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Abstract

The aim of this work was to isolate and identify the yeasts prevalent in fresh grapes cultivated in
the “Sao Francisco Valley” region (Brazil), as well as evaluating the cell growth of these indigenous
yeasts during the fermentation of grape musts and their contribution to the improvement of wine
aroma. The Chenin Blanc grape must fermented by H. opuntiae presented higher acceptance
means at the three points analyzed (6.74, 6.78 and 7.30) and in the fermentation carried out by
the yeasts H. opuntiae and S. cerevisiae, the highest mean acceptance (7.22) was observed after
120 hours, with no statistical difference from the sample fermented by H. opuntiae alone. Since
these samples that showed higher acceptance means also receiving higher scores for purchasing
intention, corresponding to the concepts of “definitely would buy” and “probably would buy”. The
present study suggests that the fermentations of grape musts carried out by the yeast H. opuntiae
and mixed cultures of H. opuntiae and Saccharomyces cerevisiae, positively influenced the sensory
qualities of the wines and showed greater potential to increase the aroma of the musts and to de-
velop specific wine styles.
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1. Introduction

Wine consumption and production are increasing in Brazil and in 2012 wine production accounted for a planted
area of 82.507 million hectares, producing about 260 million liters and a per capita annual consumption of 2 li-
ters, 0.3 liters more as compared to the per capita consumption in 2009 [1]. Increasingly consumers search for
differentiated wines with pleasant sensory aspects and sustainable production [2]-[4].

The importance of the whole wine fermentation process is currently acknowledged, and not merely as a sim-
ple process of using sugar to produce alcohol. The alcoholic fermentation of the wine is the key in the quest for
innovation or the creation of biotechnology that will change the expanding market [5]. It has been well known
for a long time that the grape contains a diversity of yeast species, including Hanseniaspora (anamorph of
Kloeckera), Pichia, Candida, Kluyveromyces and Saccharomyces, and very occasionally the yeasts Zygosac-
charomyces and Torulaspora, amongst others [6]. It is also known that these yeasts start the fermentation
process, but are quickly suppressed by the rapid growth of the yeast Saccharomyces cerevisiae, which continues
the fermentation process up to the point of obtaining the final product [7]. With special resourcefulness Saccha-
romyces cerevisiae var. bayanus was considered the species of greatest importance in these processes, and be-
came the culture “starter” most frequently used in wine production [5]. For a long time it was believed that
non-Saccharomyces yeasts could not contribute positively to wine quality, and could actually hinder the devel-
opment of the Saccharomyces. However, some studies in different regions of the world have shown the impor-
tance of non-Saccharomyces in the growth kinetics during spontaneous fermentations or fermentations with an
inoculum of commercial Saccharomyces [8]-[12], and others have shown the importance of non-Saccharomyces
in impacting the sensory quality of wine aroma [13]-[15].

The “S8o Francisco Valley” region is located between the 9° and 10° south latitude, and is the wine-producing
region closest to the equator in the world. Currently there is an area equivalent to 700 hectares of grapevines in
this region, planted with cultivars that result in the production of approximately 7 million liters of wine per year,
of which 80% is red and 20% white [16].

The spontaneous fermentation of wine deserves to be studied, since it presents the potential to create a differ-
entiated product with innovative character. The possibility of selecting microorganisms to influence wine style
and possibly consumer appreciation provides wine makers with a valuable additional tool to produce wines that
meet consumer demand in a globally competitive market [17].

Given the above, the aim of the present study was to isolate and identify the yeasts prevalent in fresh grapes
cultivated in the “S&o Francisco Valley” region (BA/PE, Brazil), as well as evaluating the cell growth of these
indigenous yeasts during the fermentation of grape musts and their contribution to the improvement of wine
aroma.

2. Materials and Methods

The present study was developed at the following laboratories: Laboratory for Research in Food Microbiology
and Sensory Analysis Laboratory of the Department of Bromatological Analysis, Faculty of Pharmacy of the
Federal University of Bahia/lUFBA. The yeasts were identified at the Laboratory of Yeast Biotechnology and
Ecology of the Institute of Biology of the Federal University of Minas Gerais/UFMG.

