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ABSTRACT

The quality parameters and chemical composition (total phenolics, total flavonoids
and total anthocyanins) of the red wine obtained from the autochthonous variety
'Prokupac’ (Vitis vinifera L.) with the addition of the selected aromatic herbs (Pimpinella
anisum L., Cinnamomum zeylanicum, Artemisia absinthium and Glycyrrhiza glabra) were
examined in two consequtive vintages (2013-2014). The differences in contents of total
extract, reducing sugars and ash between the studied samples were observed, but with no
statistical significance between both examined years and analyzed wines. 'Prokupac’ red
wines with the addition of aromatic herbs stood out with significantly higher contents of
total phenolics (371.4-594.3 mg GAE L-1) and total flavonoids (136.2-243.2 mg CTE L-1)
while lower total anthocyanins content was noticed, when compared to 'Prokupac’ red wine
used as control (p<0.05). The unfavourable weather conditions in the vintages 2013 and
2014, reflected notably on the quality of the obtained wine. To analyze the correlations
between wine quality parameters and the similarity of individual wine samples, Principal
Component Analysis (PCA) was used.
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INTRODUCTION 2017). Due to its rich history and tradition
it has been the subject of diverse studies.
Vitis vinifera L. is one of the oldest The 'Prokupac’ autochthonous variety
agricultural cultures. It encompasses a comes from the Toplica vineyard
large number of varieties of different use. (Republic of Serbia). It is adaptable to the
Only a few hundred varieties are used for climatic conditions of the Republic of
commercial wine production (Pelsy et al., Serbia and is grown on significant
2010). Wine represents a complex winegrowing surfaces (Zuni¢ and Gari¢,
mixture of natural organic compounds 2010).
belonging to different structural classes Wines made from grapes are one
that synergistically affect the quality of the of the most important sources of phenolic
wine. Wine quality attributes depend on compounds. Besides being responsible
many factors including grape for particular roles in plants in terms of
composition, grape variety, soil and protection against biotic and abiotic
microclimatic ~ conditions,  viticultural environmental stress, these compounds
practices and applied winemaking are effective antioxidants as they may
techniques (Popovic¢-Djordjevi¢ et al., help in preventing various degenerative
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processes in the human body. In that
respect, wines are recommended for
moderate consumption as an alcoholic
beverage as some health benefits are
observed in the epidemiological study
which constitutes the so-called "French
Paradox" (Panteli¢ et al., 2016, Renaud
and de Lorgeril, 1992). Many researches
have been conducted in respect to the
phenolic constituents in wines, which
usefulness as antioxidants is more
pronounced in red wines as these wines
have a higher phenolic content than white
wines (Zhu et al., 2012., Bisson et al.,
2002). Polyphenols are the main
contributors  for certain  organoleptic
characteristics of wines, such as
astringency  and bitterness. The
concentration of phenolic compounds in
wine is influenced by numerous factors
such as variety, climate, soil, wine-
making techniques, as well as aging and
storage conditions (lvanova-Petropulos et
al., 2015). The anthocyanins are the
source of red, blue and pink pigments of
berries and have the greatest significance
in the history of wine-making (Strommer
et al., 2003 ). They are directly related to
a major quality attribute of wine - red wine
color, due to their complex interactions
with other phenolic compounds, as well
as with proteins and polysaccharides
(Fournier-Level et al., 2011, Giovinazzo
and Grieco, 2015).

Aromatic plants, in addition to its
importance for the pharmaceutical
industry, are widely used in the food
industry (Sarikurkcu et al., 2018, Bozovi¢
and Ragno, 2017). They are a source of
aroma for the flavoring of strong alcoholic
beverages and in the production of
aromatized wines (vermouth, bermet)
(Tonutti and Liddle, 2010, Egea et al.,
2016 ). Some herbs such as anise and
wormwood are widely used for making
making various liqueurs. In most
Mediterranean countries (Spain, Italy,
Portugal, Turkey, Greece, Lebanon,
Cyprus, Israel, and France) Anisette,
Ouzo, Anise and Raki are well recognized
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liqueurs with anise, whereas wormwood
is used as an ingredient in beverages
such as absinthe, bitter, vermouth,
pelinkovac and some wines (Karabegovic
et al., 2012).

