J Enol 
Vitic 28: 1-6. 

 
 

 

  
 



*Corresponding author: s.vidal@nomacorc.be 479 

Modified carbon paste screen printed electrodes for 
rapid fingerprinting of white wine oxidizable fraction 

A. GONZALEZ ZAVALA1,2, J. WIRTH1, J.-B. DIEVAL1, S. VIDAL1*, M. UGLIANO1,3 
 

1Nomacorc France, Domaine de Donadille, Av. Yves Cazeaux, 30230, Rodilhan, France 
2ESA Angers, 55 rue Rabelais, 49007, Angers, France 

3Department of Biotechnology, University of Verona, via della Pieve 70, 
37029 San Pietro in Cariano, VR, Italy 

 

Voltammetry – oxidizable compounds – wine fingerprint 

Introduction 
The ability to evaluate the occurrence of different oxidizable compounds in grapes and wines is crucial to 
the implementation of successful strategies to reduce the risk of early wine oxidation. To date, the existing 
analytical methods are poorly adapted to the context of wineries as they are too time consuming and require 
dedicated equipment and procedures. Voltammetric techniques have been successfully used for the analysis 
of wine antioxidants [1, 2], but their application to routine wine analysis remains limited due to the 
complexity of their execution, in particular with regard to electrode calibration and cleaning. In this work 
we have evaluated the potential of disposable carbon paste screen printed electrodes for the rapid 
evaluation of wine oxidizable compounds.  

Materials and methods 
Electrochemical measurements 
Screen printed NomaSense carbon ink electrodes were obtained from Nomacorc (Belgium). The electrode 
area was defined by printing an insulating layer. Electrochemical measurements were performed using a 
commercial NomaSense B200 potentiostat electrochemical analyzer (Nomacorc, Belgium). For each 
measurement, one drop of sample (50 L) was deposited over the electrode strip. Linear sweep 
voltammograms were recorded from 0 V to 1.2 V with a scan rate of 100 mV/s under ambient conditions. 
For each measurement a fresh electrode was employed. All analyses were carried out in duplicate, with no 
preliminary sample preparation.  

Chemicals 
All chemicals were obtained from Sigma Aldrich. 

Wines 
Wines (Chardonnay, Riesling, Viognier, and Muscadet) were purchased at local retail outlets. 

Results and discussion 
Examples of the voltammograms of pure compounds obtained on the screen printed electrodes are shown in 
Figure 1. Large differences in anodic current can be observed in the region between 200 and 400 mV, 
with catechin and gallic acid showing a broad peak starting at approximately 300 mV. This characteristic is 
consistent with the fact that these molecules are more powerful antioxidant than coumaric acid, 
characterized by a peak starting at approximately 500 mV.  

Analysis of different white wines revealed that the electrochemical fingerprint obtained at the surface of a 
carbon ink screen printed electrode contains features that are characteristic of the wine type, reflecting its 
antioxidant composition, particularly phenolic antioxidants. As it can be seen in Figure 2, these fingerprints 
can be used to successfully discriminate Muscadet and Riesling samples from each other and from samples 
of Viognier and Chardonnay.  
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Fig. 1 - Voltammograms of different wine phenolics in model wine (pH 3.2, 12% ethanol). 

 

 

Fig. 2 - PLS-DA of 18 commercial white wines. 

Conclusion 
The results of this initial evaluation shows that screen printed carbon paste electrodes can be successfully 
used to analyze different phenolic antioxidants present in white wine. The global fingerprint obtained 
during analysis of white wine shows a good degree of specificity related to grape variety, suggesting that 
this analytical approach can provide valuable information in the study and characterization of wine 
oxidizable fraction 
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Voltammetry – oxidizable compounds – fingerprint – white wines 

Introduction 
Oxidative reactions occurring upon accidental or deliberate exposure of wine to oxygen are common during 
wine production and storage, resulting in either beneficial or detrimental effects depending on oxygen 
quantities and wine type. White wine typically contains a complex pool of oxidizable compounds, 
including phenolics, ascorbic acid, SO2, and different thiols. Initial reaction with oxygen involves oxidation 
of ortho-diphenols to form quinones, which can in turn react with the other oxidizable compounds. 
The type and extent of these reactions can depend on relative proportions of individual species, 
the presence of catalysts, temperature, pH, and probably other hitherto unidentified factors. The ability to 
characterize and predict wine response to oxygen exposure would greatly assist winemakers in better 
adapting their winemaking practices to wine requirements to achieve specific product styles. Nevertheless, 
to date there are no analytical approaches allowing rapid characterization of wine response to oxidation. 

Voltammetric techniques have been successfully applied to the analysis of different oxidizable compounds, 
including phenolics which are the primary target of wine oxidation [1, 2].  

Recent progresses in this field resulted in the development of disposable electrodes, allowing to bypass the 
tedious electrode cleaning procedures associated with voltammetric analyses of phenol-rich matrices.  

In this study, a voltammetric approach based on the use of disposable carbon-paste screen printed electrodes 
was investigated as a suitable strategy for rapid characterization of white wine oxidation patterns. 

Materials and methods 
Fourteen commercial wines including Muscadet, Chardonnay, Riesling, Viognier, Roussanne, Sauvignon 
blanc and Grenache blanc were submitted to controlled oxidation. Wines were supplemented with 6.5 mg/L 
oxygen and oxidation was considered achieved when 5 mg/L had been consumed. Oxygen was monitored 
using a NomaSense O2 P300 analyzer (Nomacorc, Belgium). The changes occurring upon oxygen 
consumption were assessed by different means, including a newly developed voltammetric approach using 
a NomaSense Polyscan potentiostat and NomaSense carbon-paste screen printed electrodes (Nomacorc, 
Belgium). For each measurement, one drop of sample (50 L) was deposited over the electrode strip. 
Linear sweep voltammograms were recorded from 0 V to 1.2 V with a scan rate of 100 mV/s under 
ambient conditions. For each measurement a fresh electrode was employed. All analyses were carried out 
in duplicate, with no preliminary sample preparation.  

Results and discussion 

The rate of oxygen consumption was found to vary considerably depending on wine. Fast consuming wines 
exhibited average oxygen consumption rates in the range of 1 mg/L of oxygen consumed per day. At the 
other end of the observed spectrum, low oxygen consuming wines were in the range of 0.2 mg/L of 
consumed oxygen daily. An example of this for a selected set of wines is shown in Figure 1.  
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Fig. 1 - Oxygen consumption of five different commercial wines. 
 

Average oxygen consumption rates were not correlated with initial SO2, copper, iron and total phenolic 
concentration or with initial content of major white wine phenolics (mostly catechins and hydroxycinnamic 
acids) as measured by HPLC. Examples of the voltammograms of a wine with or without oxidation are 
shown in Figure 2 for a Sauvignon blanc sample. Each one of the voltammograms reflected the oxidative 
reactions taking place at the surface of the electrode under identical analytical conditions. For each wine, 
the differences observed between the two voltammograms can be attributed to the loss of wine components 
induced by oxygen consumption. Accordingly, subtraction of the voltammograms of oxidized and control 
samples of each wine allowed obtaining individual oxidation signatures representing the global changes 
induced by oxygen consumption. These signature curves contain specific information relevant to the 
oxidation pattern of individual wines. Examples of such curves are given in Figure 3. Several characteristic 
features can be observed, which, to different extents, were found to be specific to individual wines. 
Among these, higher charge values in the area 0-400 mV appear highly discriminating and could be 
associated with fast oxygen consuming wines.  
 
 

 

Fig. 2 - Voltammograms of a Sauvignon blanc wine with or without consumption of 5 mg/L of oxygen. 
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Conclusion 
The voltammetric method presented in this study allows to obtain characteristic fingerprints representing 
the typical oxidative response of individual wines. The method is easy to implement and the analysis is 
very rapid. The fingerprints obtained contain features that appear to be correlated with specific 
characteristics of individual wines, including their ability to consume oxygen.  
 

 
Fig. 3 - Oxidation patterns of three commercial white wines. Data is calculated as difference between 

the voltammograms of each wine with and without oxygen consumption.  
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Quinones – nucleophiles – wine-model solutions – cyclic voltammetry 

Introduction 
The oxidative processes of wine begin by the oxidation of polyphenols containing a catechol or a galloyl 
group such as (+)-catechin/(-)-epicatechin, gallocatechin, gallic acid and its esters, and caffeic acid, 
which are the most readily oxidized wine constituents. These substrates are sequentially oxidized to semi-
quinone radicals and quinones while oxygen is reduced to hydrogen peroxide. Quinones are therefore key 
reactive electrophilic oxidation intermediates in wine and can undertake many reactions with wine 
nucleophiles like sulfur dioxide, ascorbic acid, thiols, amino acids and others, including both the loss of 
varietal aroma or the formation of new off-flavors. These reactions are very important in wine aging 
because they mediate oxygen consumption during both production and bottle aging phases. 

The influence of sulfur dioxide, glutathione and ascorbic acid on the cyclic voltammograms of wine 
polyphenols and wines has already been investigated using a glassy carbon electrode [1]. Results have 
shown that sulfur dioxide increased the anodic current and decreased the cathodic current, pointing to a 
rapid interaction of SO2 with the oxidized polyphenol quinones. However, in that study, ascorbic acid 
produced no additional effect on the cyclic voltammograms of wine polyphenols and wines [1]. 

Oxidation of wine polyphenols is thought to play a major role in wine thiol degradation. Volatile thiols 
such as 4-methyl-4-sulfanylpentan-2-one (4MSP) and 3-sulfanylhexan-1-ol (3SH) are aromatic molecules 
having an important organoleptic impact on white wines with respectively boxwood/broom or 
grapefruit/passionfruit notes. These molecules decrease dramatically with wine oxidation [2-5]. On the 
other hand, other thiols with undesirable aromas, like 3-(methylsulfanyl)propan-1-ol (methionol) or 
2-sulfanylethanol (2-mercaptoethanol) also decrease with wine oxidation. Port wine studies have concluded 
that old Port wine (barrel aged) never develops “off-flavors” associated with the presence of methionol 
(cauliflower) or 2-mercaptoethanol (rubber/burnt). In fact, temperature and oxygen are the major factors in 
the consumption of these molecules [6].  

Sulfur dioxide (HSO3
-) can convert ortho-quinones back to ortho-dihydroxyphenols and react directly with 

ortho-quinones to form sulfonic acids. Interestingly, the potential of ascorbic acid to recycle ortho-
quinones back to ortho-dihydroxyphenols has also been suggested by various authors [7]. 

In this work, an attempt was made in order to determine the interaction between ortho-quinones and wine 
nucleophiles, like the amino acids phenylalanine and methionine, the thiols 3SH, 4MSP, and furan-2-
ylmethanethiol (2FMT), and the antioxidants sulfur dioxide and ascorbic acid, by cyclic voltammetry. 
For this purpose, wine-model systems with gallic acid, caffeic acid, or (+)-catechin were used. 
Cyclic voltammograms were taken in the absence and in the presence of nucleophiles.  

Materials and methods 
Model-wine solutions: amino acids, thiols, and antioxidants 
The use of phenylalanine and methionine is due to their important wine formation of potent “Strecker 
aldehydes”. The use of 3SH and 4MSP was due to their important contribution to wine varietal aroma. 
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Conversely, the use of 2FMT was due to its negative wine aroma impact with an odoriferous smelling of 
cooked meat. Sulfur dioxide and ascorbic acid were used due to their recognized wine antioxidant activity. 

Wine-model systems [ethanol 12% (v/v) and 0.033 M tartaric acid, pH = 3.6] with gallic acid, caffeic acid, 
or (+)-catechin at a concentration of 0.6 mM were used. The nucleophilic compounds were added in a 
concentration of 2.4 mM. 

Cyclic voltammetry 
Experiments were performed using a potentiostat (microAutolab Type III with an Autolab Faraday Cage) 
and voltammograms were obtained with a scan rate of 100 mV/s with an increment potential of 2.4 mV, 
between -0.5 V and 1.2 V. The working electrode was a 3 mm glassy carbon disk in combination with a 
Metrohm tipholder, cleaned by polishing with 3 µm alumina powder during 30 s followed by fixing the 
potential to 1.5 V in a 0.1 mol/L NaOH solution during 5 s, between acquisitions. A saturated calomel 
electrode was used as a reference electrode in conjunction with a platinum counter electrode. 
Each acquisition required 15 mL of sample. Oxygen was removed with a N2 current flow during 5 min 
prior to analysis. Cyclic voltammetry experiments were controlled by the GPES 4.9 software provided 
by Ecochemie. 
 

Table 1 - Evaluation of the anodic and cathodic peak potentials at pH 3.6 of the studied 
polyphenols [Ep,a - anodic peak potential (V); Ep,c - cathodic peak potential (V)] as well as the 

anodic and cathodic peak currents at pH 3.6 [Ip,a - anodic peak current (A); Ip,c - cathodic peak 
current (A)] during the cyclic voltammetry experiment 

Phenolic compound pH = 3.6 
  Ep1,a Ep2,a Ep1,c 

gallic acid 0.354 0.735 0.273 
caffeic acid 0.374 0.327 

catechin  0.354 0.747 0.283 
  Ip1,a x10-6 Ip2,a x10-6 Ip1,cx 10-6 

gallic acid 8.08 6.14 -1.00 
gallic+Phe 8.17 6.10 -1.00 
gallic+Met 8.12 6.02 -0.95 
gallic+3SH 7.01 6.25 -0.95 

gallic+4MSP 7.59 6.65 -0.93 
gallic+2FMT 6.03 5.85 -0.86 

gallic+SO2 9.70 8.02 -0.82 
gallic+AA 12.95 9.66 -0.58 

caffeic acid 9.20 -5.38 
caffeic+Phe 8.79 -5.23 
caffeic+Met 9.26 -5.44 
caffeic+3SH 8.38 -4.40 

caffeic+4MSP 10.61 -4.02 
caffeic+2FMT 5.24 -2.57 

caffeic+SO2 7.73 -1.15 
caffeic+AA 13.64   -2.82 

catechin 5.08 6.39 -3.36 
catechin+Phe 4.03 4.97 -2.72 
catechin+Met 3.55 4.84 -2.39 
catechin+3SH 3.80 5.51 -2.26 

catechin+4MSP 4.29 5.98 -1.89 
catechin+2FMT 2.98 4.82 -1.74 

catechin+SO2 3.97 6.83 -1.71 
catechin+AA 7.64 7.44 -1.59 

Phe, phenylalanine; Met, methionine; 3SH, 3-sulfanylhexan-1-ol; 4MSP, 
4-methyl-4-sulfanylpentan-2-one; 2FMT, furan-2-ylmethanethiol; AA, 
ascorbic acid; SO2, sulfur dioxide 
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Results and discussion 
During the cyclic voltammetry experiment, the anodic and cathodic peak potentials at pH 3.6 of the studied 
polyphenols as well as the anodic and cathodic peak currents at pH 3.6 were evaluated (Table 1). 
Cyclic voltammetry is a method to produce polyphenol quinones in a controlled manner (oxidation curves). 
If a rapid interaction of nucleophiles with polyphenol quinones occurs, there will be less available for its 
reduction at the carbon electrode on the reverse potential sweep (reduction curves). Conversely, if no 
interaction of nucleophiles with polyphenol quinones occurs, the cathodic peaks will be retained on the 
reverse potential sweep. 

Figures 1 to 3 represent the cyclic voltammograms of respectively the amino acids phenylalanine and 
methionine, the thiols 3SH, 4MSP, and 2FMT, and the antioxidants sulfur dioxide and ascorbic acid, 
in the absence and in the presence of three representative phenolic compounds (gallic acid, caffeic acid, and 
(+)-catechin). 

Amino acids 
Results have shown that phenylalanine and methionine have a small influence (till 5%) on the cathodic 
peak current intensities of gallic and caffeic acids (Figure 1a, b, and Table 1). On another hand, 
phenylalanine and methionine decreased the current intensities of the cathodic peak of (+)-catechin by 
19 and 29%, respectively (Figure 1c and Table 1). These results point to an interaction of the above amino 
acids with the (+)-catechin quinone. 
 

 
Fig. 1 - Cyclic voltammograms taken for amino acid interactions with: a) gallic acid; 

b) caffeic acid; and c) (+)-catechin. 
 
Thiols 
Results have shown that 3SH and 4MSP have decreased the cathodic current intensities of all the analyzed 
polyphenols. Furthermore, the decrease rate follows, respectively for 3SH and 4SMP, the order: 
(+)-catechin (by 33 and 44%) > caffeic acid (by 18 and 25%) > gallic acid (by 5 and 7%) (Figure 2 and 
Table 1). These results indicate that 4MSP is more reactive with quinones than 3SH. Considering 2FMT, 
the decrease of the cathodic current intensities of all the analyzed polyphenols were higher than the former 
thiols (14% for gallic acid, 52% for caffeic acid, and 48% for (+) catechin). These results point to a rapid 
interaction of 2FMT with the caffeic acid and (+)-catechin quinones.  
 

 
Fig. 2 - Cyclic voltammograms taken for thiol interactions with: a) gallic acid; 

b) caffeic acid; and c) (+)-catechin. 
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Antioxidants 
Results have shown that ascorbic acid decreased the current intensities of the cathodic peaks of gallic acid, 
caffeic acid, and (+)-catechin by 42, 48, and 53%, respectively (Figure 3 and Table 1), pointing to a rapid 
interaction of ascorbic acid with the oxidized polyphenol quinones. In the same way, results have shown 
that sulfur dioxide decreased the current intensities of the cathodic peaks of gallic acid, caffeic acid, and 
(+)-catechin by 18, 79, and 49%, respectively (Figure 3 and Table 1), also pointing to a rapid interaction of 
ascorbic acid with the oxidized polyphenol quinones. 
 

 
Fig. 3 - Cyclic voltammograms taken for antioxidants interactions with: a) gallic acid; 

b) caffeic acid; and c) (+)-catechin. 

Conclusion 
As quinones are electrophilic species which can react with various nucleophiles, a nucleophilicity scale 
related to the cathodic current intensity decrease of gallic acid, caffeic acid, and (+)-catechin quinones with 
phenylalanine, methionine, 3SH, 4MSP, 2FMT, ascorbic acid, and sulfur dioxide was attempted by cyclic 
voltammetry. Results have shown that the lowest reactivity with quinones was attributed to amino acids. 
Concerning thiols, 4MSP was more reactive with quinones than 3SH, but the highest reactivity was 
attributed to 2FMT. Sulfur dioxide and ascorbic acid had higher and similar reactions with quinones. 
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Aging – oxygen – temperature – kinetic parameters 

Introduction 
Port is a naturally sweet wine produced by interrupting alcoholic fermentation by the adding of grape spirit. 
Chemical reactions occurring during Port wine aging can contribute to the changes in the Ports sensorial 
profile, contributing to the establishment of different categories: bottle-aged (“vintage” category) or barrel 
aged (“tawny” category) wines. The changes in the composition of volatile compounds during Port wine 
aging can be related to parameters such as dissolved O2 [1], pH and temperature [2]. These parameters will 
affect the aromatic profile of Ports as the result of several chemical mechanisms. Therefore, wine aging is a 
complex system, which requires more information to be analyzed to better understand the mechanisms at 
play. Given this, techniques capable to capture information about a broader range of compounds 
participating in the aging process are necessary to achieve a better understanding of the process. 

Chemiomics has been defined as the study of the relationships between as many chemical compounds as 
possible in a complex chemical (nonenzymatic) system. Network reconstruction has proven to be useful in 
visualizing the relationships between all the compounds present in a dataset and the changes in their 
concentration over time. The aim of this study is to use network reconstruction and kinetic parameters in 
order to extract more information related with aging mechanisms.  

Materials and methods 
Wines 
The wines used in this study were as follows. Group 1: real aged Port wines (34 samples) with ages 
between 1 and 129 years. Group 2: red Port wine made in the year of the experiment (without any oak 
contact) with a pH of 3.4, 2.5 mg/L of dissolved oxygen, 17 mg/L of free SO2, 105 g/L of reducing sugars 
and 20.5% of alcohol. 

Oxygen treatments 
Group 2 has been prepared in order to analyze the effect of parameters that are believed to be important in 
the aromatic modifications of Port wines, namely, oxygen concentration and temperature. The experiment 
was performed at four different temperatures (20, 30, 35 and 40ºC) and a series of sequential oxygen 
saturation (0 to 10 saturations). Oxygen treatments included: 0 (F1), 3 (F2), 5 (F3) and 10 (F4) saturations. 
Samples were taken daily during 10 weeks (63 days). Compounds were extracted by a liquid-liquid 
extraction (LLE) and the extracts were analyzed by gas chromatography-mass spectrometry (GC-MS).  

Network reconstruction 
The ASCII file of chromatographic data obtained from each group 1 samples has been extracted and all the 
m/z channels were normalized to total intensity to yield a total ion current (TIC) chromatogram for each 
sample. Network reconstruction has been constructed according to Jacobson et al. [3]. Kinetic parameters 
were calculated with group 2 wines according to Martins et al [4]. An analysis of variance (ANOVA), 
using MATLAB, was applied to the experimental data; the results were considered to be significant if the 
associated p value was <0.05. 
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Results and discussion 
Figure 1 shows the network derived from the correlation between all peaks. Each node represents the center 
of a peak (Kovats index) and each edge represents the best correlation between the peaks. Fold changes 
between 1- and 129-year old wines were calculated for each peal and the nodes colored accordingly with 
shades of red representing increasing concentration.  

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1 - GC-MS network. 
 
The thickness of each edge has been scaled to represent the level of correlation (thicker lines mean higher 
correlation values). Using pure standards, it is possible to explore and extract more information from the 
network. Three main branches were observed. Branch A included compounds such as hexanoic, octanoic 
and decanoic acids, which cluster together. The ANOVA analysis on group 2 wines shows that acids are 
not dependent on O2 or temperature. In branch B, were identified: 5-hydroxymethylfurfural (HMF), 
furfural, ethyl furoate vanillin, γ-ethoxycarbonyl-γ-butyrolactone and organic acid esters such as diethyl 
tartrate. All the compounds identified tend to increase during aging and ANOVA shows that significant 
differences were established across the temperature conditions, meaning that all the compounds identified 
were dependent on temperature. 

In branch C were identified compounds such as: benzaldehyde, cis- and trans- dioxanes and dioxolanes. 
All these compounds are formed by reactions dependent on oxygen. Benzaldehyde is formed by the 
oxidation of benzyl alcohol and dioxanes and dioxolanes by the reaction of acetaldehyde and glycerol [5]. 
In a particular sub-branch of branch C has been identified 3-hydroxy-4, 5-dimethyl-2 (5H)-furanone 
(sotolon), whose mechanism is not totally fully understood, but it has been proved that in Port wine its 
formation is dependent on temperature and oxygen [5]. Kinetic parameters have been calculated in order to 
validate the network connections between the compounds. 

These observations would seem to validate the assumptions made that compounds grouped on the same 
branch of the network have the same time expression and consequently the same kinetic order. It was also 
observed that compounds grouped together are sensitive to the same technological parameter. 
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Conclusion 
The network reconstruction is very useful in visualizing the relationships between all of the compounds 
detected via GC-MS and their changes in concentration over time. This view of the data should provide 
considerably more information in an effort to understand the probable kinetic contexts of the molecules 
represented by peaks in each chromatogram. As such, the approach described here should indeed be a very 
powerful tool for the further study of mechanisms and kinetic networks in complex mixtures, such as 
wines. 
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Pinot Noir – pre-fermentative maceration – phenols – sensory perception 

Introduction 
World over, Pinot Noir is considered among the most noble red varieties. Pinot Noir grapes typically 
contain low anthocyanin concentrations in the skins, while at the same time exhibiting high concentrations 
of seed tannins, such as catechin and epicatechin [1, 2]. This unfavorable anthocyanin to flavan-3-ol ratio 
can cause significant challenges for winemakers. Maceration plays a key role in steering the quality of the 
wine, with the goal of avoiding wines lacking fruitiness and color, or alternately over-extracted, tannic 
wines. Pre-fermentative maceration, or cold soaking (CS), is one technique which aims to lengthen the 
portion of maceration which takes place in the absence of alcohol. As the extraction of seed tannins 
requires the presence of ethanol, while anthocyanins are largely water soluble, this method appears to hold 
particular promise for improving the quality of Pinot Noir wines. By applying this technique, 
improvements in color and mouthfeel, as well as all manner of other qualities, ranging from changes in 
aroma to improved aging potential are reported [3]. However, despite such observations, studies which 
have been performed leave much still unclear as to the precise effects of CS, and particularly how it 
impacts the sensory perception of the wines.  

Materials and methods 
Five days of “cold soaking” at 5°C was included in fermentations of 10 and 15 days, keeping the total 
duration of maceration, fermentation temperature, and punch down frequency equal. All fermentations 
were carried out in repetitions. The description and denotation of the experiments are shown in table 1. 
 

Table 1 - Description and denotation of the experiments 

Experiment 5+5 Days 5+10 Days 10 Days 15 Days 

description 

5 days CS 5 days CS no CS no CS 

5 days 
alcoholic 
maceration 

10 days 
alcoholic 
maceration 

10 days 
alcoholic 
maceration 

15 days 
alcoholic 
maceration 

 

Grapes of Vitis vinifera L. c.v. Pinot Noir, clone Auer 2107, were harvested in 2011 from a vineyard of 
Weingut Bergdolt – Klostergut St. Lamprecht, Palatinate, Germany. Grape and must composition at harvest 
is shown in table 2. 
 

Table 2 - Grape and must composition at harvest. All measures were made using Foss Grapescan FTiR. 

Density Titratable acidity [g/L] pH Malic acid [g/L] Tartaric acid [g/L] 
1.089 7.6 3.0 4.8 4.0 



OENO 2015  

492 

After de-stemming and crushing the grapes, 50 mg/L of SO2 was added in the form of 87 mg/L of 
potassium bisulfite (KDS), and the must thoroughly mixed. The juice was then separated from the pomace 
and divided equally into eight 50 L inox steel vats, resulting in 15 L of juice and 35 kg of pomace per vat. 
All treatments received 30 g/hL of Lallemand GoFerm® yeast nutrient and 0.06 g/hL Thiamin, prior to 
being inoculated with 30 g/hL of Lallemand RC212 yeast rehydrated according to manufacturer 
recommendations (Lallemand, Montreal, Canada). 800 g of sucrose was dissolved in each vat to raise the 
potential alcohol level by 10 g/L. After fermentation, pressing, settling and racking, the wines were 
inoculated with 2 g/hL VP41 lactic acid bacteria according to manufacturer recommendations (Lallemand, 
Montreal, Canada). Spectrophotometry (color intensity & tone), HPLC-DAD (total anthocyanins and 
flavan-3-ols), Glories (phenolic maturity), Folin-C, MCP and Harbertson-Adams assays (characterization 
of phenolic composition), as well as descriptive sensory analysis were used to analyze the differences 
between the variations. 

Results and discussion 
The results of the standard chemical analysis (ethanol, reducing sugars, pH, volatile acidity and total 
acidity) of the wines after bottling did not show any significant differences with 0 g/L reducing sugars, 
105 g/L ethanol and pH 3.7. Phenolic maturity of the grapes, calculated before and after cold soak by 
Glories method, is shown in Figure 1. 
  

 
Fig. 1 - Phenolic maturity by Glories method before and after cold soaking. 

 
Both the anthocyanin extractability and the contribution of seed tannins to the total phenol content were 
reduced through pre-fermentative maceration. The amount of not extractable anthocyanins decreased by 
23% and the participation of seed tannins to the total phenol content by nearly 30% compared with the 
values calculated at harvest. This shows that the CS led to an overall improvement in the extractability of 
compounds in the grape skin, as compared with the grapes prior to soaking. The change in color intensity 
during maceration, after MLF and after bottling can be seen in Figure 2. In the (5+5 Days) and (5+15 Days) 
treatments, an increase can be seen during CS, with both variants showing nearly three times higher 
absorbance values at fermentation start as compared with the non-cold soak treatments. 

Though less pronounced thereafter, these higher CI measurements in the cold soak treatments persist 
through fermentation and can continue to be seen both after MLF and in the bottle, with final values 0.5 
absorbance units (AU) higher than in the control wines. After MLF, a large reduction in CI is seen in all 
treatments through bleaching of anthocyanins and the active removal through adsorption as a function of 
the addition of SO2 and filtration. Interestingly, the observed increase of CI during CS is not due to the 
extraction of monomeric anthocyanins as shown in Figure 3. At bottling, however, these variants show 
higher concentrations than the control treatments. Contrary to the behavior of the anthocyanins, the CS 
treatments show a slight increase in flavanol concentration during pre-fermentative maceration (Figure 4).  
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Fig. 2 - Color intensity, measured in absorbance units (AU). Time of cold soak is shown 
as negative days relative to start of AF. Error bars show standard deviation between 

experimental repetitions (n=2). 

 

 
Fig. 3 - Concentration of monomeric anthocyanins. Time of cold soak is shown as negative days 

relative to start of AF. Error bars show standard deviation between experimental repetitions (n=2). 

 

 
Fig. 4 - Flavan-3-ol monomer concentration. Time of cold soak is shown as negative days relative 

to start of AF. Error bars show standard deviation between experimental repetitions (n=2). 
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The flavan-3-ol monomer concentration differs greatly between all treatments at bottling, showing apparent 
influence of total maceration time. Though the highest total maceration time produced the highest 
flavan-3-ol concentrations, the CS treatments showed significantly lower concentrations than their control 
wine counterparts. By calculating the flavan-3-ol to anthocyanins ratio (FAR) in the bottled wines values of 
0.2 (5+5 Days); 0.4 (10 Days); 0.5 (5+10 Days) and 0.8 (15 Days) can be obtained. After bottling in 2012 
and two years later in 2014 the wines underwent a descriptive sensory analysis with 15 and 11 trained 
judges respectively in repetition each time. Figure 5 shows the results of the descriptive analysis, 
comparing the four treatments at the two dates. 

 

 

Fig. 5 - Descriptive analysis for sensory attributes of all treatments. Sensory analysis 2012 left 
(n=15 judges x 2 replicates), 2014 right (n=11 judges x 2 replicates). Mean scores and significance are 

shown for all attributes (* indicates p < 0.10, ** p < 0.01, *** p <0.001, ns = not significant).  

In 2012 judges were clearly able to differentiate between the CS and control treatments based on 
appearance, with very highly significant differences in both hue and color intensity. Several other attributes 
were also noted as significantly or highly significantly different between treatments, particularly the in 
mouth modalities. Here, the control treatments were noted as being more astringent and having a harsher 
mouthfeel, than the CS treatments. The (5+5 Days) treatment was the only observed to have less dry 
tannins compared with all other treatments, being significantly different in this regard. This treatment also 
shows the highest significance regarding aroma descriptors, being noted as having more strawberry and 
mint aromas. Though not significantly different, the (5+10 Days) treatment was also noted as having more 
strawberry aroma. The sour cherry attribute was observed to be more prominent in the treatments which 
spent more time in contact with the pomace. Though described as the fruitiest variant, the (5+5 Days) 
treatment was also the only which was ascribed significantly more noticeable medicinal/meaty aromas. 
Contrary to the result in 2012 the descriptive analysis three years after harvest revealed less significant 
differences between the treatments. The sensory profiles drew near during aging and only the attributes 
color intensity, strawberry and medicinal/meaty revealed significant differences between treatments. 
Here the (5+10 Days) treatment showed the highest color intensity with significantly perceived stronger 
strawberry aroma. Nevertheless it can be stated that both CS treatments showed the highest color intensity 
and therefore superior potential for long term color stability.  

The correlation biplot obtained through PLS regression using the analyses of phenolic content as predictors 
for the sensory evaluation of in mouth modalities and color in 2012 can be seen in Figure 7. Using this 
statistical method, the differentiation of the four treatments becomes even more distinct, with all wines 
occupying a separate quadrant along the x and y axes. Correlations between the sensory descriptors and 
treatments are again clearly shown, with these relationships only modified slightly through inclusion of the 
chemical parameters as predictors. Using this statistical method, the differentiation of the four treatments 
becomes even more distinct. Both CS wines are again shown to correspond with both observed increases in 
color and hue, observations predicted through anthocyanin monomer concentration, hue and chroma 
measurements. The (15 Days) and (10 Days) treatments, while remaining strongly correlated with all in 
mouth descriptors, are more clearly differentiated here, based on stronger correlation with phenolic content. 
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The perception of dry tannins can be seen as more directly related to the concentration of flavan-3-ol 
monomers, condensed tannins and total phenolic content than the perception of green tannins, astringency 
and bitter. Higher amounts of monomeric anthocyanins combined with low FAR values at bottling seem to 
improve long term color stability. Phenolic analyses of the treatments in 2014 still showed clear differences 
between the applied techniques. The PCA in Figure 7 shows once again the differentiation of the treatments 
separating them along the axes PC1 and PC2 which predict about 89% of the total variance. Both control 
treatments can be categorized based on their correlation with caffeic acid and flavan-3-ol monomers. 
In particular, the CS variants are not only significantly different from the control treatments, but also from 
one another, lying well separated on the PC1 axis. Color intensity once in sensory analyses and once in 
chemical analyses are again as relating closely with both CS treatments, while the sum of SPP and LPP 
correlate with the (5+10 Days) wine and the color intensity measured by sensory analyses. The (5+5 Days) 
treatment shows the highest amount of monomeric anthocyanins and caftaric acid.  

 

 
Fig. 6 - PLS correlation of sensory evaluation with analyses of phenolic composition (2012).  

The biplot shows the variables of the chemical analyses (x), the sensory evaluation (y), 
and the treatments as observations. 

 

 
Fig. 7 - Biplot of principal components 1 and 2 for mean scores of the phenolic data  

and one sensory data. 
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Conclusion 

While color intensity increased during CS, only slight change in anthocyanin and flavan-3-ol monomers 
was noted. Despite that the total phenols rise (data not shown), this might suggest that the increase in CI 
could be related to the extraction of co-pigments, such as caffeic acid or quercetin. Combining the observed 
changes in phenolic maturity (Glories method), the behavior of anthocyanins during CS and the analysis of 
the wines after bottling, the extractability of anthocyanins as primary factor improved through CS must be 
pointed out. Either the cold temperatures during CS or the activity of natural pectolytic enzymes during the 
lengthened period before AF are likely to have increased the permeability of the cell membranes in the 
grape skins. The wines which underwent cold soaking were, at the time of bottling, more intensely colored, 
smoother and somewhat fruitier than the comparative control wines. Even if the differences between the 
wines in regard of sensory perception were much smaller two years after bottling the difference in color 
intensity remained, with both CS treatments showing the highest values. When viewed in conjunction with 
the changes brought through a lengthening of maceration time, it seems clear that CS can be used as an 
effective tool in managing the phenolic composition and style of Pinot Noir. This technique seems 
especially well suited to fruit that is less than optimally ripe, offering a means of improving the 
extractability once alcoholic fermentation is initiated. 
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Pre-fermentation heat treatment – thermovinification – aroma compounds – varietal character 

Introduction 
There is an increasing interest in the world wine market in red wines with fruity characteristics. 
Thermovinification or Pre-fermentation heat treatment of grapes is becoming more widespread in France to 
produce wines that can fulfill these expectations. It is known to produce wines with a standardized sensory 
profile often described as “banana yogurt” by winemakers. Research works on volatile composition showed 
that maceration heat treatment allowed the elimination of a high amount of 3-isobutyl-2-methoxypyrazine 
[1] and that fermentation conditions of thermovinified wines particularly enhanced ester formation [2]. 
More recently, research works [3] suggest thermal degradation of several grape-derived aroma compounds 
or their precursors (i.e. some varietal thiols, monoterpenols and norisoprenoids) when grapes are heated 
during 3 hours at 70°C. Following these findings an experiment was launched in 2014 on Spanish Carignan 
and French Fer healthy grapes in order to study the impact of a pre-fermentation heat treatment of grapes at 
50°C. The aim of the study was to modulate the sensory profile of thermovinified wines while maintaining 
the softness and the sweetness in the palate that characterized this kind of wines. 

Materials and methods 
Grapes and thermovinification treatments 
Carignan and Fer grapes used for this study were obtained from two commercial vineyards located in Font-
rubí (DO Penedès, Spain) and Lisle-sur-Tarn (AOP Gaillac, France) respectively. Grapes were destemmed 
manually and for each cultivar 8 homogenous lots of 800 g were constituted. Two levels of temperature 
(50°C and 75°C) and length of heating (30 minutes and 3 hours) were investigated in duplicate for each 
variety. Analyses were performed in musts and wines prepared under micro-vinification techniques 
(1L Erlenmeyer). After the grapes were crushed and received a sulfur addition (400 mg/L), the pre-
fermentation heat treatment was undertaken using a water bath system. The rise in temperature of the 
grapes from room temperature up to the desired temperature was fast, taking exactly 40 minutes. 
Grapes were then pressed under controlled conditions (200 kPa for 2 min) using a laboratory press and 
musts were centrifuged (14 000 × g for 6 min). 

Enological and microbiological analyses 
100 mL of musts were sampled to perform classical enological (°Brix, TA, pH, tartaric and malic acids, 
NH4+, amino acids, K+, TPI, anthocyanins, color hue, color intensity) and microbiological analyses mainly 
according to the OIV methods [4]. After 10 days of alcoholic fermentation, whose kinetics was followed 
daily by manual weighting of the flasks, wines were centrifuged, received a sulfite addition of 80 mg/L 
before being bottled and stored at 4°C until analysis. Major, minor, polyfunctional mercaptans and 
alkylmethoxypyrazines (in Fer only) were determined in wines using the methods proposed and validated 
in our laboratory [5-8]. Statistical analyses were conducted with Xlstat software (Addinsoft, Paris, France). 
Principal component analysis (PCA) was employed using means of 2 replicates for each of the aroma 
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compounds measured in wines (except 3-isobutyl-2-methoxypyrazine - IBMP). Analytical data with the 
exception of IBMP were subjected to a three-way analysis of variance (ANOVA) treatment with first-order 
interaction. IBMP data were treated by a two-way ANOVA with interaction and then because the 
interaction was not significant, subjected to a two-way ANOVA. 

Results and discussion 
The PCA treatment (Figure 1) shows that even if the variety remains the principal factor that allows 
discriminating the experimental wines, both temperature and length of heating have a large influence on 
the aroma compound composition of wines. While Carignan wines are grouped by temperature, Fer wines 
are organized on the plot by length of heating which suggests that temperature is a key factor for making 
thermovinified wines from Carignan, while for Fer length of heating has a larger impact. Differences 
between grape varieties in kinetics of extraction of skin compounds (i.e. polyphenolic compounds) from 
grapes heated at different levels of temperature for distinct periods have been previously described [9]. 
As grape-derived aroma compounds found in wines are either directly extracted from the skin or derived 
from precursors located in the pericarp, such results could be expected. 

 

 
Fig. 1 - Principal component analysis of aroma compounds measured in experimental wines. 

 
The impact of variety, temperature and length of heating on a selection of compounds measured in 
experimental wines is shown in Table 1. This selection which was based on results of previous research 
works [4] included some grape-derived aroma compounds, one fatty acid and one acetate that are known to 
have a significant contribution in the “banana yogurt” typical sensory profile of thermovinified wines. 
As expected, in accordance with previous research works [4], higher temperature and extended length of 
heating enhanced the extraction from the skin of amino acids and polyphenolic compounds as reflected by 
TPI values. Surprisingly, such increase in nitrogen content of the must did not impact isoamyl acetate and 
hexanoic acid concentrations in wines. In Fer wines, no differences in IBMP concentrations were identified 
between the experimental wines which show that a heating at 50°C – which corresponds to the boiling 
point of this compound [1] – is enough when making thermovinified wines to get rid of most of the 
“removable” pyrazine. The same kind of conclusion can be drawn for Saccharomyces yeasts as neither 
temperature nor length of heating impacted the final population in musts that remains low.  

β-citronellol whose concentration in wines is the resultant of free and bound forms, decreases with increase 
in temperature. It can be explained by the destruction of the associated β-glycosidase activity and/or 
thermal degradation of precursors/free compounds at 75°C. For other parameters shown in Table 1, 
such degradation can also be identified and final concentration in wines seems to be the resultant of both 
extraction from the skin and degradation. The negative impact of temperature of heating is particularly 
obvious for anthocyanins, β-damascenone, and 3-mercaptohexanol in Carignan wines. Carignan wines 
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Table 1 - Impact of cultivar, temperature and length of heating on a selection of parameters measured in musts and wines 
 

 

aMean of 2 replicates; b3-isobutyl-2-methoxypyrazine, manalyzed in musts; wanalyzed in wines; ns non-significant 

Parameter 

Fer N Carignan N P-values 

50°C 75°C 50°C 75°C 
Variety 

(V) 
T°C  
(T) 

Length 
(L) VxT VxL TxL 

30’ 3h 30’ 3h 30’ 3h 30’ 3h 

Amino acidsm (mg/L) 134a 186 196 245 91 120 123 146 <0,001 <0,001 <0,001 <0,001 <0,001 ns 

TPIm 23,4 45,1 57,2 82,4 51,7 68,0 70,4 80,8 <0,001 <0,001 <0,001 <0,001 0,01 ns 

Anthocyaninsm (mg/L) 358 1141 1416 1527 952 1448 1483 1329 <0,001 <0,001 <0,001 <0,001 <0,001 <0,001 

Saccharomycesm (CFU/mL) 13,5 17,5 2,0 15,0 609 12 10 8,5 ns ns ns ns ns ns 

Isoamyl acetatew (mg/L) 1,27 1,86 2,26 1,40 0,34 0,22 0,37 0,54 <0,001 ns ns ns ns ns 

Hexanoic acidw (mg/L) 1,07 1,41 1,71 0,77 1,04 0,99 0,89 1,13 ns ns ns ns ns ns 

β-damascenonew (µg/L) 3,49 0,17 1,49 0,48 5,42 3,21 2,43 1,11 <0,001 <0,001 <0,001 <0,001 ns <0,001 

β-citronellolw (µg/L) 10,11 9,84 10,20 8,15 8,65 8,67 6,94 7,79 <0,01 <0,05 ns ns ns ns 

3-mercapto-hexanolw (ng/L) 1360 338 1133 417 2395 2188 1131 613 <0,01 <0,01 <0,05 <0,05 ns ns 

IBMPb,w (ng/L) 18,2 16,1 16,5 18,4 - - - - - ns ns - - - 
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made from grapes heated at 50°C for 3 hours presented significantly higher concentrations in anthocyanins 
(+119 mg/L), 3-mercapto-hexanol (+257%), and β-damascenone (+189%) in comparison with wines made 
after a 3 hour heat treatment of grapes at 75°C, a couple T°C/length of heating frequently implemented in 
industrial conditions. Consequently a large impact on the sensory profile of Carignan wines is expected. 
However the same conclusions could not be drawn for Fer which lead us to think that mechanisms involved 
are complex and deserve further study. Even if the experimental musts were deeply centrifuged prior to 
fermentation, presented a very low and comparable solid contents, conditions of fermentation may also 
play a role in the release of aroma compounds from their precursors.  

Conclusion 
Our results show that a pre-fermentation heat treatment of grapes at 50°C for 3 hours could be implemented 
on Carignan healthy grapes to produce colored red wines with high concentrations in varietal aroma 
compounds (i.e. β-damascenone, 3-mercaptohexanol). The overall impact expected on the sensory profile 
of wines is large and will be evaluated soon by the tasting of wines elaborated under micro-vinification 
conditions (75 kg). The same results could not be observed in Fer wines which suggests that i) mechanisms 
involved are complex and aroma compound concentrations in wines are the resultant of both extraction 
from the skin and thermal degradation, and ii) temperature and length of heating must be adapted to each 
grape variety. The impact of these two factors on polyphenolic composition was also investigated in 2014 
and results will be available soon. Alternatively, as this range of temperature could never be implemented 
on botrytised grapes, a partial Flash-détente process is currently under study in collaboration with Pera. 
It consists in heating the grapes briefly at 75°C to inhibit laccase activity and to limit thermal degradation, 
and then after vacuum and release at atmospheric pressure, the maceration is maintained with the skin for 
several hours at 50°C. 
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SO2 – diminution des intrants – molécules combinant le SO2 

Introduction 
La diminution de l’utilisation du SO2 est une thématique de plus en plus recherchée par les vinificateurs. 
Les raisons qui sous-tendent ce choix sont nombreuses, et concernent entre autres le souhait de diminution 
d’un intrant considéré comme de moins en moins actif vis-à-vis des altérations microbiologiques ; 
des critères organoleptiques ou des optimisations des caractéristiques chromatiques ; ou bien en réponse à 
un marché souhaitant la diminution des allergènes dans les vins.  

Dans le cas de cette étude, il s’agit, non pas d’annuler totalement l’utilisation de SO2, mais de limiter son 
emploi, en ayant pour objectif de potentialiser son action. L’activité du SO2 dépend d’une part de critères 
chimiques intrinsèques au vin (pH et TAV notamment), mais aussi de la présence de molécules combinant 
le SO2. Les travaux présentés ici visent donc non seulement à limiter l’emploi de SO2, mais aussi la 
synthèse de molécules le combinant lors des fermentations et de l’élevage du vin.  

Divers essais assortis d’analyses microbiologiques et chimiques permettent d’observer les conséquences de 
la diminution du SO2 et de proposer des alternatives lors de plusieurs essais à l’échelle pilote. 
Des marqueurs microbiologiques (populations levuriennes et bactériennes) mais aussi chimiques comme la 
mesure du niveau de molécules combinant le SO2 ont été appréhendés.  

Matériel et méthodes 
Mise en place des essais 
Différents essais ont été réalisés en chai, sur des volumes allant de 2 hL à 4 hL. Les cépages utilisés sont le 
merlot, le cabernet sauvignon et le petit verdot, sur vendange ramassée et triée manuellement ou 
mécaniquement (précisions dans le texte ou légendes). Pour les différentes modalités composant les essais, 
la vendange a été répartie de façon homogène dans les différentes cuves. Lorsqu’ils sont ensemencés, 
les moûts le sont le plus rapidement possible selon les préconisations du fabriquant, dès l’encuvage, et les 
cuves préalablement inertées. Les cinétiques fermentaires sont appréciées par densimétrie. 

Analyses microbiologiques 
Les populations de levures totales et les levures non-Saccharomyces sont dénombrées sur des milieux 
gélosés spécifiques (SARCO). Les populations de B. bruxellensis sont déterminées par Q PCR (Bio-Rad). 

Mesure du SO2 total et libre, calcul du TL35 
Les teneurs en SO2 total et en SO2 libre sont appréciées par dosages colorimétriques en flux continu. 
Les incertitudes sont respectivement de 7% et 8%.  

Le TL35 (incertitude 15%) est un indice mesuré après ajouts dosés de SO2 dans l’échantillon, sur une 
gamme allant de 0 à 200 mg/L : Après dosage du SO2 total et du SO2 libre, une droite SO2 total = f 
(SO2 libre) est obtenue et permet de calculer la dose théorique de SO2 total qu’il faut dans le vin pour 
obtenir un SO2 libre à 35 mg/L. Cette mesure est donc un indicateur du niveau de composés combinant le 
SO2 dans les vins. Plus il est élevé, plus leur concentration est importante. 
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Résultats 
Maitrise microbiologique du moût par le levurage 
Lors de vinifications de cépages rouges, un des rôles essentiels du sulfitage de la vendange est la maîtrise 
microbiologique du moût, afin d’assurer l’implantation de la seule espèce véritablement capable de mener à 
bien la fermentation alcoolique, S. cerevisiae. La figure 1 montre l’importance du levurage sur les 
dynamiques de levures non-Saccharomyces et indique que ce dernier participe davantage que le sulfitage à 
la maitrise de la population indigène, qui à lui seul, et à des niveaux de 2 à 4 g/hL, ne suffit pas à pondérer 
son développement. De plus, le développement de levures non-Saccharomyces indigènes participe 
directement à la synthèse de molécules combinant le SO2 (tableau 1).  

 

 
Fig. 1 - Dynamiques de levures non-Saccharomyces. Deux niveaux de sulfitage de la vendange 

ont été pratiqués, accompagnés ou non d’un levurage précoce (FX10, Laffort, appliquée à 20 g/hL) 
dès l’encuvage. Les essais ont été réalisés lors du millésime 2012, sur des volumes de 4 hL, 

à partir d’une vendange de merlot saine et ramassée manuellement. 
 

Tableau 1 - Populations maximales en cours de FA de levures non-Saccharomyces (NS) 
et lien avec le niveau de molécules combinant le SO2. Ces résultats proviennent du même 

essai que celui décrit à la figure 1.  

 
Vendange sulfitée 4 g/hL 

non ensemencée 
Vendange sulfitée 4 g/hL 

ensemencée 

Population maximale levures 
NS (UFC/mL) en cours de FA 2,1.10

6

 5,6.10
4

 

TL35 fin FA (mg/L) 84 71 

 
Dégradation de molécules combinant le SO2 lors de la fermentation malolactique 
Les bactéries lactiques sont capables de dégrader lors de la fermentation malolactique diverses molécules 
combinant le SO2 dont l’éthanal, l’acide pyruvique et l’acide 2-oxoglutarique essentiellement formés lors 
de la fermentation alcoolique lors de la phase de vinification. Néanmoins, la vitesse de la FML a un rôle 
déterminant dans ce processus (figure 2). Selon le délai de son achèvement, le TL35 peut diminuer, 
indiquant une dégradation nette de molécules combinant le SO2, ou bien au contraire augmenter. 
Cette augmentation est soit liée à un métabolisme atténué des composés combinant le SO2 par les bactéries 
lactiques, soit à une oxydation chimique de l’éthanol en éthanal plus importante que sa dégradation par 
les bactéries. 
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Les outils de stabilisation des vins post-FML 
Les données précédentes indiquent l’importance du levurage et la maîtrise de la FML (par le biais d’un 
ensemencement en bactéries lactiques) dans la maîtrise des composés combinant le SO2. Afin de poursuivre 
cet effort, et optimiser le premier sulfitage d’élevage, il peut être envisagé de diminuer dans un premier 
temps la flore post-fermentaire à l’aide d’agents de stabilisation microbiologique autres que le SO2. 
Le chitosane est une molécule utilisée en œnologie afin de diminuer les populations de B. bruxellensis mais 
son champ d’action est en réalité plus large et cible aussi bien les levures que les bactéries lactiques. 
La figure 3 indique que l’application à 8 g/hL d’un produit à base de chitosane (OenoBrett®, Laffort), 
permet en effet de limiter la présence de molécules combinant le SO2 alors qu’un sulfitage immédiat après 
FML (ici appliqué à une dose de 2 g/hL), au contraire, augmente leur synthèse.  

 

 
Fig. 2 - Relation entre le délai d’achèvement de la fermentation malolactique et le niveau de 

combinaison des vins vis-à-vis du SO2. Ces résultats proviennent du même essai que celui décrit à la 
figure 1. En fin de FA, le TL35 des vins se situe entre 70 et 85 mg/L. Les points pour lesquels le TL35 
sont les plus faibles correspondent à des essais ensemencés à 1 g/hL avec des bactéries lactiques 

sélectionnées (450 PreAc, Laffort). 
 

 

Fig. 3 - Effet de la stabilisation microbiologique post FML à l’aide d’OenoBrett® (Laffort) sur 
l’évolution de la teneur des vins en composés combinant le SO2. Les essais à itinéraire réduit en SO2 

sont comparés à des témoins sulfités à la vendange ainsi qu’après FML. Les essais ont été réalisés lors 
du millésime 2014, sur cabernet-sauvignon-petit verdot ramassé et trié mécaniquement. 
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Discussion et conclusion 
La limitation de l’utilisation du SO2 concerne la recherche de moyens œnologiques afin de limiter la 
présence de molécules le combinant et le rendre ainsi le plus actif possible. Il s’agit donc d’un cercle 
vertueux dont le point de départ est la maitrise de la flore fermentaire. En effet, ces travaux montrent que le 
développement des levures non-Saccharomyces, pondéré par le levurage, s’accompagne d’une 
augmentation des molécules combinant le SO2. Ces levures indigènes, en général plus sensibles au SO2 que 
l’espèce S. cerevisiae, répondent au sulfitage de la vendange par une synthèse accrue de ces composés. 
Des études d’écologie microbienne sur moûts et vins en cours de FA associées à la détermination fine de la 
sensibilité de différentes espèces et souches de levures non-Saccharomyces vis-à-vis du SO2 permettraient 
de préciser la participation de la microflore indigène vis-à-vis de leur synthèse.  

D’autre part, ces molécules peuvent ensuite être dégradées par les bactéries lactiques lors de la 
fermentation malolactique, mais aussi dans les jours qui la suivent [1]. Cette dégradation pourrait donc être 
optimisée en repoussant de quelques jours la stabilisation du vin après la fin de la FML. De plus, si la 
vitesse de la FML est clairement un élément important dans cette dégradation, il reste encore à appréhender 
l’impact de la souche de bactérie sur la qualité de cette dégradation.  

Enfin, pour limiter leur synthèse par les microorganismes en début d’élevage, il peut être envisagé dans un 
premier temps, de stabiliser les vins par d’autres moyens que le sulfitage, par exemple à l’aide de produits à 
base de chitosane, ce qui ne rendra que plus actif le SO2 rajouté par la suite. 

Abréviations 
FA, fermentation alcoolique ; FML, fermentation malolactique. 
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SO2 – microbiology (Brettanomyces, lactic acid bacteria) – wood antioxidant capacity  

Introduction 
The post-MLF (malolactic fermentation) SO2 addition is an essential event of the transition between 
fermentations and aging. At this stage, the SO2 plays two fundamental actions: the antimicrobial action and 
the antioxidant effect. Nowadays, the high pH found in most wines reduces the benefit of the molecular 
SO2 from a microbial point of view. Recent works on Brettanomyces strains have shown that some of them 
are resistant up to 1.2 mg/L of molecular SO2 [1]. These highly SO2 resistant strains take benefits from the 
elimination of other sensitive microorganisms when the molecular SO2 is only 0.4/0.5 mg/L. Perhaps that, 
contrary to the desired effect, the SO2 (associated with excessively low doses and / or too high pH) is partly 
responsible for contamination by Brettanomyces during wines aging. 

Biotechnological products are now available for effective antimicrobial actions at the end of MLF. 
Lysozyme inhibits correctly the lactic acid bacteria (LAB). Chitosan also acts on the LAB but also 
efficiently on Brettanomyces.  

Regarding the antioxidant effect we thought that wood barrels could potentially play a protective role. 
The development of an electrochemical sensor was used to estimate the influence of different cooperage 
factors on the antioxidant capacity (CaOx) suitable to be conferred by the wood to the wine. 
Optimized CaOx barrels were designed [2]. 

Tests were carried out to compare classical post-MLF SO2 additions (5 g/hL) in classic new barrels 
(control modalities) to a treatment with a mixture of lysozyme and chitosan in CaOx optimized barrels 
(test modalities) during different types of aging.  

Materials and methods 
Trials 
The trials presented in this work were conducted during the vintage 2014 in two different estates of the 
Bordeaux area, one located in the Saint-Emilion appellation, the other in the Pauillac appellation. 
In Saint-Emilion, the test was conducted on a Merlot wine after a MLF performed in barrels. In Pauillac, 
the test was conducted on a Cabernet-Sauvignon wine after a MLF performed in a stainless tank. 
In the control modalities, 5 g/hL of SO2 were added at the end of the MLF. In the test modalities, 
Lysozyme (Laffort) was added at 25 g/hL and chitosan in the form of the commercial product Oenobrett 
(Laffort) was added to the equivalent dose of 4 g/hL. The barrels used for control modalities were classic 
new barrels and the barrels used for test modalities were new barrels produced with optimized CaOx [2]. 
Each modality was duplicated. 

Microbiological monitoring 
Microbiological monitoring was done by numeration of LAB and Brettanomyces populations on nutritive 
selective media [3]. Serial dilutions of each wine sample were used to inoculate in triplicate plates of two 
different nutritive media. The yeast populations were cultivated on YPG medium (glucose 20 g/L, 
bactotryptone 10 g/L, yeast extract 10 g/L and agar 25 g/L, pH adjusted to 5.0 using orthophosphoric acid). 
To count Brettanomyces population, after sterilization, the medium was supplemented with biphenyl 
(Fluka) (0.015% w/v), chloramphenicol (Sigma Aldrich) (0.01% w/v) and cycloheximide (Sigma Aldrich) 
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(0.5% w/v). The plates were incubated at 25°C for 7 days. After culturing on plates, yeasts belonging to 
B. bruxellensis species were confirmed by PCR [4]. LAB were isolated on MRS modified medium 
(Lactobacilli MRS broth (Difco) 55 g/L, D-L malic acid (Prolabo) 10 g/L, agar 20 g/L, pH 4.8 with NaOH 
10N, supplemented with 20% of pasteurized commercial apple juice) on Petri dishes; yeast growth was 
inhibited by adding 50 mg/L of pimaricine (Delvocid, DSM Food Specialties) and acetic acid bacteria 
growth was inhibited by incubation under anaerobic conditions using an anaerobic system with a palladium 
catalyst (BBL). LAB plates were incubated at 25°C for 7 days.  

Chemical and dissolved O2 analyses 
Conventional chemical assays, free and total SO2, volatile acidity and color parameters were done by 
following the official methods recommended by the “International Organisation of Vine and Wine” (OIV) 
[5]. The level of volatile phenols was determined by SBSE/GC/MS. Levels of diacetyl (SBME/GC/MS) 
were also compared. The stability of the color was estimated by a cold test (measurement of the turbidity 
before and after the cold treatment, internal method of the laboratory SARCO). All the barrels were also 
fitted with an innovative device allowing to measure the rate of dissolved oxygen without opening the bung 
including a specific equipment inserted into the wood specially and exclusively developed by us, allowing 
the use of the oxo-luminescence technology manufactured by NomaSense® (Nomacorc). In this way, the 
oxygen dissolved in the wine present in barrels was monitored without opening the bung of the barrels.  

Results 
Figure 1 illustrates the evolution of the microbial populations in the trial realized at the Pauillac estate after 
the end of the MLF in the two modalities. This result is confirmed by the numeration done for the Saint-
Emilion trial, which is compiled in table 1. The results show that, in the two cases, the test wines without 
SO2 are microbiologically more stable than the control wines (with SO2).  

 

 
Fig. 1 - Microbial population in the two modalities of the Pauillac trial. Day 0 was the day of SO2 

addition in the control modalities and the day of chitosan and lysozyme addition in the test 
modalities (average of two duplicates). 
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Table 1 - Microbial numerations for the Saint-Emilion trial each month after the end of the 
MFL (* population below 1 CFU for 10 mL) 

 Lactic acid bacteria 
population (CFU/mL) 

Non-Saccharomyces ("Brettanomyces") 
population (CFU/mL) 

 Control Test Control Test 

1 month after the end 
of the MLF 

1,75.105 3,20.101 <1* <1* 

2 months after the end 
of the MLF 

1,10.105 1,26.102 1 2 

3 months after the end 
of the MLF 

2,60.105 7,65.101 10 1 

4 months after the end 
of the MLF 

1,80.105 4,55.102 3,0.101 1 

 

The analysis of the metabolites suitable to be produced by the residual microbial population (volatile 
phenols for the Brettanomyces and diacetyl for the LAB) for the Pauillac trial (Table 2) shows that the 
reduction of the microbial populations in the test modalities has an effect on the level of these metabolites.  

 

Table 2 - Chemical analyses performed 3 months after the end of the MLF during the Pauillac trial 

 Control Test 
Diacetyl (mg/L) 8,8 +/- 1,2 1,8 +/- 0,2 

4-ethyphenol + 4-ethylguaiacol (µg/L) 88 +/- 16 Not detected 

Volatile acidity (g/L of H2SO4) 0,38 +/- 0,04 0,24 +/- 0,01 

Turbidity 168 +/- 22 88 +/- 12 
 

Figure 2 shows the result of the color stability test done 3 months after the end of the MLF in the Saint-
Emilion trial. By this test, a significant delta of turbidity demonstrates a high instability of the coloring 
matter. In our case, the color is more unstable in control barrels than in test barrels. 

 

 

Fig. 2 - Analysis of the color stability 3 months after the end of the MLF in the Saint-Emilion trial. 
 

Figure 3 deals with the measurement of the O2 dissolved in the wines during the Saint-Emilion trial. Mainly 
at the beginning of the monitoring, the level of dissolved O2 was significantly lower in wines from the 
CaOx optimized barrels than in those from the control barrels. 
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Fig. 3 - Measurement of dissolved oxygen in wines during the Saint-Emilion trial. 
 

Conclusion 
The results obtained in these two trials are very promising. They suggest that the use of biotechnology 
agents such as lysozyme and chitosan is more effective from a microbial standpoint than the use of SO2 at 
the end of the malolactic fermentation. The wines of the test modalities were kept several months without 
SO2 and without microbial deviations. That does not mean that we should prohibit the use of SO2, 
but rather that SO2 should be added at more appropriate times. No addition of SO2 in wines at the end of 
MLF seems also to promote a better stabilization of the color. From a dissolved oxygen standpoint, it also 
appears that the selection of wooden barrels with high antioxidant capacity limits the dissolved oxygen in 
the wine more effectively than the presence of free SO2. 

Therefore the synergistic effects of chitosan, lysozyme and CaOx optimized barrels seem very interesting. 
New tests will be conducted to confirm these first observations and to better understand certain variables. 
The two trials differed by the management of MLF (in tank or in barrels, with a malolactic starter or with 
indigenous flora) and aging (racking frequency). It is also possible that these phenomena influence the 
results obtained with this protocol. 
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Barriques – ultrasons – hygiène – Brettanomyces 

Introduction 
La barrique est un élément essentiel lors de l’élaboration du vin notamment grâce à la complexité et aux 
caractéristiques gustatives qu’elle apporte. En effet, au cours de l’élevage en fût, l’oxygénation ménagée 
procure une meilleure stabilité physico-chimique et les échanges vin/bois procurent finesse, équilibre et 
complexité aromatique très appréciés du consommateur. La barrique "d’occasion" est donc, pour de 
nombreuses structures viticoles, une réponse bien adaptée pour le viticulteur à la recherche de l’équilibre 
vin/bois et de l’ajustement financier de sa production.  

Cependant, il est primordial de bien entretenir les barriques car l’accumulation des dépôts de tartre au cours 
des élevages successifs peut perturber les échanges bois/vin et oxygène/vin, en créant une véritable barrière 
mécanique. De plus, l’utilisation des barriques sur plusieurs élevages représente un facteur de risque 
important sur le plan microbiologique, puisque les reliquats de vins retenus dans les pores du bois 
(environ 5L pour une barrique de 225L), représentent un substrat nutritif idéal pour le développement et la 
survie de microorganismes indésirables pouvant être transmis au vin au cours des élevages ultérieurs. 
Le principal problème des vinificateurs lors de l’élevage en barriques usagées est le développement de 
levures d’altération du genre Brettanomyces responsables de l’apparition du caractère phénolé due à des 
teneurs excessives en éthyl-4-phénol et éthyl-4-gaïcol. En effet, lorsque la contamination est avérée, il est 
très difficile de nettoyer et désinfecter correctement le bois en profondeur ce qui est pourtant essentiel 
puisque les levures d’altération Brettanomyces pénètrent dans le bois jusqu’à 8 mm de profondeur [1]. 
Il existe de nombreuses méthodes de nettoyage ou désinfection de barriques : eau chaude, vapeur, 
traitement chimique, méchage, ozone, eau sulfitée et grattage-rebrûlage mais les nombreuses études à ce 
sujet ont toutes démontrées qu’elles ne permettaient pas une décontamination efficace dans la profondeur 
du bois [1-3]. 

Dans ce contexte, la société Dyogéna a développé un procédé de régénération de barriques basé sur 
l’utilisation d’Ultrasons Haute Puissance. En effet, les HPU (High Power Ultrasound) sont utilisés depuis 
peu dans de nombreux procédés industriels [4, 5] et sont caractérisés par des intensités supérieures à 
1 W/cm² et des fréquences comprises entre 20 et 100 kHz [6, 7]. Quand ils sont émis dans un liquide cela 
se traduit par la formation de micro bulles de haute énergie (phénomène de cavitation acoustique) [8, 9] qui 
génèrent localement des températures très élevées et des pressions supérieures à 50 MPa [6]. 
Le phénomène de cavitation généré par les HPU permet la mort des bactéries et levures par désintégration 
cellulaire [10, 11]. Enfin, les traitements HPU et thermiques (45-60°C) ont des effets synergiques sur 
l’inactivation des microorganismes [12]. 

Le but de cette étude est d’étudier l’impact du procédé de régénération par ultrasons haute puissance sur la 
qualité des vins élevés en barriques traitées. Ainsi, l’effet du procédé sur les microorganismes d’altération 
(en surface et en profondeur), sur le détartrage des barriques et sur son impact aromatique au cours de 
l’élevage du vin a été évalué et comparé aux résultats obtenus par nettoyage des barriques à la vapeur. 
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Matériel et méthodes 
Le principe du procédé consiste à remplir la barrique d’eau chaude (chauffée à 60°C par un système 
autonome) et à y appliquer des ultrasons haute puissance (20 KHz, 4 KW) par l’intermédiaire d’une 
sonotrode qui s’insère dans le trou de bonde du fût. La propagation des ultrasons va entraîner une légère 
dépression dans l’eau et la formation de bulles de vapeur d’eau qui, en même temps que la pression 
descend, vont imploser en libérant une énergie très élevée. Ces micro-bulles de cavitation (diamètre de 
l’ordre d’un micromètre) agissent en tout point du fluide de façon homogène (loi Pascal) et pénètrent en 
profondeur dans tous les trous et pores du bois. Cette vibration puissante va permettre de dissoudre le tartre 
et de briser les parois cellulaires des microorganismes en surface et en profondeur. L’eau utilisée pour le 
traitement de la barrique est filtrée et renvoyée dans le circuit afin d’être réutilisée (limitation des 
consommations). Ce système s’inscrit dans le cadre de la réduction des intrants oenologiques (utilisation 
d’eau chaude sans additifs ou produits chimiques). 

Résultats et discussion 
Détartrage / oxygénation ménagée 
Le traitement aux ultrasons permet de détartrer complètement les barriques (Figure 1). Le nettoyage en 
profondeur des barriques permet ainsi d’augmenter sensiblement l’oxygénation ménagée en comparaison 
au traitement vapeur (mesure de la vitesse de consommation d’oxygène à l’aide d’une méthode non 
intrusive : pastille Presens-pst3) (données non montrées). 

     A                                                                                 B                                    
 
 
 
 
 
 
 
 
 
 
     C                                                                                 D 
 
 
 
 
 
 
 
 
 
 

Fig. 1 - Photographie de l’intérieur d’une barrique ayant contenu du vin blanc durant un (A et B) 
et deux élevages (C et D) avant (A et C) et après (B et D) traitement de 6 minutes aux 

ultrasons haute puissance. 
 

Impact aromatique 
Afin d’évaluer l’impact aromatique du procédé, des barriques (chêne français) de différents âges (1, 2 et 3 
ans) et différentes marques ont été utilisées. Pour chaque comparaison, un vin issu d’un même lot a été 
entonné dans un même lot de barriques, seul le traitement initial avant entonnage (HPU 6 minutes ou 
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vapeur 6 minutes) était différent. Ces expériences ont été réalisées en triplicata (3 barriques par modalités) 
dans différents châteaux de la région bordelaise. L’impact aromatique du procédé a été évalué en réalisant 
des analyses sensorielles et des analyses chimiques des composés volatils du bois (GC-MS) à plusieurs 
reprises sur les 12 mois d’élevage.   

Les analyses sensorielles ont été réalisées selon la méthode décrite par Martin et de Revel [13]. Le panel 
était composé de 30 dégustateurs professionnels (14 femmes et 16 hommes) âgés entre 23 et 58 ans. 

Après 12 mois d’élevage, quelque soit l’âge de la barrique, les vins élevés dans les barriques traitées par 
ultrasons sont perçus d’un point de vue olfactif comme étant significativement plus intenses avec 
notamment des notes grillées/fumées plus importantes, mais aussi beaucoup plus nets et complexes 
(Figure 2). En bouche, les vins élevés dans les barriques traitées par ultrasons présentent un volume 
(caractère enrobant) plus important, sont mieux équilibrés et surtout moins asséchants que les vins élevés 
dans les barriques nettoyées à la vapeur. Il est intéressant de noter que ces différences organoleptiques 
étaient déjà perceptibles après 4 et 8 mois d’élevage mais elles sont beaucoup plus nettes après 12 mois.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 2 - Analyse sensorielle descriptive pour un même vin rouge élevé pendant 12 mois dans des 
barriques de 3 élevages traitées par ultrasons haute puissance ou nettoyées à la vapeur. 

