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Abstract : Introduction. Natural antioxidants particularly in fruits and vegetables have gained
increasing interest among consumers and in the scientific world. Antioxidant capacity of fruits,
black grape (Vitis vinifera L.), white grape (Vitis vinifera L.), rose hip (Rosa canina L.),
cornelian cherry (Cornus mas L.), medlar (Mespilus germanica L.), and pear (Pyrus
elaeagnifolia Pall.) sold in the public bazaars in Burdur province, were investigated. Materials
and Methods. Antioxidant capacity of the extracts were detected by DPPH (2,2-diphenyl-1-
picril hydrazyl) radical scavenging activity (RSA) test, Trolox equivalent antioxidant capacity
(TEAC) and copper®* reducing antioxidant capacity (CUPRAC) tests and by measuring total
phenolic and total flavonoid contents. Results. Cornelian cherry seeds, rose hip fleshes, black
grape seeds and cornelian cherry fleshes had the highest antioxidant capacity according to
DPPH RSA, TEAC and CUPRAC tests, respectively. Except cornelian cherry fleshes these
fruit parts had the highest total phenolic (gallic acid equivalent) and flavonoid (catechine
equivalent) content, respectively. Conclusion. As we know, this is the first report on the
antioxidant capacity of cornelian cherry seeds. Further detailed study is needed on the
phytochemistry of this fruit because it could be evaluated both as a food and as a feed additive.
People should be aware of consuming the fruits together with their edible seeds. Since the seeds
of cornelian cherry are hard, they might be consumed as food additives after being powdered.
Key Words : CUPRAC / DPPH RSA / indigenous fruit / TEAC / total flavonoids / total
phenolics.

1. Introduction

Free radicals and other reactive oxygen species (ROS) which oxidize important cellular components
constantly occur in biological systems. In a normal cell, there is an appropriate oxidant-antioxidant balance.
However, this balance can be shifted when levels of antioxidants are diminished (oxidative stress)®.
Antioxidants can eliminate those free radicals and prevent oxidation of nucleic acids, proteins, carbohydrates or
lipids. Antioxidants which is used as additives of diets are very important because of some factors, e.g.
malnutritional habits, smoke, stress can accelerate or increase generation of free radicals. One of the most
important natural sources of antioxidants is the fruits on which many studies conducted so far?.

Natural antioxidants particularly in fruits and vegetables have gained increasing interest among
consumers and the scientific community because epidemiological studies have indicated that frequent
consumption of natural antioxidants is associated with a lower risk of cardiovascular diseases and cancer®.

The major groups of biologically active compounds that may contribute to the total antioxidant capacity
of plant foods include different group of polyphenols (phenolic acids, coumarins, flavonoids, stilbenes,
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hydrolysable and condensed tannins, lignans and lignins) carotenoids and vitamins®. Phenolic compounds are
among the main components which have antioxidant properties especially in fruits and vegetables. Grapes and
its seeds, skins and leaves®®’, rosehip®® cornelian cherry'®*', medlar***®, and pear'*** contain phenolics and
have antioxidant properties.

DPPH radical scavenging, Trolox equivalent antioxidant capacity (TEAC) and cupric ion reducing
antioxidant capacity (CUPRAC) assays which based on electron transfer are frequently used to estimate
antioxidant capacities of fruits and vegetables. Electron transfer assays measure the reducing ability of the
substrat (antioxidant).

Grape is one of the most common fruits in Burdur province. Grapes contain some substances such as
resveratrol™®, (a stilbene), catechin, epicatechin (flavon-3-ol monomers), caffeic acid (a hydroxicinnamate) and
oenine (an anthocyanidine)'’. Rosehip contains phenolic substances and flavonoids in high amounts®®*.
Cornelian cherry, a sour tasted fruit, has a hard seed and contains mostly quercetin, kaempferol and
aromadendrine-3-O glucosides™. Acrid and bitter taste of medlar sweetens as the fruit’s color turns into brown
before ripening. Medlar fruit contains sugar, amino acids and organic acids®®. Wild pear is a less known fruit in
comparison with the other fruits we tested. So far, many investigations have been carried out on grapes, grape
seeds, rose hip and their antioxidant activity. However, there are less investigations on other fruits and their
biological activity. We investigated antioxidant capacities of Black grape (Vitis vinifera L.) (Tr. Burdur dimriti,
kara tztim), white grape (Vitis vinifera L.) (Tr. razaki, beyaz (iziim), rose hip (Rosa canina L.) (Tr. kusburnu),
cornelian cherry (Cornus mas L.) (Tr. kizilcik), medlar (Mespilus germanica L.) (Tr. musmula, dongel,
besbiyik), and wild pear (Pyrus elaeagnifolia Pall.) (Tr. yabani armut) which are indigenous fruits from public
vegetable bazaars in Burdur.

