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Abstract: A study to determine the phenolic content and antioxidant activity of grapes from red
international (Cabernet Sauvignon), local (Gamza) and hybrid (Rubin) grapevine varieties grown in
the region of Central Northern Bulgaria was conducted. The phenolic content of the grapes, the
phenolic content and antioxidant activity of their must were determined. Rubin shown the best content
of Total Phenolic Compounds (TPC), Flavonoid Phenolic Compounds (FPC), Non-Flavonoid
Phenolic Compounds (NPC) and anthocyanins in the structural elements of the cluster. This hybrid
variety also shown the highest content of TPC in the must (0.74+0.00 g/l), followed by Gamza, and the
lowest TPC was found in the Cabernet Sauvignon — control variety (0.25+0.00 g/l). The highest
amount of anthocyanins was found in Rubin grape must (19.91£0.48 mg/l). The dynamics of
increasing of the anthocyanin content in the must of the studied varieties followed the order
international variety (Cabernet Sauvignon) < local variety (Gamza) < hybrid variety (Rubin). In the
red varieties, the grape must of the Rubin hybrid shown significant and the highest antioxidant activity
of the three studied varieties. It was four times higher than that found in the Cabernet Sauvignon
control. A correlation between TPC, anthocyanin content and antioxidant activity in Rubin was found.
This proved the close connection between the phenolic composition and the antioxidant capacity of the
variety. The study proved that the grape must of the two studied hybrid and local varieties shown high
biological potential and activities.
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1. Introduction the formation of many diseases -
atherosclerosis, rheumatoid  arthritis,
Antioxidants are a complex of substances - cancer forms [1-2].
a component of the foods composition, or The antioxidant effect of grapes is mainly
artificially added to them. Their main due to its phenolic complex. Phenolic
function is to neutralize oxidative compounds are localized in the solid parts
processes in the human body. The product - skins, bunches, seeds (source of
of these processes are the so-called flavonoid compounds) and fleshy part
reactive oxygen species ROS (free (source of non-flavonoid compounds) [3].
radicals). By binding to various molecules Flavonoid phenolic compounds are
in the body, ROS can initiate serious represented by catechins,
damages to cellular structures, leading to proanthocyanidins, anthocyanins, flavones,
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flavonones and flavonols, while non-
flavonoids include benzoic and cinnamic
acids [4]. The synthesis, distribution and
accumulation of phenolic compounds in
grapes are highly dependent on a number
of factors: the genotypic potential of the
variety to accumulate phenolic substances
[5-6], complex environmental influences
[7], the presence of water, temperature and
active access of the vine to sunlight [8] -
strong sun  exposure is  directly
proportional to the degree of phenolic
accumulation in the grapes [9]. The total
content of phenolic compounds in red
varieties occupies the range 1000.00 -
5000.00 mg/1[10].

A study of the phenolic composition of red
grapes (Cabernet Sauvignon, Merlot,
Rubired and Petit Syrah) grown in Mexico
found a total phenolic content of 321.90
mg GAE. 100g™ (Cabernet Sauvignon) to
607.60 mg GAE. 100g™' (Rubired) [11].
The antioxidant activity of grapes is
closely correlated with its phenolic
composition. This activity plays a
significant role in reducing the oxidation of
LDL (low-density lipoproteins), a major
factor in atherogenesis (accumulation of
cholesterol plaques in blood vessels) [12-
13]. Grapes phenols have been shown to
inhibit proliferation and apoptosis in in
vitro prostate cancer cell lines [14] and
exhibit strong antibacterial, antiviral, anti-
cancer and anti-inflammatory properties
[15-16].

The aim of the present study was to
determine the phenolic composition and
antioxidant activity of grapes from red
international (Cabernet Sauvignon), local
(Gamza) and hybrid (Rubin) grapevine
varieties grown in the region of Central
Northern Bulgaria.

