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2000 Štip, North Macedonia; fidanka.ilieva@ugd.edu.mk (F.I.); sanja.kostadinovik@ugd.edu.mk (S.K.V.);
natasagunova@gmail.com (N.G.); violeta.dimovska@ugd.edu.mk (V.D.)

2 Tikveš Winery, Street: November 29. Number 5, 1430 Kavadarci, North Macedonia;
kire.petrov@tikves.com.mk

3 REQUIMTE—Chemistry and Technology Network, Green Chemistry Laboratory (LAQV), Department of
Chemistry and Biochemistry, Faculty of Sciences from University of Porto (FCUP), Rua do Campo Alegre s/n,
P-4169-007 Porto, Portugal; jrocha@sourdomics.com

4 Institute of Food Science and Human Nutrition, Gottfried Wilhelm Leibniz University Hannover,
Am Kleinen Felde 30, 30167 Hannover, Germany

* Correspondence: esatbeyoglu@lw.uni-hannover.de; Tel.: +49-5117625589

Abstract: Two autochthonous yeast strains called F-8 and F-78 (isolated and selected from the Tikveš
wine-producing region) were inoculated in wine musts from Vranec and Cabernet Sauvignon grape
varieties. The fermentation process and quality of the produced wines were compared to the wines
produced from the same grape varieties, but with a commercial yeast strain (D-80). The fermentation
process was undertaken at 23–25 ◦C for 16 days. The highest alcohol content was detected in Vranec
and Cabernet Sauvignon wines fermented with autochthonous F-8 yeast strain. Conversely, Vranec
wine fermented by the F-78 yeast strain contained the lowest alcohol content (14.11%). The low
sugar amount (2–3 g/L) in both grape varieties is indicated the production of dry wines. The
total amount of phenolic compounds was significantly higher in Vranec wines. Unlike the alcohol
content, Vranec wine produced by commercial yeast strain D-80 indicated the highest concentration
of total phenolic compounds (1450 mg/L) and total anthocyanins (572 mg/L), while the lowest
concentrations were observed in wine fermented by autochthonous yeast strain F-78 (1612 mg/L and
470 mg/L, respectively). The maximum color intensity was measured in the Vranec wine fermented
by autochthonous yeast strain F-8, while wines from Cabernet Sauvignon grape variety fermented
with the same yeast strain F-8 and commercial yeast strain D-80 had comparable values in terms of
color intensity.

Keywords: Saccharomyces cerevisiae; autochthonous yeast strains; commercial yeast strains; fermen-
tation; wine quality; Vranec wines; Cabernet Sauvignon wines; total phenolic compounds; total
anthocyanins; color

1. Introduction

Nowadays, selected pure cultures of wine yeasts are mainly used in winemaking,
which has led to a significant improvement in wine technology and respective final quality,
because of multiple benefits such as the ability to undertake a quick and effective fermen-
tation of grape juice or must with high sugar concentration; resistibility to high levels of
ethanol (C2H6O) and sulfur dioxide (SO2); and resistance to high temperatures during
fermentation [1].
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Indeed, the increasing usage of traded selected yeasts for winemaking leads inevitably
to a loss of the autochthonous yeast populations naturally present in regional grapes and,
consequently, drives to the potential loss of genetic diversity and heritage. Largely, the
specificities, authenticity, uniqueness and, most importantly, the quality characteristics of
the wine are dependent on the natural microbiota found in the grapes of each viticulture
region [2] and, of course, the quality of the grapes by itself, which deeply depends on
the soil and climate conditions of the geographic region and the employed viticulture
techniques, which also determine per se the type of microbiota present therein.

Over the last few years, increasing interest among scientists and winemakers has been
observed in exploiting autochthonous yeast strains. After isolation and the selection of
yeast strains with good phenotype and technological characteristics, they can be further
employed in winemaking processes with high potential to be successful. Such a trend can
be very important toward ameliorating the microbial biodiversity in the selected region and
contributing to enriching the biological heritage, which is of great importance, in a highly
competitive market, for the winery industry chasing for wine appellation and production
of wines with unique/differentiated flavors and aromas [3].

