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The skin and seeds of red grapes varieties of the Vitis labrusca (Fox Grape) family are environmentally friendly raw
materials for the production of strong antioxidant, polyphenolic concentrates, because no pesticides and various chemical agents
are used in their cultivation.

The aim and objectives of our scientific studies were to determine the uvological characteristics of red grapes raw mate-
rials of the Vitis labrusca (Fox Grape) family’s vine varieties "Zeibel 5455", "Ojaleshi" and "Jvarisula" growing in the viticulture-
winemaking zone of Imereti (Georgia) and study of phenolic compounds, flavonoids, catechins, leucoanthocyanins, cations of
mineral substances and antioxidant activity of liquid hydrophilic concentrates containing 65-67% dry matter.

We used modern methods of gravimetric, extraction, spectral and chromatographic research.

Scientific studies have shown that all three grape-seed concentrates contain large amounts of phenolic compounds, po-
tassium, calcium and magnesium cations, and are characterized by high antioxidant activity (49.8% — Zeibel 5455 seed concen-
trate; 51.5% — Ojaleshi seed concentrate; and 50.2% — Jvarisula seed concentrate).

The research is of practical importance, because the developed strong antioxidant, polyphenolic grape seed concentrates
are the best raw materials for the production of functional food supplements.
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Introduction

Due to the high content of phenolic compounds and strong antioxidant activity, red grape seed extracts and
concentrates have long been the field of intensive research of scientists from many countries around the world [1-5].

According to their chemical structure, phenolic compounds can be divided into flavonoids and non-
flavonoids. 60-70% of phenolic compounds in grape seeds are in the seed, 30-35% in the skin, and 7-9% in the
juice and pulp [2, 6, 7].

Grape seeds are rich in fatty acids, tocopherols, flavonoids, especially proanthocyanidin oligomeric complex
[8, 9]. It is therefore necessary to create such technologies of grape seed extracts and concentrates, in which
biologically active compounds of seeds are represented in the maximum amount [10].

M. Hertog and his colleagues studied 12000 people in 7 countries over a 25-year period and found that people
regularly taking bioflavonoid seed extracts had 25% less cardiovascular and oncological diseases [11].

Our area of interest was the study of uvological characteristics of red grape clones and hybrids of the Vitis
labrusca (Fox Grape) family growing in private vineyards in the Baghdati (Georgia) viticulture microzone, phenolic
compounds and antioxidant activity of grape-seed extracts and liquid concentrates.

The raw materials of red grapes of the Vitis labrusca (Fox Grape) family is rarely used for the production of
natural and special wines. Moreover, in the process of their cultivation, different types of pesticides and chemical
plant protection products are not used, and therefore they are the best raw material for the production of environ-
mentally friendly juices and strong antioxidant, polyphenolic extracts and concentrates [12].

Studies of Georgian and foreign scientists have found that the raw materials of red grapes of clones and
hybrids contain relatively higher amounts of both mono and diglycoside forms of anthocyanins than the raw
materials of industrial varieties of redgrapes [13—15]. The high content of phenolic compounds increases immunity
of clones and hybrids vines, and therefore these varieties do not actually get diseases that are typical for industrial
grape varieties.
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Experimental part

The study tested the raw materials of red grapes of the Vitis labrusca (Fox Grape) vine varieties "Zeibel
5455", "Ojalesh" and "Jvarisula" growing in private vineyards in the Baghdati (Georgia) viticulture microzone in
Imereti region (Georgia).

Samples of the raw materials of "Zeibel 5455" grape variety selected for the experiment were taken on
September 17, 2022, when sugar content was 22.6% and titratable acidity was 6.85 g/l. Samples of the raw materials
of "Ojaleshi" grape variety were taken on September 22, 2022, when the sugar content was 21.5% and the titratable
acidity was 6.57 g/1, and samples of the raw materials of “Jvarisula” grape variety were also taken on September 22,
2022, when sugar content was 21.2% and titratable acidity was 6.62 g/I.

