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Investigation of antioxidant activity of some fruit stem barks in the Eastern Black Sea Region
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INTRODUCTION

Abstract

Antioxidant compounds in food play an important role as a health protecting factor. Scientific evidence
suggests that antioxidants reduce the risk for chronic diseases including cancer and heart disease. Primary
sources of naturally occurring antioxidants are whole grains, fruits and vegetables. Antioxidant activity can be
investigated by using different methods such as total antioxidant activity, hydrogen peroxide and DPPH free
radical scavenging activities, metal-chelating activity, total phenolic and flavonoid contents and others. In this
study, antioxidant activity of the ethanol-water extracts of three stem barks, Kiwi (Actinidia chinensis Planch.)
(AC), lemon (Citrus limon (L.) Burm. f.) (CL) and chery laurel (Laurocerasus officinalis Roem.) (LO) has been
designated. According to FTC method, the total antioxidant activities (%) of AC, CL and LO have been
determined as 73.35, 67.59 and 61.62, respectively. The DPPH radical scavenging activities of AC, CL, LO, BHA,
RUT and TRO in terms of SCsp values (ug/mL) were found as 50.52, 56.56, 98.18, 8.58, 17.01, 26.84, respectively.
Total phenolic and total flavonoid contents in AC, CL and LO ranged from 850.71 to 457.79 pg gallic acid
equivalent/g and 58.77 to 22.91 pg of catechin equivalents/g, respectively. In conclusion, the extracts of AC
showed higher antioxidant activity than the other samples so needs further exploration for its effective use in
pharmaceutical and medicine sectors.

Ozet

Besinlerde bulunan antioksidanlar sagligimizi koruyucu faktor olarak énemli rol oynarlar. Bilimsel kanitlarin
onerdigi gibi antioksidanlar kanser ve kalp hastaliklarini iceren kronik hastaliklar igin riski azaltirlar. Dogal
yollarla olusan antioksidanlarin baslica kaynaklari tohumlar, meyveler ve sebzelerdir. Antioksidan aktivite,
toplam antioksidan aktivite, hidrojen peroksit ve DPPH radikal giderme aktiviteleri, metal-selatlama aktivitesi,
toplam fenolik ve flavonoid igerikleri ve diger metotlar kullanilarak incelenebilir. Bu galismada, U¢ agag
kabugunun (kivi (Actinidia chinensis Planch.) (AC), limon (Citrus limon (L.) Burm. f.) (CL) and taflan (Laurocerasus
officinalis Roem.) (LO)) etanol-su sistemi ektraktlarinin antioksidan aktiviteleri belirlendi. FTC metoduna gore,
AC, CL ve LO’ nun toplam antioksidan aktiviteleri (%) sirasiyla 73.35, 67.59 ve 61.62 olarak belirlendi. AC, CL, LO,
BHA, RUT ve TRO’ nun DPPH radikal giderme aktiviteleri SCso degerleri (ug/mL) cinsinden sirasiyla 50.52, 56.56,
98.18,8.58,17.01, 26.84 olarak bulundu. AC, CL ve LO’ nun toplam fenolik ve toplam flavonoid icerikleri sirasiyla
850.71 - 457.79 ug gallik asit ekivalent/g ve 58.77 - 22.91 ug of katesin ekivalent/g araliginda degismektedir.
Sonug olarak, AC ekstrakti diger 6rneklerden daha yiiksek antioksidan aktivite géstermistir. Bu nedenle eczacilik
ve tip sektoriinde daha etkili kullanmak icin ileri arastirmalar gerekmektedir.

short history of enculturation, it was started in New

Many fruit kinds are grown in Eastern Black Sea Region in
Turkey, but kiwi, lemon and chery laurel are commonly
known. The genus Actinidia, commonly known as kiwifruit,
includes several economically important horticultural
species such as A. chinensis Planch., A. deliciosa, A. arguta
and A. Eriantha (Chat et al. 2004). Nearly, 54 species and
75 taxa were identified in Actinidia (Li et al. 2007). The kiwi
fruit is known as “the king of fruits” by reason of its
crucially high vitamin C content and other benefits for
health. Many studies in kiwifruits metabolites and its
antioxidant activity have been performed previously
(Cassano et al. 2006; Kaya et al. 2010; Singletary 2012).
The origin centre of kiwifruit is in the mountains and
ranges of southwestern China. Although kiwifruit has
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Zealand in the early 20th century by introducing its seeds.
By way of decades of enculturation and substantial efforts
for selection from wild kiwifruits, a lot of varieties have
been developed so it has been seen as an important fresh
fruit worldwide (Huang et al. 2013).

