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  General characterization of grape and wine flavonoids and their biological 

activity 

 

     One of the determining factors of the quality indicators of wine is its chemical composition. 

The latter is represented in the form of grape components and their transformation products. 

The chemical components of grapes and wine are represented by various classes of compounds, 

of which phenolic compounds occupy an important place. The transformation of chemical 

components is characteristic of both the alcoholic fermentation of grape must and the 

formation of wine material. Phenolic compounds are transformed to some extent during the 

alcoholic fermentation of grape must and enrich the wine material with the corresponding 

products. 

Phenolic compounds and their transformation products take an active part in shaping 

the quality of wine at all stages of its production and storage, and directly influence the taste, 

bouquet, color, transparency, stability , and shelf life. This explains the unwavering interest of 

researchers in studying these compounds. 

It has been established that phenolic substances are the third most abundant chemical 

components in grapes after carbohydrates and organic acids. Flavonoids, which are 

components of phenolic compounds, are found in significant quantities in all parts of grapes: 

in the skin, in the pulp, in the pulp, in the juice, as well as in the juice. The total phenolic 

substances that are subject to extraction and are obtained from grape seeds are distributed as 

follows: 10% from the pulp, 60-70% from the pulp and 28-35% from the skin. However, it 

should be noted that a large number of phenolic compounds in the case of Cabernet Sauvignon 

grapes are localized in the skin of the grape ( Prieur C. et al.,1994 ). 

Phenolic compounds have been attracting the attention of researchers for almost a 

century, and this is evidenced by numerous scientific works that study the structure of 

phenolic compounds, the development and improvement of their research methods. The 
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spectrum of phenolic compounds is rich and diverse. The composition of a wide class of grape 

phenolic compounds is presented in the form of a scheme (see Scheme 1.) 

 

 

 

 

 

  

 

 

 

 

Scheme 1. Classification of grape phenolic compounds 

The qualitative and quantitative composition of phenolic substances is different in red 

and white grape varieties. American scientists have established that in white grape varieties, 

phenolic substances are predominantly represented by coumaric acid esters, catechins and 

proanthocyanidins, including catechin gallate. In red grape varieties, phenolic compounds 

include hydroxybenzoic and hydroxycinnamic acids, proanthocyanidins, anthocyanins and 

glycosides of flavonols. The quantitative content of catechins in the pulp varies from 0.7-3.5%, 

in the skin 0.3-4.3%, in the seeds 2-3% ( Ribereau-Gayon P.1964; 1994). 

The authors determined the total amount of phenolic compounds, the quantitative 

content of catechins, proanthocyanidins, anthocyanins and their anti-radical effect in red and 

white wines made using Georgian traditional technologies, as well as in European-type wines. 

In particular, the total amount of phenols in Kakhetian-type white wines was 1330-2430 mg/l, 
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while in Kakhetian-type red wines it was 2898-4416 mg/l, in European-type white wines it 

was 210-468 mg/l, and in red wines it was 1630-2340 mg/l (Shalashvili A. Et all.,2011). 

The authors determined dihydroquercetin in wines from different countries: Moldovan 

wines contain - 0.5-2.4 mg/l; Georgian - 1.9-2.4 mg/l; French - 1.4-2.9 mg/l; Italian - 1.7-2.6 

mg/l; Spanish - 1.4-2.2 mg/l; Chilean - 1.1-2.4 mg/l (Положникова М.А. et al.2005). 

alcoholic fermentation of the grape varieties “Garnacha”, “Merlot” and “Syrah” (Aragon 

region, northeastern Spain) were studied. During alcoholic fermentation, high concentrations 

of anthocyanins, flavan-3-ols and flavonols were observed in “Syrah”: 802.7±0.5 mg/l; 74.7±2.4 

mg/l and 37.1±1.5 mg/l (at the end of alcoholic fermentation, respectively). Overall, the results 

showed that the qualitative composition and concentration of phenolic compounds during 

alcoholic fermentation depend on the varietal factor ( Puértolas E. , et al.,2011 ). 

Phenolic compounds are contained in all parts of the vine in the form of monomers, 

polymers and oligomers. Phenolic acids, flavonoids (catechins, anthocyanins, leuco -

anthocyanins, flavonols) and flavonoid polymerization products are considered to be the main 

phenolic compounds of grapes and wine and have been studied in depth (Durmishidze S. , 

Khachidze O. , 1985 ). 

Flavonoids (C 6 -C 3 -C 6 ) ( Latin : Flavus – yellow ) are metabolic compounds of plant 

origin , which are derivatives of benzopyrone (chromone). Among the phenolic compounds, 

flavonoids are the most numerous.  group . Currently , their number is known to exceed 8000. 

A flavonoid is an O - heterocyclic compound , the structural basis of which is a tricyclic 

molecule of flavone or flavan . The initial structure of flavonoids consists of two benzene rings 

connected by a three-carbon fragment , which together with an oxygen atom forms a pyrone 

ring . The benzene rings are denoted by the letters A and B of the Latin alphabet , and their 

connecting ring is denoted by the letter C. (Beecher GR, 2003; Gudvin Т. И др., 1986; Barz W. 

Et all., 1975 ). 

 

 

 

http://www.ncbi.nlm.nih.gov/pubmed?term=Pu%C3%A9rtolas%20E%5BAuthor%5D&cauthor=true&cauthor_uid=21421675
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Basic structure of the flavonoid molecule 

 

 

10 main subgroups according to the degree of oxidation of the three-carbon fragment , 

these are: catechins (flavan-3-ols), leucoanthocyanidins (flavan-3,4-diols), flavanones , 

dihydrochalcones , chalcones , anthocyanidins , flavonols and aurones . The diversity of -

flavonoids is due to the hydroxylation , methylation , glycosylation of their molecules and the 

presence of asymmetric carbon atoms in the heterocyclic structure of flavanones , flavanonols 

, catechins and leucoanthocyanidins . 

