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Summary: In this study, in vitro antioxidant effects of the acetone, methanol, ethylacetate and water extracts of the aerial
parts of sainfoin (Onobrychis viciifolia) were investigated. The phenolic content of the extracts were determined by Folin-ciocalteu
method and determination of antioxidant activity were carried out by phosphomolybdenum method, 3-carotene-linoleate model system,
radical scavenging capacity against 2,2-diphenyl-1-picrylhydrazyl (DPPH) and reducing power based on the reduction of
Fe"/K;Fe(CN)g complex to the ferrous state. The study suggested that sainfoin could be pharmaceutically exploited in future
researches for its antioxidant properties where acetone and methanol extracts exhibited high antioxidant activity.
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Korunga (Onobrychis Viciifolia) bitkisinin antioksidan etkinliginin in vitro degerlendirilmesi

Ozet: Bu caligmada, korunga bitkisinin (Onobrychis viciifolia) toprak tstii kisimlarinin aseton, methanol, etilasetat ve su
ekstrelerinin antioksidan etkinligi arastirildi. Ekstrelerin fenolik igerigi Folin-Ciocalteu yontemiyle, antioksidan aktivitesinin
belirlenmesi fosfomolibden metodu, beta-karoten-linoleat model sistemi, radikal siipiiriicii etkiye karsi 2,2-difenil-1-pikrilhidrazil
(DPPH) ve demirli kompleks olan Fe'*/K3Fe(CN)g bilesiginin indirgenmesi ile gergeklestirildi. Bu ¢alima, yiiksek antioksidan
ozelligi gosteren korunga bitkisinin aseton ve metanollii ekstrelerinin, ileride farmasotik galismalar igcin degerlendirilebilecegini

Onermektedir.

Anahtar sozciikler: Antioksidan aktivite, serbest radikal siipiiriicii aktivite, O. Viciifolia.

Introduction

Polyphenols are present in a variety of plants as
well as food grains, fruits and vegetables utilized as
important components of both human and animal diets
(9,11,12). 1t is widely accepted that significant antioxidant
activity of food is related to high total phenolic content.
Plants contain a large variety of phenolic derivatives,
including simple phenols, phenylpropanoids, benzoic
acid derivatives, flavonoids, stilbenes, tannins, lignans,
and lignins (21,26). The flavonoids include flavones,
flavanols, and condensed tannins. Flavonoids are the
predominant components in some reported legumes
(7,10,24), such as sainfoin (5,16,17,25).

Sainfoin (O. viciifolia), also known as holy grass, is
a perennial forage legume with a deep taproot often
grown in conjunction with forage grasses to reduce bloat
hazard as well as to improve soil fertility due to its
nitrogen fixing ability. Another desirable trait is that
sainfoin has an early growth habit, sprouting earlier than
alfalfa in spring to give good forage yields (16). The
plant contains several physiologically active phytochemicals.
It is a good source of flavanoids. Acetone/water extract

of the fodder legume O. viciifolia afforded arbutin,
kaempferol, quercetin, rutin, afzelin (17). The phenolic
compounds were characterized as seven cinnamic acid
derivatives and nine flavonoid glycosides all of which
were identified by NMR spectroscopy (16).

Domestic animals just like man, are frequently
exposed to oxidative stress, involving an overproduction
of reactive oxygen species that cause oxidative damage
to all macromolecules within the cell. In domestic
animals, oxidative stress has been associated with the
deterioration of many physiological functions including
growth and reproduction as well as immunity. The
oxidative deterioration of lipids (or lipid peroxidation) is
particularly involved in this phenomenon since lipids are
macromolecules which are more susceptible to peroxidative
processes, especially when they are rich in n-3 PUFA
diets. Therefore, it appeared that a supplement of
antioxidants should be recommended to preserve the
heath of animals and the oxidative stability of their
products (13).

The aim of this study were to investigate and to
provide a comprehensive assessment of antioxidant
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properties of sainfoin, a common animal feed used also
for the control of nematode parasitism, prevention of
bloat and improvement of nutrients utilization (17). For
this purpose, total phenolic content were assessed and
multiple measuring methods to determine the antioxidant
activity involving different reaction mechanisms such as
B-carotene-linoleate model system, 2,2-diphenyl-1-
picrylhydrazyl (DPPH) free radical scavenging were
carried out on ethyl acetate, acetone, methanol and water
extracts of the aerial parts of the plant.

