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ABSTRACT

Background: The Areni grape (Vitis vinifera L.) is an indigenous Armenian variety renowned for its adaptation to local
terroir and historical significance in winemaking. Its genetic diversity, particularly among clones, offers valuable
resources for enhancing wine quality through variations in phenolic compounds, chemical composition, and
technological traits. Understanding these differences is crucial for selecting optimal genotypes in viticulture and enology,

especially in regions like Armenia, where traditional varieties contribute to unique wine profiles.
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Objective: To assess the chemical, polyphenolic, and color variations among three Areni grape genotypes and their

impact on wine quality indicators.

Methods: Analyses of grapes and wines produced under microvinification conditions were performed according to OIV
standards, using spectrophotometry and HPLC to determine organic acids, physicochemical parameters, total phenolics,

anthocyanins, flavonoids, and color indices.

Results: Nosr Areni displayed the highest pigment content in the fruit, Areni clone 15 produced wines with the highest
total phenolics, and Sev Areni wines exhibited the greatest color intensity. Chemical parameters varied depending on

the specific genotype characteristics.

Conclusion: Areni genotypes exhibit pronounced biochemical and technological diversity, which significantly influences
wine composition and color development. Areni clone 15 stands out for its high phenolic potential, makingit a promising

raw material to produce high-quality red wines.

Novelty of the Study: This study provides the first comparative evaluation of Sev Areni and its clones in terms of
polyphenolic composition and wine quality, identifying clones with high phenolic potential and technological suitability

for winemaking.

Keywords: Sev Areni grape, Vitis vinifera, polyphenols, anthocyanins, flavonoids, organic acids, wine color, clonal

selection
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INTRODUCTION

Armenia, as one of the oldest regions of viticulture and
winemaking, is distinguished by high ampelographic
diversity. The country hosts more than 400 indigenous
grape varieties, among which “Areni” holds strategic
importance for red wine production. Under conditions of
genetic erosion, it is crucial not only to preserve and
rejuvenate traditional varieties in Armenia but also to
scientifically assess their chemical composition,
particularly the polyphenolic profile, for modern
nutritional and health-related purposes [1].

Over the past two decades, scientific interest in
polyphenols, especially compounds derived from grapes
and wine, has increased significantly due to their
substantial health and technological significance. Grapes
and wine are rich sources of bioactive phenolic
compounds, which not only shape the wine’s
organoleptic characteristics but also provide various
protective effects in the human body [2-3].

Polyphenols—including catechins, procyanidins,
anthocyanins, and their derivatives—are particularly
abundant inred grapes and wines. These compounds are
well known for their antioxidant, anti-inflammatory, and
free radical-scavenging properties [4-5]. These bioactive
compounds are associated with a reduced risk of various
chronic diseases, including cardiovascular disorders,
diabetes, atherosclerosis, and certain cancers [6-7].

Epidemiological and clinical studies suggest that
moderate red wine consumption (approximately 100—
150 mL/day) is associated with cardiovascular benéefits,
including improved endothelial function, favorable
modulation of lipid profiles, and support for cellular
redox homeostasis [8-9]. Procyanidins, among the most
abundant polyphenols in red wine, have been shown to
increase HDL-cholesterol levels, reduce LDL-cholesterol
oxidation, and upregulate genes involved in hepatic
cholesterol metabolism, thereby contributing to
atherosclerosis prevention [10].

Beyond cardiovascular effects, wine polyphenols

influence gut microbiota composition, promoting the
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growth of beneficial bacteria and the production of anti-
inflammatory short-chain fatty acids. These effects are
particularly relevant for preventing metabolic disorders,
including insulin resistance and type 2 diabetes.
Furthermore, both in vitro and animal studies have
demonstrated the hepatoprotective potential of wine
polyphenols, evidenced by reduced serum AST and ALT
levels and enhanced activity of endogenous antioxidant
enzymes [1,3].

The quantitative and qualitative polyphenolic
composition of grapes and wine is influenced by
numerous factors, foremost among which are grape
variety and clonal genetic makeup [12], followed by
viticultural practices and winemaking techniques. Within
Vitis vinifera L., considerable intra-varietal genetic and
phenotypic diversity exists [13-14], resulting in distinct
polyphenolic profiles that can be exploited through
targeted clonal selection to produce wines with
enhanced sensory characteristics and potential health
benefits.

Consequently, detailed characterization of varietal
and clonal differences in polyphenolic composition is
essential to fully exploit the technological and functional
potential of indigenous grape varieties and to guide the

development of high-quality, polyphenol-rich wines.

MATERIALS AND METHODS

For this study, the Sev Areni grape variety and two of its
clones—Nosr Areni and Areni clone 15—were used. The
plant material was sourced from a collection vineyard
dedicated to the conservation of autochthonous
Armenian grapevine cultivars, located in Ejmiatsin
(Armenia) at an altitude of 870 m above sea level.

Sev Areni is a late-ripening red wine grape variety
capable of vyielding 8-15 t/ha under standard
cultivation conditions. It is characterized by compact
clusters, thick-skinned berries with high phenolic
content, resulting in a relatively low must yield and
modest sugar accumulation. These traits limit its

technological efficiency for winemaking [15].
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Areniclone 15 exhibits high enological potential due
to its larger berry size, higher juice (must) yield, and
improved berry texture. These characteristics make it
particularly promising to produce premium-quality
wines.

Nosr Arenistands out for its exceptionally high must
yieldand a lower proportion of skins and seeds (pomace),
resulting in higher sugar concentration in the must—a

key distinguishing feature of this clone.

Winemaking: Grapes were harvested manually in
autumn 2024 at technological maturity. Harvesting was
performed according to standard protocols using small-
volume plastic crates to minimize mechanical damage
and preserve berry integrity.

Immediately after harvest, berries were assessed
for technological maturity.  The following
physicochemical parameters were determined: total
soluble solids (°Brix), titratable acidity (g/L tartaric
acid), pH, and other relevant indices. These data served
as the basis for a comparative evaluation of the variety
and its clonal selections.

Microvinification was carried out at the
Experimental Laboratory of Enology and Fermentation
Technology, at the Armenian National Agrarian
University, following a standardized red winemaking
protocol with minor adaptations. Grapes were
destemmed and crushed, and the resulting mash
(pomace + must) was transferred into temperature-
controlled stainless-steel fermentors.