2. Matherials and methods

Grapevin varieties

The study was conducted at the Institute of
Viticulture and Enology (IVE) - Pleven
(Central Northern Bulgaria). The object of
the study was grapes, harvest 2020, of
three red  grapevine  varieties —
international, local and hybrid:

Cabernet Sauvignon - red grapevine
variety, originating form the Gironde
region of France [17]. It is distributed in all
wine-growing countries around the world.
For the region of Pleven, Bulgaria it ripens
in the second half of September. It has
very good fertility, relatively drought-
resistant and cold-resistant. The grapes
have a high sugar accumulation (21-24%)
at relatively high titratable acidity (6.5-9.0
g/l). The wines are characterized by an
intense ruby red color, specific for the
variety aroma and dense taste. They are
suitable for aging, during which they
develop their characteristics [18-19].
Gamza - red local grapevine variety.
Gamza is distributed in Hungary, Croatia
and Serbia [20-22]. In Hungary, it is the
main variety for the production of red table
wines [23-24]. It is also widespread in
small areas in Ukraine, France, Romania
and some regions in Asia [25-28]. It has
been grown in Bulgaria since ancient
times, but has a local distribution. It was
most widespread in the regions of Veliko
Tarnovo, Sevlievo, Svishtov, Pleven,
Lovech, Vidin and others [29]. Late
ripening variety, the grapes ripens in the
second half of September. The variety has
a high fertility, susceptible to fungal
diseases and low winter temperatures. The
grapes have a sugar accumulation of 19-
21% and titratable acids of 5.9-8.9 g/1.

The wines are characterized by bright red
ruby color, delicate fruity aroma, young
wines [18,19,30].
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Rubin - a hybrid red grapevine variety. It
was obtained by intraspecific hybridization
by crossing Nebbiolo x Syrah [31] and
approved in 1961. It was included in the
Official Variety List of Bulgaria in 2012.
The variety is medium ripening, and for
the region of Pleven ripens in the first half
of September. It has a good fertility. It is
not resistant to fungal diseases, with weak
resistance to low winter temperatures. The
variety has a high sugar accumulation
capacity of 22-24% and more, with
titratable acids of 5.5-6.0 g/l. The grapes
are suitable for the production of dry and
dessert wines, with an intense dark red
color, high extractivity and harmonious
taste [18-19].

Determination of the phenolic content of
grapes and must from the studied
varieties

To study the phenolic content of the grapes
by varieties, at the onset of technological
maturity and after harvesting, their content
in the structural elements of the cluster -
bunches, seeds, skins, berries were
analyzed. For this purpose, an average
sample of grapes of each variety (2 kg)
was selected, from which 5 g of bunches
(dried and cut into segments), 5 g of seeds
(pre-ground in a mortar), 5 g of skins (pre-
dried) and 10 g whole berries (pre-torn in a
mortar and with crushed seeds) were
weighed.

The prepared and weighed quantities were
transferred  to  Erlenmeiler  flasks.
Extractant CoHsOH / HCl (1% v/v) was
used for extraction [32].

To determine the phenolic content of the
grapes (in the liquid phase, after the
extraction) and the phenolic content of the
must (separated immediately after crushing
of the grapes) the following indicators
were analyzed [32]:

* Total phenolic compounds (TPC),
g/l gallic acid - Singleton et Rossi method
with Folin-Chiocalteu reagent

* Flavonoid phenolic compounds
(FPC), mg/l catechin equivalent - Sommers
method

. Non-flavonoid phenolic
compounds (NPC), mg/l caffeic equivalent
- Sommers method

* Anthocyanins, mg/l - method of
Singleton et Rossi by changing the pH

Determination of antioxidant (DPPH <)
activity of grapes and must

The antioxidant activity was
determined according to the method of
Wang et al. (1996) [33], as antiradical
activity against the stable product DPPHe
(2,2-diphenyl-1-picrylhydrazyl) (Sigma
Aldrich, Germany). The values of the
molecular light absorption
(spectrophotometrically at a wavelength of
515 nm) of the control and experimental
sample, noted by Ac and Ae, respectively,
were measured. Measurements were made
at reaction times of 5 and 15 minutes from
the time of the reagents mixing. The
antiradical activity was calculated by the
formula:
AAR = 10%.(Ac - Ae). Ak, % (1)

Statistical processing

Statistical data processing was performed,
including determination of standard
deviation (= SD), with three repetitions for
each analysis. The determination of the
indicator was realized with the MS Excel
2007 from the Microsoft Package
(Microsoft Corporation, USA).