This research is the first report on the in vitro
antioxidant activity of sainfoin and would serve as a
good base for further pharmaceutical investigations on
forage legumes for their potential antioxidant properties.

Materials and Methods

Materials: B-carotene, linoleic acid, 2,2-diphenyl-1-
picrylhydrazyl (DPPH) and butylated hydroxyanisole
(BHA) were obtained from Sigma Chemical Co. (Interlab
A.S., Istanbul, Turkey). All solvents/chemicals used were
of analytical grade and obtained from Merck (Merck Ilac,
Ecza ve Kimya Tic. Ltd. Sti, Istanbul, Turkey). Visible
spectra measurements were done using Shimadzu UV
visible spectrophotometer (Spectronic Instruments Inc.,
NY, USA). The plant material, about 30-40 cm length
(aereal parts-stem and leaves) was collected from 5 cm
above the ground during the flowering period once for
each month between May-July (2008). This material was
obtained from Ankara University, Faculty of Agriculture,
Department of Field Crops, Ankara, Turkey. Pulverized
and harvested plant material, was stored in a desiccator
for humid and light protection until the analysis.

Extraction: The plant extracts were prepared as
described earlier by Zahin et al. with little modification
(27). The plant of O. viciifolia was cut into pieces, dried
under the sun and powdered in a grinder to 40-mesh size
powder. Plant powder of 25 g was extracted with 150 ml
of ethyl acetate by mixing, using a magnetic stirrer at 30
°C for 2 h. The extract was filtered through Whatman
No. 41 filter paper to obtain particle free extract. The
residue was re-extracted twice and filtered. The extracts
were pooled and concentrated and dried under vacuum.
The same procedure was followed for the other solvents
such as acetone, methanol and water for antioxidant
fractions and the dried extracts were used to explore their
antioxidant activity.

Determination of total phenolics: The concentration
of phenolic compounds in the extracts was determined
according to Jayaprakasha et al. (15) and total phenolic
contents were expressed as tannic acids equivalents. The
extracts were dissolved in a mixture of methanol and
water (6:4 v/v). Samples (0.2 ml) were mixed with 1.0 ml
of tenfold diluted Folin-ciocalteu reagents and 0.8 mL of
7.5% sodium carbonate solution. After standing for 30

min at room temperature, the absorbance was measured
at 765 nm by using UV-VIS spectrophotometer. The
estimation of phenolic compounds in the fractions was
carried out in triplicate and the results were averaged.

Evaluation  of capacity by
phosphomolybdenum method: The total antioxidant
capacity of ethyl acetate, methanol and water extracts of
plant of O. viciifolia was evaluated by the method of
Prieto et al. (18). An aliquot of 0.1 ml of sample solution
(100 pg/ml) was combined with 1 ml of reagent solution
(0.6 M sulfuric acid, 28 mM sodium phosphate and 4
mM ammonium molybdate). The tubes were capped and
incubated in a boiling water bath at 95 °C for 90 min.
After the samples had cooled to room temperature, the
absorbance of the aqueous solution of each was measured
at 695 nm against blank in spectrophotometer. A typical
blank solution contained 1 ml of reagent solution and the
appropriate volume of the same solvent used for the
sample and it was incubated under same conditions as
rest of the sample. For samples of unknown composition,
water-soluble antioxidant capacity was expressed as
equivalents of ascorbic acid (umole/g of extract).

Antioxidant activity assay using [f-carotene-
linoleate model system: The antioxidant activity of plant
extracts of O. viciifolia was evaluated using B-carotene-
linoleate model system as described by Jayaprakasha et
al. (15). 0.2 mg of B-carotene in 0.2 ml of chloroform, 20
mg of linoleic acid and 200 mg of Tween-40
(polyoxyethylene sorbitan monopalmitate) were mixed.
Chloroform was removed at 40 °C under vacuum and the
resulting mixture was diluted with 10 ml of water and
was mixed well. To this emulsion, 40 mL of oxygenated
water was added. 4 ml aliquots of the emulsion were
pipetted into different test tubes containing 0.2 ml of
extracts (50 and 100 ppm) and BHA (50 and 100 ppm) in
ethanol. BHA was used for comparative purposes.
Control solution, containing 0.2 ml of ethanol and 4 ml
of the above emulsion was also prepared. The tubes were
placed at 50 °C in a water bath and the absorbance at 470
nm was taken at zero time (t = 0). Measurement of
absorbance was continued till the color of B-carotene
disappeared in the control tubes (¢ = 75 min) at an
interval of 15 min. A mixture prepared as above without
B-carotene served as blank. All measurements were
carried out in triplicates. The antioxidant activity (AA) of
the extracts was evaluated in terms of bleaching of the -
carotene using the following formula, AA = 100[1 - (A, -
A) = (AO0 - Ato)], where A, and A’ are the absorbance
values measured at zero time of the incubation for test
sample and control, respectively. A, and A are the
absorbance measured in the test sample and control,
respectively, after incubation for 75 min. The results
were expressed in % basis of preventing bleaching of -
carotene.