Comparison of the main communities of cultivable yeast species and strains between
two different neighboring Vitis ecosystems suggested that specific (yet unknown) char-
acteristics of different symbiotic Vitis species may contribute to the assembly of specific
communities of biologically compatible yeast strains from a given number of species. In
turn, the growth dynamics of these yeast populations during spontaneous fermentation
can be translated into specific organoleptic and sensory traits of the final wines, depending
on each variety of grape [4]. In addition, the microbial dynamics of alcoholic fermentation
significantly affect the extraction of anthocyanins from grape skins and tannins from grape
seeds, which will further influence, in cascade, the overall bitterness and astringency of
the red wines [5]. Moreover, different maceration techniques, namely enzyme treatment,
cold-soaking, and post-maceration as well as the combination of cold with post-maceration,
influence the extraction process and the subsequent level of anthocyanins and tannins in
wines [6]. The environment of wine fermentation has a great impact on the extraction
and retention of tannins and other phenolic compounds from the red grape skins and
seeds [7,8]. An adequate selection of the indigenous and commercial yeast strains com-
bined with the use of enological tannins containing a mixture of phenolic compounds was
employed to drive the transformation of the grape anthocyanins into certain derivatives,
some of which are more stable from a chemical standpoint [9,10]. On the other hand,
anthocyanins are the main compounds present in young red wines, being responsible for
their intense red color. These pigments are mainly located in the grape skins and their
extractability during winemaking depends on many factors such as their concentration in
cell vacuoles and their interaction with the cell–wall polysaccharides, thus further affecting
their stability and concentration in the must [11]. The biochemical pathways of formation
in red wine are composed of a great variety of pyranoanthocyanin structures, namely
carboxypyranoanthocyanins, methylpyranoanthocyanins, pyranoanthocyanin-flavanols,
pyranoanthocyanin-phenols, portisins, oxovitisins, and pyranoanthocyanin dimers that can
significantly influence the color and the overall taste of red wines as well as the monomeric
anthocyanins and their color expression [12–14].

The main aim of the current research effort was to attain the estimation of the best
winemaking procedure and the most favorable yeast strains toward the production of
high-quality premium wines from Vranec and Cabernet Sauvignon grape variety from the
“Tikveš” wine-growing region. The wines from both grape varieties were fermented by two
autochthonous yeast strains, F-8 and F-78, and a commercial yeast strain, D-80; all strains
belong to the Saccharomyces cerevisiae species. The dynamics of alcoholic fermentations were
ascertained and the quality of the produced wines estimated. The enological parameters
under scrutiny were the percentage of alcohol, sugar content, total and volatile organic
acids, and pH of the wines. Furthermore, total phenolic content, total anthocyanins and
color intensity (IC) were also determined to estimate the best winemaking procedures to
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yield in such a high-quality premium wine from Vranec and Cabernet Sauvignon grape
variety from the “Tikveš” wine-growing region of the Republic of North Macedonia (MK).

2. Materials and Methods
2.1. Grapes from Vranec and Cabernet Sauvignon Variety for Winemaking and Chemicals

Grapes were provided by local farmers from the Kavadarci wine-growing region
(Kavadarci, North Macedonia). Grapes from Vranec (Tikveš, Kavadarci, North Macedonia)
and Cabernet Sauvignon (Tikveš, Kavadarci, North Macedonia) varieties for this study
were harvested in September 2016 and 2017 in the area of “Crveni Bregovi”, located in the
“Tikveš” wine-growing region (Kavadarci North Macedonia). The grapes were harvested
at their optimum time of maturation. Samples of undamaged grapes were taken at random
for further analyses, placed in sterile bags (ISOLAB, Eschau, Germany) and kept in a
refrigerator (Beko, Istanbul, Turkey) at 5 ◦C. All grape samples were stored for five days.

Prior to the analyses, the grapes were selected manually by tossing out rotten or
peculiar-looking grapes. After washing and removing the steams, the grapes were crushed
to release the must. The total sugar content was determined according to the methodology
described by the International Standard Method OIV-AS2-02-SUCREF (2007) [15], while
titratable acidity and pH were determined by the International Standard Method OIV-AS-
313-01-ACITOT (2009) [16]. These assays in grapes were performed in two replicates for
each harvested year (two replicates for 2016 and two replicates for 2017) and the chemical
parameters were determined in duplicate. All chemicals for these grape analyses were
purchased from Sigma-Aldrich (Seelze, Germany) and Merck (Darmstadt, Germany), and
were of analytical reagent grade.

2.2. Isolation, Selection, and Identification of Autochthonous Yeast Strains F-8 and F-78 from the
Tikveš Wine-Growing Region

The procedure of isolation and selection of endogenous yeast strains F-8 and F-78
was previously described by the research group of Ilieva (2016, 2017, 2019) [17–19]. Briefly,
spontaneous fermentations of 10 different lots Vranec and five different lots of Cabernet
Sauvignon from different micro-regions were held. After destemming, crushing, and
addition of sulfuric acid (dosage 20 mg/kg, 5% sulfuric acid), the spontaneous fermentation
took place at 25–28 ◦C in polyethylene terephthalate (PET) vessels (Ilsen GmbH, Hövelhof,
Germany). From the experimental trials, pure yeast cultures were isolated according to the
Koch method (Bambalov et al., 2000) [20]. The microbial isolation was executed from single
colonies, cultivated in test tubes with nutrient agar (NA) culture medium with sterilized
grape juice in a thermostat in water bath at 25 ◦C. Subsequently, the isolated and purified
strains were subjected to a three-stage selection based on their fermentation ability.

