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Abstract:

Wines are complex alcoholic beverages. Apart from alcohol, they also contain other compounds, including those that have a
beneficial effect on human health.

This paper features the basic physicochemical properties of four red grape varieties (Blatina, Vranac, Cabernet Sauvignon,
Merlot) from the Mostar area, Bosnia and Herzegovina, as well as the antioxidant and antimicrobial properties of wines made
of these grape varieties. The wines were produced in a standard way; the results were observed during two consecutive seasons
of 2020 and 2021. The physicochemical properties were analyzed by standard methods recommended by the International
Organization of Vine and Wine. The study involved tests for total phenolics, flavonoids, and anthocyanins, as well as for
antioxidant activity. The methodology included FRAP, DPPH, and ABTS assays. The antimicrobial activity was tested by agar
dilution method, which made it possible to determine the minimum inhibitory and bactericidal values. The list of pathogenic
and opportunistic bacteria consisted of Escherichia coli, Pseudomonas aeruginosa, Staphylococcus aureus, and Bacillus cereus.
Pathogenic yeasts were represented by Candida albicans. Lactobacillus plantarum and Saccharomyces boulardii were selected
as probiotic cultures.

The physicochemical characteristics of grapes, i.e. must, depended on the harvest year, variety, and their interaction. The best
antioxidant effect and the highest total phenolic content belonged to the Vranac wine, vintage 2020. B. cereus appeared to be
the most sensitive bacteria. The Blatina wines of both harvest years demonstrated the lowest antimicrobial and the antioxidant
activities. Probiotic cultures proved to be resistant to the effects of wine. Pearson’s test revealed a reliable correlation between
the antioxidant properties and the antimicrobial effect on B. cereus and, in one case, on S. aureus and P. aeruginosa.

All grapevine varieties in this research proved to be suitable for the production of quality wines in the Mostar area.
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INTRODUCTION tile compounds, and phenolic compounds [3]. Antioxi-

The quality of grapes and wine depends on the vari- dant activity is one of the most important properties of
ety, the agro-ecological conditions of the vineyard, and red wines. It is associated with polyphenols, e.g., flavo-
the production technologies. The structural and physi- ~ noids, phenolic acids, stilbenes, coumarins, etc. [4]. The
cochemical characteristics of grape clusters and berries polyphenol content of wine depends on the grape vari-
define the ampelographic and technological properties ety, vineyard location, cultivation system, climate, soil
of grape varieties [1, 2]. type, grapevine production practices, harvesting time,
Wine is one of the oldest and most widespread alco- ~ production process, and ageing. The polyphenol mole-
holic beverages. As a rule, it contains alcohol, sugars, cules behave as antioxidants against free radicals. They
acids, tannins, minerals, proteins, organic acids, vola- increase the antioxidant capacity in the human body.

Copyright © 2024, Jovanovi¢-Cvetkovi¢ et al. This is an open access article distributed under the terms of the Creative Commons Attribution 4.0
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In addition, they affect the sensory profile of wines [5].
Anthocyanins contribute to color while flavan-3-ols are
responsible for bitterness and astringency [5, 6]. Vin-
tage has a different effect on antioxidant properties of
red wines, even if they share the same production con-
ditions, vineyard location, cultivation system, climate,
soil type, harvesting time, and ageing [5].

The antimicrobial activity of red wines against patho-
genic and opportunistic microorganisms is well documen-
ted and mostly associated with the content of various
polyphenolic compounds in red wine, e.g., anthocyanins,
flavonoids, stilbenes, catechins, and phenolic acids [7, 8].
The inhibitory effect also depends on the type of bacte-
ria. The content of phenolic acids, resveratrol, and some
flavonoids was found to correlate with the inhibitory
activity of wine against Clostridium perfringens and
Micrococcus flavus [9]. Antimicrobial activity of wine
against Listeria inocua and Proteus vulgaris was repor-
ted to depend on the catechin content. However, none of
the abovementioned components correlated with the ac-
tivity against Klebsiella pneumonia strains. Apart from
polyphenols, the antimicrobial effect of wines is known
to depend on other components and variables, e.g., orga-
nic acids, low pH, alcohol, and acetates [10]. In relation
to pathogenic microorganisms, wine components do not
inhibit the digestive tract microbiota: plant phenols actu-
ally have a stimulating effect on their growth [11].

The physicochemical characteristics of grapes from
Bosnia and Herzegovina, especially those from the re-
gion of Mostar, remain as understudied as the antioxi-
dant and antimicrobial properties of the local wines.
This research aimed at analyzing the effect of grapevine
variety and production season on these properties.

STUDY OBJECTS AND METHODS

The study involved grapes and wine varieties of Bla-
tina, Vranac, Cabernet Sauvignon, and Merlot, harvested
in the area of Mostar (43°20°N; 17°48’E) in Bosnia and
Herzegovina in 2020-2021.

Climate indicators. Mostar is located in the south-
western part of Bosnia and Herzegovina. The area
owes its warm Mediterranean climate to the Adriatic
Sea [12]. Figures la and b give the basic meteorologi-
cal data, average monthly temperatures, extreme daily
temperatures, and total monthly precipitation during
the growing seasons of April — October 2020-2021 [13].
Both research years were similar in terms of air tem-
perature, with occasional extreme daily temperatures as
high as > 30°C in May — September. The amount of pre-
cipitation was quite low, especially in June — July 2021.