2.1. Yeast Strain

The yeasts Hanseniaspora opuntiae and Cryptococcus flavescens were obtained from grapes cultivated in the
municipalities of Villa Nova (BA-Brazil) located at 380 meters of altitude, latitude South 09°05'00" and longi-
tude 40°37'00"; Lagoa Grande (PE-Brazil) at 361 meters, 8°59'47" south latitude and longitude 40°16'18" and
Santa Maria da Boa Vista (PE-Brazil) located at 371 meters of altitude, latitude South 8°47'58" and longitude
39°49'39", and isolated following the method of Assis et al. [18]. After the biochemical study, the non-Saccha-
romyces yeasts were identified by sequencing of the D1/D2 region of the 26S subunit of the ribosomal RNA
[19].

The pure colonies were maintained on Yeast Malt Agar (YMA) (1% glucose, 2% agar, 0.5% peptone, 0.3%
malt extract and 0.3% yeast extract) slopes with the addition of sterile glycerol (Vetec) and kept under refrigera-
tion (4°C) for 30 days, and re-streaked every 15 days, for later use.
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2.2. Must and Fermentation Conditions

Chenin Blanc, Cabernet Sauvignon and Rosé grape musts, donated by Rio Sol, located in the state of Pernam-
buco (Brazil), were used for the investigation of aroma formation by the yeasts H. Opuntiae and C. Flavescens
in the wine. The commercial yeast S. cerevisiae var. bayanus (Maurivin) was used as the control in the fermen-
tation process. The fermentations were carried out in triplicate at temperatures of 15°C for Chenin Blanc grape
must and 25°C for the Cabernet Sauvignon and Rosé grape musts for seven days.

The inoculums of S. cerevisiae var. bayanus, Hanseniaspora opuntiae and Cryptococcus flavescens were pre-
viously activated in YM medium and incubated in a BOD incubator (Alfakit) for 48 hours at 28°C. The inocu-
lums were then standardized at 1 x 10° yeast cells/ml according to the McFarland scale and reading in a spec-
trophotometer (Femto 800 XI) with an optical density range of 0.08 to 0.1 and wavelength of 625 nm. An ali-
quot of 1 mL of the standardized suspension was removed and inoculated into 250 mL conical flasks containing
83.3 mL of filtered must. The samples were placed in a model TE-424 temperature controlled orbitalshaker,
(Tecnal) at 100 rpm for 168 hours (7 days) at temperatures of 15°C for the Chenin Blanc grape must and 25°C
for the Cabernet Sauvignon and Rosé grape musts.

The kinetic parameters were evaluated every 24 hours of fermentation. Aliquots of 83.3 ml of fermented must
were filtered through a Millipore membrane (0.22 uM pore) to determine the cell concentration. The cell con-
centration, expressed as the Dry Matter (DM) in mg/L, was quantitatively determined by drying the membranes
at 100°C for 24 hours and division the weight by the corresponding volume filtered. The DM values (mg/L)
were the averages of the measurements taken every 24 hours. The filtrate was collected and its pH determined
using a pH meter (Phtek/P100).

2.3. Sensory Analyses

The typical wine aroma of the grape musts, fermented by yeasts, was evaluated after different periods of fer-
mentation (72 h, 96 h and 120 h), using sensory affective tests of acceptability and purchasing intention. A total
of 50 judges were recruited based on their wine consumption frequency.

A 9-cm non-structured hedonic scale was used in the acceptability test with extremes of “(1) disliked ex-
tremely” and “(9) liked extremely” [20]. The weighed and codified samples were presented to the judges in dif-
ferent sessions. The consumers also registered their purchasing intentions for each ample on the same score
sheet, using a five-point attitude scale, with extremes of “(1) would definitely buy” and “(5) would definitely not
buy”.

The results obtained in the affective sensory tests were evaluated by the analysis of variance (ANOVA) and
Tukey’s test (p < 0.05) using the 6.11 SAS version. The results for purchasing intention were presented as a
frequency histogram.

The study plan was evaluated by the Research Ethics Committee of the Federal University of Bahia-UFBA,
resolution number 01 of 13/06/1988-CNS, who presenting a favorable opinion for the development of the study
(number 094/2009 and CEP record 102/2009).

2.4. Chemical Composition of the Musts

The Chenin Blanc, Cabernet Sauvignon and Rosé grape musts were characterized according to the parameters
pH, total acidity and soluble solids. The pH was measured in a digital pH meter (Phtek/P100), the total acidity
determined by titration according to Ough and Amerine [21], and the soluble solids, expressed as °Brix, using a
manual refractometer (Atago/2313).

