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The article investigates the optimal parameters of supercritical and subcritical fluid
extraction of the seeds and skins of the Ojaleshi hybrid red grape variety. The fatty
fraction was obtained from the seeds by supercritical fluid extraction, and the
percentage ratio of carboxylic acids therein was determined. The optimal parameters of
subcritical extraction from the cakes remained after separating the fatty fraction from
the crushed seeds, and the grape skins were determined. The biologically active
compounds and antioxidant activity of the hydrophilic extracts were studied. The
quantitative composition of anthocyanins in the hydrophilic extract of the grape skin of
Ojaleshi variety and the percentage content of monoglycoside and di-glycoside forms in
it were studied. We evaluated the efficiency of the extraction process by the yield of the
fatty fraction, fatty acid composition, phenolic compound content, and antioxidant
activity.

Keywords: bioflavonoids, supercritical and subcritical extracts, fatty acids,
chromatographic method

Introduction. At the modern stage, medicine actively uses synthetic
medicinal products, while the demand for polyphenolic, antioxidant plant
extracts and concentrates is growing intensively (MorandiVuolo et al. 2019,
Kopaliani et al. 2019, Rajha et al. 2013).

Long-term scientific research has established that the best raw material for

producing bioflavonoid plant extracts and concentrates is the secondary
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resources of red grapes (seeds, skins, and stems) (Ageeva et al. 2021, Vinson et
al. 2002, Preuss et al. 2002).

As for the grape stem, it contains 10 times more iron than other parts of the
grape, and, accordingly, its extracts are successfully used for the treatment of
iron deficiency anemia (Gvinianidze 2023).

It is known that free radicals in the human body cause a decrease in
immunity, premature aging, cancer, cardiovascular disease, Alzheimer's,
Parkinson's, and other diseases. To prevent these diseases, extracts and
concentrates rich in biologically active compounds of colored grapes and berries
are actively used (Markosov et al. 2008, Leifert et al. 2008, Keseret al. 2013).

Plant antioxidants prevent or slow down the oxidative processes of lipids,
proteins, and DNA, thus protecting tissues from damage caused by oxygen and
free radicals. Accordingly, their therapeutic and preventive effect significantly
reduces the risks of various diseases. In addition, replacing synthetic analogs
with plant antioxidants is one of the best ways to enhance human health
(Chernousova et al. 2022, Katiyar 2008, Huang et al. 2012, Gérnas et al. 2019).

Natural products are characterized by thermal instability and a high
probability of degradation at all processing stages. For phenolic compounds,
water and organic extractants such as ethyl and methyl alcohols are
traditionally used for their extraction. However, water, ethyl alcohol, and
supercritical carbon dioxide are considered relatively safe extractants (Palash
Panja 2018).

For two decades, intensive research has been conducted to identify
phenolic compounds using supercritical fluid extraction. This method
contributes to the maximum development and utilization of biologically active
compounds from secondary grape resources.

Numerous scientific works are devoted to plant raw materials rich in
polyphenols, their extracts, and concentrates, of which special attention is paid
to secondary resources remaining as a result of the processing of red grapes of
Vitis vinifera and Vitis labrusca varieties (Carla Da Porto et al. 2017, Zhou et al.
2012, Yassa et al. 2008, Sochorova et al. 2020).

At the present stage, the methodology for the effective extraction of
phenolic compounds from the solid parts of grapes (skin and seed) of
ecologically clean red grape varieties, the study of biologically active

compounds, and the antioxidant potential of these extracts is highly relevant.
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Experimental part. The raw material of the ecologically clean red grape
“Ojaleshi”, bred by clonal selection of the Vitis labrusca (Fox Grape) family, was
selected for the experiment. We harvested it on September 22, 2022, in the
Baghdati microzone (Georgia), when its sugar content was 21.5%, and the
titratable acid content was 6.57 g/l. After determining and selecting the quality
indicators of the grape raw material, we passed it through a Baby INOX
crushing-stemming machine, pumped the resulting destemmed must into a
weed and jacketed reservoir and heated it up to 54-57 °C under constant stirring
conditions, and pressed it hot in a hydraulic press of the Atollo company. We
supplied the sweet grape juice for juice production, and the wet and sweet grape
skins and pips with 41-43% moisture content were delivered to a Quincy Lab
20GC-type convection oven at a temperature not exceeding 40-43 °C for
convection drying to 5-7% moisture content. We separated the dried seeds and
skins using N4, N3 and N2 sieves.

