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Abstract
This study determined the antimicrobial and antioxidant activities of chloroform, ethyl acetate,
methanol, and water extracts of the Viburnum opulus (V. opulus) plant. V. opulus (Gilaburu) was
collected from Ahırdağı northern slope, Kırka Town, Afyonkarahisar region, and its leaves,
branches, and fruit parts were dried and powdered at room temperature. The total phenolic content
was compared with the gallic acid standard, the total flavonoid content with the quercetin
standard, and the iron chelating effect with the EDTA standard. All extracts were evaluated for
antimicrobial activity against Escherichia coli, Staphyllococcus aureus, and Candida glabrata
strains by the agar well diffusion method. Gilaburu is widely used in Turkey, especially in
alternative medicine. It has been determined that the fruit part of the plant has better antimicrobial
properties, and the amount of phenolic compounds increases in more polar solvents. In conclusion,
the use of Gilaburu as a medicinal drug can be achieved with new research on bioactive
substances, especially in fruit extract.
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Introduction

In Turkey, about 1000 plant species are used
for therapeutic purposes, and V. opulus is one
of these plants. It is known that the fruits,
leaves, and bark are used as hemostatic and
external vasotonic in diuretic, laxative,
antispasmodic, sedative, gynaecological
hemorrhages [1]. In this respect, it is
necessary to scientifically investigate the
effects and ways of action of these plants in
order to use them in a healthy and efficient
way. In recent years, antioxidant activity
studies show that this species has antioxidant
properties and is quite remarkable in terms of
antioxidant levels [2, 3].

It has been shown that sugars such as
arabinose and rhamnose in Gilaburu stimulate
the immune system by increasing lysosomal
enzyme secretion and phagocytosis of
macrophages in the peritoneum [4-6]. It has
been revealed that Gilaburu contains gallic
acid, protocatechuic acid, caffeic acid, p-
coumaric acid, ellagic acid, and chlorogenic
acids [7]. It has been reported that the
chlorogenic acid content is 1.24%, and the
salicin acid content is 1.27% [8]. It has been
reported that V.opulus is a source of
flavonoids containing quercetin glycosides
(+)-catechin, (-)epicatechin, and
proanthocyanidin content and polyphenols at
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the rate of 6.80-8.29 g gallic acid/kg [9]. Two
important groups of phenolic compounds are
flavonoids and phenolic acids. Flavonoids are
polyphenolic antioxidants found naturally in
herbal teas, fruits, and vegetables. The main
secondary metabolites with antioxidant
activity in fruits are phenolic compound and
ascorbic acid [10]. Zayachkivska et al. [11]
understood that V.opulus has high antioxidant
capacity due to the high amount of phenolic
compounds in their study Gilaburu fruits
contain high amounts of polyphenolic
compounds [9, 12], L-malic acid, and ascorbic
acid [12]. In addition, it was stated that
cyanidin-3-glycoside, one of the anthocyanins
contained in the fruit, is the most important
factor in the identification of Gilaburu fruit
[13]. The high phenolic concentration of these
plant extracts also shows strong radical
scavenging properties [14,15 ].

The presence of phenolic acids,
tannins, coumarins, anthocyanins, iridoids and
terpenes in the genus Viburnum has been
reported so far [15]. It has been determined
that the branches, leaves, and fruits of
Gilaburu have high antioxidant activity
because they contain abundant amentoflavone,
salicin, and chlorogenic acid. It has been
reported as a valuable plant for the food and
pharmaceutical industry [16]. In this study, it
is aimed to examine the antimicrobial
properties of solvent extracts of Gilaburu
collected in the Afyonkarahisar region.

Materials and Methods
Plant Collection and Identification

V. opulus was collected from above
Kırka town on the northern slope of Ahırdağı
/Afyonkarahisar. Description of the plant
made by Dr. Mustafa Kargıoğlu of Art and
Sciences Faculty, Department of Molecular
Biology and Genetics. The leaves, branches,
and fruit parts of the plant were cut into small

pieces and dried in the shade at room
temperature.

