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The various biological activities of Rheum ribes extract on different
types of cell

Musa Tartik ', Ekrem Darendelioglu ', Gurkan Aykutoglu !, Giyasettin Baydas**
Abstract

The worldwide acceptance to use traditional herbs for medicinal remedies is a common event in recent times. Herbal plants
have positive benefits rather than the side effects of marketing drugs. Therefore, numerous traditional plants are used to prevent
various types of cancer, diabetes and viral diseases. These findings provided an attention in herbal medicine to discover rational
and natural drugs and isolate biologically active compounds.

Rheum ribes (R. ribes) is most popular herbal plant to obtain raw drug materials. Its fresh stems, leaves and petioles are
commonly consumed as crude drugs in Asian countries. This study was designed to examine the biological activities of ethanol
extract of Rheum ribes root (EERR) such as antioxidant activity on human umbilical vein endothelial cells (HUVECs), anticancer
effectiveness in prostate cancer cells (PC3) and antimicrobial activity against several microorganisms. Moreover, the some active
chemical compounds were determined in EERR.

The purpose of the present study was planned to evaluate the activity of EERR on the induction of oxidative cell injury in
PC3 and HUVECs. Treatment of HUVECs with EERR decreased hydrogen peroxide (H,O,) induced reactive oxygen species
(ROS) overproduction and lipid peroxidation (LPO) levels. Furthermore, EERR caused an increase on productions of ROS and
malondialdehyde (MDA) in PC3 cells and significantly decreased cell viability. Besides, the antibacterial and antifungal analysis
showed that EERR is active against Staphylococcus aureus, Enterobacter aerogenes, Escherichia coli and Saccharomyces
cerevisiae. It was concluded that EERR has both pro-oxidant ability against PC3 cells and antioxidant activity on HUVECs.

Keywords: HUVECs; LPO; PC3; Rheum ribes; ROS

Rheum ribes ekstraktinin farkli hiicre tipleri iizerindeki biyolojik etkileri

Ozet

Son yillarda, geleneksel olarak kullanilan gifali bitkilerin tedavi amagli kullanimu biitlin diinya tarafindan kabul gérmektedir.
Bu tiir bitkiler piyasadaki ¢ok sayida ilacin yan etkilerine ragmen birgok pozitif etkiye sahiptirler. Bu ylizden sayisiz sifal1 bitki;
diyabet, cesitli kanser tiirleri ve viral hastaliklarda tedavi amaciyla kullanilmaktadir. Bu bulgular, birgok arastirmacinmin dikkatini
sifali bitkilere yonelterek, dogal ve oranli ilaglar kesfetmeye tesvik etmistir.

Rheum ribes (1skin) da bu sifali bitkilerden olup, ham maddeleri tedavi amagh kullamlmaktadir. Anadolu ve Asya’nin cesitli
iilkelerinde gdvdesi, yapraklart ve saplar taze ya da pisirilmis olarak tiiketilmektedir. Bu ¢alisma Rheum ribes kdk etanol
ektraktinin (EERR) biyolojik aktivitelerini belirlemek i¢in tasarlanmistir. Bu caligmada insan umblikal ven endotel hiicresi
(HUVEC)’te antioksidan, prostat kancer hiicresi (PC3)’de anti-kanser etkisi ve bazi mikroorganizmalarda ise antimikrobiyal
aktivitesine bakildi. Ayrica ekstraktin i¢indeki 4 farkli aktif fitokimyasalin miktarida belirlendi.

Bu c¢aligmamin amaci; oksidatif stres agisindan indiiklenmis HUVEC ve PC3 hiicrelerinde EERR’in aktivitesini
degerlendirmektir. Alinan sonuglara gore, hidrojen peroksit (H,0O,) ile indiiklenmis HUVEC’ler EERR ile muamele edildiginde,
hiicrelerde artmuis olan reaktif oksijen tiirleri (ROS) ve lipid peroksidasyonu (LPO) seviyelerini diislirdiigii goriildii. Ayrica ayni
dozlarin PC3 hiicrelerinde ise ROS ve LPO’yu artirdigi ve buna bagli olarak hiicre canliligimi diistirdiigii gosterildi. Diger
taraftan, EERR’in Staphylococcus aureus, Enterobacter aerogenes, Escherichia coli ve Saccharomyces cerevisiae
organizmalarina kars1 antimikrobiyal aktivitesinin oldugu belirlendi. Bunlara ek olarak, EERR’1n iginde; chrysin, narinegenin ve
quarcetin’nin varligi ve miktarlar: tespit edildi. Sonug¢ olarak, EERR’mn PC3 hiicrelerinde pro-oksidant bir etki ile hiicreyi
6ldiirdiigii, ama HUVEC’lerde ise antioksidan bir ajan olarak hiicreyi korudugu saptandi.

Anahtar Kelimeler: HUVECs; LPO; PC3; Rheum ribes; ROS

Abbreviations: Caffeic Acid Phenethyl Ester (CAPE); Human Umbilical Vein Endothelial Cell (HUVEC); Hydrogen Peroxide (H202); Lipid
Peroxidation (LPO); Malondialdehyde (MDA); luria broth (LB); Microgram/mililiter (ug/ ml); Micromolar (uM); Nitric Oxide (NO); Reactive
Oxygen Species (ROS); Prostate Cancer Cells (PC-3 cells); Thiobarbituric Acid Reactive Substances (TBARS); Water Soluble Tetrazolium-1
(WST-1); yeast extract peptone dextrose (YPD); Ethanol Extract of Rheum Ribes Root (EERR).

! Bingol University, Faculty of Science and Literature, Department of Molecular Biology and Genetics, 12000 Bingol, Turkey
2 Bingol University Rectorate, Bingol University, 12000 Bingol, Turkey
* Corresponding author E-mail: baydas@hotmail.com; Tel.: (+90) (426) 216-0001 (3400); Fax: (+90) (426) 215-1020
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1. Introduction

Treatment of chronic infectious and several hard-curable
diseases such as cancer, diabetes and Alzheimer with
available drugs are inadequate to present consistent solutions
in modern medicine remedies. In addition, increasing studies
revealing the side effects of marketing drugs being
chemically produced [1-3] and also the resistance that many
pathogenic microorganisms improve against commercial
antibiotics [4,5]. Recently, these findings provided an
attention in herbal medicine to discover the basis for rational
drug of natural origin and isolate biologically active
compounds to treat diseases. In fact that, nature has a
balance of doses that is crucial to be alive. The importance
of dose was expressed many years ago by Paracelsus "All
things are poison and nothing is without poison; only the
dose makes a thing not a poison." [6]

In recent years, there is a common worldwide
acceptance to use traditional herbs that have been preferred
since ancient times as a medicinal drug. Herbal plants have
positive benefits such as easier accessibility and lower side
effects to control and prevent various types of cancer,
diabetes and viral diseases [7]. Therefore, there are a number
of singly prepared or combined herbal drugs to use for
medicinal remedies [8,9].

Rheum species from Polygonaceae family are also
important herbal plants to be used in pharmacological
research. Especially, Rheum ribes (R. ribes) is most popular
one to obtain the raw materials of crude drugs in Asian
countries [10]. Its fresh stems, leaves and petioles are
commonly consumed as a raw and cooked vegetable in
Lebanon, Iran and eastern Turkey [11]. R. ribes is locally
named as ‘‘iskin, rhurbarb, rivas and ribes’’ in daily
languages.

R. ribes is a wild perennial vegetable species growing in
sub regions of North and Central Asia. Its wild forms mostly
found between 1800 and 2800 altitude rocky countryside of
Iran and Anatolia. Additionally, R. ribes is the only Rheum
specie geographically adapting in Turkey [12]. Moreover, it
can compatible with extreme dark, arid and very clayish
acidic or alkaline soils conditions and also stay alive at
freezing cold weather [13].

Conventionally, R. Ribes has been used as a diuretic
remedy for urinary inflammation in Turkey [14] but also
eaten as soothing food and mood modifier in Iran [15]. It has
been also consumed for hypertension, obesity, haemorrhoids
and stomachic problems [16]. Furthermore, the numerous of
studies have shown various biological effects of R. ribes
root, stem, leaf, seed and flower in different solvent
fractions. Its root, stalk, leaves and seed extracts have
exhibited significant antimicrobial activities against clinical
gram negative pathogens and Bacillus subtilis and
Enterobacter aerogenes [17,18]. Besides that, antiviral
activity of R. ribes were tested and resulted in high activity
against Herpes simplex virus [19]. Trichomonas vaginalis is
a pathogenic bacteria causing Trichomoniasis that is the
most common sexually transmitted diseases in woman.
Recently bacteria have built up drug resistance, so looking
for new effective remedies. The study of Naemi et al. [20]
demonstrated that the flower extract of R. ribes can be used
as an anti-trichomonas agent by human [20].

Processed R. ribes root can control blood glucose level
in diabetic patients by significant reduction [21,22]. In
addition, Uyar et al. [23] displayed that its ethyl acetate
fraction has an antioxidant capability and cytotoxic
properties against HL-60 cells [23]. R.ribes is also strong
antioxidant to decrease oxidative damage [24]. Pyrocatechol
and quercetin [22] are potential antioxidants which provide
important phenolic constituents in ethanol extract of Rheum
ribes root (EERR) [25].

The objective of present study was planned to evaluate
the activity of EERR on the induction of oxidative cell
injury in prostate cancer cells (PC3) and human umbilical
vein endothelial cells (HUVECs:), therefore, changes in lipid
peroxidation (LPO) and reactive oxygen species (ROS)
generation were measured and the survival rate of treated-
PC3 was determined to investigate anticancer activity.
Moreover, EERR induced DNA fragmentation was detected
to examine the relation of its cytotoxicity with apoptosis. In
addition to that, EERR was phytochemically studied by
HPLC-MS/MS (Exactive Plus mass spectrometer) to
determine the correlation of antitumor activity with the
active compounds. It was also aimed to evaluate antifungal
and antibacterial activity of EERR to examine various
biological properties of plant.

2. Experimental Procedures
2.1. Materials

Trichloro acetic acid (TCA) (PubChem CID:6421), 2',7"-
Dichlorofluorescein diacetate (PubChem CID:53705683),
tris (PubChem CID:6503), sodium chloride (PubChem
CID:5234), ethylenediaminetetraacetic acid (EDTA)
(PubChem CID:6049), 2-thiobarbituric acid (TBA)
(PubChem CID:2723628) and malondialdehyde bis
(PubChem CID:67147) were purchased from Merck
Company (Germany).

2.2. Preparation of Extract

R. ribes was collected from the rocky countryside of
Karliova, Bingol, Turkey. The 6 g of R. ribes root was
extracted with 150 ml ethanol by shaking and extraction at
room temperature. Then, EERR were filtered with Whatman
No. 1 filter paper. The filtrates were evaporated with
vacuum incubator and later then the prepared ethanol extract
was stored under a dry condition.

2.3. Cell Culture

PC3 were used to assess the anticancer effect of EERR
on PC3 cells. Cells were purchased from American Type
Culture Collection (ATCC, USA). Cells were cultured in
RPMI 1640 complete media containing 10 % fetal bovine
serum and 1 % penicilin (1000 IU/ml)-streptomycin (10
g/ml) solution in humidified 5 % CO, incubator. Cells were
subcultured every two days and used between 5-7 passages.
HUVECs were supplied by Eskisehir Anatolia University,
Plant Drug and Scientific Research Center. Cells were
cultured in endothelial growth media containing growth
supplements, fetal bovine serum, human fibroblast growth
factor (hFGF), human epithelial growth factor (hEGF),
hydrocortisone,  gentamicin-amphotericin-B,  vascular
endothelial growth factor (VEGF) and ascorbic acid (Lonza,
USA). Cells were grown in humidified incubator with 5 %
CO, and used at 5-10 passages.

2.4. Cell Cytotoxicity Assay

The effects of EERR on PC3 cell cytotoxicity were
monitored using WST-1 cell proliferation assay kit
(Clontech Laboratories, USA). PC-3 cells were pre-cultured,
and 5x10° of harvested cells were seeded in 96-well plate.
Cells were treated with various dose of EERR; 60, 125, 250,
500 and 1000 pg/ml. Later, 5 pul of WST-1 reagent was
added to each well and then 4h incubation, absorbance was
measured for each well at 450 nm (reference: 630 nm) by
Spectra Max Plus 384 Microplate Reader (Molecular
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Devices, USA). The EERR spectrum was blanked to the
samples.

2.4.1. Experimental Grouping

PC3 cells were divided into two groups. In control
group, cells were treated with just complete growth media.
In EERR group, cells were treated with two of best cytotoxic
doses (500 and 1000 pg/ml) of EERR that were determined
in cell cytotoxicity assay. Then two groups were cultured in
complete media for 24h.

HUVECs were divided into four groups. There was no
agent in control group. 400 pM H,O, (oxidative stress
inducing agent) [26] was used in positive control group. In
EERR group, cells were incubated with 400 pM H,0, and
500, 1000 pg/ml ethanol extract of R. ribes root for 24h.

2.5. Reactive Oxygen Species Assay

ROS generation was measured using 2°, 7’-
Dichlorodihydrofluorescin  diacetate (DCFH-DA). PC-3
cells were treated as in experimental grouping part (2.4.1). 5
uM of DCFH-DA was added to 1x 10° cells for each group.
Then, cells were incubated at 37 °C for one hour.
Fluorescence intensity of each group was measured with a
spectrofluorometer (Perkin-Elmer LS-55, USA) using
exitation and emmission wavelengths of 485 nm and 525
nm. Fluorescence intensity was expressed as relative
fluorescence unit for each sample [27].

ROS was measured in HUVECs using same method as
in PC3 cells. HUVECs: cells were treated as in experimental

grouping part (2.4.1).
2.6. Lipid Peroxidation Assay

LPO levels for experimental groups (2.4.1) were assayed
by measuring the amount of thiobarbituric acid reactive
substances (TBARS) formed from malondialdehyde (MDA)
resulted from lipid peroxidation reactions. Cells were
harvested and centrifuged at 2500 rpm for 2 minutes. After
that, 250 pl trichloroacetic acid (70% w/v) and 1 mL of
thiobarbituric acid (0.8% w/v) were added to cells and
incubated at 95 °C for 30 minutes in boiling water bath.
Later, cells cooled on ice for 5 minutes and centrifuged at
15000 rpm for 10 minutes. The supernatants were taken and
measured at 532 nm in 96-well plate by Spectra Max Plus
384 Microplate Reader (Molecular Devices, USA).
Malondialdehyde bis was used as a standard. MDA levels
was calculated and expressed as uM for each sample [28].
LPO assayed in HUVECs using same method as in PC3
cells. HUVECs cells were treated as in experimental

grouping part (2.4.1).
2.7. DNA Fragmentation Assay

DNA fragmentation was observed by agarose gel
electrophoresis. PC3 cells were cultured and treated as stated
in experimental grouping part (2.4.1). After treatment, the
cells were centrifiged and washed in PBS. The kit
extraction protocol (G-Dex, Belgium) was taken as a guide
to isolate DNA. The fragmentation of nucleosomal DNA
was analyzed by running on 1.5% agarose gel in Tris-
Acetate-EDTA (TAE) with Ethidium Bromide. The DNA
bands were imagined using a GelDoc EZ (Bio Rad, USA).

2.8. The Exactive Plus Mass Spectrometer (HPLC-
MS/MS) Analysis

The 1000 ppm stock solution of phenolics compounds;
caffeic acid phenethyl ester (CAPE), quercetin, chrysin and

naringenin were prepared in methanol. The calculated
volumes of each standard stock solution were taken to
prepare a 10 ppm mix solution. Then it was diluted to derive
0.050, 0.100, 0.250, 0.500 and 1.000 ppb concentrations.
Calibration curve of each phenolic compounds were plotted
with regard to their various concentration volumes. Hypersil
gold column (50x4.6 mm, 1.9 pum particle size) was
preferred in chromatographic separation (Thermo Fisher
Scientific). (A) Aquatic phase with 1% formic acid and (B)
acetonitrile with 1% formic acid were mobile phases of
experimental part. During that process, the multi-step
gradient mobile phase flowed with 0.3 ml/min rate and 20
pL from each sample was injected. The multi-step gradient
programme was followed as 0.0 —1.0 min, 65-70% B; 1.0—
3.0 min, 70-85% B; 3.0-5.0 min, 85-90% B; 5.0-8.0 min,
85-90; 8.0-10.0 min 95% B.

The Exactive plus orbitrap was used as mass
spectrometry to arrange ESI source. Xcalibur, Tune and
Chromeleon data softwares (ThermoFinnigan, San Jose, CA,
USA) were carried out to control device and process data
acquisition. The instrument was performed in positive-ion
mode, with spray voltage set at 3.50 kV, sheath gas flow 40,
auxiliary gas flow 10 (au) and the ESI capillary temperature
320 °C. The full-mass scan covered the mass detection from
m/z 250 to 310. The instrument determined and measured
amount of present compounds in accordance with mass
ranges, exact mass and specific retention time.
Quantifications were calculated according to the accurate
mass search technique (5 ppm) by comparison the specific
retention times and precise mass of present standards [29].
The accurate masses of sample standards were found by
searching in “http://planetorbitrap.com/ and
www.mzcloud.org” database.

2.9. Antimicrobial Activity Test

The EERR was tested for antifungal activity aganist
Saccharomyces cerevisiae and antibacterial capability
against various pathogenic organisms; Staphylococcus
aureus, Enterobacter aerogenes and Escherichia coli. The
cells were measured at specific absorbance for each
microorganism (mostly 600 nm) with Spectra Max Plus 384
Microplate Reader (Molecular Devices, USA). The pure
culture of microorganism were prepared in liquid solution of
LB broth for bacteria and yeast extract peptone dextrose
(YPD) for yeast in rotary shaker with 110 rpm at 32 °C
overnight. The 96 well plates were used to test antimicrobial
activity and each well initially consisted of 8.0 x 10° cells.
Three columns of well plate was used; the first one included
growing medium with EERR but without microorganism as
a negative control and blank, the second one was for positive
antibiotic  (Streptomycin+tAmphycylin)  control ~ with
microorganism and the final one was for various dose of
extract treated to microorganism. After that, cells were
incubated in rotary shaker with 110 rpm at 32 °C for 12 h.

2.10. Statistical Analysis

Statistical analysis was made GraphPad Prism 5.01
software.and comparable data groups were evaluated by
one-way ANOVA Newman-Keuls Post-Hoc Test; p<0.05
was considered significant.
3. Results
3.1 Effects of EERR on PC3 cell cytotoxicity

We further evaluated the cytotoxic effects of various

concentrations of EERR using WST-1 assay. Different
concentrations showed significant cytotoxic effect on PC3
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cells in dose-dependent manner for 24h. When compared to 3.2 Antioxidant capacity of EERR on HUVECs
control cells, five different doses of EERR decreased cell
viability (Fig.1A, p<0.001).