Citrus limon (L.) Burm. f. (Lemon) is an crucial medicinal
plant of Rutaceae family. Especially, it is valuable with
alkaloids in it. Because they have important biological
activities such as anticancer, antioxidant and antibacterial
activities in crude extracts (Kawaii et al. 2000; Akhila et al.
2009; Campelo et al. 2011).
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Laurocerasus officinalis Roem. which belongs to the
Rosaceae family is a popular fruit and mainly distributed
in the coasts of the Black Sea region of Turkey. It is locally
called Taflan or Karayemis. This fruit is commonly used as
vegetables and medicinal fruits and an important fruit in
Turkey. Its fruits are usually consumed as fresh by the
community but sometimes can be dried, pickled and
processed as pekmez, jam, marmalade and fruit juice. In
addition, its fruit and seeds have been used for the
treatment of ailments such as stomach ulcers, digestive
system complaints, bronchitis, eczemas, haemorrhoids
and diuretic agent in Turkey for many years. Different
parts of this plant have been utilized for various purposes
for example its leaves are known as anti-spazmodics,
narcotics and sedative chemicals. Also, fruits and leaves
have been used in the cosmetic and dye sectors. And also
these species have antioxidant properties (Kolayh et al.
2003; Glder and Korkmaz 2012).

The aim of this paper is to determine the antioxidant
activities of stem bark extracts (AC, CL and LO) by using
different antioxidant tests. Six different antioxidant
activity assays were used in the experiments. Inhibition of
the lipid peroxidation measurement, ferric thiocyanate
(FTC) method has been performed. Hydrogen peroxide
and radical scavenging activities are carried out by widely
used methods in the literature. Metal chelating activities
were applied, as excess free metals have been implicated
in the induction and formation of free radicals. Finally,
phenolic and flavonoid compounds are widespread in
plantae where they act as antioxidants and free radical
scavengers. The results can guide to medicinal purposes as
natural source.

MATERIAL and METHODS

Plant material and extraction

Plant materials were collected in 2015 from Giresun
(Centrum) and authenticated by Assist. Prof. Dr. ilging
KIZILPINAR TEMIZER from Giresun University. Localities
were presented in Table 1. Stem barks were left on a
bench to dry. The dried samples were carved into small
parts via blender. All samples were extracted using by
magnetic stirrer in ethanol and double-distilled water
system (1:1, 3x) at 40 °C. Then, the extracts were filtered
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over Whatman No.1 paper. The filtrates were combined,
frozen and lyophilized by using a lyophilizator. The final
extracts were put into plastic vessel, and stored at -20°C.

Table 1. Localities of collected fruit stem barks

Locality Name

Actinidia chinensis Planch Giresun Center, Gedikkaya, 200 m
Citrus limon (L.) Burm. f Giresun, Espiye District, 50 m
Laurocerasus officinalis Roem  Giresun Center, Glre, 40 m

Species

Investigation of inhibition of lipid peroxidation

Total antioxidant activities of extracts were investigated
using ferric thiocyanate (FTC) method described by
Mitsuda et al. (Mitsuda et al. 1996). 2.5 mL extract and
standard solutions (50 pg/mL) in potassium phosphate
buffer (PBS) (0.04 M, pH = 7.0) was mixed to 2.5 mL linoleic
acid emulsion in PBS (0.04 M, pH =7.0). 2.5 mL linoleic acid
emulsion and 2.5 mL PBS mixture was used as control
tube. All mixtures were incubated at 37 2C in the dark.
After that, 0.1 mL of each solution was diluted in ethanol
(9.7 mL, 99 %), NH4SCN (0.1 mL, 10 %) and FeCl; (0.1 mL,
0.02 M). The peroxide value was measured at 500 nm and
the percentage of inhibition was determined. Lipid
peroxidation inhibition values were calculated by the
following equation:

Percentage inhibition lipid peroxidation = [1 - (Asampiefor
standard)/Acontrol)] X 100

