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The ethanolic and acetone extracts of wild fruits collected from Kazdagi (Ida Mountains) were examined
for free radical scavenging activity and phenolic compounds. The extracts of the fresh fruits of Arbutus
unedo, Lycium europaeum, Prunus spinosa, Rosa canina, and Rubus sanctus were examined for their
antioxidant properties by using the free radical 1,1’-diphenyl-2-picrylhydrazyl (DPPH) scavenging
method. The percentage inhibition of the extracts varied from 93.7 to 99.9%. The total phenolics,
flavonoids, carotenoids, and condensed tannins of the extracts of the investigated samples ranged
from 0.23 to 7.28 mg gallic acid equivalents (GAE)/g fresh fruit, 1.69 to 4.19 mg/g fresh fruit, 0.49 to 7.17
mg/g fresh fruit, and 20.18 to 315.51 pug catechin equivalent (CE)/g fresh fruit. It was determined that the
fresh wild fruits collected from Kazdagi exhibited high free radical scavenging capacity. Furthermore,
the fresh fruits were found to contain appreciable amounts of phenolic compounds influencing the

antioxidant capacity of the samples.

Key words: Kazdagi, wild fruits, 1,1’-diphenyl-2-picrylhydrazyl (DPPH), phenolics, flavonoids, carotenoids,

tannins.

INTRODUCTION

Wild fruits have been for a long time part of the human
diet. In rural areas, wild fruits are consumed because of
economic reasons not only as vitamin sources but also
for medicinal purposes. In folk medicine, wild growing
plants have been extensively used due to their curative
effects (Motamed and Naghibi, 2010; Pieroni et al.,
2002). Turkey’s flora is very rich and people from ancient
times have used different fruits for consumption as well
as preparation of medicines, because of the mild climate
(Guner et al., 2000; Ozgokce and Ozcelik, 2004).
Nowadays, it is becoming more important that human
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diet is rich in phytochemicals capable to prevent coronary
diseases, cancers, neuropathological diseases, etc
(Block et al, 1992; Kaur and Kappor, 2001). Our
research has been focused on the wild fruits that are
traditionally consumed in Turkey during autumn and
these fruits have been characterized in terms of their free
radical scavenging capacities and phenolic contents.
According to ethnobotanical surveys, fruits of strawberry-
tree (Arbutus unedo) (Sanjust et al., 2008), boxthorn
(Lycium europaeum) (Pieroni et al., 2002; Said et al.,
2002), blackthorn (Prunus spinosa) (Kultur, 2007), rose
hips (Rosa canina) (Cakilcioglu et al., 2010; Montazeri et
al., 2011; Sanjust et al., 2008), and blackberry (Rubus
sanctus) (Cakilcioglu et al., 2010; Motamed and Naghibi,
2010; Rocabado et al., 2008) have been used for the
prevention and therapy of cold and infectious diseases,
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kidney and liver disorders, diabetes, high blood pressure
and also as diuretics, sedatives, etc.

The chemical composition of plants is mainly affected
by the environmental conditions such as climate, altitude
and soil conditions. In literature, there are several studies
showing that the contents of fruits are environment
dependent and therefore, samples of different areas
should be investigated (Orazem et al.,, 2011; Ruiz-
Rodriguez et al., 2011; Serce et al., 2010; Serteser et al.,
2008).

The aim of this study was to comparatively investigate
the radical scavenging capacities and phenolic
composition of the fresh fruits of A. unedo, L. europaeum,
P. spinosa, R. canina, and R. sanctus. To the best of our
knowledge there is no publication dealing with the
antioxidant properties of the fruits of Lycium europaeum,
while for the other fruits this is for the first time they are
investigated from Kazdagi (Ida Mountains), Canakkale,
Turkey.

MATERIALS AND METHODS
Chemical reagents

All chemicals were purchased from Sigma-Aldrich (USA), SPA
(Milan, Italy), Merck (Germany), and Fluka Chemie (Switzerland).