Physical characteristics of grape clusters and ber-
ries. The analysis included examination of the basic
physical characteristics of grape clusters and berries. The
average weights of 10 grape clusters and 100 grape ber-
ries, g, were measured using a digital scale (KERN 440,
Germany).

Physicochemical characteristics of must and wine.
The quality analysis of the basic physicochemical para-
meters of the must took place during the first stage of
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microvinification. It covered the following parameters.
The percentage of total soluble solids — sugar (TSS,
°Brix) was measured with a digital refractometer (Atago-
Pal-3, Japan). The total titratable acidity was determined
by the neutralization method. The pH value of the must
was measured with a pH-meter (Hanna HI2211, USA).
Microvinification was the same for all grape varie-
ties and followed the classic protocol for red wines.
After crushing the grapes, we protected the resulting
must from oxidation by adding Vulcasulph, a commer-
cial preparation produced by Vulcascot, Austria, in the
amount of 10 g/100 kg. After that, we added Vitamon
Combi yeast food (Erbsloh, Germany). The inoculation
involved the Oenoferm Color selection yeast culture
(Erbsloh, Germany) in the quantities recommended by
the manufacturer. Fermentation took place at 20-23°C,
with must submersion performed twice a day until the
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Figure 1 Meteorological data in 2020 (a) and in 2021 (b)
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level of remaining sugar in the wine was between 1.0
and 2.0 g/L. The young wine was analyzed after five
months of storage in stainless steel tanks. The analysis
followed standard procedures and covered the following
physicochemical parameters: ethanol, total extract, sugar-
free extract, reducing sugars, total acidity, volatile aci-
dity, and pH value [14].

Antioxidant activity of wines. The total phenolic
content was determined by the Folin-Ciocalteu colori-
metric method [15]. The non-flavonoid content was de-
termined by the formaldehyde method whereas the fla-
vonoid content was calculated as the difference between
total phenols and non-flavonoids [16]. The antioxidant
activity analysis involved DPPH, ABTS, and FRAP as-
says [17, 18]. The total anthocyanin content was deter-
mined by the spectrophotometric method as described
by Mitrevska et al. [19].

Antimicrobial activity of wines. The antimicrobial
activity test included the following nutrient media:
Mueller Hinton agar, Mueller Hinton broth, Nutrient
agar, Sabouraud agar, De Man Rogosa and Sharpe agar,
and agar (1.5%).

Microbial cultures: the experiment involved five bacte-
rial cultures, namely Escherichia coli WDCM 00013, Pse-
udomonas aeruginosa WDCM 00024, Staphylococcus
aureus WDCM 00034, Bacillus cereus WDCM 00151,
Lactobacillus plantarum 299v, as well as two yeast cul-
tures (Candida albicans WDCM 00054 and Saccharomy-
ces boulardii DBVPG 6763).

Microbial culture media preparation: the bacterial
cultures of E. coli, P. aeruginosa, S. aureus, and B. ce-
reus, as well as the Candida albicans yeast culture, were
prepared from the logarithmic phase by the direct co-
lony suspension method (M07. Methods for dilution anti-
microbial susceptibility tests for bacteria that grow aero-
bically; M11. Methods for antimicrobial susceptibility
testing of anaerobic bacteria) [20].

Preparing standardized inoculum from the logarith-
mic phase (E. coli, P. aeruginosa, and B. cereus). The
cultures inoculated on Nutrient agar slant and Mueller
Hinton broth agar plates were incubated for 24 h at 37°C.
After incubation, we transferred 3—5 isolated colonies
from the agar plate to a test tube with 5 mL of Mueller
Hinton Broth. The tubes with the inoculated bacteria
were left to incubate for 2—6 h. The culture incubation
time was the same for each experiment.

Preparing standardized inoculum for S. aureus and
C. albicans. S. aureus and C. albicans were inoculated
from agar slant (nutrient agar for S. aureus and Sabouraud
agar for C. albicans) on the corresponding agar plates
(Mueller Hinton agar for S. aureus and Sabouraud agar
for C. albicans) with an inoculation loop. The agar plates
were left to incubate at 37°C (S. aureus) and 30°C (C. albi-
cans) for 24 h. After incubation, we collected two or three
colonies directly from the Mueller Hinton agar and Sabou-
raud agar to be transferred to the Mueller Hinton broth
(S. aureus) and the physiological solution (C. albicans).
The density of the microbial cultures was determined
spectrophotometrically (625 nm for bacteria and 530 nm
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for yeast), and 0.5 McFarland standard (1.5x10® CFU/mL)
was used for comparison. By diluting the cultures, we ad-
justed their density to 1.5x10° CFU/mL.

Preparing L. plantarum inoculum. A capsule of Flo-
bian (Abela Pharm, Belgrade) was added to 99.9 mL of
saline solution and vortexed at 300 rpm for 30 min. The
density of the culture for inoculation was adjusted to
1.5x10¢ CFU/mL by dilution [21].

