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Contamination of wines by

Brettanomyces is an increasing industrial problem. Here, we propose a model able to predict the evolution of a Brettanomyces population as function of environmental conditions as temperature, ethanol concentration or dioxide sulfur concentration. Polynomial models obtained from factorial design realized on synthetic medium gave the lag phase, the specific growth rate and the maximal biomass concentration as function of these medium factors. A logistic model was then used with the determined growth parameters to represent the evolution of Brettanomyces population. The factorial design showed that temperature has an important effect on maximal biomass concentration and specific growth rate but a negligible effect on lag phase. Conversely, molecular sulfur dioxide had an important effect on lag phase but a little influence on growth parameters. Ethanol concentration played an important role on the three parameters tested.

INTRODUCTION

In wine industry, the market competition is more and more important with notably the arrival of "wines from new world". Today, the wine quality and the productivity are factors more considered than yesterday in winemaking. Winemaking needs micro-organisms to ferment sugars into alcohol, to decrease acidity of wine (malo-lactic fermentation) or to produce aromas and other sensorial properties. With these objectives, selected strains are used in the beginning of the fermentation. Nevertheless, natural microorganisms can contaminate the must because it is a not sterilized process. Among these contaminants, the yeast Brettanomyces/Dekkera is particularly undesirable. It can be found in must but also in wine (Fulgelsang 1997). Typically, these yeasts grow after alcoholic and malolactic fermentation during storage of wine in tanks, barrels, or bottles [START_REF] Chatonnet | The influence of Brettanomyces/ Dekkera sp. Yeasts and lactic acid bacteria on the ethylphenol content of red wines[END_REF]. They are considered as organoleptic contaminants of wine because they produce volatile phenols (4ethylphenol and 4-ethylgaiacol). These components are usually described in sensorial analysis as responsible for "horse sweat" or "mousy taint" flavours [START_REF] Heresztyn | Formation of substituted tetrahydropyridines by species of Brettanomyces and lactovacillus isolated from mousy wines[END_REF][START_REF] Chatonnet | The influence of Brettanomyces/ Dekkera sp. Yeasts and lactic acid bacteria on the ethylphenol content of red wines[END_REF]. For about twenty years, some works have been realized to understand why Brettanomyces appears or not during fermentation and wine storage. However, the influence of the environmental factors has been little studied. Particularly, it is known that growth of yeasts in general is influenced by temperature and ethanol concentration but little and controversial data are available for the genus Brettanomyces. In winemaking, sulfur dioxide is often added to avoid all type of contamination, but its effect of on Brettanomyces growth is not yet really evaluated. In this context, the aim of this work was to develop a model to predict the evolution of Brettanomyces population in wine as function of different factors as ethanol concentration, temperature and sulfur dioxide concentration. A three factorial design was done to evaluate the influence of these three parameters. We obtained polynomial models to determine classical parameters of yeast growth: lag phase, specific growth rate and maximal population. A logistic model was then used to represent the growth phase. Finally, we were able to simulate the evolution of Brettanomyces population for a medium with a known composition in ethanol and sulfur dioxide and for a fixed temperature.

MATERIALS AND METHODS

Yeast strain

The Brettanomyces bruxellensis strain used in this work was isolated in a winemaking plant in France. Its identification was made using PCR by IDAC laboratory (Nantes, France).

Culture media

Cultures were made on synthetic medium close to wine. The composition was in g/L: glucose, 10; fructose, 10; MgSO 4 .7H 2 O, 0.4; KH 2 PO 4 , 5; (NH 4 ) 2 SO 4 , 0.5; yeast extract, 0.5; citric acid, 0.3; malic acid, 3; glycerol, 6. Sterilization was made during 15 min at 120°C. O 2 is:

Culture conditions

Preculture was prepared in two steps of 35 h each. First, in medium without ethanol; then, 3% (v/v) of ethanol was added in culture medium. The experiments were carried out in cotton plugged Erlenmeyer flasks of 500 mL with a 300 mL working volume at 150 rpm and without aeration. After sterilization, the medium was inoculated with 3x10 6 cells/mL. Temperature was controlled. Before inoculation, the alcoholic concentration was set to the wanted level by addition of ethanol. The initial pH value was adjusted and the initial free sulfur dioxide concentration was fixed.