Plants

Fruits of strawberry-tree (A. unedo), boxthorn (L. europaeum),
blackthorn (P. spinosa), dog rose (R. canina), and blackberry (R.
sanctus) were collected from the Northern parts of Kazdagi, Turkey
(Figure 1) and were identified according to Davis (1972) by Dr.
Ahmet Gonuz, Department of Biology, Canakkale Onsekiz Mart
University, Canakkale, Turkey. Specimens were deposited in the
personal herbarium of Dr. Ahmet Gonuz.

Preparation of fresh fruit sample extracts

The collected and identified fruits were stored at 4°C till analysis
(not more than 12 h and fresh fruits were used for extraction. Each
fresh fruit sample (20 g) was extracted according to Maisuthisakul
et al. (2007). Briefly, a sample (20 g) was blended with 60 ml
ethanol (95%) or acetone in a blender for 1 min and was shaken for
4.5 h. The supernatant was filtered through Whatman filter paper
(No. 4). All filtrates were evaporated under reduced pressure using
a Rotary evaporator at 40°C, and were weighed in order to
determine the yield of soluble components. Afterwards, the extracts
were immediately analyzed for DPPH free radical scavenging
activity, total phenolics, flavonoids, carotenoids, and condensed
tannins. Unless otherwise stated, all assays were done in triplicate.

DPPH free radical-scavenging activity assay

The effect of the oxidized fruit extracts on 1,1-diphenyl-2-
picrylhydrazyl (DPPH) was estimated as described by Brand-
Williams et al. (1995). Each sample was diluted in methanol prior to
the analysis (1 mg/ml). The DPPH solution was added to the diluted
sample, thoroughly mixed, then left for 30 min for the reaction to
occur. After that, the absorbance of the sample was measured at

515 nm using a UV-Vis spectrophotometer (Thermo Aquamate).
The absorbance of DPPH solution in methanol, without any
antioxidant (control), was also measured. The percentage of DPPH
radical scavenging activity was calculated by using the following
equation:

DPPH scavenging (%) = [(Acontrol — Asampie)/Acontrol] X 100

where Asample IS the absorbance of the sample after the time
necessary to reach the plateau (30 min) and Aconro iS the
absorbance of DPPH.

Extract concentrations providing 1Csq inhibition values (defined as
the concentration of the compounds that was able to inhibit 50% of
the total DPPH radicals) were calculated from graph plotting using
nonlinear regression and expressed in microgram material
equivalents per milliliter for sample extracts. Butylated
hydroxytoluene (BHT) was used as a positive control. A lower value
of ICso indicates a higher antioxidant activity and vice versa.

Analysis of total phenolic content

The amount of total phenolics in the ethanol and acetone extracts
of fruit samples was measured using the Folin-Ciocalteu reagent
method of Djeridane et al. (2006). The ethanol/acetone solution of
each extract (0.2 ml, 500 mg/ml) was taken in a test tube. 0.5 ml
distilled water and 0.5 ml Folin—Ciocalteu reagent was added and
the tubes were shaken thoroughly. After 1 min, 0.8 ml of sodium
carbonate solution (7.5%) was added and the mixture was allowed
to stand for 30 min with intermittent shaking. Absorbance was
measured at 760 nm using a UV-Vis spectrophotometer (Thermo
Aquamate). The total phenolic content was expressed as gallic acid
equivalents (GAE) in milligram per gram fresh fruit.

Analysis of total flavonoids content

The total flavonoid content was determined according to Quettier-
Deleu et al. (2000) using rutin as a standard. The total flavonoid
content was expressed as rutin equivalents in milligram per gram
fresh fruit. Three replicates were used for the determination of the
mean total flavonoid values of the fruit samples.

Analysis of total carotenoids content

The carotenoid content present in the fresh fruit extracts was
determined spectrophotometrically (UV-Vis spectrophotometer,
Thermo Aquamate) and the absorbance was measured at 480 nm.
For acetone, the extinction coefficient E (19, 1 cm) was 1.900, while for
ethanol E (1%, 1 cmy Was 2.130. The carotenoid content was
calculated using the following equation:

A=a.cl

where A is the absorbance at 480 nm, a is the specific absorbance
coefficient of the solvent, c is the concentration of the carotenoids in
mg/g, and | is the path length of the cuvette (1 cm) (Lichtenthaler
and Buschmann, 2001).

