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Study on the phenolic composition and antioxidant potential of grape
juices from white grapevine varieties
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ABSTRACT

The study aimed to evaluate the influence of different treatments on the phenolic composition and antioxidant
potential of four types of grape juice. The four variants of treatments (of the juices) were: pasteurization with added
ascorbic acid (V1), pasteurization only (V2), a combination of grape and apple juice with subsequent pasteurization (V3),
and grape juice with added preservative agent potassium sorbate (V4). In all investigated variants, a correlation (P<0.001)
between the concentration of sugars and titratable acids was proven. The influence of the three groups of phenolic com-
pounds (TPC, FPC, and NPC) on the pronounced antioxidant activity in all investigated juices was significant (P<0.0001).
Grape juices exhibited strong bioactivity under the applied treatments and proved to be a valuable source of phenolic
compounds. The study defined the influence of different groups of phenolic compounds on the in vitro antioxidant po-
tential of grape juices, proved a substantial reserve of these bio-composites, and manifested a high antioxidant capacity,
which could serve as an important factor in the reduction of oxidative stress in the human organism.
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PE3IOME

Llenta Ha u3cnepBaHeTo e ga ce onpenenn BAUSHUETO Ha pas3/iMyHM 06paboTKM BbpXy GEHONHUS CbCTaB U
QHTUOKCUAAHTEH MOTEHLMaN Ha YeTMpU BUAA rpo3aoBM CoKoBe. [1pnaoXkeHn ca YeTUpu BapmaHTa Ha obpaboTka Ha
COKoOBeTe: NacTbopmsauus ¢ JobaBeHa ackopbuHoBa KuceamHa (V1), nactbopusaums (V2), KoOM6MHaLMs Ha FPO340B U
A6BJIKOB COK C Noc/sieBalLla nacTbopmsaums (V3) M rpo3ioB cok ¢ o6aBeH KOHCEPBaHT — Kames copbaT (V4). BbB Bcuukm
M3cnefBaHn BapuaHTU e AokasaHa kopenaums (P<0.001) Mexkay KOHUEHTpaumsaTa Ha 3axapy U TUTPYEMU KUCENUHW.
BrvsHueTo Ha TpuTe rpynu deHonHn cbegnHerns (ODPC, POC n HOC) Bbpxy ussBeHaTa aHTUOKCMAAHTHA aKTUBHOCT
e 3HaunTesiHO (P<0.0001) BbB BCMYKM U3C/IeABaHN BapuaHTU. [PO340BMTE COKOBE NPOSIBABAT CU/IHA 6MOAKTUBHOCT MpU
npuaoXKeHUTe 06paboTKM 1 Ce MOTBBbPI)KAABA, HE Ca LLeHEH U3TOYHMK Ha GEeHOJTHU cbenHeHus. M3cneaBaHeTo aedurHupa
BJIMSSHWUETO Ha Pas/IM4HU rpynu GEHONTHWN CbeAUHEHUS BbPXY iN Vitro aHTMOKCUAAHTHUS MOTEHLMA Ha FPO340BM COKOBE,
[0Ka3BalKKM 3HAUUTEsIEH PE3EPB HA T€3M BMOKOMMO3UTU U U3siBa HA BUCOK aHTMOKCUAAHTEH KanauuTeT, KOWTO MOXKe
[ NOC/TY>KM KaTo BaykeH GaKTop 3a peyKLMs Ha OKCUAATUBHUS CTPEC B YOBELLKMS OPraHM3bM.

KnouoBu fymMu: aHTMOKCUAAHTU, GEHOMN, OKCUAATUBEH CTPEC, FPO340B COK
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INTRODUCTION