The EERR caused DNA fragmentation was also
determined to understand hallmark of death reason. Two
doses of EERR were chosen according to cell viability
results in Fig. 1A. Both doses displayed a clear DNA

To investigate antioxidant capacity of EERR on
HUVECs were induced by H,O,. The ROS and MDA levels
were measured in EERR treated HUVECs inducing with
H,0,. There is a significant difference between control and
treated cells in accordance with various doses of EERR (Fig.

fragmentation effect when compare to untreated control cells 2A and 2C)
(Fig. 2A). '
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Marker Cont 500 1000 pg/mli
Gt | ==+
E 1000 bp H
Py 500 bp
)
©
100 bp
= %%k
3 L Fo sk
<
o S o
o
L)
Q pg/mi

Q \) N

Fig. 1. The cytotoxicity and DNA fragmentation analysis of EERR. (A) The cell viability results of treatment PC3 with the
various doses of EERR for 24 h. (B) The two best cytotoxic doses of EERR was treated to PC3 to determine DNA fragmentation
effects. No extract was added to control cells. (Data were expressed as mean+SD with three independent experiments. (***
p<0.001 vs cont; n=3)

5 =)
& 1500- A & 1500 B
2 2
g — Zt *kk
§ 10001 - a a § 1000 e =
- = o o
S S S o R
g 2 e
1" 1
S ' /ml s ¢ S g/ml
i " S o Ha/m ra o o M
Qs'l«o & \QQ ‘oQ ,\QQ
0.06- C Sk 1 D
- *%
. i il
E:L 0.04- Z & = -
g g :5-'-:- .:...,:,:
S  0.02 =
0.00- y % T p.g/ml ' p,g/ml
X
o O & N 9 Q
QT % N ° & K

Fig. 2. The consequences of EERR on PC3 and HUVEC cells as an anticancer and antioxidant agent. (A) Total ROS production
of EERR in H,0, induced HUVEC for 24h. (B) Graph showing ROS generation of various doses of EERR in PC-3 cells for 24h.
(C) LPO results of two best cytotoxic doses of EERR in H,0, induced HUVEC for 24h. (D) Graph showing TBARS results of
two best doses of EERR .in PC3 cells 24h. No extract was added to control cells. (Data were expressed as mean+SD with three
independent experiments. (* p< 0.05 vs cont, ** p<0.01 vs cont and *** p<0.001 vs cont, p<0.05 vs H,0, and ®p<0.01 vs H,0,,
n=3)
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3.3. Effects of EERR on LPO levels and ROS production
in PC3

In order to evaluate whether EERR could affect ROS
and LPO generations in PC3 cells, we measured ROS and
MDA concentrations in EERR treated PC3 cells. As in Fig.
2B, fluorescence intensity shows ROS generation in each
sample. According to results, EERR induced ROS
production in PC3 cells. When compared to control cells
500 and 1000 pg/ml of EERR significantly increased ROS
in dose-dependent manner (p<0.01 and p<0.001
respectively).

MDA concentrations measured as a result of LPO. The
EERR induced LPO in dose-dependent manner in PC3 cells
for 24h. Comparing to control cells, 500 and 1000 pg/ml
EERR increased MDA level significantly (p<0.05 and
p<0.01) as seen Fig.2D.

3.4 HPCL-MS/MS
constituents in EERR

analysis of phytochemical

The phytochemical analysis of EERR represented in
Table.l. The HPLC-MS-MS analysis resulted in the

Table 1. Chemical compounds detected in EERR

persence of some important natural products such as
flavonoids and phenolics. A kind of flavonoid or phenolic
products mostly displayed clear intensity as [M +H]" ions in
the positive mode.

The experimental results are demonstrated the presence
of chrysin, narinegenin and quarcetin as an example of
flavonoids and phenolics. These important natural
compounds were determined in extract of EERR by HPLC-
MS-MS analysis. Their percentage in sample of EERR were
calculated and indicated in Table 1.

3.5 Effects of EERR on bacteria and yeast

To evaluate antimicrobial activity of EERR, the various
doses of it were analyzed against different bacteria and
yeast. Fig. 3 shows that antimicrobial capability of minimum
inhibition concentration (MIC) doses on microorganisms.
The results in Fig. 3A, 3B and 3C indicate that various
EERR doses have good antibacterial activity against E.
aerogenes, S. aureus and E. coli. Moreover, it should be
active against S.cereviseae in higher dose (Fig. 3D).

Calculated Amount Mass

Component Name Equation Area (ag/mg) Spectrum RT
Quercetin y=-3.68311e+006+222867*x R*=0.9990 6147687 44.111 303.0499 2.20
Naringenin y=-1.52771e+007+149240*x R? = 0.9895 3557106 126.201 272.0757 2.08
CAPE y=13.39873¢+006+15839.2*x R? =0.9993 1037678 - 285.1109 2.08
Chrysin y=769815+1.30064¢+006*x R? =0.9997 5136801 3.358 255.0651 2.36
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Fig. 3. The antimicrobial activity of EERR on growth rate of several bacteria and yeast cells. Cells were treated with various
doses of EERR and same amounts of antibiotic mix as a positive control. (A) The antibacterial activity of EERR on gram-
negative bacteria, E. aerogenes, (B) gram-positive bacteria, S. aureus and (C) gram-negative bacteria, E. coli for various doses
for 12 h. (D) The antifungal activity of EERR on S. cereviseae for various doses for 12 h. Data are presented as means +SEM
(n=3). ***p<0.001 and *p<0.05 Cont, antibiotic mix and various doses of EERR

Tr. Doga ve Fen Derg. — Tr. J. Nature Sci. 2015  Vol.4 No.2



M. Tartik et al. The various biological activities of Rheum ribes extract on different types of cell

4. Discussion

The entire biological activity of R. ribes and underlying
mechanisms by which it might be effective are yet
unclarified, although a number of biological properties of it
have been revealed by testing on different model organisms.
In the current study, we indicated that treatment of PC3 cells
with the EERR decreased cell proliferation. We also found
that the pro-oxidant activity of EERR in PC3 cells, which
upregulated the ROS generations and LPO. It is exactly
known that ROS and LPO are highly reactive to decide cell
destiny [30,31]. On the other hand, the antioxidant activity
of R. ribes has been previously reported [24,25]. We
revealed that treatment of H,O, induced HUVECs with the
various doses of EERR provided a decrease in ROS and
MDA levels. Therefore, it might be suggested that EERR
lead to pro-oxidant activity in cancer cell, in addition to its
antioxidant ability in epithelial cells

There are limited number of studies about antitumor
activity of R. ribes to reveal cytotoxicity and apoptotic
effects of its root extract [23]. Furthermore, a report shown
that emodin component from Rheum species induced
apoptosis in human lung squamous carcinoma by activating
mitochondrial pathway [32]. We infer that EERR may
decrease cell viability due to increasing intracellular ROS
and LPO levels.

Herein, we partially assessed mechanisms by which
EERR can cause death of PC3 cells. Therefore, our results
further displayed that DNA were fragmented by the various
doses of EERR in PC3 cells. The DNA fragmentation is
accepted a highlight of apoptosis [33]. We suggest that
EERR might induce DNA fragmentation as a result of
apoptosis.

As known, the quantitative and qualitative
phtyochemical screening of chemical constituents in natural
plant extracts provide essential information for discovery of
novel drugs. At the present study we analyzed the ingredient
of EERR to determine some important phenolic and
flavonoids including chrysin, naringenin, quarcetin and
CAPE. All of these phytochemical chemicals have both
immune modulator and anticancer ability. It is definitely
elicited that the antioxidant activity and c.ytotoxicity
capability have a linear correlation with phenolic and
flavonoid concentrations [34,35]. It can be said that they
may contribute and determine effectiveness of the biological
activities of EERR.

Naringeninis a type of flavonoid that behaves as
antioxidant, immune modulator, free radical scavenger and
anticancer agent to regulate cell health [36-38]. Chrysin, is
also a well-known natural flavone, has been clarified to be
an antioxidant and anticancer agent in numerous
pharmacological actions. It is commonly known as a wide
distributed major dietary flavonol and revealed as a potential
antioxidant, anti-proliferative and pro-apoptotic agent [39].
These findings together with our results strongly suggest
that phenolic and flavonoid context of R. ribes might lead its
bioactivities.

In the present study, we have also examined the
antimicrobial activity of EERR in various bacteria cultures;
E. aerogenes, S. aureus and E. Coli. We have suggested that
EERR has antimicrobial activity, similar to studies
investigated antibacterial activity of R. ribes [17,40].
Moreover, we also demonstrated that EERR inhibited
S.cereviseae growth at high doses as antifungal agent, unlike
a study argued that it is ineffective against yeast [18].

A plenty of researches clearly displayed that the
different part of R. ribes plant are active against several
pathogens [20,40]. However, it is not clear yet to explain the
dose-dependent effectiveness of R. ribes against different
type of microorganisms. Our findings were fairly shown that

the low doses of EERR strongly decreased growth rate of E.
aerogenes and E. Coli. Otherwise, the high doses of it were
just active against S. Aureus and S.cereviseae.

In conclusion, various biological properties of EERR
have been revealed in present study. We observed that
ERRR increases ROS and LPO levels which might inhibit
the cell viability of PC3 as a pro-oxidant. Furthermore, the
DNA of PC3 cells were fragmented with treatment of
EERR. Additionally, we demonstrated that it has protective
effects against H,O, induced HUVECs by decreasing
overproduction of ROS and LPO. The chemical constituents
of EERR were elicited to determine amount of active
compounds related to its biological activities such as
chrysin, naringenin and quarcetin. In addition, the
antimicrobial activity of EERR was displayed against
several microorganisms. Therefore, the present results
suggest that EERR has potential to be a basis for anticancer,
antimicrobial and antioxidant agents.
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Ekonomik bir yontemle hazirlanan tek faz a-Fe,0O; ve y-Fe,O;
nanopartikiillerinin karakterizasyonu ve elektrokimyasal
biyosensor uygulamasi

Giilliizar Demir ', Ibrahim Y. Erdogan*'
Ozet

o-Fe,0; ve y-Fe,05 nanopartikiilleri etkin bir kimyasal proses temeline dayanan pratik ve ekonomik bir yol kullanilarak
hazirlandi. Nanopartikiiller, X-1sin1 kirmimi (XRD), atomik kuvvet mikroskopi (AFM), enerji dagilimli X-1g1m1 spektroskopi
(EDX), fotoliiminesans (PL) spektroskopi, Fourier doniigiimlii infrared (FT-IR) spektroskopi ve doniisiimlii voltametri (CV)
teknikleri kullamlarak karakterize edildi. a-Fe,Os’ten y-Fe,O;’e doniisiim esnasinda nanopartikiillerin faz ve kristal boyut
degisimleri FTIR, XRD, AFM ve PL teknikleri kullamlarak incelendi. a-Fe,O; ve y-Fe,Os faz igin kristal boyutlar1 sirasiyla
9’dan 12 nm’ye degisir. Alfa ve gama faz Fe,O; partikiillerinin XRD desenleri sirastyla yiiksek tercihli (1 0 4) ve 3 1 1)
yénelimi gosterdi. Orneklerin EDX analizleri Fe ve O’nin yaklagik 2:3 atomik oranla yapida bulunduklarimi dogrular. o-Fe,O5 ve
y-Fe,0; nanopartikiillerinin kuantum smirlama etkisi PL 6l¢timleri sonucu dogrulandi. Hacmine gore yiizey alanimin yiiksek
olmas1 sonucu a-Fe,O; ve y-Fe,O; nanopartikiilleri, ileri optiksel ve elektriksel nanocihazlarda bulunan sensorlerdeki
uygulamalar i¢in ideal adaylardir. Sonuglar, a-Fe,O; ve y-Fe,O; nanopartikiillerinden yapilan sensérlerin oda sicakliginda
fizyolojik ¢ozeltilerdeki hidrojen peroksitin biyosensitivitesi igin yiiksek duyarlilik sergiledigini gosterir.

Anahtar Kelimeler: Fe,Os; nanopartikiil; elektrokimya; kuantum sinirlama etkisi; biyosensor uygulamasi

The characterization and electrochemical biosensor application of single
phase a-Fe,0; and y-Fe,O; nanoparticles prepared by an economical method

Abstract

Nanoparticles of the a-Fe,O; and y-Fe,O; were prepared using a practical and economical route based on an efficient
chemical process. Nanoparticles were characterized by X-ray diffraction (XRD), atomic force microscopy (AFM), energy
dispersive X-ray spectroscopy (EDX), photoluminescence (PL) spectroscopy, Fourier transform infrared (FT-IR) spectroscopy,
and cyclic voltammetry (CV). Phase and crystallite size variations of nanoparticles during o-Fe,Os to y-Fe,O; transformation
were examined using FTIR, XRD, AFM, and PL techniques. The crystal sizes vary for the y-Fe,O5 and a-Fe,0; phase from 9 nm
to 12 nm, respectively. XRD patterns of alpha and gamma phase Fe,O; particles obtained highly preferential (104) and (311)
orientation, respectively. EDX analyses of samples confirm that Fe and O are present in approximately 2:3 atomic ratio. The
quantum-confined effect of the a-Fe,O; and y-Fe,O; nanoparticles are confirmed by the PL measurements. The o-Fe,O; and y-
Fe,O; nanoparticles with the high surface-to-volume ratio are ideal candidates for applications in the sensors, as well as in
advanced optical and electric nanodevices. The results demonstrate that the sensors made of the o-Fe,O; and y-Fe,Os
nanoparticles exhibit high sensitivity for biosensing of hydrogen peroxide in a physiological solution at room temperature.

Keywords: Fe,O3; nanoparticle; electrochemistry; quantum confined effect; biosensor application

1. Giris

Fe,0;, birgok endiistriyel uygulamada kullanilan ¢ok
onemli bir malzemedir. Fe,O; farkli dort farkli kristal
yapisina sahiptir. Bu kristal yapilardan uygulama alam
bulanlar a-Fe,O; ve y-Fe,O; kristal yapilaridir. Diger kristal
yapilar1 (e-Fe;O; ve [-Fe,Os;) kararsiz olduklarindan

! Bingol Universitesi, Fen Edebiyat Fakiiltesi, Kimya Béliimii, 12000 Bingdl,
Tiirkiye

*Sorumlu yazar E-posta: ibrahimyerdogan@gmail.com

uygulama alan1 bulamazlar. a-Fe,O;, hematit olarak bilinen
rombohedral faz demir oksit olup, bir n-tipi yar1 iletkendir
(Bant aralig1 enerjisi, Eg = 2,1 eV) ve gevre kosullarinda
termodinamik olarak en kararli demir oksit fazidir. Hematit,
gaz sensorii, manyetik kayit ortamlari, lityum-iyon pilleri,
korozyon Onleyici, sensor, su aritma ve pigmentleri
kapsayan bir¢ok alanda kapsamli uygulamalara sahiptir [1-
4]. y-Fe,0;, maghemit olarak bilinen kiibik spinel faz demir
oksit olup, bir n-tipi yari iletkendir (Eg = 2,43 eV) ve cevre
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kosullarinda termodinamik olarak yari kararli (a-Fe,O5’ten
sonra en kararll) demir oksit fazidir. Maghemit magnetik
kayit ve bilgi depolama sistemleri, katalizor, gaz sensorleri,
biyosensorler ve magnetoptik cihazlarda uygulamalara
sahiptir [5-9].

Son yillarda, a-Fe,O; ve y-Fe,O; gibi metal oksit
nanoyapilar, hem teorik yonleri hem de onlarin
nanocihazlardaki potansiyel uygulamalar1 sebebiyle kayda
deger bir ilgi uyandirmustir [10-12]. Birgok malzemenin,
ozellikle yariiletken malzemelerin optik, yapisal, magnetik,
elektronik ve Kkatalitik Ozellikleri, nanometre Olgegine
inildiginde  boyutlara bagimli  hale gelir [13-15].
Nanoteknoloji, malzemelerin yapisal, optik, elektronik,
katalitik, fiziksel ve kimyasal ozelliklerini malzemenin
boyutlarini nano seviyelerde ayarlayarak kontrol edebilme
isidir. Yani, nanoteknolojide belirli bir malzeme, boyutlar
nano skalada kisitlanarak, degistirilerek ve ayarlanarak
birgok farklt maddenin &zelliklerine sahip olabilir. Boylece
tek bir madde, ¢ok farkli maddelerin 6zelliklerini
gosterebilir  hale  getirilmektedir. ~ Geleneksel  bulk
materyallerle karsilastinldiginda genis yiizey alanli ve
kuantum simirlama etkisine sahip diisiik boyutlu nano skala
materyaller, daha farkli ve gelismis elektronik, optik,
magnetik ve katalitik 6zellikler sergiler. Bu dzellikler birgok
alanda ¢ok sayida gelismelere, yeniliklere sebep olmaktadir
[16-19].

Farkl1 organik ve inorganik bilesiklerin nano boyutlarda
hazirlamas1  i¢in  yapilan  calismalar  neticesinde,
nanomalzemelerin bulk hallerine gore degistirilebilen ve
ayarlanabilen ilgi ¢ekici ¢oklu &zellikler kazanabildikleri
goriilmiistiir [20-22]. Bunun sonucu olarak malzemelerin
nano boyutlarda hazirlanmas: {izerine arastirmalar her gecen
giin daha da artmaktadir. Magnetik nanopartikiiller klinik
teshisler igin biyomedikal uygulamalarda ve tlimdrlerin
magnetik rezonans goriintiilenmesi, magnetik destekli ilag
tedavisi, kanser tedavileri gibi canli dokulardaki
uygulamalarda yeni bir teknoloji olarak ortaya ¢ikmaktadir.
Ozellikle kiiresel olarak bicimlendirilmis demir oksitlerin
kullammi onlarin {stiin kimyasal ve termal kararlilifi,
sertligi, toksik ve radyoaktif olmayisindan dolayr
biyomedikal alanda muazzam bir artig gostermektedir. [23-
26].

Bu c¢alismada, y-Fe,O; ve a-Fe,O; yariiletken
nanopartikiilleri, gelistirdigimiz basit, hizli ve ekonomik bir
kimyasal yontem kullanilarak hazirlandi. Bu ¢alisma ile hem
asidik ortamda demir iyonlarimin direk oksidasyonu
saglanmis hem de bazik ortamda elde edilen demir oksitlere
gore ¢ok daha saf ve homojen demir oksit nanopartikiilleri
hazirlanmistir. Bu ekonomik yontem ile hazirlanan Fe,Os
nanopartikiilleri literatiirde benzer yontemlerle elde
edilenlere gore daha kiigiik boyutlarla iiretilebilir ve hidrojen
peroksitin hassas olarak saptanarak analizini
gergeklestirmek i¢in uygun bir potansiyele sahip olabilir.