Moreover, the fermentation activity of the selected pure yeast strains F-8 and F-78
was evaluated in sterilized liquid grape juice. In sterilized sample tubes with 10 mL of the
aforementioned juice each yeast culture was inoculated, previously activated during 72-h
using a sterile inoculating loop. The assays were carried out in a thermostatic water bath at
25 ◦C, and the evolution of the alcoholic fermentation was checked with a refractometer
(Krüss, Hamburg, Germany). The F-8 and F-78 autochthonous yeast strains were selected
based on their superior technological characteristics. Afterward, 2 mL of liquid inoculums
were inoculated in the prepared sterile tap glass bottles (0.5 L) for the evaluation of their
fermentation activity. The bottles were closed with fermentation caps and the course of
the fermentation was monitored by the evaluation of the levels of residual sugar. The first
determination of sugar fermentation capacity of the selected yeasts was determined in Petri
dishes by pouring each strain in a mixture of 0.6% (w/v) yeast extract solution with the
addition of 0.2% (w/v) of each of the following carbohydrates: glucose, fructose, galactose,
maltose, saccharose, and raffinose (in this last case, in a concentration of 0.4%, w/v).

For the second and final confirmation of the ability of the strains to assimilate car-
bon sources, the BioMerieux API 20C AUX kit (Merck, Darmstadt, Germany) was used
(Ilieva et al., 2019) [19]. Biomass from pure fresh colonies was suspended in a saline solu-
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tion (0.1%, w/v). After first homogenization, 0.1 mL of the previous suspension was added
to the control mixture (C) from the kit, which contains nitrogen derivatives, vitamins, and
growth factors but in the absence of carbohydrate sources. After a second homogenization,
the mixture was pipetted into the wells of the API 20C strip and incubated at 25 ◦C. At the
incubation times of 24, 48, and 72 h, the turbidity of the liquid in the wells was compared
against the control (C) to verify the capacity to metabolize the different carbon sources.
Based on these results, the identification of the species level of the yeast strains was possible
to achieve [19].

2.3. Inoculation of Autochthonous and Commercial Yeast Strains and Monitoring of the Alcoholic
Fermentation toward the Production of Vranec and Cabernet Sauvignon Wines

Vranec and Cabernet Sauvignon grapes were equally allocated to the lots, in order
to make similar fermentation conditions. The grapes were collected in stillness still large
and sturdy containers (40.64 cm deep and 50.80 cm wide). One lot (one replicate) per type
of grape per yeast strain gave rise to six lots (two grapes x three yeast strains). Twenty
kilograms of destemmed grapes were crushed with a manual crusher (GW Kent, Ypsilanti,
USA), and 17.4 kg of the must was produced (72%, wmust/wgrapes). Furthermore, 20 mg/kg
of SO2 was added. Two hours after crushing, the two isolated endogenous yeast strains
(F-8 and F-78) and the commercial yeast strain Saccharomyces cerevisiae D-80 (Lallemand Inc.,
Vienna, Austria) were inoculated in a dosage of 0.2 ginoculum/L for each lot and each variety.
The maceration time for all trials lasted 16 days. Alcoholic fermentation was controlled in
a fermentation chamber at the temperature of 23–25 ◦C.

The six experimental wines (combination of two types of wine grapes and three types
of yeast strains) were produced from Vranec and Cabernet Sauvignon grape varieties by
application of autochthonous yeast (F-7 and F-78) and commercial yeast (D-80) strains
(Table 1). Six experimental wines were produced from Vranec and Cabernet Sauvignon
grapes from 2016 and 2017 harvesting years, respectively.

Table 1. Experimental design for the wines produced with Vranec and Cabernet Sauvignon grape
varieties and fermented by autochthonous and commercial yeast strains.

Wine Designation Grape Variety Yeast Strain Oenological Parameters

V1 Vranec F-8
Alcohol (ethanol)

Total reducing sugars *
Titratable acidity (TA) *

Volatile acidity (VA)
Color intensity (IC)

Total monomeric anthocyanins
Total phenolic compounds

V2 Vranec F-78
V3 Vranec D-80

CS1 Cabernet Sauvignon F-8
CS2 Cabernet Sauvignon F-78
CS3 Cabernet Sauvignon D-80

* Note: In addition to the pH values, the grapes were subjected to the determination of total reducing sugars
and TA.

2.4. Determination of Oenological Parameters in Trial Wines

Determination of the amount of alcohol was performed ebuliometrically by a Dujardin-
Salleron ebulliometer (GW Kent, Ypsilanti, USA) method (Zoecklein et al., 1995) [21], and
for the determination of total reducing sugars, the Luff-Schoorl method (ISI 28-1e: De-
termination of Reducing Sugar, DE by Luff-Schoorl’s method) was used and the results
expressed as g/L [22]. Quantification of titratable (TA) and volatile (VA) organic acidity in
wines was performed according to the methodologies described by Ilieva et al. (2017) [19],
and both are expressed as g/L. Determination of color intensity (IC) (as absorbance units,
a.u.) was performed spectrophotometrically by measuring the absorbance of the wines
at 420 nm (yellow color), 520 nm (red color), and 620 nm (blue color) with a UV spec-
trophotometer (Shimadzu 1800, Shimadzu Corporation, Kyoto, Japan). Determination
of total monomeric anthocyanins was performed by the AOAC International Method
(Official Method 2005.02: Total Monomeric Anthocyanin Pigment Content of Fruit Juices,
Beverages, Natural Colorants, and Wines) and expressed as mg/L [23]. Determination of
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total phenolic content was performed by the AOAC International Method (AOAC SMPR
2015.009: Estimation of Total Phenolic Content Using the Folin–Ciocalteu Assay, 2015) and
expressed as mg/L [24]. The pH values of the wines were determined by the International
Standard Method according to OIV-MA-AS313-01 [25].