The food science is becoming increasingly oriented
towards research related to the potential of foods as a
source of biologically active substances. The effects of the
phenolic compounds on the maintenance of good health
status and their capacity for prevention of numerous seri-
ous diseases are undeniable and widely studied (Ilvanovic¢
et al.,, 2016; Beara et al., 2017). Grapes, especially red
grapes, are an extremely rich source of species-diverse
phenolics (Pastrana-Bonilla et al., 2003). They are located
in their skins, seeds, rachis and fleshy part (Chobanova,
2012). A number of grapes phenols bioeffects were stud-
ied and confirmed: anti-carcinogenic properties, anti-in-
flammatory activity, potential preventive effect against
diabetes, positive influence on stimulating the growth of
probiotic strains of bacteria from the intestinal microbi-
ome in a mouse model, antioxidant activity - high reactive
oxygen species (ROS) elimination, reduced risk of cardio-
vascular diseases, neuroprotective effects, preventive ac-
tion against neurodegenerative diseases, preventing the
initiation of a chain reaction of the oxidation of LDL-cho-
lesterol action and increase in serum antioxidant capacity
in vivo (Day et al., 1997; Yi et al., 2005; Trifunovic¢ et al.,
2015; Almulaiky et al., 2017; Chacar et al., 2018; Rasines-
Perea and Teissedre, 2017; Akter et al., 2021; Chiavar-
oli et al., 2021; Krivokapi¢ et al., 2022; Ghanem et al.,
2023). The accumulation of phenols in grapes is a value
that is highly dependent on a number of factors: genetic
characteristics of the grapevine variety, soil and climatic
conditions of the region of cultivation, plant-protection
measures, and applied agrotechniques (Fang et al., 2008).

The grape juice has significant potential as a source
of biologically active composites. It has been revealed in
a number of studies. Beara et al. (2017) demonstrated
a high antioxidant activity, an inhibitory effect on lipid
peroxidation, and a neuroprotective effect (by inhibiting
acetylcholinesterase) in red grape juices from the region
of Fruska Gora, Serbia. Burin et al. (2010) studied com-
mercial, domestic and organic grape juices in Santa Ca-
tarina, Brazil, and demonstrated a significant correlation
between antioxidant activity and total phenolic com-

pounds content. The same dependence was confirmed
by da Silva et al. (2015) in the grape juice of the Brazilian
cultivars BRS-Cora and Isabela, and they also defined a
correlation in the antioxidant capacity influenced by an-
thocyanins. Cazarin et al. (2013) reported a correlation
between the antioxidant capacity and anthocyanin con-
tent in grape juices of the Isabella variety cultivated un-
der Brazilian tropical semi-arid climate conditions. Baiano
(2020) conducted a study on the phenolic composition
and antioxidant activity of experimental and industrially
obtained grape juices from table grapes and found a sig-
nificant correlation between the pronounced antioxidant

activity and the content of total phenols.

The present study aimed to define the phenolic com-
position and antioxidant in vitro potential of grape juices
obtained by different treatments and combinations of
white grapevine varieties and apple juice grown in the
region of the town of Pleven, Central Northern Bulgaria.

MATERIALS AND METHODS

Grapevine varieties, applied treatments and formed
experimental juice variants

The study was conducted in the autumn of 2022 and
the spring of 2023. Grapes from the interspecies white
hybrid grapevine varieties Druzhba and Naslada, which
have increased resistance to stress factors, were used as
raw material. These grapes were grown at the Experimen-
tal Base of the Institute of Viticulture and Enology (IVE) in
Pleven. Druzhba is a white grapevine variety created by
complex interspecies hybridization (Misket hamburgski x
Save Vilar 12 375) x (Zarya Severa x Misket hamburgski)
and approved in 1983. The variety was included in the
Official Varietal List of Bulgaria in 2012. It is medium rip-
ening; the grapes ripen at the end of August and the be-
ginning of September. The vines have very good fertility.
The variety has increased resistance to fungal diseases
and low winter temperatures. At technological maturity,
the content of sugars is 19-21%, with titratable acids 6.5-
7.5 g/dm?® (Radulov et al., 1992; Roychev, 2012). The oth-
er used variety, Naslada, is also a white hybrid grapevine
variety obtained from the crossing of Misket Hamburgski
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x Villar Blanc and approved in 1976. The grapes of the
variety reach technological maturity in the first half of
September. The variety is characterized by resistance to
downy mildew and increased resistance to grey rot, pow-
dery mildew, and low winter temperatures. At technolog-
ical maturity, grapes accumulate 18-20% sugars at 7-8 g/
dm? titratable acids (Radulov et al., 1992; Roychev, 2012).

The grapes used for the experiment were healthy and
had an optimal ratio (for the grape juice production) of
sugars and titratable acids. The obtaining of grape juice
follows the following technological operations, with two
conservation treatments applied - thermally and with
a preservative. The technological operations with heat
treatment included the following processes: Crushing the
grapes » Draining » Pressing » Sulphitation (20 mg/
dm?® SO,) » Clarification of the must and decanting »
Pasteurization of the clear part in a plate heat exchanger
at mode: temperature: 75 - 80 °C, time of delay: 10 sec.
» Cooling » Bottling.