The SO, and nitrogen concentrations present in the grape musts were determined in the wineries and the in-
formation ceded to carry out this study.

3. Results and Discussion

The chemical compositions of the grape musts were determined to check if the musts were in the ideal condi-
tions to start fermentation. According to Boulton et al. [22] and Heard and Fleet [23] the pH of the grape must
should be between 2.8 and 4.4 to start fermentation. The pH values found in the must used in this study varied
from 3.2 to 3.6.

The highest total acidity value was found in the Rosé grape must (128.1 mEg/L), followed by the Chenin
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Blanc (84.0 mEg/L) and Cabernet Sauvignon (82.1 mEg/L). As for the pH values, the total acidity values were
also within the ideal values for fermentation [22].

The soluble solids content (SS) is a fairly accurate indicator of the sugar content in the musts and represents
the ability to sustain the production of alcohol by yeasts [24]. According to Mandelli and Zanus [25], the SS of
the grapes for the production of red, white and sparkling wines should present values between 17 - 22°Brix, and
may vary depending on the type of wine. The values found in the musts were: Chenin Blanc (19°Brix), Cabernet
Sauvignon (18°Brix) and Rosé (15°Brix). In this study, only the Rosé grape must did not reach the ideal value
for °Brix to maintain fermentation for a long period. According to Bisson [26] fermentation for a long period of
time (25 to 55 days) requires the presence of a large amount of sugar in the must, but this was not the case in the
present study, because the research into the fermentative behavior and aroma production only took place for
seven days. The efficient use of substrates present in the grape musts, such as glucose and fructose, leads to in-
creased cell growth and consequently increase Dry Matter (DM) values or biomass [27]-[29].

The SO, concentrations found in the grape musts were: Chenin Blanc (50.0 mg/L), Cabernet Sauvignon (35.0
mg/L) and Rosé (50.0 mg/L). Under current Brazilian legislation, the maximum total concentration of SO, al-
lowed in wine is 350 mg/L [30] and hence the total SO, concentrations found in the grape must samples were
also within the ideal limits for fermentation.

The ammonium nitrogen concentration found in the Rosé grape must was 92.0 mg/L, that in the Chenin Blanc
116.0 mg/L and that in the Cabernet Sauvignon 98.0 mg/L. According to Bisson [26] the minimum ammonium
nitrogen concentration in the must should be between 70.0 and 140.0 mg/L.

The pH of the Chenin Blanc, Cabernet Sauvignon and Rosé grape musts did not suffer great variations, re-
maining between 3.3 and 3.1 during fermentation by the strains studied (data not shown). According to Serra et
al. [28] and Ribéreau-Gayon et al. [29] the pH of the fermented must can range between 2.3 and 4.3, and this
variation is not considered to be a factor that will increase or decrease the values of biomass.

Mamede and Pastore [31] evaluated the variation in cell growth of Pinot Noir and Chardonnay grape musts
fermented by the yeasts Kloeckera apiculata and S. cerevisiae by determining the dry cell mass at a tempera-
tures of 15°C and 20°C, and concluded that cell growth was slow at a temperature of 15°C and that the exponen-
tial phase varied between 72 and 96 hours for the two yeasts studied. These authors carried out a similar study in
2007 using the yeast Pichia membranaefaciens at a temperature of 15°C, and observed that cell growth was rap-
id and vigorous in the first 72 hours, with maximum dry cell mass values of 10.6 mg/L and 10.3 mg/L in the
Chardonnay and Pinot noir grape musts respectively. Meantime, in the present study the exponential phase (log
phase) of the strains occurred during the first 24 hours of fermentation, as evidenced by the increase in dry cell
mass expressed as dry matter (DM) (Figures 1-3).

Cortés et al. [32] concluded that high temperature fermentations led to sweeter wines with higher volumetric
productivities, although low temperature fermentations produced better wines in terms of higher glycerol and
lower acid levels.