Analytical techniques

Biomass concentration was followed by two techniques. A correlation between the optical density of yeast suspension at 620 nm and the cell dry weight gives weight concentration.

Data treatment

Experimental biomass concentrations were smoothed by a cubic spline function. The lag phase was then predefined as the time needed to double the initial biomass (λ=2Xo). The specific growth rate max and the maximal biomass concentration Xmax were equally obtained from smoothed experimental data.

The statistical software (Statgraphics, Centirion XV) was used to analyze the results of the factorial design. In order to determine the sensibility of the calculated parameters, an analysis of variance (ANOVA) was done.

RESULTS AND DISCUSSION

Role of pH

Preliminary experiments were done to evaluate the effect of the pH on microbial growth and lag phase. The pH values tested were 3.2 and 3.6, with no sulphur dioxide, for two ethanol concentrations (7 and 10% v/v) and two temperatures (18 and 25°C). The results obtained showed that pH had no influence on the lag phase and growth (data not showed). So, pH was not taken into account in the factorial design as individual factor. However, it is well known that pH plays an important role for the action of sulphur dioxide on microbial growth. When SO 2 is added in a medium, a part is combined with other constituents of wine and a part remains free. Depending on pH value, the free SO 2 is partially dissociated and transformed in molecular SO 2 . Only the molecular SO 2 is able to enter the cell and act on micro-organism activity. The amount of available molecular SO 2 is function of pH value and free SO 2 concentration. The equation used to calculate the molecular S
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As consequence of this preliminary study, pH value allows adjusting the desired initial molecular SO 2 .

Factorial design

A 2 3 factorial design with four central points was used to determinate the significance of individual and interaction effects of the initial ethanol concentration, initial molecular SO 2 concentration and temperature on the maximal growth (X max ), maximal specific growth rate (µ max ) and lag phase (λ). The value factors are presented in table 1. The results of the adjusted models obtained for maximal biomass concentration, maximal specific growth rate and lag phase as function of the more significant variables were: Where E is the initial ethanol concentration, SO 2 m the initial molecular sulfur dioxide concentration and T the temperature.

X max =
The analysis of variance (ANOVA) showed that µ max and λ presented a high correlation coefficient (>0.95) and X max the highest coefficient (0.99).

The polynomial models could be considered statistically significant according to the T-test with 95% of confidence.

The figures 2 to 4 show the Pareto charts for the three studied responses. They allow visualizing the significance of each factor on studied responses.

Maximal biomass concentration and maximal specific growth rate

Figure 2 concerns the maximal biomass concentration and figure 3 the maximal specific growth rate. The ethanol concentration (E) and the temperature (T) had a significant effect on these two factors whereas the molecular SO 2 (SO 2 m) was not significant. For maximal biomass concentration, no interaction factor was significant whereas for maximal specific growth rate ethanol-temperature and ethanol-sulphur dioxide interactions were little significant. Finally, the most important effects were those of ethanol concentration and temperature for these two growth parameters. Ethanol concentration had a negative effect whereas temperature increased the growth rate and the quantity of produced cells. The inhibitory activity of ethanol can be linked to the cell membrane permeability. Its toxicity is associated with the solubility in membrane lipids [START_REF] Leao | Effects of ethanol and other alkanols on the glucose transport system of Saccharomyces cerevisiae suspensions[END_REF]. Moreover, the ethanol was found to inhibit hexokinase and some amino-acid synthesis enzymes and thus metabolic deficiencies on the cell reproduction [START_REF] Nagodawithana | Study of the feedback effect of ethanol on selected enzymes of the glycolitic pathway[END_REF]. On the other hand, the positive effect of the temperature can be related to the increase of the membrane fluidity. It is equally associated to the increase in the affinity of the protein transport for substrates [START_REF] Nedwell | Effect of low temperature on microbial growth: lowered affinity for substrates limits growth at low temperature[END_REF]). [START_REF] Silva | Studies on the wine spoilage capacity of Brettanomyces /Dekkera sp[END_REF] showed the same behaviour as regards of temperature and ethanol concentration for Brettanomyces and Dekkera in wine.

