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ABSTRACT. The content of phenolic compounds and antioxidant properties of wines made of five
varieties of white grapes were studied in three regions of Western Georgia (Adjara, Imereti and
Samegrelo). Using the UPLC-MS method the (-) Epicatechine (m/z-289), Quercetin-3-glucoside (m/z-
463), Quercetin-3-ramnoside (m/z-447), Quercitrin-3-glucuronide (m/z-477) and Procyanidin B:
(m/z-577) were identified. With the help of the spectral methods the total amount of phenols,
catechines and flavonoids was defined in the wines of all five varieties of grapes and their antioxidant
properties were established. It was found that wines produced from Tsolikouri and Tsitska grapes
are characterized by phenolic compound content and antioxidant action. © 2018 Bull. Georg. Natl.

Acad. Sci.
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Culture of the Georgian wine was developed and
created in wine-making regions of Western Georgia
(Imereti, Adjara and Samegrelo) for centuries [1].
Phenolic compounds play a significant role in the
organoleptic characteristics of wine. The color, taste,
aroma and antimicrobial activity of wine depends on
the phenolic compounds. The versatile biological
of  phenolic including

activity compounds

cardioprotective, anti-inflammatory and anti-
cancerous action determined by their antioxidant
properties is especially noteworthy [2-6].

The goal of the present work is to identify some
compounds, to study the total number of phenolic

compounds, catechins, flavonoids and their
antioxidant activity in the wines produced from the
vine varieties of (Vitis vinifera L.) Tsolikouri,
Tsitska, Klarjuli, Krakhuna and Kutaturi grapes
cultivated in three regions of western Georgia
(Adjara, Imereti, Samegrelo).

Tsolikouri is a local Imeretian variety spread in
almost every district of Western Georgia. There are
various types of table wines produced from
Tsolikouri, which are characterized by good taste
and rich chemical composition. Apart from
relatively high-alcohol content Tsolikouri wine has

a rich body and contains an ample amount of acids

© 2018 Bull. Georg. Natl. Acad. Sci.
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Table 1. Samples of wines obtained for analysis

Ne variety Region Region Village Wine
1 Colikouri Adjara Keda Kokotauri W.1
2 Colikouri Adjara Kobuleti Gvara W.2
3 Cicka Adjara Kobuleti Gvara W.3
4 Klarjuli Adjara Kobuleti Gvara W.4
5 Krachuna Adjara Kobuleti Gvara W.5
6 Qutaturi Adjara Kobuleti Gvara W.6
7 Colikouri Samegrelo Martvili Bandza W.7
8 Colikouri Samegrelo Martvili Najachao W.8
9 Colikouri Samegrelo Martvili Muchurcha W.9
10 Colikouri Samegrelo Martvili Lechaidravo W.10
11 Colikouri Samegrelo Martvili Nagvazao W.11
12 Colikouri Samegrelo Martvili Vedidkari W.12
13 Colikouri Imereti Bagdadi Ofcha W.13
14 Cicka Imereti Bagdadi Ofcha W.14

that ultimately improves the wine aging and its
preservation. Tsitska is a local grape variety of high
quality widespread in Imereti region. It gives the
best table wine and the quality material for
sparkling wines. The Tsitska table wine is of a light
beige color with greenish tone. It is characterized
by a full body, energy and pleasure with delicious
and harmonious taste. In aging, it develops a very
pleasant gentle bouquet. Krakhuna gives a high
quality table wine. The wine made in a European
way is yellowish beige characterized by maturity,
energy and pleasant taste. Imeretian wine is darker
and is characterized by a peculiar varietal aroma,
energy and full body. Klarjuli belongs to a group of
white grape varieties. Klarjuli is one of the best
varieties of table grapes spread in Georgia for its
excellent taste, transportability, storage capacity (is
kept until almost spring), the external beauty of
bunches and grape and also for the abundant yield
[13,14].

Materials and Methods
Study was conducted in the Department of
Chemical Analysis and Food Safety of the Agrarian
and Membrane Technology Institute, Batumi Shota
Rustaveli State University. Also, at West Georgia
Chromatography Center. (Grant AP/96/13 Georgia
National Science Foundation).