2. Experimental
2.1. Chemicals and reagents

All chemicals and solvents used in the study were analytical grade. Methanol, ethanol (gradient grade
for liquid chromatography), Folin-Ciocalteu phenol reagent, copper chloride (CuCly), Neocuproin (2,9-
dimethyl-1,10-phenanthroline), potassium peroxodisulphate (K,S,0g) were purchased from Merck (Germany),
aluminium chloride (AICIs), sodium nitrite (NaNQ3), catechin, sodium carbonate (Na,CQOj3), ammonia acetate
buffer, L-ascorbic acid, ABTS (2,2’-azinobis 3-ethylbenzothiazoline-6-sulphonic acid), Trolox (6-hydroxy-
2,5,7,8-tetrametylchroman-2-carboxylic acid), gallic acid and DPPH (2,2-diphenyl-1-picril hydrazyl) from
Sigma-Aldrich (Sigma-Aldrich Co.St. Louis). Sodium hydroxide (NaOH) from Tekkim (Lot No: 221210 624,
Turkey).

2.2. Fruits

Black and white grapes, rose hip, cornelian cherry, medlar and small and big wild pear were purchased
from the local vegetable bazaars in Burdur province, in October-November 2013. Black (Vitis vinifera L.)
(cultivar: Burdur dimriti, Tr. kara Gzlm) grape, white (Vitis vinifera L.) (cultivar: razaki, Tr. beyaz iziim)
grape, cornelian cherry (Cornus mas L.) (Tr. kizilcik) and medlar (Mespilus germanica L.) (Tr. musmula,
dongel, besbiyik) were the fruits grown in Burdur’s surrounding while rose hip (Rosa canina L.) (Tr. kugburnu),
and wild pear (Pyrus elaeagnifolia Pall.) (Tr. yabani armut) were naturally distributed fruits, collected by
people and sales in bazaar.

2.3. Sample Preparation

Fleshes and seeds were dried separately. Fleshes of some fruits were lyophilised and others which
contain less water and seeds of all fruits were air dried in a cool and shaded place.

2.4. Extraction procedure

Air dried or lyophilised 0.5 g flesh or seed sample was homogenised in a blender and extracted with
100 mL methanol, ethanol or water by using magnetic stirrer for 4 h and filtered with Whatman No 1 filter
paper. Extracts were used within two days to detect antioxidant capacity.



Asuman Karadeniz Pekgoz et a/ /International Journal of ChemTech Research, 2017,10(15): 440-448. 442

2.5. DPPH radical scavenging activity test

The method of Blois®* was used with some modifications to detect DPPH radical scavenging activity.
DPPH (50 pL, 1 mM) solution was added to methanol solution (200 pL) of the samples or the control at various
concentrations. The reaction mixture was shaken vigorously and the absorbance of remaining DPPH was
measured at 517 nm after 30 min. Radical scavenging activity (inhibition percentage) was detected by
comparing the absorbance with that of the blank containing only DPPH and solvent. Ascorbic acid was used as
the positive control. All analyses were done in triplicates. Inhibition percentage was calculated by using the
formula below:

Inhibition percentage = [(AbScontrol.~AbSsample)/AbScontrol] *100
Radical scavenging activity (inhibitory concentration) was expressed as I1Cs, of the extract.

2.6. Trolox equivalent antioxidant capacity (TEAC) test

TEAC assay was carried out with modifications of the 96-well microtitre plate method described by Re et al.?.
Briefly the ABTS stock solution was prepared from 7 mM ABTS and 2.45 mM potassium peroxidisulphate in a
volume ratio of 1:0.5 and then incubated in the dark for 16 h at room temperature and used within two days.
The ABTS'" working solution was prepared by diluting the stock solution with ethanol to an absorbance of
0.70+0.05 at 734 nm. 10 pL diluted sample were mixed with 300 uL. ABTS"* working solution in each well of
the 96-well plate. All analyses were done in triplicates. Absorbance was measured at 734 nm after 6 min of
incubation at room temperature. Trolox was used as a reference standard (1-250 pM) and the results were
expressed as uM Trolox g dw (dry weight).

