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ozlem.berktas@giresun.edu.tr Vaccinium arctostaphylos is a medicinally important plant with various beneficial

properties for health. Its richness in phenolic compounds, natural origin, safety profile,
and increasing interest as a functional food source have led to significant attention in scientific studies.
Methods Measurements were performed on water extracts adjusted to doses of 1, 2.5, and 5 mg/ml. Total antioxidant activity,
phenolic content, and reducing power were determined according to the specified methods.
Results Peroxide formation was significantly inhibited at all three doses of the fruit. Inhibition rates were 38.8%, 55.2%, and 54.1%
for the doses, respectively, while ascorbic acid and Trolox inhibited by 49.3% and 79.1%, respectively. Similarly, the amount of
phenolic compounds also increased proportionally with dosage (0.79, 1.11, and 1.52 mgGAE/g). Again, the reducing capacities
(0.24, 0.34, and 0.46) increased proportionally with dosage.
Conclusions In line with the current findings, it has been determined that Vaccinium arctostaphylos fruit has antioxidant properties
in a dose-dependent manner.

Key Words: Caucasian whortleberry, total antioxidant activity, reducing power, phenolic content

Dogal antioksidan kaynag olarak Vaccinium arctostaphylos: Meyve suyu ekstraktinin fenolik icerigi ve
indirgeyici gii¢ aktivitesi
oz

Amag ve Hedefler Bu ¢alismada, Dogu Karadeniz Bolgesi'nde yetisen Vaccinium arctostaphylos meyvelerinden elde edilen su
Oziitlerinin toplam antioksidan aktivitesi (TAC), toplam fenolik igerigi (TPC) ve indirgeyici gii¢ kapasitesinin (RP) belirlenmesi
amaglanmustir. Vaccinium arctostaphylos, saglik agisindan ¢esitli faydali 6zelliklere sahip, tibbi agidan dnemli bir bitkidir. Fenolik
bilesikler agisindan zenginligi, dogal kokeni, giivenlik profili ve fonksiyonel bir gida kaynag1 olarak artan ilgisi nedeniyle bilimsel
caligmalarda dnemli bir ilgi gérmiistiir.

Yéntemler Olgiimler, 1, 2,5 ve 5 mg/ml dozlarma ayarlanmus su &ziitleri iizerinde gergeklestirilmistir. Toplam antioksidan aktivite,
fenolik igerik ve indirgeme giicii belirlenen metodlara gore uygulanmistir.

Bulgular Meyvenin her ii¢ dozunda da peroksit olusumu 6nemli l¢iide inhibe edilmistir. inhibisyon oranlar1 dozlar igin sirasiyla
%38,8, %55,2 ve %54,1 iken, askorbik asit ve Trolox sirasiyla %49,3 ve %79,1 oraninda inhibe etmistir. Benzer sekilde, fenolik
bilesiklerin miktar1 da dozajla orantili olarak artmistir (0,79, 1,11 ve 1,52 mgGAE/g). Yine, indirgeme kapasiteleri (0,24, 0,34 ve
0,46) dozajla orantili olarak yiikselmistir.

Sonuglar mevcut bulgular dogrultusunda doza bagli olarak Vaccinium arctostaphylos meyvesinin antioksidan 6zelligi oldugu tespit
edilmistir.

Anahtar Kelimeler: Ay iiziimii, toplam antioksidan aktivite, indirgeyici gii¢, fenolik i¢erik
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1. Introduction

Medicinal plants contain a variety of bioactive compounds
that have long been utilized as alternative therapeutic agents in
traditional medical practices. The use of phenolic and flavonoid
substance metabolites attracts attention growing scientific
interest due to their broad spectrum of biological activities.
Numerous studies have shown that these metabolites have
significant therapeutic potential, contributing to the treatment or
prevention of certain diseases through their antioxidant, anti-
inflammatory, antimicrobial, and cytoprotective properties
(Fierascu et al., 2021; Barut et al., 2019). In particular, they have
been reported to scavenge oxidative stress-triggering radicals,
which are the primary factors in the development of these
diseases (Tziveleka et al., 2021). Therefore, phenolic
compounds and flavonoids are considered important natural
antioxidants, particularly in research aimed at preventing and
treating various chronic conditions. The fact that these
metabolites have little or no side effects also makes them
suitable for study purposes. Therefore, the widespread use of
natural antioxidants aims to avoid the side effects that synthetic
antioxidants can cause (Nirmala et al., 2018). Consequently,
research aimed at identifying natural compounds that can
prevent cellular damage caused by oxidative stress and the
harmful effects of free radicals has gained momentum.

