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Abstract. This work presents characteristics of qualitative and
quantitative composition of phenolic compounds and their changes during
long-term storage of ‘Italia’ table grapevine cultivar. The studies were
carried out using method of HPLC on a Shimadzu LC 20 Prominence
chromatograph with diode-array detector of ultraviolet and visible range.
Grapes were sampled fresh and after long-term storage (60 days). Three
groups of phenolic compounds were identified: hydroxycinnamic acids,
procyanidins, and flavonols. It is established that major components of
phenolic complex of ‘Italia’ grapes are procyanidins, specifically d-
catechin and epicatechin, amounting 33% and 34%, respectively, and also
procyanidin B2 with high proportion of 19%. At the end of long-term
storage, a decrease in the mass concentration of phenolic compounds was
revealed, the content of hydroxycinnamic acids decreased by 62,3%,
procyanidins by 50,1%, and flavonols by 51,0%. A decrease in the activity
of polyphenoloxidase enzyme to 60th day of storage by 8,53%, relative to
the control, was established. In the process of analysis of variance,
statistically significant differences in the components of phenolic profile in
grapes of ‘Italia’ cultivar between the beginning and end of storage were
established using Student's t-test, which varied from 4,43*10'5 to 6,07*10"
7, being so significantly less than 0,05.

1 Introduction

Nowadays, providing the population with functional food stuff with natural biologically
active substances during a long period of time is an urgent task. Grapes for humans are a
valuable food product, which contains a large amount of biologically active substances,
including phenolic compounds [1].

A characteristic feature of grape plant cell is the formation of phenolic compounds
containing in their molecule an aromatic (benzene) ring, which carries one, two or more
hydroxyl groups. Phenolic compounds are natural metabolites synthesized in all plant cells
with high antioxidant activity; they are widely used in pharmacology, medicine, and food
industry [2—4].
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Based on the carbon skeleton, the following classes of compounds are distinguished:
hydroxybenzoic acids, flavonols, flavanons, anthocyanidins, catechins, tannins, coumarins,
lignans, and others. By structure, phenolic substances are distinguished: monomeric,
oligomeric (ellagic acid) and polymeric (tanning substances, lignans and melanins).
Polyphenols are secondary metabolites of plants, involved in defense reactions of
pathogens. Flavonoids are a large group of low-molecular-weight compounds with high
antioxidant properties. Anthocyanins are responsible for the color of grapes. Flavan-3-ols
(monomeric catechins and proanthocyanidins) impact flavor astringency. Flavonols
(quercentin glucosides and related compounds) are accumulated in the skin during berry
growth and protect them from ultraviolet radiation [5,6].

Great interest of scientists is given to antioxidant activity of phenolic compounds.
Antioxidant is understood to mean any substance which, when present in low
concentrations compared to the concentration of oxidizable substrate, significantly delays
or inhibits its free-radical oxidation. Procyanidins, as a part of phenolic complex, have an
antioxidant effect and neutralize free, hydroxyl radicals and superoxide anion-radicals.
They also promote the synthesis of arachidonic and phosphoric acids, which protect lipids
from oxidation. Procyanidins are potent metal chelating agents that chelate metal ions with
formation of inert compounds in the organism; promote the absorption of vitamin C [7-11].

The composition of phenolic compounds in grape pomace was studied by Russian
scientists. Phenolic compounds were identified in skin and seed extracts. It was found that
anthocyanins were present mainly in the skin. In seeds of ‘Saperavi’ grape cultivar, low
concentrations of ten components of anthocyanin complex were revealed. The maximum
amount of anthocyanins was found in the skin. The concentration of quercetin in skin-seed
mixtures, especially in ‘Roesler’ grapes, is 1.5-2.0 times higher than in the skin itself. The
maximum amount of flavan-3-ols, hydroxycinnamic and hydroxy-benzoic acids and
oligomeric procyanidins, as well as the highest antioxidant activity, was registered in skin-
seed mixture. The studied samples of grape seeds were dominated by procyanidins of
groups By, By, and B3, characterized by high antioxidant activity [12].

In Portugal, studies on changes in the composition of phenolic complex of strawberries
under long-term storage conditions (90 days) were carried out. Antioxidant activity, number
of total phenols, anthocyanins and individual phenolic compounds were evaluated before
and after pasteurization under storage conditions. The results showed that pasteurization did
not affect concentration of total phenols or total anthocyanins, but significantly reduced the
concentrations of quercetin-3-rutinoside, kaempferol and cyanidin-3-glucoside, as well as
increased concentrations of (+)-catechin, (-)-epicatechin, epigallocatechin gallate,
quercetin-3-galactoside and ellagic acid [13].