2.7. Cupric ion reducing antioxidant capacity (CUPRAC) test

Cupric ion reducing antioxidant capacity test was carried out according to the method of Apak et al.”®

with some modifications. 73 uL from 10® M copper chloride, 7.5x10™ M neocuproine and ammonia acetate
buffer (pH=7.0) were mixed. 50 pL antioxidant standard solution and 30 uL H,O were added to the initial
mixture so as to make the final volume 300 pL. After 1.5 h the absorbance was measured at 450 nm. Trolox
was used as a reference standard (1-500 puM) and the results were expressed as uM Trolox g™ dw.

2.8. Total phenolic content

The method of Singleton and Rossi** was used with some modifications to detect the total phenolic
content of extracts by using the Folin-Ciocalteu reagent: 10 pL of sample or standard (10-500 pg mL gallic
acid) plus 150 pL of diluted Folin-Ciocalteu reagent (1:4, reagent:water) was placed in each well of a 96-well
plate and incubated at room temperature for 3 min. Following the addition of 50 pL of saturated sodium
carbonate (7.5%) and a further incubation of 2 h at room temperature, absorbance was read at 725 nm. Total
phenolic content was expressed as gallic acid equivalent (ug GAE g™ dw).

2.9. Total flavonoid content

The method of Zhishen et al.”® was used to detect total flavonoid content. Briefly, 10 uL 5% sodium
nitrite was added to the 10 pyL sample, after 5 min 10 pL 10% aluminium chloride, 150 uL 1 M sodium
hydroxide and 50 pL ultra-pure water was added. Plate was mixed well. Then the absorbance was read at 510
nm. 710% MeOH was used as control. Total flavonoid content was expressed as catechin equivalent (20-100 pg
CE g dw).

2.10. Statistical analysis

All samples were analysed at least in triplicate. Data are expressed as meanststandard deviations.
Descriptive statistical analysis with graphics of inhibition percentage and of the linear regression curve made
by using Microsoft Office Excel 2007 program. Pearson correlation coefficients (r), to determine the
relationship between two variables were also calculated (Table 2). Statistical analysis were performed using
SPSS program, version 17 (IBM.SPSS.Statistics.17. Portable).
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3. Results and Discussion
3.1. DPPH radical scavenging activity test

DPPH radical is one of the few stable organic nitrogen radicals, which bears a deep purple color. This
assay is based on the measurement of the reducing ability of antioxidants towards DPPH. Antioxidant ability
can be evaluated by measuring decrease of its absorbance®®. The free radical scavenging activity (ICs, values) of
methanolic fruit extracts were determined by DPPH radical scavenging activity (RSA) test and the results are
shown in Table 1. RSAs of the fruit extracts were dose dependent. Among the seeds of the fruits, cornelian
cherry (1C5=32.203 pg mL™) had the highest DPPH RSA followed by black grape (1C5=196.960 pg mL™) and
white grape (IC5=206.110 pg mL™), while the fleshes of the rose hip (IC5=672.432 pg mL™) had the highest
DPPH RSA. A lower ICs value indicates greater antioxidant activity. 1Csy values of the fleshes of the small and
large pear, medlar and white and black grape were higher than 1000 pg mL™. Antioxidant capacity of the
cornelian cherry fruits has been investigated by different researchers'®*?% but there is no information on
antioxidant capacity of the seeds alone of this fruit. So far, we know this is the first report on the antioxidant
capacity of the cornelian cherry seeds. Bioactive content of the cornelian cherry has aslo been investigated.
Fruits contain high amounts of ascorbic acid, anthocyanins and phenolics®, and are rich in various essential
elements®. Seeds are also rich in various essential elements®. Nevertheless there was no information about
other active metabolites in the literature. Further LC-profile and the major components of cornelian cherry
extract in addition to total phenolic and flavonoid content calculations will be a supplement to our data.