This work aimed to evaluate the
quality attributes and chemical
composition (total contents of phenolics,
flavonoids andanthocyanins) of red wine,
obtained from the 'Prokupac’
autochthonous variety, with the addition
of selected aromatic herbs namely,
aniseed (Pimpinella anisum), cinnamon
(Cinnamomum zeylanicum), wormwood
(Artemisia absinthium) and liquorice
(Glycyrrhiza glabra).

MATERIALS AND METHODS

Plant material and
microvinification

For this study grapes of
autochthonous grapevine variety

'Prokupac’ (Vitis vinifera L.) grown in Jug
Bogdan vineyards located in Toplica
region (coordinates 43° 13' N/21° 42' E,
250-400 m above sea level) in two
consecutive vintages (2013 and 2014)
were used.

For preparation of wines with
addition of aromatic herbs: anise seeds
(Pimpinella anisum), cinnamon bark
(Cinnamomum zeylanicum), wormwood
leaves (Artemisia absinthium) and
liquorice root (Glycyrrhiza glabra) were
used. Herbs were purchased in a
specialized herbal store and finely
grinded before the use. During the study
period (vintages 2013-2014) grapes were
harvested at the stage of full maturity
(sugar content 19.29 %, total acid content
6.2 g LY) and immediately processed in
laboratory conditions using
microvinification technique with slight
modifications (Zhu et al., 2012). For the
purpose of microvinification, 5 kg of
grapes were used. Crushing was done
manually using a grape crusher with
rollers and supplement for stem removal
(for separating the grapes from the
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stems). The must was supplemented with
120 mg kg?' of SO2 and 5% (m/v) of
potassium metabisulfite. Alcoholic
fermentation was performed by
Saccharomyces cerevisiae Lalvin V1116
yeast (0.3 g Lt of must) (Lallemand Inc.
Canada). Fermentation took place in 5 L
glass bottles at 22 °C. Immediately before
the start of alcohol fermentation, finely
grinded aromatic herbs were added to the
must in an amount of 1%. Wines were
labeled as follows: PAW - 'Prokupac’ wine
with anis; PCW - 'Prokupac’ wine with
cinnamon; PWW - 'Prokupac’ wine with
wormwood; PLW - 'Prokupac’ wine with
liquorice and control 'Prokupac’ red wine
(PW). Upon completion of the
fermentation, wines were decanted from
the lees, bottled and stored at 5-6 °C.
After six months of bottle aging wines
were subjected to chemical analyzes.

Climatic conditions

Air temperature (at a height of 1.5
m above the ground), rainfall and
sunshine duration were monitored at the
automatic weather station NiS (Republic
Hydrometeorological Institute, Serbia)
located less than 1.5 km from the
experimental site.

Wine quality parameters and chemical
analyses

The relevant enological
parameters of the wines were determined
following literature methods (Popovic-
Djordjevic et al., 2017). The concentration
of total phenolics (TPC) was determined
using  Folin-Ciocalteu = method as
described in literature (Popovic¢-Djordjevi¢
et al., 2017). The concentration of total
flavonoids was determined by
spectrophotometric method with
aluminum trichloride (Kim et al., 2003).
The content of total anthocyanins was
determined by a spectrophotometric
method based on the ability of free
anthocyanins to increase the absorbance
on 520 nm (at pH 1), and to discolour with
SOz (which is released from sodium
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metabisulphite) (Ribéreau-Gayon and
Stonestreet, 1965). All assays were
carried out in triplicate.

Chemicals and reagents

Folin-Ciocalteu reagent and
standards (galic acid, catechin and
malvidin-3-glukozid) were purchased from
Merck (Darmstadt, Germany). Ultrapure
water (TKA Germany MicroPure water
purification system, 0.055 uS cm) was
used to prepare all standard solutions
and dilutions. All other reagents were of
analytical grade.

