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Introduction

For over 30 years the use of immobilised yeast for sparkling winemaking has been widely tested and discussed amongst the scientific community [START_REF] Yokotsuka | Production of bottle fermented sparkling wine using yeast immobilized in double layer gel beads or strands[END_REF][START_REF] Gòdia | Application of immobilized yeast cells to sparkling wine fermentation[END_REF][START_REF] Fumi | Immobilization of Sacharomyces cerevisiae in calcium alginate gel and its application to bottle-fermented sparkling wine production[END_REF]. The main advantage of immobilized yeast for sparkling winemaking is the suppression of the riddling step which requires costly equipment that takes up a lot of space in the wineries. In spite of all the academic work and potential industrial interest very few processes have successfully passed from the laboratory into an industrial scale. Proenol together with the Laboratoire de Génie Chimique de Toulouse developed an industrial immobilization process using the vibrating nozzle technology. In this process the yeasts are immobilized in double layer beads made of calcium alginate and afterwards are dried in order to increase the shelf-life. The objectives of this work were to evaluate the fermentative performance of the active dried encapsulated yeast in different base wines and to make a comparative study with the fermentation with the free cells.

Material and Methods

Yeast and wine

The strain of S. cerevisiae used for the alcoholic fermentation of the sparkling wines was the QA23. The propagation and immobilization of the yeast was carried out following the industrial protocol developed by Proenol. The immobilization process makes use of the vibrating nozzle technology, which allows for the production of double layered calcium alginate beads. After immobilization the beads were dried in order to guarantee a minimum of 6 months shelf-life. Three different base wines (MF, TN and MM) were supplied by Murganheira. The ethanol content and pH of each base wine was: MF -11.5%, 3.05; TN -11.2%, 2.94; MM -11.7, 2.93. Sugar was added to the wines in order to have a final concentration of 24g/L. Prior to bottling the wines were filtered through 0,45 m cartridges. The bottles were then inoculated with the encapsulated yeast (1,2g/bottle which corresponds to 4 -5.10 6 cel/mL) or with the free yeast (2-4. 10 6 cel/mL).

Fermentation and tasting

The fermentations with the immobilized yeast were carried out at 14ºC and 10ºC in controlled temperature chambers. With the free yeast only fermentations at 14ºC were done. The fermentation was assessed by periodic measurements of pressure and sugars in the bottles. 3 months after the tirage several physical-chemical parameters were evaluated: ethanol, sugar, glycerol, volatile acidity, total polysaccharides. Four months after the end of the second fermentation the wines were tasted by a trained panel of 13 professional tasters from the Comissão de Viticultura da Região dos Vinhos Verdes (Portugal).

Analyses

The pressure generated by the alcoholic fermentation inside the bottles was measured with pressure gauges. The sugars (glucose and fructose), L-malic acid and glycerol were determined with an automatic enzymatic analyzer from Horiba (ABX Pentra 400). The enzymatic kits were provided by Megazyme, reference K-FRUGL for sugars, K-LMALR for the L-malic acid and K-GCROL for the glycerol. Alcohol concentration was evaluated by ebulliometry. Volatile acidity and pH were determined using recommended methods (International Organization of Vine and Wine, OIV-2009). The determination of total polysacharydes was done by the Instituto de Fermentaciones Industriales -CSIC (Madrid, Spain) according to their internal procedures. The viability of the yeast cells inside the beads was assessed by dissolving the calcium alginate in a citrate solution, and then by staining the cells with methylene blue and counting it in an optical microscope.

Results and Discussion

The fermentation profile of the base wines inoculated with the immobilized yeast (figure 1) shows that different wines can have different profiles even with the same yeast batch. The wines TN and MF had a very similar progression while the wine MM had a slower pressure evolution and accordingly, sugar consumption. The fermentation was considered finished when the pressure was stable and the sugar concentration was below 2 g/L. For the TN and MF wines it took approximately 80 days to reach the end of the fermentation, for the MM the time needed to achieve the end was 110days. 2. From the beginning of the fermentation there's in all the wines a small linear decrease of the cells viability. When the pressure reaches 5 to 6 bar the cell viability which was is until that moment superior to 80%, suffers a sharp decrease. This lost of viability is coincident with the exhaustion of the sugars. This results shows that during the fermentation the immobilized cells can have high viability (>80%) but once the fermentation reaches an end there's a quick loss of viability.