Fermentation was initiated by the addition of dry
active Saccharomyces cerevisiae yeast (strain AS-2) at a
dose of 30 g/hL, together with a sugar supplementation
of 30g/L(3 g/dL)to adjust the potential alcohol. Alcoholic
fermentation combined with maceration was
conducted at 25+ 1 °C for 10 days. The cap was punched
down twice daily to ensure homogeneous extraction
of phenolic compounds and color [16].

At the end of alcoholic fermentation, the free-run

wine was separated, and the pomace was gently pressed
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using a basket press. The resulting press wine was
combined with thefree-run fraction. The young winewas
then racked off the gross lees, sulfited with 50 mg/L SO,
(as potassium metabisulfite), and transferred to asettling

tank for cold stabilization and maturation.

Chemical Analysis: Grapes and wines were analyzed in
accordance with the official methods of the International
Organization of Vine and Wine (OIV) [17]. The sugar
content of grapes was determined by refractometry.
Ethanol content was quantified usingthe OIV-MA-AS312-
01A method, whereas total acidity was measured
according to the OIV-MA-AS313-01 protocol. Must
acidity indices were determined according to the OIV-
MA-AS313-02 method. Free and total sulfur dioxide
concentrations were determined using the OIV-MA-
AS315-27 (previously OIV-MA-F1-07) method, and the
profile of organic acids was characterized by high-
performance liquid chromatography (HPLC) [18-19].
The HPLC analysis was performed using a mobile
phase consisting of ultrapure water supplemented with
0.5% ethanol and 0.0139% concentrated sulfuric acid.
The column temperature was maintained at 46 °C.
Detection was performed using a variable-wavelength
UV detectorsetat 210 nmin series with a refractiveindex
detector. The system was equipped with an online
vacuum degasser and a binary pump delivering a
constant flow rate of 0.6 mL/min. The injection volume

was 10 mL.

Total Phenolics: The total content of phenolic
compounds was determined using a spectrophotometric
colorimetric method [20]. First, 100 grape berries were
homogenized using an Ultra-Turrax T25 device at high
speed for 3 minutes. Then, 10 g of the homogenate was
mixed with 10 mL of hydrochloric ethanol solution and
incubated at 20 °C for 30 minutes. The sample was
subsequently centrifuged at 5000 x g for 10 minutes, and
the supernatant was collected in a 10 mL volumetric

tube. The sample volume was adjusted to 50 mL with
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hydrochloric ethanol solution. Wine samples were pre-
diluted using the same solution.

The concentrations of anthocyanins and flavonoids
were determined via spectrophotometric analysis in the

UV-visible spectral range of 230-700 nm.

RESULTS AND DISCUSSION

Citric Acid: The antioxidant and antibacterial effects of
citric acid highlight the importance of its continuous
monitoring. As a key activator of the tricarboxylic acid
(TCA) cycle, citric acid also participates in numerous
metabolic processes of microorganisms [21].

During grape maturation, citric acid content
decreases due to its biochemical conversion into malic
acid, resultingin low levels in fully ripe berries [22-25].
Among the genotypes studied, citric acid content was
highest in Sev Areni (0.14 g/L), followed by Nosr Areni
(0.12g/L),andlowestin Areniclone 15 (0.09 g/L). Despite
its low concentration, citric acid contributes to the
expression of fruity aromas and can readily participate in

secondary fermentation processes.

Tartaric Acid: The chemical stability of wine is largely

ensured by tartaric acid, which also plays an important
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role in color and flavor development [26]. Tartaric acid
synthesis begins during the cell division phase of grape
berries and continues throughout maturation [27-28].

The highest tartaric acid content was recorded in
Nosr Areni (7.51 g/L) and Sev Areni (7.48 g/L), whereas
Areni clone 15 exhibited a lower level (5.21 g/L),
characteristicof its mild and soft acidity. This feature may
help maintain wine freshness and balance, making it
suitableforvarious styles and flavor profiles. Tartaricacid
is recognized as one of the main strong acids in wine,
contributing to chemical stability and enhancing storage

potential [29].

Malic Acid: The highest malic acid concentrations were
observed in Sev Areni grapes (1.18 g/L) and Areni clone
15(1.16 g/L), while Nosr Areni showed significantly lower
levels (0.69 g/L). Malic acid plays a key role in malolactic
fermentation, during whichitis convertedinto lacticacid,
thereby reducing overall wine acidity while enhancing

stability and softening aromatic profiles [30-32].

Fumaric Acid: Fumaric acid content was nearly identical
in Sev Areni (0.004 g/L) and Areni clone 15 (0.004 g/L),

whereas Nosr Areni contained slightly less (0.002 g/L).

Table 1: Analysis of the Organic Acids in the Sev Areni Grape and its Clones.

Organic acids Unit of measurement Grape

Sev Areni
Tartaric acid g/l 7.48 +0.03
Formic acid g/l 0.06 +0. 01
Malic acid g/l 1.18 £ 0. 02
Shicimic acid g/l -
Lactic acid g/l -
Acetic acid g/l -
Citric acid g/l 0.14 £ 0.04
Succinic acid g/l -
Fumaric acid g/l 0.004+0

The principal physicochemical characteristics of berries

and dry wines from the three Arenigenotypes (Sev Areni,

Nosr Areni Areni clone 15
7.51+0.03 5.21+0.03
0.00 0.013 +0.01
0.69 £ 0. 02 1.16 £ 0. 02
0.12 £ 0.03 0.09 + 0.04
0.002+0 0.004 0

Nosr Areni, and Areni clone 15) are summarized in Table

2.
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Table 2: Standard Physicochemical Parameters of Grape and Wines.

