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Abstract. Winery by-products represent a potential source of bioactive polyphenols. In this study, 
polyphenol-rich extracts were obtained from grape pomace and leaves of two indigenous Georgian white 
cultivars, Mtsvane Kakhuri and Khikhvi; and their phenolic composition and biological activities were 
evaluated. Pomace extracts showed higher total phenolic and flavonoid contents (TPC up to 84.32 mg 
GAE/g dw; TFC up to 37.94 mg QE/g dw) than leaf extracts. Antioxidant activity, assessed using DPPH, 
ORAC, and DCFH-DA assays, was stronger in pomace samples (DPPH IC50 37.42-43.75 μg/mL; ORAC 
up to 1.5 μmol TE/mg). The extracts moderately inhibited nitric oxide production without detectable 
toxicity at tested concentrations. These results indicate that Georgian grapevine by-products are promising 
sources of polyphenols with antioxidant and anti-inflammatory potential. © 2026 Bull. Natl. Acad. Sci. 
Georg. 
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Introduction 

Viticulture and winemaking constitute a major sec- 
tor of the global agro-industrial system. According 
to the International Organization of Vine and Wine 
(OIV), the global vineyard area currently covers 
approximately 7.1 million hectares (2024-2025) 
(International Organization of Vine and Wine, 
2025). The expansion of vineyard cultivation and 
wine production is associated with the generation of 
substantial amounts of residues, including leaves, 
shoots, seeds, skins, stems, and grape pomace, the 

latter consisting of approximately 50% skins, 25% 
seeds, and 25% pulp (Di Lorenzo et al., 2023). 
Globally, around 20 million tons of grapevine-
related residues are produced annually (Kojić & 
Prodanović, 2024; Ratto et al., 2025). A significant 
proportion of these by-products remains underu- 
tilized, contributing to environmental challenges 
such as soil and water contamination and greenhouse 
gas emissions (Evtuguin et al., 2023; Georgiev & 
Yankova, 2021). However, grapevine residues 
represent a valuable source of bioactive compounds, 
particularly polyphenols (flavonoids, stilbenes, 
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phenolic acids, and tannins). During winemaking, 
only 30-40% of total polyphenols are transferred into 
wine, whereas 60-70% remain in solid residues 
(Constantin et al., 2024; Di Lorenzo et al., 2023). 
These compounds have been reported to exhibit 
antioxidant, anti-inflammatory, cytotoxic, cardio- 
protective and neuroprotective properties, suppor- 
ting their potential application in pharmaceutical and 
nutraceutical fields (Kojić & Prodanović, 2024; 
Olszowy, 2019). Georgia, recognized as one of the 
primary centers of grapevine domestication and 
characterized by remarkable genetic diversity (more 
than 525 identified cultivars, predominantly 
indigenous) (Mittova et al., 2026; Sargolzaei et al., 
2021), represents a unique platform for investigating 
the phytochemical profile and biological potential of 
grapevine by-products. In 2024, national wine 
production reached approximately 2.4 million 
hectoliters, reflecting steady sectoral development 
(Georgian Wine Association, n.d.; National Wine 
Agency Georgia, n.d.). Among indigenous white 
cultivars, Mtsvane Kakhuri and Khikhvi are widely 
cultivated in the Kakheti region, generating 
considerable amounts of leaves and pomace during 
vineyard management and winemaking (Georgian 
Wine Association, n.d.; National Wine Agency 
Georgia, n.d.). Despite this diversity and production 
scale, systematic studies on the preparation of 
polyphenol-rich extracts from Georgian grapevine 
by-products, particularly leaves and pomace, remain 
limited. Therefore, the present study evaluates the 
phenolic composition and antioxidant and anti-
inflammatory activities of extracts obtained from 
these materials, providing a scientific basis for their 
further valorization. 

 
Materials and Methods 

Chemicals. Methanol and ethanol (analytical 
grade) were obtained from Scharlau (Spain). The 
Folin–Ciocalteu reagent, DPPH, AAPH, DCFH-
DA, tert-butyl hydroperoxide, lipopolysaccharide 
(LPS), N(G)-nitro-L-arginine methyl ester (L-
NAME), and dimethyl sulfoxide (DMSO) were 

purchased from Sigma-Aldrich (Germany). Gallic 
acid, quercetin, cyanidin-3-glucoside chloride, 
Trolox, and ascorbic acid were used as reference 
standards for spectrophotometric and antioxidant 
assays. Hanks’ Balanced Salt Solution (HBSS) and 
RAW 264.7 murine macrophages were obtained 
from commercial suppliers. All reagents were of 
analytical grade and used without further 
purification. 

Plant material. Grapevine leaves and grape 
pomace were obtained from two indigenous 
Georgian white cultivars, Vitis vinifera L. cv. 
Mtsvane Kakhuri and cv. Khikhvi, cultivated in the 
Kakheti wine-growing region (Alvani village, 
eastern Georgia). Grape pomace was collected in 
October 2025, three weeks after grape pressing and 
completion of alcoholic fermentation performed 
according to the traditional Kakhetian method 
(fermentation in contact with solid parts). The 
material was dried in a temperature-controlled oven 
at ≤45°C. Grapevine leaves were collected in July 
2025 after the completion of the flowering stage 
and air-dried in a well-ventilated area at room 
temperature (18-23°C). Prior to extraction dried 
samples were finely ground. 

Extraction. Ultrasound-assisted extraction (UAE) 
was applied to grapevine leaves and grape pomace. 
Dried materials were ground (leaves: 1.5-2.0 mm; 
pomace: 0.3-0.5 mm) and extracted with 70% etha- 
nol (1:20 w/v) at 60°C for 30 min in an ultrasonic 
bath (40 kHz). The process was performed in two 
consecutive cycles to improve extraction effici- 
ency. Filtrates were combined and used for subse- 
quent analyses. All samples were extracted under 
identical conditions. 

Determination of total phenolic content. The 
total phenolic content of the extracts was 
determined spectrophotometrically using the Folin-
Ciocalteu method (Singleton & Rossi, 1965). 
Absorbance was measured at 765 nm with a UV-
Vis spectrophotometer (I9, Hanon Instruments, 
China). Results were expressed as milligrams of 
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gallic acid equivalents per gram of dry weight (mg 
GAE/g dw).  

Determination of total flavonoid content. Total 
flavonoids were determined using the aluminum 
chloride spectrophotometric method (Ferioli et al., 
2020). After incubation with aluminum chloride 
reagent, absorbance was measured at 425 nm. 
Quantification was performed using a quercetin 
calibration curve (10-50 μg/mL; R2 = 0.9957), and 
results were expressed as mg quercetin equivalents 
per gram of dry weight (mg QE/g dw). All measu- 
rements were carried out in triplicate. 

Determination of total anthocyanin content. 
Total anthocyanin content was determined using 
the pH differential method (Shen et al., 2020). 
Absorbance was measured at 520 and 700 nm with 
a UV-Vis spectrophotometer. Results were expre- 
ssed on a dry weight basis as milligrams of cyani- 
din-3-glucoside equivalents per gram of dry mate- 
rial (mg C3G/g dw). 

 
Antioxidant Activity Assays 

DPPH radical scavenging assay. Free radical 
scavenging activity was evaluated using the DPPH 
method (Blois, 1958). Sample solutions were 
mixed with DPPH reagent and incubated in the dark 
for 60 min at room temperature. Absorbance was 
measured at 517 nm, and IC50 values were calcu- 
lated from concentration-response curves and 
expressed in μg/mL. 

