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INTRODUCTION
Sterols are a class of the eukaryotic lipidome that is essential for the maintenance of the cell membrane integrity and their good functionality. During alcoholic fermentation, they ensure
yeast growth, metabolism and viability, as well as resistance to osmotic stress and ethanol inhibition. Musts clarified in excess lead to the loss of solid particles rich in sterols, resulting in
sluggish and stuck fermentations. Two sterol sources can support yeasts to adapt to fermentation stress conditions: ergosterol, produced by yeast in aerobic conditions, and
phytosterols, plant sterols found in grape musts imported by yeasts in the absence of oxygen. Little is known about the physiological impact of the assimilation of phytosterols in
comparison to ergosterol and the influence of sterol nature on fermentation kinetics parameters. Moreover, studies done until today analyzed a limited number of yeasts strains. For this
reason, the aim of this work is to compare the fermentation performances and metabolites production of a wide set of Saccharomyces cerevisiae wine strains (27) supplied with
phytosterols and ergosterol under two conditions: low sterol content and osmotic stress (mimicking excessive must clarification and must with high sugar content, respectively).

MATERIALS AND METHODS
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260 g/L sugars: glucose fructose (1:1)
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RESULTS
 Principal Component Analysis (PCA)
A

Sterol Stress: mimicking excessive must clarification
 Analysis of Variance (ANOVA)
B

Variable
Vmax (g/L x h)
Viab_80 (% living cells)
Pop_80 (cells/ mL)
Assimilated_AA (mg/L)
tCO2_30 (h)
tCO2_80 (h)
Acetate (g/L)
Glycerol (g/L)
Succinate (g/L)
Residual sugars (g/L)

Mean ± SD ( n = 27)
Phytosterols
Ergosterol
1.47 ± 0.15
1.36 ± 0.13
40.90 ± 15.84
49.03 ± 11.43
7.41 x 107 ± 1.67 x 107 6.34 x 107 ± 1.65 x 107
126.59 ± 20.50
114.30 ± 16.80
41.02 ± 4.61
45.94 ± 4.77
135.27 ± 29.08
126.00 ± 18.62
0.69 ± 0.10
0.85 ± 0.14
5.80 ± 0.86
6.42 ± 1.05
0.65 ± 0.15
0.35 ± 0.16
1.32 ± 1.37
1.97 ± 2.58

P value (n = 27)
Sterol effect Strain effect
***
***
***
***
***
***
***
***
***
***
***
***
***
***
***
***
***
***
***
***

Figure 2. ANOVA results: Mean, SD (Standard Deviation) and P value for biological variables: Viab_80 ( viability at 80 g/L CO2), Pop_80 (population at 80 g/L CO2) and
Assimilated_AA (amino acids); Kinetics variables: Vmax (Maximal fermentation rate, tCO2_30, tCO2_80 (time to reach 30 and 80 g of CO2) and CCM variables on sterol stress.
Significance threshold: *** (P value < 1.0 x 10-3).

Figure 1. PCA variables (A): Vmax (Maximal fermentation rate), Assimilated_AA (amino acids), Pop_80 (population at 80g/L CO2), Viab_80 (Viability at 80g/L
CO2), tCO2_1, tCO2_30, tCO2_60, tCO2_80, tCO2_End (time to reach 1, 30, 60, 80 g of CO2 and the end of fermentation, respectively);
Individuals (B): ergosterol (E) and phytosterols (P) at 1.0 mg/L on sterol stress.

 Significant sterol and strain effects on both fermentation performances and production of
CCM metabolites
• Phytosterols: Fast start of fermentation
• Ergosterol: Rapid achievement and better viability at the end of fermentation

 Fast start of the fermentation (Vmax, assimilated_AA and tC02_30) ≠ rapid achievement (Viab_80, tCO2_80 and tCO2_End)
• Rapid achievement for strains with higher viability
 Huge phenotype diversity of strains: High variability of the response of each strain to sterol nature

 Principal Component Analysis (PCA)
A

Osmotic Stress: high sugar content
B

 Analysis of Variance (ANOVA)
Variable

Mean ± SD ( n = 27)
P value (n = 27)
Phytosterols
Ergosterol
Sterol effect Strain effect
***
***
Vmax (g/L x h)
1.75 ± 0.20
1.82 ± 0.14
Viab_100 (% living cells)
57.30 ± 18.51
63.11 ± 16.13
***
***
Pop_100 (cells/ mL)
10.34 x 107 ± 2.23 x 107 10.41 x 107 ± 2.17 x 107
NS
***
***
***
tCO2_40 (h)
49.98 ± 7.50
46.36 ± 4.07
***
***
tCO2_100 (h)
166.45 ± 36.42
139.41 ± 25.12
***
***
Acetate (g/L)
0.73 ± 0.12
0.87 ± 0.13
***
***
Glycerol (g/L)
6.69 ± 0.81
7.76 ± 0.91
***
***
Succinate (g/L)
2.37 ± 1.84
4.08 ± 2.03
NS
***
Residual sugars (g/L)
22.39 ± 12.80
22.68 ± 13.00
Figure 4. ANOVA results: Mean, SD (Standard Deviation) and P value for biological variables: Viab_100 ( viability at 100 g/L CO2) and Pop_100 (population at 100 g/L CO2);
Kinetics variables: Vmax (Maximal fermentation rate, tCO2_40, tCO2_100 (time to reach 40 and 100 g of CO2) and CCM variables on sterol stress. Significance threshold: NS
(not significant); *** (P value < 1.0 x 10-3).

Figure 3. PCA variables (A): Vmax (Maximal fermentation rate), Pop_100 (population at 100g/L CO2), Viab_100 (Viability at 100g/L CO2), tCO2_1, tCO2_40,
tCO2_80, tCO2_100 (time to reach 1, 40, 80 and 100 g of CO2, respectively); Individuals (B): ergosterol (E) and phytosterols (P) at 4.0 mg/L on osmotic stress.

 Significant sterol and strain effects on all the variables tested
 Exception: no impact of nature of sterol on biomass (Pop_100) and on the amount of
residual sugars at the end at the fermentation
 Ergosterol: Fast start, shorter fermentation time and better viability

 Fast start of the fermentation (Vmax, Pop_100, tC02_1 and tC02_40) ≠ fermentation time (Viab_100, tCO2_100)
• Shorter fermentation time for strains with higher viability

CONCLUSION
This study highlighted the influence of sterols nature on alcoholic fermentation of wine yeast. Indeed, sterol nature affected greatly biological and kinetics parameters and the
biosynthesis of CCM metabolites. Under the two stress conditions tested, ergosterol allowed a faster fermentation and a better viability, even if phytosterols enable the completion of
alcoholic fermentation for almost all strains. We showed that cellular viability is a key parameter, as strains with a high viability at the end of the fermentation finished fermenting earlier.
Results also showed the huge phenotype diversity of S. cerevisiae strains.
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