Echelle des descripteurs graduée de 0 (faible intensité) à 7 (forte intensité). 
* signifie une différence significative (Test Student, p<0,05). 

 

Ces résultats sensoriels sont confirmés d’un point de vue analytique où les vins élevés dans les barriques 
traitées par ultrasons ont des concentrations en composés volatils du bois supérieures de 20% à 60% aux 
vins élevés dans les barriques nettoyées à la vapeur (somme des composés suivants : furfural, 
5-méthylfurfural, gaïacol, trans et cis-whiskylactone, eugénol, isoeugénol, syringol, vanilline, 
acétovanilline, syringaldéhyde, et acétosyringone) (Figure 3). L’augmentation de l’apport boisé est variable 
d’un type de barrique à une autre (influence du type de chauffe, de l’âge de la barrique, de la vinification). 
De même, l’augmentation de l’extraction des différents composés volatils est variable, même si 4 composés 
semblent toujours être extraits de manière significativement plus importante : le furfural, 
le 5-méthylfurfural, la vanilline et la trans-whiskylactone (Figure 4). 

 
                                              

 
Fig. 3 - Concentrations totales en 

composés volatils du bois dans le vin 
après 12 mois d’élevage dans des 

barriques de 1, 2 ou 3 ans nettoyées 
par ultrasons (HPU) ou vapeur. 

 

 

 

0

1

2

3

4
Intensité*

Complexité*

Grillé/fumé

Vanille

Planche*

Netteté 
aromatique*

Caractère boisé (olfactif)

3vins HPU

3vins vapeur

0

1

2

3

4
Boisé*

Sécheresse*

SucrositéVolume*

Equilibre*

Critères gustatifs

3vins HPU

3vins vapeur



OENO 2015 

512 

0

50

100

150

200

250

0 2 4 6 8 10 12

Tr
an

s-
w

hi
sk

yl
ac

to
ne

 (µ
g/

L)

3vins vapeur

3vins HPU

2vins vapeur

2vins HPU

1vin vapeur

1vin HPU

 

 

 

 

 

 

 

 

 

 

Fig. 4 - Evolution de la concentration en trans-whiskylactone dans des vins après 12 mois d’élevage 
dans des barriques de 1, 2 ou 3 ans nettoyées par ultrasons(HPU) ou vapeur. Valeurs moyennes 

de 3 répétitions, écart type maximal ≤ 10%. 
 

Cette augmentation de l’extraction des composés volatils du bois semble due à 2 phénomènes. 
Tout d’abord le procédé de régénération de barriques par HPU permet un nettoyage dans la profondeur du 
bois permettant d’extirper une grande quantité de vin retenu à l’intérieur des douelles et ainsi d’augmenter 
la surface d’échange entre la chauffe de la barrique (qui reste intacte) et le vin. Deuxièmement, le nettoyage 
vapeur induit un "lessivage" des barriques entrainant une perte d’aromes importante contrairement au 
nettoyage par HPU (données non montrées). 

Pour finir, le traitement des barriques par HPU n’a eu aucun impact au cours des 12 mois d’élevage sur les 
concentrations en polyphénols totaux (IPT), les valeurs de l’intensité colorante (IC) ainsi que les 
concentrations en SO2 libre, acidité volatile et éthanol. 

Elimination de Brettanomyces  
Afin d’étudier l’impact du procédé de régénération de barriques par HPU, nous avons choisi de travailler 
sur des douelles contaminées artificiellement en laboratoire. En effet, les barriques présentent toujours une 
hétérogénéité au niveau des contaminations microbiennes (d’une barrique à l’autre voire d’une douelle à 
l’autre sur une même barrique) et engendre des difficultés pour prélever de manière stérile et répétable. 

Des douelles provenant de barrique d’un et deux élevages ont ainsi été stérilisées par autoclavage puis 
introduit dans un bouillon de culture contenant des levures Brettanomyces bruxellensis. Après 8 jours dans 
ce "bain" de contamination, la concentration cellulaire en levure Brettanomyces a été évaluée par étalement 
sur milieu gélosé spécifique pour 3 profondeurs de bois différentes : 0 à 2 mm, 2 à 5 mm et 5 à 9 mm 
(Tableau 1). Les douelles ont ensuite été insérées dans des barriques support et ont subit 2 types de 
traitement : un traitement de 5 minutes par HPU (température de l’eau = 60°C) ou un traitement vapeur 
pendant 10 minute. Après traitement, la concentration cellulaire en levure Brettanomyces a de nouveaux été 
évaluée par étalement sur milieu gélosé spécifique pour les 3 profondeurs de bois différentes (Tableau 1). 

Le traitement par ultrasons des douelles contaminées a permis d’éliminer en profondeur toutes les levures 
d’altération Brettanomyces (jusqu’à 9 mm). Cette efficacité est due d’une part au fait que le procédé permet 
d’agir dans la profondeur du bois, d’autre part à l’effet biocide des HPU déjà mis en évidence pour d’autres 
applications par différents auteurs [10, 11] mais aussi à l’effet synergique entre le traitement aux ultrasons 
et l’effet thermique de l’eau à 60°C mise en contact des Brettanomyces nichées dans la profondeur 
du bois [12, 14]. 

Au contraire, le traitement à la vapeur permet d’éliminer les microorganismes présents dans les 2 premiers 
millimètres du bois mais laisse des microorganismes viables dans la profondeur des douelles ce qui 
représente un risque évident de recontamination du vin. Ces résultats sont dus à l’inertie thermique du bois. 
En effet, lors d’un traitement à la vapeur, les premiers millimètres du bois atteignent une température 
proche de 100°C permettant une élimination des levures Brettanomyces, alors qu’à 5 mm la température 
atteinte est inférieure à 50°C ne permettant pas une élimination totale de ces levures d’altération [12, 15]. 
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Douelles Traitements
Profondeurs 

prélèvements 
Avant traitement Après traitement

0-2 mm 5,4.107 0

2-5 mm 7,8.105 0

5-9 mm 1,7.104 0

0-2 mm 6,2.107 0

2-5 mm 5,1.105 8,3.104

5-9 mm 4,3.104 3,9.104

0-2 mm 1,3.108 0

2-5 mm 1,2.106 0

5-9 mm 4,1.105 0

0-2 mm 8,2.107 0

2-5 mm 5,6.106 9,1.104

5-9 mm 5,1.105 4,3.105

Concentration (cell/g de bois)

HPU 5 mn 

HPU 5mn 

1 élevage

Vapeur 10 mn

Vapeur 10 mn

2 élevages

Tableau 1 - Concentrations cellulaires en levures Brettanomyces (cellules/gramme de bois) 
dans des douelles avant et après traitement HPU et vapeur 

 
 

 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
Conclusion 
L’utilisation de barriques durant plusieurs élevages successifs présente un risque de déviation 
organoleptique principalement lié au développement de levures d’altération du genre Brettanomyces. 
De plus, l’accumulation des dépôts de tartre peut perturber les échanges bois/vin et oxygène/vin, en créant 
une véritable barrière mécanique. Il est donc primordial de bien nettoyer et désinfecter en profondeur 
les barriques.  

Le procédé de régénération de barriques par Ultrasons Haute Puissance (HPU) présente plusieurs avantages 
qualitatifs. En effet, il permet de détartrer complètement la barrique et ainsi restaurer l’oxygénation 
ménagée. Ce procédé a également un impact aromatique positif puisque les vins élevés dans les barriques 
traitées par ultrasons sont perçus d’un point de vue olfactif comme étant significativement plus intenses 
avec des notes grillées/fumées plus importantes, mais aussi beaucoup plus nets et complexes que des vins 
identiques mais élevés dans des barriques nettoyées à la vapeur. Ces résultats sensoriels sont confirmés 
d’un point de vue analytique où les vins élevés dans les barriques traitées par ultrasons ont des 
concentrations en composés volatils du bois supérieures de 20 à 60% aux vins élevés dans les barriques 
nettoyées à la vapeur. En bouche, les vins élevés dans les barriques traitées par ultrasons présentent des 
volumes plus importants, sont mieux équilibrés et surtout moins asséchants. 

Enfin, ce procédé, grâce aux effets synergiques entre traitement thermique (eau à 60°C) et effet biocide des 
HPU, se révèle très efficace pour l’élimination des levures d’altération du genre Brettanomyces en surface 
mais surtout dans la profondeur du bois (jusqu’à 9 mm). 
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Tartaric stability – polyaspartate – cold test – mini-contact test 

Introduction 

The precipitation of potassium bitartrate (KHT) represents the main cause for the formation of deposits in 
bottled wines. The tartaric stabilization of wines is normally achieved by subtractive techniques 
(cold treatment, electrodialysis and cation-exchange resins) [1]. In terms of sustainability of the 
winemaking process, the use of additives to prevent the formation and precipitation of KHT could be an 
interesting solution to reduce the costs for energy and amortization still maintaining wine quality.  

To date the authorized additives are metatartaric acid (MTA), mannoproteins (MP), and cellulose gums 
(CMC), but all of them are limited in their applicability: low stability over time (MTA), destabilizing effect 
for red wine color (CMC), and relative effectiveness as a function of wine composition (MP) [2-5]. 
New products based on polyaspartates have recently been studied in order to verify their effect on tartaric 
stability. Recent researches [6] have verified that the polyaspartates have stabilizing properties similar to 
those of the MTA, but are much more stable over time. The present work studied the influence 
of a potassium polyaspartate on KHT precipitation in 3 wines, whose physicochemical composition was 
adjusted at 2 levels according to a complete factorial design: pH, alcohol content and dose effect 
for the Montepulciano red wine and the Cortese white wine; pH and polyphenol content for the Pecorino 
white wine. 

Materials and methods  
Experimental design 
The work studied the effect of 3 different factors (pH, alcohol and polyphenol content) on the tartaric 
stability of the wines and on the stabilizing effectiveness of a potassium polyaspartate (K-PASP) at 
2 different doses. Three different experiments were carried out: in the first two, the influence of pH, alcohol 
content and dose of K-PASP were studied in a Montepulciano red wine and in a Cortese white wine. 
A complete factorial design was planned by varying upon 2 levels the factors pH (3.00 and 3.70), alcoholic 
content (11.5% and 15%) and dose of K-PASP (100 and 200 mg/L).  

In the third experiment, the effect of pH and polyphenol content was evaluated before and after the addition 
of 100 mg/L of K-PASP to a Pecorino white wine. A complete factorial design was planned by varying 
upon 2 levels the factors pH (3.00 and 3.70) and polyphenol content (zero and 2600 mg/L of added 
polyphenols). The polyphenolic extract added to the Pecorino white wine was obtained as follows from an 
Albarossa red wine: passage through a C18-column, washing with water, elution with methanol of the 
phenolic fraction, concentration to dryness and re-suspension with water:ethanol 1:1 v/v. 

Tartaric stability tests 
The wines used were limpid and with a variable degree of tartaric instability; the white wines were stable 
against protein precipitations. The evaluation of tartaric stability was performed with the cold test and the 
mini-contact test before and after the addition of K-PASP to the wines. The cold test consists in measuring 
the drop of tartaric acid concentration in wines by HPLC [7] before and after storage at -4°C for 6 days [4]. 
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The mini-contact test consists in measuring the drop of electric conductivity (S/cm) of 100 mL wine, 
maintained under stirring at 0°C, 4 min after the addition of finely micronized KHT (10 g/L) as a 
precipitating agent (Check Stab 2014 easy, Delta waters, Italy).  

Results and discussion 

The modifications of the physicochemical composition of the wines influenced their degree of tartaric 
instability, measured with the cold test and the mini-contact test (Figures 1 and 2). 
 

 
Fig. 1 - Influence of pH and alcohol content on the tartaric stability of the wines: cold test results. 

Different letters indicate trials that are significantly different from one another (p<0.05, Tukey’s test). 
  

 
Fig. 2 - Influence of pH and alcohol content on the tartaric stability of the wines: mini-contact test 

results. Different letters indicate trials that are significantly different from one another 
(p<0.05, Tukey’s test). 

 
The pH affects the dissociation equilibrium of tartaric acid: at equal tartaric acid content, a reduction of 
wine pH caused a decrease in bitartrate ion content, which is responsible for the formation of insoluble salts 
with potassium, thus decreasing the degree of wine tartaric instability. The pH effect was statistically 
significant for all the 3 wines, with both analytical tests employed to measure the tartaric instability 
(Figures 1 and 2). The pH effect is therefore appreciable both when the primary crystallization of KHT is 
caused by cold (cold test: effect on the solubility product of KHT) and when the secondary crystallization is 
caused by the addition of KHT salts in a micronized form (mini-contact test: effect on crystal growth).  

It is widely reported in the literature that the alcohol content affects the solubility of KHT in wines, which 
decreases by increasing the alcohol content: at equal composition, the higher the alcohol content in wines, 
the higher is their instability. During our experiment we found that the alcohol effect was statistically 

0

0,2

0,4

0,6

0,8

1

1,2

pH 3.00 pH 3.70 Alcohol degree                   
11.5%

Alcohol degree                               
15%

Co
ld

 te
st

 (D
H

2T
 in

 g
/L

)

Cortese white wine Montepulciano red wine Pecorino white wine

a
b

a

b

a

b

b
a

b

a

0

50

100

150

200

250

300

350

400

pH 3.00 pH 3.70 Alcohol degree                   
11.5%

Alcohol degree                               
15%

M
in

i-c
on

ta
ct

 te
st

 (D
c/

cm
)

Cortese white wine Montepulciano red wine Pecorino white wine

a
b

a
ba

b

a

aa

b



 Chimie du vin, procédés et composants du vin à effets physiologiques 

517 

significant when the tartaric instability was measured with the cold test (effect on KHT solubility, 
and therefore on the primary nucleation of KHT crystals) (Figure 1). On the contrary, the effect of the 
alcohol content on the tartaric instability was scarcely or not appreciable when the mini-contact test was 
used (Figure 2).  

The polyphenolic compounds can act as protective colloids [8] by slowing the KHT crystal growth in 
wines: their addition leads to a decrease in tartaric instability. In the course of the experiment two limit 
situations were compared for the same wine composition: a white wine as such and with the addition of a 
polyphenolic extract (from an Albarossa red wine), in order to increase the total polyphenol content up to 
about 2600 mg/L. In these conditions the intake of polyphenols played a statistically significant role in the 
tartaric stability, which was appreciable both with the cold test (before addition: average DH2T = 0.1 g/L; 
after addition: average DH2T = 0.02 g/L) and with the mini-contact test (before addition: 
Dc = 113.3 S/cm; after addition: Dc = 36.2 S/cm). 
 

 

Fig. 3 - Influence of pH, alcohol content and dose of added K-PASP on the tartaric stability of the 
Cortese white wine (mean values of DH2T during the cold test). 

 

Table 1 - Influence of pH, alcohol content and dose of added K-PASP on the tartaric stability of the 
Montepulciano and Pecorino wines after the addition of K-PASP (mean values of the cold test and 

the mini-contact test). Different letters on the same row (separately for each factor and wine) 
indicate trials that are significantly different from one another (p<0.05, Tukey’s test). 

  Montepulciano red wine  Pecorino white wine 

Factors pH  Alcohol (%) Dose (mg/L) pH  Polyphenol addition 
Level 3.00  3.70 11.5 15.0 100 200 3.00 3.70 no Yes 

∆c 
(S/cm) 31.3 a 57.3 b 44.20 44.5 47.04 b 41.63 a 26.05 33.98 33.4 26.63 

∆H2T (g/L) 0.018 0.011 0.098 0.02 0.011 0.018 0.025 0.033 0.035 0.023 
 

The effectiveness of the addition of K-PASP on the tartaric stability of the different trials was also tested: 
the addition of 100 mg/L K-PASP stabilized all wines (cold test). Figure 3 reports the average results of the 
cold test for the various trials of Cortese white wine (the most unstable among the wines), and Table 1 
reports in more concise form the results of the cold test and of the mini-contact test for the other 2 wines 
after the addition of K-PASP.  

The dose effect of K-PASP was also studied with 2 wines (Cortese and Montepulciano), by comparing the 
doses of 100 mg/L and 200 mg/L. Since the dose of 100 mg/L was enough to stabilize the wines (cold test) 
(Figure 3 and Table 1), the only statistically significant differences found were related to the results of the 
mini-contact test (Table 1 and Figure 4), which revealed the higher effectiveness of the 200 mg/L dose in 
slowing the growth rate of the KHT crystals added to the wines.  
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Fig. 4 - Influence of pH, alcohol content and dose of added K-PASP on the tartaric stability of 

the Cortese white wine (mean Dcvalues of the mini-contact test). 
 

Conclusion 
These results proved the excellent effectiveness of polyaspartates for the limitation of tartaric precipitation 
in wines with different physicochemical composition, confirming what was reported in a previous work 
comparing different types of polyaspartates [6]. 

Moreover, the reduction of wine pH caused a decrease of wine tartaric instability and this effect was 
evidenced with both analytical tests (cold test and mini-contact test). A higher alcohol content contributed 
to a higher tartaric instability of the wines when measured with the cold test, while no alcohol effect was 
noticed when the tartaric instability was measured with the mini-contact test. 
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Membrane technologies – crossflow microfiltration – membrane contactor – electrodialysis 

Introduction 
Over the last 30 years, membrane technologies have become an important tool in the wine industry. 
Membrane-based processes are playing a critical role in the field of separation/purification, clarification, 
stabilization, concentration and de-alcoholization of wine products. They are starting to be an integral part 
of the winemaking process.  

Nowadays, membrane operations are replacing several conventional processes. For example, the crossflow 
microfiltration has replaced the traditional filtration techniques like the diatomaceous-earth filtration 
previously used for wine’s clarification. For sugar enrichment, reverse osmosis is more frequently used 
than chaptalization or addition of rectified concentrated must. The electrodialysis is now used for tartrate 
stabilization instead of chilling or cold stabilization. These techniques constitute real alternatives to some 
traditional enological practices even if some techniques like the membrane contactor are still in the 
experimental stage. 

The objective of this paper is to provide an overview of the recent developments in the field of membrane 
processes for wine treatment.  

Crossflow microfiltration  
Crossflow microfiltration is a very well implemented process in wine cellars. It is replacing the traditional 
filtration techniques using the diatomaceous earth. The advantage of the crossflow concept is that the shear 
exerted by the feed solution flowing parallel to the membrane surface can sweep the deposited particles 
towards the concentrate side so that the cake layer remains relatively thin (Figure 1).  

Despite the crossflow concept advantage, the membrane fouling remains a major drawback. As wine is a 
complex medium, its constituents, especially polysaccharides, polyphenols and microorganisms, are the 
major contributors to membrane fouling.  

Various hydraulic and mechanical methods were developed in order to reduce the resistance caused by 
membrane fouling. These techniques include back-flushing, cross-flushing and back-pulsing. The back-
flushing is the common practice used to minimize fouling in wine filtration. The effectiveness of these 
methods is limited to the adhering deposit at the top surface of the membrane. They are ineffective in the 
removal of adhesive foulants.  

The dynamic filtration technology is a new technology applied to wine filtration and may be a promising 
approach to resolve fouling problems. The dynamic or the shear-enhanced filtration consists in creating a 
shear rate at the membrane surface by a moving part such as an impeller. The latter is a disk rotating near a 
fixed membrane or vibrating membranes (Figure 1). It permits to generate very high shear rates without 
large feed flow rates and pressure drops.  
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Fig. 1 - The different types of filtration in the wine industry. 

 

El Rayess [1] studied the impact of rotating and vibrating filtration in wine clarification and showed that 
the effectiveness of this technology depended on the membrane material and on the frequency of rotation to 
eliminate fouling. PES hydrophilic membranes showed an increase in membrane permeability when 
applying the agitation due to the impeller rotation. This technology seemed to be ineffective with the 
hydrophobic PTFE membranes because the interactions between wine molecules and the membrane 
appeared to be stronger than the de-fouling action of the impeller.  

TMCI Padovan introduced the first rotating dynamic crossflow filter (Dynamos®, Figure 2) into the wine 
industry. This filter is formed by ceramic disk membranes. It is equipped with a back-pulse system and is 
covered by an intercontinental patent (WO2011/033537). In this system, two stacks of rotating membranes 
are used. Preferably the two shafts rotate counter-current to create the maximum shear forces at the 
membrane surface. This membrane overlapping (Figure 2) can increase the permeate flux considerably 
(the magnitude depends very strongly on the type of feed and the crossflow conditions.  
 
 

 

Fig. 2 - The Dynamos® rotating crossflow filter and the membrane overlapping zone. 
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Membrane contactor 
The membrane contactors are defined as devices that achieve gas/liquid or liquid/liquid mass transfer 
without dispersion of one phase within the other (Figure 3). Membrane contactors represent a technology in 
which porous membranes are used as tools for inter-phase mass transfer. The membrane does not act 
as a selective barrier and the separation is based on the principles of phase equilibrium (Figure 3). 
Membrane contactors are typically fabricated with hydrophobic hollow-fiber microporous membranes. 
Therefore, water will not easily pass through the pores.  

De-alcoholization and gas transfer are the main applications of membrane contactor in the wine industry. 
The wine de-alcoholization process using membrane contactor is called osmotic distillation and it is also 
known as osmotic evaporation, membrane evaporation and isothermal membrane distillation. In osmotic 
distillation, the membrane acts as a vapor gap between the two liquid phases. The membrane surface is in 
contact with a concentrated solution (feed) on one side and a dilute aqueous solution (stripper agent) on the 
other (Figure 3). Across the membrane, any volatile component is free to migrate by either convection or 
diffusion. The driving potential for such transport is the difference in vapor pressure of each component 
over each of the contacting liquid phases. 
 

 
Fig. 3 - Membrane contactor principle. 

 

Osmotic distillation of a high-alcohol-content wine at a temperature of 10–20°C using plain water as the 
stripping liquid can rapidly reduce its alcohol content to levels down to 6% (v/v). The main advantage of 
osmotic distillation lies in its ability to work at low temperatures and pressures, thus avoiding mechanical 
damage and thermal degradation of the components and aroma of wines.  

Membrane contactors can be used lonely for wine de-alcoholization or coupled to another membrane 
process. For example, the Australian process marketed by Memstar consists of alcohol reduction by a two-
stage process of reverse osmosis followed by a membrane module known as a membrane contactor 
(Liqui-Cel®). Wine to be treated is first separated by reverse osmosis into concentrate and permeate 
streams. The wine concentrate contains all the precious wine characters. The alcohol rich permeate is 
passed through the membrane contactor. On the other side of the contactor, there is a counter-flow of 
treated strip water. Alcohol passes through the membrane from the permeate into the water. 
The de-alcoholized permeate is then cooled and recombined with the wine, lowering the alcohol of the 
blend [2].  

At the experimental stage, the membrane contactors are studied in order to monitor the transfer of gases 
into wines. They can adjust the levels of CO2 and O2 and they can efficiently deoxygenate during one 
passage. They are also tested for the monitoring the wine microoxygenation.   



OENO 2015 

522 

Electrodialysis and bipolar electrodialysis  
The electrodialysis process is used as an alternative to the traditional tartrate stabilization process. 
The principle of this process consists into the application of an electric field by two electrodes placed on 
both sides of the cell. This will lead to ion migration. Electrodialysis differs from a normal ion exchange 
process by utilizing ion-selective semipermeable membranes. Three types of ion-exchange membranes 
are commonly used in electrodialysis: anion-exchange membranes, cation-exchange membranes and 
bipolar membranes.  

During wine treatment by electrodialysis and when the electric field is applied, the anions (TH- and T2-) are 
attracted to the positive charge electrode but they are stopped by the cation-exchange membrane and 
trapped in the brine stream. Similarly, cations (K+ and Ca++) move in the opposite direction and are stopped 
by the anion-exchange membrane. Wine circulates along one side of the membrane and on the other an 
electrolyte that removes the ions. The treated wine will constitute the dilute compartment and the 
eliminated ions will constitute the concentrate or brine compartment.  

The bipolar membranes (association of cation and anion-exchange membranes) are not used for tartrate 
stabilization but for the regulation of wine pH. In order to lower the pH, a stack of bipolar membranes and 
cation-exchange membranes are used. Only the cations are eliminated from wines and the salty form of 
tartaric acid is lowered. On the contrary, an association of bipolar membranes and anion-exchange 
membranes are used to increase the pH of the wines.  
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Subcritical water extraction – membrane process purification – grape pomace – polyphenols  

Introduction 
Grape by-products (including skins, seeds, stems and vine shoots) are rich in health promoting polyphenols 
[1-4]. Their extraction from winery waste and their following purification are of special interest for the 
production of extracts with high added value compounds [5]. 

Meanwhile, the growing concern over environmental problems associated with economic constraints 
requires the development of environmentally sustainable extraction technologies. The extraction using 
semi-continuous subcritical water (SWE) as a natural solvent at high temperature and high pressure is a 
promising “green” technology (environmentally friendly, energy efficient) that improves the extraction 
process in plant tissues [6]. SWE is established at temperatures between 100°C and 374°C (the critical 
temperature) under high pressure (usually from 1 to 6 MPa) where water stays in the liquid state. At the 
boundaries higher extraction efficiency are obtained due to superior mass transfer properties of subcritical 
water. The variability of the dielectric constant with temperature is an important variable to consider [7]. 
At room temperature the dielectric constant of water is close to 80. To obtain values of about 27, ethanol at 
ambient temperature, water must be heated to 250°C [8]. In our study subcritical water extraction of 
polyphenols from red and white grape pomace from Dunkelfelder, Cabernet Franc, Merlot, 
and Chardonnay was performed. The semi-continuous extraction of subcritical water usually leads to crude 
extracts rich in different families of polyphenols.  

A purification step prior to industrial usage is essential. Coupling subcritical water extraction with 
membrane processes, due to the large range of flexibility, offers a solution for the purification and 
fractioning of the crude extracts. 

Materials and methods  
Subcritical water extraction system 
Grape pomace provided by the engineering school of Changins, Switzerland was stored at 4°C until further 
use. The schematic diagram of the apparatus used for the extraction of polyphenolic compounds using 
subcritical water is shown below (Figure. 1). In the extraction system, an HPLC pump was used for 
water delivery, pressurization and controlling the pressure of the system. A pressure transducer and 
thermocouple were installed in the custom-made high-pressure vessel to monitor both the pressure and 
temperature of the system.  

Extraction parameters 
In each run, pomace was loaded into the high-pressure vessel which was then placed in an oven at a 
predetermined temperature. The outlet valve of the extraction vessel was then closed and the system was 
pressurized to a desired pressure at a constant flow rate. The combined effects of extraction temperature 
(60 to 200°C), pressure (25 to 100 bar), flow rate (1 to 10 mL/min), and sample mass (5, 70, 1000 g) were 
investigated and compared to traditional solvent extraction (1/1 ethanol/water).  
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Fig. 1 - Schematic diagram of the apparatus used 

  

Purification parameters 
Subsequently, ten nanofiltration flat
nominal MWCOs ranging from 0.2 to 150 kDa were tested to fraction and concentrate anthocyanin extract 
from grape pomace extract. A pilot
membrane cell with an effective area of 0.014 m2. Permeate fluxes were recorded for transmembrane 
pressures between 0.5 and 3.0 MPa, while keeping all other operating conditions constant (volumetric 
reduction ratio 1, 35°C).  

Chemical analysis 
All of the produced samples were analysed for their
(TPI) and concentrations of total phenolic compounds (TP
assay [9]. The major anthocyanins and tannins were quantified by HPLC
analysed for their volatile compound content by GC
Oxygen Radical Absorbance Capacity (ORAC) a

Results and discussion
The subcritical water extraction process was more efficient than using an organic solvent and aqueous 
based system at atmospheric pressure for recovery of antioxidants, leading to double the extraction 
By increasing the extraction temperature
pressure applied (Figure. 2), reaching 2.7
main families of polyphenols showed SWE extracts had much higher levels of total anthocyani
compared to the traditional method of 
containing 130 mg/100 g DW (+61% compared to traditional 
temperatures, the anthocyanins were degraded. 
much higher temperature (175°C) 
hand, comparing GC-MS results between SWEX and traditional method of extraction showed that during 
extraction furfural compounds are produced and volatile esters are degraded. 
needed showed that the optimal extraction conditions were f

During filtration of crude extract, two types of products are formed
membrane and the concentrate which is held up by the molecular weight cutoff of the membrane. This has 
allowed membrane processes to become a powerful alternative for the concentration of natural grape 
extracts (concentrate), due to the
soluble solids, acidity and anthocyanins increased with transmembrane pressure. With similar permeate 
fluxes at average transmembrane pressure
for nanofiltration (up to 3.2 folds the initial concentration of polyphenols) membranes than for 
ultrafiltration membranes.  

Schematic diagram of the apparatus used for subcritical water extraction.

ten nanofiltration flat-sheet membranes and eight tight ultrafiltration membranes with 
nominal MWCOs ranging from 0.2 to 150 kDa were tested to fraction and concentrate anthocyanin extract 
from grape pomace extract. A pilot crossflow filtration system SEPA CF II was used, which featured a 
membrane cell with an effective area of 0.014 m2. Permeate fluxes were recorded for transmembrane 
pressures between 0.5 and 3.0 MPa, while keeping all other operating conditions constant (volumetric 

All of the produced samples were analysed for their Colouring Intensity (CI) and Total Polyphenol 
concentrations of total phenolic compounds (TP), which were measured using Folin

. The major anthocyanins and tannins were quantified by HPLC [10]. Some samples were 
tile compound content by GC-MS. The antioxidant activity was measured by the 

cal Absorbance Capacity (ORAC) assay [11]. 

iscussion 
The subcritical water extraction process was more efficient than using an organic solvent and aqueous 
based system at atmospheric pressure for recovery of antioxidants, leading to double the extraction 

temperature, the quantities of total polyphenols increased 
reaching 2.7 mg/100 mg of polyphenols from dry extract. Further analysis of 

main families of polyphenols showed SWE extracts had much higher levels of total anthocyani
traditional method of organic solvent at low temperatures (100-110°

g DW (+61% compared to traditional methods of extraction). By 
the anthocyanins were degraded. On the contrary, procyanidin extraction was 

 with crude extract leading to (+23%) 2077 mg/100
MS results between SWEX and traditional method of extraction showed that during 

extraction furfural compounds are produced and volatile esters are degraded. Compiling the information 
needed showed that the optimal extraction conditions were found to be 150°C regardless

two types of products are formed: the permeate which
membrane and the concentrate which is held up by the molecular weight cutoff of the membrane. This has 
allowed membrane processes to become a powerful alternative for the concentration of natural grape 
extracts (concentrate), due to their flexibility and mild operating conditions. Retention values of total 
soluble solids, acidity and anthocyanins increased with transmembrane pressure. With similar permeate 
fluxes at average transmembrane pressure, retention of anthocyanins is significant
for nanofiltration (up to 3.2 folds the initial concentration of polyphenols) membranes than for 

water extraction. 

sheet membranes and eight tight ultrafiltration membranes with 
nominal MWCOs ranging from 0.2 to 150 kDa were tested to fraction and concentrate anthocyanin extract 

A CF II was used, which featured a 
membrane cell with an effective area of 0.014 m2. Permeate fluxes were recorded for transmembrane 
pressures between 0.5 and 3.0 MPa, while keeping all other operating conditions constant (volumetric 

Colouring Intensity (CI) and Total Polyphenol index 
were measured using Folin–Ciocalteu 

. Some samples were 
activity was measured by the 

The subcritical water extraction process was more efficient than using an organic solvent and aqueous 
based system at atmospheric pressure for recovery of antioxidants, leading to double the extraction yield. 

uantities of total polyphenols increased regardless of the 
mg of polyphenols from dry extract. Further analysis of 

main families of polyphenols showed SWE extracts had much higher levels of total anthocyanin as 
°C) with crude extracts 

methods of extraction). By increasing the 
extraction was optimum at a 
mg/100 g DW. On the other 

MS results between SWEX and traditional method of extraction showed that during 
Compiling the information 

regardless of the pressure used.  

which passes through the 
membrane and the concentrate which is held up by the molecular weight cutoff of the membrane. This has 
allowed membrane processes to become a powerful alternative for the concentration of natural grape 

Retention values of total 
soluble solids, acidity and anthocyanins increased with transmembrane pressure. With similar permeate 

retention of anthocyanins is significantly higher 
for nanofiltration (up to 3.2 folds the initial concentration of polyphenols) membranes than for 
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Fig. 2 - Polyphenol concentration as a function of SWE extracts at a specific temperature

 

Table 1 - Rejection rate percentages of polyphenol concentration in permeate

 Molecules 
Average 

molecular 
weight 

1 kDa PEF

Gallic acid 198.17 
Dimer B2 578.25 
Catechin 290 - 442 
Quercetin 302 - 478 
Taxifolin 450.39 
Anthocyanins 465 - 639 

 

The tested membranes also had differential selectivity for polysa
of phenolic compounds (pentamers, trimers, anthocyanin, and phenolic acids)
membranes. As shown in Table 1
having molecular weight cutoff between 200 and 400 Da leading to
confirming the applicability of membrane separation for the fractionation and purification of pomace 
extracts. More research is needed to validate the industrial up scaling and the intended application of the 
produced extracts.  

Conclusion 
Subcritical water extraction process showed a higher eff
the optimum extraction parameter,
the tannin and decreases the anthocyanin extraction. 
studied extracts was governed by the multiple operating parameters. 
retentate and selective retention of polyphenols in the
membrane filtration demonstrated 
from grape pomace. 
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Polyphenol concentration as a function of SWE extracts at a specific temperature
and pressure of extraction. 

rate percentages of polyphenol concentration in permeate
after membrane filtration 

1 kDa PEF 
BQ-01  
(500-

1000Da) 

MX-07 
(300-

600Da) 

NF-Laval 
(200-

400Da) 

NF
(150

300Da)

25 36 38 57 
59 70 95 100 100
22 54 42 95 
62 89 91 100 100
36 61 76 100 100
62 52 86 100 100

also had differential selectivity for polysaccharides, proteins, and different families 
phenolic compounds (pentamers, trimers, anthocyanin, and phenolic acids) that pass through the 

able 1, gallic acid for example was separated by nanofiltration membrane
t cutoff between 200 and 400 Da leading to high extract 

onfirming the applicability of membrane separation for the fractionation and purification of pomace 
ed to validate the industrial up scaling and the intended application of the 

Subcritical water extraction process showed a higher efficiency than organic solvent. 150
tion parameter, regardless of the pressure used. An increase in temperature increases

the tannin and decreases the anthocyanin extraction. Crossflow ultrafiltration and nanofiltration of all 
studied extracts was governed by the multiple operating parameters. Concentration

elective retention of polyphenols in the permeate was achieved. 
demonstrated the effectiveness for the green extraction and purification of polyphenols 
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Polyphenol concentration as a function of SWE extracts at a specific temperature 

rate percentages of polyphenol concentration in permeate 

NF-HL  
(150-

300Da) 

MS-19 
(125-

200Da) 

64 86 
100 100 
98 100 

100 100 
100 100 
100 96 

charides, proteins, and different families 
that pass through the 

nanofiltration membrane 
extract purity (95%), thus 

onfirming the applicability of membrane separation for the fractionation and purification of pomace 
ed to validate the industrial up scaling and the intended application of the 

iciency than organic solvent. 150°C appears to be 
in temperature increases 

Crossflow ultrafiltration and nanofiltration of all 
Concentration was achieved in the 

achieved. SWE combined with 
extraction and purification of polyphenols 
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New oak tanks – stainless steel tanks – Shiraz wine – sensory and chemical analysis 

Introduction 
A large proportion of high quality wines are fermented in stainless steel tanks before being aged in barrels.  
Several intern studies showed that fermenting Cabernet Sauvignon in oak tanks provides an alternative 
method that could be used to achieve a better final integration of oak tannins and aromas.  

The goal of this study was to observe the impact of an early contact between oak and Shiraz must on the 
final wine chemical profile, colour and sensory profile. The trial in Australia was set up in the Margaret 
River region to follow the impact of fermenting Shiraz must in new oak tanks and stainless steel tanks of 
the same capacity.  

Materials and methods  
Experimental design 
The trial in Australia was set up in the Margaret River region to follow the impact of fermenting 20 tons of 
Syrah in 3x30hL new oak tanks and 3 stainless steel (s/s) tanks of the same capacity. These tanks were 
filled alternatively to ensure the homogeneity between the different replicates. Cellar operations were 
exactly the same within the six batches. The homogeneity of the replicates was checked before filling in six 
French oak barrels per modality.  

Chemical analyses 
Each modality was sampled after alcoholic fermentation (AF) and after approximately 3, 6, 9 and 
12 months of barrel ageing. Chemical analyses were performed with GC-MS chromatography by the 
AWRI laboratory in Australia, on composite samples per modality. The colour intensity and stability of the 
wine and the oak and wine polyphenols were analysed using turbidity measurements and optical density 
measurements (UV-Vis).  

The analysis results were tested with Variance analyses (ANOVA) to ensure that the differences measured 
were significant. 

Sensory analyses 
Triangular tests were performed after 6 and 10 months of ageing for the Australian Shiraz following the 
Australian Standard: AS 2542.2.2. Samples were presented to panellists in 30 mL aliquots in 3-digit-coded, 
covered ISO standard wine glasses at 22 – 24°C, in isolated booths under colour masking sodium lighting, 
with randomised presentation order across judges. 

After 10 months of ageing, a blind descriptive sensory analysis was performed by a professional panel on a 
blend of each modality. The data were analysed with Student t-tests to ensure that the differences observed 
between the two modalities were significant. The panellists were asked to select the sample that seemed to 
present the highest global quality. A Wilcoxon Rank-Sum Test was used to analyse the data.  
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Results and discussion 
Chemical analyses 
After the alcoholic fermentation, both cis-oak lactone and furfural showed significant differences between 
the two treatment sets at the 90% confidence interval, with the oak vat fermented wines exhibiting higher 
concentrations of cis-oak lactone and lower concentrations of furfural (Figure 1).  

The data shows that, on average, there were few differences between the two sets of wines at each 
time-point. However, colour density, pigmented tannin, total ellagitannins and cis-oak lactone were 
consistently observed to be significant or were approaching significance at the 90% confidence interval 
throughout maturation. 

The wines fermented in oak vats exhibited slightly higher, but not significantly different concentrations of 
tannins and phenolics, with pigment, free anthocyanin and pigmented tannin levels similar across the two 
sets of replicate wines. 

The chemical analysis data collected after 3, 6 and 10 months of ageing in barrel shows consistent 
significant differences (α=0,10) for colour density, pigmented tannin, total ellagitannins and cis-oak 
lactone. The values were found higher for the wines fermented in oak vats. 

 

 

Fig. 1 - Significant difference observed on several parameters. 
A) After AF, B) After 10 months of ageing in neutral barrels. 

 

Sensory analyses 
Two triangular tests were set up after 6 and 10 months of ageing (Table 1). The results were not significant 
(P>0,05). 
 

Table 1 - Triangular test results after 6 and 10 months of ageing 

Sample 6 months 10 months 
No. responses (panellists)  31 34 
Correct answers 9 8 
Significance ns ns 

 

After 10 months of ageing, a blind descriptive analysis was performed (Table 2). Two composite samples 
were presented and each descriptor was marked, depending on the intensity of the sensation described. 

It appears that the wine fermented in oak vats presents a better integration to the bouquet of the oak aromas. 
The length of the mouthfeel seems to be improved when AF is performed in oak vats. 

However, fruity aromas are less perceived, and the mouthfeel seems less balanced than the one of stainless 
steel fermented wine. 

The wine fermented in oak tank and then aged in neutral barrels seems to present a higher quality potential 
than the other modality (Table 3). 
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Table 2 - Sensory analysis results after 10 months of ageing 

Descriptor AF in s/s tanks AF in oak tanks Significance 

Nose 

Fruity aromas (/5) 4,00 3,27 α=0,05 
Oak integration (/5) 3,91 3,27 α=0,08 
Freshness (/5) 3,55 3,00 ns 
Complexity (/5) 3,18 2,82 ns 

Mouthfeel 

Depth (/5) 3,09 3,27 ns 
Astringency (/5) 2,27 3,00 ns 
Bitterness (/5) 1,55 1,73 ns 
Roundness (/5) 2,73 2,64 ns 
Length (/5) 2,55 3,27 α=0,05 
Balance (/5) 3,36 2,73 α=0,05 

 

Table 3 - Wilcoxon Rank-Sum Test results after 10 months of ageing 

Modality AF in s/s tanks AF in oak tanks 
Rank Sum 13 20 
P-value P<0,05 

 

Conclusion 
After AF and 3, 6 and 10 months of ageing in neutral barrels, the Shiraz wines fermented in oak vats 
showed some differences from those fermented in stainless steel, as colour density, pigmented tannin, 
total ellagitannins and cis-oak lactone.  

A blind descriptive analysis after 10 months of ageing showed that the wine fermented in oak tank 
presented significantly better oak aroma integration to the bouquet and a better length. It may imply that 
performing the alcoholic fermentation in oak vats allows preparing the wine for ageing in barrels, 
by enhancing the integration of oak aromas and a better colour density. Similar results were found on a 
Cabernet Sauvignon from Bordeaux. A last screening of the samples will be done at the end of ageing 
(12 months). 

Abbreviations 
AF, alcoholic fermentation; s/s, stainless steel. 
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Wine oxidation – oak antioxidant compounds – electrochemical sensor – optimized barrel 

Introduction 
Wine oxidation is a problem that affects the freshness, the aromatic profile, the color and also the 
mouthfeel of the wine. It mainly concerns white wines. Oxygen interactions with wine compounds lead to 
the phenomena cited above that are responsible for the depreciation of these wines. Barrel aging is a crucial 
step in the wine process because it allows many modifications such as wine enrichment, color stabilization, 
clarification and also a slow oxygenation of the wine. Effects of the oak barrel have to be known to prevent 
oxidation of the wine. We have been interested in the main antioxidant compounds released by oak barrels 
to the wine and we have developed an innovative method to reach directly these antioxidant compounds at 
the oak stave surface. 

Materials and methods 

Electrochemical method and sensor: principle  
The method is based on an innovative sensor that can be applied directly on the oak and measure several 
parts of the stave at the same time. The apparatus needed for this sensor management is a classical 
electrochemical system, namely a potentiostat instrument, reference and counter electrodes. The working 
electrode used is this innovative sensor made from twelve gold ultramicroelectrodes. Direct application of 
the sensor on the oak stave leads to the recording of a current. This is due to the release of electrons from 
oak compounds. Those are oxidized due to the electrochemical method and they will provide protection to 
the wine by being oxidized instead of wine compounds. The current recorded while scanning potential 
leads to a voltammogram (Figure 1). It is an oxidation wave shape as currently observed in 
electrochemistry and is due to oxidation of phenolic compounds [1].  

The amount of electrons released can be reached thanks to the integration of the voltammogram between 
potentials 0,1V and 1,2V. This is what we called antioxidant capacity (CAOX). It represents the ability of 
the oak barrel to protect wine from oxidation. The higher it is, the better the wine is protected. 
Another index of interest is the inflexion potential. It is the potential value for which electrons are released 
and oxidation occurs. The lower it is, the faster the oxidation process occurs. 

This electrochemical method has been performed with the specific and innovative sensor developed. 
It has been applied directly onto the oak surface and small currents have been registered. Moreover this 
analysis does not need sample preparation and is not destructive. The oak analyzed can go back in the 
cooperage process. 

Development of an optimized barrel 
The CAOX is depending on the amount of oak compounds able to release electrons and therefore oxidize. 
It is easily understood that many parameters encountered in cooperage can influence the CAOX: oak 
species, origins, type of grain, length of seasoning, toasting intensity and so on. In order to check their 
incidence many murrains and staves were analyzed directly with the innovative sensor. Some results are 
presented and they have led to the development of a new barrel where oak antioxidant release is optimized. 
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Fig. 1 - Voltammogram obtained with the innovative sensor and its interpretation. 

Results and discussion 
Oak seasoning and toasting are the main important steps in cooperage process. They are different from one 
cooper to another. Knowing the influence of these parameters on the CAOX can help making barrels with 
enological purposes. The CAOX measured on murrains put in the yard is decreasing along the seasoning 
duration (Figure 2). 
 

 
 

 

 

 

 

 

 

 
 

Fig. 2 - CAOX measured on murrains according to their seasoning duration. 
 

Taking into account these results and also others performed on toasted staves, we have made a barrel that 
optimizes all parameters in order to provide the best protection against oxidation without contributing a 
strong woody character. 

We tested the first prototypes on white wines of several wineries from Burgundy. The electrochemical 
method and sensor developed for oak can also be applied to wines. Therefore, CAOX analyses were 
performed on the same wine (Chardonnay) put into prototype and reference barrels in 3 wineries (named X, 
Y and Z, Figure 3). The CAOX of the wines aged in a prototype barrel was always higher than that of the 
same wine aged in a reference barrel after a few months of barrel aging. Moreover, those wines were more 
appreciated because of their freshness, respect of the fruit, aromatic purity and tautness. 
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Fig. 3 - CAOX measured on wines aged in reference and prototype barrels 
for 3 Burgundy wineries (X, Y and Z). 

 

Conclusion 
The electrochemical method and sensor developed is non destructive and efficient for the measure of oak 
compounds that can oxidize. We manage to make a barrel that can release these compounds and prevent 
wine oxidation. It has been a success for white wines and has led to the sale of a new barrel named Pure T. 
A “neighbor” prototype is now being tested for red wines in order to minimize the sulfites added along 
barrel aging. 
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Patatin-rich protein – fining – white juice – red wine 

Introduction 
Wine and must fining is currently used as a treatment for reducing the turbidity, colloidal stabilization and 
for modifying the aromatic profile. In red wine, fining treatment is carried out during wine ageing but in 
white wine, it is mainly carried out in juice after enzyme treatment. This difference is due to the role of 
polyphenols in white/rosé wine, thus they could be oxidized by enzymatic or chemical reactions. 
These oxidized compounds, named quinones, are highly unstable and they combine to other compounds 
such as varietal aroma compounds. Thiols are documented as reactive molecules under wine oxidation 
conditions during ageing [1] or in botrytized wines [2]. Among the thiol compounds, the 3-sulfanylhexan-
1-ol (3SH) is highly affected by this phenomenon [1]. Regarding phenolic compounds in wine, the oxidized 
flavan-3-ols appear to be the most reactive compounds with volatile thiols [3, 4]. Another oxidation 
consequence is the brown coloured products, whose formation is not yet well established; it appears that it 
is a combination of hydroxycinnamate quinones with flavan-3-ols [5]. Therefore, the polyphenol 
elimination in juice by fining could prevent these mechanisms concerning the loss of varietal aroma and 
colour modifications.  

Since November 2013, proteins extracted from potato can be used as fining agents in juices and wines 
[6, 7]. This extract is rich in patatin, which is one of the glycoprotein families obtained from Solanum 
tuberosum tubers. Potato products are largely used for food consumption and are not listed as food 
allergens. During the last years, a potato derivate has been tested as a processing aid for juice and wine 
fining. In red wine, patatin-rich protein has a higher reactivity with tannin-binding salivary proteins than 
other common protein fining agents and does not modify the chromatic characteristics of the wines [8]. 
In white juice, the first results indicate that this new protein origin has a high clarification ability and a high 
reactivity with oxidized phenolic compounds [9, 10].  

The aim of this work is to show the main effects of the use of this extract in white juice settling during 
alcoholic fermentation on the removal of phenolic compounds and oxidation of colour components. 

Materials and methods 
Trials 
For trial 1, the pressing juice from Sauvignon Blanc was treated with enzymes (pectin lysate), racked and 
then settled with Vegecoll® at 10 g/hL. After fining, it was racked and inoculated with yeast (not required) 
in barrel. 

For trial 2, the pressing juice from Sauvignon Blanc was treated with enzymes (pectin lysate à 3 g/hL), 
racked, and then turbidity adjustment was made at 150 NTUs by lee addition. The juice was inoculated 
with Yeast A (Zymaflore® X5) and Yeast B (Zymaflore® Delta) at 20 g/hL. Vegecoll® at 3 g/hL was 
added at density -20.  

For trial 3, the wine juice from Rolle (2014) was treated with enzymes (pectin lysate), racked and then 
inoculated with Yeast B (Zymaflore® Delta) at 20 g/hL. During the alcoholic fermentation, the juice was 
fined with Vegecoll® at 20 g/hL. Another deposit was fined with liquid pea protein at 50 g/hL.  
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Chemical analysis 
After alcoholic fermentation, the alcoholic degree (%), reduced sugars (g/L), total acidity (g H2SO4/L), 
volatile acidity (g H2SO4/L), free and total SO2, Colour Intensity, Total Polyphenol Index and phenol acid 
estimation were measured at the SARCO Laboratory (Floirac, Gironde, France) according to COFRAC 
accreditation. The thiols 3-sulfanylhexan-1-ol (3SH), its acetate (3SHA) and the 4-methyl-4-
sulfanylpentanol (4MSP) were measured by gas-chromatography according to Tominaga et al. [11] at the 
SARCO Laboratory.  

Results 
The first trial compares the wine settled with the patatin-rich protein before alcoholic fermentation and the 
same juice without fining. Analyses were made after alcoholic fermentation. No differences were observed 
in total and volatile acidity (data not shown). Fining reduced the wine colour, however, no modifications 
were observed in total polyphenol and phenol acid content (Table 1). The optical density at 420 nm could 
well express the browning formation due to the oxidation effect. Fining with patatin-rich protein reduced 
this value by 45%, which indicates the high reactivity of this protein with the oxidized compounds. 
This reduction of brown compounds has an impact on the varietal aroma of Sauvignon Blanc. The main 
three thiols which participate in browning are the 3-sulfanylhexan-1-ol (3SH), its acetate (3SHA) and the 
4-methyl-4-sulfanylpentanol (4MSP). Fining with Vegecoll® mainly preserved the compounds derived 
from 3SH (Figure 1), around 30% of 3SH and 23% of 3SHA. 
 

Table 1 - Wine analysis of trial 1 after alcoholic fermentation 

Analysis of trial 1 Non-fined wine Wine fined with 
Vegecoll® at 10 g/hL  

OD420 0.170 0.103 
OD520 0.080 0.038 
OD620 0.049 0.021 
Colour Intensity 0.299 0.162 
Total Polyphenol Index (OD280) 8 8 
Phenol acids (OD320) 6.3 6.3 

 

 

 

Fig. 1 - Volatile thiols (4MSP, 3SH and 3SHA) of a Sauvignon Blanc wine fined with Vegecoll® 
at 10 g/hL before alcoholic fermentation.  
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In the second trial, the aim was to increase the volatile aroma by yeast and modulate it by fining with 
Vegecoll®. The non-fined wines were compared to fined wines after alcoholic fermentation with yeast A 
and B. Fermentation conditions (turbidity and temperature) were equivalent for all trials.  

There were no differences in alcoholic degree, total acidity and volatile acidity between samples after 
alcoholic fermentation (data not shown). However, the samples had important differences in volatile aroma 
(Figure 2). The results showed different aroma profile according to the yeast. Wines fermented with 
Yeast A were more balanced in varietal aroma than those fermented with Yeast B. Wines fermented with 
Yeast B were richer in fruity compounds (3SH and 3SHA). Independently of this yeast influence, the fining 
agent could increase this aromatic profile. Fining had no effect on 4MSP. However, the fruity aromas were 
more influenced by this treatment. Fining with Vegecoll® preserved 18% of thiols in wine fermented with 
Yeast A and 42% in those fermented with Yeast B. This increase in thiols is due totally to 3SH and its 
acetate. Differences with control wine were much more important in wine fermented with Yeast B. 
Specifically, in wine with Yeast B the 3SH and 3SHA increments were 40% and 52% respectively and with 
Yeast A 19% and 12%.  
 

 

Fig. 2 - Volatile thiols (4MSP, 3SH and 3SHA) of a Sauvignon Blanc wine fermented with 
Yeast A and B. Comparison between non-fined and fined with Vegecoll® 

at 3 g/hL during alcoholic fermentation.  
 

Discussion 
This patatin-rich protein was used in white pressing juices from Sauvignon Blanc and Rolle during the 
harvest of 2014. The white pressing juice contains fruity grape aromas and their precursors obtained from 
grape skin, but it also contains several undesirable compounds such as phenolic molecules and vegetal 
odours associated to solid part of the grapes [12]. Extraction techniques and specific treatments must be 
well established to avoid undesirable results. Fining of white juice is one of the specific treatments that 
could prevent chemical oxidation mechanisms that happen during winemaking.  

In previous studies, laboratory tests with the patatin-rich protein have shown its high reactivity with tannins 
in red and white wines [8-10]. In the 2014 harvest, this product became commercially available and 
different trials at large scale could confirm previous tests in laboratory scale. 

In this study, the patatin-rich protein has been tested in two varieties of white wine, Sauvignon Blanc and 
Rolle. Thiols are the most representative aromas of Sauvignon Blanc but they could be present over their 
threshold in other non-Sauvignon varieties such as Rolle and others (Ugni Blanc, Colombard, etc). Due to 
their nucleophilic nature, these volatile compounds can combine by a Michael addition reaction with 
quinones, a derivate of phenolic compounds under oxidation conditions [13].  
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Fig. 3 - Colour intensity (a) and volatile thiols (b-d; 4MSP, 3SH and 3SHA) of a Sauvignon Blanc wine 
fined with Pea protein at 50 g/hL and Vegecoll® at 20 g/hL during alcoholic fermentation.  

 

In the third trial, the patatin-rich protein is compared to the pea protein used during alcoholic fermentation 
in juice from Rolle 2014. The patatin-rich protein was used at 20 g/hL in comparison to pea protein at 
50 g/hL. After alcoholic fermentation, the wine fined with Vegecoll® was slightly lighter than that fined 
with pea protein (Figure 3a). This colour difference was not expressed in thiol composition (Figure 3b-d). 
Fining with Vegecoll® had a high impact on 3SH and 3SH acetate thiols. It preserved 22% 3SH and 92% 
3SHA more than the same wine fined with pea protein. 

The results of this study show that fining with patatin-rich protein could prevent this oxidative process by 
reducing phenolic compounds. The main effect is on 3SH and its acetate according to works carried out in 
wine-model solution by Nikolantonaki et al. [3]. That work has established that the 2FMT and 3SH react 
more rapidly with quinones than 4MSP. Our results reaffirm these wine-model observations since great 
variations in 3SH were observed after fining. The preservation depends on grape variety, juice quality and 
yeast transformation yield, but the fining action plays an interesting role in this process. Moreover, fining is 
more effective during alcoholic fermentation than settling before alcoholic fermentation, trials 2 and 3 
compared to trial 1. This assumption is not related to wine conditions but to a best protein-wine contact 
which improves the fining action. 

Concerning the differences observed in phenolic composition and colour intensity, no conclusions can be 
drawn. On the one hand, the differences in colour and phenolic compounds cannot explain directly the 
thiol preservation. Although several studies have observed the main role of flavan-3-ol monomers in 
oxidation process and consequently in aroma trap [3, 4], in large scale this interaction is not always 
observed. On the other hand, differences are observed between the two vegetal proteins (pea protein and 
patatin-rich protein). In the literature, the interaction polyphenol-protein is modulated by hydrophobic 
interactions and hydrogen bindings [14]. This interaction also depends on the molecular mass and molecule 
flexibility [15]. Therefore, previous works with vegetal proteins used as fining agents in red wine have 
observed that the vegetal proteins with low molecular mass are more selective with tannins [16]. 
The molecular mass of Patatin protein is 40 kDa, while pea protein has a large molecular mass distribution 
from 10 to 100 kDa. This characteristic could explain the observed differences of colour due to interaction 
with phenolic compounds.  
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Conclusion 
Fining with patatin-rich proteins contributes to the preservation of volatile aromas, precisely the 
3-sulfanylhexan-1-ol (3SH) and its acetate (3SHA). This preservation comes from the protein interaction 
with phenolic compounds during fining. This protein appears to be highly reactive due to its high protein 
concentration and its specific molecular mass. However, the phenolic analyses do not explain completely 
the thiol preservation. Including in some cases, non-modifications of phenolic analyses are observed. 
Also this protein appears to be highly reactive with oxidized phenolic compounds. A further study of these 
compounds could be interesting to understand their effect on volatile compounds. 
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Wine quality – organoleptic characters – phenolic compounds – Rioja and Bordeaux wines 

Introduction 
Phenolic compounds are one of the most important wine quality parameters, and their composition in 
grapes and wines are influenced by the grape variety, climatic conditions, cultural practices and technology. 
Moreover, other factors such as temperature, light, bottle position and oxygen content can affect the 
phenolic composition during storage [1]. 

Anthocyanins and flavanols play an important role in the quality of wine by contributing to sensory aspects 
such as colour, astringency or bitterness, and they can help in the differentiation between grape varieties 
and growing conditions of the grapes. 

Colour evolution during vinification and ageing has been attributed to the progressive changes of phenolic 
compounds extracted from grapes. Anthocyanins can react with other compounds found in must and wine, 
such as flavanol monomers ((+)catechin, (-)epicatechin, (+)gallocatechin, (-)epigallocatechin) and flavanol 
oligomers, to form new anthocyanin-derived pigments that change the initial colour of must and young 
wine [2]. These reactions can occur either directly or indirectly through an acetaldehyde molecule which 
generates an ethylidene bridge between both parts. Anthocyanin-tannin condensation products and different 
types of pyranoanthocyanin classes are the most important anthocyanin-derived pigments; the first ones 
show less stability during ageing than pyranoanthocyanins because the pyranic ring provides a protection 
against nucleophilic attack, increasing their stability [3]. 

Other major organoleptic characters of wine include astringency and bitterness, tannins being the molecules 
to which these characters are mainly attributed. Astringency is a dryness or roughness feeling that results 
from increased friction between the tongue and the surfaces inside the mouth. As opposed to astringency, 
bitterness is a taste induced by large molecules [4]. The chemistry of tannins in wine is also complex. 
Wine contains not only polymers of different polymerization index, but also species with different 
constituents’ monomers (catechins to form the so-called procyanidins, gallocatechins to form prodelphinidins, 
or even mixed polymers with both types of monomers) and different bond types (B, A and both types). 

Materials and methods 
7 anthocyanins by high performance liquid chromatography with diode array detection (HPLC-DAD), 
15 anthocyanin-derived pigments by HPLC with tandem mass spectrometric detection (HPLC-MS/MS) and 
29 tannins by HPLC-MS/MS were measured in 192 red wine samples: 96 from Rioja (32 R. Alavesa, 32 R. 
Alta and 32 R. Baja; 24 young, 24 crianza, 24 reserva and 24 gran reserva) and 96 from Bordeaux 
(36 Médoc, 27 Libournais, Blayais and Bourgeais, 2 Entre-deux-Mers, 13 Graves and 13 Bordeaux and 
Bordeaux Supérieur). 

Anthocyanins and their derivatives were quantified by external calibration with Mv-3-O-glc and tannin 
derivatives with an external calibration of catechin. 
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Results and discussion 
In general, Rioja wines have higher levels of free anthocyanins than those from the different regions of 
Bordeaux (Figure 1). This observation could be seen in generic Bordeaux wines (Bordeaux and Bordeaux 
Supérieur), which have less ageing time in barrel than the ones with a specific Bordeaux denomination. 

 

 
Fig. 1 - Levels of anthocyanins for the different wines of Bordeaux and Rioja. 

 
Rioja wines have higher levels of non-acylated and coumaroylated anthocyanins, and lower levels of 
acetylated ones than Bordeaux wines (Figure 2). These results are in accordance with other authors, 
as a consequence of the different grape cultivars used in each region. On the one hand, in Cabernet 
Sauvignon and Merlot (the main cultivars in Bordeaux), acetylated anthocyanins represent 20-30% of total 
anthocyanin content, whereas in Tempranillo they represent only 2-6%. On the other hand, 
the coumaroylated anthocyanins represent 9% of total anthocyanin content in Cabernet Sauvignon and 
Merlot, while in Tempranillo and Graciano they represent 38 and 17%, respectively [5, 6]. 

 

 
Fig. 2 - Levels of non-acylated, coumaroylated and acetylated anthocyanins 

for the different wines of Bordeaux and Rioja. 
 

In general, Bordeaux wines present higher levels of tannin-anthocyanin condensation products and 
pyranoanthocyanins formed by reaction of anthocyanins with pyruvic acid (vitisins A), but lower levels of 
those formed by reaction with acetaldehyde (vitisins B) (Figures 3 and 4). 
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Fig. 3 - Levels of pyranoanthocyanins for the different wines of Bordeaux and Rioja. 

 

 
Fig. 4 - An example of the levels of anthocyanin-tannin derivatives (Epi-Mv-3-glc) 

for the different wines of Bordeaux and Rioja. 
 

Bordeaux wines have, in general, higher levels of tannins than Rioja wines. Catechin is the monomer with 
the highest concentration in both regions, followed by epicatechin. 

The dimer procyanidin B1 is present at higher levels than the dimer procyanidin B2 in wines of both 
regions (Figure 5). B1 dimer is present in higher levels in the grape skin, while B2 is the major dimer in the 
seed. Consequently, procyanidin B1 levels in wine are higher as the skin´s extraction during maceration is 
easier than the seed´s extraction. 

Mixed dimers with B bond have higher levels than prodelphinidin dimers with B bond in wines of both 
regions (Figure 6). Also mixed dimers with A bond have higher levels than procyanidin dimers with 
A bond in both regions. However, the procyanidin dimer A levels are higher in Rioja than in Bordeaux 
wines (Figure 7). Indirect condensation dimers with a furfuryl bridge present significant levels in wines of 
both regions. 
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Fig. 5 - Levels of procyanidin B1 and B2 for the different wines of Bordeaux and Rioja. 

 

 
Fig. 6 - Levels of mixed dimers B and prodelphinidin dimers B for the different  

wines of Bordeaux and Rioja. 
 

 
Fig. 7 - Levels of mixed dimers A and procyanidin dimers A for the different 

wines of Bordeaux and Rioja. 
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Conclusion 
Bordeaux wines have higher levels of acetylated anthocyanins, tannin-anthocyanin condensation products, 
vitisins A and tannins, while Rioja wines present higher levels of non-acylated and coumaroylated 
anthocyanins and vitisins B. These differences may be due to the grape variety used in each region and to 
the climatic conditions. 
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Bee pollen – fermentative activator – yeast nutrient – red winemaking 

Introduction 
The composition of red grape berries (sugar levels, acidity, pH, specific aroma compounds, metabolite 
levels and proteins) changes during berry ripening. Over-ripening of red grapes may involve an excessive 
sugar content or lack of nutrients [1] leading to a higher potential alcoholic content [2] or musts deficient in 
growth factors for yeast (caused by over maturation or absence of maturity) such as YAN (yeast 
assimilable nitrogen) or thiamin (B1) [3]. Both phenomena, among others, may be the cause of 
fermentation stops and problems during red vinification.  

For this reason, it is necessary to have an equilibrated grape must composition and a good fermentation 
development to obtain high quality in the physicochemical characteristics and sensory profiles of red wines. 
To avoid fermentative problems, commercial yeast (ADWY, Active Dry Wine Yeast) and commercial 
activators are used in the wine industry. So, to enhance nutrient deficiency, nitrogen supplementation 
with organic nitrogen preparations or inorganic nitrogen salts are used [4]. Yeast metabolism 
may be affected by the absence of nitrogen, and its addition at different doses in musts influences the 
fermentation development, ethanol production, volatile acidity, aroma compounds [5] and higher alcohol 
composition [6] of wines.  

Previous studies in meads have shown that addition of bee pollen as fermentation activator benefits not 
only fermentation development but also the sensorial quality of the products obtained [7]. Bee pollen is a 
natural product rich in carbohydrates (35%), protein (25%), lipids (6%), minerals and vitamins (~ 3%) [8]. 
It also has high levels of essential amino acids such as proline, aspartic acid, phenylalanine and glutamic 
acid [9]; essential fatty acids such as linoleic and linolenic acids; sterols, phospholipids and carotenoids 
[10]. This research suggests that the use of bee pollen could be of interest as an alternative to commercial 
activators. Furthermore, this opens up the possibility that pollen could be used as activator in organic or 
biodynamic winemaking. 

Materials and methods 
Microvinifications 
Microvinifications (7 kg grapes) control and using bee pollen (20 g hL-1) and a commercial product as 
fermentative activator (20 g hL-1) were carried out with two red varieties: Cabernet sauvignon (fermentable 
sugar: 225.1±1.7 g L-1; pH: 3.59±0.01; total acidity: 5.9±0.2 g L-1 tartaric acid) and Merlot (fermentable 
sugar: 237.6±5.5 g L-1; pH: 3.82±0.04; total acidity: 4.2±0.3 g L-1 tartaric acid). Stainless steel fermentation 
tanks (5 L) in controlled temperature chamber (21ºC) and dry commercial yeasts Saccharomyces cerevisiae 
(20 g L-1) were used to carry out the fermentation. Daily monitoring of viable yeast cells and kinetic 
parameter controls (density and temperature) were carried out. To determine cell viability, yeast cells were 
cultured on Petri dishes with chloramphenicol and biphenyl (99%) as bacterial antibiotics. Density was 
determined using a DMA 35N density meter (Anton Paar). 

Physicochemical and sensory analyses 
Once malolactic fermentation was completed, a physicochemical and sensory analysis of the wines 
obtained was performed. Ethanol (%, v/v), reducing sugar (glu+fru, g L-1), total acidity (g L-1), pH, volatile 
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acidity (g L-1) and malic acid (g L-1) were determinate using Fourier transform infrared spectroscopy 
(FTIR, OenoFoss™). Total phenolic content was measured according to the Folin-Ciocalteu (F.C.) method 
and antioxidant capacity through DPPH and FRAP assays [11] and expressed as mg of Trolox equivalents 
per L-1 of wine, using a microplate spectrophotometer. All wines were sensory evaluated according to 
triangular test and descriptive characterization. Control-bee pollen, control-commercial and bee pollen-
commercial combinations attending to UNI EN ISO 4120 [12] triangular test were carried out using a panel 
of tasters (n = 20) with extensive experience and familiarity with the aroma and mouthfeel attributes 
associated with Cabernet sauvignon and Merlot wines. 

Results and discussion 
The main physicochemical parameters of Cabernet sauvignon and Merlot wines are shown in Table 1 and 
Table 2, respectively. As can be seen, all of the obtained wines showed similar physicochemical values. 
Compared to control wine, both varieties showed similar values of ethanol, residual sugars (gluc + fru), 
total acidity, pH, malic acid and total phenolic content. However, a decrease of volatile acidity content in 
both types of wine relative to its control was observed. This decrease was more pronounced in Cabernet 
sauvignon wines but with values similar to those obtained using the commercial activator. Addition of 
nutrients such as amino acids, saturated and unsaturated fatty acids to the yeasts may have an impact leading 
to lower values of volatile acidity in wines [13]. The use of commercial activators and bee pollen involves a 
nutrient supply which leads to wines of physicochemical characteristics similar to their control wines. 
 

Table 1 - Physicochemical profile of control (C.Cs.), bee pollen (B.P.Cs.) and commercial 
activator (C.A.Cs.) Cabernet sauvignon wines 

 C.Cs. B.P.Cs. C.A.Cs. 
Pollen doses (g/hL) 0 20 0 
Commercial activator (g/hL) 0 0 20 
Ethanol (%, v/v) a 12.42 ± 0.39 13.31 ± 0.13 12.86 ± 0.39 
Reducing sugar (glu+fru, g/L) a 1.4 ± 0.3 1.0 ± 0.1 1.2 ± 0.2 
Total acidity (g/L) a 5.3 ± 0.2 5.3 ± 0.2 5.1 ± 0.2 
pH a 3.98 ± 0.04 3.96 ± 0.02 3.96 ± 0.04 
Volatile acidity (g/L) a 0.30 ± 0.02 0.16 ± 0.02 0.16 ± 0.02 
Malic acid (g/L) a 0.5 ± 0.08 0.5 ± 0.05 0.4 ± 0.05 
Total phenolic content (mg/L) a 2253.79 ± 258.23 2452.13 ± 186.26 2668.23 ± 336.24 

a Each value is mean ± SD (n = 3). 

 
Table 2 - Physicochemical profile of control (C.M.), bee pollen (B.P.M.) and commercial 

activator (C.A.M.) Merlot wines 

 C.M. B.P.M. C.A.M. 
Pollen doses (g/hL) 0 20 0 
Commercial activator (g/hL) 0 0 20 
Ethanol (%, v/v) a 14.18 ± 0.12 14.09 ± 0.24 14.35 ± 0.19 
Reducing sugar (glu+fru, g/L) a 1.9 ± 0.02 1.7 ± 0.04 1.3 ± 0.20 
Total acidity (g/L) a 5.9 ± 0.2 5.8 ± 0.2 5.9 ± 0.4 
pH a 3.67 ± 0.05 3.71 ± 0.04 3.71 ± 0.06 
Volatile acidity (g/L) a 0.13 ± 0.01 0.10 ± 0.02 0.14 ± 0.02 
Malic acid (g/L) a 1.2 ± 0.2 1.2 ± 0.1 1.6 ± 0.2 
Total phenolic content (mg/L) a 2164.02 ± 88.29 2201.78 ± 171.08 2237.87 ± 8.77 
a Each value is mean ± SD (n = 3). 

