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Background. Berries are a valuable source of minerals, vitamins, and phytochemi-
cals in human nutrition. Due to the growing demand for organic food products enriched
with biologically active compounds (BACs), there is a need to assess the levels of these
substances in berries of various plant species and to develop optimal methods for pro-
cessing raw berry materials that preserve their biological value.

The aim of this study was to investigate the content of BACs (total phenolic com-
pounds, flavonoids, anthocyanins, and ascorbic acid) and the antioxidant capacity of
fresh and dried berry extracts and berry juices from bush plants distributed in the terri-
tory of Ukraine (chokeberry, blackthorn, elderberry, and blackberry).

Materials and Methods. The study was conducted using berry fruits of Aronia
melanocarpa (Michx.) Elliott (chokeberry), Prunus spinosa L. (blackthorn), Sambucus
nigra L. (elderberry), and Rubus fruticosus L. (blackberry) growing in natural conditions
in the Lviv region. The collecting of plant material, its preparation for analysis, as well
as drying of berries, obtaining and pasteurization of berry juices were carried out follow-
ing conventional methods. Berry extracts were prepared by 90 % ethanol extraction of
fresh berries and water-ethanol extraction (in a 1:1 (v/v) ratio) of dry berries. The total
content of phenolic compounds and the concentrations of anthocyanins, flavonoids, and
ascorbic acid (vitamin C) were determined using generally accepted spectrophotometric
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methods. The antioxidant capacity of plant materials was assessed by spectrophotomet-
ric analysis using the stable free radical DPPH (1,1-diphenyl-2-picrylhydrazyl). Statistical
processing the obtained results was performed using a two-way ANOVA method.

Results. Extracts of fresh berries from the studied plant species contained higher
concentrations of total phenolic compounds, flavonoids, anthocyanins, and ascorbic acid
than berry juices and extracts of dried berries, with the highest content of biologically
active substances noted in fresh fruits from A. melanocarpa. In particular, chokeberry
fruits contained phenolic compounds, anthocyanins, and flavonoids in concentrations
of up to 1204 mg GAE (gallic acid equivalents), 643 mg C3GE (cyanidin-3-glucoside
equivalents), and 490 mg of QE (quercetin equivalents) per 100 g of sample wet weight,
respectively. Pasteurized berry juices had lower concentrations of the indicated com-
pounds than fresh berry extracts, whereas dried berry extracts tended to contain higher
concentrations of the mentioned biologically active substances compared to berry juices.
Among the plant materials studied, the highest antioxidant capacity measured by the
DPPH radical absorption method was found in extracts of fresh chokeberries (93 %),
whereas fresh berries of P. spinosa, S. nigra, and R. fruticosus plants showed signifi-
cantly lower antioxidant potential (83 %, 85 %, and 82 %, respectively). For most of
the analyzed parameters (except for the concentration of ascorbic acid), a stable pat-
tern of preservation of biologically active substances in plant materials was observed in
descending order: fresh berry extract > dried berry extract > berry juice, which confirmed
the advantage of the extraction method compared to direct pressing and juicing for obtai-
ning high levels of biologically active compounds in berry products. At the same time, the
obtained results show that both the species characteristics of the berries and the method
of their treatment significantly determine the antioxidant profile of berry products.

Conclusions. Analysis of the concentrations of total phenolic compounds, flavo-
noids, anthocyanins and ascorbic acid found in the berries of A. melanocarpa, P. spinosa,
S. nigra, and R. fruticosus suggests that the fruits of these species are promising sources
of natural antioxidants in human nutrition. However, the berry treatment regime signifi-
cantly affects the content of biologically active substances in berry juices and extracts.
The obtained results can be applied in the food industry for the development of functional
products with improved antioxidant properties.

Keywords: berries, biologically active compounds, antioxidant capacity, phenolic
compounds, flavonoids, anthocyanins, functional foods

INTRODUCTION

Modern trends in nutrition science are increasingly focused on the study and use
of functional foods, which can provide the human body not only with essential nutri-
ents, but also with biologically active compounds (BACs) that have additional health-
promoting effect (Granato et al., 2020; Oboh et al., 2021; Murugan, 2024). The demand
for organic food products enriched with BACs is constantly growing, which actualizes
research into natural sources of these substances and methods of their preservation in
food products during the processing of raw materials (Granato et al., 2020).

Among the main sources of natural biologically active substances, berry fruits attract
special attention, representing a rich source of vitamins, minerals, and phytochemicals
such as various groups of phenolic compounds (Hakkinen et al., 1999a,b; Snitynski
et al.,, 1999; Sheng et al., 2009; Zorzi et al., 2020; Djordjevi¢, 2023; Murugan, 2024;
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Pedisic¢ et al., 2025). The content and composition of phenolic compounds in berries are
currently the subject of active research due to biological activities and potential health
benefits of these substances. In particular, this applies to berry fruits of shrub plants
belonging to the genera Aronia Medik., Prunus L., Sambucus L., and Rubus L., which
are widely distributed and cultivated in many countries, including Ukraine (Kim et al.,
2021; Merecz-Sadowska et al., 2024; Nisar et al., 2025).

Numerous studies have shown a strong positive correlation between the content of
phenolic compounds and the antioxidant activity of berries, as well as of their processed
products (Nowak et al., 2018; Zorzi et al., 2020; Kim et al., 2021; Huang et al., 2022;
Li et al., 2022; Dobros et al., 2024). In addition, plant phenolic compounds are known to
have anti-inflammatory, antimicrobial, cardioprotective, immunomodulatory and poten-
tial anticancer effects (Suriyaprom et al., 2022; Djordjevi¢, 2023; Merecz-Sadowska
et al., 2024; Stachelska et al., 2025).

Currently, there is growing interest in studying the chemical composition, and anti-
oxidant potential of berries from plants such as Aronia melanocarpa (Michx.) Elliott,
Prunus spinosa L., Sambucus nigra L., and Rubus fruticosus L. as valuable natural
sources of biologically active substances in human nutrition (Liu et al., 2022; Marcetic¢
et al., 2022; Osman et al., 2023; Negrean et al., 2023; Dobros et al., 2024; Nisar et al.,
2025). These plant species have a long history of use in folk medicine in European and
other countries, and their fruits, juices and extracts are increasingly used in the produc-
tion of food products (yoghurts, beverages, preserves, jams), food pigments and as
part of biologically active food supplements (Kiselova-Kaneva et al., 2022; Nistor et al.,
2023; Aguilera & Toledo, 2024).

The presence of different classes of phenolic compounds (flavonoids, anthocyanins,
phenolic acids, etc.), which can neutralize free radicals and reduce oxidative stress,
thereby preventing the development of chronic diseases, makes the berries valuable
objects for scientific research in the fields of nutritiology, pharmacology, and nutritional
medicine (Zhang et al., 2021; Marceti¢ et al., 2022; Negrean et al., 2023; Murugan,
2024). Despite numerous research works in this area, the nutritional value and biolo-
gically active substances of the fruits of the above-mentioned plant species have not
been completely studied. However, the berry fruits from all four mentioned plant species
are known to be rich in anthocyanins, which provide the dark color of ripe berries and
possess various biological effects (He & Giusti, 2010; Ma et al., 2025). Therefore,
it is reasonable to conduct a comparative study of the BAC contents in berries from
the mentioned plant species, taking into account their biochemical traits as a criterion.
It should also be noted that these berries still remain underutilized in the food industry,
which is largely due to the technological difficulties of berry harvesting and processing
(Li et al., 2017; Wang et al., 2024).

It has been shown that inappropriate extraction methods, heat treatment, fermen-
tation processes and other types of fruit processing can significantly affect the stability
and antioxidant potency of phenolic compounds, vitamin C and other biologically active
substances in plant materials (Li et al., 2017; Martinsen et al., 2020; Zia & Alibas, 2021;
Mandha et al., 2023; Uribe et al., 2024; Thanasegaran & Mahror, 2025). At the same
time, phenolic compounds in harvested berries are known to be susceptible to oxidation
reactions due to their high water content, which may reduce their health benefits (Uribe
et al., 2024). Therefore, in the manufacture of functional food products, the use of opti-
mal processing methods that maximally preserve the biological value and nutraceutical
properties of plant raw materials is of great importance.
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The aim of this study was to investigate the antioxidant capacity and content of bio-
logically active compounds (total phenolic compounds, flavonoids, anthocyanins, and
ascorbic acid) in extracts of fresh and dried berries and berry juices from A. melano-
carpa, P. spinosa, S. nigra, and R. fruticosus.

MATERIALS AND METHODS

The studies were conducted in 2023—2024 using berry fruits of plants Aronia mel-
anocarpa (Michx.) Elliott (chokeberry), Prunus spinosa L. (blackthorn), Sambucus
nigra L. (elderberry), and Rubus fruticosus L. (blackberry) growing in natural condi-
tions in the Lviv region of Ukraine. Biochemical studies were conducted in the labora-
tory of the Department of Ecology at the Lviv National Environmental University and in
the Laboratory of Product Quality Control of the Department of Hotel and Restaurant
Business and Food Technology at the lvan Franko National University of Lviv.

The material was obtained from agrarian farms located in the Lviv region. The col-
lecting of plant material and its preparation for analysis were carried out in accordance
with conventional methods (State Committee for Technical Regulation and Consumer
Policy of Ukraine, 2002, 2004, 2010; SE “UkrNDNC”, 2015). Fresh and ripe berries
were picked by hand, cleaned of debris, sorted, and washed. The berries were then
placed on trays to drain excess water and stored in a refrigerator at 4 °C until use.

The objects of analysis were extracts of fresh and dried berries obtained by the
method of 90 % ethanol and 1:1 (v/v) water-ethanol extraction, respectively, and berry
juices.

Spectrophotometric measurements were carried out using a SpectroLab P-1 spec-
trophotometer (Ukraine) with a wavelength range of 195-1050 nm (an error range is
+ 0.5 nm). All chemical reagents and standards (gallic acid, quercetin, cyanidin-3-gluco-
side, ascorbic acid) were purchased from Sigma-Aldrich (USA).

Obtaining fresh berry extracts. A 50 g sample of fresh berry fruits of each plant
species was homogenized in a laboratory blender, then 50 mL of 90 % ethanol was
added to 2 g of the fruit mass and mixed for 15 minutes. The mixtures were then centri-
fuged (6000 g) and the supernatants were used to analyze the content of total phenolic
compounds, flavonoids, anthocyanins, and ascorbic acid, as well as to determine anti-
oxidant capacity. Before analysis, additional filtration of the supernatant through mem-
brane filters (0.45 ym) was used.

Obtaining dried berry extracts. Fresh berries were dried in a microwave oven
at 50—60 °C until the moisture content reached less than 20 % (Zia & Alibas, 2021).
Before extraction, dried berries were crushed to particles smaller than 0.5 mm. Extracts
were obtained by infusing 0.5 g of crushed berries in 50 mL of a water-ethanol solution
(1:1 (v/v)) at 60 °C for 2 h and at room temperature for 24 h. A water-ethanol solution in
a ratio of 1:1 was used in order to obtain a high yield of phenolic compounds from dried
berry material (Pudziuvelyté & Maciulskaité, 2025).