The raw materials of red grapes were passed through the destemmer-crusher of Baby INOX company
(manufacturer — Fratelli Marchisio, Italy), while the crushed and de-stemmed pomace was passed through the Atollo
company’s hydraulic press (manufacturer — Fratelli Marchisio, Italy). The newly pressed or the so-called sweet crush
containing 36—43% dry matter is supplied to a Quincy Lab 20GC-type convection oven at no more than 3643 °C
for drying to reach 7-10% moisture content. We separated the skin and seed of the dried crush in the laboratory
using the special-purpose (N4, N3 and N2) sieves. The average yield of the dried seed is 16-21% of the amount of
dried crush.

The seeds, dried to 7-10% moisture content, are delivered for crushing in the MM-10 laboratory micro-mill
to an average of 0.1-0.2 mm fraction.

Determination of water and dry substances in the samples was carried out by standard thermogravimetric
method (GOST 28561-90). The method is based on the principle that the moisture-containing material loses moisture
under certain pressure and temperature conditions. We place 3—5 grams of the analysis sample in a weighing bottle
previously brought to constant weight and dry it at a temperature of 100—105 °C in a cupboard drier until constant
weight. To calculate moisture content and dry substances, we used the following formula:

X=[(m — m1)/m]100%,

where X — the percentage of water in the sample; m — initial mass of the sample; m; — the dried sample mass.

Determination of the total amount of phenolic compounds was carried out with Folin-Ciocalteu reagent by
spectrophotometric method. 0.5 or 1 ml taken from the total volume of the analyzed filtered extract was placed in a
25 ml volumetric flask, added 5 ml of H,O, 1 ml of Folin-Ciocalteu reagent, settled for 8 min at room temperature,
then 10 ml of 7% Na,COj3 is added, the flask filled with H»O, and settled for 2 h in the dark at room temperature.
We determined the optical density at A=750 nm. with a cuvette thickness of 1 cm. As a control, we take 1 ml of the
appropriate extracting agent and go through the same process. Conversion of the data obtained from the
determination was carried out on the calibration curve of gallic acid.

The total phenol content shall be calculated in accordance with the formula:

X = (D-K-V-F)-1000/m,

where X — the total phenol content, mg/kg; D — optical density; K — gallic acid conversion factor; F — solubility; V
— the total volume of extract, ml; m — raw materials mass taken for extraction, g.

Quantification of total flavonoids was carried out with AICl; reagent by spectral method — 1 ml of sample
taken from the total volume of extract obtained from was placed into a 10 ml flask, then we added 5 ml of H,O, 0.3
ml of 5% NaNO; was settled for 5 minutes, and then we added 0.3 ml of 10% AICI; and settled for 6 minutes, then
we added 2 ml of 1IN NaOH- R and the determination was carried out at 510 nm. As a control, we took 1 ml of the
appropriate extracting agent and then went through the same process.

Conversion of the data obtained from the determination was carried out on the rutin calibration curve. The
total flavonoid content shall be calculated in accordance with the formula:

X = (D-K-V-F)-1000/m,

where X — the total flavonoid content, mg/kg; D — optical density; K — rutin conversion factor; F — solubility; V —
the total volume of extract, ml; m — raw materials mass taken for extraction, g.
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Quantification of catechins was carried out by spectral method. 1 ml taken from the total volume of extract
is added with 3 ml of vanillin reagent and, 3 minutes later, we determine the optical density of red test sample at
500 nm [13]. As a control, we take 1 ml or 3 ml of vanillin reagent. Conversion of the data obtained from the
determination was carried out on the (+)catechin calibration curve. The catechin content shall be calculated in
accordance with the formula:

X = (D-K-V-F)-1000/m,

where X — the catechin content, mg/kg; D — optical density; K —35.0 ((+) catechin conversion factor); F — solubility;
V — the total volume of extract, ml; m — raw materials mass taken for extraction, g.

Quantification of leucoanthocyanins was carried out by spectral method. 1 ml of alcohol solution taken from
the total volume of extract is added with 1 ml of water so that the concentration of alcohol in the test sample does
not exceed 50%. Then, 8 ml of leucoanthocyanidin reagent (25 ml of concentrated hydrochloric acid and 475 ml of
butanol) are added. The mixture is mixed well and heated in a boiling water bath for 3 minutes, then the vessel is
tightly closed and heated again for 40 minutes. After that, the solution is cooled under a water jet. The obtained dark
pink solution is filled up to 10 ml with the leucoanthocyanidin reagent and the optical density of the sample is
measured at 550 nm [13]. The control is the extract of the test sample and the leucoanthocyanidin reagent without
heating.