Parameters Unit of Grape

measurement g, Arenj Nosr Areni
Sugar Brix, % 18.3+0.3 19.8+04
Total acidity g/l 5.12 £ 0.02 5.44 +0.03
(pH) 3.58 £ 0.015 3.5+0.01

Alcoholic strength %

Reducing sugar g/l

Volatile acidity g/l

Aldehydes mg/|
Acetals mg/|
Free SO2 mg/|
Total SO2 mg/I
Reductions SO2 mg/I

Grape soluble solids content, determined by
refractometry, ranged from 17.9 to 19.8 °Brix. Nosr Areni
recorded the highest value (19.8 + 0.2 °Brix), whereas
Areni clone 15 exhibited the lowest (17.9 + 0.2 °Brix).
Titratable acidity (expressed as g/L tartaric acid) was
highestin NosrAreni(5.44+ 0.01g/L)and lowestin Areni
clone 15 (4.74 £ 0.01 g/L). Must pH varied between 3.50
and 3.67, with Nosr Areni showing the lowest value (3.50
+ 0.01) and Areni clone 15 the highest (3.67 + 0.01).

All wines were fermented to dryness, with residual
sugar concentrations < 0.15 + 0.015 g/L. Ethanol content
rangedfrom 8.8+ 0.2%vol (Areniclone 15)t011.1+0.2%
vol (Sev Areni). Wine pH increased slightly relative to the
corresponding musts and ranged from 3.43 £ 0.015 (Nosr
Areni) to 3.75 £ 0.015 (Sev Areni). Titratable acidity
decreased during fermentation and vinification, falling
between 3.98 + 0.02 g/Land 4.74 £ 0.02 g/L.

Volatile acidity (expressed as g/L acetic acid)
remained well within OIV limits (< 1.2 g/L), ranging from
0.58+0.02 g/Lto0.70+ 0.02 g/L. Total aldehyde content
ranged from 22.9 + 0.1 mg/Lto 24.2 + 0.1 mg/L, while

acetal concentration was markedly higher in Areni clone
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Wine
Areniclone 15  Sev Areni Nosr Areni Areni clone 15
17.9+0.2
474 +0.01 3.98 £ 0.01 474 3.98+0.01
0.015
3.67 £ 0.02 3.75 £ 0.02 343+ 3.7+0.018
0.015
11.1+04 104+0.3 8.8+0.2
0.15 + 0.015 0.15 0 0.15 + 0.015
.015
0.68 + 0.015 0.58+0.01 0.7+0.02
23.76 £ 0.2 242+03 22.88+0.1
30.68+0.3 35404 3776 £ 0.5
7.36+0.25 8+03 7.04+0.2
31.36+0.3 33.28+04  29.44+0.25
3.84+0.21 3.84+0.21 3.2+0.15

15 wine (37.8 = 0.2 mg/L), which potentially enriches
aromatic complexity.

Free SO, concentrations ranged from 7.0 £ 0.3 mg/L
to 8.0 £ 0.3 mg/L, and total SO, from 29.4 + 0.3 mg/Lto
333 £ 0.3 mg/L. These levels provide adequate
microbiological and oxidative protection without
exceeding sensory thresholds or requiring excessive
sulfiting. Bound (reducible) SO, was lowest in Areni clone
15 wine (3.2 £ 0.2 mg/L) and reached 3.8 + 0.2 mg/Lin
both Sev Areni and Nosr Areni wines.

Polyphenols have attracted considerable scientific
interest owing to their well-documented health-
promoting properties, particularly their potent
antioxidant activity. By scavenging free radicals and
mitigating oxidative stress, these compounds are
implicated in preventing chronic diseases such as
cardiovascular disorders, cancer, and neurodegeneration
[34-36].

Red-skinned grape varieties and their wines are
polyphenols,

especially rich in among which

anthocyanins play a central role. These vacuolar

pigments, synthesized and accumulated primarily in the
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hypodermal cells of the berry skin, areresponsible for red
coloration. Their concentration and profile are strongly
influenced by genotype, terroir, viticultural practices, and
winemaking techniques [37-38]. During ripening and
subsequent vinification/ageing, anthocyanins undergo
progressive polymerization with tannins — a reaction
frequently mediated by acetaldehyde — leading to a shift
from bright red toward more stable brick-orange hues.

Beyond their sensory significance, plant
polyphenols serve critical ecological functions, including
protection against UV radiation, microbial pathogens,
and herbivory [39-43].

The results of this study demonstrated that the
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highest anthocyanin concentration in grape berries was
recorded in the Nosr Areni clone, reaching 953.99 mg/L,
which was substantially higher compared with the Sev
Areni (705.13 mg/L) and Areni clone 15 (505.06 mg/L).
However, the anthocyanin content in the resulting wines
decreased markedly, amounting to 110.2 mg/L, 72.4
mg/L, and 37.3 mg/L, respectively. This corresponds to
extraction efficiencies of 11.55%, 10.26%, and 7.38%.
These findings confirm that the transfer of anthocyanins
from the grape skin into wine is strongly influenced by
varietal characteristics, skin morphology, and
technological factors, such as maceration duration,

fermentation conditions, and temperature.

Table 3: The Total Anthocyanin, Flavonoids, Phenolic Compounds, and Color Composition of the Sev Areni Variety and its

Clones’ Grapes and Wines.

Compounds unit of Grape
measurement  Sev Extrac- Nosr
Areni table Areni
Total mg/| 705.13 505.06 953.99
anthocyanins +21 +1.38 +28
Total flavonoids mg/| 2354.3 1059.4 3997.0
+4.2 3#3.1 1+54
The total mg/| - - -
content of
phenolic
compounds

Folin checaltau - - - -
index

Chromatic characteristics

Color intensity - - o -

Color shade - - - -

Color composition

Yellow % - - -
Red % - - -
Blue % - - -

Extrac-
table
442,52+
1.

1188.46

+

6

33

Wine
Areni Extrac- Sev Areni Nosr Areni
clone 15 table Areni clone 15
600.06% 168.99+ 724+04 110.2+0.6 37.3%0.3
1.9 0.9
3366.34+ 912.3% 340.6 + 15499 + 417.7+2.1
4.7 2.7 1.9 35
- - 646.84 548.14+2 142501+
+2.3 3.2
- - 15.46 + 26.20+£0.7 34.05+0.9
0.5
- - 332+07 4601 148+0.3
- - 134+04 0.89%0.3 138+
0.45
- - 50.08 + 386+1.6 49319
2.1
- - 3744 434+11 370+
0.9 0.75
- - 125+0.3 179+ 13.7
0.45 0.35
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Figure 1. Dynamics of Anthocyanin content in the Sev Areni Grape Variety and its Clones from Grape to Wine.