Oxygen radical absorbance capacity (ORAC) 
assay. The ORAC assay was performed using 
AAPH-generated peroxyl radicals and a fluorescent 
probe as previously described (Dufour et al., 2007; 
Ou et al., 2001). Measurements were conducted in 
black 384-well microplates at 37.5°C using a fluo- 
rescence microplate reader. Extracts and Trolox 
standards were prepared at multiple concentrations 
in dimethyl sulfoxide. Antioxidant capacity was 
calculated from the net area under the fluorescence 

decay curve and expressed as μmol Trolox equiva- 
lents per milligram of extract (μmol TE/mg). 

Cellular Antioxidant Activity (DCFH-DA Assay). 
Cellular antioxidant activity was evaluated in WS1 
human skin fibroblasts using the DCFH-DA assay 
(Dufour et al., 2007; Grenier et al., 2021). Cells 
(10,000 cells/well) were seeded in 96-well plates 
and incubated for 24 h at 37°C (5% CO₂). After 
loading with DCFH-DA (5 μM), cells were treated 
with extracts and exposed to tert-butyl hydrope- 
roxide (200 μM) to induce oxidative stress. Fluo- 
rescence was measured (Ex 485 nm, Em 530 nm), 
and results were expressed as IC50 values for the 
inhibition of DCFH oxidation relative to untreated 
control. 

Anti-inflammatory activity assay. Anti-infla- 
mmatory activity was assessed by evaluating the 
inhibition of nitric oxide (NO) production in LPS-
stimulated RAW 264.7 murine macrophages 
(Dufour et al., 2007; Ou et al., 2001; Oueslati et al., 
2012). After treatment with different concentra- 
tions of extracts, nitrite accumulation in culture 
supernatants was quantified using the Griess reac- 
tion, and absorbance was measured at 540 nm. 
Nitrite levels were calculated from a sodium nitrite 
standard curve. L-NAME was used as a positive 
control. Results were expressed as percentage inhi- 
bition relative to LPS-treated cells and as IC50 
values. 

Statistical analysis. All experiments were perfor- 
med in triplicate and results are expressed as mean 
± standard deviation (SD). Statistical analysis was 
conducted using one-way ANOVA followed by 
Tukey’s post hoc test (SigmaStat 4.0). Diffe- 
rences were considered statistically significant at 
p < 0.05. 

 
Results and Discussion 

The investigated Georgian grapevine by-products 
represent a meaningful reservoir of polyphenolic 
constituents, with grape pomace generally showing 
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a richer phenolic profile than leaves. This trend is 
plausible, as pomace consists of the solid winery 
fraction (skins/seeds/pulp residues) in which a 
substantial portion of polyphenols remains even 
after fermentation and pressing (Di Lorenzo et al., 
2023). Notably, Khikhvi pomace exhibited the 
highest TPC (84.32 mg GAE/g dw), exceeding that 
of Mtsvane Kakhuri (73.45 mg GAE/g dw), indica- 
ting cultivar-dependent variability even among 
white grape varieties. 

 
Table 1. Total phenolic (TPC), flavonoid (TFC), and 
anthocyanin (TAC) contents of grape pomace and 
leaves extracts (cv. Mtsvane Kakhuri and cv. Khikhvi) 

Samples TPC (mg 
GAE/g) 

TFC (mg 
QE/g) 

TAC (mg 
C3GE/g) 

Pomace - 
Mtsvane 
Kakhuri 

73.45 ± 1.31 31.33 ± 0.83 0.947 ± 0.07 

Pomace - 
Khikhvi 84.32 ± 1.54 37.94 ± 0.97 1.031 ± 0.12 

Leaves - 
Mtsvane 
Kakhuri 

47.75 ± 0.68 17.13 ± 0.43 0.318 ± 0.02 

Leaves - 
Khikhvi 56.23 ± 1.22 19.52 ± 0.5 0.505 ± 0.04 

Values are expressed on a dry weight (dw) basis as mean 
± standard deviation (n = 5).  

 
Since the investigated cultivars are white grape 

varieties, their phenolic content was expected to be 
lower than that typically reported for red cultivars, 
in which pigmented tissues are known to accumu- 
late higher levels of extractable polyphenols 
(Samah et al., 2012; Tatanashvili et al., 2025). This 
tendency is consistent with our previous findings, 
where Saperavi (a red Georgian cultivar) seeds 
exhibited a TPC of 121.43 ± 0.21 mg GAE/g dw 
(Tatanashvili et al., 2025), exceeding the values 
observed in the present white pomace samples. 
Nevertheless, the relatively high TPC values 
recorded for Khikhvi and Mtsvane Kakhuri pomace 
(>70 mg GAE/g dw) indicate that these white 
cultivars also represent considerable phenolic 
sources. Because antioxidant activity may vary 
depending on the reaction mechanism and assay 
system, multiple complementary models were 

applied (Huang et al., 2005). Antioxidant potential 
was evaluated using DPPH radical scavenging, 
ORAC (peroxyl radical-based kinetic assay), and a 
cell-based oxidative stress model (DCFH-DA). 

 
Table 2. Antioxidant activity of grape pomace and 
leaf extracts (cv. Mtsvane Kakhuri and cv. Khikhvi) 

Samples DPPH 
(μg/mL) 

ORAC 
(μmol /mg) 

DCFH-DA 
(μg/mL) 

Ascorbic acid 3.0 ± 0.2 - - 
Trolox - 5.3±0.5 - 
Quercetin - - 0.49 ± 0.05 
Pomace - 
Mtsvane 
Kakhuri 

43.75 ± 0.93 0.9 ± 0.1 53.0 ± 0.3 

Pomace - 
Khikhvi 37.42 ± 0.81 1.5 ± 0.3 49.0 ± 0.3 

Leaves - 
Mtsvane 
Kakhuri 

69.86 ± 1.23 0.2 ± 0.1 70.0 ± 0.5 

Leaves - 
Khikhvi 61.13 ± 1.18 0.6 ± 0.1 77.0 ± 0.6 

Values are expressed as mean ± standard deviation (n = 5). 
 
Khikhvi pomace, which showed the highest 

TPC and TFC, also exhibited the strongest antioxi- 
dant activity (DPPH IC50 = 37.42 μg/mL; ORAC = 
1.5 μmol TE/mg), whereas leaf extracts with lower 
phenolic content demonstrated weaker effects (Ta- 
ble 2). The inverse relationship between DPPH 
IC50 values and phenolic concentration supports the 
contribution of flavonoids and related polyphenols 
to hydrogen- and electron-transfer mechanisms. 
However, the smaller differences observed in the 
ORAC assay indicate that antioxidant capacity is 
influenced not only by total phenolic content but 
also by structural characteristics and synergistic 
interactions among phenolic subclasses. The cellu- 
lar antioxidant assay (DCFH-DA) showed a similar 
trend, although with less pronounced differences 
between samples. This suggests that intracellular 
antioxidant effects depend not only on chemical 
reactivity but also on membrane permeability, 
cellular stability, and interactions with endogenous 
defense systems, highlighting the multifactorial 
nature of phenolic action.  
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Table 3. Anti-inflammatory activity of grape pomace 
and leaf extracts (cv. Mtsvane Kakhuri and cv. 
Khikhvi)  

Samples IC50  
(μg/mL) 

Inhibition 
maximum 
nontoxic 

concentration 
(%) 

Toxicity 
μg/mL  
(>20% 

mortality) 

L-NAME  
(250 μM) - 58 ± 0.7 - 

L-NAME  
(1 mM) - 78 ± 0.4 - 

Pomace - 
Mtsvane 
Kakhuri 

> 160 21.2 ± 0.2 ND 

Pomace - 
Khikhvi > 160 16.3 ± 0.14 ND 

Leaves - 
Mtsvane 
Kakhuri 

> 160 45.7 ± 0.5 ND 

Leaves - 
Khikhvi > 160 40.1 ± 0.3 ND 

Values are expressed as mean ± standard deviation  
(n = 5). L-NAME: N(G)-nitro-L-arginine methyl ester. 
ND: not detected 

 
In contrast to antioxidant effects, the anti-nfla- 

mmatory activity was moderate. Although the IC50 
values exceeded 160 μg/mL, leaf extracts produced 
measurable NO inhibition at non-toxic concen- 
trations (up to 45.7% for Mtsvane Kakhuri leaves). 