3.2. Trolox equivalent antioxidant capacity (TEAC) test

TEAC assay is based on the ability of antioxidant to scavenge ABTS radicals and is a simple and
usually used method for the evaluation of antioxidant capacity®2. The Trolox equivalent antioxidant capacity of
ethanolic fruit extracts were shown in Table 1. TEAC values were dose dependent and ranged from 0.44 to
38.76 pmol Trolox g™ dw, and the seeds of black grape (38.76 pmol Trolox g™ dw) and the fleshes of rose hip
(6.87 umol Trolox g™ dw) had the highest ABTS radical scavenging capacity. TEAC of rose hip'®* and black
grape® were reported before by different researchers. These fruits have high antioxidant activities because of
their antioxidant components. Demir et al.”® reported that rose hip species had high antioxidant and radical
scavenging ability. In our study, fleshes of rose hip (6.87 pumol Trolox g™ dw) had the highest ABTS radical
scavenging capacity. Similarly, Montazeri et al.® reported that rose hip showes significant ABTS radical
scavenging activity as a Trolox equivalent.

3.3. Cupric ion reducing antioxidant capacity (CUPRAC) test

CUPRAC assay has been used by many researchers to measure reducing power of antioxidant
compounds®. Free radical oxidation can be induced by some metal ions such as Cu®*. Reduction of Cu®* to Cu*
by the antioxidants in the presence of neocuproine will reduce free radical oxidation. Phenolic hydroxiles are
converted to the corresponding quinones in the CUPRAC redox reaction, producing a chromogen of Cu(1)-
neocuproine absorbing at 450 nm?#. As seen in Table 1, CUPRAC values were dose dependent and ranged from
8.71 to 1362.8 umol Trolox g™ dw. Interestingly, copper ion reducer antioxidant capacity of the same amount of
the extract was higher than its ABTS cation reducing capacity. The seeds of black grape (1362.8 pumol Trolox g
! dw) and white grape (1244.13 umol Trolox g* dw) and the fleshes of the cornelian cherry (104.685 pmol
Trolox g™ dw) and rose hip (100.13 pmol Trolox g* dw) had the highest CUPRAC. CUPRAC assay is a
relatively new method to test antioxidant activity of plant extracts. There were few data on CUPRAC of grape
seed, rose hip and cornelian cherry in literature but Celep et al.* reported on the CUPRAC of cornelian cherry
leaves. We found significant correlation (r=0.922, p<0.05) between total flavonoid content and CUPRAC. This
result reveals that flavonoids could be one of the main components that are responsible for reducing ability.
Gallic acid, catechin, procyanidin-B2 and hydroxycinnamic acid derivatives (chlorogenic, t-caffeic, p-coumaric,
ferrulic and sinapic acids) were principal for all rose hip species™.

3.4. Total phenolic content

Total phenolic content of the fruits was estimated using the Folin-Ciocalteu method which relied on the
transfer of electrons from phenolic compounds to the Folin-Ciocalteu reagent in alkaline medium and is a
simple and widely used method®. As shown in Table 1. the total phenolic contents of the fruits varied from
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2.12 to 35.57 mg GAE g™ dw and the highest total phenolic content was detected in rose hip flesh (35.57 mg
GAE g dw), and in the seeds of cornelian cherry (14.90 mg GAE g™ dw), of black grape (11.14 mg GAE g*
dw), and of white grape (11.09 mg GAE g* dw). Total phenolic content of the rose hip®®*, cornelian
cherry?"?®# and grape seeds** have been reported by different researchers. As known, the antioxidant activity
of the extracts deal with the chemical composition, such as phenolics. Cornelian cherry seeds in our study have
higher total phenolic content (14.90 mg GAE g™ dw), containing mostly quercetin, kaempferol and
aromadendrine-3-O glucosides™. We found that seeds of black grape (11.14 mg GAE g dw) and fleshy part of
rose hip (35.57 mg GAE g™ dw) were the other extracts which have higher total phenolic content. Several
researchers also reported that rose hip species has higher flavonoid®® and phenolic content (gallic acid, catechin,
procyallgidin-BZ and hydroxycinnamic acid derivatives (chlorogenic, t-caffeic, p-coumaric, ferrulic and sinapic
acids) ™.