Preparing S. boulardii inoculum. A capsule of Bular-
di Probiotic (Abela Pharm, Belgrade) was suspended in
40 mL of saline solution, shaken, and adjusted to a den-
sity of 1.5x10° CFU/mL by dilution [22].

Antimicrobial activity testing. To determine the an-
timicrobial activity of wine, we used the agar dilution
method to obtain minimum inhibitory, minimum bac-
tericidal, and minimum fungicidal concentrations (MO07
and M11) [20-22]. We performed a series of dilutions
on agar by adding an appropriate amount of wine to the
previously dissolved and cooled (45°C) Mueller Hinton
agar, so that the final concentration of wine in the media
would be 10, 20, and 30% (v/v). After shaking the me-
dia with wine, we poured the samples into sterile Petri
dishes. Upon media setting, the microbial cultures were
inoculated onto the surface of the agar plates in drops of
10 pL. The Petri dishes with L. plantarum were covered
with a layer of 1.5% agar, dissolved, and cooled to 45°C.
The inoculated Petri dishes were then incubated at 37°C
for 24 h. After incubation, we measured the growth of
the cultures on the media with wine. The lowest con-
centration of wine in the media with no visible culture
growth was determined as minimum inhibitory. All
Petri dishes with no visible culture growth underwent
re-inoculation. After scraping the inoculated spots with
a sterile inoculation loop, we re-inoculated them on Nut-
rient agar, Sabouraud agar, De Man Rogosa, and Sharpe
agar. The petri dishes were incubated at 37°C for 24 h.
The lowest wine concentrations with no growth of inocu-
lated colonies were determined as minimum bacterici-
dal or fungicidal concentrations. A medium without wine
was used as positive control, and ethanol served as nega-
tive control in concentrations that corresponded to the
concentration of ethanol in the wine.

Statistical analysis. The results were expressed as
means + standard deviation. The statistical analysis in-
volved a one-way analysis of variance (ANOVA). Signi-
ficant differences between the results were determined
by the Duncan’s multiple range test. The differences
were considered significant at p < 0.05. Relationships be-
tween antioxidant and antimicrobial activity were estab-
lished using the Pearson correlation test.

RESULTS AND DISCUSSION

Basic physical characteristics of grapes. The qua-
lity and typicality of the wine depend on, among other
things, the variety and the quality of berries. This rese-
arch featured two domestic (Blatina and Vranac) and
two international (Cabernet Sauvignon and Merlot)
grape varieties. The study of intervarietal differences in-
cluded the basic physical indicators of grape clusters and
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berries (average weight of 10 representative grape clus-
ters and 100 grape berries), as well as how these quali-
ties depended on the production year, variety, and the in-
teraction of these two factors.

Table 1 shows that the average grape cluster weight
was statistically higher in 2021. An inter-varietal com-
parison showed that the Blatina variety had the highest
grape cluster weight (463.97 g), followed by the Vranac
variety (414.17 g): in 2021, their weights were statistical-
ly significantly higher than those of the other varieties.
The Cabernet Sauvignon variety had the lowest grape
cluster weight in both years. The mentioned parameter
strongly depended on both year and variety, as well as
on their interaction. The highest weight of 100 grape
berries also belonged to the Blatina variety (330.00 g),
followed by the Vranac variety (290.04 g), while the lo-
west weight was recorded in Cabernet Sauvignon in
both research years (120.63 and 126.30 g, respectively).
In contrast to the grape cluster weight, the berry weight
depended only on the variety. The research period
showed no statistically significant difference between
the varieties regarding the average weight of 100 grape
berries (232.75 and 226.35 g).

The varietal differences were best illustrated by the
lowest values of grape cluster and grape berry weights
in the Cabernet Sauvignon variety, which did not con-
tradict the description of the technological poten-
tial for this variety published in the official catalog of
grapevine varieties [23]. Similar results were found by

IvaniSevi¢ et al. while Russian research teams reported
somewhat lower grape mass [24-26]. However, the
large variation in the grape cluster weight for the Bla-
tina variety during the research period could be linked
to varietal specificity. Functionally female flower causes
poor fertilization, which results in a lower percentage
of fruit setting and, therefore, leads to a lower grape
cluster weight [27, 28]. In the case of the Vranac vari-
ety, the locality also had a positive effect on the above-
mentioned variables. Our results for this variety were in
accordance with a recent multi-year qualitative study of
Vranac grapes in Herzegovina [29]. In fact, our results
were very close to those published for another study that
took place in Montenegro, i.e., the primary production
region for Vranac [30, 31]. Similarly, the results we ob-
tained for the Merlot variety indicated a positive effect
of the environment. Our values were higher compared
to those reported for other regions [32, 33].

Basic physicochemical properties of must. The
composition and sensory profile of wine depend on the
composition and the ratio of primary and secondary
metabolites in grapes. Table 2 sums up the basic physi-
cochemical parameters, total soluble solids, total titra-
table acidity, and pH values of the musts for each variety
and harvest year, as well as their interaction.