3. Results and discussion

Phenolic content of grapes

The content of total phenolic compounds,
flavonoid phenolic compounds, non -
flavonoid  phenolic = compounds and
anthocyanins in the structural elements of
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the cluster - berries, skins, bunches, seeds
was studied. The results are presented in
Table 1.

The tendency in the content of the studied
components was their increase in the order
of whole berries < skins < bunches <
seeds. There were significant differences in
the phenolic content of the structural
elements of the cluster with TPC. The
highest TPC were contained in the berries
(0.55 £ 0.00 g/1), skins (1.18 £ 0.01 g/l and
seeds (3.00 £ 0.07 g/1) of the Rubin
variety, and in the skins they were almost
twice as much as in the other varieties.
Gamza bunches were with the highest
content of TPC (1.89 + 0.00 g/1) compared
to Cabernet Sauvignon and Rubin.

The FPC of Rubin variety was the highest
in the berries (1854.55 + 4.19 mg/1), skins
(2465.66 = 2.63 mg/l) and seeds (6893.61
+ 8.22 mg/l). In the bunches of Gamza
variety FPC were the highest (3247.98 +
3.76 mg/l). Rubin berries contain FPC
twice as much as Cabernet Sauvignon

(779.76 £ 3.45 mg/l) and four times as
much as Gamza (398.33 + 0.82 mg/l). In
the skins of Rubin FPC were twice as
much as Cabernet Sauvignon (1001.25 +
2.53 mg/l) and three times more than
Gamza (841.12 £ 3.75 mg/l). In the
bunches and seeds of Cabernet Sauvignon
variety FPC were the lowest, respectively
1575.71 £ 0.55 mg/l and 4348.75 + 11.93
mg/l.

The differences in the content of NPC in
the different structural parts of the cluster
in the three varieties were also significant.
Their quantity was significantly higher in
the berries (133.76 = 0.28 mg/l), skins
(245.66 = 0.29 mg/l) and seeds (482.04 +
0.48 mg/l) of the Rubin variety. With the
exception of berries, Cabernet Sauvignon
shown the lowest content of NPC in the
other parts. In the skins they were three
times, and in the bunches two times lower
than in Rubin. Gamza variety has the
lowest NPC only in the berries (47.02 +
0.34 mg/1).

Table 1.
Phenolic content of grapes from the studied red grapevine varieties
Structural Cabernet Gamza Rubin
elements of Indicators Units Sauvignon
the cluster
TPC g/lga. 0.37+0.02 0.24+0.00 0.55+0.00
Whole FPC mg/l cat. equiv. 779.7643.45 398.33+0.82 1854.55+4.19
berries NPC mg/1 caf. equiv. 62.38+10.44 47.02+0.34 133.76+0.28
Anthocyanin mg/1 154.234+0.64 47.27+£3.52 147.40+0.16
s
TPC g/lga. 0.59+0.02 0.49+0.00 1.18+0.01
Skins FPC mg/1 cat. equiv. 1001.2542.53 841.1243.75 2465.66+2.63
NPC mg/l caf. equiv. 80.31+£0.43 111.1440.31 245.66+0.29
Anthocyanin mg/1 388.75+1.51 254.19+0.44 596.90+2.22
s
TPC g/lg.a. 1.0440.00 1.8940.00 1.76+0.01
Bunches FPC mg/l cat. equiv. 1575.714+0.55 3247.9843.76 2983.93£1.15
NPC mg/1 caf. equiv. 98.9240.25 172.89+0.68 161.87+£0.43
TPC g/lga. 2.15+0.01 2.66+0.05 3.00+0.07
Seeds FPC mg/l cat. equiv. 4348.75+11.93 5286.14£27.10 6893.61£8.22
NPC mg/1 caf. equiv. 234.11£1.07 245.82+1.33 482.04+0.48