Statistical analysis

All the assays were carried out in
triplicate and results were expressed as
mean values and standard deviation
(SD). The statistical significance of the
differences in the mean values of
phenolic compounds between individual
wine samples was carried out ANOVA.

To investigate the significance of
differences, a two-way analysis of
variance. Subsequently, comparisons

were conducted using the Duncan test
with at significance level of 5 %. To study
the correlation between analyzed
parameters and the similarity of individual
samples, the Principal Component
Analysis (PCA) was employed. To
visualize  the correlation  between
individual parameters and the similarity of
individual treatments, biplot was used
(Greenacre, 2010). The data was
processed in the statistical software
XLSTAT. MATLAB 2017a was used for
the clustergram. The Euclidean distance
was used as a measure of the distance of
individual parameters, while Pearson's
Correlation Coefficient was used to
measure the similarity of individual
parameters, and all of them were firstly
standardized.
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RESULTS AND DISCUSION

Climate conditions

Climate changes are noticed in
many regions world-wide. Factors such
as increasing temperatures, water deficit,
shifting of ripening phase period, and
flooding (as an extreme weather
condition) have a great implications on
wine quality, which may vary from one
year to the other (Van Leeuwen and
Darriet, 2016). Weather conditions during
the examined period (years 2013 and
2014) were very heterogenic (Figure 1 a-
c). During 2013, average annual
temperature was 12.84 °C, average
precipitation 50.92 L m?2, and average
sunshine duration 175.75 hours. Values
of the same parameters for the vegetation
period were: average temperature 18.3
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°C, precipitation 46.48 L m?, and
sunshine duration 246.15 hours. During
the second year of study (2014) average
annual temperature was 12.88 °C,
average precipitation 82.6 L m>2, and
sunshine duration 160.29 hours. The
same parameters in the vegetation period
(April-October) had the following average
values: temperature 17.48 °C,
precipitation 107.84 L m and sunshine
duration 201.77 hours. By comparing the
analyzed parameters, it could be noticed
that during 2014, as opposed to 2013, in
the vegetation period (April-October), the
average temperature was lower,
precipitation significantly higher and
sunshine duration notably shorter. These
extreme weather conditions reflected
greatly on the quality of the wine

12013 92014

400

his

{ = 150
u »EICC'
50
0

TJuly August September October

August September October c

Figure 1. Weather conditions for the vegetation period in 2013 and 2014; average
temperature (a), precipitation (b) and sunshine duration (c).

Wine quality parameters

The results of the basic wine
quality parameters in the examined
period are presented in Table 1. The
content of alcohol in all studied wines
varied in the range of 10.15 vol % (PCW)
to 10.49 vol % (PWW). Total acids
content expressed as tartaric was in
range from 5.54 g L1 t0 6.86 g L™ in wine
samples PCW and PW (control),
respectively. The content of total extract
was the lowest in control wine (PW-
16.90/17.25 g LY), whereas wine with the
addition of liquorice (PLW) had the
highest content of total extract
(19.75/19.50 g L1), in both vintages. The
content of reducing sugars was within the
limits of 0.81-2.07 g L. The values of
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alcohol content and total extract were
lower than in our previously reported work
(Besli¢ et al., 2011). On the other hand,
the content of total acids was in
accordance with the results reported in
literature for Prokupac wine (Markovic¢ et
al., 2017). The reason behind such low
values of studied parameters was poor
weather conditions which lasted during
the research period, especially in 2014.
Negative impact of the weather conditions
due to the heavily rain was the most
noticeable during veraison. The fact that
the variety Prokupac has very late
veraison (OIV Codes N 303-9 (very late))
along with bad weather conditions in that
period had crucial impact on the quality of
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grapes and in the same manner the
guality of the corresponding wine.