Similar trends have been reported in several
international studies. Bautista-Ortin et al. [44]
demonstrated that, in red grape varieties, the extraction
of anthocyanins from the skins into wine is inherently
partial and depends on cultivar-specific traits and cellular
structure. According to their data, the proportion of
anthocyanins transferred from skins to wine typically
does not exceed 10-20%, even under extended
maceration conditions [44].

More recent investigations of red grape varieties
cultivated on the eastern foothills of the Helan
Mountains in China have similarly highlighted substantial
disparities between anthocyanin concentrationsin grape
skins and the finished wines. Chen et al. [45] reported
skin anthocyanin levels ranging from 800to 1,200 mg/kg
fresh weight, while the corresponding wines contained
only 80—180 mg/L, yielding extraction efficiencies of 8—
15%. Analogous observations emerge from studies on
diverse red varieties, underscoring that elevated
anthocyanin accumulation in grape skins does not
invariably translate to commensurate levels in wine [44-
45].

Comparing these data with our results, it is evident

that the 11.55% extraction efficiency recorded in Nosr

Areni aligns with the range reported in the international
literature and is relatively high compared to other
varieties. This could be attributed to the high
permeability of this variety's berry skin, specific cellular
structural features, and more intensive pigment
extraction during the maceration phase. Furthermore, as
shown by Setford et al., the mass transfer of
anthocyanins is limited not only by diffusion but also by
convective flows and adsorption onto the surfaces of
skins and seeds [46].

Thus, our findings add to the existing literature on
anthocyanin extractability in red wines and highlight the
importance of varietal differences. The high transfer
efficiency observed in Nosr Areni indicates that this
genotype has strong pigmentation potential and good
technological suitability for producing wines with
pronounced color intensity.

The highest flavonoid concentration in grape
berries was recorded in Nosr Areni (3997.01 mg/L),
followed by Areni clone 15 (3366.34 mg/L) and Sev Areni
(2354.3 mg/L). In the corresponding wines, flavonoid
levels were 1049 mg/L, 417.7 mg/L, and 340.6 mg/L, with
transfer efficiencies of 26.26%, 12.4%, and 14.46%,

respectively.
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Figure 2. Dynamics of Flavonoid Content in the Sev Areni Grape Variety and its Clones from Grape to Wine.

These results are consistent with international
reports. Grigoryan et al. [35] documented average
transfer rates of 20—30% in the Areni variety, depending
on viticultural and technological conditions. Yu et al. [47]
reported mean transfer efficiencies of 15-25% across
several cultivars. Similarly, Bai et al. observed transfer
percentages ranging from 18—-27% across four red grape
varieties [35,47-48].

Thus, the high transfer rate observed in the Nosr
Areni clone is comparable to that of the most efficient
international varieties, whereas Sev Areni and Areni
clone 15 display considerably lower values, likely due to
structural characteristics of the berry skin and
technological factors. This highlights the technological
potential of NosrArenias a variety with a strong phenolic
profile.

In this study, thetotal phenoliccontent in wines was
determined using the Folin—Ciocalteu method, which is
widely applied as an international standard for the
guantitative assessment of phenolic composition in
wines [43]. The highest concentration was recorded in
the wine of Areni clone 15 (1425.01 mg/L), followed by
Sev Areni (646.84 mg/L), while the lowest value was
observed in Nosr Areni (548.14 mg/L). These variations

reflect substantial varietal differences driven by the

structural properties of pigments and tannins, as well as
differences in extraction efficiency.

According to international studies, the total
phenolic content in red wines typically ranges from 500 to
1800 mg/L, depending on cultivar, fermentation
parameters, and technological approach. For instance, Yu et
al. reported phenolic concentrations of 750-1600 mg/L
in wines of three Chinese cultivars, while Shijian Bai et al.
found levels between 620-1450 mg/L—values that align
well with our results [47-48].

Setford et al. demonstrated that varietal differences
and structural characteristics of grape skins play a
decisive role in shaping the total phenolic content of the
final wine [46]. According to our data, the elevated
phenolic concentration in Areni clone 15 is comparable to
that of highly pigmented international varieties,
whereas Sev Areni and Nosr Areni fall within moderate
ranges [46].

These findings indicate that Areni clone 15
possesses strong technological potential to produce
phenolic-rich wines.

Spectrophotometric assessment of color intensity
and chromatic characteristics revealed substantial
differences among the studied wines. The highest color
intensity was recorded in Sev Areni (33.2 units), followed

by Areni clone 15 (14.8 units), while the lowest value was
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observed in Nosr Areni (4.6 units). The hue index ranged
from 0.89 to 1.38, with the highest value in Areni clone

15 (1.38), indicating a predominance of yellow pigments.

Page 111 of 115

In contrast, Nosr Areni showed a dominance of red
pigmentation, which is typical of young wines or varieties

rich in monomeric pigments.

Color composition
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Figure 3. Color Composition of Wine Samples

Analysis of pigment proportions demonstrated that
red pigment content was highest in Nosr Areni (43.4%),
followed by Sev Areni (37.44%) and Areni clone 15
(37.0%). The proportion of blue pigment was also
greatest in Nosr Areni (17.9%), whereas yellow pigment
was most pronounced in Areni clone 15. These findings
indicatethat wine color formationis determined not only
by the total anthocyanin content but also by their
structural forms, degree of polymerization, and varietal
specificity.

International studies confirm these trends. In the
study by Uysal et al., the color intensity of “Monastrell”
wines ranged between 10 and 30 units, while the hue
index ranged from 0.85 to 1.45 [49]. He et al.
demonstrated that youngwines havea higher proportion
of red/blue pigments, whereas the increase in yellow
pigment is associated with polymerization and
maturation [50]. Studies on Syrah wines have shown that
intensity canreach 25-35 units,and hue changes depend
on skin maceration techniques [51]. Gordillo et al.
confirmed that the ratio of blue to red pigments can be

used as a varietal identification tool [52]. Research has

shown that in young wines, the proportion of blue
pigment averages 10—20%, whereas during maturation,
the yellow fraction increases up to 50% [52].

Furthermore, Rao et al. demonstrated that
optimization of technological conditions (temperature,
maceration duration, pH) can significantly increase
anthocyanin extraction levels and intensity [53].
Research on Pinot Noir wines has shown that
polymerized pigments are responsible for increased
intensity and prolonged color stability [54].