The seeds and skins with 5-7% moisture content were crushed in a
laboratory micro-mill of the MM-10 type to an average fraction of 0.1-0.2 mm.
For superfluid extraction, we used the Water Corporation’s supercritical
superfluid extractor SFE - 100-2-C10, which was used to obtain extracts and fat
fractions rich in phenolic compounds from the seeds and skins.

The efficiency of the superfluid extraction process of seeds and skins, that
is, the optimal parameters of the extraction process, were determined
experimentally according to the quantitative content of dry matter, fat fraction
and phenolic compounds in the extracts.

We experimentally studied the uvological characteristics of selected grapes,
phenolic compounds and antioxidant activity of superfluid extracts of the skins
and seeds, as well as carboxylic acids of the fatty fraction of the seeds.

The following modern physicochemical methods of research were used in
the experimental process: gravimetric, extractive, spectral and chromatographic
(Gvinianidze 2024, Manach et al. 2004, Prostoserdov 1963, COMPENDIUM
2020, Volobueva 2008, Vernon et al. 1999, THE STATE PHARMACOPEIA
1987).

The uvological characteristics of raw grapes were determined using the
method of Professor Prostoserdov; Determination of water and dry substances
in the samples was carried out by standard thermogravimetric method (GOST

28561-90); Determination of the total amount of phenolic compounds was
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carried out with Folin-Ciocalteu reagent by spectrophotometric method;
Quantification of total flavonoids was carried out with AICI3 reagent by
spectral method; Quantification of catechins was carried out by spectral
method; Quantification of leucoanthocyanins was carried out by spectral
method; The anthocyanin content in the extracts was determined using the
OIV-MA.AS315-11 method; 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.

The study of the cis-/trans-composition of carboxylic acids in superfluid
extracts of red grape seeds of the Vitis labrusca (Fox Grape) family was
conducted using a gas chromatograph (TRACE™ 1310 Gas Chromatograph -
Thermo Scientific). Chromatography was carried out on a chromatographic
capillary column - SGE BPX5 Capillary GC Column with a length of 30 mm, a
diameter of 0.25 mm, and a particle size of 0.25 pm of the stationary phase. The
stationary phase was represented by 5%-phenyl Polysilphenylene-siloxane.

The mobile phase during chromatography was helium, with a flow rate of
0.700 mL/min. The sample was injected using a 10 uL. microsyringe from SGE
Analytical Science. The injector temperature was set at 250°C, while the sample
was split into a helium stream at a ratio of 1/100.

Chromatography was carried out in three temperature gradients. In
particular, we started the chromatography at 140 °C and continued for 4
minutes. At the second stage, we increased the temperature to 220 °C at a rate
of 20 °C/min and the chromatography continued for 16 minutes. At the third
stage, we increased the temperature to 300 °C at a rate of 7 °C/min and held at
this temperature for 7 minutes. The total chromatography time was 42.43
minutes.

The test sample was filtered from mechanical impurities and esterified. For
this, 1 ml of the filtered sample was taken in a centrifuge tube, and 0.5 ml of 2
normal KOH 99.8% methanol solution was added (ethanol can be used). Then,
10 ml of hexane was added (total volume 11.5 ml). The mixture was stirred up
until completely dissolved (at least 30 seconds) and centrifuged for 10 minutes
at 1000 rpm. 1 pl was taken from the upper fraction of the sample and fed to the
chromatograph. The quantitative content of carboxylic acids was determined by

the peak ratio as a percentage with an accuracy of 0.01%.
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The identification of the components obtained through chromatography
was performed by comparing them with data from a sample of known
composition and the specific composition of carboxylic acids in the seed oil was
determined.