2. Materyal ve Metot

Caligmalarimizin tamaminda ¢oziicii olarak 18 Mohm
cm’den daha yiiksek kalitede deiyonize su ve saf etanol
kullamldi. Cozeltiler, Merck firmasimnmn yiiksek safliktaki
(%99,99) kimyasallarinin deiyonize saf suda ve saf etanolde
¢ozlilmesi suretiyle hazirlandi. Hazirlanan ¢ozeltilerin
pH’lar1 ortama ilave edilen asit, baz ya da tampon ¢ozelti ile
istenilen degere ayarlandi ve bu degerler pH metre
yardimiyla okundu. Cesitli asitlerden elektrot olusturulmasi
isleminde yararlanildi. Fe(NO;);.9H,O0 ve Na,EDTA
(C1oH;4N,Na,0Og) kullanilan kimyasallardir. Elektrokimyasal
calismalarimizda; elektrokimyasal analizor olarak CHI tipi
islemsel yiikseltecli potansiyostat, caligma elektrotu olarak
altin disk elektrot, demir oksit modifiye altin disk elektrot,

referans elektrot olarak Ag/AgCl elektrot, karsit elektrot
olarak da platin tel elektrot kullanildi. Deiyonize su
kullanilarak hazirlanan Fe,O; nanopartikiillerinden olusan
stispansiyon (100 mg/mL) 30 dakika boyunca ultrasonik
karistiricida  bekletildikten sonra altin elektrot yiizeyine
diizgiin ve homojen bir sekilde kapland: ve kullamlmadan
once kurutuldu. Caligmalarimizda malzemelerin  PL
spektrumlar1, Shimadzu RF-5301 PC Spektroflorofotometre
ile IR bolge spektrumlar1 ise Pelkin Elmer Spectrum 100
FT-IR spektrometre ile incelendi. Optiksel 6zelliklerin
incelenmesinde cam ve kuvartz kiivetler, IR 6zelliklerinin
incelenmesinde KBr diskler kullanildi. Morfoloji ve boyutun
belirlenmesinde Park Systems atomik kuvvet
mikroskobundan yararlamldi. Malzemelerin kristal yapis1 ve
boyut analizleri XRD yardimiyla belirlendi. Kristalizasyon
calismalarimizda, A = 1,5405 A (0,154 nm) dalga boyuna
sahip Cu-Ko kaynakli Rigaku-2200 D/Max XRD
cihazindan yararlamldi.

3. Tartisma ve Bulgular

Hem y-Fe;O; hem de a-Fe,O;  yariiletken
nanopartikiilleri, yeni gelistirdigimiz basit, hizli ve
ekonomik bir kimyasal yontem kullanilarak hazirlandi. Bu
yontem demir oksit partikiillerinin sanayide iiretilmesinde
kullanilan yontemlere gore oldukga basit ve ekonomik
olmakla birlikte karmagsik cihaz ve sistemlere de ihtiyag
duymaz. Bu sayede demir oksit nanopartikiilleri basit bir
laboratuvar ortaminda kolaylikla hazirlanabilir. Literatiirde
Fe,O; partikiillerinin kimyasal yontemlerle hazirlanmasinda
genellikle birgok basamak iizerinden islem
gerceklestirilmektedir. Oncelikle demir iyonu saglayacak bir
demir tuzu, NaOH, NH; gibi bir baz kullanilmak suretiyle
Fe(OH); halinde c¢oktiiriildiikten sonra cesitli islemlerle
Fe;0,4 lizerinden Fe,0O; partikiillerinin sentezi
gerceklestirilmektedir (Esitlik 1).

Fe*" + OH — Fe(OH); — Fe;04 — Fe,04 1)

Bu caligsmalar sonucu elde edilen Fe,Os partikiilleri hem
y-Fe,O; hem de o-Fe,O; fazlarim igermekle birlikte
blinyesinde  ¢esitli  demir  hidroksit tiirlerini de
barindirmaktadir. Bu duruma bazik ortamda c¢alismanin
sebep oldugu bilinmektedir. Biz g¢aligmalarimizda asidik
ortamda c¢aligarak bu dezavantaji ortadan kaldirdik. Bazik
ortamda demir iyonlarmi oksitlemek icin baz ilavesi ve
farkli siiregler gereklidir. Gelistirdigimiz bu yeni teknik
sayesinde hem asidik ortamda demir iyonlarmin direk
oksidasyonu saglanmis hem de bazik ortamda elde edilen
demir oksitlere gore ¢ok daha saf demir oksit
nanopartikiilleri hazirlanmistir. Burada amag, tek faza sahip,
homojen y-Fe,O; ve o-Fe,O; nanopartikiillerini hazirlamak
ve istenildigi zaman bir fazdan Otekine gegisi saglayacak
basit bir yol gelistirmektir. Ayrica elde edilen nanoyapilarin
kristal yapida olmasi 6nemlidir. Calismalarimizda kristal
yapilarin bazik ortama gore asidik ortamda ¢ok daha yiiksek
verimle hazirlanabildigini gordiik. Bazik ortamda hazirlanan
malzemeler, kristal yapidan ¢ok amorf yapiya ge¢gme egilimi
gosterdi. Bunun sonucu olarak caligmalarimizi biiyiik
cogunlukla asidik ortamlarda gerceklestirdik. Yaptifimiz
calismalar sonucunda elde ettigimiz y-Fe,O; ve a-Fe,O;
nanopartikiilleri literatiirde elde edilenlere gore daha kiigiik
boyutlara sahiptir. Geleneksel bulk demir oksitlerle
karsilastirildiginda genis ylizey alanl ve kuantum sinirlama
etkisine sahip diigiikk boyutlu demir oksit nanopartikiilleri,
daha farklt ve gelismis elektronik, optik, magnetik ve
katalitik Ozellikler sergiler. Bu g¢alismada, y-Fe,O; ve a-
Fe,O; nanopartikiilleri asagida ayrintis1 verilen ¢ok basit ve
avantajli bir prosediir izlenerek hazirlandi. Demir kaynag:
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olarak Fe(NOs);.9H,O tuzu kullanildi. Derisimi 0,1 M
olacak sekilde tartilan Fe(NO;);.9H,0, 25 mL deiyonize
suda ¢oziildii (pH=5). Bu ¢ozelti iizerine ayr1 bir kapta
hazirlanan 25 mL 0,1 M EDTA ¢ozeltisi ilave edildi. Daha
sonra bu karigim iizerine saf etanol ¢ozeltisinden 150 mL
(suyun yaklasik 3 kat1) ilave edildi. Bu karisim bir magnetik
karigtiricili 1siticida 300 rpm’de karistrmak suretiyle 30
dakika 80 °C’de isitildi (Esitlik 2). Daha sonra ¢ozelti
sogutulmadan dekantasyon yoOntemiyle 1siya dayanikli
porselen bir kap icine alindi ve dipte kalan ¢okelti atildi.
Boylece sadece ¢ozeltiye dagilmis daha kiigiik boyutlara
sahip partikiiller almirken dibe ¢okmiis daha biiyiik
partikiiller ayrilmig oldu. Porselen kaba alman c¢ozelti
karisimi hemen bir firina yerlestirilerek 250 °C’de 2 saat
tutuldu. Firindan ¢ikarilan kap oda sicakliginda sogumaya
birakildi. Daha sonra 5000 rpm’de 5 dakika santrifiij
iglemine tabi tutularak partikiiller ayrildi. Sonra santrifiij
kullanilarak ¢okelti 1 defa destile su ile 3 defa da saf etanol
ile yikandi. Son olarak laboratuvar ortaminda, oda
sicakliginda kendi haline birakarak kurutuldu. Bu sekilde
hazirlanan (Esitlik 3) toz halindeki ¢okelti kahverengidir ve
saf y-Fe,O; nanopartikiillerinden olusur.

FC(NO3)3.9H20 g FC(NO3)3 (2)
4FC(NO3)3 —> 2’Y-F6203 + 12N02(g) + 302(g) (3)
Yukarida anlatilan  yontemle hazirlanan  y-Fe,O4

nanopartikiilleri sadece 1sil bir islem kullamlarak o-Fe,O;
nanopartikiillerine doniistiiriildii. Bunun igin firina alinan y-
Fe,0; nanopartikiilleri, firmin sicaklign dakikada 5 °C
arttirllmak suretiyle (5 °C/dak) 700 °C’ye ¢ikarildi ve 1 saat
bu sicaklikta tutuldu. Daha sonra firindan ¢ikarilan
partikiiller kendi haline birakilarak oda sicakligina gelinceye
kadar sogutuldu. Boylece hazirlanan toz kirmizi renge
sahiptir ve saf a-Fe,0; nanopartikiillerinden olusur (Esitlik
4).

y-Fe,0; (kahverengi) —» a-Fe,0; (kirmizi) 4)

Yariiletken Fe,O;, olduk¢a yon bagimli bir yapiya
sahiptir  ve  biliyime  yonii  istenildigi  sekilde
sinirlandirilabilir. Bunun sonucu olarak kolaylikla Fe,O;
partikiillerinin ~ boyutu  kiigiiltiilebilir  ve  Fe,O;
nanopartikiilleri hazirlanabilir. Burada, kullanilan EDTA
(etilendiamintetraasetikasit) nin etkisiyle kalip
kullanilmadan yariiletken nanopartikiillerin {iretimi sz
konusudur. EDTA’nin agik formiilii Sekil 1’de verilmistir.

HooC—._ . —COOH
] M
Hooc—" \—COOH
EDTA

Sekil 1. EDTA ligantinin agik formiilii

Burada EDTA hem ylizey aktif madde hem dagitict
(disperse edici) hem de bir yardimc: yiikseltgeyici olarak
gorev alir. Bdylece partikiillerin bir araya gelmesi
(agglomerasyonu) onlenerek oldukea yiiksek yiizey alanina
sahip Fe,O; nanopartikiilleri meydana gelir. Kahverengi y-
Fe,04 nanopartikiillerinden kirmizi a-Fe,O3
nanopartikiillerinin 1s1l islemle eldesi esnasinda sicaklik
dereceli olarak 700 °C’ye c¢ikarilmalidir. Yaptigimiz
calismalarda en uygun 1si1l prosediiriin firimin sicakligini
dakikada 5 °C arttirmak oldugu bulunmustur. Isitma iglemi
asama asama yapildig1 takdirde faz gecisleri icin kristal
diizlemlerinin ~ doniisiimlerinin  tamamlanmasi  miimkiin
olmaktadir. Boylece saf faz demir oksit eldesi miimkiin

olmaktadir. Firinin sicakligiin direk olarak 700 °C’ye
¢ikarilmast durumunda elde edilen yapinin y-Fe,O; ve -
Fe,0y’in  bir karnigimi  oldugu  goriilmiistir. Demirin
oksidasyonu bazik ortamda baz ilavesiyle
gerceklestirilmektedir.

Yariiletken Fe,O; nanopartikiillerinin morfolojileri AFM
tekniginden yararlanilarak belirlendi. Sekil 2, pH’s1 yaklasik
5 olan asidik ortamda hazirlanan demir oksit
nanopartikiillerinin boyutlarini ve sekillerini gosteren AFM
goriintiileridir.

60

nm 40
20
0
0 20 40 60 80
nm

Sekil 2. y-Fe,O; ve o-Fe,O; nanopartikiillerinin AFM
goriintiileri

Bu AFM goriintilleri hem y-Fe,O; hem de a-Fe,0;
nanopartikiillerinin taneciklerinin kiiresel yapida ve oldukg¢a
homojen (tek tip) boyutlara sahip oldugunu gostermektedir.
Kimyasal olarak hazirlanan y-Fe,O; nanopartikiilleri
ortalama 10 nm boyutlara sahip iken, y-Fe,O;’tin agamal1 bir
prosediirle 1s1l igleme tabi tutulmasi sonucunda hazirlanan
a-Fe,0; nanopartikiilleri ortalama 14 nm boyutlara sahiptir.
Bu durum, y-Fe,Os’den a-Fe,05’e faz degisimi neticesinde
tanecik boyutunun arttigini gostermektedir. Boylece, faz
degisimi ile nanopartikiillerin sekillerinde herhangi bir
degisiklik olmaz. Bununla birlikte faz degisimi
nanopartikiillerin boyutlarinin degismesine sebep olur. Bu
sonug literatiirle uyumlu olup, y-Fe,O;’lin a-Fe,05’den daha
kiicik  partikiil  boyutuyla elde edilebildigi tezini
dogrulamaktadir.
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Demir oksit nanopartikiillerinin faz doniisiimleri ve
kristal yapilar1 XRD tekniginden yararlanilarak incelendi.
Kafes sabitleri a = 0,5036 ve ¢ = 1,3749 nm olan, hematit
olarak bilinen rombohedral faz a-Fe,Os ve kafes sabitleri a
= 0,5036 nm olan, maghemit olarak bilinen kiibik spinel faz
y-Fe,O; nanopartikiillerinin XRD difraktogramlart Sekil 3’te
verilmistir.

a-Fe,04
(104)

(110)

©24) (110

(012)

LIS I N N

Siddet

'{-Fc:()_z
(311)

(220)
(511)
(400)

[TTT T[T I T[T I T [TT T T[T ITT[TTITTI[TTITTI[rIrIr|
20 25 30 35 40 45 50 55 60

20/derece

Sekil 3. y-Fe,O; ve a-Fe,O; nanopartikiillerinin  XRD
difraktogramlari

Kimyasal olarak hazirlanan a-Fe,O; nanopartikiillerinin
XRD difraktogramlarinda 26 6lgeginde 24,1°, 33,2°, 35,6°,
40,9°, 49,5° ve 54,1°°de difraksiyon pikleri gozlendi. Bu
pikler sirasiyla, o-Fe,O3’tin (0 1 2), (1 04), (110), (11 3),
(024 ve (1 1 6) yonelimlerine karsilik gelir. y-Fe,O;
nanopartikiillerinin XRD difraktogramlarinda 26 6lgeginde
30,2°, 35,6°, 43,3° ve 57,3°°de difraksiyon pikleri gdzlendi.
Bu difraksiyon pikleri sirasiyla, y-Fe,O5’tin (22 0), 3 1 1),
(4 0 0) ve (51 1) yonelimlerine karsilik gelir. XRD
sonuglarindan goriildigii lizere her iki difraktogramda,
birbirinden tamamen farkli piklere yani, birbirinden
tamamen farkli difraksiyon desenlerine sahiptir. Hem o-
Fe,04 nanopartikiillerinin hem de v-Fe,0O5
nanopartikiillerinin difraksiyon desenleri saf faza sahiptir ve
difraktogramlarda baska herhangi bir tiire ait bir pik yoktur.
Bunun sonucu olarak uyguladigimiz bu yontemle a-Fe,O;
ve 7-Fe,O5 partikiilleri tamamen saf ve homojen faz ile elde
edilebilir. XRD sonuglari, a-Fe,O; nanopartikiillerinin
diizlemler arast mesafesi, d = 0,270 nm olan (1 0 4)
yonelimini, y-Fe,O; nanopartikiillerinin ise diizlemler arasi
mesafesi, d = 0,252 nm olan (3 1 1) ydnelimini tercih
ettigini gosterdi. Yani, a-Fe,O; nanopartikiillerinin kristal

diizlemleri arasindaki mesafe y-Fe,O; nanopartikiillerinden
biiyiiktiir. Bu durum a-Fe,O5 nanopartikiillerinin boyutunun
y-Fe,O; nanopartikiillerinin  boyutundan daha biiyiik
oldugunu gosterir. Bu XRD sonuglar1 ile AFM sonuglari
oldukga iyi bir uyum i¢indedir. Karsilagtirma amaciyla a-
Fe,05 nanopartikiillerinin XRD sonuglart a faz demir okside
ait 33-0664 numarali JCPDS-ICDD karti ile y-Fe,O;
nanopartikiillerinin XRD sonuglart ise y faz demir okside ait
39-1346 numarali JCPDS-ICDD kart1 ile karsilastirilmug
olup sonugta elde edilen verilerin bu kartlarla miikkemmel bir
uyum i¢inde oldugu gorilmiistiir.

XRD sonuglarindan yararlanilarak, Scherrer esitligi
(Esitlik 5) kullanilarak partikiil boyutu (D) belirlenebilir.

KA
b= Pcosf ©)

Burada D partikiil boyutu (nm), K Scherrer sabiti (0,9), A
kullamlan x-1stninin dalga boyu (0,154 nm), S pik yar
yiiksekliginin tam genisligi (FWHM), 6 pikin difraksiyon
acisidir. XRD verilerinde elde edilen piklerden ve Scherrer
esitliginden yararlamlarak y-Fe,O; nanopartikiillerinin
boyutunun 9 nm, a-Fe,05 nanopartikiillerinin boyutunun ise
12 nm oldugu belirlenmistir. Bu veriler AFM verileriyle iyi
bir uyum igerisindedir. Hem XRD hem de AFM sonuglar1
faz donlistimii gerceklestiginde partikiil boyunun degistigini
gostermektedir. Partikiil boyutu, y’dan o’ya faz degisimi
gerceklestiginde artmaktadir.

Demir oksit nanopartikiilleri i¢in a-Fe,O5 ve y-Fe,O; faz
doniistimleri ve yapi tayinleri XRD’nin yani sira FT-IR
yontemiyle de incelendi. Sekil 4, demir oksit
nanopartikiillerine ait FT-IR spektrumlaridir.

(X-FEJ_'Oj

enl

448 cm’

572 cm™

'y-Fe303

secirg
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Sekil 4. o-Fe,O; ve y-Fe,O; nanopartikiillerinin FT-IR
spektrumlar1

Bu spektrumlar, o-Fe,O; ve y-Fe,O; faz olusumlarini
dogrular. a-Fe,O5 nanopartikiillerine ait IR spektrumu, 448
ve 572 cm’de iki adet pike sahiptir. Bu pikler, o faz
Fe,0O5’deki karakteristik Fe-O bag gerilme titresimine aittir.
y-Fe,0; nanopartikiillerine ait IR spektrumu ise, 461, 580 ve
635 cm'’de ti¢ adet pike sahipti. Bu pikler, y faz
Fe,0O5’deki karakteristik Fe-O bag gerilme titresimine aittir.
v-Fe,03, a-Fe,05’e gore daha fazla titresim bdlgesine sahip
olup bu durum literatiirle uyumludur. y-Fe,0O5 faza ait pikler,
a-Fe,05 faza ait piklere gore daha yiiksek dalga sayisina ve
daha yiiksek enerjiye sahip bolgededir. Bu durum, daha
kiigik  partikil ~ boyutuna  sahip olan  y-Fe)O;
nanopartikiillerinin titregsmesi i¢in daha yiliksek enerjili IR
isinma ihtiyag¢ duymasindan ileri gelir. Bu sonug, XRD
verileriyle uyumludur.
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Kimyasal olarak hazirlanan y-Fe,O; ve a-Fe,0;
nanopartikiillerinin optiksel o6zellikleri PL Olclimleri ile
belirlendi. Sekil 5, 400-700 nm araliginda alinan y-Fe,O5 ve
a-Fe,05 nanopartikiillerine ait ait PL spektrumlaridir.