Overall, our results are consistent with international
data: the higher proportion of red and blue pigments in
Nosr Areni is characteristic of young wines, whereas the
higher hue index in Areni clone 15 corresponds to wines
dominated by polymerized pigments. These differences
are important for identifying varietal characteristics and
optimizing winemaking technologies.

Furthermore, these findings align with quantum
and temporal theories in functional food science, which
emphasize the dynamic, time-sensitive mechanisms
through which polyphenolic compounds in functional

foods like wine exert their health-promoting effects,
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thereby supporting the development of polyphenol-
enriched products for nutritional and therapeutic
purposes.

This study aligns with the Functional Food Center's
(FFC) 17-step model for introducing functional foods to
the market, particularly steps 2 and 3, by determining
relevant bioactive compounds (e.g., polyphenols,
anthocyanins, and flavonoids) in Areni grape genotypes
and establishing their concentrations through
comparative analysis. Additionally, it supports step 7 by
evaluating grapes and wines as appropriate food vehicles
for delivering these compounds, which have enhanced
health-promoting properties, such as antioxidant and
anti-inflammatory effects. These findings provide a
foundational basis for developing phenolic-rich wines as
functional foods, contributing to personalized nutrition
strategies aligned with the quantum and temporal

principles of functional food science [55-60].

CONCLUSION

The present study demonstrated that the genotypic
diversity of Areni grapes generates significant
biochemical and technological differences that decisively
shape wine’s polyphenolic composition, pigment
stability, and color intensity. Nosr Areni stood out for its
high pigment potential, Areni clone 15 for a richer overall
phenolic profile, while Sev Areni provided the highest
color intensity values. These results highlight the critical
importance of clonal variability in anthocyanin
extraction, pigment polymerization, and the
development of thewine’s sensory structure. Overall, the
data provide a scientific basis for targeted clonal
selection of the Areni variety and for optimizing the
production of high-quality, phenolic-rich Armenian red

wines.

Authors' Contributions: Conceptualization and study
supervision, AR, KK; Field work and consultation, BG, MZ;
Chemical analyses, MM, NH, GM, AP, JB; Winemaking

assistance, GS, AS, LS, NS, EG; Medical consultation on

Page 112 0of 115

functionality and human health, GD; Literature review
and manuscript writing, ZH, SA, KKH, ARS, KK; All authors
participated in the study process and approved the final

manuscript.

Competing Interests: The authors declare that they have
no financial, professional, or personal competing
interests that could have appeared to influence the work

reported in this manuscript.

Acknowledgement and Funding: We gratefully
acknowledge the financial support from the Armenian

National Agrarian University foundation.

REFERENCES

1. Kazumyan K, Grigoryan B, Ohanyan A, Solomonyan A.
Comparative study of the mechanical composition and
physicochemical parameters of the “AreniSev” grape variety
and its clones. AgriScience and Technology. 2025;2(90):149.
DOI: https://doi.org/10.52276/25792822-2025.2-149

2. Subiria-Cueto R, Reyes-Blas H, Olivas-Armendariz 1, Wall-
Medrano A, Gonzalez-Aguilar GA, de la Rosa LA, et al. Grape
pomace and pecan shell fortified bread: The effect of dietary
fiber-phenolic compounds interaction on the in vitro
accessibility of phenolic compounds and in vitro glycemic
index. Food Chem. 2025; 462:140925.

DOI: https://doi.org/10.1016/j.foodchem.2024.140925

3. Banc R, SocaciuC, Miere D, Filip L, Cozma A, Stanciu O, et al.
Benefits of wine polyphenols on human health: a review.
Bull UASVM Food Sci Technol. 2014;71(2).
DOI: https://doi.org/10.15835/buasvmcn-fst: 10860

4. Keskin N, Kunter B, Celik H, Kaya O, Keskin S. Evaluation of
clonal variability of berry phenolics in Vitis vinifera L. Cv.
Kalecik Karasi. Erwerbs-Obstbau. 2022;64(Suppl 1):1-8.
DOI: https://doi.org/10.1007/s10341-022-00666-x

5. Elejalde E, Villaran MC, Esquivel A, Alonso RM.
Bioaccessibility and antioxidant capacity of grape seed and
grape skin phenolic compounds after simulated in vitro
gastrointestinal digestion. Plant Foods Hum Nutr. 2024;
79:432-439.

DOI: https://doi.org/10.1007/s11130-024-01164-z

6.  Mitrovi¢ D, Sredovi¢ Ignjatovi¢ |, Kozarski M, Popovic¢
Pordevi¢ J. Wine is more than just a beverage: chemical
diversity, health benefits, and immunomodulating potential
of wine polyphenols. Food Saf Health. 2024;2(2):196-212.

DOI: https://doi.org/10.1002/fsh3.12036


http://www.ffhdj.com/
https://doi.org/10.52276/25792822-2025.2-149
https://doi.org/10.1016/j.foodchem.2024.140925
https://doi.org/10.15835/buasvmcn-fst:10860
https://doi.org/10.1007/s10341-022-00666-x
https://doi.org/10.1007/s11130-024-01164-z
https://doi.org/10.1002/fsh3.12036

Bioactive Compounds in Health and Disease 2026; 9(2): 102 — 115

7.

10.

11.

12.

13.

14.

15.

16.
17.

Rasines-Perea Z, Teissedre P-L. Grape polyphenols’ effectsin
human cardiovascular diseases and diabetes. Molecules.
2017;22(1):68.

DOI: https://doi.org/10.3390/molecules22010068

Buljeta I, Pichler A, Simunovi¢ J, Kopjar M. Beneficial effects
of red wine polyphenols on human health: comprehensive
review. Curr Issues Mol Biol. 2023;45(2):782-798.

DOI: https://doi.org/10.3390/cimb45020052
Dominguez-Lépez |, Lamuela-Raventdés RM, Razquin C,
Arancibia-Riveros C, Galkina P, Salas-Salvadé J, etal. Urinary
tartaric acid as a biomarker of wine consumption and
cardiovascular risk: the PREDIMED trial. Eur Heart J.
2025;46(2):161-172.