Results and Discussion. It is known that the content of biologically active
substances in individual parts of a bunch of grapes is different, therefore the
current task is to determine the uvological characteristics of a bunch of grapes,
that is, the mechanical ratio of individual parts of a bunch of grapes and the
content of phenolic substances in the grape skin and seeds (mg/100 g on dry
matter basis), which we performed using the method of Professor

N. Prostoserdov. The study results are presented in Table 1 (Gvinianidze 2024).

Table 1. Uvological characteristics of the grape Ojaleshi

Indicators of ,,Ojaleshi“ grape bunch Harvest dates
02.IX.2022 22.1X.2022
Juice and pulp 78,98 79,29
Parts of the grape | Skeleton of grapes | 4,41 4,36
bunch, % Grape skin 12,16 11,89
seed 4,45 4,46
Number of seeds 2 2
The sum of solid parts of grape % 20,96 20,71
Structural indicator of grape 3,77 3.83
Phenolic  compounds, | Grape skin 1862,4 1858,9
mg/100 g. Grape seed 2196,4 21945

As can be seen from Table 1, the uvological study revealed that when the
grape raw material has a higher total amount of solids and a lower structural
index, its skin and seeds contain relatively more phenolic compounds.

Supercritical fluid extraction using carbon dioxide is one of the best
methods for extracting biologically active compounds of a non-polar nature
from plant organisms, since carbon dioxide has a low critical temperature (31.1
°C), and is also safe and non-toxic. Above a pressure of 7.39 kPa (kilo pascal)
and a temperature of 31.1 °C, carbon dioxide is in the so-called supercritical
state, that is, it is a liquid carbonic acid gas. This physical substance or fluid
makes it the best non-polar solvent for non-polar compounds (including the fat
fraction that interests us). Thus, the non-polar fat fraction was extracted from

grape seeds using the method of supercritical fluid extraction.
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Crushing grape seeds and skins to 0.1-0.2 mm helps to disrupt the cellular
structure and maximize the extraction of biologically active compounds into the
extractant. Studies have revealed that the best option is to separate the fat
fraction from grape seeds before hydrophilic extraction. For this reason, 50 g of
crushed seeds were placed in a Water Corporation’s supercritical fluid extractor
SFE - 100-2-C10. Based on the yield of the fat fraction, we determined the
optimal parameters of fluid extraction: pressure 183.6 atmospheres (180 bar),
temperature 41-42 °C, and carbon dioxide supply rate 1.5 kg/h. The extraction
duration was determined to be 2.5 hours.

The yield of the fatty fraction from the seed was 21.7% and the refractive
index was 1.4777. The content of carboxylic acids in the fat was determined by
the peak area of individual compounds, with an accuracy of 0.01%. Authentic
compounds and literature data were used for identification. Table 2 presents the

percentage content of carboxylic acids.

Table 2. Specific composition of carboxylic acids in grape seed oil

Peak | Component Name End Time | Area,
Ne (min) (%)

1 Butyric acid methyl ester (C4:0) 3.375 0.009
2 Lauric acid methyl ester (C12:0) 10.393 0.012
3 Myristic acid methyl ester (C14:0) 12,118 0.069
4 cis-10-Pentadecenoic acid methyl ester (C15:1) 13.025 0.011
5 Pentadecanoic acid methyl ester (15:0) 13.195 0.014
6 Palmitoleic acid methyl ester (C16:1) 14.292 0.142
7 Palmitic acid methyl ester (C16:0) 14.650 8.306
8 Linoleic acid methyl ester (C18:2n6c) 18.007 66.902
9 Oleic acid methyl ester (C18:1n9c) 18.240 19.656
10 Elaidic acid methyl ester (C18:1n9t) 18.205 0.779
11 Stearic acid methyl ester (C18:0) 18.692 3.442
12 cis-11,14-Eicosadienoic acid methyl ester (C20:2) 19.063 0.013

Chromatographic studies showed that the oil obtained from the seed of the
Ojaleshi hybrid grape variety contains methyl esters of five dominant
carboxylic acids: - Palmitic acid methyl ester (C16:0) 8.306 %, Linoleic acid
methyl ester (C18:2n6c¢) 66.902 %, Oleic acid methyl ester (C18:1n9c) 19.656 %,
Elaidic acid methyl ester (C18:1n9t) 0.779 %, Stearic acid methyl ester (C18:0)
3.442 %.