Slight differences in the content of
total extract, reducing sugars and the
content of ash, between the wines with
the addition of aromatic herbs (PAW,
PCW, PWW and PLW) and the control
one (PW) were observed, but with no
statistical significance between both
examined years and analyzed wine

shown). Namely, there was a distinct
correlation in the control wine (PW)
between the content of alcohol on one
side and total extract, reducing sugars
and ash on the other. Furthermore,
positive correlation was also observed
between the content of total extract and
reducing sugars and ash. The same
tendency was noticeable in wine samples
with the addition of aromatic herbs (PAW,

samples. This assertion was confirmed by PCW, PWW and PLW), but the
the correlations among certain correlation was more emphasized.
components of the chemical
characteristics of the wine (data not
Quality parameters of 'Prokupac' red wine samples
Table 1.
Parameter Vintage PAWT PCW PWW PLW PW
Alcohol ( vol %) 2013 10.23+0.13 10.15+0.13 10.36+0.25 10.36+0.17 10.36+0.08
2014 10.40+0.12 10.31+0.12 10.49+0.21 10.44+0.17 10.45+0.09
Titriable acids” 2013 6.15+1.10 6.09+0.09 6.64+0.93 6.20£0.13 5.90%+0.25
(gLY) 2014 6.04+0.33 5.54+0.38 5.78+0.17 6.26+0.11 6.86+0.41
Volatile acids™ 2013 0.39+0.01 0.41+0.01 0.41+0.03 0.46+£0.02 0.37+0.01
(gL 2014 0.37£0.01 0.39x0.03 0.47+0.04 0.43+0.03 0.36x0.01
Total extracts (g 2013 17.45+0.45 19.60+£1.00 18.10+0.35 19.75%x1.65 16.90+0.20
LY 2014 17.35+0.75 18.60+2.46 18.35+0.45 19.50+1.00 17.25+0.45
Reducing 2013 1.01+0.16 1.17+0.47 1.15+0.40 1.02+0.38 0.81+0.12
sugars (g L) 2014 1.61+0.99 2.07£1.03 1.05+0.33 1.96+x1.19 1.67£0.90
Ash (g L) 2013 2.59+0.24 3.07+0.15 2.73+0.15 2.89+0.19 2.13+0.07
2014 2.14+0.24 2.97+0.02 2.49+0.24 2.51+0.37 1.91+0.18

Results are presented as meanzstandard deviation (SD); TPAW, PCW, PWW and PLW -
'Prokupac' wines with the addition of anis, cinnamon, wormwood and liquorice, respectively; PW -

control. “as tartaric acid; “as acetic acid

Content of total phenolics, flavonoids
and anthocyanins in 'Prokupac' wine
samples

The polyphenolic compounds have
a great impact on the quality of red wines,
especially anthocyanins and tannins as
they contribute to the wine colour,
mouthfeel and color stability (Vujovic et
al., 2016). Composition and the content of
phenolic compounds in wine may depend
on a number of factors. Phenolic content
of wine is mostly atributted to grape
variety and vintage and may vary from
160 to 3200 mg of gallic acid per liter
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(Zhu et al., 2012, Gomez—Gallego et al.,
Gomez—Gallego et al., 2013). Content of
total phenolics, total flavonoids and total
anthocyanins, in wine of  'Prokupac'
autochthonous variety with the addition of
anise (PAW), cinnamon (PCW),
wormwood (PWW) and liquorice (PLW)
were studied in two consecutive vintages
(2013-2014), and the obtained results
were compared to the control one
('Prokupac' red wine, PW), Figure 2, while
statistical analysis of obtained rezults is
presented in Table 2.
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Figure 2. Content of (a) total phenolics (mg GAE L-1), (b) total flavonoids (mg CTE L-1) and
(c) total anthocyanins (mg L-1) in 'Prokupac' red wine samples (vintages 2013-2014); PAW-
'Prokupac' wine with anis, PCW-'Prokupac' wine with cinnamon, PWW-"Prokupac' wine with
wormwood, PLW—-'Prokupac' wine with liquorice and PW—-"Prokupac' wine (control).

