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Phenolic acid content of some autochthonous grape varieties common in Western Georgia has been
studied. Samples were collected from different grapes such as Ojaleshi, Aladasturi, Aleqsandrouli,
Mujuretuli, Chkhaveri, Tsolikouri, Tsitska, and wines produced from them. Phenolic acids were
analyzed using HPLC-UYV (column C18, solvent 0.1% Formic acid , 0.1% Formic acid in Acetonitrile,
gradient), UPLC-MS methods (Column BEN C18, 1.7um), C18 Cartridge Solid Phase Extraction
(SPE) Waters Sep-Pak C18 (500mg).); 12 phenolic acids were identified. The amount of phenolic
acids varies in different grape varieties. Qjaleshi has the highest indicator of phenolic acids — 1.13g
kg, while the lowest is in Tsolikouri—0.09g kg™'. It has also been determined that only 10% of the
initial phenolic acids content is passed into the grape juice. Besides this, during the alcohol

fermentation the amount of phenolic acids almost doubles. © 2020 Bull. Georg. Natl. Acad. Sci.

Autochthonic, wine, phenolic acid, identification

Wine is a complex substance, obtained from
grapes, which contains ethanol, organic acids,
sugar, aromatic, polyphenolic compounds and
others. Phenolic compounds are found in large
quantities both in grapes and in wine. Considerable
attention has recently been paid to the study of
phenolic compounds, including phenolarboxylic
acids, which determine the quality of wine (color,
taste, etc.) and its therapeutic and prophylactic
value (antioxidant, antitumor effect, etc.) [1-3].
Phenolic compounds control the oxidation-
reducing processes in the human body [4-6]. They
protect the body from the effects of free radicals of

oxygen, enhance the protection of biological

systems and protect against macromolecules such
as carbohydrates, proteins, lipids, as well as the
harmful effects of oxidative DNA processes [4].

The products and raw materials, containing
flavonoids and phenolic acids, are widely used to
prevent atherosclerosis and ischemic diseases [7-9].
Phenolic acids are medium-level metabolites of
aromatic polyphenol compounds, widely spread in
the kingdom of plants [10].

The content of phenolarboxylic acids changes
of fruit
fermentation of grape juice [7,10]. Phenolcarbonic

during the process ripening and
acid content also depends on such factors as grape

varieties, maturity, climatic and geographical

© 2020 Bull. Georg. Natl. Acad. Sci.



Characterization of Phenolic Acids in Several Autochthonic Wines 83

conditions [8,9,11]. The accumulation of phenolic

compounds during maturation, introduced as
"phenolic maturity”", is of a particular interest
[9,12,13]. There are several analytical methods but
we have focused on using Amberlite XAD-16 resin
column chromatography and mass spectrometry
analysis due to their reliability and cost
effectiveness.

Georgian grapes and, respectively, wine,
especially the one prepared according to the
Kakheti method, are rich in phenolic acids,
including phenol carbonic acids. The phenolic
acids were identified in the presented varieties of
grapes and their wines. Unfortunately, the
information about these compounds in Georgian
wines is very small, one exception is Kekelidze N.,
et al. [14] that discusses the wines produced in
Eastern Georgia that differ greatly from the wines
produced in Western Georgia due to the differences
in temperature, and soil.

Some phenolic compounds of Georgian wine
(Tsolikuri and Tsitska) [15] and their antioxidants
(Alexandrouli, Mujuretuli, Saperavi, Otskhanuri
Sapere, Ojaleshi) [16] have been studied, although
there is still a lot to be studied.

The purpose of the article was to identify and
quantify phenolic acids, contained in popular
autochthonous grape varieties common in Western
Georgia, Ojaleshi,  Aladasturi,
Aleksandrouli, Mujuretuli, Chkhaveri, Tsolikuri

and Tsitska..

such as

Materials and Methods

HPLC-UV Waters (Breeze, USA) HPLC system
equipped with a model 1525 pump and a UV
detectors (2489), preparation collector. The UPLC
analyses were carried out using an UPLC system
model Waters Acquity H MS-QDa and PDA
detectors with electrospray ionization and ion trap
analyzer. Cigreversed-phase column was used
(100x2.1mm, ACQUITE BEH CI18, 1.7um).
Methanol and ethyl acetate were used as a solvent
and during extraction (Merc, Germany HPLC
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grade). For the preparation of mobile phases for
chromatography water with 0.1% formic acid as
solvent A and acetonitrile with 0.1% formic acid as
solvent B were used (Merc, Germany HPLC
grade). In order to filter the samples before
chromatography C18 Cartridge Solid Phase
Extraction (SPE) Waters Sep-Pak C18 (500 mg)
was used. Amberlite XAD-16 resin (Sigma-
Aldrich) was used for separating phenolic acids
from other compounds in wine and grape juice.