13
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It has been established that grape seeds and skins, in addition to non-polar
phenolic compounds, contain phenolic compounds of a polar nature, which can
be extracted with polar extractants such as water, alcohol, and other substances.
In addition, many years of research have revealed that some phenolic
compounds dissolve better in water and some in alcohol. Therefore, at the
second stage, we extracted biologically active compounds of phenolic nature by
subcritical extraction, that is, we used a 54-57% mixture of ethanol and water as
a co-solvent in combination with carbon dioxide. After separation of the fatty
fraction, we performed subcritical extraction of bioactive compounds from the
remaining seed cakes and crushed grape skin and experimentally determined
the optimal parameters for maximum extraction of phenolic compounds:
pressure 80 bar, carbon dioxide flow rate 6 kg/h, and ethanol (57%) with a mass
fraction of 20% relative to the mass of carbon dioxide. Bioactive compounds of
phenolic nature were determined in the subcritical extract of seeds and skins.

The results are presented in Table 3.

Table 3. Bioactive compounds in hydrophilic extracts

Biologically active compounds, mg/100 g Hydrophilic extracts

dry weight Grape skin Grape seed
Phenolic compounds 3496,7 3987.,5
Flavan-3-oles 1445,4 1856,8
Leucoanthocyanins 876,3 1058,6

Studies have shown that hybrid grape varieties contain relatively higher
amounts of anthocyanins than industrial varieties (Ageeva 2021). The
anthocyanin content in the subcritical-hydrophilic extract of Ojaleshi grape
variety skin was 2480.8 mg/100 g on a dry matter basis, in which, as expected,
di-glycoside forms predominate. (Table 4).

Table 4. Anthocyanin percentage in grape skin extract

N | Name of anthocyanins Content, % | method
1 Monoglycosidic forms of anthocyanins 9,76
including malvidin 3-O-monoglucoside 7.55 OIV-MA.
2 | Diglycoside forms of anthocyanins 84,96 AS315-11
Including malvidin 3-O-diglucoside 43,18

14
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The antioxidant activity of Ojaleshi variety seed and skin extracts was
determined by the DPPH method, which is a colorimetry of DPPH free radicals

with 50% radical inhibition. The results are presented in Table 5.

Table 5. Antioxidant activity of hydrophilic extracts

Extract type Antioxidant activity

In, % F-
Hydrophilic skin extract 51,16 100
Hydrophilic extract of the seed 53,10 200

Conclusion. It has been studied that hybrid red grape raw materials are less
used in wine production; therefore, it is an ecologically clean raw material to
produce grape juices, and its skins and seeds are the best eco-material for
producing bioflavonoid supercritical and subcritical strong antioxidant extracts.

The fat yield obtained from grape seeds by supercritical fluid extraction is
21.7%, in which linoleic acid methyl ester (C18:2n6c) prevails at 66.902%, and
di-glucoside forms prevail in the anthocyanins of subcritical skin extracts at
84.96%.
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WM Lgms fomgmwo gmmabol ,myxswgdol“-ol bgowgmeo, HmO-
ol 3350 530090 2022 ol 22 bgdEgddgml, dowsmol dogmmbm-
Bsdo (LodoMmgzgem), Mmgboa dsldo JodMgdols 899339 mds 21,5%, bmarm
GoAOHWo 3553900L F99(339emds 30 6,57 /e ogm. gmdbol Byowgmwo
bo®obbmd®mo dsh39690egd0l oagbols o goamPgzol B9day 393939~
Mg Baby INOX-ob g30M30L Lo Fgarg®-3angd@aed3eger 9569496580, dowg-
5O JLWINAYIELOWO YOO JdZGYIBID LoM)39w0sb s 3gMabyo-
96 MgbgMzme®mdo s 3doz0 IMmMg30L 30MMBdGBT0 Yo353bgargem 54-57 0C-
309 s 369 3AMToMgmdTo Asdm3z(bgbgom Atollo-l 30MHToL 3oMogeo-
36 §bgbdo. gm@dbol 3300w dogsfimegom 396900 fomdmgdolsmgol bm-
wm 41-43% Fgbosbmdol b3geo s G0 F53s dogsfimego Quincy Lab
20GC -3o3dol 3mbzgdaome mdganl sMowdg@gl 40-43 C-39d3gmo@yemay
3™6394300 IOHMdoLsm30L 5-7 % 3gbosbmdsdy. AsddMmswo fodfols o
3960L 2063500393905 dmzsb0bgo N4, N3 s N2 bshgdoo.
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». 306056009, . 30605600y, 5. 35BS