Nano Nano
¥-Fe,05 o-Fe,04

Siddet

oy
400 450 500 550 600 650 700
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Sekil 5. y-Fe,O; ve a-Fe,O; nanopartikiillerinin PL
spektrumlar1

Ornekler igin liiminesans spektrumlart 390 nm’de
uyarma yapilmak suretiyle ger¢eklestirilmistir. Bulk y-Fe,O;
icin literatlirde belirtilen maksimum emisyon dalga boyu
degeri 510 nm ve o-Fe,O; igin literatiirde belirtilen
maksimum emisyon dalga boyu degeri 590 nm’dir. Bizim
hazirladigimiz demir oksit nanopartikiillerinin maksimum
emisyon dalga boylar1 ise hem y-Fe,0; i¢in hem de a-Fe,O;
icin daha diisiik emisyon dalga boylarina diger bir degisle,
daha yiiksek enerjili (daha yiiksek frekansli) bolgeye kayma
gOstermistir. Yaptigimiz calismalarda, v-Fe, 05
nanopartikiilleri i¢in 495 nm’de, o-Fe,O; nanopartikiilleri
icin ise 550 nm’de pik maksimumuna sahip PL spektrumlari
elde edilmistir. Gerek y-Fe,O; nanopartikiilleri igin gerekse
a-Fe,05 nanopartikiilleri igin alinan PL spektrumlarina ait
pikler, bulk materyallerin karakteristik degerlerine gore
maviye kayma gosterdi. Bu durum, partikiil boyutunun 10
nm’ler civarina g¢ekilmesiyle, elektronlarin hareket alanimin
her ii¢ boyutta da simrlandirilmasmin dolayisiyla da
kuantum simirlama etkisinin bir sonucudur. Ayrica, Sekil
5’de gozlenen giiglii emisyon pikleri, y-Fe,O; ve a-Fe,0;
nanopartikiillerinin yiiksek optiksel kaliteye sahip oldugunu
gosterir. BoOylece demir oksit materyalini degistirmeden
sadece faz degisimi gergeklestirilerek hem yapisal hem de
optiksel oOzellikler degistirilebilir. Yani, ayn1 materyalden
nano boyutlarda faz degisimi gergeklestirmek suretiyle farkli
yapisal ve optiksel oOzelliklere sahip nanopartikiiller
hazirlanabilir. Optiksel spektrumlarindan yararlanarak bir
materyalin optiksel bant aralifi enerjisini hesaplamak igin
genelde Tauc esitligi (Esitlik 6) kullanilmaktadir [27].

ahv=A(hv—E,)"? (6)

Burada Av foton enerjisini, @ absorpsiyon katsayisini,
E, bant aralifi enerjisini, # Planck sabitini, v kullamlan
151810 frekansimni ve 4 etkin kiitleyle iliskili bir sabiti ifade
etmektedir. Spektrumdan yararlanilarak [(oc—ocl)hv]2 ‘nin
hv’ye karsi grafigi
belirlenebilmektedir.

cizilip bant aralig
Spektrumundaki  lineer

enerjisi
kismin
[(oc—otl)hv]2 ‘nin sifira esit oldugu yani, absorpsiyonun
sifir oldugu dogrunun ekstrapolasyonu ile bulunan deger
dogrudan bant araligi enerjisini verir. Burada o,
absorpsiyonun minimum oldugu deger olan sifira esit kabul

edilirse (afhv)2 ’nin hv ’ye kars1 grafiginden de bant aralig
enerjisi hesaplanabilir. « absorpsiyon katsayisi yerine A
optiksel absorpsiyon kullanilabilir. Burada, o ile 4

arasinda 4 =0,434ad iliskisi vardir [28]. ((th)2 nin hv

ye ya da (Ahv)2 ‘nin hv’ye karsi grafigi diiz ¢izgi
olmalidir ve mevcut egrinin enerji eksenini (/v) kestigi
nokta materyalin bant aralif1 enerjisine (E,) karsilik gelir
[29].

PL spektrumlarinda elde edilen piklerin maksimum
noktalarinin dalga boyu dolayisiyla da frekans: bant aralig
enerjisinin belirlenmesinde kullamlir. PL spektrumundaki
pik maksimumuna ait frekans (v), Esitlikk 7’den
belirlendikten sonra Plank sabiti (# = 6,63x10>* J.s =
4,14x10™"° eV.s) ile carpildiginda, o materyale ait bant
aralif1 enerjisi (E4) belirlenmis olur.

™)

c
y==
A

Burada ¢ stk hizi (2.998x10"7 nms™), A pik
maksimumuna ait dalga boyu (nm), v ise ilgili pikin
frekansidir.

Hem a-Fe,O; hem de y-Fe,O; nanopartikiillerine ait PL
spektrumlarindan yola ¢ikarak yukaridaki sekilde bant
araligl enerjileri hesaplandiginda yigin degerlerine gore
nanopartikiillerin bant aralig1 enerjisinin arttig1 goriildii. Bu
durum Sekil 6’da agik olarak goriilmektedir. Demir oksit
nanopartikiillerinin bant aralifi enerjisinin artmasiyla
meydana gelen maviye kayma, dalga hareketi yapan
elektronlarin hareket alaninin sinirlanmasinin yani, kuantum
smirlama etkisinin bir sonucudur. a-Fe,O;
nanopartikiillerinin bant aralig1 enerjisi 2,26 eV olup, bulk
o-Fe,05’in bant araligi enerjisine (2,1 eV) gore yaklasik
0,16 eV daha yiksek enerjili bolgeye dogru kayma
gostermistir. Ayni sekilde, y-Fe,O5 nanopartikiillerinin bant
aralig1 enerjisi 2,51 eV olup, bulk y-Fe,O5’in bant aralig
enerjisine (2,43 eV) gore yaklasik 0,08 eV daha yiiksek
enerjili bolgeye dogru kayma gostermistir. Sonug olarak her
iki demir oksitin bant aralifi enerjisi boyutu kiigiiltmek
suretiyle mavi bolgeye dogru kayma gostermistir.

Maviye Kayma

o-Fe203 v-Fe;03
| |

—_—

21 22 23 24 25
Eg (eV)

Sekil 6. a-Fe,O; ve y-Fe,O; nanopartikiillerin ve bulk
hallerinin bant aralig1 enerjileri

a-Fe,05 nanopartikiillerinin bant aralig: enerjisi, y-Fe,O;
nanopartikiillerine gore iki kat daha fazla kayma
gostermistir.  Bu durum, o-Fe,O; fazi i¢in kuantum
sinirlama  etkisinin, y-Fe,O; fazina goére daha etkin ve
verimli oldugunu ifade eder. Boylece farkli fazlara sahip
demir oksit nanopartikiilleri farkli kristal yonelimine, farkli
partikiil boyutuna ve farkli optik ozelliklere sahiptir. Bu
sonuglar materyallerin bant aralig1 enerjisinin direkt olarak
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partikiil boyutu ve kristal yonelimi gibi sinirlayict etkide
bulunan o&zelliklerle iliskili oldugunu acik bir sekilde
gosterir.

Demir oksit nanopartikiillerinin elementel bilesimi
(Fe/O) EDX tekniginden yararlanilarak belirlendi. EDX
sonuglari, y-Fe,O; ve a-Fe,O;  nanopartikiillerini
hazirladigimiz yontem ile oldukga stokiyometrik partikiiller
hazirlanabildigini gosterir. a-Fe,O; ve v-Fe,05
nanopartikiillerininin ~ EDX  spektrumlart ~ Sekil  7’de
verilmistir.

O- FegO 3 Fe
@]
Fe
Fe
=
=
=
o ¥-Fe203 Fe
0]
Fe
Fe

0 2 4 6 8 10 12
Baglanma Enerjisi (keV)

Sekil 7. a-Fe,0; ve y-Fe,O; nanopartikiillerine ait EDX
spektrumlar1

EDX analizleri sonucu yapr igerisinde demir ve
oksijenden baska herhangi bir safsizliga rastlanmamistir.
Yani hazirlanan partikiiller saf demir oksit fazina sahiptir.
Sonug olarak, o-Fe,O; ve y-Fe,O; nanopartikiillerine ait
EDX spektrumlarimin kalitatif ve kantitatif analizleri, yapida
sadece Fe ve O bulundugunu ve stokiyometrinin 2/3 (Fe/O)
oranina sahip oldugunu gosterir.

Bu calismada, demir oksit nanopartikiillerinin hidrojen
peroksit hassasiyeti elektrokimyasal olarak incelendi. -
Fe,0; ve a-Fe,0; nanopartikiillerinin elektrokimyasal
ozellikleri doniisiimlii voltametri ydntemiyle belirlendi.
Yapilan caligmalarda, y-Fe,O5 ve a-Fe,O;’in sergiledikleri
elektrokimyasal 6zelliklerin ayni oldugu tespit edildi. Yani,
faz degisiminin tiirlerin elektrokimyasal —davraniglari
iizerinde bir fark olusturmadigi goriildii. Genellikle
nanopartikiiller, kimyasal ve biyolojik sensdr olarak
kullamlmak amaciyla elektrot iizerine modifiye edilebilir
[30,31]. Biyolojik ve kimyasal sistemlerde H,0,
mevcudiyeti 6nemli olup bu zararli kimyasalin indirgenerek
canlilarm  en  &nemli  ihtiyaglarindan olan  suya
dontistiirtilmesi olduk¢a popiiler bir arastirma sahasidir. Bu
konuda ¢esitli c¢aligmalar yapilmakla birlikte o6zellikle
elektrokimyasal ¢alismalar 6n plandadir. H,O,’in analizi ve
indirgenmesi i¢in ¢esitli elektrot malzemeleri gelistirilmekle
birlikte en ¢ok enzim modifiye elektrotlar iizerine ¢caligmalar
yapilmaktadir. Fakat enzim modifiye elektrotlar, enzimlerin
aktivite kaybindan dolayt belirli bir silire sonra
kararsizlagirlar ve verimli bir sekilde kullanilamaz hale
gelirler. Buda bu alandaki ana problemdir.

Bu calismada, biz biyolojik ndtral ortamlarda yariiletken
Fe,O; nanopartikiillerinin  hidrojen peroksitin saptanarak
analizini gergeklestirmek igin uygun bir potansiyele sahip
oldugunu belirledik. Sekil 8.a, ¢iplak altin elektrotun, Sekil
8.b ise demir oksit modifiye altin elektrotun H,0O, ¢dzeltisi
icindeki  doniisimli.  voltamogramlaridir. ~ Modifiye
elektrotta, yaklasik -450 mV’ta H,O,’in indirgenmesine
karsilik gelen bir pik goézlenirken, ¢iplak altin elektrot bu

ortamda herhangi bir pik (cevap) vermedi. Sekil 8.b, farkli
hidrojen peroksit konsantrasyonlarinda modifiye elektrotun
doniisiimlii  voltamogramlart goriilmektedir. H,0,
konsantrasyonunun artmasiyla birlikte pik akiminin da
arttig1 goriilmektedir. Bu durum, Fe,O; nanopartikiillerinin
H,0, indirgenmesini katalizledigini gosterir. Sonug olarak,
elektrot yiizeyine kaplandiginda Fe,O; nanopartikiilleri,
yiksek  yiizey-hacim oram1  ve yiiksek katalitik
ozelliklerinden dolayr H,O,’in saptanarak analizi icin
oldukga yiiksek duyarliliga sahip bir elektrokatalizor islevi
gorebilir.

Akim

H,O, artist

600 300 0 -300 -600 -900
Potansivel (mV, Ag/AgCl)

Sekil 8.a. 0,10 mM H,0, ¢ozeltisi iginde alinan ¢iplak altin
elektrodun doniisimlii voltamogrami, b. 0,10, 0,12, 0,14,
0,16 mM H,0, ¢ozeltisi i¢inde alman Fe,O; modifiye altin
elektrodun doniisiimlii voltamogrami

4. Sonuglar

v-Fe,0; ve a-Fe,O; yarniletken nanopartikiilleri,
gelistirdigimiz basit, izl1 ve ekonomik bir kimyasal yontem
kullanilarak hazirlandi. Fe,O; nanopartikiilleri bu yontem
sayesinde basit bir laboratuvar ortaminda hazirlanabilir. Bu
yontem sayesinde hem asidik ortamda demir iyonlarimn
direkt oksidasyonu saglanmis hem de bazik ortamda elde
edilen demir oksitlere gore ¢ok daha saf demir oksit
nanopartikiilleri hazirlanmistir. Hazirlanan y-Fe,O; ve a-
Fe,O; nanopartikiilleri literatiirde elde edilenlere gore daha
kiigik  boyutlara  sahiptir. Bulk demir oksitlerle
karsilastirildiginda genis ylizey alanl ve kuantum sinirlama
etkisine sahip diigiik boyutlu demir oksit nanopartikiilleri,
daha farklt ve gelismis elektronik, optik, magnetik ve
katalitik Ozellikler sergiler. Fe,Os, yon bagimh bir yapiya
sahiptir  ve  biliyime  yonii  istenildigi  sekilde
simirlandirilabilir.  Burada, EDTA’nin etkisiyle kalip
kullamlmadan  yariiletken  nanopartikiillerin  iiretimi
gerceklestirildi. Hem  y-Fe,O; hem de  a-Fe)O;
nanopartikiillerinin kiiresel yapida ve olduk¢a homojen (tek
tip) boyutlara sahip oldugunu gorilmistiir. y-Fe,O;
nanopartikiilleri ortalama 10 nm boyutlara sahip iken, o-
Fe,O; nanopartikiilleri ortalama 14 nm boyutlara sahiptir.
Boylece, y-Fe,O;’den o-Fe,Os’e faz degisimi neticesinde
tanecik boyutu artmistir. y-Fe,O; ve oa-Fe,Os, birbirinden
tamamen farkl kristal yapilarina yani, birbirinden tamamen
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farkli difraksiyon desenlerine sahiptir. Hem a-Fe,0;
nanopartikiillerinin hem de vy-Fe,O; nanopartikiillerinin
difraksiyon desenleri saf faza sahiptir. Bu yontem a-Fe,0;
ve y-Fe,0O5 partikiillerinin tamamen saf ve homojen faz ile
elde edilebilmesini saglar. Hem XRD hem de AFM verileri
faz donlistimii gergeklestiginde partikiil boyunun degistigini
gostermektedir. IR spektrumlarinda gézlenen piklerin hepsi
Fe,0O5’deki karakteristik Fe-O bag gerilme titresimine aittir.
v-Fe,0;, a-Fe,Oj’e gore daha fazla titresim bolgesine
sahiptir. Her iki demir oksit i¢inde PL spektrumlarna ait
pikler, yigin materyallerin karakteristik degerlerine gore
maviye kayma gosterdi. a-Fe,O; partikiillerinin bant aralig
enerjisi 2,26 eV olup, bulk o-Fe,O;’in bant aralig
enerjisine (2,1 eV) gore yaklasik 0,16 eV daha yiiksek
enerjili bolgeye dogru kayma gostermistir. Ayni sekilde, y-
Fe,0; partikiillerinin bant aralig1 enerjisi 2,51 eV olup, bulk
v-Fe,05’in bant araligi enerjisine (2,43 eV) gore yaklasik
0,08 eV daha yiksek enerjili bolgeye dogru kayma
gostermistir. Bu  sonuglar malzemelerin bant aralig
enerjisinin direk olarak partikiil boyutu ve kristal yonelimi
gibi simrlayici etkide bulunan 6zelliklerle iliskili oldugunu
acik bir sekilde gosterir. Bu ¢aligmada, biz yariiletken Fe,O;
nanopartikiillerinin hidrojen peroksitin saptanarak analizini
gergeklestirmek igin uygun bir potansiyele sahip oldugunu
belirledik. Fe,O; nanopartikiillerinin H,0, indirgenmesini
katalizledigi goriildii. Sonug olarak, Fe,O; nanopartikiilleri,
yiksek  yiizey-hacim oram1 ve yiiksek katalitik
ozelliklerinden dolayr, H,0,’in saptanarak analizi icin
oldukca yiiksek duyarliliga sahip bir biyosensdr olarak
onerilebilir.
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Yiiksek gerilim izolatorlerinde yuzey kacak akimlarmin ANFIS
yontemiyle hesaplanmasi

Ersin Turan ', Muhsin Tunay Gengoglu >, Abdulkerim Karabiber**

Ozet

Yiiksek gerilim izolatorlerinde meydana gelen yiizey kagak akimlari, izolatér dmriinii olumsuz yonde etkilemekte ve enerji
kesintilerine sebep olmaktadir. Yiizey kacak akimi nem, kir, izolatdr sekli ve uygulanan gerilim gibi birgok parametreye bagli,
dinamik ve lineer olmayan bir degiskendir. Izolatdr yiizeyinde olusan kagak akimin hesabi igin birgok model bulunmasina
ragmen, bu modeller farkli ¢alisma kosullar1 altinda yetersiz kalabilmektedir. Egitilebilir ve sezgisel hesaplama ydntemleri,
yiizey kacak akimi hesabina benzer lineer olmayan problemlerin ¢oziimiinde etkili sonuglar vermektedir. Bu c¢aligmada, ylizey
kagak akimlari, sezgisel bir yontem olan Anfis ile bulunmakta ve bulunan sonuglar 6l¢iim ve diger hesaplama sonuglariyla
karsilastirilmaktadir. Farkli kir ve gerilim degerleri i¢in bulunan Slgiim degerlerinin %30’u Anfis yontemini egitmek igin
kullamlmaktadir. Analiz sonuglari, Anfis yonteminin diger hesaplama yontemine gére 6l¢iim sonuglarina daha yakin ve tutarh
¢alisma araliginin daha genis oldugunu gostermektedir.

Anahtar Kelimeler: Yiizey kacak akimlart; kir direnci; sezgisel yontemler; Anfis

The calculation of surface leakage currents on the high voltage insulators by
using ANFIS method

Abstract

Surface leakage currents occurring in high voltage insulators adversely affect the isolator life and lead to power outages.
Surface leakage current is dynamic and non-linear variable that it depends on many parameters such as the applied voltage,
moisture, pollution, and insulator shape. Therefore, there are many models for the surface leakage current calculation and these
models may be inadequate under different operating conditions. Trainable and heuristic calculation methods can be effective to
solve nonlinear problems which are similar surface leakage current calculation. In this study, the surface leakage currents are
calculated by Anfis which is heuristic calculation method and the calculated results are compared with the results of
measurements and other calculation method. 30% of the measured values which are found for different pollution and voltage
values are used to train the Anfis method. Analysis results show that the proposed method results are closer to the measurement
result and have a wider operating range consistent than other calculation method.

Keywords: Surface leakage currents; pollution resistance; heuristic methods; Anfis
1. Giris

izolatérler, havai hatlardan olusan enerji sebekelerinin yizden, sebeke planlamasinda, izolatér yiizey kagak

temel giic elemanlarindan biridir. Izolatorlerin gdrevi
iletkenleri elektrik direklerinden izole etmek ve tasimaktir.
Kirlenme, nem ve yagmur gibi gevresel kosullar izolatoriin
yalitim goérevini yapmasini zorlastirmaktadir. Bu durumda
izolatdr ylizeyinden akan kagak akimlar 6nemli bir sorun
haline gelerek yalitkan malzemelerin kullanilamaz hale
gelmesine ve enerji kesintilerine sebep olabilmektedir. Bu
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akimlarinin farkli cevre kosullart altinda hesaplanmasi 6nem
arz etmektedir.

Yiizey kacak akimlarinin hesaplanabilmesi i¢in, izolatdr
yiizeyindeki potansiyel dagilimmin ve akim yollarinmn
belirlenmesi gereklidir. Kir, nem ve hava kosullarina bagli
olarak degisiklik gosteren akim yollariin tam olarak
belirlenmesi oldukca zordur. Ayrica izolatorlerin karmagik
yapilar1 bu problemi daha da zorlagtirmaktadir. Bu yiizden,
izolatdr yiizey direncinin hesaplanmasinda farkli yontemler
kullamlmaktadir.