 
On the other hand, the same results were observed for the antioxidant capacity (Table 3). Cabernet 
sauvignon wines showed higher antioxidant capacity (DPPH and FRAP) than Merlot wines related to their 
higher total phenolic content (Tables 1 and 2). Same doses of pollen and commercial activator slightly 
increased the total phenolic content of wines and, in turn, their antioxidant capacity. 
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Table 3 - Antioxidant capacity using DPPH and FRAP assays (mg Trolox/L) of control (C.), bee pollen 
(B.P.) and commercial activator (C.A.) in Merlot (M) and Cabernet sauvignon (Cs) wines 

 DPPH FRAP 
C.M. a 2556.55 ± 236.47 2611.78 ± 77.23 
B.P.M. a 2683.58 ± 224.46 2644.34 ± 173.83 
C.A.M. a 2642.75 ± 127.09 2630.72 ± 101.35 
C.Cs. a 3646.20 ± 67.62 3187.08 ± 133.21 
B.P.Cs a. 3897.06 ± 202.87 3581.96 ± 210.65 
C.A.Cs. a 3956.09 ± 111.41 3652.12 ± 127.36 
a Each value is mean ± SD (n = 4). 

 
Considering the fermentation kinetics, Figures 1 and 2 show viable yeast monitoring during alcoholic 
fermentation. As can be seen, yeast growth was greatly influenced by the use of pollen and commercial 
activator. Both fermentations (Cabernet sauvignon and Merlot) using pollen and commercial activator 
improved the exponential phase of yeast growth and increased cell population. Therefore, pollen appears to 
have an important role in yeast growth and survival similar to commercial activator. 
 

 
Fig. 1 - Yeast population monitoring during alcoholic fermentation of Cabernet sauvignon control, 

bee pollen and commercial activator wines. 
 

 
Fig. 2 - Yeast population monitoring during alcoholic fermentation of Merlot control, 

bee pollen and commercial activator wines. 
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The triangular test results (Table 4) showed statistical significance comparing bee pollen and commercial 
activator wines with control (a, b), but no statistical significances were found between the two activator 
wines (c). The sensory attributes analyzed by the testing panel were divided in two groups: aroma (fruity 
and floral) and mouthfeel attributes (acidity, sweetness, bitterness and astringency).  
 

Table 4 - Triangle test (α risk) on control, bee pollen and commercial activator in 
Merlot and Cabernet sauvignon wines 

 (a)  
Bee pollen - Control 

(b)  
Commercial - Control 

(c)  
Bee pollen - Commercial 

Merlot 
Cabernet sauvignon 

0.001 0.05 ̶ ̶
0.2 0.01 ̶ ̶

 

As can be seen in Figures 3 and 4, the use of pollen had greater influence on sensory characteristics of 
wines than on their physicochemical profile and antioxidant capacity. So, Cabernet sauvignon wines with 
pollen addition (Figure 3) showed higher values in floral aroma (gardenia and roses), fruity character 
(exotic fruit and red berries) and astringency than commercial activator and control wines. Moreover, 
Merlot wines with pollen significantly enhanced fruity and floral character (Figure 4) showing a similar 
profile to commercial activator. These improvements confer to wines added with bee pollen better aroma 
and mouthfeel attributes compared with control and commercial activator wines. 
 
 

 
 

Fig. 3 - Spider plots of sensory attributes determined by a panel (n = 20) in Cabernet sauvignon 
control, bee pollen and commercial activator wines. 

 
 
 
 
 
 
 
 

0

1

2

3

4

5

Acidity 
intensity

Bitterness

Astringency

Fruity 
character

Floral 
character

Sweetness

Control Bee Pollen Commercial



 Chimie du vin, procédés et composants du vin à effets physiologiques 

547 

 

 

Fig. 4 - Spider plots of sensory attributes determined by a panel (n = 20) in Merlot control, 
bee pollen and commercial activator wines. 

 

Conclusion 
The use of bee pollen as fermentation activator involves a nutrient supply which leads to wines of similar 
physicochemical characteristics and antioxidant capacity to their control and commercial activator wines. 
Furthermore, addition of pollen provides nutrients that enhance the development and survival of the yeast, 
resulting in a good development of the fermentation and production of less volatile acid. In this regard, the 
pollen is a good substitute for commercial fermentation activators. The tasting session results showed that 
wines fermented with pollen were highlighted by floral and fruity notes, especially Cabernet sauvignon. 
Similar behavior between pollen and commercial fermentative activator suggests an interesting potential 
use of bee pollen as an alternative activator in traditional red winemaking. Besides, the use of pollen as 
fermentation activator would open a new field to organic or biodynamic winemaking. 
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Wine oxidation – chemiluminescence – ORAC-FL assay – reducing power method  

Introduction 
Oxidation is a common process that touches organisms and biological products alike. In regard to wine, 
oxygen can be very beneficial or detrimental to its quality. Micro-quantities of oxygen may enhance the 
wine’s quality, whereas prolonged exposure easily leads to its spoilage. Historically, those micro-quantities 
were transferred into wine simply by using oak barrels for bulk aging. Pore sizes of these wooden barrels 
were shown to be ideally suited for the so called micro-oxygenation. Similar maturation effects were 
observed during bottle aging by using natural corks for its cap material. Oak and cork withstood the test 
over time, however, sometimes large variations between barrels or between corks led to the development of 
new technologies which offered new solutions for oxygen addition and concentration. The addition of 
defined micro-quantities of oxygen to a wine is very well mastered today and comprehensively summarized 
in recent publications [1, 2], but the total amount of oxygen needed over a longer period of time is still 
subject of debates (depending on grape variety, wine type, and wine style) and generally decided in 
accordance with the results of a quick sensory evaluation session. The method is heavily dependent on the 
taster’s judgment and opinion. The relationship between sensory evaluation data and analytical control 
parameters is not very well understood and single parameters to objectively predict the capacity of a wine 
to receive small amounts of oxygen are not known. Sensory evaluation remains, despite its high degree of 
subjectivity, the principal method to determine the “healthy” amount of oxygen in a wine.  

This project aimed at confronting three different analysis methods for a simple and objective test of a 
wine’s capacity to consume small amounts of oxygen. All three methods were well established, but were 
originally developed to characterize the resistance to oxygen of solids and/or liquids other than wine. 
The reported tests were carried out with identical wine samples and compared to the sensory analysis data 
obtained at the same time by experienced judges in terms of the wine’s oxidation levels and aging potentials. 

Materials and methods 
Wine selection 
Four wineries were each asked to propose two red wines from their collection: one wine with a weak 
resistance against oxygen and one wine with a strong resistance against oxygen. Two additional wines from 
other wineries were added at random. With this procedure, 10 red wines were preselected for a relatively 
wide range of oxygen resistance levels and used for the experimental analysis and the tasting session. 
Classic wine analysis and color measurements were performed by InterRhône (Orange, France), as well as 
comprehensive polyphenolic compound analysis of all 10 red wines. 

Sensory evaluation 
The tasting session included 17 participating judges. The 10 wines were served to the judges in coded 
glasses. Two of the 10 wines were served twice for a total of 12 samples. The judges were asked to rank and 
score the wine samples on an ordinal scale from 1 through 10 according to their resistance against oxygen. 
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Analytical methods 
Early applications of Chemiluminescence (CL) in beverages include the detection of light emission during 
beer oxidation [3]. Navas and Jimenez [4] summarized the applications of CL methods in the context of 
alcoholic beverage analysis in general. The Oxygen Radical Absorbance Capacity Assay (ORAC-FL assay) 
introduced by Prior et al. [5, 6] has been used as a particularly pertinent test for wines. The Reducing 
Power method (RP) method was developed by M. L. Chapon for the brewing industry and expresses the 
quantity of reducing components in beer. Cavin et al [7] carried out RP tests with wine, in order to find an 
alternative method for the redox potential analysis of wines. 

Results and discussion 
Sensory evaluation 
Each of the 12 samples got 17 scores from the 17 judges and overall scores were calculated. These overall 
scores and the corresponding samples were then ranked in ascending order. Samples underlined by the 
same bar were not different (Fig. 1). It can be seen that six distinct oxygen resistant levels were obtained: 
the least resistant wines being the 2010 Gamay VD and four of the five Pinot noirs. On the other hand, 
the most resistant wines were Bordeaux varieties and a dark colored Regent from the Zurich region. 
The two doubled served wines had been ranked close together, rank number 3 and number 5 for the Pinot 
noir 2012, as well as number 9 and number 11 for the Merlot 2011, respectively. 

 

 
Fig. 1 - Average oxygen resistance scores of corresponding samples, ranked in ascending order. 

Significance is indicated with red lines. Samples underlined by the same line 
were not significantly different. 

 

Fluorescence (ORAC-FL) method 
While a slight trend of increasing ORAC-FL values with higher ranking of the tasting assessment seemed 
visually apparent, it was not statistically significant (p = 0.56, Fig. 2). However, the ORAC-FL assay 
significantly correlated (p < 0.001) with the total polyphenolic index, which are the main anti-oxidant 
properties of the wines. 

Reducing power method (RP) 
Correlations of the RP values with the ranking for the 10 wines obtained by the tasting assessment did not 
show a significant relationship (p = 0.12, Fig. 3). However, as seen for the ORAC-FL method, the total 
polyphenolic index correlated significantly with the RP value (p < 0.05). These findings indicated that the 
ORAC-FL assay and the RP assay might give similar, but not necessarily identical, information. 

Chemiluminescence (CL) method 
The CL method was designed for the measurement of solid samples. All experiments that were carried out 
on red wine showed no clear CL signal. Modifications of the instrument were partly successful, i.e. they 
worked well for liquid samples like olive oil, but not for red wines.  
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Fig. 2 - ORAC values of the selected wines were measured and compared to the assessment 
of the tasting panel. While a general trend of increasing ORAC values for increasing assessed 

resistance is visible, this relationship is not statistically significant (p > 0.56).  
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 3 - The values measured using the RP method were compared to the assessment of the tasting 
panel: the results of the tasting panel and RP values correlated well (R2 = 0.26; n = 10). 

Conclusion 
Each of the tested methods included several critical steps that had to be followed in order to maintain 
accuracy and precision. The reported work allowed the development of standard protocols for the analysis 
of wine oxidation reactions with the ORAC-FL method and the RP method. Further exploration is needed 
for the CL method. At this point, the correlations of the tasting results and the results of the ORAC-FL and 
RP methods did not show strong and significant relationships, although positive tendencies can be seen. 
Due to the limited number of wine samples, the presented results of these global approaches are 
preliminary, additional experiments will be carried out. 
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CIELAB – barrel – wine – colour 

Introduction 
Colour is considered one of the principal parameters of wine quality as it provides a great deal of 
information on its current status or even aging potential [1]. For this reason, colour analysis is routinely 
performed in wineries using spectrophotometric measurements, even though there is no simple relationship 
between these measurements and human colour perception. For red wines, the colour determination is 
based on the calculation of absorbance at three different wavelengths (420, 520 and 620 nm), while the 
colour of white wines is evaluated based only on the measurement of the absorbance at 420 nm [2, 3]. 
The Commission Internationale de l’Eclairage (CIE) established a new system which uses the whole visible 
spectrum and can provide information on a wine’s tonality, luminosity and chromatism [4]. This system has 
been used in several studies with regard to colour stability, monitoring the fermentation procedure, and the 
colour evolution during bottle aging [5-7]. During barrel aging, colour is also used to provide information, 
but given the complex transformations of phenolic compounds and the extraction of various substances 
from the barrel, the analyses performed concentrate mostly on studying the phenolic content of the wines 
[8] and the type of phenols extracted, which is greatly influenced by the type of barrel used (size, type of 
wood) and the time of contact [9]. The aim of this study was to evaluate the use of CIELAB on the 
differentiation of wines aging in different containers for different periods of time.  

Materials and methods 
Cultivars and fermentation conditions 
The wines were 2013 vintage from the region of Peza in Crete, Greece. The indigenous grape varieties of 
Vilana, Dafni (white varieties), Kotsifali and Mandilari (red varieties) were used to produce four wines 
(oenological parameters of the wines are shown in Table 1). After completing fermentation in stainless 
steel tanks, all wines were transferred to the aging containers. The containers used were Stainless Steel 
Tank with oak chips, and barrels made of French Oak, American Oak, Acacia and - only for the case of red 
wines - Chestnut (all barrels were 225 l with a medium toast, oak chips were Oenostick® V18). 
Control wines were transferred to stainless steel tanks, and samples from all containers were taken after 3, 
6 and 12 months of maturation.  

Table 1 - Oenological parameters of wine samples 
Wine Ethanol %(v/v) Total acidity (g/L 

in tartaric acid) 
pH Volatile acidity 

(g/L in acetic acid) 
Vilana 14,3 6,07 3,41 0,43 
Dafni 12,7 5,25 3,35 0,40 
Kotsifali 13,6 4,95 3,45 0,47 
Mandilari 12,9 5,17 3,41 0,31 

  



 Chimie du vin, procédés et composants du vin à effets physiologiques 

553 

Colour analysis 
Absorbance measurements were done on a Hitachii 2000 spectrophotometer. Total Phenolic Index (TPI) 
(A280) was determined by measuring the absorption at 280 nm [10], A420 by measuring the absorption at 
420 nm [2] and Total Tannins by acid hydrolysis [11]. Wine colour was assessed with a tristimulus 
colorimeter (Minolta CR-400) using the L*a*b* and L*Ch systems from the CIELAB colour space. 
The following parameters were evaluated: L*, which is a measure of lightness; a* and b* coordinates, 
which represent the degree of red (when a*>0), green (when a*<0), yellow (when b*>0), and blue 
(when b*<0); C* (Chroma), which is a measure of saturation; and h, which represents the hue. 
The parameters were determined with a D65 light source. 

Data analysis 
Data processing was performed with the JMP statistical analysis software (Statistical Discovery software, 
version 11). 

Results and discussion 
Discriminant analysis performed on the CIELAB values showed a significant discrimination (80%) 
regarding contact time (Figure 1, Table 2).  

 

 
Fig. 1 - Discrimination results regarding contact time, based on CIELAB values (white wines). 

 
Table 2 - Contact time classification data based on CIELAB values (white wines) 

Number of Misclassified 6 
Percent of Misclassified 20 
-2LogLikelihood 28,73 

 
In the case of the red wines, CIELAB values resulted in a significant classification of 69% of the samples 
(Table 3).  

 
Table 3 - Contact time classification data based on CIELAB values (red wines) 

 Training 
Number of Misclassified 14 
Percent of Misclassified 38,89 
-2LogLikelihood 53,13 

 
Regarding the type of container used in white wine aging, CIELAB allowed a complete discrimination 
(92%) of the wines aging in tanks from wines aging in wooden barrels or in tanks with oak chips (Figure 2, 
Table 4).  
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Fig. 2 - Discrimination results regarding type of container, based on CIELAB values (white wines). 

 
Table 4 - Container type classification data based on CIELAB values (white wines) 

 Training 
Number of Misclassified 3 
Percent of Misclassified 7,5 
-2LogLikelihood 18,07 

 
Spectrophotometric measurements resulted in a significant discrimination of the Acacia barrel from all 
other types of containers, with 87% of the samples correctly classified (Figure 3, Table 5). 

 

 
Fig. 3 - Discrimination results regarding type of container, based on spectrophotometric 

measurements (white wines). 
 

Table 5 - Contact time classification data based on spectrophotometric measurements (white wines) 
 Training 
Number of Misclassified 5 
Percent of Misclassified 12,5 
-2LogLikelihood 30,11 

Moreover, no significantly strong correlation could be established between spectrophotometric data and 
CIELAB values for the white wines, except for the absorbance at 280 nm and the Chroma value (C*) 
(Table 6).  
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Table 6 - CIELAB values and spectrophotometric data correlation 
L* C* h* L*(Lab) a* b* Α420 A280 TT 

L* 1 
C* 0,3898 1 
h* -0,0124 -0,0724 1 

L*(Lab) 0,6517 0,3606 0,0667 1 
a* -0,0868 -0,1217 -0,9562 -0,1456 1 
b* 0,4253 0,9316 -0,0049 0,5599 -0,1461 1 

Α420 -0,097 0,4509 0,1721 -0,2841 -0,2158 0,3792 1 
A280 -0,0297 0,7418* -0,224 -0,147 0,0837 0,5974* 0,4666 1 

TT 0,1095 0,6644* -0,051 -0,0376 -0,0895 0,5465 0,4001 0,8326 1 

Conclusion 
CIELAB colour values allowed the discrimination of wines aged for different time periods but also the 
discrimination of white wines aged with or without wood contact (barrel or oak chips), whereas the 
spectrophotometric measurements that evaluate the phenolic content and the A420 measurement allowed 
the significant discrimination of the Acacia barrel from all other containers. This could be due to the fact 
that wood contact is perceived by the colorimeter even when the phenols extracted are not providing a 
significant change in the total phenol content or the browning index (A420) of a wine. These data, along 
with more research, could prove CIELAB colour space analysis to be a fast and easily applicable method 
that could be used to provide reliable data on aging conditions. 
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Pesticides – extraction – quantification – method comparison 

Introduction 
Nowadays, food safety is at the heart of consumers, producers and regulators’ concerns. Regarding 
viticulture, a large number of active ingredients are authorised for vine phytosanitary treatments and new 
substances appear on the market regularly. Some phytosanitary products, principally fungicides, applied 
close to the harvest date may leave residues on the grapes and may further be transferred to the wines. 
Although until now no Maximum Residue Limits (MRL) have been set for the wine, powerful analysis 
methods have to be developed in order to detect a great number of ingredients potentially used in vineyard 
and to quantify low levels of residues and prohibited molecules in particular. Due to the complexity of the 
matrices, an efficient extraction-concentration step is required before chromatographic separation. 
Moreover, concerning solid samples, the grinding method has to be defined. 

We previously studied the scope and limitations of the stir bar sorptive extraction (SBSE) of pesticide 
residues from wine followed by gas chromatography separation and mass spectrometry detection 
(GC-MS) [1]. Due to the specific features of SBSE and GC techniques, only sufficiently apolar, volatile 
and thermostable molecules could be analysed. Finally, a quantitative method was optimised for 
37 compounds widely used for vineyard protection whereas 80 compounds were tested. 

To overcome these specificities and to extend the range of pesticide residues quantified, we turned to liquid 
chromatography (LC). Moreover, coupling with tandem mass spectrometry (MS/MS) ensures a greater 
confidence in the detection. QuEChERS (Quick, Easy, Efficient, Rugged and Safe) [2] resolution OIV-
OENO 436-2012, Solid-Phase Extraction (SPE) and direct injection (DI) with or without dilution were 
compared for LC-MS/MS analysis for nearly 200 compounds. 

Materials and methods 
Pesticide residue analysis 
A 1260 liquid chromatography system coupled with a 6430 Triple Quadrupole mass spectrometer from 
Agilent Technologies (Massy, France) was used.  

Solid-Phase Extractions were performed by a MultiPurpose System (MPS) from Gerstel (Müllheim an der 
Ruhr, Germany). 

Vine leaf samples 
Vine leaves treated with phytosanitary products during the summer 2013 were used to compare the effect 
of the sample preparation. Each preparation was performed in triplicate. 

Fermentation conditions 
A must was obtained by pressing grape berries with a small pneumatic press. Supplemented musts were 
prepared by addition of a solution of pesticide standards. The alcoholic fermentations were conducted on 
3 samples of each supplemented must. A control, for which fermentation was blocked, was maintained in 
the same temperature conditions. 
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Results and discussion 
When comparing chromatograms of a supplemented red wine sample obtained after direct injection, 
QuEChERS extraction and SPE all of them followed by LC-MS/MS analysis (Figure 1), a strong 
enhancement is noticed for SPE (except for the most polar analytes), whereas direct injection and 
QuEChERS extraction give similar results. However, QuEChERS extraction is often preferred due to the 
existence of signal suppression depending on the wine matrix for direct injection. 

 

 
Fig. 1 - Chromatograms of a supplemented wine for three extraction types. 

 

The accuracy of the methods was checked through inter-laboratory experiments (13 laboratories). 
Quarterly, 45 pesticide residues were sought in a white and a red wine by QuEChERS-LC-MS/MS, 
SPE-LC-MS/MS and SBSE-GC-MS. For most of the compounds and analyses, the results are in good 
agreement with the mean values calculated from the inter-laboratory results, with less than 50 % deviation. 
Vinclozolin could not be analysed by LC-MS/MS. For chlorpyriphos, chlorpyriphos-Me, fenitrothion and 
procymidone the sensitivity obtained after QuEChERS extraction is very poor. Concerning spiroxamine, 
unreliable results were generally obtained after SPE-LC-MS/MS. 

When considering solid samples, additional parameters have to be taken into account. First of all, 
the sampling must be well representative of the parcel. Secondly, the size of the solid particles greatly 
influences the extraction step. To estimate this effect for the extraction of incurred pesticide residues from 
vine leaves, three grinding techniques were tested: grinding with a kitchen blender at room temperature or 
with liquid nitrogen and grinding with a mixer mill (ball mill) and liquid nitrogen. Depending on the 
molecule, the best results were obtained when the leaves were grinded frozen with liquid nitrogen either 
with a mixer mill or a kitchen blender (Figure 2). However, the use of a mixer mill is laborious and the 
kitchen blender was preferred.  

Regarding the extraction step, three QuEChERS procedures were selected: 5 g leaves and 10 mL water, 5 g 
leaves and 5 mL water, 2 g leaves and 10 mL water (Figure 3). Among them, 2 g leaves and 10 mL water 
gave the smallest responses as expected. From a general point of view there is no difference between 
addition of 5 or 10 mL of water when starting from 5 g of leaves.  

Concerning the d-SPE cleaning, four procedures were tested: PSA, PSA followed by acidification, PSA and 
GCB, PSA and GCB followed by acidification. No effect was observed for the whole set of pesticides 
except for 2-aminobenzimidazole for which the response decreases with the use of formic acid and even 
more with GCB or worse with the combination of both. However, the use of GCB is recommended to 
protect the ion source. Moreover, the addition of formic acid to readjust the pH after d-SPE generally 
slightly increases the response for all other compounds. 
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Fig. 2 - Grinding conditions for vine leaves. 
 

 
Fig. 3 - QuEChERS extraction conditions for vine leaves. 

 

The evolution of some pesticide residues during the vinification process was monitored with SPE-LC-
MS/MS. Each sample was extracted and analysed in triplicate. From Figure 4, it can be seen that for 
carbendazim a degradation occurs during fermentation whereas for fluazinam the degradation happens over 
the time. For the other compounds there is no effect of the alcoholic fermentation under the conditions used. 

 

 
Fig. 4 - Monitoring of pesticide residues with SPE-LC-MS/MS from must to wine. 
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The SPE results were compared to those of the QuEChERS extraction with and without centrifugation of 
the samples. For most compounds and samples there is a significant loss of residues after centrifugation 
(Figure 5). In general, the concentrations measured after SPE or QuEChERS with centrifugation of the 
sample are in good accordance. 

 

 
Fig. 5 - Comparison of SPE and QuEChERS with or without centrifugation from must to wine. 

 

Conclusion 
A LC-MS/MS method was optimised and implemented for the detection of 178 pesticide molecules. 
This analytical method was used to compare direct injection, SPE and QuEChERS extraction of pesticide 
residues in wines, showing the much higher sensitivity of the second one. The accuracy of the QuEChERS-
LC-MS/MS and SPE-LC-MS/MS results are regularly checked and compared to those of the SBSE-GC-
MS for compounds in common. 

Considering vine leaves, some parameters were optimised and the method is now operational. 

Regarding the evolution of pesticide residues from grapes to the wines, analyses are in progress, 
but preliminary results confirmed that some residues are lost with the separation of solid parts and that the 
stability of each residue varies. 
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Dimethyl sulfide (DMS) ‒ GC-MS ‒ volatile compound ‒ grapes ‒ wine 

Introduction 
Aroma is a factor that influences the quality of the wine and depends on a very large number of compounds 
which are responsible for the character of the wine. During bottle ageing, a lot of chemical changes occur 
which affect the development of the sensory characteristics of the wine. The composition of wine aroma 
depends also on the grape variety, the alcoholic fermentation and the production process. In some varieties 
it was determined a characteristic aromatic compound, such as 4-methyl-4-sulfanylpentan-2-one in 
Sauvignon Blanc, while other varieties have a characteristic aromatic profile, such as Cabernet Sauvignon 
and Chardonnay [1]. 

In this study, the role of dimethyl sulfide (DMS) was investigated. DMS has been reported as a highly 
volatile sulfur compound found in a wide range of foods and beverages such as corn [2], beer [3], malt [4] 
and wine [5]. The formation of DMS during the alcoholic fermentation is linked to various amino acids 
(cysteine, cystine, glutathione, methionine) and DMSO [6], but in a recent study S-methylmethionine 
(SMM) was identified as the major DMS precursor in grape [7]. Although the aroma of DMS was 
described as corn, cabbage, asparagus and molasses, it has been demonstrated as an enhancer of the berry 
fruit note [5, 8]. The positive or negative effect of DMS on the bouquet depends on its concentration in the 
wines and relates to the grape variety [5, 9].  

Materials and methods 
Wine samples 
The samples were commercial wines from the Greek variety cv Xinomavro from the region of Naoussa, 
Northern Greece and from different vintages (1992, 1996, 1997, 1999, 2005, 2006 and 2008), while the 
grape samples were from the same vintage (2010) and were collected at maturity.  

DMS analysis 
Free and potential DMS were analyzed using a method based on that described by Segurel et al. [5] with 
some modifications. Free Dimethyl Sulfide (fDMS) and Potential Dimethyl Sulfide (pDMS) were analyzed 
by GC–MS using the Head-Space Solid Phase Micro Extraction (HS-SPME) methodology. 

For the quantification of fDMS, a volume of 25 mL of wine spiked with the internal standards, 2.5 μg 
[2H]6-DMS were placed into a 40-mL vial, then supplemented with 3 g NaCl, a magnetic stir bar and sealed 
with a screw-top cap with a silicon septa. The vial was placed on a heating stir plate and the solution was 
equilibrated by magnetic stirring at 750 rpm for 5 min at 30ºC. The SPME fiber (CAR/PDMS 75 μm) was 
exposed to the headspace of the sample for 30 min at 30ºC and then inserted into the injector of GC for 
thermal desorption for 10 min.  

For the quantification of pDMS, 25 mL of the wine samples or 5 g of homogenated grapes with 10 mL of 
H2O were placed into a 40-mL vial at 20ºC with a magnetic stir bar. fDMS that already exists in the 
samples was removed by bubbling nitrogen at 100 mL/min flow rate for 15 min with magnetic stirring at 
750 rpm. pDMS was released by heat-alkaline treatment. After the solution got cold, 2.5 μg [2H]6-DMS 
were added through the septa. Then the SPME needle was inserted manually through the vial septum and 
the aforementioned procedure was followed.  
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Analysis was performed using a Hewlett-Packard 5890 II GC equipped with a Hewlett-Packard 5972 MS 
detector. The column used was an HP-5 capillary column (30 m × 0.25 mm i.d., 0.25-μm film thickness) 
and the gas carrier was helium with a flow rate of 1 mL min-1. The injector and MS-transfer line 
were maintained at 250ºC and 260ºC, respectively. Oven temperature was held at 30ºC for 3 min and raised 
to 40ºC at 1ºC min-1 and then to 250ºC at 20ºC min-1. The selective ion monitoring (SIM) mode was 
applied and as quantifiers ions were used m/z 62 (999) and m/z 68 (999) for DMS and [2H]6-DMS, 
respectively. As qualifiers ions were used m/z 47 (875), 61 (308) and m/z 50 (972), 66 (275) for DMS and 
[2H]6-DMS, respectively.  

Data analysis 
Data were subjected to one-way analysis of variance (ANOVA) using Statistica V.7 Software (Statsoft Inc., 
Tulsa, OK). Comparison of mean values was performed using Tukey’s HSD test when samples were 
significantly different after ANOVA (p < 0.05).  

Results and discussion 
DMS is an important compound for the aromatic character of the wine due to its low perception threshold, 
which was determined at 27 μg L-1 for red wines [10]. It was also observed that in low concentrations, 
below the odor threshold, DMS enhanced fruity aroma [5, 8]. High levels of fDMS were already recorded 
previously in Xinomavro wines [10]. In this study, the levels of DMS in wines exceeded the odor threshold 
and the values determined ranged from 37 μg L-1 in 2008 up to very high levels in 1992 (234 μg L-1). 
Results showed that fDMS was characterized by a tendency to increase with ageing (Figure 1A), which is 
in accordance with previous studies [10, 11]. Fedrizzi et al. [11] compared Merlot with Cabernet Sauvignon 
and observed higher concentrations in Merlot after 8 years of ageing, but the levels were lower compared to 
Xinomavro wines and determined at maximum of 80 μg L-1. In contrast, De Mora et al. [12] observed 
fluctuation in DMS concentrations in aged wines from the same variety and reported no correlation with 
the years of ageing as a consequence of different viticultural treatments or vinification techniques. It was 
also observed a decrease of pDMS during the years (Figure 1B), which could be correlated with the 
increase of fDMS.  

Table 1 - pDMS concentration in grapes of different varieties. Values with different letter are 
significantly different (Tukey’s test, p < 0.05). 

 Variety  pDMS μg g-1 berry 

1. Xinomavro 0.95 ± 0.03 a 

2. Syrah  0.44 ± 0.06 b 

3. Merlot  0.22 ± 0.01 c 

4. 
Cabernet 
Sauvignon  

0.11 ± 0.01 d 

5. Mavrotragano  0.05 ± 0.002 e 

6. Agiorgitiko  0.02 ± 0.004 f 

 

Concerning the pDMS concentrations in grapes, differences among the varieties were observed and a 
potential impact of the variety on DMS levels was observed, which is in accordance with previous studies 
[5, 8, 11]. As aforementioned, higher concentrations of DMS have been reported in Merlot wines compared 
to Cabernet Sauvignon [11], which is related to the pDMS levels found in the grape samples of this study. 
pDMS levels in Merlot grapes were two times higher compared to Cabernet Sauvignon pDMS levels 
(Table 1). Furthermore, in Syrah grapes the concentration was determined at 0.44 μg g-1 berry. 
As illustrated in Table 1, Xinomavro had the highest concentration of pDMS, estimated at 
0.95 μg g-1 berry, while the lowest concentration was determined in Agiorgitiko (0.02 μg g-1 berry).  

 



OENO 2015 

562 

 
 
 
 
 
 
 
 

 

 
 

 

Conclusion 

Results have shown that fDMS and pDMS were characterized by a tendency to increase and decrease 
respectively along with ageing. Variety can influence the concentration
were observed for potential DMS levels 
contribution to Xinomavro wines due to high levels in 
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Grape marcs ‒ cell wall ‒ cultivar ‒ enological techniques 

Introduction 
Great efforts have recently been directed at exploiting by-products from food industries. In the case of 
enology, the objective is to obtain high value-added products from the press wine processing residues. 
The grape marc cell wall is a complex network of neutral polysaccharides, acidic pectin substances, 
insoluble proanthocyanidins, lignin and structural proteins and phenolic compounds, all of which could be 
used as functional ingredients in several processing industries. However, the differences in marc 
composition according to the grape variety and the influence of the enological techniques on the grape 
marc chemical composition have not yet been extensively studied. The present paper provides information 
on skin cell walls from Cabernet Sauvignon, Syrah and Monastrell grapes. The effect of enzymatic 
preparation and ß-galactosidase separately added and the use of dry ice on the changes that these structures 
experience during the winemaking process was studied. 

Materials and methods 
Grape samples  
Cabernet Sauvignon, Syrah and Monastrell grapes grown in Murcia (southern Spain) were carefully 
harvested at commercial maturity during the 2007 vintage. Three 90-kg replicate lots of grapes from the 
three different cultivars were destemmed, crushed, and distributed into nine tanks to yield triplicate control 
lots. At the same time, potassium metabisulfite was added. This was the basic procedure applicable to all 
the wines produced. 

Winemaking conditions and treatments 
The following three treatments were applied to three wines. Commercial enzyme preparation was added 
into the nine tanks (3 g/100 kg), giving rise to the three replicate lots. Besides, a mixed enzyme consisting 
of α and ß-galactosidase activity was added into the nine tanks (1 g/100 kg), giving the triplicate lots. 
Finally, dry ice was added into tanks (-78°C) at a rate of 100 kg per tank directly into the nine tanks and 
mixed with the crushed grapes. The dry ice kept the must frozen for 3 days at a temperature lower than 
-3°C. Commercial dry Saccharomyces cerevisiae yeast was hydrated and inoculated to start all 
fermentations. The fermentative pomace contact period lasted ten days in all vinifications. During this time 
the cap was punched down twice a day.  

Grape marcs samples 
When alcoholic fermentation was finished, the wine was strained off and the grape marcs were pressed. 
Grape marc samples were frozen and peeled with the help of a scalpel, completely separating the skin from 
the pulp remains. The skins were stored at -80°C until the CWM was isolated.  

Marc chemical composition analysis 
CWM was isolated following the procedure of de Vries et al [1]. The neutral sugar composition of the 
CWM was determined by GLC after pre-treatment, hydrolysis and conversion of the products into alditol 
acetates [2]. Uronic acid contents were determined by the colorimetric 3,5-dimethylphenol assay [3]. 
The protein and total phenolic compound contents were determined by colorimetry [4, 5]. The methanol 
and acetic acid content of the CWM was determined by HPLC [6]. All extractions were done in triplicate. 
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Average values and statistical significance according to LSD and Tukey test (p < 0.05) were calculated 
using the package Statgraphics Plus 5.1. (Statpoint Technologies, Inc., Warrenton, UA, USA). 

Results and discussion 
The amount of CWM isolated was significantly higher in Cabernet Sauvignon marcs (164 mg g−1 of grape 
marc) compared with Syrah (137 mg g−1 of grape marc) and Monastrell (140 mg g−1 of grape marc) marcs. 
It could be explained by the lowest protein content in Cabernet Sauvignon grape skins, which would 
represent a weaker structural rigidity [7].  

Cabernet Sauvignon marcs presented significantly lower protein content (113 mg of BSA g−1 of cell wall). 
Concerning phenolic compounds, Cabernet Sauvignon and Syrah marcs showed the highest values 
(165 and 160 mg of gallic acid g−1 of cell wall, respectively) (Figure 1).  

 

 
 

Fig. 1 - Two-way ANOVA data showing mean separation of isolation efficiency ( ▌; mg of cell wall 
g−1 of grape fresh skin), protein ( ▌; mg of BSA g−1 of cell wall) and phenolic compound ( ▌; mg of 

gallic acid g−1 of cell wall) contents of the CWM isolated from the grape marc from different 
cultivars (A) and different winemaking techniques (B). Different letters indicate significant 

differences according to a Tukey test (p<0.05). 
 

The CWM from Monastrell marcs presented the highest total sugar content (325 mg of sugars g−1 of skin 
cell wall). Cabernet Sauvignon marcs showed a higher DM (57%), in comparison with Monastrell marcs 
(47%) (Figure 2). On the other hand, Syrah marcs showed the highest DA (22%). Regarding the applied 
treatments, the lowest total sugar content was found when enzymatic preparation had been used (263 mg of 
sugars g−1 of skin cell wall). This result was not surprising. The action of the enzymes on the pectin matrix, 
together with the activities of the enzymatic preparation applied could explain the decrease in total sugar 
content [8]. Both enzymatic treatments led to significantly higher DM (56% and 54%, respectively) 
compared with control samples (42%) independently of the cultivar, which is coherent with the results 
obtained by Romero-Cascales et al. [8].  

In order to check whether the measured variables could distinguish among the pre-established groups 
(grape cultivar and vinification technique), a multivariate discriminant analysis was used (Figure 3). 
Regarding grape cultivar, two discriminant functions were established (100% correct classification). 
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The separation was very good, indicating that the differences among cultivars are maintained after the 
vinification process. Differences were also observed when considering the vinification technique. 
Three discriminant functions were established, which allowed 88% correct classification of the samples. 
Samples were misclassified mainly when trying to assign them to the enzymatic preparation treatment or 
the galactosidase treatment group, indicating that these two treatments affected in a similar way the 
composition of the marcs for the three cultivars.  

 

 
Fig. 2 - Two-way ANOVA data showing mean separation of degree of methylation ( ▌; %) and degree 

of acetylation ( ▌; %) of the skin CWM isolated from the grape marc from different cultivars (A) 
and different winemaking techniques (B). Different letters indicate significant 

differences according to a Tukey test (p<0.05). 
 

 
Fig. 3 - Distribution of the grape marc samples in the coordinate system defined by the discriminant 

functions used to differentiate among cultivars (A) and vinification techniques (B). CA: (□), SY (x), MO 
(), control (+), enzymatic preparation (–), galactosidase enzyme () and dry ice addition (*). 
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Conclusion 

A significant cultivar effect was observed as regards the composition of the CWM isolated from the skin 
separated from the marc after alcoholic fermentation. The enological technique also seems to influence the 
composition of the marc CWM. The grape marcs could represent a good source of valuable compounds for 
several applications. 
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Ellagitannins ‒ NIRS ‒ oak aromatic compounds ‒ condensed tannins  

Introduction 
The variability in chemical composition of oak wood both at an inter-individual level [1-5] and within the 
same tree [4-8] is well documented and accepted by the scientific community. While the selection criteria 
traditionally used by cooperage such as the width of the growth rings (grain) and the type of silviculture 
(often associated with geographical origin) allow some control on the quality, these parameters do not 
accurately reflect the heterogeneity of oak wood chemical composition. To achieve this, it is necessary to 
chemically analyze the composition of each barrel stave. Recent research based on the classification of oak 
cooperage according to the content of ellagitannin confirmed that a large variation exists, both inter-
individual and according to the position of the piece of wood in the tree [5]. In addition, oak wood 
undergoes significant changes in wood chemical composition during toasting: aside from the formation of 
aromatic compounds, ellagitannins are partially degraded. For this reason, and because of the temperature 
sensitivity of these reactions, it is clear that without the precise management of the toasting process, 
upstream wood classification makes little sense.  

The Vicard Group has developed a particularly innovative toasting tool whose originality lies in the 
implementation of a fully automated radiant heat process. In 2010, a research and development program 
was set up in order to strengthen the selection criteria for oak barrels. This research, based upon the 
determination of ellagitannin content of each barrel stave using near infrared spectroscopy (NIRS), 
culminated in 2013 with the introduction of a specific product range: Vicard Generation 7. To date, 
three classes of tannin potential (TP) corresponding to distinct ellagitannin content in untoasted wood are 
now available: Low TP, or LTP < 4000, Medium TP, or MTP from 4000 to 6000 and High TP, or HTP > 
6000 g of ellagic acid equivalent / g of dry wood. In this article, after detailing the methodology of sorting 
wood according to its TP and explaining the toasting process, we present the first results obtained using 
these innovative tools and illustrate their impact on wine quality. 

Materials and methods 
Wood samples 
The wood used in this study came exclusively from Vicard Group’s stocks (French forests and neighboring 
countries, 30 months of natural maturation).  

Wines 
The wines and experimental set-up are presented in table 1. 

Wood classification  
Wood classification according to its ellagitannin content was performed using near-infrared spectroscopy 
(NIRS) using an innovative detection technique based on the use of an acousto-optic tunable filter (AOTF). 

Toasting methodology 
Toasting made after steam bending was controlled by computer and performed using radiant heat. 
That system ensures heating accuracy to +/- 3 °C and has led to the development of innovative and 
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customized toasting profiles such as the 
In our study, all barrels underwent a gradual toasting
(180 C for Sangiovese (G180), 160 and 170 
 

Origin Grape variety

Estate A 
Tuscany 

2013 
Sangiovese

2012 
Estate B 
Napa Valley 

2013 Cabernet sauvignon 

Estate C 
Sonoma county 

2013 Cabernet sauvignon 

 
Wine sensory and chemical analyses
An international panel of 17 trained tasters from the National School of Agricultural Sciences of Bordeaux 
(BSA) carried out blind sensory analysis
arrows. The impact of toasting modality 
protein (SPI) as previously described 
wines by SBSE/GC/MS and LC/MS (internal methods, Sarco laboratory, Bordeaux). 
composition and concentration were 

Results and discussion
As shown in figure 1 and according 
2000 staves of various origins and grain sizes 

 

 

 

 

 

 

 

 

Fig. 1 - Variability of ellagitannin 

The relationship between TP and grain was investigated for two grain sizes: growth ring width between 1.5 
and 2 mm (FI) and over 3 mm (GR).
the grain size (figure 2). However, t
a strong predictor of stave ellagitannin content. 

Impact of aging for barrels with different TP at the same toasting level
For the 2013 Sangiovese (figures 3a and 3b) tasted after 12 months of aging, 
barrels exhibited significantly mo
significantly higher. For the 2012 Sangiovese tasted after 24 months of aging, sensory 
analysis could not discriminate between the two sam
In light of these results and in accordance with recent research 
content of ellagitannins compared to LTP barrels. After this first phase of ellagitannin extraction,
a decrease in their content is generally observed as a result of their reactivity, both with oxygen and various 
other wine compounds.  

ting profiles such as the gradual toasting based on a temperature increase in 
barrels underwent a gradual toasting (G), and various initial temperatures were compared 

C for Sangiovese (G180), 160 and 170 C for Cabernet Sauvignon (G160 and G170))

Table 1 - Nature and origin of wines 

Grape variety Toasting process Tannin Potential (TP)
Influence of TP 

Sangiovese G180 
LTP HTP
LTP HTP

Cabernet sauvignon  G180 LTP HTP

Influence of toasting level 

Cabernet sauvignon  G160 / G170 LTP / 

Wine sensory and chemical analyses 
An international panel of 17 trained tasters from the National School of Agricultural Sciences of Bordeaux 

sensory analysis. The significant differences are shown in 
of toasting modality on wine structure was evaluated by measuring an index of salivary 

as previously described [9, 10]. The assay of wood aromatic compounds was carried out on 
wines by SBSE/GC/MS and LC/MS (internal methods, Sarco laboratory, Bordeaux). 

were determined by phloroglucinolysis after a solid phase extraction step 

discussion 
igure 1 and according to recent research [5], the measurement of TP on a sample of more than 

2000 staves of various origins and grain sizes confirmed the variability of wood ellagitannin concentration.
 

Variability of ellagitannin content (EGT) in oak staves
 

The relationship between TP and grain was investigated for two grain sizes: growth ring width between 1.5 
and 2 mm (FI) and over 3 mm (GR). Accordingly to data literature [12], ellagitannin content 

However, this correlation was weak; therefore, grain size was determined not to be 
a strong predictor of stave ellagitannin content.  

Impact of aging for barrels with different TP at the same toasting level 
igures 3a and 3b) tasted after 12 months of aging, the wine aged under HTP 

significantly more pronounced tannin intensity and the salivary protein index 
For the 2012 Sangiovese tasted after 24 months of aging, sensory 

discriminate between the two samples on the structure criteria 
In light of these results and in accordance with recent research [5], it seemed HTP barrels release a higher 
content of ellagitannins compared to LTP barrels. After this first phase of ellagitannin extraction,
a decrease in their content is generally observed as a result of their reactivity, both with oxygen and various 

mperature increase in four steps. 
(G), and various initial temperatures were compared 

C for Cabernet Sauvignon (G160 and G170)).  

Tannin Potential (TP) TPI 

HTP 57 / 61 
HTP 53 / 56 

HTP 70 / 78 

58 / 59 

An international panel of 17 trained tasters from the National School of Agricultural Sciences of Bordeaux 
significant differences are shown in figures 3 and 5 by 

was evaluated by measuring an index of salivary 
romatic compounds was carried out on 

wines by SBSE/GC/MS and LC/MS (internal methods, Sarco laboratory, Bordeaux). Grape-based tannin 
determined by phloroglucinolysis after a solid phase extraction step [11].  

measurement of TP on a sample of more than 
the variability of wood ellagitannin concentration. 

(EGT) in oak staves. 

The relationship between TP and grain was investigated for two grain sizes: growth ring width between 1.5 
, ellagitannin content increased with 

was weak; therefore, grain size was determined not to be 

he wine aged under HTP 
the salivary protein index was 

For the 2012 Sangiovese tasted after 24 months of aging, sensory and chemical 
ples on the structure criteria (data not shown). 

HTP barrels release a higher 
content of ellagitannins compared to LTP barrels. After this first phase of ellagitannin extraction, 
a decrease in their content is generally observed as a result of their reactivity, both with oxygen and various 
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Fig. 2 - Distribution of ellagitannin 

Fig. 3 - Impact of aging under barrels of different TP (LTP/HTP) with a same toasting level (G180) on 
wine organoleptic properties and level of wood aromatic 

 
After 12 months of aging, the condensed tannin concentration measured
accordingly to TP from 184.4 mg/L (LTP) to 215.3 mg/L (HTP)
polymerization (mDP) was similar 
(-)-epigallocatechin and (-)-epicatechin was highe
ellagitannin in oak wood reacted with oxygen as it diffused into the wine, this coul
results. Based upon this hypothesis, grape
as well as barrels toasted at lower temperatures. 

Beyond its impact on wine structure and preservation of grape
TP seemed to have a significant influence on wine aromas

After 12 months of aging, LTP modality is considered significantly more complex and fruity than HTP
(figure 3c). That same LTP modality
notes compared to the HTP modality (f
interpretation of these sensory differences (f
compounds in wines, associated with toasted notes, increase along with wood
lactones, aging under a lower TP result
TP classes could also be explained by their respec
in furanic aldehydes reduces wine fruitiness 
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Distribution of ellagitannin content according to grain size
 

Impact of aging under barrels of different TP (LTP/HTP) with a same toasting level (G180) on 
wine organoleptic properties and level of wood aromatic compounds (Sangiovese 2013)

ondensed tannin concentration measured by phloroglucinolysis increased
accordingly to TP from 184.4 mg/L (LTP) to 215.3 mg/L (HTP) (figure 4). The mean degree of 
polymerization (mDP) was similar between both TP; however, the extension subunit percentage such as

epicatechin was higher in red wine from HTP than LTP
ellagitannin in oak wood reacted with oxygen as it diffused into the wine, this could explain the observed 
results. Based upon this hypothesis, grape-based tannins would “age” more slowly in high phenolic barrels 
as well as barrels toasted at lower temperatures.  

Beyond its impact on wine structure and preservation of grape-based tannins, wood sorting according to its 
to have a significant influence on wine aromas (figure 3). 

After 12 months of aging, LTP modality is considered significantly more complex and fruity than HTP
That same LTP modality presented more intense fresh wood notes and conversely less toasted 

HTP modality (figures 3a and 3c). Chemical analysis provide
of these sensory differences (figure 3d). According to recent research 

compounds in wines, associated with toasted notes, increase along with wood TP. Regarding whisky 
aging under a lower TP resulted in a richer wine. Differences in fruity perception between the two 

TP classes could also be explained by their respective chemical composition. Indeed, a greater concentration 
in furanic aldehydes reduces wine fruitiness [13] while whisky lactones can enhance it [

Chimie du vin, procédés et composants du vin à effets physiologiques 

569 

according to grain size. 

 
Impact of aging under barrels of different TP (LTP/HTP) with a same toasting level (G180) on 

(Sangiovese 2013). 

by phloroglucinolysis increased 
. The mean degree of 

the extension subunit percentage such as 
r in red wine from HTP than LTP. If it is assumed that 

d explain the observed 
based tannins would “age” more slowly in high phenolic barrels 

wood sorting according to its 

After 12 months of aging, LTP modality is considered significantly more complex and fruity than HTP 
se fresh wood notes and conversely less toasted 

igures 3a and 3c). Chemical analysis provided a molecular 
recent research [5], levels of furanic 

TP. Regarding whisky 
in a richer wine. Differences in fruity perception between the two 

Indeed, a greater concentration 
[14-16]. 
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Fig. 4 - Tannin composition and concentration of red wine from barrels of different TP (LTP vs. HTP) 
with a same toasting level (180 °C) measured by phloroglucinolysis.

Thus, the tannin level of wood seem
HTP barrels conferred the greatest concentration in compounds responsible for toasted notes
lower whisky lactone concentration, this
variations in wood composition such as lactones and hemicelluloses. 

Impact of aging with different toasting level and the same TP
Sensory analysis after 10 months of aging clearly discriminate
criteria (figures 5a and 5b). At equal TP, the
complex; on the palate, it exhibited
remember there was only 10°C differ
effective management of the toasting process
provide homogenous and reproducible barrels

Fig. 5 - Impact of aging under barrels of different toasting level (G160/G170) with a same TP (LTP) on 
wine organoleptic properties (Cabernet Sauvignon, Sonoma county 2013)

Tannin composition and concentration of red wine from barrels of different TP (LTP vs. HTP) 
with a same toasting level (180 °C) measured by phloroglucinolysis.

 

Thus, the tannin level of wood seemed to be a determining factor for the levels of extractible compounds. 
the greatest concentration in compounds responsible for toasted notes

concentration, this suggests that ellagitannin content may reflect other constitutive 
such as lactones and hemicelluloses.  

Impact of aging with different toasting level and the same TP 
Sensory analysis after 10 months of aging clearly discriminated between the two samples 

igures 5a and 5b). At equal TP, the 170 gradual toasting is judged significantly more fruity and 
ed a better tannin quality (softness) and greater harmony. It is important to 

only 10°C difference between the two modalities. In light of these first results, 
management of the toasting process and the selection of toasting level to each 

provide homogenous and reproducible barrels, is highlighted.  

 

of aging under barrels of different toasting level (G160/G170) with a same TP (LTP) on 
wine organoleptic properties (Cabernet Sauvignon, Sonoma county 2013)

[Tannin] (mg/L)
LTP: 184.4 
HTP: 215.3 

 

Tannin composition and concentration of red wine from barrels of different TP (LTP vs. HTP) 
with a same toasting level (180 °C) measured by phloroglucinolysis. 

to be a determining factor for the levels of extractible compounds. 
the greatest concentration in compounds responsible for toasted notes. Given their 

flect other constitutive 

o samples from various 
170 gradual toasting is judged significantly more fruity and 

and greater harmony. It is important to 
ence between the two modalities. In light of these first results, the 

of toasting level to each TP, in order to 

 

of aging under barrels of different toasting level (G160/G170) with a same TP (LTP) on 
wine organoleptic properties (Cabernet Sauvignon, Sonoma county 2013). 

[Tannin] (mg/L) 
: 184.4 ± 4.0  

HTP: 215.3 ± 5.5  
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Conclusion 
The heterogeneity of oak wood composition combined with the lack of toasting standards can lead to 
substantial differences in wine perception after aging to such an extent that the management of this 
variability constitutes a major challenge for the cooperage industry. The originality of our production 
approach lies in the combination of a reliable sorting method, based on the analysis of wood ellagitannin, 
and an accurate, reproducible toasting tool, matched to wood phenolic content. It is important to note that, 
to our knowledge, our toasting process is unique in the cooperage industry. 

The enological advantage of the rationalization of cooperage oak wood selection combined with a perfect 
toasting management is evidenced both by sensory and chemical analysis. Moreover, beyond purely 
enological considerations, we expect that this rationalization of wood sorting will play a role in the years to 
come to a better use of natural resources, which are not unlimited. 
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Red sparkling wine ‒ grape maturity ‒ polysaccharides ‒ oligosaccharides 

Introduction  
Sparkling wines elaborated following the traditional method undergo a second fermentation in closed 
bottles of base wines, followed by aging of wines with lees for at least 9 months. The production of 
sparkling wines is lower compared to that of still wines, but the economic impact of this product is very 
important because of its high added value. For this reason winemakers are constantly looking for product 
improvements and new products. In fact, a new market strategy in the enological industry based on the 
diversification of wine production and on the exploitation of the characteristics and particularities of 
different varieties of grapes is emerging. In this sense, although most of the sparkling wines elaborated are 
white and rosé, the production of red sparkling wines is highly increasing. One of the initial problems in 
red sparkling wine processing is to obtain suitable base wines that should have moderate alcohol content. 
Therefore, grapes must be harvested at low maturity stage. This fact could affect the polysaccharide and 
oligosaccharide content of wines, which in turn could have implications for sparkling wine sensory 
properties. A previous study has analyzed the composition of polysaccharide families during the 
winemaking and aging of white and rosé sparkling wines [1], however, none has analyzed the evolution of 
oligosaccharides. Therefore, this paper aims to analyze the changes occurring in oligosaccharide and 
polysaccharide families during the red sparkling wine processing by the traditional method, as well as to 
study the effect of grape ripening stage on carbohydrate composition. 

Materials and methods  
Grapes from Tempranillo variety from the Cigales Denomination of Origin (D.O.) were harvested at two 
maturity levels: prematurity grapes (PM) and grapes at their optimum degree of maturity (M). Then, two 
red sparkling wines were manufactured using the traditional method champenoise in the enological station 
of Castilla y León (Valladolid, Spain). Samples for analyses were taken from the base wines and then after 
3 months, 6 months and 9 months of aging on yeast lees. Isolation of polysaccharide and oligosaccharide 
fractions was made according to a previously described method [2]. The polysaccharide composition was 
estimated from the concentration of individual glycosyl residues determined by GC–MS after hydrolysis, 
reduction and acetylation as described elsewhere [3]. Oligosaccharide fraction was determined after 
solvolysis by GC of their per-O-trimethylsilyl methyl glycoside derivatives [4].  

Results and discussion 
Figure 1 gives the molecular weight distributions of polysaccharides and oligosaccharides of premature and 
mature red sparkling wines during their aging on yeast lees. The fraction eluted on Superdex 30-HR 
column between 40 and 53 min contained the polysaccharide fraction, while the oligosaccharide fraction 
was collected between 54 and 93 min. The first peak in the range 40–48 min corresponded to the 
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T0 T3 T6 T9

polysaccharide fraction of highest mass and rich in PRAGs (Polysaccharides Rich in Arabinose and 
Galactose) and mannoproteins (MPs). The second peak eluted between 49 and 53 min corresponded to the 
fraction containing mainly rhamnogalacturonan II (RG-II). Evident differences between the profiles of base 
wines were found. The polysaccharide and oligosaccharide fractions of red base wines elaborated with 
mature grapes were higher than the fractions in the other base wine due to a different ripening state at harvest. 
It should be noted the occurrence of peak tailing at 48 min in premature but no in mature red sparkling 
wines, probably due to a degradation of polysaccharides in mature grapes but no in premature grapes.  

 

Fig. 1 - Purification by high-resolution size-exclusion chromatography of polysaccharide and 
oligosaccharide fractions isolated on Superdex 30-HR column from premature and mature red 
sparkling wines during different stages of sparkling wine production: base wines (T0), sparkling 

wines after 3 months (T3), 6 months (T6), and 9 months (T9) of aging on yeast lees 
(Refractive index versus Retention Time (Minutes). 

 

Grape ripening stage affected the content and evolution of polysaccharides and oligosaccharides. 
Figure 2 shows the concentration of MPs, glucans (GLs), PRAGs and RG-II in premature and mature red 
sparkling wines during different stages of sparkling wine production. In both wines and in all vinification 
stages, PRAGs were the most prevalent polysaccharide family detected. However in all vinification stages 
mature sparkling wines showed higher content of MPs, PRAGs and RG-II than premature ones. The higher 
MPs content could be caused by changes in yeast conditions, such as the different alcohol content of base 
wines, during alcoholic fermentation, which could influence the kinetics of the release of mannose. 
The higher content of polysaccharides from grapes in mature red base wines could be due to an easier 
degradation of cell walls in mature grapes that could ease the extraction of wine components during the 
early steps of their processing to base wine. The evolution of polysaccharide families was different during 
the stages of the sparkling wine processing. In mature red sparkling wines, MPs increased from 3 to 6 
months of aging, GLs increased from base wine to 3 months of aging, while PRAGs and RG-II slightly 
decreased at 9 months. However, in premature red sparkling wines, MPs increased at 6 months of aging, 
GLs and PRAGs remained and RG-II decreased. As observed with polysaccharide families, grape maturity 
also affected the arabinose/galactose ratio of the wine PRAGs composition. Mature red sparkling wines 
showed higher arabinose/galactose ratio than premature ones, which suggests higher release of arabinose. 
In both wines the ratio remained constant during the aging, which suggests that aging did not change the 
PRAGs composition (date not shown). 

Table 1 shows the glycosyl composition (mg/L) of oligosaccharides from red sparkling wines during aging 
on yeast lees. In all wines and together with PRAGs, oligosaccharides were the two most prevalent 
carbohydrates detected in all vinification stages. Oligosaccharides of all wines included sugars such as 
rhamnose, arabinose, galactose, xylose and galacturonic and glucuronic acids coming from the pecto-
cellulosic cell walls of grape berries but also mannose and glucose released from yeast polysaccharides. 
Galacturonic acid, arabinose, xylose, mannose and glucose presented the highest contents in both wines 
during all vinification stages.  
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Fig. 2 - Concentration of mannoproteins (MPs), glucans (GLs), polysaccharides rich in arabinose and 
galactose (PRAGs), and rhamnogalacturonan II (RG-II) in premature and mature red sparkling wines 

during different stages of sparkling wine production: base wines (T0), sparkling wines after 3 months 
(T3), 6 months (T6), and 9 months (T9) of aging on yeast lees. 

 
 

Table 1 - Glycosyl composition (mg/L) of oligosaccharides from red sparkling wines during different 
stages of sparkling wine production: base wines (BW), sparkling wines after 3 months (T3), 

6 months (T6), and 9 months (T9) of aging on yeast lees. 

Rha a Fuc a Ara a Xyl a Man a Gal a Glc a Gal A a Glc A a Xylitol  4-OMeGlc A a Total 
PMb 

         
 

 
 

T0 4.3 3.3 11.6 17.9 26.0 7.5 41.1 176.8 3.1 1.8 5.6 299.0 
T3 3.4 2.2 10.3 15.1 21.6 7.3 34.5 144.0 2.6 2.0 4.9 247.9 
T6 4.1 2.6 12.5 17.0 24.4 7.9 50.0 172.9 3.1 2.1 5.3 301.9 
T9 2.6 2.1 6.7 10.8 18.1 6.2 36.2 91.8 1.7 1.3 3.0 180.5 
Mb 

         
 

 
 

T0 3.2 2.7 18.0 20.9 24.2 11.0 42.2 174.2 3.9 3.3 7.6 311.2 
T3 3.0 3.0 16.8 21.1 26.0 9.3 54.7 172.8 3.6 3.2 7.2 320.7 
T6 2.5 2.5 13.7 16.4 20.6 6.9 44.4 160.2 3.7 2.0 6.0 278.9 
T9 2.5 2.5 15.0 18.8 21.6 7.0 56.8 147.0 3.3 2.8 6.0 283.3 

aRha, Rhamnose; Fuc, Fucose; Ara, Arabinose; Xyl, Xylose; Man, Mannose; Gal, Galactose; Glc, Glucose; Gal A, 
Galacturonic acid; Glc A, Glucuronic acid; 4-OMeGlc A, 4-O methyl Glucuronic acid.bPM, premature grapes; 
M, mature grapes. 

 

Several characteristic ratios were calculated from oligosaccharide sugar composition: Arabinose/Galactose, 
Rhamnose/Galacturonic acid, and (Arabinose + Galactose)/Rhamnose (Table 2). Red mature sparkling 
wines showed higher arabinose/galactose ratio than premature ones, which suggests a greater release of 
arabinose or oligosaccharides rich in arabinose arising from the pectic framework into this wine. The lower 
value calculated for Rha/Gal A suggests an homogalacturonan structure predominance. (Arabinose + 
Galactose) to Rhamnose ratio was lower in premature red sparkling wines than mature wines. It could 
indicate that the rhamnogalacturonan oligomers present in mature red sparkling wines carry more neutral 
lateral chain. 
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Table 2 - Glycosyl composition (mg/L) of oligosaccharides from red sparkling wines during different 

stages of sparkling wine production: base wines (BW), sparkling wines after 3 months (T3), 
6 months (T6), and 9 months (T9) of aging on yeast lees. 

 
Ara/Gal a Rha/Gal A a (Ara+Gal)/Rha a 

Premature    
T0 1.87 0.03 4.49 
T3 1.68 0.03 5.27 
T6 1.89 0.03 5.03 
T9 1.30 0.03 4.98 
Mature    
T0 1.96 0.02 9.24 
T3 2.17 0.02 8.89 
T6 2.37 0.02 8.51 
T9 2.56 0.02 9.27 

a Ara, Arabinose; Gal, Galactose; Gal A, Galacturonic acid; Rha, Rhamnose. 

Conclusion 
The results of this study highlight grape ripening stage affected the concentration, composition and 
evolution of polysaccharides and oligosaccharide during the aging on lees of sparkling wines. 
Polysaccharides rich in arabinose and galactose and oligosaccharides were the two most prevalent 
carbohydrates detected in all vinification stages. More studies should be carried out to further investigate 
the possible influence that different polysaccharides and oligosaccharides from different grape maturity 
could have on the physico-chemical and sensory properties of sparkling wines. 
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Amertume ‒ vins blancs ‒ analyse sensorielle 

Introduction 
L’amertume est un critère important dans l’acceptation des produits alimentaires et des boissons car elle 
serait associée, de manière innée, à des produits toxiques ou dangereux pour la santé de l’homme [1]. 
Cette perception est d’ailleurs rejetée par les nourrissons ; ce n’est que par l’éducation que l’amertume peut 
devenir pour certains un facteur positif d’acception avec des niveaux de perception et d’acceptation très 
différents d’un individu à l’autre.  

Dans le vin, l’amertume est un des paramètres majoritaires pour définir le goût ; elle participe à l’équilibre 
général avec l’acidité et la sucrosité. Si l’amertume des vins rouges trouve son origine majeure dans leurs 
richesses en polyphénols dont on sait que certaines conformations peuvent l’exacerber [2], l’amertume des 
vins blancs est beaucoup plus controversée. Mieux comprendre son origine et agir éventuellement sur son 
niveau est un enjeu pour la filière afin de répondre aux attentes des consommateurs, de plus en plus 
sensibles à de faibles niveaux de défaut dans les vins [3].  

Certains cépages tels que le muscat à petits grains, le viognier ou le mauzac sont reconnus pour apporter 
plus fréquemment de l’amertume aux vins. En outre, ces cépages sont particulièrement sensibles à 
l’oxydation, qui renforcerait elle-même cette sensation [4]. D’autres facteurs engendreraient l’amertume : la 
concentration en certaines molécules, telles que l’alcool, les terpènes ou l’acroléine [2, 5, 6], 
ou l’équilibre des perceptions gustatives. L’astringence peut par exemple perturber la perception de 
l’amertume [7]. A l’inverse, des paramètres peuvent diminuer cette perception comme l’acidité, le taux de 
sucre ou de glycérol [8, 9].  

Pour diminuer l’amertume des vins blancs, des pratiques œnologiques sont bien connues. C’est le cas des 
collages comme la PVPP (poly vinyl poly pyrrolidone), qui se lie aux polyphénols [10] ou l’édulcoration 
des vins au conditionnement. Cependant ces solutions sont plus correctives que préventives et ne 
permettent pas de comprendre l’origine d’une amertume excessive.  

Cette étude se propose d’identifier certains facteurs inhérents au raisin ou à la vinification impactant 
l’amertume des vins blancs et ainsi de mieux en comprendre l’origine pour mettre en place des 
actions préventives.  

Matériel et méthodes 
Modalités 
Pour cette étude, plusieurs facteurs potentiellement influant ont été sélectionnés : le cépage, la maturité des 
baies, le contact des parties solides de la baie avec le jus au stade pré fermentaire (extraction et macération 
pelliculaire) et la chaptalisation du moût. Deux séries de neuf modalités chacune ont ainsi été analysées par 
des analyses sensorielles et œnologiques (Figure 1). 

Analyse sensorielle des vins 
L’analyse sensorielle des vins est réalisée par un jury expert (20 juges), sélectionné sur ses aptitudes 
sensorielles et entraîné (AFNOR ISO 8586, [11]). Les juges sont entraînés à identifier et évaluer l’intensité 
de l’amertume par l’utilisation de solutions standards (caféine et sulfate de quinine). L’intensité de 
l’amertume est évaluée sur une échelle linéaire, continue et bornée. Les vins sont présentés en comparatif 
de 3 vins (équilibrage des comparaisons sur l’ensemble du jury et des répétitions), selon un ordre basé sur 
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un carré latin équilibré sur les effets arrières [12] et dans des verres noirs standardisés INAO. 
Une répétition de l’analyse des vins est réalisée. Les données sont recueillies avec un système d’acquisition 
de données informatisé (FIZZ software, Biosystemes, Couternon France). 

 

 

Fig. 1 - Caractéristiques des modalités analysées. 
 

Traitement des données 
Le traitement statistique est réalisé avec le logiciel XLstat (Addinsoft, France), par des analyses de 
variances. Au préalable, les performances du jury sont étudiées. Lorsque des différences significatives sont 
observées (p<0,05), les intensités moyennes sont comparées en utilisant le test de comparaison multiple 
Tukey (HSD). Des corrélations de Pearson sont calculées entre les données issues de l’analyse sensorielle 
et les données œnologiques des vins. 

Résultats et discussion 
Pour les 2 cépages étudiés, le panel est performant puisqu’il est à la fois discriminant, consensuel et 
répétable.  

Pour le cépage muscat, des différences significatives d’amertume existent entre les 9 modalités étudiées 
(p<0,0001). Les vins 05 et 06 sont significativement plus amers que le vin 02 (Figure 2). 

 
Fig. 2 - Classement des vins en fonction de l’amertume obtenu à partir de l’ANOVA 

à 2 facteurs (juge-vin) pour le cépage muscat. 
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Quand on étudie plus en détail les différents effets, on constate pour ce cépage que la différence 
d’amertume est principalement liée à la maturité et la chaptalisation (Figure 3). En effet, les modalités 
issues de la première maturité sont significativement moins amères que celles de la seconde maturité ou de 
la première maturité chaptalisée (p<0,0001). Par contre, aucune différence significative n’est observée entre 
les modalités d’extraction.  

 

 
Fig. 3 - Effet des facteurs sur la perception de l’amertume pour le cépage muscat. 

 

Comme le cépage précédent, on observe pour le viognier une différence significative d’amertume entre les 
9 modalités étudiées (p=0,003). Le vin 02bis est significativement plus amer que les vins 01, 02, 03 et 04 
(Figure 4). 
 

 
Fig. 4 - Classement des vins en fonction de l’amertume obtenu à partir de l’ANOVA 

à 2 facteurs (juge-vin) pour le cépage viognier. 
 

L’étude plus précise des effets montre que la différence d’amertume est liée d’une part à la chaptalisation et 
d’autre part à l’extraction (Figure 5). En effet, les modalités issues de la première maturité sont 
significativement moins amer que celles de la première maturité chaptalisée (p=0,005). Par contre, il n’y a 
pas de différences significatives entre la première et la seconde maturité. Pour l’effet de l’extraction, 
les modalités extraites par le décanteur centrifuge après foulage et macération sont significativement plus 
amères que les modalités extraites par le pressoir pneumatique.  

Les corrélations entre la perception de l’amertume et les données œnologiques existent. Principalement 
pour le cépage muscat, des corrélations significatives sont observées pour le degré d’alcool (r=0,929) et la 
DO 420 (r=0,701), ce qui indiquerait que l’amertume des vins augmente avec le taux d’alcool. Et elle serait 
liée à une couleur des vins plus jaune, liée probablement à une plus grande richesse en polyphénols ou à 
une oxydation accrue. Ces corrélations ne sont pas significatives pour le cépage viognier mais des 
tendances existent (alcool r=0,544 ; DO 420 r=0.608).  
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Fig. 5 - Effet des facteurs sur la perception de l’amertume pour le cépage viognier. 
 

Conclusion 
Ces premiers résultats indiquent qu’il existe un effet de la maturité pour les 2 cépages étudiés. 
Une maturation des baies plus tardive confère plus d’amertume aux vins en corrélation avec un pourcentage 
en volume d’alcool supérieur. L’itinéraire pré fermentaire avec un contact accru entre les parties solides et 
le jus procure davantage d’amertume seulement pour les vins de viognier. 

Il semble que parmi tous les facteurs étudiés dans le protocole, l’incidence du pourcentage en volume 
d’alcool soit pré dominant. En effet, une deuxième année d’expérimentation n’a pas permis de mesurer des 
différences d’amertume, dès lors que les différences de pourcentage en volume d’alcool entre les vins 
étaient moindres. 