The genus Vaccinium L., belonging to the Ericaceae family,
exhibits considerable taxonomic diversity worldwide, with
approximately 450 species (Ahmadi et al., 2017). Turkey, with
its flora rich in medicinal plant potential, is home to many
Vaccinium species. Extensive studies on the biological activities
of Vaccinium species are available in the literature,
demonstrating the plant's pharmaceutical importance (Papanov
et al.,, 2021; Shamilov et al., 2022). Previous research has
revealed that various Vaccinium species possess a broad
bioactivity profile, including antioxidant, antimicrobial, and
antidiabetic properties (Abidov et al., 2006; Silva et al., 2013;
Jurikova et al., 2019).

V. arctostaphylos contains numerous bioactive compounds.
These compounds have been purified from the fruit or leaves of
the plant using various methods (Latti et al., 2009). In particular,
anthocyanins, polyphenols, and flavonoids have been identified
as the most abundant of these compounds (Bighamanganeh et
al., 2025; Brofiola-Hipol et al., 2024). In addition to these
phenolic compounds, the fruit also contains monosaccharides
such as fructose, glucose, and sucrose, as well as organic acids
such as malic, quinic, and citric acids.

The fruits and leaves of V. arctostaphylos are rich in
proteins, sugars, dietary fiber, essential minerals such as
calcium, magnesium, potassium, and iron, as well as vitamins,
all of which contribute to the plant's therapeutic and protective
potential (Bighamanganeh et al., 2025; Shamilov et al., 2022).
The purpose of using only the water extract of V. arctostaphylos
fruits in the present study is to be consistent with traditional
consumption practices, which often involve aqueous
preparations like infusions or decoctions aimed at utilizing the
plant's bioactive profile. Water is also the most commonly used
solvent for the extraction of phenolic compounds and
flavonoids. Therefore, this study was conducted to evaluate the
antioxidant capacity, total phenolic content, and reducing power
of the aqueous fruit extract of V. arctostaphylos, thereby

providing a scientific basis for its potential therapeutic
applications and supporting future research on this species.

2. Materials and Methods
2.1 Chemicals

All chemicals employed in the experiments were of
analytical grade and were sourced from Sigma-Aldrich.

2.2 Preparation of plant fruit and extract

The V. arctostaphylos fruits used in this study were obtained
from a licensed plant dealer in the Eastern Black Sea Region. To
ensure botanical and geographical traceability, the wild fruits
were harvested in August and September, at the peak of their
ripening period, from natural habitats in the region characterized
by a humid subtropical climate and high-altitude mountainous
terrain. They are collected from plateaus at an altitude of
approximately 1000m-1200m above sea level. After being
harvested at the appropriate stage of maturity, the fruits were
cleaned and sold in packaged form. The dried fruits were
subsequently pulverized by grinding in a mortar with liquid
nitrogen. The extraction process was carried out using a Julabo
SW22 brand shaking water bath at 40°C-50°C for four days. A
total of 100 g of the dried fruit powder was extracted for four
days in a shaking water bath using water (500 ml) as the solvent
at 50 °C. Following extraction, the solution was filtered and
lyophilized to remove all moisture. The antioxidant capacity,
reducing power, and phenolic compound content were then
analyzed using the fully dried extract samples.

2.3 Determination of antioxidant activity

The antioxidant activity of V. arctostaphylos fruit water
extract was determined according to the method developed by
Mitsuda et al. (1996). The mixture obtained with the appropriate
solutions was incubated at 37 °C, and then 0.1 ml of the reaction
mixture was vortexed. It was transferred to 75% ethanol and
30% ammonium thiocyanate solutions at 4-h intervals. A 0.02
M FeCl. solution prepared in 35% HCIl was then added. The
incubation process was terminated when the absorbance value
reached its maximum value (Mitsuda et al., 1996).