Literatiirde yer alan izolatdr modeller, statik [1-7] ve
dinamik [8-10] modeller olmak {izere iki kisma
ayrilabilmektedir. Alston vd. izolatorleri esdeger bir dortgen
olarak modellemistir [2]. Bu yontemde, yiizey kagak
akimina etki eden genel parametreler yer alsa da; izolator
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sekli ve ark durumunun etkisi goz ardi edilmektedir. Rumeli
izolatdrlerin kir direncini hesaplama amaciyla AR modelini
kullanmaktadir [7]. AR modelinde, kir tabakasi diizlemsel
olarak ele alinmakta ve seri kir direnci iizerinden yiizey
kagak akimlart hesaplanmaktadir. Bu ydntem, izolator
seklinin etkisini nispeten daha iyi gdstermektedir.

izolatér modellemede ydntemlerinin fazla olmasi, kir
direnci probleminin karmasik yapisindan
kaynaklanmaktadir. Bir izolatdr tipinde veya belli bir
gerilim aralifinda iyi sonu¢ veren bir yontem, problem
girdileri degistiginde ayni yeterli sonucu
vermeyebilmektedir. Bu durum, arastirmacilari sezgisel
yontemlere yonlendirmektedir [11-15]. Egitilebilir sezgisel
yontemlerle, farkli izolatdr tiplerine ve hava kosullarina
bagli olarak deney sonuglarmna yakin degerler elde
edilebilmektedir.

Bu calismada izolatdr ylizey kagak akimlari Anfis
yontemiyle hesaplanmaktadir. Hesaplanan degerler deneysel
verilerle ve karinca koloni algoritmasiyla bulunan sonuglarla
karsilastirllmaktadir. Anfis blogunun giris degiskenleri
yiizey iletkenligi ve uygulanan gerilim seviyesidir. Farkli
gerilim, kir seviyesi ve nem degerleri igin Olgiilen kacak
akim degerlerinin %30’u Anfis yontemini egitmek igin
kullamlmaktadir. Elde edilen sonuglar, Anfis ydnteminin
hedef problemin ¢oziimiinde yeterli performansa sahip
oldugunu gostermektedir.

2. Yontem

Anfis yontemi, bulamik mantik ve yapay sinir aglari
ilkelerinin  birlikte uygulanmasindan ortaya ¢ikan bir
yontemdir. Anfis, bilinen veya talep edilen degerlerle
egitilerek,  bilinmeyen  degerlerin  hesaplanmasinda
kullamlabilir. Son yillarda lineer olamayan problemlerin
¢Ozlimiinde yaygin sekilde kullanilan Anfis, ¢ikis ve giris
degiskenleri arasindaki bagintiyr belirlemede  gayet
basarilidir [16].

Izolatdr yiizey kacak akimlarinin Anfis ydntemiyle
hesaplanabilmesi ic¢in farkli nem ve kir direncine bagl
deney sonuglan gereklidir. Oztiirk’iin kuru durum igin
Olciim sonuglart ve karinca koloni algoritmas: (KKA)
yontemiyle elde ettigi degerler Tablo 1’de gosterilmektedir
[17]. KKA yontemi sezgisel bir yontem olmakla birlikte
egitilebilir degildir. Bu yiizden, KKA ile bulunan degerler,
giris degiskenlerine bagli olarak dlgiim degerlerinden ¢ok
farkli ¢ikabilmektedir. Olgiim ve KKA hesaplamalarinda
uygulanan gerilim araligi 5-50 kV arasinda degismekte ve
i¢ farkli 6z iletkenlik (o) degeri ele alinmaktadir. %60 ve
%85 nem oranlar icin elde edilen deney sonuglar1 Tablo
2’de gosterilmektedir. Nem deneylerinde secilen 6z
iletkenlik ve uygulanan gerilim degerleri, kuru ortam
deneyleriyle aynidir.

Tablo 1. Kuru durum i¢in 6l¢lim ve KKA sonuglar1

c 3,32 ps/cm 10,98 pus/cm 17,8 ps/cm
Ger. | Olgim | KKA | Olgiim | KKA | Olgiim | KKA
kV) | mA) | mA) | (mA) | mA) | (mA) | (mA)

5 0,084 0,048 | 0,100 | 0,187 0,098 0,294

10 0,152 0,103 | 0,182 | 0,310 0,178 0,542

15 0,224 0,127 0,266 0,450 0,258 0,091

20 0,292 0,175 | 0,346 | 0,560 0,338 0,869

25 0,372 0,193 | 0,426 | 0,681 0,420 1,147

30 0,464 0,228 0,518 0,833 0,510 1,301

35 0,562 0,261 0,610 | 0,906 0,600 1,495

40 0,650 0,321 0,716 1,039 0,694 1,709

45 0,756 0,339 | 0816 | 1,176 0,800 1,944

50 0,860 0,396 | 0,926 | 1,285 0,914 2,090

Deneysel caligmalarda, yiizey kacak akim ol¢limii on
farkli gerilim degeri igin yapilmaktadir. Bu gerilim
degerlerinden {i¢ tanesi Anfis yontemini egitmek amaciyla
kullanilmaktadir. Egitim i¢in kullanilan degerler 5, 30 ve 50
kV’da elde edilen 6l¢iim sonuglaridir.

Olgiimlerin ve KKA hesaplamalarinin noktasal degerleri
(uygulanan gerilim degerleri igin) belirlendikten sonra ara
degerlerin lineer bir degisim gosterdigi ongoriilmektedir.
Olgiim, KKA ve Anfis sonuglari birer efri olarak ifade
edildikten  sonra  grafikler iizerinde karsilagtirma
yapilmaktadir.

3. Bulgular

Anfis hesaplamalart i¢in Matlab\Simulink benzetim
programi kullanilmaktadir. Matlab’mn  Anfis ara yiizi,
problemin tamimlanmasim  ve sistemin  egitilmesini
kolaylastirmaktadir. Belirlenen aralikta dlgiilen veya talep
edilen degerler sisteme tanitildiktan sonra bilinmeyen
degerler i¢in tahmini sonuglar alinabilmektedir.

Tablo 2. Farkli nem degerlerinde 6l¢lim sonuglari

Nem %060 %985

3,32 | 10,98 17,8 3,32 10,98 | 17,8
ps/cm | ps/cm | pg/cm | ps/cm | ps/cm | psicm
Ger. | Olciim | Olciim | Olciim | Olciim | Olciim | Olciim
V)| (mA) | (mA) | (mA) | (mA) | (mA) | (mA)
5 0.084 | 0.074 | 0,098 | 0,148 | 0.160 | 0.170

10 | 0,168 | 0.144 | 0.164 | 0.276 | 0.324 | 0.314
15 | 0,248 | 0,224 | 0,236 | 0,390 | 0,452 | 0,452
20 | 0.338 | 0,304 | 0.308 | 0.512 | 0,640 | 0.616
25 10,424 | 0,378 | 0,382 | 0.634 | 0,680 | 0,776
30 | 0,512 | 0.452 | 0.470 | 0,752 | 0,756 | 0.936
35 ] 0.596 | 0,572 | 0.556 | 0.884 | 0,910 | 1.100
40 | 0.644 | 0.658 | 0.652 | 1.026 | 1.052 | 1.276
45 1 0,758 | 0,748 | 0.746 | 1,138 | 1,216 | 1.414
50 | 0,876 | 0,854 | 0,844 | 1,264 | 1,520 | 1,584

G

Sekil 1, 2 ve 3’te %60 nemli ortamda yapilan 6l¢iimler
ve Anfis hesaplamalart yer almaktadir. Sekil 1°de 6z
iletkenlik degeri 3,32 mikro S/cm’dir. Olgiilen ve tahmin
edilen degerler az bir hata payiyla paralellik gostermektedir.

0.9

0.8

Sigma= 3,32 mikro S/cm
0.7

— Olgiim
— Anfis

o
o

o
o

Kagak Akim (mA)
o
=

o
w

7

o
)

o

5 10 15 20 2 30 35 40 45 50
Uygulanan Gerilim (kV)

Sekil 1. %60 nem ve 6=3,32 ps/cm degeri icin akim ve
gerilime bagh 6l¢iim ve hesaplama sonuglart

Sekil 2’de &z iletkenlik degeri 10,98’dir. Olgiim ve
tahmin degerlerinin birbirine yakin oldugu ancak 5-20 kV
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arasinda non-lineer degisim gosterdigi goriilmektedir.
Tahmin degerlerinin, dlgiim degerleri gibi lineer bir yapiya
sahip olmamasmin nedeni, Anfis ydnteminin sezgisel bir
yontem olmasidir.

0.9

0.8
Sigma=10,98 mikro S/cm //
0.7
/7

— Olgtim
— Anfis

o
o

A)

\

Kagak Akim (m
o ¢
=

o
w

o
N

o

5 10 15 20 25 30 35 40 45 50
Uygulanan Gerilim (kV)

Sekil 2. %60 nem ve 6=10,98 ps/cm degeri i¢in akim ve
gerilime bagh 6l¢iim ve hesaplama sonuglar1

Sekil 3’de 6z iletkenlik degeri 17,8°dir. Olgiilen ve
tahmin edilen degerler birbirine yakin olmakla birlikte, hata
degeri uygulanan gerileme gdre deZismektedir. Olgiilen
akim degerleri, ilk iki sekille benzerlik gostermektedir. Kuru
durum ve farkli 6z iletkenlik degerleri altinda birbirine yakin
kagak akimlarin Olgiilmesi; kir direncinin kagak akima
etkisinin az oldugunu gostermektedir.

0.9
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Anfis /

o o
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Kagak Akim (mA)
o ¢
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5 10 15 20 25 30 35 40 45 50
Uygulanan Gerilim (kV)

Sekil 3. %60 nem ve 6=17,8 ps/cm degeri icin akim ve
gerilime bagh 6l¢iim ve hesaplama sonuglar1

Sekil 4, 5 ve 6’da %85 nem ortami i¢in Olgillen ve
tahmin edilen degerler gosterilmektedir. Nem orani
arttiginda kacak akim seviyesinin de arttigi goriilmektedir.
Oz iletkenlik degeri arttikca kagak akim artim, lineer bir
degisimden lineer olmayan bir degisime dogru kaymaktadir.
6=3,32 mikro S/cm degerinde dl¢iim sonuglart dogrusal bir
yaptya sahipken, 6=10,98 mikro S/cm degerinde ol¢lim
sonuglar1 dogrusal olmayan bir degisime sahiptir. Olgiim
sonuglarinin dogrusal olmamasi, 6l¢lim ve tahmin sonuglari
arasindaki hatayr artirmaktadir.
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Sekil 4. %85 nem ve 6=3,32 ps/cm degeri icin akim ve
gerilime bagh 6l¢iim ve hesaplama sonuglar1
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Sekil 5. %85 nem ve 6=10,98 ps/cm degeri i¢in akim ve
gerilime bagh 6l¢iim ve hesaplama sonuglar1

e
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Uygulanan Gerilim (kV)

Sekil 6. %85 nem ve 6=17,8 ps/cm degeri icin akim ve
gerilime bagh 6l¢iim ve hesaplama sonuglar1

Sekil 7,8 ve 9’da farkli 6z iletkenlik degerlerinde kuru
durum i¢in 6l¢iim, Anfis ve KKA ile hesaplanan kagak akim
degerleri gosterilmektedir. KKA hesaplama hatalar1 6z
iletkenlik degerlerine bagli olarak degisim gostermektedir.
o= 3,32 uS/cm ve o= 10,98 uS/cm 6z iletkenlik degerlerinde
hata degerleri benzer olmakla birlikte hata isaretleri
farklidir. 6= 10,98 pS/cm 6z iletkenlik degerinde ise hata
degerinin daha da arttigr goriilmektedir. Anfis yontemi,
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KKA hesaplamalarina gore daha iyi sonuglar vermekte ve
Olciim sonuglarina yakin degerler elde etmektedir.
Uygulanan gerilim ve 06z iletkenlik degerlerindeki
farkliliklar hata payini fazla etkilememektedir.
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Sekil 7. Kuru durum ve 6=3,32 ps/cm degeri i¢in akim ve
gerilime bagh 6l¢iim ve hesaplama sonuglar1
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Sekil 8. Kuru durum ve 6=10,98 ps/cm degeri i¢in akim ve
gerilime bagh 6l¢iim ve hesaplama sonuglar1
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Sekil 9. Kuru durum ve 6=17,8 us/cm degeri i¢in akim ve
gerilime bagh 6l¢iim ve hesaplama sonuglar1

4. Sonug
[zolatér yiizeyinden akan kagak akimlarm bulunmasi,

lineer olmayan, bir¢ok degiskene bagl ve ¢oziilmesi zor bir
problemdir. Literatiirde yiizey kacak akim hesaplamalarina

yonelik bir¢cok yontem bulunmasma ragmen, bu yontemler
farkli ¢alisma kosullart ve izolatdr sekilleri igin tutarli
sonuglar vermemektedir. Olgiim sonuglar1 ile egitilen
sezgisel yontemler benzer problemlerin ¢dziimiinde yaygin
sekilde kullanilmaktadir. Bu ¢alismada izolatér yiizeyinden
akan kacak akimlar Anfis yontemiyle hesaplanmakta ve elde
edilen degerler Ol¢iim ve KKA yontemiyle bulunan
hesaplama sonuglartyla karsilastirilmaktadir. Farkli  kir
direnci ve uygulama gerilimlerinde Anfis yonteminin dl¢iim
sonuglarina yakin degerler buldugu ve KKA hesaplama
sonuglarina nazaran daha tutarli oldugu analiz sonuglarinda
goriilmektedir. Farkli kir direnglerinde KKA ydntemiyle
hesaplanan degerlerin dogruluk oram degisse de Anfis
yontemiyle bulunan degerlerin, 6l¢lim sonuglarini ihmal
edilebilir bir hatayla takip ettigi belirlenmistir. Bu sonuglar,
Anfis yonteminin farkli ¢evre kosullari ve uygulama
gerilimi araliginda meydana gelen yiizey kacak akimlarinin
hesabinda  etkili ~ bir  sekilde  kullanilabilecegini
gostermektedir.
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An investigation of microstructure of the worn surfaces on drum in
brake systems

Muzaffer Erdogan ! ibrahim Yavuz ', Ali Ercetin**
Abstract

Every vehicle in motion has a kinetic energy. In order to control this motion, brake systems are used in vehicles. Brake
systems are utilized so as to slow down the speed of moving vehicle or to stop it when desired. Many brake systems have been
developed with development of technology until today. One of them is drum brake system. In this study, damaged material is
heavy vehicle drum brake system. According to spectral analysis results of the material, optical microscope images of
microstructure and hardness values were obtained. At the first visual inspection of the drum brake system, part integrity
preserved, however due to long-continued and hard working conditions, fatigue, wear and due to intense corrosion, metal erosion
were determined. Failure analysis was made by comparing the data obtained from experimental results with literature
information.

Keywords: Brake drum; brake wheel mechanism; microstructure; hardness

Fren sistemlerindeki kampananin asinms yiizeylerinin mikroyapi incelemesi
Ozet

Hareket halindeki her tasitin sahip oldugu bir kinetik enerjisi bulunmaktadir. Bu hareketin kontroliinii saglayabilmek i¢in
araclarda fren sistemleri kullanilmaktadir. Fren sistemleri hareket halindeki aracin hizin1 yavaglatmak veya istenildiginde aracin
durmasini saglamak amaciyla kullanilmaktadir. Gliniimiize kadar teknolojinin de gelismesiyle birgok fren sistemi gelistirilmistir.
Bunlardan birisi de kampana fren sistemidir. Bu ¢alismada, hasara ugramis malzeme, agir vasita kampana fren sistemidir.
Malzemenin, spektral analiz sonuglarina gére igyapinin optik mikroskop goriintiileri, sertlik degerleri elde edildi. Kampanali fren
sisteminin, gozle yapilan ilk muayenesinde parga biitiinliigiiniin korundugu fakat uzun siireli ve sert calisma kosullarindan 6tiirii
yorulma, aginma ve yogun korozyona bagli metal erozyonu tespit edilmistir. Deneysel sonuglardan elde edilen veriler, literatiir

bilgileri ile karsilagtirilarak hasar analizi yapilmistir.

Anahtar Kelimeler: Fren kampanasi; fren teker mekanizmasi; mikroyapi; sertlik

1. Introduction

Brake is an instrument that is utilized to stop the motion
of an object or slow its motion down. Most of brakes
absorb kinetic energy via mechanical, hydro dynamical or
electrical means by affecting on rotating mechanical parts.
In the most common brake type mechanical brakes, the
kinetic energy is wiped out through converting it to heat. In
these mechanisms, friction is generated by means of a static
friction element, hydraulics or pneumatics pressing on a
rotating drum. When resistance or a friction is applied to a
rotating wheel, vehicle brake system causes wheels to slow
down and finally stop. During this heat process, brake
temperature results in going up.  There are factors
determining deceleration of a vehicle,

! Afyon Kocatepe University, Faculty of Technology, Department of
Automotive Engineering, 03200 Afyonkarahisar, Turkey

? Bingol University, Faculty of Engineering and Architecture, Department of
Mechanical Engineering, 12000 Bingol, Turkey
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which are vehicle weight, braking force, friction coefficient

and pressure distribution on the braking surface area [1-4].
When pressing the brake pedal, the pressure developed in
the master cylinder is transmitted to brake wheel cylinders
through pipes. Wheels push pressurised hydraulic pistons
filled in their cylinders outwards. Pistons transmit received
thrust to brake shoes via pushrods. Brake shoes recline
balatas on drum by opening against drum and thus braking is
provided thanks to the effect of occuring friction. As we
release our foot from brake pedal, brake shoes move away
from drum via return springs connnected to brake shoes.
Hence, braking mechanism gets ready for a new braking [5].

Arpat [6], in his study, investigated the amount of wear
took place in the balata because of increasing heat on the
friction surface of balatas in drum or disk brake systems for
loaded light and heavy commercial vehicles as a result of
frequently braking. In addition, Arpat determined that
wearing in the balata decreases with decreasing heat while
braking. Mosleh [7], in various speeds, wear and friction
behaviors in the balatas subjected to braking were

21



Darendelioglu ve ark. Astragalus gummifer Cigeklerinin Etanol Oziitiiniin PC-3 ve HUVECs Uzerindeki Biyolojik Aktivitesi

investigated and investigations about tribological properties
of corrosive materials were made by Mosleh. Characteristics
of brake material were established in experimentally
performed tests. Depending on differentness of brake
materials, it was determined that change in wearing rate is
low and change in wearing rate depends upon high slip
velocities. Thermoelastic irregularity that formed from heat
due to the friction during braking was described by Hwang.
Change of temperature and temperature strain under full
braking and repetitive braking was tackled through finite
elements method [8]. Wear and cracks even fractures can
occur on the drum in time as a result of extreme friction
drum exposed. In this study, spectral analyses, hardness and
optical microscopy inspections were conducted on the
damaged drum which belongs to the heavy vehicle.