According to the results for TPC,
significant differences were observed
between wine samples in both vintages
(p<0.05, Table 2). The lowest TPC
(expressed as mg GAE L) was found in
'Prokupac' red wine (PW) 323.2/307.2 mg
GAE L%, whereas the highest TPC was
detected in 'Prokupac’ wine with added
cinnamon (PCW) 594.3/588.1 mg GAE L-
1, in vintages 2013 and 2014, respectively
(Figure 2a). The content of total phenolics
in wines with addition of wormwood and
the control one was statistically different
between the vintages (p<0.05, Table 2).
For other studied wines (PAW, PCW and
PLW) significant diferences were not
observed for TPC. In all wine samples the
higher TPC were recorded in the vintage
2014. The obtained results for TPC are in
line with the findings for Merlot and
Cabernet Sauvignon wines from China
(Zhu et al., 2012). On the other hand, for
'Prokupac’ wine from Grocka vineyards
(Central Serbia) about four-fold higher
TPC in comparison to the studied
'Prokupac’ wines were reported (Panteli¢
et al., 2018).

In both vintages, the significant
differences in the content of total
flavonoids among the relevant 'Prokupac

The correlation coefficients for the
wine quality parameters of the samples
were also studied (Table 3). In the first
year of the study (2013) positive highly
significant correlations were observed
between TPC and TFC (0.96, p<0.01),
and between ash and total extracts,
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wine samples were noticed (p<0.05,
Table 2). Nontheless, TFC was not
significantly  different  between the
vintages, as the highest/lowest TFC was
observed in samples PCW (239.93+7.1
mg CTE L?1) and PW (125.946.22 mg
CTE L), respectively, both in the vintage
2014.

The content of total anthocyanins
varied between studied wine samples, as
well as between the vintages (Figure 2c).
Statisticaly significant differences were
observed between wines with the addition
of aromatic herbs and the control one
(p<0.05, Table 2); 'Prokupac’ wine (PW)
was the richest in TAC compared to
wines with the addition of aromatic herbs
(PAW, PCW, PWW and PLW). Overal
results for TAC indicated that addition of
aromatic herbs affected their content in
wine samples PAW, PCW, PWW and
PLW, resulted in the decrease of the
content of free anthocyanins. These
observation are in line with literature as
the content of anthocyanins could be
reduced due to polymerization, interaction
with  other  phenolic  compounds,
absorption by yeast cell walls, oxidation,
etc. as reported in literature (Ricardo da
Silva, 1997).
reducing sugars and TPC (0.91, 0.88 and
0.94, respectively) (p<0.05). In the
second year of the study (2014) positive
correlations were noticed only between
ash and TPC (0.96, p<0.01) and TFC
(0.95, p<0.05).
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Statistical data for '‘Prokupac’ red wine samples

Table 2.
Total phenolics Total flavonoids Total anthocyanins
(mg GAEL™) (mg CTE L) (mg L)
Sample 2013 2014 2013 2014 2013 2014
PAW 383.5¢6.5 371.4+5.8 139.5459 136.2+8.3 53.2+3.3 54.8%£2.9
abB aB aB aB aA aA
PCW 594.3+5.9 588.1+6.4 243.248.1 241.1+6.9 55.4+3.5 56.0+3.4
aE akE aE aE aA aA
PWW 426.4+8.2 408.2+6.15 161.4+6.3 156.24¢5.8 51.7+2.9 51.1+2.7
bC aC aC aC aA aA
PLW 490.245.0 492.616.2 169.5+7.1 166.3+5.9 53.6+3.7 54.4+3.2
ab abD abD aD aA aA
PW 323.2+5.3 307.2+6.2 129.9+6.0 125.9+6.8 58.5+2.3 60.31+2.1
bA aA aA aA aB aB

PAW-Prokupac wine with anis, PCW-Prokupac wine with cinnamon, PWW- Prokupac wine with
wormwood, PLW-Prokupac wine with liqguorice and PW-Prokupac wine (control).

Results are presented as meanzstandard deviation (SD); Small letters denote a significant
difference between vintages, and capital letters denote a significant difference among wine

samples according to Duncan's test, p < 0.05.

Correlation matrix of wine quality parameters in vintages 2013-2014.