At the first stage of wine sample preparation,
the wine was concentrated from 100 to 90mL in
vacuum at a temperature of not more than 40°C
(before alcohol removal). The obtained wine
concentrate was subjected to Sep-pak C18 filter.
The Amberlite XAD-16 column was equilibrated
with

formic acid and 4mL water and 0.1% formic acid,

the mixtures of 4mL methanol and 0.1%

before adding SmL sample. Elution was performed
with the mixture of water and 0.1% formic acid.
Elution of phenolic acid was performed with 4 mL
of ethyl acetate. The process allowed us to greatly
reduce the presence of non-target compounds. Final
fraction was concentrated and dissolved in 90-10
ratio A-B solvent mixture mentioned above.

The grape sample was extracted with ethanol.
10 grams of grape was placed in 90mL of ethanol
30 min. The sample was subjected to ultrasonic
mixing and filtration. The process was repeated
once again and final filtrate was concentrated using
vacuum evaporator. In order to obtain the phenolic
compounds column chromatography with Amber-
lite XAD-16 was repeated.

Grape juice was obtained by pressing and
centrifuging (subjected Sep-pak C18 preparation).
Juice was filtered and as in previous two cases
Amberlite XAD-16 Column was used for acquiring
final samples.

2.0uL of each sample was injected and
analyzed at 30°C. The elution program at
0.20mL/min was 10% B (0-2 min), 10-60% B (2-
14 min), 60% B (14-16 min) followed by a 2 min
wash with 100% B and a 5 min reequilibration step.
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Table 1. Phenolic acid MS, PDA characterization

m/z m/z A max
Compounds MW
- + nm
Caffeic acid 180 179 181 220,325
Caftaric acid 312 311 313 328
p-Coumaric acid 164 163 165 226,310
p-Coutaric acid 296 295 297 310
Ferulic acid 194 193 195 218,325
Fertaric acid 326 325 327 322
Gallic acid 170 169 171 217,272
Protocatechuic acid 154 153 155 218,260
Gentisic acid 154 153 155 213,332
Vanillic acid 168 167 169 219,320
Syringic acid 198 197 199 218,328
Chlorogenic acid 354 353 355 325

The detection wavelengths were set at 290 and
306nm. Electrospray ionization in positive and
negative mode was used. Samplers temperature
10°C; MS- scan 100- 1100 da; probe 600°C;
negative 0.8kV, Capilarity 1.5kV, C -20, 40V)

Results and Discussion

Using HPLC preparation column, making PDA
chromatography of the obtained fractions UPLC-
MS the of the

https://metlin.scripps.edu database as well as using

and comparing results

literary data, it became possible to identify the

following compounds:

Compound 1-m/z 179, [M-H]-, a fragment m/z
135 [M-H]- £ max 220,325; which correlates to
Caffeic Acid MW 180 (Table 1, Fig. 1);

Compound 2-m/z 311, [M-H]-, fragment m/z
179 [M-H]- £ max 328; which correlates to Caftaric
Acid MW 312 (Table 1, Fig. 2);

Compound 3-m/z 163, [M-H]-, fragment m/z
119 [M-H]- £ max 226, 310; which correlates to p-
Coumaric acid MW 164 (Table 1, Fig. 3);

Compound 4 m/z 295, [M-H]-, fragment m/z
163 [M-H]- £ max 310, which correlates to is p-
Coutaric acid, MW 296 (Table 1, Fig. 4);
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Compound 5 m/z 193, [M-H]-, fragment m/z
179 [M-H]- £ max 218,325; which correlates to is
Ferulic acid, MW 194 (Table 1, Fig. 5);

Compound 6 m/z 325, [M-H]-, fragment m/z
193 [M-H]- £ max 322; according to the obtained
results the compound is Fertaric acid, MW 326
(Table 1, Fig. 6);

Compound 7 m/z 169, [M-H]-, fragment m/z
125 [M-H]- £ max 217,272; which correlates to
Gallic acid, MW 170 (Table 1, Fig. 7);

Compound 8 m/z 153, [M-H]-, fragment m/z
109 [M-H]- £ max 218,260; which correlates to
Protocatechuic acid MW 154 (Table 1, Fig. 8);