The oenological parameters were determined in two replicates for each harvested
year and the analytical measurements were performed in duplicate (2 × 2 = 4, every
measurement was obtained as a mean value of two replications of each harvested year).
All chemicals in these experiments were purchased from Millipore Sigma (Burlington, VT,
USA) and Merck (Darmstadt, Germany), and were of analytical reagent grade.

2.5. Statistical Analysis

The experimental results of the produced wines were subject to independent two-way
analysis of variance (ANOVA) to examine the impact of each fixed factor (i.e., the selected
yeast strains (n = 3) and the selected grapes (n = 2)), on the dependent variables (i.e.,
the content of total anthocyanins, total phenolic compounds, total reducing sugars, pH,
titratable and volatile acidities). Additional two-way ANOVA (analysis of variance) was
used for determination of differences in dynamics of alcohol fermentation for Vranec wines
(over 3–7 days) and Cabernet Sauvignon wines (over 3–9 days). The level of significant
differences of the mean values (p-value) used was 5% for all the performed two-way
ANOVA F- and Tukey’s tests. When the F-tests resulted in significant differences, the mean
values were further subjected to Tukey’s-HSD post-doc tests for a comparison of the mean
differences between groups of the independent variables (i.e., the type of yeast strain and
the type of wine grape) could be undertaken. The IBM SPSS Statistics v.16.0 software (IBM
Corporation, Chicago, IL, USA) was used for the statistical analyses.

3. Results

During the fermentation processes, the sugar content of the juice of ripe Vranec and
Cabernet Sauvignon grapes was 247 g/L and 236 g/L, respectively. Titratable acidity (TA)
was in the range of 6.7–7.1 g/L, while pH values for grapes from the Vranec and Cabernet
Sauvignon grape variety were 3.54 and 3.40, respectively. Data were measured before
fermentation and presented as mean values of two replicates from each harvested year
(2016 and 2017, respectively) (Table 2).

Table 2. Sugar content, titratable acidity, and pH values of grapes from Vranec and Cabernet Sauvignon for vintage years
2016 and 2017.

Grape Variety Vintage Year Sugar Content (g/L) Titratable Acidity (TA) (g/L) pH

Vranec 2016 245 234 3.51
Vranec 2016 249 238 3.54

Cabernet Sauvignon 2017 246 235 3.41
Cabernet Sauvignon 2017 248 237 3.40

3.1. Dynamics of the Alcoholic Fermentation throughout Time to Produce Wines from Vranec and
Cabernet Sauvignon Grape Varieties

The autochthonous and commercial yeast strains, belonging to the species of Sac-
charomyces cerevisiae, clearly demonstrated different dynamics of alcoholic fermentation
and different content of dry-matter for Vranec wines. As seen in Figure 1, the application
of autochthonous yeast strain F-78 indicated a faster and sharper decrease in total sugar
content in the wines from the Vranec grape variety, while application of commercial yeast
D-80 led to a slower decrease of total sugars in the wines from the same grape variety. The
differences in the shape of the curves for the three Vranec wines are especially noticeable
from the fifth day to the eighth day of the alcoholic fermentation.
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At the end of alcoholic fermentation (16th day), the amount of residual sugar was in
the range of 2–3 g/L, thus leading to the production of dry-wines, while the percentage of
alcohol was in the range of 13.97–14.68% (vol.). Moreover, the results depicted in Figure 1
indicate that likewise, the commercial yeast (D-80) and the autochthonous (F-8 and F-78)
yeasts also finished the alcoholic fermentation with similar amounts of total residual sugars.

The dynamics of the alcoholic fermentation of wines produced from the Cabernet
Sauvignon grape variety by application of the same yeast strains (F-8, F-78, and D-80) are
illustrated in Figure 2.
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tochthonous and commercial yeast strains through the screening of the total amount of reducing
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g/L. Mean ± STDV were calculated from one replicate of each fermentation type (see Table 1) and
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As seen in Figure 2, the shapes of the curves were slightly different in comparison to
Vranec wines (Figure 1). The decrease of the sugar content in the Cabernet Sauvignon wine
fermented by F-78 (wine CS2) was smoother while wines CS1 and CS3 (wines fermented
with F-8 and D-80, respectively) had similar shape of curves with a sharper decrease
in total sugar content from the 9th to 11th days of fermentation when compared to the
previous days of fermentation. Although there was a smoother decrease, the autochthonous
yeast strains F-8 and F-78 pointed toward a similar shape of decrease in comparison to
commercial yeast strain D-80 in the total sugar contents throughout time in the wines
from the Cabernet Sauvignon grape variety (Figure 2). The alcohol content for Cabernet
Sauvignon wines were in the range of 14.11–14.96% (vol.). Furthermore, the amount of total
residual sugars was less than 3 g/L. Statistical analysis (two-way ANOVA) indicated that
the fermentation rate of indigenous yeast strain F-78 was superior for the musts (especially
over 3–7 days for Vranec wines and 3–9 days for Cabernet Sauvignon wines) in comparison
to the fermentation rate of indigenous F-8 and commercial D-80 yeast strains (Table 3).