The statistical analysis of total soluble solids in the
must revealed a statistically significant (p < 0.001) diffe-
rence between the grape varieties. For all varieties, the to-
tal amount of soluble solids was significantly (p < 0.001)

Table 1 Basic physical parameters of grape clusters and grape berries

Variety Grape cluster weight, g Weight of 100 grape berries, g
2020

Blatina 229.01 £22.27b 320.00 + 1.07*

Vranac 379.22 +£28.75° 280.41 +0.97°

Cabernet Sauvignon

192.93 +10.73%

120.63 +(0.32¢

Merlot

325.91 +37.79%®

200.06 £ 0.71¢

2021

Blatina 463.97 £27.51° 330.00 + 1.33¢
Vranac 414.17 £31.72¢ 290.04 + 1.02°
Cabernet Sauvignon 149.53 £ 11.18¢ 126.30 £ 0.31¢
Merlot 283.52 + 11.26% 150.87 +0.39¢
Year (Y) 9.59%* 1.08™

Variety (V) 58.97*** 2231 2%*%*
YxV 17.55%** 3.76*

Mean values (+ standard error)
Year
2020 281.77 + 18.98° 232.75 £ 1.27m
2021 327.69 +21.34° 226.35 + 1.44"
Variety

Blatina 346.49 +28.65° 326.00 + 0.84°
Vranac 396.70 £21.21° 285.23 £0.69°
Cabernet Sauvignon 171.23 +7.55¢ 126.30 + 0.22¢
Merlot 304.72 £20.55° 179.38 £ 0.62¢

=4 _ different letters within the same column indicate statistically significant difference at p < 0.05 by Duncan’s test

ok REF _significant at p < 0.001, p < 0.01, and p < 0.05, respectively

" —not significant
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Table 2 Basic physicochemical parameters of grape musts

Year Variety Total soluble solids, % Total titratable acidity, g/L pH
X + SE X + SE X + SE

2020 Blatina 18.71 0.14 6.95 0.04 3.01 + 0.01
Vranac 26.02 + 0.05 421 + 0.09 3.29 + 0.03
Cabernet Sauvignon 24.42 + 0.09 4.96 + 0.04 3.71 + 0.02
Merlot 25.48 + 0.22 4.60 + 0.04 3.44 + 0.02

2021 Blatina 17.24 + 0.17 8.05 + 0.05 3.28 + 0.01
Vranac 22.59 + 0.09 5.59 + 0.07 3.54 + 0.01
Cabernet Sauvignon 23.82 + 0.09 4.83 + 0.06 3.56 + 0.04
Merlot 24.11 + 0.12 5.80 + 0.05 3.35 + 0.01

290.86%*, p <0.001

char’ p year

403.22%*, p <0.001

17.77*%*, p <0.001

135.71%%, p <0.001

variety” p variety

877.66%*, p <0.001

134.08%*, p < 0.001

36.16%*, p < 0.001

year*variety’ p year*variety

50.54**, p <0.001

44.41%* p < 0.001

LSD

year*variety

0.37

0.16

0.06

higher in 2020 than in 2021. The highest value of total
soluble solids was observed in the Vranac must in 2020.
Regarding the total titratable acidity in the must, the va-
rieties also showed a statistically significant (p < 0.001)
difference. In general, the total titratable acidity values
for all musts were lower (p < 0.001) in 2020 than in 2021,
with the exception of the Cabernet Sauvignon must,
which had a higher total titratable acidity in 2020. The
statistical analysis of pH values also revealed a statisti-
cally significant (p < 0.001) difference between the varie-
ties under analysis. The pH values for all varieties were
significantly (p <0.001) higher in 2021 than in 2020.
The lowest pH belonged to the musts obtained from the
Blatina and Vranac varieties in 2020.

The harvest year had a statistically significant effect
(p <0.001) on all variables. The interaction between the
variety and the harvest year also proved highly signifi-
cant (p <0.001). To sum up, the variety factor affected
all physicochemical quality indicators. Other studies,
which included a greater number of varieties, also con-
firmed that the content and composition of sugar and
acids in grapes largely depended on the variety [34, 35].

Although the effect of climatic factors was not the
subject of this research, we reviewed the specifics of the
weather conditions during the research period. Accor-
ding to the meteorological data in Figs. la and b, the ave-
rage monthly air temperatures during the research pe-
riod were relatively high, with occasional extreme daily
temperatures as early as in May and low precipitation
during the ripening period.

Warm environment was reported to raise sugar con-
centration and reduce the content of malic acid salts
in grapes [36]. However, according to the same author,
temperatures > 33°C could lead to a decrease in sugar
concentration although low acidity could also be mani-
fested under lower temperatures. The higher tempera-
tures recorded during our research were probably one of
the factors that triggered an increase in total soluble so-
lids (23.82-26.02°Brix) and a decrease in total titratable
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acidity (4.21-5.59 g/L) in most varieties except Blatina.
The low content of total soluble solids was registered for
all must samples obtained in 2021, which was particu-
larly evident in the case of the Vranac variety. This phe-
nomenon could also be linked to the stressful weather
conditions in June and August 2021 when the monthly
precipitation was as low as 5.7 and 7.0 mm, respectively,
and the extreme daily temperatures were as high as 40.8
and 41.4°C, respectively [13].