Ce travail sur l’amertume des vins blancs se poursuivra en ciblant l’étude sur d’autres familles de molécule 
que l’alcool. 
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SEC analysis ‒ procyanidins ‒ mass distribution ‒ grape seeds and skin 

Introduction 
Phenol compounds are found in grapes and wines in the form of non-flavonoids (phenolic acids, stilbenes) 
and flavonoids such as condensed tannins (e.g. proanthocyanidins, PAs) and monoglucoside 
anthocyanidins. They are important in the colouration and organoleptic properties of berries and give 
specific characteristics to the wine. PAs are mainly present in the seeds and skin of grape, and are polymers 
of flavan-3-ol units and in the case of grape seeds (procyanidins, PCs): catechin and epicatechin. 

Size-exclusion chromatography (SEC) is the method routinely employed to determine polymer molecular 
mass. The molecules are separated according to their hydrodynamic volume, which depends on their molar 
mass, the solvent and the chemical composition of the polymer. By calibrating the column with known 
standards, the molar mass of an analyte can be calculated. If the analytes do not have the same relationship 
between molar mass and hydrodynamic volume as the standards used, the calculated molar mass is only 
relative to the standards. The gross structure of proanthocyanidin polymer is characterized by its degree of 
polymerization (DP), i.e. average number of units in the polymer. 

In our case, SEC in the organic phase is usually used. Currently, molecular mass values are obtained in 
polystyrene (PS) or polyethylene glycol (PEG) equivalents as commercial PC standards are not available. 
But SEC is not an absolute method; structural and conformational differences between PS or PEG and PA 
must be taken into account. Mass spectrometry (MS) is an effective method for characterizing the 
molecular mass. In order to evaluate possible differences, MALDI technique was carried out, MALDI 
being a well-known technique able to accurately determine the mass of low dispersity samples. In this 
work, we present the new calibration curve and a comparative study on grape seed samples based on the 
two different calibrations. 

The purpose of the study is also to establish a new calibration curve by SEC realistic chemical structures 
studied and to validate the selected standards and to compare grape seed samples based on the two different 
calibrations. Our work will permit to devise a reliable method to characterize polymerized forms of tannins, 
their structural information and mass distribution. All these parameters will enable us to establish a 
comparative map of PA of different origins. 

Materials and methods 
Procyanidin isolation and fractionation 
Grapes were collected at the beginning (A) and at the end (B) of maturation: seeds and skins were 
separated manually. Isolated seeds (A and B) were lyophilized, reduced to powder and frozen at -18°C until 
used. Portions (40 g) of seeds (A) and (B) were extracted in 100 ml of EtOH and 100 ml H2O at 1 g/l 
sodium metabisulfite under nitrogen with mechanical stirring for 12 h. 200 ml CHCl3 were added to 
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eliminate lipids and pigments (x3). The mixture was centrifuged for 10 min. The lower green phase 
corresponding to the chloroform phase was eliminated and the upper yellow phase corresponding to the 
hydroalcoholic (HA) part was recovered. All the HA extracts were collected, evaporated to dryness, 
lyophilized and frozen at -18°C until analysis -----> Seed extract A and Seed extract B were obtained.  

2 g of seed extract A + 20 ml H2O were extracted in ethyl acetate (x6), and after decantation and 
centrifugation, organic phases were collected, evaporated to dryness and frozen at -18°C ----> Oligomeric 
Fraction.  

4 g of seed extract B + 40 ml H2O were extracted in ethyl acetate (x6), and after decantation, aqueous 
phases were collected and centrifuged. The liquid phase was collected, evaporated to dryness and frozen 
at -18°C ----> Polymeric Fraction; the solid phase was collected, evaporated to dryness and frozen 
at -18°C ----> Highly Polymeric Fraction.  

Analysis by Size Exclusion Chromatography (SEC) 
The study of the Mp (peak-average molecular mass) distribution of seed fractions was performed using 
organic columns. SEC analysis was performed using a PL-GPC 50 Plus instrument equipped with three 
columns (300x7.8 mm i.d.): Styragel HR1, HR3, HR4, in series, protected with a guard column of the same 
material (Waters). Analysis conditions were: DMF+0,1% LiBr as the eluent, flow-rate: 0,8 ml/min at 20°C, 
injection volume: 20 l and analysis time: 60 min. Detection was made at 280 nm, by an UV detector 
(SPECTRA SERIES UV-150). Cirrus software was used for data acquisition. 

Low pressure gel chromatography 
Separation was performed using low pressure TSK HW-40(S) gel chromatography with 100% MeOH as 
eluent. Flow rate: 0,8 ml/min; column: 27±2 cm length and 2,5 cm diameter. 

MALDI analysis 
MALDI-MS spectra were acquired using a TofSpec MALDI-TOF mass spectrometer from Micromass 
(Manchester, UK). The instrument is equipped with a pulsed N2 laser (337 nm, 4 ns pulse width) and a 
time-delayed extracted ion source. Spectra were recorded in the positive-ion mode using the reflectron and 
with an accelerating voltage of 20 kV. 

Samples were dissolved in MeOH at 10 mg/ml. The DHB matrix solution was prepared by dissolving 
10 mg in 1 ml of H2O. The solutions were combined in a 10:1 volume ratio of matrix to polymer to 
cationization agent. One to two microlitres of the obtained solution were deposited onto the target sample 
and vacuum-dried. 

NMR analysis 
1D and 2D NMR experiments were performed on a Bruker spectrometer equipped with an inverse 5 mm 
broad-band probe at 600 MHz for 1H. 1H chemical shifts are given in ppm relative to TMS. 

Results and discussion 
Obtaining information on the mass distribution and the calculation of average masses is performed by 
analysis of Size Exclusion Chromatography (SEC) in the organic phase (DMF). Currently, these values are 
obtained as polystyrene equivalent (PS) or polyethylene glycol (PEG), because there are no commercially 
available standards of PA. But the structural and conformational difference between PS, PEG and PA do 
not have the same behavior in these SEC conditions, suggesting potential differences between the 
calculated mass and the real masses.  

So we fractionated grape seeds by selective extraction with ethyl acetate, and 3 fractions were obtained: 
Oligomeric Fraction (F. Oligo), Polymerized Fraction (F. Polym.) and Highly Polymerized Fraction 
(F.H. Polym.).  

A SEC analysis was performed on fractions of grape seeds under the previously described conditions. 
Figure 1 represents the obtained chromatogram. 
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Fig. 1 - SEC chromatogram of seed fractions 
 

The polydispersity of these fractions is sufficiently low that the average masses are calculated from 
MALDI spectra, and for all fractions, the average degree of polymerization is obtained by NMR. In order 
to obtain a new calibration curve with PA standards, we used two techniques: MALDI-TOF and NMR.  

This spectrum (Figure 2) clearly demonstrates the kind of information that can be achieved: the basic unit 
found is the flavan-3-ol (epi)catechin (repeat unit: 288 Da) and the galloylation is also observed (152 Da). 
This fraction presents a DPmax = 9. 

The Highly Polymeric Fraction is very polydisperse and one of the well-known limitations of MALDI 
analysis is the misestimation of molecular masses for polydisperse polymers (high masses are discriminated 
against low masses).  

To overcome this problem, one solution is to fractionate by SEC into very narrow fractions. The oligomeric 
fraction was refined by low pressure chromatography equipped with a semi-preparative column (TSK gel 
Toyopearl) and 9 oligomeric fractions were obtained (F.F. Oligo. 1 to Oligo. 9). 

 

 
 
 
 

 
 
 
 
 
 
 
 

Fig. 2 - MALDI-TOF spectrum of polymeric fraction 
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Polymeric Fraction
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Diffusion-ordered spectroscopy (DOSY) NMR technique was used to separate resonances according to the 
diffusion coefficients (D) of the different fractions. These results (Figure 3) demonstrate that a separation 
occurs with respect to procyanidin molecular weight. 

 

 
 
 

 
 

 
 
 

 
 
 
 
 

Fig. 3 - DOSY NMR spectrum of seed fractions 
 

Conclusion 

This paper describes the first steps in order to devise a reliable method to characterize polymerized forms 
of tannins, their structural information and mass distribution. All these parameters will enable us to 
establish a comparative map of PA of different origins.  
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Ageing bouquet ‒ red Bordeaux wines ‒ dimethyl sulphide ‒ polyfunctionnal thiols 

Introduction  
The tendency of wine to improve with age is one of its most intriguing properties. The overall quality of 
fine aged wines is conditioned by the development of their ageing bouquet. Similar to a complex perfume, 
it denotes a range of aromas where individual perceptions do not clearly dominate. 

In a previous work, a holistic approach was performed to attain a sensory definition of the ageing bouquet 
of the red Bordeaux wines [1]. Its olfactory representation is structured around several main aromatic notes, 
among which undergrowth, truffle, fresh red- and black-berry fruits, empyreumatic and toasty notes play a 
significant role. 

The aim of this work was to investigate how DMS, 2FMT and 3SH could be related to the typicality of the 
wine ageing bouquet and to which extent they could contribute to the evolution of its aromatic nuances 
over time.  

Materials and methods  
Wine samples 
Three sets of wines, each coming from the same Château and representing three different Bordeaux 
appellations: Margaux (MX series: 7 wines, vintages: 1995; 1998; 2000; 2004; 2005; 2008 and 2013), 
Saint-Emilion (SEM series: 8 wines, vintages: 1995; 1996; 1998; 2001; 2003; 2005; 2008 and 2012) and 
Pomerol (P series: 7 wines, vintages: 1996; 1998; 2001; 2004; 2007; 2010 and 2012), were studied both 
from sensory and chemical point of views.  

Sensory analysis 
Sensory analyses were performed in similar conditions than described in a previous work with typicality 
assessment and aromatic profiling tasks [1].  

DMS quantitation 
DMS was quantified in all studied red wines by HS-SPME-GC/MS developed methods [2]. 3SH and 2FMT 
were specifically extracted and analyzed by GC-MS according to the methodology described by Tominaga 
and Dubourdieu [3].  

Results and discussion 
In all the red Bordeaux wines analyzed, DMS, 2FMT and 3SH turned out to be significantly discriminant 
between good and poor wine examples of the ageing bouquet.  

The quantitative analyses performed on the three series of 1-19 aged red Bordeaux wines showed that 
concentrations ranged from 92 to 513 ng/L for 3SH, 12 to 150 ng/L for 2FMT and 11 to 146 µg/L 
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for DMS. Figure 1 represents, for each series, the evolution of the ageing bouquet typicality score and the 
corresponding DMS, 2FMT and 3SH concentrations over the addressed bottle ageing period. 

Overall, in the sets of wines considered, typicality reached a maximum after 10 (MX) or 16 years (P and 
SEM) in bottle, with DMS, 3SH, and 2FMT levels quite well correlated with ageing bouquet typicality. 
Indeed, in almost all cases, high levels of the three compounds were aligned with high typicality scores. 
It was noticed that in the P series, the typicality curve, as well as the three volatile sulphur compound 
concentration profiles, peaked for the 7-year-old wine, possibly revealing a specific vintage effect in this 
vineyard. Interestingly, closer examination of the DMS profile revealed that high concentrations perfectly 
accounted for high typicality scores. It was also seen that the DMS levels aligned with the best typicality 
notes within each series (i.e the 16-aged wine for MX series; the 7 and 16-aged wines for P series and the 
16-aged wine for SEM series) are closed to 100 µg/L, a concentration previously reported for inducing a 
positive contribution in wine aroma [4]. 

Considering the evolution of 3SH and 2FMT levels in wines during ageing, the results reported here 
revealed a less obvious correlation than for DMS between their concentrations and the corresponding 
typicality notes. Even if in most cases, high levels of the two thiols accounted for high typicality, their 
highest concentrations did not always correspond to the highest typicality scores, with the exception of the 
16-year-old wine in the P series. Interestingly, a modulated impact between DMS and 2FMT on the 
typicality score seems to exist. This is depicted within MX series where DMS and 2FMT levels of the 
18 and 19-aged wines were evolving in an opposite way whereas the typicality note was kept.  

 

 
Fig. 1 - Evolution of the typicality score and the DMS, 2FMT and 3SH levels during bottle ageing 

for three red Bordeaux vineyards (series MX, P and SEM). 
 

Conclusion 
This study highlighted that DMS, 2FMT and 3SH concentrations evolved in the same way as ageing 
bouquet typicality over wine bottle storage. Furthermore, a subtle balance of these three compounds 
seemed important to accurately account for the ageing bouquet typicality representativeness over wine 
bottle ageing [5]. 
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Precipitate ‒ solid-state NMR ‒ red wine 

Introduction 
In recent years, stability of wine has become one of the important quality parameters required for marketing 
wine. Instability in red wine leads to flocculation and finally to the appearance of a precipitate or deposit. 
The origin and the composition of this precipitate formation in red wine are not very well known. 
In previous studies, it has been suggested that the interaction of proteins with tannins leads to aggregate or 
precipitate formation in red wine [1, 2]. It has also been suggested that polysaccharides could influence 
this precipitate formation [3-5]. However, no conclusive evidence has been found until now in support of 
these suggestions. 

There are many chemical and biological mechanisms that could lead to instability, flocculation and finally 
precipitation of the 'colouring matter'. One of the well known mechanisms responsible for red wine 
instability is due to the high concentration of potassium bitartrate in red wine [1, 6]. Traditionally, a cold 
stabilization can be employed at a temperature of -4°C to eliminate bitartrate. A cold assay has also been 
proposed for predicting instability due to colouring matter by placing the wine at 4°C for 48 h [7].  

The chemical composition of wine makes it a complex mixture, and to assess the quality of this complex 
mixture and therefore the origin of the precipitate is not an easy task. Nuclear Magnetic Resonance (NMR) 
spectroscopy is a well established tool for determining the molecular structure of organic compounds and 
macromolecules [8]. In addition, it is a non-destructive technique that allows the study of samples both in 
solution and solid-state environment. NMR is therefore an ideal technique in identifying the molecular 
components of a mixture in its native state, as in the case of the red wine precipitate.  

In the present study we performed a quantitative estimation of the different components in Bordeaux red 
wine with solid-state and solution NMR during the barrel ageing process. For this purpose, precipitates 
formed in Merlot and Cabernet Sauvignon wines from the Bordeaux region for the year 2013 were isolated 
at different stages of the barrel ageing process. Precipitates were obtained by placing the wine at -4°C for 
6 days (Pre-freezing precipitate), and at 4°C for 6 days (Long Cold Storage precipitate) for t = 1 and 
4 months for the year 2013.  

Materials and methods 
Precipitate preparation from red wine 
Red wine samples of 4 L each were taken from the upper layers of wine in the oak barrels from Merlot and 
Cabernet Sauvignon (Chateau Reynon; Bordeaux), for year 2013 at time (t) = 1 and 4 months from the start 
of barrel ageing. Two precipitates were obtained at two temperatures according to the following methods: 
i) Pre-freezing (Pf) precipitate was obtained after placing 2 L of wine at -4°C for 6 days, and ii) Long Cold 
Storage (LCS) precipitate: Supernatant (2 L) from precipitate preparation after two days was kept for 
further 6 days at 4°C. In all the cases, after the cold exposure, the wine was centrifuged at 5,000-6,000 rpm 
in a JLA 8.100 rotor (Beckman Coulter, USA) to yield a dark red-coloured pellet. The supernatant from the 
Pf and LCS preparation were discarded. Both precipitates were taken in minimum amount of distilled water 
and lyophilized overnight yielding a dry red powder.  
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NMR measurements 
Sample preparation: About 50 mg of the lyophilized powder was used for solid-state NMR measurements 
by placing the genuine powder in 4-mm Zirconia rotors (Cortecnet, Paris) of 70 μL closed with a Kel-F 
cap. For the solution NMR measurements, 4-5 mg of the lyophilized Pf and LCS precipitates from Merlot 
and Cabernet Sauvignon 2013, respectively, were placed in 500 µL of 90% H2O and 10% D2O. 
The solution was centrifuged and the supernatant was taken for measurements using a 5-mm NMR glass tube. 

Solid-state NMR measurements: 13C magic angle spinning (MAS) NMR measurements were performed on 
a 800 MHz Bruker Avance III NMR spectrometer SB (Wissembourg, France) and on a 500 MHz Bruker 
Avance II NMR spectrometer WB (Wissembourg, France). Samples were spun at the magic angle at a 
frequency, νr, of 10 kHz. All spectra were recorded using a cross polarization, CP, pulse sequence with a 
two-pulse phase modulation (TPPM) proton decoupling. 13C chemical shifts are reported relative to the 
external reference of glycine whose carbonyl group was set at 176.03 ppm [9]. 

Liquid state NMR measurements: The solution NMR measurements were performed on a 800 MHz Bruker 
Avance III NMR spectrometer SB (Wissembourg, France) with a 5-mm TCI cryo probe (1H-13C/15N/2H) 
and recorded with an excitation sculpting with gradients to suppress the residual water signal (HDO) [10].  

Results 
The two different types of precipitates (Pf and LCS) were obtained as described in the Materials and 
Method section for Merlot and Cabernet Sauvignon 2013. The precipitates obtained after centrifuging the 
wine were weighed (data not presented here). It was observed that the amount of precipitate depends on 
temperature and grape variety, with higher amount obtained at -4°C (MPf > MLCS) and for the grape variety 
Cabernet Sauvignon.  

To identify the components in all three types of precipitates, 13C CPMAS NMR spectra from the 
precipitates (Pf and LCS) from Merlot and Cabernet Sauvignon 2013 were recorded. All the spectra from 
the precipitates had the same qualitative profile, but different relative quantities of the components. 
In Figure 1, the Pre-freezing (Pf) precipitates from Merlot 2013 at t = 1, 4 months (Figure 1A, B) and 
Cabernet Sauvignon 2013 at t = 4 months (Figure 1C) are shown. The assigned peaks are labelled in Figure 
1. The assignment was performed by comparing with the established 13C chemical shift values in literature 
on standard compounds and by 2D NMR spectroscopy on soluble fraction of the precipitate in water. 
The two pairs of sharp signals at 75.3, 73.8 ppm and 181.2, 176.2 ppm from potassium bitartrate can be 
clearly observed in the Pf precipitate from Merlot 2013 (Figure 1A). The region from 110-160 ppm 
contains peaks from procyanidins and anthocyanins [11, 12] with the centre peak at 145.0 ppm assigned to 
the quaternary carbon C3' , 155.3 ppm to C5, 7 and 9, 131 ppm to C1', 147 ppm to C4' and 116.7, 118.7 
ppm to C2', 5', 6' of a catechin and a cyanidin unit. The region from 65-90 ppm is characteristic for the 
contribution from the sugar moieties in the polysaccharides and the region from 10-50 ppm has 
contribution from methyl groups in the organic acids, free amino acids and amino acids side chains. 
The peak at 32.7 ppm can be assigned to succinic acid, 21.8 ppm to acetic acid and lactic acid and the peak 
at 30.7 ppm is a contribution from the Cβ of amino acids [13]. The region from 170-190 ppm has major 
contributions from all the carbonyl groups. 

Classes of components present in precipitates could be identified with 13C CPMAS NMR, however the 
broad peaks in the spectra made it difficult to identify and assign specific molecules in the precipitate. 
For this reason, precipitates were solubilized in water to perform 2D NMR spectroscopy (data not shown 
here). 1H NMR spectra from the soluble fraction of the Pf and the LCS precipitates from Merlot 2013 and 
Cabernet Sauvignon 2013 at t = 1 month in water are shown in Figure 2A and B respectively. It could be 
estimated from the insoluble fraction that ~ 70% of precipitates from Merlot are soluble in water as 
compared to 20-40% of Cabernet Sauvignon. 

The intensities of all the spectra in Figure 2 have been normalized to the soluble fraction of Pf precipitate 
from Merlot 2013. The major components identified and assigned in the soluble fraction of the precipitates 
include glycerol, succinic acid and lactic acid. Contribution from succinic acid can be seen at 2.5 ppm, 
lactic acid at 1.27 and 4.06 ppm and the three -CHnOH groups of glycerol between 3.4-3.8 ppm. 
In addition, the peaks from the polyphenolic components are in the region from 6-8 ppm. Comparing the 
intensities of the spectra in Figure 2 and therefore the amounts of the components in the soluble fraction, 
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it is evident that the Pf precipitate from Merlot 2013 contains the most polyphenols and LCS precipitate 
from Cabernet Sauvignon 2013 contains the most lactic acid. 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1 - 13C MAS NMR spectra of Pf precipitates from 2013 in a 4-mm rotor as obtained at a magnetic 
field strength of 18.8 and 11.7 T, 298 K, spinning frequency νr=10 kHz, with a CP pulse sequence. 
A) Merlot 2013, 18.8 T. B) Merlot 2013, 11.7 T, t = 4 months. C) Cabernet Sauvignon 2013, 11.7 T, 

t = 4 months. The side bands are marked with an asterisk and the peaks 
from potassium bitartrate with a (K). 

 

Fig. 2 - 1H-NMR spectra of the water-soluble part of Pf and LCS precipitate for Merlot 2013 and 
Cabernet Sauvignon 2013 at t = 1 month as obtained at a magnetic field strength of 18.8 T, 298 K, 

with an excitation sculpting pulse sequence to suppress the water signal (see text). A) Pf precipitate 
from Merlot 2013 and B) LCS precipitate from Cabernet Sauvignon 2013. Intensities of the spectra 

have been normalized to the soluble fraction of Pf precipitate from Merlot 2013 in water. 
 

Discussion 
NMR of the solid precipitates in Bordeaux red wine has brought a lot of information regarding the nature 
and composition of the precipitates, and these results raise many points for discussion. The main findings 
can be summarized as follows:  
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a) Solid state 13C-NMR can be considered as a robust analytical method for determining semi-
quantitatively the components in wine precipitates. 

b) A quick method for analyzing red wines both at 4°C and -4°C can be proposed.  

c) Precipitates are dominated by potassium bitartrate, tannins, and polysaccharides. 

All of these points are discussed below. 

13C CPMAS NMR spectra recorded from the various precipitates of wine colouring matter, obtained either 
at -4°C or 4°C, give at once a complete view of their carbon composition. They are obtained with only a 
few mg of genuine residue, in a powder form, which is not altered by the experiment. It is possible to 
readily identify families of components and estimate the relative amounts of components. For example it is 
noteworthy that after a few months of ageing in oak barrels the NMR signature of potassium bitartrate has 
completely disappeared, thus bringing a quick diagnostic for the presence or absence of this compound in 
coloured matter. Other families of major compounds include polyphenols, polysaccharides, glycerol and 
acids. The solid state NMR technique can be complemented by liquid state NMR on partly solubilized 
precipitates. The additional resolution brought by the technique allows further identification of compounds.  

We have shown that precipitation of several tens of mg of colouring matter occurs both at -4°C and 4°C, 
two temperatures that are used in the winemaking process. It is noteworthy that the coldest temperature 
(-4°C) favors the largest amount of precipitate formation. A quick method for analyzing red wines both at 
4°C and -4°C can then be proposed. 

Tannins are present in large amounts in red wines (3-5 g/L) and it is clear from the NMR data that tannins 
are also strongly present at all stages of precipitate formation. The predominant peaks observed from 
polyphenols in the 13C CPMAS NMR spectra are from catechin, epicatechin and cyanidin units. 
It is however difficult to differentiate individual tannin species from oligomeric tannins and no difference at 
this stage can be made between polyphenols coming from Merlot and those from Cabernet Sauvignon. 
It is interesting to relate the variability in precipitates obtained from different grape varieties to their water 
solubility. In general, ~ 70% of precipitates from Merlot are soluble in water as compared to 20-40% of 
Cabernet Sauvignon. The difference in solubility indicates a difference in composition of the two 
precipitates. This solubility difference could also be due to the mean polymerization degree (mDP) of 
wines since Cabernet Sauvignon tannins are more polymerized than Merlot ones [14, 15]. 

Arabinose units and tentatively mannose units were identified by 2D NMR spectroscopy, indicating the 
presence of arabinogalactan proteins and mannoproteins in the precipitate. However, it was difficult to 
distinguish between glucose and mannose units and no signature of peptidic NH resonances were observed 
in the 2D NMR data that could indicate the presence of proteins. Amino acids that are predominant in the 
precipitate include proline, alanine, leucine and arginine, among which proline is the most abundant. 
The fact that only a few amino acids have been identified prompts us to assign the resonances to free species. 

Organic acids such as succinic and lactic acids and diol such as glycerol are present in large quantities in 
the precipitates. It is however surprising to find them as they are hydrophilic molecules and very soluble in 
alcohol-water solutions. At this stage one may only speculate that they are trapped in complexes with other 
less soluble compounds.  

Conclusion 
Solid state NMR has been shown to be the technique of choice to semi-quantify components in wine 
precipitates. Analyzing precipitates as a function of temperature and grape variety highlights the role of 
potassium bitartrate and polyphenols in precipitation phenomena. This opens a new avenue for further 
characterization of precipitates, and in particular their exact composition that may help wine makers in 
producing wines of greater stability. 

Acknowledgements 
The Conseil Régional d’Aquitaine and Très Grands Equipements de Résonance Magnétique Nucléaire à 
Très Haut Champ, Fédération de Recherche (TGE RMN THC FR 3050) are gratefully acknowledged. 



 Chimie du vin, procédés et composants du vin à effets physiologiques 

591 

The authors would like to thank Philippe Louazil and Estelle Morvan for their help and support. Finally, the 
authors would especially like to thank Château Reynon and Denis Dubourdieu (Béguey, Gironde, France) 
for the donation of wine samples. 

References 
1. Ribéreau-Gayon P, Glories Y, Maujean A et al (2006) The Chemistry of Wine. Stabilization and 

Treatments. 2nd ed. Handbook of Enology. Vol. 2. John Wiley and Sons. 
2. Waters EJ, Peng Z, Pocock KF et al (1994) Solid-state 13C NMR investigation into insoluble deposits 

adhering to the inner glass-surface of bottled red wine. J Agric Food Chem 42: 1761-1766. 
3. Riou V, Vernhet A, Doco T et al (2002) Aggregation of grape seed tannins in model wine - effect of wine 

polysaccharides. Food Hydrocoll 16: 17-23. 
4. Poncet-Legrand C, Doco T, Williams P et al (2007) Inhibition of grape seed tannin aggregation by wine 

mannoproteins: effect of polysaccharide molecular weight. Am J Enol Vitic 58: 87-91. 
5. Ducasse MA, Canal-Llauberes RM, de Lumley M et al (2010) Effect of macerating enzyme treatment on 

the polyphenol and polysaccharide composition of red wines. Food Chem 118: 369-376. 
6. Lasanta C, Gomez J (2012) Tartrate stabilization of wines. Trends Food Sci Technol 28: 52-59. 
7. Lagune-Ammirati L, Glories Y (2001) Produits de clarification, une alternative rapidement exploitable : 

les dérivés de l’albumine d’œuf. Rev Fr Œnol 191: 25-33. 
8. Wagner G (1997) An account of NMR in structural biology. Nat Struct Biol 4: 841-844. 
9. Strohmeier M, Stueber D, Grant DM (2003) Accurate C-13 and N-15 chemical shift and N-14 quadrupolar 

coupling constant calculations in amino acid crystals: Zwitterionic, hydrogen-bonded systems. J Phys 
Chem A 107: 7629-7642. 

10. Hwang TL, Shaka AJ (1995) Water suppression that works - excitation sculpting using arbitrary wave-
forms and pulsed-field gradients. J Magn Reson Ser A 112: 275-279. 

11. Newman RH, Porter LJ, Foo LY et al (1987) High-resolution 13C NMR studies of proanthocyanidin 
polymers (condensed tannins). Magn Reson Chem 25: 118-124. 

12. Watanabe M (1998) Catechins as antioxidants from buckwheat (Fagopyrum esculentum Moench) groats. 
J Agric Food Chem 46: 839-845. 

13. Pretsch E, Buehlmann P, Affolter C (2000) Structure Determination of Organic Compounds - Tables of 
Spectral Data. Third ed. Germany: Springer-Verlag. 

14. Chira K, Jourdes M, Teissedre PL (2012) Cabernet sauvignon red wine astringency quality control by 
tannin characterization and polymerization during storage. Eur Food Res Technol 234: 253-261. 

15. Chira K, Pacella N, Jourdes M et al (2011) Chemical and sensory evaluation of Bordeaux wines (Cabernet-
Sauvignon and Merlot) and correlation with wine age. Food Chem 126: 1971-1977. 

 
 



592  *Auteur principal : jacques.gros@u-bordeaux.fr 

Impact des thiols volatils dans l’arôme typique 
des vins de Vitis vinifera var. Chardonnay 
J. GROS1,2*, F. THIBAUD1,2, A. MARCHAL1,2, V. LAVIGNE3, V. MOINE4, P. DARRIET1,2 

 
1Univ. de Bordeaux, ISVV, EA 4577, Unité de recherche OENOLOGIE, 33882 Villenave d'Ornon, France 

2INRA, ISVV, USC 1366 OENOLOGIE, F-33882 Villenave d'Ornon, France 
3Seguin Moreau France, Z.I. Merpins, Cognac F-16103, France 

4Biolaffort, 126 quai de la Souys, Bordeaux, France 
 

Thiols volatils – analyse en composante principale – quantification – Chardonnay 

Introduction 
Le Chardonnay est le second cépage blanc le plus planté au monde et les vins qui en sont issus rencontrent 
un succès croissant auprès des amateurs. Ils possèdent leur propre espace sensoriel puisqu’il a été démontré 
que les experts reconnaissent distinctement leurs signatures parmi des vins issus d’autres cépages dégustés 
à l’aveugle [1, 2]. Ce phénomène met en avant le principe de typicité [2]. Les vins blancs de Bourgogne 
constituent ainsi l’expression la plus aboutie et la plus originale du Chardonnay. Plusieurs études sur les 
arômes des vins de Chardonnay ont été effectuées, intégrant l’analyse de différents marqueurs volatils [3-6].  

Lors d’une étude sensorielle des vins par des experts, des odeurs pouvant être associées à des thiols volatils 
ont été perçues. Cette famille chimique ayant rarement été étudiée dans les vins de Chardonnay, il a semblé 
intéressant d’examiner la relation entre leur concentration et les descripteurs olfactifs cités par un panel. 
Pour cela, une méthode de quantification ainsi qu’une approche sensorielle suivie d’analyses en 
composante principale ont été mises en place. 

Matériel et méthodes 
Analyses sensorielles 
Six vins de Bourgogne élaborés exclusivement à partir de Chardonnay (Chassagne Montrachet, Puligny 
Montrachet et Pernand Vergelesses) ont été présentés à un panel de 34 jurés. Il leur a été demandé de 
laisser libre cours à leur imagination et d’utiliser tout le vocabulaire qu’ils souhaitaient pour décrire l’odeur 
des vins. Les analyses sensorielles sont effectuées dans une salle répondant aux normes AFNOR. 
La température y est constante (20°C). Les verres utilisés sont noirs opaques afin que le jury ne soit pas 
influencé par d’éventuelles différences d’aspect visuel des vins. 

Extraction des vins 
Afin de simplifier la composition complexe des vins, l’extraction en phase solide a été privilégiée pour 
cette étude. Des cartouches contenant une phase Lichrolut®EN (40.120 µm phase copolymère styrène-
divinylbenzène) ont été utilisées. Les cartouches sont lavées avec 10 mL de dichlorométhane, séchées à 
l’aide du vide, puis conditionnées avec 5 mL de méthanol et 10 mL d’un mélange eau/éthanol (90/10). 
50 mL de vin sont alors percolés à un débit de 5 mL/min avant rinçage de la cartouche avec 10 mL d’eau et 
élution par le solvant (10 mL de dichlorométhane). L’extrait séché puis concentré à 100 µL sous flux de 
diazote est injecté par CPG-olfactométrie sur un appareil HP5890 sur une colonne de type carbowax 20M 
(BP20) 30 m, 0.22 mm, 0.5 µm. 

Quantification des thiols volatils 
L’extraction des thiols volatils requiert une méthode spécifique développée par Tominaga et Dubourdieu 
[7]. Son principe est de créer un complexe thiols-pHMB pour que celui-ci soit retenu par une résine 
DOWEX. Les composés qui n’ont pas été fixés sur la colonne sont éliminés par un lavage avec un tampon 
acétate puis la percolation des thiols se fait grâce à la cystéine. Une extraction liquide-liquide par 
dichlorométhane est effectuée. L’extrait est séché puis concentré pour être injecté en CPG-SM avec un 
détecteur de masse Agilent 5975. 
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Quantification des thiols dans les vins de 
La présence de thiols volatils a 
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iscussion 
tablissement d’un profil sensoriel 

Le panel a pu laisser libre cours à son imagination pour décrire les 6 vins de Chardonnay présentés.
e étude (fréquence de citation >5) (Figure 1a). Un consensus est observé 

entre les descripteurs donnés par le panel et les zones odorantes d’intérêt trouvées en CPG
e caractère « pierre à fusil » présente la fréquence de citation la plus 

ne correspond qu’à une seule zone de l’aromagramme. A l’inverse,
représentent une grande partie de zones odorantes de l’aromagramme 

et 12ème dans les descripteurs les plus cités de l’analyse sensorielle.

Descripteurs donnés aux odeurs senties a) en analyse sensorielle (fréquence de 
du descripteur/nombre total de descripteurs) et b) en analyse CPG

senties dans les extraits de vins de Chardonnay et absentes
dans les vins d’autres cépages blancs). 

Quantification des thiols dans les vins de Chardonnay 
 été suspectée lors de séances d’analyse sensorielle due

nuances aromatiques perçues dans les vins (pierre à fusil, agrumes, fruits jaunes) et les 
onnus des experts. L’addition de sulfate de cuivre (100

confirmer l’extinction de ces notes aromatiques. Le jury n’a pas été capable de reconnaitre le vin de 
hardonnay parmi les autres cépages. Fort de ces résultats, la quantification de plusieurs

methanefuranthiol (FFT), 3-sulfanylhexan-1-ol (3SH), 2-méthyl
a été effectuée dans les 6 vins de Chardonnay de Bourgogne

Concentrations de 4 thiols volatils obtenus pas GC-MS : FFT, Furfurylthiol;
methanethiol; 3SH, 3-Sulfanylhexan-1-ol; 2M3F, 2-Méthyl-
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Le furfurylthiol (FFT) est présent 
c'est-à-dire nettement supérieures à son seuil de détection olfactive (Op 0.4 ng
composition proche du vin) [8]. Les vins B et D présentent u
(BM) (>38 ng/L) qui a un seuil de détection
détection de 0.4 ng/L) a, quant à lui, une concentration jusqu
rapport aux autres vins. Les vins B, E, A, D contiennent des concentrations en 3
moins 10 fois supérieures au seuil de détection olfactive de ce composé dans les vins (Op 16 ng
Compte tenu du pouvoir odorant de ces composés en regard des concentrations
vraisemblable que ces thiols contribuent

Analyse des corrélations entre composés
Les aromagrammes obtenus grâce à la CPG
aux vins de Chardonnay elles-mêmes potentiellement attribuées à des thiols volatils.
composante principale (Figure 2) a donc été effectuée pour déterminer s’il y avait une corrél
descripteurs dans les vins et les concentrations 
 

Fig. 2 - Analyse en Composante Principale qui corrèle les intensit
par le panel et les concentrations en FFT, BM, 

 
Un consensus entre le descripteur 
impliquant un impact potentiel de ces composés dans les tonalités empyreumatiques des vins de 
Chardonnay comme déjà suggéré par Tominaga
concentrations en 2M3F importantes
Cette observation soulève l’hypothèse d’une implication du
des vins de Chardonnay. 

Conclusion 
Les résultats de cette première étude démontrent des corrélations entre les concentrations en thiols 
observées dans des vins de Chardonnay et l
En particulier, le FFT et le BM apparaissent 
descripteur « pierre à fusil », ce qui rejoint les conclusions d’études préalables. De façon plus originale,
une corrélation entre la teneur en 2M3F et les nuances de fruit à coque (noisette et amande) a 
observée. Ces données suggèrent la contribution des composés soufrés à l’identité
Chardonnay.  

Il paraît intéressant d’étendre les anal
d’autres cépages blancs pour préciser l’

Le furfurylthiol (FFT) est présent dans les vins C, D et F à des concentrations supérieures à 
dire nettement supérieures à son seuil de détection olfactive (Op 0.4 ng/L en solution modèle de 

]. Les vins B et D présentent une forte concentration en benzene
qui a un seuil de détection de 0.3 ng/L [9]. Le 2-méthyl-3-furanthiol 

à lui, une concentration jusqu’à dix fois supérieure dans les vins A et E
Les vins B, E, A, D contiennent des concentrations en 3-sulfanylhexanol (3SH) au 

moins 10 fois supérieures au seuil de détection olfactive de ce composé dans les vins (Op 16 ng
Compte tenu du pouvoir odorant de ces composés en regard des concentrations dosées dans les vins, il est 

contribuent significativement à l’arôme des vins de Chardonnay.

composés volatils et tonalités aromatiques principales
omagrammes obtenus grâce à la CPG-olfactométrie dévoilent plusieurs zones odorantes spécifiques 

mêmes potentiellement attribuées à des thiols volatils.
a donc été effectuée pour déterminer s’il y avait une corrél

les concentrations en thiols volatils (dimensions des axes)

Analyse en Composante Principale qui corrèle les intensités de chaque descripteur cité
par le panel et les concentrations en FFT, BM, 3SH et 2M3F (gauche) pour des vins donnés (droite)

Un consensus entre le descripteur « pierre à fusil » et les molécules BM et FFT est observé en dimension 2 
impliquant un impact potentiel de ces composés dans les tonalités empyreumatiques des vins de 

par Tominaga et al. en 2003 [9], tandis que les vins A et E présentent des
importantes et sont associés à des notes « amande

Cette observation soulève l’hypothèse d’une implication du 2M3F dans l’arôme de noisette 

Les résultats de cette première étude démontrent des corrélations entre les concentrations en thiols 
s vins de Chardonnay et les descripteurs associés à leur typicité aromatique.

En particulier, le FFT et le BM apparaissent comme associés aux notes empyreumatiques, en particulier au 
», ce qui rejoint les conclusions d’études préalables. De façon plus originale,

tion entre la teneur en 2M3F et les nuances de fruit à coque (noisette et amande) a 
observée. Ces données suggèrent la contribution des composés soufrés à l’identité aromatique des vins de 

intéressant d’étendre les analyses sensorielles et quantitatives à d’autres vins de Chardonnay et 
préciser l’impact sensoriel des thiols sur la typicité des vins de Chardonnay. 

supérieures à 28 ng/L 
L en solution modèle de 

ne forte concentration en benzenemethanethiol 
furanthiol [10] (seuil de 

à dix fois supérieure dans les vins A et E par 
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mêmes potentiellement attribuées à des thiols volatils. Une analyse en 
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3SH et 2M3F (gauche) pour des vins donnés (droite).  

FFT est observé en dimension 2 
impliquant un impact potentiel de ces composés dans les tonalités empyreumatiques des vins de 

es vins A et E présentent des 
amande » et « noisette ». 

l’arôme de noisette caractéristique 

Les résultats de cette première étude démontrent des corrélations entre les concentrations en thiols volatils 
és à leur typicité aromatique. 

aux notes empyreumatiques, en particulier au 
», ce qui rejoint les conclusions d’études préalables. De façon plus originale, 

tion entre la teneur en 2M3F et les nuances de fruit à coque (noisette et amande) a également été 
aromatique des vins de 

yses sensorielles et quantitatives à d’autres vins de Chardonnay et 
des vins de Chardonnay. 
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D’autres types d’analyses sensorielles telles que la supplémentation ou la reconstitution pourraient aider à 
affirmer ou infirmer cette étude. Une approche inductive impliquant conjointement la CPG-olfactométrie et 
la spectrométrie de masse pourra par ailleurs permettre de rechercher d’autres molécules contribuant à 
l’arôme des vins de Chardonnay. 
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Origine de notes olfactives « mastic » 
dans les eaux-de-vie nouvelles de cognac 
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Distillation ‒ défaut ‒ GC-MS/O ‒ OAV 

Introduction 
La Maison Rémy Martin élabore des cognacs à partir d’eaux-de-vie nouvelles rigoureusement 
sélectionnées. Ces eaux-de-vie de vin, fraîchement distillées, seront ensuite vieillies puis assemblées.  

Chaque eau-de-vie nouvelle est dégustée, avant achat, par une commission d’agrément. Lors de ces 
dégustations, les descripteurs « mastic », « huile de lin » sont parfois cités par certains juges. Quand ce 
caractère est très marqué, l’eau-de-vie est jugée défectueuse et peut être refusée par la commission 
d’agrément. 

L’objectif de ces travaux est d’identifier l’origine de ces notes olfactives « mastic ».  

Matériel et méthodes 
Analyse par GC-MS/O 
L’eau-de-vie nouvelle (50 mL) est mélangée à 8 g de NaCl, 80 mL d’eau ultra-pure et 20 mL d’une 
solution de carbonate de sodium à 42 g/L. Ce mélange est extrait par 8 mL de dichlorométhane pendant 
5 minutes. La phase organique est récupérée et concentrée sous flux d’azote jusqu’à 0.5 mL. Cet extrait est 
injecté sur un système composé d’un chromatographe en phase gazeuse Agilent GC6890 couplé à un 
spectromètre de masse Agilent MSD5975 et d’un port d’olfaction Gerstel ODP3. La séparation est 
effectuée sur une colonne DB-waxetr de 60 m, 0.32 mm de diamètre interne et 0.25 µm d’épaisseur 
de phase. 

Analyse quantitative par GC/MS 
10 mL d’eau-de-vie nouvelle sont mélangés à 15 mL d’eau ultra-pure. Après addition de 100 µL d’une 
solution de trans,trans-2,4-undécadiénal à 10 mg/L (étalon interne), 2 mL de solvant 
(pentane:dichlorométhane 80:20) sont ajoutés. L’extraction est réalisée sur rolling pendant 30 minutes. 
La phase organique est récupérée et concentrée sous flux d’azote jusqu’à 0.2 mL. Cet extrait est injecté sur 
le même GC/MS que celui utilisé en GC/MS-O mais le port d’olfaction est déconnecté et l’analyse est 
réalisée en mode SIM (m/z 81, 138, 152 et 166). 

Résultats et discussion 
Six eaux-de-vie nouvelles de la récolte 2013 jugées « mastic » par la commission d’agrément ont été 
analysées en GC-MS/O. Deux zones olfactives « mastic » ont été mises en évidence, aux indices de 
rétention IRDBwax 1692 et 1795. Les composés responsables de ces zones ont été identifiés à partir de leur 
indice de rétention et de leur spectre de masse (Tableau 1). Il s’agit du trans,trans-2,4-nonadiénal et du 
trans,trans-2,4-décadiénal, déjà mis en évidence dans des eaux-de-vie de vin [1]. 

Ces deux zones « mastic » ont également été retrouvées dans deux eaux-de-vie 2013 ne présentant, à la 
dégustation, aucune note « mastic » mais elles semblent moins intenses dans ces deux derniers échantillons. 
Afin de vérifier ce point, une méthode de dosage du trans,trans-2,4-nonadiénal et du trans,trans-2,4-
décadiénal a été mise en place et a été appliquée à des eaux-de-vie élaborées à partir de raisins récoltés en 
2013 et 2014. Dans ces échantillons, les teneurs observées varient de quelques ng/L à 15 µg/L pour le 
trans,trans-2,4-nonadiénal et 60 µg/L pour le trans,trans-2,4-décadiénal. Généralement, le trans,trans-2,4-
décadiénal est majoritaire. 
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Tableau 1 - Identification des composés responsables des zones olfactives «

IRDBwax 

1692 trans,trans-2,4

1795 trans,trans-2,4

 

La commission de dégustation a classé ces échantillons en 3 catégories

 Sans défaut (n=15) : eaux-de-vie ne présentant aucune

 Suspect (n=30) : eaux-de-vie pour lesquelles au moins un juge a utilisé le descripteur «

 Défaut (n=11) : eaux-de-vie refusées car

Les eaux-de-vie défectueuses se révèlent plus riches 
décadiénal (Figure 1).  

 

Fig. 1 - Dosage du trans,trans
dans des eaux-de-

 

Le seuil de perception du trans,trans
vol., celui du trans,trans-2,4-décadiénal, 10.1 µg/L 
indiquent que ces deux composés peuvent expliquer le

La sélection d’eaux-de-vie de la récolte 2013 
d’agrément, afin de noter l’intensité du caractère «
calculés : les résultats de la dégustation sont cohérents avec le calcul des OAV
« mastic » est cependant plus difficile à déceler dans les eaux
aromatiques comme les esters éthyliques d’acides gras

Le trans,trans-2,4-nonadiénal et le 
linoléique présent dans les vins de distillation et leurs lies [3]. Des températures élevées favoriseraient cette 
transformation. 

La Maison Rémy Martin consei
températures ne dépassant pas 40°C. Le préchauffage des brouillis, quant à lui, est fortement déconseillé. 
D’autre part, la chaudière, le bassin d’imparfaits et le réchauffe
afin d’éviter l’accumulation d’acides gras.
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Identification des composés responsables des zones olfactives «

Composé Ions m/z

2,4-nonadiénal 81(100%) ; 95(9%)

2,4-décadiénal 81(100%) ; 95(10%)

La commission de dégustation a classé ces échantillons en 3 catégories :  

vie ne présentant aucune note « mastic » ; 

vie pour lesquelles au moins un juge a utilisé le descripteur «

refusées car présentant un caractère « mastic » marqué

se révèlent plus riches en trans,trans-2,4-nonadiénal et 

 

               

trans,trans-2,4-nonadiénal et du trans,trans-2,4-décadiénal
-vie présentées pour agrément (récoltes 2013 et 2014).

trans,trans-2,4-nonadiénal est de 2.4 µg/L en solution hydoalcoolique à 40 % 
décadiénal, 10.1 µg/L [2]. Les OAV déterminés à partir de ces valeurs 

indiquent que ces deux composés peuvent expliquer le caractère « mastic ». 

vie de la récolte 2013 a également été dégustée par 14 juges de la commission 
d’agrément, afin de noter l’intensité du caractère « mastic ». Cette note « mastic » a été comparée aux OAV 

de la dégustation sont cohérents avec le calcul des OAV (F
cependant plus difficile à déceler dans les eaux-de-vie les plus riches

aromatiques comme les esters éthyliques d’acides gras. 

nonadiénal et le trans,trans-2,4-décadiénal proviendraient de l’auto
linoléique présent dans les vins de distillation et leurs lies [3]. Des températures élevées favoriseraient cette 

La Maison Rémy Martin conseille de limiter le préchauffage des vins à 2 heures maximum, à des 
températures ne dépassant pas 40°C. Le préchauffage des brouillis, quant à lui, est fortement déconseillé. 
D’autre part, la chaudière, le bassin d’imparfaits et le réchauffe-vin doivent être régulièrement nettoyés, 
afin d’éviter l’accumulation d’acides gras. 
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nonadiénal et trans,trans-2,4-

décadiénal 
vie présentées pour agrément (récoltes 2013 et 2014). 

nonadiénal est de 2.4 µg/L en solution hydoalcoolique à 40 % 
. Les OAV déterminés à partir de ces valeurs 

par 14 juges de la commission 
» a été comparée aux OAV 

(Figure 2). Le caractère 
vie les plus riches en composés volatils 

décadiénal proviendraient de l’auto-oxydation de l’acide 
linoléique présent dans les vins de distillation et leurs lies [3]. Des températures élevées favoriseraient cette 

lle de limiter le préchauffage des vins à 2 heures maximum, à des 
températures ne dépassant pas 40°C. Le préchauffage des brouillis, quant à lui, est fortement déconseillé. 

régulièrement nettoyés, 
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Fig. 2 - Relation entre l’intensité de la note « mastic » et la somme des OAV du trans,trans-2,4-
nonadiénal et trans,trans-2,4-décadiénal dans les eaux-de-vie de la récolte 2013. 

 

Conclusion 
Ce travail a permis d’identifier le trans,trans-2,4-nonadiénal et le trans,trans-2,4-décadiénal comme 
responsables des notes « mastic » détectées parfois dans les eaux-de-vie de cognac. Ils proviendraient de 
l’oxydation de l’acide linoléique mais une bonne maîtrise du préchauffage des vins, une absence de 
préchauffage des brouillis et le nettoyage régulier des alambics limitent la formation de ces composés. 

Abréviations 
GC-MS/O, chromatographie en phase gazeuse couplée à la spectrométrie de masse et l’olfactométrie ; 
OAV, odor activity value. 
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Tannin oligomer ‒ red wine ‒ phloroglucinolysis ‒ high resolution mass spectrometry 

Introduction 
Procyanidins, also known as condensed tannins, are one of the most important classes of polyphenolic 
compounds in red wine. They are responsible for important sensory properties such as astringency and 
bitterness, which are the main factors contributing to the balance of red wine [1]. Besides, the potential 
health benefits of condensed tannins such as anti-oxidant, anti-inflammatory, cardiovascular system 
amelioration, and hyper tension diminution effect have been proved in several studies [2]. Procyanidins or 
condensed tannins are complex polymers of flavan-3-ols. In red wine, there are five monomeric units: 
(+)-catechin, (-)-epicatechin, (-)-epigallocatechin, epicatechin-3-O-gallate and epigallocatechin-3-O-gallate. 
Monomeric units can be linked together by direct inter-flavanoid linkage or mediated by aldehydes [3]. 

During our investigation on red wine condensed tannins, three surprisingly polar tannin oligomers 
(one tetramer and two pentamers) were detected and it was noticed that their concentrations remained 
stable during wine aging. Thus the objective of this study was to establish a purification method for these 
three unknown condensed tannin oligomers observed in red wine and to determine their structures by a 
high resolution mass spectrometry, chemical depolymerization strategy, as well as NMR.  

Materials and methods 
Reagents 
Deionized water was purified with a Milli-Q water system (Millipore, Bedford, MA). Methanol (analytical 
and HPLC grade), ethanol (HPLC grade), L-ascorbic acid and hydrochloric acid were purchased from 
Prolabo-VWR (Fontenays/Bois, France). Water (Optimal® LC/MS), methanol (Optimal® LC/MS) and 
formic acid (Optimal® LC/MS) were obtained from Fisher Scientific (Geel, Belgium) for high resolution 
mass spectrometry analysis. Phloroglucinol was obtained from Extrasynthese (Z.I Lyon Nord, France).  

Purification of three novel condensed tannin oligomers in red wine 
A three-step purification method was established with the first step of C-18 solid phase extraction, 
the second step of Toyopearl HW-40S gel filtration chromatography and the last step of C-18 HPLC 
semipreparative.  

Phloroglucinolysis: depolymerization of pure tannin oligomers 
A fraction of pure tetramer after HPLC-semipreparative was dissolved in 200 µL methanol. 
The phloroglucinolysis reagent solution (200 µL) containing 0.1 N HCl in methanol, 50 g/L phloroglucinol 
and 10 g/L ascorbic acid was then added to the 200 µL of the methanol fraction above. Then, the reaction 
mixture was placed at 50°C for 20 min and 1 mL of 40 mM acetate sodium aqueous solution was added to 
stop the reaction. The reaction mixture was then analyzed by UPLC-UV-Q-TOF. 
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UPLC-Q-TOF  
The UPLC-MS system used was an Agilent 1290 Infinity equipped with an ESI-Q-TOF-MS (Agilent 6530 
Accurate Mass). Chromatographic separation was carried out on an Eclipse Plus C18 column 
(2.1 x 100 mm, 1.8 µm). The solvents used were: water with 0.1% formic acid for solvent A and methanol 
with 0.1% formic acid for solvent B at a flow rate of 0.4 mL/min. The gradient of solvent B for oligomer 
analysis was as follows: 4% of B during 10 min; from 4 to 95% of B in 4 min; 95% during 4 min and 
UPLC column was equilibrated for 3 min using the starting condition. ESI conditions were as follows: gas 
temperature and flow were set at 300°C and 9 L/min respectively; sheath gas temperature and flow were set 
at 350°C and 11 L/min respectively; capillary voltage was set at 4000V. The fragmentor was always set at 
200 V. The data obtained were treated by Mass Hunter Qualitative Analysis software. 

NMR 
Isolated compounds were analyzed by 1H NMR, 13C NMR, and 2D NMR spectroscopy (COSY, HSQC, 
HMBC, and ROESY) in methanol-d4. The spectra were recorded on an AC 300 MHz and Avance III 600 
MHz Bruker spectrometers (Wissembourg, France). 

Results and discussion 
Purification of tetramer and pentamers 
After tetramer/pentamer purification from approximately 4 L of red wine, the yield of the purification 
protocol was: 5.6 mg of tetramer, 1.5 mg of pentamer 1 and 2 mg of pentamer 2. The lower relative 
concentration of pentamers in wine could be the explication of the lower yield achieved in the purification 
protocol. The purity of these fractions was estimated to be up to 99% according to the chromatograms 
obtained at 280 nm. 

NMR and phloroglucinolysis results  
1D (1H and 13C) and 2D (HSQC, HMBC, ROESY) NMR analyses were carried out on the 5.6 mg of 
tetramer in methanol-d4. All proton and carbon resonances were assigned according to solvent chemical 
shift (Table 1). NMR data are consistent with a procyanidin tetramer constituted by two symmetric 
procyanidin dimer units (Figure 1). By comparison with literature, the carbon signals of the procyanidin 
tetramer in the range C 155-160 ppm were assigned to 5-, 7- and 8a-position carbon signals. 
These assignments were performed thanks to long-range correlations between carbons 8a and protons 2 of 
the heterocyclic rings, correlations between carbon 5A and protons 6A and 4C, correlations between carbon 
5D and 4F. The HMBC correlations between proton 4C and carbons 7D, 8D and 8aD indicate that the 
inter-flavonoid bond between the C and D units was 48. Furthermore, the HMBC correlations between 
proton 4F and carbons 5A, 6A and 7A proved the presence of a cyclic and symmetric structure. These last 
correlations also confirm the 46 inter-flavanoid bond between the flavanol unit II and III (Figure 1). 
The configuration of the carbon 2, 3, and 4 of the C and F ring were determined using the ROESY 
spectrum. Strong NOE correlations between aromatic protons of the B ring and protons 4C suggest that this 
proton is on the same side as the B ring, proving that the inter-flavanoid linkage between unit I and II is . 
Similarly, a strong correlation between the protons 2C and 3C proved that these protons are on the same 
side, indicating that unit I and III are (-)-epicatechin. Similar strong NOE correlations between aromatic 
protons of E ring and proton 4F as well as NOE correlation between the protons 2F and 3F proved that the 
flavan-3-ol unit II and IV are (-)-epicatechin and the inter-flavanoid linkage between unit II and IV is also 
. Therefore, all units of this cyclic procyanidin tetramer are (-)-epicatechin and all the inter-flavanoid 
linkage are  leading to the structure in figure 1. 

 

 

Fig. 1 - Cyclic tetramer of condensed 
tannins detected in red wine. 
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To confirm this new cyclic structure observed in the NMR analysis, a depolymerization by 
phloroglucinolysis was carried out. The results obtained by phloroglucinolysis on UPLC-Q-TOF showed 
that after chemical depolymerization of a pure aliquot of the tetramer, no terminal units were observed and 
detected. The lack of release terminal unit is one more strong argument proving that all units have to be 
connected by inter-flavanoid bound, hence confirming the cyclic structure. So the NMR and 
phloroglucinolysis results show that the structure of this more polar procyanidin tetramer is cyclic. Since 
such carbon skeleton has never been reported before for procyanidins in wine, or in the plant kingdom, 
we decided to name this new group of procyanidins “crown procyanidins”. Data concerning the two 
pentamers are not presented in this article. 

 

Table 1 - 1H- and 13C-NMR data and HMBC correlations (C  H) of cyclic tetramer 

ring no. δC δH m(J in Hz) HMBC (Unit: C) 
Unit I     

C 2 78.5 5.17 brs B2', B6', C4 
 3 73.0 4.29 m C4 
 4 37.7 4.22 brd (5.2) C2 
A 4a 104.9 - A8, C3, C4 
 5 155.5 - F4*, C4 
 6 106.3 - F4*, A8 
 7 155.5 - F4*, A8 
 8 96.1 6.13 s - 
 8a 155.1 - C2, C4, A8 
B 1' 131.9 - B5', C2, C3 
 2' 115.4 6.99 d (1.8) B6', C2 
 3' 145.4 - B5' 
 4' 145.5 - B2', B6' 
 5' 115.5 6.72 d (8.1) - 
 6' 119.8 6.84 dd (1.8; 8.1) B2', B5', C2 

Unit II     
F 2 75.2 4.45 s E2', E6', F3, F4 
 3 67.9 4.48 d (2.1) F2, F4 
 4 37.8 4.56 d (2.5) F2, F3 
D 4a 98.6 - D6, F3, F4 
 5 157.1 - D6, F4 
 6 97.0 6.10 s - 
 7 157.3 - D6, C4 
 8 109.0 - D6, C3, C4 
 8a 157.2 - F4, C4 
E 1' 131.3 - E5', F2 
 2' 114.4 6.21 d (1.8) E6', F2 
 3' 144.8 - E5' 
 4' 144.6 - E2', E6' 
 5' 115.5 6.43 d (8.1) - 
 6' 119.7 5.76 d (1.8; 8.1) E2', F2 
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Conclusion 
For the first time in red wine, a new cyclic procyanidin sub-class that we named “crown procyanidin” was 
discovered, purified and structurally characterized.  

One crown procyanidin tetramer and two crown procyanidin pentamers were purified by a “three steps-two 
gels” strategy. Their identity belonging to the procyanidin family was confirmed by high resolution mass 
spectrometry. The inter-flavanoid linkages, sub-unit information, as well as overall configuration of the 
tetramer were obtained by 1D and 2D NMR. These crown procyanidins showed high polarity, partial 
resistance to phloroglucinolysis condition and high stability during red wine aging. Their origins, health 
effect and sensory properties are to be clarified. 
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Rosé wine – storage – color – polyphenols 

Introduction  
The color of Rosé wines is an important criterion for consumer choice. This color depends on the 
concentration of anthocyanins and also of other pigments derived from them. Production conditions 
(grape variety, winemaking) and storage conditions have an impact on the polyphenol composition, in 
particular on anthocyanins and other pigments which can be formed by complex chemical reactions [1, 2].  

In this work, the effect of conditions of wine storage in tank (temperature, level of sulfite, oxygen 
exposure) on the color and phenolic composition of Rosé wines was investigated.  

Materials and methods 
Rosé wine samples 
Rosé wines were made in four different vine-growing areas: Val de Loire, Provence, Tarn, and Bordeaux. 
In each region, common practices of storage conditions in tank during six months were compared: 
temperature regimes, two levels of sulfite addition, two levels of oxygen exposure. Sample description is 
provided in Table 1. 

Polyphenol analysis 
Polyphenols were quantified by ultra-high-performance liquid chromatography coupled to triple 
quadrupole tandem mass spectrometry (UHPLC- QqQ-MS) used in multiple reaction monitoring (MRM) 
mode. This method [3] enabled quantification of over one hundred phenolic compounds in Rosé wines.  

Color analysis 
Color characteristics were determined by several color indices and chromatic coordinates (L*, a*, b*) 
deduced from absorbance measurements [2]. Three bottles were analyzed for each sample after bottling in 
the same conditions and after storage during one year at 20°C. 

Results and discussion 
The polyphenol composition (quantities and proportions) was different between the four series. 
The concentrations of the main groups of grape compounds (hydroxycinnamic acids, anthocyanins and 
tannins) are presented in Figure 1. Derived pigments resulting from complex chemical mechanisms [4-8] 
were also found in different proportions in the four series: 

- caftaric-anthocyanin adducts formed by the addition of anthocyanins onto the quinone of caftaric 
acid, depending on enzymatic oxidation at the must stage. 
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- carboxypyranoanthocyanins (e.g., vitisin A) and pyranoanthocyanins (e.g., vitisin B) formed by 
reaction of anthocyanins with pyruvic acid and acetaldehyde, respectively, depending on yeast 
metabolism and oxidation.  

- phenyl-, catechyl- and guaiacyl-pyranoanthocyanins, formed by reaction of anthocyanins with 
hydroxycinnamic acids or vinylphenols. 

 

Table 1 - Code and storage conditions in tank of studied Rosé wines 

   Storage conditions in tank 

TRIALS Code Grape variety SO2 (mg/L) Temperature Oxygen 
exposure 

Val de Loire 

6012NO 

Cabernet 

60 12°C normal 
30VANO 30 variable normal 
6012HI 60 12°C high 
3012NO 30 12°C normal 

Bordeaux 

18VANO 

Cabernet franc 

18 variable normal 
3012NO 30 12°C normal 
3012HI 30 12°C high 
30VANO 30 variable normal 

Tarn 

28VANO 

Négrette 

28 variable normal 
3812NO 38 12°C normal 
38VANO 38 variable normal 
3812HI 38 12°C high 

Provence 

2520NO 

Grenache-Shiraz 

25 20°C normal 
3512NO 35 12°C normal 
3520NO 35 20°C normal 
3512HI 35 12°C high 

 

 

 

 

 

 

 

 

 

 

 
 
 

 
Fig. 1 - Composition in hydroxycinnamic acids (HA), anthocyanins 

and tannins of each series of Rosé wines. 
 

A principal component analysis was performed on all the data (color data in green, native anthocyanins in 
red, derived pigments in blue and other polyphenols in black) for each trial: Val de Loire (Figure 2), 
Bordeaux (Figure 3), Tarn (Figure 4), and Provence (Figure 5). 
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Val de Loire trials 
They contained a very high concentration of hydroxycinnamic acids, probably due to a varietal 
characteristic and a limited oxidation of must (Figure 1). A low level of sulfite and a variable temperature 
regime led to a loss of anthocyanins and the formation of catechyl-pyranoanthocyanins (Figure 2). 
Absorbance at 520 nm due to sulfite bleaching resistant pigments (SBRPigments) and the coordinate b* 
(yellow) were correlated with catechylpyranomalvidin-3Glc (pinotin A) (R=0.67 and R=0.72, respectively).  
 

 

Fig. 2 - Principal component analysis of the polyphenol and color data of Val de Loire trials: 
(A) projection of the wines on principal component 1 (PC1) and principal component 2 (PC2), 

(B) correlation scatterplot of the polyphenol and color variables with PC1 and PC2. 
 

Bordeaux trials  
They contained a low concentration of hydroxycinnamic acids (Figure 1) but relatively high concentrations 
of GRP (Grape React Product), flavanols (monomers, dimers, and tannins analyzed by HPLC after 
phloroglucinolysis), anthocyanins and tannin-anthocyanin adducts. This reflects a higher extraction rate 
than in the other sets and oxidation of a must with a high glutathione to caftaric acid ratio. A low level of 
sulfite and a variable temperature regime led mainly to an increase of color intensity, of a* and b*, 
of absorbance at 520 nm due to SBRPigments, phenyl- and catechyl-pyranoanthocyanins, and a loss of 
anthocyanins (Figure 3). In this series, SBRPigments and the coordinates a* and b* were correlated 
together and negatively correlated with the anthocyanin contents. However, a low correlation between 
phenyl- and catechyl-pyranoanthocyanins and data color (SBRPigments, a* and b*) suggests an 
involvement of additional pigments presumably resulting from anthocyanin reactions with tannins 
(not analyzed). 
 

 

 

 

 

 

 

 

 

 

Fig. 3 - Principal component analysis of the polyphenol and color data of Bordeaux trials: 
(A) projection of the wines on principal component 1 (PC1) and principal component 2 (PC2), 

(B) correlation scatterplot of the polyphenol and color variables with PC1 and PC2. 
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Tarn trials 
They contained a relatively high concentration of hydroxycinnamic acids (Figure 1) but a low 
concentration of GRP and no caftaric-anthocyanin adducts, indicating a good protection of musts against 
oxidation. A low level of sulfite and a variable temperature regime led mainly to a loss of anthocyanins and 
an increase of color (Figure 4). This was linked to an increase of colored pigments such as vitisins and a 
decrease of bisulfite adducts. SBRPigments and the coordinate b* were negatively correlated with the 
anthocyanin concentration (malvidin-3-Glc, R=-0.83) and b* positively with carboxypyranomalvidin-3Glc 
(vitisin A) (R=0.76) and pyranomalvidin-3Glc (vitisin B) (R=0.72). 
 

 

Fig. 4 - Principal component analysis of the polyphenol and color data of Tarn trials: 
(A) projection of the wines on principal component 1 (PC1) and principal component 2 (PC2), 

(B) correlation scatterplot of the polyphenol and color variables with PC1 and PC2. 
 

Provence trials 
These very light Rosé wines contained a low concentration in polyphenols due to a low extraction 
(Figure 1). However, they had a concentration of catechyl-pyranoanthocyanins similar to the other trials. 
A low level of sulfite and a variable temperature regime led to increased formation of catechyl-
pyranoanthocyanins (Figure 5). Color due to the derived pigments and the coordinate b* were correlated 
together and especially b* with p-hydroxyphenylpyranomalvidin-3Glc (R=0.72) and 
catechylpyranomalvidin-3Glc (Pinotin A) (R=0.69). 
 

 

Fig. 5 - Principal component analysis of the polyphenol and color data of Provence trials: 
(A) projection of the wines on principal component 1 (PC1) and principal component 2 (PC2), 

(B) correlation scatterplot of the polyphenol and color variables with PC1 and PC2. 
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Conclusion 
The polyphenol composition of Rosé wines depended of the origin, grape variety and winemaking process. 
This study showed that the storage conditions in tank impacted the derived pigment composition of Rosé 
wines, also depending on the proportions of native compounds (hydroxycinnamic acids, anthocyanins, and 
tannins) in the wines. In particular, variable temperature regimes and low levels of sulfite led to an increase 
of color attributable to a lower extent of sulfite bleaching and an increased formation of sulfite bleaching 
resistant pigments. Sulfite bleaching resistant pigments and chromatic coordinate b* were correlated, 
underlining the contribution of these derived pigments to the color of Rosé wines. The proportion and 
quantity of the different families of derived pigments (pyranoanthocyanins, carboxypyranoanthocyanins, 
phenyl- and catechyl-pyranoanthocyanins, etc.) were influenced by the concentration of native compounds 
combined with the winemaking process (yeasts, storage conditions).  
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Stilbenes – red wines – UPLC-MS 

Introduction 
Numerous epidemiological studies since the 90s have shown that a very moderate wine consumption may 
be beneficial to health [1]. The presence of polyphenols and particularly stilbenes in wine may explain 
these beneficial effects. Among stilbenes, resveratrol has demonstrated a number of promising biological 
activities, particularly in regards to disease prevention and anti-aging activities [2, 3]. Many studies have 
examined the resveratrol content in wine [4, 5]. In contrast, few studies have investigated stilbene 
oligomers in wine. However, some studies indicate that the wine contains many other stilbenes [6, 7].  

The aim of the present work was to develop a method to characterize stilbene content in Tunisian red wine. 
While many wines, especially French wines, have been studied for their contents in resveratrol, to our 
knowledge, no Tunisian wine has yet been explored in this regards. The presence of various stilbenes has 
been studied using UPLC-MS analysis on wine extracts. These compounds have been quantified by HPLC-
DAD and different stilbenes have been identified, from the simplest monomers, such as resveratrol and 
piceid, to the more complex oligomers, such as - and α-viniferin, hopeaphenol and isohopeaphenol. 
Concerning standards, if the simpler molecules may be obtained commercially, the complex stilbenes need 
to be purified from different plant sources. In this study, the standards were purified from vine parts and 
by-products from Carex species [8, 9].  

In this preliminary study, seven Tunisian red wines mainly in the Mornag appellation were investigated. 
Seven stilbenes were identified in these wines: three monomers (resveratrol, piceid and piceatannol), 
one dimer (-viniferin), one trimer (α-viniferin) and two tetramers (hopeaphenol and isohopeaphenol). 
Regarding the presence of resveratrol derivatives, we found that one of the wines, Sidi Zahia, was the 
richest qualitatively. These first results are very encouraging. The study should be extended to a larger 
number of wines and appellations. 

Materials and methods 
Wine samples 
Seven Tunisian red wines from the Mornag appellation (Clipea, Distinto, Mornag, Selian, Sidi Brahim, Sidi 
Rais and Sidi Zahia) were examined for their stilbene content, by using UPLC-MS and HPLC-DAD 
methods. The wines were purchased from local stores and kept in obscurity until analyzed. 