3.5. Total flavonoid content

Total flavonoid content of the fruits ranged from 2.14 to 13.27 CE g™ dw were shown in Table 1. The
highest total flavonoid content was detected in the seeds of black grape (13.27 CE g™ dw) and in the fleshes of
rose hip (9.82 mg CE g™ dw). Seeds of the black grape and the fleshes of rose hip had the highest flavonoid
content in this study. Similar results were observed on total flavonoid contents in previous studies®*®. Previous
published data indicate that rose hip species are great sources of flavonoids®*’. Our results show that flavonoid
contents in the white and black grape seeds were close to each other (13.27 mg CE g™ dw and 11.30 mg CE g*
dw, respectively) and higher than that in the fleshes. Xu et al.® and Ivanova et al.* found similar results. Grape
seeds contain lipids, proteins, carbohydrates, and 5-8% polyphenols depending on variety. Polyphenols in grape
seeds are mainly flavonoids, including gallic acid, monomeric flavan-3-ols catechin, epicatechin, gallocatechin,
epigallocatechin, and epicatechin 3-O-gallate, resveratrol®, (a stilbene), caffeic acid (a hydroxicinnamate),
oenine (an anthocyanidine)'’, and procyanidin dimers, trimers, and more highly polymerized procyanidins™.
Procyanidin B1 may be one of the most important radical scavengers in grape seed extracts®.

3.6. Correlation between total phenolic and flavonoid content and antioxidant capacity

A correlation analysis was done among the phenolic compounds, flavonoids and antioxidant capacity of
the seeds and the fleshy parts of all fruits (Table 2.) A highly positive correlation was found between total
phenolic content and DPPH RSA (r=0.919, p<0.05). Another significant positive correlation was found
between total flavonoid content and TEAC (r=0.903, p<0.05), and total flavonoid content and CUPRAC
(r=0.922, p<0.05) in the seed samples. Moderate correlation was found among other measurements. In this
study a highly positive correlation between total phenolic content and DPPH RSA (r=0.919, p<0.05) was found,
similar to the reports of Popovic et al.’’ and Guendez et al.®’. Significant*"*? or weak correlation* between
total phenolic/flavonoid content and antioxidant capacity of fruit extracts have been reported by different
researchers. These differences could be based on the test system, for example Fu et al.* stated that a highly
positive correlation between ferric®* ion reducing value and total phenolic content (phenolic compounds could
be one of the main components responsible reducing ability of these fruits), while a very weak correlation
between the TEAC value and total phenolic content (phenolic compounds could not be one of the main
components responsible reducing ability of these fruits). This can also be explained by radical scavenging
effects of extracts which contain different phenolic groups and it would be different because the radical
scavenging activity deals with numbers and positions of the hydroxyl groups of the phenolic compounds*.
Antioxidant activity is not fully contributed by phenolic compounds alone. Other constituents like ascorbates,
reducing carbohydrates, tocopherols, carotenoids, terpens and pigments as well as the synergistic effect among
them could possibly contribute to total antioxidant activity. More studies are needed to evaluate which phenolic
constituents are responsible for higher antioxidant activity®.

In this study, antioxidant activity of the fruit seeds was found generally higher than that of the fleshes
like previous reports'®*“?, Because some seeds can be the edible part of the fruits, we grouped the test parts as
flesh and seed instead of edible part and seed.

In a survey research, mean of old population in Burdur has been found high when compared to the
mean of the country [personal communication-Prof. Dr. Ismail Tufan, Akdeniz Uni. Dept. of Gerontology] and
I observed that people consume plenty of fruits in trekkings, then, there could be in a correlation between the
lifetime and the fruit consuming.
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In this study, we detected antioxidant capacities of some indigenous fruits sold in public vegetable
bazaars in Burdur and compared to the literature. We provided data on antioxidant properties of wild pear (flesh
and seed), cornelian cherry (seed) and medlar (seed) which are not commonly known. Results show that flesh
of rose hip has higher antioxidant activity than its seeds according to the DPPH RSA test while seeds of the all
other fruits have higher antioxidant activity than their fleshes. As we know, this is the first report on the
antioxidant capacity of cornelian cherry seeds. Further detailed study is needed on the phytochemistry of this
fruit because it could be evaluated both as a food and as a feed additive. People should be aware of consuming
the fruits together with their edible seeds. Since the seeds of cornelian cherry are hard, they might be consumed
as food additives after being powdered.
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Table 1.Antioxidant capacities of the fruits

DPPH RSA* TEAC® CUPRACF Total phenolic content | Total flavonoid content

Fruit ICso (g mI™)* (umol Troloks g dw)? (umol Troloks g™ dw)* (mg GAE g™ dw)* (mg CE g™ dw)*
Flesh Seed Flesh Seed Flesh Seed Flesh Seed Flesh Seed

