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Abstract: The mineral components of the foodstuff consumed by an individual are important in the
growth and development of a human being. In recent years red fruits, because of their potential
beneficial health effects, are getting attention of both consumers and manufacturers. One of the red
fruits, Cornelian cherry (Cornus mas L.), was investigated in terms of both mineral components and
antioxidant properties. The mineral components include calcium (Ca), iron (Fe), potassium (K),
magnesium (Mg), and zinc (Zn) in this fruit were determined using flame atomic absorption
spectrometry (FAAS). The antioxidant activity tests were applied to the extracts obtained using

different solvents to examine the antioxidant properties of this fruit. Statistical analysis indicated
that while the best results were obtained from acetone extracts, the lowest results were obtained
from water extracts for all antioxidant activity tests (p<0.05). The best average values for DPPH and
ABTS radical scavenging capacity, reducing power, total phenolic content and total flavonoid content
in acetone extracts were found to be 1053.72+38.12 mg TEAC/100 g FW and 2907.34+152.05 mg
TEAC/100 g FW, 5894.99+251.05 mg TEAC/100 g FW, 2979.25+69.40 mg GAE/100 g FW and
255.75+14.92 mg QE/100 g FW, respectively.
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Fruits that are antioxidant sources have many

INTRODUCTION

Cornelian cherry, with a sour taste, generally
grows in Asia and Europe (1). This fruit which is
less common in comparison with other fruits
grows in the temperate regions of Turkey. A
Cornus mas L., belonging into the family of
Cornacea, is one of the few species consumed by
people (2). In Turkey, this fruit can be eaten
directly (dried or raw) or after treatment with
some processes as jam, marmelade, pestil (a
dried form of marmalade), paste, and sherbet

(3).
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health benefits since they lower the risk of heart
disease, cancer, and protect the body against free
radicals (4, 5). Antioxidants help diminish
oxidative damage to cells that can cause several
serious illnesses. As mentioned in literature, one
of the red fruits (Cornelian cherry) contains high
amount of ascorbic acid, anthocyanin, phenolic
compound, and antioxidant activity unlike many
other fruits. Anthocyanin compounds which are
abundant in this fruit have powerful antioxidant
properties (6, 7) and they have anti-inflammatory
effects (3). Phenolic compounds and especially
flavonoids have an important role in the human
diet and are known to be an important component
in many medicinal plants (8). Cornelian cherry
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the treatment of
diarrhea, and a

fruit has been wused for
gastrointestinal disorders,
number of diseases (9).

When the literature is examined thoroughly, the
effect of solvent type on antioxidant activity has
been disregarded in research regarding this fruit
and in addition, few studies were reported dealing
with its the mineral components. For this reason,
the mineral components and antioxidant
properties of cornelian cherry were examined in
this study. The mineral components of cornelian
cherry were determined by using FAAS. The
antioxidant properties in different extracts
(acetone, acetonitrile, ethanol, methanol and
water) of this fruit were examined by using DPPH
and ABTS radical scavenging capacity, reducing
power, total phenolic content, and total flavonoid
content tests.

MATERIAL AND METHOD

Apparatus

To analyze Ca, Fe, K, Mg, and Zn elements, a
Perkin Elmer Analyst 800 FAAS (Perkin Elmer,
Inc., Shelton, CT, USA) was used. The
measurements were carried out by using a single
slot-burner head, air-acetylene flame and a lamp.
The operation conditions for FAAS: 2 L min™! flow
of acetylene, 17.0 L min! flow of air were utilized
for all element measurements. The slit width for
Ca, K, Mg, Zn was set to 0.7 nm and the slit width
for Fe was adjusted to 0.2 nm. The wavelength
(nm) for Ca, Fe, K, Mg, and Zn elements were set
to 422.7; 248.3; 766.5; 285.2; and 213.9,
respectively.

A microwave oven (Berghof, Germany) was used
to dissolve the samples and standard reference
materials. Before use, all glassware and reaction
vessels were cleaned with 10% HNO3 solution,
then rinsed with tap water and deionized water.
All  antioxidant test measurements were
conducted with a Shimadzu 1601 UV-Vis
spectrophotometer (Tokyo, Japan).