After extraction, samples were filtered through a paper filter (Whatman paper No. 1)
and stored at 4 °C until further analysis.

Obtaining berry juices. Juices from chokeberry, blackthorn, elderberry, and black-
berry fruits were obtained by mechanical pressing of crushed homogeneous pulp in
accordance with the requirements of DSTU 7159:2010 (State Committee for Technical
Regulation and Consumer Policy of Ukraine, 2010). The obtained juices were clarified

ISSN 1996-4536 (print) e ISSN 2311-0783 (on-line) ¢ bionoriuHi CTyaii / Studia Biologica e 2026 ¢« Tom 20 / N2 1 e C. 65-82



CONTENT OF BIOLOGICALLY ACTIVE COMPOUNDS AND ANTIOXIDANT CAPACITY OF BERRY FRUITS FROM... 69

by coarse filtration and pasteurized at a temperature of (85 £ 2) °C for 5 min. Samples
were stored under sterile conditions until analysis. To ensure representativeness, the
juices were analyzed after centrifugation and membrane filtration (0.45 ym), which facil-
itated the unification of the corresponding parameters with the supernatants of centri-
fuged berry extracts.

Analysis of total phenolic compounds concentration. The content of total phe-
nolic compounds in the analyzed plant materials was determined by the Folin-Ciocalteu
method based on the oxidation of phenols to form a blue-coloured complex, which was
analyzed spectrophotometrically at a wavelength of 760 nm. The results were expressed
as milligrams of gallic acid equivalents (GAE) per 100 g of sample wet weight, using
a gallic acid calibration curve. The calibration curve was constructed using gallic acid
solutions with a concentration of 50—-500 mg/L (Singleton et al., 1999; Mirdehghan &
Rahemi, 2007).

Determination of total flavonoid content. To determine the total content of fla-
vonoids (flavonols and other groups of these compounds), the complexation method
with aluminum chloride (AICI;) was used (Zhishen et al., 1999). The method is based
on the formation of a stable flavonoid-AICIl, complex with an absorption maximum at
A =415 nm. The results were expressed as milligrams of quercetin equivalents (QE) per
100 g of sample wet weight.

Determination of anthocyanin content. Total anthocyanin content was determined
by UV-visible spectrophotometry at A = 520 nm in acidic medium (KCI/HCI buffer, pH 1.0)
according to the method developed by Giusti and Wrolstad (2001). This method allows
for an accurate assessment of the anthocyanin concentration in berry extracts. The con-
centration of anthocyanins in the samples was calculated using cyanidin-3-glucoside
(C3G) as a reference and taking into account the molar extinction coefficient of C3G
(449.2 g/mol). The concentration of anthocyanins was expressed as milligrams of
cyanidin-3-glucoside equivalents (C3GE) per 100 g of sample wet weight.

Determination of ascorbic acid concentration. The content of ascorbic acid (vita-
min C) was determined using UV spectrophotometry at a wavelength of 243 nm, at which
ascorbic acid exhibits maximum absorption. A calibration curve was constructed using
ascorbic acid standard solutions (10-100 mg/L) (Giusti & Wrolstad, 2001). The obtained
results were presented as milligrams of ascorbic acid per 100 g of sample wet weight.

Analysis of antioxidant capacity of plant materials. The antioxidant capacity
of plant materials was assessed by spectrophotometric analysis using the stable free
radical DPPH (1,1-diphenyl-2-picrylhydrazyl). The method is based on the ability of ana-
lyzed samples to neutralize the DPPH radical, which results in a decrease in absorption
intensity at A = 517 nm (Mirdehghan & Rahemi, 2007).

Data processing. To assess the influence of berry species (factor A) and form of
processing (factor B) on the studied parameters, a two-way ANOVA was used with the
main effects and AxB interaction assessment. For comparisons between groups, a post
hoc Tukey’s HSD test was performed. The level of statistical significance was a = 0.05.
The results are presented as the mean (M) + standard error (SE); the sample size was
5-7 replicates for each group. In Tables 1-3, significantly different groups are indicated
by different lowercase or uppercase letters (CLD diagram); the same letters indicate no
significant differences according to Tukey’s test (P = 0.05).
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RESULTS AND DISCUSSION

Analysis of the chemical composition of berry materials from four plant species
(A. melanocarpa, P. spinosa, S. nigra and R. fruticosus) revealed significant differences
in the content of total phenolic compounds, flavonoids, anthocyanins and ascorbic acid,
as well as in antioxidant capacity in different sample forms (namely, fresh and dried
berry extracts and berry juices) (Tables 1-3).

As shown in Table 1, the berries of A. melanocarpa and S. nigra were character-
ized by high ascorbic acid content (51.57 + 5.86 and 47.71 £ 4.31 mg/100 g, respec-
tively), while the concentration of ascorbic acid in P. spinosa and R. fruticosus berries
was noticeably lower (34.14 + 3.85 and 24.86 + 2.67 mg/100 g, respectively). This
demonstrates the importance of chokeberry and elderberry fruits as a good source of
vitamin C in human nutrition. At the same time, the lower content of ascorbic acid in the
fruits of blackthorn and blackberry somewhat limits the role of P. spinosa and R. frutico-
sus fruits as potential sources of vitamin C for the human body.

According to the data obtained, the ascorbic acid concentrations were significantly
lower in processed products of A. melanocarpa, P. spinosa, S. nigra and R. fruticosus
berries, such as pasteurized juices and dried berry extracts (Table 1). For ascorbic
acid concentration in berry materials, the following descending order was observed:
fresh berry extracts > berry juice > dried berry extracts (P < 0.05).This can be explained
by the heat lability of ascorbic acid and its losses during the processing of plant raw
materials (Martinsen et al., 2020; Zia & Alibas, 2021). The obtained results are consist-
ent with the findings of other authors, who point to the adverse effects of technological
processes, including drying of berries and juice pasteurization, on the concentration of
heat-labile biologically active substances (such as vitamin C) in plant products (Zia &
Alibas, 2021; Mandha et al., 2023; Thanasegaran & Mahror, 2025).

Table 1. Ascorbic acid concentration (mg/100 g) in berries of Aronia melanocarpa, Prunus
spinosa, Sambucus nigra, and Rubus fruticosus (M * SE)

Analyzed material ~ A. melanocarpa P. spinosa S. nigra R. fruticosus

Fresh berry extract 5157 +5.86aA 34.14+3.85aB 47.71+4.31aA 24.86+2.67 aC
Berry juice 37.29+435bA 29.71+3.45bB 39.71 + 3.55bA 18.29+2.14 bC
Dried berry extract 3514 +3.93cA 26.00+3.65cB 36.71+3.55cA 15.86+2.79cC

Note: Values in the same column denoted by the same lowercase letter, or in the same row denoted by the
same uppercase letter, are not significantly different (P > 0.05) according to Tukey’s test

As it is known, vitamin C, despite its pronounced antioxidant properties, is inferior
to polyphenolic compounds in providing the overall antioxidant activity of plant foods,
including berries. Consequently, the rich profile of phenolic compounds in berry fruits
noted by many authors (Marceti¢ et al., 2022; Djordjevi¢, 2023; Negrean et al., 2023;
Dobros et al., 2024; Nisar et al., 2025), primarily determines their antioxidant effective-
ness. This particularly concerns flavonoids and anthocyanins, which are more effective
than ascorbic acid in their capacity to neutralize free radicals and lipid peroxidation pro-
ducts due to their greater ability to donate electrons or hydrogen atoms (Prochazkova
et al., 2011; Leong et al., 2017). On the other hand, ascorbic acid and polyphenols
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often exhibit synergistic activity and together define the antioxidant properties of berries
and other plant materials (Commisso et al., 2017; Nowak et al., 2018). Some polyphe-
nols can stabilize vitamin C, enhancing its antioxidant effectiveness (Marin et al., 2002);
at the same time, ascorbic acid can protect polyphenol molecules from oxidative damage
(Katz et al., 2020; Xiao, 2022).

The results of this study regarding the content of phenolic compounds in the berries
from A. melanocarpa, P. spinosa, S. nigra and R. fruticosus (Table 2) suggest their high bio-
active potential. This is especially true for fresh chokeberries and blackthorn, which have
the highest total phenolic content. The extracts of fresh berries of these two plant species
do not differ significantly in the total content of phenolic compounds (1203.57 + 10.16 and
1150.00 £ 9.16 mg GAE/100 g, respectively). Elderberry and blackberry have significantly
lower total phenolic content than the two berry species mentioned.

Table 2. Content of total phenolic compounds, anthocyanins and flavonoids in berry
materials from Aronia melanocarpa, Prunus spinosa, Sambucus nigra, and Rubus
fruticosus (M £ SE)

Analyzed material ~ A. melanocarpa P. spinosa S. nigra R. fruticosus

Total phenolic compounds (mg GAE/100 g)

Fresh berry extract 1203.57 £ 10.16 aA 1150.00 £ 9.16 aA 655.71 £ 11.52 aB 478.57 + 10.33 aC
Berry juice 798.57+7.30cA  750.71+6.77cB 225.00+6.27 cC 182.86 +5.22 cD
Dried berry extract  895.57 + 9.59 bA  850.86 + 7.06 bB  440.71 £ 9.03 bC 407.86 + 7.06 bC

Anthocyanins (mg C3GE/100 g)

Fresh berry extract 643.00 + 13.07 aA 423.30+ 10.40 aB 480.00 £ 9.26 aB 325.90 +9.18 aC
Berry juice 364.65+9.11cA 240.71+11.72cB 302.86 +6.80cB 150.86 +4.52 cC
Dried berry extract 550.86 + 10.68 bA  320.00 +5.12bB  417.14 £ 7.78 bB 222.86 + 8.96 bC

Flavonoids (mg QE/100 g)

Fresh berry extract 490.00 £ 11.13aA 323.00£9.76 aB  245.00 + 6.27 aC 220.00 +6.17 aC
Berry juice 401.00 £ 7.55cA 248.57 +10.16 cB 150.71 +8.76 cC 98.57 + 5.20 cD
Dried berry extract  421.43 + 9.86 bA  280.29+5.71bB 214.29+6.12bC 181.43 +5.95bC

Note: Values in the same column denoted by the same lowercase letter, or in the same row denoted by the
same uppercase letter, are not significantly different (P > 0.05) according to Tukey’s test

It should be noted that the qualitative composition of phenolic compounds varies
among the berries of the studied plant species, influencing their biological effects. In
particular, this concerns the presence and quantity of phenolic acids, which represent
an important group of phenolic compounds. For instance, the fruits of A. melanocarpa
are characterized by a high content of chlorogenic and neochlorogenic acids (Zielinska
et al., 2020), elderberries contain high levels of caffeic and ferulic acids (Osman et al.,
2023), while blackberries are rich source of ellagic acid, which has pronounced anti-
oxidant and health-promoting properties (Al-Mugdadi et al., 2019; Wang et al., 2023;
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Rahmani et al., 2025; Settakorn et al., 2025). Among the phenolic acids contained in
blackthorn berries, 3-caffeoylquinic and 3-p-coumaroylquinic acids were found to be
the most abundant (Mikulic-Petkovsek et al 2015; Kiselova-Kaneva et al., 2022). These
bioactive ingredients largely define the antioxidant potential of berry fruits.