For the Chenin Blanc grape must fermented by H. opuntiae at 15°C (Figure 1), the maximum value for DM
was obtained after 120 hours (3.8 mg/L), after which there was a decrease in the production of DM (2.1 mg/L).
However there was a new evolution after 168 hours fermentation, giving a DM value of 2.8 mg/L. The same
must fermented by C. flavescens reached a maximum value of DM after 144 hours (5.0 mg/L), and the fermen-
tation carried out by S. Cerevisiae produced the highest DM value (6.1 mg/l) after 120 hours.

The Rosé grape must fermented by H. opuntiae at 25°C (Figure 2) reached a maximum DM value of 6.9
mg/L after 120 hours of fermentation, and then showed a slight decline. The fermentation carried out by C. fla-
vescens reached its highest DM value (5.4 mg/l) after 120 hours of fermentation, and then showed a marked de-
cline. As for fermentation by S. cerevisiae, the maximum DM value of 9.7 mg/L was reached after 72 hours,
then entering a stationary phase after 96 hours, with an unobtrusive decline in DM.

The fermentations carried out by the yeasts H. opuntiae and C. Flavescens in the Cabernet Sauvignhon grape
must (Figure 3) at 25°C, reached their highest DM values at pH 3.1 after 120 hours, the values being 5.4 mg/L
and 5.2 mg/L, respectively. The fermentation carried out by S. cerevisiae reached a maximum DM value (10.6
mg/L) after 48 hours at pH 3.2, remaining at this value up to 120 hours of fermentation, after which a slight de-
cline to 10.1 mg/L was observed. The production of DM in the fermentation carried by the yeast C. flavescens
declined after 120 hours, with no stationary phase being observed.

The evaluation of the fermentative behavior in the Chenin Blanc, Cabernet Sauvignon and Rosé grape musts
showed that all yeast cell growth continued for 5 - 6 days (120 and 144 hours), with the exception of S. cerevisiae
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Figure 1. Cell concentration expressed as dry matter (DM) (mg/L), in
the fermentation by Hanseniaspora opuntiae (Sample A), Crypto-
coccus flavescens (Sample B) and Saccharomyces cerevisiae (Sample
C) in Chenin blanc grape must at 15°C.
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Figure 2. Cell concentration expressed as dry matter (DM) (mg/L), in
the fermentation by Hanseniaspora opuntiae (Sample A), Crypto-
coccus flavescens (Sample B) and Saccharomyces cerevisiae (Sample
C) in Rosé grape must at 25°C.
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Figure 3. Cell concentration expressed as dry matter (DM) (mg/L), in
the fermentation by Hanseniaspora opuntiae (Sample A), Crypto-
coccus flavescens (Sample B) and Saccharomyces cerevisiae (Sample
C) in Cabernet sauvignon grape must at 25°C.
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in the Cabernet Sauvignon grape must (Figure 3), in which significant cell growth (the log phase) only lasted
for 2 days.

According to Zamora [33], the log phase for the yeast S. cerevisiae typically lasts for 3 to 6 days (72 to 144 h).
Similar data were found by Sener et al. [34] when studying the fermentation kinetics of S. cerevisiae in wine
produced on a laboratory scale. In the adaptation phase, aeration of the grape must is recommended to favor ex-
ponential growth of the yeast, mainly by promoting the synthesis of the cytoplasm membrane constituents (ste-
rols, fatty acids and phospholipids) and avoiding stuck and slugging-type fermentations [29].

According to Berovic et al. [27] the temperature is one of the most significant parameters affecting the fer-
mentation process and the production of various metabolic products that directly reflect on the quality of the
wine. Heard and Fleet [23] reported that low temperatures (between 10°C and 20°C) favor the growth and per-
sistence of Kloeckera spp. (telemorfa Hanseniaspora spp.) and Candida spp. during the fermentation process.

In the present study, the greatest cell concentrations were observed in the fermentations submitted to a tem-
perature of 25°C as compared to those at 15°C. A similar result was observed by Mamede and Pastore [31] who
obtained a dry cell mass of 12.4 mg/l (expressed as dry mass) during the fermentation of Chardonnay and Pinot
Noir grape musts by S. cerevisiae at 20°C, whereas at 15°C it was only 10.4 mg/L.

During the fermentation process, the sugars and amino acids are metabolized to produce ethanol and other
compounds that reflect on the acceptability of the aroma. These volatile compounds vary significantly between
different yeast species, so it is necessary to select for those yeasts that contribute positive attributes to the aroma
[31 [7].