Among flavonoid compounds, catechins are the most abundant , while flavonols are the 

most abundant.  Oxidized . Flavonones , catechins , and leucoanthocyanidins are colorless , 

flavones and flavonols are colored yellow , and anthocyanins have red , blue, and purple 

colorations ( Navarri K. , Langlade F. ,2004 ) 

We considered it appropriate to present a brief chemical characterization of individual 

groups of grape phenolic compounds.  

Catechins . Derivatives of 2-phenol-3-hydroxychrome belong to the subclass of catechins 

. These compounds have a close bond in the C2-C3 position and a C3 hydroxyl group. In their 

structure, there are two xyl centers with 2 and 3 carbon atoms. The well-known 

representatives include (+)-catechin and (-)-epicatechin . An important group of phenolic 

compounds in grapes and wine are catechins. In individual form, the following catechins are 

mainly found (Table 1; Brown J., et al.,2006 ). 
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Table 1. Catechins of grape origin 

Flavanols R3 R1 R2 

(+)-catechin H OH H 

(-)-Epicatechin H H OH 

(+)-Gallocatechin OH OH H 

(-)-Epigallocatechin OH H OH 

    

 

                         

(+)-Catechin C 15 H 14 O 6 (-)-Epicatechin C 15 H 14 O 6 

 

                                   

(+)-Gallocatechin C 15 H 14 O 7 (-)-Epigallocatechin C 15 H 14 O 7 
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A significant part of grape flavonoids is made up of catechins . At present, catechins and 

their polymerization products are well studied among phenolic compounds. Catechins are 

colorless crystalline compounds. Methods for determining catechins are based on the presence 

of a phenolic oxy-group in their molecule, which gives qualitative reactions characteristic of 

phenolic compounds. It has been shown that catechins, when interacting with vanillin in a 

strongly acidic environment, give a pink color, and with ferric chloride - blue. In grapes and 

in products of its processing, catechins are found both in free and bound forms ( Kishkovsky 

Z.N., 1976 ). 

The content of catechins in different varieties of the grapevine “Vitis vinifera” was 

investigated. It was found that the qualitative composition of catechins in different parts of the 

grapevine is different , namely: all parts of the grapevine contain (+)-catechin, (±)-catechin is 

contained in the pith, skin, bract, stem, and is not included in the composition of the root. (±)-

gallocatechin is included in the pith, bract, and skin, (+)-epicatechin gallate is a component of 

the pith, skin, and leaf. Other studies by scientists are consistent with the above results. Grape 

juice contains insignificant amounts of catechins, but as a result of processing with the Durdo 

enzymatic system, the amount of catechins increases sharply ( Durmishidze S.V., 1954, 1955, 

1958; Марх А.Т., 1969 ). 

Catechins in grapes are present in the following proportions: (+)-catechin-50-100 mg/kg; 

(-)-gallocatechin-250-200 mg/kg; (+)-epicatechin gallate-40-500 mg/kg. The quantitative and 

qualitative composition of catechins in Rkatsiteli grape variety has been investigated. In 

particular, the following catechins were determined from the grape skin, skin and seeds during 

the period of full maturity: (+)-gallocatechin, (- )-epicatechin, (+)-catechin , (-)-epicatechin 

gallate ( Durmishidze  S. Khachidze O. , 1979; 1985; Gelashvili Н.Н., и др. 1970 ). 
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catechins have a pronounced bitter taste . Under the influence of oxidizing enzymes and 

as a result of heat treatment, the taste of catechins becomes soft and not sharp, with a pleasant 

bitterness , which is characteristic of high-quality wines ( Durmishidze S. V. , 1955). 

It has been established that the amount of catechins decreases during the wine 

maturation process ; in addition, ( ± ) -gallocatechin decreases at the first stage of heat 

treatment . During 15 days of maturation, (+)- catechin decreases , and after 20 days and nights, 

only (-)- gallocatechin and (+)- catechin remain in the wine ( Nutsubidze N.N., 1956 ). 

According to the authors, the same catechins were found in dry red table wines made 

from Cabernet Sauvignon and Saperavi fermented on durdo as in grapes , except for (-)- 

epicatechin gallate. The amount of catechins in these wines was 247-250 mg / l . In those made 

according to the Kakhetian method , it was 600 mg / l ( Valujko G. G., 1973) . 

The amount of free catechins in wine decreases during the aging process, and in old 

wines their amount is completely absent. The same is confirmed by the data of other authors. 

In French wines, the amount of free catechins is up to 50-100 mg / l , while in wines aged for 

3-4 years, there are no free catechins at all ( Durmishidze S. V. , 1955; Ribero-Gayon J. and 

others 1980). 

According to the currently available literature data, the main catechins in grapes are : 

(+)- catechin , (-)- epicatechin , (+)- gallo catechin , (-)- gallo catechin , (-)- epicatechin gallate. 

The qualitative composition and quantitative content of phenolic compounds in wines made 

in Kakhetian style in qvevri from autochthonous grape varieties of Georgia Velo, Tetri 

Rkatsiteli and Tsiteli Saperavi, have been studied . The following compounds were identified 

in wine made from Rkatsiteli grapes : (+)-catechin (32.6 mg/l), (-)-epicatechin (58.6 mg/l), (-)-

gallocatechin (43.7 mg/l), in wine made from Saperavi grapes (+)-catechin (115.4 mg/l), (-)-

epicatechin (29.5 mg/l), (-)-gallocatechin (174.4 mg/l) (Singleton VLet all.,1969; Shalashvili* 

A. et al. 2012 ). 
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It is known that grape seeds are the richest in polyphenols among the hard parts of 

grapes. American scientists have established that (+)-catechin, (-)-epicatechin and (-)-

epicatechin gallate ( Edelmann A. et al., 2001; McDonald MS et al., 1998 ). 

The difference in catechins contained in grape seed and grape skin tannins has been 

established. In particular, (+)-catechin , (-)-epicatechin predominate in grape skin tannins, 

while (-)-epigallocatechin, (+)-catechin predominate in grape skin tannins ( Valujko G.G.,1973 

) . 