Reagents and standards

All  chemicals and solvents used were of
analytically pure grade and purchased from Merck
and Sigma-Aldrich. Ultrapure water (Milli-Q,
Millipore 18.2 uQ cm-?! resistivity) was utilized in
the preparation of all solutions in this study.
Standard solutions were prepared with different
concentrations for the calibration graphics that
are used in the determination of mineral
components and applied for antioxidant activity
tests.

The preparation of cornelian cherry samples
Cornelian cherries (Cornus mas L.) were obtained
from the local markets on the season in Malatya,
Turkey. The samples were cleaned with tap water
and ultrapure water, respectively, and then were
homogenized with a domestic blender.
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Analytical for mineral
components

Three identical fresh samples each weighing 1.0
grams were placed in Teflon vessels. 5 mL of
HNOs3/1 mL H;0, was added to the samples and
dissolved in the microwave applying three steps;
Step 1: 10 min to reach 150 °C at 80 W, Step 2:
10 min to reach 160 °C at 80 W, Step 3: 20 min
to reach 190 °C at 80 W. After cooling to room
temperature, the clear solutions were diluted to
30 mL with distilled water and analyzed by FAAS.
NIST-1547 peach leaves standard reference
material was used to determine the accuracy of
the method. All procedures applied to dissolve the
samples were also applied to the standard
reference material. The element concentrations
were calculated in terms of mg per kg of fresh
weight (mg kgt FW).

procedure

Analytical procedure for antioxidant activity
tests

Three identical fresh samples of about 5 grams of
cornelian cherries were prepared for each
solvent, they were extracted with solvents
acidified to contain 0.1% hydrochloric acid
solutions for antioxidant activity tests. 10 mL
volumes of acetone, acetonitrile, ethanol,
methanol, and water were added to the samples
and they were extracted at room temperature for
1 h. The obtained extracts were centrifuged
(4000 rpm, 10 min) and then filtered. The
antioxidant activity tests such as 1,1-diphenyl-2-
picrylhydrazyl (DPPH) and 2,2’-azino-bis (3-
ethylbenzothiazoline-6-sulfonic  acid) (ABTS)
radical scavenging capacity, reducing power, total
phenolic content, and total flavonoid content were
applied to each clear supernatant. These tests
were applied to sample extracts by slightly
modifying the methods described in the
literature. The experimental results were
expressed in terms of mg per 100 g of fresh
weight (mg/100 g FW).

DPPH radical scavenging capacity

The DPPH radical scavenging capacity test was
carried out using the method applied by Brand-
Williams et al. (1995) (10). The extracts were
brought to a volume of 2.5 mL with DPPH solution
and incubated at room temperature for 30 min.
After this incubation step, solutions’ absorbance
was determined at 517 nm. Trolox was used as
the standard and the results were expressed as
Trolox equivalent (mg TEAC/100 g) using the
regression equation of the standard curve for
Trolox (y=0.123x+3.4889; R?=0.997).

ABTS radical scavenging capacity

The ABTSe+ radical scavenging capacity test was
applied to the sample extracts using the method
reported by Re et al. (1999) (11). The extracts
were brought to a volume of 2.5 mL with ABTSe+
stock solution and incubated for 30 min at room
temperature, then solutions’ absorbance was
measured at 734 nm. Trolox was used as the
standard and the results were calculated from the
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regression equation of (y=0.1481x+4.0016;
R2=0.9958) and expressed in terms of Trolox
equivalent (mg TEAC/100 g).

Reducing power

The reducing power test was performed using the
method reported by Oyaizu (1988) (12). The
extracts were mixed with 0.2 M of phosphate
buffer (pH 6.6) and 1% potassium ferricyanide
solution. These mixtures were incubated in a
water bath (50 °C, 20 min). After incubation,
10% of TCA was added and centrifuged (6000
rpm, 10 min). Ultra-pure water and 0.1% iron
(IIT) chloride were added to the supernatant.
After 5 min incubation, colored solutions’
absorbance was determined at 700 nm. Trolox
was used as the standard and the regression
equation (y=0.0003x+0.0264; R?=0.9947) was
used to evaluate the results and they were
expressed in terms of Trolox equivalent (mg
TEAC/100 qg).