Stilbene purification 
In order to remove sugars and part of anthocyanins and proanthocyanidins, the different wines were 
evaporated and purified on XAD16 and DOWEX columns (Fig. 1). Each 750-mL bottle of wine was 
concentrated down to 650 mL in vacuo at 30°C and diluted with 100 mL of H2O. The concentrated wine 
was poured over 500 grams of Amberlite XAD-16 resin (Sigma-Aldrich), in an open column (5.1 35 cm), 
and rinsed with 5 L of water to remove sugars, small organic acids and other non-polyphenolic compounds. 
The polyphenols were then eluted with 3 L of MeOH and 1 L of acetone. The solvents were removed 
in vacuo and the samples were then lyophilized. The concentrated XAD16 residue was then 
chromatographed over a cation-exchange resin column (DOWEX, Sigma-Aldrich), rinsed with distilled 
water (4 L), and eluted with 75% (v/v) aqueous MeOH (2 L) to yield a solid powder after lyophilization. 
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Stilbene identification 
Monitoring of the collected Tunisian red wines was achieved by UPLC-MS. The UPLC analyses were 
carried out using an UPLC system model 1290 Infinity (Agilent Technologies) coupled to an Esquire 
3000plus mass spectrometer (Bruker Daltonics GmbH) with electrospray ionization and ion trap analyzer. 
Quantification was performed by analytical HPLC-DAD using a HPLC system model 1200 
(Agilent technologies). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1 - Flow diagram of primary method used for the different stages 
of pre-purification of wine stilbenoids. 

Results and discussion 
In this study, stilbenes were identified by UPLC-MS/MS analysis. This combination provided an accurate 
method for the characterization of stilbenes [10]. To illustrate the analysis of stilbenes in wine, the UPLC 
chromatogram of the Sidi Zahia red wine is presented in Fig. 2. Stilbenes were tentatively identified by 
examining the mass spectra (MS and MS/MS). The presence of stilbene oligomers was monitored via 
extracted ion chromatograms in negative ion mode. Typical m/z values for these compounds were used, 
including [M−H]− ions of m/z 227 or 242 (monomers), 453 (dimer), 677 (trimer), and 905 (tetramer). 
The corresponding values for these compounds were also evaluated in positive mode. To confirm the 
identification of the stilbenes, standards were used [8, 9]. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 2 - UPLC chromatogram recorded at 290 nm showing the stilbenes detected 
in Sidi Zahia red wine. Peak numbering as in Table 1. 
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Using this procedure, seven stilbenes (Fig. 3) were identified in Tunisian red wines, including three 
monomers (resveratrol, piceid and piceatannol), one dimer (-viniferin), one trimer (α-viniferin) and two 
tetramers (hopeaphenol and isohopeaphenol). Retention time (tR) and molecular ions (positive and negative 
modes) are shown in Table 1. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 3 - Stilbene structures. 
 

Table 1 - Chromatographic and mass data of stilbenes 
No tR (min) M-H- M+H+ Compounds 
1 3.7 389 391 (E)-piceid 
2 4.2 242 244 piceatannol 
3 4.8 227 229 (E)-resveratrol 
4 5.0 677 679 -viniferin 
5 5.3 905 907 unknown 
6 5.4 905 907 hopeaphenol 
7 5.6 453 455 -viniferin 
8 6.2 905 907 isohopeaphenol 

 

Concerning the stilbene content in the Tunisian red wine, the Sidi Zahia red wine was qualitatively and 
quantitatively the richest one (Fig. 3). The effective quantification of the stilbene content is in progress. 
Nevertheless, primary results indicated that, among all studied wines, only the Sidi Zahia wine contains the 
seven stilbenes (Table 2). Isohopeaphenol is present in all wines except Distinto. The Sidi Rais wine 
contains six stilbenes and does not contain -viniferin. 

 
Table 2 - Average detected stilbenes for Tunisian varietal wines (D: detected; ND: not detected) 

Compound Sidi Zahia Sidi Rais Mornag Selian Distinto Sidi Brahim Clipea 
(E)-piceid D D D ND ND D D 

piceatannol D D ND ND ND D ND 
(E)-resveratrol D D ND ND ND ND ND 
-viniferin D D ND ND ND ND ND 

hopeaphenol D D ND ND D D ND 
-viniferin D ND ND ND D ND D 

isohopeaphenol D D D D ND D D 
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Conclusion 
In this preliminary study, we were able to obtain 7 Tunisian wines mainly in the Mornag appellation. 
We were able to settle in these wines the content of 7 stilbenoids: (E)-resveratrol, (E)-piceid, piceatannol, 
-viniferin, α-viniferin, hopeaphenol and isohopeaphenol. From the point of view of the presence of 
resveratrol derivatives, we found that one of the wines, Sidi Zahia, was the richest qualitatively. These first 
results are very encouraging. The study should be extended to a larger number of wines and appellations. 
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Phenolics compounds – canopy – vigour – wine ageing  

Introduction 
Phenolic compounds are important contributors to the quality of red wines. Anthocyanins, along with 
flavanols and flavanols, play an important role in the colour stability of red wines as during vinification and 
ageing monomeric forms are progressively replaced by polymeric structures [1-3]. These compounds can 
also influence the sensory characteristics of red wines [4].  

The concentration of phenolic compounds in wine depends mainly on the potential of the grapes and the 
winemaking practices employed [5]. In recent years, several studies have shown how environmental factors 
and viticultural practices may influence the accumulation of these compounds in grapes and how these are 
reflected in young wines [6-8]. Furthermore, berry ripening may also affect not only the major components 
of the grapes, such as sugar or acids, but also the secondary metabolites like phenolic compounds and their 
extractability into the wine [9-11]. 

The aim of the present work was to evaluate the effect of different trellising systems, vigour and 
ripening levels on the colour and phenolic composition of Shiraz grapes and their corresponding wines 
during ageing. 

Materials and methods 
Vineyard treatments and winemaking 
This study was conducted in 2014 at the Welgevallen farm (33⁰56’S, 18⁰52’E), with a characterised Shiraz 
experimental vineyard of Stellenbosch University. This research project was carried on two different 
trellising systems, being Vertical Shoot Positioning (VSP) and Smart Dyson (SD). The VSP system 
consists of a non-divided canopy where the fruit zone is restricted to a small vertical zone along a single 
trellis wire, while the SD system entails a divided canopy system with shoots being trained upwards and 
downwards from the same cordon. The SD system may achieve an increase in grape yield.  

The grapes were harvested at 23 ˚Brix and ˚25 Brix from each canopy treatment in two different vigour 
zones (high vigour, HV and low vigour, LV). All vinifications were made in small scale (40 kg) in 
triplicate. Every wine was made following the standard winemaking procedure of the Department of 
Viticulture and Oenology of Stellenbosch University. Samples for phenolic and colour analyses were taken 
after malolactic fermentation as well as after 6 months and 12 months bottle ageing, while samples for 
sensory analysis were collected after 6 months bottle ageing. 

Grape analysis 
Frozen grapes were weighed and grinded for 3 minutes with a homogeniser. The grape homogenate was 
extracted in acidified methanol for 45 minutes in an ultrasonic bath. The samples were centrifuged and the 
supernatant was retained for High Performance Liquid Chromatography (HPLC) analysis [12].  
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Wine analysis 
The evolution of wine colour and general phenolic composition during time was evaluated by 
spectrophotometric analyses [13]. Tannin levels were quantified by the Methyl Cellulose Precipitation 
(MCP) assay [14]. The individual quantification of the wine phenolic compounds during ageing was also 
performed with HPLC [12]. 

Sensory analysis 
The sensory evaluation was done with Descriptive Analysis (DA) method [15]. Eleven judges were 
selected as panellist on the basis of availability and previous experience in wine evaluation. Training in 
mouth feel and aroma characteristics was performed using the relevant standards. 

Statistical analyses  
All analyses were done using Statistica 12. Mixed model repeated measures ANOVAs were used and 
Fisher’s least significant difference (LSD) corrections were used for posthoc analyses. Significant 
differences were judged on a 5% significance level (p < 0.05). 

Results and discussion 
Grape yield differed between the two trellising systems due to the larger number of grape bunches in the 
SD system. The yield produced in the SD system was 8.0 kg per vine, compared to the 4.5 kg per vine of 
the VSP system.  

Table 1 shows the polymeric phenol and malvidin-3-glucoside concentrations of the grapes. No clear trends 
could be observed. However, in certain treatments the tannin concentrations were significantly higher 
(results not shown).  

 
Table 1 - Grape phenolic composition (mg/g of berry) 

 VSP SD 

23 ˚Brix  25 ˚Brix  23 ˚Brix 25 ˚Brix  

HV LV HV LV HV LV HV LV 
Pol. ph  Mean 0.91 abc 0.75 c 1.03 ab 1.14 a 0.89 bc 0.90 bc 1.01 ab 1.04 ab 

S.dev 0.04  0.18  0.05  0.06  0.04  0.06  0.05  0.02  

Malvidin-
3-gluc 

Mean 0.17 ab 0.19 bd 0.16 ac 0.21 b 0.17 ab 0.19 bc 0.15 a 0.16 acd 

S.dev 0.02  0.01  0.01  0.00  0.01  0.01  0.00  0.01  

 

Table 2 & Table 3 show the effect of vigour on the colour and polymeric pigment composition of the 
wines, which was also found by Cortell et al. [6]. Only the VSP wines at the earliest ripening stage did 
not show a significant difference between colour densities. This effect was often continued during wine 
ageing as well.  

Contrary to the results observed in grapes, the vigour influenced the concentration of the polymeric phenols 
in wine. The HPLC results in Table 3 show a greater concentration in wines produced from low vigour 
vines, increasing as well with the grapes’ maturity level were.  

The results obtained from sensory evaluation six months after the alcoholic fermentation showed 
significant differences between the ripeness stages. The 23 ˚Brix wines were generally described as sour, 
while in the wines from the riper stage more differences between the treatments appeared. The SD-LV and 
SD-HV wines were described as sweet while VSP wines were “fuller” and more astringent. 

Further sensory studies after twelve months could help to further elucidate the impact of the polymeric 
phenols on the taste and mouth-feel of the wines.  
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Table 2 - Colour density of the wines during ageing 

Colour density 
(AU) 

VSP SD 

23 ˚Brix  25 ˚Brix  23 ˚Brix  25 ˚Brix  

HV LV HV LV HV LV HV LV 
MLF Mean 8.37 bc 7.94 bc 8.60 b 14.24 a 11.95 a 13.45 a 6.14 c 8.71 b 

S.dev 2.52  0.44  0.71  1.59  0.53  1.14  1.57  0.62  

6 
months 

Mean 6.39 cb 7.75 ac 6.34 cb 9.28 a 7.71 ac 9.56 a 5.28 c 8.12 ab 

S.dev 1.89  1.25  0.54  0.95  0.60  3.08  0.32  0.35  

12 
months 

Mean 4.50 cb 4.49 cb 6.01 ab 7.20 a 5.51 ab 6.46 a 3.74 c 5.79 ab 

S.dev 1.19  0.14  2.21  1.15  0.07  0.57  0.31  0.13  

 

Table 3 - Phenolic composition of the wines (mg/L) 

 VSP SD 

23 ˚Brix  25 ˚Brix  23 ˚Brix  25 ˚Brix  

HV LV HV LV HV LV HV LV 
Pol. ph 
MLF 

Mean 305.6 f 433.5 e 629.4 b 675.9 b 426.9 e 570.5 c 500.6 d 789.7 a 

S.dev 14.7  12.8  17.7  22.7  16.3  29.0  12.5  12.1  

Pol. ph  
6m 

Mean 329.6 e 453.8 d 656.1 cb 680.3 a 502.0 d 595.1 c 501.0 d 754.7 a 

S.dev 19.4  19.7  29.5  25.2  6. 0  30.8  41.3  15.1  

Pol. pg  
MLF 

Mean 31.5 e 41.6 d 54.8 c 62.7 b 45.2 d 55,9 c 44.2 d 74.3 a 

S.dev 1. 2  1. 3  3. 0  1. 4  2. 3  2. 1  2. 4  2. 7  

Pol. pg 
6m 

Mean 40.0 d 47.2 dc 57.7 b 57.9 b 53.7 bc 55.8 c 45.3 d 73.0 a 

S.dev 4. 1  0. 5  3. 4  2. 5  2. 3  1. 9  2.0  3.5  

 

Conclusion 
Different viticultural treatments seems to affect the colour, phenolic and sensory profiles of Shiraz wines. 
Some of these changes all seem to be carried over during wine ageing. 
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Introduction 
Wine aroma is due to a complex combination of volatile molecules from grapes, fermentation processes 
and ageing belonging to different chemical families. According to sensory perception, it is possible to 
categorise it in several groups [1]. Particularly, the "vegetative" or "green" class associated to different 
notes has major importance in red wine aroma by perceptive antagonism with fruity nuances [2]. A better 
characterisation of this class is an important issue. Within the "vegetative" and "green" class, it is 
commonly accepted that "fresh green" nuances (cut grass, minty, green bell pepper) in red wines have a 
varietal origin related to the grape ripeness. To date, compounds belonging to the 2-methoxypyrazine 
family, and particularly 3-isobutyl-2-methoxypyrazine (IBMP), first identified in bell pepper (Capsicum 
annum var. grossum) [3], have been identified as key compounds of wines associated with unripe grapes 
and many studies have shown their contribution to the herbaceous aromas of wines from different varieties, 
in particular Cabernet Sauvignon [4]. 

However, several studies have shown that the levels of IBMP in wines do not always correlate well with 
perceived green notes during wine tasting [5] and the hypothesis for a contribution of other volatile 
compounds, alone or in combination with 2-methoxypyrazine, has to be considered. The objective of this 
study was therefore to characterise other volatile compounds involved in "fresh green" nuances of red 
wines in relation to grape ripeness. A strategy applied to model wines was considered, combining both 
analytical and sensory approaches through a multiple-step protocol combining both HPLC fractionation, 
GC-olfactometry and MDGC-O/TOF-MS.  

Materials and method 
Winemaking 
30 kg of Cabernet Sauvignon and Merlot grapes were harvested at two stages, spaced one month apart, 
during the 2014 and 2015 vintages, in the same rows from a vineyard plot in Haut Medoc (Bordeaux) 
(Table 1). After destemming, grapes were micro vinified in 20-L stainless steel tanks. 

Aroma characterisation 
750 mL of wine were extracted using dichloromethane. After concentration of the organic extract, 
reversed-phase (RP) HPLC semi preparative was performed with a water:ethanol gradient. 50 fractions of 
1 mL were collected and evaluated for their sensory properties. The impact of selected fractions was 
evaluated by an omission and a supplementation test. All samples were evaluated on the green aromas in an 
orthonasal way by 14 expert judges in a temperature-controlled room. Fractions of interest were re-
extracted and analysed by multidimensional gas chromatography coupled with olfactometry and a time-of-
flight mass spectrometer (MDGC-O-MS/TOF). Separation was performed on fused-silica polar capillary 
column in first dimension (BP20) and a non-polar (BP1).  

Results and discussion 
The sensory evaluation of red wines elaborated from grapes harvested at two ripening stages showed a 
direct relation between the ripening stage and the perception of green aromas (Table 1). Indeed, unripe 
wines of Cabernet Sauvignon expressed in 2014 a strong green aroma in comparison to the ripe wine but 
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this was not the case in 2015 and for wines elaborated with Merlot variety. This could be related to the 
climatic conditions depending on the vintage as no green aromas were observed in the earlier harvest of 
2015 vintage (earlier) both on Merlot and Cabernet Sauvignon wines. 
 

Table 1 - Harvest date, technological parameters and sensory descriptions of Merlot (M) 
and Cabernet-Sauvignon (CS) model wines in the 2014 and 2015 vintages 

Modality Varieties Harvest date % TAVa pHa Aromas 
Ripeness- M 05/09/14 9.7 3.25 Fresh red fruits: cherry, raspberry 
Ripeness- CS 12/09/14 9.5 3.51 Strong green, green bell pepper, fresh 
Ripeness+ M 03/10/14 13.0 3.53 Red fruits: cherry, raspberry, strawberry 
Ripeness+ CS 12/10/14 12.0 3.74 Fruits: blackcurrant, blackberry; green 
Ripeness- CS 01/09/15 9.5 3.42 Fresh fruits: raspberry, blackcurrant 
Ripeness+ CS 01/10/15 11.9 3.70 Black fruits: blackberry, blackcurrant 

aFourier Transform Infrared spectroscopy (OenoFoss™). 
 

Further investigations were therefore mainly performed with Cabernet Sauvignon wines from the 
2014 vintage. HPLC fractionation of 2014 Cabernet Sauvignon wine concentrated extracts was carried out 
on 50 fractions which were submitted to three expert judges. Four fractions (31, 32, 35, 36) obtained in 
hydro-alcoholic solution were particularly highlighted, presenting strong differences between unripe and 
ripe wines particularly regarding the green aromas (Table 2). These fractions were grouped in F1 and F2 to 
performed sensory tests because of their aromatic similarities.  
 

Table 2 - Sensory evaluation of HPLC fractions from Cabernet Sauvignon wines at two 
ripeness stages (Ripeness- and Ripeness+) in the 2014 vintage 

HPLC fraction « Ripeness- » « Ripeness+ » Group 
31 Cut grass, fruity Saffron, spicy, fruity 

F1 
32 Cut grass, green wood Fruity 
35 Fresh green Fruity 

F2 
36 Strong green, minty Fresh fruit, slightly green 

 

Reconstitution of the 50 fractions with omission of F1 group showed no effect on the overall green 
perception of the mixture. On the contrary, the omission of F2 group generated a significant diminution of 
the green aromas (Table 3). The addition of F2 in neutral red wine confirmed this impact because an 
important increase in green aroma score was noted (7,7 ± 1,2) relatively to the control (4,2 ± 1,5). No 
synergistic effect between F1 and F2 was then observed. 
 

Table 3 - Mean score on green aromas (bell pepper, cut grass, leaf and minty) evaluated 
by an expert panel for omission and supplementation test 

Omission test Supplementation test 
Sample Mean ± CI Sample Mean ± CI 

TAR 6,4 ± 1,2 a R- 8,9 ± 0,8 d 
TAR-F2 3,8 ± 1,3 b R+ 4,2 ± 1,5 ab 
TAR-[F1+F2] 3,8 ± 1,1 b R+ [+F1] 3,7 ± 1,1 a 
TAR-F1 6,8 ± 1,2 a R+ [+F1+F2] 5,6 ± 1,3 bc 

R+ [+F2] 7,7 ± 1,2 c 
Omission test: TAR (Total Aromas Reconstitution), TAR-F1 (without fraction 31 
and 32), TAR-F2 (without fraction 35 and 36) and TAR-[F1+F2] (without fraction 
31, 32, 35 and 36). Addition test in wine: R- (Ripeness-), R+ (Ripeness+), R+ [+F1] 
(R+ supplemented with fraction 31 and 32), R+ [+F2] (R+ supplemented with 
fraction 35 and 35), R+ [+F1+F2] (R+ supplemented with fraction 31, 32, 35, 36). 
Letters indicate statistical groups by ANOVA (p value < 0.05). CI: confidence 
interval at 95% level. 
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To identify the volatile compounds associated with this sensory perception, F1 and F2 fractions were re-
extracted and analysed both on a GC polar capillary column (BP20) through a monodimensional 
chromatography and by bidimensional GC with BP20 as first capillary and DB1 as analytical column 
coupled to mass spectrometry or to olfactometry detection. 

Doing so, several known compounds could be first evidenced, such as 1-hexanol, associated with 
herbaceous and cut grass odours, which is a major compound of F1 group. As F1 group could not 
contribute to the enhancement of green flavour when supplemented to neutral red wine, this result raises 
questions about the real contribution of this C6 alcohol to herbaceous notes in red wine. Then, 
characterisation of aromatic compounds in F2 group by GC-olfactometry highlighted several green odorous 
zones and specifically three odorous zones of interest (Table 4). An odorous zone of interest was defined as 
a green odour at a chromatographic time with a greater intensity in the unripe wine.  

The compound responsible for the first zone (1525 and 1180 LRI) associated with a strong "green bell 
pepper" aroma in the unripe wine was the well-known 3-isobutyl-2-methoxypyrazine, or IBMP. A second 
zone at 1430 and 1035 LRI with "pea" and "earthy" odours was associated with 3-isopropyl-2-
methoxypyrazine or IPMP, a potent odorous compound associated with the "ladybug taint" due to the 
contamination of grapes by Harmonia axyridis [6]. Unlike IBMP, the link between this compound and the 
ripeness of the grapes has not been proved [7] and this result allows to formulate the hypothesis of a 
relationship between IPMP and Cabernet Sauvignon grape ripeness. In view of its very low detection 
threshold, it is also possible to consider a sensory contribution in association with IBMP.  

Several odorous zones of interest associated with a strong geranium leaf odour were also evidenced, but 
associated compounds could not be identified (Table 4).  
 

Table 4 - Main green odorous zones determined by MDGC-O-MS/TOF in (F2) group extract 

LRI 1D LRI 2D Odorous zone 
« Unripe wine » 

Odorous zone 
«Ripe wine » 

Compounds Identification 

1183 1015 minty, fresh, herbal  
(+++) 

N.D. 1,8-cineole LRI, MS, IS 

1430 1085 pea, earthy 
(++) 

green 
(+) 

IPMP LRI, IS 

1525 1180 bell pepper 
(+++) 

green 
(+) 

IBMP LRI, MS, IS 

1537 1090 geranium leaf 
(+++) 

geranium leaf 
(++) 

unknown x 

1592 1127 cucumber 
(+++) 

cucumber 
(+++) 

(E,Z)-2,4-nonadienal LRI, MS 

1696 1090 
1251 
1313 

 

 
geranium leaf 

(+++) 

 
geranium leaf 

(++) 

 
unknown 

 
x 

1709 1215 cucumber 
(+++) 

cucumber 
(+++) 

(E,E)-2,4-nonadienal LRI, MS 

LRI, linear retention index in BP20 (1D) and BP1 (2D) compared with those found in literature; IS, injection of pure 
commercial standard; MS, mass spectrum obtained with electronic impact (70eV) and compared to NIST library. 
Bracketed, evaluation of odour intensity: +++ for strong, ++ for medium and + for low intensity. 

A third odorous zone, which was not detected in ripe wine, was associated with very fresh vegetal notes, 
such as herbs and mint. It was therefore likely that the compounds associated with this odorous zone were 
related to the ripeness of grapes and responsible for part of the green aroma of the fraction F2 in unripe 
wine. The compound was identified by comparing the mass spectrum with the NIST 2005 library and 
injecting its commercial standard. It was identified as 1,8-cineole, well known as eucalyptol, the major 
component and surprisingly detected in Bordeaux red wines. This molecule has been first identified in 
Californian Merlot wine, with a detection threshold at 1,1 µg/L [8]. Then, 1,8-cineole was the subject of 
several studies in recent years, in particular as regards to its origin in red wines [9], showing that the first 
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source of 1,8-cineole found in significant concentrations in Australian wines was the proximity of 
eucalyptus trees in the vineyard. The contribution of this compound was shown to be possible by airborne 
transmission or incorporation of matter other than grapes (Eucalyptus or grape leaves) in the harvest. 

Regarding the varietal aspect, Farina et al. [10] suggested the formation of eucalyptol in Tannat wines 
(Uruguay) from other terpenes (limonene and α-terpineol) by hydrolysis reaction and rearrangement under 
conditions related to those of red wine ageing. The low conversion rates (around 0,6%) over a 2-year period 
established that these compounds were not significant precursors of 1,8-cineole [11]. Kalua et al. [12] then 
suggested 1,8-cineole to be the major monoterpene formed in floral tissues but showed a total 
disappearance early in the berry cycle development (7 weeks after flowering). Furthermore, it was also 
found that 1,8-cineole concentration in grapes at the beginning of the ripening was very low, but showed an 
important increase throughout ripening [10].  

This study therefore contributes to the clarification of the varietal origin of 1,8-cineole in Cabernet 
Sauvignon and Merlot, and indicates an abundance of 1,8-cineole in French wines related to grape ripeness.  
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Inactive yeasts – polysaccharides – proanthocyanidins – astringency 

Introduction 
It is widely acknowledged that high quality red wines have a balanced level of astringency. When there is 
excessive astringency, wines are considered aggressive and/or rough. In contrast, when there is too little 
astringency they may taste flat, insipid and uninteresting. Proanthocyanidins have been widely associated to 
astringency perception [1]. In this regard, several variables involving proanthocyanidin composition have 
been related to astringency, such as their total concentration, the mean degree of polymerization (mDP) [2] 
and monomeric composition [3]. More specifically, the greater degree of polymerization and the greater 
percentage of galloylation will cause a greater sensation of astringency [4]. 

Yeast mannoproteins have been described for their positive influence on a number of technological and 
quality properties of red wines, such as inhibition of tartrate salt crystallization [5], reduction of protein 
haze [6] and color stabilization [7]. Recent studies have also reported that yeast mannoproteins can increase 
body and mouthfeel [8], and also smooth the astringency of red wines [9]. For this reason the use of 
inactive dry yeasts as a source of mannoproteins has been introduced into the market during recent years 
[10, 11]. In the light of all this we may wonder what the mechanism is whereby supplementation with 
inactive dry yeasts reduces wine astringency. Hence the aim of this article was to study - in a red wine and 
also in a model wine solution - how supplementation with three commercial inactive dry yeasts affects the 
chemical composition of wine in order to better understand its action mechanism. 

Materials and methods 
Yeasts and winemaking 
300 mg/L of three commercial inactive yeasts (CIY), Optired®, Booster Rouge® and Noblesse® (Lallemand 
Inc ), were macerated in triplicate in 1.5 L of each of the maceration media for 15 days at 18 ºC. 
Macerations were performed in two model wine solutions (A and B) and in a red wine. Solution A was 
composed of 13% (v/v) ethanol and 4 g/L tartaric acid adjusted to pH 3.5 with sodium hydroxide in high 
purity water. Solution B was identical to Solution A but supplemented with 2 g/L of a commercial seed 
proanthocyanidin (Protan Pépin, AEB). 

Chemical analyses 
Color intensity (CI) and total phenolic index (TPI) were estimated according with [12]. Anthocyanidins 
were measured by HPLC–DAD [13]. Polysaccharides were analyzed by HRSEC-RID [14]. 
Proanthocyanidin concentration as well as their mDP and monomeric composition were determined by 
HPLC after acid-catalysis cleavage in the presence of excess phloroglucinol [15]. 

Results and discussion 
Table 1 shows the effects that the supplementation with three CIY had on the color, TPI and 
anthocyanidins of the different samples. 
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Table 1 - Influence of CIY supplementation on color intensity, TPI, anthocyanins and polysaccharides 

 
 

Overall, all the synthetic wines and also red wines treated with the three CIY have significant lower CI and 
TPI. This data indicates that CIY have absorbed or precipitate some phenolic compounds. However, no 
differences were found in the anthocyanin concentration of treated red wines. Table 1 also shows the 
effects of the supplementation with inactive yeasts on polysaccharide concentration. All the inactive yeasts 
released polysaccharides in both synthetic solutions, but the concentrations were always significantly 
higher when no tannin was present. Consequently this data seems to indicate that some polysaccharides 
released by inactive yeasts precipitate in the presence of seed proanthocyanidins. Polysaccharides of red 
wine did not show a clear trend probably because of the complicated balance between the polysaccharide 
release and precipitation.  

Table 2 shows the effects of supplementation with inactive yeasts on the proanthocyanidins of synthetic 
wine and red wine. 
 

Table 2 - Influence of CIY supplementation on proanthocyanidins 

 

 

In the synthetic wine, the addition of the three inactive yeasts significantly decreased the total 
proanthocyanidin concentration. This trend was also observed in the red wine with the exception of 
Noblesse. The mDP of proanthocyanidins decreased significantly when the synthetic wine and the red wine 
were treated with all the inactive yeasts, the exception being Booster Rouge in synthetic wine. 
This tendency seems to indicate that the use of inactive yeasts brings about a loss of proanthocyanidins of 
high molecular weight. A basic mathematical approach using a simple equation was performed to calculate 
the mDP of the eliminated proanthocyanidins (mDP-EPA) by the supplementation with CIY. In both 
media, synthetic wine and red wine, the mDP-EPA was higher than the original mDP. This data indicates 
that higher polymeric tannins, precisely the most astringent, were preferentially eliminated. 

Conclusion 
Overall these results seem to indicate that the mechanism of action by which the inactive dry yeast can 
enhance the mouthfeel and smooth astringency perception is related to two different phenomena. The first 
is that inactive yeasts release polysaccharides which can increase mouthfeel and act to inhibit interactions 
between salivary protein and tannins, while the second involves the direct effect they have on the 
precipitation of proanthocyanidins, especially the larger polymers, which have been described as the most 
astringent. It can be concluded that supplementation with CIY is a useful tool for smoothing the astringency 
of red wines. 

Medium Parameter

CI 4,9  ± 0,0 a 3,8 ± 0,1 b 4,1 ± 0,1 b 3,6 ± 0,2 b

TPI 20,7  ± 0,2 a 18,5 ± 0,4 b 18,8 ± 0,5 b 18,2 ± 0,2 b

Synthetic wine A without tannins 0,0 ± 0,0 aα 15,2 ± 0,8 bα 3,0 ± 1,2 bα 17,4 ± 0,2 bα

Synthetic wine B with tannins 0,0 ± 0,0 aα 8,1 ± 0,9 bβ 1,2 ± 0,0 bβ 10,8 ± 3,3 bβ

CI 12,6  ± 0,1 a 12,3 ± 0,1 b 12,4 ± 0,0 b 12,2 ± 0,2 b

TPI 66,7  ± 0,3 a 65,5 ± 0,2 b 64,3 ± 0,4 b 64,0 ± 0,3 b

Anthocyanidins (mg/L) 249  ± 1 a 241  ±2 a 235  ±1 a 239  ±2 a

Polysaccharides (mg/L) 575 ± 29 a 636 ± 27 b 480 ± 14 b 610 ± 30 a

Red Wine

Polysaccharides (mg/L)

Control Optired® Noblesse® Booster Rouge®

Synthetic wine B with tannins

Medium Proanthocyandins

PA (mg/L) 1201 ± 82 a 915 ± 59 b 980 ± 69 b 1029 ± 44 b

mDP 5,9 ± 0,1 a 5,3 ± 0,2 b 5,4 ± 0,1 b 5,9 ± 0,4 a

mDP-EPA 9,8 ± 0,3 b 10,3 ± 0,3 b 6,4 ± 0,3 b

PA (mg/L) 1275 ± 66 a 1015 ± 3 b 1135 ± 85 a 1015 ± 67 b

mDP 6,0 ± 0,1 a 5,3 ± 0,1 b 5,6 ± 0,1 b 5,3 ± 0,1 b

mDP-EPA 14,2 ± 0,3 b 20,7 ± 1,3 b 14,1 ± 0,4 b

Booster Rouge®

-

-

Synthetic 
wine B

Red wine

Control Optired® Noblesse®
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Volatile compounds – wine – sensory descriptive analysis – partial least squares regression 

Introduction 
Different wine grape varieties have diverse aromas and flavours, with distinct differences within varieties 
resulting from vineyard origin and winemaking or viticultural practices [1]. However, often the volatile 
compositions of wines made from different varieties only vary in the proportions of a number of key 
aroma-active compounds. Relating the compositional differences among wines to their sensory attributes 
can help determine if sensory difference is due to variation in concentrations of aroma compounds, 
an absence/presence of certain aroma compounds or an additive effect of several aroma compounds [2]. 

In fresh apricots and other yellow stone fruit, the n-alkyl γ-lactones (octa-, deca- and dodeca-) and 
δ-decalactone are considered to be impact aroma compounds [3] but very little is known about the chemical 
basis of ‘stone fruit’ aromas in wine. 

Previous studies involving gas chromatography-olfactometry-mass spectrometry (GC-O-MS) have 
suggested that ‘apricot’ or ‘stone fruit’ aroma in wine may be due to the n-alkyl lactones that were detected. 
However, quantitative analytical data has shown that generally sub-aroma detection threshold 
concentrations of these are present in white wines [4]. These earlier studies did not focus on wines with 
clear ‘stone fruit’ aroma attributes. Therefore, the focus of this study were Viognier and Chardonnay wines 
from France and Australia with differing levels of ‘stone fruit’ character, ranging from low to high.  

Materials and methods 
Wines 
Suitable subsets of wines with a range of ‘stone fruit’ aroma intensities were selected, by a group of 
experienced wine tasters, from approximately 100 commercially available wines: Australian Chardonnay; 
Australian Viognier; French Viognier; Australian botrytised sweet Semillon; and Sauternes.  

Sensory analysis 
A set of 10 commercial wines (four Australian Chardonnay wines; three Australian Viognier wines; one 
French Viognier wine; and two Australian botrytised Semillon) were analysed by HS-SPME-GC-O-MS 
analysis using a panel of four assessors in a method similar to [5].  

Descriptive sensory analysis was conducted with a set of 18 commercial wines (six wines of: Australian 
Chardonnay; Australian Viognier; and French Viognier) in a comparable manner to [5]. A sensory panel, 
consisting of 12 trained panellists, rated the intensity of sensory attributes of the wines in triplicate under 
controlled conditions (based on QDA® methodology). The panel attended four training sessions before 
undertaking the formal assessment of the wines. The panellists generated 18 aroma attributes appropriate 
for describing the wines. Reference standards were presented to the panel for training and aligning the 
panellists terminology. FIZZ software was used for the collection of sensory data. 
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Chemical analysis 
Volatile compounds were quantified in the wines by targeted analyses using previously published methods 
(Table 1). All targeted analysis methods, except one [6], used stable isotope dilution analysis (SIDA) with 
deuterated analogues as internal standards and the MS in selected ion monitoring (SIM) mode or MS/MS 
with multiple reaction monitoring (MRM). The wines were also analysed for basic chemical composition. 
 

Table 1 - Volatile aroma compounds quantified by targeted analyses 

Group of compounds Compounds Analysis type 

Fermentation derived 11 ethyl and 5 acetate esters, 6 alcohols, 9 fatty acids SIDA-HS-SPME-GC-MS [7] 

Sulfur  3 thiols, 2 sulfides, 3 disulfides, 2 thioacetate esters HS-COC-GC-SCD [6] 

Lactones C8-C12 γ- and δ-lactones, 3 other lactones SIDA-SPE-GC-MS [4] 

Oxidation related 4 (E)-2-alkenals, 4 Strecker aldehydes, 4 other 
aldehydes, 3 furans, 3 alcohols 

SIDA-deriv-SPE-GC-MS/MS 
[8] 

Polyfunctional thiols 3MH, 3MHA, 4MMP, furfuryl thiol, 
benzenemethanethiol 

SIDA-deriv-SPE-HPLC-
MS/MS [9] 

C6 volatiles 3 alcohols, mesityl oxide SIDA-HS-SPME-GC-MS [10] 

Acetaldehyde related  acetaldehyde, diacetyl, acetoin, 2,3-butanediol SIDA-HS-SPME-GC-MS [11] 

Oak derived  8 oak compounds, 4-EP and 4-EG  SIDA-LLE-GC-MS [12] 

Grape derived  4 monoterpenes, 3 norisoprenoids, TDN, naphthalene SIDA-LLE-GC-MS [13] 

Other  2 terpenoids, ethyl cinnamate, ethyl 9-decenoate SIDA-HS-SPME-GC-MS* 

* Unpublished, in-house method 
 

Data analysis 
The sensory attribute ratings were related to volatile composition by partial least squares regression 
(PLSR). The Unscrambler software was used for the multivariate data analysis. 

Results and discussion 
The aroma profiles of a set of 10 wines with high or low ‘stone fruit’ character were deconstructed by 
HS-SPME-GC-O-MS analysis. However, there were no clear regions that gave obvious ‘stone fruit’ aroma.  

For the descriptive sensory analysis, the sensory panel determined that the ‘apricot’ aroma attribute was 
reminiscent of preserved apricots and the ‘peach’ aroma attribute was reminiscent of fresh white peach. 
The sensory data showed the selected wines had varied ratings of ‘apricot’ and ‘peach’ aroma attributes and 
the two attributes were not closely correlated. 

Of the 108 targeted wine aroma compounds, 78 were quantified in some or all of the 18 wines. 
The remaining 30 aroma compounds were either below the limit of quantitation or not detected.  

Relating the sensory attribute ratings to volatile composition by partial least squares regression (Figure 1), 
γ-nonalactone and γ-decalactone were associated with the ‘apricot’ sensory attribute, together with the 
monoterpenes linalool, geraniol and nerol, and the compounds E-2-hexenal and E-2-hexenol. 
The polyfunctional thiol 3-mercaptohexyl acetate (3MHA), and also ethyl cinnamate were negatively 
related to the ‘apricot’ attribute. The ‘peach’ aroma attribute was also associated with 2-methylpropyl 
acetate, 3-methyl butyl acetate, and benzaldehyde, and the lactones were not important to the model for this 
attribute (Figure 2).  
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Although γ-nonalactone and γ-decalactone were highlighted as being of importance to ‘apricot’ aroma, 
when comparing the individual reported sensory aroma detection thresholds of these compounds in model 
wine (Table 2), it could be considered that the concentrations are too low to be of sensory significance. 
However, the combination of these lactones with the other compounds implicated in this study may give 
rise to the ‘apricot’ aroma attribute.  

Fig. 1 - PLSR of X and Y loadings for chemical composition and sensory aroma attribute ratings. 

 

 
Fig. 2 - Volatile compounds from the PLS model of greatest importance  

to the ‘apricot’ and ‘peach’ aroma attributes. 
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Table 2 - Concentration ranges of the two lactones associated with 

the ‘apricot’ aroma attribute in the 18 wines studied 

 
γ-Nonalactone (µg/L) γ-Decalactone (µg/L) 

Minimum ̶ maximum  2.0 - 6.1 0.4 - 1.3 

Aroma threshold in model wine 76 10 

 

Conclusion 
γ-Nonalactone and γ-decalactone were associated with ‘apricot’ aroma in the wines studied, together with 
several monoterpenes. Further work will include reconstitution, addition and omission studies to confirm 
the importance of these compounds to ‘stone fruit’ aroma.  

Acknowledgements  
The Australian Wine Research Institute (AWRI), a member of the Wine Innovation Cluster at the Waite 
Precinct in Adelaide, is supported by Australian grapegrowers and winemakers through their investment 
body, the Australian Grape and Wine Authority (AGWA), with matching funds from the Australian 
government. The assistance of Panagiotis Stamatopoulos and Pascaline Redon, ISVV, and Sheridan Barter 
and sensory panellists, AWRI, is gratefully acknowledged. 

References 
1. Noble AC, Ebeler SE (2002) Use of multivariate statistics in understanding wine flavor. Food Rev Int 18: 

1-20. 
2. Polášková P, Herszage J, Ebeler SE (2008) Wine flavor: chemistry in a glass. Chem Soc Rev 37: 

2478-2489. 
3. Greger V, Schieberle P (2007) Characterization of the key aroma compounds in apricots (Prunus 

armeniaca) by application of the molecular sensory science concept. J Agric Food Chem 55: 5221-5228. 
4. Cooke RC, Capone DL, van Leeuwen KA et al (2009) Quantification of several 4-alkyl substituted 

γ-lactones in Australian wines. J Agric Food Chem 57: 348-352. 
5. Mayr CM, Geue JP, Holt HE et al (2015) Characterization of the key aroma compounds in Shiraz wine by 

quantitation, aroma reconstitution, and omission studies. J Agric Food Chem 62: 4528-4536. 
6. Siebert TE, Solomon MR, Pollnitz AP et al (2010) Selective determination of volatile sulfur compounds in 

wine by gas chromatography with sulfur chemiluminescence detection. J Agric Food Chem 58: 9454-9462. 
7. Siebert TE, Smyth HE, Capone DL et al (2005) Stable isotope dilution analysis of wine fermentation 

products by HS-SPME-GC-MS. Anal Bioanal Chem 381: 937-947. 
8. Mayr CM, Capone DL, Pardon KH et al (2015) Quantitative analysis by GC-MS/MS of 18 aroma 

compounds related to oxidative off-flavor in wines. J Agric Food Chem 63: 3394-3401. 
9. Capone DL, Ristic R, Pardon KH et al (2015) Simple quantitative determination of potent thiols at 

ultratrace levels in wine by derivatization and high-performance liquid chromatography−tandem mass 
spectrometry (HPLC-MS/MS) analysis. Anal Chem 87: 1226-1231. 

10. Capone DL, Black CA, Jeffery DW (2012) Effects on 3-mercaptohexan-1-ol precursor concentrations from 
prolonged storage of Sauvignon blanc grapes prior to crushing and pressing. J Agric Food Chem 60: 
3515-3523. 

11. Varela C, Kutyna DR, Solomon MR et al (2012) Evaluation of gene modification strategies for the 
development of low-alcohol-wine yeasts. Appl Environ Microbiol 78: 6068-6077. 

12. Pollnitz AP, Pardon KH, Sykes M et al (2004) The effects of sample preparation and gas chromatograph 
injection techniques on the accuracy of measuring guaiacol, 4-methylguaiacol and other volatile oak 
compounds in oak extracts by stable isotope dilution analyses. J Agric Food Chem 52: 3244-3252. 

13. Pedersen DS, Capone DL, Skouroumounis GK et al (2003) Quantitative analysis of geraniol, nerol, 
linalool, and α-terpineol in wine. Anal Bioanal Chem 375: 517-522. 



*Corresponding author: pierre-louis.teissedre@u-bordeaux.fr  627 

Wine oxygen and organoleptic property evolutions in 
classified near infra red oak wood barrel during aging 

J. MICHEL1,2,3, M. JOURDES1,2, T. GIORDANENGO3, N. MOUREY3, P.L. TEISSEDRE1,2* 

 
1Univ. Bordeaux, ISVV, EA 4577 Œnologie, F-33140 Villenave d'Ornon, France 

2INRA, ISVV, USC 1366 Œnologie, F-33140 Villenave d'Ornon, France 
3Tonnellerie RADOUX, 10 avenue Faidherbe, BP 113 – 17503 Jonzac Cedex, France 

 

Oxygen – oak wood – wine organoleptic properties 

Introduction 
The aging in wooden barrels is essential to achieve high wine quality. Vescalagin, castalagin, roburins A, 
B, C, D, E and grandinin are solubilized during wine aging in oak barrels. Their concentration in wine 
ranges between 5 mg/L and 30 mg/L [1]. Indeed, wood ellagitannin content varies greatly, from 8 mg/g to 
more than 120 mg/g of dry oak wood [2, 3]. This variability is influenced by many factors such as 
ecological factors, tree age [2], wood piece location in the trees as well as wood processing in cooperage 
[4]. Several studies have examined the ellagitannin levels and evolutions in wine because their content is an 
important parameter in wine aging. In fact, these highly reactive molecules can react with wine phenolic 
compounds and contribute to wine sensory characteristics, in particular to color stability, modulation of 
astringency, bitterness [3, 5] as well as protection of wine against oxidation [6]. 

Another important parameter for wine quality is the dissolved oxygen because some chemical reactions are 
impacted by oxygen such as the aroma and taste complexity or color stabilization. In fact, when O2 is added 
at a proper level, it will improve red wine organoleptic properties and the obtained wine will be perceived 
as more balanced compared to those added with excessive amount of O2 in which oxidative character 
appears, thus decreasing wine quality. During aging, small but constant oxygen quantities penetrate through 
wood pores: between 1.7 and 2.5 mL/L/month for French oak wood (Quercus robur and Quercus petraea) 
and even lower for Quercus alba. However, oxygen is still consumed rapidly and this could explain the low 
dissolved oxygen values in aged wines (between 10 and 50 µg/L) [7]. 

The aim of this study was to monitor oxygen consumption by a French red wine during aging in NIRS 
classified oak barrels and then to correlate these measurements with the ellagitannin levels and the wood 
morphology (grain or growth ring width). 

Materials and methods 
Barrel making 
During the barrel making process, each stave was firstly classified in three polyphenol index (PI) groups: 
PI 18 (PI = 18 ± 3), PI 41 (PI = 41 ± 8), and PI 61 (PI = 61 ± 4) by Oakscan®, a NIRS apparatus [8]. 
Indeed, earlier studies have shown that ellagitannin levels were directly correlated with the PI [5, 9]. 
Then, a second visual classification by grain type [i.e., growth ring width (GRW)] was carried out: extra 
fine grain (EFG, GRW < 1.5 mm), fine grain (FG, GRW ≈ 2 mm), and medium grain (MG, GRW > 3 mm). 
This double classification results in five duplicate 225 L barrel groups: PI 18-FG, PI 41-FG, PI 61-FG, 
PI 41-EFG, PI 41-MG. Each barrel was equipped with small windows to measure the oxygen in wine using 
luminescence technology (PreSens®). 

Winemaking and wine aging 
100 hL of must from V. vinifera L. cv. Cabernet Sauvignon (CS) and Cabernet Franc (CF) were collected in 
September 2011 from the Pessac-Léognan region in France. Alcoholic fermentation was processed at 25°C 
with Saccharomyces cerevisiae, malolactic fermentation was carried out and wines were assembled 
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[CS/CF (94/6; v/v)] in inox tanks (156 hL). Then, the wine was aged in new barrels (cf previously) closed 
by a hermetic silicon bung, in duplicate. Then, every month during 12 months, a wine sample (750 mL) 
was collected in each barrel and stored at 16°C until chemical and sensory evaluations. 

Oxygen measurement 
A PreSens Fibox 3 LCD-trace sensors using luminescence as measurement principle was used to analyze 
wine dissolved oxygen levels without opening the barrel. Two parts composed the apparatus: the first part 
is a sensor foil (PSt3 type) with a luminescence complex (ruthenium complex) glued on a plain glass in 
contact with red wine and the second part is the analyzer which translates the luminescence signal in 
oxygen quantities thanks to an optical fiber (Figure 1). Wine oxygen levels were evaluated twice a day 
during the first days after wine was put into barrels, and then the oxygen measurements were spaced in time 
according to the oxygen consumption kinetics. 

Wine ellagitannin level determination 
The chemical analyses were performed on wine collected from each barrel. An adapted method [3] from 
wine was used for the quantification of ellagic acid, released by ellagitannins during the acidic hydrolysis 
[10]. Red wine was evaporated and re-dissolved in methanol. Then, this mixture was put in hydrolysis 
tubes with HCl 37%, and placed at 100°C for 2 h. In the same time, control tubes stayed at room 
temperature. After hydrolysis, internal standard was added prior to UPLC-UV/MS analysis. UPLC-UV/MS 
analysis used a Thermo scientific Accela composed by an autosampler, a quaternary pump and an UV-vis 
detector, controlled by Xcalibur data system. A reverse phase 50 x 2.1 mm, 1.9 µm Hypersil GOLD 
column was used to separate ellagic acid with a flow rate set at 0.4 mL/min. The mass spectra used to 
quantify total ellagitannins were obtained on a Thermo scientific MSQ Plus mass spectrometer. 
The electrospray ionization and mass detection was performed in negative ion mode for the detection of 
ellagic acid (m/z = 301) and in positive mode for the 1-naphthol (m/z = 145) with optimized parameters. 

Sensory evaluation 
Tasting was focused on profiling wine aromas and flavors in mouth at 6 and 12 months. Sensory analyses 
were organized in a standard tasting room under white lights in separate booths. Before sensory evaluation, 
wines collected from the duplicate barrels were assembled (50/50, v/v). Several series of 3 wines were 
presented in clear, randomly coded glasses. Each judge was asked to hold a sample in his mouth, spit it out 
and rate each descriptor using a 1-7 point scale, where 1 indicated no perception of the descriptor and 7 
indicated high intensity of the descriptor. Judges were asked to evaluate fruity and woody intensity, 
balance, spicy and smoked/toasted aromas, bitterness and astringency. 

Data analysis 
Sensorial analyses were performed using FIZZ treatment (v2.41B, Biosystemes, Couternon France), 
and R software (v 2.15.0) was used for the chemical analysis and oxygen kinetics. When the ANOVAs 
were significant (p < 5%), a post-hoc test (Newman test) was processed to estimate the ellagitannin 
concentrations and their effects on wines. Tasting data were expressed as arithmetic average for 
tasted wines. 
 

 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1 - Experimental barrels. 
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Results and discussion 
Red wine oxygen consumption in NIRS classified barrels 
Red wine oxygen concentration average (average of eight data points per barrel) showed oxygen 
consumption in three steps for the barrels (Figure 2). Oxygen level decreased quickly in the first eight days 
after wine was put into barrels, from 5138.65 ± 341.37 to 187.29 ± 25.08 µg of dissolved oxygen/L of red 
wine, which indicated a consumption average rate of 618.92 ± 4.63 µg dissolved oxygen/L/day. 
This consumption represented 96.36% of total dissolved oxygen at T0. In a second step, consumption was 
slower. Indeed, oxygen level reduced from 187.29 ± 25.08 to 76.90 ± 4.37 µg dissolved oxygen/L in 
97 days with an average speed of 1.14 ± 0.38 µg dissolved oxygen/L/day. Then, oxygen level seemed to be 
lower than the limit of detection of the Presens sensor, which is 1 µg dissolved oxygen/L (Figure 2). 

These profiles showed the major role played by grape polyphenols in wine oxygen consumption. Red wine 
antioxidant molecules which came from grape as gallic acid, quercetin, anthocyanins and tannins consumed 
quickly the dissolved oxygen [11]. Then, an oxygen concentration equilibrium takes place around 50 µg 
dissolved oxygen/L. 

 

 
Fig. 2 - Red wine oxygen kinetics. 

 
Wood PI influences on red wine oxygen consumption 
Significant differences (p < 2%) were observed for dissolved oxygen rate when the wood PI classification 
differed. First, these variabilities were observed at day 6 of wine aging. This oxygen consumption 
difference increased until day 8 and they were respectively 611.64, 616.65 and 623.44 µg dissolved 
oxygen/L/day for PI 18-FG, PI 41-FG and PI 61-FG barrels (Figure 3). Wine aged in PI 61 barrels has 
higher oxygen consumption than wine aged in PI 41. Indeed, wine aged in PI 41 barrels has 35.96% more 
dissolved oxygen/L than wine aged in PI 61 barrels, with 151.10 ± 13.16 for PI 61 and 205.43 ± 27.58 µg 
dissolved oxygen/L for PI 41. Similar difference between PI 18 and PI 41 barrels was observed (245.57 ± 
36.30 µg dissolved oxygen/L for PI 18 and 205.43 ± 27.58 µg dissolved oxygen/L for PI 41) (Figure 3). 

 

Fig. 3 - Significant zone of red wine oxygen consumption and ellagitannin concentrations  
in the first months of aging for the PI modalities. 
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These results showed that wood PI influenced dissolved oxygen consumption due to ellagitannin molecules 
extracted from oak wood during aging [12]. The extraction kinetics and evolutions of ellagitannins in wine 
were monitored and differences were already evidenced in the first month due to the wood classification 
(Figure 3). Indeed, PI 61 wood was richer in ellagitannins than PI 41 wood, which was also more 
concentrated than PI 18 wood. Thus, wine aged in contact to the wood with the lowest ellagitannin 
concentration exhibited also the lowest ellagitannin level in wine (1.28 ± 0.21 mg equiv ellagic acid/L), 
whereas the same wine aged in contact to the highest PI has the highest ellagitannin concentration (2.70 ± 
0.13 mg equiv ellagic acid/L) (Figure 3). These differences were correlated with the difference in oxygen 
consumption and may result from the antioxidant properties of the ellagitannins [9, 13]. 

Wood grain influences on red wine oxygen consumption 
When wine was aged with the same PI but with three different grain (EFG, FG and MG), significant 
differences in the oxygen consumption were also observed (p < 0.4%) between day 5 and day 8 of aging 
(Figure 4). A faster consumption of oxygen in wine aged in barrels classified as MG was observed 
compared to the other wines aged in barrels FG and EFG. After eight days, wine oxygen concentration in 
barrels MG was 249.39 ± 134.48 µg dissolved oxygen/L, representing about -73% compared to FG and 
EFG with respectively 429.80 ± 39.59 and 436.56 ± 30.53 µg dissolved oxygen/L (Figure 4). These results 
were due to oxygen consumption rate differences, with 624.25, 616.65 and 618.62 µg dissolved 
oxygen/L/day for MG, FG and EFG, respectively. 

These differences could be due to wine ellagitannin extraction influenced by wood grain as demonstrated 
by recent studies [9] or different wood oxygen permeability related to this morphological difference. 

Thus, the level of extracted ellagitannin was monitored (Figure 4). Wine aged in barrel with the largest 
grain (MG) was richer in ellagitannins (2.14 ± 0.74 mg equiv ellagic acid/L) than the modality with the 
smallest grain (1.02 ± 0.11 mg equiv ellagic acid/L for EFG). This faster ellagitannin extraction could be 
explained by wood morphology. Indeed, when grain increased, wine could penetrate more easily in the 
wood and allowed a faster extraction of ellagitannins.  

 

 

Fig. 4 - Significant zone of red wine oxygen consumption and ellagitannin concentrations 
in the first months of aging for the grain modalities. 

 

Impact of wood NIRS classification on red wine organoleptic perceptions 
Sensory profiles were carried out at 6 and 12 months of aging. As demonstrated in previous studies [3, 5], 
some descriptors such as woody intensity in nose and mouth, smoked/toasted aromas, bitterness and 
astringency in mouth were influenced by Oakscan classification and correlated significantly with wood PI 
(p < 5%). Indeed, after 6 months of aging, the aromatic profile of wine aged in low content ellagitannin 
barrels (PI 18) was evaluated as less woody and smoked/toasted (p < 5%) than the same wine aged in 
barrels richer in ellagitannins (PI 41 and PI 61) (Figure 5). These wood aromas could impact the fruity 
intensity aromas (p < 1%) by mask effect as found in some recent studies [5, 14] or by wine redox potential 
modification due to a significant increase of ellagitannin level (Figure 5). Oakscan classification was only 
based on the wood polyphenolic content, so these effects on wine aromas were probably due to some wood 
aroma markers (aldehyde furanics, whiskey lactone, etc.) and could be correlated with NIRS classification 
as observed in recent studies [5, 9]. 
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The mouth characteristics were also impacted by wood classification. Wine aged in barrels classified by 
Oakscan as PI 61 and PI 41 was evaluated as more woody, more bitter and more astringent (p< 5%) than 
wine aged in PI 18 barrels (Figure 5). Direct impacts of the ellagitannins were showed here and correlated 
with wood PI and oxygen consumption (Figure 5). Indeed, the ellagitannin level increased during wine 
aging and reached after 6 months 1.55 ± 0.22 and 6.29 ± 0.15 mg equiv ellagic acid/L for wine aged in PI 
18-FG and PI 61-FG barrels, respectively (p < 0.04%). 

 

 
 

Fig. 5 - Red wine tasting results of wine aged in classified PI barrels after 6 and 12 months of aging 
and wine ellagitannin levels according to PI barrels at 6 and 12 months of aging. 

 

After 12 months of aging, PI impacts were important especially on mouth characteristics. Wines aged in PI 
61 and PI 41 barrels were noted as more woody, bitter, and astringent (p< 5%). The impacts on wine 
aromas were less important and only the smoked/toasted characteristic for wine aged in PI 61 barrels was 
influenced (p < 5%) (Figure 5). At the end of aging (12 months), ellagitannin level exhibited significant 
differences (p < 0.09%) and reached maximum levels with 0.89 ± 0.26 for PI 18-FG and 5.81 ± 0.66 mg 
equiv ellagic acid/L for PI 61-FG (Figure 5). 

Conclusion 
This study showed the oxygen consumption kinetics by wine aged in oak barrels. In the first eight days, 
oxygen was quickly consumed in majority by wine constituents (96% of total oxygen). However, small 
differences in the consumption rate can be observed. In fact, wine aged in contact with wood richer in 
ellagitannins consumed more quickly the dissolved oxygen. The size of wood grain was another parameter 
which impacted oxygen consumption. Indeed, wine aged in contact with larger grain type consumed 
oxygen faster. These differences can be due to the ellagitannin extraction kinetics as demonstrated in 
previous studies [3, 5, 9]. When wine was more concentrated in ellagitannins, its oxygen consumption was 
higher. Nevertheless, these differences did not impact wine organoleptic properties. In fact, the 
organoleptic properties were mainly influenced by ellagitannin concentrations notably on fruity and woody 
intensity, smocked/toasted aromas and woody, bitterness and astringency in mouth. 
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Antioxidant activity – polyphenols – nutraceuticals – oenological practices – sensory analysis – 
Vitis labrusca 

Introduction 
For nearly three decades the assumption of a moderate consumption of wine has been advanced to explain 
the low mortality from cardiovascular disease in France despite a high intake of fat (French paradox) [1, 2]. 
Since then, many epidemiological studies have been conducted in different countries. They compared 
mortality between consumers of wines, beer or alcohol, and abstainers. Recent meta-analysis studies 
revealed that a moderate wine consumption preserved from cardiovascular disease [3] and the development 
of certain cancers, particularly rectal [4], gastric [5], lung [6, 7] and mouth [7]. These diet effects were 
attributed to antioxidant, anti-inflammatory and anti-cancerous activities of polyphenols, molecules 
particularly present in red wine [8, 9]. 

The aim of this study was to investigate the antioxidant capacity of South Korean wines (Vitis labrusca, 
Campbell Early) obtained with different oenological practices (hot or cold maceration, before or after 
fermentation, using enzymes or not) and their correlation with polyphenolic composition (tannins, 
anthocyanins, flavonoids, total polyphenols) and the nutraceuticals quercetin and resveratrol. Moreover, 
sensory analysis has been carried on to determine the sensory profile of wines and to validate the concept. 

Materials and methods 
Winemaking 
Characterization of ten wines, vintage 2012, named A(1-5) or B(1-5) has been carried on for this study. 
They correspond to different winemaking processes (1-5) without enzymes (A) or with pectolytic enzymes 
and anthocyanases (0.5 g/L LafaseR, B): 

1: classical alcoholic fermentation with punching  

2: cold maceration before fermentation (5°C, 3 days) 

3: hot maceration before fermentation (70°C, 30 minutes) 

4: cold maceration after fermentation (5°C, 3 days) 

5: hot maceration after fermentation (70°C, 30 minutes) 

Tannin treatments 
In vintage 2013, A3 wine was treated with condensed tannins 0.5 g/L (A3C) or hydrolysable tannins 
0.5 g/L (A3H) or a mixture of condensed 0.25 g/L and hydrolysable tannins 0.25 g/L (A3CH). 
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Antioxidant activity 
Antioxidant scavenging activity was studied using the DPPH• free radical as described by Blois [10] and 
the ABTS+• free radical as described by Re et al. [11]. The capacity of free radical scavenging was 
expressed by IC50 (mg/L) value, which represents the concentration required to scavenge 50% of free 
radicals. The best antioxidant wines present the lowest IC50 values. 

Chemical analysis 
Total phenolic compounds, flavonoids, tannins and anthocyanins were determined respectively by Folin-
Ciocalteu, Arvouet-Grand, Broadhurst and Cheng methods (for more information and references, [12]). 
The results are respectively expressed in gallic acid, quercetin, catechin and cyanidin-3-glucoside 
equivalent mg/L of wine. 

HPLC analyses for quercetin and resveratrol were performed using an Agilent chromatographic system 
equipped with an UV-Vis diode-array detector. Samples were injected in a Zorbax Eclipse column 
maintained at 35°C. 

Sensory analysis 
Sensory analyses were performed by a panel of 20 experienced tasters at room temperature 20°C. 100 mL 
of wine were presented in the INAO standard tasting glasses identified by random code numbers. 

Results and discussion 
The antioxidant scavenging activity has been quantified using the DPPH and ABTS tests. Wines A3, B3, 
A5 and B5 presented the best antioxidant activities, ie the lowest IC50 (Figure 1). Antioxidant activity was 
revealed with wines produced with a hot maceration before (A3, B3) or after fermentation (A5, B5), 
whatever the presence of enzymes. These results suggested that hot maceration gave the best antioxidant 
activity to wine. Wines A1 and B1 presented the lowest antioxidant activity, suggesting that classical 
alcoholic fermentation with punching gave the smallest antioxidant activity to wine. 

 
Fig. 1 - Effect of winemaking processes on wine antioxidant activity (DPPHa and ABTSb Tests, IC50 

(mg/L)) compared to classical alcoholic fermentation without enzymes (A1) used as external 
reference, standard error less than 10%. 

 

Highest value of total polyphenols, anthocyanins and tannins was obtained for wines A3 and B3 (Figure 2). 
The highest value of flavonoids was for wine A3. These results suggested that hot maceration before 
fermentation allowed better extraction of the four families of compounds. Lowest values of flavonoids, 
anthocyanins and tannins were obtained with wines A4 and B4, suggesting that cold maceration after 
fermentation extracted the least of these three classes of compounds. Winemaking processes significantly 
altered both chemical composition and antioxidant properties of wine [12]. 

PCA analysis between winemaking processes, chemical composition and antioxidant activities of wines 
revealed that the activity of hot macerated wines A3, B3 and A5, B5 appeared to be supported respectively 
by total polyphenols and flavonoids (Figure 3). These results suggested that flavonoids present in wines 
obtained with hot maceration after fermentation presented a strong antioxidant activity.  
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Fig. 2 - Effect of winemaking processes on chemical composition compared to classical alcoholic 
fermentation without enzymes (A1) used as external reference, standard error less than 10%. 

 

 
Fig. 3 - Effect of winemaking processes on chemical composition. PCA analysis F1 (83.2%) 

and F2 (10.1%): 93.3%. 

PCA analysis between winemaking processes and sensory analysis revealed that hot macerated wines 
before fermentation (A3, B3) or after fermentation (A5, B5), with enzymes or not, presented the best 
colored, aromatic, tannic and overall wines (Figure 4). 
 

 
Fig. 4 - Effect of winemaking processes on sensory analysis. PCA analysis F1 (56.3%) 

and F2 (18.5%): 74.8%. 
 

Hot macerated A3 wine was treated with condensed or hydrolysable tannins (A3C, A3H) or a mixture of 
both (A3CH, Figure 5). The presence of condensed tannins increased the amount of resveratrol but 
decreased the concentration of quercetin. Quercetin presence seemed to be in opposition to that of 
resveratrol. 
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Fig. 5 - Effect of condensed or hydrolysable tannins on quercetin and resveratrol concentrations, 
standard error less than 10%. 

Conclusion 

The information yielded can be used to obtain wines with maximum “French paradox” capacities and 
sensory properties. Wines obtained with hot maceration before or after fermentation presented the best 
antioxidant and sensory properties. These properties seemed to be due to the presence of total polyphenols 
and flavonoids. The effect of enzymes was negligible. Condensed tannins increased the amount of 
resveratrol but decrease that of quercetin. In order to increase both polyphenol contents, antioxidant activity 
and sensory properties, the impact of grapes varieties within Vitis labrusca has to be done. 
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Phenolic compounds – antioxidant activity – Lebanese wine – maceration 

Introduction 
Lebanon’s wine industry has hit booms and busts since 2000. In 2012, the Lebanese production was 
estimated to 8 million bottles. In the literature, studies on the Lebanese wines are scarce. Therefore, we aim 
to introduce scientific knowledge to improve the quality and safety of products and the productivity of the 
sector. 

A better understanding of the phenolic composition of Lebanese wines, their biological activities and the 
parameters influencing their extraction and evolution allows Lebanon to present on the international 
markets the most interesting products for the pleasure and the health of the consumer. 

During winemaking, phenolic compounds contained in the grapes are transferred to the wine by diffusion 
due to the contact between the juice and the solid part of the grapes. The diffusion period called maceration 
can be affected by several factors such as grape variety and maturity, temperature of must or wine, contact 
duration between juice and grape skin and seeds, concentration of alcohol and sulfur dioxide and use of 
enzymes.  

This study focuses on measuring the incidence of maceration, the first step of red winemaking, on wine 
polyphenols. It evaluates the impact of maceration time (0, 2, 4, 8, 24 and 48 hours) and temperature 
(10, 60 and 80°C) on the content and evolution of the phenolic compounds in musts prepared from two 
grape varieties: Syrah and Cabernet Sauvignon. 

Materials and methods 
Samples 
Red grapes of Vitis vinifera var. Cabernet Sauvignon (CS) and Syrah (Sy) were supplied by Chateau 
St Thomas (West Bekaa/Lebanon). Grapes were harvested in 2014 at maturity (Brix = 20.53 and 23.56; 
titratable acidity = 4.4 and 3.7 g/l as sulfuric acid for Sy and CS, respectively). After reception of the grapes 
they were crushed, destemmed and sodium metabisulfite was added (5 g of SO2/100 kg). The pre-
fermentative maceration was conducted at different temperatures (10, 60, and 80°C) for 48 hours. 
All macerations were carried out in triplicate. 
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Spectrophotometric determinations 
The color density (CD) was determined by summing the absorbances at 420 and 520 nm [1]. 
Total polyphenol index was determined following the method described by Ribéreau-Gayon et al. [2]. 
Total anthocyanins were calculated by measuring the absorbance at 520 nm after treatment with bisulfite 
bleaching solution. Total anthocyanin concentration was expressed in mg/l as described by Ribéreau-Gayon 
and Stonestreet [3]. Total tannins were determined by measuring the absorbance at 550 nm after acid 
hydrolysis of the samples and the utilization of blank. Total tannin concentration was expressed in mg/l as 
described by Ribéreau-Gayon and Stonestreet [4]. Total phenolics were determined according to the Folin-
Ciocalteu colorimetric method [5] and the results were expressed as gallic acid equivalent (mg GAE/l). 

ABTS radical scavenging activity of musts was measured by the ABTS cation decolorization assay as 
described by Re et al. [6]. Vitamin C was used as a reference compound. The results were expressed as 
total polyphenols equivalent (mg GAE/l).  

HPLC analysis of phenolic compounds  
The HPLC analyses were performed using a Shimadzu chromatographic system equipped with a quaternary 
pump (LC-20AD), an UV-Vis diode-array detector (SPD-M20A), an automatic injector (SIL-20A) and 
Shimadzu LC solution software. Samples (20µl injection volume) previously filtered through a 0.45µm 
cellulose acetate membrane (Greyhound Chromatography and Allied Chemicals, England) were injected in 
a Shim-pack VP-ODSC18 column (250*4.6 mm, 5µm particle size) protected with a guard column of the 
same material (10 mm x 4.6 mm, 5µm particle size) maintained at 40°C. All analyses were made in 
triplicate. The anthocyanin identification was performed according to the method described by Heredia 
et al. [7] with some modifications. Acetonitrile/acetic acid/water (3:10:87, v/v/v) were used as solvent A 
and acetonitrile/acetic acid/water (50:10:40, v/v/v) were used as solvent B at a flow rate of 0.6 ml/min. 
The elution profile was as follows: 0-10 min 90% A-10% B; 10-13 min 85% A-15% B; 13-20 min 75% A-
25% B; 20-40 min 45% A-55% B; 40-43 min 100% B followed by washing and re-equilibration of the 
column. Quantification of flavan-3-ols and phenolic acids was performed following the method described 
by Ducasse et al. [8] with modifications. The elution conditions were as follows: 0.6 ml/min flow rate, 
acetonitrile/acetic acid (97:3 v/v) as solvent A, and acetic acid/water (3:97, v/v) as solvent B. The elution 
profile consisted of 100% B for 0-25 min, 40% A-60% B for 25-45 min; 90% A-10% B for 45-55 min, then 
washing and re-equilibration of the column. Chromatograms were recorded at 520, 280 and 320 nm for 
anthocyanins, flavan-3-ols and phenolic acids, respectively. Individual calibration curves were obtained for 
standards bought from Extrasynthese and the concentrations were expressed as mg/l. 

Statistical data treatment  
Analysis of variance (ANOVA) and Principal Components Analysis (PCA) were conducted using Xlstat 
software (2009).  

Results and discussion 
Influence of maceration temperature and time on must composition 
According to the kinetics of extraction, the two grape varieties showed the same profile at the same 
temperatures with differences in the concentrations due to grape variety and maturity. The release of 
anthocyanins was hugely affected by the temperature (Figure 1). When macerating at 10°C, the 
anthocyanin concentration increased slightly during 48 hours to reach a total of 193.4 mg/l for CS and 
129.8 mg/l for Sy. At 60°C, a gradual increase in the anthocyanin concentration was observed and reached 
a maximum at 24 hours. The maximum concentrations of anthocyanins were 837 mg/l and 634 mg/l for CS 
and Sy, respectively. A slight decrease was observed when heating up to 48 hours and the concentrations 
reached were 725 mg/l and 544 mg/l for CS and Sy, respectively. The results of the maceration at 80°C 
showed a sharp increase in the concentrations of anthocyanins for both varieties and reached a maximum 
level at around 4 hours. The maximum concentration was 923 mg/l for CS and 680 mg/l for Sy. 
After 4 hours of maceration, a net decrease in the anthocyanin levels was observed. The concentrations 
were reduced by 7-fold. The rate and the level of extraction were higher at 80°C because the high 
temperatures weakened the cell walls thus increasing the diffusion of the components from the cells to the 
musts [9]. The color density did not follow the same logic or kinetics as anthocyanins. For example, 
the maceration at 80°C showed values of CD higher than the other temperatures after 48 hours. HPLC 
analysis showed that malvidin-3-O glucoside was the most represented anthocyanin in the musts of both 
varieties and at different temperatures; its kinetics followed the same logic as total anthocyanins. 
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Fig. 1 - Evolution of the anthocyanin concentration during maceration time and temperature 

for the Syrah (Sy) and Cabernet Sauvignon (CS) grape musts. 
 