Flavonols. Flavonols are the most numerous and widespread group of flavonoids in the 

plant kingdom. They are yellow compounds. The flavonol group is a group of 2-phenyl-3-

dihydroxychromone derivatives. They are distinguished from flavones by the presence of C3 

hydroxyl groups. Representatives of this subclass are quercetin, morin, and myricetin. When 

discussing the structure of flavonoids, the main attention is paid to this subclass, since they are 

the most studied flavonoids with electron-donating properties ( Brown JEet al.,2006 ). 

Flavonols in grapes and wine are mainly present in the form of quercetin, myricetin, and 

kaempferol. 

 

 

                                         

Quercetin C 15 H 10 O 7 Myricetin C 15 H 10 O 8 
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Kaempferol C 15 H 10 O 6 

 

 

Quercetin-3-glucoside was first discovered in white grapes , and then kaempferol, 

myricetin and their glycosides were discovered. The main flavonol in grapes is quercetin-3-

glucoside (isoquercitrin), the amount of which is 56-58% of the total amount of flavonols. In 

different grape varieties, flavonols are present in the form of glycosides and the main aglycones 

- quercetin, kaempferol, myricetin, isorhamnetin. Phyllium was isolated from various parts of 

grapevines distributed in Georgia and both aglycones and glycosides of flavonols were 

identified: kaempferol, kaempferol-3-glucoside (astragalin), quercetin, quercetin-3-

rhamnoside (quercitrin), quercetin-3-glucoside (isoquercetin), quercetin-3-rutinoside (rutin), 

quercetin-3-glucuronide, myricetin, myricetin-3-glucoside ( Durmishidze  S. Khachidze O. , 

1979, 1985; Edelmann A. et al., 2001; Valuyko G.G., 1973 ). 

Red Spanish wines made from Tempranillo, Graziano, Cabernet Sauvignon and Merlot 

grapes contain flavonols: myricetin-3-0-glucuronide 1.57-4.69 mg/l, quercetin-3-0-

glucuronide 1.3-8.5 mg/l, myricetin 1.33-3.15 mg/l, quercetin 1.88-6.90 mg/l, kaempferol-3-0-

glucoside (not present in Merlot) - 1.23-2.03 mg/l; quercetin -3-0-galactoside was found only 

in Cabernet Sauvignon - 1.05 mg/l. Myricetin-3-glucoside, quercetin-3-glucoside, rutin , 

myricetin, quercetin, hesperidin, and kaempferol have been identified in wines (Sun Y. et 

al.,2007; Yustesen U. Et al.,1998). 

The quercetin content of Georgian table red wines made from Saperavi grapes varies -

depending on the region and ranges from 0.9 to 2.78 mg/l. The total flavonol content of wines 

made from the Kakhetian Rkatsiteli grape variety in different regions of Kakheti is 22.0 to 42.0 

mg/l. Red wines made in different countries contain 0.16 to 1.77 mg/l of quercetin and 0.18 to 

2.20 mg/l of myricetin, while the total flavonol content of red wines 

(quercetin+myricetin+kaempferol+isoramnetin) is: Cabernet Sauvignon (Chile) - 58.4 ± 4.0 

mg/l; Pinot (California) - 30.2 ± 0.6 mg/l; Merlot (Chile) - 25.2 ± 1.2 mg / l; Biojolais (France) - 
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9.9 ± 0.9 mg / l; white wine Riesling (Australia) contains 1.7 ± 0.2 mg / l of the above-mentioned 

flavonols, while in other white wines they are not observed (Bezhuashvili M. and others, 2005; 

GrozierA. GrozierA.,,et al.,2000; Daniel O.et al.,1999). 

It has been established that red grape varieties contain more flavonols than white 

varieties, and at the same time, the content of flavonols in different parts of the grape differs 

from one another. It has been found that all the hard parts of the grape contain quercetin, 

quercitrin and isoquercitrin. Two aglycones - quercetin and myricetin, glucosides - quercitrin, 

isoquercitrin and myricetin-3-glucoside were found in the skin of Saperavi and Matrasa grapes. 

Glucosidic flavonols were isolated in the skin of red grapes : kaempferol-3-glucoside, 

myricetin-3-glucoside-15%, quercetin-3-glucoside-50%, quercetin-3-glucoside-30%. The 

quantitative content of flavonol aglycones and glucosides in red and white wines was 

determined ( Ribereau - Gayon P. , 1964; Bokuchava M. et al., 1971; Sturua Z. et al., 1971; 

Rodopulo A., 1971 ). 

Flavonols were identified in wines made from Saperavi grapes and aged in Kakhetian 

qvevri: kaempferol (13.2 mg/l), quercetin (11.2 mg/l), rutin (2.6 mg/l) (Shalashvili A. et al., 

2012). 

Alcoholic fermentation of grape must is the main stage in the production of Kakhetian 

and Imeretian-type wines, which is characterized by the enrichment of wine materials with 

phenolic compounds - in natural form and their transformation products. Phenolic compounds 

accumulate in the process of alcoholic fermentation both in natural and transformed forms. 

The effect of wine yeasts on flavonols was studied and the path of flavonol transformation was 

identified ( Shoniya T. Bezhuashvili M. et al., 2006, 2008,2009). 

The study was conducted on white wines, specifically two white grape varieties were 

used: “Arinto” and “Muscatel”. The “Arinto” variety showed higher concentrations of 

quercetin-3-glucoside and kaempferol-3-glucoside than the “Muscatel” variety ( Alexandros 

D.et al.,2005 ) . 

 



11 
 

Individual representatives of flavonols have been identified in red wines produced from 

several red grape varieties in different countries (see Table 2). 