Figure 2 -Evolution of immobilized yeast viability as a function of the pressure inside the bottle

The pressure profiles of the free and immobilized cells are presented in figure 3. They are very similar in the wines MF and MM. This result was not expected since immobilized cells tend to ferment slower due to mass transfer limitations, especially in static conditions as it is the case of sparkling wine fermentation. On the other hand the wine MF shows very different fermentation profiles between the free and the immobilized cells. The pressure at the end of the fermentation is superior for the free yeast and the residual sugars were less then 0.5 g/L in both cases, this suggests there was an over dosage of sugar in the wine inoculated with the free yeast. Overall these results show that the fermentation with the immobilized yeast can be, in certain cases, as fast as with the free yeast. base wines (MF, TN and MM) Analyses of alcohol and volatile acidity made 3 months after the tirage do not show any significant difference between the wine fermented with the immobilized and with the free yeast. These results are presented in figure 4. The same was observed for the L-malic acid and glycerol concentration (data not shown). Total polysaccharide analysis (figure 5) shows that the fermented wines tend to have the same or higher concentrations than the base wine. It is also possible to see that the wines fermented with the immobilized yeasts have the same or higher concentration of polysaccharides than the wines fermented with the free yeast. with immobilized and free yeast Finally a comparison of the fermentation profile at 14ºC and at 10ºC (figure 7) shows that a decrease in the temperature has a strong influence on the kinetics. The fermentation at 14ºC had 0.4 g/L of sugar at day 95, while the bottles fermenting at 10ºC still had 6,5g/L of sugar after 180 days. Raising the dose of beads per bottle from 1.2g to 1.6g and 1.8g allows, for the same conditions, a reduction of the fermentation time to 140 days. The residual sugars at that time were 1.8g per bottle, which indicates that there's no advantage of using doses superior to 1.6g. 

Conclusion

The results showed that the base wine exerts the same effect in the kinetics of the free and of the immobilized yeast. The cells viability decreased slowly during the fermentation to values around 80% but once the pressure is around 5 to 6 bar there's a sharp loss of viability. The physicalchemical parameters analysed at the end of the fermentation were very similar for free and immobilized yeast. The taste also didn't show significant differences between the wines fermented with free or immobilized cells. The trials also showed that fermentations at 10ºC are significantly slower than the ones at 14ºC. When using immobilized yeast this difference can be easily attenuated if the dose of beads per bottle is raised. Nonetheless we observed that above a certain dose there's no improvement in the kinetic. These results show that the use of the immobilized yeasts in double layer calcium alginate is a valide alternative to the traditional second bottle fermentation with the free cells for the industrial production of sparkling wines.
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 1 Figure 1 -Follow up of the sparkling wine fermentation with immobilized cells for the 3 base wines a) Pressure evolution and b) sugar consumption as a function of fermentation time The evolution of the cells viability as a function of the pressure generated inside the bottle is presented in figure2. From the beginning of the fermentation there's in all the wines a small linear decrease of the cells viability. When the pressure reaches 5 to 6 bar the cell viability which was is until that moment superior to 80%, suffers a sharp decrease. This lost of viability is coincident with the exhaustion of the sugars. This results shows that during the fermentation the immobilized cells can have high viability (>80%) but once the fermentation reaches an end there's a quick loss of viability.
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 3 Figure 3 -Pressure evolution of the fermentation with immobilized and free cells for the 3base wines (MF, TN and MM) Analyses of alcohol and volatile acidity made 3 months after the tirage do not show any significant difference between the wine fermented with the immobilized and with the free yeast. These results are presented in figure 4. The same was observed for the L-malic acid and glycerol concentration (data not shown). Total polysaccharide analysis (figure5) shows that the fermented wines tend to have the same or higher concentrations than the base wine. It is also possible to see that the wines fermented with the immobilized yeasts have the same or higher concentration of polysaccharides than the wines fermented with the free yeast.
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 4 Figure 4 -Concentration of a) alcohol b) volatile acidity measured 3 months after the tirage in the three base wines (MF, TN and MM) fermented with immobilized and free cells

Figure 6 -

 6 Figure 6 -Results of sensorial analysis for the sparkling wines (MF, TN and MM) producedwith immobilized and free yeast Finally a comparison of the fermentation profile at 14ºC and at 10ºC (figure7) shows that a decrease in the temperature has a strong influence on the kinetics. The fermentation at 14ºC had
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 7 Figure 7 -Pressure evolution for fermentations at 14ºC and 10ºC with immobilized yeast