One of the main enzymes affecting the content of phenolic compounds in plant cell is a
polyphenoloxidase, which catalyzes enzymatic browning reactions in most of fruits and
oxidation of o-diphenols and o-quinones, followed by non-enzymatic formation of melanin
by polymerization [14].

This enzyme is the most active of those contained in grape berries. It is able to catalyze
the oxidation process of not only catechins, but also of other phenolic compounds
containing 1-2 and 1-3-hydroxyl groups (OH), pyrocatechin and pyrogallol, as well as the
NH; group (aromatic amino acids and amines). Polyphenoloxidase is a protein whose
prosthetic group contains copper from 0,2 to 0,3%. D. Cartez showed that copper in
polyphenoloxidase is in the reduced form both during the enzymatic reaction and
quiescence. However, other authors believe that the main action of polyphenoloxidase is
the reversible oxidation of monovalent Cu* atom to divalent Cu** The oxidative action of
enzyme consists in dehydration of ortho-diphenols with the formation of ortho-quinone
forms. A characteristic feature of polyphenoloxidase is the ability to catalyze oxidation
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reactions of diphenols and hydroxylation of monophenols. This enzymatic system is one of
the main oxidative systems catalyzing the final stage of oxybiotic process [15, 16].

On the basis of the foregoing, the purpose of our work was to study quantitative and
qualitative composition of phenolic compounds and activity of the main redox
polyphenoloxidase enzyme during long-term storage using the example of ‘Italia’
grapevine cultivar.

2 Materials and methods

2.1 Characteristics of the studied grapevine cultivar and research site

The ‘Italia’ (‘Bicane’ x ‘Muscat Hamburg’) is a table grapevine cultivar of late ripening, by
Alberto Pirovano selection. The bunch is large, cylindrical and loose. The berry is large,
oval, ovoid, yellowish-amber, matte, covered with a thick purine coating. The skin is
strong, thick. The pulp is fleshy with muscat-citron aroma. Bushes are vigorous. Mildew
resistance is medium.

Experimental studies were carried out during 2020-2021 on the basis of Morskoye
branch of FSUE PJSC Massandra, located in the mountain-valley region of the coastal
viticultural zone of the Republic of Crimea and the Grape Storage Laboratory of the FSBSI
Institute Magarach of the RAS. Grape culture training system is open-earth. Landing
pattern is 3,0 x 1,5 m.

2.2. Scheme and methods for managing experimental studies

Fresh grapes were stored at a temperature of 0+2°C for 60 days. The production technology
of storage in industrial freezer with sulfur dioxide regular treatment was used. Sampling for
research was carried out on the day of harvest (day 0) and on the 60th day of storage.

Identification of phenolic compounds was carried out on a Shimadzu LC 20 Prominence
chromatograph with diode-array detector of ultraviolet and visible range. To separate the
components of phenolic complex, a Nucleosil C18 AB column (Macherey-Nagel,
Germany), 250 mm long, 2 mm in diameter, and a pore size of 100 A was used. Elution
was carried out in a gradient mode of increasing the proportion of solution B (a mixture of
AcCN:MeOH:H;O0 in a ratio of 40:40:20, pH 2,5) in a mixture with solution A (an aqueous
solution of HCIO4, pH 1.8) for 80 min. Sample volume was 2 ul, detection at 280 nm, 310
nm, 330 nm, 525 nm with a scanning frequency of 3 Hz. Identification was carried out by
spectral characteristics and void times in accordance with standard samples [17, 18].

Determining of polyphenoloxidase was carried out according to the following method.
Experimental must was diluted tenfold, 1 ml of must and 9 ml of buffer solution pH 7,4.
Must solution in the amount of 2 cm? in buffer solution, 4 cm? of distilled water, 2 cm? of
diethyl paraphenylene diamine sulfate are poured in to the level of 2 cm to a measuring cell.
Measuring cell is installed in a KFK-3-01 photoelectric colorimeter, after which 2 ¢m? of
pyrocatechin solution is added to the cell, seconds timer is turned on, a cover of measuring
cell chamber of the device is closed, and the optical density measurement mode is switched
on. The seconds timer is stopped when passing the interval of optical density of 0,150 B.