 

 

Table 2. Flavonol content (mg/100ml) in red wines 

Grape variety Country Year Quercetin Myricetin Kaempferol 

Cabernet 

Sauvignon 

Australia 1994 1.73 1.76 0.21 

,,-------,, ,,-------,, 1995 1.59 1.00 - 

,,-------,, Bulgaria 1995 0.16 0.29 - 

,,-------,, Chile 1994 1.77 1.80 - 

,,-------,, France 1992 0.69 1.49 - 

,,-------,, ,,-------,, 1994 1.24 2.20 - 

,,-------,, Spain 1993 0.76 1.52 - 

,,-------,, USA 1994 0.93 1.23 - 

Agiorgitiko Greece 1994 0.84 0.47 - 

Merlot Chile 1994 1.28 1.82 0.13 

,,-------,, France 1994 1.41 1.52 0.08 

Pinot Noir ,,-------,, 1991 0.25 0.18 - 

Nebiol Italy 1990 0.90 0.47 - 

,,-------,, ,,-------,, 1992 0.60 0.25 - 

Sangiovese ,,-------,, 1994 0.60 0.52 0.08 

,,-------,, ,,-------,, 1995 0.71 0.52 - 

Tempranillo Spain 1993 0.17 0.46 - 

Mixture France 1992 0.91 1.72 - 

 

Flavones. Flavones are found in plants both as aglycones and as glycosides. More than 40 

aglycones of flavones are known today, the main ones being: apigenin, luteolin, tricin. 

Apigenin and luteolin have been found in grapes as glycosides of flavones. 
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          Luteolin C 15 H 10 O 6                                                                         Apigenin C 15 O 10 O 5 

 

 

Flavones form glycosides of the O and C types, this latter being more characteristic of 

them than of other flavonoids. Among the O-glycosides of flavones, the most important are 7-

0-glycosides and 7-0-rutinosides; 5-diglucosides are also known ( Durmishidze  S. Khachidze

 O. , 1979 ). 

Saperavi, Rkatsiteli, Marsala and other grape varieties (leaves, shoots, annual stem, 

stamens, inflorescence, grape skin, claret), luteolin-glucoside was identified. An apigenin 

derivative was also found in grapes ( Durmishidze  S. Khachidze O. , 1985 ). 

Proanthocyanidins. Proanthocyanidins (leuco anthocyanins) or flavan-3-4-diols are 

important phenolic components. These compounds have a great influence on the quality of 

wine both from an organoleptic point of view and from a therapeutic and prophylactic value. 

Proanthocyanidins are a source of condensed tannins. Proanthocyanidins form anthocyanidins 

when heated in an acidic environment in the presence of oxygen. Low-molecular procyanidins 

have less pronounced tanning properties and do not stain proteins. With an increase in the 

degree of polymerization of proanthocyanidins, their tanning properties increase. Dimeric, 

trimeric, tetrameric and polymeric forms of proanthocyanidins are found in red wine , among 

which the polymeric form predominates. The amount of leucoanthocyanins in table wines 

made from Saperavi grapes distributed in the Kakheti region is: 1.72-2.65 g/l. The minimum - 

 



13 
 

1.72 g/l was recorded in the wine materials of the Akhmeta region, and the minimum - 2.65 

g/l in the wine materials of the Khashmi microdistrict ( Kvlividze D. , Bezhuashvili M. , 2005 

). 

Five different dimers have been isolated from red wine: B1 , B2 , B3 , B4 , B5 , and two 

trimers. These dimers and trimers represent condensed catechins and epicatechins ( Weinges 

K. et al.,1971; Powell H. et al.,1987; Santos-Buelga C.et al.,2000 ). 

 

 

Basic structure of proanthocyanidin: R1, R2=H (propelargonidin); R1=H, R2=OH (procyanidin); 

R1,R2=OH (prodelphinidin) 
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Structure of some A, B, C type proanthocyanidin dimers and trimers 

 
1 – В1 : R 1 =OH; R 2 =H; R 3 =H; R 4 =OH; В2 : R 1 =OH; R 2 =H; R 3 =OH; R 4 =H; В3 : R 1 =H; R 2 =OH; R 3 

=H; R 4 =OH; В4 : R 1 =H; R 2 =OH; R 3 =OH; R 4 =H; 

2 – B5 : R 1 =OH; R 2 =H; R 3 =H; R 4 =OH; B6 : R 1 =H; R 2 =OH; R 3 =OH; R 4 =H; B7 : R 1 =H; R 2 =OH; R 3 

=H; R 4 =OH; B8 : R 1 =H; R 2 =OH; R 3 =H; R 4 =OH; 

3 – C1 : R 1 =OH; R 2 =H; C 2 : R 1 =H; R 2 =OH; 

4 – A2 
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red grape varieties common in Georgia contain both oligomeric and polymeric 

proanthocyanidins. Their amounts are as follows: Saperavi dry wine: oligomeric-988 mg/l, 

polymeric-3200 mg/l; Cabernet dry wine: oligomeric-892 mg/l, polymeric-2050 mg/l; 

Otskhanuri Sapere dry wine: oligomeric-992 mg/l, polymeric-3000 mg/l; Ojaleshi naturally 

sweet wine: oligomeric-044 mg/l, polymeric-1455 mg/l; Aladasturi dry wine: oligomeric-364 

mg/l, polymeric-1950 mg/l; Alexandroupoli naturally sweet wine: oligomeric-807 mg/l, 

polymeric-1235 mg/l; Mujuretuli naturally sweet wine: oligomeric-972 mg/l, polymeric-1365 

mg/l; Chkhaveri pink wine: oligomeric-936 mg/l, polymeric-1200 mg/l ( Vepkhishvili N., 

Vezhuashvili M. et al. 2010 ). 

It has been established that in red wines made from technical grape varieties, oligomeric 

proanthocyanidins are significantly lower than polymeric proanthocyanidins, while in wines 

made from direct-producing hybrid forms, the opposite is true. The same authors presented 

this difference as an indicator of varietal purity in Georgian red wines, and the ratio K=opc/ppc 

represents an indicator of varietal purity of red wines made from technical varieties ( 

Bezhuashvili M., Deisadze I. et al., 2008 ). 

Oligomeric proanthocyanidins are water-soluble substances. They undergo hydrolysis in 

acidic and alkaline environments. During the alcoholic fermentation process, they are 

intensively extracted from the skins and localized in the wine material. Scientists have 

investigated the amount of polymeric and oligomeric proanthocyanidins and catechins 

transferred from the hard parts of grapes (seeds, skins, and claret) to red wine as a result of 

fermentation. The concentration of proanthocyanidins and the range of polymer content were 

investigated in the seeds and skins of the Cabernet Sauvignon grape variety grown in Australia 

and in Shiraz wine ( SunB. Et al., 1999; Hanlin R. Et al.,2011 ). 

made from Saperavi grapes distributed in the regions of Kakheti is: 1.72-2.65 g/l, the 

minimum - 1.72 g/l was recorded in the wine material of the Akhmeta region, and the 

38 
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maximum - 2.65 g/l in the wine material of the Khashmi microdistrict ( Kvlividze D. , 

Bezhuashvili M. , 2005 ). 

