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ABSTRACT

Phenolic compounds, anthocyanins and their antioxidant activity of 7 autochthonous grape varieties of Western Georgia and wines
produced from them (Aladasturi, Mujuretuli, Chkhaveri, Kabistoni Shavi, Mtevanddi, Mtredispekh and Ojaleshi) were studied. The
largest amount of phenolic compounds in the studied grape varieties was found in Ojaleshi , Kabistoni Shavi, Mujuretuli, Otskhanuri
Sapere ((5691.75 - 4091.05 mg / kg). kg), relatively less - in Usakhelauri , Kachichi, Aladasturi and significantly less in Chkhaveri,
Mtredispekha, Mtevandidi (1340.1 - 3535.25 mg / kg). The content of anthocyanins in each variety has similar patterns: Otskhanuri
Sapere (631.16 mg / kg) and Ojaleshi (576.29 mg / kg) are also dominant here; The total content of phenolic compounds in wine varies
in different ways: Otskhanuri Sapere (3674.0 mg / kg), Kabistoni Shavi (3619.0 mg / kg), Ojaleshi (3566.32 mg / kg) have the highest
content in this respect. During the production of wine, a certain amount of anthocyanins is transferred into it. Their transition from
grape to wine is somewhat correlated. The largest amount of anthocyanins is observed in wines made from such varieties as Ojaleshi
(485.0 mg / kg), Otskhanuri Sapere (400.9 mg / kg), Usakhelauri (397.1 mg / kg), Kachichi (390.8 mg / kg ). There is a direct correla-
tion between the content of phenolic compounds in grapes and its wines and their antioxidant activity. Ojaleshi grapes and wine have
the highest antioxidant activity among these varieties.Keywords: Autochthonous Grape, Wine, Phenolic compounds, Anthocyanin,

Antioxidant activity, Red Grape.
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Introduction the most common compounds found in fruits, veg-
etables and herbs. They are divided into several
groups, although they are all biologically active
and have antioxidant activity [8, 9]. In recent years,
most attention has been paid to the antioxidant ac-
tivity of grapes and wine, produced from it [10,11].
Obviously, they are involved in the prevention of
many diseases caused by stress [12-14], and they
also have anti-cold, anti-viral, anti-mutagenic and
other actions [15]. The high content of phenolic
compounds in red wine is associated with the pecu-
liarity of production, when during fermentation the
skin and grape seeds contact with each other for a
long time in grape juice, and then they are extracted
with alcohol [16].

According to some recommendations [17],
moderate consumption of wine (150 ml per day for
women and 300 ml for men) has a positive effect on

Grapes and natural wine, made from it, are a
source of antioxidants [1]. The main representatives
of antioxidants are polyphenols. Grapes are one
of the fruits with a high content of phenolic com-
pounds. Some of them, naturally, get into wine, pre-
pared from these grapes [2]. Phenolic compounds
are also found in grape skin, pulp and seeds [3]. The
content of polyphenols in grapes and wine, made
from it, is associated with color, aroma, taste and
antioxidant activity, which is considered a good
means of preventing ischemic diseases and arterio-
sclerosis [4]. The content of polyphenols in grapes
and, accordingly, in wine depends on the type [2]
and variety [3] of grape, as well as on the rules for
the production and storage of wine [5]. Autochtho-

nous varieties of grapes and, correspondingly, wine
are of great interest [6, 7]. Polyphenols are one of
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in wine [18]. Usually, the red wine contains more of
them than the white one. Drinking wine reduces the
risk of developing vascular disease [19, 20]. Many
components of wine have antioxidant activity, so
it is difficult to determine the activity of any one
component taken separately. There are often deep
internal connections between them [21]. Currently,
antioxidant parameters for wines produced in Geor-
gia are not defined (with a few exceptions, for ex-
ample, our article on white wine [22], so commer-
cial wines cannot use this important component for
advertising.

1. The purpose of this study

Currently antioxidant parameters for wines pro-
duced in Georgia are not defined (with a few ex-
ceptions, for example, our article on white wine, so
commercial wines cannot use this important com-
ponent for advertising.

1.1 Samples

The object of the research was the widespread
and popular autochthonous red and black grape of
various varieties (Kabistoni Shavi, Otskhanuri Sa-
pere, Aladasturi, Kachichi, Mujuretuli, Ojaleshi,
Chkhaveri, Mtredispekha, Mtevandidi) and wine
samples, prepared from them, grown in different re-
gions. The grapes were harvested during the period
of technical ripeness (period of mass harvest). The
wine was prepared in the laboratory of the Batumi
Shota Rustaveli State University using Kakhetian
technologies. The grape mass was boiling on the
"chacha" until the completion of wine fermentation.