Enzyme activity is calculated by the formula:

A=(E*a*b)/(c*T) (1)

E — optical density change interval = 0,150; a — must dilution; b — degree of constant
dilution in the reaction mix (in the measuring cell); ¢ — layer thickness in the measuring cell
=2 cm; T — time in seconds [19].
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Analysis of variance was used to determine significant differences in phenolic complex
between differentiating groups during long-term storage. The results were analyzed using
paired Student's t-test (at t<0.05 "significant effect") in the SPSS Statistics 17.0 program.

3 Results and discussion

As a result of analysis of the data obtained (Table 1), it was found that the largest amount of
procyanidins and hydroxycinnamic acids was concentrated in seeds of ‘Italia’ grapes, in
fresh berries these parameters amounted to 5255,6 mg/kg and 420,6 mg/kg. The maximum
concentration of flavonols was recorded in the skin of grapes and amounted to 122,4
mg/kg.
Table 1. Changes in the component composition of phenolic complex of ‘Italia’ grapevine cultivar
during storage.

Phenolic profile Structural particles Mass fraction, mg/kg Student's t-
components of the berry Fresh grapes | End of storage test
Seed 420,6 137,3 4,43*10°5
Hydroxycinnamic Skin 28,8 11,8 9,19%107
acids
Flesh 28,3 9,3 6,07%1077
Seed 5255,6 2527,0 9,79%10°1
Procyanidins Skin 356,3 2955 2,83*101!
Flesh 177.9 65,0 4,48*10711
Seed 99,0 75,2 3,58*10°10
Flavonols Skin 122,4 36,4 6,17%1012
Flesh 16,2 4,7 1,12*10°8

It is noted that ‘Italia’ grapevine cultivar is characterized by instability in concentrations
of phenolic complex components, in which the mass concentration of hydroxycinnamic
acids, by the 60th day of storage, decreases by 62.3%, and procyanidins and flavonols - by
50,1% and 51,0%, respectively. This is due to the processes of oxidation and
polymerization during long-term storage of grapes.

As a result of the research, it was found that procyanidin group substances in grape
berries are mainly represented by epicatechin and d-catechin (Fig. 1).
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Fig. 1. Dynamics of changes in procyanidins in grape berries of ‘Italia’ cultivar during long-term
storage.

The proportion of epicatechin in fresh berries was 33%, and d-catechin - 34% of the
content of all procyanidins in ‘Italia’ grapes. Also, a high concentration was observed for
procyanidin B, and amounted to 1112,7 mg/kg or 19%. During long-term storage, a
decrease in the concentration of procyanidins was noted. However, at the end of storage, an
increase in the concentration of epicatechin in grape berries was registered, and amounted
to 55% of the content of all substances.

Among hydroxycinnamic acids, gallic and caftaric acids were identified; among
flavonols — quercetin-3-o-glucoside and quercetin (Fig. 2).
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Fig. 2. Dynamics of changes in hydroxycinnamic acids and flavonols in grape berries of ‘Italia’
cultivar during long-term storage.

The mass concentration of gallic acid to the end of storage decreased by 76,7%, of
caftaric acid - by 62,4%. Among flavonols, the mass concentration of quercetin-3-o-
glucoside and quercetin decreased by 24,5% and 69,3%, respectively.

In the process of analysis of variance, statistically significant differences in the
components of phenolic profile in grape berries of ‘Italia’ cultivar between the beginning
and end of storage were established using Student's t-test, which varied from 4,43*10°% to
6,07*107, so that is significantly less than 0,05.

The activity of polyphenoloxidase as the main redox enzyme of grapes was studied. In
fresh grapes, the activity of this enzyme was 0,082 c.u./sec. (Fig. 3).
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Fig. 3. Dynamics of changes in the activity of polyphenoloxidase in grape berries of ‘Italia’ cultivar
during long-term storage.

After 30 days of storage, the activity of polyphenoloxidase decreased to a value of 0,078
c.u./sec, which is 4,88% lower than the control value. By the end of storage (60 days), the
activity of enzyme was 0,075 c.u./sec, reaching an activity decrease by 8,54%.