Oligomeric proanthocyanidins were determined in Spanish, French and some American 

red wines; in Spanish (Tempranillo - from the 1995 harvest) dimeric proanthocyanidins - 83.77 

mg/l, trimeric - 26.98 mg/l, tetrameric - 21.17 mg/l; in French (Cabernet Sauvignon from the 

1997 harvest) dimeric - 214.60 mg/l, trimeric - 30.17 mg/l, tetrameric - 42.42 mg/l; In American 

(Château-Chateaunet from the 1997 harvest) dimeric - 27.90 mg/l, trimeric - 11.14 mg/l, 

tetrameric - 5.38 mg/l ( Sánchez -Moreno C.et al.,2003 ). 

determining proanthocyanidins in Spanish red wine, only the dimeric B 1 and B 2 forms 

were detected in the following amounts: in Tempranillo B 1 -7.10±0.08 mg/l, B 2 -7.40±0.13 

mg/l; in Graziano B 1 -15.96± 0.02 mg/l, B 2 -17.5±0.95 mg/l; in Cabernet B 1 -11.21±0.56 mg/l, 

B 2 -15.31±0.28 mg/l; in Merlot B 1 -4.96±0.07 mg/l, B 2 -6.97±0.13 mg/l ( Monagas M . Et al.,2005 

). 

American scientists have established that grape seeds also contain a large amount of 

dimeric flavan-3-ols, which are called proanthocyanidins. The latter are slowly broken down 

by acid hydrolysis to form cyanidins. Five dimer proanthocyanidins have been isolated from 

red wine: (B1, B2, B3, B4, B5) and two trimers. These dimers and trimers are condensed 

products of catechin and epicatechin ( Valuyko G., 1973; Su T., et al., 1969; Weinges K. Et al., 

1971 ). 

The study of the biological activity of phenolic compounds is a current research 

direction. Due to the rich phenolic composition of grapes and wine, studies in this direction 

have added considerable importance to the scientific foundations of winemaking. 

The study of the biological activity of flavonoids began in the 1930s. However, interest 

in flavonoids continues to this day. For a long time, it was believed that the biological activity 

of phenolic compounds lies in their antioxidant activity and that they have the ability to react 

with free radicals, which manifest themselves under conditions of oxidative stress. Recently, 

it has been established that flavonoids can influence signaling processes that occur in living 
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systems due to the specific action of proteins that perform regulatory functions. The high 

antioxidant activity of phenolic compounds is widely used in practice for the prevention and 

treatment of diseases (Benthsath A., 1936; Middleton E.,2000; Willcox JK,2004; Soobrattee 

MA,2005; Stevenson DE, 2007; Khavinson V. Kh.,2003; Singh M.,2008). 

According to the literature, flavonoids have the ability to react with free radicals. This 

property is of great interest, since it is the basis of the antioxidant activity of phenolic 

compounds. As a rule, the action of flavonoids on free radicals proceeds rapidly, resulting in 

the inactivation of radicals. It is believed that when interacting with radicals, a phenolic 

substance can act as a proton donor (1) or as an electron donor (2) (Kostyuk V. A. and others, 

2004, Seyoum A., 2006; Kandaswami C. et al., 1994; Wright JS, 2001). 

PhOH+R ● PhO ● +_RH (1) 

PhO ‾ PhO ● +e ‾ (2) 

Which reaction will proceed depends on the structure of the flavonoid, the nature of the 

free radical, and the conditions of the reaction. In both cases, the initial flavonoid is 

transformed into the same intermediate product (PHO ● ), which is called the phenoxy radical. 

It is a highly unstable compound that is rapidly transformed into various derivatives of the 

initial flavonoid or enters a new cycle of oxidation-reduction reactions. The reactivity of the 

phenoxy radical, the structure of the products into which the initial flavonoid has passed, is 

also determined by the nature of the initial flavonoid itself and the conditions of the reaction. 

Flavonoid oxidation intermediates that contain a catechol group and one extra electron in their 

structure are called semiquinones, while those that contain two electrons are called quinones, 

respectively ( Jovanovic SV, 1994 ; Fiorucci S., 2007). 

The spectrum of radicals with which flavonoids can interact is quite wide. Flavonoids 

are able to react with both organic and inorganic free radicals. The inorganic group includes 

the interaction of nitrogen dioxide and superoxide anion with hydroxyl radical. These 

compounds are formed in large quantities when the functioning of oxidative metabolism 
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enzymes is disrupted, which can lead to a fatal outcome for the entire organism (Kostyuk V. 

et all.,1989; Wilms LC,2008; Papa S. Et al.,1997). 

the superoxide anion-radical reaction of flavonoids is currently considered to be well 

established. Its essence (3) is as follows: 

 

PHO ‾ +O 2 ●  PHO ● +O 2 2‾ (3) 

 

It has been found that the most effective superoxide scavengers are the flavonols rutin and 

quercetin. These substances have a free catechol group in the B ring, and as scientists indicate, 

the reaction with the superoxide anion radical occurs precisely at the expense of hydroxyl 

groups (Jovanovic SV, 1994). 