Interestingly, this effect did not strictly parallel 
TPC levels, suggesting that specific phenolic sub- 
classes ‒ rather than the total quantity ‒ may be 
responsible for modulation of inflammatory 
signaling. 

 
Conclusion 

The present study demonstrates that grape pomace 
and leaf by-products of two Georgian white 
cultivars (cv. Mtsvane Kakhuri and cv. Khikhvi) 
are valuable sources of bioactive polyphenols. The 
pomace extracts showed higher phenolic and 
flavonoid contents, corresponding to stronger 
antioxidant activity in chemical and cell-based 
assays. The extracts moderately inhibited nitric 
oxide production without detectable toxicity. These 
findings highlight the biological potential of 
Georgian grapevine by-products and support their 
further development as nutraceutical or functional 
ingredients. 
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	Abstract. Winery by-products represent a potential source of bioactive polyphenols. In this study, polyphenol-rich extracts were obtained from grape pomace and leaves of two indigenous Georgian white cultivars, Mtsvane Kakhuri and Khikhvi; and their phenolic composition and biological activities were evaluated. Pomace extracts showed higher total phenolic and flavonoid contents (TPC up to 84.32 mg GAE/g dw; TFC up to 37.94 mg QE/g dw) than leaf extracts. Antioxidant activity, assessed using DPPH, ORAC, and DCFH-DA assays, was stronger in pomace samples (DPPH IC50 37.42-43.75 μg/mL; ORAC up to 1.5 μmol TE/mg). The extracts moderately inhibited nitric oxide production without detectable toxicity at tested concentrations. These results indicate that Georgian grapevine by-products are promising sources of polyphenols with antioxidant and anti-inflammatory potential. © 2026 Bull. Natl. Acad. Sci. Georg.
	Keywords: grapevine leaves, grape pomace, polyphenols, antioxidant activity, anti-inflammatory activity
	Introduction
	Viticulture and winemaking constitute a major sec-tor of the global agro-industrial system. According to the International Organization of Vine and Wine (OIV), the global vineyard area currently covers approximately 7.1 million hectares (2024-2025) (International Organization of Vine and Wine, 2025). The expansion of vineyard cultivation and wine production is associated with the generation of substantial amounts of residues, including leaves, shoots, seeds, skins, stems, and grape pomace, the latter consisting of approximately 50% skins, 25% seeds, and 25% pulp (Di Lorenzo et al., 2023). Globally, around 20 million tons of grapevine-related residues are produced annually (Kojić & Prodanović, 2024; Ratto et al., 2025). A significant proportion of these by-products remains underu-tilized, contributing to environmental challenges such as soil and water contamination and greenhouse gas emissions (Evtuguin et al., 2023; Georgiev & Yankova, 2021). However, grapevine residues represent a valuable source of bioactive compounds, particularly polyphenols (flavonoids, stilbenes, phenolic acids, and tannins). During winemaking, only 30-40% of total polyphenols are transferred into wine, whereas 60-70% remain in solid residues (Constantin et al., 2024; Di Lorenzo et al., 2023). These compounds have been reported to exhibit antioxidant, anti-inflammatory, cytotoxic, cardio-protective and neuroprotective properties, suppor-ting their potential application in pharmaceutical and nutraceutical fields (Kojić & Prodanović, 2024; Olszowy, 2019). Georgia, recognized as one of the primary centers of grapevine domestication and characterized by remarkable genetic diversity (more than 525 identified cultivars, predominantly indigenous) (Mittova et al., 2026; Sargolzaei et al., 2021), represents a unique platform for investigating the phytochemical profile and biological potential of grapevine by-products. In 2024, national wine production reached approximately 2.4 million hectoliters, reflecting steady sectoral development (Georgian Wine Association, n.d.; National Wine Agency Georgia, n.d.). Among indigenous white cultivars, Mtsvane Kakhuri and Khikhvi are widely cultivated in the Kakheti region, generating considerable amounts of leaves and pomace during vineyard management and winemaking (Georgian Wine Association, n.d.; National Wine Agency Georgia, n.d.). Despite this diversity and production scale, systematic studies on the preparation of polyphenol-rich extracts from Georgian grapevine by-products, particularly leaves and pomace, remain limited. Therefore, the present study evaluates the phenolic composition and antioxidant and anti-inflammatory activities of extracts obtained from these materials, providing a scientific basis for their further valorization.
	Materials and Methods
	Chemicals. Methanol and ethanol (analytical grade) were obtained from Scharlau (Spain). The Folin–Ciocalteu reagent, DPPH, AAPH, DCFH-DA, tert-butyl hydroperoxide, lipopolysaccharide (LPS), N(G)-nitro-L-arginine methyl ester (L-NAME), and dimethyl sulfoxide (DMSO) were purchased from Sigma-Aldrich (Germany). Gallic acid, quercetin, cyanidin-3-glucoside chloride, Trolox, and ascorbic acid were used as reference standards for spectrophotometric and antioxidant assays. Hanks’ Balanced Salt Solution (HBSS) and RAW 264.7 murine macrophages were obtained from commercial suppliers. All reagents were of analytical grade and used without further purification.
	Plant material. Grapevine leaves and grape pomace were obtained from two indigenous Georgian white cultivars, Vitis vinifera L. cv. Mtsvane Kakhuri and cv. Khikhvi, cultivated in the Kakheti wine-growing region (Alvani village, eastern Georgia). Grape pomace was collected in October 2025, three weeks after grape pressing and completion of alcoholic fermentation performed according to the traditional Kakhetian method (fermentation in contact with solid parts). The material was dried in a temperature-controlled oven at ≤45°C. Grapevine leaves were collected in July 2025 after the completion of the flowering stage and air-dried in a well-ventilated area at room temperature (18-23°C). Prior to extraction dried samples were finely ground.
	Extraction. Ultrasound-assisted extraction (UAE) was applied to grapevine leaves and grape pomace. Dried materials were ground (leaves: 1.5-2.0mm; pomace: 0.3-0.5mm) and extracted with 70% etha-nol (1:20w/v) at 60°C for 30min in an ultrasonic bath (40kHz). The process was performed in two consecutive cycles to improve extraction effici-ency. Filtrates were combined and used for subse-quent analyses. All samples were extracted under identical conditions.
	Determination of total phenolic content. The total phenolic content of the extracts was determined spectrophotometrically using the Folin-Ciocalteu method (Singleton & Rossi, 1965). Absorbance was measured at 765nm with a UV-Vis spectrophotometer (I9, Hanon Instruments, China). Results were expressed as milligrams of gallic acid equivalents per gram of dry weight (mg GAE/g dw). 
	Determination of total flavonoid content. Total flavonoids were determined using the aluminum chloride spectrophotometric method (Ferioli et al., 2020). After incubation with aluminum chloride reagent, absorbance was measured at 425nm. Quantification was performed using a quercetin calibration curve (10-50 μg/mL; R2 = 0.9957), and results were expressed as mg quercetin equivalents per gram of dry weight (mg QE/g dw). All measu-rements were carried out in triplicate.
	Determination of total anthocyanin content. Total anthocyanin content was determined using the pH differential method (Shen et al., 2020). Absorbance was measured at 520 and 700 nm with a UV-Vis spectrophotometer. Results were expre-ssed on a dry weight basis as milligrams of cyani-din-3-glucoside equivalents per gram of dry mate-rial (mg C3G/g dw).
	Antioxidant Activity Assays
	DPPH radical scavenging assay. Free radical scavenging activity was evaluated using the DPPH method (Blois, 1958). Sample solutions were mixed with DPPH reagent and incubated in the dark for 60 min at room temperature. Absorbance was measured at 517nm, and IC50 values were calcu-lated from concentration-response curves and expressed in μg/mL.