In the red grapevine varieties, the content
of anthocyanins is of major importance and
it is an important characteristic for the

variety. In all three varieties, their content
in the skins was several times higher than
in the whole berries. The content in the
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skins is especially important, because
during the alcoholic fermentation as a
result of ongoing extraction processes
anthocyanins pass into the grape must.
They are the main component determining
the color properties of the wines. Rubin
skins has the best stock of anthocyanins
(59690 £+ 222 mg/l), followed by
Cabernet Sauvignon (388.75 = 1.51 mg/l),
and the lowest was in Gamza (254.19 +
0.44 mg/1). The trend in berries, however,
was different. The highest content of
anthocyanins was reported in Cabernet
Sauvignon (154.23 £ 0.64 mg/l), and the

lowest, as well as in the skins - in the
variety Gamza (47.27 + 3.52 mg/1).

Phenolic compounds - TPC, FPC, NPC
and anthocyanins in grape must of the
studied varieties

The phenolic complex is a major factor for
the biological value of the grapes and
wine, determining their antioxidant
activities. TPC, FPC, NPC and
anthocyanins were identified in the grape
must of the studied varieties.

The data for TPC in grape must of the
studied varieties are presented in Figure 1.

0,8

B CABERNET SAUVIGNON

B GAMZA
W RUBIN

Fig. 1. Total phenolic compounds (TPC) in grape must of the studied varieties

The lowest content of TPC in the must of
the control variety Cabernet Sauvignon
(0.25 = 0.00 g/l) was found. The results
indicated that the local variety Gamza
(under the soil and climatic conditions of
Central Northern Bulgaria) shown a higher
potential to accumulate TPC. They were
found in an amount of 0.36 = 0.00 g/l
Very high levels of TPC shown the third
studied variety - the intraspecific hybrid
Rubin. TPC of 0.74 = 0.00 g/l was found in
its grape must. They were almost three
times higher than those found in the
control variety Cabernet Sauvignon.

The higher level of phenolic compounds in
its must is an indirect evidence of its
biological potential.

The obtained results regarding the content
of FPC in grape must of the three studied
varieties are presented in Figure 2.

From the results for FPC in the grape must
of the three studied red grapevine varieties,
a concentration in the control international
variety Cabernet Sauvignon of 373.69 =+
391 mg/l was established. FPC in the
control exceeded the established amount in
the other studied variety - the local Gamza.
The content of FPC in its must was 129.41
+ 7.20 mg/l. The highest levels on this
indicator shown the hybrid variety Rubin.
The concentration of FPC in it (832.49 +
12.37 mg/l) was more than twice in
comparison of that found in the must of the
Cabernet Sauvignon control variety.
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The data on the established content of non-
flavonoid phenolic compounds in the grape
must of the studied varieties are presented
in Figure 3.

The highest concentration of NPC was
found in the control Cabernet Sauvignon
(162.91 + 1.57 mg/l). The local red variety
Gamza shown the lowest concentration of
NPC (116.76 £ 1.45 mg/l). Second, after

the control, by the presence of NPC was
the hybrid Rubin. The NPC content of
131.57 £ 2.37 mg/1 was found in its must.
Anthocyanins are red pigments in red
grapevine varieties localized in their skins
[3]. In the grapes they are contained in an
amount of about 600.00 mg/l, in the wine
they are extracted from 50 - 70% of this
amount [3].
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Fig. 2. Content of FPC in grape must of the studied varieties
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Fig. 3. Content of NPC in grape must of the studied varieties

Due to the weaker contact during crushing
of the grapes (as the first phase of
technological processing) in the fresh
grape must, their quantities are usually
low. The results obtained for their content

in the grape must of the red varieties are
presented in Figure 4.