DOI: https://doi.org/10.1093/eurheartj/ehae804

Hu D, Wang L, Qi L, Yang X, Jin Y, Yin H, et al. Resveratrol
improved atherosclerosis by increasing LDLR levels via the
EGFR-ERK1/2 signaling pathway. Lipids Health Dis. 2025;

24:167. DOI: https://doi.org/10.1186/s12944-025-02585-8

Mezhibovsky E, Wu G, Wu Y, Ning Z, Bacalia K, Sadangi S, et
al. Grape polyphenols reduce fasting glucose and increase
hyocholic acid in healthy humans: a meta-omics study. NPJ
Sci Food. 2025;9(1):87.

DOI: https://doi.org/10.1038/s41538-025-00443-6

Ren R, Shil, Zeng M, Tang Z, Xie S, Zhang Z. Inter- and intra-
varietal genetic variations co-shape the polyphenol profiles
of Vitis vinifera L. grapes and wines. Food Chem: X.
2023;19:101030.

DOI: https://doi.org/10.1016/j.fochx.2023.101030
Zombardo A, Meneghetti S, Morreale G, Calo A, Costacurta
A, Storchi P. Study of inter- and intra-varietal genetic
variability in grapevine cultivars. Plants. 2022;11(3):397.
DOI: https://doi.org/10.3390/plants11030397

Lemos A, Machado N, Egea-Cortines M, Barros A.
Assessment of quality parameters and phytochemical
content of thirty ‘Tempranillo’ grape clones for varietal
improvement in two distinct sub-regions of Douro. Sci
Hortic. 2020; 262:109096.

DOI: https://doi.org/10.1016/j.scienta.2019.109096

Solomonyan AK. A comparative study of the technological
potential of Sev Areni variety and Areni clone No. 9. 2025;
1:62-71.

DOI: https://doi.org/10.53297/18293379-2025.1-62
RahrBSG [https://rahrbsg.com]. Retrieved October 18,2025.
International Organization of Vine and Wine. Compendium
of International Methods of Wine and Must Analysis. OIV;

2021:1-607.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

BCHD Page 113 of 115

Karastergiou A, Gancel A-L, Payan C, Christmann M,
Teissedre P-L. Validation of a routine HPLC method for
added fumaric acid determination in wines. BIO Web Conf.
2023; 56:02030.

DOI: https://doi.org/10.1051/bioconf/20235602030

Ju YL, Xu XL, Yu YK, Meng L, Wang WN, Wu JR, et al. Effects
of winemaking techniques on the phenolics, organic acids,
and volatile compounds of Muscat wines. Food Biosci. 2023;
52:102937.

DOI: https://doi.org/10.1016/j.fbio.2023.102937

Di Lorenzo C, Bani C, Mercogliano F, Bosso A, Restani P.
Valorization of wine industry by-products: characterization
of phenolic profile and investigation of potential healthy
properties. BIO Web Conf.2023; 68:04016.

DOI: https://doi.org/10.1051/bioconf/20236804016

Chidi BS, Rossow D, Bauer F. The impact of changes in
environmental conditions on organic acid production by
commercial wine yeast strains. S Afr J Enol Vitic. 2018;

39:297-305. DOI: https://doi.org/10.21548/39-2-2820

Karampatea A, Skendi A, Manoledaki M, Bouloumpasi E.
Predicting organic acid variation in white wine malolactic
fermentation using a logistic model. Fermentation.
2025;11(5):288.

DOI: https://doi.org/10.3390/fermentation11050288

Prusova B, Licek J, Kumsta M, Baron M, Sochor J. Effect of
new methods for inhibiting malolactic fermentation on the
analytical and sensory parameters of wines. Fermentation.
2024;10(3):122.

DOI: https://doi.org/10.3390/fermentation10030122

Dutra MCP, Viana AC, Pereira GE, Nassur R, de CMR, Lima
MSD. Whole, concentrated and reconstituted grape juice:
impact of processes on phenolic composition, “foxy”
aromas, organic acids, sugars and antioxidant capacity. Food
Chem. 2021;343:128399.

DOI: https://doi.org/10.1016/j.foodchem.2020.128399
Karaman Ersoy §, Vural T, Sézgen Bagkan K, Tutem E.
Comparison of total antioxidant capacities and phenolic
constituents of grapes cultivated in Turkey for wine
production. Anal Lett. 2024;57(11):1464-1478.

DOI: https://doi.org/10.1080/00032719.2024.2375393

Cui W, Wang X, Han S, Guo W, Meng N, LiJ, etal. Research
progress of tartaric acid stabilization on wine characteristics.
Food Chem: X.2024; 23:101728.

DOI: https://doi.org/10.1016/j.fochx.2024.101728
Cisterna-Castillo M, Covarrubias JI, Medel Maraboli M, Pefia
Neira A, Gil i Cortiella M. Influence of protective colloids on
calcium tartrate stability and the astringency perceptionina
red wine. Foods. 2024;13(19):3065.

DOI: https://doi.org/10.3390/foods13193065


http://www.ffhdj.com/
https://doi.org/10.3390/molecules22010068
https://doi.org/10.3390/cimb45020052
https://doi.org/10.1093/eurheartj/ehae804
https://doi.org/10.1186/s12944-025-02585-8
https://doi.org/10.1038/s41538-025-00443-6
https://doi.org/10.1016/j.fochx.2023.101030
https://doi.org/10.3390/plants11030397
https://doi.org/10.1016/j.scienta.2019.109096
https://doi.org/10.53297/18293379-2025.1-62
https://rahrbsg.com/
https://doi.org/10.1051/bioconf/20235602030
https://doi.org/10.1016/j.fbio.2023.102937
https://doi.org/10.1051/bioconf/20236804016
https://doi.org/10.21548/39-2-2820
https://doi.org/10.3390/fermentation11050288
https://doi.org/10.3390/fermentation10030122
https://doi.org/10.1016/j.foodchem.2020.128399
https://doi.org/10.1080/00032719.2024.2375393
https://doi.org/10.1016/j.fochx.2024.101728
https://doi.org/10.3390/foods13193065

Bioactive Compounds in Health and Disease 2026; 9(2): 102 — 115

28.

29.

30.

31.

32.

33.

34,

35.

36.

37.

Heras-Roger J, Diaz-Romero C, Darias-Rosales J, Darias-
Martin J. Organic acids in varietal red wines: influence of
grape cultivar, geographical origin, and aging. Beverages.
2025;11(4):102.