In addition to the climatic conditions, the quality of
all grape varieties in this research was affected by pe-
dological and agrotechnical methods, as well as by the
ampelotechnical measures in the production years. The
total soluble solids we obtained for the Blatina must
were relatively consistent with those reported in [37, 38]
whereas our total titratable acidity data were higher.
Maras et al. also confirmed the low total titratable acidity
demonstrated by the Vranac variety, which also grows
in warmer climates, e.g., in Montenegro [39]. Banjanin,
who studied grapes in Trebinje, Herzegovina, in 2016—
2018, reported lower total soluble solids in Cabernet
Sauvignon grape juice (22.8%) and a significantly higher
total titratable acidity (6.83-9.15 g/L) compared to our
results [29]. This difference illustrates, to some extent,
the effect of the harvest year on the parameters under
study. Other authors, who compared different Merlot
clones or the yield and quality of Merlot grapes grafted
onto different rootstocks, reported a higher total titra-
table acidity (5.77-10.00 g/L) but lower total soluble so-
lids (15.61-22.20°Brix) [40, 41].

Basic physicochemical characteristics of wine.
Table 3 shows the basic physicochemical parameters of
wine quality in the harvest years. The ethanol content
in all wines was higher in 2020, which was quite predic-
table from the total soluble solids in the must. The same
situation was observed with the total extract. Alcohol
determines the stability and sensory properties of wine,
but the content of the extract is also significant [42]. This
parameter makes it possible to divide wines into light
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Table 3 Basic chemical composition of Blatina, Vranac, Cabernet Sauvignon, and Merlot wines

Parameters Blatina, Blatina, Vranac, Vranac, Cabernet Cabernet Merlot, Merlot,

2020 2021 2020 2021 Sauvignon, Sauvignon, 2020 2021

2020 2021

Ethanol, % (v/v) 9.91+0.04 9.54+0.04 1543+0.04 13.36+0.04 15.16+£0.04 1428 +£0.00 15.20+0.00 14.43+0.04
Total extract, g/l 25.80+0.00 22.55+0.15 31.80+0.00 28.00+0.10 33.90+0.00 29.40+0.00 30.60+0.10 24.50 +0.00
Sugar-free 25.70 £0.00 22.55+0.15 31.00+0.00 27.50+0.16 31.86+0.00 29.15+0.00 29.96+0.10 24.48 +0.01
extract, g/L
Reducing sugar, 1.10£0.00 0.80+0.00 1.80+£0.00 1.50£0.06 3.04+0.00 1.25+0.00 1.64+0.00 1.02+0.01
g/L
Total acidity, 6.34+0.00 694+0.02 523+0.00 696+0.00 4.50+0.02 7.30+0.00 527+0.00 6.37+0.02
g tartaric acid/L
Volatile acidity, 0.20+£0.01 0.18£0.01 0.22+0.00 0.31+0.01 0.30£0.01 0.26+0.00 0.25+0.01 0.24+0.01
g acetic acid/L
pH 3.57+0.00 3.36+0.00 3.50+0.00 3.58+0.00 3.83+0.01 3.52+0.00 3.91=+0.01 3.40+0.00

(£ 20 g/L) and full-bodied (= 30 g/L) [43]. Given that
the total extract content in our research ranged from 31.1
to 33.9 g/L, all the wine samples, except Blatina, could
be characterized as full-bodied.

The largest variations were recorded for the total
acidity for most wine samples. The total acidity of wine
correlated with the initial (observed) values of the total
titratable acidity of must. This phenomenon was espe-
cially pronounced in Cabernet Sauvignon (2021), closely
followed by Vranac and Merlot. The acidity of the wine
usually depends on the most abundant organic acids,
i.e., L-tartaric, L-malic, and citric acids. Their level is
known to change during fermentation [44, 45]. In addi-
tion to these acids, other acids also appear during fer-
mentation, but in lower quantities. They are the products
of different strains of wine yeasts and/or bacteria activity
(succinic, lactic, acetic, etc.).

In addition to all these factors, the wines in our re-
search came from grapes produced in warm Mediterra-
nean climate. As a result, the volatile acidity in all wines
was low (0.18-0.31 g/L) and stayed within permissible
limits [46]. The increase in total acidity in certain wines
and years might be linked to the higher content of some
other acids that developed during fermentation. Con-
trary to the above, the Blatina wine samples showed a
decrease in the total acidity in both years, compared to
the initial values of the total titratable acidity in the must.
According to certain literary references, such phenomena
are associated with malolactic fermentation, which can
go unnoticed — simultaneously or subsequently with al-
coholic fermentation [47, 48]. Additionally, the Blatina
wine samples demonstrated a lower total acidity caused
by longer maceration [49]. However, the Blatina samples
had a higher pH. In our research, the pH values in all
wine samples were more or less higher than those in the
must samples, except for the Cabernet Sauvignon wine
sample (2021). The values of reducing sugars ranged
from 0.80 to 3.04 g/L, which made it possible to define
the wine samples as dry wines [46].

The lowest ethanol content belonged to the Blatina
wine harvested in both research years (9.91 and 9.54%,
respectively). However, other Blatina studies performed
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in Herzegovina managed to achieve a higher alcohol
content (12.1-13.2%) because the level of total soluble
solids in the must was quite high [50, 51].