Flavonoid oxidation occurs in both plants and animals. For plants, this process is an 

important stage for normal growth and development. For example, flavonoid oxidation is 

observed during seed ripening. As a result, polymeric compounds are formed on the surface of 

the seed coat, which causes its coating to darken and at the same time reduces water 

permeability. The oxidative transformation of flavonoids consumes intracellular oxygen and 

water, which protects the seeds from damage. This fact is very important when conducting 

selection work. The use of plants with a high content of flavonoids can contribute to the 

production of varieties that differ in a long storage period of seed material. Flavonoid oxidation 

in plants occurs not only under normal, but also under stressful conditions. During the 

development of fungal and bacterial infections, a high level of quercetin oxidation is observed, 

resulting in the formation of 3,4-dihydroxybenzoic acid, which has fungicidal and bactericidal 

activity. Physiological damage to plant tissue causes the process of oxidative degradation of 

flavonoids, which prevents the development of early infections. It is noteworthy that during 

the development of roots, on the surface of cells that actively interact with the environment, 

there is a significant amount of phenols that protect plants from pathogens. The protective 
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properties of flavonoids and their oxidized derivatives are manifested not only by binding 

pathogens, phenolic substances participate in the utilization of the active form of excess 

oxygen. The path of development of phenolic substances and the possibilities of detecting their 

biological activity are still the basis for active discussion today (Pourcel L.,2007; Egley 

GH,1985; Bailly C.,2004; Aziz NH,1998; Walker JR Et all., 1998; Rahman M. Et all.,2005; Feeny 

PP,1974; Walle T.,2004). 

Until now, it was believed that flavonoids limit the development of oxidative stress by 

accompanying redox reactions. By similar mechanisms, they increase the stability of many 

biologically important compounds, such as ascorbic acid and carotenoids. It has been 

established that flavonoids are distinguished by antiallergic, anticarcinogenic , antiviral and 

anti-inflammatory properties (Clemetson CAet all.,1966; Korkina LG,2008). 

Flavonoids in plants perform ecological functions - antiradiation and antibacterial. 

Quercetin is characterized by antimicrobial effect, antiviral and antioxidant activity, 

cardioprotective and antiplatelet activity (Stavric B.,1994; Vrijsen R.et al.,1998; Бежуашвили 

М.Г. и др.2005; Conquer YA et al.,1998; Takahama U., 1985; Pace-Asciak CRet all.,1995). 

Red wines have higher antioxidant activity than white wines, which is due to the 

difference in the qualitative and quantitative composition of phenolic compounds. One study 

found that among South African wines, “Pinotage” wine stands out, which has a unique 

phenolic profile and, therefore, is characterized by optimal antioxidant activity while 

maintaining good organoleptic properties ( De Beer, D. et al., 2003 ). 

Changes in conventional and organic wines during 7-month storage were studied. The 

content of polyphenols and free radicals was determined. The most variable component in red 

wine during storage was found to be anthocyanins, as the content of anthocyanins decreased 

significantly in conventional and organic wines during storage. In contrast to other studies, 

the total concentration of phenolic compounds in conventional and organic red and white 

wines was not related to antioxidant activity. No significant difference in antioxidant activity 

was observed in red wine between organic and conventional wines, but at the same time, a 
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significant difference in antioxidant activity was observed between conventional and organic 

white wines ( Zafrilla P.et al.,2003 ). 

Six white wines and two red Greek wines were evaluated for their ability to inhibit low-

density lipoprotein oxidation. All red wines were found to have higher antioxidant activity 

and total phenolics than white wines. 

Young and aged wines were also compared. Young wines differ from aged wines in 

relevant components, indicating that oxidative aging in barrels may affect the antioxidant 

potential of wines. All of these active wine fractions are rich in phenolic acids and flavonols ( 

Alexandros D.et al.,2005 ). 

A number of studies have been conducted on red, white and rosé wines in Europe and 

America to assess their antioxidant capacity, but this is the first study on South African wines. 

The free radical scavenging potential of the red wines Pinotage and Merlot was highest (15-

15) and Cabernet Ruby was lowest (13). In the lipid peroxidation assay, Merlot and Cabernet 

Ruby had the highest and lowest activity, respectively (75-55). The white grape wine 

"Chardonnay" showed the highest (1.1-70) and "Chenin Blanc" the lowest (0.8-38) activity in 

the free radical and lipid peroxidation test, while "Sauvignon Blanc" and "Colombard" wines 

had intermediate antioxidant activity (0.9-49), (0.9-40) (102,104-107 - De Beer D. et al., 2003, 

2005; Campos A. et al.,1996; Simonetti P. et al.,1997; Landrault N. et al.,2001 ). 

Flavonoids are natural antioxidants found in fruits, vegetables, wine, tea, and other foods. 

Flavonoids have been shown to reduce the oxidation of low-density lipoproteins, which can 

lead to a reduced risk of blood clots. Scientists have studied the effects of quercetin, 

kaempferol, myricetin, apigenin, and luteolin on the human body, particularly on the risk of 

coronary heart disease. The study subjects were men aged 65 to 84 who consumed 259 mg of 

flavonoids daily in the form of tea, onions, and apples. Of the 693 subjects, 38 had a myocardial 

infarction. An experiment found that regular consumption of foods rich in flavonoids reduces 

the risk of death from coronary heart disease in older people, even after controlling for weight, 

http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Zafrilla%20P%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
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tobacco and coffee consumption, cholesterol, blood pressure, and physical activity (108 - 

Bertelli AF,1995 ). 

The biological activity of flavonols, flavones and anthocyanins, their antioxidant 

properties and positive role in reducing the oxidation of lipoproteins have been established. 

Quercetin , kaempferol, myricetin, apigenin and luteolin protect the human body from blood 

clots and cholesterol and reduce the risk of heart disease even in conditions of high blood 

pressure. Most diseases are caused by the excess of oxygen on the tissue . In this case, some 

flavonoids, e.g. quercetin and silibinin, effectively protect cells and tissues from the harmful 

effects of oxygen. Their antioxidant properties are manifested by binding free radicals and 

other intermediate oxidants. The antioxidant activity of pH-dependent forms of anthocyanins 

in Georgian red wine made from Saperavi was determined in in vitro experiments as the degree 

of inhibition of malondialdehyde formation in human blood ( Bezhuashvili M. G. et al., 2005 

). 

The authors' studies showed that the consumption of quercetin and catechins reduces 

the development of atherosclerosis in mice, which is due to a reduced sensitivity to lipoprotein 

oxidation. The studies showed that flavonoids in red wine - natural antioxidants - inhibit the 

oxidation of low-density lipoprotein. As a result of this experiment, the oxidation of low-

density lipoprotein decreased by 45%. In healthy people who consumed 400 ml of red wine 

per day, the degree of oxidation of low-density lipoprotein significantly decreased for 2 weeks. 