Biochemical and chemical analyses were carried

out by different physico-chemical and instrumental

Bull. Georg. Natl. Acad. Sci., vol. 12, no. 3,2018

methods. Separation, identification and quantative
analyses were carried out using UPLC-MS (Waters
Acquity QDa detector), pH-meters (Mettler Toledo);
refractrometer: Misco, Spectrometer — Cuvette
Changer (Mettler Toledo UV5A); chemicals: radical
stability - 2,2-Diphenil-1-picrilhydrazyl (Aldrich-
Germany), AICI3, Folin Ciocalteu reagent
(preparation); standads — Gallic acid (Sigma), -+
Catechin (Teodor Schuchard), Quercetin (Loba-
chemie); C18 Cartridge Solid Phase Extraction
(SPE) Waters Sep-Pak CI18 (500 mg); Waters
Acrodisc LC PVDF Filter 13 mm 0.45 pm.

The samples of five types of grapes were
obtained for analysis in October and November
2016-2017 thereof: Tsolikouri in Adjara, Imereti
and Samegrelo; Tsitska in Adjara and Imereti, and
Krakhuna, Klarjuli and Kutaturi from the nursery
of the vine and fruit trees of the Agroservice Center
(Adjara) (Table 1). All five varieties of grape
samples (each 10 kg) were pressed in a grape
crusher machine after removing the stem material.
The grape juice was placed in a glass vessel and
added by the yeast (10 CB 2000 per 25 g/hL). At
the end of alcoholic fermentation the wine was
clarified and placed in the refrigerator. Analyses
were carried out after 5 months of wine making
(Table 1).

The samples were filtered by Cartridge Solid
Phase Extraction (SPE) of Waters Sep-Pak C18

(500 mg) was in conditions of 2 ml methanol,
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equilibration — 2 ml water, load of 2 ml samples,
wash — 2ml water + 0.1 % formic acid and elute —
4 x 1 ml acetonitrile+0.1 % formic acid. Before
chromatography all the samples were filtered (0.45
um).

Antioxidant action was determined using DPPH
[7.,8].
For determination of radical antioxidant action the
1 ml of the sample is added by 3 ml of DPPH
extract (0.1 mM DPPH - 0.004 g/100mL ethil

alcohol) and after 30 minutes the optical density

(2,2-Diphenyl-1-pic-rylhydrazil) methods

was evaluated on spectrophotometer. DPPH and
96% ethyl alcohol were used as blanks. For
determination of action of free radical inhibition
(DPPH) the following formula was used: In % = Ac
— As/Ac*100%, where A, indicates absorbtion of
DPPH/Alcohol and A,
absorption of the extract.

solution indicates

Total Phenolic compounds were defined using
Folin-Ciocalteus spectral methods [9]. Extraction
of the samples was conducted using 80% ethil
alcohole; 0.5 or 1.0 ml of the extract was transferred
to 25 ml volumetric flask, and 5.0 ml of water was
added, with 1.0 ml of Folin-Ciocalteu reagent.
After 8 minutes of delay at 25°C it was added by
10.0 ml of 7% Na,COs, the flask was then filled
with water and left at room temperature for 2 hours.
Determination was conducted at 750 nm. For
control, 1 ml of extragent was used. The
calculations of obtained values were performed
using the calibration curve of Gallic Acid. For
determination of the phenols the following formula
was used: X =( D KV F)*1000 /m, where X is the
amount of phenols (mg/kg); D — optical density; K
— coefficient; F — factor of dilution ; V — volume of
extract in ml; m — mass of the raw material used for
extraction (gr).

