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STUDY OF ANTHOCYANIN CONTENT IN RED GRAPE JUICE CONCENTRATE OBTAINED
BY MICROWAVE DEHYDRATION

Actuality. Anthocyanins, as representatives of polyphenols with antioxidant properties, have a wide range of protective biological
properties that attract vitamin P.

Aim of the study. To investigate the composition and content of polyphenolic compounds, in particular anthocyanins, in red grape
Juice concentrate obtained by microwave dehydration.

Material and methods. The content of anthocyanins, flavonols and ascorbic acid was determined in juices from red grapes,
actinidia and apples. The composition and content of polyphenolic compounds in red grape juice concentrate was determined using
HPLC. Alcohol-free grape juice concentrate was obtained using a dehydration method developed by us using electromagnetic energy.

Research results. It was found that red grape juice contains a significant amount of anthocyanins, unlike juice from actinidia fiuits and apples.
The HPLC method determined the content of anthocyanins in red grape juice concentrate at 115,3 mg% which is more than 65% of the content of all
polyphenolic compounds. Catechins and catechol-like compounds account for less than 25% of the content of all polyphenolic compounds.

Conclusion. Studies have found that due to the high content of anthocyanins, red grape juice concentrate obtained by microwave
dehydration can be recommended as a dietary supplement for pathological conditions caused by oxidative stress.

Key words: grapes, anthocyanins, polyphenolic compounds.
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AOCIKEHHS BMICTY AHTOHIAHIHIB Y KOHIHEHTPATI COKY YHEPBOHOI'O
BUHOI'PALY, OTPUMAHOI'O METOAOM MIKPOXBHUJIBOBOI JETI'TIPATALII

Axmyanvhicmo. Anmoyianinu, K npeoCMaGHUKU NONIGEHONI8 3 AHMUOKCUOAHIMHUMU BIACIMUBOCAMU, BOIO0IIOMb WUPOKUM
CHEeKMpPOM 3aXUCHUX OIONO2IUHUX 61aCmMUBoCcmetll, NPUMAHHUX 8imaminy P.

Mema docnidscenns — 0ocioumu ckaao i 6Micm NONIQEHONbHUX CROTYK, 30KPeMa AHMOYIAHIHIB, Y KOHYEeHMPAmi COKY 4epPEOHO20
BUHOSPADY, OMPUMAHO20 MEMOOOM MIKPOXEUTbOBOI deciopamayii.

Mamepian i memoou. Ymicm anmoyiaHinie, ¢rasoHonis i ackopOiHO8OI KUCIOMU BUSHAYANU 8 COKAX [3 YEPBOHO20 BUHOZPADY,
akmunioii ma aonyk. Ckaao i emicm nonipeHonbHux CROIyK Y KOHYEeHmMpPAami COKY 4epBoH020 8UHOZPAOY 6USHAUANU 3d OONOMOZ0I0
BEPX. bescnupmosuii KOHyeHmpam 6UHO2pAoH020 COKY OMPUMYBANU 3a 0ONOMO20I0 pO3poOIeH020 Hamu memoody Oeziopamayii,
3 GUKOPUCMAHHAM €1eKMPOMASHIMHOT eHepaii.

Pezynomamu 0ocnioxcenna. Bcmanosneno, o cox 4ep8ono20 euHo2pady Micmums 3HAYHY KibKICMb aHMOYIAHINIG, HA 8I0OMIHY
810 COKY i3 n100i¢ akmunioii i s0myx. Memooom BEPX eusnaueno emicm aumoyiauinie y KOHYEHmpami oKy YepPEOHO20 GUHOSPAOY
6 115,3 m2%, wo cmanosums nonao 65% ymicmy 6cix noaigenonvnux cnonyk. Ha donio xamexinie i kamexonnooionux cnouyk npuna-
oae menute 25% emicmy 6Cix NONIPEHONbHUX CROTYK.

Bucnosok. Jlocniodcenns 6cmanosunu, wo 3a605Ku HASGHOCHI GUCOKO20 6MICHTY AHMOYIAHIHIE KOHYEHMPAm COKY 4epP8OHO20
BUHOSPAOY, OMPUMAHO20 MIKPOXBUILOBUM MemMoOOM Oeziopamauyii, Modxce Oymu pekomenoo8anull K JiemuyHa 006asKka 3a namoio-
2IUHUX CMAHIB, 3YMOBIEHUX OKCUOAMUGHUM CIPECOM.