Conversion of the data obtained from the determination shall be carried out on the cyanidin calibration curve.
The catechin content shall be calculated in accordance with the formula:

X = (D-K-V-F)-1000/m,

where X — the leucoanthocyanin content, mg/kg; D — optical density; K — 85.0 (cyanidin conversion factor); F —
solubility; V — the total volume of extract, ml; m — raw materials mass taken for extraction, g.

Antioxidant activity was determined by DPPH method, which is a DPPH free radical colorimetry with 50%-
radical inhibition. DPPH is a rapid, simple and accurate test method for determining antioxidant activity.

DPPH — (CigHi2NsOs M=394.33) is a stable free radical with maximum absorption at 515-517 nm, and
purple-violet coloration of its methanol extracts changes to bright yellow as a result of the recovery [16—18].

To determine the antioxidant activity or radical binding activity of the sample, we added 3 ml of DPPH
alcohol solution to 1 ml of the test extract (0.1 mM DPPH — 0.004 g/100 ml of ethyl alcohol) and after 30 minutes,
we carried out spectrophotometric determination of the optical density of the test sample at 515 nm. DPPH solution
is a control solution, while the 96%-ethyl alcohol is a background.

Inhibition of free radical (DPPH) activity shall be calculated by the following formula:

In % = AC-AS/AC100,

where AC is the absorbance of the alcohol solution of DPPH, and AS is the absorbance of the test extract.

Determination of cations of mineral substances was carried out by high-performance liquid chromatography.
Detector Waters 432 (Conductivity) Column IC-Pak Cation MD, Eluent 3 mM HNOs3/0.1 mM EDTA, Back
conductivity 1250+£50 pS, Base Sensitivity 2000 uS, Integrator Sensitivity puS, column temperature 35 °C, Polarity-
negative.

Results and Discussion

We studied the uvological characteristics of the raw materials of red grapes of the Vitis labrusca (Fox Grape)
family vine varieties "Zebel 5455", "Ojaleshi" and "Jvarisula" by the method of Professor Prostoserdov [19].

The results of the study are presented in Table 1.

The structural characteristic of a bunch of grapes is equal to the ratio of the mass of juice and flesh to the
mass of the skeleton (the total mass of the stalk and the skin).

Studies have confirmed that the redgrape varieties with less structural index and more solid parts are
distinguished by the content of phenolic compounds [20].
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Table 1. Uvological characteristics of the selected grape varieties
Grape bunch components Grape bunch mechanical composition, %
Zeibel 5455 Ojaleshi Jvarisula
Juice and flesh 79.85 79.28 80.45
Grape stalk 4.45 4.36 4.62
Grape skin 11.38 11.9 10.75
Grape seed 4.32 4.46 4.18
Skeleton (stalk and skin together) 15.83 16.26 15.37
The sum of solid components 20.15 20.72 19.55
Structural characteristic 5.04 4.47 5.23
Date of taking samples 17.09.2022 22.09.2022 22.09.2022

A study of the uvological characteristics of grape bunches of Vitis labrusca (Fox Grape) family vines showed
that "Ojaleshi" has relatively lower structural characteristic, and the sum of solid components (stalk, skin and seed)
of a bunch of grapes is higher in "Ojaleshi" compared to other varieties.

Studies have confirmed that the solid parts of grapes contain water-soluble and alcohol-soluble phenolic
compounds [21-24]. It is not coincidental therefore that the phenolic complex extraction from the grape seed crushed
to 0.1-0.2 mm fraction was carried out with the water-alcohol extracting agents of different concentrations in two
stages, at the initial (first) stage — using an extracting agent with a higher-concentration, and at the next (second)
stage — using an extracting agent with a lower-concentration.

At the first stage (seed I — extract): we extracted seed powders of Vitis labrusca (Fox Grape) family vines
crushed to 0.1-0.2 mm fraction with a 40—43% ethyl alcohol hydrophilic extracting agent. We diluted ethyl alcohol
to 40—43% with "Borjomi" acidic-mineral drinking water, the pH of which is 3.6—6.3, and the mineralization varies
within 7-14 g/dm’.