2. Methods

A Mettler Toledo UV-5 model UV-VIS spectro-
photometer was used for Determination of phenolic
compounds, anthocyanins and Antioxidant activity.

The object of the research was the widespread
and popular autochthonous red and black grape of
various varieties (Kabistoni Shavi, Otskhanuri Sa-
pere, Aladasturi, Kachichi, Mujuretuli, Ojaleshi,
Chkhaveri, Mtredispekha, Mtevandidi) and wine
samples, prepared from them, grown in different re-
gions. The grapes were harvested during the period
of technical ripeness (period of mass harvest). The
wine was prepared in the laboratory of the univer-
sity using Kakhetian technologies. The grape mass
was boiling on the "chacha" until the completion of
wine fermentation.
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3.1 Research methods
3.1.1 Total phenolics assay

The Folin—Ciocalteu method was used for the
determination of the total phenolics. In brief, an al-
iquot (1 mL) of the appropriate diluted extracts was
added to a 25 mL volumetric flask, containing 5 mL
of distilled water. Then, 1.0 mL of Folin-Ciocalteu
reagent was added and the contents mixed. After 3
min, 10 mL Na2CO3 solution of concentration 7%
was added and made up to a total volume of 25 mL
distilled water. Their absorbances were read at 765
nm against distilled water as the blank. A calibration
curve was constructed using gallic acid standard
solutions (0—100 mg/L). The concentration of total
phenolics is expressed as the gallic acid equivalent
(GAE) per 1 g of fresh sample. All samples were
prepared in triplicate [23].

3.1.2 The total monomeric anthocyanin

The total monomeric anthocyanin content of
the red wine was determined using the pH-differ-
ential method. The red grape extract and wine was
dissolved in buffers of KCI (0.025 M, ph 1.0) and
CH3COONa (0.4 M, pH 4.5) with a predetermined
dilution factor. Absorbance (A) was measured using
UV-Vis spectrophotometer at 520 and 700 nm, and
the results were calculated as follows: The mono-
meric anthocyanin (MA) pigment concentration was
calculated as: where represents the molar mass of
malvidin-3-glucoside (493.5 g/mol), is the dilution
factor, is molar extinction coefficient (28,000 L/mol
cm), and is the cuvette optical path length (10 mm).
The final anthocyanin concentration is expressed as
milligram per 1000 mL or kg of red grape and wine
of malvidin-3-glucoside. All analyses were done in
triplicate [24, 25].

3.1.3 Antioxidant activity

Antioxidant activity (assay with DPPH) [25],
The DPPH assay was done by using 1 mL of red
grape extract and wine solution that was mixed with
1,5 mL of DPPH solution in methanol (0,02 mg
mL-1), The mixture was homogenized for 30 min
at room temperature and then the absorbance was
determined at 517 nm. Antioxidant activity DPPH -
50% inhibition mg of samples was calculated using
the following formula 1 and 2:

AA % inhibition = [A(DPPH) — A(sam-
ple)*100]/A(DPPH) (D),

Where A (DPPH) - Absorbance of 0.01 mM
DPPH at 517 nm
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A(sample) - Absorbance of sample at 517 nm
AA of mg sample = m*50*1000/V*AA% (2),
Where m — weight of sample,

V — volume of sample,

50 - % of inhibition,

1000 — unit conversion from gram to mg

4. Results

The largest amount of phenolic compounds in
the studied grape varieties was found in Ojaleshi
(5691.75 mg / kg), Kabistoni Shavi (4756.36 mg
/ kg), Mujuretuli (4350.65 mg / kg), Otskhanuri
Sapere (4091.05 mg / kg). kg), relatively less - in
Usakhelauri (3535.25 mg / kg), Kachichi (3456.52
mg / kg), Aladasturi (3269.27 mg / kg) and signifi-
cantly less in Chkhaveri (2250.23 mg / kg), Mtre-
dispekha (1411.9 mg/ kg), Mtevandidi (1340.1 mg/
kg). The content of anthocyanins in each variety has
similar patterns: Otskhanuri Sapere (631.16 mg /
kg) and Ojaleshi (576.29 mg / kg) are also dominant
here; the amount of anthocyanins is comparatively
less in Usakhelauri (481.96) and Kabistoni Shavi
(480.79 mg / kg), a bit less, almost 2 times, - in Ch-
khaveri (399.5 mg / kg), Aladasturi (392.83 mg /
kg) and Mujuretuli (391.69 mg / kg), and much less
- in Mtevanddi (230.15 mg / kg) and Mtredispekha
(191, 21 mg / kg).