The technological operations with added preservative
included the processes: Crushing of the grapes » Drain-
ing » Pressing » Sulphitation (20 mg/dm? SO,) » Clari-
fication of the must and decanting » Addition of preser-
vative potassium sorbate in an amount - 200 mg/dm?3 »
Bottling

Four experimental variants were formed and analyzed:
V1 - Pasteurized grape juice /Druzhba variety/ with add-
ed ascorbic acid (10 g/100 dm?®); V2 - Pasteurized grape
juice /Naslada variety/; V3 - Pasteurized grape juice /
Naslada variety/ + apple juice (ratio 50:50); V4 - Grape
juice /Naslada variety/ + potassium sorbate.

Chemical parameters of grape juices

The main components of the chemical content of the
studied grape juice variants were researched according to
the methods generally accepted in wine practice (lvanov
et al., 1979). The sugar content (g/dm?®) was determined
hydrometrically, by using a Dujardin hydrometer. The
content of titratable acids (TA, g/dm?®) was analyzed by
titration with 0.1 N NaOH. The actual acidity (pH) of the
experimental variants was established potentiometrically,
using a pH meter.

Determination of the grape juice's phenolic content

The phenolic content of the experimental juices was
established by determination of total phenolic com-
pounds (TPC, mg/dm? gallic acid equivalents) using Single-
ton et Rossi method with Folin-Ciocalteu reagent (lvanov
et al., 1979), determination of the content of flavonoid
phenolic compounds (FPC, mg/dm? catechin equivalent)
and non-flavonoid phenolic compounds (NPC, mg/dm? of
caffeic acid equivalents) by Sommers’ method (Chobano-
va, 2007).

Determination of the antioxidant (DPPH) activity of
grape juices

The antioxidant activity was determined according to
the method of Wang et al. (1996), as antiradical activity
against the stable DPPH (2,2-diphenyl-1-picrylhydrazyl)
radical (Sigma Aldrich, Germany). The grape juice sam-
ples were diluted to a total extract of 600.00 mg/dm?
and 400.00 mg/dm?, and the analysis was carried out on
the samples thus diluted. The control sample used was
prepared with distilled water instead of juice. Freshly pre-
pared solution (100 um) of DPPH in ethanol was used
as a free radical. In a test tube, 0.5 cm?® of the sample
and 2.5 cm?® of the freshly prepared solution of DPPH
were mixed. The values of the molecular absorption of
light (spectrophotometrically at a wavelength of 515 nm)
of the control and the experimental samples were mea-
sured at reaction times of 5 and 15 min, counted from the
moment of reagents mixing. The antiradical activity was

expressed in %.

Statistical analysis

Descriptive statistics were calculated to ascertain the
mean and standard deviation (+ SD) of the observed vari-
ables. The statistical analysis was conducted using IBM®
SPSS software (Landau and Everitt, 2004). One-way
Analysis of Variance (ANOVA) was employed to validate
significant differences among the examined values, with
significance set at P<0.05. Tukey’s post-hoc tests were
subsequently performed to identify significant differenc-
es between group means, where applicable. Pearson cor-
relation coefficients (R) were computed to assess the re-
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lationships between variables, with statistical significance

determined via a two-tailed test at the alpha level of 0.05.

RESULTS AND DISCUSSION

There was a slight disparity in sugar content among
the variants, with Variant 4 boasting the highest mean
sugar content at 9.63 + 0.05 g/dm?®, closely followed by
Variant 1 at 9.49 + 0.05 g/dm®. Conversely, Variants 2
and 3 exhibited comparatively lower mean sugar levels
at 9.35 £ 0.05 g/dm® and 9.25 + 0.02 g/dm?®, respectively
(Table 1).

In terms of total acidity, significant discrepancies
emerge across the variants. Variant 3 notably distin-
guished itself with the highest mean acidity, registered at
7.53 + 0.05 g/dm?®, followed by Variant 2 at 5.25 + 0.00
g/dm®. In contrast, Variants 1 and 4 displayed relatively
lower mean acidity levels (Table 1).

Regarding pH levels, Variant 3 exhibited the lowest
mean pH of 4.21 + 0.01, indicating higher acidity, where-
as Variant 1 displayed the highest mean pH level of 4.40 +
0.01. Variants 2 and 4 lay in intermediate positions, with
Variant 4 slightly edged out Variant 2 with a mean pH of
4.29 + 0.00 compared to 4.31 + 0.01, respectively (Table
1).