The wines of the Vranac variety were particularly
high in alcohol in 2020. These data exceeded the alco-
hol content in wines of this variety reported by several
authors from Montenegro and Serbia, which ranged
from 13.00 to 15.38% (v/v) [52—54]. However, the alcohol
content in certain Vranac wines from the Tikves region,
North Macedonia, was as high as 15.83-16.44% [55].
Some other authors reported a lower alcohol content in
wines of this variety, which was confirmed by our re-
sults for 2021 [39, 56]. Although the total extract con-
tent and the total acidity of the Vranac wine samples
depended on the research year, our values stayed within
the framework reported by the previously mentioned
authors, excluding the higher wine total acidity in 2021.
Regarding the pH of the Vranac wine, the differences
between the research years were defined as insignificant
(3.50 and 3.58, respectively).

The analysis of Cabernet Sauvignon indicated the
high oenological potential of this international variety
grown in the conditions of the Herzegovinian vineyards.
Cabernet Sauvignon showed the highest total extract
content and sugar-free extract, as well as a very high ave-
rage alcohol content. On the other hand, we observed
large annual variations in total acidity (4.50 and 7.30 g/L).
The initial concentrations of total titratable acidity in
the must (4.96 and 4. 81 g/L) demonstrated a significantly
larger deviation in the second research year. The pH of
the wine did not change significantly compared to the
pH of the must. The relatively high content of alcohol
and total extract in Cabernet Sauvignon wines was
also reported by other authors [57, 58]: the total aci-
dity and pH ranged from 5.40 to 6.70 g/L and from 3.22
to 3.73 g/L, respectively. Their results only partially cor-
responded with ours, excluding the lower total acidity
of Cabernet Sauvignon in 2020. Considering the glo-
bal presence of Cabernet Sauvignon, a Russian research
team managed to increase the content of alcohol and
extract in wine made from grapes grown in the Krasno-
dar Region [59].
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In this research, the average alcohol content in the
Merlot wine sample (14.82%) was higher than the ave-
rage alcohol content in all other wines. The year of 2020
showed a relatively high content of the total extract in
the wine. The differences in the total titratable acidity of
must between the harvest years (4.60 and 5.80 g/L, res-
pectively) also manifested themselves in the total acidity
of the wine (5.27 and 6.37 g/L, respectively). In addition,
a slight increase in the pH value of the wine correlated
with the pH value of the must in 2020. The year of 2021,
on the contrary, demonstrated much more uniform va-
lues. Our research yielded higher values of alcohol, ex-
tract, and total acidity for Merlot grapes and wine than
a recent study on other Merlot grapes from Herzegovina
and a multi-year study of Merlot clones [60, 61].

Antioxidant activity. Table 4 illustrates the content
of total phenolics, non-flavonoids, flavonoids, and to-
tal anthocyanins. The total phenolic content was 2.69—
5.77 g GAE/L in 2020 and 2.37-4.17 g GAE/L in 2021.
The average total phenolics showed the same order for
both years: Vranac > Cabernet Sauvignon > Merlot
> Blatina. The content of polyphenolic compounds in
grapes and wine depends on several factors, e.g., cli-
mate, location, and agricultural conditions of grape
production and origin, as well as on the winemaking
phase [3, 5, 62—64]. The total phenolics for Vranac and

Cabernet Sauvignon varied between 1623 and 2485 mg/L
in the 2015 vintage, and between 1551 and 2227 mg/L
in the 2016 vintage [64]. For Merlot wines, these values
varied between 1.51 and 7.55 mmol GAE/L in the 2017
vintage, and from 4.07 to 5.28 mmol GAE/L in the 2018
vintage [65]. For Blatina, the range was from 1786.71 to
2235.59 mg GAE/L [48].

In our study, the content of non-flavonoids and fla-
vonoids ranged from 0.83 to 3.20 g GAE/L in 2020 and
from 0.29 to 3.90 g GAE/L in 2021. The difference was
probably caused by the grape composition. Flavonoids
and non-flavonoids shape the sensory profile of wine by
giving it either the typical long-aged taste or the astrin-
gency and bitterness of young wines [19].

Anthocyanins are responsible for the bright red co-
lor [66]. The total anthocyanins ranged from 194.65 to
376.17 mg/L in 2020 and from 223.95 to 532.66 mg/L in
2021. The lowest content belonged to Blatina while the
highest belonged to Vranac and Cabernet Sauvignon.

As for the effect of maceration time, the maximal
value of total anthocyanins was 200.23 mg/L: it was
registered in the Blatina wine samples after 12 days of
skin maceration [48]. Pajovi¢ Séepanovié R et al. repor-
ted values from 439 to 586 mg/L for red wines of the
2008-2010 vintages [63]. These differences in the to-
tal anthocyanin content might be explained by the