2. Material and Method

A piece of sample was taken from the worn surface of
the damaged drum by cutting with a jet of water. Then, this
piece was emeried with number 240, 320, 600, 800, 1000
and 1200 emery papers and subjected to polishing process
with Al,0;. Subsequently, particles and emery paper marks
on the material were minimized by ultrasonic bath. Lastly,
the sample was subjected to the etching process by proper
etchant and inspected by the optical microscope. In order to
examine the worn surface of the sample and the cleaned
surface of the sample, SEM images were taken by Leo 1430
VP model SEM device. Later, hardness measurement was
carried out by vickers hardness measurement device
(Shimadzu brand).

3. Findings and Discussion
3.1. Mechanical and Chemical Properties

First observations associated with drum;

- Became unusable because of damage

- Depending on working, fatigues, crushes, wears, deep
cavities, cracks and corrosion on the surface of balatas
contacting with drum were observed (Fig. 1). Thus, these
defects caused deterioration and loss of function in the most
of the structure.

Hardness values of gray cast irons are average of
approximately 210 HV in the literature review and this
hardness changes with material composition [9]. In order to
measure hardness value of the drum material, vickers
hardness measurement method was used under 980 N load.
The determined average hardness value of 198HV was
measured.

As a result of the performed spectral analysis, it was
determined that when we examined chemically internal
structure of the specimen, element ratios in the internal
structure were % 3.73 C, % 2.25 Si, % 1.01 Mn and the
specimen contained other additive elements at various rates
in itself (Table 1). When examined containing carbon ratio,
it is understood that drum is manufactured from cast iron. In
other words, it is Fe-C-Si alloy and generally contains %
2.5-4.5 Cve % 1-3.5 Si.

Table 1. Chemical composition of the damaged component

C Si Mn P S
3.73 2.25 1.01 0.0313 0.0347
Cu Cr Ti Ni Fe
0.187 0.162 0.0132 0.0102 92.5

Yellow Spots

"Deep
- Scratches
RN
Deea
Scratches

Fig. 1. The image of damaged drum in brake system (a, b)

Cast irons are ferrous cast alloys which include at least
% 2.5 carbon. Based on chemical composition ratios, it is
understood that the damaged component was manufactured
from grey cast iron [10,11]. In general, gray cast irons
contain between %1.7 and %4.5 carbon and between %1 and
%3 silicon. Grey cast iron known as lamellar graphite cast
iron as well consists of Fe-C-Si alloys and in the stracture of
which, lamellar shape graphite is material of iron-carbon
content.

Chemical compositions that are specified in (Table 1)
are the effects on microstructure of grey cast iron and carbon
and silicon are the most effective ones among them. It is a
material that has a high thermal conduction and high
vibration damping feature. Grey cast iron cools quicker by
enabling to scatter emerging heat during braking.

3.2. Optical Microscopy Analysis

When internal structure of the drum is analyzed, it is
seen lamellar graphite grey cast iron as material (Fig. 2a,
2b). Graphite flakes spread homogeneously in the structure.
These graphite flakes exist in the structure of the thick
section of casting parts. Ferrites exist around raster data
structure primarily pearlite graphites. It is considered that
graphite lamellars are seen as thick lines and stresses
concentrate at these points.
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Fig. 2. The optical image of the drum material; a) 200x, b)
500x

3.3. SEM Analysis

After the specimen was passed from preparation stages,
it was made prepared so as to be inspected by electron
microscope. According to the specimen structure, changing
vacuum time was waited. This time was average of 30
minutes. SEM image of worn surface of the taken specimen
was shown in the (Fig. 3). Cavities were seen on the worn
surface.

Fig. 3. The SEM image of worn surface of the drum
material, 100x

In the Fig. 4, when SEM image of the cleaned surface of
the material was examined, the material seen consisted of
lamellar graphite grey cast iron. Curled black lines are
lamellar graphites distributed regularly in the structure.

Lamellar
Graphite

Fig. 4. The SEM image of the cleaned surface of the drum
material, 200x

4. Conclusion

There is not fault in the design and metarial structure. It
was determined that manufacturing and assembling were
proper. However, fatigue, corrosion, stress corrosion
cracking, friction, wear and distortion defects occured since
appropriate working conditions could not be provided.

As a result of investigations made, yellow-spotted
structures have been found in the section where balata
contacts with drum. These yellow- spotted structures took
place because of the heat arised from friction during
braking. Furthermore, deep scratches seen in the contact
points show that as a consequence of lining wear, brake
shoes contact with drum and remove metal pieces from
surface due to the effect of the friction. These removed
metal pieces entered between balata and drum during
relative motion each other between balata and drum. Hence,
Abrasive type wear appeared. It is considered that balatas
were not renewed in time, which led to this situation. Deep
scratches and cavities occured on the surface of the drum
prevented damaged the drum from being in the range of
turning.
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Composition and antioxidant capacity of the essential oils of
Alyssum pateri Nyar subsp. prostratum (Nyar) Dudley (Brassicaceae)
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Abstract

The aim of this study was examined the chemical composition and antioxidant activity of the essential oil from the aerial
parts of Alyssum pateri Nyar subsp. prostratum (Nyar) Dudley, which growing in Turkey. The essential oil of aerial parts of A.
pateri subsp. prostratum, which belongs to Brassicaceae family, was obtained by hydrodistillation method and analyzed by HS-
SPME/GC-MS. Forty one compounds were identified, which representing 92.84% of the oil. Among them 6,10,14-trimethyl-2-
pentadecanone (22.09%), 1,8-cineole (11.91%), thiobis-methane (6.43%), 2,6,10-trimethylpentadecane (6.05%) and hexadecane
(4.19%) were the major constituents of the oil. The antioxidant activity of essential oil from A. pateri subsp. prostratum was
evaluated by Superoxide Anion (O,") Scavenging Activity (SASA), Free Radical Scavenging Activity (FRSA), Metal Chelating
Power (MCP) methods and ICs, values. The results of antioxidant activity were compared with BHA, BHT, Vit.E and EDTA.

Keywords: Alyssum; Brassicaceae; essential oil; HS-SPME/GC-MS; antioxidant

Alyssum pateri Nyar subsp. prostratum (Nyar) Dudley (Brassicaceae)’in
ucucu yag kompozisyonu ve antioksidan kapasitesi

Ozet

Bu ¢alismada T. balsamita L. subsp. balsamita bitkisinin toprakiistii kisimlarinin antioksidan aktiviteleri gesitli yontemler
kullanilarak incelendi. Bu amagla, bitki kurutulup 6giitiildiikten sonra toprak iistii kisminin ektraksiyonu ¢oziicii olarak aseton,
etil asetat, diklorometan, metanol ve saf su kullanilarak ayr1 ayr1 yapildi. Antioksidan ve radikal giderme aktivitelerinin
belirlenmesi igin, her bir ekstre DPPH- serbest radikal giderme aktivitesi, metal selatlama kapasitesi, toplam indirgeme giicii,
hidrojen peroksit giderme aktivitesi, toplam antioksidan aktivitesi gibi ¢esitli metodlarla analiz edildi. Ayrica her bir ekstrenin
Folin-Ciocalteu ayirac ile toplam fenol igerigi, toplam p-karoten ve likopen igerigi, toplam flavanoid igerigi ve fenolik asit
icerigi de belirlendi. Sonuglar BHA, BHT, a-tokoferol standart antioksidan maddeleriyle kiyaslanarak degerlendirildi. Kullanilan
biitiin yontemlerde, serbest radikallere karst 7. balsamita L. subsp. balsamita bitkisinin ekstrelerinin etkili oldugu bulundu.

Anahtar Kelimeler: Alyssum; Brassicaceae; ugucu yag; HS-SPME/GC-MS; antioksidan

Abbreviations: AEOs: Essential oils of Alyssum pateri Nyar subsp. prostratum (Nyar) Dudley; BHA: butylated hydroxyanisole;
BHT: butylated hydroxytoluene; Vit. E: Vitamin E; EDTA: Ethylenediaminetetraacetic acid; SASA: Superoxide anion (O;")
radical scavenging activity; FRSA: DPPH- free radical scavenging activity; MCP: metal chelating power; FeCl,: Iron (II)
chloride; DPPH': 2,2-diphenyl-1-picrylhydrazyl; NADH: nicotinamide adenine dinucleotide; PMS: phenazine methosulfate;
NBT: nitroblue tetrazolium.

1. Introduction

Brassicaceae (Cruciferae) family is widely distributed

in the world with 350 genera and about 3500 species [1].
The species of this family are consumed by people all over
the world as food, spices and as a source of vegetable oils
[2,3]. Brassicaceae species are contain many health-
promoting phytochemicals such as minerals, fat, vitamins,
phenolic compounds and soluble sugars [4]. Several studies

"'Bingol University, Faculty of Arts and Sciences, Department of Biology,
12000 Bingol, Turkey

?Bingol University, Health College, Laboratory of Natural Product Research,
12000 Bingol, Turkey
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showed that extracts of the different species of Brassicaceae
reduce the oxidative damage and have anticarcinogenetic,
antioxidant, antimicrobial, antiinflammatory effects [5].
There is a growing interest in determining the
phytochemicals and valuable compounds of herbs [6]. The
genus Alyssum, which belongs to Brassicaceae family, is
annual, biennial or perennial herbs and distributed in
different regions of Turkey. 4. pateri subsp. prostratum is
suffrutescent perennial with sparsely foliate, procumbent or
decumbent, fertile shoots up to 20 cm and numerous
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conferted sterile shoots, stems reddish, withsparse,
deciduous indumentum [7]. In this paper we report the
composition and antioxidant activity of the essential oil from
the aerial parts of 4. pateri subsp. prostratum collected from
the east part of Turkey.

2.Materials and methods
2.1. Plant material

A. pateri subsp. prostratum was collected during April
2014, from natural populations around the province of
Bingol in Turkey (38°896'73"N, 40°407'13"E, 1650 m). The
plant material was identified with volume 1 of Flora of
Turkey and East Aegean Islands and was deposited in the
Herbarium of the Department of Biology, University of
Bingol, Turkey (VoucherNo: BIN-HER-391) [7].

2.2. Isolation of essential oil

Finely dry powdered aerial parts of A. pateri subsp.
prostratum (200 g) were subjected to hydrodistillation using
Clevenger-type apparatus for 4 h. The obtained oil was
collected, dried over anhydrous sodium sulphate and was
stored in vials at low temperature prior to analysis.

2.3. GC-MS analysis

Analysis of the essential oil was performed using a gas
chromatography—mass spectrometry (GC-MS) Agilent
5975C series GC/MSD with Triple-Axis HED-EM detector
(Agilent Technology Inc., Santa Clara, CA, USA), equipped
with HP-5 MS capillary column packed with fused silica (30
mx0.25 mm i.d., 0.25 um film thicknesses) and interfaced
with a HP chemstation. Helium was carrying gas and flow
rate of helium was 1 mL/min. Oven temperature was
programmed, 60 °C (1 min, isothermal) to 246 °C (3 min,
isothermal) at 3 °C/min. The temperature of injector was 250
°C and for detector it was 300 °C. The ionization energy was
70 eV. Identification of the constituents was based on
computer matching against commercial Mass Finder 2.1
Library, Wiley and MS literature data [8]. All the analysis
were performed in triplicate.

2.4. HS-SPME procedure

The extraction of volatile compounds was carried out
bya HS-SPME (headspace solid phase microextraction)
method using a DVB/CAR/PDMS fiber, with 50/30 um film
thickness; before the analysis the fiber was preconditioned
in the injection port of the GC as indicated by the
manufacturer. 6.0 g of the grounded and homogenized
sample was weighed into a 40 mL vial and suspended in
14.5 mL; the vial was equipped with a “mininert” valve
(Supelco, Bellafonte, PA, USA). The vial was kept at 35 °C
with continuous internal stirring and the sample was left to
equilibrate for 30 min; then, the SPME fiber was exposed
for 40 min to the headspace while maintaining the sample at
35 °C. After sampling the SPME fiber was introduced into
the GC injector, and was left for 3 min to allow the analytes
thermal desorption. In order to optimize the technique, the
effects of various parameters, such as sample volume,
sample headspace volume, sample heating temperature and
extraction time, were studied on the extraction efficiency as
previously reported by Verzera et al [9]. Each measurement
was repeated in triplicate.

2.5. Superoxide Anion (0,") Scavenging Activity (SASA)

The scavenging activity of the samples against
superoxide anion radicals was measured by Liu et al., with a
slight modification [10]. Briefly, 100 pL of the various
concentrations (50-300 pg/mL) of AEOs and Vit. E (used as
reference compound) solution were mixed with 3 mL of
phosphate buffer (0.1 M, pH 7.4) containing 1 mL of NBT
(0.3 mM) solution, 1 mL of NADH (1 mM) solution. The
reaction mixtures were initiated by addition of 1 mL of PMS
(120 puM). After incubation at 25 °C for 10 min, the
absorption was recorded at 560 nm with UV-visible
spectrophotometer. Control solution (without sample) was
prepared as described above. All the compounds and
positive control were run in triplicates. The superoxide anion
(O,7) scavenging activity was calculated as can be seen in
Equation 1:

Scavenging Activity (%) = (A‘%) x100 (1)
0

where Ay was the absorption of the control and A, was the
absorption of the sample or positive control.

2.6. Free Radical Scavenging Activity (FRSA)

Hydrogen atom or electron-donation ability of the
samples was measured from the bleaching of the purple-
coloured methanol solution of DPPH-. The free radical-
scavenging activity was evaluated as described by Ardestani
and Yazdanparast, with a slight modification [11]. Various
concentrations (75-375 pg/mL) of the AEOs and reference
compounds were prepared and each of them (1 mL) was
mixed with 1 mL of 0.4 mM freshly prepared methanolic
solution containing DPPH- radicals. The resulting solutions
were then left to stand at room temperature for 30 min prior
to being spectrophotometrically detected at 517 nm. The
solution without adding the DPPH- solution served as a
blank.

The percentage of DPPH-scavenging activity was
calculated in the form of Equation 2:

ACA‘CAS x100 )

% DPPH" Scavenging Activity =
where A, was the absorption of the control and A was the
absorption of the sample or positive control.

2.7. Metal Chelating Power (MCP)

The ferrous chelating capacity of AEOs and the
reference compounds (EDTA and Vit. E) was conducted
following the method used by Decker and Welch, with slight
modifications [12]. 2 mL of samples of concentration
labeling between 55 and 275 pg/mL were added to 50 uL of
2 mM FeCl, and well mixed. The reaction mixture was
incubated in laboratory conditions. The reaction occurred by
the addition of 100 pL. 5 mM ferrozine. After 10 min of
incubation period, the absorbance of the solution was
measured at 562 nm using a UV—visible spectrophotometer.
For the ferrous-chelating activity, ICsy values were
calculated using the equation as described above was used
for DPPH* free radical scavenging activity.

2.8. Statistical analysis

All experiments were carried out in triplicate. Data were
expressed as means + SD (standard deviation). A one-way
analysis of variance (ANOVA) followed by Duncan’s post
test was used for comparison between the ruthenium
complexes and standard compounds. A difference was
considered statistically significant when p < 0.05. All the
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statistical analyses were accomplished using the computer
software SPSS 16 for Windows.
3. Results and Discussion

The chemical composition and antioxidant activity of
the essential oil from the aerial parts of 4. pateri subsp.
prostratum was studied. Forty one compounds representing
92.84% of the oil were identified. The main constituents of
each oil, their retentiontimes and percentages are
summarized in Table 1.

The major compounds of AEOs were 6,10,14-trimethyl-
2-pentadecanone (22.09%), 1,8-cineole (11.91%), thiobis-
methane (6.43%), 2,6,10-trimethylpentadecane (6.05%) and
hexadecane (4.19%). Other components (<4.0 and > 1.30 %)
identified in the oil were 1-butanol (3.71 %), ionone (2.57
%), naphthalene (1.84 %), B-citronellol (1.44 %), docosane
(1.44 %), cyclopentane (1.43 %), palmitic acid (1.42 %),
camphor (1.39 %), caryophyllene (1.35 %), 4-(methylthio)
butanenitrile (1.34 %) and dihydropseudoionone (1.33 %).
Also from isolongifolene (0.97 %) to n-octadecane (0.72 %)
and oxirane, tridecyl (0.72 %), many minor compounds
(<1.0 %) were identified in the oil.

Table 1. Essential oil composition of A. pateri subsp.
prostratum (%)

No. RT* Compound Percentage
1 7.891 Thiobis- methane 6.43
2 7.936 Cyclopentane 1.43
3 8.199 1-butanol 3.71
4 8.893 Pentanal 0.93
5 8.996 2-methyl, butanal 1.28
6 10.306  Hexanal 1.23
7 13.053  a-pinene 1.22
8 13.808  Camphene 1.03
9 14.489  y-Terpinene 0.87
10 15.015  Furan, 2-pentyl 1.01
11 15364 Cyclopropane, 1,1-dimethyl-2 0.74
12 16.623  p-cymene 1.02
13 16.835 1,8-cineole 11.91
14 19.318 Nonanal 0.94
15 19959 2-nonyne 0.77
16 20.463  P-thujone 0.87
17 20926 B-pinene 0.74
18 21.126  4-(methylthio) butanenitrile 1.34
19 21990 Camphor 1.39
20 22.391 n-decanal 0.76
21 22.837 o-terpineol 0.83
22 23.615 Safranal 0.73
23  24.159  Tetradecamethyl cycloheptasiloxane 0.74
24 24931 Bornyl acetate 0.74
25 25.338  Sulfurous acid 0.74
26 32.105 Tetradecane 1.27
27 34.125 Hexadecane 4.19
28 34486 Naphthalene 1.84
29 35.796  Caryophyllene 1.35
30 37.072 Dihydropseudoionone 1.33
31 37474 Ocxirane, tridecyl 0.72
32 37.834 n-octadecane 0.72
33 39.235 Ionone 2.57
34 43.046 Isolongifolene 0.97
35 48.894  6,10,14-trimethyl-2-pentadecanone 22.09
36 51.183  Palmitic acid 1.42
37 51.543  Phthalic acid 1.29
38 51.715  B-citronellol 1.44
39 55.727  Adipicacid 0.75
40 55.880  2,6,10-trimethylpentadecane 6.05
41 63.141 Docosane 1.44
Total (%) 92.84

*Retention Time

IC50 values for SASA, MCP and FRSA are shown in
Table 2. The values of IC50 for superoxide anion (O2+—)
scavenging activity was 153.01+1.46pug/mL (AEOs),

100.67+0.88ug/mL (BHT) and 40.58+0.57ug/mL (Vit. E),
respectively (p < 0.05). IC50value of AEOs for metal
chelating activity was 389.23+0.86pg/mL which is higher
than the control and positive standards BHT (IC50 =
205.57+1.36pg/mL), Vit. E (130.05+1.32pg/mL) and EDTA
(IC50 = 30.63+0.87ug/mL) (p < 0.05).

The amount of sample to scavenge the 50% of DPPH-
radical in test solution were; 730.72+2.32 pg/mL (AEOs),
280.86+1.23 pg/mL (BHT), 200.07+2.07 pg/mL (Vit. E)
and 96.50+3.17 pg/mL (BHA), respectively (p < 0.05).