Catechins and Procyanidine contents were
determined by Swain and Hill spectral method
[10]: 1 ml of samples were added 3 ml of 1 %
vanillin reagents (1g vanillin added by 70 % -sulfur
acid solution). All the solutions except the samples

were used as blank. After 15 min, spectral
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adsorption was determined at 750 nm. Total
amount of flavonoid content (TFC) was determined
by the aluminum chloride colorimetric method as
previously described [11]. Wine samples (0.5 mL)
were mixed with 2 mL of distilled water and 150
pL of 5% NaNO2 solution. After 5 min, it was
added by 150 uL of 10% AICI3 and, after 6 min, by
2 mL of 1 mol/L NaOH solution. The end volume
was increased to 5 mL with distilled water. Finally,
the absorbance was measured at 510 nm. Results
were expressed in mg/l of catechin (or Ruthin) .
Individual compounds were identified by
UPLC-PDA-MS analysis methods: column BEN
C18, BEN  Amidel.7um;

acetonitrile 0.1 % formic acid, 0.1 % formic acid

1.7um, eluents
(gradient); flow 0.4 ml/min, column temperature
40°C; samplers temperature 10°C; MS- scan 100-
1100 da; probe 600°C; negative 0.8 kV, Capilarity
1.5kV, C-20V) [12].

Results and Discussion
The study of individual compounds of white grapes
made it possible to obtain individual fractions of the
dominant phenolic HPLC-Prep column and to
investigate their spectral characteristics UPLC-
MS-PDA. By the use of UPLC-MS method the
folowing compounds were identified: Procyanidin
B, —Epicatechin-(4) —Epicatechin (retention time
2.315 Min; MW -578, m/z-577, fragments 289,
Amax 280 nm); (-)-Epicatechine (retention time
2.426 Min; MW -290, m/z-289,(fragments 245)
Amax 280 nm);
glucuronide(retention time 2.828 Min; MW -478,
m/z-477, fragments 301, Amax 256, 354 nm);
Quercetin-3- glucoside (retention time 2.833 Min;
MW -464, m/z-463, fragments 301, Amax 256, 356
nm); Quercetin-3- ramnoside (ret ention time 2,949
Min; MW -448, m/z-447, fragments 301, Amax
256. 354 nm); (Fig.1), (Table 2).

Table 3 presents the data on quantitative

out of flavonoids: Quercitrin-3-

contents and antioxidant activity of 14 samples of
phenolic compounds of wine produced from five
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Table 2. UPLC-PDA-MS spectral characteristics of white wines

Compound names RT (min) MW [M-H]- (Fragment m/z) UV band (nm)
(-)-Epicatechin 2.426 290 289 (245) 280
Quercitrin-3-ramnoside 2.949 448 447 (301) 256 (max), 352
Quercitrin-3-glucoside 2.833 464 463 (301) 256 (max), 356
Quercitrin-3-glucuronide 2.828 478 477 (301) 256 (max), 354
Procyanidin Bz 2.315 578 577 (289) 280
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Channel Description: QDa 25: MS Scan MS 577.00 m/z Peak Separation:
— 1.0000, Smoothed by 15 point Mean Filter. (25: QDa Negative(-) Scan
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Channel Description: QDa 25: MS Scan MS 477.00 m/z Peak Separation:
— 1.0000, Smoothed by 15 point Mean Filter. (25: QDa Negative(-) Scan
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Fig. 1. Wine compounds UPLC-PDA-MS chromatograms

white varieties of grapes (Tsolikouri, Tsitska, = Georgia (Adjara, Samegrelo and Imereti). In

Klarjuri and Kutaturi) in three regions of western  Adjara, the greatest total number of phenolic

Bull. Georg. Natl. Acad. Sci., vol. 12, no. 3,2018
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compounds is in two wines made from Tsolikouri:
W, (686mg /1) and W> (633.4mg /1). Then they are
followed by Tsitska (W3), Klarjuri (W4) and
Krakuna (Ws) with 611, 488.88, 405.8 and 386.68

mg /1, respectively.

from the same variety of grapes in Adjara
(Kobuleti).