Total phenolic content

Total phenolic content of the extracts was
determined using the Singleton and Rossi (1965)
method (13). Folin-Ciocalteu reactant and 2%
sodium carbonate solution were added to the
extracts. The mixtures’ absorbance was
measured at 755 nm after incubation (25 °C, 30
min). Gallic acid was used as the standard and
results were calculated from the regression
equation of y=0.0022x+0.0366; R?=0.9926 and
expressed as gallic acid equivalent (mg GAE/100

9)-

Total flavonoid content

Total flavonoid content of the extracts was
determined using the method described by
Zhishen et al. (1999) (14). 5% sodium nitrite
solution, 10% aluminum chloride, 1 M sodium
hydroxide were added to the extracts. The
absorbances of the mixtures were detected at 510
nm after incubation (25 °C, 15 min). The amount
of total flavonoid content was calculated through
regression equation (y=0.001x+0.0498;

R?=0.9988) and stated as quercetin equivalent
(mg QE/100 g).

Statistical analysis

The one-way analysis of variance (ANOVA) and
Tukey's multiple comparison tests were used to
determinate the significance between the groups
for antioxidant activity tests. Differences were
considered statistically significant when p<0.05.

RESULTS AND DISCUSSION

The essential elements from dietary sources take
an important place in the human diet and
essential elements such as Ca, Fe, K, Mg, and Zn
play a substantial role in metabolic mechanisms
and these essential elements are abundant in
fruits and vegetables (15). A few studies about
the mineral components of Cornelian cherry
(Cornus mas L.) have been reported in the
literature. In this study, mineral components of
this fruit were stated in terms of mg/kg;
425.92+42.14 for Ca, 2.78%£0.26 for Fe,
2090.82+233.27 for K, 104.23+9.37 for Mg, and
1.34%0.14 for Zn, respectively. The accuracy of
these results was tested with NIST-1547 peach
leaves standard reference material. The
measured results were shown to be accurate
since the results agreed by in 96% for Ca, 92%
for Fe, 106% for K, 93% for Mg, and 94% for Zn.

The interval values of an adult’s dietary reference
intakes (DRIs) of related elements per day (16)
are presented in Table 1. The reason why the
values are given with a range is that the amounts
of elements to be taken for males and females are
different. All lower and upper limit values cover
the amount of elements that must be taken for
both an adult male and female per day. Moreover,
this table also shows the percentage of the
dietary reference intake values (DRI%) taken for
the body by assessing the results of our study in
case an adult consumes 1 kg of Cornelian cherries
per day.

Table 1. The interval values of an adult’s DRIs and the percentage of an adult’s DRI calculated by

consuming 1 kg of cornelian cherries.

Element Dietary Reference Intakes (DRIs) for adults DRI%

Ca 1000-1300 mg/d 32.8-42.6
Fe 8-18 mg/d 15.4-34.75
K 4.5-4.7 g/d 44.5-46.4
Mg 240-420 mg/d 24.8-43.3
Zn 8-11 mg/d 12.2-16.8

Krosniack et al. (2010) investigated mineral
contents of plum, pear, apple, and Cornelian
cherry juices. They measured Ca, Fe, K, and
Zn content in the juice of the fruit in this study
as 323.4%£93.6 mg/L, 0.483%£0.252 mg/L,
1639+270 mg/L, and 0.454£0.037 mg/L,
respectively. When they compared macro-
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micro elements of Cornelian cherry with other
fruit juices, it was found that it is rich in terms
of these elements. Therefore, since it is an
important source of essential elements, it was
suggested to be consumed by individuals who
are particularly tolerant to dairy products (17).
They were reported that the percentages of
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Recommended Daily Allowance (RDA) of Ca,
Fe, Kand Zn in 1 L fruit juice was determined
as 32.3%, 2.8%, 46.8% and 3.2%,
respectively. When the results of the present
study which is expressed in Table 1 were
compared with the results Krosniack et al., Ca
and K values were found compatible, Fe and
Zn values were ascertained as higher in daily
intake of minerals. As a result, it is advisable
to consume the fruit itself rather than the fruit
juice if possible. Cetkovska et al. (2015)
investigated basic nutritional properties of
cornelian cherry cultivars. When the mineral
composition of this fruit’s nine cultivars was
examined, the concentration intervals for the
elements of this study were determined as
517+84-1164+142 mg/kg for Ca, 0.46+0.09-
1.83+£0.25 mg/kg for Fe, 4225+394-
9729+122 mg/kg for K, 72+9-430+37 mg/kg
for Mg, 0.48+0.13-4.42%+0.24 mg/kg for Zn. It
was determined that the element composition
changes depending on the cultivars of this fruit
(18). When the present data was compared to
the Cetkovska et al. (2015) study, though the
Ca and K concentrations were lower, Fe
concentration were higher than the specified
interval they identified. As for Mg and Zn
concentration, it was found in the stated
interval cited by Cetkovska et al. (2015)
study. These differences in the results in
general may be caused by such factors as the
cultivars, climate, temperature, soil type, and
fruit maturity.