antioxidant
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Radical scavenging activity assay using DPPH
method: Radical scavenging activity of the extracts was
determined essentially as described by Blois (8).
Different concentrations (25, 50 and 100 pl equivalent to
25, 50 and 100 ppm, respectively) of O. viciifolia plant
extracts and BHA (25, 50 and 100 ppm) were taken in
different test tubes. The volume was adjusted to 100 pl
by adding MeOH. 5 ml of 0.1 mM methanolic solution of
DPPH was added to these tubes and shaken vigorously.
The tubes were allowed to stand at 27 °C for 20 min. The
control was prepared as above without any extract and
MeOH was used for the baseline correction. The changes
in the absorbance of the samples were measured at 517
nm. Radical scavenging activity was expressed as the
inhibition percentage and was calculated using the
following formula, % radical scavenging activity =
(Control OD — sample OD/Control OD) x 100.

Reducing power activity assay: Reducing power
activity of sainfoin was determined by the method which
was described by Teepica Priya Darsini et.al. (23).
Different concentration (25, 50, 100 mg/ml) of plant
extracts were taken in test tubes and the volume was
adjusted to 1 ml by the addition of dimethyl sulfoxide.
Then 2.5 ml of phosphate buffer (0.2M, pH 6.6) and
2.5ml of 1 % potassium ferricyanide were added to the
mixture where it was kept in a 50°C water bath for 20
minutes. The resulting solution was then cooled rapidly,
spiked with 2.5 ml of 10% trichloroacetic acid and
centrifuged at 3000 rpm for 10 minutes. The supernatant
(5 ml) was mixed with 5 ml of distilled water and 1 ml of
0.1% ferric chloride. The absorbance was detected at 700
nm after reaction for 10 minutes. The estimation of
reducing power activity in the fractions was carried out
in triplicate and the results were averaged.

Statistical analysis: The results are presented as the
average and standard error of three experiments. The data
was analysed by using Sigma plot 10.0.

Results

The extraction rate of acetone, methanol, ethyl
acetate and water extracts of dried O. viciifolia were
11.9%, 16.5%, 9.6% and 4.3%, respectively. The total
phenolic contents of the O. viciifolia extracts determined
by Folin-ciocalteu method are reported as tannic acid
equivalents in Table 1. Antioxidant capacity of O.
viciifolia by phosphomolybdenum method was also
described in Table 1. The antioxidant activity through B-
carotene-linoleate model system of O. viciifolia extracts
at 50 and 100 pg/mL concentrations compared with BHA
was presented in Table 2. The free radical scavenging
activities of the extracts by DPPH method were shown in
the Fig. 1 and the reducing power of the plant extract in
different concentrations 25, 50, 100 pg/mL were
described in Table 3.

Table 1. Phenolic contents (as tannic acid equivalent) and
antioxidant capacity (as equivalent to ascorbic) of the extracts
from O. viciifolia by phosphomolybdenum method (Mean+SD)
Tablo 1. O. Viciifolia ekstrelerinin fenolik icerigi (tannik asit
esdegeri olarak) ve Fosfomolibden yontemi ile antioksidan
kapasitesi (askorbik esdegeri olarak) (Ortalama+SH)

Extract Phenolics Antioxidant capacity
(% wiw) (umol/g of extract)
Acetone 38.26+0.15 1918.78+18.70
Methanol 36.78+0.05 1739.50+17.11
Ethyl acetate 14.60+0.70 1375.63£8.13
Water 11.35+0.82 521.85+5.33

Table 2. Antioxidant activity of extracts from O. viciifolia and
BHA by p-carotene-linoleate model system (% inhibition of
bleaching of B-carotene) (Mean+SD)

Tablo 2. B-karoten-linoleat yontemiyle O. viciifolia ekstreleri-
nin ve BHA nin antioksidan etkinligi (B-karoten kaybolmasinin
% inhibisyonu) (Ortalama+SH)

Extract/BHA 50 ppm 100 ppm

BHA 93.03+0.04 96.50+0.05
Acetone 64.77+4.12 76.86+5.42
Methanol 53.65+2.38 69.50+4.36
Ethyl acetate 47.23+3.04 66.14+2.52
Water 32.4242.24 57.36+5.51

Table 3. Reducing power levels of O. viciifolia extracts
(Absorbance 700 nm, Mean+SD).