4 Conclusion

This study made it possible to characterize changes in the composition of phenolic complex
of ‘Italia’ table grapevrine cultivar during long-term storage. Three groups of compounds
were identified: hydroxycinnamic acids, procyanidins, and flavonols. It was established that
the main components of phenolic complex of ‘Italia’ grapevine cultivar are procyanidins,
namely d-catechin and epicatechin, amounting to 33% and 34%, respectively, and also
procyanidin B with high proportion of 19%. General decrease in the mass concentration of
phenolic compounds after 60 days of storage was revealed: oxycinnamic compounds by
62,3%, procyanidins by 50,1%, and flavonols by 51,0%. The activity of polyphenoloxidase
reached a decrease of 4,88% by 30 days, and 8,54% by 60 days of storage.

References

1. Z.XK. Bahmulaeva, O.K. Vlasova, S.A. Magadova, R.Z. Gasanov, Arid. ekos, 25, 59-63
(2019) DOI:10.24411/1993-3916-2019-10055

2. RM. Duran, R.B. Padilla, Grasas y Aceites, 44, 101-106 (1993) DOI:
10.3989/gya.1993.v44.i2.1105

3. S.V. Gudkov, V.I. Bruskov, A.V. Kulikov, A.G. Bobylev, D.A. Kulikov, A.V.
Molochkov, Alm. of Clin. Med, 1. 61-65 (2016) DOI: 10.18786/2072-0505-2014-31-
61-65

4. A Lima, B. Oliveira, S. Shabudin, M. Almeida, M. Freire, K. Bica, J. of Mol. Liq, 326
(2021) DOI: 10.1016/j.molliq.2021.115324



BIO Web of Conferences 47, 07003 (2022)

ITIA 2022

5. M. Villegas-Aguilar, A. Fernandez-Ochoa, F. Leyva-Jiménez, A. Miranda-Segura, M.
Cédiz-Gurrea, A. Segura-Carretero, Phen. Comp. Bioact. F. Comp. Act. in Mech. App.
Acad. Pr, 3,27-53 (2022) DOI: 10.1016/B978-0-12-823569-0.00001-1

6. S. Delia, N. Pop, L. Rolle, F. Bora, J. of Hor. For. and Biot, 20, 46-50 (2016)

7. A. Jukanti, Polyph. in P1, 5, 87 (2017) DOI: 10.1007/978-981-10-5747-2

8. D.Yu. Korulkin, Zh. A. Abilov, R.A. Muzychkina, G.A. Tolstikov, Nat. flav, 232, 57-
59 (2007) ISBN 978-5-9747-0119-1

9. D. Lu, L. Wang, W. Zhang, B. Guo, Y. Lv, E3S Web of Conferences, 341 (2022) DOI:
10.1051/e3sconf/202234101013

10. A. Azuma, H. Yakushiji, H. Sato, Posthar. Biol. and Techn, 147, 89-99 (2018) DOI:
10.1016/j.postharvbio.2018.09.008

11. W. Yang, Y. Guo, M. Liu, X. Chen, X. Xiao, S. Wang, P. Gong, Y. Ma, F. Chen, J. of
Funct. F, 88 (2022) DOI: 10.1016/.jff.2021.104864

12. N. Ageyeva, A. Tikhonova, S. Biryukova, E. Globa, E3S Web of Confe, 285, (2021)
DOI: 10.1051/e3sconf/202128505018

13. A. Oliveira, D. Almeida, M. Pintado, F. and Biopr. Techn, 7, (2014) DOI:
10.1007/s11947-013-1239-9

14. S. Chandrasekhar, Op. Sc. J, 6 (2021) DOI: 10.23954/0sj.v611.2581

15. A.K. Rodopulo, Fundamentals of biochemistry of winemaking, 4, 47-50 (1983) ISBN
978-5-458-32152-5

16. P. Fronk, M. Riebel, H. Decker, Biol. of Microorg. on Gr. in M. and in W, 15, 360-
361 (2017) DOI: 10.1007/978-3-319-60021-5 15

17. N.N. Appazova, V.A. Boyko, E.A. Slastya, A.E. Modonkaeva, Bull. of the St. Nik.
Bot. Gard, 103, 113-116 (2011)

18. A.E. Modonkaeva, V.A. Boyko, N.N. Appazova, Sortov. ta oh. Pr. na sorti ros, 3(17),
40-41 (2012)

19. E.V. Ostroukhova, I.V. Peskova, V.G. Gerzhikova, V.A. Zagorouiko, Vit. and Win, 39,

61-66 (2009)

https://doi.org/10.1051/biocont/20224707003