Lwp >1000 732.72 2.30+0.01] 5.08+0.29 25.3245.50 104.13+6.11| 2.1240.04| 4.09+0.12 2.50+0.11 [ 3.05%0.19
Swp >1000 826.19 1.83+0.68| 2.71+0.34 50.42+11.04 117.47+6.11| 2.63£0.04| 4.07£0.04 | 3.10+0.15( 3.51+0.37
Cor 952.67 32.20 3.64+0.14| 13.76x0.67 104.6949.04 333.47+£14.05( 3.72+0.14 | 14.90+0.25| 2.14+0.14 2.81+0.23
Ros 672.43 | 579.75 6.87+£2.97] 2.54+0.01 100.13£10.01 45.47+2.31 | 35.57£1.00| 4.62+0.11 9.82+0.17 5.15+0.09
Med >1000 320.24 5.47+0.03| 12.12+0.17 90.8+4 260.13+6.11| 4.52+0.12 6.21+0.04 [ 4.18+0.12 7.00+0.05
Wgr >1000 206.11 0.44+0.15| 28.26x1.54 8.71+2.12 | 1244.13+28.34 2.95+0.08 | 11.09+0.19| 3.18+0.43 | 11.30+0.14
Bgr >1000 196.96 1.06+0.70| 38.7620.3¢ 25.19+6.51| 1362.8+12 4.23+0.04 | 11.14+0.15( 4.18+0.68 | 13.27+0.17
Asb 7.34 |

Radical scavenging activity, b: trolox equivalent antioxidant capacity, ¢: cupric ion reducing antioxidant capacity, *: means of three replicates tstandard deviation,
Lwp: large wild pear, Swp: small wild pear, Cor: cornelian cherry, Ros: rose hip, Med: medlar, Wgr: white grape, Bgr: black grape, Asb: ascorbic acid, dw: dry weight

Table 2. Correlation coefficients between total phenolic and flavonoid content and DPPH RSA, TEAC and CUPRAC.

Eruit Total phenolic Total phenolic Total phenolic Total flavonoid Total flavonoid Total flavonoid
content-DPPH RSA content -TEAC content -CUPRAC | content-DPPH RSA content -TEAC content-CUPRAC
Pcc (1) p value Pcc (1) p value Pcc (1) p value Pcc (1) p value Pcc (r) p value Pcc (r) p value
Flesh 0.833 0.000 0.675 0.001 0.486 0.026 0.732 0.000 0.611 0.003 0.398 0.074
Seed 0.919 0.000 0.670 0.001 0.609 0.003 0.570 0.007 0.903 0.000 0.922 0.000

Pcc: Pearson correlation coefficient



Asuman Karadeniz Pekgoz et a/ /International Journal of ChemTech Research, 2017,10(15): 440-448. 447

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Badarinath AV, RAo K.M., Chetty C.M.S., Ramkanth S., Rajan T.V.S., Gnanaprakash K., A review on
in-vitro antioxidant methods: Comparisions, correlations and considerations. Int. J. PharmTech. Res.,
2010, 2: 1276-1285.

Bursal E, Koksal E, Gulgin I, Bilsel G, Goren AC. Antioxidant activity and polyphenol content of
cherry stem (Cerasus avium L.) determined by LC-MS/MS. Food Res. Int., 2013, 51: 66-74.

Temple NJ. Antioxidants and disease: More questions than answers. Nutr. Res., 2000, 20: 449-459.
Dragovi¢-Uzelac V, Bursa¢-Kovacevi¢ D, Levaj B, Pedisi¢ S, Mezak M, Tomljenovi¢ A. Polyphenols
and antioxidant capacity in fruits and vegetables common in the croatian diet. Agric. Conspec. Sci.,
2009, 74: 175-179.

Saito M, Hosoyama H, Ariga T, Kataoka S, Yamaji N. Antiulcer activity of grape seed extract and
procyanidins. J. Agric. Food Chem., 1998, 46: 1460-1464.

Jayaprakasha GK, Singh RP, Sakariah KK. Antioxidant activity of grape seed (Vitis vinifera) extracts
on peroxidation models in vitro. Food Chem.,2001, 73: 285-290.

Deliorman Orhan D, Orhan N, Oz¢elik B, Ergun F. Biological activities of Vitis vinifera L. leaves.
Turk. J. Biol., 2009, 33: 341-348.