Determination of DPPH Free Radical Scavenging Activity
The extract solutions (5-100 pg/mL) were prepared with
ethyl alcohol. DPPH free radical scavenging activities were
examined with reference to Blois method (1958). 3.0 mL
sample solutions and 1.0 mL DPPH* (0.1 mM) prepared in
absolute ethanol was mixed and then vortexed. It was
kept at RT in a dark environment. 30 min later, the
absorbance values were measured at 517 nm. Free radical
scavenging activities were calculated by using absorbance
estimations 30 min later and compared with standard
antioxidants. The decrease in absorbance estimation is a
demonstration of high rate of free radical scavenging
activity. The free radical scavenging activity of the sample
is expressed as SCso (ug/mL).

Hydrogen Peroxide Scavenging Activity Determination

The hydrogen peroxide scavenging activities of the
samples used in the study were done according to Ruch
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method (1989). In this experiment, 3.4 mL was taken from
the sample (5-100 pg/mL), and 0.6 mL 40 mM H,0,
(prepared with 0.04 M phosphate buffer (pH =7.4)) was
added. After 10 min the absorbance of the mixture was
measured at 230 nm compared to a blank sample.
Phosphate buffer (0.04 M, pH=7.4) which does not include
hydrogen peroxide solution was used as blank sample.
Decreasing in the absorbance value shows that hydrogen
peroxide scavenging activity of this sample is high.
Hydrogen peroxide scavenging activity of sample is
expressed as SCso values (ug/mL) and the obtained result
compared with standart antioxidants.

Determination of Metal Chelating Activity
The metal chelating activity of the solution of extracts and
the standard antioxidant materials prepared with
absolute ethanol was determined according to the Dinis
Method (1994). 0.4 mL was taken from both the solution
of extract and each of the standard antioxidant materials.
The samples were let sit for 10 min with 0.05 mL FeCl; (2
mM). Then they were filled to 4 mL by adding 0.2 mL
ferrozine (5 mM) and absolute ethanol. These mixtures
were kept at room temperature for 10 min. They were
shaken forcefully and the absorbance of the mixtures was
measured at 562 nm. A decrease in absorbance estimation
demonstrates a high level of metal chelating activity of
extracts and standard antioxidant materials. The metal
chelating activities of the extract and the standard
antioxidant material were calculated according to the
formula below:

Ferrous lons Chelating Activity (%) = [1 - (As/Ac)] x 100

Ac: control’s absorbance values; As . extract’s or

standard material’s absorbance values,

The measurement of total phenolic content

Amount of total phenolic compound in the extracts were
determined according to the Slinkard and Singleton
method (1977) using Folin-Ciocalteu reactive. A sample
was taken in ethyl alcohol solution (1 mg/mL, 0.5 mL) and
then deionized water (7.0 mL). 0.5 mL Folin C reagent was
added and the content of the tube mixed thoroughly.
After 3 minutes, Na,COs (2.0%, 2.0 mL) was added and the
sample was let sit at room temperature and was shaken
occasionally for 2 h. The absorbance of mixtures was
measured at 760 nm. Total phenolic contents of the
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samples were calculated with the gallic acid calibration
curve (R?:0.9998).

The measurement of total flavonoid content

Total flavonoid contents of extracts were measured
according to the aluminium chloride colorimetric method
(Chung et al. 2002). Ethyl alcohol solution of the samples
(1 mg/mL, 0.5 mL) were taken and deionised water (1.5
mL) was added. Then, A1C13.6H,0 (10.0%, 0.1 mL) and 1
M potassium acetate (0.1 mL) were added and was diluted
using 2.8 mL deionized water. After it was incubated at
room temperature for 30 min, its absorbance was
immediately measured at 415 nm. The sample’s total
flavonoid contents were calculated with the the catechin
calibration (R%:0.9976).