Table 3.

2013 Alcohol TA VA TE RS Ash TPC TFC TAC
Alcohol 1.00 0.27 015 -0.29 -0.47 -050 -059 -0.68 -0.03
TA 0.27 100 035 017 066 038 0.13 0.03 -0.87
VA 015 035 100 086 045 0.72 060 0.36 -0.51
TE -0.29 0.17 086 1.00 0.64 091" 092 0.79 -0.31
RS -0.47 066 045 064 100 088 077 0.73 -0.70
Ash -050 038 0.72 091" 0.88 1.00 094" 0.83 -0.55
TPC -0.59 0.13 060 0.92° 0.77 094 100 0.96" -0.24
TFC -068 003 036 079 073 083 096" 1.00 -0.07
TAC -0.03 -0.87 -051 -0.31 -0.70 -0.55 -0.24 -0.07 1.00
2014 Alcohol TA VA TE RS Ash TPC TFC TAC
Alcohol 1.00 048 048 -0.07 -0.74 -058 -0.67 -0.77 -0.25
TA 048 100 -0.44 -039 0.03 -0.84 -0.73 -0.74 0.69
VA 048 -044 100 064 -051 042 0.27 013 -0.85
TE -0.07 -0.39 064 100 033 071 075 054 -047
RS -0.74 0.03 -051 0.33 1.00 0.34 057 053 0.50
Ash -058 -0.84 042 071 034 100 0.96" 0.95° -0.45
TPC -0.67 -0.73 0.27 0.75 057 096" 1.00 0.95° -0.30
TFC -0.77 -0.74 0.13 054 053 095 095 1.00 -0.15
TAC -0.25 0.69 -0.85 -047 050 -045 -0.30 -0.15 1.00

TA - Titriable acids; VA - Volatile acids; TE- Total extracts; RS - Reducing sugars; TPC - Total
phenolic content; TFC - Total flavonoid content; TAC - Total anthocyanin content
"Correlation is significant at the 0.05 level; “Correlation is significant at the 0.01 level
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Principal component analysis (PCA)

and hierarchical cluster analysis (HCA)

In addition to the correlation of the
studied parameters, separation of wines
based on their chemical composition
could be seen by analyzing biplot (Figure
3) and clustergram (Figure 4). In Figure 3,
a positive correlation between titratable
acids in 2013 and volatile acids in 2014
as well as, between TFC in both year of
the study (2013 and 2014) could be
observed. It is interesting that there was
no correlation between reducing sugars in
2013 and reducing sugars in 2014. The
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PAW treatment had the average values of
titriable acids, and values of all other
parameters were belowe the average.
'Prokupac’ wine (PW, control) was
separated from wines with the addition of
aromatic herbs by the highest values of
titratable acids 2014, as well as alcohol
and TAC in both years of the study
(Figure 4).

CONCLUSION

The obtained results indicated that a
slight increase of the examined wine

€ Tac2013

position of 'Prokupac’ wine with the
addition of cinnamon (PCW) indicates
that this wine had the highest values of
TFC, TPC, ash (in both years of study) as
well as total extracts in 2013 and
reducing sugars in 2014. The 'Prokupac’
wine with the addition of wormwood
(PWW) wine had the highest values of
alcohol in both years, as well as titriable
acids in 2013 and volatile acids in 2014.
'‘Prokupac' wine with the addition liquorice
(PLW) had the average values or values
slightly above the average for TFC and
total extracts, respectively (in both years).
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PCA biplot showing separation of wines based on their chemical composition

quality attributes, most of all total extract,
was observed in the autochthonous
variety 'Prokupac' wine with the addition
of aromatic herbs. TPC and TFC in these
wines were significantly higher, while the
TAC was significantly  decreased,
compared to 'Prokupac' wine used as the
control one. Although, the poor weather
conditions reflected greatly on the wine
quality, 'Prokupac’ wine with the addition
of cinnamon stood out with the highest
TPC and TFC in both vintages.
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Figure 4. Clastergram of the analysed parameters in 2013 and 2014
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