Table 2. ICs, values of AEOs and positive controls on
different antioxidant activity parameters

ICsy (ng/mL)
SASA MCP FRSA
AEOs 153.01+1.46° 389.23+0.86" 730.72+2.32¢
BHT 100.67+0.88° 205.57+1.36° 280.86+1.23°
VIT.E  40.58+0.57" 130.05+1.32° 200.07+2.07°
BHA NT NT 96.50+3.17°
EDTA NT 30.63+0.87" NT

Results are expressed as means + standard errors of three replications
determinations.

a-d: Differences within columns (samples not connected by the same letter are
statistically different at p < 0.05).

ICsp: Concentration in micromole per liter required to inhibit radical
formation by 50%.

NT: not tested.

The superoxide anion (O,") radical scavenging activity
of various amounts of AEOs, BHT and Vit. E (50, 100, 150,
200, 250 and 300 pg/mL) are shown in Fig 1. At
concentration of 300 pg/mL, AEOs showed a close
scavenging activity to BHT, but Vit. E exhibited the highest
scavenging activity. At the same concentration (300 pg/mL),
the superoxide anion (O,") radical scavenging activity of
AEOs, BHT and Vit. E were 70.27%, 78.50% and 93.01,
respectively.
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Fig 1. Superoxide anion (O2+—) radical scavenging activity
of AEOs, BHT and Vit. E

The metal chelating power of various concentrations of
AEOs, BHT, Vit. E and EDTA is presented in Fig 2.
Significant differences in the chelating power were observed
amongst the samples. At a concentration of 275 pg/mL, the
chelating power of ferrous ions was following order; EDTA
(97.44%), Vit. E (69.82%), BHT (50.37%), and AEOs
(32.46%).

To evaluate the free radical scavenving activity of
AEOs, concentration-dependent assay was performed and
comparative results are shown in Fig 3. The rising
concentration was increased the scavenging activity. At all
concentrations which tested, AEOs showed the lower
scavenging activity on the DPPH- radical than BHT, Vit. E
and BHA. When 375 pg/mL concentrations tested, AEOs,
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BHT, Vit. E and BHA scavenged the DPPH- radical
following ratio; 26.34%, 52.29%, 63.20% and 89.23%.
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Fig 2. Metal chelating power of AEOs, BHT, EDTA and
Vit. E
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Fig 3. DPPH- free radical scavenging activity of AEOs,
BHT, BHA and Vit. E

Maghsoudlou et al. (2014), analyzed the essential oil of
Alyssum  maritimumby GC/MS and was identified
the Alyssum maritimum oil with 32 compounds representing
99.246%, and the major components were 3-butenyl iso
thiocyanate (85.205%), naphtha (1, 2-c) furan-3 (1H)-one
(3.059%), 2-thiazolecarboxylic acid, 4-methyl-, ethyl ester
(2.872%) and cyclohexasiloxan, dodecamethyl (1.331%),
respectively [13]. The essential oil of leaves from B. rapa
var. perviridis was found to contain 48 volatile components,
representing 94% to 96.6% of the oil. The main constituents
were found to be 3-butenylisothiocyanate (1.4% to 29.2%),
4-pentenyl isothiocyanate (8.2% to 23.5%), 2-methyl 5-
hexenenitrile (1.3% to 16.8%), 2-phenylethyl isothiocyanate
(7% to 13.7%), and phytol (6.1% to 23.5%) [14]. The
volatile oil from cabbage consisted mainly of monoterpenes
(sabinene, limonene, a-thujene, 1,8-cineole, f-pinene,
myrcene, o-pinene, and y-terpinene), (Z)-3-Hexenyl acetate,
sesquiterpene (E, E)-a-farnesene, and homoterpene (E)-4, 8-
dimethyl-1, 3, 7- nonatriene [15]. The antiradical activity,
polyphenols, flavonoids and total condensed tannins
contents have been determined in the case of seven local
edible Brassicaceae. The polyphenolic compounds detected
were: kaempferol and quercetin  glycosides and
hydroxycinnamic esters. The ECs, values ranged from 81.45
to 917.81 mg sample/mg DPPH* and the total phenolic
content from 4.30 to 13.80 gallic acid equivalents (mg gallic
acid/g sample) [16].

This is the first study of chemical composition and
antioxidant activity of AEOs. There is a few work about the
chemical compositions of Alyssum taxa and their
antioxidative effects in literature. Therefore importance of
current study becomes more obvious.

4. Conclusion

The composition and antioxidant activity of essential oil
from the aerial parts of 4. pateri subsp. prostratum was
evaluated in GC-MS/HS-SPME analysis and three different
antioxidant testing systems. The results clearly indicated that
the major components of AEOs were 6,10,14-trimethyl-2-
pentadecanone (22.09%), 1,8-cineole (11.91%), thiobis-
methane (6.43%), 2,6,10-trimethylpentadecane (6.05%) and
hexadecane (4.19%). The antioxidant capacity assays, which
are Superoxide Anion (O,") Scavenging Activity (SASA),
Free Radical Scavenging Activity (FRSA), Metal Chelating
Power (MCP), revealed that AEOs has antioxidant activity.
Further studies are needed to evaluate the beneficial health
effects of this herb.
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Ekmeklik bugday genotiplerinde erken kurakhiga dayamkhhigin
olciitii olarak fide kalim

Sinan Bayram*', Ali Oztiirk >, Murat Aydin
Ozet

Bu arastirmada, tescilli ve yerel gesitlerden olusan toplam 64 ekmeklik bugday genotipi, kuraklik sonrasi fide kalim Slgiit
alinarak fide gelisme dénemindeki kurakliga dayaniklilik yoniinden degerlendirilmistir. Aragtirma, Atatiirk Universitesi Ziraat
Fakiiltesi Tarla Bitkileri Boliimii serasinda, tarla topraginda, tam sansa bagli deneme planina gore ve 4 tekerriirlii olarak Nisan-
Haziran 2011 déneminde yiiriitiilmiistiir. Kuraklik sonrasi fide kalim oran1 yoniinden bugday genotipleri arasinda énemli farklar
oldugu belirlenmistir. Genotiplerinin kuraklik sonrast fide kalim oranlari %10,8 ile %37,3 arasinda degisim gostermis,
genotiplerin ortalamasi olarak %22,3 olmustur. Kuraklik sonrasi fide kalim oraninin Lancer (%37,3), Kirag 66 (%35,0), Gerek 79
(%34,3) ve Alparslan (%33,5) ¢esitlerinde en yiiksek; Karasu 90 (%10,8), Ak Bugday (%11,8), Bezostaja 1 (%12,0), Dogankent
1 (%12,8) ve Tir (%13,3) genotiplerinde ise en diisiik oldugu tespit edilmistir. Arastirmada kontrol amaciyla kullamilan ve sulu
tarim alanlari i¢in Onerilen Bezostaja 1 ve Karasu 90 ¢esitlerinin en diisiik fide kalim oranlarina sahip genotipler igerisinde yer
almalar1 dikkat ¢cekmistir. Zerin yerel ¢esidi harig, arastirmada yer alan diger yerel ¢esitlerimizin bu 6l¢iit yoniinden gen kaynagi
olarak timitvar olmadiklar1 belirlenmistir. Kuraklik sonrasi fide kalim orami yiiksek bulunan Lancer, Kirag 66 ve Gerek 79
genotiplerinin, erken kurakligin goriildiigii ¢evrelere daha iyi uyum saglayabilecekleri ve ilgili 1slah programlarinda ebeveyn
olarak kullanilabilecekleri sonucuna varilmstir.

Anahtar Kelimeler: Ekmeklik bugday; erken kuraklik; fide kalim1

Seedling survival as a criterion of resistance to early drought in bread wheat
genotypes

Abstract

In this study, total sixty-four bread wheat genotypes consisting of certified and local varieties was evaluated in terms of
drought resistance in seedling development stage by considering that seedling survival after drought. This research was carried
out completely randomized experimental design with four replications between April-June 2011, in the field soil in greenhouse of
Faculty of Agriculture at Ataturk University. It was determined significant differences among genotypes in terms of seedling
survival after drought rate. Seedling survival after drought rate of genotypes ranged between 10.8-37.3% and the mean of
genotypes was determined as 22.3%. It was determined that highest seedling survival after drought rate in Lancer (37.3%), Kirag
66 (35.0%), Gerek 79 (34.3%) and Alparslan (33.5%); the lowest in Karasu 90 (10.8%), Ak Bugday (11.8%), Bezostaja 1
(12.0%), Dogankent 1 (12.8%) and Tir (13.3%). Bezostaja 1 and Karasu 90 which are suggested for irrigated areas and used for
control in the research were determined to the lowest seedling survival rates. Other local varieties used in this research except for
Zerin local variety were determined to be not promising as genetic resources in terms of these criteria. It was concluded that
genotypes such as Lancer, Kirag 66 and Gerek 79 which have a higher seedling survival after drought rate can adapt better for
environment in which early drought is problem and can be used as parent in concerned breeding program.

Keywords: Bread wheat; early drought; seedling survival

1. Giris

Ulkemizdeki kuru tarim alanlarinda diizensiz veya
yetersiz yagislar nedeni ile bugdaymn ekim, ¢imlenme-gikis
ve fide gelisme donemlerinde kuraklik yasanabilmektedir.

' GAP Uluslararasi Tarimsal Arastirma ve Egitim Merkezi, 21110 Diyarbakir,
TURKIYE

% Atatiick Universitesi, Ziraat Fakiiltesi, Tarla Bitkileri Boliimii, 25240
Erzurum, TURKIYE

*Sorumlu yazar e-posta: sinanbayram011@gmail.com

Kuru tarim kosullarinda yiiksek verim ve istikrarli bir
bugday iiretimi icin erken ve iyi bir fide tesisi esastir.
Gelisme donemi baslangicindaki toprak suyu yetersizligi
¢imlenme, c¢ikis, fide gelismesi ve fide tesisini azaltmak
suretiyle tane verimini 6nemli dlgiide sinirlar [1-3]. Kuraga
dayaniklilik 1slahi ile ilgili arastirmalar, ekstrem veya ani
kuraklik stresini atlatabilme yetenegi ile ilgili bitki
ozellikleri iizerinde yogunlagmaktadir. Erken gelisme
donemlerinde kuraklik stresinin yasandigi cevreler igin,
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oncelikli olarak ¢imlenme-gikisin saglanabilmesi ve fidenin
hayatta kalabilmesini etkileyen bitki karakterlerinin dikkate
alinmasi gerekmektedir [4].

Bitkilerde erken donemlerdeki kurakligin ilk sonuglari,
stomal kapanmayr takiben yaprak gelismesi ve sap
uzamasinda meydana gelen azalmalar olup, kuraklik
sonrasinda fidenin yeniden gelisme yetenegini esas olarak
canli kalan yaprak alami belirler [5]. Kurak ve yar1 kurak
kosullarda tahillar, hayatta kalimin tehlike altinda oldugu
vejetatif evre boyunca su eksikliginden zarar gérmekte, fide
kayb1 ve bitki popiilasyonundaki azalmalar sonucu verim
azalmaktadir [6]. Erken gelisme donemlerindeki kurakliga
dayaniklilik 1slahi ¢aligmalarinda fidenin kurakligi atlatma
yetenegine, bununla ilgili Ozelliklerin 6nemine ve bu
karakterler yoniinden genetik varyasyona dikkat ¢ekilmistir
[7]. Noorka ve Khaliq [8], 100 bugday genotipi iizerinde
yiiriittiikleri aragtirma sonucunda, ¢imlenme-gikis 6zellikleri
ile birlikte degerlendirildiginde, kuraklik sonras: fide kalim
oraninin  kuraga hassas ve toleransli  genotiplerin
ayrilmasinda kullanilabilecegine dikkat ¢ekmislerdir. Kishk
bugdayda kuraga dayaniklilik 1slahi i¢in 8 farkli eliminasyon
teknigini degerlendiren Winter ve Ark. [9], genis
popiilasyonlarin eliminasyonu i¢in en uygun teknigin
kuraklik sonrasi fide kalimi testi oldugunu bildirmislerdir.
Arastiricilar, 3 farkli donemde yiiriittiikleri testlerde kuraklik
sonrast canli kalan fide oranlarinin genotiplere gore énemli
derecede farkli oldugunu ve %3-86 arasinda degisim
gosterdigini, 3 donemde de TAM W-101 ve Scout 66
genotiplerinin en yiiksek, Sturdy ve TAM 108 genotiplerinin
ise en disiik fide kalim oranina sahip olduklarmi tespit
etmislerdir. Aydin ve Ark. [10], sera sartlarinda 20 ekmeklik
bugday ¢esidinin fide donemi kuraga dayanikliligim
aragtirmiglardir. Fide donemindeki kurakliktan en az zarar
goren ¢esitler Yayla 305 (%20,2), Kirag 66 (%24,1), Kirgiz
95 (%24,9) ve Ak 702 (%27,2); en fazla zarar goren gesitler
ise ES SBVD 2-8 (%44,5), Giin 91 (%44,4) ve Kate A-1
(%44,1) olmustur. Tomar ve Kumar [11], fide kalimu testi ile
90 ekmeklik bugday genotipinin ¢ikis sonrasi kuraklik
stresine toleransim1 ve fide kalimi karakterinin kalitimini
incelemislerdir. Arastiricilar, stres etkisinin en duyarli
genotiplerde ekim sonrasi 20. giinde en alt yaprakta sararma
ile goriildliglinii, stresin artmasi ile genotipler arasindaki
farklarin belirginlestigini ve 30. giinde genotiplerin ¢cogunun
oldiigiinti saptamuslar, ekim sonrast 43. giinde canli kalan
genotipleri toleransli olarak tanimlanuslardir. Kuraga
toleransli HW 2044 ve kuraga duyarli MP 1136 ebeveynleri
ile onlarin F, ve F, popiilasyonlari iizerinde yapilan genetik
analizler sonucunda, fide kalimmmn tek gen tarafindan
kontrol edilen dominant bir karakter oldugu ve genotiplerin
fide dénemindeki kurakliga toleranslarinin tanimlanmasinda
seleksiyon 6lgiitii olarak kullanilabilecegi bildirilmistir. Fide
donemindeki su stresine 9 bugday genotipinin tepkisini
arastiran Hameed ve Ark. [12], kurakligin uygulandig
donemde daha yavas sararip kuruyan ve kuraklik sonrasi
fide kalim oranm1 %100 olan 3 gesidi (Sitta, Fareed, FD-83)
kuraga toleransli olarak tanimlanuslardir. Arastiricilar,
yaprak sararma orani ile fide kalimi orani arasinda olumsuz
bir iligki bulundugunu ve fide kalimi oraminin bugdayda fide
donemindeki kurakliga tolerans seleksiyonunda énemli bir
ol¢iit oldugunu vurgulamislardir. Oztiirk ve Ark. [13], fide
kalimi, ¢im kini uzunlugu ve fide kuvveti 6lgiitlerini esas
alarak 64 ekmeklik bugday genotipinin erken dénem kuraga
dayanikliligini aragtirmistir. Arastiricilar, torf dolu kasalarda
yiriittikkleri ¢aligmada kuraklik sonrasi fide kalim orani
yoniinden bugday genotipleri arasinda 6nemli farklarin
oldugunu, arastirmanin yiiriitiildiigii 3 donemin ortalamasi
olarak genotiplerin kuraklik sonrasi fide kalim oranlarinin
%18,5 ile %51,1 arasinda degisim  gosterdigini
bildirmiglerdir. Arastirmada, en yiiksek fide kalim orani
%51,1 ile Lancer ¢esidinde belirlenmis, bu ¢esidi sirasiyla

Kirag 66 (%50,9), Gerek 79 (%47,9), Mizrak (%46,5),
Harmankaya 99 (%46,0) ve Dagdas 94 (%45,3) cesitleri
izlemistir. Bayram [14], kuraklik sonrasi fide kalim
oraninin, tane veriminin regresyon analizinde katsayisi
pozitif ve Snemli olan ve tane verimindeki varyasyonun
%20,5’ini  agiklayan ilk bagimsiz degisken oldugunu
bildirmistir. Arastirici, kuraklik sonrasi fide kalimi oraninin,
tane verimi ve verim unsurlar ile olumlu iligkileri yaninda,
tane verimine yiiksek pozitif katki saglamasi ve fide kuvveti
ile olumlu iliskisi nedeniyle, ilgili 1slah programlarinda basit
ancak 6nemli bir seleksiyon dl¢iitii olarak kullamlabilecegini
vurgulamistir.

Sera kosullarinda kuraklik sonrasi fide kalimi olgiiti
esas alinarak yiirlitiilen bu arastirmada, tescilli ve yerel
cesitlerden olusan toplam 64 ekmeklik bugday genotipi,
tarla topraginda, kuraklik sonrasi fide kalim olgiitii esas
alinarak fide gelisme donemindeki kurakliga dayaniklilik
yoniinden degerlendirilmistir. Kuraga dayaniklilik 1slahi
programlarinda ebeveyn olarak kullamlabilecek ve bugdayin
erken gelisme donemlerinde kurakligin goriildiigii cevreler
icin Onerilebilecek uygun genotiplerin belirlenmesine
calistlmustir.

2. Materyal ve Metot

Arastirmada bitki materyali olarak Cizelge 1’de kisa
ozellikleri sunulan toplam 64 ekmeklik bugday genotipi
kullanilmistir. Bu genotiplerin 44’4 2007 yili milli gesit
listesinde yer alan ve iilkemizin kuru tarim alanlar igin
onerilen ¢esitlerden (kontrol c¢esitleri olarak, sulu tarim
alanlar1 i¢in Onerilen Bezostaja 1 ve Karasu 90), 20’si ise
kuru tarim kosullarinda daha Once yetistirilmis veya halen
yetistirilmekte  olan  tescilli ve yerel c¢esitlerden
olusmaktadir. Denemede kullanilan tarla topraginin analizi,
Atatiirk Universitesi Ziraat Fakiiltesi Toprak Boliimii
laboratuvarlarinda yapilmus olup bazi fiziksel ve kimyasal
ozellikleri Cizelge 2’de verilmistir. Buna gore; deneme
topragiin tekstiir simfi killi-tin, organik madde orami az,
notr reaksiyonlu, fosfor yoniinden orta, potasyum yoniinden
ise ¢ok zengindir [15,16]. Denemenin yiiriitiildiigii serada
glinlik minimum sicakliklar 5-17°C, giinlik maksimum
sicakliklar 18-29°C, nispi nem igerigi ise %42-58 arasinda
degisim gostermistir.