In the wines (W12, Wo) made from Tsolikouri
grapes picked in six villages of Martvili

Municipality, Samegrelo Region (Table 3) the total

Table 3. Phenolic compounds and antioxidant action of the wines made from the Tsolikouri, Tsitska,
Klarjuli, Krakhuna and Kutaturi grapes

. Catechine, Flavonoids Antioxidant activit
NeWine | Total phenols, mg/kg mg/kg mg/kg dilution factor 1:50 ZA)
W.1 686.0 42.35 220.2 42.35
W.2 633.4 37.96 220.8 39.96
W.3 611.0 40.0 272 36.6
W.4 488.88 33.81 170 33.81
W.5 405.8 32.5 109 32.5
W.6 386.68 35.78 105 35.78
W.7 499.7 37.8 161.3 38.56
W.8 488.7 35.5 151.9 33.0
W.9 504.2 38.96 162.5 38.96
W.10 497.8 36.9 159.7 37.5
W.11 490.5 36.4 155.6 35.5
W.12 476.6 33.0 145.9 27.0
W.13 845.0 45.25 380 45.25
W.14 653.22 44.85 392 44.85

In the wines made from every five species the
amount of catechines ranges from 32.5 to 42.53
mg/l, and the amount of flavonols from 105mg to
272 mg/l. It should be noted that the wine (W)
made from Tsolikouri grapes in the mountainous
Adjara (Keda Municipality) contains greater total
amount of phenols (686 mg/l)
(42.35mg/1) than the wine (W>) made from the
same variety of grapes in Kobuleti
633.4 and 37.96 mg /1 of phenols and catechines,
respectively, while flavonoids are almost equal in
both wines (220.2 and 220.8 mg/l, respectively).
Also, in the wines made from the Tsitska (Wi4) and
Tsolikouri

and catechines

containing

(Wi3) grapes picked in Imereti
(Baghdadi Municipality) the total amount of
phenols (653.22, 845.0 mg/l), catechines (44.85,
45.25 mg/l) and flavonols (392,380 mg/l) exceeds
the phenolic compounds (633.4 and 611.0 mg / 1),
catechines (37.96 and 40. 0 mg/l) and flavonoids
(220.8 and 272 mg/l) in the wines (W>, W3,) made

Bull. Georg. Natl. Acad. Sci., vol. 12, no. 3,2018

amount of phenols ranges from 476.6 mg/l (W)2) to
504.2 mg/l (Wo), catechines from 45.25 mg/l (Wi2)
to 38.96 mg/l (Wy), and flavonoids from 145.9 mg/l
(Wi2) to 162.5 mg/l (Ws).

Out of the samples taken from all three regions
the wines Wi, W2, Wi3, W4 produced from Adjara
and Imereti Tsolikouri grapes and Imereti Tsitka
grapes are characterized by antioxidant action:
42.35%, 39.96%, 45.25%, 44.85%.

The amount of phenolic compounds content
in wines made from white varieties of vine
spread in other countries is of special interest.
For example, in 24 wines produced from
different varieties spread in the Czech Republic
the total amount of phenols ranges from 292 mg
to 858 mg/1 [15]. Also, in 8 white wines produced
in the Czech Republic the total amount of
phenols varies from 90 mg/l to 166 mg/1 [16] and
in the white wine produced in Greece from 450
mg/l and 267 mg/1 [17].
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Conclusion

Using the UPLC-MS method the Epicatechine
(m/z-289), Quercetin-3 glucoside (m/z-463),
Quercetin-3- ramnoside (m / z-447), Quercitrin-
3- glucuronide (m / z-477) and Procyanidin Bl
(m / z-577) are identified in the wines produced
from five white varieties of grapes (Tsolikouri,
Tsitskha, Klarjula, Krakhuna and Kutaturi) in
three regions of Western Georgia (Adjara,
Imereti and Samegrelo), and with the help of

spectral methods, the total number of phenols,

domgodos

catechins and flavonoids were estimated in all

five wvarieties of grapes. The wines from
Tsolikouri and Tsitska grapes contain phenolic
compounds and are characterized by antioxidant
activity.
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Foundation (Grant AP/96/13, Grant 216816). Any
idea in this publication is possessed by the authors
and may not represent the opinion of the Georgian

National Science Foundation.
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