The results found in our study regarding the content
of titratable acids (TA) showed differences compared to
the data of Pavlousek and Kumsta (2011), who investi-
gated primary metabolites in 11 newly selected grape-
vine varieties. They found a slightly higher content of

titratable acids in unheated must, ranging from 7.96 g/

Table 1. Main chemical indicators of grape juices

dm?® to 9.55 g/dm?®, and the pH levels found were lower
than those obtained in the present study and ranged from
3.13 to 3.56. It was established that regimes of fruit juic-
es thermal treatment at temperatures equal to or higher
than 80 °C, with a short delay of 30 sec, led to a decrease
in the content of citric and ascorbic acids in combined
grape-fruit juices (lgual et al., 2010; Petruzzi et al., 2017).
In this way, the total titratable acids were reduced, which
also explained their lower levels in our study, in contrast
to the studies that examined non-thermally processed
juices. Korzenski and Molnar (2014) investigated the in-
fluence of different types of thermal treatments (by water
bath, microwaves and electric heater) on grape must at a
temperature of 70 °C. They found that heat treatment re-
sulted in an increase in pH levels from 2.76 in the untreat-
ed control to 3.05 in the electric heater-treated sample.
The obtained result correlated with the higher pH levels
found in our study, which, given the findings of the above
team, were due to their heat treatment.

Table 2 displays the content of total phenolic com-
pounds (TPC), flavonoid phenolic compounds (FPC), and
non-flavonoid phenolic compounds (NPC) in grape juices
across the four variants. Collectively, the findings consis-
tently position Variant 3 as the top performer across all
phenolic compound categories, underscoring its potential
nutritional significance, followed by Variant 2, while Vari-
ant 4 preceded Variant 1 with the lowest TPC, FPC and
NPC levels.

In our study, the content of total phenolic compounds
(TPC) across the four variants ranged from 453.3 £+ 5.8 mg
GAE/dm?® to 646.70 + 5.8 mg GAE/dm3. These findings

Variant 1 Variant 2 Variant 3 Variant 4
Chemical indicators
Mean SD Mean SD Mean SD Mean SD
Sugars, g/dm? 9.49 0.05 9.35 0.05 9.25 0.02 9.63 0.05
TA, g/dm?® 4.55 0.05 5.25 0.00 7.53 0.05 4.28 0.00
pH 4.40 0.01 431 0.01 4.21 0.01 4.29 0.00
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Table 2. Content of total phenolic compounds (TPC), flavonoid phenolic compounds (FPC) and non-flavonoid phenolic com-

pounds (NPC) in the grape juice of the studied variants

Variant 1 Variant 2 Variant 3 Variant 4

Phenolic compounds

Mean SD Mean SD Mean SD Mean SD
TPC, 453.3 5.8 593.3 5.8 646.7 5.8 480.0 0.0
mg GAE/dm?® . . . . . . . .
FPC, 240.3 3.5 575.3 1.4 911.4 10.1 362.2 2.2
mg CE/dm? . . . . . . . .
NPC, 84.2 0.1 141.5 0.3 208.7 0.1 116.5 8.8
mg CA/dm? . . . . . . . .

align with the research of Moreno-Montero et al. (2015),
who observed a variation in total phenols in commercial
Spanish white and red grape juices ranging from 126.0
mg GAE/dm? to 1728.0 mg GAE/dm?3. This comparison
suggests that our results fall within the range of phenolic
content reported in commercial grape juices. In compari-
son to previous studies, the present study observed high-
er total phenolic content in grape juices.

Frankel et al. (1998) examined commercial white grape
juices from Westfield, New York, reporting total phenolic
content ranging from 254.0 mg GAE/dm?® to 389.0 mg
GAE/dmé3, which was lower than the levels found in our
study. Similarly, Rodriguez et al. (2019) investigated grape
juices from Rio De Janeiro, Brazil, and reported total phe-
nolic content in white grape juices ranging from 193.0
mg GAE/dm?® to 343.0 mg GAE/dm?, again lower than our
findings. Additionally, Lee et al. (2008) found lower lev-
els of total phenols (ranging from 57.95 mg GAE/dm?® to
205.64 mg GAE/dm3) in Korean commercial grape juice
compared to our study results. The differences in total
phenolic content are due to the specifics of the terroir
where the vines are grown. These soil and climatic char-
acteristics, unique to each region, have a fundamental
influence on the ultimate accumulation of phenols in the
grapes and are a factor in their biological potential. The
disparities in total phenolic content could be attributed
to the unique terroir of each vineyard where the grapes
are grown. The terroir encompasses the soil composition,

climate conditions, topography, and other environmental
factors specific to each region, all of which play a crucial
role in shaping the accumulation of phenolic compounds
in the grapes. These environmental factors directly influ-
ence the grapevine's biological processes, including sec-
ondary metabolite production, ultimately impacting the
phenolic composition of the grapes.