	Oxygen radical absorbance capacity (ORAC) assay. The ORAC assay was performed using AAPH-generated peroxyl radicals and a fluorescent probe as previously described (Dufour et al., 2007; Ou et al., 2001). Measurements were conducted in black 384-well microplates at 37.5°C using a fluo-rescence microplate reader. Extracts and Trolox standards were prepared at multiple concentrations in dimethyl sulfoxide. Antioxidant capacity was calculated from the net area under the fluorescence decay curve and expressed as μmol Trolox equiva-lents per milligram of extract (μmol TE/mg).
	Cellular Antioxidant Activity (DCFH-DA Assay). Cellular antioxidant activity was evaluated in WS1 human skin fibroblasts using the DCFH-DA assay (Dufour et al., 2007; Grenier et al., 2021). Cells (10,000 cells/well) were seeded in 96-well plates and incubated for 24 h at 37°C (5% CO₂). After loading with DCFH-DA (5 μM), cells were treated with extracts and exposed to tert-butyl hydrope-roxide (200 μM) to induce oxidative stress. Fluo-rescence was measured (Ex 485 nm, Em 530 nm), and results were expressed as IC50 values for the inhibition of DCFH oxidation relative to untreated control.
	Anti-inflammatory activity assay. Anti-infla-mmatory activity was assessed by evaluating the inhibition of nitric oxide (NO) production in LPS-stimulated RAW 264.7 murine macrophages (Dufour et al., 2007; Ou et al., 2001; Oueslati et al., 2012). After treatment with different concentra-tions of extracts, nitrite accumulation in culture supernatants was quantified using the Griess reac-tion, and absorbance was measured at 540nm. Nitrite levels were calculated from a sodium nitrite standard curve. L-NAME was used as a positive control. Results were expressed as percentage inhi-bition relative to LPS-treated cells and as IC50 values.
	Statistical analysis. All experiments were perfor-med in triplicate and results are expressed as mean ± standard deviation (SD). Statistical analysis was conducted using one-way ANOVA followed by Tukey’s post hoc test (SigmaStat 4.0). Diffe-rences were considered statistically significant at p<0.05.
	Results and Discussion
	The investigated Georgian grapevine by-products represent a meaningful reservoir of polyphenolic constituents, with grape pomace generally showing a richer phenolic profile than leaves. This trend is plausible, as pomace consists of the solid winery fraction (skins/seeds/pulp residues) in which a substantial portion of polyphenols remains even after fermentation and pressing (Di Lorenzo et al., 2023). Notably, Khikhvi pomace exhibited the highest TPC (84.32 mg GAE/g dw), exceeding that of Mtsvane Kakhuri (73.45 mg GAE/g dw), indica-ting cultivar-dependent variability even among white grape varieties.
	Table 1. Total phenolic (TPC), flavonoid (TFC), and anthocyanin (TAC) contents of grape pomace and leaves extracts (cv. Mtsvane Kakhuri and cv. Khikhvi)
	Values are expressed on a dry weight (dw) basis as mean ± standard deviation (n = 5). 
	Since the investigated cultivars are white grape varieties, their phenolic content was expected to be lower than that typically reported for red cultivars, in which pigmented tissues are known to accumu-late higher levels of extractable polyphenols (Samah et al., 2012; Tatanashvili et al., 2025). This tendency is consistent with our previous findings, where Saperavi (a red Georgian cultivar) seeds exhibited a TPC of 121.43 ± 0.21 mg GAE/g dw (Tatanashvili et al., 2025), exceeding the values observed in the present white pomace samples. Nevertheless, the relatively high TPC values recorded for Khikhvi and Mtsvane Kakhuri pomace (>70 mg GAE/g dw) indicate that these white cultivars also represent considerable phenolic sources. Because antioxidant activity may vary depending on the reaction mechanism and assay system, multiple complementary models were applied (Huang et al., 2005). Antioxidant potential was evaluated using DPPH radical scavenging, ORAC (peroxyl radical-based kinetic assay), and a cell-based oxidative stress model (DCFH-DA).
	Table 2. Antioxidant activity of grape pomace and leaf extracts (cv. Mtsvane Kakhuri and cv. Khikhvi)
	Samples
	DPPH
	(μg/mL)
	ORAC
	(μmol /mg)
	DCFH-DA
	(μg/mL)
	Ascorbic acid
	3.0 ± 0.2
	-
	-
	Trolox
	-
	5.3±0.5
	-
	Quercetin
	-
	-
	0.49 ± 0.05
	Pomace - Mtsvane Kakhuri
	43.75 ± 0.93
	0.9 ± 0.1
	53.0 ± 0.3
	Pomace - Khikhvi
	37.42 ± 0.81
	1.5 ± 0.3
	49.0 ± 0.3
	Leaves - Mtsvane Kakhuri
	69.86 ± 1.23
	0.2 ± 0.1
	70.0 ± 0.5
	Leaves - Khikhvi
	61.13 ± 1.18
	0.6 ± 0.1
	77.0 ± 0.6
	Values are expressed as mean ± standard deviation (n = 5).
	Khikhvi pomace, which showed the highest TPC and TFC, also exhibited the strongest antioxi-dant activity (DPPH IC50 = 37.42 μg/mL; ORAC = 1.5 μmol TE/mg), whereas leaf extracts with lower phenolic content demonstrated weaker effects (Ta-ble 2). The inverse relationship between DPPH IC50 values and phenolic concentration supports the contribution of flavonoids and related polyphenols to hydrogen- and electron-transfer mechanisms. However, the smaller differences observed in the ORAC assay indicate that antioxidant capacity is influenced not only by total phenolic content but also by structural characteristics and synergistic interactions among phenolic subclasses. The cellu-lar antioxidant assay (DCFH-DA) showed a similar trend, although with less pronounced differences between samples. This suggests that intracellular antioxidant effects depend not only on chemical reactivity but also on membrane permeability, cellular stability, and interactions with endogenous defense systems, highlighting the multifactorial nature of phenolic action. 
	Table 3. Anti-inflammatory activity of grape pomace and leaf extracts (cv. Mtsvane Kakhuri and cv. Khikhvi) 
	Samples
	IC50 (μg/mL)
	Inhibition maximum nontoxic concentration (%)
	Toxicity μg/mL (>20% mortality)
	L-NAME (250 μM)
	-
	58 ± 0.7
	-
	L-NAME (1 mM)
	-
	78 ± 0.4
	-
	Pomace - Mtsvane Kakhuri
	> 160
	21.2 ± 0.2
	ND
	Pomace - Khikhvi
	> 160
	16.3 ± 0.14
	ND
	Leaves - Mtsvane Kakhuri
	> 160
	45.7 ± 0.5
	ND
	Leaves - Khikhvi
	> 160
	40.1 ± 0.3
	ND
	Values are expressed as mean ± standard deviation (n = 5). L-NAME: N(G)-nitro-L-arginine methyl ester. ND: not detected
	In contrast to antioxidant effects, the anti-nfla-mmatory activity was moderate. Although the IC50 values exceeded 160 μg/mL, leaf extracts produced measurable NO inhibition at non-toxic concen-trations (up to 45.7% for Mtsvane Kakhuri leaves). Interestingly, this effect did not strictly parallel TPC levels, suggesting that specific phenolic sub-classes ‒ rather than the total quantity ‒ may be responsible for modulation of inflammatory signaling.
	Conclusion
	The present study demonstrates that grape pomace and leaf by-products of two Georgian white cultivars (cv. Mtsvane Kakhuri and cv. Khikhvi) are valuable sources of bioactive polyphenols. The pomace extracts showed higher phenolic and flavonoid contents, corresponding to stronger antioxidant activity in chemical and cell-based assays. The extracts moderately inhibited nitric oxide production without detectable toxicity. These findings highlight the biological potential of Georgian grapevine by-products and support their further development as nutraceutical or functional ingredients.
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[bookmark: OLE_LINK1]Abstract. Winery by-products represent a potential source of bioactive polyphenols. In this study, polyphenol-rich extracts were obtained from grape pomace and leaves of two indigenous Georgian white cultivars, Mtsvane Kakhuri and Khikhvi; and their phenolic composition and biological activities were evaluated. Pomace extracts showed higher total phenolic and flavonoid contents (TPC up to 84.32 mg GAE/g dw; TFC up to 37.94 mg QE/g dw) than leaf extracts. Antioxidant activity, assessed using DPPH, ORAC, and DCFH-DA assays, was stronger in pomace samples (DPPH IC50 37.42-43.75 μg/mL; ORAC up to 1.5 μmol TE/mg). The extracts moderately inhibited nitric oxide production without detectable toxicity at tested concentrations. These results indicate that Georgian grapevine by-products are promising sources of polyphenols with antioxidant and anti-inflammatory potential. © 2026 Bull. Natl. Acad. Sci. Georg.
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Introduction