5-7% #96056mdob Fodfs s 3960 ©s359mEdsgo MM-10 3Ho3ol gadm-
M3GMOHoe Jozmm-folidzowdo Lodwmognme 0,1-0,2 33. g3Mod30s9cy. Lvw-
390530900 H0  gJuEHMJ300Lsmz0L Asdm3z09gbgm Water Corporation-ols
©9300303wo 39 BaroEMo gJuBMeddm®mo SFE - 100-2-C10, Gm-
9By 39BbMmME0gms [od3fosb s 396006 B3gbmmmmo BsgHogdoom
8000M0 gduBMgBHIO00LS s (3B0TMZ60 BMad309d0L Jomgds.

fodfobs s 360l bL3gMarom®mo gduBmMedool dMmiglol 9i39d-
AMOMDS 95699 9JLEHMogd300L 3OHMEILOL M3FHOToEYMHO 356M5FYEHMIOO OZSW-
30690 94u39MH0M0TI6EHIWMMs© JJuEDOJBHYOT0 FIMSO BO3zmOYMgdIdOL,
3H03M3560 BM5J300Ld O BGBMEMMO BogHMIBOL Momabmd®mogzo 899(339-
@MdOL Jobgz0m.

99b39M089B6HI O 3033030 FgMBYEo grBABOL (I3mEmy0-
6 BobdalnsmgdEngdl, 3960Ls s fodfiol bry3gMma3EmoEMmO GJlEMsdEHgdol
3396Mm@© BogMmgdls s 96EOMJLOIBEHM 5JB03MdsL. sln3g Fodfols
3b0dM3560 53054300 39MOMBAIs039dLs.

93b39M0896FH0L 3OmEqldo Aodmygbadmeo odbs 33930l Mabsdgmm-
39 80B03M-J0doMo 99cga0 IgoMYd0: JM93039¢M0E0, gJuBModE-
@0, B39JBHOSWMOO O JOMTSEMYMITBOO.

990093900l g36bogngs. 36Mmdowos, MM gmMdbols 393bol 3o 3gmen
Bofioargddo dommmyom®me© 5JGow®mo 5o3m0gMgdgdol 899;339wmds bbgs-
QoLb30s S FgLodsdobo ogd@BvyoEmos ymmabol 93n3bols mgmermyom®mo
3oballosMYdWGdOL 969 ym@IBoL IBHg3bol 3o 3gMeo Bafowgdol dgdsbo-
30 9bosg3eMmMdOLy s BgbMEmHo BogmogMgdgdol 899339 mdols
502965 gmMHIbolL 39BLs s Fodfodo (/100 g. FdGMogn FolvoBg oosbYsMO-
d900m), BM™Igeroi dmgzsbobgm dMhmagbm® b. 3MHmbEmbghomagols dgomm-
QOO.

93003039 LM3gOHBW0EMOO gJLBHMOJE0S BobBoMMMbAOL godm-
49690000 ghHmgMmo Lowzgmglim IgoMmEos I3965MGMYO MMYIEOBIYGdO6
353MM>IMH0 B9HIOOL BOMEMYOIEMISE 5dE0IMO BogHmgdol gdu@Madizo-
0LsmM30L, MoYbsE BobBoMM®z56aL 2o5B60s @dso 3M0E03Mwo 39ddg-
oGO (31,1 0C), 535Lmsb g MLOgMMbMs s sMoEMJLo3MM0s. 7,39
335 (30m 35Lv35¢m0) §Bgz0Ls s 31,1 °C FHgddgMmodwmol Bgdmm bsbdo-
OMO315630 084mxzgds 9.§. ©9300GH03@ IEAMIsMHYIMdS0 96w Fotdmaoagbls
b3 BsbJoMmBz35 50ML. gl BODOIMMO LdLEBE0S 6wy Baroo bols
3ol 5M03MM¥Yen0 BogMagdols (3o dmeols B3gbogzol bsobEgtmglicm sbodm-
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53530 F9Mgomamols Labgedfoxm mbogglio@g@ol 8msddg, 2025, N2(26)