Table 3. Two-way ANOVA statistical analysis for fermentation of the must from Vranec (from the 3rd to 7th days) and
Cabernet Sauvignon (from the 3rd to 9th days) grapes.

Days of
Fermentation Type of Yeast

Content of Sugar
in Must from

Vranec Grapes
(g/L)

Days of
Fermentation Type of Yeast

Content of Sugar
in Must from

Cabernet
Sauvignon Grapes

(g/L)

3
F-8 215.0 ± 9.2 b

3
F-8 214.1 ± 12.9 b

F-78 195.5 ± 8.9 a F-78 198.6 ± 10.8 a

D-80 221.3 ± 11.0 b D-80 228.4 ± 13.6 b

4
F-8 204.2 ± 10.8 b

4
F-8 202.5 ± 11.8 b

F-78 160.4 ± 12.2 a F-78 185.8 ± 14.1 a

D-80 210.9 ± 9.7 b D-80 211.9 ± 12.8 b

5
F-8 170.5 ± 8.3 b

5
F-8 194.4 ± 10.0 b

F-78 134.8 ± 10.1 a F-78 179.0 ± 12.8 a

D-80 190.1 ± 9.9 c D-80 202.1 ± 13.1 b

6
F-8 140.7 ± 10.8 b

6
F-8 188.5 ± 12.6 b

F-78 92.8 ± 9.2 a F-78 164.7 ± 13.1 a

D-80 174.3 ± 12.4 c D-80 196.5 ± 13.0 b,c

7
F-8 85.5 ± 9.5 b

7
F-8 183.3 ± 12.5 b

F-78 72.6 ± 10.4 a F-78 151.8 ± 12.4 a

D-80 99.9 ± 7.1 c D-80 187.6 ± 9.8 b

8
F-8 170.3 ± 13.0 b

F-78 120.1 ± 9.6 a

D-80 176.9 ± 12.1 b

9
F-8 151.4 ± 13.4 b

F-78 98.5 ± 7.5 a

D-80 163.8 ± 11.5 b,c

ANOVA factors and interactions

p-values

Days of
fermentation 0.00 0.001

Type of yeast 0.01 0.02
Grape Variety 0.12 0.49

Days of
fermentation x
type of yeast

0.01 0.03

Days of
fermentation x
grape variety

0.14 0.09

Type of yeast x
grape variety 0.32 0.58

Note: Mean ± STDV were expressed in % of two replicates and four analytical measurements. The different superscript letters (a–c) mean
significant differences (p < 0.05) among the results in the same column in decreasing order. Faster decrease of content of sugar means higher
efficiency of the yeast. Significant p values (p < 0.05) are shown in bold.
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The results from the statistical analysis presented in Table 3 indicated that days of
fermentation, type of yeast, and interaction of days of fermentation as significant factors
for wines from both varieties of grapes.

3.2. Oenochemical Parameters of Vranec and Cabernet Sauvignon Wines Produced by
Autochthonous and Commercial Yeast Strains

The results from the oenochemical parameters of Vranec and Cabernet Sauvignon
wines resorting to the autochthonous yeast strains F-8 and F-78 and the commercial yeast
strain D-80 for fermentation are shown in Table 4.

Table 4. Mean values and standard deviations (mean ± STDV) of oenological parameters of wines from Vranec and Cabernet
Sauvignon grape varieties and fermented by autochthonous and commercial yeast strains. Wine type abbreviations are
defined in Table 1.

Wine
Designation

Alcohol
% (vol.)

Total Reducing Sugars
(gsugars/Lwine)

Titratable Acids (TA)
(gTA/Lwine)