Knrwuosi cnosa: sunocpad, anmoyianinu, nonigheHonvri CROIyKuU.

Introduction. Actuality. Oxidative stress is the
pathogenetic basis of many diseases: atherosclerosis,
myocardial dystrophy, type 2 diabetes, cancer, neuropsy-
chiatric disorders (Moharram, Youssef, 2014; Ndrepepa,
2019; Ray et al., 2012). Oxidative stress also plays a
crucial role in the pathogenesis of post-stress reactions
(Arkelius et al., 2024; Lambert, 2009).

The cause of oxidative stress in humans and animals
is an excessive reaction of the central nervous system,
an excess of pro-oxidant factors in the tissues (metals
with variable valence, active genes responsible for the
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biosynthesis of oxygenase enzymes) (Gorchakova et al.,
2012; Maksjutina et al., 2012; Yahfoufi et al., 2018).

To protect against oxidative stress, the body has a
large number of antioxidant systems, represented by
antioxidant enzymes (superoxide dismutase, heme oxy-
genase I, glutathione peroxidase, catalase), endogenous
liposoluble (squalene) and water-soluble (uric acid, thiol
compounds) (Bacchetti et al., 2019; Joseph et al., 2016;
Makarenko, Levitsky, 2016; Moharram, Youssef, 2014).

Exogenous (food) antioxidants also play a significant
role in the antioxidant defense of the body, including
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ascorbic acid (vitamin C), bioflavonoids (vitamin P),
tocopherols (vitamin E), carotenoids (B-carotene, lyco-
pene), and polyphenolic compounds (Gorchakova et al.,
2022; Kudrickaja, 1990; Liga et al., 2023; Lis, Bartuzi,
2023; Mishhenko et al., 2020; Yahfoufi et al., 2018).

Among food polyphenolic compounds, a special
place is occupied by anthocyanins, a significant amount
of which is found in berries, fruits, and red grapes
(Liu et al., 2021; Mattioli et al., 2020).

Fig. 1 shows the chemical structure of anthocyanins.

Flavan

Anthocyanidin

Anthocyanidin R1 Rz
Cyanidin OH H
Delphinidin OH OH
Malvidin OCHs OCHs

Fig. 1. Chemical structure of anthocyanins

Eight mechanisms of biochemical actions of antho-
cyanins have been identified, which determine its thera-
peutic and prophylactic effectiveness.

1. Direct effect on reactive oxygen species (ROS)
with the formation of low-activity anthocyanidin radi-
cals (Garcia, Blesso, 2021).

2. Formation of inactive complexes with metals of
variable valence (Fe, Cu, Cr), which are a source of ROS
formation (Fedenko et al., 2022; Stote et al., 2023).

3. Activation of the biosynthesis of antioxidant
enzymes through the action on the corresponding genes
of the nuclear factor N, f2 (Festa et al., 2023).

4. Anti-inflammatory effect due to inhibition of the
formation of the nuclear factor NF-kB, which activates
genes responsible for the biosynthesis of pro-inflam-
matory factors (interleukins IL-1, IL-6, TNFa, pro-
teases, phospholipases A,) (Aboonabi, Aboonabi, 2020;
Ngamsamer et al., 2022; Zhao, Yuan, 2021).

5. Hypotensive effect due to activation of the
endothelial enzyme e-NOS, which forms NO (Horie et
al., 2019).

6. Estrogenic effect similar to that of soy isoflavones
(Horie et al., 2019).

7. Antidysbiotic effect due to activation of phagocy-
tosis, reduction of lipopolysaccharide receptor (TLR-4)
expression, formation of phenolic acids in the intestine,
which have antibacterial properties and reduce the pen-

®ditotepanis. Yaconuc

etration of bacteria through the intestinal wall (Ayvaz et
al., 2023; Borges et al., 2007).

8. Anticancer effect of anthocyanins in in vitro exper-
iments on cancer cell cultures (de Arruda Nascimento
etal., 2022).

It has been established that anthocyanins are not
produced in the human and animal body and therefore
they must be consumed with food containing these com-
pounds (Ayvaz et al., 2023). It is believed that the daily
human need for anthocyanins is 50 mg (Gongalves et
al., 2021).