The obtained results (Table 2) show that the berries of all studied plant species
have a high content of anthocyanins, which are important factors influencing their anti-
oxidant activity. Anthocyanins are water-soluble plant pigments that impart blue, violet,
and red colors to plant tissues and account for 18—-33 % of the total phenolic compounds
in fruit juice (He & Giusti, 2010). Structurally, anthocyanins are glucosides of anthocya-
nidins, one of the groups of flavonoids formed via the phenylpropanoid pathway. These
compounds exhibit pronounced biological activity manifested in antioxidant and other
metabolic effects (He & Giusti, 2010; Khoo et al., 2017). The biological activity of antho-
cyanins is closely related to their structure (viz., aglycone type, the type of glycosylation
and the acylation of the glycosyl moieties) (Leong et al., 2017; Luo et al., 2022).

According to the results of this study, the highest anthocyanin content was observed
in the extract of fresh chokeberries (Table 2). No statistically significant difference was
found in the anthocyanin content of fresh blackthorn and elderberries (423.30 + 10.40
and 480.00 £ 9.26 mg C3GE/100 g, respectively), allowing them to be combined into
one group based on this value, while the anthocyanin content in fresh blackberry extract
was significantly lower (325.90 + 9.18 mg C3GE/100 g). It is known that anthocyanins
in A. melanocarpa berries are represented mainly by cyanidin-3-galactoside, which pro-
vide high antioxidant activity; other important anthocyanins in chokeberry fruits are cya-
nidin-3-glucoside, cyanidin-3-xyloside, and cyanidin-3-arabinoside (Liang et al., 2021).
Elderberry fruits are quantitatively dominated by cyanidin 3-sambubioside-5-glucoside,
which accounts for more than 50 % of the total anthocyanins in the fruits and is relatively
stable to processing (Veberic et al., 2009). The predominant anthocyanins in blackthorn
berries are cyanidin-3-rutinoside and peonidin-3-glucoside, with cyanidin-3-glucoside
present in smaller amounts (Nistor et al., 2023), while cyanidin-3-glucoside is the pre-
dominant anthocyanin found in blackberries (Li et al., 2022).

An important group of plant phenolic compounds is represented by flavonoids,
which act as powerful antioxidants and possess numerous health benefits (Stachelska
et al., 2025). Flavonoids such as quercetin, myricetin, and kaempferol are found in the
berries of many plant species and are known to impart high antioxidant activity to the
berries (Hakkinen et al., 1999a,b; Suriyaprom et al., 2022). Due to their antioxidant
properties, flavonoids exhibit a wide range of biological effects, which ensures a high
value of these compounds in human nutrition (Stachelska et al., 2025).

As regards the flavonoid content in fresh berries of the studied plant species, the
highest concentration of these compounds measured in quercetin equivalents was
found in extracts of chokeberry fruits (490.00 £ 11.13 mg QE/100 g), while the flavonoid
levels were significantly lower in extracts of fresh blackberry, elderberry, and blackthorn
fruits (Table 2). These results are consistent with data on the high concentration of
bioflavonoids in the berries of A. melanocarpa plants (Hakkinen et al., 1999a). In terms
of flavonoid content, fresh blackthorn berries rank second after chokeberries; fresh
elderberries and blackberries rank third, with flavonoid content not significantly different
(245.00 £ 6.27 and 220.00 £ 6.17 mg QE/100 g, respectively).

The results of this study show that the form of plant material (fresh berry extracts,
juices, and extracts derived from dried fruits) significantly affects the preservation and
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concentration of biologically active substances, such as various groups of polyphenolic
compounds (Table 2). In most cases, the total phenolic content, as well as concen-
trations of anthocyanins and flavonoids decreased in the following order: fresh berry
extract > dried berry extract > berry juice, according to Tukey’s HSD test (P < 0.05). This
indicates that both species-specific chemical composition and treatment parameters
(including the extraction method) influence the final values of the mentioned BACs in
the analyzed materials.

Specifically, pasteurized berry juices from all four plant species included in this
study had low concentrations of total phenolic compounds (Table 2). In particular, the
content of phenolic compounds in berry juices from the studied plants decreased by an
average of 33.6-65.7 % compared to fresh berries. The highest level of phenolic com-
pound loss was observed in juice derived from S. nigra berries (65.7 %), and the lowest
level of phenolic compound loss was observed in juice from A. melanocarpa berries
(33.6 %). Similar trends were observed for the content of anthocyanins and flavonoids in
berry juices. Namely, the content of these compounds in pasteurized juices decreased
by 36.9-53.7 % and 18.2-55.2 %, respectively, compared to fresh berries, depend-
ing on the plant species. Particularly, blackberry juice had the lowest flavonoid content
compared to berry juices from other plant species. Analysis of extracts obtained from
dried berries of A. melanocarpa, P. spinosa, S. nigra, and R. fruticosus plants revealed
a higher degree of preservation of phenolic compounds in them compared to berry
juices, in most cases with statistically significant differences between these indices in
the two mentioned forms of the analyzed berry material (Table 2).

The low content of phenolic compounds in berry juices in comparison to that in
fresh berries can be explained by the influence of pressing, filtration and heat treatment
leading to the degradation of these substances. Furthermore, the low yield of phenolic
compounds in berry juices compared to that in extracts of both fresh and dried berries
can be explained by the fact that a large portion of phenolic compounds, especially antho-
cyanins, are concentrated in the berry peel, including the epidermis and tissues located
directly underneath it (Herrera-Balandrano et al., 2021; Li et al., 2023). Therefore, a part
of these compounds remains in the pomace during the juicing and filtration process.

Comparison of the content of phenolic compounds in extracts of fresh and dried ber-
ries showed that the degree of their preservation in dried berry extracts varied depending
on the plant species studied. In particular, the least loss of total phenolic compounds
was observed in the extracts from R. fruticosus dried berries, in which the reduction in
phenolic compound content was only 14.8 % compared to fresh fruits. At the same time,
the extracts from dried berries of S. nigra showed the highest level of loss of total phe-
nolic compounds (32.8 % loss compared to fresh berries). In the dried berry extracts of
A. melanocarpa, P. spinosa, S. nigra, and R. fruticosus plants, the content of flavonoids
and anthocyanins decreased by 12.5-17.5 % and 13.1-31.6 %, respectively, compared
to the fresh berry extracts. Analyzing the obtained data, it should be noted that in this
case, the differences can be explained not only by the berry processing procedures, but
also by the extraction methods and concentrations of extractant used in our experiments.

Table 3 presents the results of a study of the antioxidant activity of the fresh berry
extracts, juices, and dried berry extracts from A. melanocarpa, P. spinosa, S. nigra, and
R. fruticosus determined by the DPPH radical absorption method. According to the data
obtained, the extracts of fresh berries of the studied plant species exhibited the highest
antioxidant activity, while berry juices demonstrated the lowest values of this parameter.

ISSN 1996-4536 (print) e ISSN 2311-0783 (on-line) e bionoriyni CTygaii / Studia Biologica e 2026 e Tom 20 / N2 1 « C. 65-82



74 Bohdan Krektun, Yustyna Zhylishchych, Halyna Antonyak et al.

During the study, the highest antioxidant capacity was recorded in the fresh berries
of A. melanocarpa (93 %). The fresh berries of P. spinosa, S. nigra, and R. fruticosus
showed virtually the same level of antioxidant activity (83 %, 85 %, and 82%, respec-
tively), which was significantly lower compared to that from A. melanocarpa fresh ber-
ries. Similarly, almost equal antioxidant activity was observed in the dried berry extracts
from P. spinosa, S. nigra and R. fruticosus (79 %, 75 %, and 75 %, respectively).

Table 3. Antioxidant activity of fresh and dried berry extracts and berry juices from Aronia
melanocarpa, Prunus spinosa, Sambucus nigra, and Rubus fruticosus assayed by
the DPPH radical absorption method (% inhibition, M * SE)

Analyzed material A. melanocarpa P. spinosa S. nigra R. fruticosus

Fresh berry extract  93.00 £ 3.32 aA 83.00 £+4.28aB 85.00+3.56 aB 82.00 £ 3.96 aB
Berry juice 79.00+4.76 cA 73.00+6.43cB 70.00+5.35cB 65.00+3.96 cC
Dried berry extract ~ 87.00 £ 5.03 bA  79.00 £5.86 bB 75.00 +4.16 bB 75.00 £ 4.40 bB

Note: Values in the same column denoted by the same lowercase letter, or in the same row denoted by the
same uppercase letter, are not significantly different (P > 0.05) according to Tukey’s test

Analysis of the obtained results using a two-way analysis of variance suggests that
the free radical scavenging capacity of the analyzed berry material is primarily deter-
mined by the form of its treatment (fresh berry extract > dried berry extract > berry juice),
while the plant species determines the species-specific level of antioxidant activity in the
following order: chokeberry > blackthorn > elderberry > blackberry. Thus, the obtained
results show that both the species characteristics of the berries and the method of their
processing significantly determine the antioxidant profile of the product.

At the same time, analysis of the obtained data suggests a relationship between
the content of phenolic compounds, flavonoids, and anthocyanins in the studied sam-
ples and their antioxidant capacity. It is characteristic that the level of antioxidant activity
of fresh and dried berry extracts, as well as of berry juices, corresponds to their total
phenolic content; accordingly, the analyzed berry materials from A. melanocarpa plants
enriched with phenolic compounds, including flavonoids and anthocyanins, showed the
highest antioxidant activity. A similar trend was observed in the relationship between
the content of phenolic compounds and the levels of antioxidant activity in the berry
materials from other plant species used in this study. These data are consistent with the
important role of phenolic compounds, including flavonoids and anthocyanins, in media-
ting the antioxidant activity of berry fruits and suggest the health-promoting effects of
berries from Aronia melanocarpa, Prunus spinosa, Sambucus nigra, and Rubus fruti-
cosus plants.

CONCLUSIONS

The spectrum of concentrations of phenolic compounds, including flavonoids and
anthocyanins, as well as of ascorbic acid found in the berries of A. melanocarpa, P. spi-
nosa, S. nigra, and R. fruticosus suggests that the fruits of these species are promising
sources of natural antioxidants in human nutrition. The highest content of total phenolic
compounds, anthocyanins, and flavonoids was found in the 90 % ethanol extracts of
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fresh A. melanocarpa berries (up to 1204 mg GAE, 643 mg C3GE, and 490 mg QE
per 100 g of sample weight, respectively), which corresponded to the highest level
of antioxidant capacity of these samples compared to that from fresh berries of other
plant species. However, berry treatment, such as juicing and pasteurization, as well as
berry drying, resulted in losses of biologically active substances in the berry products
obtained from the studied plants. According to the results of our research, most of the
studied parameters (except for the concentration of ascorbic acid) responded similarly
to changes in the form of the analyzed material and decreased in the following range:
fresh berry extract > dried berry extract > berry juice. Namely, total phenolic content,
concentrations of anthocyanins and flavonoids in berry juices from the studied plant
species decreased by 33.6-65.7 %, 36.9-53.7 %, and 18.2-55.2 %, respectively, com-
pared to those in the extracts of fresh berries. This is consistent with the reduction in
antioxidant capacity (by 12—20.7 %) of pasteurized berry juices compared to fresh berry
extracts. At the same time, the decrease in the total phenolic content, as well as in the
concentrations of anthocyanins and flavonoids in the water-ethanol extracts of dried
berries of the studied plants amounted to 14.8-32.8 %, 13.1-31.6 %, 12.5-17.5 %;
the decrease in the antioxidant capacity of the water-ethanol extracts of dried berries
was 4.8-11.8 %. The treatment of the obtained results using a two-way analysis of
variance confirms that the antioxidant profile of a berry product is determined by
a combination of species-specific metabolic characteristics and a form of berry treat-
ment (including extraction method) with a significant decrease in the following order:
fresh berry extract > dried berry extract > berry juice (P < 0.05). These statistically
proven patterns substantiate the need to select a specific type of berry material to create
functional products with the desired health properties.