Lag phase

Figure 4 shows that lag phase was mainly affected by ethanol and molecular SO 2 concentrations. These two factors increased the lag phase. The interaction of the ethanol and molecular SO 2 was also very significant with a synergic effect. A slightly negative effect was observed for the temperature. The other interactions were not really significant. Traditionally, the molecular SO 2 is used as an antimicrobial agent in winemaking [START_REF] Beech | Action antimicrobienne de l'anhydride sulfureux[END_REF]. The addition of this compound in wine decreases the specific ATPase activity and as consequence increases lag phase. In the cell, sulphur dioxide may react with proteins, nucleic acids and some cofactors. It can inhibit enzymes and as consequence cells are unable to replicate [START_REF] Romano | Sulfur dioxide and wine microorganisms[END_REF]. 

Model for Brettanomyces growth

The factorial design enabled to determine the main influent factors on Brettanomyces growth. It gave three polynomial models to determine λ, max and Xmax as function of temperature and medium composition in ethanol and sulphur dioxide.

To represent the evolution of the Brettanomyces population, we used the logistic model [START_REF] Verhulst | Recherches mathématiques sur la loi d'accroissement de la population[END_REF]). These model is known for its "goodness of in a atch culture. The general form of the logistic equation is:
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The parameters Xmax and max were calculated for each experiment with the polynomial models. As the logistic model doe the lag phase, it must be combined with the lag phase polynomial model. A good correlation between experimental poi a was obtained (> 0.95) for all the experiments.

Figure 5 shows examples of biomass profiles for 6 experiments. The temperature increase favoured the growth rate and the maximal population but didn't act on the lag phase (5A). Moreover, the increase of ethanol concentration increased the lag phase and decreased the maximal population obtained (5B). We can equally see the importa 

CONCLUSIONS

This work showed that high concentrations in ethanol led to decrease the maximal biomass concentration and maximal specific growth rate. Temperature acted equally on growth but by increasing the maximal specific growth rate and the biomass concentration. For the lag phase, the initial ethanol and molecular SO 2 concentrations had a great effect. The interactions between these two factors were equally very important, increasing the lag phase. These compounds are well known as inhibitors of micro-organisms [START_REF] Moulin | Inhibition of alcoholic fermentation[END_REF][START_REF] Du Toit | Microbial spoilage and preservation of wine: using weapons from nature's own arsenal-review[END_REF].

It is interesting to remark that SO 2 delayed the beginning of the growth but didn't act on the growth rate and on the quantity of final biomass. The mechanism of action of this compound remains still little known. Similar results were obtained by [START_REF] Medawar | Yeast growth: lag phase modeling in alcoholic media[END_REF] on another Brettanomyces strain.

In this work, we established a model to predict the evolution of Brettanomyces population in a synthetic wine medium. Industrially, the problem is not really the Brettanomyces presence but some by-products as ethyl-phenol and acetic acid produced by this yeast. The following of this study is to determine the relation between the growth of Brettanomyces and the production of these undesirable compounds.
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 23 Figure 2. Pareto chart of all effects on maximal biomass concentration.
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 4 Figure 4. Pareto chart of all effects on lag phase.

Table 1 .

 1 Coded factor levels and real values for the experimental design

	Factor	Low value	High value
		(-1)	(+1)
	Ethanol (% v/v)	7	10
	(mg/L) Molecular SO 2	0.16	0.39
	Temperature (°C)	18	25