Viticulture and winemaking constitute a major sec-
tor of the global agro-industrial system. According to the International Organization of Vine and Wine (OIV), the global vineyard area currently covers approximately 7.1 million hectares (2024-2025) (International Organization of Vine and Wine, 2025). The expansion of vineyard cultivation and wine production is associated with the generation of substantial amounts of residues, including leaves, shoots, seeds, skins, stems, and grape pomace, the latter consisting of approximately 50% skins, 25% seeds, and 25% pulp (Di Lorenzo et al., 2023). Globally, around 20 million tons of grapevine-related residues are produced annually (Kojić & Prodanović, 2024; Ratto et al., 2025). A significant proportion of these by-products remains underu-
tilized, contributing to environmental challenges such as soil and water contamination and greenhouse gas emissions (Evtuguin et al., 2023; Georgiev & Yankova, 2021). However, grapevine residues represent a valuable source of bioactive compounds, particularly polyphenols (flavonoids, stilbenes, phenolic acids, and tannins). During winemaking, only 30-40% of total polyphenols are transferred into wine, whereas 60-70% remain in solid residues (Constantin et al., 2024; Di Lorenzo et al., 2023). These compounds have been reported to exhibit antioxidant, anti-inflammatory, cytotoxic, cardio-
protective and neuroprotective properties, suppor-
ting their potential application in pharmaceutical and nutraceutical fields (Kojić & Prodanović, 2024; Olszowy, 2019). Georgia, recognized as one of the primary centers of grapevine domestication and characterized by remarkable genetic diversity (more than 525 identified cultivars, predominantly indigenous) (Mittova et al., 2026; Sargolzaei et al., 2021), represents a unique platform for investigating the phytochemical profile and biological potential of grapevine by-products. In 2024, national wine production reached approximately 2.4 million hectoliters, reflecting steady sectoral development (Georgian Wine Association, n.d.; National Wine Agency Georgia, n.d.). Among indigenous white cultivars, Mtsvane Kakhuri and Khikhvi are widely cultivated in the Kakheti region, generating considerable amounts of leaves and pomace during vineyard management and winemaking (Georgian Wine Association, n.d.; National Wine Agency Georgia, n.d.). Despite this diversity and production scale, systematic studies on the preparation of polyphenol-rich extracts from Georgian grapevine by-products, particularly leaves and pomace, remain limited. Therefore, the present study evaluates the phenolic composition and antioxidant and anti-inflammatory activities of extracts obtained from these materials, providing a scientific basis for their further valorization.



Materials and Methods

Chemicals. Methanol and ethanol (analytical grade) were obtained from Scharlau (Spain). The Folin–Ciocalteu reagent, DPPH, AAPH, DCFH-DA, tert-butyl hydroperoxide, lipopolysaccharide (LPS), N(G)-nitro-L-arginine methyl ester (L-NAME), and dimethyl sulfoxide (DMSO) were purchased from Sigma-Aldrich (Germany). Gallic acid, quercetin, cyanidin-3-glucoside chloride, Trolox, and ascorbic acid were used as reference standards for spectrophotometric and antioxidant assays. Hanks’ Balanced Salt Solution (HBSS) and RAW 264.7 murine macrophages were obtained from commercial suppliers. All reagents were of analytical grade and used without further purification.

Plant material. Grapevine leaves and grape pomace were obtained from two indigenous Georgian white cultivars, Vitis vinifera L. cv. Mtsvane Kakhuri and cv. Khikhvi, cultivated in the Kakheti wine-growing region (Alvani village, eastern Georgia). Grape pomace was collected in October 2025, three weeks after grape pressing and completion of alcoholic fermentation performed according to the traditional Kakhetian method (fermentation in contact with solid parts). The material was dried in a temperature-controlled oven at ≤45°C. Grapevine leaves were collected in July 2025 after the completion of the flowering stage and air-dried in a well-ventilated area at room temperature (18-23°C). Prior to extraction dried samples were finely ground.

Extraction. Ultrasound-assisted extraction (UAE) was applied to grapevine leaves and grape pomace. Dried materials were ground (leaves: 1.5-2.0mm; pomace: 0.3-0.5mm) and extracted with 70% etha-
nol (1:20w/v) at 60°C for 30min in an ultrasonic bath (40kHz). The process was performed in two consecutive cycles to improve extraction effici-
ency. Filtrates were combined and used for subse-
quent analyses. All samples were extracted under identical conditions.

Determination of total phenolic content. The total phenolic content of the extracts was determined spectrophotometrically using the Folin-Ciocalteu method (Singleton & Rossi, 1965). Absorbance was measured at 765nm with a UV-Vis spectrophotometer (I9, Hanon Instruments, China). Results were expressed as milligrams of gallic acid equivalents per gram of dry weight (mg GAE/g dw). 