The obtained results provide a basis for further research aimed at developing tech-
nologies for processing berries with minimal loss of biologically active substances, as
well as for creating innovative health products based on raw berry materials with high
antioxidant potential.

COMPLIANCE WITH ETHICAL STANDARDS

Conflict of Interest: the authors declare that the research was conducted in
the absence of any commercial or financial relationships that could be construed as
a potential conflict of interest.

Animal Rights: this article does not contain any studies with animal subjects
performed by any of the authors.

Human Rights: this article does not contain any studies with human subjects
performed by any of the authors.

AUTHOR CONTRIBUTIONS

Conceptualization, [B.K.; Y.Z.; H.A.]; methodology, [B.K.; Y.Z.]; validation, [B.K/];
formal analysis, [B.K.; Y.Z.; H.Al]; investigation, [B.K.; Y.Z.; L.F.; I.P.; N.Z.]; resources,
[B.K.; M.B.; I.P.]; data curation, [B.K.]; writing — original draft preparation, [B.K.; Y.Z;
L.F.]; writing — review and editing, [B.K.; H.A.]; visualization, [B.K.]; supervision, [B.K;
H.A.]; project administration, [B.K.; M.B.]; funding acquisition, [-].

All authors have read and agreed to the published version of the manuscript.

ISSN 1996-4536 (print) e ISSN 2311-0783 (on-line) e bionoriyni CTygaii / Studia Biologica e 2026 e Tom 20 / N2 1 « C. 65-82



76 Bohdan Krektun, Yustyna Zhylishchych, Halyna Antonyak et al.

REFERENCES

Al-Mugdadi, S. F. H., Al-Sudani, B., Mohsin, R., & Mjali, A. J. (2019). Anticarcinogenic and
antimicrobial activity effects of the ellagic acid extract. International Journal of Research in
Pharmaceutical Sciences, 10(2), 1172—1180. doi:10.26452/ijrps.v10i2.401
Crossref @ Google Scholar

Aguilera, J. M., & Toledo, T. (2024). Wild berries and related wild small fruits as traditional healthy
foods. Critical Reviews in Food Science and Nutrition, 64(16), 5603-5617. doi:10.1080/104
08398.2022.2156475
Crossref @ PubMed e Google Scholar

Commisso, M., Bianconi, M., Di Carlo, F., Poletti, S., Bulgarini, A., Munari, F., Negri, S.,
Stocchero, M., Ceoldo, S., Avesani, L., Assfalg, M., Zoccatelli, G., & Guzzo, F. (2017). Multi-
approach metabolomics analysis and artificial simplified phytocomplexes reveal cultivar-
dependent synergy between polyphenols and ascorbic acid in fruits of the sweet cherry
(Prunus avium L.). PLoS One, 12(7), e0180889. doi:10.1371/journal.pone.0180889
Crossref @« PubMed e PMC e Google Scholar

Djordjevi¢, B. (2023). Phenolics compounds in fruits of different types of berries and their
beneficent for human health. Annals of the University of Craiova — Agriculture, Montanology,
Cadastre Series, 53(1), 97-107. doi:10.52846/aamc.v53i1.1443
Crossref @ Google Scholar

Dobros, N., Zielinska, A., Siudem, P., Zawada, K. D., & Paradowska, K. (2024). Profile of bioactive
components and antioxidant activity of Aronia melanocarpa fruits at various stages of their
growth, using chemometric methods. Antioxidants, 13(4), 462. doi:10.3390/antiox13040462
Crossref @ PubMed ¢ PMC e Google Scholar

Giusti, M. M., & Wrolstad, R. E. (2001). Characterization and measurement of anthocyanins
by UV-visible spectroscopy. Current Protocols in Food Analytical Chemistry, 1(1), F1.2.1—
F1.2.13. doi:10.1002/0471142913.faf0102s00
Crossref @ Google Scholar

Granato, D., Barba, F. J., Bursa¢ Kovacevi¢, D., Lorenzo, J. M., Cruz, A. G., & Putnik, P. (2020).
Functional foods: product development, technological trends, efficacy testing, and safety.
Annual Review of Food Science and Technology, 11(1), 93-118. doi:10.1146/annurev-
food-032519-051708
Crossref @ PubMed e Google Scholar

Hakkinen, S., Heinonen, M., Karenlampi, S., Mykkanen, H., Ruuskanen, J., & Torrénen, R.
(1999a). Screening of selected flavonoids and phenolic acids in 19 berries. Food Research
International, 32 (5), 345-353. doi:10.1016/s0963-9969(99)00095-2
Crossref ® Google Scholar

Hakkinen, S. H., Karenlampi, S. O., Heinonen, I. M., Mykkanen, H. M., & Térronen, A. R. (1999b).
Content of the flavonols quercetin, myricetin, and kaempferol in 25 edible berries. Journal of
Agricultural and Food Chemistry, 47(6), 2274—2279. doi:10.1021/jf9811065
Crossref @ PubMed e Google Scholar

He, J., & Giusti, M. M. (2010). Anthocyanins: natural colorants with health-promoting properties.
Annual Review of Food Science and Technology, 1(1), 163-187. doi:10.1146/annurev.
food.080708.100754
Crossref @ PubMed e Google Scholar

Herrera-Balandrano, D. D., Chai, Z., Beta, T., Feng, J., & Huang, W. (2021). Blueberry
anthocyanins: an updated review on approaches to enhancing their bioavailability. Trends in
Food Science & Technology, 118, 808—-821. doi:10.1016/j.tifs.2021.11.006
Crossref @ Google Scholar

Huang, X., Wu, Y., Zhang, S., Yang, H., Wu, W., Lyu, L., & Li, W. (2022). Variation in bioactive
compounds and antioxidant activity of Rubus fruits at different developmental stages. Foods,
11(8), 1169. doi:10.3390/foods 11081169
Crossref ¢ PubMed e PMC e Google Scholar

ISSN 1996-4536 (print) e ISSN 2311-0783 (on-line) ¢ bionoriuHi CTyaii / Studia Biologica e 2026 ¢« Tom 20 / N2 1 e C. 65-82


https://doi.org/10.26452/ijrps.v10i2.401
https://scholar.google.com/scholar_lookup?&title=Anticarcinogenic+and+antimicrobial+activity+effects+of+the+ellagic+acid+extract&hl=uk&authuser=4
https://doi.org/10.1080/10408398.2022.2156475
https://pubmed.ncbi.nlm.nih.gov/36514960/
https://scholar.google.com/scholar_lookup?&title=Wild+berries+and+related+wild+small+fruits+as+traditional+healthy+foods&btnG=
https://doi.org/10.1371/journal.pone.0180889
https://pubmed.ncbi.nlm.nih.gov/28732012/
https://pmc.ncbi.nlm.nih.gov/articles/PMC5521804/
https://scholar.google.com/scholar_lookup?&title=Multi-approach+metabolomics+analysis+and+artificial+simplified+phytocomplexes+reveal+cultivar-dependent+synergy+between+polyphenols+and+ascorbic+acid+in+fruits+of+the+sweet+cherry+%28Prunus+avium%C2%A0L.%29&btnG=
https://doi.org/10.52846/aamc.v53i1.1443
https://scholar.google.com/scholar_lookup?&title=Phenolics+compounds+in+fruits+of+different+types+of+berries+and+their+beneficent+for+human+health&btnG=
https://doi.org/10.3390/antiox13040462
https://pubmed.ncbi.nlm.nih.gov/38671910/
https://pmc.ncbi.nlm.nih.gov/articles/PMC11047607/
https://scholar.google.com/scholar_lookup?&title=Profile+of+bioactive+components+and+antioxidant+activity+of+Aronia+melanocarpa+fruits+at+various+stages+of+their+growth%2C+using+chemometric+methods&btnG=
https://doi.org/10.1002/0471142913.faf0102s00
https://scholar.google.com/scholar_lookup?&title=Characterization+and+Measurement+of+Anthocyanins+by+UV-Visible+Spectroscopy&btnG=
https://doi.org/10.1146/annurev-food-032519-051708
https://pubmed.ncbi.nlm.nih.gov/31905019/
https://scholar.google.com/scholar_lookup?&title=Functional+foods%3A+product+development%2C+technological+trends%2C+efficacy+testing%2C+and+safety&btnG=
https://doi.org/10.1016/S0963-9969(99)00095-2
https://scholar.google.com/scholar_lookup?&title=Screening+of+selected+flavonoids+and+phenolic+acids+in+19+berries&btnG=
https://doi.org/10.1021/jf9811065
https://pubmed.ncbi.nlm.nih.gov/10794622/
https://scholar.google.com/scholar_lookup?&title=Content+of+the+flavonols+quercetin%2C+myricetin%2C+and+kaempferol+in+25+edible+berries&btnG=
https://doi.org/10.1146/annurev.food.080708.100754
https://pubmed.ncbi.nlm.nih.gov/22129334/
https://scholar.google.com/scholar_lookup?&title=Anthocyanins%3A+natural+colorants+with+health-promoting+properties&btnG=
https://doi.org/10.1016/j.tifs.2021.11.006
https://scholar.google.com/scholar_lookup?&title=Blueberry+anthocyanins%3A+an+updated+review+on+approaches+to+enhancing+their+bioavailability&btnG=
https://doi.org/10.3390/foods11081169
https://pubmed.ncbi.nlm.nih.gov/35454756/
https://pmc.ncbi.nlm.nih.gov/articles/PMC9026527/
https://scholar.google.com/scholar_lookup?&title=Variation+in+bioactive+compounds+and+antioxidant+activity+of+Rubus+fruits+at+different+developmental+stages&btnG=

CONTENT OF BIOLOGICALLY ACTIVE COMPOUNDS AND ANTIOXIDANT CAPACITY OF BERRY FRUITS FROM... 77

Katz, I. H., Nagar, E. E., Okun, Z., & Shpigelman, A. (2020). The link between polyphenol
structure, antioxidant capacity and shelf-life stability in the presence of fructose and ascorbic
acid. Molecules, 25(1), 225. doi:10.3390/molecules25010225
Crossref @ PubMed e PMC e Google Scholar

Khoo, H. E., Azlan, A, Tang, S. T., & Lim, S. M. (2017). Anthocyanidins and anthocyanins: colored
pigments as food, pharmaceutical ingredients, and the potential health benefits. Food &
Nutrition Research, 61(1), 1361779. doi:10.1080/16546628.2017.1361779
Crossref @ PubMed e PMC e Google Scholar