The typical wine aroma in the fermented musts was evaluated using a sensory acceptability test, applied at
three distinct points during the fermentation (72 h, 96 h and 120 h). The Chenin Blanc grape must fermented by
H. opuntiae presented higher acceptance means at the three points analyzed (6.74, 6.78 and 7.30) (Table 1).

In the fermentation carried out by the yeasts H. opuntiae and S. cerevisiae, the highest mean acceptance (7.22)
was observed after 120 hours, with no statistical difference from the sample fermented by H. opuntiae alone.
The fermentations carried out by the commercial yeast S. cerevisiae var. bayanus alone showed the lowest mean
acceptances of 4:18, 3.78 and 4.30 at the time points of 72 h, 96 h and 120 hours, respectively, and were statis-
tically different (p > 0.05) from the other samples tested. This shows that H. opuntiae contributed to enhancing
the aroma of the wine. King et al. [35] observed that the wine made from the Sauvignon blanc grape must using
two different yeast strains of S. cerevisiae showed a higher mean acceptance for flavor as attributed by 120
judges, when compared to the wine produced with only one strain of S. cerevisiae.

The Rosé grape must fermented by the yeasts H. opuntiae and S. cerevisiae presented higher mean accep-
tances (7.16 and 7.12) for aroma at the time points of 72 and 96 hours of fermentation, with no statistical differ-
ence (p < 0.05) from samples 1 and 9 (Table 2). The lowest mean acceptance (2.78) was for the must fermented

Table 1. Acceptability tests for the aroma of Chenin Blanc must fermented at 15°C.

Time of sensory analysis Samples Mean acceptances
1 (H. opuntiae) 6.74%
2 (C. flavescens) 5.90"
72 hours of fermentation
3 (S. cerevisiae) 4.18°
4 (S. cerevisiae & H. opuntiae) 5.96
5 (H. opuntiae) 6.78%
) 6 (C. flavescens) 5.80"
96 hours of fermentation o
7 (S. cerevisiae) 3.78¢
8 (S. cerevisiae & H. opuntiae) 5.52°
9 (H. opuntiae) 7.30°
10 (C. flavescens) 2.74°
120 hours of fermentation o
11(S. cerevisiae) 4.30¢
12 (S. cerevisiae & H. opuntiae) 7.22°

Means with the different letter differ significantly according to Tukey’s test (p < 0.05).
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by C. flavescens after 96 hours, with a statistical difference (p > 0.05) from the other samples tested.

The acceptability of the aroma of the Cabernet Sauvignon grape must was low in relation to the acceptability
of the aromas of the Chenin Blanc and Rosé grape musts, and the combination of S. cerevisiae and H. opuntiae
presented higher mean acceptances (5.26 and 5.66) after 72 and 96 hours, respectively (Table 3). The lowest
mean acceptances of 4.22, 4.04 and 3.40 were obtained for the fermentations carried out by the commercial
yeast S. cerevisiae var. bayanus after 72, 96 and 120 hours, respectively, with a statistical difference (p > 0.05)
from the sample with the highest mean acceptance (sample 8).

The Chenin Blanc grape must fermented by H. Opuntiae and the combination of H. opuntiae and S. cerevisiae
presented the highest scores for purchasing intention, corresponding to the concepts of “definitely would buy”
and “probably would buy”, with scores of 76% and 70% respectively after 120 hours of fermentation (Figure 4).
Since these samples showed the highest mean acceptances, they also obtained the highest scores for purchasing
intention.

For the Rosé grape must, the sample fermented by the yeasts H. opuntiae and S. cerevisiae showed the highest

Table 2. Acceptability tests for the aroma of Rosé must fermented at 25°C.

Time of sensory analysis Samples Mean acceptances
1 (H. opuntiae) 6.20"¢
2 (C. flavescens) 6.96"
72 hours of fermentation
3 (S. cerevisiae) 5.70%
4 (S. cerevisiae & H. opuntiae) 7.16%
5 (H. opuntiae) 4.76°
) 6 (C. flavescens) 2.78°
96 hours of fermentation o
7 (S. cerevisiae) 6.04"¢
8 (S. cerevisiae & H. opuntiae) 7.12°
9 (H. opuntiae) 6.14%¢
10 (C. flavescens) 5.84%¢
120 hours of fermentation o
11 (S. cerevisiae) 5.32%
12 (S. cerevisiae & H. opuntiae ) 5.50%

Means with the different letter differ significantly according to Tukey’s test (p < 0.05).