RESULTS-DISCUSSION

Actinidia chinensis, Citrus limon and Laurocerasus
officinalis are widely grown in the Eastern Blacksea region
of Turkey. Their fruits are used as food, supplement,
preserver for food etc because of the vitamin C in them
(Selman, 1983; Kolayl et al., 2003, Nishiyama et al., 2004).
In the ferric thiocyanate (FTC) assay, hydroperoxide that
was formed by using linoleic acid emulsion, which has
been oxidized via air oxygen during the experimental
period was indirectly determined by the reaction between
ferrous chloride and thiocyanate by means of
hydroperoxide (Inatani et al. 1983). The percentage
inhibition values were calculated at 72 h (Fig. 1). In
reference to total antioxidant activity results, AC shows
higher activity than the other samples. The inhibition of
lipid peroxidation activity results (%) decrease as follow
BHA (81.68) > TRO (80.21) > RUT (78.22) > AC (73.35) > CL
(67.59) > LO (61.62). Boni et al. (2014) found water and
methanol extracts of stems bark of Spondias mombin as
56.21 +1.22 and 65.78 + 2.00 %, respectively. In addition,
Noorhajati et al. (2012) studies three different extracts of
Cassia fistula L. and inhibition of lipid peroxidation values
of acetate, methanol and n-hexane extract were found as
65.98, 58.19 and 32.66%, respectively. When obtained
results compare with these values, our AC and CL results

are higher than others.
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Figure 1. Comparison of antioxidant activity of samples and standards

Hydrogen peroxide is produced in biological systems.
Although it is not very reactive, it can be sometimes toxic
to cells due to the higher OH® concentration. Also,
increasing hydrogen peroxide levels to cells in culture can
bring about oxidative DNA damage. Therefore, scavenging
hydrogen peroxide is very vital for protection of
(Gulgin  2010).
Hydrogen peroxide scavenging activity increase depend

pharmaceuticals and food systems
on the concentration and obtained SCso values (ug/mL)
present in Table 2. Subramanian et al. (2013) found the
hydrogen peroxide activity ICso values of Shorea roxburghii
stem bark for acetone and methanol extracts as 87.18 and
63.67 ug/mL, respectively. In respect to activity, these
results are lower than AC, CL and LO.

Table 2. Hydrogen peroxide scavenging activities of samples and
standards.
AC CL Lo BHA RUT TRO

208.36 218.36 228.14 194.92 124.05 447.55

When antioxidants and DPPH" radical interact, antioxidant
molecules give hydrogen or electron to DPPH radical so it
changes stable non-radical form as DPPH-H (Soares et al.
1997). The SCso values (ug/mL) were found as 50.52,
56.56, 98.18, 8.58, 17.01, 26.84 for AC, CL, LO, BHA, RUT
and TRO, respectively. Boni et al. (2014) found DPPH
radical scavenging activities (ICso values) of water and
methanol extracts of Spondias mombin stems bark as
10.33 + 1.09 and 5.83 + 0.88 pg/mL, respectively.
Duganath et al. (2010) studied DPPH radical scavenging
activity (ICso values) of ethanolic extracts of Filicium
decipiens stem and its activity was found 2300 pug/mL. AC,
CL, LO were found to have radical scavenging activities at
higher concentrations compared with standards. In
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addition, our samples show considerably higher activity
than Filicium decipiens stem.

In metal chelating activity assays, ferrozine and Fe?* form
strong red complex. In the presence of other chelating
agents, the red color intensity of complex distrupted and
new complex forms between chaleting agents and Fe*?
(Glder and Korkmaz 2012). Metal chelating activity were
changed as in Figure 3. At the 1000 pg/mL concentration,
Krishnappa et al. (2014) found petroleum ether,
chloroform and ethanol extracts of Delonix elata L. stem
bark extracts as 0.47+0.03, 7.51+0.39 and 27.29+0.29,
respectively. Related study results are excessive lower

than AC, CL, LO’ s chelating activities.

100

25 pg/mL

® 50 pg/mL m 100 pg/mL

80

60 -

40 -

20

Fe*2 Chelating Activity (%)

AC CL LO BHA RUT TRO

Figure 2. Metal chelating activities of samples and standards at the
different concentrations.