Kim, D.-W., Han, H.-A., Kim, J.-K., Kim, D.-H., & Kim, M.-K. (2021). Comparison of phytochemicals
and antioxidant activities of berries cultivated in Korea: identification of phenolic compounds
in Aronia by HPLC/Q-TOF MS. Preventive Nutrition and Food Science, 26(4), 393—403.
doi:10.3746/pnf.2021.26.4.393
Crossref @ PubMed e PMC e Google Scholar

Kiselova-Kaneva, Y., Galunska, B., Nikolova, M., Dincheva, |., & Badjakov, I. (2022). High
resolution LC-MS/MS characterization of polyphenolic composition and evaluation of
antioxidant activity of Sambucus ebulus fruit tea traditionally used in Bulgaria as a functional
food. Food Chemistry, 367, 130759. doi:10.1016/j.foodchem.2021.130759
Crossref @ PubMed e Google Scholar

Leong, Y., Burritt, D. J., Hocquel, A., Penberthy, A., & Oey, I. (2017). The relationship between
the anthocyanin and vitamin C contents of red-fleshed sweet cherries and the ability of
fruit digests to reduce hydrogen peroxide-induced oxidative stress in Caco-2 cells. Food
Chemistry, 227, 404—412. doi:10.1016/j.foodchem.2017.01.110
Crossref @ PubMed e Google Scholar

Li, F., Chen, G., Zhang, B., & Fu, X. (2017). Current applications and new opportunities for the
thermal and non-thermal processing technologies to generate berry product or extracts with
high nutraceutical contents. Food Research International, 100 (Pt 2), 19-30. doi:10.1016/j.
foodres.2017.08.035
Crossref @ PubMed e Google Scholar

Li, J., Shi, C., Shen, D., Han, T., Wu, W,, Lyu, L., & Li, W. (2022). Composition and antioxidant
activity of anthocyanins and non-anthocyanin flavonoids in blackberry from different growth
stages. Foods, 11(18), 2902. doi:10.3390/foods 11182902
Crossref @ PubMed e PMC e Google Scholar

Li, M.-J., Deng, Y.-Y., Pan, L.-H., Luo, S.-Z., & Zheng, Z. (2023). Comparisons in phytochemical
components and in vitro digestion properties of corresponding peels, flesh and seeds
separated from two blueberry cultivars. Food Science and Biotechnology, 33(1), 73-83.
doi:10.1007/s10068-023-01326-w
Crossref @ PubMed e PMC e Google Scholar

Liang, Z., Liang, H., Guo, Y., & Yang, D. (2021). Cyanidin 3-O-galactoside: a natural compound
with multiple health benefits. International Journal of Molecular Sciences, 22(5), 2261.
doi:10.3390/ijms22052261
Crossref @ PubMed e PMC e Google Scholar

Liu, D., He, X. Q., Wu, D. T, Li, H. B,, Feng, Y. B., Zou, L., & Gan, R. Y. (2022). Elderberry
(Sambucus nigra L.): bioactive compounds, health functions, and applications. Journal of
Agricultural and Food Chemistry, 70(14), 4202—4220. doi: 10.1021/acs.jafc.2c00010
Crossref @ PubMed e Google Scholar

Luo, X., Wang, R., Wang, J., Li, Y., Luo, H., Chen, S., Zeng, X., & Han, Z. (2022). Acylation of
anthocyanins and their applications in the food industry: mechanisms and recent research
advances. Foods, 11(14), 2166. doi:10.3390/foods 11142166
Crossref @ PubMed e PMC e Google Scholar

Ma, X., Jin, Z., Rao, Z., & Zheng, L. (2025). Health benefits of anthocyanins against age-related
diseases. Frontiers in Nutrition, 12, 1618072. doi:10.3389/fnut.2025.1618072
Crossref @ PubMed e PMC e Google Scholar

ISSN 1996-4536 (print) e ISSN 2311-0783 (on-line) e bionoriyni CTygaii / Studia Biologica e 2026 e Tom 20 / N2 1 « C. 65-82


https://doi.org/10.3390/molecules25010225
https://pubmed.ncbi.nlm.nih.gov/31935857/
https://pmc.ncbi.nlm.nih.gov/articles/PMC6983169/
https://scholar.google.com/scholar_lookup?&title=The+link+between+polyphenol+structure%2C+antioxidant+capacity+and+shelf-life+stability+in+the+presence+of+fructose+and+ascorbic+acid&btnG=
https://doi.org/10.1080/16546628.2017.1361779
https://pubmed.ncbi.nlm.nih.gov/28970777/
https://pmc.ncbi.nlm.nih.gov/articles/PMC5613902/
https://scholar.google.com/scholar_lookup?&title=Anthocyanidins+and+anthocyanins%3A+colored+pigments+as+food%2C+pharmaceutical+ingredients%2C+and+the+potential+health+benefits&btnG=
https://doi.org/10.3746/pnf.2021.26.4.459
https://pubmed.ncbi.nlm.nih.gov/35047443/
https://pmc.ncbi.nlm.nih.gov/articles/PMC8747965/
https://scholar.google.com/scholar_lookup?&title=Comparison+of+phytochemicals+and+antioxidant+activities+of+berries+cultivated+in+Korea%3A+identification+of+phenolic+compounds+in+Aronia+by+HPLC%2FQ-TOF+MS&btnG=
https://doi.org/10.1016/j.foodchem.2021.130759
https://pubmed.ncbi.nlm.nih.gov/34375888/
https://scholar.google.com/scholar_lookup?&title=High+resolution+LC-MS%2FMS+characterization+of+polyphenolic+composition+and+evaluation+of+antioxidant+activity+of+Sambucus+ebulus+fruit+tea+traditionally+used+in+Bulgaria+as+a+functional+food&btnG=
https://doi.org/10.1016/j.foodchem.2017.01.110
https://pubmed.ncbi.nlm.nih.gov/28274450/
https://scholar.google.com/scholar_lookup?&title=The+relationship+between+the+anthocyanin+and+vitamin+C+contents+of+red-fleshed+sweet+cherries+and+the+ability+of+fruit+digests+to+reduce+hydrogen+peroxide-induced+oxidative+stress+in+Caco-2+cells&btnG=
https://doi.org/10.1016/j.foodres.2017.08.035
https://pubmed.ncbi.nlm.nih.gov/28888440/
https://scholar.google.com/scholar_lookup?&title=Current+applications+and+new+opportunities+for+the+thermal+and+non-thermal+processing+technologies+to+generate+berry+product+or+extracts+with+high+nutraceutical+contents&btnG=
https://doi.org/10.3390/foods11182902
https://pubmed.ncbi.nlm.nih.gov/36141030/
https://pmc.ncbi.nlm.nih.gov/articles/PMC9498317/
https://scholar.google.com/scholar_lookup?&title=Composition+and+antioxidant+activity+of+anthocyanins+and+non-anthocyanin+flavonoids+in+blackberry+from+different+growth+stages&btnG=
https://doi.org/10.1007/s10068-023-01326-w
https://pubmed.ncbi.nlm.nih.gov/38186615/
https://pmc.ncbi.nlm.nih.gov/articles/PMC10766935/
https://scholar.google.com/scholar_lookup?&title=Comparisons+in+phytochemical+components+and+in+vitro+digestion+properties+of+corresponding+peels%2C+flesh+and+seeds+separated+from+two+blueberry+cultivars&btnG=
https://doi.org/10.3390/ijms22052261
https://pubmed.ncbi.nlm.nih.gov/33668383/
https://pmc.ncbi.nlm.nih.gov/articles/PMC7956414/
https://scholar.google.com/scholar_lookup?&title=Cyanidin+3-O-galactoside%3A+a+natural+compound+with+multiple+health+benefits&btnG=
https://doi.org/10.1021/acs.jafc.2c00010
https://pubmed.ncbi.nlm.nih.gov/35348337/
https://scholar.google.com/scholar_lookup?&title=Elderberry+%28Sambucus+nigra+L.%29%3A+bioactive+compounds%2C+health+functions%2C+and+applications&btnG=
https://doi.org/10.3390/foods11142166
https://pubmed.ncbi.nlm.nih.gov/35885408/
https://pmc.ncbi.nlm.nih.gov/articles/PMC9316909/
https://scholar.google.com/scholar_lookup?&title=Acylation+of+anthocyanins+and+their+applications+in+the+food+industry%3A+mechanisms+and+recent+research+advances&btnG=
https://doi.org/10.3389/fnut.2025.1618072
https://pubmed.ncbi.nlm.nih.gov/40626227/
https://pmc.ncbi.nlm.nih.gov/articles/PMC12231369/
https://scholar.google.com/scholar_lookup?&title=Health+benefits+of+anthocyanins+against+age-related+diseases&btnG=

78 Bohdan Krektun, Yustyna Zhylishchych, Halyna Antonyak et al.

Mandha, J., Shumoy, H., Matemu, A. O., & Raes, K. (2023). Characterization of fruit juices and
effect of pasteurization and storage conditions on their microbial, physicochemical, and
nutritional quality. Food Bioscience, 51, 102335. doi:10.1016/j.fbio.2022.102335
Crossref ® Google Scholar

Marceti¢, M., Samardzi¢, S., lli¢, T., Bozi¢, D. D., & Vidovi¢, B. (2022). Phenolic composition,
antioxidant, anti-enzymatic, antimicrobial and prebiotic properties of Prunus spinosa L. fruits.
Foods, 11(20), 3289. doi:10.3390/foods 11203289
Crossref @ PubMed ¢ PMC e Google Scholar

Marin, F. R., Frutos, M. J., Pérez-Alvarez, J. A., Martinez-Sanchez, F., & Del Rio, J. A. (2002).
Flavonoids as nutraceuticals: structural related antioxidant properties and their role on
ascorbic acid preservation. Studies in Natural Products Chemistry, 26(Pt. G), 741-778.
doi:10.1016/s1572-5995(02)80018-7
Crossref ® Google Scholar

Martinsen, B. K., Aaby, K., & Skrede, G. (2020). Effect of temperature on stability of anthocyanins,
ascorbic acid and color in strawberry and raspberry jams. Food Chemistry, 316, 126297.
doi:10.1016/j.foodchem.2020.126297
Crossref @ PubMed e Google Scholar

Merecz-Sadowska, A., Sitarek, P., Zajdel, K., Sztandera, W., & Zajdel, R. (2024). Genus
Sambucus: exploring its potential as a functional food ingredient with neuroprotective
properties mediated by antioxidant and anti-inflammatory mechanisms. International Journal
of Molecular Sciences, 25(14), 7843. doi:10.3390/ijms25147843
Crossref @ PubMed ¢ PMC e Google Scholar

Mikulic-Petkovsek, M., lvancic, A., Todorovic, B., Veberic, R., & Stampar, F. (2015). Fruit phenolic
composition of different elderberry species and hybrids. Journal of Food Science, 80(10),
C2180-C2190. doi:10.1111/1750-3841.13008
Crossref @ PubMed e Google Scholar

Mirdehghan, S. H., & Rahemi, M. (2007). Seasonal changes of mineral nutrients and phenolics
in pomegranate (Punica granatum L.) fruit. Scientia Horticulturae, 111(2), 120-127.
doi:10.1016/j.scienta.2006.10.001
Crossref ® Google Scholar