This mineral water contains sodium (as well as potassium) bicarbonate and boric acid. Peliminary
experiments suggest that ethyl alcohol as an extracting agent mixed with mineral water can successfully replace the
extracting agent diluted with water containing the 40—43% alcohol, which is acidified with hydrochloric acid.

At the second stage (seed Il — extract): we extracted the remaining cake again with drinking water acidified
with 2% citric acid.

We have experimentally determined that the extraction of polyphenols from seed powders is relatively ef-
fective a water-alcohol extracting agent with a low-concentration (Fig.).

We determined the optimal extraction parameters experimentally (Table 2).

We collected the I and II stage extracts according to the vine varieties of the Vitis labrusca (Fox Grape)
family, cooled to 7—10 °C, settled at a specified temperature for 7-9 hours, removed from the sediment and filtered
using a MINI 6-20x20 wine filter (manufacturer: Fratelli Marchisio — Italy).

An overview of processes for concentrating the composition of extracts. The filtered skin and seed extracts
contained up to 3.4-3.6% of dry substances on average, so we carried out their concentration in two stages: - at the
initial stage, on a vacuum-rotary thickener of Chinese production (R-1010 10L vacuum rotary evaporator
concentrator with additional chiller and vacuum pump) up to 27-30% dry matter content, and at the second stage,
we concentrated the extract thickened on a rotary thickener to 65—67% dry matter content on a Chinese-made TOPT-
10A-type lyophilic dryer intended for laboratory research.

We pumped the compositions of concentrated liquid hydrophilic extracts of seeds into enameled collectors from
which we took the test samples for the content of biologically active compounds and antioxidant activity (Table 3).

There are many methods available for evaluating the antioxidant activity of plant extracts: free radical binding
(DPPH), ability to absorb oxygen radicals (ORAC), antioxidant ability to restore iron (FRAP), etc. [16—18, 25, 26].

One of the widespread methods is the free radical colorimetry with 50% inhibition of the radical or DPPH
method. It is a relatively simple, fast and accurate test method.

The amount of bioflavonoids in the extracts and concentrates of seeds and skins in some cases does not
determine the amount of antioxidant activity of the extracts and concentrates and depends on the qualitative com-
position of flavonoids.
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Table 2. Optimum parameters of the grape seed extraction process
Characteristics Grape seed
Crushing quality, mm 0.1-0.2 0.1-0.2
Extraction stages 1 1T
pH 3.8-5.6 4.1-6.2
Optimal parameters of the extraction process

Concentration of ethyl alcohol in an extracting agent, vol.% 4043 0.00
The hydro-module (sample : extracting agent), kg/l 1:5 1:3
Extraction temperature, °C 54-57 54-57
Extraction time, hr. 4.5 4.0
Pulsation frequency 4 sec’! 4 sec’!
Pulsation amplitude, mm 2-3 2-3

Processing of extracts

Collecting the I and II extracts, cooling up to 7-10 °C, set-
tling for 7-9 hours, removing from the sediment and filtra-

tion
Table 3. Biologically active compounds and antioxidant activity of grape seed composition
Composition of Biologically active compounds, mg/100 g on dry weight basis
hydrophilic ex AOA, %
Y tfac s Phenolic compounds Flavonoids Flavan-3-ols Leukoanthocyanins (F=100), In, %
Zeibel 5455 2628.75 833.44 1243.9 378.5 49.8
Ojaleshi 2845.16 955.30 1579.4 397.4 51.5
Jvarisula 2523.28 687.65 1193.6 394.2 50.2
Conclusion

The studied environmentally clean varieties of red grapes are the best raw materials for the production of

strong antioxidant, polyphenolic concentrates, because all three studied hydrophilic liquid grape seed concentrates

contain a large amount of phenolic compounds, potassium, calcium and magnesium cations, and all three concen-

trates are characterized by high antioxidant activity ("Zeibel 5455" seed concentrate — 49.8%; "Ojaleshi" seed con-

centrate — 51.5%; "Jvarisula" seed concentrate — 50.2%)).
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