Extraction of V. opulus with Soxhlet

The dried parts of the plants were
pulverized in a laboratory grinder. Cartridges
were prepared separately from the powdered,
woody branch and fruit samples of the plant.
These prepared cartridges were extracted with
chloroform, ethyl acetate, methanol, and water
in a Soxhlet apparatus, respectively. Each
time, 10 g of ground plant parts were taken
into the cartridge, and 300 mL of solvent was
added. In both cases, the extraction was
continued for about 6 h until the solution in
the Soxhlet apparatus became colorless.
Extracts obtained by the Soxhlet device were
filtered through filter paper and their solvents
were removed with a rotary evaporator. The
prepared extracts were stored in the dark,
capped glass bottles at +4 ˚C, and then their
antioxidant and antimicrobial activities were
determined.

Table 1. Abbreviations of extracts.

Abbreviation V. Opulus Extracts

VOFC Viburnum opulus Fruit Chloroform

VOFEA Viburnumopulus Fruit Ethyl acetate

VOFM Viburnum opulus Fruit Methanol

VOFW Viburnum opulus Fruit Water

VOLC Viburnum opulus Leaf Chloroform

VOLEA Viburnum opulus Leaf Ethyl acetate

VOLM Viburnum opulus Leaf Methanol

VOLW Viburnumopulus Leaf Water

VOBC Viburnumopulus Branch Chloroform

VOBEA Viburnumopulus Branch Ethyl acetate

VOBM Viburnum opulus Branch Methanol

VOBW Viburnum opulus Branch Water
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Determination of Total Flavonoid Content

The total flavonoid content of plant
extracts was determined by AlCl3/CH3COO-

K+ spectrophotometric method [17, 18]. The
calibration curve was obtained with different
concentrations of quercetin. Samples to be
tested (1 mg/mL) were prepared in methanol.
1.5 mL of methanol, 0.1 mL of 10%
AlCl3.6H2O solution, and 0.1 mL of 1 M
CH3COO-K+ solution were added to 0.5 mL
of the sample solution in a glass tube,
respectively, and the tube was then shaken
well. After 30 min of incubation at room
temperature, their absorbance at a wavelength
of 415 nm was measured with a UV/visible
spectrophotometer (Thermo Scientific
Evolution 201). Results are given as mg
quercetin/g extracts equivalent.

Determination of Total Phenolic Content

The Folin–Ciocalteu reaction is an
electron transfer-based antioxidant assay that
measures the reducing capacity of an
antioxidant. The principle of the method is
that phenolic compounds dissolved in water
and organic solvents form colored complexes
with Folin reagents in an alkaline medium.
The resulting purple-violet complex creates a
maximum absorbance at 765 nm [19]. Folin-
Ciocalteu reagent was added to the prepared
plant extracts and standard antioxidant
substances. Na2CO3 was added and kept at
room temperature for 2 h, and then the
absorbance of the mixture was measured at
760 nm against water. Gallic acid was used as
the standard for the calibration curve, and the
results were determined as gallic acid
equivalents [19].

Metal Chelating Activity

The chelating capacity of Fe2+ ions of
samples according to the method specified by
Dinis et al. [20]. The reaction was started by
adding 1 mL of extract (1 mg/mL), 3.2 mL of

distilled water 2 mM FeCl2 (0.1 mL), and 5
mM ferrozine (0.2 mL). After mixing the
solution, it was incubated for 10 min at room
temperature, and then its absorbance was
measured at 562 nm. EDTA was used as a
positive control in this assay system. The
percent inhibition of ferrozine Fe2+ complex
formation was calculated using the following
equation:

Metal chelating capacity (%) = [(A control –
A sample) / A control] × 100

Agar Well Diffusion Test

The antimicrobial activity of the plant
extracts was studied by the agar well diffusion
method [21]. E. coli ATCC 25922, S.
aureus ATCC 25923, and C. glabrata strains
were used in antimicrobial activity
experiments. The samples to be tested were
weighed 0.05 g and dissolved in DMSO. The
standard strains used in these tests were
obtained from the Uşak University Vocational
School of Health Services, Department of
Medical Services and Techniques Research
Laboratory. The studies were carried out in
the same laboratory.