Murugan, R. (2024). Berry bioactive compounds: bridging the gap between clinical therapeutics
and functional foods. Natural Product Research, 39(23), 6931-6932. doi:10.1080/14786419.
2024.2383273
Crossref @ PubMed e Google Scholar

Negrean, O. R., Farcas, A. C., Pop, O. L., & Socaci, S. A. (2023). Blackthorn — a valuable source
of phenolic antioxidants with potential health benefits. Molecules, 28(8), 3456. doi:10.3390/
molecules28083456
Crossref @ PubMed ¢ PMC e Google Scholar

Nisar, N., Wani, S. M., Bashir, |., Zargar, I. A., Mustafa, S., Bhat, J. I. A., Murtaza, I., Khan, I., &
Malik, A. R. (2025). Changes in bioactive and physicochemical composition of Rubus during
three developmental stages. Plant Foods for Human Nutrition, 80(3), 130. doi:10.1007/
s$11130-025-01373-0
Crossref @ PubMed e Google Scholar

Nistor, O. V., Milea, S. A., Pacularu-Burada, B., Andronoiu, D. G., Rapeanu, G., & Stanciuc, N.
(2023). Technologically driven approaches for the integrative use of wild blackthorn (Prunus
spinosa L.) fruits in foods and nutraceuticals. Antioxidants, 12(8), 1637. doi:10.3390/
antiox12081637
Crossref @ PubMed ¢ PMC e Google Scholar

Nowak, D., Goslinski, M., Wojtowicz, E., & Przygonski, K. (2018). Antioxidant properties and
phenolic compounds of vitamin C-rich juices. Journal of Food Science, 83(8), 2237—2246.
doi:10.1111/1750-3841.14284
Crossref @ PubMed e Google Scholar

ISSN 1996-4536 (print) e ISSN 2311-0783 (on-line) ¢ bionoriuHi CTyaii / Studia Biologica e 2026 ¢« Tom 20 / N2 1 e C. 65-82


https://doi.org/10.1016/j.fbio.2022.102335
https://scholar.google.com/scholar_lookup?&title=Characterization+of+fruit+juices+and+effect+of+pasteurization+and+storage+conditions+on+their+microbial%2C+physicochemical%2C+and+nutritional+quality&btnG=
https://doi.org/10.3390/foods11203289
https://pubmed.ncbi.nlm.nih.gov/37431036/
https://pmc.ncbi.nlm.nih.gov/articles/PMC9602308/
https://scholar.google.com/scholar_lookup?&title=Phenolic+composition%2C+antioxidant%2C+anti-enzymatic%2C+antimicrobial+and+prebiotic+properties+of+Prunus+spinosa+L.+fruits&btnG=
https://doi.org/10.1016/S1572-5995(02)80018-7
https://scholar.google.com/scholar_lookup?&title=Flavonoids+as+nutraceuticals%3A+structural+related+antioxidant+properties+and+their+role+on+ascorbic+acid+preservation&btnG=
https://doi.org/10.1016/j.foodchem.2020.126297
https://pubmed.ncbi.nlm.nih.gov/32044703/
https://scholar.google.com/scholar_lookup?&title=Effect+of+temperature+on+stability+of+anthocyanins%2C+ascorbic+acid+and+color+in+strawberry+and+raspberry+jams&btnG=
https://doi.org/10.3390/ijms25147843
https://pubmed.ncbi.nlm.nih.gov/39063085/
https://pmc.ncbi.nlm.nih.gov/articles/PMC11277136/
https://scholar.google.com/scholar_lookup?&title=Genus+Sambucus:+exploring+its+potential+as+a+functional+food+ingredient+with+neuroprotective+properties+mediated+by+antioxidant+and+anti-inflammatory+mechanisms&hl=uk&as_sdt=0,5
https://doi.org/10.1111/1750-3841.13008
https://pubmed.ncbi.nlm.nih.gov/26409176/
https://scholar.google.com/scholar_lookup?&title=Fruit+phenolic+composition+of+different+elderberry+species+and+hybrids&btnG=
https://doi.org/10.1016/j.scienta.2006.10.001
https://scholar.google.com/scholar_lookup?&title=Seasonal+changes+of+mineral+nutrients+and+phenolics+in+pomegranate+%28Punica+granatum+L.%29+fruit&btnG=
https://doi.org/10.1080/14786419.2024.2383273
https://pubmed.ncbi.nlm.nih.gov/39049505/
https://scholar.google.com/scholar_lookup?&title=Berry+bioactive+compounds%3A+bridging+the+gap+between+clinical+therapeutics+and+functional+foods&btnG=
https://doi.org/10.3390/molecules28083456
https://pubmed.ncbi.nlm.nih.gov/37110690/
https://pmc.ncbi.nlm.nih.gov/articles/PMC10143519/
https://scholar.google.com/scholar_lookup?&title=Blackthorn+%E2%80%93+a+valuable+source+of+phenolic+antioxidants+with+potential+health+benefits&btnG=
https://doi.org/10.1007/s11130-025-01373-0
https://pubmed.ncbi.nlm.nih.gov/40448796/
https://scholar.google.com/scholar_lookup?&title=Changes+in+bioactive+and+physicochemical+composition+of+Rubus+during+three+developmental+stages&btnG=
https://doi.org/10.3390/antiox12081637
https://pubmed.ncbi.nlm.nih.gov/37627632/
https://pmc.ncbi.nlm.nih.gov/articles/PMC10451162/
https://scholar.google.com/scholar_lookup?&title=Technologically+driven+approaches+for+the+integrative+use+of+wild+blackthorn+%28Prunus+spinosa+L.%29+fruits+in+foods+and+nutraceuticals&btnG=
https://doi.org/10.1111/1750-3841.14284
https://pubmed.ncbi.nlm.nih.gov/30044505/
https://scholar.google.com/scholar_lookup?&title=Antioxidant+properties+and+phenolic+compounds+of+vitamin+C-rich+juices&btnG=

CONTENT OF BIOLOGICALLY ACTIVE COMPOUNDS AND ANTIOXIDANT CAPACITY OF BERRY FRUITS FROM... 79

Oboh, G. (2021). Phytomedicine and functional foods: keys to sustainable healthcare delivery.
Journal of Food Biochemistry, 45(3), e13634. doi:10.1111/jfbc.13634
Crossref @ Google Scholar

Osman, A. G., Avula, B., Katragunta, K., Ali, Z., Chittiboyina, A. G., & Khan, I. A. (2023). Elderberry
extracts: characterization of the polyphenolic chemical composition, quality consistency,
safety, adulteration, and attenuation of oxidative stress- and inflammation-induced health
disorders. Molecules, 28(7), 3148. doi:10.3390/molecules28073148
Crossref @ PubMed e PMC e Google Scholar

Pedisi¢, S., Zori¢, Z., Repaji¢, M., Levaj, B., Dobrinci¢, A., Balbino, S., Cosi¢, Z., Dragovic¢-
Uzelac, V., & Garofuli¢, |. E. (2025). Valorization of berry fruit by-products: bioactive
compounds, extraction, health benefits, encapsulation and food applications. Foods, 14(8),
1354. doi:10.3390/foods 14081354
Crossref @ PubMed e PMC e Google Scholar

Prochazkova, D., Bousova, I., & Wilhelmova, N. (2011). Antioxidant and prooxidant properties of
flavonoids. Fitoterapia, 82(4), 513-523. doi:10.1016/j.fitote.2011.01.018
Crossref @ PubMed e Google Scholar

Pudziuvelyte, L., & Maciulskaité, A. (2025). From berries to capsules: technological and quality
aspects of Juneberry formulations. Pharmaceuticals, 18(12), 1841. doi:10.3390/ph18121841
Crossref @ PubMed e PMC e Google Scholar

Rahmani, S, Roohbakhsh, A, Hasani, Nourian, Y, & Karimi, G. (2025). The protective effect of
ellagic acid and its metabolites against organ injuries: a mitochondrial perspective. Food
Science & Nutrition, 13(4), e70077. doi:10.1002/fsn3.70077
Crossref @ PubMed e PMC e Google Scholar

Settakorn, K., Inpan, R., Na Takuathung, M., & Koonrungsesomboon, N. (2025). Effects of ellagic
acid on lipid profiles, fat weight, and anthropometric parameters in metabolic syndrome:
a systematic review and meta-analysis of animal and human studies. Nutrition Reviews,
83(11), 2073—-2083. doi:10.1093/nutrit/nuaf159
Crossref @ PubMed e Google Scholar

Sheng, J. P, Liu, C., & Shen, L. (2009). Analysis of 14 minerals of mulberry fruit in different
mature stage by ICP-OES method. Spectroscopy and Spectral Analysis, 29(9), 2574-2576.
(In Chinese)

PubMed e Google Scholar

Singleton, V. L., Orthofer, R., & Lamuela-Raventés, R. M. (1999). Analysis of total phenols and
other oxidation substrates and antioxidants by means of folin-ciocalteu reagent. Methods in
Enzymology, 299, 152—178. doi:10.1016/s0076-6879(99)99017-1
Crossref @ Google Scholar

Snitynskyi, V. V., Solohub, L. I., Antoniak, H. L., Kopachuk, D. M., & Herasymiv, M. H. (1999).
Bilohichna rol" khromu v organizmi liudyny i tvaryn [Biological role of chromium in humans
and animals]. Ukrains’kyi Biokhimichnyi Zhurnal, 71(2), 5-9. (In Ukrainian)

PubMed e Google Scholar

Stachelska, M. A., Karpinski, P., & Kruszewski, B. (2025). A comprehensive review of
biological properties of flavonoids and their role in the prevention of metabolic, cancer and
neurodegenerative diseases. Applied Sciences, 15(19), 10840. doi:10.3390/app151910840
Crossref @ Google Scholar

State Committee for Technical Regulation and Consumer Policy of Ukraine. (2002, July 12).
DSTU ISO 874-2002. Fresh fruits and vegetables — Sampling (ISO 874:1980, IDT) [Approved
by Order No. 433 of July 12, 2002]. Institute of Vegetable and Melon Growing of the Ukrainian
Academy of Agrarian Sciences. Retrieved from https://online.budstandart.com/ua/catalog/
doc-page.html?id_doc=84744 (In Ukrainian)

State Committee for Technical Regulation and Consumer Policy of Ukraine. (2004, July 5).
DSTU 692:2004. Fresh blackberries. Technical conditions [Approved by Order No. 130 of
July 5, 2004]. Vinnytsia State Design Technological Institute. Retrieved from https://online.
budstandart.com/ua/catalog/doc-page.html?id_doc=83942 (In Ukrainian)