Volatile Acids (VA)
(gVA/Lwine) pH

V1 14.96 ± 1.51 a 2.2 ± 0.0 a 6.89 ± 1.01 b 0.68 ± 0.09 a 3.32 ± 0.11 b

V2 14.11 ± 2.01 a,b 2.0 ± 0.1 b 7.13 ± 0.98 a 0.43 ± 0.07 c 3.26 ± 0.23 b

V3 14.53 ± 1.09 a 2.2 ± 0.4 a 7.34 ± 0.44 a 0.61 ± 0.05 a 3.24 ± 0.49 b

CS1 14.51 ± 0.98 a 2.0 ± 0.0 b 5.32 ± 0.67 c 0.42 ± 0.01 c 3.95 ± 0.57 a

CS2 14.68 ± 2.03 a 2.0 ± 0.3 b 6.29 ± 0.81 b 0.65 ± 0.04 a 3.84 ± 0.09 a

CS3 13.97 ± 1.77 b 2.2 ± 0.7 a 5.92 ± 0.39 c 0.50 ± 0.07 b,c 3.88 ± 0.41 a

ANOVA factors and interactions
p-values

Yeast strains 0.03 0.04 0.01 0.01 0.04
Grape

varieties 0.42 0.83 0.02 0.04 0.85

Yeast strains
x Grape
varieties

0.72 0.84 0.43 0.24 0.09

Note: Mean ± STDV were expressed in mganalyt/Lwine of two replicates and four analytical measurements. The different superscript letters
(a–c) mean significant differences (p < 0.05) among results in the same column. Significant p values (p < 0.05) are shown in bold.

The results from Table 4 indicated a significant difference for the Cabernet Sauvignon
wine CS3 (see Table 1 for wine designations) produced with commercial yeast D-80 (13.97%).
The percentage of alcohol in the other Cabernet Sauvignon wines (CS1 and CS2) and all
Vranec wines (V1–V3) were above 14%. The concentration of total reducing sugars in all six
wines were in the range from 2.0 to 2.3 g/L. Nevertheless, the lowest amounts of titratable
acids were obtained in wines from the Cabernet Sauvignon grape variety fermented by
the autochthonous yeast strain (F-8) and commercial yeasts strain (D-80), chiefly 5.21 and
5.92 g/L, respectively. The lowest concentrations of volatile acids in wines from both
grape varieties were observed in those fermented by autochthonous yeast strains (F-8 for
Vranec and F-78 for Cabernet Sauvignon wines). Specifically, the amount of volatile acids
in Vranec wine V2 fermented by autochthonous yeast strain F-78 was 0.43 g/L, whereas
in wine CS1 fermented by autochthonous yeast strain F-8, it was 0.42 g/L. Overall, the
pH values for Vranec wines produced by autochthonous and commercial yeast strains
were lower in comparison to the Cabernet Sauvignon wines produced by the same yeast
strains. Significant differences among parameters were confirmed by statistical analysis.
The effect of yeast strain was significant for all parameters presented in Table 4, while the
effect of grape variety was significant only with respect to the variables volatile compounds
and titratable acids. Interaction effect between yeast strain and grape variety was not
statistically significant for any of the parameters presented in Table 4.

In contrast to the oenochemical parameters summarized in Table 4, the influence of
yeast strains on the content of total phenolic compounds, total anthocyanins, and color
intensity was substantially more noticeable. The results presented in Table 5, unfold the
highest amount of total phenolic compounds for wines of both grape varieties when the
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commercial yeast strain (D-80) was employed. On the other hand, the highest levels of
anthocyanins were detected for Vranec wine V1 fermented with autochthonous yeast
strain F-8 (653.3 g/L) and Vranec wine V3 fermented with commercial yeast strain (D-
80) (637.1 g/L). Moreover, the highest color intensity for Vranec wines was detected for
Vranec wine V1, while Cabernet Sauvignon wines CS1 and CS3 had higher values for color
intensity in comparison to the wine CS2 fermented by autochthonous yeast F-78 (please
see the experimental design and abbreviations in Table 1). Statistical analysis presented in
Table 5 indicates significant differences among the results for total anthocyanins for two
factors and the interaction, while only the type of yeasts had a significant effect on the other
two parameters namely, total phenolic compounds and color intensity. The significant
interaction effect for total anthocyanins lead to the conclusion that a comparison among
yeast strains can only be done by variety. In addition, the significant interaction between
yeast strain and variety indicates the need to select isolated yeast to fit specific varieties.
Such a profile can also be unfolded by analyzing Figure 3.

Table 5. Mean values and standard deviations (mean ± STDV) of total phenolic compounds, total anthocyanins, and color
intensity (IC) of wines from the Vranec and Cabernet Sauvignon grape varieties and fermented by autochthonous and
commercial yeast strains. Wine type abbreviations are defined in Table 1.

Wine Designation Total Phenolic Compounds (TPC)
(mganalyt/Lwine)

Total Anthocyanins
(mganalyt/Lwine) Color Intensity (a.u.)