Bacteria culture was prepared at a
density of 0.5 Mac Farland in NB (Nutrient
broth). 100 μL of the microbial suspension
taken from the bacterial culture was
inoculated onto Mueller Hilton Agar (MHA)
by spreading it well over the entire agar
surface with a sterile swab. Each plate was
drilled to create 6 mm diameter wells with the
help of a sterile cork drill at different parts of
the plates. Then, 50 µL of each of the extracts
and solvent (used as the negative control
group) were pipetted into the wells of the
assay plates and incubated at 37°C for
24 h. Vancomycin (30µg), Chloramphenicol
(30µg), Penicillin (10µg), Tetracycline (30µg)
and Erythromycin (15µg) were used as
positive controls. Zones of inhibition were
measured after incubation [22].
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Results and Discussion
Total Phenolic Content, Total Flavonoid
Content

The total phenolic content of the
extracts was determined as mg gallic acid
equivalent (GAE) per gram of sample in dry
weight (mg/g) (y = 0.0013x + 0.0492 R² =
0.9979) (Fig. 1). The total phenolic compound
and flavonoid content in the extracts obtained
from the leaves, branches, and fruit parts of
V.opulus with 5 different solvents are given in
Table 2.

Table 2. Total Phenolic Compound and Total Flavonoid Content.

V.
Opulus Extract

Total Phenolic
Content

mg GAE/g
extract

Total Flavonoid
Content mg

quercetin/ g extract

VOFC 38.31±0.01 0.05±0.01

VOFEA 101.38±0.01 0.04±0.02

VOFM 50.62±0.01 0.007±0.03
Fruit

VOFW 99.85±0.03 0.02±0.01

VOLC 3.69±0.02 0.12±0.01

VOLEA 10.62±0.01 0.13±0.01

VOLM 61.38±0.01 0.10±0.01
Leaf

VOLW 51.38±0.01 0.06±0.21

VOBC 103.69±0.09 0.08±0.03

VOBEA 104.46±0.05 0.10±0.02

VOBM 127.53±0.04 0.06±0.01
Branch

VOBW 146.76±0.01 0.05 ±0.41

Figure 1. The graph of the absorbance values given at 760 nm
against different concentrations of gallic acid Total flavonoid
contents were determined as mg quercetin/g extract equivalents
according to the equation y=6.6684x+0.0663 R² = 0.9979 obtained
with the calibrationcurve

Metal Ion Chelating Activity

Metal ion chelating activity was
evaluated according to the competition of
plant extracts with ferrozine to bind Fe2+ ions
in the solution. EDTA (1 mg/mL) was used as
a standard. Metal chelating activity results are
given in Table 3.

Table 3. Metal ion chelating activity.

V. Opulus Extract
Iron Chelating Effect

(%)

VOFC 14.3 ±0.17

VOFEA 16.69±0.09

VOFM 20.59±0.04

Fruit

VOFW 13.20±0.35

VOLC 10.13±0.09

VOLEA 14.36±0.00

VOLM 16.18±0.04

Leaf

VOLW 16.67±0.04

VOBC 13.63±0.00

VOBEA 11.02±0.04

VOBM 16.24±0.13

VOBW 17.96±0.04

Branch

EDTA (1 mg/mL) 82.23±0.04

Antimicrobial Activity Assay

The antimicrobial activity results of
the leaves, branches and fruit parts of the
V.opulus are given in Table 4. As a result of
the experiments, it was determined that except
VOBW extract, the other one showed
antimicrobial activity against S. aureus. It has
been observed that VOFC extract (35 mm) has
a stronger effect against S. aureus than
antibiotics other than penicillin. Only VOLW
and VOFEA extracts showed fungicidal
activity against C. glabrata.
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Table 4. Inhibition diameter (mm) of V. opulus extracts by Agar
wells method.