Phenolic compounds shows antioxidant activity owing to
their free radical and active oxygen species scavenging
activities (Hall and Cuppett 1997). Flavonoids which are
very important plant compounds have active hydroxyl
groups that cause antioxidant activity (Kumar et al. 2008).
According to our results, the gallic acid equivalents of total
phenolic contents of extracts were found 850.71, 716.40
and 457.79 ug GAE/g for AC, CL and LO, respectively. Total
flavonoid contents were found as 58.77, 43.30 and 22.91
pg of catechin equivalents/g for AC, CL and LO,
respectively. Boni et al. (2014) studied total phenol and
flavonoid contents of water and methanol extracts of
Spondias mombin stems bark. Total phenol contents of
water and methanol extracts ranged from 183.5+1.89 to
343.5+6.44 mg GAE/g of dry plant. Also, total flavonoid
contents of water and methanol extracts were found as
7.48+0.19 and 11.28+0.45 mg QE/g of dry plant,
respectively. Subramanian et al. (2013) investigated the
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total phenolic contents of Shorea roxburghii stem bark for
acetone and methanol extracts as 65.74+8.70 and
67.67+4.90 ug GAE/mL, respectively. Krishnappa et al.
(2014) found total phenolic contents of petroleum ether,
chloroform and ethanol extracts of Delonix elata L. stem
bark extracts as 7.85+0.01, 45.71+0.25 and 77.7510.05 ug
GAE/mg extract, respectively. As to flavonoid contents are
0.16+0.35, 61.50+1.16 and 75.33+0.67 ug QE/mg extract,
respectively.

CONCLUSION

Medicinal plants or their parts are used as primary source
for the alternative medicine. They have numerous
advantages because of the fewer side effects. Stem barks
can be helpful for the treatment of various diseases due to
the presence of antioxidant components in them. When
these activities compared with the standard antioxidants,
they demonsrate very efficient activity. Thereby, the
obtained results show that three stem barks can be used
as source of natural antioxidants in medical and food
industry. In the future studies, active components could
be isolated and characterized. Also, their quantities can be
detected by using chromatography methods.

REFERENCES

Akhila S, Bindu AR, Bindu K, Aleykutty NA (2009) Comparative
Evaluation of Extracts of Citrus limon Burm Peel for Antioxidant
Activity. J Young Pharm. 1(2):136-140.

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

Boni ANR, Ahua KM, Kouassi K, Yapi H, Djaman AJ, Nguessan JD (2014)
Comparison of In-Vitro Antioxidant Activities and Total Phenolic
Contents in Water and Methanol Extracts of Stems Bark of
Spondias mombin. Research Journal of Pharmaceutical, Biological
and Chemical Sciences 5(3):1457-1468.

Campelo LML, de Almeida AA C, de Freitas RLM, Cerqueira GS, de Sousa
GF, Saldanha GB, Feitosa CM, de Freitas RM (2011) Antioxidant
and Antinociceptive Effects of Citrus limon Essential Oil in Mice.
Journal of Biomedicine and Biotechnology Volume 2011, Article
ID 678673, 8 pages.

Cassano A, Figoli A, Tagarelli A, Sindona G, Drioli E (2006) Integrated
membrane process for the production of highly nutritional
kiwifruit juice. Desalination 189:21-30.

Chat J, Jauregui B, Petit RJ, Nadot S (2004) Reticulate evolution in
kiwifruit (Actinidia, Actinidiaceae) identified by comparing their
maternal and paternal phylogenies. Am J Bot 91:736-747.

Chung YC, Chang CT, Chao WW, Lin CF, Chou ST (2002) Antioxidative
activity and safety of the 50 ethanolic extract from red bean

218|ACU Orman Fak Derg 17(2):214-219

fermented by Bacillus subtilis IMR-NK1. J Agric Food Chem
50:2454-2458.

Dinis TCP, Madeira VMC, Almeida LM (1994) Action of phenolic
derivatives (acetaminophen, salicylate and 5-aminosalicylate) as
inhibitors of membrane lipid peroxidation and as peroxyl radical
scavengers. Arch Biochem Biophys 315:161-169.

Duganath N, Reddy KN, Nagasowjanya J, Sridhar, Sushma, KN Jayaveera
(2010) Evaluation of phytochemical and in-vitro antioxidant
activity of Filicium decipiens. Annals of Biological Research
1(1):134-140.

Guder A, Korkmaz H (2012) Investigation of antioxidant activity and
total anthocyanins from blackberry (Rubus hirtus Waldst. & Kit)
and cherry laurel (Laurocerasus officinalis Roem). Asian J Chem
24:4525-4531.

Giilgin 1 (2010) Antioxidant Properties of Resveratrol: A Structure—
activity Insight. Innov Food Sci Emerg Tech 11:210-218.