The aim of the study. To investigate the composi-
tion and content of polyphenolic compounds, in particu-
lar anthocyanins, in red grape juice concentrate obtained
by microwave dehydration.

Materials and research methods. We used red
grapes of the Moldova variety to obtain juice and con-
centrate. Grape juice was obtained by pressing. Juice
dehydration was carried out by the following electro-
magnetic method developed by us (Burdo et al., 2025).

The ascorbic acid content was determined by spec-
trophotometric method. For this purpose, a solution of
grapes juice and concentrate in 0,01 M HCI was pre-
pared. To 1 ml of juice or concentrate solution, 1 ml of 1
mM FeCl, i 1solution and 1 ml of 3 mM [K, [Fe (CN),]
solution was added and after 5 minutes the extraction
was measured at 693 nm on a spectrophotometer Shi-
madzu UV-1240-mini.

The ascorbic acid content was determined of a cali-
bration curve using ascorbic acid solutions.

The content of bioflavonoids (vitamin P) was deter-
mined by spectrophotometric method. For this purpose,
solutions of actinidia juice or concentrate in ethanol
were prepared. 1 ml of juice solution (concentrate) was
mixed with 0,5 ml of 5% solution of AICI, in ethanol,
2,5 ml of ethanol was added and the extinction at 410,5
nm was measured on a spectrophotometer Shimadzu
UV-1240-mini.

To calculate the vitamin P content, a similar reaction
was performed with a quercetin solution.

Analysis of polyphenol content and composition by
HPLC (Levitsky et al., 2012; Khodakov, 2013).

The analysis was carried out on a Prominence LC-20
liquid chromatography system from Shimadzu (Japan),
which consists of the following functional modules: a
DGU-20A3 dispenser, an LC-20AD pump module,
an SIL-20AC autosampler-refrigerator, an SPD-20AV
photometric detector, a CTO-20A column thermostat,
a Thermo Scientific Syncronisa column (aQ reversed-
phase filler with an attached C(CH,),,CH, group,
length 250 mm, internal diameter 4,6 mm, sorbent grain
size 4,4 mm.

47 .

Ne 3, 2025



MeguuuHa

HPLC conditions:

1. Composition of the mobile phase: component A —
methanol, component B — 1% solution of phosphoric
acid in deionized water.

2. Chromatography mode — gradient.

3. The mobile phase speed is constant at 0,5 ml/min.

4. The temperature of the acetone column is 40 °C.

5. Injection volume — 5 pl.

Identification of substances in the extracts was carried
out by comparing the retention time and spectral charac-
teristics of the studied substances with similar characteris-
tics of polyphenol standards (Khodakov, 2013).

The spectral characteristics of the studied compounds
were determined by the height of the peaks of these sub-

Table 1
Content of ascorbic acid, flavonols and anthocyanins
in juices from actinidia fruits, apples and red grapes

(mg%)
Product AS:::)iI;jblC Flavonols | Anthocyanidins
Actinidia 364,00 6,25 0
Apples 1,20 0,64 0
Red grapes 50,00 0,84 27,30
Table 2

Composition and content of polyphenolic
compounds in red grape juice and its concentrate
(mg%) according to HPLC data

stances on the chromatograms at Wavelengths of 255, Polyphenol | Juice | Concentrate Mailtl i
286, and 350 nm compared to the height of the peak at a representative
wavelength of 225 nm. Total number | 59,70 177,05
Research results and their discussion. Table 1 pre- | phenolic acids | 3,10 481 chlorogenic acid,
sents the results of determining the content of ascorbic . gallic a‘?ld
. . . . . . Catechins 3,20 16,30 Catechin
acid (vitamin C), flavonols (vitamin P), anthocyanins in —
.. . Catechin-like 20,20 34,50
juices from actinidia, apples and red grapes. . —
. . . Flavonols 0,77 1,67 rutin, myricetin
The content of vitamins C and P was determined by Flavanones 012 013 =
spectrophotometric methods, and the content of antho- Flavanoides 0’ 45 3,89 —
cyanins — by HPLC. As can be seen from these data, the Flavones 0’01 ’0 -
highest content of vitamins C and P is found in juice delphinidin
f T s Anthocyanins | 27,30 115,29 A o
rom actinidia, and the lowest — in juice from apples. malviedin, cyanidin
Anthocyanins were found only in red grapes. Isoflavones 0 0 -
Table 2 presents data on the composition and content Unidentified
of polyphenolic compounds in red grapes, namely in juice polyphenoélc 4,66 27,22 -
. . m 1
and in concentrate using the HPLC method (fig. 2 and 3). compotcs
] 7
100
] 11
> 1 15
s ]
§ 50: 14\ 10
2 ] 3 5
2 2 6 9\\ 12
< 257 4 8 j 13
o~
o 1 2 0 40 50