The extraction of tannins was favored by temperature. At 60°C, the concentration of tannins was doubled 
compared to 10°C. Tannins showed a maximum extraction at 24 hours with maximum values of 8.4 g/l and 
9.2 g/l for Sy and CS, respectively (Figure 2). Tannins were less affected by high temperatures than 
anthocyanins. Epigallocatechin was the most extracted tannin monomer (1266 mg/l for CS). 
Total polyphenol index showed an increase with the maceration time and the temperature. According to the 
results of PCA (Figure 3), the total polyphenol index was more correlated to tannins than to anthocyanins. 
HPLC analysis of flavan-3-ols and phenolic acids showed that the concentrations of flavan-3-ols and 
phenolic acids increased with maceration time and temperature with the exception of gallic acid that 
decreased with time. All grape musts tested in this study showed an evident antioxidant effect which was 
the highest at 60°C for Sy (IC50 2.95 mg/l) and for CS (IC50 2 mg/l). PCA results showed that tannins and 
phenolic acids (except for gallic acid) were positively correlated to the antioxidant activity.  

 

 
Fig. 2 - Evolution of the tannin concentration during maceration time and temperature 

with Syrah (Sy) and Cabernet Sauvignon (CS) musts. 
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Fig. 3 - Biplot of the two principal components of Cabernet Sauvignon musts 

obtained from phenolic compounds. 
 

Conclusion 

The results obtained showed that the technique of pre-fermentative maceration increased the phenolic 
compound concentration and the antioxidant activity of musts according to the maceration temperature and 
time. Maceration at high temperatures enabled a rapid extraction of anthocyanins with maximum values 
reached after 4 and 24 hours of maceration at 80°C and 60°C, respectively. The extraction of tannins was 
more regular and increased with maceration time and temperature. The results showed that it would be 
more interesting to perform maceration at 80°C for 4 hours in order to maintain an optimum ratio between 
anthocyanins and tannins, good color stabilization and to optimize the structure and complexity of the must. 
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Red wine – phenols – oak barrel – ageing 

Introduction 
Phenolic compounds are the secondary metabolites found in the plant structure. They are produced by the 
essential aminoacid phenylalanine via the phenylpropanoid pathway aiming at various goals like protection 
of the plant from the UV light and harmful microorganisms, pigmentation, etc [1]. 

The wines that completed fermentation are decanted, aiming at separating insoluble materials, and are aged 
for a length of time with the aim of revealing and stabilising their characteristics. Ageing is carried out 
either in neutral containers like stainless steel and concrete tank or in wooden barrels improving the 
chemical and sensory characteristics of wines [2]. 

The amount and diversity of the phenolic compounds in wine vary depending on different factors. One of 
the most important factors is barrel ageing, which is the latest stage of wine production [1, 3]. Several 
complex chemical changes occur in the course of barrel ageing of wine, such as colour stabilisation and 
softening of the taste as a result of polymerisation and precipitation of phenolic compounds, especially 
tannins and anthocyanins. The barrel makes great contribution to wine by allowing trace amount of oxygen 
into the wine and adding woody character to different extents depending on the source, level of toasting 
and age of the barrel [2]. 

Substantial amount of barrel-originated phenolics (basically ellagitannins) are extracted into the wine in the 
course of barrel ageing [4]. Barrel ageing is a commonly used technique in winemaking practices, since it 
increases the durability and health benefits of wine by increasing the colour intensity & stability and 
antioxidant capacity and improving the sensory quality [5].  

The goal of this research is to monitor the changes in the phenolic composition of certain red wines aged in 
barrels of different sources and ages. The wines from Merlot and Cabernet Franc grapes were aged in 
barrels of different ages from French and American oak for 4 months and the phenolic composition was 
monitored throughout the ageing process. 

Materials and methods 
Materials 
Seven 2014 vintage single-variety dry red wines from Merlot and Cabernet Franc grape varieties of Vitis 
vinifera cv. were studied in this research. These wines were supplied from a winery located in Şarköy, 
Tekirdağ city (Turkey). Grapes were harvested and processed by traditional red vinification technique. 
Both alcoholic and malolactic fermentation took place in the wooden barrels then the wines were racked 
and transferred into the different oak barrels as stated in the previous paragraph. The basic chemical 
parameters of the studied wines are reported in Table 1. 

One group Merlot (Me1) wine samples were stored in new and 3-year-old American and French oak barrels 
with the same toasting level (M+). The other group Merlot (Me2) wine samples were stored in new and 
1-year-old oak barrels from the same origin (French). Cabernet Franc (CF) wines were stored in new and 
1-year-old oak barrels from the same origin (French-Vosges) and toasting level (M+). All the samples were 
stored under the same conditions of humidity (75%) and temperature (14°C) in the cellar for 4 months. 
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Table 1 - Chemical parameters of wine samples before ageing 
Wine sample Density Ethanol 

(v/v %) 
Reducing 
sugar (g/L) 

Titratable 
acidity (g/L) 

Volatile 
acidity (g/L) 

pH 
 

 Mean±S.D. Mean±S.D. Mean±S.D. Mean±S.D. Mean±S.D. Mean±S.D. 
Merlot 0,99±0,01 13,4±0,11 2,5±0,02 5,8±0,01 0,35±0,05 3,5±0,01 
Cabernet Franc 0,99±0,02 14,5±0,05 1,8±0,01 4,7±0,03 0,27±0,10 3,7±0,04 

 
Methods 
The wine samples under investigation were analysed for titratable and volatile acidity, alcohol level, 
free SO2 level and reducing sugar content by using the analytical methods recommended by the OIV [6]. 
Wine colour was measured directly at 420, 520 and 620 nm by spectrophotometer [7]. 

Total phenol and tannin contents of the wine samples were determined by means of Folin-Ciocalteu 
micro method, a method derived from total phenol analysis and Folin Denis method (AOAC 952.03), 
respectively [8, 9]. The monomeric and total anthocyanin concentrations of wines were measured using 
AOAC 2005.02 pH differential method and modified Somers assay, respectively [10]. 

Results and discussion 
Basic chemical (oenological) characteristics of wine samples studied are shown in Table 2. All the 
chemical parameters of wine samples analysed are within the legal limitations in force [11, 12].  

As far as the phenolic profile is concerned, Merlot wine stored in the French oak barrel has higher phenolic 
concentration together with total and monomeric anthocyanin content than the American oak aged wine. 
On the other hand, the wine stored in 3-year-old barrel showed low phenolic profile except total 
anthocyanin amounts (Table 3).   
 

Table 2 - Oenological characteristics of wine samples after four months of barrel treatment 
Oenological 
Characteristic 

   Wine 
Samples 

   

 Me1-F Me1-A Me1-3 Me2-0 Me2-1 CF-0 CF-1 
Ethanol (%v/v) 13,67±0,06 13,67±0,15 13,37±0,15 14,47±0,23 14±0,44 14,17±0,12 14,13±0,21 
Reducing sugar 
(g/L) 

2,41±0,03 2,27±0,04 2,49±0,12 2,35±0,10 2,47±0,14 2,12±0,03 1,90±0,14 

Titratable acidity 
(g TA/L)a 

5,75±0,12 5,81±0,09 5,48±0,13 5,25±0,07 5,64±0,06 4,5±0,05 4,3±0,11 

Volatile acidity 
(g AA/L)b 

0,44±0,02 0,37±0,03 0,33±0,03 0,42±0,02 0,45±0,02 0,48±0,02 0,42±0,03 

Free SO2 (mg/L) 24,96±0,64 20,27±0,37 24,11±0,37 24,53±0,33 33,52±0,46 26,45±0,47 37,12±0,69 
a Expressed as tartaric acid (TA), b expressed as acetic acid (AA), Me1-F: wine from Merlot grape treated with French oak barrel, 
Me1-A: wine from Merlot grape treated with American oak barrel, Me1-3: wine from Merlot grape treated with 3-year-old 
French oak barrel, Me2-0: wine from Merlot grape treated with new oak barrel, Me2-1: wine from Merlot grape treated with 
1-year-old oak barrel, CF-0: wine from Cabernet Franc grape treated with new French-Vosges oak barrel, CF-1: wine from 
Cabernet Franc grape treated with 1-year-old French-Vosges oak barrel 

 
As for the difference between the new and 1-year-old barrel effect on wine, total phenol content and degree 
of anthocyanin ionisation of wine samples stored in 1-year-old barrels was higher than that of the wines 
stored in new barrels. Furthermore, regarding total and monomeric anthocyanin contents, it is observed that 
the wines stored in new barrels have higher anthocyanin content.  

The colour profile results of wine samples support the phenolic profile, since the wines treated with 
American oak barrel have higher colour intensity and hue then those treated with French oak barrels. 
This result proves the direct relationship between colour intensity and polymeric anthocyanin amounts and 
also ionisation degree of anthocyanins. Similarly, the wines stored in 1-year-old barrel have higher colour 
intensity with lower monomeric anthocyanin content then the wines stored in new barrels. The SO2 
resistant pigments increase with the polymerisation of the anthocyanins [13]. The degree of anthocyanin 
polymerisation and SO2 resistant pigments are reported to be lower in the wines stored in French oak 
barrels (Table 3).  
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Table 3 - Phenolic characteristics and colour parameters of wine samples  
Oenological 
Characteristic 

   Wine 
Samples 

   

 Me1-F Me1-A Me1-3 Me2-0 Me2-1 CF-0 CF-1 
Total phenol 
(mg GA/L)a 

2574,67±77 2437,67±30 2175±49 1960±44 2078±44 1390,33±32 1498,33±19 

Total tannins 
(mg TA/L)b 

15,42±0,06 18,52±0,57 9,41±0,21 17,17±0,64 16,72±0,14 14,11±0,51 15,23±0,21 

Monomeric 
anthocyanins 
(mg M-3-g/L)c 

96,92±1,34 70,77±0,11 66,46±1,80 76,08±0,91 32,60±0,04 84,41±0,44 27,08±0,74 

Total 
anthocyanins 
(mg/L) 

255,71±6,59 224,05±25 265,48±4,24 312,66±5,30 289,96±39 347,29±7,43 304,91±50 

Degree of 
ionisation of 
anthocyanins 
(%) 

21,77±1,33 25,02±6,94 23,32±0,56 22,10±0,86 28,12±9,61 18,80±3,63 22,03±0,09 

SO2 resistant 
pigments 

1,88±0,03 1,96±0,14 1,91±0,10 3,42±0,10 3,64±0,47 2,11±0,17 2,45±0,08 

Colour intensity 4,34±0,02 4,46±0,03 4,07±0,03 4,18±0,02 4,76±0,03 4,25±0,02 4,55±0,02 
Hue 0,93±0,01 0,94±0,01 0,93 0,89±0,09 0,94±0,01 0,93 0,94±0,01 
Yellow % 0,38±0,02 0,37±0,02 0,37 0,33 0,34 0,35 0,35 
Red % 0,41 0,39 0,40 0,36 0,38±0,04 0,38 0,38 
Blue % 0,22 0,24 0,23 0,30 0,29±0,04 0,26 0,27 

a expressed as gallic acid (GA), b expressed as tannic acid (TA), c expressed as malvidin-3-glycoside (M-3-g) 

Conclusion 
The results obtained in this research suggest that the origin and age of the barrel has a significant effect on 
phenolic profile of red wines. The changes in phenolic composition of the wines aged in barrel result from 
the phenolic components extracted from barrel that react with the wine phenols along with the 
polymerisation and copigmentation of the anthocyanins with the help of the oxygen that penetrated through 
the barrel tissue. The amount of phenols extracted from the barrel depends on the origin and age of the 
barrel. The oak type also has a significant effect on the degree of polymerisation of anthocyanins since each 
wood type has distinctive grain and pore size [14]. As summary, the effect of French oak on phenol 
concentration is higher than that of American oak. In addition, as a result of pore structure (oxygen 
allowance), it is determined that French oak barrel has lower effect on anthocyanin polymerisation & 
ionisation and SO2 resistance, thus the wines in French barrels have higher monomeric anthocyanin 
concentration. As a result of this study it is also detected that 1-year-old barrel has higher effect then new 
barrel on phenolics, anthocyanin ionisation and colour intensity. The sample wines will be 
chromatographically searched for detailed phenolic information in the subsequent part of the research. 
On the other hand, for more accurate results longer period of barrel ageing is necessary. 
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Phenolics – oxidation – red Port wine – anthocyanins 

Introduction 
The main non-enzymatic reactions occurring during food and beverage processing or storage are the 
degradation of polyphenols, Maillard reaction, sugar caramelization, and oxidation, leading to browning 
and aroma/flavor formation. Polyphenols are reactive compounds, which can be degraded and polymerized 
through both enzymatic and non-enzymatic reactions during food and beverage processing and storage. 
Polyphenol chemical reactions have been particularly studied in wine [1], where these reactions include 
mainly oxidations and/or polymerizations.  

Constituents of both red and white wines are capable of reacting with significant amounts of oxygen, 
polyphenols being among the most readily oxidized wine constituents [2, 3]. Nevertheless, red wines 
contain higher levels of polyphenols, among which, anthocyanins, procyanidins, and flavan-3-ols are in 
particularly highest levels [4, 5]. 

It is established that oxygenation could improve the evolution of red wines during aging, by color 
stabilization and decrease in astringency. On another hand, a long oxidation process will reduce wine 
antioxidants, such as sulfur dioxide or ascorbic acid, and the oxidation of desirable volatile compounds [3]. 
Concomitantly, temperature will accelerate the oxidation process [6]. 

The present work aims to illustrate the oxidation of red Port wine based on its phenolic formation or 
depletion rate during a forced aging protocol by the effect of both thermal and oxygen exposure. For this 
purpose a red Port wine was subject to four different storage temperatures, respectively, 20, 30, 35 and 
40ºC, and two adjusted oxygen saturation levels, no oxygen addition (treatment I), and oxygen addition 
(treatment II). Three hydroxycinnamic esters (trans-caftaric acid, trans-coutaric acid, and trans-fertaric 
acid), three hydroxycinnamic acids (caffeic acid, para-coumaric acid, and ferulic acid), three 
hydroxybenzoic acids (gallic acid, protocatechuic acid, and syringic acid), two flavan-3-ols [(+)-catechin 
and (-)-epicatechin], and six anthocyanins (malvidin-3-O-coumaroylglucoside, malvidin-3-O-
acetylglucoside, peonidin-3-glucoside, petunidin-3-glucoside, delphinidin-3-glucoside, and malvidin-3-
glucoside) were quantitated weekly, during 63 days, along with oxygen consumption. Due to the higher 
rate of anthocyanin depletion, a kinetic approach to their degradation in red Port wine was also established. 
These models are very important in the extent assessment of specific chemical reactions, the rate at which 
the changes occur and they can be an important tool in wine processing or storage condition optimization. 
Furthermore, the knowledge and control of the kinetic parameters can greatly enhance the thermal and 
oxidative processing conditions in terms of maximizing the rate of generation/formation of flavor/color. 

Materials and methods 
Wine samples 
A forced aging protocol was performed in order to promote red Port wine oxidation. Ten liters of red Port 
wine (pH = 3.4; 2.5 mg/L of dissolved oxygen; SO2 level of 17 mg/L; 105 g/L of reducing sugars; and 
alcohol content of 20%) were divided into 8 portions and placed on sealed vessels. The red Port wine was 
produced in the year of the experiment without oak contact. Each set of 4 vessels was kept for 63 days at 
4 different storage temperatures, respectively, 20, 30, 35 and 40ºC. Next, for all temperature regimes, 
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2 oxygen saturation levels were adjusted, during the protocol, as follows: (i) no oxygen addition (treatment 
I); and (ii) oxygen addition every sampling point (treatment II). Oxygen was injected by bubbling a mixture 
of O2/N2 (20/80) (Gasin, Portugal) until its content was close to 8.0 mg/L. Analyses were performed 
weekly during 63 days (9 weeks, P1 to P9). 

Dissolved oxygen measurements 
Concentration of dissolved oxygen was measured in the above experimental design using a Fibox 3 LCD 
fiber optic oxygen transmitter, coupled to a polymer optical fiber of 2.5 meters and to planar oxygen 
sensitive spots (PSt3), from PreSens Precision Sensing GmbH (Germany). 

Identification and quantification of phenolic compounds 
For the identification of phenolic compounds both a HPLC-DAD and a LC-MS triple quadrupole were 
used, while their quantification was achieved by the LC-MS triple quadrupole. The method features direct 
analysis of wines with no preparation or dilution. 

HPLC-DAD analysis 
Phenolic identification was conducted on a Beckman model 126 quaternary solvent system, equipped with 
a System 32 Karat 5.0 software and a 168 rapid scanning, UV-visible photodiode array detector. 
The absorption spectra were recorded between 212 and 600 nanometers (nm). Stationary Phase: XDB-C18 
(150 x 4.6 mm) 5-Micron (Agilent, USA). Mobile Phase: Solvent A: acetonitrile (100%) (Merck pure 
grade) with 0.2% TFA; Solvent B: acetonitrile/water (5:95 v/v) (Merck pure grade and pure water) with 
0.2% TFA (Sigma-Aldrich, Germany); flow rate = 1 mL/min. The following gradient was employed: 
0-2 min (100% B); 2-28 min (60% B); and 28-30 min (100% B). Hydroxybenzoic acids and flavan-3-ols 
were detected at 280 nm. Hydroxycinnamic acids and their esters were detected at 320 nm. Anthocyanins 
were detected at 528 nm. Samples were analyzed in duplicate. 

LC-MS-MS analysis 
Phenolic identification/quantification was conducted on a LC-MS Varian 1200 triple quadrupole mass 
spectrometer with electrospray ionization in positive and negative modes. The operating parameters of the 
ESI source was as follows: API drying gas 19 psi at 200ºC; API chamber temperature 50ºC; API nebulizing 
gas, Air 41 psi; Capillary voltage -85 to +25 V; Q2 collision cell pressure Argon 1.42 mTorr; Collision 
energy 15 to 25 V. Stationary Phase: XDB-C18 (150 x 4.6 mm x 5 μm) (Agilent, USA). Mobile Phase: 
Solvent A: acetonitrile (100%) (Merck pure grade) with 0.1% formic acid; Solvent B: acetonitrile/water 
(5:95 v/v) (Merck pure grade/ultra-pure water, from a Millipore system) with 0.1% formic acid (Sigma-
Aldrich, Germany); flow rate = 0.35 mL/min. The following gradient was employed: 0 min (95% B); 
0-26 min (70% B); 26-28 min (95% B); and 28-30 min (95% B). Each run took 30 min to complete.  

Phenolics were identified by comparison with commercially available standard retention times and MS-MS 
data (Table 1). For anthocyanins, neutral loss scanning modes were obtained for the identification of, 
respectively, anthocyanin-glycosides (neutral loss m/z 162), acetylglucosides (neutral loss m/z 204), 
and coumaroylglucosides (neutral loss m/z 308) [7]. For the unavailable standards of the anthocyanins: 
delphinidin-3-glucoside, petunidin-3-glucoside, peonidin-3-glucoside, Mv-3-O-acetylglucoside, 
and (trans)-Mv-3-O-coumaroylglucoside, and for the hydroxycinnamic esters: trans-caftaric acid, trans-
coutaric, and trans-fertaric acid, available published MS-MS data were used (Table 1).  

Kinetic analysis 
The most usual kinetic models reported in literature to describe kinetics of compound depletion are zero 
order [c = c0 + kt], first order [c = c0 exp (kt)] or second order [1/c = 1/c0 + kt] reaction models. Assuming 
a first order [c = c0 exp (kt)], the dependence of the rate constant k upon the temperature T is expressed by 
the Arrhenius equation: k = k0e

-Ea/RT, where k0 is the pre-exponential factor, Ea is the activation energy and 
R is the gas constant equal to 8.314 J mol-1K-1. According to the Arrhenius equation the activation energy 
for anthocyanin depletion in wine can be calculated by plotting the logarithm of the rate constants at four 
temperatures against the reciprocal of the absolute temperature: ln(k) = -Ea/RT + ln(k0). 

Results and discussion 
Figure 1 represents the evolution (mg/L/day) of the hydroxycinnamic esters, trans-caftaric acid, trans-
coutaric, and trans-fertaric acid, the hydroxycinnamic acids, caffeic acid, para-coumaric acid, and ferulic 
acid, the hydroxybenzoic acids, gallic acid, protocatechuic acid, and syringic acid, and finally, the flavan-3-
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ols, (+)-catechin and (-)-epicatechin for, respectively, oxygen treatments I and II. Hydroxycinnamic acids 
and respective esters: caffeic and para-coumaric acids have increased during the forced aging protocol 
(Figure 1). These compounds are formed during the hydrolyses of the respective esters, caftaric and 
coutaric acids. On the contrary, ferulic acid has declined during the forced aging protocol (Figure 1). Esters 
of tartaric acid, namely caftaric acid, coutaric acid, and fertaric acid are highly hydrolyzed into their 
corresponding acids, caffeic, para-coumaric and ferulic acids, which can explain their decrease during the 
forced aging process (Figure 1). Hydroxybenzoic acids: Polyphenols containing a 1,2,3-trihydroxybenzene 
(gallic acid), or a 1,2-dihydroxybenzene ring (protocatechuic acid) are easiest to oxidize because the 
resulting phenoxyl semi-quinone radical can be stabilized by a second oxygen atom. Equivalent methoxy 
substituted phenols (syringic acid) are not as readily oxidized because they do not produce stabilized semi-
quinone radicals. However, the hydroxybenzoic acids may increase during aging due to anthocyanin 
cleavage, and this can explain their enlargement during the forced aging process of red Port wine samples 
(Figure 1). The major increase was observed for syringic acid (Figure 1). This phenolic acid may be formed 
by malvidin-3-glucoside cleavage. Flavan-3-ols: (+)-catechin and (-)-epicatechin have decreased during 
the forced aging protocol (Figure 1). Furthermore, oxygen supplements increase the consumption of these 
easily oxidizable phenolic compounds (Figure 1 - treatment II). 
 

Table 1 - Retention times and MS-MS data of phenolics identified in the wine samples 

Retention time (min) Compound 
Precursor MS/MS 
[M - H]- fragments  

Hydroxybenzoic acids: 
7.8 Gallic acid 169 125 

12.3 Protocatechuic acid 153 109 
14.5 Syringic acid 197 182 

Hydroxycinnamic acids:  
14.3 Caffeic acid 179 135 
19.7 para-Coumaric acid  163 119 
19.9 Ferulic acid  193 134 

Hydroxycinnamic esters: 
12.9 trans-Caftaric acid 311 179 
14.9 trans-Coutaric 295 163 
16.4 trans-Fertaric acid 325 193 

Flavan-3-ols: 
13.1 (+)-Catechin  289 245 
15.8 (-)-Epicatechin  289 245 

Anthocyanins: 
15.5 Delphinidin-3-glucoside  465 303 
16.0 Petunidin-3-glucoside  479 317 
16.5 Peonidin-3-glucoside  463 301 
16.6 Mv-3-glucoside  493 331 
21.0 Mv-3-O-acetylglucoside  535 331 
22.4 (trans)-Mv-3-O-coumaroylglucoside  639 331 

In order to gather more information concerning the relationship between anthocyanins, storage temperature 
and oxygen consumption, an Arrhenius study was performed. The activation energies (Ea), the pre-
exponential factor (k0), and the rate constants estimated at a medium reference temperature (kTref) are 
reported in Table 2. The degradation rate constants follow the order delphinidin-3-glucoside > petunidin-3-
glucoside ≃ malvidin-3-glucoside > Mv-3-O-coumaroylglucoside > peonidin-3-glucoside > Mv-3-O-
acetylglucoside. Delphinidin-3-glucoside has the highest degradation rate followed by petunidin-3-
glucoside, in both oxygen treatments (Table 2). 

Conclusion 
The most relevant phenolic oxidation markers were anthocyanins and catechin-type flavonoids, which had 
the highest decreases during the thermal and oxidative red Port wine process. This observed depletion of 
anthocyanins associated to the flavan-3-ol (catechins and condensed tannins) decline is related with their 
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transformation into more stable colored pigments resulting in new color enhanced wines with less 
astringency that could affect the quality of red Port wines positively. In addition, temperature seems to 
influence mostly the phenolic kinetic degradation. As such these identified phenolic compounds could be 
used as oxidation markers, and their modulation may well be used for the optimization of wine processing 
and/or storage conditions. 

 
Fig. 1 - Rate of phenolic formation or depletion during the forced aging protocol of red Port wine. 

Treatment I - no oxygen addition; Treatment II - oxygen addition. 
 

Table 2 - Kinetic parameters of anthocyanin depletion in wine, given by the Arrhenius equation 

no oxygen addition  oxygen addition  

Anthocyanin 
Ea 

(kJ/mol) 
K0  

(1/day) 
r 

KTRef  

(mg/L/day) 
Ea 

(kJ/mol) 
K0  

(1/day) 
r 

KTRef  
(mg/L/day) 

Mv-3-O-
coumaroylglucoside 

18.5±2.3 4.6E+01 -0.95 0.031 35.2±0.8 4.2E+04 -0.99 0.039 

Mv-3-O-
acetylglucoside 

29.9±3.3 2.8E+03 -0.96 0.020 46.9±3.0 3.0E+06 -0.98 0.027 

Peonidin 3-Glucoside 34.6±3.5 2.5E+04 -0.96 0.029 52.9±2.7 4.1E+07 -0.99 0.035 
Petunidin-3-

Glucoside 39.1±2.2 1.8E+05 -0.99 0.035 52.9±2.2 5.7E+07 -0.99 0.047 

Delphinidin-3-
Glucoside 

41.5±1.7 1.8E+05 -0.99 0.040 51.6±2.1 3.7E+07 -0.99 0.052 

Malvidin-3-Glucoside 44.1±3.2 1.3E+06 -0.98 0.036 60.7±2.9 1.2E+09 -0.99 0.045 
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Oak volatile organic compounds – on-line monitoring – mass spectrometry 

Introduction 
Oak wood volatile composition has a significant impact on the sensory quality of oak-aged wine. 
The current approach to the analysis of oak wood volatile organic compounds (VOC’s) is offline gas 
chromatography requiring lengthy sample preparation and run times in excess of 20 minutes. 
This preliminary study examines the potential for a direct mass spectrometry method that allows oak wood 
volatiles to be monitored online. 

Materials and methods 
A thermal desorption chamber was coupled to an active capillary plasma ionization (ACPI) source for mass 
spectrometry (MS). The active capillary serves two functions (a) the inlet to the MS and (b) the ion-source. 
A sine modulated (6000 Hz) high voltage (2 kV, peak to peak) was applied to the electrodes, and the 
plasma ignited inside the capillary by dielectric discharge. Thermally desorbed oak wood VOC’s were 
transferred to the active capillary by the pressure difference between the ambient environment of the 
thermal desorption chamber and vacuum of the MS. Gas-phase analytes were ionized by the plasma and 
subsequently drawn into the MS. MS and MS/MS data were recorded on an LCQ DECA XP ion trap mass 
spectrometer (Thermo Scientific, St Jose, USA) operated in positive ion mode.  

Results and discussion 
Several oak wood VOC’s were detected in positive ion mode, mostly as protonated molecular ions. 
The soft-ionization process (greatly aiding compound identification) has been commonly observed with 
ACPI in previous research [1, 2]. Further confidence regarding compound identification was provided by 
determination of the MS/MS fragmentation pattern for ions of interest. By adjusting the thermal desorption 
temperature and sampling time, changes in the volatile composition of oak wood were observed. 
The changes in volatile composition were indicative of the oak toasting process. Different time-intensity 
profiles were evident for different peaks, indicating volatilization and or generation of compounds from 
non-volatile precursors.  

Conclusion 
The thermal desorption ACPI-MS approach allowed oak VOC’s to be monitored online. Several 
compounds were tentatively identified by their MS/MS fragmentation pattern. Changes in the volatile 
composition of the oak could be monitored during toasting and differences were clearly observed within 
one minute of heat application. Our preliminary findings indicate the suitability of the ACPI approach for 
the direct, sensitive detection of oak wood volatiles of oenological importance.  
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Defoliation ‒ TDN management ‒ Riesling ‒ yeast strain 

Introduction  
Many cool climate grapevine growing regions are or will be affected by global climate change [1]. It is likely 
that increasing temperatures, as well as changing precipitation pattern, will impact wine composition and wine 
styles [2]. In the last decades, the sensory concept of German Riesling wines was considered to represent 
fresh and fruity notes. However, aged wines of this variety are characterized by petrol-like aroma, which is 
not appreciated in modern Riesling wines. The C13-norisoprenoid 1,1,6-trimethyl-1,2-dihydronaphthalene 
(TDN) is considered to be the marker compound for this undesired sensory impression [3]. 

Norisoprenoids are breakdown products of tetraterpenic carotenoid compounds which play manifold roles 
in biochemical signalling processes such as pheromone properties or hormone-like growth regulation in 
plants [4]. The C13-norisoprenoid TDN is transformed into glycosidically bound non-volatile precursors by 
the plant. It is then liberated during bottle aging by acidic hydrolysis and complex rearrangements [5-7]. 
The biogenesis of these classes of compounds in general and particularly TDN is impacted by grapevine 
growth conditions [8]. Wines made from Riesling grapes grown in warmer climate have higher 
concentrations of TDN [9]. Moreover, vineyard management impacts the development of this compound 
[10, 11]. In addition, grapevine clones and yeast strains also seem to have an impact on TDN 
concentrations [12]. Therefore, ‘TDN management’ will be one of the most challenging tasks in viticulture 
in Riesling growing regions in general, and particularly in cool climate regions because of rising 
temperatures due to climate change. Appropriate canopy management of the grapevines, as well as an 
appropriate selection of yeast strain during alcoholic fermentation, are two considered approaches to tackle 
excessive TDN concentrations in Riesling wines. 

Materials and methods 
Experimental vineyard 
The vineyard was located in Heppenheim, Germany (Heppenheimer Stemmler) and was planted with 
Riesling vines in 1982 on sandy loam. The vines were trained to a VSP-type trellis system at six to eight 
canes. Interrow distance was 1.60 m, whereas intervine distance was 1.10 m, resulting in a surface of 
1.76 m2 for each vine. In four rows, four treatments were established in threefold repetition according to an 
incomplete randomised block design. The first treatment was not defoliated, representing the control 
(CTR); the second treatment was defoliated in the grape cluster zone after bloom (June 11th) only on the 
eastern side (LREE); the third treatment was defoliated in the grape cluster zone after blossom (June 11th) 
on the eastern and western side of the canopy (LREB); and the fourth treatment was defoliated in the grape 
cluster zone at veraison (September 5th) on the eastern and western side of the canopy (LRLB). 
Each treatment consisted of 16 vines. In order to regulate yield, all but two clusters per shoot were removed 
for all treatments at berry set.  
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Winemaking 
Harvest date was October 16th. Each treatment and replicate, in total 16 lots, was harvested and pressed 
separately using a 20-kg press. Grape juice was clarified by sedimentation in 48 h. Then the clarified juice 
of one treatment was mixed, aliquoted into 750-mL bottles and inoculated using two commercial yeast 
strains with vitamin B1 and diammonium phosphate. The fermentation was monitored by determining the 
loss of carbon dioxide. 

Analysis of TDN 
Analysis of TDN and TDN-glycosides was carried out using GC-MS after SPE sample preparation [13]. 

Results and discussion 
TDN potential in grape juice 
The four grape juices without leaf removal (CTR) showed the lowest TDN potential of 63 ± 3 µg/L, 
whereas the treatment with the leaves removed on both sides of the canopy at an early stage of berry 
development (LREB) showed the highest TDN potential of 154 ± 35 µg/L. Both the treatment defoliated at 
an early stage of berry development on the eastern side of the canopy (LREE) and the one defoliated at 
veraison on both sides of the canopy (LRLB) also showed higher TDN potential (112 ± 9 µg/L and 
119 ± 6 µg/L, respectively) compared to the control treatment, but lower TDN levels compared to the 
LREB treatment. 

TDN potential in wines 
After fermentation, the TDN potential pattern was highest for the treatments defoliated on both sides of the 
canopy (LREB, LRLB) and using yeast strain A, showing TDN potential of 135 µg/L and 132 µg/L, 
respectively. This was also the case for yeast strain B (111 µg/L and 100 µg/L, respectively). Furthermore, 
TDN potential in the non-defoliated treatment (CTR) was lowest for yeast B (56 µg/L), while the lowest 
TDN potential obtained from yeast B for LREE equalled the TDN potential from yeast B for CTR (63 µg/L 
and 69 µg/L, respectively) and was well under the TDN potential from LREE wines obtained with the same 
yeast (82 µg/L).  

The results presented here provide evidence that the TDN potential in grape must is highly correlated with 
the sun exposure of grape clusters. These results also show that TDN potential does not necessarily depend 
on the timing of leaf removal, which is generally in accordance with earlier studies [8, 10]. However, the 
TDN potential pattern corresponds well to that of the grape juice. It can be observed that after alcoholic 
fermentation the difference in TDN potential between early and late leaf removal on both sides of the 
canopy (LREB and LRLB) is less than expected from the grape juice results. This may be explained by not 
analyzing all possible TDN-precursors in the grape juice, which are then transformed into TDN-precursors 
during alcoholic fermentation. There are some indications that TDN can be formed from different 
precursors [5, 6], which would fit into the results from the current study. Furthermore, the yeast strain has 
been shown to impact the TDN potential of wines. All wines fermented with yeast strain A showed higher 
TDN potential than those fermented with yeast strain B. It can be assumed that yeast strains have different 
enzymatic glycosidase activity during fermentation [14] and, therefore, can more effectively liberate the 
aglycons from glycosylated precursors.  

Conclusion 
The results of the study demonstrate the impact of both grape cluster leaf removal and yeast strain selection 
on TDN potential in Riesling wines. These two factors are considered to be effective tools for 
the management of TDN potential and thus important for aroma development of Riesling wines during 
bottle aging. 
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Cabernet Sauvignon – fruity aroma – multidimensional GC-MS-O – aroma precursors 

Introduction  
Among red wines, those originated from Cabernet Sauvignon grapes have great success. This variety, 
historically associated to the Bordeaux region, frequently gives, from ripe grapes, wines presenting a large 
diversity of aromatic nuances in which fruity notes reminiscent of "dark" fruits such as blackcurrant and 
blackberry dominate.  

Aroma complexity in red wines and the difficulty of studying it reflect the diversity of the mechanisms 
involved in its genesis. Despite the various studies on red wine aromas, our knowledge of the volatile 
odoriferous compounds contributing to the sensory characteristics of Cabernet Sauvignon wines, and 
particularly those originating from aroma precursors in grapes which are later released during vinification, 
is still incomplete. Various volatile compounds participating to red wine fruity aroma are released during 
the winemaking process by the activity of the yeast Saccharomyces cerevisiae [1, 2]. 

The aim of this research study was to further characterize volatile odoriferous compounds with fruity 
nuances, mainly red and black fruity notes, originating from Cabernet Sauvignon grape aromatic potential, 
which are released during alcoholic fermentation, with a particular interest in their corresponding varietal 
precursors.  

Materials and methods 
Grape samples 
A plot of Cabernet Sauvignon grapes (2011, 2012, 2013 and 2014 vintages) was selected at Château 
Lagrange (3rd Grand Cru Classé, Saint-Julien, Gironde) and representative samples were harvested at 
maturity. The grapes were transported to the laboratory and immediately placed at -20°C. 

Grape skin preparation 
After thawing, grapes were de-stemmed and pressed using a pneumatic press (Bellot SA Vinicoplast, 
Gradignan, France) in order to remove the juice (must). Thereafter, grape skins were manually separated 
from the seeds before being crushed into small fragments using liquid nitrogen (N2).  

After grinding, the crushed grape skins were macerated in a water/ethanol solution (1/1; v/v) for four to 
five days at room temperature (20-25°C). The obtained alcoholic solution was centrifuged at 7000 r.p.m. 
for 10 min, lyophilized (Christ Alpha 2-4 LSC instrument), and the dried extract stored at -20°C. 
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Aroma precursor extraction 
The extraction of aroma precursors was performed on 15 g of grape skin extract. Three solvents were used 
for that purpose, namely water, butanol and ethyl acetate. First, the grape skin extract was recovered in 
water and extracted three times with ethyl acetate (v/v/v; 120 mL/50 mL/50 mL). Then, the recovered 
aqueous layer was extracted three times with butanol (v/v/v; 120 mL/50 mL/50 mL). The three obtained 
extracts (aqueous, ethyl acetate and water) were evaporated, lyophilized and stored at -20°C. 

Wine extraction  
Fermented grape skin extracts (100 mL) were extracted three times with dichloromethane (1/1, v/v; 
1 × 10 mL and 2 × 5 mL). The organic layer was dried over Na2SO4 and then concentrated to 0.5 mL under 
nitrogen flow (approximately 100 mL/min). 

Capillary Gas Chromatography-Olfactometry (GC-O)  
The analysis was carried out on a Hewlett-Packard HP5890 series II (Agilent Technologies, Palo Alto, CA) 
coupled with olfactory detection using an ODO-1 installation (Scientific Glass Engineering (SGE), 
Ringwood, Australia). A 2-µL sample was introduced into an apolar BPX5 capillary column (SGE, 60 m, 
0.25 mm i.d., 1-µm film thickness). The carrier gas was H2 (Linde Gas, Bordeaux, France), with a flow rate 
of 1 mL/min for all of the analyses. The injector was operated in splitless mode (purge time 1 min); purge 
flow (50 mL/min) was set at 230°C. Oven temperature was initially set at 45°C for 1 min, then raised to 
250 at 3°C/min and held for 20 min. Linear retention indices (LRI) were obtained by simultaneous injection 
of samples and a series of alkanes (C8-C23). 

Heart-Cut Multidimensional Gas Chromatography-Olfactometry-Mass Spectrometry  
The MDGC separations were performed in two capillary columns with different stationary phases or film 
thicknesses on two Agilent 7890A GC ovens coupled with a high resolution AccuTOF mass spectrometer 
(JMS-T100GC; JEOL Japan). The two chromatographs were connected with a temperature-controlled 
transfer line set at 230°C (West 4400 from ILS, Lyon, France). The outlet of the precolumn was connected 
to a sniff port (ODO I; SGE France) to determine odor retention time in this configuration and to the 
second column, via a Gerstel MCS 2 multicolumn switching system. A cryotrap was also placed at the start 
of the second column for cryofocusing. The end of the second column was split (1:1) via a crosspiece 
(Gerstel) between the TOF-MS detection (JEOL) and the sniffing port (ODP II, Gerstel). For oven I, only 
10% of the total flow was transferred to the deactivated fused silica column connected to ODO I, whereas 
50% of the flow was transferred to ODP II in oven II. The MDGC system was operated under constant 
pressure to maintain the balance between the two columns throughout the oven temperature program. 

The injector temperature was set at 230°C. The sample was transferred from the precolumn to the main 
column via the MCS (Gerstel) system at a defined cut time. Preseparation was performed using a nonpolar 
BPX5 capillary column (30 m*0.25 mm*0.5 μm). The GC oven was programmed from 45°C (1 min) to 
250°C at 3°C/min. The cut time (15.5-16.5 min) was selected with the ODO I system. During this period 
the cryogenic trap was maintained at -50°C. The second column was a 50 m*0.22 mm*1 μm BP1 (SGE 
France). Column head pressures were 279 kPa (oven I) and 195.5 kPa (oven II) at 45°C. Helium 5.3 
(Linde Gas) was used as the carrier gas, with a flow rate of 2 mL/min. The temperatures of the ion source 
and transfer line were 250 and 230°C, respectively. The electron energy for the EI mass spectra was 70 eV 
and the MS was operated in the scan mode only (m/z from 45 to 250). The identification of sample 
constituents was performed by comparing linear retention indices and mass spectrometric data with those 
of reference compounds. 

Results and discussion 
Evidence for the perception of fruity nuances in fermented model wines in the presence of Cabernet 
Sauvignon grape skin extracts without correlation with color 
The extraction of grape skins using ethyl acetate, butanol and water allowed us to obtain three extracts with 
different properties. In Figure 1, the difference in color between the extracts is illustrated, related to the 
nature of the extracted compounds in each solvent. Anthocyanins, for example, are extracted preferentially 
in the butanol extract in comparison to the two other extracts (ethyl acetate and water). 
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Fig. 1 - The Cabernet Sauvignon grape skin extracts obtained with 
1) ethyl acetate, 2) butanol and 3) water. 

 
Another important and prominent parameter is the evidence of different and typical fruity aromas in the 
three fermented skin extracts. In fact, sensory analyses revealed red fruit aromas, namely strawberry and 
raspberry, in the fermented aqueous extract and very intense black notes, particularly blackcurrant, in the 
fermented ethyl acetate extract. However, the fermented butanol extract did not show any interesting fruity 
notes. The sensory evaluation was confirmed and validated several times by our panel of tasters. 

Release of a volatile compound associated with an odorous zone recalling blackcurrant, detected by 
GC-olfactometry in fermented ethyl acetate extract from grape skin  
Two columns (BP20 and BPX5) were used to analyze the three ethyl acetate, butanol and water fractions in 
order to study and detect the different fruity fragrant zones (ZO). More concretely, BPX5 column permitted 
to evidence the elution of a very intense blackcurrant odorous zone similar to the aroma detected during the 
sensory analysis of the fermented ethyl acetate extract (Table 1). This fruity zone is absent in the control 
and in the two other fermented extracts (water and butanol). The same analysis performed on the 
unfermented ethyl acetate extract showed no fruity ZO, as in the cases of the fermented extracts. 
 

Table 1 - Aromagrams of the obtained fermented fractions using GC-O (BPX5 column) 

 

Tentative identification of the volatile compound associated with a blackcurrant odor using GC-GC-
O-TOF-MS 
In order to further characterize the blackcurrant aroma compound, a two dimensional GC analysis (GC-GC-
O-MS-TOF-MS) was carried out on the organic extract obtained from the fermented ethyl acetate fraction. 
The separation method involved the isolation and transfer of the blackcurrant fraction from a first column 
(precolumn) to a second column (main column) with different selectivity. 

The blackcurrant aroma fraction was successfully isolated and separated on nonpolar column (BPX5: 
30 m*0.25 mm*0.5 µm) at a retention time of 16.22 min. The blackcurrant heart cut was performed on a 
time window between 15.5 min and 16.5 min and transferred to a second more nonpolar column (BP1: 
50 m*0.22 mm*1 µm). Thus, using these previous separation conditions, we were able to separate with a 
high resolution the peak corresponding to the compound recalling the blackcurrant aroma at a retention 
time of 24.77 min (Figure 2). The used time of flight mass spectrometer offered a high resolution analysis 
of the obtained mass spectra along with the precise and accurate mass of the peak related to the isolated 
blackcurrant compound. The first information obtained was attributed with high precision, namely the exact 
mass m/z 140.119 Da and molecular formulae C9H16O. Structure characterization of the identified 
blackcurrant aroma through the synthesis of odoriferous chemicals is under progress. 
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Fig. 2 - A) Chromatogram of the isolated blackcurrant peak on the main column 
(BP1: 50 m*0.22 mm*1 µm); B) mass spectrometer of the blackcurrant peak. 
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Consentement à payer – analyse sensorielle – marque – AOC 

Introduction 
L'évaluation d'un vin par un consommateur est influencée par l'ensemble des informations dont il dispose. 
Elle aboutit à une appréciation globale qui traduit le plaisir ou le déplaisir ressenti lors de la dégustation de 
ce vin. Lorsque qu'une échelle de notation normalisée est utilisée, on parle souvent de note hédonique. 
Une note hédonique est purement déclarative. Elle ne coûte rien à celui qui la donne. Elle ne l'engage à 
rien. Les économistes sont généralement réticents à utiliser ce genre de mesure. Ils préfèrent observer les 
achats qui, selon eux, sont un bien meilleur révélateur des préférences sous-jacentes. Mais comment faire 
pour estimer les préférences d'un consommateur pour des produits qu'il n'a pas achetés ? 

Pour cela, les économistes ont mis au point des méthodes pour mesurer le "consentement à payer", 
c'est-à-dire le prix maximum qu'un consommateur est prêt à offrir pour obtenir un produit. Pour éviter de 
retomber dans le travers déclaratif, ces consentements à payer sont évalués grâce à des protocoles 
expérimentaux dans lesquelles des ventes réelles sont effectuées. Ces protocoles s'inspirent des méthodes 
d'enchères, et en particulier des enchères sous pli cacheté, dans lesquelles chaque participant souhaitant 
acquérir un produit fait une offre par écrit.  

L'évaluation des consentements à payer n'est pas un substitut à l'évaluation sensorielle hédonique, c'est un 
outil complémentaire destiné à évaluer la demande du marché en fonction des prix. Les protocoles qui sont 
présentés dans cette communication ont été développés dans le cadre d'une collaboration étroite entre des 
spécialistes de l'analyse sensorielle et des économistes. L'objet de cette collaboration était de combiner les 
méthodes de l'analyse sensorielle et celles de l'économie expérimentale pour mettre au point des protocoles 
permettant de mieux comprendre les préférences des consommateurs. Le marché du vin, plus encore que 
celui des biens de grande consommation, est un marché arrivé à maturité sur lequel une multitude de 
produits sont en concurrence. Dans un tel contexte, les producteurs doivent différencier leurs produits s'ils 
ne veulent pas les voir disparaître peu à peu du marché. Différencier un produit, c'est lui ajouter des 
caractéristiques et surtout s'assurer que les consommateurs les ont bien perçues, et leur attribuent de la 
valeur. Le point important est donc d'être en mesure d'évaluer la valeur attribuée par les consommateurs à 
un produit en fonction de ses caractéristiques. C'est précisément l'objet des méthodes d'économie 
expérimentale. Ces méthodes viennent s'ajouter aux outils d'évaluation habituels en leur apportant une 
dimension incitative qui leur fait généralement défaut. En se rapprochant des conditions du marché, ces 
méthodes ouvrent des perspectives stimulantes pour mieux comprendre les mécanismes qui gouvernent les 
choix des consommateurs. 

La révélation des consentements à payer 
Différentes méthodes sont à la disposition des investigateurs intéressés par les consentements à payer des 
consommateurs. La méthode la plus directe consiste à estimer une fonction de prix hédonique, qui analyse 
les variations des prix de marché en fonction des caractéristiques des produits. Cette méthode a l'avantage 
de s'appuyer sur les prix d'équilibre qui résultent des transactions réelles sur le marché, mais elle n'est 
évidemment pas utilisable pour tester des produits nouveaux, ou des caractéristiques nouvelles. Dans ce 
cas, il n'y a souvent pas d'autre choix que d'utiliser des méthodes déclaratives (évaluation hédonique, 
focus groups, analyse conjointe, enquêtes,…). Ces méthodes permettent d'identifier les facteurs qui agissent 
sur les préférences et les mécanismes de choix, mais elles sont souvent biaisées lorsqu'il s'agit d'estimer les 
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intentions d'achat et surtout les consentements à payer. Les répondants ont en effet généralement tendance à 
surestimer leur probabilité d'acheter pour un prix donné. 

Pour éviter ces biais, les économistes ont recours à des expérimentations qui reposent sur des transactions 
effectives réalisées par des échantillons restreints de consommateurs dans des conditions contrôlées. 
Pour révéler le prix maximum que chaque participant est prêt à payer pour un produit donné, ces méthodes 
s'inspirent des techniques d'enchères sous pli, dans lesquelles chaque participant soumet une offre par écrit. 
Différentes variantes ont été développées avec pour objectif d'impliquer les participants et de faire en sorte 
qu'ils aient intérêt à évaluer et à déclarer leur consentement à payer aussi honnêtement que possible. 
Les travaux présentés dans cette communication, reposent sur un mécanisme de ce type. Il s'agit de ventes à 
un prix aléatoire. Dans ces ventes chaque participant indique son prix maximum par écrit, en sachant que le 
prix effectif de la transaction sera tiré au sort. Un participant n'achètera que si le prix de vente tiré au sort 
est inférieur, ou égal, au prix maximum qu'il a proposé. Cette méthode, connue sous le nom de mécanisme 
BDM d'après les initiales de ses initiateurs [1], présente l'avantage d'impliquer tous les participants, 
puisqu'il n'y a pas qu'un seul acheteur comme c'est le cas dans une enchère. C'est, en fait, une vente 
classique dans laquelle chaque acheteur potentiel a un prix limite. Comme le prix n'est pas déterminé par le 
vendeur en fonction des offres, mais tiré au sort, les acheteurs peuvent indiquer leur prix limite sans crainte 
de révéler une information qui serait stratégique dans un marchandage classique. L'incitation découle du 
fait que chaque participant est certain de toujours faire une bonne affaire, puisqu'il n'achètera qu'à un prix 
inférieur ou égal à un prix qu'il a lui-même déterminé. 

Un protocole pour mesurer les effets respectifs du goût et de 
l'information sur le consentement à payer 
Les travaux présentés ici s'intéressent aux effets respectifs du goût et des informations extrinsèques 
(appellation, marque,…) sur le consentement à payer pour un vin. Ils utilisent un protocole intra-sujet 
(within), qui consiste à demander aux participants d'évaluer successivement les mêmes vins avec de plus en 
plus d'information. L'information sur les caractéristiques des vins testés est délivrée élément par élément, 
en mesurant à chaque fois l'impact sur le consentement à payer [2].  

En pratique, ces expérimentations sont conduites avec des sujets sélectionnés aléatoirement dans la 
population générale. Un questionnaire téléphonique permet de filtrer les répondants en fonction de leurs 
habitudes de consommation. Seuls les consommateurs réguliers de la catégorie de vins testés sont retenus. 
Des quotas de catégories socioprofessionnelles sont parfois appliqués pour éviter une sur-représentation de 
sujets très disponibles (étudiants et retraités en particulier). Les personnes qui acceptent de participer 
reçoivent une convocation accompagnée d'informations sur le déroulement de l'expérience, et en particulier 
sur le mécanisme de la vente à prix aléatoire. Les sessions expérimentales se déroulent d'autant mieux que 
les participants ont eu le temps de se familiariser avec des procédures qui sont nouvelles pour la plupart 
d'entre eux. Le plus souvent les sessions regroupent une dizaine de sujets dans une salle d'analyse 
sensorielle, et chaque expérience porte au total sur une centaine de personnes.  

A leur arrivée, les participants reçoivent un dédommagement pour leur déplacement et pour le temps qu'ils 
consacrent à l'expérimentation. L'expérimentateur leur présente ensuite, en groupe, les principes et les 
étapes de la session expérimentale. Les vins testés sont dans un premier temps évalués à l'aveugle, puis sur 
la base de l'examen des bouteilles ou des seules étiquettes et, enfin, dans une dernière étape, en dégustant 
les vins avec la bouteille présentée simultanément. A chaque étape, pour chacun des vins testés, 
les participants doivent indiquer par écrit leur prix d'achat maximum. Pour éviter les comportements 
stratégiques (attendre la dernière étape pour indiquer sincèrement son prix) et éliminer l'incertitude sur le 
nombre de bouteilles achetées, la méthode consiste habituellement à informer les participants, dès le début 
de la session, que chacun ne pourra acheter qu'une seule bouteille. Pour cela, une étape de l'évaluation et un 
des vins évalués à cette étape sont tirés au sort à la fin de la session, et la vente se fait sur la base du prix 
proposé pour ce vin à cette étape. La bouteille mise en vente peut donc être différente pour chaque 
participant si le tirage au sort est individualisé. 

A chaque étape, on demande donc aux participants d'évaluer chaque bouteille comme s'il devait l'acheter 
immédiatement avec les seules informations dont il dispose à ce moment. Les participants qui ne souhaitent 
pas acheter, indiquent simplement que leur prix maximum est nul. Le mécanisme de vente à prix aléatoire 
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est mis en pratique au début de chaque session en procédant à la vente d'un produit de faible valeur, et 
l'expérience proprement dite ne débute que lorsque toutes les questions des participants ont reçu une 
réponse. A partir de là, les participants sont placés dans des cabines individuelles et ils ne peuvent 
communiquer qu'avec les expérimentateurs. A la fin de l'expérience, la bouteille mise en vente et son prix 
sont tirés au sort, le plus souvent au niveau individuel. Les participants qui tirent un prix de vente inférieur 
ou égal au prix maximum qu'ils ont indiqué achètent une bouteille et la payent au prix de vente tiré au sort.  

Exemple 1 : Consentement à payer pour le champagne, goût ou 
marque ? 
Ce protocole, qui peut faire l'objet de différentes variantes, a été utilisé pour la première fois en décembre 
2000 et mai 2001, pour tester cinq champagnes différents avec un échantillon de 120 consommateurs 
réguliers (46 femmes et 74 hommes de 23 à 77 ans) [3, 4]. Les résultats reportés sur la figure 1 montrent 
qu'après la dégustation à l'aveugle les prix moyens offerts par les participants pour les cinq champagnes ne 
sont pas significativement différents. En revanche, lorsque seules les bouteilles sont examinées la 
hiérarchie des prix est claire : les trois champagnes du syndicat des grandes marques (B1, B2 et B3) sont 
très significativement mieux valorisés que le champagne de milieu de gamme (MR), lui-même 
significativement mieux valorisé que le champagne sans marque d'un grand distributeur (FP). De façon 
intéressante, l'évaluation finale fait apparaître une baisse significative des prix proposés pour les trois 
champagnes du syndicat des grandes marques, comme si les attentes sensorielles des participants avaient 
finalement été un peu déçues lorsqu'ils ont pris connaissance des marques des champagnes qu'ils étaient en 
train de déguster. 

Ces résultats montrent que les consentements à payer des participants sont principalement influencés par la 
notoriété de la marque et secondairement par le goût du champagne, sachant que les caractéristiques des 
champagnes testés dans cette expérience étaient très proches. On peut cependant se demander si l'absence 
de différence ente les prix moyens proposés à l'aveugle révèle une incapacité de chaque individu à 
distinguer entre les champagnes testés, ou plutôt une compensation entre des évaluations individuelles très 
différentes selon les champagnes. En traitant les données, non plus par marque, mais par rang, c'est-à-dire 
en classant les prix de chaque participant et en faisant la moyenne des prix de chaque rang pour tous les 
participants, on observe que, même à l'aveugle, les participants établissent des différences significatives 
entre les cinq champagnes (Figure 2). Ces différences sont accentuées lorsque les marques des champagnes 
sont connues, mais la discrimination individuelle apparaît beaucoup plus forte que les moyennes par 
produit ne l'avaient laissé supposer. 

  

 
Fig. 1 - Prix moyens par marque    Fig. 2 - Prix moyens par rang 

 

Exemple 2 : La valorisation des AOC 
Le même protocole a été utilisé dans une étude comparative entre la France et l'Allemagne pour analyser 
l'efficacité de l'appellation d'origine contrôlée "Bourgogne" sur le marché international [5]. L'effet de la 
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mention de l'appellation d'origine est souvent confondu avec celui de la notoriété des grands crus de 
l'appellation. La question est ici de savoir si la mention de l'appellation a aussi un impact dans le cas des 
appellations génériques pour des vins de "milieu de gamme". Deux échantillons de consommateurs ont été 
testés, l'un à Paris (n=60) et l'autre à Munich (n=59), pour tester l'effet de l'appellation d'origine et le 
comparer à celui d'autres signaux comme la marque ou le cépage. 

Les résultats obtenus montrent des consentements à payer moyens un peu plus élevés à Munich qu'à Paris. 
Dans les deux pays, les prix proposés après la dégustation à l'aveugle sont inférieurs aux prix proposés 
lorsque les étiquettes sont visibles. La différence la plus importante entre les deux groupes est l'impact 
significatif de l'appellation "Bourgogne" sur le consentement à payer moyens des participants du groupe 
parisien, et l'absence d'impact sur le groupe munichois. Encore convient-il d'observer que l'impact de 
l'appellation n'est significatif qu'après le seul examen des étiquettes et disparaît après la dégustation finale. 
L'effet du signal est donc limité, à la fois aux participants français et à l'évaluation sur la base de l'étiquette 
uniquement. 

De façon encore plus frappante que dans le cas des champagnes, on observe de très faibles écarts entre les 
consentements à payer moyens dès lors que les vins sont dégustés. A nouveau, se pose la question de savoir 
s'il s'agit d'une incapacité à distinguer les différents vins ou d'une forte hétérogénéité entre les participants, 
masquée par le calcul des moyennes. Le traitement des données en fonction des classements individuels 
montrent que les participants discriminent assez bien les différents vins quelles que soient les informations 
fournies (dégustation et/ou étiquette). Comme dans le cas du champagne, l'analyse des consentements à 
payer selon le rang conduit à deux conclusions : (i) les consommateurs ont des préférences marquées, 
(ii) ces préférences sont extrêmement hétérogènes.  

Exemple 3 : L'expertise sensorielle fait-elle une différence ? 
L'expertise sensorielle, acquise par l'entraînement ou l'habitude, est un des facteurs à prendre en compte 
pour analyser l'hétérogénéité des préférences individuelles. Une expérimentation identique aux précédentes 
réalisée avec un panel de spécialistes de l'évaluation sensorielle, montre qu'après la dégustation à l'aveugle, 
les participants ne semblent pas faire beaucoup de différence entre un chardonnay générique et un 
chardonnay d'appellation, alors qu'ils sont très sensibles à l'information apportée par les étiquettes 
(Figure 3) [2]. Mais à la différence d'un panel non entrainé (Figure 4), leur appréciation finale (étiquette + 
dégustation) est plus déterminée par leur évaluation sensorielle que par l'étiquette. On observe également, 
comme pour les sujets non-entraînés, que leurs goûts apparaissent très hétérogènes lorsque les 
consentements à payer moyens sont calculés en fonction de l'ordre de leurs préférences. Il ressort de cette 
analyse que les sujets "entraînés" n'ont pas forcément des goûts plus homogènes que les sujets non-
entraînés, mais simplement qu'ils sont plus sûrs de leurs jugements et moins influencés par les étiquettes.  

  

  
           Fig. 3 - Dégustateurs entraînés (n=23)          Fig. 4 - Dégustateurs non-entraînés (n=26) 
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Conclusion 

Les protocoles expérimentaux présentés dans cette communication permettent d'estimer les rôles respectifs 
des caractéristiques sensorielles et des informations extrinsèques (appellation, marque, …) dans la 
formation du consentement à payer pour un vin. Les résultats obtenus montrent l'extrême hétérogénéité des 
préférences individuelles, hétérogénéité souvent masquée par l'utilisation des moyennes dans les 
évaluations. Ces différences inter-individuelles ne semblent pas s'atténuer lorsque les expérimentations sont 
conduites avec des sujets entraînés. L'entraînement accroît la confiance des individus dans leur propre 
jugement, mais, nous l'avons vu, ne fait pas nécessairement converger les évaluations. L'hétérogénéité des 
préférences semble donc être un élément structurel qu'il faut analyser plus en détail, et dont il faudra, en 
particulier, tester la stabilité dans le temps. Il s'agit là d'une voie prometteuse pour la poursuite de l'étude 
expérimentale des comportements des consommateurs. 

Enfin, les expériences présentées ici concernent l'estimation des valeurs individuelles. Il ne s'agit pas de 
savoir si les sujets connaissent ou savent évaluer les prix de marché, mais bien de les amener à révéler 
combien ils sont prêts à payer. Des protocoles incluant des interactions entre les participants peuvent être 
utilisés pour analyser comment se forme progressivement une idée commune du prix, et quelles sont les 
informations et les participants qui l'influencent le plus. Là encore, les perspectives de recherche ne 
manquent pas. 
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Economie expérimentale – analyse sensorielle – consommateur – réchauffement climatique 

Introduction 
De très nombreux travaux ont souligné l’importance des modifications des conditions de maturation des 
raisins et notamment la présence de plus en plus fréquente d’épisodes climatiques chauds et secs dans la 
région Bordelaise. A Bordeaux, ce phénomène climatique est en partie à l’origine d’une modification de la 
composition chimique des raisins récoltés de façon fortuite ou à dessein en conditions de maturité 
excessive. Ces vins issus de leurs vinifications, plus riches en alcool, moins acides, sont systématiquement 
marqués par des nuances caractéristiques de fruits cuits tels la figue et le pruneau rappelant ainsi 
l’expression aromatique traditionnelle des vins élaborés sous les latitudes plus chaudes et sèches. 

Il reste que la nécessité de répondre à la demande d’une certaine clientèle correspond souvent à cette 
évolution des pratiques culturales. Dans ce contexte, il peut être utile de connaitre la possibilité réelle de 
généralisation de mise en vente de ces vins sur le marché de l’AOC considérée et de connaitre la capacité 
des consommateurs à accepter durablement ces nouvelles caractéristiques.  

Pour répondre à cette problématique nous proposons un protocole nécessitant la mise en place d’un marché 
expérimental en laboratoire, couplé à une analyse sensorielle, auprès de consommateurs traditionnellement 
acheteurs des vins de Bordeaux.  

Matériel et méthodes 
Sélection des vins 
Evaluation en laboratoire par un groupe d’experts. 20 vins rouges (millésime 2010) provenant d’une même 
AOC bordelaise et issus d’un assemblage à dominante merlot ont été dégustés par un jury composé de 48 
dégustateurs professionnels. Ces dégustateurs devaient évaluer l’intensité des nuances ‘fruit frais’ et ‘fruit 
cuit/confituré’ sur une échelle continue. Au final, une analyse de comparaison des échantillons (Kruskall-
Wallis) couplée à la méthode de majorité de jugement [1] nous a permis de classer l’ensemble de ces vins 
et de parvenir à la sélection de trois vins A, B, C : le vin A présentait l’intensité fruit cuit/confituré la plus 
faible, le vin B diamétralement opposé, l’intensité la plus forte, alors que le vin C présente un niveau 
d’intensité intermédiaire. Enfin, un vin ‘pirate’ A’ a été confectionné à partir du vin A (13,9 %vol), par un 
ajout artificiel d’éthanol, afin de retrouver le niveau exact de pourcentage d’éthanol obtenu par le vin B 
(15,2 %vol.). Le vin C présentait un degré intermédiaire (14,4 %vol.). Ces vins ont ensuite été soumis au 
panel de consommateurs. 

Recrutement des consommateurs 
184 consommateurs girondins composés de 87 femmes et 97 hommes ont été sollicités sur la base de leur 
consommation régulière de ce type de vins. Nous avons réparti ces consommateurs en deux groupes G1 et 
G2 ayant sensiblement les mêmes répartitions sur les critères de l’âge, du sexe et des catégories socio-
professionnelles. Ces deux groupes étaient soumis au même protocole expérimental en laboratoire. 
Néanmoins, le groupe 2 était beaucoup plus familiarisé avec les vins extrêmes A et B puisque ces deux vins 
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leur avaient été préalablement fournis. Dans le cadre d’une dégustation ‘à la maison’ portant sur deux jours, 
une bouteille de chaque vin avait été fournie à chaque consommateur avec la seule mention de référence A 
ou B en guise d’étiquetage. Notons par ailleurs que ces consommateurs du groupe G2 n’étaient à aucun 
moment avertis que les vins A et B étaient également présents le jour de l’expérience en laboratoire. 

Protocole consommateurs 
L’objet de l’étude « affichée » auprès des consommateurs consistait à déclarer qu’il s’agissait uniquement 
de recueillir leur appréciation de différents vins de la région bordelaise, via des ‘Notes Hédoniques’ 
(NH sur une échelle non graduée de 0 à 10) en fonction de la couleur des vins, de leur odeur et de leur 
qualité gustative et d’autres caractéristiques extrinsèques liées à l’étiquetage, ce que nous appellerons des 
« étapes informationnelles ». Chaque consommateur devait de surcroit, pour chaque étape informationnelle 
et pour chaque vin, révéler son Consentement à Payer (CAP) en fonction de l’information dont il dispose 
(BDM, [2]). Le CAP est défini comme le prix maximum consenti pour acheter un vin (i.e. le prix au-delà 
duquel un consommateur refuse d’acheter le vin). Cette mesure est effectuée par une procédure de 
révélation directe (le consommateur déclare le CAP en fonction de l’information dont il dispose sur le vin) 
et incitative (le consommateur est incité à dire la vérité sur ce CAP). Le déroulement des étapes 
informationnelles était le suivant : 

- Etape 0 (cadrage informationnel) : Information commune aux quatre vins sur le nom de l’AOC 
Bordelaise et le millésime (2010). Relevé d’un seul CAP par consommateur pour un seul vin 
correspondant à cette information. 

- Etape 1 (étape visuelle) : Evaluation simultanée de la couleur de chacun des quatre vins.  
- Etape 2 (étape olfactive) : Evaluation simultanée des arômes de chacun des quatre vins.  
- Etape 3 (étape gustative) : Evaluation simultanée du goût de chacun des quatre vins.  
- Etape 4 (étape ‘information degré d’alcool’) : Information donnée sur le degré d’alcool exact de 

chacun des quatre vins.  

Au final, pour les étapes 1 à 4 chaque consommateur a produit une note hédonique pour chaque vin sur une 
échelle de 0 à 10 puis un CAP recueilli pour chaque vin compte tenu de l’information disponible. 
Comme on le voit, le protocole expérimental est un protocole en information croissante. Les quatre étapes 
s’attachent à respecter ‘l’ordre naturel’ de découverte des caractéristiques intrinsèques des vins. 

Résultats et discussion 
La figure 1, représente l’évolution des CAPs moyens des groupes de consommateurs 1 et 2 en normalisant 
à 100 celui obtenu à l’étape 0 de l’expérience. Pour le groupe 1, le vin B est très nettement préféré au vin 
A. Les tests non paramétriques de Kruskal-Wallis montrent une préférence du vin B par rapport au vin A 
avec une significativité de 5% pour ce qui concerne l’étape 3 gustative et l’étape 4 d’information sur le 
degré d’alcool. Le vin C intermédiaire obtient un CAP moyen également intermédiaire entre le vin A et le 
vin B. A l’inverse, le vin pirate A’ obtient le CAP moyen le plus faible. Cependant l’écart avec le vin A 
n’est pas significatif. 

Sur la deuxième partie de la figure 1, nous montrons comment cette évolution des CAPs du groupe 1 peut 
être largement remise en question pour le groupe 2 (après familiarisation avec les vins). L’allure générale 
de l’évolution des CAPs est similaire, mais elle s’accompagne d’une inversion des CAPs, avec le vin A qui 
devient significativement préféré au vin B, pour les étapes ‘olfactive’ et ‘information degré d’alcool’. 
Le vin C obtient là encore un CAP intermédiaire entre le vin A et le vin B, alors que le vin A’ est 
maintenant considéré comme très inférieur et de façon significative à l’ensemble des autres vins.  

Le point important que nous voulons soulever est que cette inversion des préférences n’est pas 
particulièrement liée à une meilleure appréciation du vin A entre les deux groupes (le CAP pour ce vin ne 
varie que de 6% entre les deux groupes et de façon non significative). Il s’agit au contraire d’un désintérêt 
pour le vin B qui perd plus de 20% entre le groupe 1 et le groupe 2. Ce désintérêt, mesuré ici à la dernière 
étape du protocole, est en réalité perceptible dès l’étape olfactive de l’expérience.  

Une enquête complémentaire auprès des consommateurs sur leur perception et leur appréciation des 
caractéristiques des vins sélectionnés nous enseigne que si 63% des consommateurs du groupe 1 
plébiscitaient le vin B, justement pour son caractère de fruit confituré, seulement 39% répondaient 
positivement à la même question pour ce qui concerne le groupe 2. 
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Fig. 1 - CAP moyen

A ce stade de notre interprétation des résultats, deux hypothèses peuvent être formulées afin 
cette modification des préférences. La première considère que les consommateurs du groupe 2 ont modifié 
leurs préférences suite à une exposition répétée des deux vins (comme suggéré par Köster 
ils expriment ainsi un effet de saturation 
A. La seconde hypothèse prend en considération l’évolution aromatique et gustative différentes des deux 
vins au cours de la consommation à la maison. La mémoire sensorielle des consommateu
prévenus de la présence des mêmes vins entre la maison et le laboratoire) aurait alors pu entrainer ce 
retournement de situation. Rappelons en effet que les consommateurs ont disposé des vins jusqu’au jour de 
la dégustation et que par conséquent ils ont été à même de conserver en mémoire les sensations perçues au 
cours de la dégustation à la maison. Des expérimentations complémentaires sont actuellement en cours afin 
de valider l’ensemble de ces hypothèses.