39560 B3Mgd300L) Lav3gmglim sGMs3MEaMvyeE ASTBLBYEOL. Tglodsdols yw&-
6ol §030sb s003mMom®o 3B0IM3z560 RMad300L gduBMadEos Imgsb-
0By Hg3MOHOINWO FLJ0IHO gduG®ogEo0o.

g9™dbob fodfobs s 3960b 0,1-0,2 33-9 ©od«)39s39ds, bganl Fymdls
MR OIOM0 BLAOMIEGHMOOL MHO3935L S BOMEMYPOMMI® SJBOMO Bogh-
0900L 357L0ToM 9duEGMagdE0dL 9gduEB®sRYBEHT0. 33e300Ts 43563965, IMa
g9636oL fodfosb 30Mmaow®o gdudmMed3ool §ob »axmdglos sbodm-
3960 53059300l A3dMymas. HOLMZ0LS3 OgMEs39dE0 Fodfol 50 g. dmgs-
53bgo Water Corporation-ob 69300303990 5396 53¢00@™ 9duEMmad-
A&™®M3o SFE - 100-2-C10. 3b0dmgz060 53659300l g00mbagarosbmdoom egsco-
30690 B30 MOO 9JuBGJE00L MG 356dgBHMYdO: iBg3s 183,6
5GHIMLBge™m (180 doM0), BHgddged®s 41-42 0C, bmerm Bsbdomm®ssbyol do-
Pmcgdol LoBdotg 1,533/Lo,. 9dLE®agdEool baba®mdwogmds gobolis®mats 2,5
Loo.

JOMA5GMAMox30meds 339353 9B39bs MMI MY ool 30dMOYIEO
g99Hdbob io3fosb dowgdvemo Bgmo dgoEsgl brymo mdobsbEo 3emMdmb-
9590358 googrols gbog®l: - Palmitic acid methyl ester (C16:0) 8.306%,
Linoleic acid methyl ester (C18:2n6c) 66.902%, Oleic acid methyl ester
(C18:1n9¢c) 19.656 %, Elaidic acid methyl ester (C18:1n9t) 0.779%, Stearic acid
methyl ester (C18:0) 3.442 %.

330939000 OLEHMGONIE0s, MM gmMAbol 300GV X039d0
39039396 963™300690L FgoMgdoom IgEo MomYbmdom 30Mg LsdMgf39-
e x0dg00 [30]. 56FME056g00L 3933390 mds MK segdol ym@mdbols 3o6ols
LB 3IM0EH03M-30OMTBoO 9JuEMod@do Bgoaqbos 2480,8 3/100 o
Mo FoLvDBY FoosbAsM0TgdOom, MMIgEdoE, MMAMm™E Imbsgrmobgwo
0ym F5MdMIL 0YE0IMHBOMOHO BMMIGDO.

X 59dol fodfols s 39606 gduE®mad@gdol sbEHomJlosbEMMo od-
A03mds 2563LsB3Mgo DPPH dgommeom, Gmdgeroa séolb DPPH msgolv-
9350 MO39 GOOL 3MMEO0TYEHMO0S 50%-M5035¢9d0l 0630d0MYdO.

53365, 299m33WgME0s, HMI 30dMmoEYIo Fomgao gmdbol Byc-
wgwo Bs3amgdo 293moyghgds 03060l Fomdmgdsdo, Jglvdsdols 0o
Bomdmoggbl ymdbol §396900L Fomdmgdolsmzol g3memanms Lwaoms
Byowgmamls, bmenm dobo 3960 s Fodfs Lormzgoglm g3m-olisgsls Foedm-
500996L d0MBE5356M0EIMHO BYIMOEGH03MWO s BXPdIMOEH0ZMWO AWOIMHO
36G0mdLosbEHMMO gduB®MedBHgdol Fomdmgdolomzol.
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®. ©3060560dg, 0. ¥3060560dg, 5. 35¢3BEOS

g9™dbob §0350sb Bg3m0@EH03mwo Bwromo 9duEMedzoom dowmg-
O 3b0dol AsdMLO3EP0sbMdss 21,7 % o dsl8o FomdmdL Linoleic acid
methyl ester (C18:2n6c) 66.902 %. bmerm 3560L Lwd 360EH03w 9JuEHMad@g-
B0 96FM 30569330 FoMDOMAL O3 HBOEWIMHO BM®IGOO 84,96%.
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