Barros L, Carvalho AM, Ferreira ICFR. Exotic fruits as a source of important phytochemicals:
Improving the traditional use of Rosa canina fruits in Portugal. Food Res. Int., 2011, 44: 2233-2236.
Ercisli S. Chemical composition of fruits in some rosa (Rosa spp.) species. Food Chem., 2007 104:
1379-1384.

Popovi¢ BM, Stajner D, Slavko K, Sandra B. Antioxidant capacity of cornelian cherry (Cornus mas L.)-
Comparison between permanganate reducing antioxidant capacity and other antioxidant methods, Food
Chem., 2012, 134: 734-741.

Ersoy N, Bagci Y, Gok V. Antioxidant properties of 12 cornelian cherry fruit types (Cornus mas L.)
selected from Turkey. Sci. Res. Essays., 2011, 6: 98-102.

Giilgin I, Topal F, Oztiirk Sarikaya SB, Bursal E, Bilsel G, Géren AC. Polyphenol contents and
antioxidants properties of medlar (Mespilus germanica L.). Rec. Nat. Prod., 2011, 5: 158-175.

Gruz J, Ayaz FA, Torun H, Strnad M. Phenolic acid content and radical scavenging activity of extracts
from medlar (Mespilus germanica L.) fruit at different stages of ripening. Food Chem., 2011, 124: 271-
277.

Lee SH, Cho JY, Jeong HY, Jeong DE, Kim D, Cho SY, Kim WS, Moon JH. Comparison of bioactive
compound contents and in vitro and ex vivo antioxidative activities between peel and flesh of pear
(Pyrus pyrifolia Nakai). Food Sci. Biotechnol., 2015, 24: 207-216.

Santos SCRVL, Guiné RPF, Barros A. Effect of drying temperatures on the phenolic composition and
antioxidant activity of pears of Rocha variety (Pyrus communis L.). Food Meas., 2014, 8: 105-112.
Shrikanta A, Kumar A, Govindaswamy V. Resveratrol content and antioxidant properties of
underutilized fruits, J. Food Sci. Technol., 2015, 52: 383-390.

Rice-Evans CA, Miller NJ, Paganga G. Antioxidant properties of phenolic compounds. Trends Plant
Sci., 1997, 2: 1360-1385.

Demir N, Yildiz O, Alpaslan M, Hayaloglu AA. Evaluation of volatiles, phenolic compounds and
antioxidant activities of rose hip (Rosa L.) fruits in Turkey. LWT-Food Sci. Technol., 2014, 57: 126-
133.

Pawlowska AM, Camangi F, Braca A. Quali-quantitative analysis of flavonoids of Cornus mas L.
(Cornaceae) fruits. Food Chem., 2010, 119: 1257-1261.

Glew RH, Ayaz FA, Sanz C, VanderJagt DJ, Huang HS, Chuang LT, Strnad M. Changes in sugars,
organic acids and amino acids in medlar (Mespilus germanica L.) during fruit development and
maturation. Food Chem., 2003, 83: 363-369.

Blois MS. Antioxidant determinations by the use of a stable free radical. Nature., 1958, 181: 1199-
1200.

Re R, Pellegrini N, Proteggente A, Pannala A, Yang M, Rice-Evans C. Antioxidant activity applying an
improved ABTS radical cation decolorization assay.Free Radic. Biol. Med., 1999, 26: 1231-1237.
Apak R, Gigli K, Ozyirek M, Karademir SE. Novel total antioxidant capacity index for dietary
polyphenols and vitamins C and E, using their cupric ion reducing capability in the presence of
neocuproine: CUPRAC Method. J. Agric. Food Chem., 2004, 52: 7970-7981.



Asuman Karadeniz Pekgoz et a/ /International Journal of ChemTech Research, 2017,10(15): 440-448. 448

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

Singleton VL, Rossi JAJr. Colorimetry of total phenolics with phosphomolybdic-phosphotungstic acid
reagents. Am. J. Enol. Viticult., 1965, 16: 144-158.

Zhishen J, Mengcheng T, Jianming W. The determination of flavonoid contents in mulberry and their
scavenging effects on superoxide radicals.Food Chem. 64 (1999, 64: 555-559.

Brand-Williams W, Cuvelier ME, Berset C. Use of a free radical method to evaluate antioxidant
activity.Lebensm. Wiss. Technol., 1995, 28: 25-30.

Tural S, Koca I. Physico-chemical and antioxidant properties of cornelian cherry fruits (Cornus mas L.)
grown in Turkey. Sci. Hortic., 2008, 116: 362-366.

