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Commentaires de présentation
Hello everybody, I am Guillaume BERGLER, a PhD student at INRA Montpellier. Firstly, I’d like to thank the scientific commitee for giving me the opportunity to present this work about the potentialities of wine yeasts to produce unusual aromas during enological fermentation. This work is carried out at INRA Montpellier, and is supported notably by Pernod Ricard and Lallemand, and tends to be applied in the Cognac field. 


Three-step Cognac making process
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Cognac making is a 3-steps process after the grape harvest consisting in first a fermentation that results in particular in the production of fermentative aromas. Then, the wine is distilled twice (as we call the « Charentaise distillation »). This step allows the concentration of aromas. The obtained eau-de-vie is then placed in barrels during –at least- 2 years : this is the ageing step. During this phase, the product changes colour, but most importantly, the development of ageing aromas happens, either by chemical reactions in the liquid, or by transfer of molecules from barrels.
In this study, we focus on the contribution of fermentation to the organoleptic properties of cognac. Now, we are going to take a closer look at the fermentation step.



Wine fermentation
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Fermentation consists in the conversion of the sugars present in the grape in ethanol, carbon dioxyde, and some volatile compounds, thanks to the yeast activity.  Fermentation depends on various parameters. First, it depends on the composition of the grape juice, that provides the essential nutrients for support yeast growth and metabolism.
Then, other parameters have been reported as affecting both the fermentation progress and the production of metabolites, including :
-first the yeast species or strain used to carry out the fermentation
-then technological parameters such as temperature or the inoculation procedure.
Consequently, the aromatic profile of wines can be modulated by an appropriated management of the fermentation. This is particularly relevant 



Diversifying wine flavor and aroma: a current challenge in oenology

Increasingly competitive global market of wines and spirits
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in the context of a highly competitive market. A current challenge for the companies is to diversify their products, to remains competitive and meet the consumers’ expectations. To achieve this aim and offer products with character and typicity, we were interested in this project in the production of aromas present at very low concentration in wines, and for which little attention has been paid until now. We referred these molecules as « unusual aromas », that include terpen derivatives (flowery notes), benzene derivatives, Norisoprenoids, and lactones. The production pathways of these compounds have been reported in litterature, but for organisms different from wine yeasts. 


Metabolic pathways related to the synthesis of unusual aromas
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Terpen derivatives production involves the sterol pathway, through the MEP pathway. Benzene derivatives can derive from aromatic amino acids such as Phe, or from sugars. Lactones originate from fatty acids, through peroxysomal beta-oxydation. Norisoprenoids involve carotenoids pathway. For all of these molecules, there is just a few information concerning the ability of yeasts to produce them.


Aims of the study

— de novo synthesis
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This is why we studied the capacity of a collection of wine yeasts, including S. cerevisiaie strains and non Saccharomyces species to produce these aromas, either by their metabolism, or by hydrolysis of precursors provided in grape juice.  We also investigated the incidence of the composition of grape juice on their production.


Experimental design
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41 yeast strains
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Sugars (g/L) pH YAN (mgN/L)
Ugni blanc 2016 160.5 2.95 92 1150
Maccabeu 2016 215.8 3.38 134 20
Chardonnay 2016 227.5 3.42 192 20 + 4mg/L of phytosterols
Synthetic Must 228 34 192 4mg/L of phytosterols
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with these aims, we implemented a design based on the use of 41 yeast strains including 31 Sacch and 10 non-Sacch that we previously selected on the basis of their fermentation abilities. These 41 strains were grown in duplicate on 4 musts : 3 natural musts and 1 synthetic must designed on the basis of the Chardonnay composition. This will allow us to assess the ability of yeasts to produce the studied aromas via their metabolism. This represents 328 fermentations, using musts that are completely different among themselves (concerning the initial sugars content, the pH, the assimilable nitrogen, and the initial content of lipids).
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Thanks to the PhenoFerm device, we studied the kinetic parameters of the fermentations. In this study, we got interested in the time to reach 60% of fermentation progress (T60), and the fermentation rate (FR60) at this moment. Then, we developped a method using Dispersive Liquid Liquid microextraction coupled to GC MS in order to be able to quantify 23 compounds.


Variability between strains in kinetic parameters
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Concerning the kinetic parameters, if we look at the time to reach 60% of fermentation progress, we can notice that it is always the same Saccharomyces strains that are the slowest (L30, L19 and L23), regardless the must. Except these strains, the other Saccharomyces are quite similar.. If we now look at the Co2 prod rate at 60% of progress, they are greater for Saccharomyces cerevisiae strains, and generally, if a strain has a high production rate on one must, it will have the same behaviour on an other must (example of L2). However, there is a substantial variability within the Saccharomyces cerevisiae strains concerning the fermentation rates at T60.
For the studied non-Saccharomyces strains, their behaviour seems to depend on the must used for the fermentation. Indeed, the 2 SB are the last to reach 60% on SM, but on UB, it’s TD and LT.  Therefore, musts seem to have a greater impact on the studied Sacch strains. Besides, in average, they are faster than the Saccharomyces cerevisiae strains. There is also ai high variability concerning FR60 for the non-Sacch.



& Variability between strains in the production central carbon metabolites
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We then got interested in some central carbon metabolites produced by the strains : acetate, glycerol, alphaketoglutarate and succinate. We then analysed the results with a PCA that shows that Saccharomyces cerevisiae strains form a cluster on each must. There is more diversity concerning the studied non-Sacch. Two non Sacch high producers of Glycerol and 1 strain high producer of succinate (L28).


Diversity on the production of unusual aromas ?
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We now focus on the production of unusual aromas. We studied their production on the different musts, and realized PCAs to visualize the results.  First, on synthetic medium, we can observe the production of some of the studied compounds. Then, it seems that –on this must- the terpen derivatives are correlated with each other. The same observation is made for the lactones. If we look at the production on the other musts, we can notice that these correlations seem not to still be valid.
Besides, overall, there is a large cluster of the studied strain of S. cerevisiae. Concerning, the studied non-Saccharomyces strains of the study, they generally are low producers of the compounds, except the two strains of S. bacillaris, which produces the largest amounts of linalool and geraniol. All these observations lead to think that there is an existing effect of the must for some compounds (I.e lactones), but not necessarily for each compound (linalool and geraniol quite stable on PCA). We observed that the compounds did not have the same behaviour.  We decided to focus on two compounds to illustrate our statements.



Production of unusual aromas : Example of linalool
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First, we took the example of linalool production, which is a monoterpenol. The first observation is the production of this compound even on SM, which involves the intrinsic ability of yeasts to produce it, possibly through its sterol metabolism. We can also notice that in general, a good linalool producer on one must will also produce more than an other strain on an other must. To finish, the production is higher in natural musts, maybe due to the presence of precursors.


Production of unusual aromas : Example of 6-decalactone
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The second example is the production of d-decalactone. There is a really low production of this compound on SM. But the production is much higher in natural musts, which confirms the need of precursors to highly produce this lactone. We also notice a real must effect and a strain effect for this compound.


Conclusion ...

* Ability of yeasts strains to produce a panel of unusual aromas

* Strain-dependant production for most of the compounds

* Must-dependant production for specific compounds

* Few differences between Saccharomyces cerevisiae strains in their volatile profiles

e Some undetected compounds : y-nonalactone, B-ionone

... & Perspectives

* Further investigation of the involved metabolisms

* de novo biosynthesis or precursor-related synthesis
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