The autochthonous grape varieties have been
processing with natural yeast (to preserve varietal
characteristics), until the chacha was completely
settled (about 20 days). The analysis of wines was
carried out on wines of one year old aging. The to-
tal content of phenolic compounds in wine varies
in different ways: Otskhanuri Sapere (3674.0 mg
/ kg), Kabistoni Shavi (3619.0 mg / kg), Ojaleshi
(3566.32 mg / kg) have the highest content in this
respect. The transition of phenolic compounds in
these wines is almost 60% of the original. Although
the proportion of transitions is about the same, they
are relatively less in Kachichi (3012.0 mg / kg),
Mujuretuli (2914.48 mg / kg), Aladasturi (2613.60
mg / kg), Usakhelauri (2374.36 mg / kg). Chkhaveri
(1899.7 mg / kg), Mtredispekha (1121.04 mg / kg)
and Mtevandidi (1032.53 mg / kg) have significant-
ly less phenolic compounds.

During the production of wine, a certain amount
of anthocyanins is transferred into it (most of the
anthocyanins in grapes are soluble in alcohol).
Their transition from grape to wine is somewhat
correlated. The largest amount of anthocyanins is
observed in wines made from such varieties as Oja-
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leshi (485.0 mg / kg), Otskhanuri Sapere (400.9 mg
/ kg), Usakhelauri (397.1 mg / kg), Kachichi (390.8
mg / kg ). Accordingly, the content of anthocyanins
in wines, produced from other varieties, is relative-
ly lower: Aladasturi (368.45 mg / kg), Mujuretuli
(344.8 mg / kg), Chkhaveri (335.3 mg / kg), Kabis-
toni Shavi (315,7 mg / kg). It is almost 3 times less
in Mtevandidi (161.4 mg / kg) and Mtredispekha
(141.8 mg / kg) than in Ojaleshi, although more
than 60% of anthocyanins are transferred from these
grapes to wine.

There is a direct correlation between the content
of phenolic compounds in grapes and wines, pre-
pared from it, and their antioxidant activity. Ojaleshi
grapes have the highest rate among varieties (3.17
mg of a sample can inhibit 50% 0.01 mM DPPH,
i.e. the lower this characteristic is, the more active
the product is). The same picture is observed among
varieties and in wines as well. Wine, prepared from
Ojaleshi variety, compared to grapes, has lower
characteristics, however, compared to other wines,
it has higher characteristics (8.7 mg). Kabistoni
Shavi (4.1 mg), Otskhanuri Sapere (4.1 mg), Mu-
juretuli (4.18 mg / kg), as well as Kachichi (4.7 mg)
and, therefore, the wines produced from them: Ka-
bistoni Shavi (10.2 mg), Usakhelauri (11.93 mg),
Kachichi (13.4 mg), Otskhanuri Sapere (13.47 mg)
and Mujuretuli (17.1 mg) have high antioxidant ac-
tivity. The rest of the wines (Chkhaveri (20.3 mg),
Aladasturi (20.81 mg), Mtevandidi (25.74 mg) and
Mtredispekha (37.26 mg) and, therefore, their raw
materials have less AA (Chkhaveri (8.2 mg ), Ala-
dasturi (10.39 mg)), Mtevandidi (14.56 mg) and
Mtredispekha (21.85 mg).
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Wi
Grape ine
Antioxidant Antioxidant
activity activity
S | IIZE?)IIS Anthocyanins Prgaaclls Anthocyanins
amples P Tk mg/Kg DPPH - 50% P i mg/| DPPH - 50%
mg/keg inhibition mg of mg inhibition mg
samples of samples
Kabistoni Shavi
Imereti, Municipality of 4756,36 480,79 4,1 3619,0 315,7 10,20
Tsageri, Village Okhureshi
Otskhanuri Sapere
. S 4091,05 631,16 4,1 3674,0 400,9 13,47
Imereti, Municipality of
Terjola, Village Zorvethi
Aladasturi - Imereti,
Municipality of Bagdadi, 3269,27 392.83 10,39 2613.60 368.45 20.81
Village Phersathi
Kachichi - Adjara,
Municipality of Qeda, 3456,52 441,08 4,7 3012,0 390,8 13.4
Village Kharaula
Mujuretuli - Racha,
Ambrolauri municipality, 4350,65 391,69 4,18 2914.48 344.8 17.10
Village Tola
Usaxelauri - Racha,
Ambrolauri municipality, | 3535 55 481,96 4,12 2374.36 397.1 11.93
Village Tola
Chkhaveri - Guria,
Municilality of Chokhatauri, 2250,23 399,5 8,2 1899.7 335.3 20.3
Village Erkethi
Mtredispekha - Guria,
Municilality of Chokhatauri, 1411,9 191,21 21,85 1032.53 141.8 37.26
Village Erkethi
Mtevandidi - Guria,
Municilality of Chokhatauri, 1340,1 230,15 14,56 1121.04 161.4 25.74
Village Erkethi
Ojaleshi - Samegrelo,
Municilality of Martvili, 5691,75 576,29 3,17 3566.32 485.0 8.7
Village Salkhino