Analysis of total condensed tannins content

Condensed tannin content was evaluated using the vanillin assay
(Price et al., 1978). An aliquot of 0.5 g of the fruit extracts was
placed in centrifuge tubes and 20 ml of 1% HCI in methanol was
added to each sample. Then, the tubes were placed in a water bath
at 30°C with constant shaking for 20 min. After incubation, the
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Figure 1. Kazdagi (Ida Mountains), Turkey.

Table 1. The DPPH radical scavenging activity of the fruit samples*.

Fruit sample Extract IC50** (ug/ml) Inhibition** (%)
A unedo Ac extract 1.12 £ 0.01% 90.9+0.1
' EtOH extract 1.24 +0.02°% 95.8+0.1
L europaeum Ac extract 4.28 +0.02° 93.7+0.1
' P EtOH extract 3.66 + 0.01° 95.9+0.2
b spinosa Ac extract 2.13+0.01° 97.8+0.1
-SP EtOH extract 2.26 +0.04° 97.2+0.1
R. canina Ac extract 3.50 + 0.05° 96.4 +0.2
' EtOH extract 3.81+0.02° 95.6 + 0.2
R, sanctus Ac extract 1.56 + 0.01% 99.5+0.1
' EtOH extract 1.62 +0.01%® 99.1+0.2
BHT - 1.35a 99.7

*The values are given as mean + standard deviation (n = 3). **Means with different letter within a

column are significantly different at P < 0.05.

samples were centrifuged. Aliquots of the supernatants were placed
in two separate assay tubes, one for the sample determination and
the other for blank determination. Samples and blanks were
incubated for exactly 20 min after adding 5 ml of the vanillin reagent
(0.5 g of reagent and 200 ml of 4% HCI methanol) to the samples
and 4% HCI in methanol to the blanks. Afterwards, the absorbance
was measured at 500 nm using a UV-Vis spectrophotometer
(Thermo Aquamate). The results were expressed as microgram
catechin equivalents per gram of fruits (ug CE/Q).

Statistical analysis

The results were reported as mean + standard deviation (SD). One-

way analysis of variance (ANOVA) was applied to investigate the
differences among means by using Statghaphics Centurion XV
software. The values were considered to be significantly different at
P < 0.05. The correlation coefficients (r) were calculated in order to
determine the relationship between two variables using MS Excel
software.

RESULTS AND DISCUSSION

The DPPH free radical scavenging capacities of the fruits
are presented in Table 1. The lowest ICs, value
(indicating high free radical scavenging activity) was
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Table 2. Total phenolics, flavonoids, carotenoids, and tannins of five wild growing fruits from Kazdagi, Turkey*.

. Total Total .

Fruit sample Extract Total phenolics** flavonoids**  carotenoids** Condensed tannins**

(mg GAE/g) (mglg) (mg/g) (Mg CE/g)

A unedo Ac extract 7.28+0.04" 3.050.04° 2.13+0.01° 315.51+3.12"
EtOH extract 1.67+0.02¢ 3.15+0.03° 1.57+0.01° 29.25+0.60°
L. europaeum Ac extract 1.1210.01; 3.7210.01: 4.55+0.03" 25.37+0.22%
EtOH extract 0.91+0.02 4.19+0.01 3.38+0.07° 23.54+0.41%
. spinosa Ac extract 0.3110.012 1.74+0.01% 2.68+0.01' 95.28+1.12°
EtOH extract 0.29+0.02 1.81+0.01% 1.29+0.05° 105.03+1.02°
R canina Ac extract 0.24+0.01% 1.69+0.02% 0.160.01% 23.41+0.26%
EtOH extract 0.23+0.02% 1.72+0.01% 0.49+0.02° 20.18+0.172
R sanctus Ac extract 0.62+0.04° 1.88+0.01% 7.17+0.08' 142.79+2.46°
EtOH extract 0.42+0.02° 1.93+0.01° 1.36+0.02° 165.86+3.02°

*The values are given as mean * standard deviation (n=3) and per gram fresh fruit. **Means with different letter within a column are

significantly different at P < 0.05. Ac: acetone, EtOH: ethanol.

determined for the ethanolic and acetone extracts of A.
unedo, while the lowest free radical scavenging activity
was observed for the ethanolic extract L. europaeum.
Similar ICsy values and DPPH percentage inhibition for R.
sanctus were found in literature (Motamed and Naghibi,
2010). For all fruit extracts, no matter what the extraction
medium was, percentage inhibition level of DPPH was as
high as that of BHT.