Determination of total flavonoid content. Total flavonoids were determined using the aluminum chloride spectrophotometric method (Ferioli et al., 2020). After incubation with aluminum chloride reagent, absorbance was measured at 425nm. Quantification was performed using a quercetin calibration curve (10-50 μg/mL; R2 = 0.9957), and results were expressed as mg quercetin equivalents per gram of dry weight (mg QE/g dw). All measu-
rements were carried out in triplicate.

Determination of total anthocyanin content. Total anthocyanin content was determined using the pH differential method (Shen et al., 2020). Absorbance was measured at 520 and 700 nm with a UV-Vis spectrophotometer. Results were expre-
ssed on a dry weight basis as milligrams of cyani-
din-3-glucoside equivalents per gram of dry mate-
rial (mg C3G/g dw).



Antioxidant Activity Assays

DPPH radical scavenging assay. Free radical scavenging activity was evaluated using the DPPH method (Blois, 1958). Sample solutions were mixed with DPPH reagent and incubated in the dark for 60 min at room temperature. Absorbance was measured at 517nm, and IC50 values were calcu-
lated from concentration-response curves and expressed in μg/mL.

Oxygen radical absorbance capacity (ORAC) assay. The ORAC assay was performed using AAPH-generated peroxyl radicals and a fluorescent probe as previously described (Dufour et al., 2007; Ou et al., 2001). Measurements were conducted in black 384-well microplates at 37.5°C using a fluo-
rescence microplate reader. Extracts and Trolox standards were prepared at multiple concentrations in dimethyl sulfoxide. Antioxidant capacity was calculated from the net area under the fluorescence decay curve and expressed as μmol Trolox equiva-
lents per milligram of extract (μmol TE/mg).

Cellular Antioxidant Activity (DCFH-DA Assay). Cellular antioxidant activity was evaluated in WS1 human skin fibroblasts using the DCFH-DA assay (Dufour et al., 2007; Grenier et al., 2021). Cells (10,000 cells/well) were seeded in 96-well plates and incubated for 24 h at 37°C (5% CO₂). After loading with DCFH-DA (5 μM), cells were treated with extracts and exposed to tert-butyl hydrope-
roxide (200 μM) to induce oxidative stress. Fluo-
rescence was measured (Ex 485 nm, Em 530 nm), and results were expressed as IC50 values for the inhibition of DCFH oxidation relative to untreated control.

Anti-inflammatory activity assay. Anti-infla-
mmatory activity was assessed by evaluating the inhibition of nitric oxide (NO) production in LPS-stimulated RAW 264.7 murine macrophages (Dufour et al., 2007; Ou et al., 2001; Oueslati et al., 2012). After treatment with different concentra-
tions of extracts, nitrite accumulation in culture supernatants was quantified using the Griess reac-
tion, and absorbance was measured at 540nm. Nitrite levels were calculated from a sodium nitrite standard curve. L-NAME was used as a positive control. Results were expressed as percentage inhi-
bition relative to LPS-treated cells and as IC50 values.

Statistical analysis. All experiments were perfor-
med in triplicate and results are expressed as mean ± standard deviation (SD). Statistical analysis was conducted using one-way ANOVA followed by Tukey’s post hoc test (SigmaStat 4.0). Diffe-
rences were considered statistically significant at p<0.05.



Results and Discussion

The investigated Georgian grapevine by-products represent a meaningful reservoir of polyphenolic constituents, with grape pomace generally showing a richer phenolic profile than leaves. This trend is plausible, as pomace consists of the solid winery fraction (skins/seeds/pulp residues) in which a substantial portion of polyphenols remains even after fermentation and pressing (Di Lorenzo et al., 2023). Notably, Khikhvi pomace exhibited the highest TPC (84.32 mg GAE/g dw), exceeding that of Mtsvane Kakhuri (73.45 mg GAE/g dw), indica-
ting cultivar-dependent variability even among white grape varieties.



Table 1. Total phenolic (TPC), flavonoid (TFC), and anthocyanin (TAC) contents of grape pomace and leaves extracts (cv. Mtsvane Kakhuri and cv. Khikhvi)

		Samples

		TPC (mg GAE/g)

		TFC (mg QE/g)

		TAC (mg C3GE/g)



		Pomace - Mtsvane Kakhuri

		73.45 ± 1.31

		31.33 ± 0.83

		0.947 ± 0.07



		Pomace - Khikhvi

		84.32 ± 1.54

		37.94 ± 0.97

		1.031 ± 0.12



		Leaves - Mtsvane Kakhuri

		47.75 ± 0.68

		17.13 ± 0.43

		0.318 ± 0.02



		Leaves - Khikhvi

		56.23 ± 1.22

		19.52 ± 0.5

		0.505 ± 0.04





Values are expressed on a dry weight (dw) basis as mean ± standard deviation (n = 5). 



Since the investigated cultivars are white grape varieties, their phenolic content was expected to be lower than that typically reported for red cultivars, in which pigmented tissues are known to accumu-
late higher levels of extractable polyphenols (Samah et al., 2012; Tatanashvili et al., 2025). This tendency is consistent with our previous findings, where Saperavi (a red Georgian cultivar) seeds exhibited a TPC of 121.43 ± 0.21 mg GAE/g dw (Tatanashvili et al., 2025), exceeding the values observed in the present white pomace samples. Nevertheless, the relatively high TPC values recorded for Khikhvi and Mtsvane Kakhuri pomace (>70 mg GAE/g dw) indicate that these white cultivars also represent considerable phenolic sources. Because antioxidant activity may vary depending on the reaction mechanism and assay system, multiple complementary models were applied (Huang et al., 2005). Antioxidant potential was evaluated using DPPH radical scavenging, ORAC (peroxyl radical-based kinetic assay), and a cell-based oxidative stress model (DCFH-DA).



Table 2. Antioxidant activity of grape pomace and leaf extracts (cv. Mtsvane Kakhuri and cv. Khikhvi)

		Samples

		DPPH

(μg/mL)

		ORAC

(μmol /mg)

		DCFH-DA

(μg/mL)



		Ascorbic acid

		3.0 ± 0.2

		-

		-



		Trolox

		-

		5.3±0.5

		-



		Quercetin

		-

		-

		0.49 ± 0.05



		Pomace - Mtsvane Kakhuri

		43.75 ± 0.93

		0.9 ± 0.1

		53.0 ± 0.3



		Pomace - Khikhvi

		37.42 ± 0.81

		1.5 ± 0.3

		49.0 ± 0.3



		Leaves - Mtsvane Kakhuri

		69.86 ± 1.23

		0.2 ± 0.1

		70.0 ± 0.5



		Leaves - Khikhvi

		61.13 ± 1.18

		0.6 ± 0.1

		77.0 ± 0.6





Values are expressed as mean ± standard deviation (n = 5).



Khikhvi pomace, which showed the highest TPC and TFC, also exhibited the strongest antioxi-
dant activity (DPPH IC50 = 37.42 μg/mL; ORAC = 1.5 μmol TE/mg), whereas leaf extracts with lower phenolic content demonstrated weaker effects (Ta-
ble 2). The inverse relationship between DPPH IC50 values and phenolic concentration supports the contribution of flavonoids and related polyphenols to hydrogen- and electron-transfer mechanisms. However, the smaller differences observed in the ORAC assay indicate that antioxidant capacity is influenced not only by total phenolic content but also by structural characteristics and synergistic interactions among phenolic subclasses. The cellu-
lar antioxidant assay (DCFH-DA) showed a similar trend, although with less pronounced differences between samples. This suggests that intracellular antioxidant effects depend not only on chemical reactivity but also on membrane permeability, cellular stability, and interactions with endogenous defense systems, highlighting the multifactorial nature of phenolic action. 