ISSN 1996-4536 (print) e ISSN 2311-0783 (on-line) e bionoriyni CTygaii / Studia Biologica e 2026 e Tom 20 / N2 1 « C. 65-82


https://doi.org/10.1111/jfbc.13634
https://scholar.google.com/scholar_lookup?&title=Phytomedicine+and+functional+foods:+keys+to+sustainable+healthcare+delivery&hl=uk&as_sdt=0,5
https://doi.org/10.3390/molecules28073148
https://pubmed.ncbi.nlm.nih.gov/37049909/
https://pmc.ncbi.nlm.nih.gov/articles/PMC10096080/
https://scholar.google.com/scholar_lookup?&title=Elderberry+extracts%3A+characterization+of+the+polyphenolic+chemical+composition%2C+quality+consistency%2C+safety%2C+adulteration%2C+and+attenuation+of+oxidative+stress-+and+inflammation-induced+health+disorders&btnG=
https://doi.org/10.3390/foods14081354
https://pubmed.ncbi.nlm.nih.gov/40282756/
https://pmc.ncbi.nlm.nih.gov/articles/PMC12026826/
https://scholar.google.com/scholar_lookup?&title=Valorization+of+berry+fruit+by-products%3A+bioactive+compounds%2C+extraction%2C+health+benefits%2C+encapsulation+and+food+applications&btnG=
https://doi.org/10.1016/j.fitote.2011.01.018
https://pubmed.ncbi.nlm.nih.gov/21277359/
https://scholar.google.com/scholar_lookup?&title=Antioxidant%20and%20prooxidant%20properties%20of%20flavonoids&journal=Fitoterapia&doi=10.1016%2Fj.fitote.2011.01.018&volume=82&issue=4&pages=513-523&publication_year=2011&author=Prochazkova%2CD&author=Bousova%2CI&author=Wilhelmova%2CN
https://doi.org/10.3390/ph18121841
https://pubmed.ncbi.nlm.nih.gov/41471331/
https://pmc.ncbi.nlm.nih.gov/articles/PMC12736035/
https://scholar.google.com/scholar_lookup?&title=From+Berries+to+Capsules%3A+Technological+and+Quality+Aspects+of+Juneberry+Formulations&btnG=
https://doi.org/10.1002/fsn3.70077
https://pubmed.ncbi.nlm.nih.gov/40206693/
https://pmc.ncbi.nlm.nih.gov/articles/PMC11979624/
https://scholar.google.com/scholar_lookup?&title=The+protective+effect+of+ellagic+acid+and+its+metabolites+against+organ+injuries%3A+a+mitochondrial+perspective&btnG=
https://doi.org/10.1093/nutrit/nuaf159
https://pubmed.ncbi.nlm.nih.gov/40889274/
https://scholar.google.com/scholar_lookup?&title=Effects+of+ellagic+acid+on+lipid+profiles%2C+fat+weight%2C+and+anthropometric+parameters+in+metabolic+syndrome%3A++a+systematic+review+and+meta-analysis+of+animal+and+human+studies&btnG=
https://pubmed.ncbi.nlm.nih.gov/19950679/
https://scholar.google.com/scholar_lookup?&title=Analysis+of+14+minerals+of+mulberry+fruit+in+different+mature+stage+by+ICP-OES+method&btnG=
https://doi.org/10.1016/S0076-6879(99)99017-1
https://scholar.google.com/scholar_lookup?&title=Analysis+of+total+phenols+and+other+oxidation+substrates+and+antioxidants+by+means+of+folin-ciocalteu+reagent&btnG=
https://pubmed.ncbi.nlm.nih.gov/10609294/
https://scholar.google.com/scholar_lookup?&title=Biological+role+of+chromium+in+humans+and+animals&btnG=
https://doi.org/10.3390/app151910840
https://scholar.google.com/scholar_lookup?&title=A+comprehensive+review+of+biological+properties+of+flavonoids+and+their+role+in+the+prevention+of+metabolic%2C+cancer+and+neurodegenerative+diseases&btnG=
https://online.budstandart.com/ua/catalog/doc-page.html?id_doc=84744
https://online.budstandart.com/ua/catalog/doc-page.html?id_doc=84744
https://online.budstandart.com/ua/catalog/doc-page.html?id_doc=83942
https://online.budstandart.com/ua/catalog/doc-page.html?id_doc=83942

80 Bohdan Krektun, Yustyna Zhylishchych, Halyna Antonyak et al.

State Committee for Technical Regulation and Consumer Policy of Ukraine. (2010, March 11).
DSTU 7159:2010. Canned goods. Reconstituted juices. General specifications [Approved by
Order No. 85 of March 11, 2010]. Technical Committee for Standardization “Juices and Juice-
Containing Products” (TC 154), Vinnytsia State Design Technological Institute of the Ministry
of Agrarian Policy of Ukraine. Retrieved from https://online.budstandart.com/ua/catalog/doc-
page.html?id_doc=82561 (In Ukrainian)

State Enterprise “Ukrainian Research and Training Center for Standardization, Certification and
Quality Problems” (SE “UkrNDNC”). (2015, October 21). DSTU 2789:2015. Fresh fruits. Terms
and definitions [Approved by Order No. 133 of October 21, 2015]. Institute of Horticulture of
the National Academy of Agrarian Sciences. Retrieved from https://online.budstandart.com/
ua/catalog/doc-page.htmli?id_doc=76878 (In Ukrainian)

Suriyaprom, S., Mosoni, P., Leroy, S., Kaewkod, T., Desvaux, M., & Tragoolpua, Y. (2022).
Antioxidants of fruit extracts as antimicrobial agents against pathogenic bacteria. Antioxidants,
11(3), 602. doi:10.3390/antiox11030602
Crossref @« PubMed e PMC e Google Scholar

Thanasegaran, S., & Mahror, N. (2025). Effects of different pasteurisation temperatures and time
on microbiological quality, physicochemical properties, and vitamin C content of red dragon
fruit (Hylocereus costaricensis) juice. Pertanika Journal of Tropical Agricultural Science,
48(3), 815—-836. doi:10.47836/jtas.48.3.09
Crossref @ Google Scholar

Uribe, E., Vega-Galvez, A., Pasten, A., Ah-Hen, K. S., Mejias, N., Sepulveda, L., Poblete, J.,
& Gomez-Perez, L. S. (2024). Drying: a practical technology for blueberries (Vaccinium
corymbosum L.) — processes and their effects on selected health-promoting properties.
Antioxidants, 13(12), 1554. doi: 10.3390/antiox13121554
Crossref @ PubMed ¢ PMC e Google Scholar

Veberic, R., Jakopic, J., Stampar, F., & Schmitzer, V. (2009). European elderberry (Sambucus
nigra L.) rich in sugars, organic acids, anthocyanins and selected polyphenols. Food
Chemistry, 114(2), 511-515. doi:10.1016/j.foodchem.2008.09.080
Crossref @ Google Scholar

Wang, C., Pan, W,, Zou, T., Li, C., Han, Q., Wang, H., Yang, J., & Zou, X. (2024). A review of
perception technologies for berry fruit-picking robots: advantages, disadvantages, challenges,
and prospects. Agriculture, 14(8), 1346. doi:10.3390/agriculture14081346
Crossref @ Google Scholar

Wang, J., Zhao, F., Wu, W., Lyu, L., Li, W., & Zhang, C. (2023). Ellagic acid from Hull blackberries:
extraction, purification, and potential anticancer activity. International Journal of Molecular
Sciences, 24(20), 15228. doi:10.3390/ijms242015228
Crossref @ PubMed ¢ PMC e Google Scholar

Xiao, J. (2022). Recent advances on the stability of dietary polyphenols. eFood, 3(3), e21.
doi:10.1002/efd2.21
Crossref @ Google Scholar

Zhang, Y., Zhao, Y., Liu, X., Chen, X., Ding, C., Dong, L., Zhang, J., Sun, S., Ding, Q., Khatoom, S.,
Cheng, Z., Liu, W,, Shen, L., & Xiao, F. (2021). Chokeberry (Aronia melanocarpa) as a new
functional food relationship with health: an overview. Journal of Future Foods, 1(2), 168-178.
doi:10.1016/j.jfutfo.2022.01.006
Crossref @ Google Scholar

Zhishen, J., Mengcheng, T., & Jianming, W. (1999). The determination of flavonoid contents in
mulberry and their scavenging effects on superoxide radicals. Food Chemistry, 64(4), 555—
559. doi:10.1016/s0308-8146(98)00102-2
Crossref @ Google Scholar

Zia, M. P., & Alibas, I. (2021). Influence of the drying methods on color, vitamin C, anthocyanin,
phenolic compounds, antioxidant activity, and in vitro bioaccessibility of blueberry fruits. Food
Bioscience, 42, 101179. doi:10.1016/j.fbio.2021.101179
Crossref ® Google Scholar

ISSN 1996-4536 (print) e ISSN 2311-0783 (on-line) ¢ bionoriuHi CTyaii / Studia Biologica e 2026 ¢« Tom 20 / N2 1 e C. 65-82


https://online.budstandart.com/ua/catalog/doc-page.html?id_doc=82561
https://online.budstandart.com/ua/catalog/doc-page.html?id_doc=82561
https://online.budstandart.com/ua/catalog/doc-page.html?id_doc=76878
https://online.budstandart.com/ua/catalog/doc-page.html?id_doc=76878
02.
https://doi.org/10.3390/antiox11030602

https://pubmed.ncbi.nlm.nih.gov/35326252/
https://pmc.ncbi.nlm.nih.gov/articles/PMC8945554/
https://scholar.google.com/scholar_lookup?&title=Antioxidants+of+fruit+extracts+as+antimicrobial+agents+against+pathogenic+bacteria&btnG=
https://doi.org/10.47836/jtas.48.3.09
https://scholar.google.com/scholar_lookup?&title=Effects+of+different+pasteurisation+temperatures+and+time+on+microbiological+quality%2C+physicochemical+properties%2C+and+vitamin+C+content+of+red+dragon+fruit+%28Hylocereus+costaricensis%29+juice&btnG=
https://doi.org/10.3390/antiox13121554
https://pubmed.ncbi.nlm.nih.gov/39765882/
https://pmc.ncbi.nlm.nih.gov/articles/PMC11673246/
https://scholar.google.com/scholar_lookup?&title=Drying%3A+a+practical+technology+for+blueberries+%28Vaccinium+corymbosum+L.%29+%E2%80%93+processes+and+their+effects+on+selected+health-promoting+properties&btnG=
https://doi.org/10.1016/j.foodchem.2008.09.080
https://scholar.google.com/scholar_lookup?&title=European+elderberry+%28Sambucus+nigra+L.%29+rich+in+sugars%2C+organic+acids%2C+anthocyanins+and+selected+polyphenols&btnG=
https://doi.org/10.3390/agriculture14081346
https://scholar.google.com/scholar_lookup?&title=A+review+of+perception+technologies+for+berry+fruit-picking+robots%3A+advantages%2C+disadvantages%2C+challenges%2C+and+prospects&btnG=
https://doi.org/10.3390/ijms242015228
https://pubmed.ncbi.nlm.nih.gov/37894909/
https://pmc.ncbi.nlm.nih.gov/articles/PMC10607623/
https://scholar.google.com/scholar_lookup?&title=Ellagic+acid+from+Hull+blackberries%3A+extraction%2C+purification%2C+and+potential+anticancer+activity&btnG=
https://doi.org/10.1002/efd2.21
https://scholar.google.com/scholar_lookup?&title=Recent+advances+on+the+stability+of+dietary+polyphenols&btnG=
https://doi.org/10.1016/j.jfutfo.2022.01.006
https://scholar.google.com/scholar_lookup?&title=Chokeberry+%28Aronia+melanocarpa%29+as+a+new+functional+food+relationship+with+health%3A+an+overview&btnG=
https://doi.org/10.1016/S0308-8146(98)00102-2
https://scholar.google.com/scholar_lookup?&title=The+determination+of+flavonoid+contents+in+mulberry+and+their+scavenging+effects+on+superoxide+radicals&btnG=
https://doi.org/10.1016/j.fbio.2021.101179
https://scholar.google.com/scholar_lookup?&title=Influence+of+the+drying+methods+on+color%2C+vitamin+C%2C+anthocyanin%2C+phenolic+compounds%2C+antioxidant+activity%2C+and+in+vitro+bioaccessibility+of+blueberry+fruits&btnG=