2.4 Determination of total phenolic content

The total phenolic content of the fruit samples was
determined using the Folin—Ciocalteu method (Singleton et al.,
1999). The mixture was incubated according to the literature.
Then, 2 ml of Na.COs was added, and the mixture was incubated
again at 30 °C for 90 minutes. After incubation, the absorbance
values were expressed as total phenolic content, gallic acid
equivalent (GAE) per gram of lyophilized extract.

2.5 Determination of reducing power

The reducing power of V. arctostaphylos berries was
determined using the method described by Yen and Chen (Yen
and Chen, 1995). Water extracts treated with appropriate
solutions mentioned in the literature were incubated at 50 °C for
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30 minutes. After incubation, an appropriate TCA solution was
added and centrifuged. The supernatant obtained was then
separated and mixed with 2.5 ml of 0.1% FeCls solution and 2.5
ml of water. The absorbance of the mixture was measured at 700
nm. High absorbance values were interpreted as an indicator of
high reducing power.

2.6 Statistical analysis

Statistical analyses were conducted using IBM SPSS
Statistics version 27. Differences among groups and
significance levels were evaluated using one-way ANOVA, and
results with a p-value of <0.05 were considered statistically
significant.

3. Results

The antioxidant activity of water extracts obtained from V.
arctostaphylos fruit samples after 60 hours of incubation is
shown in Table 1. The results are indicated in the table as
inhibition (%). Trolox and ascorbic acid were used as positive
controls. As indicated in the table, the three doses of fruit
extracts inhibited peroxide formation by 38.8%, 55.2%, and
54.1%, respectively. Ascorbic acid and Trolox also inhibited it
by 49.3% and 79.1%, respectively (p<0.05) (Table 1 and Figure
1). Based on these statements, it can be said that all three doses
of V. arctostaphylos fruit samples have antioxidant activity.
Similarly, the amount of phenolic compounds also increased
proportionally with dosage (0.79, 1.11, and 1.52 mg GAE/g).
Again, their reduction capacities (0.24, 0.34, and 0.46) increased
proportionally with dosage (Table 1).

Table 1. Total antioxidant activity (TAA), reducing power (RG) and total phenolic compounds (TFB) amounts of water extracts of

Vaccinium arctostaphylos fruit samples

Samples Dose Total antioxidant activity Reducing power Phenolic compound amount
(mg/ml) (TAA) RP) (TFB)
Mean Absorbance Inhibition Mean -
(60.hour, 500 nm) (%) Al();ggzzil)ce (mg GAE/lyophilisate)
1 1.64+0.04d 38.8 0.24+0.01a 0.79+0.05a
Water extract of /. 25 1.20+0.06b 552 0.34+0.02b 1.1140.04b
arctostaphylos fruit
5 1.2340.02b 54.1 0.46+0.03¢ 1.52+0.05¢
Ascorbic acid 1.36+0.01c 493 - -
Trolox 1 0.56+0.01a 79.1 - -
Control - 2.68+0.04¢ - - -

Means indicated by different letters in the same column are significantly different according to the Duncan test (P < 0.05).
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Figure 1. Total antioxidant activity (TAA) amount of

Vaccinium arctostaphylos water extract
4. Discussion

In this study, the antioxidant capacity, total phenolic content,
and reducing power of the water extract obtained from V.
arctostaphylos fruits were determined. The findings revealed
that the plant possesses significant antioxidant potential. The
inhibition values observed against linoleic acid peroxidation
demonstrated marked efficacy in all doses of the extract
compared to the control group. These results are consistent with
previous studies on the antioxidant properties of V.
arctostaphylos (Brofiola-Hipol et al., 2024; Bighamanganeh et
al.,, 2025). However, the antioxidant values obtained in this
study are relatively lower than those reported in some previous
literature. This difference can be attributed to several critical
factors. First, solvent selection plays a crucial role; while many