Table 3. Anti-inflammatory activity of grape pomace and leaf extracts (cv. Mtsvane Kakhuri and cv. Khikhvi) 

		Samples

		IC50 
(μg/mL)

		Inhibition maximum nontoxic concentration (%)

		Toxicity μg/mL 
(>20% mortality)



		L-NAME 
(250 μM)

		-

		58 ± 0.7

		-



		L-NAME 
(1 mM)

		-

		78 ± 0.4

		-



		Pomace - Mtsvane Kakhuri

		> 160

		21.2 ± 0.2

		ND



		Pomace - Khikhvi

		> 160

		16.3 ± 0.14

		ND



		Leaves - Mtsvane Kakhuri

		> 160

		45.7 ± 0.5

		ND



		Leaves - Khikhvi

		> 160

		40.1 ± 0.3

		ND





Values are expressed as mean ± standard deviation 
(n = 5). L-NAME: N(G)-nitro-L-arginine methyl ester. ND: not detected



In contrast to antioxidant effects, the anti-nfla-
mmatory activity was moderate. Although the IC50 values exceeded 160 μg/mL, leaf extracts produced measurable NO inhibition at non-toxic concen-
trations (up to 45.7% for Mtsvane Kakhuri leaves). Interestingly, this effect did not strictly parallel TPC levels, suggesting that specific phenolic sub-
classes ‒ rather than the total quantity ‒ may be responsible for modulation of inflammatory signaling.



Conclusion

The present study demonstrates that grape pomace and leaf by-products of two Georgian white cultivars (cv. Mtsvane Kakhuri and cv. Khikhvi) are valuable sources of bioactive polyphenols. The pomace extracts showed higher phenolic and flavonoid contents, corresponding to stronger antioxidant activity in chemical and cell-based assays. The extracts moderately inhibited nitric oxide production without detectable toxicity. These findings highlight the biological potential of Georgian grapevine by-products and support their further development as nutraceutical or functional ingredients.
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მოქმნა ტოქსიკური ეფექტის გარეშე. მიღებული შედეგები ხაზს უსვამს ქართული ვაზის წარმოების ნარჩენების პოტენციალს, როგორც მრავალფუნქციური პოლიფენოლების წყაროს, რომლებიც შეიძლება მნიშვნელოვან როლს ასრულებდნენ ოქსიდაციური სტრესის მოდუ-
ლაციისა და ანთებითი პროცესების რეგულაციისა კონტექსტში, რაც საფუძველს ქმნის მათი შემდგომი შესწავლისათვის საკვები და სამედიცინო დანიშნულებით გამოყენების მიზნით.




References

Blois, M. S. (1958). Antioxidant determinations by the use of a stable free radical. Nature, 181(4617), 1199-1200. https://doi.org/10.1038/1811199a0

Constantin, O. E., Stoica, F., Rațu, R. N., Stănciuc, N., Bahrim, G. E., & Râpeanu, G. (2024). Bioactive components, applications, extractions, and health benefits of winery by-products from a circular bioeconomy perspective: A Review. Antioxidants, 13(1), 100. https://doi.org/10.3390/antiox13010100

Di Lorenzo, C., Bani, C., Mercogliano, F., Bosso, A., & Restani, P. (2023). Valorization of wine industry by-products: Characterization of phenolic profile and investigation of potential healthy properties. BIO Web of Conferences, 68, 04016. https://doi.org/10.1051/bioconf/20236804016

Dufour, D., Pichette, A., Mshvildadze, V., Bradette-Hébert, M.-E., Lavoie, S., Longtin, A., Laprise, C., & Legault, J. (2007). Antioxidant, anti-inflammatory and anticancer activities of methanolic extracts from Ledum groenlandicum Retzius. Journal of Ethnopharmacology, 111(1), 22–28. https://doi.org/10.1016/j.jep.2006.10.021

Evtuguin, D., Aniceto, J. P. S., Marques, R., Portugal, I., Silva, C. M., Serafim, L. S., & Xavier, A. M. R. B. (2023). Obtaining value from wine wastes: Paving the way for sustainable development. Fermentation, 10(1), 24. https://doi.org/10.3390/fermentation10010024

Ferioli, F., Giambanelli, E., & D’Antuono, L. F. (2020). Application of different analytical methods for the determination of phenols and antioxidant activity in hawthorn (Crataegus spp.) bud and sprout herbal extracts. Journal of Applied Botany and Food Quality, 1-10 Pages. https://doi.org/10.5073/JABFQ.2020.093.001

Georgian Wine Association. (n.d.-b). Georgian Wine Association. Retrieved https://gwa.ge/yurdznis-jishebi/

Georgiev, S., & Yankova, T. (2021). Economic, regional and social challenges in the transition towards a Green Economy, waste products from wine production and possible paths to a Green Economy. Plovdiv University Press.

Grenier, A., Legault, J., Pichette, A., Jean, L., Bélanger, A., & Pouliot, R. (2021). Antioxidant, anti-inflammatory, and anti-aging potential of a Kalmia angustifolia extract and identification of some major compounds. Antioxidants, 10(9), 1373. https://doi.org/10.3390/antiox10091373

Huang, D., Ou, B., & Prior, R. L. (2005). The chemistry behind antioxidant capacity assays. Journal of Agricultural and Food Chemistry, 53(6), 1841-1856. https://doi.org/10.1021/jf030723c

International Organization of Vine and Wine. (2025). World Wine Production Outlook, First Estimates 2025. International Organisation of Vine and Wine. https://www.oiv.int/sites/default/files/documents/OIV_2025_World_Wine_Production_Outlook.pdf 

Kojić, N., & Prodanović, R. (2024). By-Products of Wine Production in the Service of the Circular Economy. Journal of Agronomy, Technology and Engineering Management (JATEM), 7(6), 1245–1251. https://doi.org/10.55817/TPWZ4981

Mittova, V., Tsetskhladze, Z. R., Motsonelidze, N., Palumbo, R., & Roviello, G. N. (2026). Georgian grapes and wines as a source of phenolic compounds: Composition, antioxidant activity, and traditional winemaking. Molecules, 31(2), 303. https://doi.org/10.3390/molecules31020303

National Wine Agency Georgia. (n.d.). Retrieved https://wine.gov.ge

Olszowy, M. (2019). What is responsible for antioxidant properties of polyphenolic compounds from plants? Plant Physiology and Biochemistry, 144, 135–143. https://doi.org/10.1016/j.plaphy.2019.09.039

Ou, B., Hampsch-Woodill, M., & Prior, R. L. (2001). Development and validation of an improved oxygen radical absorbance capacity assay using fluorescein as the fluorescent probe. Journal of Agricultural and Food Chemistry, 49(10), 4619–4626. https://doi.org/10.1021/jf010586o

Oueslati, S., Ksouri, R., Falleh, H., Pichette, A., Abdelly, C., & Legault, J. (2012). Phenolic content, antioxidant, anti-inflammatory and anticancer activities of the edible halophyte Suaeda fruticosa Forssk. Food Chemistry, 132(2), 943–947. https://doi.org/10.1016/j.foodchem.2011.11.072

Ratto, D., Cavalloro, V., Tumminelli, E., Soffientini, I., Martino, E., Rossi, D., Collina, S., & Rossi, P. (2025). From waste to worth: Transforming winemaking residues into high-value ingredients. ACS Food Science & Technology, 5(11), 3956–3974. https://doi.org/10.1021/acsfoodscitech.5c00519

Samah, M. I., Soltan, S. S. A., Selim, K. A., & Ahmed, H. M. H. (2012). Phenolic compounds and antioxidant activity of white, red, black grape skin and white grape seeds.