Tablo 3. O. vicifolia ekstrelerinin indirgeme kapasitesi diizeyleri
(700 nm’de absorbans, Ortalama+SH).

Extract 25 ppm 50 ppm 100 ppm
Water 0,11£0,01 0,12+0,02 0,15+0,03
Acetone 0,12+0,01 0,15+0,02 0,18+0,01
Ethanol 0,24+0,01 0,26+0,01 0,34+0,03
Methanol 0,25+0,02 0,27+0,01 0,31+0,06
100+
Bz BHA
E=31 Acetone
== Methanol
mmm Ethy| acetate
2z \\ ater

25 50 100
Concentration (ppm)

Radical scavenging activity (%)

Figure 1. Radical scavenging activity of O.viciifolia extracts by
DPPH method

Sekil 1. DPPH yontemi ile O.viciifolia ekstrelerinin radikal
siiptiriicli aktivitesi



26 Sinan Ince - Husamettin Ekici - Begum Yurdakok

Discussion and Conclusion

Different solvent systems have been used to extract
antioxidants from plant materials such as fruits,
vegetables, legumes, and other foodstuffs. Water,
aqueous mixtures of ethanol, methanol, and acetone are
commonly used to extract antioxidants from plant foods.
In recent studies, the yield of extractable compounds was
highest in acetone and methanol extract from the O.
viciifolia in comparison with the solvents such as ethyl
acetate and water (5,16,17,26). Furthermore, the
extraction of phenolic compounds from the forage
legume is usually provided with methanol, acetone and
aqueous methanol or acetone (3,4). The levels of total
phenolics determined in this way are not absolute
measurements of the amounts of phenolic compounds,
but are in fact based on their chemical reducing capacity
relative to tannic acid. In the present study, the difference
between the antioxidant activities may due to the variety
and/or quantity of phenolics in different extracts. Among
the four extracts, acetone and methanol extract contained
the highest amount of phenolic compounds followed by
ethyl acetate extract and water extract.

Antioxidants are present in foods as vitamins,
minerals, carotenoids, and polyphenols, among others.
The most well-known components of food with
antioxidant activities are vitamins A, C, and E, p-
carotene, the mineral selenium, and more recently, the
compound lycopene (6, 14). Furthermore, phenolic
compounds have ideal structural chemistry for free
radical-scavenging activities and have been shown to be
more effective antioxidants in vitro than vitamins E and
C on a molar basis (20).

The antioxidant capacity of the extracts was measured
spectrophotometrically through phosphomolybdenum
method, which is based on the reduction of Mo (IV) to
Mo (V) by the sample antioxidant constituents and the
subsequent formation of green phosphate/Mo (V)
compounds with a maximum absorption at 695 nm. The
antioxidant capacity of extracts of O. viciifolia was found
to decrease in the order, acetone extract > methanol
extract > ethyl acetate extract > water extract.

The addition of O. viciifolia extracts and BHA at 50
pg/mL concentrations prevented the bleaching of B-
carotene to different degrees. fB-carotene in this model
system undergoes rapid discoloration in the absence of an
antioxidant. This is because of the coupled oxidation of
B-carotene and linoleic acid, which generates free
radicals. The linoleic acid free radical formed upon the
abstraction of a hydrogen atom from one of its diallylic
methylene groups attacks the highly unsaturated (-
carotene molecules. As a result, B-carotene will be
oxidized and broken down in part, subsequently the
system loses its chromophore and characteristic orange
color, which can be monitored spectrophotometrically
(15). In our present study, the extracts from O. viciifolia

were found to hinder the extent of -carotene bleaching
by neutralizing the linoleate free radical and other free
radicals formed in the system. Acetone, methanol, ethyl
acetate and water extracts had more antioxidant activity
at 100 pg/ml concentration than 50 pg/ml concentration.
Threfore, antioxidant activity depends on dose.