Bacteria
Controls

S. aureus E. coli C. glabrata

VA (30) 21 25 8

P (10) 40 33 7

C (30) 27 30 28

E (15) 30 26 -

TE (30) 30 12 19

Extracts Samples

VOFC 35 - 13

VOFEA 22 - -

VOFM 13 - -
Fruit

VOFW 14 - -

VOLC 9 - -

VOLEA 11 - -

VOLM 13 - -

Leaf

VOLW 12 - -

VOBC 12 - -

VOBEA 9 - -

VOBM 11 - -
Branch

VOBW - - 10

VA (30) Vancomycin, P (10) Penicillin, C (30) Chloramphenicol, E
(15) Erythromycin, Te (30) Tetracycline

The most important secondary
metabolites in plants are phenolic compounds,
alkaloids, and terpenes. Phenolic compounds
also have antimicrobial, antioxidative, and
anticarcinogenic activities, especially
terpenes; It is effective against bacteria and
viruses [23]. Flavonoids, biflavonoids, and
coumarins have been reported in different
Viburnum species [24,25]. In our study, when
the total phenolic content of the studied
extracts of V.opulus was compared, it was
determined that the branch extracts had the
most phenolic content. The lowest phenolic
content was observed in the leaf chloroform
extract (3.69±0.02 mg GAE/g extract), while
the highest phenolic content was found in the
branch water extract (146.76±0.01 mg GAE/g
extract).

These results are in agreement with the
literature. Kajszczak et al. [26] reported that
studies on the phenolic profile of V.opulus
were very infrequent when comparing V.

opulus fruit with other morphological parts.
Erdogan et al. [15] determined the total
phenol content in methanol extracts of
branches (217.95±1.29 mg GAE/g extract),
leaves (132.11±1.89 mg GAE/g extract), and
fruits (147.39±1.85mg GAE/g extract) at a
higher rate than the ethyl acetate and water
extracts of V.opulus.

Flavonoids are plant phytochemicals
that humans cannot synthesize. Flavonoids are
thought to have health-promoting properties
due to their high antioxidant capacity and may
help reduce inflammation, form healthy blood
vessels, prevent cell damage, and delay aging
[27]. Total flavonoids in V. opulus fruits have
been reported to constitute 21.73% to 57.16%
of the total phenolic compound content, with
187 to 489 g per 100 g fresh weight. In
seeds, bark, and flowers of V. opulus,
flavonoids constitute 83.86%, 56.53%, and
47.58% of total phenolics, respectively [26].
Rop et al. [9] determined the total flavonoid
content in fresh fruits of V.opulus in the range
of 3.14 to 4.89 g/kg (314 to 489 mg/100g).
Polka et al. [28] reported that total flavonoids
varied from 1.67 (flowers) to 2.25 (bark) g
(+)-catechin equivalents/100g DW, and
Flavonoids accounted for 47.6, 53.9 and
56.5% of total phenolics in VO flowers, fruits
and bark, respectively. In our study, the total
flavonoid content was found to be high,
especially in leaf ethyl acetate extracts
VOLEA, 0.13±0.01 mg quercetin/g extract. It
was seen that fruit extracts contain lower total
flavonoids compared to branch and leaf
extracts. In addition, when comparing the
measurement results with other studies, the
use of different methods and standards, as
well as the use of different units, showed that
there were differences between the studies.