Hamid H, Yousef H, Jafar H, Mohammad A. Antioxidant capacity and phytochemical properties of
cornelian cherry (Cornus mas L.) genotypes in Iran. Sci. Hortic., 2011, 129: 459-463.

Pantelidis GE, Vasilakakis M, Manganaris GA, Diamantidis Gr. Antioxidant capacity, phenol,
anthocyanin and ascorbic acid contents in raspberries, blackberries, red currants, gooseberries and
Cornelian cherries. Food Chem., 2007, 102: 777-783.

Xu C, Zhang Y, Cao L, Lu J. Phenolic compounds and antioxidant properties of different grape
cultivars grown in China. Food Chem., 2010, 119: 1557-1565.

Cindri¢ 1J, Zeiner M, Krpeti¢ M, Stingeder G. ICP-AES determination of minor and major elements in
Cornelian cherry (Cornus mas L.) after microwave assisted digestion.Microchem. J., 2012, 105: 72-76.
Cai Y, Luo Q, Sun M, Corke H. Antioxidant activity and phenolic compounds of 112 traditional
Chinese medicinal plants associated with anticancer.Life Sci., 2004, 74: 2157-2184.

Montazeri N, Baher E, Mirzajani F, Barami Z, Yousefian S. Phytochemical contents and biological
activities of Rosa canina fruit from Iran. J. Med. Plant Res., 2011, 5: 4584-4589.

Celep E, Aydin A, Yesilada E. A comparative study on the in vitro antioxidant potentials of three edible
fruits: Cornelian cherry Japanese persimmon and cherry laurel. Food Chem. Toxicol., 2012, 50: 3329-
3335.

Bozan B, Tosun G, Ozcan D. Study of polyphenol content in the seeds of red grape (Vitis vinifera L.)
varieties cultivated in Turkey and their antiradical activity. Food Chem., 2008, 109: 426-430.

Adamez JD, Samino EG, Sanchez EV, Gonzalez-Gomez D. In vitro estimation of the antibacterial
activity and antioxidant capacity of aqueous extracts from grape-seeds (Vitis vinifera L.). Food
Control., 2012, 24: 136-141.

Adamczak A, Buchwald W, Zielinski J, Mielcarek S. Flavonoid and organic acid content in rose hips
(Rosa L. sect. Caninae DC. EM. Christ.). Acta. Biol. Crac. Ser. Bot., 2012, 54: 105-112.

Ivanova V, Stefova M, Vojnoski B, Dérnyei A, Mark L, Dimovska V, Stafilov T, Kilar F. Identification
of polyphenolic compounds in red and white grape varieties grown in R. Macedonia and changes of
their content during ripening. Food Res. Int., 2011, 44: 2851-2860.

Shi J, Yu J, Pohorly JE, Kakuda Y. Polyphenolics in grape seeds-biochemistryand functionality. J.
Med. Food., 2003, 6: 291-299.

Guendez R, Kallithraka S, Makris DP, Kefalas P. Determination of low molecular weight polyphenolic
constituents in grape (Vitis vinifera sp.) seed extracts: Correlation with antiradical activity. Food
Chem., 2005, 89: 1-9.

Soong YY, Barlow PJ. Antioxidant activity and phenolic content of selected fruit seeds. Food Chem.,
2004, 88: 411-417.

Contreras-Calderon J, Calderon-Jaimes L, Guerra-Hernandez E, Garcia-Villanova B. Antioxidant
capacity, phenolic content and vitamin ¢ in pulp, peel and seed from 24 exotic fruits from Colombia.
Food Res. Int., 2011, 44: 2047-2053.

Fu L, Xu BT, Xu XR, Gan RY, Zhang Y, Xia EQ, Li HB. Antioxidant capacities and total phenolic
contents of 62 fruits. Food Chem., 2011, 129: 345-350.

Awah FM, Uzoegwu PN, Ifeonu P, Oyugi JO, Rutherford J, Yao X, Fehrmann F, Fowke KR, Eze MO.
Free radical scavenging activity, phenolic contents and cytotoxicity of selected Nigerian medicinal
plants. Food Chem., 2012, 131: 1279-1286.

Babbar N, Oberoi HS, Uppal DS, Patil RT. Total phenolic content and antioxidant capacity of extracts
obtained from six important fruit residues. Food Res. Int., 2011, 44: 391-396.

kK %k Xk %k k