Since the antioxidant property of phenolic
compounds are vital for the development of
the human body, interest in vegetables and
fruits containing these compounds s
increasing day by day (19). It has been
reported in the literature that the content of
antioxidant in red fruits is high (20). The
extraction process is important in the
qualitative and quantitative analysis of
phenolic compounds in various products such
as fruits, vegetables, plants and flowers.
Conventional solvent extraction techniques
are generally used in the identification of

antioxidant property of red fruits (20). In the
current study, this technique was followed as
usually proposed in the literature. When the
studies in the literature were examined
especially related with extraction parameters,
it was determined that the experimental
results were changed depending on solvent
type (21). Therefore, solvent type was
regarded as a significant parameter in the
extraction process. The antioxidant properties
of cornelian cherry were determined by
antioxidant activity tests using acetone,
acetonitrile, ethanol, methanol, and water
extracts. When the statistical table were
examined (Table 2), the lowest results were
obtained in water extracts while the highest
results were obtained in acetone extract in all
antioxidant activity tests (p<0.05). The
average values obtained with acetone extract
for DPPH and ABTS radical scavenging
capacity, reducing power, total phenolic
content and total flavonoid content were
1053.72+38.12 mg TEAC/100 g FW and
2907.34+£152.05 mg TEAC/100 g FW,
5894.99+£251.05 mg TEAC/100 g FWw,
2979.25+69.40 mg GAE/100 g FW and
255.75+£14.92 mg QE/100 g FW, respectively.
The average values obtained with water
extracts were 508.12+5.11 mg TEAC/100 g
FW for DPPH and 506.08+10.36 mg TEAC/100
g FW for ABTS radical scavenging capacity,
920.65+68.03 mg TEAC/100 g FW for
reducing power, 439.85+34.57 mg GAE/100 g
FW for total phenolic content and 28.57+0.91
mg QE/100 g FW for total flavonoid content.
DPPH and ABTS radical scavenging capacity,
total phenolic content test results in order
from highest to lowest for extractive solvents
are as follows: acetone, methanol, ethanol,
acetonitrile, water, respectively. The results
for reducing power test were in decreasing
order for extractive solvents are as follows;
acetone, ethanol, methanol, acetonitrile,
water. As for total flavonoid content, the result
in decreasing order also for the extracts from
acetone, acetonitrile, methanol, ethanol, and
water.

Table 2. Antioxidant activity test results according to solvent type.

Solvent DPPH ABTS

(mg TEAC/100g (mg TEAC/100 g

FW) FW)

Reducing
power (mg GAE/100 g flavonoid
(mg TEAC/100 g FW)

Total phenolic Total

(mg QE/100 g
FW)

1053.72+38.12¢ 2907.34+152.05

e

Acetone

Acetonitrile 724.49+29.18° 808.35+11.16°

Ethanol 922.66+£21.64¢ 1567.68+53.27¢
Methanol 933.48+22.61° 1735.63+91.30¢
Water 508.12+5.11° 506.08+10.36°

1207.73+£74.23°
3531.91+£172.71¢ 2006.33+£31.94¢ 76.01+2.61°
2734.56+£246.30 2110.29+84.00° 80.54+4.71°

920.65+68.03°

5894.99+251.05 2979.25+69.40 255.75+14.92

d d

721.86+28.72° 126.20+0.70¢

439.85+£34.57° 28.57+0.91°

Different letters in a column denote significant differences (p<0.05)

Results are average values * standard deviation, n=3

Moldovan et al. (2016) investigated
antioxidant properties of cornelian cherry fruit.