Free radical scavenging activities of
the extracts were defined by the metal
chelation method using ferrozine radical, and
all extracts were evaluated. Erdogan et al. [15]
reported that the leaf EtOAc (VOLEA) extract
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of V. opulus (33.01%) had remarkable ferrous
ion chelating capacity, but the remaining
branch and fruit extracts did not have the
capacity to chelate iron ions. In this study, it
was decided that none of the different solvent
extracts of the plant could reach as high
efficacy as EDTA. While the highest iron
chelating effect was observed in VOFM
(20.59%) extract, the lowest effect was
observed in VOLC (10.13%) extract.

Identification of plant extracts with
antimicrobial properties is indicated as a safe
and effective way to control clinical infections
[29]. It has been determined by some studies
that antimicrobial activity is high in the dried
fruits and seeds of the V.opulus plant [30, 31].
Eryılmaz et al. [32] tested the antimicrobial
activities of aqueous and ethanolic extracts of
4 different Viburnum species against six
bacteria and one yeast. They stated that
ethanolic extracts exhibited better
antimicrobial activity than aqueous extracts.
The aqueous extracts obtained from the stem,
flower, and leaf of VO did not show
antibacterial and antifungal activities. Turker
et al. [33] obtained the best antibacterial
activity from dried fruit extracts with hot
water. It inhibited the growth of
Staphylococcus aureus ATCC 25923,
Staphylococcus epidermidis ATCC 12228,
and Streptococcus pyogenes ATCC 19615.

Zakłos-Szyda et al. [34] reported that
Gram-positive pathogenic bacteria (i.e.,
Staphylococcus aureus ATTC 6538,
Enterobacter faecalis ATCC 29212, Listeria
monocytogenes ATCC 19115) are more
susceptible to VO fruit components than
Gram-negative bacteria. It has been reported
in the studies that the antibacterial effect
observed in VO fruit juices is due to
chlorogenic acid and procyanidins on the
metabolism affecting the bacterial cell wall
and membrane stiffness, permeability or
integrity.

Vijaytha et al. [18] reported that V.
coriaceum blume plant root methanol extract
showed significant inhibition in agar gel well
diffusion assay containing many
microorganisms. According to Yilmaz et al.
[31] V. opulus, V. lantana, and V. orientala
tested for antimicrobial activity against E.
coli, K. pneumoniae, P. aeruginosa, E.
faecalis, S. aureus, B. cereus bacteria, and
fungi C. tropicalis at maximum essential oil
concentrations of 250, 500 and 1000 μg/mL,
respectively. However, no activity was
observed against all test microorganisms for
V. lantana and V. opulus.

In our study, the antimicrobial
properties of the fruit, leaf, and branch parts of
the plant were investigated in different solvent
systems using chloroform, ethyl acetate,
methanol, and water extracts. As a result, it
was determined that all samples except
VOBW extracts had effects against S. aureus
bacteria, but the most antimicrobial effect was
in the VOFC extract. These results are
consistent with the literature, Cesoniene et al.
[12] compared V. opulus fruit juices and
ethanol extracts and reported that fruit juices
have higher antimicrobial activity and
therefore V. opulus fruit can be used as a
potential source of antibacterial drugs. It was
determined that this situation was also found
in the chloroform extract of the fruit of the
V.opulus plant that we used in our study.

Conclusion

It has been determined that most of the
studies on the V.opulus plant were performed
on the fruit, and limited documents were
related to other morphological parts of the
plant, such as branches, bark, leaves, or
flowers. For this reason, in this study, the
fruit, leaf, and branch parts of the plant grown
in the Afyon region were studied in different
solvent polarities, and their antimicrobial and
antioxidant properties were revealed. As a
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result, it can be said that the fruit part of the
plant has better antimicrobial properties, the
amount of phenolic compounds increases in
more polar solvents, and the iron chelating
effect is negligible. Antimicrobial new drugs
can be obtained by purifying the fruit extract
of the plant by chromatographic methods and
analyzing its structure.
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