V1 1512.7 ± 23.55 b 653.3 ± 11.08 a 31.31 ± 4.21 a

V2 1528.9 ± 39.01 b 583.7 ± 22.65 b 21.02 ± 5.28 b

V3 1617.2 ± 24.72 a 637.1 ± 19.87 a 23.62 ± 3.97 b

CS1 1495.9 ± 23.55 b,c 540.7 ± 12.04 c 31.05 ± 2.99 a

CS2 1450.5 ± 34.21 c 472.9 ± 20.11 c,d 21.01 ± 4.01 b

CS3 1610.8 ± 13.90 a 573.8 ± 17.91 b 32.72 ± 3.87 a

ANOVA factors and interactions
p-values

Yeast strains 0.04 0.01 0.02
Grape varieties 0.03 0.02 0.14

Yeast strains x Grape varieties 0.15 0.04 0.21

Note: Mean ± STDV were expressed in mganalyt/Lwine of two replicates and four analytical measurements. The different superscript letters
(a–d) mean significant differences (p < 0.05) among results in the same column. Significant p values (p < 0.05) are shown in bold.
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According to Figure 3, the results in this current research effort revealed a significant
influence of type of yeast strains employed during the fermentation in the oenochemical
parameters as well as in the content of polyphenolic compounds, total anthocyanins, and
color intensity of the produced wines. Besides, the influence of the type of yeast strain
during winemaking depends significantly on the grape varieties. In other words, the
influence of the same autochthonous and commercial yeast strains in the final wines (under
the same processing conditions) depends significantly on the type of wine grape (viz.
Vranec and Cabernet Sauvignon varieties).

4. Discussion

Although the autochthonous (F-8 and F-78) and commercial (D-80) yeast strains
belong to the same species of Saccharomyces cerevisiae, the dynamics of alcoholic fermen-
tation presented in Figures 1 and 2 and Table 3 confirm the findings of Barrajón et al.
where autochthonous yeast strains had the ability for better adaptation in grape must
in comparison to the commercial yeast strains. According to the findings of Barrajón
et al. (2011) [26], when commercial and wild strains were inoculated at the same rate,
the wild strains were dominant not only in the fermentation in the cellar, but also in the
laboratory assays. In addition, the wild strains, when reaching 50% of composition in
the vinification vat, improved their performance under controlled conditions [26]. In fact,
autochthonous strains in distinct matrixes often show higher functional and technological
performance than allochthonous strains due to its inherent better adaptability to the origi-
nal raw materials, which justifies the microbial prospection toward their potential use in
food processing systems.

In addition, dynamics of alcoholic fermentation depends on the presence of tannins
and fermentation activators. Such a correlation was observed in the present studies when
it was observed that the same yeast fermentation under the same winemaking conditions
resulted in distinct profiles of fermentation curves (i.e., the same yeast fermentation un-
der the same winemaking conditions resulted in different shapes of fermentation curves
(Figures 1 and 2)). According to the findings of Ríos et al. (2014) [27], the fermentation
activity of individual yeast strains depends of abiotic factors (pH, temperature, ethanol,
osmotic pressure, nitrogen, etc.) and simultaneously in biotic factors (microorganisms,
killer factors, grape variety, etc.). Moreover, there is a trend to imply co-inoculation with
different yeast strains (i.e., the use of consortia of yeast strains) in order to reach improved
characteristics of wines and achieved organoleptic complexity [27].

As noted, in Vranec wines, substantial changes in the shape of the curves was ev-
ident from the 3rd to 7th days of fermentation, while in Cabernet Sauvignon wines, it
occurred from the 3rd to 9th days fermentation (Figures 1 and 2 and Table 3) in favor of
autochthonous yeast strain F-78. According to Vigentini et al. (2014) [28], the evolution
of yeast populations during controlled fermentation of Chardonnay musts in two Italian
wineries depended on the presence of autochthonous yeast strains. Specifically, in the
first winery, where the oenologist carefully managed only one of three starter cultures and
did not carry out any spontaneous fermentation, the commercial yeast strain always mas-
tered the process; conversely, in the second winery, where the oenologist simultaneously
performed spontaneous fermentation, the yeast starter culture did never take over the mi-
crobial growth dominance (despite staying viable over the fermentation) and a continuous
succession of distinct autochthonous Saccharomyces cerevisiae, Pichia membranifaciens, and
Hanseniaspora vinae strains dominated the fermentation without one never prevailed on the
other autochthonous strains [29]. Furthermore, sensitivity/vulnerability of yeast strains
to ethanol toxicity is also a very well-known condition, which can affect the microbial
dynamics of fermentations, since the ethanol inhibits sugar metabolic pathways of the
yeasts. The tolerance of yeast strains to the toxicity of ethanol is strongly dependent on
the temperature and leads to the conclusion that some yeast strains have more aptitude to
finish fermentations under lower temperatures [30–32].
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Results displayed in the current research (Table 4) showed that the influence of yeast
strains is better and more intensively expressed based on the total phenolic content of
wines in comparison to the oenochemical parameters. Generally, higher amounts of
total phenolic compounds and total anthocyanins in wines produced with both grape
varieties was observed when the autochthonous yeast strain F-8 and the commercial
yeast strain D-80 were used (Table 5). In fact, the microbial dynamics of specific yeast
population under controlled fermentation inevitably results in specific organoleptic and
sensory characteristics of the final wines, and such microbial dynamics are dependent on
the grape variety [33,34]. Bitterness and astringency of the produced wines depends on the
amount of anthocyanins in grape skin and tannins in grape seeds [35].