The role of antioxidants is basically described by
their interaction with oxidative free radicals. The basis of
DPPH method is that the antioxidants react with the
stable free radical i.e., 2,2-diphenyl-1-picrylhydrazyl
(DPPH) and convert it to 2,2-diphenyl-1-picrylhydrazine
(DPPH 2) with discoloration. The degree of discoloration
indicates the scavenging potentials of the sample
antioxidant (8). In the present study, the extracts of O.
viciifolia were able to decolorize DPPH. The free radical
scavenging potentials of the extracts according to this
assay were found in the order of acetone > methanol>
ethyl acetate > water. It has been found that cysteine,
glutathione, ascorbic acid, tocopherol, polyhydroxy
aromatic compounds (hydroquinone, pyrogallol etc.), and
aromatic amines (p-phenylene diamine, p-aminophenol
etc.) reduce and decolorize 2,2-diphenyl-1-picrylhydrazyl
by their hydrogen donating ability (8). It appears that the
extracts from the O. viciifolia possess hydrogen donating
capabilities to act as antioxidant. The extract also caused
significant elevation of reducing power potential, highest
in methanolic extracts, in accordance with increasing
doses.

In the present study, the decreasing order of
antioxidant activity among the O. viciifolia extracts was
found as acetone extract > methanol extract > ethyl
acetate extract > water extract. This order is in
accordance with the phenolic contents of the extracts.
These observations clearly indicated a cross linkage
between phenolics and antioxidant activity. Several
reports have conclusively shown close relationship
between total phenolic content and antioxidative activity
of the legumes, fruits and vegetables (1,2,6,19).

The chemical composition and structures of active
extract components are important factors governing the
efficacy of natural antioxidants. However, the antioxidant
activity of an extract could not be explained only on the
basis of their phenolic content, but also with its chemical
characterization. For instance, phenolic compounds with
ortho- and para-dihydroxylation or a hydroxy and a
methoxy group are more effective than simple phenolics
(22). Therefore, further pharmaceutical analysis on
isolation and identification of active compounds with
detailed chemical structuring needs to be done along with
other in vitro-in vivo pharmacological studies to
understand the mechanism of action as well as the
potential capacity as antioxidant.

To conclude, this study supports the contention that
traditional medicines, dietary supplements and plant feed
sources remain a valuable source in the potential
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discovery of natural product pharmaceuticals. This is the
first report that envisages the antioxidant activities of O.
viciifolia extracts. Hence the sainfoin (O.viciifolia) could
be a good source of antioxidant phenolics.

Acknowledgements
We would like to thank Prof.Dr. Saime Unver,

academic member of Ankara University, Faculty of
Agriculture, Department of Field Crops for providing the
plant material and Prof.Dr. Sezai Kaya, head of the
department of Ankara University, Faculty of Veterinary
Medicine, Department of Pharmacology and Toxicology
for providing laboratory facilities.

10.

11.

12.

13.

References
Abdille MdH, Singh RP, Jayaprakasha GK, Jena BS
(2005): Antioxidant activity of the extracts from Dillenia
indica fruits. Food Chem, 90, 891-896.
Afolayan AJ, Jimoh FO, Sofidiya MO, Koduru S, Lewu
FB (2007): Medicinal potential of the root of Arctotis
arctotoides. Pharm Biol, 45, 486-493.
Amarowicz R, Piskula M, Honke J, Rudnicka B,
Troszynska A, Kozlowska H (1995): Extraction of
phenolic compounds from lentil seeds (Lens culinaris) with
various solvents. Pol J Food Nutr Sci, 4, 53-62.
Amarowicz R, 2egarska Z, Pegg RB, Karama¢ M,
Kosinska A (2006): Antioxidant and radical scavenging
activities of a barley crude extract and its fractions. Czech
J Food Sci, 25, 73-80.
Barrau E, Fabre N, Fouraste I, Hoste H (2005): Effect of
bioactive compounds from sainfoin (Onobrychis viciifolia
Scop.) on the in vitro larval migration of Haemonchus
contortus: role of tannins and flavonol glycosides. ]
Parasitol, 131, 1-8.
Bartolome B, Nunez V, Monagas M, Gomez-Cordoves
C (2004): In vitro antioxidant activity of red grape skins.
Eur Food Res Technol, 218, 173-177.
Beninger CW, Hosfield GL (2003): Antioxidant activity
extracts, condensed tannin fractions and pure flavonoids
from Phaseolus vulgaris L. Seed coat color genotypes. ]
Agri Food Chem, 5, 7879-7883.
Blois MS (1958): Antioxidants determination by the use of
a stable free radical. Nature, 4617, 1199-1200.
Bravo L (1998): Polyphenols: Chemistry, dietary sources,
metabolism, and nutritional significance. Nutr Rev, 56,
317-333.
Cardador-Martinez A, Loacra-Pina G, Oomah BD
(2002): Antioxidant activity in common beans (Phaseolus
vulgaris L.). J Agri Food Chem, 50, 6975-6980.
Chung KT, Wong TY, Wei CI., Huang YW, Lin Y
(1998): Tannins and human health: a review. Crit Rev
Food Sci Nutr, 38, 421-464.
Crozier A, Burns J, Aziz AA, Stepwart AJ., Rabiasz
HS, Jenkins GI, Edwards CA, Lean MEJ (2000):
Antioxidant  flavonols from  fruits, vegetables and
beverages: measurements and bioavailability. Biol Res,
33, 79-88.
Gladine C, Rock E, Morand C, Buckhart D, Durand D.
(2007): Bioavailability and antioxidant capacity of plant