The content of flavonoid phenolic compounds (FPC)
ranged from 240.3 + 3.5 mg CE/dm®to 911.4 £ 10.1 mg
CE/dm?3. This group consists of monomeric phenols and
includes flavones, flavonols, flavonones, catechins, pro-
anthocyanidins and anthocyanins (the latter being pres-
ent only in red grapes) (Harbone, 1980).

The non-flavonoid phenolic compounds (NPC) in the
studied variants ranged from 84.2 + 0.1 mg CA/dm? to
208.7 £ 0.1 mg CA/dm3. This group of phenols consists of
subgroups with representatives that exhibit confirmed bi-
ological effects: bactericidal activity, anticholesterolemic
effect (phenolic acids); antioxidant activity, preventive
effect against cardiovascular diseases, anticarcinogen-
ic effect, immunomodulation (resveratrol) (Wang et al.,
1996; Jang et al., 1997; Lu and Serrero, 1999; Chobano-
va, 2012; Craveiro et al., 2017).

The data on the established antioxidant activity of the
investigated grape juices at different extracts (600.0 and
400.0 mg/dm®) and reaction times (5 and 15 min) are pre-
sented in Figure 1.
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Figure 1. Antioxidant activity of grape juices at total extracts (600.0 and 400.0 mg/dm?®) and reaction times (5 and 15 min)

For a total extract concentration of 600.0 mg/dm?, at
the 5-minute mark, Variant 4 demonstrated the highest
mean antioxidant activity at approximately 89.9%, fol-
lowed by Variant 1 with approximately 84.75%, and Vari-
ant 3 with 83.23%. Variant 2 trailed behind with a mean
activity of approximately 63.34%. By the 15-minute mark,
Variant 3 exhibited the highest mean antioxidant activity
at approximately 92.39%, followed closely by Variant 1 at
approximately 91.71%. Variant 4 displays a mean activity
of approximately 90.19%, while Variant 2 remained lower
at approximately 86.42%.

For a total extract concentration of 400.0 mg/dm? at
the 5% minute mark, Variant 4 exhibited the highest mean
antioxidant activity at approximately 91.5%, followed by
Variant 1 with approximately 88.57% and Variant 3 at
79.46%. Variant 2 displayed a lower mean activity of ap-
proximately 55.17%.

Based on the data from Figure 1, it is evident that
Variant 4 exhibited the highest antioxidant activity across
most measurements. However, it's noteworthy that at
600.0 mg/dm?® and a reaction time of 15 minutes, Variant
4 ranked third, while Variant 1 consistently secured the
second position across all measurements. Variant 3 gen-
erally ranked third in most instances, except for the sec-
ond measurement at the 15% minute with 600.0 mg/dm?,

where it took the first position. Overall, the data high-
lighted the varying antioxidant activities of grape juices
under different conditions, with Variant 4 being the most
potent in most scenarios.

At a total extract of 600.0 mg/dm? after 5 minutes of
the reaction with the DPPH radical, the antioxidant ac-
tivity between the four investigated variants varied from
63.34 + 0.93% (Variant 2) to 89.93 + 0.03% (Variant 4).
An increase in the radical-elimination capacity with an-
tioxidant activity ranged from 86.42 + 0.56% (Variant 2)
to 91.71 £ 0.16 (Variant 1) was found at the 15% minute
of the reaction with the same extract. The higher antioxi-
dant activities of Variants 1 and 4 were due to the specific
treatments applied. The influence of ascorbic acid in Vari-
ant 1, which acts as a strong antioxidant, increased the
activity accordingly. The potassium sorbate added as a
preservative also has an antioxidant effect and the ability
to increase the radical-elimination capacity of the sample.