Hall CA, Cuppett SL (1997) Structure-activities of natural antioxidants.
In: Auroma Ol and Cuppett SL (ed) Antioxidant Methodology: In-
vivo and in-vitro Concepts. AOCS Press, pp 141-170.

Huang S, Ding J, Deng D, Tang W, Sun H, Liu D, Zhang L, Niu X, Zhang X,
Meng M, Yu J, Liu J, Han Y, Shi W, Zhang D, Cao S, Wei Z, Cui Y, Xia
Y, Zeng H, et al. (2013) Draft genome of the kiwifruit Actinidia
chinensis. Nature Communications DOI: 10.1038/ncomms3640.

Inatani R, Nakatani N, Fuwa H (1983) Antioxidative Effect of the
Constituents of Rosemary (Rosemarinus officinalis L.) and Their
Derivatives. Agric Biol Chem 47:521-528.

Kaya A, Aydin O, Kolayh S (2010) Effect of different drying conditions on
the vitamin C (ascorbic acid) content of Hayward kiwifruits
(Actinidia deliciosa Planch). Food and Bioproducts Processing
88:165-173.

Kawaii S, Yasuhiko T, Eriko K, Kazunori O, Masamichi Y, Meisaku K, Ito
C, Hiroshi F (2000) Quantitative study of flavonoids in leaves of
Citrus plants. ) Agric Food Chem 48:3865—-3871.

Kolayli S, Kiigiik M, Duran C, Candan Ferda, Dinger B (2003) Chemical
and Antioxidant Properties of Laurocerasus officinalis Roem.
(Cherry Laurel) Fruit Grown in the Black Sea Region. J Agric Food
Chem 51:7489-7494.

Krishnappa P, Venkatarangaiah K, Venkatesh, Rajanna SKS, Gupta RKP
(2014) Antioxidant and Prophylactic Effects of Delonix elata L.,
Stem Bark Extracts, and Flavonoid Isolated Quercetin against
Carbon Tetrachloride-Induced Hepatotoxicity in Rats. BioMed
Research International Article ID 507851, 14 pages.

Kumar PS, Sucheta S, Deepa VS, Selvamani P, Latha S (2008) Antioxidant
activity in the some selected Indian medical plants. Afr J
Biotechnol 7:1826-1828.

Li JQ, Li XW, Soejarto DD (2007) Actinidiaceae. In: Wu ZY, Raven PH,
Hong DY (ed) Flora of China, Science Press, Brijing, Missouri
Botanic Gardens, St Louis, USA, Vol 12, 334-360.

Mitsuda H, Yasumoto K, Iwami K (1996) Antioxidative action of indole
compounds during the autoxidation of linoleic acid. Nippon Eiyo
Shokuryo Gakkaishi. 19:210-214.

Nishiyama I, Yamashita Y, Yamanaka M, Shimonashi A, Fukuda T, Oota
T (2004) Varietal Difference in Vitamin C Content in the Fruit of
Kiwifruit and Other Actinidia Species. J Agric Food Chem
52:5472-5475.



Noorhajati H, Tanjung M, Aminah NS, Ami Suwandi JS (2012)
Antioxidant Activities of Extracts of Trengguli Stem Bark (Cassia
fistula L.). International Journal of Basic & Applied Sciences IJBAS-
IJENS 12(4):85-89.

Ruch RJ, Cheng SJ, Klaunig JE (1989) Prevention of cytotoxicity and
inhibition of intercellular communication by antioxidant
catechins isolated from Chinese green tea. Carcinogenesis
10:1003-1008.

Selman JD (1983) The vitamin C content of some kiwifruits (Actinidia
chinensis planch., variety hayward) 11(1):63-75.

219|ACU Orman Fak Derg 17(2):214-219

A. Glider

Singletary K (2012) Kiwifruit Overview of Potential Health Benefits. Nutr
Today 47(3):133-147

Slinkard K, Singleton VL (1977) Total phenol analysis: automation and
comparison with manual methods. Am J Enol Vitic 28:49-55.

Soares JR, Dinis TCP, Cunha AP, Almeida LM (1997) Antioxidant
activities of some extracts of Thymus zygis. Free Rad Res 26:469—
478.

Subramanian R, Subbramaniyan P, Raj V (2013) Antioxidant activity of
the stem bark of Shorea roxburghii and its silver reducing power.
SpringerPlus 2:28