Compound 9 m/z 153, [M-H, A max 213,332;
which correlates to Gentistic acid MW 154 (Table
1, Fig. 8);

Compound 10 m/z 167, [M-H]-, fragment m/z
123 [M-H]- £ max 219,320; which correlates to
Vanillic acid MW 168 (Table 1, Fig. 9);

Compound 11 m/z 197, [M-H]-, fragment m/z
153 [M-H]- £ max 218,328; which correlates to
Syringic acid MW 198 (Table 1, Fig. 10);

Compound 12 m/z 353, [M-H], fragment m/z
191 [M-H]- £ max 325, which correlates to
Chlorogenic acid MW 354 (Table 1, Fig. 11).
Phenolic acids are unevenly distributed in different

varieties, as well as in different parts of the grape
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(juice, peel) (Table 2). Their content in the grapes
of the Ojaleshi variety is higher (1.13mgkg™), than
in other varieties. Only a small part of them gets
into the juice (up to about 10%), and most of them
remain in the skin, pulp, and seeds, where during
fermentation they enter the wine (up to 50%) and
change the properties of the wine. Mujuretuli
(0.75mg kg!) is also distinguished by the high
content of phenolic acid, while other varieties, such
as Alegsandrouli (0.51mg kg'), Tsolikouri
(0.49mg kg), Tsitska (0.47mg kg'), Aladasturi
(0.47mg kg!) contain it in almost equal amounts;
the content of these compounds in Chkhaveri is
relatively low (0.37mg kg!). As for Ojaleshi, the
regularity of the transition of phenolic acids into

grape juice remains.

Table 2. Phenolic acid content in grape berry, juice
and wine

Berry Juice Wine

Samplers name
mgkg'! mg L mg L
Ojaleshi 1.13 0.13 0.45
Alegsandrouli 0.51 0.08 0.16
Aladasturi 0.47 0.09 0.30
Mujuretuli 0.75 0.10 0.24
Chkhaveri 0.37 0.06 0.18
Tsolikouri 0.49 0.15 0.09
Tsitska 0.47 0.10 0.08

In all cases, about 10% of phenolic acids pass
into juice, and in wine, their transition depends on
the fermentation time, when phenolic acids pass
from the grape skin to wine, due to an increase in
the alcohol content in this area. The same reason
causes the increase of phenolic acids’ content in
wine, that varies in different grape varieties:
Aladasturi (0.30mg kg"), Mujuretuli (0.24mg
kg!), Chkhaveri (0.18mg kg'), Alegsandrouli
(0.16mgkg!), some of the phenolic acids undergo
oxidation, as a result of which in Tsolikouri and
Tsitska, prepared using European technologies, in
which the fermentation of wine proceeds without

the addition of skin, pulp, and seeds, there is

Bull. Georg. Natl. Acad. Sci., vol. 14, no. 4, 2020

observed a decrease in the amount of phenolic
acids: almost twice in Tsolikouri (0.15; 0.09mg
kg! in juice and in wine, respectively), and in
Tsitska it decreases slightly (0.10; 0.08mg kg in

juice and in wine, respectively).
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Conclusions

Using the UPLC —PDA, MS methods, 12 phenol
acids (Caffeic acid, Caftaric acid, p-Coumaric acid,
p-Coutaric acid, Ferulic acid, Fertaric acid, Gallic
acid, Protocatechuic acid, Gentisic acid, Vanillic
acid, Syringic acid and Chlorogenic acid) have
been identified in 7 autochtonic wine samples of
Ojaleshi, Aladasturi, Alegsandrouli, Mujuretuli,
Chkhaveri, Tsolikouri and Tsitska grape varieties.
The phenol acids content was between 0.37-1.13mg

kg'! in

grape, 0.08-0.15mg L' in juice and 0.1-
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0.45mg L' in wine samples. Their content in the
grapes of the Ojaleshi variety is higher (1.13mg
kg™!), than in other varieties. Only a small part of
them gets into the juice (up to about 10%), and most
of them remain in the chacha, where during
fermentation they enter the wine (up to 50%) and
change the properties of the wine. The lowest

phenol acids content was found in Chkhaveri

L' in juice and 0.18mg L' in wine). The content of

the other samples was almost equal.

The above project was fulfilled by financial support
of the Georgian National Science Foundation
(Grant 216816, Grant AP/96/13). Any idea in this
publication is possessed by the authors and may not

represent the opinion of the Georgian National

samples (0.37mg kg' in grape, 0.06mg  Science Foundation.
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