Sargolzaei, M., Rustioni, L., Cola, G., Ricciardi, V., Bianco, P. A., Maghradze, D., Failla, O., Quaglino, F., Toffolatti, S. L., & De Lorenzis, G. (2021). Georgian grapevine cultivars: Ancient biodiversity for future viticulture. Frontiers in Plant Science, 12, 630122. https://doi.org/10.3389/fpls.2021.630122

Shen, M., Liu, K., Liang, Y., Liu, G., Sang, J., & Li, C. (2020). Extraction optimization and purification of anthocyanins from Lycium ruthenicum Murr. And evaluation of tyrosinase inhibitory activity of the anthocyanins. Journal of Food Science, 85(3), 696–706. https://doi.org/10.1111/1750-3841.15037

Singleton, V. L., & Rossi, J. A. (1965). Colorimetry of total phenolics with phosphomolybdic-phosphotungstic acid reagents. American Journal of Enology and Viticulture, 16(3), 144–158. https://doi.org/10.5344/ajev.1965.16.3.144

Tatanashvili, M., Jokhadze, M., Sivsivadze, K., Mshvildadze, V., Murtazashvili, T., Gokadze, S., Tushurashvili, P., Imnadze, N., & Bokuchava, N. (2025). Investigation of polyphenol composition and the bioactivities of shoots, seeds, and skins of Georgian Grape (Vitis vinifera L.) Varieties. Current Nutrition & Food Science, 21. https://doi.org/10.2174/0115734013400039250904104409

Received March, 2026


<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles true

  /AutoRotatePages /None

  /Binding /Left

  /CalGrayProfile (Dot Gain 20%)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)

  /sRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Error

  /CompatibilityLevel 1.4

  /CompressObjects /Tags

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.0000

  /ColorConversionStrategy /CMYK

  /DoThumbnails false

  /EmbedAllFonts true

  /EmbedOpenType false

  /ParseICCProfilesInComments true

  /EmbedJobOptions true

  /DSCReportingLevel 0

  /EmitDSCWarnings false

  /EndPage -1

  /ImageMemory 1048576

  /LockDistillerParams false

  /MaxSubsetPct 100

  /Optimize true

  /OPM 1

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo true

  /PreserveCopyPage true

  /PreserveDICMYKValues true

  /PreserveEPSInfo true

  /PreserveFlatness true

  /PreserveHalftoneInfo false

  /PreserveOPIComments true

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Preserve

  /UsePrologue false

  /ColorSettingsFile ()

  /AlwaysEmbed [ true

  ]

  /NeverEmbed [ true

  ]

  /AntiAliasColorImages false

  /CropColorImages true

  /ColorImageMinResolution 300

  /ColorImageMinResolutionPolicy /OK

  /DownsampleColorImages true

  /ColorImageDownsampleType /Bicubic

  /ColorImageResolution 300

  /ColorImageDepth -1

  /ColorImageMinDownsampleDepth 1

  /ColorImageDownsampleThreshold 1.50000

  /EncodeColorImages true

  /ColorImageFilter /DCTEncode

  /AutoFilterColorImages true

  /ColorImageAutoFilterStrategy /JPEG

  /ColorACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /ColorImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000ColorACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000ColorImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasGrayImages false

  /CropGrayImages true

  /GrayImageMinResolution 300

  /GrayImageMinResolutionPolicy /OK

  /DownsampleGrayImages true

  /GrayImageDownsampleType /Bicubic

  /GrayImageResolution 300

  /GrayImageDepth -1

  /GrayImageMinDownsampleDepth 2

  /GrayImageDownsampleThreshold 1.50000

  /EncodeGrayImages true

  /GrayImageFilter /DCTEncode

  /AutoFilterGrayImages true

  /GrayImageAutoFilterStrategy /JPEG

  /GrayACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /GrayImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000GrayACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000GrayImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasMonoImages false

  /CropMonoImages true

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /DownsampleMonoImages true

  /MonoImageDownsampleType /Bicubic

  /MonoImageResolution 1200

  /MonoImageDepth -1

  /MonoImageDownsampleThreshold 1.50000

  /EncodeMonoImages true

  /MonoImageFilter /CCITTFaxEncode

  /MonoImageDict <<

    /K -1

  >>

  /AllowPSXObjects false

  /CheckCompliance [

    /None

  ]

  /PDFX1aCheck false

  /PDFX3Check false

  /PDFXCompliantPDFOnly false

  /PDFXNoTrimBoxError true

  /PDFXTrimBoxToMediaBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXSetBleedBoxToMediaBox true

  /PDFXBleedBoxToTrimBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXOutputIntentProfile ()

  /PDFXOutputConditionIdentifier ()

  /PDFXOutputCondition ()

  /PDFXRegistryName ()

  /PDFXTrapped /False



  /CreateJDFFile false

  /Description <<



    /BGR <>

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /CZE <>

    /DAN <>

    /DEU <>

    /ESP <>

    /ETI <>

    /FRA <>

    /GRE <>



    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)

    /HUN <>

    /ITA <>

    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /LTH <>

    /LVI <>

    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)

    /NOR <>

    /POL <>

    /PTB <>

    /RUM <>

    /RUS <>

    /SKY <>

    /SLV <>

    /SUO <>

    /SVE <>

    /TUR <>

    /UKR <>

    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)

  >>

  /Namespace [

    (Adobe)

    (Common)

    (1.0)

  ]

  /OtherNamespaces [

    <<

      /AsReaderSpreads false

      /CropImagesToFrames true

      /ErrorControl /WarnAndContinue

      /FlattenerIgnoreSpreadOverrides false

      /IncludeGuidesGrids false

      /IncludeNonPrinting false

      /IncludeSlug false

      /Namespace [

        (Adobe)

        (InDesign)

        (4.0)

      ]

      /OmitPlacedBitmaps false

      /OmitPlacedEPS false

      /OmitPlacedPDF false

      /SimulateOverprint /Legacy

    >>

    <<

      /AddBleedMarks false

      /AddColorBars false

      /AddCropMarks false

      /AddPageInfo false

      /AddRegMarks false

      /ConvertColors /ConvertToCMYK

      /DestinationProfileName ()

      /DestinationProfileSelector /DocumentCMYK

      /Downsample16BitImages true

      /FlattenerPreset <<

        /PresetSelector /MediumResolution

      >>

      /FormElements false

      /GenerateStructure false

      /IncludeBookmarks false

      /IncludeHyperlinks false

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles false

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /DocumentCMYK

      /PreserveEditing true

      /UntaggedCMYKHandling /LeaveUntagged

      /UntaggedRGBHandling /UseDocumentProfile

      /UseDocumentBleed false

    >>

  ]

>> setdistillerparams

<<

  /HWResolution [2400 2400]

  /PageSize [612.000 792.000]

>> setpagedevice