Dans les deux cas, nous retrouvon
consommateurs après qu’ils aient été confrontés à la dégustation de différents vins 
reconnaissance des vins peut être acquise grâce à un apprentissage perceptif «
inconscient observé notamment par Hughson et Boakes 
de long terme (suivant les arguments développés entre autres par Köster 

Conclusion 
Cet article a rendu compte d’une expérience menée sur des caractéristiques des vins de Bordeaux qui 
seraient liées au réchauffement climatique
peut avoir sur des préférences de court terme et pourquoi il est indispe
consommateurs d’évaluer les différents vins dans une ambiance familière, si l’on veut recueillir une 
information réellement structurante et révélatrice des achats répétés et réfléchis.

Ce résultat nous parait essentiel si l’o
les équilibres futurs des marchés
demande, il y aurait alors un risque important de détour
conséquence, de perte de part de marché
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CAP moyen normalisé par vin et par étape d’évaluation

A ce stade de notre interprétation des résultats, deux hypothèses peuvent être formulées afin 
cette modification des préférences. La première considère que les consommateurs du groupe 2 ont modifié 
leurs préférences suite à une exposition répétée des deux vins (comme suggéré par Köster 
ils expriment ainsi un effet de saturation suite à la consommation répétée du vin B, plus «
A. La seconde hypothèse prend en considération l’évolution aromatique et gustative différentes des deux 
vins au cours de la consommation à la maison. La mémoire sensorielle des consommateu
prévenus de la présence des mêmes vins entre la maison et le laboratoire) aurait alors pu entrainer ce 
retournement de situation. Rappelons en effet que les consommateurs ont disposé des vins jusqu’au jour de 

équent ils ont été à même de conserver en mémoire les sensations perçues au 
cours de la dégustation à la maison. Des expérimentations complémentaires sont actuellement en cours afin 
de valider l’ensemble de ces hypothèses. 

Dans les deux cas, nous retrouvons ici un phénomène de renforcement de la capacité de discrimination des 
consommateurs après qu’ils aient été confrontés à la dégustation de différents vins 
reconnaissance des vins peut être acquise grâce à un apprentissage perceptif « incident

t par Hughson et Boakes [5]). Il reste que la prise en compte
de long terme (suivant les arguments développés entre autres par Köster [3]) est ici essentielle.

compte d’une expérience menée sur des caractéristiques des vins de Bordeaux qui 
seraient liées au réchauffement climatique. Nous avons alors montré la fragilité des jugements que l’on 
peut avoir sur des préférences de court terme et pourquoi il est indispensable de laisser le temps aux 
consommateurs d’évaluer les différents vins dans une ambiance familière, si l’on veut recueillir une 
information réellement structurante et révélatrice des achats répétés et réfléchis. 

Ce résultat nous parait essentiel si l’on veut effectuer des projections sur l’adéquation offre
les équilibres futurs des marchés. Dans le cas où l’offre de vins ne serait plus en adéquation avec la 
demande, il y aurait alors un risque important de détournement des consommateurs 
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A ce stade de notre interprétation des résultats, deux hypothèses peuvent être formulées afin d’expliquer 
cette modification des préférences. La première considère que les consommateurs du groupe 2 ont modifié 
leurs préférences suite à une exposition répétée des deux vins (comme suggéré par Köster [3]) ; 

suite à la consommation répétée du vin B, plus « riche » que le vin 
A. La seconde hypothèse prend en considération l’évolution aromatique et gustative différentes des deux 
vins au cours de la consommation à la maison. La mémoire sensorielle des consommateurs (pourtant non 
prévenus de la présence des mêmes vins entre la maison et le laboratoire) aurait alors pu entrainer ce 
retournement de situation. Rappelons en effet que les consommateurs ont disposé des vins jusqu’au jour de 
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cours de la dégustation à la maison. Des expérimentations complémentaires sont actuellement en cours afin 
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Introduction 
What allows us to appreciate a fine wine? And how do we make sense of the idiosyncratic thoughts, 
memories and emotions a wine can evoke?  

Wine is as cerebral as it is sensual. Experiencing wine is not just a physical experience but also a cognitive 
and emotional experience. The sensory input associated with wine tasting is subjected to cognitive 
processing from the moment of perception. Emile Peynaud’s frequently-reported observation that blind 
tasting is often disappointing alerts us to the importance of our cognitive processes when we experience a 
wine. Despite research in cognitive psychology and neuroscience confirming the cerebral nature of wine 
tasting, sensory scientists and professionals have been slow to embrace the opportunities offered by these 
cognate disciplines. It is within the last 20 years only that significant change has occurred, with innovative 
scholars challenging the contrived methodologies and a-theoretical, tool-box status of sensory evaluation 
by incorporating cognitive concepts to explain their data. Introducing methods and theories of cognitive 
psychology into sensory science, involving a philosophical shift in the field, is most obvious in the increased 
salience given to the role of the taster in oenological research and in particular, conceptualisation of the taster 
as a processor of information rather than an instrument that can be calibrated to produce repeatable and 
reliable data. By elevating the status of the wine taster and the wine-tasting context when considering a 
wine our understanding of wine-tasting phenomena has begun to progress beyond descriptive reports. 

Definitions of cognitive psychology and cognitive processes are in order before discussing research to 
exemplify their contribution to understanding wine tasting. Cognitive processes are the subject matter of 
Cognitive Psychology, a discipline that takes observable facts in the form of an organism’s behaviour and 
works backwards from the observations to infer how the observed state came about. For example, cognitive 
approaches take behavioural data such as the types of errors made by a wine taster to infer underlying 
cognitive processing. More specifically, cognitive processes are the cerebral processes involved in 
acquisition and use of knowledge [1]. These include the processes we use to perceive (i.e., to make sense of 
incoming sensory input), to carve up the perceived world into a sensible classification system 
(categorisation), for remembering, imaging, making judgments and decisions, and for communicating our 
perceptions and judgments to others. Since the 1960s, these processes have been considered within a 
behavioural model that views humans as information processors, rather than as passive recipients of one-
way input [2]. The processes are assumed to occur in real time, either in parallel or consecutively, and are 
affected by inherent capacity limits of the human information-processing system, and by emotions. 
Although they are categorised as if they are separate processes, this is simplified for pragmatic reasons and 
in no way implies that they are not in constant interaction across real time with their boundaries blurred. 
Finally, much cognitive processing goes on outside conscious awareness; for example, an odour may 
influence our behaviour in the absence of us being consciously aware of either the presence of the odour or 
its influence on us. 

When we evaluate wine, even by a simple recognition judgment (e.g., we report that we smell berry notes), 
virtually all the processes mentioned above are likely involved. From a psychological perspective, wine is 
complex relative to most food stimuli, not least because at the perceptual level wine assessment requires 
multi-modal processing of visual, olfactory (smell; aroma), gustatory (taste), and trigeminal (mouth-feel) 



OENO 2015 

670 

inputs. Further, the subsequent higher-order cognitive processes implicated in processing sensory input 
such as semantic (verbal) memory, classification, olfactory imaging, judgment and language tend to be 
relatively impoverished in humans where smell is involved. Hence, we often have difficulty ‘capturing a 
wine in words’ [3]. An important aspect of the cognitive processing implicated in wine tasting is integration 
of top-down and bottom-up information processes. In brief, this concerns how top-down processes 
involving knowledge and emotions influence attention and perception. Perception is not a one-way flow of 
information. An incoming stimulus, once detected, activates information already in our heads (memories; 
expectations; ideas; emotions) so that during perception, the bottom-up (data-driven) input from the 
objective stimulus (e.g., the wine in the glass) is interpreted using top-down (higher-order) cognitive 
processes such as categorisation and memory. Hence, the resulting subjective representation of the stimulus 
(the wine) that we form has right from the time of perception been modified by our unique physiology and 
psychological history. This raises the controversial issue regarding degree of objectivity that is possible in 
wine appreciation, including when analytical wine-tasting methods are employed. The analysis above in no 
way implies that the stimulus (i.e., the wine in the glass) does not contain objective properties that 
have potential to be experienced similarly by every taster; it merely argues that we are not blank slates, 
faithfully recording the objective properties of a stimulus or event, much like a videotape, but that our 
subjective representations will vary according to our physiology and experience, particularly when the 
sense of smell is involved. 

Relevant research 
Drawing on cognitive psychology’s methods and theories has advanced wine sensory science from research 
limited to mere description of effects (e.g., an influence of wine colour on smell) to studies that permit 
inferences about the underlying cognitive processing. Due to space limitations, this discussion of cognitive 
psychology’s contribution to understanding wine tasting is highly selective rather than comprehensive. 

Perception and higher-order cognition  
Two research areas concerning perceptual processing have high relevance for understanding wine tasting: 
(i) the multi-sensory nature of wine perception; and (ii) perceptual biases and contextual effects. 

When we ‘taste’ wine, we experience sensory input via our visual, olfactory (smell by nose; aroma by 
retro-nasal olfaction), gustatory, and trigeminal systems. Recent psychological research concerning 
fundamentals of flavour perception has shown not only how inherently complex wine tasting is, but has led 
to a redefining of the term ‘flavour’ [4]. More specifically, research has shown that the anatomically 
independent sensory systems involving olfaction, taste, and trigeminal stimulation integrate cerebrally to 
form our subjective experience of flavour. One specific finding in the area that has relevance to wine 
tasting is demonstration that concurrent, multi-sensory inputs lead to interactions, the influence of odours 
on taste perception being the most often reported (e.g., olfactory-induced, enhanced sweetness judgments 
where a beverage with strawberry odour is judged to be sweeter than a beverage with identical sugar 
concentration but no odour). Many odour-taste interactions have been shown to be influenced by familiarity 
with the odour-taste combination (e.g., prior experience of strawberry as sweet), suggesting learning to 
underlie the effect. Interestingly, odour-taste associations can occur even when the interacting sensory 
inputs are sub-threshold when presented singularly [5], suggesting cross-modal summation at a neural 
level. Other fundamental research involving multi-modal perception demonstrates that humans, including 
experienced perfumers, have difficulty detecting more than two or three separate components in odour-taste 
mixtures, with smells being more difficult to detect than tastes [6]. The limited capacity of working 
memory (sometimes referred to as the span of attention) is implicated as the source of this difficulty. 

A second influential area of research concerns how our perceptual processes not only facilitate and enhance 
a wine-tasting experience but can lead us to make erroneous judgments. Known as perceptual biases and 
contextual effects, specific findings include colour-driven olfactory bias, influence of extrinsic stimuli 
(e.g., wine price, weight of the bottle, knowledge of the producer) on wine quality judgments, and 
contextual effects such as influence of music or location (e.g., ambience of a laboratory vs restaurant) on 
wine judgments. Although influence of colour on perceived taste and/or smell of wine was demonstrated in 
the early 1960s by Rose Pangborn and colleagues, the data were interpreted descriptively only. Despite a 
large literature on biased judgment being available in cognitive psychology from the early 1970s [7], it was 
not until the turn of the century that a cognitive analysis of such effects in wine tasting was reported [8]. 
Morrot and colleagues demonstrated that when given a white wine coloured red with odourless 
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anthocyanin, oenology students reported more frequently that the wine had red wine characters 
(e.g., ‘cherry’) than when the wine presented to them was in opaque glassware so that the wine’s colour 
could not serve as an information cue to drive the judgment. This robust effect which can be interpreted in 
terms of the cognitive construct of ‘expectations’, an aspect of top-down cognitive processing, was reported 
later in highly-experienced wine professionals in New Zealand [9], demonstrating that expertise in the 
domain of wine does not necessarily protect us from this powerful, visually-driven olfactory bias. Prior 
knowledge and experience, presumably in the form of knowledge of the likely attributes of a red wine, and 
typically advantageous when making wine judgments, was in this case demonstrated to inhibit rather than 
facilitate accurate perceptual processing. 

Other influential research drawing on psychological theory to understand wine tasting involves higher-
order cognition, namely categorisation, thinking (inferential and deductive reasoning; judgment; decision 
making), imagery, memory, and language. These processes are considered to involve a deeper level of 
cognitive processing than many perceptual phenomena. Theories of human categorisation have been 
influential in interpreting wine sensory data concerned with (i) how we structure our wine knowledge, and 
(ii) wine typicality. Categorisation theories attempt to explain how we conceptualise the world and classify 
the myriad of stimuli that impinge upon us at any point in time. Prototype theory provides one view of how 
we do this, arguing that we form prototypes or ideal examples of a category on the basis of our experience 
with various exemplars. In other words, prototypes are subjective representations stored in memory. 
They are based on a measure of central tendency and specify the characteristics expected of an ideal or 
typical member of a category (e.g., the ideal Sauvignon blanc from Marlborough, New Zealand). Once a 
prototype has been formed cerebrally, all subsequent judgments of pertinent stimuli are assumed made with 
reference to the represented ideal. A particularly innovative study in this area was reported in 2001 [10] 
where the tasting notes of four well-known wine critics were examined via textual analysis (Alceste) to 
understand their experiences. Alceste [11] identifies within the raw data the language patterns 
(i.e., descriptions) most frequently used, putting the words/terms into classes. Brochet and Dubourdieu’s 
results demonstrated that the wine critics’ comments varied greatly across tasters, but fell in general into 
classes that corresponded with descriptions of either red wines or white wines. The authors referred to 
these classes in terms of wine prototypes, interpreting their data as demonstrating that tasters were largely 
driven by top-down cognitive processing. That is, a taster’s immediate experience of each wine (the data-
driven input) was very much influenced by what was already in their head, their subjective representations 
of the categories ‘red wine’ and ‘white wine’ dominating all subsequent judgments. Perceived typicality of 
a wine is another research area that has progressed theoretically as a result of researchers drawing on 
theories of human categorisation [12, 13]. Both varietal typicality and regional typicality (provenance) have 
been investigated, with typical or ideal wines shown to exhibit certain characteristics (e.g., a combination 
of fruity and green characters in Sauvignon blanc wines from New Zealand) that other wines in the 
category share less of, and wines outside the category may have none or few of. The work has also 
demonstrated the importance of top-down cognitive input (i.e., knowledge and experience), with less-
experienced tasters exhibiting increased variability regarding the characteristics essential to high typicality 
exemplars of a wine varietal [14]. 

Other research involving higher-order cognition and wine appreciation has investigated imagery, semantic 
(verbal) memory, and language. An area of research that implicates higher-order cognition involves 
investigation of the role of imaging processes in odour identification [15]. The researchers employed 
innovative methodology requiring study participants to engage in imagery in an odour identification task, 
demonstrating superior abilities in wine experts relative to less-experienced people. These data support the 
notion that experience enhances olfactory identification, a notoriously poorly-performed skill that is 
essential in wine appreciation. Further, the researchers employed dependent measures common to cognitive 
psychology (response times; types of errors), allowing them to conclude that the longer time taken by 
experts relative to novices to identify correctly an odour related to a deeper level of cognitive processing by 
the experts. This type of behavioural work not only aids development of theory pertaining to wine tasting 
but the results lend themselves to being mapped to neurophysiological data, eventually giving a more 
complete analysis of the cerebral processes implicated in superior wine-tasting abilities. 

Finally in this section, wine-tasting research with a cognitive focus has also shown how tasting-task 
requirements can lead tasters to adopt different cognitive strategies. A recent study of perceived complexity 
in white wine [16] reports data suggesting that judging an abstract wine attribute like complexity 
encouraged tasters to see the wine as an integrated whole, rather than to deconstruct it. That is, tasters 
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associated other global wine characteristics such as harmony and balance with perceived complexity, rather 
than qualities such as the number of distinct components identifiable in the wine, the latter more in keeping 
with seeing the wine’s parts as separate elements. Such results suggest that evaluation of global aspects of a 
wine such as quality or complexity involves cognitive processing that differs to that involved when more 
concrete, distinct aspects of a wine are evaluated (e.g., degree of sweetness or oaky character). 

Emotion and cognition 
Emotion and cognition are easy bedfellows when it comes to wine. An everyday example is how the smell 
of a wine can effortlessly evoke memories and emotions associated with the perfume of a former lover. 
Cognitive psychology’s extensive literature demonstrating influence of odours on behaviour, memories, 
moods, and emotions [17], supported by neuroscience evidence of a shared neural substrate, includes 
findings relevant to wine tasting. First, a robust finding is that olfactory-induced influences (i.e., observed 
behaviour change associated with presence of an odour) occur even when we are not consciously aware of 
either the presence of the odour or its effect on our behaviour. Second, autobiographical memories 
(i.e., memory for personally-experienced events), and the emotions typically associated with 
autobiographical memories, have been shown to play a major role in how we name and respond both 
analytically and hedonically to smells, especially smells that we learned during childhood. Hence our 
histories, exemplifying learning (e.g., prior conditioning where a mouldy odour and negative feelings have 
become strongly associated) are integral to how we respond to olfactory stimuli. Finally, memory research 
has shown that not only are distinctive olfactory experiences remembered well, but they are remembered so 
well that they are relatively impervious to forgetting or modifying. This effect argues against the validity of 
attempting to train tasters to consensually name a specific odour; linguistic uniformity may result, but this 
does not imply conceptual uniformity. Indeed, odours are the thorn in the side of consensus methodologies. 
To conclude this section, a different approach to understanding emotion, cognition, and wine tasting was 
reported recently in a study focusing not on olfaction but on higher-order cognitive processes related to 
language [18]. The study aimed at elucidating the emotions, positive and negative, evoked in wine tasters 
when they experienced wines, an approach that offers promise for broadening our understanding of wine-
tasting phenomena. 

The consensus model, inter-individual differences, and wine expertise 
Research reported above demonstrates how a consensus model of taster behaviour is inappropriate for 
most sensory analysis of the complex beverage known as wine. Demonstrated differences amongst wine 
tasters, reflecting each individual’s physiology, experience and knowledge, limit the usefulness of 
consensus models. Further, research demonstrates that perception involving taste and smell, important to 
wine tasting, is much more diverse amongst people than is perception involving vision, hearing, 
and trigeminal stimulation. Hence, contrived methodologies that attempt to align tasters both conceptually 
and linguistically, often in an effort to align sensory data with wine chemical composition or to limit 
variability for other reasons, are unlikely to produce valid data in the sense of real-world, wine-tasting 
phenomena. If a certain degree of consensus is desired, it can be achieved by selection of a tasting task and 
wine evaluation context to maximise such. None-the-less, research based in methods and theories of 
cognitive psychology makes clear that aiming for within-taster and between-taster consensus is an ideal, 
rather than a reality. 

Oenological sensory researchers working within cognitive frameworks have progressed the field by 
modifying the traditional consensus methodologies to allow data demonstrating differences amongst tasters 
to become the data of interest. Two topic areas have been focused on, cultural differences and 
understanding wine expertise. Due to space limitations, the latter only will be discussed. Precisely what 
constitutes wine expertise was considered by psychologists J.J. and E. Gibson in 1955 when they enquired 
as to what a wine expert had learned that a less-experienced taster had not. Methodologies for studying 
expertise in a specific domain such as chess, developed in psychology in the 1930s, were slow to appear in 
sensory science, presumably due to the dominance of consensus methodologies. An innovative Ph.D. 
student in the late 1980s changed this state of affairs [19], investigating linguistic aspects of wine expertise. 
Solomon employed matching-task methodology where study participants matched wine descriptions 
generated by others (experts and novices) to wines. From his study, Solomon concluded that an important 
aspect of wine expertise involves classification and language processes that develop as a function of 
experience, with the wine experts’ knowledge about wines being better structured (e.g., their wine 
categories were better differentiated) than those of novices. Subsequent researchers [20] drew on 
methodology from cognitive research concerning chess Masters, concluding also that organisation of 
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knowledge (e.g., forming of prototypes of wine varietals) and linguistic skill were important in wine 
expertise. Other research that has investigated the specific cognitive processes underlying aspects of wine 
expertise argues that perceptual phenomena play a role also [21, 22]. Overall, recent studies on wine 
expertise have theoretically and methodologically advanced the research area concerned with cognitive 
processes implicated in various aspects of wine tasting.  

Conclusion 

Research bringing focus to the wine taster as an information processor, actively interacting with the wine in 
the glass, has markedly advanced our understanding of wine-tasting phenomena. Arguably the most 
important contributions from cognitive psychology are (i) adoption of methodology that permits wine-
tasting data to be interpreted theoretically (i.e., permits inference regarding type of cognitive processing 
underlying performance within any particular task or context), and (ii) appreciation that inter-individual 
differences are valid and informative data rather than error in the measuring machine that needs to be 
ironed out by training to consensus. Together, these aspects have paved the way for research that further 
delineates the ways in which cognitive processes of perception, categorisation, memory, thinking (sensory 
and verbal) and language are implicated in wine tasting, including in development of wine expertise. 
A promise for even greater understanding in future is offered by increased interdisciplinary links between 
oenology, cognitive psychology and the neurosciences. Cognitive psychology’s behavioural data and 
hypothesised cerebral constructs, in conjunction with recent technological advances in neurosciences 
(e.g., electrophysiology and neuroimaging techniques), offer opportunities to map specific behavioural 
phenomena associated with wine tasting to observed cerebral activity.  

To end, let us re-visit blind tasting. We have seen that blind tasting may well be disappointing due to the 
limits it places on use of top-down information processing. But, precisely what is happening cognitively 
when a wine is tasted blind? With colleagues at the University of Burgundy, we have some hot-off-the-
press data that provide one insight into this issue. When wine professionals from Burgundy and New 
Zealand tasted Pinot noir wines in opaque glasses (the fully ‘blind’ condition) and in clear glasses to judge 
overall wine quality, data show an attenuation or truncation of responses in the opaque-glass condition. 
The tasters not only gave lower quality ratings to the wines when they were presented in opaque glasses, 
but they were more conservative in their use of the rating scale by scoring within a more narrow range 
when evaluating the wines in opaque glassware relative to clear glassware. Arguably the clear-glass 
condition provided a more ecologically-valid context, so that a cognitive interpretation of these data is that 
the fully-blind condition resulted in more cautious (i.e., less certain) responding by wine professionals due 
to the context (black glassware) serving as a source of intimidation, influencing both cognitive and 
emotional behaviour of tasters. 
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Neuroscience – olfaction – apprentissage – récepteurs olfactifs 

“Le gout du vin n’est pas seulement dans le verre, il est aussi dans la tête.” Frédéric Brochet 

Introduction 
Dans le contexte de la théorie de l’information, une compréhension intégrée et globale de l’univers des 
arômes présents dans le vin passe non seulement par une analyse biochimique de la complexité des 
composés volatils contenus par le vin mais aussi par l’étude du système de détection et d’analyse de ces 
composés. C’est notre système olfactif au sein de notre cerveau qui joue ce rôle à la fois de détection, 
d’analyse et de stockage en mémoire. 

Système olfactif 
Le point d’entrée de la perception olfactive se situe au niveau de l’épithélium olfactif où se trouvent les 
neurones sensoriels olfactifs. Au sommet de ces cellules, des cils olfactifs portent les récepteurs olfactifs, 
qui vont détecter et transduire la présence de molécules volatiles en signal électrique. A l’autre extrémité 
des cellules se retrouvent le début des projections nerveuses axonales qui vont se regrouper pour former le 
nerf olfactif. Ce nerf fragile traverse un os très fin, la lame criblée, pour se connecter au cerveau au niveau 
du bulbe olfactif, qui est la première structure du cerveau qui va recevoir l’information olfactive (Figure 1). 
  

 

Fig. 1 - Le système olfactif 

Bulbe olfactif

Epithelium 
olfactif
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olfactif

c a v i t é  n a s a l e

récepteur olfactif

Lame criblée

Figure 1 : Le système olfac f
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Pour reconnaitre les molécules volatiles, ils existent 400 récepteurs olfactifs différents chez l’homme, 
portés par plusieurs millions de neurones olfactifs. Ces récepteurs fonctionnent comme des serrures dans 
lesquelles seule une molécule ou des molécules très proches peuvent entrer et activer le récepteur. 
Cette découverte dans les années 90 a permis aux chercheurs américains Richard Axel et Linda Buck de 
recevoir le Prix Nobel de Médecine en 2004. Grâce à leurs travaux, nous connaissons aujourd’hui la nature 
de ces récepteurs, leur nombre et le mécanisme par lequel la fixation d’une molécule volatile induit une 
cascade de réactions à l’intérieur de la cellule, déclenchant un signal électrique dans la cellule qui est 
ensuite transmis au bulbe olfactif.  

Combien d’odeurs différentes sommes-nous capable de discerner avec 400 récepteurs olfactifs ? Une étude 
récente [1] vient bouleverser les estimations initiales puisqu’elle suggère que nos 400 récepteurs nous 
permettraient de discriminer autour de mille milliards d’odeurs. Ce phénomène s’explique par la règle de 
codage utilisé par le système olfactif : chaque molécule olfactive active une combinaison de récepteurs [2]. 
En effet chaque molécule possède une structure chimique complexe qui lui permet d’activer différents 
récepteurs. Ainsi une molécule volatile est reconnue par plusieurs récepteurs et un récepteur reconnait 
plusieurs molécules similaires.  

Les propriétés des récepteurs olfactifs et du codage combinatoire ont plusieurs conséquences importantes. 
Premièrement, si un composé est capable d’activer 3 récepteurs, ces mêmes récepteurs peuvent aussi être 
activés avec deux ou plusieurs molécules distinctes. En d’autres termes, un mélange de molécules peut être 
perçu comme une seule et même odeur, on parle de perception synthétique des mélanges. Le système 
olfactif réalise donc une synthèse plutôt que d’analyser chaque composé séparément. Deuxièmement, 
comme chaque récepteur n’est pas sensible à une seule molécule mais à un panel de molécules similaires, 
il reste très difficile du point de vue théorique et technique d’identifier les “clés” de chaque récepteur. 
Aujourd’hui, seuls 29 des 400 récepteurs ont été caractérisés [3]. Cette caractérisation indique que 1) un 
récepteur peut être activé par plusieurs molécules très proches mais avec des efficacités variables en 
fonction des molécules, 2) les “clés” sont plus complexes qu’une simple fonction chimique théorique 
(ester, alcool, aldéhyde, etc) et 3) la formule chimique d’une molécule seule ne peut pas permettre de 
prédire l’odeur de cette molécule. Troisièmement, la présence de plusieurs composés dans un mélange peut 
amener à des interactions moléculaires non-linéaires au niveau de chaque récepteur qui vont modifier les 
propriétés de détection des récepteurs et induire des phénomènes de synergie et de masquage [4]. 
Un exemple œnologique intéressant est celui du 2,4,6-trichloroanisole (TCA) qui est capable d’induire un 
effet de masquage général en atténuant la transduction des récepteurs olfactifs de manière non-spécifique [5]. 

Si Richard Axel et Linda Buck ont été les premiers à décrire les récepteurs olfactifs et leur fonctionnement, 
ils ont aussi fait deux découvertes qui permettent de comprendre la logique du codage des odeurs dans le 
cerveau. D’une part, chaque neurone olfactif exprime un seul des 400 récepteurs olfactifs et, d’autre part, 
tous les neurones olfactifs exprimant le même récepteur convergent en un seul et même point à la surface 
du bulbe olfactif. Ainsi, en identifiant quelle zone du bulbe olfactif est activée en présence d’une odeur, le 
cerveau peut connaître indirectement les récepteurs activés, et potentiellement, les molécules volatiles 
olfactives présentes dans l’environnement. Le système olfactif fabrique donc une représentation spatiale 
des odeurs, on parle de cartes olfactives. De manière intéressante, dans le bulbe olfactif, ces cartes 
olfactives sont relativement similaires et communes d’un individu à l’autre. Que deviennent ces cartes dans 
le cerveau ? Elles sont transmises au cortex olfactif, le centre de la mémoire olfactive et de la représentation 
des odeurs. Or plusieurs travaux récents [6-8] montrent que, dans le cortex olfactif, ces cartes olfactives 
communes laissent la place à une représentation propre à chacun et largement dépendante de notre 
expérience olfactive. En d’autres termes, si nous faisons tous appel au même schéma de codage dans le 
bulbe olfactif basé sur une représentation spatiale commune de l’odeur, nous utilisons et interprétons ces 
cartes olfactives tous de manière distincte parce que nous avons appris à l’utiliser de manière différente. 
Une fois l’odeur mise en mémoire, elle sera associée à d’autres informations sensorielles (couleur, saveurs, 
etc), sémantiques et surtout émotionnelles. Notre expérience, notre apprentissage et notre culture sculptent 
donc profondément notre mémoire des odeurs et ceci a d’importantes implications jusque dans la 
sémantique utilisée pour décrire les arômes d’un vin à travers les cultures. 

Mémoire olfactive 
Comment l’expérience, la pratique et l’expertise olfactive modifient-elles notre perception olfactive ? 
Plusieurs travaux de psychophysique montrent que, par rapport à un individu contrôle, les experts olfactifs 
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(sommeliers, œnologues ou parfumeurs) présentent une meilleure capacité d’identification et de 
verbalisation des odeurs, associée à une meilleure mémoire de ces odeurs et une meilleure capacité 
d’identification des composées dans un mélange pour des odeurs familières [9, 10]. L’expertise olfactive a 
une action directe sur notre cerveau et sur ses capacités de plasticité. Des travaux d’imagerie cérébrale des 
régions importantes dans le traitement olfactif (cortex olfactif et cortex orbito-frontal) montrent que plus 
l’expertise est grande, plus les zones d’activation en réponse à une odeur sont réduites [9, 10]. Chez les 
experts, les représentations olfactives semblent être précises et optimisées, permettant une réduction des 
interférences entre les représentations de différentes odeurs, une meilleure résolution des mémoires 
olfactives et potentiellement une extension des capacités de stockage. En plus de cette optimisation dans le 
fonctionnement de notre cerveau olfactif, des travaux montrent que l’expertise induit aussi une 
augmentation relative de la taille du cortex olfactif et orbito-frontal, alors que ces régions ont tendance à 
réduire de taille avec l’âge chez une personne normale. La pratique olfactive serait donc bénéfique pour 
protéger certaines zones du cerveau contre une dégénérescence lente et progressive liée à l’âge. Les progrès 
technologiques permettent maintenant d’étudier ces phénomènes de plasticité et de modification avec 
l’expérience olfactive à l’échelle des neurones et des connections du cerveau. Des travaux récents montrent 
par exemple qu’un apprentissage olfactif va profondément modifier les connections et l’impact du siège de 
la mémoire olfactive, le cortex olfactif, sur le bulbe olfactif [11]. Ce travail suggère donc qu’un 
apprentissage permettrait d’optimiser notre perception précoce de certains composés à la lumière de notre 
mémoire olfactive. Ceci pourrait expliquer en partie comment le contexte ou comment d’autres modalités 
sensorielles (ex : couleur) influencent notre perception. 

Conclusion 
En intégrant différents niveaux d’analyse, allant de la génétique moléculaire jusqu’aux approches de 
psychophysique, la recherche actuelle en neurosciences commence donc à mieux comprendre comment 
notre système olfactif décompose un mélange complexe de composés pour reconstruire une représentation 
sensorielle, pour la mémoriser et pour l’associer avec d’autres sensations ainsi qu'avec nos émotions. 
Les perspectives pour les professionnels du vin sont très nombreuses et le champ de la "neuro-œnologie" 
émerge comme une nouvelle branche de l’œnologie moderne. 
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Mineral – semantic cartography – representation of minerality – flinty note 

Introduction 
Minerality has emerged as a wine-tasting term quite recently. The concept of minerality is spread 
worldwide and it seems to be the most widely used word for describing a wine today. While there is no 
common definition, it is often used to highlight wine quality and as a selling point. Most texts describe 
minerality as a flinty, smoky, or sulphurous odour or as a palate perception of acidity and freshness [1, 2]. 
It is therefore legitimate to enquire whether this term is just an “empty marketing concept” or whether it 
corresponds to one or more hard and fast ideas in people’s minds. Has the professional understanding of the 
word trickled down to consumers?  

Materials and methods 
On-line survey 
To study what consumers and wine professionals think about minerality (without tasting), an on-line survey 
was conducted among French-speaking people in France and Switzerland between 2011 and 2013 [3]. 
The survey comprised a socio-demographic section and three open-ended questions about minerality in 
wine. This study analyses only the first of these open questions: “If I speak to you about minerality in wine, 
what comes to mind?” The responses from 1697 consumers and 1898 wine professionals varied greatly in 
length and content. Some pre-processing was necessary before the textual data (sentences) could be analysed:  

 Correction of mistakes, 
 Lemmatization of the words, that is, conversion of the terms into standardized forms (masculine 

singular for adjectives and nouns, infinitive for verbs), 
 Inclusion of “meaningful” words only (nouns, verbs and adjectives) and removal of all other 

grammatical forms which we considered here to carry no information. 

Data analysis 
Finally, two contingency matrices cross-tabulating respondents and words were compiled, one for each 
category of respondents (consumers and professionals). Words occurring fewer than five times were 
removed from each matrix. Then, aggregated lexical tables [4] were created for each variable of interest 
and compared using the chi-squared test.  

Results and discussion 
Diversity of answers 
The number and diversity of words available to wine professionals were greater than those available to 
consumers. Professionals had more terms to talk about minerality and they seemed more familiar with the 
concept. Table 1 presents a comparison of lexical diversity between consumers and wine professionals. 
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“Tokens” is the total number of words, “types” is the number of different words and “hapax” is words with 
just a single occurrence. Lexical diversity was greater for professionals than for consumers. In plain text, 
professionals used 28 words on average against just 17 for consumers when speaking about minerality. 
This difference was the same after pre-processing, with 14 meaningful words for professionals versus 9 
for consumers.  
 

Table 1 - Lexical diversity between consumers and wine professionals 

  1'898 Wine professionals 1'697 Consumers 

  Number Percentage 
per professional Number Percentage 

per consumer 
  Unprocessed  
Tokens 52'316 27.6 29'371 17.3 
Types 4'353 2.3 2'767 1.6 
  After pre-processing 
Tokens 25'908 13.7 14'293 8.6 
Types 2'634 1.4 1'667 1 
Hapax 1'302 0.7 838 0.5 

 

Specific vocabulary between professionals and consumers 
Diversity of the vocabulary used was also an important feature for distinguishing between professionals 
and consumers. To analyse specific types used by each group, a chi-squared test was conducted on the 192 
words used more than 30 times. The analysis revealed two significant semantic profiles 
(chi-squared=3777.6; ddl=191; p-value < 0.001). 75 types were used significantly (95%) more by 
professionals but only 40 in all by consumers. Table 2 compares the most significant types used by 
professionals (on the left) and consumers (on the right).  
 

Table 2 - Comparison of the most frequent words used by professionals (left) and consumers (right). 
Percentages represent the number of occurrences divided by the number of individual responses 

(1898 for professionals and 1697 for consumers). 

 
 

Professionals associated minerality with sensory perceptions, both olfactory and palate perceptions. 
The most relevant type was “fusil” for “pierre à fusil” in French (meaning gunflint or flint in English). 
About 30% of professionals thought that minerality was a flint odour, whereas it was mentioned 
spontaneously by only 8% of consumers. Professionals formed a clear response around an aromatic 
expression of flint (“pierre à fusil” and “silex”) associated with chalk, freshness, salinity, acidity and 
tenseness. Minerality also seems to be a qualitative perception of subtlety, balance and aromatic length.  

professionals consumers professionals consumers

% % % %
fusil gun (flint) 29.56 8.19 goût taste 13.28 34.65
fraîcheur freshness 17.97 3.65 Indétermination Indetermination 0.26 13.14
note note 14.17 2.47 minéral mineral 13.59 26.10
silex flint 19.60 5.01 terre earthy 4.74 14.50
salinité salinity 8.06 0.77 comme like/as 0.00 3.59
aromatique aromatic 7.90 1.18 penser to think 10.70 16.91
expression expression 8.01 1.24 vigne vine 4.06 9.13
équilibre balance 4.00 0.00 pousser to grow 0.63 4.24
finesse subtlety 5.85 0.59 eau water 1.84 4.89
minéraux minerals 3.64 0.00 sol soil 15.75 18.15
acidité acidity 15.49 4.71 terrain ground 0.63 2.77
craie chalk 8.17 1.71 différent different 1.26 3.54
tension tenseness 4.32 0.41 composition composition 0.58 2.47
longueur lenght 4.06 0.35 rapport link 0.90 2.36
Riesling Riesling 5.64 0.94
complexité complexity 3.74 0.41
schiste schiste 3.95 0.53

Types Types
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Semantic terms used by consumers were completely different. Many of them (13%) did not know 
what minerality was and could not answer the question (they signalled their uncertainty with marks such as 
? or …). The sensory dimension appeared only with the word “taste” but no particular taste (or odour) was 
mentioned. They associated minerality with the taste of wine given by the soil where the vine grows but 
they did not know how it expressed itself in wine. They associated it with the composition of wine. 
They also compared minerality with mineral water and the various minerals it contains.  

Semantic cartography within each group of respondents 
To refine the content of the responses, the respondents in each group were subdivided into specific 
categories. Professionals and consumers were respectively segmented by their occupation and their 
declared knowledge on the basis of two of the questions in the socio-demographic part of the survey. 
Each sub-group was characterized by means of a chi-squared test.  

Occupation impacted answers and particularly references employed to talk about minerality. 
People working in wine-related occupations referred to sensory perception more than people working in 
vine-related jobs. Wine sellers considered minerality to refer to an odour of stone and chalk notes while 
marketing people associated it with aromatic length. Sommeliers looked for the wine balance while 
oenologists spoke more about the wine’s complexity. For vine and wine growers, minerality was impacted 
by soil and the terroir.  

For consumers, two opposing sub-groups were contrasted in terms of vocabulary. Novices (respondents 
with the least knowledge of wine) were those who did not know what minerality was and answered using 
question or suspension marks. Some thought that minerality was related to the composition of wine and 
referred to mineral water. By contrast, wine lovers (consumers claiming to be experts were omitted because 
they were too few to be representative) used a vocabulary very similar to professionals’ and referred to flint 
odour, freshness, and stone, but also found minerality more pronounced in white than red wines. They also 
gave examples. 

Conclusion 
The mental picture analysed for wine professionals and consumers shows that minerality is a polysemic and 
ambiguous term. For wine professionals, minerality is more a sensory concept based on odour and palate 
perceptions, but still a good marker of wine quality. For consumers, minerality is more an expression of 
soil and terroir, with or without particular aromatic notes depending on their knowledge. The connection 
with the soil is also evoked by vine growers and discussed by Maltman [5]. 

The use of the term “minerality” might be confusing for novice consumers who may imagine they are being 
sold something akin to mineral water. Hardly a laughing matter! 
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Millésime – minéralité – oxydation – perception  

Introduction 
Le mot minéralité, largement employé tant par certains professionnels que par les consommateurs, 
n’est pratiquement jamais défini de manière précise, ce qui en fait un descripteur intrigant [1]. La première 
apparition du mot minéral associé aux vins date de 1946, dans le livre Les Imprudents de Marguerite Duras 
p. 68 : « Pour leur délier la langue qu’ils retenaient d’habitude (comme si parler en semaine eût été 
pécher), le vin d’Uderan faisait merveille, un vin blanc un peu sec, qui avait pris la saveur minérale des 
plateaux ». Dès la première apparition, le mot minéralité dénote clairement qualité aux vins qu’il fait 
référence. De nos jours, son utilisation est telle qu’elle apparait comme un phénomène de mode, 
une tendance autant chez les professionnels que chez les amateurs de vins [2]. L’augmentation de 
l’utilisation du mot minéralité est remarquable. En effet, ce descripteur était pratiquement inexistant il y a 
seulement deux décennies, mais il bénéficie maintenant d’une très forte utilisation [3]. Paradoxalement, 
cette expression qui est très en vogue dans la filière du vin est absente dans les dictionnaires de la langue 
française, comme le Larousse (2014) et le Petit Robert (2014), mais elle est présente comme un néologisme 
dans le Dictionnaire de la Langue du Vin de Martine Coutier [4]. Minéral et minéralité, une sensation qui 
évoque l’odeur ou le goût de certains minéraux ou de roches, silex, pierre-à-fusil, craie. Cependant, il 
n’existe pas une définition précise, juste des exemples dans lesquels l’expression est retrouvée. Dans ces 
exemples, l’auteur fait référence à des dimensions du goût « …dont la minéralité sous-jacente 
contrebalance la sucrosité (…) » (M. Mastrojanni, Le Grand Livre des Vins d’Alsace, 1993, p. 78), 
des dimensions d’arômes « Nez discret et fermé au départ qui révèle à l’aération une complexité 
remarquable : minéralité (pierre-à-fusil, silex, craie) enveloppante et élégante, complétés par des notes 
butyreuses et épicées (…) » (Le Rouge et Le Blanc, 2005, no. 78, p. 19) et d’une liaison avec la composition 
du sol évoquant le terroir « A l’attaque, la minéralité surprend, expression d’un sol argilo-calcaire sur 
base de Kimméridgien (…) » (L’Amateur de Bordeaux, sept.-oct. 2002, no. 81, p. 19.). 

L’origine de la minéralité des vins est encore une énigme. Peynaud et Blouin, dans Le Grand Livre de la 
Dégustation - Le Goût du Vin, 5ème édition de 2013, consacrent un chapitre à la minéralité où ils affirment 
que « …il est très difficile, voire impossible, de simuler, provoquer, accentuer ou supprimer la minéralité, 
même en laboratoire, contrairement à la plupart des caractères olfactives ou gustatifs » [1]. 

Généralement, la minéralité des vins est associée dans la littérature à plusieurs descripteurs, parmi eux, 
les descripteurs métalliques, arômes et goûts salins [5], silex, pierre-à-fusil, iodé, craie, acide, fraîcheur et 
fumée [6-10]. Heymann et al. [10], en faisant une exploration sur la perception de la minéralité de vins 
blancs reconnus comme minéraux par la presse spécialisée et en utilisant des experts et un panel entrainé, 
ont montré une corrélation positive de la note minérale avec le goût acide et citronné, la fraîcheur, la pierre 
mouillée, les arômes chimiques, les arômes et le goût de réduction, herbacés et calcaires. La note minérale 
dans cette étude était négativement corrélée avec les notes de beurre, caramel au beurre, vanille, arômes 
boisés, miel, fruit, moisi et pipi de chat. Certaines publications scientifiques ont mis en évidence le 
caractère multimodal de la minéralité. Parr et al. [11], dans une étude sur le Sauvignon blanc, ont montré 
qu’il y avait une corrélation négative dans l’évaluation ortho nasale et rétro nasale de la minéralité, ce qui 
suggère que l’évaluation de la minéralité en bouche peut être modulée par le goût et/ou la texture du vin. 
En revanche, Ballester et al. [8] ont montré que sur le Chardonnay de Bourgogne, la minéralité évaluée en 
bouche était indépendante de la minéralité évaluée au nez.  
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Parmi tous les descripteurs associés à la minéralité évoqués plus haut, il est intéressant de noter que certains 
sont directement liés à la réduction et aux composés soufrés. En plus, ce lien est directement présenté dans 
le Traité d’Œnologie, de Pascal Ribéreau-Gayon et al. [12], dans sa 5ème édition. Les auteurs ont fait 
référence à la minéralité dans le chapitre sur le vieillissement aromatique prématuré des vins blancs 
(p. 346), dans les termes suivants : « Cette odeur particulière [la résine, l’encaustique, le camphre ou 
encore le miel et l’hydromel], qui rappelle celle des vins blancs oxydés, peut concerner tous les vins blancs 
secs ou liquoreux quels que soient l’origine et le cépage. Elle se développe au détriment des nuances 
empyreumatiques, minérales et truffées, caractéristiques du bouquet de réduction des vins blancs ». 
Les auteurs ont donc relié le caractère minéral avec des arômes réducteurs et l’ont opposé aux notes 
d’oxydation. 

A partir de toutes ces études récentes qui indiquent que les notes réductrices provoquées par des composés 
soufrés pourraient en partie participer au caractère minéral des vins et considérant que les composés soufrés 
responsables sont sensibles à la présence d’oxygène, nous émettons l’hypothèse que la minéralité pourrait 
être négativement corrélée avec le degré d’oxydation des vins et, par conséquence, être moins prononcée 
dans les vins plus âgées. 

Matériel et méthodes 

Participants 
Vingt volontaires ont participé à l’étude (7 femmes et 13 hommes, âgés de 23 à 53 ans) et étaient tous 
impliqués dans le processus de fabrication des vins de Chablis. Le Tableau 1 présente l’âge et le 
niveau d’éducation des participants.  

 

Tableau 1 - Profil des participants 

Age (ans) Participants 
21-30 3 
31-40 7 
41-50 8 
51-60 2 

Niveau d’éducation  
Collège -- 
Lycée 2 

Université 18 
 

Vins 
Sept différents millésimes Chablis 1er Cru Côte de Léchet (2012, 2011, 2010, 2009, 2006, 2004 et 1998) du 
même producteur ont été sélectionnés pour cette expérience, avec un écart d’un an entre les quatre plus 
jeunes et un décalage plus accentué entre les trois plus anciens. Tous les vins étudiés étaient bouchés en 
liège naturel.  

Procédure 
Les panélistes recevaient sept échantillons dans un ordre aléatoire en suivant un carré latin et leur tâche 
était d’évaluer la minéralité des échantillons sur une échelle d’intensité en sept points, allant de la borne 
absente à gauche jusqu’à très intense à droite. Ils devaient ensuite décrire les vins à l’aide d’une liste de 
descripteurs inspirée de Parr et al. [13] et adaptée au Chardonnay. Cette liste est détaillée dans le Tableau 2 
et comporte des descripteurs reliés à l’oxydation (miel/cire), à la réduction (pierre-à-fusil/silex 
frotté/fumée, soufré/réduit/œuf pourri), d’autres descripteurs reliés à la minéralité dans la littérature, 
plus d’autres descripteurs plus généraux.  

Analyse de données  
Nous avons tout d’abord fait une Analyse en Composantes Principales (ACP) sur la matrice vins x 
dégustateurs afin de regarder l’accord et désaccord des juges. Nous avons ensuite fait une Classification 
Ascendante Hiérarchique (CAH) sur les coordonnées de l’ACP, afin de mettre en évidence des groupes de 
dégustateurs donnant des réponses similaires. Enfin, une ANOVA suivie d’un test de Duncan a été réalisé 
pour chaque groupe de dégustateurs afin de déterminer s’il y avait des différences significatives entre les 
millésimes. 
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Tableau 2 - Liste des descripteurs 

 Termes 
1 Minéral  
2 Fruits jaunes/fruits blancs 
3 Herbe coupée  
4 Floral 
5 Agrume (citron et pamplemousse) 
6 Miel/cire 
7 Pierre-à-fusil/silex frotté/fumée 
8 Soufré/réduit/œuf pourri  
9 Craie/calcaire  
10 Coquillages/iodé  
11 Sucré  
12 Amertume  
13 Acidité/vivacité  
14 Salinité  
15 Fraîcheur  
16 Densité/volume en bouche  

Résultats et discussion 
Les résultats ont montré un désaccord entre les professionnels sur leur jugement de la minéralité (Fig. 1). 
Ces résultats sont en accord avec ceux montrées par Ballester et al. [8]. Deux groupes de dégustateurs se 
dégagent dans une analyse CAH (Fig. 2). 

 

Fig. 1 - ACP avec la distribution des participants 
par leurs jugements de la minéralité. 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 2 - Analyse de classification ascendante 

hiérarchique (CAH). 
 

Afin de mieux comprendre comment ces deux groupes de dégustateurs voient l’association entre minéralité 
et oxydation nous avons fait une ACP sur les descripteurs et les vins pour chaque groupe. Le premier 
groupe (n=12) révèle une claire opposition entre le caractère minéral et les notes miel/cire, notes 
représentatives de l’oxydation (Fig. 3a) et ce caractère minéral est associé à de notes du goût comme 
acidité et vivacité, et un descripteur sensoriel d’origine somesthésique, la fraîcheur. Pour l’autre groupe 
(n=8), l’ACP montre une indépendance entre la minéralité et le caractère oxydatif des vins et une 
opposition avec les notes réductrices (Fig. 3b) et la minéralité pour ce groupe est associée aux descripteurs 
craie et calcaire et opposée aux notes de réduction. Pour ce dernier groupe, les résultats ne vont pas dans le 
sens attendu (l’opposition minéralité et miel/cire).  
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     A      B 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 3 - ACP avec la distribution des descripteurs par les groupes 1 (A) et 2 (B). 

Conclusion 
Finalement, notre hypothèse de départ n’est que partiellement validée, puisque deux conceptions 
différentes de minéralité par rapport au mécanisme d’oxydoréduction ont étés mises en évidence. 
La minéralité est corrélée avec la réduction qui est opposée à l’oxydation (première conception) et la 
minéralité est opposée à la réduction et indépendante de l’oxydation (deuxième conception). Ces résultats 
préliminaires restent à confirmer en réitérant l’expérience avec un effective plus large de participants. 
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Sensory – Riesling typicality – PLS-VIP-CCA – RATA-JAR 

Introduction 
The notion of typicality in the field of wine is based on its sensory properties and plays an important role in 
the concept of varietal definition of wines. The common methodology for measurement of typicality in 
wine science is based on the comparison of wine samples with an internal ideal held by wine experts being 
experienced with the product.  

The aim of this research was to study universal as well as regional elements of Riesling wine typicality. 
In a first study the universal typical aromatic concept of Riesling wines was studied by determining sensory 
properties and chemical markers for typical Riesling wine aroma. In a second study, the regional concepts 
of typical Riesling wines from Rheingau and from Washington State were evaluated. 

Materials and methods 
Study one  
41 wines from 2007 and 2008 vintages were submitted to rate only orthonasal sensory appreciation by two 
expert panels at two locations – of which 18 wines intersected in the two locations for comparison purpose. 
In each session, 30 wines were considered – of which ~20 % were non-Riesling wines (Panel Geisenheim: 
5 Sauvignon blanc, 2 Chardonnay; Panel Bordeaux: 3 Sauvignon blanc, 1 Pinot gris, 1 Gewürztraminer). 
The panellists in Geisenheim and Bordeaux were asked to rate typicality orthonasally according to [1]. 
In addition to the rating of typicality, the judges were asked to name descriptors by using free comments. 
Statistical analysis: Panel performance was monitored using the repeatability index proposed by [2]. 
Further panel comparison was done using Pearson correlation and General Procrustes Analysis (GPA). 
Finally Partial Least-Squares (PLS) regression was used for variable selection, and descriptive sensory data 
was linked to the so selected chemical compositional data as described in [3]. 

Study two  
20 Riesling wines from Rheingau and Washington State (5 dry and 5 off-dry from each region) were 
selected and tasted two times in each region (one orthonasal tasting, one global tasting each) by local wine 
professionals, resulting in four data sets. They were asked to rate overall typicality and to rate in a 
combined ‘rate-all-that-apply’ (RATA)-‘just-about-right’ (JAR) approach descriptors which were identified 
during pre-selection of the wines. Statistical analysis: Panel performance was monitored using the 
repeatability index proposed by [2]. Data from JAR scales were analysed using penalty analysis and 
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calculating mean drops for relative typicality scores for all data sets. Furthermore, typicality scores of the 
panels were analysed. Further panel comparison was done using Pearson correlation, Spearman correlation, 
and RV-values in PCA projections (build on Spearman correlations). Finally, MFA models were built in 
order to compare single panel configurations regarding chemical composition, perceived typicality and 
region. All statistical calculations were performed using XLStat and R-Data base. 

Chemical analysis 
All wines in the two studies were analysed for chemical composition (higher alcohols, fatty acids, ethylic 
fatty acid esters, acetic acid esters, monoterpenes, C13-norisoprenoids, volatile sulfur compounds, 
polyfunctional thiols, phenolic compounds, organic acids, and sugars) as described in [3]. 

Results and discussion 
Study one investigated the global concept of Riesling wines’ aromatic typicality. Therefore wines from 
different regions and varieties were tasted orthonasally by two different wine expert panels in two different 
countries and regions, one experienced in Riesling (Rheingau) and one in Sauvignon blanc (Bordeaux). 

Panel comparison 
Both panels, the German and the French, were able to reproduce typicality measures by showing 
repeatability indexes (rim) of rim = 0.16 and rim = 0.37, respectively. When considering that a rim of 0 
represents the best possible result, whereas a rim of 1 indicates no repeatability, the German panel showed 
higher repeatability, probably due to being more frequently exposed to Riesling wines. For the descriptive 
task the French panel performed more reliable, showing a reproducibility index (Ri) of Ri = 0.68 compared 
to the German panel showing a Ri of 0.59. A Ri of 1 is considered as optimum. When comparing holistic 
typicality of the two panels, there was high agreement of both panels on which wines are typical Riesling 
wines upon their aromatic perception. Both panels’ typicality scores were highly correlated in Pearson 
correlation (r = 0.864; = 0.05; confidence interval 0.95), indicating that there is a shared aromatic concept 
of Riesling wines. Regarding the descriptive task, contingency tables from both panels obtained by the FFC 
method were highly correlated, indicating that both panels agreed on the sensory descriptors attributed to 
the wines (RV coefficient 0.873).  

Typicality concept 
The concept of typicality can be divided into ‘inter-’ and ‘intra-categorical’ typicality. The ‘inter-
categorical’ concept of Riesling wine’s typicality can be observed by significant differences between wines 
from different categories, such as varietal wines. The ‘intra-categorical’ concept of Riesling wines’ 
typicality can be studied by regarding significant differences in a group of Riesling wines. In order to gain a 
more comprehensive picture of Riesling wines’ typicality including chemical aspects a novel methodology 
in sensory science was applied. Regarding chemical composition, a very high number of volatile 
compounds were analysed – of which not every compound can be considered as impacting variable. 
Therefore variable selection is necessary in order to link chemical composition to sensory data. For this 
purpose a PLS-Model of rated typicality scores was constructed from all aroma compound concentrations 
analysed. In order to select the most important aroma compounds in the PLS-Model, the Variable 
Importance in Projection (VIP) procedure was applied and aroma compounds showing a VIP-value above 1 
were selected for further analysis.  

The selected aroma compounds were used together with sensory descriptor groups’ contingency tables to 
perform Canonical Correspondence Analysis (CCA). For ‘inter-categorical’ effects the whole data set was 
used including Chardonnay and Sauvignon blanc wines. Wines from different varieties were clearly 
separated. The cluster of Sauvignon blanc wines was linked to vegetal, sauvignon and Rubus 
ssp./Sambucus ssp. descriptors, whereas Riesling was related to fruity, yellow fruit, and aging related 
descriptors (according to F1) as well as to fermentative and floral aroma (according to F2). Monoterpenes 
linalool, linalool- and nerol oxides, and -terpineol were linked to the cluster of Riesling wines and floral, 
fruity and aging descriptors. Higher TDN concentrations were linked to aging descriptors in Riesling 
wines, whereas 3-sulfanylhexanol concentration was linked to Sauvignon blanc wine cluster. When 
analysing the CCA map towards ‘intra-categorical’ Riesling wines’ typicality high linalool concentration 
was linked to floral descriptors, but to low typicality scores. Concentrations of monoterpene oxides, ethyl 
esters, and TDN increased with aging descriptors. Aging descriptors and therefore TDN concentrations did 
not link to high typicality, whereas higher 3-sulfanylhexanol concentrations did. 
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Table 1 - Aroma compounds impacting PLS-Model according to Variable Importance in Projection 
Value (VIP-Score) which were kept for Canonical Correspondence Analysis 

Name of Aroma Compound VIP-Score 
HIGHER ALCOHOLS  
    hexan-1-ol   2.188 
ACETATE ESTER  
    2-methylbutyl acetate   1.508 
ETHYL ESTER  
    ethyl propionate  1.851 
    ethyl butanoate   1.385 
    diethyl succinate   1.207 
MONOTERPENOLS  
    linalool   0.417 
-terpineol   1.367 
    geraniol  2.099 
MONOTERPENE OXIDES  
    trans-linalool oxide   3.725 
    cis-linalool oxide   1.257 
    nerol oxide   2.369 
C13-NORISOPRENOIDS  
    1,1,6-trimethyl-1,2-dihydronaphthalene (TDN) 1.717 
-Ionone  1.117 
SULFUR COMPOUNDS  
    dimethylsulfide (DMS) 4.732 
    ethyl 2-sulfanylpropionate 1.183 
    ethyl 2-sulfanylacetate 1.084 
    3-sulfanylhexan-1-ol (3-SH) 3.767 

 

Study two compared regional Rieslings’ typicality concepts from two different regions on two continents, 
namely Washington State and Rheingau. For that study 10 wines from both regions were pre-selected 
by wine professionals. Upon prior discussion with wine professionals two categories were chosen, 
dry (RS <9 g/L) and off-dry (RS >9 g/L to 20 g/L), due to being expected that typical Washington State 
Riesling would be higher in RS. For this study the decision was made to adapt the methodology and use a 
RATA approach in combination to JAR scales in order to understand more of the wine professionals’ ideal 
concept [4]. This study focused on the comparison of two regional concepts of Riesling wine’s typicality 
and the link between aromatic and overall typicality. 

Panel comparison 
Average repeatability of the panels was 0.46 and 0.61 for the orthonasal panels and 0.73 and 0.77 for the 
global assessment panels from Rheingau and Washington State, respectively, indicating that the panels 
performed in both regions more reliable during global tastings. This effect was even more evident for the 
descriptor reproducibility of the panels, where the orthonasal panels scored 0.46 and 0.62 and the global 
panels 0.80 and 0.82 in Rheingau and Washington State, respectively. Typicality scores of all panels were 
compared using Spearman’s rank correlation, showing significant correlation between Rheingau orthonasal 
and global results (r = 0.59; p < 0.005) and the two global tasting results from Rheingau and Washington 
State (r = 0.53; p < 0.01). 

JAR – mean drop and penalties 
Regarding JAR analysis, the orthonasal panel from Rheingau rated the descriptors citrus and floral most 
frequently as ‘too low’ or ‘just right’, whereas petrol, vegetative and phenolic were considered most 
frequently to be ‘too much’. Interestingly, ‘too strong’ petrol aroma did not play a detrimental role to 
typicality rating in penalty analysis at 95 % confidence intervals, which was observed for vegetative or 
phenolic descriptors. For the Washington State orthonasal panel a lack of citrus, floral, passion fruit, 
apricot, and mineral aroma showed a decreasing effect (low mean drop value) on typicality, whereas petrol 
and canned vegetative aroma showed a slightly decreasing effect when considered to be present 
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‘too much’. For global tastings the lack of cleanness (‘Reintönigkeit’), citrus, fruitiness and acidity were 
negatively linked to typicality as were ‘too much’ petrol, honey, and bitterness. Similar observations were 
made for Washington State global panel rating lower typicality to wines lacking balance, freshness, 
fruitiness, stone fruit, acidity, and citrus. Pronounced bitterness, astringency and sweetness was not 
considered to contribute to typical Washington State Rieslings. 

Comparison of aroma, global and regional configurations 
Regional elements were analysed using MFA build on PCA’s based on Spearman correlations. 
When comparing the sensory space of the selected wines evaluated orthonasally by the Rheingau panel, 
the main separating descriptors between the regions, being more present in Rheingau Rieslings, 
were vegetal, SO2, and grapefruit. Eisbonbon (candy) and honey descriptors were more pronounced in 
Washington State Riesling wines. The Washington State panel could clearly separate the Pinot gris as an 
outlier in orthonasal tasting, whereas no regional separation was achieved for Riesling wines. Regarding 
global testing, which included taste descriptors, the Rheingau panel discriminated dry Rheingau Rieslings 
from mixed Rheingau off-dry and Washington State Riesling by more pronounced citrus, acidity, and CO2 
descriptors and less sweetness, stone fruit, honey, and petrol. Generally Rheingau Rieslings were linked to 
citrus, acidity, and fruitiness. Washington State global tasting panel also linked Rheingau Riesling to 
stronger acidity and citrus perception, whereas fruitiness, sweetness, and balance were rated to be more 
pronounced in Washington State Riesling wines. In both global tasting, citrus was linked to acidity as were 
off-dry wines to sweetness. The fruity descriptor was linked more to stone fruit by the Washington wine 
experts, whereas for the Rheingau tasters citrus and stone fruit seemed to be involved into fruitiness. 
From final MFA the descriptors separating the four panels were apricot, fruitiness, pineapple, and honey, 
either upon poor panel performance or on different concepts of these descriptors. Bitterness was negatively 
linked to typicality in both regions, whereas citrus and acidity were positively related to typicality. 
Descriptors linked to Rheingau typicality were green and vegetal aromas, whereas Washington State 
Riesling typicality was linked to more intense floral, honey, apple, apricot, and phenolic aromas. 

Link between sensory and chemical data 
Rheingau Riesling typicality scores, from both orthonasal and global tasting, were linked to 3-SH 
concentrations (Pearson correlation,  = 0.05, r = 0.447, p < 0.05; r = 0.538, p < 0.05). Furthermore mean 
3-SH concentrations were significantly higher in Riesling wines from Rheingau (557 ng/L) compared to 
those from Washington State (244 ng/L) and therefore could explain the more pronounced citrus and 
grapefruit descriptors in Rheingau Rieslings. A candidate marker compound, possibly implicated in green, 
vegetal aromas contributing to Rheingau Riesling typicality is hexanol. The C6-alcohol showed significant 
higher concentrations in Rheingau Rieslings (1493 µg/L) than in Washington State Rieslings (783 µg/L). 
Washington State Rieslings showed higher TDN concentrations compared to Rheingau Rieslings (2.4 µg/L 
and 0.9 µg/L) without any clear effect on typicality.  

Conclusion 
The two studies prove a universal typicality of Riesling wines compared to other varietal wines. Riesling 
wine typicality is aromatically linked to fruity and citrus descriptors, whereas it is chemically linked to 
3-sulfanylhexanol concentrations. The C13-norisoprenoid TDN and monoterpene linalool play a less 
significant role in aromatic typicality of Riesling wines. Despite an agreed universal aromatic Riesling wine 
concept, regional differences occur and were demonstrated through investigating Rheingau and 
Washington State Rieslings typicality. The importance of taste and retronasal aroma perception was 
demonstrated for the typicality concept. Whereas citrus and acidity were considered as typical for both 
regions, Rheingau Riesling typicality also tended to be defined by green and vegetative descriptors. 
Washington Riesling typicality tended to be defined by floral, honey, apple, apricot, and phenolic 
descriptors. These differences could be traced back to chemical composition. The results regarding Riesling 
wines’ fruitiness indicated possible regional differences in descriptor concepts. 
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Chenin blanc wine styles – volatile composition – Polarized Projective Mapping – holistic evaluation  

Introduction 
Both chemistry and sensory can offer what could be called “descriptive profiling”, but each approach does 
it in its own terms. Chemical analysis can detect ultra-trace levels (ng/L), but this performance is not 
always relevant to the consumer. The link between the data generated by the two evaluation approaches is 
usually difficult to establish, as many chemical compounds work either synergistically or have a masking 
effect on each other. 

One of the so-called “rapid methods” has drawn our attention. Polarized Projective Mapping (PPM) is a 
hybrid of Projective Mapping and Polarized Sensory Positioning [1-3]. It is a reference-based method in 
which poles are used for the evaluation of similarities and dissimilarities between samples and the poles. 
It is an intuitive method in the sense that the closer a sample is to the reference, the closer that sample will 
be physically placed to the pole. Additionally, the judges give a description of the samples, generating a 
short list of attributes. 

Chenin blanc is considered a “neutral grape”, a canvas on which winemaking can put its mark with very 
different outcomes. South African Chenin blanc wine styles range from fresh and fruity, rich and ripe to 
wooded. The styles chosen for this project are fresh and fruity (FF), rich and ripe (RR), and wooded. 
The reason for this choice is that there are possible chemical drivers for each of these styles: thiols, esters, 
terpenes and wood-derived compounds. 

Materials and methods 
The sample set consisted of 10 commercial Chenin blanc wines, vintages 2013 and 2014, from the three 
representative styles, chosen according to the description offered by the tasting notes. 

Chemical analysis 
All the methods used were the in-house methods and they were as follows: major volatiles (esters, higher 
alcohols and fatty acids) liquid-liquid extraction followed by GC-FID; terpenes SPE followed by GC-FID; 
wood-derived compounds HS-SPME-GC-MS/MS. 

Sensory analysis 
One session for projective mapping and one for PPM, 2 repeats, 15 judges. For the projective mapping the 
sample set consisted of 12 wines (2 of them duplicates). For PPM, the sample set also had 12 wines, 
with one of the poles and one other sample duplicated. 

Data analysis 
The data generated was evaluated statistically by means of multivariate techniques: multiple factor analysis 
(MFA), principal component analysis (PCA), separately for the two sets of results, sensory and chemistry, 
respectively. 
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Results and discussion 
Chemical analysis also focused on the volatile compounds. Various classes of analytes have been 
determined: terpenes, esters, volatile acids, higher alcohols, wood-derived compounds. The results are 
shown in Figure 1. 

 
Fig. 1 - PCA of chemical data. Classes of compounds are colour-coded: major volatiles, 

terpenes and wood-derived compounds. 
 

The explained variance for the chemistry PCA was lower than expected (58.46 %). The thiol data is not 
included in this result set and it could improve the percentage.  

The selection of the poles is a key point in this method. As previously presented in the literature, projective 
mapping was used for the selection of the poles [2]. 

Better RV coefficients were obtained for PPM. This could be explained partially because assessors are 
forced to a certain extent to use the A2 in a similar way, since the poles are fixed at the same positions for 
everyone, which is not the case for projective mapping.  

The higher explained variance could also be due to the fact that the poles are given and fixed for PPM 
(47.92 % for projective mapping and 57.06 % for PPM, bi-plots not shown). The explained variance differs 
for the two techniques but it is still relatively low and the values are close.  

Conclusion 
Before implementing in practice, new methods should be tested against already established ones. In this 
way, limitations and advantages can be tested, modifications suggested and sometimes improvements 
added to existing methods. Also, the type of sample used can influence the success or failure rate of a new 
method. A method such as PPM for wine evaluation can be advantageous due to the use of poles, and as 
shown here, the results look promising. 
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Once again, the link between chemical composition and sensory attributes was proved difficult. Chemical 
composition can be used as a possible base for explaining some differences in the perception of samples. 
Additional chemical data could help improve the determination of the drivers for the various Chenin blanc 
styles. 

Abbreviations 
GC-FID, gas chromatography – flame ionization detection; HS-SPME-GC-MS/MS, headspace-solid phase 
microextraction – gas chromatography – tandem mass spectrometry; MFA, multiple factor analysis; PCA, 
principal component analysis; PPM, polarized projective mapping; SPE, solid phase extraction. 
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Esters – aromatic reconstitution – olfactory threshold – red wine fruity aromas 

Introduction 
Studies investigating fruity aromas in red wines over the past decade have revealed a certain number of 
compounds that are potentially involved [1, 2]. Although the importance of the variation of ester 
concentrations effecting red wine fruity aroma has already been highlighted [3], previous works did not 
investigate this further.  

The goal of this work is to study the qualitative and quantitative impact of 12 red wine esters, in complex 
mixtures, on the perception of fruity aromas. 

Materials and methods 
Samples 
Aromatic reconstitution using esters. For aromatic reconstitutions, the various esters were added 
individually or blended together at the average concentrations found in red wines (Table 1) to double-
distilled ethanol and microfiltered water to obtain an ethanol level of 12% (v/v) (pH adjusted to 3.5 with 
tartaric acid). The mixtures containing all 12 esters consisted of the total aromatic reconstitution (TAR). 

Sensory analyses  
Discriminative testing methods. Triangular tests were performed by panel 1 (18 judges, staff at ISVV) for 
various aromatic reconstitution samples (Table 1). A first set of triangular tests consisted of evaluating the 
individual perception of each compound in dilute alcohol solution. Each compound, present at the 
concentrations listed in Table 1, was compared to dilute alcohol solution alone. In the second phase, the 
same panel was subjected to triangular omission tests (Table 1): first the omission of each entire chemical 
family and then the omission of only one compound among the 12 esters. The results of all of the triangular 
tests were statistically analyzed, according to the tables given in the literature based on the binomial law 
corresponding to the distribution of answers in this type of test (NF EN ISO 4120: 2007).  

Olfactory thresholds were determined by panel 1 (18 judges, staff at ISVV), in a three alternative, forced-
choice presentation (3-AFC) in dilute alcohol solution (NF ISO 13301: 2002). The olfactory thresholds of 
ethyl propanoate, ethyl 3-hydroxybutanoate, butyl acetate, and 2-methylpropyl acetate were measured. 
The olfactory thresholds of specific mixtures were also established. Olfactory thresholds of aromatic 
reconstitutions were thus measured in different matrices: dilute alcohol solution, dilute alcohol solution 
containing a compound of interest, and dilute alcohol solution containing a compound at a fixed 
concentration only in the positive sample. The olfactory thresholds of the following mixtures were 
measured: total aromatic reconstitution (TAR) excluding ethyl propanoate, TAR excluding ethyl 
3-hydroxybutanoate, TAR excluding butyl acetate, and TAR excluding 2-methylpropyl acetate. The results 
of all 3-AFC tests were statistically analyzed (NF ISO 13301: 2002). In addition, interaction effects for 
certain mixtures were evaluated using Feller’s additive model [4]. 