The total phenolics, flavonoids, carotenoids, and
tannins of the wild fruits are shown in Table 2. The
amount of total phenolics was found to range from 0.23 to
7.28 mg GAE/g of fresh fruits. The total phenolic
compounds were highest in A. unedo and lowest in R.
canina. The acetone extracts of A. unedo, L. europaeum,
and R. sanctus were higher in total phenolics than that of
the ethanolic extracts. This is mainly due to the polarity of
the solvent used for extraction. The fruits were found to
be rich in total flavonoids (Table 2). The highest total
flavonoid content was detected in the ethanolic extract of
L. europaeum, while the lowest was found in the
ethanolic extract of R. canina. The extraction medium did
not affect the flavonoid content for A. unedo, P. spinosa,
and R. sanctus, while for the other fruits, ethanol was
found to be a better solvent for the extraction of
flavonoids. The highest total carotenoid content was
found in L. europaeum and lowest in R. canina both for
the acetone and ethanolic extracts. Except for R. canina,
in the samples of A. unedo, L. europaeum, P. spinosa,
and R. sanctus, the acetone extracts were significantly
higher in total carotenoids.

The condensed tannin content varied in different fruit
samples and was found to range between 20.18 and
315.51 pg CE/g of fresh fruit. The highest tannin content
was detected in the acetone extract of A. unedo. There
was no significant difference between the tannin content
of the ethanolic and acetone extracts of L. europaeum, P.
spinosa, and R. canina.

Egea et al. (2010) investigated the antioxidant activity
and the phenolic composition of several wild fruits
including R. canina and P. spinosa. Based on the factthat
the plants were collected from different areas of the
Mediterranean region, the results obtained in our study
showed differences in total phenolics and carotenoids per
gram fresh fruit. Barros et al. (2010) investigated the
dried fruits of strawberry-tree, blackthorn and dog rose
and found that the ethanolic extracts of the fruits contain
considerable amounts of phenolic compounds, affecting
the antioxidant capacity of the fruits. Because in the
Kazdagi region, the local people consume the investi-
gated fruits in their fresh form, in our study, we examined
the free radical scavenging capacity as well as the
bioactive compounds content of the fresh fruits.

The correlation between percentage inhibition levels of
DPPH and the total phenolics, total flavonoids, total
carotenoids, and condensed tannins are as shown in
Figure 2. There was a high correlation only between
percentage inhibition level of DPPH and the condensed
tannins (r = 0.85). In previous studies, the correlation
between total phenolics and antioxidant activity of various
fruits were well recorded (Egea et al., 2010; Giorgi et al.,
2005), while Motamed et al. (2010) found medium
correlation between DPPH radical scavenging activity
and total flavonoids and phenolic compounds of the
analyzed fruits.

Nevertheless, there are also reports about no corre-
lation between total phenolic contents and radical
scavenging capacity (Yu et al.,, 2002). The high free
radical scavenging capacity of the wild plants might be
attributed not only to the phenolic composition, but also to
the presence of other bioactive compounds, such as
vitamins (ascorbic acid, tocopherols) and pigments
(anthocyanins) as well as the structural interaction among
these compounds (Barros et al.,, 2010; Djeridane et al.,
2006; Serteser et al., 2008).
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Figure 2. Correlation between percentage inhibition of DPPH and total phenolics (mg GAE/g), total flavonoids (mg/g), total

carotenoids (mg/g), and condensed tannins (ug CE/g).

Conclusion

The wild fruits collected from Kazdagi (Ida Mountains)
during autumn were found to contain substantial amounts
of phenolic compounds, which affect the free radical
scavenging capacity. Nevertheless, a comprehensive
investigation of the bioactive compounds affecting the
antioxidant capacity of the wild fruits is needed to explain
the high free radical scavenging activity of these fruits.
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