Table 1. Grape and Wine Phenolic Compounds, Anthocyanin and AA.

4. Conclusion

Phenolic compounds, anthocyanins and their
antioxidant activity of 7 autochthonous grape vari-
eties of Western Georgia and wines produced from
them (Aladasturi, Mujuretuli, Chkhaveri, Kabisto-
ni Shavi, Mtevanddi, Mtredispekh and Ojaleshi)
were studied. There is a direct correlation between
the content of phenolic compounds in grapes and
its wines and their antioxidant activity. Ojaleshi
grapes and wine have the highest antioxidant activ-
ity among these varieties.

Acknowledgement

The designated project has been fulfilled by the
financial support of the Georgia National Science
Foundation (Grant 216816). Any idea in this publi-
cation is possessed by the author and may not rep-
resent the opinion of the Georgia National Science
Foundation.

143



M. Vanidze et al.
References

[1] Bateman L., Olefin Oxidation. Q. Rev. Chem.
Soc. 1954, 8, 147-168. [CrossRef]

[2] Singleton V.L., Esau P., Phenolic Substances in
Grapes and Wine and Their Significance. Adv.
Food Res., 1 (1969) 1-261.

[3] Etievant P.,Schlich P., Bertrand A., Symonds
P., Bouvier J.C., Varietal and Geographical
Classification of French Red Wines in Terms
of Pigments and Flavonoid Compounds. J. Sci.
Food Agric., 42 (1988) 39-54. [CrossRef]

[4] Renaud S., de Lorgeril M., Wine, alcohol,
platelets and the French paradox for coronary
Herat disease. Lancet 339 (1992) 1523-1526.
[CrossRef]

[5] Soleas G.J., Diamandis E.P.,Goldberg D.M.,
Wine as a Biological Fluid: History, Produc-
tion and Role in Disease Prevention. J. Clin.
Lab. Anal., 11 (1997) 287-313. [CrossRef]

[6] Mitrevska K., Grigorakis S., Loupassaki S. and
Calokerinos A. C., Antioxidant Activity and
Polyphenolic Content of North Macedonian
Wines Appl. Sci. 2020, 10, 2010; doi:10.3390/
app10062010 www.mdpi.com/journal/applsci

[7] Nile S. H.; Kim S. H.; Ko E. Y. and Park
S. W.,  Polyphenolic Contents and Anti-
oxidant Properties of Different Grape (V.
vinifera, V. labrusca, and V. hybrid) Cul-
tivars Research Article | Open Access Vol-
ume 2013 |Article D 718065 | https://doi.
org/10.1155/2013/718065

[8] Read P. E. and Gu S., A century of American
viticulture, HortScience, vol. 38, no. 5 (2003)
943-951.

[9] Chiou A.; Karathanos V. T.; Mylona A.; Salta
F. N.; Preventi F. and Andrikopoulos N. K.,
Currants (Vitis vinifera L.) content of sim-
ple phenolics and antioxidant activity, Food
Chemistry, vol. 102, no. 2, (2007)516-522.
View at: Publisher Site | Google Scholar

[10] Macheix J.,Fleuriet A. and Billot J., Fruit Phe-
nolics, CRC, Boca Raton, Fla, USA, 1990.