Descriptive testing methods. Sensory profiles of aromatic reconstitutions were evaluated by panel 2 
(21 judges, staff at ISVV) for overall aromatic intensity, red-berry, blackberry, fresh-, and jammy-fruit 
aroma intensity. Each sample was presented twice in each session. The subject rated the intensity of these 
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descriptors in each sample on a 100-mm scale. Statistical data were analyzed using the Mann-Whitney 
statistical non-parametric test (XLSTAT software). All descriptors are mean-centered per panelist and 
scaled to unit variance. The statistically significant level was 5% (p<0.05). 
 

Table 1 - Olfactory impact of the omission of various esters from complex aromatic reconstitutions 
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*** 0.1% significant level; ** 1% significant level; * 5% significant level; = no significant difference; x: 
presence of listed compounds; -: absence of listed compounds. C3C2, ethyl propanoate; C4C2, ethyl 
butanoate; C6C2, ethyl hexanoate; C8C2, ethyl octanoate; 2MeC3C2, ethyl 2-methylpropanoate; 2MeC4C2, 
ethyl 2-methylbutanoate; 2OH4MeC5C2, ethyl 2-hydroxy-4-methylpentanoate; 3OHC4C2, ethyl 3-
hydroxybutanoate; C2C4, butyl acetate; C2C6, hexyl acetate; C2iC4, 2-methylpropyl acetate; C2iC5, 3-
methylbutyl acetate. 

Results and discussion 
Impact hierarchy of the compounds 
Perception of individual compounds. All compounds were identified by the panel, except ethyl propanoate, 
ethyl 3-hydroxybutanoate, butyl acetate, and 2-methylpropyl acetate, revealing that they were present in 
subthreshold concentrations. For all other compounds, the differences observed by the panel were 
significant, with a confidence interval of at least 1%.  

The olfactory thresholds obtained for ethyl propanoate, ethyl 3-hydroxybutanoate, butyl acetate, and 
2-methylpropyl acetate (662, 3244, 174, and 249 µg/L respectively) clearly confirmed that these four 
compounds in hydroalcoholic solution had no direct olfactory impact.  

Effect of the omission of one or more compounds. The omission tests results are presented in Table 1. 
The omission of entire families of compounds resulted in a statistically significant modification in the odor 
of the aromatic reconstitution. With the exception of ethyl-2-methylpropanoate, the omission of each 
compound from the TAR was significantly perceived, showing that these compounds contribute to the 
overall fruity aroma of the complex mixture. Omission of each of the four compounds present at 
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subthreshold concentrations was conclusive. These results highlighted the existence of new perceptual 
interactions. The psychometric curve obtained using the olfactory threshold of each compound of interest 
was used to calculate the detection probability of each compound individually at the studied concentration: 
for respective concentrations of ethyl propanoate, ethyl-3-hydroxybutanoate, butyl acetate, and 
2-methylpropyl acetate of 150, 300, 10, and 50 µg/L, the probability of detection was 0.2, 0.019, 0.016, 
and 0.092, respectively, i.e., 20%, 1.9%, 1.6%, and 9.2% of the panelists, respectively, were able to detect 
the presence of these compounds The most notable effects were attributable to ethyl 3-hydroxybutanoate 
and butyl acetate.  

Olfactory properties of compounds present at subthreshold concentrations 
Quantitative effect. As shown in Figure 1, the presence of each compound, which omission at subthreshold 
levels could be perceived, resulted in a decrease in the "olfactory threshold" of the TAR, reflecting an 
individual quantitative contribution of these four compounds to overall aroma intensity. According to the 
esters tested, the addition of ethyl propanoate, ethyl-3-hydroxybutanoate, butyl acetate, or 2-methylpropyl 
acetate led to a 2.6 (confidence interval p<0.01), 2.09 (p<0.01), 3.36 (p<0.01), and 1.84 (p>0.05)-fold 
decrease, respectively, in the "olfactory threshold" of the fruity pool constituted by the other 
11 compounds. These results clearly confirmed that these compounds, present at subthreshold 
concentrations, play an important role as fruity aroma enhancers, via perceptive interactions.  

 

 

Fig. 1 - Effect of ester addition on the detection probability of aromatic reconstitutions.  
*Expressed in mL total aromatic reconstitution (TAR) diluted in 50mL matrix. MS, model wine 

solution (dilute alcohol solution). OT, olfactory threshold. The curves are drawn 
according to a sigmoid function. 
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Interaction effects were evaluated using Feller’s additive model, revealing a hyper-addition effect after the 
addition of ethyl 3-hydroxybutanoate and 2-methylpropyl acetate to the fruity pool and a simple additive 
effect after the addition of ethyl propanoate and butyl acetate to the fruity pool. 

Qualitative effect. Besides ethyl-3-hydroxybutanoate, which had no qualitative impact, the omission of 
these subthreshold compounds from the fruity matrix had a significant attenuating effect on black-berry and 
fresh-fruit aroma intensity and enhanced red-berry fruit aroma intensity. 

Conclusion 
Taken together, these compounds with similar chemical structures have both quantitative and qualitative 
effects, modulating the fruity aromas of red wines [5]. This research revealed their role as natural enhancers 
of black-berry and fresh-fruit aromas and revealed four new perceptual interactions.  
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2-Methylisoborneol – off-odours – wine – gas chromatography-olfactometry (GC-O) 

Introduction 
Aroma is the predominant quality parameter of wine. It is therefore not surprising that avoiding the 
generation of off-odours is an issue of great concern in oenology. In this way, there have been numerous 
studies dealing with the clarification of off-odours in wine from different approaches, either identifying the 
compounds responsible for the defects, improving analytical techniques to facilitate an early detection, 
or developing prevention strategies and remedial treatments. Nevertheless, the wine industry still 
encounters problems in relation to off-odours whose origin cannot be addressed properly.  

Among the compounds responsible for off-odours reminiscent of wet earth and mushroom in wine, the 
importance of 2-MIB must be pointed out. The origin of this compound is the gray mold, also known as 
bunch rot, a grape disease mainly produced by the fungus Botrytis cinerea (Figure 1). Interestingly, 
although 2-methylisoborneol (2-MIB) could be identified in wine in the frame of this study, its stability has 
been previously studied and it was concluded that this compound is not stable in wine; the reported 
degradation mechanism is dehydration of the alcohol function in acidic media, and has been related to the 
fermentation phase of the must [1]. The dehydration products are 2-methylenebornane (2-MB) and 
2-methy-2-bornene (2-M-2-B).  

The aim of this study was to address this paradoxical situation. For this aim, two different strategies were 
followed. On the one hand, in order to study the possibility that this odoriferous zone could be due not to 
2-MIB, but to a potentially related substance which would be stable in acidic conditions, several 2-MIB 
related compounds were synthesized. On the other hand, a study of the 2-MIB stability in wine and in 
model solution was carried out. 
 

 

 

 

 

 

 

 

 

Fig. 1 - Example of grape affected by gray mold. 
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Materials and methods 
Synthesis of 2-MIB related compounds 
The synthesis of the 2-MIB related compounds was performed according to the methods described in 
Schumann and Pendleton [2] and Napolitano et al [3]. 

Extraction and analysis of volatile compounds 
The extraction of the volatiles from the respective samples was carried out by Solvent Assisted Flavour 
Evaporation (SAFE) [4]. The main odour compounds were then investigated by GC-O. The analyses were 
further continued on a 2-Dimensional Gas Chromatography-Mass Spectrometry system (2DIM GC-MS) 
(Figure 2) to separate the target substance from other potentially coeluting compounds and to ensure clear 
mass spectrometric detection of the target compound.  

Stability of 2-MIB 
In order to study the stability of 2-MIB, a French Pinot Noir (Nicolas Napoléon from 2012) and a model 
solution were spiked with 2-MIB reference and stored at room temperature. The concentration was 
regularly measured by Stable Isotope Dilution Analysis (SIDA) during 90 days. The analyses were 
performed per triplicate. This assay was also performed on the 2DIM GC-MS system. 
 

 

 

 

 

 

 

 

 

 

Fig. 2 - Schema oft he 2DIM GC-MS system. 

Results and discussion 
In total, six structurally related compounds of 2-MIB were synthesized. Some of them were earthy 
smelling, presenting very similar odour properties to 2-MIB. The odour thresholds in air were determined 
according to Ullrich and Grosch [5] and they were in a range from 1.96 to 1510.67 ng/L. Nevertheless, 
their retention indices and mass spectra were different from those of the earthy odoriferous zone detected in 
wine, so that these could be dismissed as being responsible for the earthy off-odour previously detected in 
wine. 

In the frame of this study, it could also be confirmed that the dehydration products, 2-MB and 2-M-2-B, are 
not odour-active. This confirmation was achieved by means of sensory evaluation of the two synthesized 
references. 

Additionally, several Pinot Noir wines from Burgundy from the year 2006 were investigated by GC-O. 
Special attention was paid to the presence of earthy smelling compounds. 2-MIB could be detected in two 
samples but could only be clearly identified in Mercurey 2006. This sample had been previously described 
as being the most affected by the earthy off-odour. The identification of the compound was performed by 
comparison with the reference substance on the basis of the following criteria: linear retention index on two 
capillary columns with different polarity, mass spectra and odour quality. All three parameters showed a 
very good correlation. 
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Regarding the results of the study of stability in wine and in model solution, although the concentration 
decreased with time, there was still 2-MIB that remained at the end of the assay; this observation might be 
related to the reaching of a steady state between degradation and reformation of the target substance as the 
decrease curve followed an exponential decrease curve rather than a linear one. The characteristic earthy 
off-odour could be clearly perceived in the samples after 90 days of storage since the final concentrations 
measured in wine and in model solution were well above the odour threshold of the substance. 

Conclusion 
Since 2-MIB was not totally degraded, it was concluded that indeed, if the concentration is high enough in 
must, this substance can still be detected in wine, and contribute, in this case, to an earthy off-odour. 
Alternatively, it may be hypothesized that the continued presence of 2-MIB in mature wines (2006 Pinot 
Noir) could also be related to precursor forms, releasing 2-MIB during wine ageing. However, as the 
degradation rates observed in Nicolas Napoléon (2012 Pinot Noir) wine in the present study followed a 
comparable path as observed in the model solution, the latter case appears to be unlikely in this case. 
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Wine tasting – imagery – wine aromas – descriptors 

Introduction  
The description of wine aromas is a complex and multifactorial task. It includes odor detection and 
extraction from the matrix baseline, stimulus recognition and at the end the proposition of an adequate 
word [1]. New tools must be proposed to the wine tasters who desire to enhance their performances. One of 
our propositions to optimize tasters’ performances is giving them the opportunity to simplify the odor 
description task. The question is now: how can we simplify this task?  

One possible solution is to give the possibility to tasters to skip the verbalization step. The usefulness of the 
visual interface choice in replacement of odor description has been evoked and then studied mainly during 
medical studies. Some psychiatric or degenerative diseases can damage the capacities of patient to 
recognize and/or describe odors. Doty et al. used a visual tool to study olfactory dysfunction in three 
neurodegenerative diseases [2]. Then, Hamtat proposed to replace the descriptor of an odor by the choice of 
a picture representative of the odor [3]. On another hand, the mechanistic link between visual and olfactory 
capacities has been studied in the central system. Gottfried et al. showed that the use of images improves 
olfactory identification performances [4]. Later, neuroscience studies demonstrated visual cues activate 
olfactory and gustatory cortexes [5, 6]. Literature has been recently supplemented by functional data, 
indicating the occurrence of perceptual visual-olfactory interactions [7]. Demattè et al. demonstrated that 
both color and shape information play an important role in olfactory discrimination using pictures [8]. 

If scientific oenology wants to go further in sensory analysis science, it can be useful to explore the utility 
of visual interfaces during taster’s formation and training. The priority is to constitute a picture book 
containing one validated picture for each (of the most common) wine aroma and off-flavor. That is the aim 
of this study.  

Materials and methods  
Our strategy for the validation of the “wine aroma picture book” was: 

 First, to list 150 most used flavors and off-flavors of wines using scientific literature [9] and wine 
tasting comments in French oenological press and guides (“Revue du Vin de France”, 
“Guide Hachette”, etc.). 

 Then, to select 10 to 20 pictures for each odor using the specificities proposed by Foroni et al. [10]; 
to class the pictures in 3 formal categories (cut or whole fruits, flowers with pot or not); and to 
select (intralab selection) one photograph for each formal odor/item category.  

 After, to propose an online consultation in order to validate the picture for 3 criteria: hedonic level, 
representativeness, proximity with the mental representation of the odor. The study was limited to 
wine workers. Every Monday, during 7 weeks, wine workers (around 250 persons) answered two 
online questionnaires, each one dealing with 10 items. In each questionnaire, the items were 
randomized, and for each item, three orders of presentations of the pictures were proposed. 
The persons had to inquire personal data (gender, age, experience, skills and diploma) and had to 
answer the 3 questions on 3 successive pages:  
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1/ Do you recognize the object on this picture? 
2/ Does this picture evoke a pleasant odor? 
3/ From your point of view, which one is the most representative of the “strawberry” 
(for example) smell in wines?    

 Finally, to validate each odor for each criterion using a Khi2 test using Monte-Carlo procedure and 
a contrast evaluation using the Marascuilo procedure; to place each picture into aroma or off-flavor 
category using the results of hedonic level test; and to class all the pictures into class and 
underclass according to the naturalist point of view (not a technological one).  

Results and discussion  
Around 250 persons answered the online questionnaires, 59% were women. Most of the panel was between 
25 and 49 years old (37% between 25 and 34; 42% between 35 and 49; 9% younger and 12% older). 
Seventy percent of the answerers had a master degree (or DNO) in technical oenology, only 10% were not 
graduates of oenology. Most of the answerers (72%) used to work in the south west of France. The panel 
was familiar with wine tasting, 25% declared tasting wine daily, 40% several times a week and 35% 
weekly.  

For each item, at least one picture was easily recognized by the panel (question 1). The unrecognized 
pictures were never selected as representatives of the odor (question 3) and finally excluded from the study.  

The result of the hedonic level (question 2) test allowed the categorization of the items into flavor and off-
flavor. The off-flavors were: “ethyl acetate”, “acetic”, “cultivated mushroom (champignon de Paris)”, 
“encaustic”, “cork”, “moldy/earthy”, “brett character”, “mousse”, “styrene, vegetal”; the family of 
oxidation odors including “rancid nut”, “oxidized apple” and “dried fruits”; and the family of reduction 
odors including “garlic”, “rubber”, “cabbage”, “sewage treatment plant”, “onion”, “floorcloth”. 
The categorization into flavors and off-flavors reflects the classical categorization proposed to the wine 
workers by oenology schools and highlights the importance of scientific and pedagogic strategies to the 
knowledge of wine defects [11-13].  

To select the most representative picture of an item, several situations existed. One picture was 
significantly more representative than the two others; it was the one. Two or three pictures were 
equivalently designated as more representative than others; they were proposed to the “expert committee” 
of the project who elected the one. This alternative strategy concerned 17 items: “cream”, “cherry”, “ash”, 
“vanilla”, “game”, “linden”, “mousse”, “white peach”, “green olive”, “flint”, “candied fruit”, “fig”, 
“broom”, “magnolia”, “pineapple”, “butter” and “leather”. The limit is due to a too close resemblance 
between the pictures itself due to the absence of 3 picture series with real formal differences. Concerning 
fruits, most of the time the cut fruits were designated as more representative than the entire fruits. 
Concerning dairy, spices and others the presence of objects linked to the use of the product in the picture 
but without real odor seems to be a factor of choice as most representative of the odor (nutmeg grater, 
honey spoon, tobacco pipe, etc.). In the case of “petroleum” the gas pump was most representative of the 
odor than oil itself. These results open a new perspective on the link between visual representations and 
odor mental representation.  

Finally, a picture was selected for each item. The organization of items and all the validated pictures are 
presented in figure 1.  

Conclusion  
A procedure for validation of pictures associated to pleasant or unpleasant sensations has been proposed. 
An aroma picture book has been validated for both flavors and off-flavors of wines. These results can also 
teach us about the mental representations associated with wine aromas. 

As a perspective, it could be interesting to repeat this study using different wine-drinker panels 
(geographical origins, diplomas, consumption style, etc.). Our tool could constitute the base of several 
works in scientific oenology and also for marketing investigations.  
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Fig. 1 - The picture book of wine aromas 
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Ellagitannins – flavano-ellagitannins – sensory evaluation 

Introduction 
C-Glucosidic ellagitannins, which are the main polyphenolic compounds in oak heartwood, are extracted 
by wine during aging in oak barrels. Although such maturing of alcoholic beverages in oak barrels is a 
multi-centennial practice, very little is known on the impact of these ellagitannins on the organoleptic 
properties of red wine. To date, only one study has been performed to estimate the astringency and 
bitterness threshold of purified ellagitannins, but the conditions of the sensory test used were unfortunately 
not appropriate to model the wine tasting conditions [1]. To understand the contribution of the ellagitannins 
on the aforementioned mouth-feel properties of red wines or spirits aged in oak barrels, further sensory 
studies are required to evaluate the organoleptic properties of each oak-native ellagitannin, as well as their 
derivatives formed during red wine aging [2]. 

In this context, the objectives of the present work were: (i) to isolate and purify oak ellagitannins 
(vescalagin and castalagin) from oak wood, (ii) to hemisynthesize some flavano-ellagitannins, such as 
acutissimin A, and (iii) to evaluate their sensory impact on the basis of their human threshold 
concentrations and dose/response relationships.  

Materials and methods 
Ellagitannin extraction and purification 
The C-glucosidic ellagitannins, castalagin and vescalagin, were extracted and purified (>95% pure) from 
Quercus robur heartwood as previously described [3-4]. The hemisynthesis of acutissimin A (>95% pure) 
was performed in an acidic organic solution [1.5% (v/v) TFA/THF] at 60 °C as previously described [5]. 
Each pure compound was separately dissolved in aqueous model solutions containing 5 g/L of tartaric acid 
at pH 3.5 and 4.5, and in a wine model solution (12% ethanol, 5 g/L of tartaric acid at pH 3.5).  

Sensory analysis 
Eighteen judges, 10 women and 8 men, from the Enology Department of the University of Bordeaux took 
part in this sensory study. They were all selected on the basis of their interest and availability, and were 
previously trained with aqueous solutions of quinine sulfate (0.25 g/L), aluminium sulfate (3 g/L) and 
sucrose (4 g/L) to set bitterness, astringency and sweetness, respectively. This panel of judges then passed 
different triangular tests using solutions of each ellagitannin with increasing concentrations in order to 
determine the concentration thresholds of each compound at two different pH values, i.e., pH 4.5 for 
comparison with Glasbania and Hofmann’s results [1], and pH 3.5 as a closer approximation of standard 
wine pH.  

Results and discussion 
The castalagin (Cg) astringency threshold (Table 1) was determined to correspond to a concentration of 
5.7 mg/L at pH 4.5, whereas the same compound in the same aqueous solution adjusted at pH 3.5 (Table 2) 
has its astringency threshold at 9.2 mg/L. Remarkably, the astringency threshold of its C-1 epimer 
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vescalagin (Vg) (Tables 1 and 2) could not be determined in these solutions within the range of 
concentrations used. However, it was possible to estimate that Vg astringency threshold is higher than 
6.5 mg/L and 15 mg/L at pH 4.5 and 3.5, respectively.  

The results we obtained indicate threshold values that are much higher (>6.5 mg/L and 5.7 mg/L at 
pH 4.5 for Vg and Cg, respectively) than those obtained by the Hofmann’s group using the half-tongue test 
(1.03 mg/L for both Vg and Cg at pH 4.5) [1]. The Cg threshold in a wine model solution (Table 2) was 
estimated to be at a concentration higher than 40 mg/L. The acutissimin A astringency threshold (Table 1) 
was also evaluated for the first time in an aqueous solution at pH 4.5 and appeared to be higher than 
14.8 mg/L. 
 

Table 1 - Sensory triangular tests for vescalagin, castalagin and acutissimin A at pH 4.5  

pH 4.5  
Vg (mg/L)  Cg (mg/L)  Acutissimin A (mg/L)  

>6.5  5.7  >14.8  
1.03a  1.03a  nda  
Vg: Vescalagin; Cg: Castalagin. 
aResults from Glasbania and Hofmann [1]. 
nd: not determined.  

 

Table 2 - Sensory triangular tests for vescalagin and castalagin at pH 3.5 and wine model solution 

pH 3.5  Wine model solution  
Vg (mg/L)  Cg (mg/L)  Cg (mg/L)  

>15  9.2  >40  

Conclusion 
These preliminary results on the determination of the astringency thresholds of found-in-wine C-glucosidic 
ellagitannins clearly reveal that the methodology used for such a sensory analysis is a crucial parameter and 
that the methodology chosen must mimic as closely as possible the conditions of real wine testing. Further 
investigations are in progress in order to clarify the role and perception of these ellagitannins and their 
flavanoid hybrid derivatives in wine for a better control of wine aging quality. 
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Sensory – oak – maturation – Chenin Blanc 

Introduction 
Traditionally, wooden barrels are used for oak maturation. In recent years the use of alternative oak 
products has increased options of oak maturation for winemakers [1], since new barrels are expensive, 
require a lot of cellar space, and have a limited lifetime [2]. Alternative methods of oak maturation that have 
been investigated in several studies include the use oak chips, beans, shavings, staves and barrel inserts. 

From a sensory point of view, one of the main functions of oak is to enrich the wine with new compounds. 
These compounds can be divided into two categories, namely wood polyphenols that will contribute to the 
structure and taste of the wine, and aromatic compounds such as oak lactones, vanillin, eugenol, furfural 
and guaiacol that will contribute to the aroma of the wine [3]. The concentration in which these compounds 
will be extracted during oak ageing can depend on various factors. These include the size of the pool of the 
compounds and their precursors contained within the matrix of the wood, the rate of release of these 
compounds from the wood, the rate at which such compounds are consumed by further chemical or 
biochemical transformation, as well as the temperature and the duration of storage [4].  

Several studies have reported the sensory effect of alternative oak products [5], but few studies have 
investigated the evolution of oak derived aromas from alternative oak products, especially in white wine. 
Understanding how both experts and consumers react towards wines matured in different oak products 
would enable winemakers to make informed decisions about the application of alternative oak products, 
especially regarding the production of wines for certain price classes or market segments [6]. 

Materials and methods 

Vinification 
Chenin Blanc grapes were sourced from the Tygerberg region in the Western Cape of South Africa, and 
then vinified on large scale at a commercial cellar. The grapes were harvested at 25.4 °Brix, with a total 
acidity of 5.77 g/L and a pH of 3.77. In the settling tank the TA was adjusted to 7 g/L with tartaric acid and 
the total SO  was adjusted to 40 mg/L. The juice was also treated with 3 g/hL of settling enzyme. After 48 
hours of settling the juice was racked and inoculated with a yeast preparation of Saccharomyces cerevisiae 
CY3079, D254, L2056 and D47 at a dosage of 7.5 g/hL each. After 48 hours and 96 hours of alcoholic 
fermentation 15 g/hL of nitrogen supplementation was added to the must. After 3 g/100 mL of sugar was 
consumed by the yeast, the must was moved to the respective oak maturation vessels. 

Maturation treatments 
The maturation trial consisted of six experimental treatments. The first treatment, an unoaked tank wine of 
the same origin, served as the unoaked control for this study (TC1). The second treatment entailed the use 
of 5th fill barrels from the same cooperage, serving as the oaked control wines (BC). New French oak 
barrels, with the same toasting level, of different two different cooperages were used as two more treatment 
(B1 and B2). French oak barrel stave inserts from two different cooperages (S1 and S2) were used in 5th fill 
barrels of the same cooperage than for the second experimental treatment. The barrel inserts were 
customised to have a 40% contact ratio with the wine, thus replicating the effect of a new barrel. All of the 
treatments, except for the unoaked tank control, were performed in triplicate in 300L barrels. 



 

Wine sampling and storage 
After intervals of respectively 4 mo
sampled and sealed with screw capsules in 750 m
After bottling the wines were stored in a controlled environment with a temperature of 
of sensory analysis. 

Sensory analysis 
The sensory analyses of the wines were 
panel of 20 members. Sensory evaluation of the wines was
of oak maturation. Both the expert and trained panel evaluated the wines
citation based method Pick-K-attributes. Experts did not receive any training prior to the sensory 
evaluation. Trained panellists were train
reference standards. During the formal sensory evaluation panellists received the list of set descriptors and 
had to mark the applicable aroma attributes. The expert panel only evalua
trained panel evaluated the wines in two replicates.

Data analysis and statistics 
Sensory data were captured on paper ballots and entered into Microsoft excel (
Statistical analysis was done on XLSTAT (
frequency data [7]. Contingency tables were constructed with wine samples as objects and 
variables. The number of citations of each attribute for a specific wine sample was counted; this was done 
for all wine samples. Correspondence analysis was conducted on the contingency tables. Hierarchical 
cluster analysis (HCA) with Euclide
dimensions of the CA to identify clustering of samples.

Results and discussion
Correspondence analysis was conducted to identify the clustering of samples, with F1 and F2 accounting 
for more than 50% of the variation between wines at each sampling stage. Clear separation was observed 
between the different treatments. The wines aged in new barrels correlated to aromatic descriptors such as 
oaky, caramel, toasted bread, vanilla, and marmalade, wi
maturation from 4.5 months to 9 months. At the 4.5 months ageing interval, treatment 1 of the staves (S1) 
showed little oak character, while S2 had more oak aromas being correlated to descriptors such as 
nutty, vanilla and planky. At the 9 months ageing interval the stave treatments were correlated with similar 
descriptors, including toffee, toasted bread, nutty, and honey. This suggests that the release rate of oak 
derived aroma compounds differed for the two treatments. The unoaked tank
treatments were correlated the strongest to fruity aromas and showed the least correlation to oak derived 
aromatic descriptors. Trends obtained for the trained and expert panel were in general in agreement
(results not shown). 
 

          Fig. 1 - CA analysis of wines after 4.5 months   
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After intervals of respectively 4 months and 9 months of maturation, wine from all the treatments were 
sampled and sealed with screw capsules in 750 mL green Burgundy bottles (Consol, XPRS, South Africa). 
After bottling the wines were stored in a controlled environment with a temperature of 

analyses of the wines were performed by both an expert panel of 25 members and a trained 
evaluation of the wines was performed after respectively 4

of oak maturation. Both the expert and trained panel evaluated the wines by means of
attributes. Experts did not receive any training prior to the sensory 

lists were trained to recognise attributes on a list of set descriptors with the help of 
reference standards. During the formal sensory evaluation panellists received the list of set descriptors and 
had to mark the applicable aroma attributes. The expert panel only evaluated the wines once, whereas the 
trained panel evaluated the wines in two replicates. 

Sensory data were captured on paper ballots and entered into Microsoft excel (www.microsoft.co/excel
Statistical analysis was done on XLSTAT (www.xlstat.com) according to the protocol for analysi

. Contingency tables were constructed with wine samples as objects and 
variables. The number of citations of each attribute for a specific wine sample was counted; this was done 
for all wine samples. Correspondence analysis was conducted on the contingency tables. Hierarchical 
cluster analysis (HCA) with Euclidean distances and Ward’s linkages was performed on the first two 
dimensions of the CA to identify clustering of samples. 

iscussion 
orrespondence analysis was conducted to identify the clustering of samples, with F1 and F2 accounting 

han 50% of the variation between wines at each sampling stage. Clear separation was observed 
between the different treatments. The wines aged in new barrels correlated to aromatic descriptors such as 
oaky, caramel, toasted bread, vanilla, and marmalade, with an increase in oak related descriptors following 
maturation from 4.5 months to 9 months. At the 4.5 months ageing interval, treatment 1 of the staves (S1) 
showed little oak character, while S2 had more oak aromas being correlated to descriptors such as 

9 months ageing interval the stave treatments were correlated with similar 
descriptors, including toffee, toasted bread, nutty, and honey. This suggests that the release rate of oak 
derived aroma compounds differed for the two treatments. The unoaked tank control and bar

correlated the strongest to fruity aromas and showed the least correlation to oak derived 
aromatic descriptors. Trends obtained for the trained and expert panel were in general in agreement
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nths and 9 months of maturation, wine from all the treatments were 
green Burgundy bottles (Consol, XPRS, South Africa). 

After bottling the wines were stored in a controlled environment with a temperature of 16°C, until the time 

performed by both an expert panel of 25 members and a trained 
performed after respectively 4.5 and 9 months 

by means of the frequency of 
attributes. Experts did not receive any training prior to the sensory 

ed to recognise attributes on a list of set descriptors with the help of 
reference standards. During the formal sensory evaluation panellists received the list of set descriptors and 

ted the wines once, whereas the 

www.microsoft.co/excel). 
) according to the protocol for analysing 

. Contingency tables were constructed with wine samples as objects and attributes as 
variables. The number of citations of each attribute for a specific wine sample was counted; this was done 
for all wine samples. Correspondence analysis was conducted on the contingency tables. Hierarchical 

an distances and Ward’s linkages was performed on the first two 

orrespondence analysis was conducted to identify the clustering of samples, with F1 and F2 accounting 
han 50% of the variation between wines at each sampling stage. Clear separation was observed 

between the different treatments. The wines aged in new barrels correlated to aromatic descriptors such as 
th an increase in oak related descriptors following 

maturation from 4.5 months to 9 months. At the 4.5 months ageing interval, treatment 1 of the staves (S1) 
showed little oak character, while S2 had more oak aromas being correlated to descriptors such as honey, 

9 months ageing interval the stave treatments were correlated with similar 
descriptors, including toffee, toasted bread, nutty, and honey. This suggests that the release rate of oak 

control and barrel control 
correlated the strongest to fruity aromas and showed the least correlation to oak derived 

aromatic descriptors. Trends obtained for the trained and expert panel were in general in agreement 

 
CA analysis of wines after 9 months 
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Conclusion 
The expert panel and trained panel delivered results portraying the same trend of aromatic profiles for the 
different treatments. There were clear differences between the unoaked and oaked wines, and also between 
the oaked treatments itself. A clear discriminated between the wines aged in new barrels and the wines 
aged in old barrels with staves was also observed. There seems to exist a difference in the rate of release of 
oak derived compounds, and it is clear that longer maturation leads to more a more oaky profile.  
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Red wine – perceptive interactions – higher alcohols – ethyl ester and acetate 

Introduction 
Some ethyl esters and acetates may increase the perception of fruity aromas in wine, thanks to synergistic 
effects, even if these compounds are present at sub-thresholds concentrations [1, 2]. From a quantitative 
standpoint, higher alcohols (HA) represent the main group of volatiles in many alcoholic beverages. 
Some bibliographic data suggested their contribution to the aromatic complexity by either increasing or 
masking flavors of wine, depending on their concentrations [3]. The goal of this work was to highlight and 
study the impact of five higher alcohols on the perception of the fruity character of red wines’ fruity pool. 

Materials and methods 
Aromatic reconstitution 
Dilute alcohol solution was prepared with ethanol and microfiltered water (12% vol. (v/v)) and 5 g/L of 
tartaric acid (pH adjusted to 3.5 with sodium hydroxide). Dearomatized red wine (DRW) was prepared 
according to the method described by Lytra et al. [4]. Aromatic reconstitutions were also established in a 
Vin de Pays d’Oc (Cabernet Sauvignon). 

The fruity reconstitution (FR) was prepared with thirteen ethyl esters and acetates in dilute alcohol solution 
or DRW at the average concentrations found in red wines (Table 1). Complete reconstitution (CR) was 
achieved by the mixture of these esters in dilute alcohol solution or DRW, with the five HA at 
representative levels of those found in wine (Table 1). 
 

Table 1 - Ethyl ester, acetate, and higher alcohol concentrations used for sensory analyses 

Ethyl Esters and Acetates (μg/L) Higher Alcohols (mg/L) 
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C3C2, ethyl propanoate; C4C2, ethyl butanoate; C6C2, ethyl hexanoate; C8C2, ethyl octanoate; 2MeC3C2, ethyl 2-
methylpropanoate; S-2MeC4C2, S-ethyl 2-methylbutanoate; 2OH4MeC5C2, ethyl 2-hydroxy-4-methylpentanoate; C2C4, 
butyl acetate; C2C6, hexyl acetate; C2iC4, 2-methylpropyl acetate; C2iC5, 3-methylbutyl acetate; 3OHC4C2, ethyl 3-
hydroxybutanoate; 3MeC4C2, ethyl 3-methylbutanoate; 2MB, 2-methylbutan-1-ol; 3MB, 3-methylbutan-1-ol; 2MP, 2-
methylpropan-1-ol; P, propan-1-ol; B, butan-1-ol. 

 
Sensory analyses – Discriminative testing methods 
A first set of triangular tests consisted of evaluating the individual perception of each HA in the FR and in 
dilute alcohol solution by an 18-member panel. Each HA, present at the concentrations listed in Table 1, 
was compared to FR or dilute alcohol solution alone. In the second phase, the same panel was subjected to 
triangular tests (Table 2). The results of all of the triangular tests were statistically analyzed. Olfactory 
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thresholds were determined by an 18-member panel in dilute alcohol solution. The “olfactory thresholds” 
of specific mixtures were also established. “Olfactory thresholds” of aromatic reconstitutions were thus 
measured in different matrices: dilute alcohol solution, dilute alcohol solution containing a compound of 
interest, and dilute alcohol solution containing HA at various concentrations (Table 3). This statistical value 
was determined according to the ASTM-E1432 method [5]. In addition, interaction effects for certain 
mixtures were evaluated using Feller’s additive model. 
 

Table 2 - Olfactory impact of the omission of higher alcohols from the complete reconstitution 

  13 ethyl esters 
and acetates 2MB 3MB 2MP P B Difference 

observed 
Complete 

Reconstitution in Dilute 
Alcohol Solution 

x x x x x x 
 

Test 1 x - x x x x = 
Test 2 x x - x x x *** 
Test 3 x x x - x x = 
Test 4 x x x x - x = 
Test 5 x x x x x - = 
Test 6 x - - x x x *** 
Test 7 x - x - x x ** 
Test 8 x - x x - x = 
Test 9 x - x x x - = 

Test 10 x x - - x x *** 
Test 11 x x - x - x *** 
Test 12 x x - x x - *** 
Test 13 x x x - - x = 
Test 14 x x x - x - = 
Test 15 x x x x - - = 
Test 16 x - - - x x *** 
Test 17 x - - x - x *** 
Test 18 x - - x x - *** 
Test 19 x - x - - x = 
Test 20 x - x - x - ** 
Test 21 x - x x - - ** 
Test 22 x x - - - x *** 
Test 23 x x - - x - *** 
Test 24 x x - x - - *** 
Test 25 x x x - - - = 
Test 26 x x - - - - * 
Test 27 x - x - - - * 
Test 28 x - - x - - *** 
Test 29 x - - - x - *** 
Test 30 x - - - - x *** 

***, 0.1% significant level; **, 1% significant; *, 5% significant level; =, no significant difference; x, presence of 
listed compounds; -, absence of listed compounds; 2MB, 2-methylbutan-1-ol; 3MB, 3-methylbutan-1-ol; 2MP, 2-
methylpropan-1-ol; P, propan-1-ol; B, butan-1-ol 

Sensory analyses – Descriptive testing methods 
Various reconstitutions in dilute alcohol solution or DRW were presented to a 16-judge panel to evaluate 
sensory profiles for overall aroma, fresh- and jammy-fruit, solvent, and butyric notes. The first glass 
consisted of matrix (dilute alcohol solution or DRW) supplemented with the 13 ethyl esters and acetates at 
the concentrations indicated in Table 1. The second consisted of the same matrix supplemented with the 
5 HA (individually or mixed) at the concentrations indicated in Table 3. The third consisted of the matrix 
supplemented with both the esters and the 5 HA (individually or mixed) at the concentrations indicated in 
Table 3. Four samples of aromatic reconstitutions in red wine were also presented. The first consisted of 
red wine alone. The other three glasses contained wine spiked with HA in order to achieve their low, 
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medium and high concentrations in wines (Table 3). Experimental data were also reported on a graph based 
on two parameters for binary mixtures, as proposed by Patte and Laffort. Statistical data were analyzed 
using a non-parametric bilateral statistical test of Kruskal-Wallis (multiple pair wise comparisons using the 
Conover-Iman procedure).  
 

Table 3 - Amount of higher alcohols used for sensory profiles 

 2MB 3MB 2MP P B 
Low concentrations (mg/L) 

Medium concentrations (mg/L) 
60 
85 

200 
290 

50 
80 

15 
20 

133 
2 

High concentrations (mg/L) 100 350 115 40 2.7 
2MB, 2-methylbutan-1-ol; 3MB, 3-methylbutan-1-ol; 2MP, 2-methylpropan-1-ol; P, propan-1-ol; B, butan-1-ol 

Results and discussion 
Organoleptic impact of HA on quantitative perception 
The evaluation of individual perception of each HA in the FR and in dilute alcohol solution revealed that, 
in dilute alcohol solution, 2- and 3-methylbutan-1-ol were present in supra-threshold concentrations. 
These results also highlight the interesting role of butan-1-ol, which affected the aroma of the mixture, even 
when added at sub-threshold concentrations. When omission tests were realized (Table 3), all omissions 
involving 3-methylbutan-1-ol were significantly perceived by the panel, highlighting the importance of this 
compound in aromatic reconstitutions. 

Olfactory thresholds for 3-methylbutan-1-ol and butan-1-ol were also determined. The olfactory threshold 
of 3-methylbutan-1-ol was evaluated at 29.6 mg/L in dilute alcohol solution and 30.6 mg/L in FR. 
These values highlighted that this compound had a direct olfactory impact at the concentration tested in 
both matrices. The olfactory threshold for butan-1-ol was evaluated at 368.6 mg/L in dilute alcohol solution 
and 458.5 mg/L in FR, indicating that this compound was tested at a concentration considerably lower than 
its olfactory threshold. 

When 3-methylbutan-1-ol and butan-1-ol alone were added to the FR in dilute alcohol solution, their 
presence resulted in a significant decrease (p<0.05) in the “olfactory threshold” of FR (4.4- and 7.64-fold 
decrease, respectively). The behavior of butan-1-ol was particularly interesting leading to a decrease in the 
“threshold” of the FR, despite its sub-threshold concentration, revealing an enhancement of the perception 
of the fruity pool, via specific perceptual interactions. Similar effects were detected using a mixture of 
fruity esters [2]. To verify whether the quantitative contribution of butan-1-ol was due to a simple addition 
phenomenon or a hyper-addition effect, the impact of its presence on the odor of the mixture was evaluated 
according to Feller’s additive model. The result revealed a simple addition effect when FR was 
supplemented with this compound. 

The impact of the mixture of HA at various concentrations was also studied. Adding low, medium, and 
high concentrations of a mixture of the five HA led to a 5-, 9-, and 4-fold increase (p<0.05), respectively, 
in the “olfactory threshold” of the fruity pool (Figure 1). These results showed that adding HA at 
concentrations corresponding to those found in red wine led to a decrease in the “olfactory threshold” of FR 
and underline the masking power of these components on the fruity pool perception. Similar effects have 
been described in the literature: adding isovaleric acid and isobutyric acid had a masking effect on “phenol 
character”: the olfactory threshold of this defect character was higher when red wine was supplemented 
with these carboxylic acids [6]. 

Organoleptic impact of HA on qualitative odor perception 
Sensory profile evaluation showed that the addition of 3-methylbutan-1-ol to the FR led to an increase in 
overall aroma and butyric notes, and adding butan-1-ol to the FR increased the intensity of fresh- and 
jammy-fruit, even if this compound was present at levels considerably below its olfactory threshold.  

Adding the five HA at various levels to the FR in dilute alcohol solution (Figure 2) resulted in a significant 
increase in the intensity of solvent notes at all concentrations tested, and butyric notes were significantly 
higher when FR in dilute alcohol was supplemented with the HA mixture at medium and high 
concentrations. Moreover, this addition resulted in lower average scores for jammy- and fresh-fruit 
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intensity of the mixture, for medium and high concentrations, respectively. The same trends were observed 
for solvent notes in DRW and red wine and a significant difference was also noticed for the butyric 
descriptor in red wine. 

 
 

 
 
 
 
 
 
 
 
 
 

 
 
 
 
 

 
 
 
 

Fig. 1 - Detection probability of fruity reconstitution in different matrices: aromatic impact of higher 
alcohols at (a) low, (b) medium, and (c) high concentrations added to fruity reconstitution in dilute 

alcohol solution. *expressed in mL total fruity reconstitution (FR) diluted in 50 mL matrix. DAS, Dilute 
Alcohol Solution; HA, Higher Alcohols. The curves are drawn according to a sigmoid function. 
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Fig. 2 - Aromatic impact of various concentrations of higher alcohols added to the fruity 
reconstitution in dilute alcohol solution.* p < 0.05 on the centered and scaled values; FR, Fruity 

Reconstitution. Histograms represent the non-centered and non-scaled values. Error bars 
indicate standard error deviation. 

 
The analysis by Patte and Laffort model showed that the addition of 3-methylbutan-1-ol, at supra-threshold 
concentrations, to FR in dilute alcohol solution resulted in a marked reduction in the intensity of the fruity 
notes, and that the addition of butan-1-ol to FR in dilute alcohol solution resulted in hypo-addition of fresh-
fruit notes, with a partial-addition level. A tendency towards hyper-addition was observed for jammy-fruit 
notes, but it was not significant compared to the hypo-addition.  

Moreover, when the 5 HA were added at various concentrations to FR in dilute alcohol solution and DRW, 
it generally resulted in hypo-addition of fresh- and jammy-fruit notes. Compounds having non-fruity note 
have been reported to affect the fruity aroma of FR [4]. 

Conclusion 
The addition of individual HA at concentrations found in red wines revealed the interesting behavior of two 
of them, 3-methylbutan-1-ol and butan-1-ol, in reducing the “olfactory threshold” and modifying the 
qualitative perception of FR. 

Furthermore, adding the 5 HA to different matrices revealed remarkable, new, perceptual interactions, 
illustrating quantitative and qualitative changes in the perception of fruity aroma. These compounds 
contributed to a masking effect of fruity aromas in the mixture. Their simultaneous addition to the model 
solution also modified the qualitative perception of FR, depending on the concentration of HA.  

Sensory profiles highlighted changes in the perception of fruity nuances in the presence of the mixture of 
HA, with specific perceptive interactions, including a relevant masking effect on fresh- and jammy-fruit 
notes of the fruity mixture in both dilute alcohol solution and dearomatized red wine matrices. These key 
observations were made following the addition of HA to a more complex matrix, such as a red wine, 
revealing the sensory consequences of the presence of HA at various concentrations under real conditions.  
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Gamay N – typicité – arôme poivré – rotundone 

Introduction 
Avec près de 30 000 ha de vignoble en 2011, le Gamay N est le 8ème cépage rouge le plus planté en France. 
Parfois également dénommé « Gamay noir à jus blanc », cette variété originaire de Bourgogne résulte d’un 
croisement entre le Pinot Noir et le Gouais [1]. Il a trouvé une place de choix dans l’encépagement des 
vignobles de France et est principalement représenté aujourd’hui en Bourgogne, dans le Beaujolais, dans le 
Val de Loire et en Midi-Pyrénées. On le retrouve également dans de nombreux petits vignobles 
septentrionaux comme celui de l’AOP Côtes d’Auvergne où il est implanté pour sa précocité. Au sein de ce 
territoire, ce cépage exprime des notes typiques poivrées qui n’ont à ce jour jamais été étudiées. Ces notes 
pourraient être imputables à la présence de hauts niveaux de rotundone, une molécule identifiée en 
Australie dans des vins de Shiraz [2]. Afin d’étudier la typicité aromatique poivrée des vins de Gamay 
d’Auvergne, une étude comprenant 3 volets (sensoriel, analytique et consommateur) largement inspirée de 
travaux conduits sur Sauvignon blanc [3] a été menée par l’IFV Sud-Ouest en collaboration avec la 
Fédération Viticole du Puy de Dôme. 

Matériel et méthodes 
Vins 
Les 21 vins de l’étude du millésime 2013 ont été choisis sur la base qu’ils contenaient de manière 
prédominante du Gamay N (>85%) et qu’ils étaient représentatifs en termes de volume de production des 
régions considérées. Cette sélection comprend 12 vins des Côtes d’Auvergne, 6 du Beaujolais, 2 du Val de 
Loire et 1 de Gaillac. 

Analyse sensorielle 
Les vins ont été dégustés fin juin 2014 par le jury expert de l’IFV composé de 10 dégustateurs entraînés 
régulièrement. La notation a porté au total sur 32 descripteurs sensoriels au nez et en bouche à l’aide d’une 
échelle discontinue de 0 à 5. Plusieurs séances spécifiques de travail ont été organisées en amont de la 
dégustation, sur les descripteurs aromatiques les plus fréquemment perçus dans les vins de Gamay 
(Figure 1a). Deux dégustateurs soit 20% des membres du jury ont été évincés car ils étaient incapables de 
percevoir les arômes poivrés dans les vins. Des anosmies spécifiques touchant 20 à 25% de la population 
ont en effet été rapportées pour la rotundone [2].  

Analyses classiques et rotundone 
Les 21 vins de l’étude ont fait l’objet d’un suivi analytique dans le laboratoire de l’IFV Sud-Ouest sur des 
paramètres œnologiques classiques. Dans le cadre d’une prestation de service, la concentration en 
rotundone des vins a été déterminée par l’AWRI par chromatographie en phase gazeuse 
multidimensionnelle selon le protocole décrit par Geffroy et al [4]. 

Panel consommateur 
Deux études consommateurs ont été organisées début juillet 2014 à Clermont-Ferrand (n=47) et à Paris 
(n=40). Les membres du panel ont été recrutés sur la base qu’ils étaient des consommateurs réguliers de 
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vins rouges. Suite à l’évaluation sensorielle, 4 vins présentant des profils sensoriels distincts ont été choisis 
pour être dégustés par chacun des membres de ce panel. Ceux-ci étaient invités à classer les vins par ordre 
de préférence (de 1 le vin préféré, à 4 le moins apprécié) après examen olfactif puis examen gustatif. 
A l’issue de la séance, les membres du panel ont complété un formulaire de renseignements 
démographiques et d’habitude de consommation. 

Traitement statistique 
Le traitement statistique des données a été réalisé grâce au logiciel Xlstat (Addinsoft, Paris). Il comprend 
des régressions linéaires, une Analyse en Composantes Principales (ACP) et une Classification 
Hiérarchique Ascendante (CAH) des données sensorielles obtenues par voie orthonasale et moyennées pour 
les 8 dégustateurs retenus parmi le jury expert. La CAH a été utilisée afin de sélectionner les 4 vins 
proposés au jury consommateur.  

Résultats et discussion 
L’ACP (Figure 1a) permet de mettre en évidence que 4 loadings (épicé/poivré, fermentaire lacté, 
fermentaire amylique et intensité aromatique) sont à même d’expliquer les principales différences entre les 
vins. Il est possible de constituer un groupe de vins d’Auvergne présentant des caractéristiques sensorielles 
proches et marquées par des notes poivrées. GAIL-1 et BEAU-4 se distinguent par des notes de type 
fermentaire amylique alors que les vins BEAU-1, BEAU-5 et BEAU-6 présentent des arômes fermentaires 
lactés. Les autres vins présentent quant à eux, des profils sensoriels moins différenciés. 
 

 

Fig. 1 - Analyse en Composantes Principales (a) et Classification Hiérarchique Ascendante (b) 
des données sensorielles de l’examen olfactif. 

 

 

Fig. 2 - Concentration en rotundone des 21 vins de Gamay de l’étude groupés par région d’origine. 

 
Des concentrations en rotundone sensiblement équivalentes sont observées dans les cuvées provenant du 
Beaujolais, de la Loire et du Sud-Ouest (Figure 2). Les vins des Côtes d’Auvergne se distinguent par des 
concentrations supérieures en ce composé. Parmi les 12 vins d’Auvergne, 4 possèdent une concentration en 
rotundone supérieure ou égale à 100 ng/L avec un maximum enregistré à 142 ng/L pour la cuvée AUV-7. 
Une corrélation positive significative avec un coefficient de détermination de 0,66 est observée entre les 
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notes poivrées perçues au nez et la concentration en rotundone mesurée dans les vins. Une variabilité 
importante de concentrations en rotundone peut être mise en évidence au sein des 12 vins des Côtes 
d’Auvergne. Lorsqu’on localise et représente géographiquement sur une carte les parcelles majoritairement 
utilisées pour élaborer les 12 cuvées auvergnates, on constate que les variations de concentration en 
rotundone ne sont pas structurées spatialement ce qui suggère que l’effet terroir, notamment à travers sa 
composante climatique n’est pas dominant. Le paramètre qui permet le mieux d’expliquer cette variabilité 
est le degré alcoolique des vins. En effet, une corrélation positive et significative est observée entre ce 
paramètre et la concentration en rotundone (R2 = 0.44). Ces résultats sont en cohérence avec les travaux 
menés dans le Sud-Ouest sur cépage Duras [4]. 

Sur la base de leur appartenance à des groupes distincts déterminés par CAH (Figure 1b), 4 vins ont été 
choisis pour participer à une étude consommateur : GAIL-1 (profil de type primeur avec de fortes notes 
amylique), BEAU-1 (profil plus complexe marqué par des arômes fermentaires de type lacté), AUV-6 
(profil épicé/poivré), AUV-8 (profil tirant vers le végétal avec en bouche l’astringence la plus faible). 
Le vin AUV-8 marqué par des arômes végétaux est le préféré au nez (somme des rangs = 199) puisqu’il 
devance le vin GAIL-1 d’une courte tête (somme des rangs = 201). Ce dernier, très explosif et fruité, ne fait 
pas l’unanimité car même s’il possède un nombre important d’admirateurs (vin le plus apprécié de 
37 dégustateurs sur 87), il connaît également beaucoup de détracteurs (le moins apprécié de 27 d’entre 
eux). Le vin au profil aromatique poivré (AUV-6) ne fait pas consensus. Il s’agit toutefois en fréquence de 
citation du deuxième vin le plus souvent préféré. Les 21 consommateurs qui ont le plus apprécié cette 
cuvée possèdent le « budget vin » le plus élevé (7,90 euros en moyenne) et parmi eux 57% n’ont pas du 
tout apprécié le vin GAIL-1. Ces constatations permettent de conclure à une certaine opposition entre 
les amateurs du vin GAIL-1 s’apparentant à des néophytes, et ceux du vin AUV-6 qui ont un profil 
d’amateurs éclairés. 

Conclusion 
Ces résultats qui soulignent la typicité de leur production devraient aider les vignerons auvergnats à en faire 
la promotion. Ils leur donnent également la possibilité de s’approprier et de mettre en œuvre les 
connaissances acquises sur la rotundone dans d’autres régions et d’autres pays, dans l’objectif de piloter les 
notes poivrées de leurs vins. Les résultats de l’étude consommateur pourront également les aider à 
constituer leur gamme en mieux ciblant les profils de consommation. 
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Alcoholic fermentation – sensory – “wine-like” feature – nitrogen 

Introduction 
The most basic “wine-like” concept may be formed exclusively with aroma without the contribution of 
other senses. That is, the trivial human experience of realizing that “it smells like wine”: a pattern 
recognition event. Humans generally struggle with identifying the components of a mixture, even when 
they are able to identify the components alone, and this difficulty becomes insurmountable as the 
complexity of the odours increases [1-4]. This limitation is suppressed by an extraordinary capability of 
discriminating one mixture from another. Mixtures containing hundreds of different volatile molecules, 
such as wine or coffee, are associated with unique olfactory percepts [5, 6]. This is possible as the olfactory 
system treats odorant mixtures as single synthetic objects and not as an analytical combination of 
components. Several studies have shown that the cortical patterns of neural activity induced by a mixture 
are unique, and not a combination of neural activities induced by the mixtures’ components [7]. Therefore, 
in order to reveal the volatile “wine-like feature”, pattern recognition techniques are required.  

The aim of this study is to determine the temporal onset of the sensory space responsible for the “wine-like 
aroma” using a novel “bottom up” approach. This “bottom up” approach uses yeast to create the “wine-
like” feature by fermenting a synthetic medium only containing the ingredients essential for creating this 
“wine-like” perception. This study provides insights with regard to what is common to all wines, i.e. what 
is responsible for the cognitive “wine-like” recognition. The chemical reconstruction of the volatile 
sensometabolome has previously been done using a “top down” strategy in order to reconstruct varietal 
aromas via the addition of aromatic compounds to a synthetic solution [8]. Ultimately, if these “bottom up” 
and “top down” aroma construction methods are used in unison, they would greatly aid sensory studies as 
the “wine-like” feature would provide the correct “wine-like” context for sensory analysis.  

Materials and methods 
Strain, media and culture conditions 
The yeast strain used in this study was Saccharomyces cerevisiae Lalvin QA23 (Lallemand Inc, Montreal, 
Canada). The yeast pre-cultures were grown in each of the fermentation medium. In order to obtain robust 
results, two independent sets of experiments were performed. Each set of fermentations was performed 
in triplicate. Fermentation vessels were inoculated with pre-culture in the logarithmic growth phase 
(OD6401) to an OD640 of 0.1 (final cell density of approximately 106 cfu/mL). Fermentations were 
conducted in synthetic grape juice (SGJ) adapted from [9] with a slight modification in Solution C that only 
contained YNB (yeast nitrogen base without amino acids and ammonium sulphate) (Difco), CaCl2, 0.2, and 
a nitrogen source according to the experiment aim: the composition of nitrogen and lipid treatments applied 
to an initial screening of the minimal fermentation medium formulation was NH4Cl (200 mg/L, 
 52.373 mg/L Yeast Assimilable Nitrogen (YAN)) for M1 and M2 and NH4Cl (300 mg/L, 
 78.56 mg/L YAN) for M3 and M4. M1 and M3 were absent of ergosterol. The nitrogen treatments 
applied to a minimal synthetic medium to evaluate the “wine-like” feature contained: for media 
NH - NH4Cl (300 mg/L,  78.56 mg/L YAN) or, for media AA - NH4Cl (200 mg/L,  52.38 mg/L YAN) 
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and cysteine, alanine, arginine, asparagine, aspartic acid, glutamine, glutamic acid, glycine, histidine, 
isoleucine, leucine, lysine, methionine, phenylalanine, proline, serine, threonine, tryptophan, tyrosine and 
valine (total 100 mg/L,  9.95 mg/L YAN). All fermentations were performed in Schott bottles modified 
with a plastic tube and a syringe in order to allow the sampling without opening the flask, thus avoiding the 
media aeration. The ratio liquid/gas was maintained (1:1) in all replicates in order to avoid any deviation. 
All fermentations were conducted in an incubator at a controlled temperature (22°C) and were agitated 
(300 rpm) before sampling.  

Growth measurement 
Yeast growth was monitored by measuring the optical density using a UV/VIS spectrophotometer Nicolet 
evolution 100, Thermo electron corporation (Cambridge, UK). The absorbance of the homogenized sample 
was read at 640 nm in acrylic cuvettes with 1 cm of light path length.  

Sensory analysis 
Seven ranking tests were performed according to [10]. The panellists received a given number of samples 
in coded black glasses covered with a watch glass and they were asked to rank them for the intensity of the 
“wine-like” aroma. The results were transformed from ranks to scores according to Fisher and Yates, 1942. 
An analysis of variance (ANOVA) was applied to the experimental data; results were considered 
significant if the associated p value was below 0.05. The significant differences were determined by Tukey 
tests. All statistical analysis was performed using SPSS for Windows, Version 10.0 (SPSS Inc., 
Chicago, IL), IBM SPSS Statistics 22. 

Results and discussion 
Fermentation kinetic parameters 
In order to clarify the relationships between must composition and the fermentation end-products, 
the complexity of the fermentation medium was minimized such as to obtain the “threshold” for the 
production of the “wine-like aroma”. In a first approach we determined the influence of the quantity of 
nitrogen and lipids on yeast fermentation kinetics. The results showed that the amount of nitrogen (N) has 
the greatest impact on the fermentation profile and kinetics and that the yeast was able to ferment in a 
media containing only 52.37 mg/L of YAN and without lipids. However, since highest concentrations of 
YAN and the presence of lipid factors favoured the fermentation kinetics, 78.56 mg/L of nitrogen and lipid 
factors were included in the composition of minimal medium required by yeast to perform alcoholic 
fermentation, in order to reduce the risk of sluggish and stuck fermentations. The quality of the nitrogen 
source also greatly influences yeast growth, fermentation kinetics and flavour metabolism, and therefore in 
subsequent fermentations different nitrogen sources: only NH4Cl (300 mg/L) and NH4Cl (200 mg/L) plus 
20 amino acids (100 mg/L total) were tested. Overall, both nitrogen treatments resulted in similar rates of 
glucose and fructose consumption, however, the CO2 and biomass production profiles clearly illustrate that 
the medium containing only ammonium fermented faster than medium containing amino acids This may be 
attributed to slightly higher levels of available YAN or ammonia being more readily metabolized in 
contrast with amino acids, which require additional biochemical modifications in order to be used in the 
same metabolic pathways [11].  

Sensory determination of the temporal onset of the wine-like aroma 
Fermentation samples were presented to panellists, who were asked whether the aroma of the fermentation 
products resembled wine or not. Results from both experiments showed that 35-65% of the panellists 
already identified the wine-like aroma in AA fermentations at day 1 while only 15-40% associated this 
aroma to NH fermentations at the same fermentation time. On day 2 more than 80% of the panellists agreed 
that the AA fermentations had a wine-like aroma, whereas on day 3 the NH fermentations 
were unanimously described as wine-like. This suggests that amino acids influenced the production of 
some compounds that contribute to the wine-like feature during the early stages of fermentation. 
In fermentations lacking amino acids the same feature is only perceived hours later probably due to some 
metabolic differences. 

Ranking tests 
The same fermentation samples were also ranked from least to most “wine-like”. The results of the 
statistical analysis of the 7 ranking tests are presented in table 1.  
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Table 1 - Ranking of fermentation products to determine which ones resemble wine. Saccharomyces 

cerevisiae, QA23, fermented a minimal synthetic medium containing either ammonium (NH) or 
a combination of ammonium and amino acids (AA) in 2 independent experiments (F1 and F2). 

The letter denotes a significant difference (p ≤ 0.05). 

ANOVA 

Ranking 
test 

Sample (Tukey Multiple Comparison test) Samples  Panellists 

1 F1_AA_t0a F1_AA_t1b F1_AA_t2c F1_AA_t3c F1_AA_t4d   p<0.05 p>0.05 

2 F1_NH_t0a F1_NH_t1b F1_NH_t2cd F1_NH_t3d F1_NH_t4de   p<0.05 p>0.05 

3 F1_NH_t2a F1_NH_t3b F1_NH_t4b F1_AA_t2a F1_AA_t3b F1_AA_t4b p<0.05 p>0.05 

4 F2_AA_t0a F2_AA_t1b F2_AA_t2cd F2_AA_t3d F2_AA_t4de diluted white 
wine (1:1)e 

p<0.05 p>0.05 

5 F2_NH_t0a F2_NH_t1a F2_NH_t2b F2_NH_t3cd F2_NH_t4c 
diluted white 
wine (1:1)ce 

p<0.05 p>0.05 

6 F2_NH_t3 F2_NH_t4 F2_AA_t3 F2_AA_t4 
diluted white 

wine (1:1) 
  p>0.05 p>0.05 

7 F1_AA_t4a F1_AA_t11a F1_NH_t4a F1_NH_t11b 
reconstructed 

Alvarinho 
aromaa  

  p<0.05 p>0.05 

 
 
The results show that over time, the fermentative aromas resemble the wine-like feature more closely in 
both NH and AA fermentations (ranking tests 1, 2, 4 and 5). Additionally, a diluted wine sample was 
perceived to be as “wine-like” as the fermentation samples with or without amino acids (ranking tests 4 
and 5). When comparing fermentations with different sources of nitrogen at time 3 and 4 with a diluted 
white wine sample (ranking test 6) no significant differences were found between all samples. This result 
suggests that the wine-like feature is mainly affected by the quality of the volatiles that compose it and not 
by the quantity.  

An additional ranking test was performed (ranking test 7) in order to evaluate the differences between the 
reconstructed “wine-like” aroma using a bottom up approach (fermentations) and a top down approach 
(reconstructed Alvarinho varietal aroma). Statistical treatment of the results demonstrates that there are no 
significant differences between the reconstructed Alvarinho varietal aroma and the aroma of fermentation 
with or without amino acids at time 3 and 4 and the fermentation with amino acids at time 11, although 
these treatments were significantly different from fermentation without amino acids at time 11. 
The transformation of ranks to scores [12] allowed the quantification of the differences between samples: 
the smallest the score (more negative), the highest the “wine-like” aroma of the sample. Results show that 
the reconstructed Alvarinho wine aroma is the sample that panellists consider less “wine-like” and that the 
fermentation without amino acids at day 11 is clearly the more “wine-like” with a score much more 
negative than all other samples. 

These results clearly demonstrate that in the tested conditions the “bottom up” approach is more efficient in 
“wine-like” aroma reconstruction than a “top down” approach.  

Sensory validation 
In order to validate the “bottom up” results the samples collected on day 4 were analysed by GC-MS and 
GC-FID for the identification and quantification of the headspace compounds (data not shown). In order to 
evaluate if those compounds when presented in a complex solution were recognized by a sensory panel as 
having a “wine-like aroma”, a synthetic solution was produced by adding the quantified compounds to an 
acidic solution (6 g/L tartaric acid, 3 g/L malic acid, 0.5 g/L citric acid) and buffered at pH 3.5. 
The panellists were asked if they recognized the wine-like aroma in the presented sample. Results show 
that 63% of the panellists recognized the “wine-like” aroma in the reconstructed solution. The results were 
statistically relevant (z-test, p<0. 0001).  
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Conclusion 
The results showed that the amount of nitrogen has the greatest impact on the fermentation profile and 
kinetics and that the yeast was able to ferment in a media containing only 52.37 mg/L of YAN and without 
lipids. The medium containing only ammonium fermented faster than medium containing amino acids. 

The amino acids influenced the production of some compounds that contribute to the wine-like feature 
during the early stages of fermentation. In fermentations lacking amino acids the same feature is only 
perceived hours later probably due to some metabolic differences. 

The performed sensory tests suggest that the wine-like feature is mainly affected by the quality of the 
volatiles that compose it and not by the quantity.  

It was demonstrated that in the tested conditions the “bottom up” approach is more efficient in “wine-like” 
aroma reconstruction than a “top down” approach.  

The aroma obtained on day 4 with a “bottom up” strategy was reconstructed and a statistical relevant 
percentage of the panellists recognized the “wine-like” aroma in the synthetic solution. In order to validate 
this data, omission sensory tests are being done. 
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Wine defects – odor masking – psychophysiological test – perceptive interactions 

Introduction 
Many of the compounds responsible for wine off-flavors have already been identified. To date, most of the 
sensory studies concerning off-flavors have focused on their hedonic valence and detection and/or rejection 
thresholds [1]. Few studies have examined how these compounds affect the aromatic profile of wine. 
This study reports on experiments where wine experts were asked to evaluate the impact of ethylphenols at 
sub- and supraliminal concentrations on wine fruity notes, in order to determine the effect responsible for 
this quality depreciation. The aim was to deepen our understanding of the perceptive phenomenon and 
examine whether the interaction had a chemical, or a peripheral or central physiological origin. 

Materials and methods 
The sensory tests were conducted in a ventilated tasting-room. 

Experiment 1: fruity and “Brett character” evaluation 
In the first experiment, different concentrations of ethylphenols (a mixture 10:1 of 4-ethylphenol and 
4-ethylguaiacol in proportions as found in Bordeaux red wines contaminated by Brettanomyces 
bruxellensis) were added in a Merlot wine in order to evaluate the changes in wine fruity notes (subliminal 
concentration: 9 µg/l; supraliminal concentration: 466 µg/l). 

One hundred and eighty-nine wine experts were required to rate the fruity intensity and the “Brett 
character” intensity on six-point scales (from 0 = not at all to 5 = very strong). Samples were evaluated in 
individual booths at controlled room temperature (20 °C) and in covered ISO glasses coded with three-digit 
number. All samples were only evaluated orthonasally. 

Experiment 2: detection ability and hedonic perception relationship 
The purpose of the second experiment was to test the relationship between the detection ability and hedonic 
perception of a wine spiked with ethylphenols, on the basis of the olfactory segmentation ability among the 
odoriferous source of the participants. The cohort for this test consisted of 83 expert subjects. Two different 
psychophysical tests were used: detection (an ascending procedure, 10 perithreshold concentrations, 3-AFC 
presentation) and rejection threshold measurements (an ascending procedure, 10 perithreshold 
concentrations, and paired-comparison preference test). Solutions for measuring the thresholds were 
prepared using a Bordeaux red wine. The stimulus concentration range used was from 4 to 4000 µg/l of a 
mixture 10:1 of 4-ethylphenol and 4-ethylguaiacol. 

Experiment 3: fruity aroma modeling 
In a third part, complementary experiments were carried out to better understand the perceptive 
phenomenon and to explore whether this interaction has a chemical, a peripheral or a central physiological 
origin: the fruity aroma was modeled by a wine fruity ester, the ethyl heptanoate (strawberry, pineapple 
note). This study included chemical measurements (SPME-GC-MS) [2, 3] as well as psychophysiological 
test, using olfactory mental imagery. Effects of perceived (objective) and imagined (subjective) odors were 
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used in order to evaluate whether the sensory effect observed is primarily mediated by peripheral or central 
mechanisms. In a first part, 12 participants evaluated the fruity intensity of 3 aqueous solutions of ethyl 
heptanoate (219 - 439 - 659 µg/l), and then completed the same task in presence of ethylphenols at 
supraliminal concentration (915 µg/l). Finally, we evaluated whether imagined odor of “Brett character” 
would bring forth the same effect. Subjects were required to spend two minutes imagining “Brett character” 
before sniffing the solutions of ethyl heptanoate. They were advised to sniff actively during the training 
phase as this sensorimotor activity seems to facilitate the evocation of olfactory images [4]. Subjects rated 
the intensities of the fruity character on 100 mm scales printed on paper. 

Results and discussion 
Perception of wine fruity notes: influence of ethylphenol concentrations 
The results showed that both sub- and supraliminal concentrations of ethylphenols could interfere with the 
perception of the fruity notes. Actually, this test evidenced that a subliminal concentration of ethylphenols 
significantly decreases the intensity of wine fruity notes (Kruskal-Wallis test - Steel-Dwass-Critchlow-
Fligner post-hoc test; p<0.05) (Figure 1). 

 
Fig. 1 - Olfactory evaluation of the same Merlot wine spiked with two different 

concentrations of ethylphenols. Comparisons of the mean perceived intensities for fruity 
notes ± standard error. Values marked with different letters are significantly different 

(Steel-Dwass-Critchlow-Fligner post-hoc test; p<0.05). 
 
Relationship between the detection ability and hedonic perception of a wine spiked with ethylphenols  
A significant difference (difference>one-dilution step or intra-individual fluctuations observed) was 
observed between the absolute detection threshold (345µg/l) and the rejection threshold (124 µg/l). Thus, 
the rejection threshold was significantly lower, by a factor of 2.8 (p<0.05) (Figure 2). This wine was 
rejected although its ethylphenol content was below the subjects' detection thresholds. This result highlights 
a perceived change in wine quality even at subliminal concentrations of ethylphenols. 

 
Fig. 2 - Comparison between detection and rejection of ethylphenols (n = 83 experts). 

Curves represent the stimulus-response function and sigmoid modeling for rejection (solid lines) 
and detection (broken lines) thresholds. 
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Origin of the “Brett character” masking effect 
The GC-MS measurements showed no difference of headspace concentrations for esters in presence of 
ethylphenols. 

Complementary experiments were carried out to deepen our understanding of the perceptive phenomenon 
and explore whether the fruity note-ethylphenol interaction had a peripheral or central physiological origin. 
The fruity perception is significantly decreased in presence of ethylphenols or during “Brett character” 
imagery task. The interaction between concentration and condition is not significant (p>0.05) (Figure 3).  
 

 
Fig. 3 - Fruity note intensity as a function of condition (without ethylphenols, in conditions of 

objective or subjective ethylphenol perception). Bars show confidence interval (=0.05). ** p<0.01. 
In both conditions, the presence of ethylphenols decreases the intensity of the fruity note. 

 
The results are consistent with the assumption that the interaction between the perception of ethylphenols 
and ethyl heptanoate takes place at a central locus. 
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