As a result of studies conducted in Chile in 2002, scientists determined the effect of 

quercetin, myricetin and catechin gallate on glucose transport. Simple and facilitated glucose 

transporters are membrane proteins that are responsible for the transport of hexoses across the 

plasma membrane. One such transporter is the so-called "GLUTU". The translocation of the 

latter across the plasma membrane is regulated by insulin. When there are abnormalities - 

accumulation of fat in the abdominal area, in this case, the disruption of insulin-induced 

signaling leads to the translocation of "GLUTU" and the associated disruption of glucose 

metabolism. The positive effect of the above-mentioned flavonoids on the transport activity of 
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"GLUTU" was established by model experiments. Researchers from the University of 

California studied the inhibitory effects of (-)-epicatechin, (+)-catechin, and dimeric 

procyanidins on NF-κB-mediated T cell activity. Wine flavonoids were identified as 

peroxynitrite scavengers. Three main types of free radical reactions occur in the human body: 

in the blood vessels, in the intestine, and in the subcellular space. The main pathway is the 

same in all three cases, but the initiating processes and participating antioxidants are different. 

The intravascular reaction is initiated by plasma ONOO and the radical. The radical is formed 

on the surface of low-density lipoproteins and the process is catalyzed by metal-containing 

(Fe, Cu) plasma proteins. Flavonoids in this process exhibit high antioxidant activity in the 

form of free radical oxidation. Red wine containing flavonoids, about 1 glass per day, reduces 

oxidative processes by 50% in in vitro experiments. Plasma triglycerides and radicals increase 

during the period of eating. Flavonoids (0.5 g/day) cause an antioxidant effect in the intestines, 

which is 5-10 times higher than the antioxidant effect of vitamins C and E. It has been proven 

through nutrition that red wine and flavonoids significantly reduce postprandial oxidative 

stress inside the blood vessels. 

The bactericidal effect of red wine was investigated, for which its antimicrobial effect 

was compared with bismuth salicylate. The purpose of this experiment was to explain the 

legendary reputation of wine as a digestive system regulator. Researchers in Northern 

California determined the relationship of the risk of coronary heart disease to red and white 

wines. The trial was conducted in hospitalized conditions on 934 men and women. The 

predominant positive effect of red wine on heart disease was established in both sexes ( Weisse 

MEet al.,1995; Klatsky A. Et al.,1997 ). 

According to a number of scientists, the cardioprotective effect of red wine is mainly due 

to the antioxidant activity of resveratrol and quercetin ( Constant J.,1997; Jarret.N.et al.,1997; 

Grande l.et al.,1997 ). 

Studies conducted in France have shown that the risk of breast cancer is limited by the 

consumption of red wine (4 liters per month) ( Viel J et al., 1997 ). 

47 
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, which confirms the medicinal and nutritional values of wine, demonstrate without any doubt 

the medicinal effect of wine in reducing the risk of cardiovascular diseases, carcinogenesis, 

diabetes, mental illnesses, the development of metabolic syndrome, improving bone strength, 

protecting against asthma attacks and other diseases. 

Based on the literature, a large number of studies have been clearly demonstrated, which 

are devoted to the so-called "French paradox" phenomenon, which, in addition to its 

nutritional value, gives red wine a large and diverse therapeutic load. The dose established by 

scientists is considered to be 200-300 ml of red wine per day for a healthy male, and 100-200 

ml for healthy women ( Lugasi A.et al.,1997; Kondo K.et al.,1994; De Rijke YBet al.,1995; 

Frankel ENet al.,1993 ). 

In vitro studies from the Department of Medicine at the University of Western Australia 

have shown that red wine, and in particular the phenolic acids isolated from wine, have 

significant antioxidant activity (Abu-Amsha-Caccetta R.,2001; Caccetta RA,2000). 

Studies show that regular consumption of certain plant-based products reduces the 

development of atherosclerosis and atherothrombosis in humans. These studies were 

conducted in 1985 in the Netherlands. 805 men aged 65 to 84 years participated in them, who 

were followed for 5 years. The authors tried to answer the question of whether the use of 

vegetables, fruits, and beverages containing flavonoids (quercetin, kaempferol, myricetin, 

apigenin, luteolin) in food affects the risk of coronary heart disease and myocardial infarction. 

It turned out that in addition to the risk of developing coronary heart disease, the risk of death 

from coronary heart disease was significantly higher with a daily intake of up to 19 mg of 

flavonoids than with a daily intake of more than 30 mg of flavonoids. I.e. A relatively high 

level of flavonoid consumption reduces the risk of developing these diseases. Studies have 

shown the importance of flavonoids in the prevention of cardiovascular diseases (Maslova L.N., 

2007). 

Plant-derived phenolics have been reported to have various biological effects, including 

antioxidant , anticarcinogenic, anti-inflammatory, and antimicrobial activities. In particular, 
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some phenolic compounds, such as resveratrol, quercetin, and a number of phenolic acids, 

have been reported to inhibit various pathogenic organisms. In addition, there are studies on 

the antimicrobial activities of wine and wine extracts on pathogenic microorganisms ( Chan 

MMY. , 2002; Daroch F. , 2001; Feringa HHH, 2011) 

Grape skin and seed extracts have great potential in cancer prevention and are being 

studied in this direction. A growing number of epidemiological studies and human controlled 

trials have linked the widespread consumption of grapes, grape juice, and wine to improved 

health, specifically the risk of cardiovascular disease, type 2 diabetes, various types of cancer, 

and other chronic complications ( Mellen P., et al., 2010; Kar P ., et al.,2009; Castilla P., Dávalos 

A., et al., 2008; Castilla P.,Echarri R., et al., 2006; Brooker S., et al., 2006; Preuss HG, et al., 

2000 ). 

Flavonoids have diverse pharmacological actions in the central and peripheral nervous 

systems. However, flavonoids can exert even more diverse actions on cellular signaling 

mechanisms, for example, the green tea polyphenol (-)-epigallocatechin-3-gallate, which can 

exert multiple effects on intracellular life ( BASTIANETTO S., et al., 2000; JIANG F., et al., 

2003; (MANDEL S., et al., 2003 ). 