From the obtained results it was clear that
the international control variety Cabernet
Sauvignon (9.01 + 0.33 mg/l) was
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characterized by the lowest content of
anthocyanins. In the local variety Gamza,
the amount of these phenolic components
in fresh grape must was higher (11.92 +
0.07 mg/1) than that found in the control. It
was evident from the results that Rubin
shown the highest concentration of
anthocyanins (19.91 £+ 0.48 mg/l) from the

three studied varieties, and it exceeded
more than twice that found in the Cabernet
Sauvignon control. In practice, a smooth
dynamics of increase in the content of
anthocyanins was established in the
direction: introduced variety (Cabernet
Sauvignon, control) < local variety
(Gamza) < hybrid variety (Rubin).

25
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=
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Fig. 4. Content of anthocyanins in

The main characteristic (as a biological
effect) of anthocyanins is the proven in
vitro antioxidant activity [34].

The obtained results indicated that from
the three studied red grapevine varieties
grown in the town of Pleven, Central
Northern Bulgaria (harvest 2020) potential,
in terms of anthocyanin accumulation, was
the hybrid variety Rubin. The content of
anthocyanins is directly related to the
antioxidant capacity.

Antioxidant activity (as antiradical activity
against a stable DPPH radical) in grape
must of the studied red varieties

The antioxidant activity is one of the main
factors determining the biological potential
At TE = 400.00 mg/I there was a decrease
in the antioxidant capacity of Rubin. At a
reaction time of 5 min, an activity of 71.92
+ 0.03 % was detected. At a reaction time
of 15 minutes it was almost identical -
71.69 £+ 0.005 %.

grape must of the studied varieties

of the grapes. The obtained data on the
antioxidant activity (DPPH ) in grape
must of the international (Cabernet
Sauvignon), local (Gamza) and hybrid
(Rubin) red grapevine varieties are
presented in Figures 5, 6 and 7.

The highest antioxidant activity in the
grape must of the red varieties was found
in the hybrid variety Rubin. At TE =
600.00 mg/1 and a reaction time of 5 min,
it shown antioxidant activity of 95.15 +
0.005 %. At a reaction time of 15 minutes,
the activity of the must from this variety
had a minimal change. A minimal increase
was reported - 95.17 = 0.01 %.

Rubin was followed by the local variety
Gamza. Its antioxidant activity, however,
was many times lower than Rubin's.
Gamza grape must at TE = 600.00 mg/l
and a reaction time of 5 min shown 36.34
+ 0.14 % antioxidant activity. As the
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reaction time increased the percentage of
free radical elimination (DPPH *)
increased too, with an activity of 39.75 +
0.04%. In this variety with a decrease in
the concentration of the total extract was
registered decrease in the antioxidant

activity. Thus, at TE = 400.00 mg/l and a
reaction time of 5 min, 22.70 = 0.11 %
elimination of DPPH was found. When the
reaction time was increased to 15 min, a
slight increase in the antioxidant activity of
Gamza was found - 25.96 + 0.06 %.

5 15 T,min

40 MCABERNET SAUVIGNON

AA, %
o
b

40 W CABERNET SAUVIGNON

5 15 T,min

Fig. 5. Antioxidant activity of red international variety Cabernet Sauvignon at TE = 600.00 mg/1
and TE =400.00 mg/l *TE — Total Extract

5 15 T, min
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Fig. 6. Antioxidant activity of red local variety Gamza at TE = 600.00 mg/l and TE = 400.00 mg/1
*TE — Total Extract
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Fig. 7. Antioxidant activity of red hybrid variety Rubin at TE = 600.00 mg/l and TE = 400.00 mg/l
*TE — Total Extract

The lowest reported antioxidant activity
was observed in the control introduced
Cabernet Sauvignon variety. At TE =
600.00 mg/l and a reaction time of 5 min,
its must shown only 20.34 + 2.10 %
elimination of the free DPPH radical. At a
reaction time of 15 minutes, the same
extract shown activity close to that
recorded at 5 minutes of reaction - 20.70 +
0.10 %.

At TE = 400.00 mg/l and a reaction time of
5 min, the antioxidant activity of Cabernet
Sauvignon was 20.19 £ 0.08 %. As the
reaction time increased to 15 minutes, it
increased slightly, reaching a value of
21.26 £0.10 %.