The reported trends stayed the same, even with the
established antioxidant activity at a total extract of 400.0
mg/dm?. At the 5" minute of the reaction with the radical
in this total extract, a variation in the radical scavenging
activity was found from 55.17 + 0.63% in Variant 2 to
91.51 £ 0.03% in Variant 4. At the 15" minute of the re-

action with the same extract, a similar dynamics of vari-
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ation was recorded - from the lowest activity in Variant
2 (78.76 £ 1.08%) to the highest in Variant 4 (91.78 +
0.14%). The differences between Variants 1 and 4, which
showed the highest antioxidant activity, were not signif-
icant, but their high activity was probably due to the ad-
dition of ascorbic acid and potassium sorbate and their
influence. Landbo and Meyer (2008) found that the addi-
tion of ascorbic acid to European grape juices improved
their antioxidant potential and the ability of the juices to
inhibit LDL peroxidation in vitro.

A complex statistical data processing was carried out,
which revealed important dependencies between all the
studied indicators. The ANOVA analysis (Table 3) was con-
ducted for various factor levels and conditions, including
different concentrations of total extract (AO) at 600.0
mg/dm?® and 400.0 mg/dm?, and at two different reaction
times of 5 minutes and 15 minutes. For all components
(TPC, FPC, and NPC), the F-values were large and asso-
ciated P-values were extremely small (P<0.0001), indi-
cating highly significant differences between the groups.

Table 3. Analysis of variance (ANOVA) for antioxidant activity and phenolic compounds

Sum of Squares df Mean Square F Sig.
Total phenolic compounds Between Groups 151,733.33 3 50,577.78 2,528.89 0.00
Within Groups 400.00 20 20.00
Total 152,133.33 23
Flavonoid phenolic compound Between Groups 1,556,172.11 3 518,724.04  21,606.12 0.00
Within Groups 480.16 20 24.01
Total 1,556,652.27 23
Non-flavonoid phenolic compounds Between Groups 50,270.61 3 16,756.87 1,092.22 0.00
Within Groups 306.84 20 15.34
Total 50,577.45 23
AO = 600.0 mg/dm3, 5 Between Groups 2,451.82 3 817.27 2,216.48 0.00
Within Groups 7.38 20 0.37
Total 2,459.20 23
AO = 400.00 mg/dm?, 5’ Between Groups 4,894.04 3 1,631.35 8,436.83 0.00
Within Groups 3.87 20 0.19
Total 4,897.91 23
AO = 600.0 mg/dm3, 15’ Between Groups 128.18 3 42.73 621.67 0.00
Within Groups 1.38 20 0.07
Total 129.55 23
AO =400.0 mg/dm3, 15’ Between Groups 659.65 3 219.88 886.96 0.00
Within Groups 496 20 0.25
Total Total 664.60 23
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Therefore, there was strong evidence to reject the null
hypothesis and conclude that the concentrations of total
phenolic compounds, flavonoid phenolic compounds, and
non-flavonoid phenolic compounds in grapes significantly
affected the levels of antioxidant activity. The high F-val-
ues suggested that the variability between groups was
much larger than the variability within groups, further
supporting the significance of the observed differences.

The analysis of variance (ANOVA) (Table 3) revealed
significant differences in the levels of total phenolic com-
pounds, flavonoid phenolic compounds, and non-fla-
vonoid phenolic compounds among different groups.
Specifically, the antioxidant treatments at varying con-
centrations and reaction times also exhibited significant
variations in antioxidant activity. These findings under-
scored the importance of both the type of phenolic com-

Table 4. Pearson correlations among analyzed variable pairs

pounds present and the conditions under which antiox-
idant treatments were applied in influencing the overall
antioxidant activity of grape juices. Additionally, the rela-
tively low within-group variability indicated consistent re-
sults within each treatment group, further supporting the
reliability of the observed differences. The results from
the Tukey HSD multiple comparisons test showed sig-
nificant differences in the mean values of phenolic com-
pounds and antioxidant activities across the grape juice
variants. Each comparison indicated significant differenc-
es (P<0.05) between specific grape variants, providing
insights into the unique biochemical profiles of different
grape juices.