Table 4 Total phenolics, non-flavonoids, flavonoids, and total anthocyanins

Year Variety Total phenolics, g Non-flavonoids, Flavonoids, Total anthocyanins,
GAE/L g GAE/L g GAE/L mg/L
X + SE X + SE X + SE X + SE
2020 Blatina 2,69 + 0.05 240 + 0.08 0294 + 0.13 194.65* + 0.10
Vranac 577 + 0.09 1.87% + 0.07 3.90® + 0.07 366.15" + 0.77
Cabernet Sauvignon  4.80°C + 0.03 320 =+ 0.04 1.59¢ + 0.07 376.17¢ =+ 0.50
Merlot 3.96° + 0.04 1.48%  + 0.04 2480 + 0.08 279.40° + 0.25
2021 Blatina 2.37% & 0.07 0.83% & 0.01 1.54¢ &+ 0.08 223.95¢ + 0.62
Vranac 4.17°F  + 0.06 0.88%F + 0.05 3.20% & 0.12 532.66" + 0.38
Cabernet Sauvignon ~ 3.95° + 0.09 117 + 0.06 2.77F  + 0.03 513.02¢F + 0.86
Merlot 3.07 =+ 0.02 0.84%* + 0.09 2.23% & 0.10 233.4296 + 0.41
a4 — Different letters within the same column indicate statistically significant difference at p < 0.05 by Duncan’s test for the same year;
AE — Different capital letters within the same column indicate statistically significant difference at p < 0.05 by Duncan’s test
Table 5 Antioxidant activity of wines
Year Variety FRAP, mmol Fe?'/L DPPH (IC,, %), L ABTS (IC, %), uL
X + SE X + SE X + SE
2020 Blatina 10.57¢4  + 0.24 2.40% + 0.07 0.78 + 0.06
Vranac 53.25% & 0.62 1.21% + 0.08 0.37%8 + 0.09
Cabernet Sauvignon  19.88«  + 0.61 1.46¢ + 0.06 0.41% + 0.05
Merlot 29.919® =+ 0.64 1.644 + 0.06 0.59¢¢ + 0.07
2021 Blatina 17.22¢ + 0.43 3.14%¢ + 0.09 0.86% + 0.05
Vranac 31407+ 0.81 1.39%¢ + 0.06 0.38% + 0.02
Cabernet Sauvignon  34.26°¢  + 0.65 1.69P + 0.05 0.37%8 + 0.02
Merlot 21.58# & 0.41 2.214F + 0.07 1.02¢P + 0.04

+d4_ Different letters within the same column indicate statistically significant difference at p < 0.05 by Duncan’s test for the same year;

A _ Different letters within the same column indicate statistically significant difference at p < 0.05 by Duncan’s test
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variations under weather conditions between the gro-
wing seasons, especially in rainfall.

The antioxidant activities of wines were analyzed by
FRAP, DPPH, and ABTS assays (Table 5).

Total antioxidant activity determined by FRAP assay
ranged from 10.57 to 53.25 mmol Fe?*/L for the year of
2020, and from 17.22 to 31.40 mmol Fe*’/L for the year
of 2021. In fact, red wines tend to demonstrate a wide
range of FRAP values, which means it depends on the to-
tal phenolic content [5]. The effect of phenolic compo-
unds on the antioxidant activity of red wines had a high
correlation, and the FRAP assay results reported in [5]
as 10.54—-62.77 mmol Fe™?/L were in accordance with
ours (Table 5).

The DPPH (IC,,, %) activity ranged from 1.21 to
3.14 uL. Pordevi¢ et al. reported 37-62.1% anti-DPPH
radical activity for Vranac wines [66]. Radonji¢ et al.
also reported stronger DPPH scavenging and reducing
ability in Vranac wines [6]. Miti¢ et al. determined
slightly higher values of 71.30-83.53% for Cabernet
Sauvignon wines from the Balkan region [67]. Many
authors consider that DPPH radical activity correlates
with the total phenolic content [5, 66, 67].

According to the ABTS assay, the values ranged
from 0.37 to 1.02 pL. Cabernet Sauvignon showed stron-
ger antioxidant activity than Vranac and Kratosija red
wines as reported by Pajovié Séepanovi¢ et al., who con-
sidered that the total phenolic content correlated with the
ABTS scavenging activity [66].

Antimicrobial activity: minimum inhibitory, bac-
tericidal, and fungicidal concentrations. Table 6 illu-
strates the agar dilution method. The antimicrobial acti-
vity was tested on four types of pathogenic and oppor-
tunistic bacteria. The most pronounced antimicrobial
activity, i.e., the lowest minimum inhibitory concentra-
tion of < 10%, belonged to Vranac, Cabernet Sauvignon,
and Merlot in relation to Bacillus cereus while the mini-
mum bactericidal concentration was > 30%. The Blatina
wine samples showed the weakest antimicrobial activity

Table 6 Antimicrobial activity of the wines under study

on all microorganisms in this test. Gram-positive Staphy-
lococcus aureus and Gram-negative Pseudomonas aeru-
ginosa showed similar sensitivity in relation to the ana-
lyzed wines with the minimum inhibitory concentration
of 20%. Gram-negative Escherichia coli was the least
sensitive to all analyzed wine varieties, compared to other
pathogenic and opportunistic bacteria, with the mini-
mum inhibitory concentration of 20 and 30% and the
minimum bactericidal concentration of > 30%. Probiotic
cultures of Lactobacillus plantarum and Saccharomyces
boulardii were not sensitive to the wine samples.