Nutrients such as vitamin E, vitamin D, green tea and wine polyphenols have been 

shown to inhibit the proliferation of prostate cancer cells in cell lines. Polyphenols may have 

anti- proliferative effects. They may prevent the spread of prostate cancer ( Romero I., Paez 

A., Ferruelo A., lujan M. Berenguer A. 2002 ). 

Due to the versatile biological activity of bioflavonoids, they can be used in cosmetic 

products as a means for sensitive skin, anti- cellulite, anti-premature aging, etc. ( Локацкая . 

2007 ). 

Bioflavonoids are widely distributed substances in plant tissue. The antioxidant and 

antimicrobial activity of flavonoids has been demonstrated . The important role of flavonoids 

in diseases such as cardiovascular diseases, cancer, various inflammatory processes and allergic 

diseases has been confirmed . Flavonoids have been investigated for their antioxidant activity 

http://www.ncbi.nlm.nih.gov/pubmed?term=Daroch%20F%5BAuthor%5D&cauthor=true&cauthor_uid=11297014
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during lipid oxidation, in particular, in low-density lipoproteins and liposomes. In addition to 

antioxidant properties, bioflavonoids are characterized by antiallergic activity. Quercetin, 

rutin, cyanidin are distinguished by the most pronounced antiallergic activities. Bioflavonoids 

are also characterized by anti-inflammatory properties, they inhibit inflammatory processes ( 

Yao, L. et al., 2004; Ferguson, PJ et al.,2004; Havsteen, B., 1983; Lyons-Wall, PM et al., 1997; 

Ma, TE et al., 2004; Moon, YJ et al., 2006; Duan, XW et al., 2007). 

Scientists have determined that the following individual substances exhibit P-vitamin 

activity: rutin, quercetin, isoquercetin , (+)-catechin, (-)-gallocatechin, unoxidized wine 

tannin, and anthocyanins ( Edelmann A., Diewok J., Schuster K. S. , Lendl. V. , 2001; Cossins 

E. , Lee R., Packer L., 1998 ). 

The effects of quercetin, myricetin, kaempferol, apigenin and luteolin on the human 

body have been studied. In particular, their role in preventing the risk of death from coronary 

heart disease has been established. The antioxidant and antitumor activity of quercetin and 

kaempferol is known. The effects of quercetin and its metabolites in the body on non-cellular 

liver extracts have been studied. It has been confirmed that their biological activity depends 

on the distribution and concentration of quercetin in plasma ( Hertog MGL, 1995; Day AJ, Bao 

Y., A Morgan MR, Williamson G. 2000). 

It has been proven that the consumption of quercetin and catechins reduces the 

development of atherosclerosis in mice, which is due to a decrease in the oxidation of 

lipoproteins. It has also been proven that catechins can prevent Fe ++ and Gu ++ lipid -

peroxidation in low-density lipoproteins. Catechins restore blood microcirculation, improve 

the elasticity of blood vessels, have hypocholesterolemic and antiatherosclerotic effects. The 

P-vitamin activity of catechins at equal concentrations is 2 times greater than that of rutin. 

Catechins increase the resistance of the walls of blood-carrying arteries, thereby promoting 

the absorption of ascorbic acid by the body ( Cossins E., Lee R., Packer L., 1998 ). 
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Research Objective: The research objective was to determine the variability of flavonoids in 

the red grape wine grape variety Chkhaveri under conditions of vineyard soil treatment with 

a biostimulant. 

               Research objects. The research objects were biostimulant-treated and untreated grape 

skins taken from the Chkhaveri vineyard, a red grape wine grape variety grown in the village 

of Zemo Bakhvi, Ozurgeti district, western Georgia. 

            Research methods. We treated the soil of the Chkhaveri vineyard with a biostimulant 

in the spring of 2023. We harvested grapes from both the control and experimental variants 

during the period of technical ripeness. 

We determined the sugar content in Chkhaveri grape juice using a special hydrometer. We 

separated the grape skin from the grape seeds, dried it at room temperature, crushed it and 

used it to determine proanthocyanidins, total phenols, catechins, and anthocyanins. We 

determined the total phenols in the grape skin using the Folin-Chocolate reagent by 

spectrophotometric method. The determination was carried out at a wavelength of 700 

nanometers (Sederi, Datunashvili, 1970). Phenolic substances were extracted from the grape 

skin by hot extraction with ethyl alcohol. Anthocyanins were extracted from the grape skin 

by hot extraction with 80% ethyl alcohol acidified with hydrochloric acid. The determination 

was carried out at a wavelength of 520 nm. Catechins were determined spectrophotometrically 

at a wavelength of 500 nm according to the appropriate method (Valuiko G., 1973). The total 

amount of flavonols was determined by converting to quercetin, spectrophotometrically at a 

wavelength of 415 nm ( Anda Patanela Crosi, 2009) . The concentrations of the above 

substances were calculated using special calibration curves. 
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Research results. 

 

Table. Variation of flavonoids in Chkhaveri grape skins as a result of bioactivator treatment 

 

N Flavonoids Control-unprocessed Processed 

1 
Common phenolic compounds 

- % 

5.2 6.9 

2 
Oligomeric proanthocyanidins - % 0.7 0.9 

3 
Polymeric proanthocyanidins 

- % 

4.5 6.0 

4 Catechins - % 0.5 0.7 

5 Flavonols - % 0.11 0.15 

6 
Common coloring substances 

- % 

3.2 4.5 

 

The sugar concentration in the juice of Chkhaveri grapes grown on soil not treated with 

a biostimulant was 18%, and in soil treated with a biostimulant, it was 20%. The variation in 

the total concentrations of compounds representing bioflavonoids was observed to be of 

different magnitudes. The results obtained convinced us to continue research in this direction. 

Therefore, in 2024, we increased the options for biostimulant treatment and, accordingly, the 

objects of research. We are conducting research to determine the variability of biologically 

active flavonoids and non-flavonoid phenolic compounds in Chkhaveri grapes in relation to 

the biostimulant. 
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