Holding time, min

Fig. 2. Chromatogram of grape juice concentrate diluted with 70% ethanol in the ratio
of 5,1 g of sample to 12 ml of ethanol solution, at > = 255 nm. Polyphenols (4 — phenolic
acids, 1, 2, 3, 5 — catechin-like, 6 — catechins, 7 — delphinidin-3-O-glucoside, 8 — cyanidin-
3-O-glucoside, 9 — petunidin-3-O-glucoside, 10 — peonidin-3-O-glucoside, 11 — malvidin-
3-O-glucoside, 12 — rutin, 13, 14 — anthocyanins, 15 — catechin)

=5
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Fig. 3. Chromatogram of grape juice concentrate diluted with 70% ethanol in a ratio
of 5,1 g of sample to 12 ml, at L = 530 nm. Anthocyanins (1 — delphinidin-3-O-glucoside,
2 — cyanidin-3-O-glucoside, 3 — petunidin-3-O-glucoside, 4 — peonidin-3-O-glucoside,
5 — malvidin-3-O-glucoside, 6 — acetyl-glucosides of anthocyanins, 7 — caffeoyl-,
coumaryl- and feiryl-glucosides of anthocyanins)

It can be seen that the total content of polyphenols
in the concentrate is almost three times higher than in
the juice.

The percentage content of polyphenol fractions in
grape juice concentrate is presented in fig. 4.

70 - 654
60 -
50 -
40
=®
30
20 - 154
" 92
28 1 0 0,1 0,3
0 a T T T
1 2 3 4 5 6 7 8

Fig. 4. The share of individual groups of polyphenols
in the total content of polyphenols in red grapes
(1 — phenolic acid, 2 — catechins, 3 — flavanones,
4 — flavones, 5 — flavonols, 6 — anthocyanins,
7 — resveratrol, 8 — unidentified polyphenols)

From these data it can be seen that anthocyanins
account for 65% of the total polyphenols, catechins
account for only 9,2%, and there are practically no frac-
tions of isoflavones, flavones, and flavonols.

Existing data indicate the polyfunctionality of antho-
cyanins, ensuring the maintenance of human health in

®ditotepanis. Yaconuc

extreme conditions of existence. The physiological
effects of anthocyanins are not limited to their antiox-
idant properties, they act on regulatory systems of cells
that influence the processes of biosynthesis of anti-in-
flammatory factors, immune stimulants, the state of
histo-hematological barriers and even the processes of
carcinogenesis (Chen, Zhao, 2023; Pasko et al., 2009).

Unfortunately, anthocyanins are not synthesized in
the human and animal body, nor in most plants. It is
known that grapes, cherries, and some betry crops are
producers of anthocyanins.

Anthocyanins can be considered as a vitamin similar
to vitamin P, represented by bioflavonoids (more pre-
cisely, flavonols), the most active of which is quercetin
(Liga et al., 2023; Pasko et al., 2009).

Characteristic properties of bioflavonoids are not
only their antioxidant effect, but also their ability to
inhibit the activity of hydrolytic enzymes (proteases,
phospholipases) (Aboonabi, Aboonabi, 2020). The bio-
logical effects of bioflavonoids mainly relate to angio-
protective processes, although they also have cardio-
protective (Gongalves et al., 2021) and hepatoprotective
(Ngamsamer et al., 2022) properties.

One of the richest in flavonols is actinidia, but it is
completely devoid of anthocyanins. Anthocyanins exceed
flavonols in their physiological spectrum and therefore
can be considered as vitamin P, the need for which must
be met by consuming foods containing this compound.

We propose to use red grape juice concentrate for this
purpose, 50 ml of which fully meets a person’s daily needs.

49 wm
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Conclusions. Studies have found that due to tion can be recommended as a dietary supplement
the high content of anthocyanins, red grape juice for pathological conditions caused by oxidative
concentrate obtained by microwave dehydra- stress.
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