They extracted samples with the acetone, and
ABTS assay values of this fruit were found as
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677.88%£19.25 pmol Trolox equivalents/100 g
fresh weight (22). In the current study, ABTS
assay of Cornelian cherry fruit was tested with
different extracts and the best result was
obtained with acetone extract
(2907.34+152.05 mg TEAC/100 g FW). In
another study, antioxidant property of
cornelian cherry which is grown in Turkey was
investigated by using methanol as solvent.
Tural and Koca found the total phenolic
content to be in the interval of 2.81-5.79 mg/g
and the average value was 4.37 mg/g (1). In
our study, the average total phenolic content
(2110.29+84.00 mg GAE/100 g FW) in the
experiment with methanolic extract was found
to be significantly higher than those reported
by Tural and Koca (2008). These all data
demonstrated that the results in our study are
consistent with the related literature. The
variability of the results between these studies
can be attributed to the extraction solvent, as
well as the fruit-grown soil, vegetation,
climatic conditions and fruit maturity. Hamid
et al. (2011) examined antioxidant capacity
and phytochemical properties of six cornelian
cherry genotypes. Their findings for total
phenolic content and total flavonoid content
were in the intervals of 1097.19-2695.75 mg
GAE/100 g and 321.27-669 mg catechin/100
g, respectively (5). In the present study, total
phenolic content for different extracts were
found in the range 439.85+34.57 to
2979.25+69.40 mg GAE/100 g FW and total
flavonoid content were found to range from
28.57+£0.91 to 255.75+14.92 mg QE/100 g
FW. It was observed that the results obtained
from different genotypes of the same fruit
change and as for our study, the results of the
same fruit changed when using different
extraction methods. Contrary to total phenolic
content, when the total flavonoid content was
compared, the average content of total
flavonoid of the current study was found to be
lower (5). In the study of Pyrkosz-Biardzka et
al. (2014), antioxidant properties of
methanolic crude extracts of Berberis vulgaris
L., Cornus mas L. and Mahonia aquifolium Nutt
were examined. They found total phenolic
content to be 339.36+4.59 mg GAE/100 g
fresh mass and total flavonoid content as
63.86+3.04 mg RE (rutin equivalent)/100 g
fresh mass for Cornus mas L. (23). When the
related data were compared, quite high
findings were obtained in the current study
conducted with similar extracts. Gunduz et al.
(2013) analyzed Cornelian cherry fruits at
different stages of ripeness and reported that
antioxidant activity of cornelian cherry fruits
changes when its maturity level increases. In
addition, they specified that the total phenolic
content and antioxidant capacity results were
observed to decrease as maturity increased for
this fruit (2).
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The findings of the study demonstrated that
the mineral components and antioxidant
activity of the Cornelian cherry were
consistent with the studies presented in
literature. As already reported in the literature
slight differences can be attributed to several
reasons; climatic  factors, soil  type,
geographical and environmental conditions,
degree of fruit ripeness, manipulation during
fruit processing, and selection of analytical
methods (18). Moreover, the differences in
results for antioxidant property of this fruit can
be caused by the solvent type. When the
results of this study were evaluated according
to the dielectric constant that is considered an
indicator of the polarity, it was observed that
the acetone solvent having the Ilowest
dielectric constant value has the highest
antioxidant activity data in all antioxidant
tests. Because acetone, unlike other solvents,
is capable of dissolving components of low to
medium polar character. In addition, it was
determined that water has a high dielectric
constant value, which in turn has the lowest
antioxidant activity data in all antioxidant
tests. The results suggest that the choice of
the solvent used in the antioxidant activity
tests is important and should have the
appropriate polarity to dissolve the desired
compound.

CONCLUSIONS

In this study, the mineral components and
antioxidant properties of Cornelian cherry
(Cornus mas L.) were examined. For this
purpose, mineral components including Ca,
Fe, K, Mg and Zn in this fruit were investigated
by using FAAS. The data obtained shown that
Cornelian cherry contain several essential
elements and can be considered as a
significant dietary mineral supplement. As for
antioxidant properties, DPPH and ABTS radical
scavenging capacity, reducing power, total
phenolic content and total flavonoid content
were examined in different extracts of this
fruit. It was determined that experimental
data changed depending on the solvent type.
According to these results, the best results
were obtained from acetone extracts while the
lowest results were obtained from water
extracts for all antioxidant capacity tests.
Therefore, it should necessary to investigate
the solvent type as one of the important
extraction parameters when conducting
similar studies. It was determined that this
fruit might be used as a source of health in
terms of mineral components and antioxidant
properties.
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