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24.

25.

26.

27.

extracts rich in polyphenols, given as a single acute dose,
in sheep made highly susceptible to lipid peroxidation. Br J
Nutr 98, 691-701.

Heinonen M, Lehtonen PJ, Hopla A (1998): Antioxidant
activity of berry and fruit wines and liquor. J Agri Food
Chem, 48, 25-31.

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

Lu Y, Sun Y, Foo LY, Mcnabb WC, Molan AL (2000):
Phenolic  glycosides of forage legume Onobrychis
viciifolia. Phytochemistry, 55, 67-75.

Marais JPJ, Mueuller-Harvey I, Brandt EV, Ferreira D
(2000): Polyphenols, condansed tannins and other natural
products in Onobrychis viciifolia (Sainfoin). J Agric Food
Chem, 48, 3440-3447.

Prieto P, Pineda M, Aguilar M (1999):
Spectrophotometric quantitation of antioxidant capacity
through the formation of a phosphomolybdenum complex:
Specific application to the determination of vitamin E.
Anal Biochem, 269, 337-341.

Prior RL, Cao G (2000): Antioxidant phytochemicals in
fruits and vegetables. Diet and health implications.
HortScience, 35, 588-592.

Rice-Evans CA, Miller NJ, Paganga G (1997):
Antioxidant properties of phenolic compounds. Trends
Plant Sci, 2, 152-159.

Shahidi F, Ho CT (2000): Phytochemicals
phytopharmaceuticals. American Oil Chemists Society,
Champaign, IL.

Shahidi F, Naczk M (2004): Antioxidant properties of
food phenolics. 401-403. In: Phenolics in food and
nutraceuticals, Shahidi F, Naczk M (Ed)., CRC Press,
Boca Raton, FL.

Teepica Priya Darsini D, Sasikumar JM, Kulandhaivel
M (2009): In Vitro Antioxidant and Cytotoxic Analysis of
Boerhaavia diffusa Linn. Ethnobot Leaf, 13, 263-268.
Tsuda T, Shiga K, Ohshima K, Kawakishi S, Osawa T
(1996): Inhibition of peroxidation and the active oxygen
radical scavenging effect of anthocyanin pigments isolated
from Phaseolus vulgaris L. Biochem Pharmacol, 52, 1033—
1039.

Urquiaga 1, Leighton F (2000): Plant polyphenol
antioxidants and oxidative stress. Biol Res, 33, 55-64.

Xu BJ, Chang SKC (2007): A comparative study on
phenolic profiles and antioxidant activities of legumes as
affected by extraction solvents. J Food Sci, 72, 159-166.
Zahin M, Aqil F, Ahmad 1. (1999). The in vitro
antioxidant activity and total phenolic content of four
indian medicinal plants. Int ] Pharm Pharm Sci, 1, 88-95.

and

Gelis tarihi: 13.12.2010 / Kabul tarihi: 28.04.2011

Address for correspondance:

Husamettin Ekici,

University of Ankara, Faculty of Veterinary Medicine,
Department of Pharmacology and Toxicology,

06100, Diskapi Campus, Ankara, Turkey

Tel: ++90 312 317 03 15/229

Fax: ++90 312317 60 73

E-mail: hekici@veterinary.ankara.edu.tr




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