previous studies have used organic solvents or hydroalcoholic
mixtures (e.g., ethanol or methanol) known for high extraction
yields of lipophilic and hydrophilic phenolics, this study relied
on a pure water extract to be compatible with conventional
consumption. This may have led to a lower extraction efficiency
for some hydrophobic bioactive compounds. Second, fruit
quality and environmental factors can significantly affect the
basic phytochemical profile of wild berries. The positive
correlation between total phenolic content and reducing power
confirms the fundamental role of phenolic compounds in
neutralizing free radicals due to their redox properties. This is
also supported by studies reporting that Vaccinium species are
rich in phenolic and anthocyanin compounds (Ltti et al., 2009;
Ercisli et al., 2012). Studies based on HPLC-MS analyses have
revealed that caffeic acid, chlorogenic acid, and various
anthocyanins are predominant in V. arctostaphylos fruits; these
compounds are known for their potent antioxidant activities
(Létti et al., 2009; Antonio et al., 2023). In this study, where only
water extract was used as a solvent, the high antioxidant activity
indicates that it is rich in hydrophilic phenolic compounds.
Some studies have reported high yields with organic solvents
such as methanol and ethanol (Tahmaz Karaman, 2021).
However, the activity demonstrated with water, which is the
most suitable for natural consumption, is quite valuable for the
literature. The use of V. arctostaphylos as an antidiabetic agent
in traditional medicine is supported by studies in the literature
that reveal its antioxidant and antidiabetic mechanisms of action
(Saliani et al, 2023; Shamilov et al., 2022). Given the important
role of oxidative stress in diabetes, the antioxidant capacity of
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this species, which is rich in phenolic compounds, strengthens
the biochemical basis for its traditional use. The dose-response
relationship observed in the study is characterized by a marked
increase, particularly at a dose of 2.5 mg/ml, but with a more
limited additional contribution at a dose of 5 mg/ml. This may
be related to the maximum effect of phenolic compounds at
certain concentrations or to the analytical method used reaching
a certain threshold. Some studies using Vaccinium fruit samples
have also reported a parallel antioxidant effect (Koca &
Karadeniz, 2009; Antonio et al., 2023). The prominence of this
plant's phenolic content and antioxidant properties, as well as its
anti-inflammatory, antimicrobial, and potential protective
effects against many metabolic diseases, have led to its
widespread use. This has made it an important species to be
evaluated in alternative treatment methods and scientific studies
(Shamilov et al., 2022; Martau et al., 2023). However, more
comprehensive studies are needed on the bioavailability,
toxicological safety, and clinical efficacy of these compounds.
Overall, this study demonstrates that V. arctostaphylos fruit
extract possesses potent antioxidant capacity; that the close
correlation between phenolic content and reducing power is the
primary source of this biological activity; and that the
antioxidant efficacy scientifically supports the plant's traditional
uses.

4.1 Study limitations

While the current research provides valuable preliminary
information on the traditional use of V. arctostaphylos fruits,
some limitations must be considered. Firstly, antioxidant
capacity was assessed using a single antioxidant assay. Since
plant extracts exhibit antioxidant effects through various
mechanisms, using multiple complementary assays would
provide a more comprehensive profile. There is a lack of
detailed phytochemical characterization (e.g., via HPLC or LC-
MS/MS) to identify and quantify the specific bioactive
compounds responsible for the activities observed in the study.
The biological efficacy of the aqueous extract has not been
validated using cellular (in vitro) models or in vivo animal
studies. Therefore, further research involving advanced
phytochemical profiling and biological validation models is
needed to fully elucidate the therapeutic potential of V.
arctostaphylos fruits.

4.2 Conclusion and recommendations

Based on the data obtained, the water extract obtained from
V. arctostaphylos fruits was found to be an important source of
antioxidants and phenolics. Its high phenolic content can be
considered an important natural antioxidant species for the
treatment of various oxidative stress-related diseases. Therefore,
it can guide detailed pharmacological studies for the
development of new treatment methods. More comprehensive
studies on the bioavailability, toxicological safety, and clinical
efficacy of these compounds can be conducted and added to the
literature.
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