The antimicrobial effect of red wines on Gram-posi-
tive and Gram-negative pathogens is associated with
phenolics [9]. According to many authors, phenolic com-
ponents are more effective against Gram-positive bacte-
ria than against Gram-negative ones [7]. In our research,
Gram-positive B. cereus had the highest sensitivity to
the tested wine concentrations; the lowest minimum in-
hibitory concentrations belonged to Vranac, Cabernet
Sauvignon, and Merlot. These wines had a higher total
phenolic content than Blatina, which had a weaker effect
on B. cereus. Minimum bactericidal concentrations ex-
ceeded 30% in all wines, except for Vranac 2021 with
its 30%. Our results were in agreement with those publi-
shed by other authors [68]. However, these authors lin-
ked the inhibitory effect of wine on B. cereus to organic
acids in the wine rather than to phenolic components.
The content of gallic acid, caffeic acid, resveratrol, quer-
cetin, quercetin-3-glucoside, and malvidin-3-glucoside
also correlated with the antimicrobial activity of Vranac
wine against Gram-negative bacteria, including E. coli
and P. aeruginosa [9]. In our experiment, P. aeruginosa
and S. aureus were both sensitive to the wines. The anti-
microbial activity was similar in all samples, regardless
of the contents of phenolics, alcohol, and organic acids.

The exact mechanism of antimicrobial activity of
wine has not been fully explained [10]. Wine contains al-
cohols, organic acids, and various phenolic components;
in addition, its pH is low. The combination of organic

Microorganisms Concentrations, Blatina, Blatina, Vranac, Vranac, Cabernet Cabernet Merlot, Merlot,
% (V/V) 2020 2021 2020 2021 Sauvignon, 2020 Sauvignon, 2021 2020 2021
Staphylococcus MIC 20 20 20 20 20 20 20 20
aureus MBC > 30 30 30 30 20 > 30 20 > 30
Bacillus cereus MIC 20 20 <10 <10 <10 <10 10 <10
MBC > 30 > 30 > 30 30 > 30 > 30 > 30 30
Escherichia coli MIC 20 30 30 20 30 20 30 20
MBC > 30 > 30 > 30 > 30 > 30 > 30 > 30 > 30
Pseudomonas MIC 20 20 20 20 20 20 20 20
aeruginosa MBC 30 30 30 30 30 20 30 30
Lactobacillus MIC > 30 > 30 > 30 > 30 > 30 > 30 > 30 > 30
plantarum MBC > 30 > 30 > 30 >30 > 30 > 30 > 30 >30
Candida albicans ~ MIC > 30 > 30 > 30 > 30 > 30 > 30 30 > 30
MBC > 30 > 30 > 30 > 30 > 30 > 30 > 30 > 30
Saccharomyces MIC > 30 > 30 > 30 > 30 > 30 > 30 > 30 > 30
boulardii MBC > 30 >30  >30 >30  >30 > 30 >30  >30

MIC — minimum inhibitory concentration; MBC — minimum bactericidal concentration
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acids and alcohol with a low pH has a significantly bet-
ter antibacterial effect than each of these factors sepa-
rately [10]. Different phenolic components are known to
exhibit a synergistic effect that contributes to a better an-
timicrobial activity of wine than individual phenolic
compounds. Phenolic compounds were also reported to
exhibit a synergistic effect with a low pH, alcohol, and
organic acids [10]. All these factors mean that the antimic-
robial activity of wine depends on the variety, growing
conditions, concentration, and type of microorganism.

Candida albicans, L. plantarum, and S. boulardii
showed no sensitivity to the wines in our research. Al-
though C. albicans is known to be sensitive to some
phenolic components, it was reported resistant to most
wines and wine extracts [68]. Plant polyphenols and
phenolic components have a stimulating effect on mic-
roorganisms that are part of the intestinal microbiome,
e.g., L. plantarum and S. boulardii [11]. Duefas et al.
studied phenolic compounds in wine and red wine ex-
tracts, e.g., (+) catechin, anthocyanins, etc. [69]. They
found out that these substances could stimulate the
growth of bacteria of the Lactobacillus — Enterococcus
spp. group. Vilela et al. revealed that S. boulardii has a
high tolerance to alcohol and organic acids [70].

Table 7 illustrates the degree of correlation between
the measured antioxidant and antimicrobial activity of
wines using Pearson’s test. The correlation was proven
in the case of B. cereus bacteria (the largest number of
cases), as well as S. aureus and P. aureginosa bacteria
(one case each). This finding once again confirms that
the antimicrobial activity of wine does not come only
from the content of phenolic compounds, but is a combi-
nation of several different factors.

CONCLUSION

The statistical analyses confirmed a strong effect
of the harvest year and variety, as well as their inte-
raction, on the physicochemical properties of grape
must. The highest total phenolic content, as well as
the best antioxidant properties, belonged to Vranac
wines of both vintages (2020 and 2021). All wines sho-
wed satisfactory antimicrobial properties, and the stron-
gest activity was recorded against Bacillus cereus.
The probiotic strains used in this research showed re-
sistance to all wines. The Pearson test revealed a cor-
relation between antioxidant and antimicrobial effects
against B. cereus, as well as against Staphylococcus
aureus and Pseudomonas aeruginosa (one case each),
while other cases demonstrated no correlation. All gra-
pevine varieties in this study (Blatina, Vranac, Caber-
net Sauvignon, Merlot) proved to be suitable for the
production of quality wines from grapes grown in the
area of Mostar.
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