[11] Revilla E. and Ryan J.-M., Analysis of sev-
eral phenolic compounds with potential an-
tioxidant properties in grape extracts and
wines by high-performance liquid chroma-
tography-photodiode array detection without
sample preparation, Journal of Chromatogra-
phy A, vol. 881, no. 1-2 2000) 461-469.View
at: Publisher Site | Google Scholar

[12] Meyer A. S., Donovan J. L., Pearson D. A.,

144

Annals of Agrarian Science 19 (2021) 140-145

Waterhouse A. L. and Frankel E. N.. Fruit hy-
droxycinnamic acids inhibit human low-den-
sity lipoprotein oxidation in vitro, Journal of
Agricultural and Food Chemistry, vol. 46, no.
5 (1998) 1783-178. View at: Google Scholar

[13] Gu S., Ding P. and Howard S., Effect of tem-
perature and exposure time on cold hardiness
of primary buds during the dormant season
in “Concord”, “Norton”, “Vignoles” and “St.
Vincent” grapevines,” Journal of Horticultur-
al Science and Biotechnology, vol. 77, no. 5
(2002) 635-639.View at: Google Scholar

[14] Luthria D. L., Mukhopadhyay S. and Kwansa
A. L., A systematic approach for extraction of
phenolic compounds using parsley (Petroseli-
num crispum) flakes as a model substrate, Jour-
nal of the Science of Food and Agriculture, vol.
86, no. 9 (2006) 1350—1358 View at: Publisher
Site | Google Scholar

[15] Keli S. O., Hertog M. G. L., Feskens E. J. M.,
and Kromhout D., Dietary flavonoids, antiox-
idant vitamins, and incidence of stroke: the
Zutphen study, Archives of Internal Medicine,
vol. 156, no. 6 (1996) 637-642.View at: Pub-
lisher Site | Google Scholar

[16] Mira L., Fernandez M. T., Santos M., Rocha R.
Floréncio M. H. and Jennings K. R., Interac-
tions of flavonoids with iron and copper ions:
a mechanism for their antioxidant activity,
Free Radical Research, vol. 36, no. 11 (2002)
1199-1208.

[17] McGuire S., and US Department of Agricul-
ture and US Department of Health and Human
Services, Dietary Guidelines for Americans,
2010. Washington, DC: US Government Print-
ing Office, January 2011, Advances in Nutri-
tion, vol. 2, no. 3 (2011) 293-294.

[18 ] Frankel E. N., Waterhouse A. L.; and Teisse-
dre P. L., Principal phenolic phytochemicals
in selected California wines and their antiox-
idant activity in inhibiting oxidation of human
low-density lipoproteins, Journal of Agricul-
tural and Food Chemistry, vol. 43, no. 4 (1995)
890-894.

[19] Grenbak M., The positive and negative health
effects of alcohol- and the public health impli-
cations, Journal of Internal Medicine, vol. 265,
no. 4 (2009) 407-420.

[20] Theobald H., Bygen L. O., Carstensen J., and
Engfeldt P., A moderate intake of wine is asso-
ciated with reduced total mortality and reduced
mortality from cardiovascular disease, Journal



M. Vanidze et al.

of Studies on Alcohol, vol. 61, no. 5 (2000)
652-656.

[21] Hugo P.-C., Gil-Chavez J., Sotelo-Mundo R.
R., Namiesnik J., Gorinstein S. and Gonzalez
-Aguilar G. A., Antioxidant interactions be-
tween major phenolic compounds found in
‘Ataulfo’ mango pulp: chlorogenic, gallic, pro-
tocatechuic and vanillic acids, Molecules, vol.
17, no. 11 (2012) 12657-12664.

[22] Kharadze M.; Djaparidze 1.; Shalashvili A.;
Vanidze M.; Kalandia A.Phenolic Compounds
and Antioxidant Properties of some White
Varieties of Grape Wines Spread in Western
Georgia. Bulletin of the Georgian National
Academy of Sciences, vol. 12, no.3 (2018) 88-
94.

[23] OIV-MA-AS2-10 The number of common
phenols was determined by the Folin-Ciocal-
teu method (Folin-Ciocalteu) (with thecalcula-
tion of gallic acid);

[24] AOAC Official Method 2005.02 Total Mono-
meric Anthocyanin Pigment Content of Fruit
Juices, Beverages, Natural Colorants, and
Wines pH Differential Method First Action
2005 - pH-Differential Method.

[25] Lugemwa F. N., Snyder A. L., Determination
of Radical Scavenging Activity and Total Phe-
nols of Wine and Spices: A Randomized Study,
Antioxidants (Basel). 2013 Sep; 2(3): 110—
121. Published online 2013 Jul doi: 10.3390/
antiox2030110

Annals of Agrarian Science 19 (2021) 140-145

145