Apparently from the results obtained for
the antioxidant effect of the control variety
Cabernet Sauvignon was that it retained an
almost constant anti-radical capacity,
which was not depended on the amount of
extract in the must. However, Cabernet
Sauvignon grape must shown the lowest
ability to eliminate DPPH ¢ compared to
the other two studied varieties.

The grape must of the Rubin hybrid shown
four times higher antioxidant activity than
that of Cabernet Sauvignon. Gamza's must
also shown a higher antioxidant capacity
than Cabernet Sauvignon, but the

difference between them was significantly
smaller.

The results for the antioxidant activity of
grape must in red varieties fully correlated
with the established content of total
phenolic compounds (TPC) in them. The

following  dependencies have been
identified:
TPC = 0.25 g/l (control, international

variety Cabernet Sauvignon) < TPC = 0.36
g/l (local variety Gamza) < TPC = 0.74 g/l
(hybrid variety Rubin)

AA (control, international variety Cabernet
Sauvignon) < AA (local variety Gamza) <
AA (hybrid variety Rubin)

The data clearly outline the confirmed
relationship  between  the  phenolic
composition of grapes and its radical
scavenging ability.

The hybrid variety Rubin shown an
extremely high potential for antioxidant
properties, which was significantly
distinguishable compared to the other two
studied varieties. In addition, Rubin
dominated Cabernet Sauvignon control
over this specific activity.

There was also a correlation between the
antioxidant activity of the must of red
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varieties and their anthocyanin content. It
was lowest in the Cabernet Sauvignon
control, increased in the local Gamza
variety, and was found in the highest
amount in the Rubin hybrid. The
anthocyanins are compounds with high
antioxidant capacity and the present study
empirically confirms the relationship
between them and the antioxidant capacity
of red grapevine varieties.

4. Conclusion

As a result of the conducted research the
following conclusions could be made:

* The phenolic content of the varieties in
terms of TPC, FPC, NPC and anthocyanins
in the structural elements of the cluster
increased in the order of whole berries <
skins < bunches < seeds.

* Rubin has the best stock of TPC, FPC,
NPC and anthocyanins. The TPC and FPC
of the variety were mostly in the berries,
skins and seeds, as in the skins they were
almost twice as much as in the other
varieties. The amount of NPC in all
structural elements of the cluster of Rubin
was the highest (except for the bunches).
The skins of this variety has the best stock
of anthocyanins, followed by Cabernet
Sauvignon, and the lowest was in Gamza.
In the berries, the highest content of
anthocyanins was reported in Cabernet
Sauvignon.

* The TPC of the grape must from the
studied red grapevine varieties was the
highest in the hybrid variety Rubin (0.74 +
0.00 g/). It was followed by the local
Gamza in this indicator, and the lowest
amount of TPC was found in the control
international variety Cabernet Sauvignon
(025 £ 0.00 g/1). The Rubin hybrid
demonstrated significant and high potential
to accumulate phenols at the conditions of
Central Northern Bulgaria.

* Rubin shown the highest quantitative
presence of FPC (832.49 + 12.37 mg/l),
twice as much as that found in the
Cabernet Sauvignon control.

* The highest content of anthocyanins in
the grape must of the red varieties was
found in the hybrid variety Rubin (19.91 +
0.48 mg/l). It was lowest in the Cabernet
Sauvignon control. The results proved
smooth growth dynamics in the content of
anthocyanins in the order: international
variety (Cabernet Sauvignon, control) <
local variety (Gamza) < hybrid variety
(Rubin).

* In the red grapevine varieties, the grape
must of the Rubin hybrid shown significant
and the highest antioxidant activity of the
three studied varieties. It was four times
higher than that found in the Cabernet
Sauvignon control. A correlation was
found between TPC, anthocyanin content
and antioxidant activity in Rubin. This
proved the close connection between the
phenolic composition and the antioxidant
capacity of the variety. The grape must of
the local variety Gamza also shown higher
antioxidant activity compared to the
Cabernet Sauvignon control, but the
difference between them was significantly
smaller.
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