CONTENT OF BIOLOGICALLY ACTIVE COMPOUNDS AND ANTIOXIDANT CAPACITY OF BERRY FRUITS FROM... 8 1

Zielinska, A., Siudem, P., Paradowska, K., Gralec, M., Kazmierski, S., & Wawer, |. (2020).
Aronia melanocarpa fruits as a rich dietary source of chlorogenic acids and anthocyanins:
'H-NMR, HPLC-DAD, and chemometric studies. Molecules, 25(14), 3234. doi:10.3390/
molecules25143234
Crossref @ PubMed e PMC e Google Scholar

Zorzi, M., Gai, F., Medana, C., Aigotti, R., Morello, S., & Peiretti, P. G. (2020). Bioactive compounds
and antioxidant capacity of small berries. Foods, 9(5), 623. doi:10.3390/foods9050623
Crossref @ PubMed e PMC e Google Scholar

BMICT BIOJNIOIN4YHO AKTUBHUX CMONYK | AHTUOKCUOAHTHA AKTUBHICTb
Y AroaAX POCJINH ARONIA MELANOCARPA, PRUNUS SPINOSA,
SAMBUCUS NIGRA TA RUBUS FRUTICOSUS

BozdaH KpekmyH', OcmuHa XXuniwuy?, FanuHa AHMOHSIK',
Mupocnae Bom6a', Jlapuca ®eduHa', Izop lMaHdsk', Hazap Xuzans'

Jlbeiecbkull HayjioHanbHUl yHieepcumem imeHi leaHa ®paHka
8yn. YHisepcumemcsbka, 1, Jibeie 79000, YkpaiHa

2[TigHiyHUl kamnyc JlbeieCbKO20 HaUiOHaIbHO20 yHigepcUumemy eemepuHapHoi MeOUUUHU
ma 6iomexHornoeill imeHi CmenaHa MKuubKo2o
8yn. Bonodumupa Benukoeo, 1, AybnsHu, Jibeiscbka obrnacms 80831, YkpaiHa

OOrpyHTyBaHHA. Arogn — Garate mXxepeno MmiHepanis, BiTaMiHIiB i (iTOXiMiYHMX
PEYOBUH Yy XapyyBaHHi MOOMHWU. Yepe3 3pOoCTaHHsl MOMUTY Ha OpraHiYHi NpogyKTu
xap4yyBaHHs1, 3barayeHi 6ionoriyHo aktmeHMMM cnonykamu (BAC), € notpeba ouiHnTh
PiBEHb LIMX PEYOBUMH y Arodax pi3HMX BUAIB POCMAVH i po3pobuty onTuManbHi metoam
nepepodku ArigHOT CUPOBMHM, LLO AaloTb 3MOry 36eperTtu ii 6ionorivyHy UiHHiCTb. MeToto
poboTwn Byno 3'acysaTtu BMicT BAC (dbeHonbHi cnonyku, aHToLliaHun, hnaBoHOoiau, ackop-
GiHOBa KMCNoTa) i aHTUOKCUMAAHTHY aKTUBHICTb EKCTPAKTIB CBKUX Ta BUCYLLUEHUX Arig
i ArigHMX COKIB YarapHWKOBMX POCINH, MOLUMPEHUX Ha TepuTopii YkpaiHu (ropobuHa
YyopHonnigHa, TepeH Kom4uui, ByarHa YopHa 1 0XKMHa KyLLoBa).

MaTtepianu i metoaun. [JocnigKeHHa npoBoaunu 3 BUKOPUCTAHHAM CBIKMX MMO-
aiB pocnuH Aronia melanocarpa (Michx.) Elliott (ropobuHa 4opHonnigHa), Prunus
spinosa L. (TepeH kontoumn), Sambucus nigra L. (6y3uHa YopHa) Ta Rubus fruticosus L.
(oxmHa KyLLoBa), WO poCTyThb y NPUPOAHMX YMoBax J1bBiBCbKoi obnacTi. 36ip pocnuH-
HOro maTepiany, Moro nNiAroToBKY 0 aHanisy, a TakoX CYLUiHHS Arig, OTPMMaHHS Ta nac-
Tepusauito ArigHMX COKIB NPOBOANIIM 3arasfibHOMPURHATUMM MeTogaMn. ArigHi ekcTpa-
KTW roTyBanuM MeToAoM ekcTpakLii cBixux arig 90 % eTunoBuM CNMPTOM i eKcTpakLii
CyXUX M po34MHOM Boga-eTaHon (y cnieeigHoweHHi 1:1 (06./06.)). 3araneHuin BMIicT
dEeHONbHMX CMOMYK | KOHLEHTPAL,il0 aHToLiaHiB, (oNaBoHOIAIB Ta ackopOiHOBOI KMCNOTU
(BiTamiHy C) BM3Hayanu 3aranbHONPUAHATMMU CNEKTPOOTOMETPUHHUMU METO4AMM.
AHTUNOKCMAAHTHY aKTUBHICTb POCIMHHOIO MaTtepiany OuiHIBanu 3a AONMOMOIo Crek-
TPOPOTOMETPUYHOIO aHanidy 3 BUKOPUCTaHHAM CcTabinbHOro BinbHoro paamkana DPPH
(1,1-andeHin-2-nikpunrigpasmn). CtatuctuiHy o6pobKy OTpMMaHuX pesynbraTiB npo-
BOOUNN METOAOM ABOMaKTOpHOro ancnepciviHoro aHanisy (ANOVA).

Pe3ynbraTtu. EKCTpakTh cBiXMX 4Arig AOCNiAXyBaHUX BUAIB POCIVH MICTUMNN BULLLY
KOHLEHTpaUito 3aranbHux heHomnbHUX cnomnyk, onaBoHOIAIB, aHTouiaHiB i ackopbiHo-
BOI KMUCMNOTU, HXX AMAHI COKM Ta €KCTPaKkTW CYLUEeHUX Srig, Npu4oMy HanmBuLLMIA BMICT
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OionoriYHO aKTUBHMX PEYOBUH BiA3HAYEHO Y CBiXUX sirogax A. melanocarpa. 3okpema,
naogu ropodrHM YOPHOMITIAHOT MICTUM PEHOMbHI CMOMYKKX, aHToLiaHN Ta dolaBoOHOIAN
B KOHUeHTpauisx BignosigHo 1204 mr GAE (ekBiBaneHTiB ranoBoi KAcnotu), 643 mr
C3GE (ekBiBaneHTiB UiaHignH-3-rntoko3nay) 1a 490 mr QE (ekBiBaneHTiB KBEPLETUHY)
Ha 100 r cupoi macu 3paska. Y nactepusoBaHuX ArigHUX COKax BUSBNIEHO MEHLLY KOH-
LleHTpaUito 3a3Ha4YeHnX CronykK, HiXK Yy eKCTpakTax CBiKMX SArif, a eKCTPaKTU CyLLUEHUX
Ari NepeBaXXHO MICTUMM BULLYY KOHLIEHTpaUilo BionoriyHO akTUBHMX PEYOBUH, MOPIB-
HSHO 3 ArigHUMK cokamun. Cepea JOCNioKEHNX POCNMHHMX MaTepianiB HanBULLY aHTK-
OKCMAAHTHY aKTMBHICTb BUSIBIIEHO B €KCTPaKTax CBXMX Arig ropobuHM YOpHOMMigHOI
(93 %), a B cBixux grogax pocnuH P. spinosa, S. nigra Ta R. fruticosus BUSIBNEHO 3HAYHO
HWKYMIA @aHTUOKCHOaHTHUIA noTeHuian (83 %, 85 % T1a 82 % BignoBigHo).

[na OinblwocTi aHanisoBaHMX NapaMeTpiB (KpiM KOHUEHTpaLii ackopGiHOBOI Kuc-
NOTK) CMOCTEPIraeTbCs Taka OuHaMika 30epexeHHs1 BGioNoriYyHO aKTMBHUX PEYOBUH
y JocnimkKyBaHOMY MeTepiani: eKCTPaKT CBiXKMX Arif, > eKCTPaKT CyLUEeHUX arig > arigHumn
CiK, WO MigTBepOKye nepeBary MeToA4y €KCTpakuil srig Hag MeToqoM BUYaBMOBaHHS
COKY NS OTPMMaHHSI BUCOKOTO PiBHSA BioNoriYHO akTUBHUX CMOMYK Y ArigHUX NPOAYKTaxX.
BogHouac oTpumaHi pesynbsrati cBigyaTh, WO i BUAOBI XapakTepUCTUKKM Arig, i cnocio
IXHBbOI 06POOKN CYTTEBO BM3HAYAKOTb aHTMOKCUAAHTHUIA NPOQinb ArigHMX NPOAYKTIB.

BucHOBKK. AHani3 KoHUeHTpauin peHoNbHUX crnonyk, ¢rnaBoHOIAIB, aHTOLUiaHIB
i ackopbiHOBOI KMCOTK, BUSIBNEHUX Y Airogax A. melanocarpa, P. spinosa, S. nigra Ta
R. fruticosus, cBig4YMTb MpO Te, WO NIIOAW LUMX BUAIB POCIVH € NEPCMNEKTUBHUMN OXKe-
penaMu NpuUpoOHMX aHTUOKCUOAHTIB y XapyyBaHHi fognHu. OgHak pexum obpobku
Ari CYTTEBO BNIMBAE Ha BMICT GiONOriYHO aKTMBHUX PEYOBMH Y AMAHMX COKaXx Ta eKc-
TpakTax. OTprMMaHi pe3ynsraTv MOXHa 3aCTOCOBYBATW B Xap4oBili NPOMUCIIOBOCTI ANs
pO3p0obKM (PyHKLIOHANBbHNX NPOAYKTIB Xap4yBaHHS 3 MOCUIEHNMWN aHTUOKCUOAHTHUMMU
BMacTMBOCTAMM.

Knroyoei crioea: arogn, 6ionoriyHo akTUBHI CMOMYKN, aHTUOKCUAAHTHA aKTUBHICTb,
ceHomnbHI  cnonykn, ¢naBoHOIAN, aHTouiaHW, QYHKLUIOHamNbHI
NPOAYKTU XapyyBaHHS

Received / OgepxaHo Revision / [loonpavuboBaHo Accepted / MpuiHaTo Published / Ony6nikoBaHo
05 January, 2025 04 March, 2026 18 March, 2026 25 March, 2026

ISSN 1996-4536 (print) e ISSN 2311-0783 (on-line) ¢ bionoriuHi CTyaii / Studia Biologica e 2026 ¢« Tom 20 / N2 1 e C. 65-82