Table 3. Acceptability tests for the aroma of Cabernet Sauvignon must fermented at 25°C.

Time of sensory analysis Samples Mean acceptances
1 (H. opuntiae) 4.26™
2 (C. flavescens) 4.60%°
72 hours of fermentation
3 (S. cerevisiae) 4.22
4 (S. cerevisiae & H. opuntiae) 5.26™
5 (H. opuntiae) 4.54%¢
6 (C. flavescens) 4.54%¢
96 hours of fermentation o
7 (S. cerevisiae) 4,04
8 (S. cerevisiae & H. opuntiae) 5.66°
9 (H. opuntiae) 5.02%
10 (C. flavescens) 5.24%
120 hours of fermentation o
11 (S. cerevisiae) 3.40°
12 (S. cerevisiae & H. opuntiae) 5.18%

Means with the different letter differ significantly according to Tukey’s test (p < 0.05).
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scores for purchasing intention corresponding to the concepts of “definitely would buy” and “probably would
buy” after 72 hours (Figure 5) and 96 hours (Figure 6), with values of 72% and 74%, respectively.

The Cabernet Sauvignon grape must fermented by the yeasts H. opuntiae and S. cerevisiae for 96 hours
showed 32% of purchasing intention, corresponding to the concepts of “definitely would buy” and “probably
would buy” (Figure 7).

Mamede et al. [15] evaluated the acceptability and purchasing intention of the aroma of Chardonnay and Pi-
not noir musts fermented at 15°C by the yeasts Pichia membranefaciens, Kloeckera apiculata, Candida valida
and S. cerevisiae. The highest mean acceptances and purchasing intentions were obtained for the aroma of Pinot
noir and Chardonnay musts fermented by P. membranefaciens and K. apiculata (5.50 and 5.43), respectively.
The highest purchasing intention was for the Pinot noir grape must fermented by P. membranefaciens (35.5%)
and the Chardonnay grape must fermented only by S. cerevisiae showed lower acceptability (4.00) and purchas-
ing intention (20%). In the present study, the fermentations carried out only by S. cerevisiae also showed lower
purchasing intention, corresponding to the concepts of “definitely would buy” and “probably would buy”.

In the present study, it was observed that the results for purchasing intention were in accordance with the
means for acceptance, with samples that showed higher acceptance means also receiving higher scores for pur-
chasing intention, corresponding to the concepts of “definitely would buy” and “probably would buy”. In addi-
tion the results showed that the higher mean acceptances of the aromas for the fermented Chenin Blanc, Cabernet
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Figure 4. Consumer purchasing intention for Chenin blanc must fermented during 120 hours.
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Figure 5. Consumer purchasing intention for Rosé must fermented during 72 hours.
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Figure 6. Consumer purchasing intention for Rosé must fermented during 96 hours.
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Figure 7. Consumer purchasing intention for Cabernet sauvignon must fermented during 96 hours.

Sauvignon and Rosé musts coincided with periods of increased cell growth of the yeasts. Molina et al. [36]
found that most of the volatile aroma compounds (organic acids, ethyl esters and total alcohols) were synthe-
sized during the exponential growth phase of the inoculated yeast in fermentations carried out at 15°C and 28°C.

Many studies have been carried out using mixed cultures of non-Saccharomyces and Saccharomyces cerevi-
siae yeasts in wine fermentations, revealing a possible increase in the concentrations of volatile compounds that
could contribute to the sensory quality of the product [37]-[40].

4. Conclusions

The fermentations of grape musts carried out by the yeast H. opuntiae, isolated in the Sdo Francisco Valley re-
gion, showed greater potential to increase the aroma of the musts as compared to the other species studied. The
use of H. opuntiae with S. cerevisiae var. bayanus in Chenin Blanc, Cabernet sauvignon and Rosé grape musts
resulted in fermented musts with a typical wine aroma.

These characteristics positively influenced the sensory qualities of the wines produced with mixed cultures,
which was reflected in the preference for these wines.

This study shows that the use of mixed cultures of non-Saccharomyces and Saccharomyces cerevisiae yeasts
in fermentation processes could be a strategy to obtain distinctive wines using the native microorganisms from
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each winemaking area.
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