The data in this work (Table 5 and Figure 3) showed that grapes from the Vranec
variety had a higher amount of anthocyanins in the skins in comparison to the Cabernet
Sauvignon grapes. This explains the higher amount of total anthocyanins found in all
Vranec wines when compared to the wines from the Cabernet Sauvignon grapes, both
of which were produced under the same winemaking conditions. However, the highest
amount of total phenolic compounds (Figure 3) in wines from both grape varieties were
obtained when the fermentation was undertaken by the commercial yeast strain D-80.
The commercial yeast strain D-80 isolated from the Côte Rôtie area of the Rhône Valley
is claimed to have advantageous phenotype characteristics to ferment polyphenol-rich
red musts and it is one of the preferred strains for contributing to the high tannin content
(Lallemand Oenology Inc., Vienna, Austria) [36]. The importance of tannins derives from
its contribution to the organoleptic characteristics such as astringency [37]. In general,
tannin activity is primarily driven by its molecular size. In fact, based on the different
maceration times applied, many studies have revealed that increases in the perceived
astringency quality are related to the tannin chemistry (i.e., it is driven by tannin molecular
mass), as opposed to the tannin pigmentation formation or oxidation effect [34]. Moreover,
inter- and intramolecular co-pigmentation of anthocyanins and colorless co-pigments can
significantly change the overall color and intensity of red wines [38]. Results from our
study confirmed such conclusions. Although Vranec wines V1 and V3 contained the
highest amount of total anthocyanins (Table 5), the intensity of the color was remarkable
for Cabernet Sauvignon wines CS1 and CS3. The anthocyanin composition in red wines
depends not only on the original anthocyanin profile in grape berries, but also on the
enological techniques applied [39]. The yeast behavior can modify the phenolic content of
red wines by their ability to absorb the phenolic compounds on the yeast cell walls [40].
Moreover, absorption of the phenolic compounds on the yeast cell during fermentation
can result in the loss of wine color [41,42]. Results from our study (Figure 3) indicated
that the highest value for color intensity of Vranec wines V1 and V3 fermented by yeast
strains F-8 and D-80, respectively, as well as the Cabernet Sauvignon wine CS3 fermented
by yeast strain D-80. Such a behavior led us to show that isolated autochthonous yeast
strains do not always meet all the desired phenotype traits for winemaking but, important
to mention, they contribute effectively to the biodiversity and microbial heritage, which
can be very useful to develop and improve new and successful fermentation processes
toward the innovation, diversity, and authenticity of wines [43–46]. The existence of yeast
strains with superior genetic traits and technological potential can be achieved through
the exploitation of the variety of grape and optimization of the fermentation conditions.
Thus, the continuous microbial prospection of yeast strains in natural sources (grapes)
from different varieties and from different geographical regions is essential in such a
direction. These findings make it clear that the use of mixed starter cultures (i.e., consortia
of autochthonous (and eventually with commercial) yeast strains) can become a promising
approach to be explored through food engineering. Accordingly, and as observed in Table 5,
although autochthonous yeast strain F-78 selected from thee Tkiveš wine-growing region
was superior for the fermentation of Vranec wines, changes in fermentation conditions
can become more favorable to the autochthonous F-8 or to the commercial D-80 yeast
strains [47–49]. Comparison of results from our study (Figure 3) with those obtained by
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Ilieva et al. (2016, 2017) [17,18] unequivocally showed that fermentation of wines from
the same grape varieties, but from different winemaking locations and different vintage
years, and from the same yeast strains have different behaviors [17,18]. This is linked to
the finding that the presence of different yeasts during fermentation, especially winery-
specific strains, contributes to an increase in the wine complexity and differentiation [50].
Moreover, the fact that wines were produced in different vineries, led us to conclude
that autochthonous S. cerevisiae strains occurring at higher percentages in spontaneous
alcoholic fermentations are more competitive, possibly because of their higher adaptability
to the natural matrix as well as to the progressive changes in environmental conditions
throughout fermentation, particularly the ethanol content and temperature [51]. Indeed,
some predominant S. cerevisiae strains persisted in different fermentations in the same
winery from one year to another and they seem to be representative of a single winery
rather than of an oenological geographical area [52–56].

5. Conclusions

In this research study, six wines were produced using the factorial design constituted
by the type of yeast (two autochthonous and one commercial yeast) and two varieties of
wine grapes (Table 1). All combinations of the factors were tested and the fermentation
conditions remained the same in all produced wines. The wines from the Vranec grape
variety exhibited a high amount of anthocyanins, which is related to grape variety, but the
overall color intensity was not significantly different in comparison to the wines produced
with the Cabernet Sauvignon grape variety. The total phenolic content of wines produced
with the Cabernet Sauvignon grape variety displayed lower values when compared with
the Vranec wines. The dynamics of alcoholic fermentation in Vranec wines (from the third to
seventh days) fermented by the autochthonous yeast strain F-78 showed a sharper decrease
in total reducing sugar content. Changes in color intensity is likely to be caused by the
individual ability of yeast strains to absorb the anthocyanins and other phenolic compounds
throughout the fermentation process as well as co-pigmentation during winemaking.
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