Table 4 shows the results for correlations among the
variables studied. Sugars exhibited strong negative asso-
ciations with titratable acids (r = -0.860, P<0.001), total

Variables Variables Pearson Correlation Sig. (2-tailed)
Sugars Titratable acids -0.860** 0.000
Sugars Total phenolic compounds -0.856** 0.000
Sugars Flavonoid phenolic compound -0.820** 0.000
Sugars Non-flavonoid phenolic compounds -0.749** 0.000
Sugars AO = 600.0 mg/dm3, 5’ 0.514* 0.010
Sugars AO = 400.0 mg/dm3, 5’ 0.583** 0.003
AO = 600.0 mg/dm?, 5’ Total phenolic compounds -0.481* 0.017
AO = 600.0 mg/dm?, 5’ Flavonoid phenolic compound -0.248 0.243
AO = 600.0 mg/dm?, 5’ Non-flavonoid phenolic compounds -0.161 0.452
AO =400.0 mg/dm?, 5’ Total phenolic compounds -0.615** 0.001
AO =400.0 mg/dm?, 5’ Flavonoid phenolic compound -0.398 0.054
AO =400.0 mg/dm?, 5’ Non-flavonoid phenolic compounds -0.319 0.129
AO = 600.0 mg/dm?, 15’ Total phenolic compounds -0.130 0.546
AO = 600.0 mg/dm?, 15’ Flavonoid phenolic compound 0.096 0.656
AO = 600.0 mg/dm?, 15’ Non-flavonoid phenolic compounds 0.142 0.508
AO = 400.0 mg/dm?, 15’ Total phenolic compounds -0.432)* 0.035
AO =400.0 mg/dm?, 15’ Flavonoid phenolic compound -0.193 0.367
AO =400.0 mg/dm?, 15’ Non-flavonoid phenolic compounds -0.114 0.597
* Correlation is significant at the 0.05 level (2-tailed); ** correlation is significant at the 0.01 level (2-tailed)
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phenolic compounds (r =-0.856, P<0.001), flavonoid phe-
nolic compounds (r = -0.820, P<0.001), and non-flavo-
noid phenolic compounds (r = -0.749, P<0.05). Addition-
ally, moderate positive correlations were found between
sugars and antioxidant treatments at 600.0 mg/dm? for 5
minutes (r = 0.514, P<0.05) and 400.0 mg/dm? for 5 min-
utes (r = 0.583, P<0.01). Antioxidant treatments at dif-
ferent concentrations and durations showed varying rela-
tionships with phenolic compounds. Notably, there were
negative correlations with total phenolic compounds at
600.0 mg/dm?® for 5 minutes (r = -0.481, P<0.05) and
400.0 mg/dm?® for 5 minutes (r = -0.615, P<0.001). Ad-
ditionally, a moderate negative correlation was observed
at 400.0 mg/dm? for 15 minutes (r = -0.432, P<0.05). The
correlation between AO at 400.0 mg/dm?® for 5 minutes
and flavonoid phenolic compounds was nearly significant
(r=-0.398, P = 0.054). Other correlations with total phe-
nolic compounds, flavonoid, and non-flavonoid phenolic

compounds were not statistically significant.

CONCLUSIONS

The following conclusions could be drawn from the

conducted research:

- The investigated grape juices (thermally treated,
with the addition of ascorbic acid and potassium
sorbate) showed a normal state in terms of the
three main chemical indicators - content of sugars,
titratable acids, and pH. A strong correlation
dependence (P<0.001) was proved between the
concentration of sugars and titratable acids. Sugar
content did not affect NPC (P<0.05), but had a
slight effect on antioxidant activity in both extracts
(600.0 and 400.0 mg/dm?).

- It was statistically proven that the concentration
of the three groups of phenolic compounds (TPC,
FPC, and NPC) significantly influenced (P<0.0001)
and affected the levels of antioxidant activity
exhibited by the juices.

- The statistical revealed

differences when comparing the groups of

analysis significant
phenolic compounds within each variant, as well
as the antioxidant activities at different total
extracts and reaction times in each tested variant.
These findings indicated the distinct influence of
each phenolic group and the impact of varying
conditions on the antioxidant potential of each
investigated variant.

The present study enriched the nutritional science
with valuable data proven by statistical confirmation of
the dependencies and concentration presence of pheno-
lic compounds from different groups, as well as their in-
fluence on the in vitro antioxidant potential of grape juic-
es from the region of Pleven, Central Northern Bulgaria.
The study proved substantial availability of biologically
active substances in the composition of the studied grape
juices and the manifestation of a high antioxidant effect,
which could serve as an important factor in increasing
the antioxidant capacity in the blood, helping to protect
against cellular damage caused by oxidative stress in the
human body.
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