DOI: https://doi.org/10.3390/beverages1104010

LiM, SuJ, Yang H, Feng L, Wang M, Xu G, etal. Grape tartaric
acid: chemistry, function, metabolism, and regulation.
Horticulturae. 2023;9(11):1173.

DOI: https://doi.org/10.3390/horticulturae9111173
Garcia-Vifiola V, Ruiz-de-Villa C, Gombau J, Poblet M,
Bordons A, Reguant C, et al. Simultaneous analysis of organic
acids, glycerol and phenolic acids in wines using gas
chromatography-mass

2024;13(2):0186.

spectrometry. Foods.

DOI: https://doi.org/10.3390/foods13020186
Malolactic wine fermentation: biological deacidification
[https://www.wine-

production.com/wine_production/malolactic_wine_ferme
ntation/effects_malolactic_fermentation.htm].

October 18, 2025.

Retrieved

Morata A, Adell E, Lopez C, Palomero F, Sudrez E, PedreroS,
et al. Use of fumaric acid to inhibit malolactic fermentation
in bottled Rioja wines: effect in pH and volatile acidity
control. Beverages. 2023;9(1):16.

DOI: https://doi.org/10.3390/beverages9010016

Krasteva D, Ivanov Y, Chengolova Z, Godjevargova T.
Antimicrobial potential, antioxidant activity, and phenolic
content of grape seed extracts from four grape varieties.
Microorganisms. 2023;11(2):395.

DOI: https://doi.org/10.3390/microorganisms11020395
Rutkowska M, Olszewska MA, Kolodziejczyk-Czepas J,
Nowak P, Owczarek A. Sorbus domestica leaf extracts and
their activity markers: antioxidant potential and synergy
effects in scavenging assays of multiple oxidants. Molecules.
2019;24(12):2289.

DOI: https://doi.org/10.3390/molecules24122289
Grigoryan B, Mikayelyan M. The investigation of bioactive
compounds in the Charentsi grape variety and wine made
from it. Bioact Compd Health Dis. 2023;6(11):303-314.
DOI: https://doi.org/10.31989/bchd.v6i11.1170

Mattivi F, Guzzon R, Vrhovsek U, Stefanini M, Velasco R.
Metabolite profiling of grapes: flavonols and anthocyanins. J
Agric Food Chem. 2006; 54:7692-7702.

DOI: https://doi.org/10.1021/jf061538c

Downey MO, Dokoozlian NK, Krstic MP. Cultural practice and
environmental impacts on the flavonoid composition of
grapesand wine: a review of recentresearch. AmJ Enol Vitic.
2006; 57:257-268.

DOI: https://doi.org/10.5344/ajev.2006.57.3.257

38.

39.

40.

41.

42.

43.

44,

45.

46.

BCHD Page 114 of 115

Grigoryan B, Mikayelyan M, Kazumyan K, Samvelyan A,
Ohanyan A. The study of the biochemical composition of
grape and wine from the Armenian selection variety Nrneni.
Bioact Compd Health Dis. 2024;7(10):476—-488.

DOI: https://doi.org/10.31989/bchd.v7i10.1434

Solomonyan A, Datumyan G, Abrahamyan A, Simonyan N,
Grigoryan E, Nersisyan A, et al. Scientific rationale and
application of clonal selection for enhancing enological
properties of Vitis vinifera L. Funct Food Sci. 2025;5(9):473—
483. DOI: https://doi.org/10.31989/ffs.v5i9.1721

Martirosyan D, Hovhannisyan N, Badalyan A, Petrosyan G,
Kazumyan K, Solomonyan A, et al. Chemical profiling of
domestic grape peel and its potential in bread quality
improvement. Funct Food Sci. 2025;5(4):113-126.

DOI: https://doi.org/10.31989/ffs.v5i4.1589

Badalyan A, Hovhannisyan N, Aperyan G, Abrahamyan V,
Grigoryan V, Grigoryan L, et al. The use of grape seeds in the
production of truffle-type candies. Funct Food Sci.
2025;5(7):315-327.

DOI: https://doi.org/10.31989/ffs.v5i7.1688

Dadayan S, Arstamyan L, Martirosyan D, Badalyan A,
Mkhitaryan H, Abrahayam S, et al. Novel functional
confectionery: incorporating blueberry extract for
nutritional enhancement and quality improvement.
Functional Foods in Health and Disease. 2025;15(8):551-560.
DOI: https://doi.org/10.31989/ffhd.v15i8.1746
Ribereau-Gayon P, Glories Y, Maujean A, Dubourdieu D:
Handbook of Enology. Volume 2: The Chemistry of Wine
Stabilization and Treatments. 2nd edition. Chichester: John
Wiley & Sons; 2006.

Bautista-Ortin AB, Busse-Valverde N, Fernandez-Fernandez
JI, Gémez-Plaza E, Gil-Mufioz R. The extraction kinetics of
anthocyanins and proanthocyanidins from grape to wine in
three different varieties. J Int Sci Vigne Vin. 2016;50(2):91—
100.

DOI: https://doi.org/10.20870/0eno-one.2016.50.2.781

Chen H, Wang M, Zhang L, Ren F, Li Y, Chen Y, et al.
Anthocyanin profiles and color parameters of fourteen
grapes and wines from the eastern foot of Helan Mountain
in Ningxia. Food Chem. 2024; 24:102034.

DOI: https://doi.org/10.1016/j.fochx.2024.102034

Setford PC, Jeffery DW, Grbin PR, Muhlack RA. Mass transfer
of anthocyanins during extraction from pre-fermentative
grape solids under simulated fermentation conditions:
effect of convective conditions. Molecules. 2019;24(1):73.

DOI: https://doi.org/10.3390/molecules24010073


http://www.ffhdj.com/
https://doi.org/10.3390/beverages1104010
https://doi.org/10.3390/horticulturae9111173
https://doi.org/10.3390/foods13020186
https://www.wine-production.com/wine_production/malolactic_wine_fermentation/effects_malolactic_fermentation.htm
https://www.wine-production.com/wine_production/malolactic_wine_fermentation/effects_malolactic_fermentation.htm
https://www.wine-production.com/wine_production/malolactic_wine_fermentation/effects_malolactic_fermentation.htm
https://doi.org/10.3390/beverages9010016
https://doi.org/10.3390/microorganisms11020395
https://doi.org/10.3390/molecules24122289
https://doi.org/10.31989/bchd.v6i11.1170
https://doi.org/10.1021/jf061538c
https://doi.org/10.5344/ajev.2006.57.3.257
https://doi.org/10.31989/bchd.v7i10.1434
https://doi.org/10.31989/ffs.v5i9.1721
https://doi.org/10.31989/ffs.v5i4.1589
https://doi.org/10.31989/ffs.v5i7.1688
https://doi.org/10.31989/ffhd.v15i8.1746
https://doi.org/10.20870/oeno-one.2016.50.2.781
https://doi.org/10.1016/j.fochx.2024.102034
https://doi.org/10.3390/molecules24010073

Bioactive Compounds in Health and Disease 2026; 9(2): 102 — 115

47.

48.

49.

50.

51.

52.

53.

Yu H, Li HY, Zhou SH, Cheng G, Wei RF, Zhou YM, etal. The
metabolomic profiling of the flavonoid compounds in red
wine grapes and the impact of training systems in the
southern subtropical region of China. Int J Mol Sci.
2024;25(16):8624.

DOI: https://doi.org/10.3390/ijms25168624

Bai S, Tao X, Hu J, Chen H, Wu J, Zhang F, et al. Flavonoids
profile and antioxidant capacity of four wine grape cultivars
and their wines grown in the Turpan Basin of China, the
hottest wine region in the world. Food Chem: X. 2025;
26:102301.

DOI: https://doi.org/10.1016/j.fochx.2025.102301

Uysal RS, lIssa-Issa H, Sendra E, Carbonell-Barrachina AA.
Changes in anthocyanin pigments, trans-resveratrol, and
colorimetric characteristics of Fondillon wine and other
“Monastrell” wines during the aging period. Eur Food Res
Technol. 2023;249(7):1-11.

DOI: https://doi.org/10.1007/s00217-023-04256-3

He F, Liang NN, Mu L, Pan QH, Wang J, Reeves MJ, et al.
Anthocyanins and their variation in red wines Il
Anthocyanin derived pigments and their color evolution.
Molecules. 2012;17(2):1483-1519.

DOI: https://doi.org/10.3390/molecules17021483

Gomez M, Heredia FJ. Effect of the maceration technique on
the relationships between anthocyanin composition and
objective color of Syrah wines. J Agric Food Chem.
2004;52(16):5117-5123.

DOI: https://doi.org/10.1021/jf049570z

Gordillo B, Sigurdson GT, Lao F, Gonzalez-Miret ML, Heredia
FJ, Giusti MM. Assessment of the color modulation and
stability of naturally copigmented anthocyanin-grape
colorants with different levels of purification. Food Res Int.
2018;105:102-110.

DOI: https://doi.org/10.1016/j.foodres.2018.01.057

Rao A, Ragavan ML, Srinivasan H. Process optimization for
pigments extraction from Vitis vinifera using response
surface methodology. SN Appl Sci. 2025;7(6):721.

DOI: https://doi.org/10.1007/s42452-025-07221-9

54.

55.

56.

57.

58.

59.

60.

BCHD Page 115 of 115

Dimitrovska M, Bocevska M, Dimitrovski D, Doneva-
Sapceska D. Evolution of anthocyanins during vinification of
Merlot and Pinot Noir grapes to wines. Acta Alimentaria.
2015;44:259-267.

DOI: https://doi.org/10.1556/066.2015.44.0003

Martirosyan DM, Stratton S. Quantum and temporal
theories of functional food science in practice. Functional
Food Science. 2023;3(5):55-62.

DOI: https://doi.org/10.31989/ffs.v3i5.1122

Miyasaka K, Takeda S, Yoneda A, Kubo M, Shimoda H. Rice-
derived glucosylceramides up-regulate HLA-DR expression
on myeloid dendritic cells to activate innate immune
responses in healthy Japanese subjects: a randomized,
placebo-controlled, double-blind trial. Functional Foods in
Health and Disease. 2025;15(8):506-518.

DOI: https://doi.org/10.31989/ffhd.v15i8.1666

Rithi AT, Mitra A, Banerjee A, llanchoorian D, Marotta F,
Radhakrishnan AK. Effect of prebiotics, probiotics, and
synbiotics on gut microbiome in diabetes among coastal
communities. Functional Food Science. 2024;4(1):11-28.

DOI: https://doi.org/10.31989/ffs.v4i1.1271

Martirosyan D. Functional Food Science and Bioactive
Compounds. Bioactive Compounds in Health and Disease.
2025;8(6):218-229.

DOI: https://doi.org/10.31989/bchd.v8i6.1667

Xie B, Chen P, Hong Y, Xu C, Zhang W. Effects of a dietary
compound tablet on glucose metabolism in a hyperglycemic
mouse model. Dietary Supplements and Nutraceuticals.
2025;4(6):1-11.

DOI: https://doi.org/10.31989/dsn.v4i6.1621

Adeiza ZD, Amoka AG, Idris ET, Anoze AA, Moyosore AA,
Boniface MT, et al. Antioxidant and hepatoprotective
activities of methanol extract of Moringa oleifera leaves in
carbon tetrachloride-induced hepatotoxicity in rats:
implications for functional food development. Agriculture
and Food Bioactive Compounds. 2025;2(7):157-170.

DOI: https://doi.org/10.31989/afbc.v2i7.1722


http://www.ffhdj.com/
https://doi.org/10.3390/ijms25168624
https://doi.org/10.1016/j.fochx.2025.102301
https://doi.org/10.1007/s00217-023-04256-3
https://doi.org/10.3390/molecules17021483
https://doi.org/10.1021/jf049570z
https://doi.org/10.1016/j.foodres.2018.01.057
https://doi.org/10.1007/s42452-025-07221-9
https://doi.org/10.1556/066.2015.44.0003
https://doi.org/10.31989/ffs.v3i5.1122
https://doi.org/10.31989/ffhd.v15i8.1666
https://doi.org/10.31989/ffs.v4i1.1271
https://doi.org/10.31989/bchd.v8i6.1667
https://doi.org/10.31989/dsn.v4i6.1621