Deneme, Atatirk Universitesi Ziraat Fakiiltesi Tarla
Bitkileri Boliimii serasinda, Nisan-Haziran 2011 déneminde
yuriitilmiistir. Boyutlar1 80x100x12 cm olan ahsap
kasalarmn i¢i, kurutma kagidiyla kaplandiktan sonra tarla
topragt ile doldurulmustur. Arastirma tam sansa bagl
deneme planina gore ve 4 tekerriirlii olarak yiiriitiilmistiir.
Her genotipe ait aym1 yasta ve yakin irilikteki 50 canli
tohum, 3 cm derinliginde agilan ¢izilere 2 cm aralikla ekilip
iizerleri 6zenle kapatilmis, genotipler (siralar) arasinda 5 cm
mesafe birakilmistir. Ekim igleminden itibaren, bitkiler 3
yaprakli doneme ulagimcaya kadar yeterince sulanmis ve her
genotipe ait bitki sayis1 kaydedilmistir (Sekil 1). Bu
donemden sonra, fidelerin ¢ogunun susuzluktan o6ldigi
goriintlisti  olusuncaya kadar bitkilere su verilmemistir.
Fidelerin ¢ogunun susuzluktan 6ldiigii goriintiisii (Sekil 2)
olustugu zaman topragin 10 cm derinligindeki hacim esasina
gore nem igerigi toprak nemolcer (HH2 Soil Moisture
Meter) yardimu ile belirlenmis (kasalara gore %0,0-0,02) ve
bitkilere homojen bir sekilde yeterince su verilerek yeniden
gelismeleri tesvik edilmistir (Sekil 3). Kasalarda yeniden
gelismeler gozlendikten yaklasik 10 giin sonra canli kalan
fideler sayilmis ve her genotip igin kuraklik sonrasi canli
kalan fide oran1 % olarak hesaplanmustir [9].

Elde edilen verilerin varyans analizi deneme planina
uygun olarak SAS GLM (SAS Inst., Cary, NC) bilgisayar
programi ile yapilmis, genotiplerin karsilastirilmasinda
Duncan ¢oklu karsilagtirma testi kullanilmustir.
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Cizelge 1. Arastirmada kullanilan ekmeklik bugday genotiplerine ait bazi bilgiler

No Cesit adi Cesit sahibi kurulus / Orijin Gelisme biyolojisi
2007 yili milli gesit listesinde yer alan gesitler

1 Aksel 2000 Tarla Bitkileri Merkez Ars. Enst. Alternatif
2 Alparslan Dogu Anadolu Tarimsal Ars. Enst. Kislik

3 Altay 2000 Anadolu Tarimsal Ars. Enst. Kislik

4 Atl12002 Tarla Bitkileri Merkez Ars. Enst. Alternatif
5 Aytm 98 Anadolu Tarimsal Ars. Enst. Kislik

6 Bagc1 2002 Bahri Dagdas Uluslararasi Tarimsal Ars. Enst. Alternatif
7 Bayraktar 2000 Tarla Bitkileri Merkez Ars. Enst. Alternatif
8 Bolal 2973 Anadolu Tarimsal Ars. Enst. Alternatif
9 Cetinel 2000 Anadolu Tarimsal Ars. Enst. Kislik

10 Dagdas 94 Bahri Dagdas Uluslararasi Tarimsal Ars. Enst. Alternatif
11 Demir 2000 Tarla Bitkileri Merkez Ars. Enst. Alternatif
12 Dogankent 1 Cukurova Tarimsal Ars. Enst. Yazlik

13 Dogu 88 Dogu Anadolu Tarimsal Ars. Enst . Kislik

14 Gerek 79 Anadolu Tarimsal Ars. Enst. Kislik

15 Giin 91 Tarla Bitkileri Merkez Ars. Enst. Kislik

16 Harmankaya 99 Anadolu Tarimsal Ars.Ens. Kislik

17 Ikizce 96 Tarla Bitkileri Merkez Ars. Enst. Alternatif
18 Tzgi 2001 Anadolu Tarimsal Ars. Enst. Kislik

19 Karahan 99 Bahri Dagdas Uluslararasi Tarimsal Ars. Enst. Kislik

20 Kate A-1 Trakya Tarimsal Ars. Enst. Kislik

21 Kirag 66 Anadolu Tarimsal Ars. Enst. Kislik

22 Kirgiz 95 Anadolu Tarimmsal Ars. Enst . Kislik

23 Kirkpmar 79 Trakya Tarimsal Ars. Enst. Alternatif
24 Kutluk 94 Anadolu Tarimsal Ars. Enst. Kislik

25 Lancer Dogu Anadolu Tarimsal Ars. Enst. Kislik

26 Mizrak Tarla Bitkileri Merkez Ars. Enst. Alternatif
27 Miifitbey Anadolu Tarimsal Ars. Enst. Kislik

28 Nenehatun Dogu Anadolu Tarimsal Ars. Enst. Kislik

29 Palanddken 97 Dogu Anadolu Tarimsal Ars. Enst. Kislik

30 Pamukova 97 Sakarya Tarimsal Ars. Enst. Yazlik

31 Pehlivan Trakya Tarimsal Ars. Enst. Kislik

32 Prostor Trakya Tarimsal Ars. Enst. Kislik

33 Seri 82 Cukurova Tarimsal Ars. Enst. Kislik

34 Soyer02 Anadolu Tarimsal Ars. Enst. Kislik

35 Sénmez 2001 Anadolu Tarimsal Ars. Enst. Kislik

36 Sultan 95 Anadolu Tarimsal Ars. Enst. Kislik

37 Stizen 97 Anadolu Tarimsal Ars. Enst. Kislik

38 Tosunbey Tarla Bitkileri Merkez Ars. Enst. Kislik

39 Tiirkmen Tarla Bitkileri Merkez Ars. Enst. Alternatif
40 Uzunyayla Tarla Bitkileri Merkez Ars. Enst. Alternatif
41 Yakar 99 Tarla Bitkileri Merkez Ars. Enst. Alternatif
42 Zencirci 2002 Tarla Bitkileri Merkez Ars. Enst. Alternatif

2007 yili milli ¢esit listesinde yer almayan eski ¢esitler ve yerel genotipler

43 Ak-702 Anadolu Tarimsal Ars. Enst. Kislik

44 Ak Bugday Orta Anadolu Bolgesi Kislik

45 Ankara 093/44 Tarla Bitkileri Merkez Ars. Enst. Kislik

46 Conkesme Dogu Anadolu Bolgesi Alternatif
47 Haymana 79 Tarla Bitkileri Merkez Ars. Enst. Kislik

48 Hawk (Sahin) A.B.D. Kislik

49 Kilgiksiz Bugday Orta Anadolu Bolgesi Kislik

50 Kirik Dogu Anadolu Bolgesi Alternatif
51 Kirmizi Kilgik Dogu Anadolu Bolgesi Alternatif
52 Kirmiz1 Yerli Dogu Anadolu Bolgesi Alternatif
53 Koca Bugday Orta Anadolu Bolgesi Kislik

54 Kose 220/39 Tarla Bitkileri Merkez Ars. Enst. Alternatif
55 Orso Sakarya Tarimsal Ars. Enst. Alternatif
56 Ozlii Bugday Orta Anadolu Bélgesi Kishk

57 Polath Kosesi Orta Anadolu Bolgesi Alternatif
58 Sert Bugday Orta Anadolu Bolgesi Kislik

59 Siirak 1593/51 Tarla Bitkileri Merkez Ars. Enst. Kislik

60 Tir Dogu Anadolu Bolgesi Kislik

61 Yayla 305 Anadolu Tarimsal Ars. Enst. Kislik

62 Zerin Orta Anadolu Bolgesi Alternatif

Kontrol gesitleri
63 Bezostaja 1 Sakarya Tarimsal Ars. Enst. Kislik
64 Karasu 90 Dogu Anadolu Tarimsal Ars. Enst. Kislik
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Cizelge 2. Denemede kullanilan tarla topraginin bazi fiziksel ve kimyasal 6zellikleri

Tekstiir sinifi Organik madde (%)

P,0s (kg/da)

KO0 (kg/da) pH

Killi-tin 1.54

5.83

196.1 7.1

Sekil 1. Ug yaprakh dénemdeki bugday
genotipleri

3. Bulgular ve Tartisma

Kuraklik sonrasi fide kalim orami yoniinden bugday
genotipleri arasindaki farklar istatistiki anlamda Onemli
olmustur (Cizelge 3). Fide kalim oranlari genotiplere gore
%10,8 ile %37,3 arasinda degisim gostermis, ortalama oran
ise %22,3 olarak belirlenmistir. Lancer (%37,3), kuraklik
sonrasi fide kalim orani en yiiksek genotip olmustur. Lancer
cesidini %35, %34,3 ve %33,5 fide kalim oranlar ile
strastyla Kirag 66, Gerek 79 ve Alparslan gesitleri izlemistir.

Sekil 2. Kuraklik stresi uygulanmis
bugday genotipleri

Sekil 3. Sulama sonrasi yeniden gelisen
bitkiler

kalim orani bakimindan bu dort genotip arasindaki farklar
onemsiz bulunmustur. Denemeye alinan 64 genotip
igerisinde fide kalim oranimnin en diisikk Karasu 90 (%10,8)
¢esidinde oldugu saptanmustir. Karasu 90 cesidinden sonra
fide kalim oram en diisiik genotipler sirasiyla Ak Bugday
(%11,8), Bezostaja 1 (%12,0), Dogankent 1 (%12,8) ve Tir
(%13,3) olarak tespit edilmistir. Winter ve Ark. [9] ve Aydin
ve Ark. [10] gibi arastiricilarin bulgularina benzer olarak, bu
arastirmada da bugday genotiplerinde kuraklik sonrasi fide

Kuraklik sonrasi fide kalim orami en yiiksek olan bu kalim orant yoninden Onemli genetik varyasyon
cesitlerin kiglik karakterli olmasi dikkat ¢ekmistir. Fide bulunmustur.
Cizelge 3. Bugday genotiplerinin kuraklik sonrasi fide kalim oranlar1 (%)
No Genotipler % Fide Kalim
1 Aksel 2000 31.3b-e
2 Alparslan 33.5 abc
3 Altay 2000 26.3 £+
4 Atl1 2002 21.8 k-r
5 Aytin 98 16.0 t-z
6 Bagc1 2002 17.3 sx
7 Bayraktar 2000 14.0 w-z
8 Bolal 2973 19.8 o-u
9 Cetinel 2000 20.0 n-t
10 Dagdas 94 32.3 bed
11 Demir 2000 153 vz
12 Dogankent 1 12.8 yz
13 Dogu 88 31.8 bed
14 Gerek 79 34.3 ab
15 Giin 91 21.31-s
16 Harmankaya 99 32.0 bed
17 Ikizce 96 20.5 m-s
18 Izgi 2001 20.5 m-s
19 Karahan 99 21.31-s
20 Kate A-1 21.31-s
21 Kirag 66 35.0 ab
22 Kirgiz 95 24.5i-m
23 Kirkpinar 79 24.8 i-m
24 Kutluk 94 24.8 i-m
25 Lancer 373 a
26 Mizrak 32.3 bed
27 Miifitbey 29.8 c-g
28 Nenehatun 25.8 gk
29 Palandéken 97 25.5h-1
30 Pamukova 97 14.8 v-z
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Cizelge 3 (Devami): Bugday genotiplerinin kuraklik sonrasi fide kalim oranlari (%)

No Genotipler % Fide Kalim
31 Pehlivan 24.3 i-n
32 Prostor 15.8t-z
33 Seri 82 20.0 n-t
34 Soyer02 23.8i-0
35 Sénmez 2001 30.0 c-f
36 Sultan 95 28.0 d-i
37 Siizen 97 29.5 c-h
38 Tosunbey 29.5 c-h
39 Tiirkmen 26.3 £+
40 Uzunyayla 32.0 bed
41 Yakar 99 17.0 s-y
42 Zencirci 2002 22.3jp
43 Ak-702 14.8 v-z
44 AkBugday 11.8z
45 Ankara 093/44 20.0 n-t
46 Conkesme 22.0jq
47 Haymana 79 25.0i-1
48 Hawk (Sahin) 27.3 e-i
49 Kilgiksiz Bugday 20.5 m-s
50 Kirik 17.3 s-x
51 Kirmizi Kilgik 19.0 p-v
52 Kirmiz Yerli 18.8 p-v
53 Koca Bugday 17.8 r-w
54 Kose 220/39 17.8 r-w
55 Orso 14.3 w-z
56 Ozlii Bugday 14.3 w-z
57 Polatl Kosesi 17.3 sx
58 Sert Bugday 15.5u-z
59 Siirak 1593/51 15.8t-z
60 Tir 13.3 xyz
61 Yayla 305 17.5r-x
62 Zerin 26.8 f-i
63 Bezostaja 1 12.0z
64 Karasu 90 10.8 z
Ortalama 22.3

F degeri 46.13*
Varyasyon katsayisi (%) 8.9

*0,01 ihtimal diizeyinde 6nemlidir.

Sulu tarim alanlart i¢in Onerilen ve bu arastirmada
kontrol amaciyla kullamlan Bezostaja 1 ve Karasu 90
cesitlerinin en diisiik fide kalim oranlarina sahip genotipler
icerisinde yer almalart dikkat cekmistir. Bu gesitlerle
birlikte diisiik fide kalim oranlar1 ile dikkat ceken
Akbugday, Dogankent, Tir, Bayraktar 2000, Orso, Ozlii
Bugday, Ak-702, Pamukova 97 ve Demir 2000 genotipleri,
bu seleksiyon oOlgiitli esas alindiginda erken gelisme
donemlerindeki kuraklia duyarli olarak tanimlanabilir.
Ayrica Zerin yerel genotipi harig, arastirmada yer alan
diger yerel ¢esitlerimizin de bu 6lgiit yoniinden gen kaynag:
olarak iimitvar olmadiklar1 sdylenebilir.

4. Sonug

Arastirmada Lancer, Kirag 66, Gerek 79, Alparslan,
Dagdas 94, Mizrak, Uzunyayla, Harmankaya 99 ve Dogu
88 cesitleri yiiksek fide kalim oranlart ile dikkat ¢ekmistir.
Kuraklik sonrasi fide kalim orani o&lgiit alindiginda, bu
cesitlerin  erken gelisme donemlerindeki kurakliga
dayamkli olduklar sdylenebilir. Oztiirk ve Ark. [13]
tarafindan torf ortaminda yapilan ¢alismada en yiiksek fide
kalim oranmin swrastyla Lancer, Kirag 66, Gerek 79,
Mizrak, Harmankaya 99 ve Dagdas 94 c¢esitlerinde
belirlenmesi, toprak ortaminda yapilan bu arastirmanin
bulgularin1  desteklemektedir.  Arastirma  sonucunda
kuraklik sonrast fide kalim orani yiiksek bulunan bu
cesitlerin erken kurakligin goriildiigii cevrelere daha iyi

uyum saglayabilecekleri ve ilgili 1slah programlarinda
ebeveyn olarak kullanilabilecekleri sdylenebilir.
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Resveratrol attenuates diabetic nephropathy by modulating organic
transporters and heat shock proteins in streptozotocin-induced
diabetic rats

Oguzhan Ozdemir ', Zeynep Tuzcu**
Abstract

Resveratrol is a natural polyphenol that occurs naturally in many plant species and has antioxidant and anti-inflammatory
properties. The organic anion/cation transporters are exclusively localized in the kidney. This study aimed to assess the protective
effect of resveratrol on the alterations in the 8-isoprostane and the renal expression of heat shock proteins (HSPs) and organic
anion (OATs) and cation (OCTs) transporters in streptozotocin (STZ)-induced diabetic rats. Forty male Wistar rats were divided
into 4 groups; of non-diabetic untreated, non-diabetic treated with resveratrol [20 mg/kg intraperitoneally (i.p.)], diabetic (a
single dose of STZ; 55 mg/kg injected i.p.) and diabetic treated with resveratrol. Rats were administered with resveratrol for 8
weeks. Diabetes was associated with elevations in serum urea and creatinine concentrations and increased oxidative stress as
reflected by elevated renal malondialdehyde (MDA) and 8-isoprotane concentrations. Diabetic rat kidney had decreased the
activities of antioxidant enzymes (catalase, superoxide dismutase, glutathione peroxidase) and OAT-1, OAT-3, OCT-1 and OCT-
2 levels and increased the HSP60, HSP70 and HSP90 levels as compared to healthy rat kidneys. However, administration of
resveratrol (20 mg/kg i.p.) partially alleviated the STZ-induced nephropathy as reflected suppressed the expression oxidative
stress parameters and HSPs levels and enhanced the activities of antioxidant enzymes and OATs and OCTs levels in the kidney
of diabetic rats. Furthermore, they reduced severity of histopathological changes induced by STZ. Resveratrol reduces the
severity of oxidative stress (MDA and 8-isoprostane) through inhibiting HSPs and activating antioxidative defense in diabetic rat
kidney.

Keywords: Diabetes; resveratrol; 8-isoprostane; organic anion transporters; heat shock proteins

Streptozotosin ile diyabet olusturulan ratlarda resveratrol organik tasiyicilari
ve 151 sok proteinlerini regule ederek diyabetik nefropatiyi hafifletir

Ozet

Resveratrol, birgok bitki tiiriinde bulunan ve antioksidan ve anti-inflamatuar 6zelliklere sahip dogal bir polifenoldur. Organik
anyon/katyon tastyicilar1 sadece bobrekte lokalize olmaktadirlar. Bu caligmada, resveratrolun streptozotosin (STZ) ile diyabet
olusturulan ratlarda 1s1 sok proteinleri (HSP'ler)’nin 8-isoprostan degisiklikleri ve bobrekteki ekspresyonlar: ile organik anyon
(OATs) ve katyon (OCTs) tastyicilan iizerine koruyucu etkisinin degerlendirilmesi amaglanmstir. Calismamizda kirk adet
Wistar cinsi erkek rat 4 gruba ayrildi; kontrol grubu, Resveratrol uygulanan grup [20 mg/kg intraperitoneal (i.p.)], Diyabet grubu
[tek bir doz STZ; 55 mg/kg intraperitoneal (i.p.)], diyabetli olan ve resveratrol uygulanan grup [STZ tek bir doz 55 mg/kg
intraperitoneal (i.p.)]. Ilgili gruplarda ratlara 8 hafta boyunca resveratrol uygulanmustir. Diyabet, serum {iire ve kreatinin
konsantrasyonlarinda yiikselme ve ayrica artan bobrek malondialdehit (MDA) ve 8-isoprotane konsantrasyonlariyla ifade edilen
artmus oksidatif stres parametreleri ile tammlanmaktadir. Diyabetik ve saglikli ratlarin bobrekleri karsilastirildiginda, antioksidan
enzimlerin aktivitelerinin (katalaz, superoksit dismutaz, glutatyon peroksidaz) ve OAT-1, OAT-3, OCT-1 ve OCT-2 protein
diizeylerinin azalmis ve HSP60, HSP70 ve HSP9O0 diizeylerinin ise artmus oldugu gézlenmektedir. Ancak, resveratrol (20 mg / kg
1.p.) tedavisinin STZ-kaynakl1 nefropatiyi kismen hafiflettigi diyabetik ratlarin bobreklerindeki oksidatif stres parametrelerinin ve
HSP diizeylerinin baskilanmasi ile antioksidan enzimlerinin aktivitelerinin ve OAT ve OCT diizeylerinin artmastyla gdzlenmistir.
Ayrica, s6z konusu tedavi, STZ ile indiiklenen histopatolojik degisikliklerin siddetini azaltmustir. Resveratrol diyabetik ratlarin
bobreginde HSP'leri inhibe ederek ve antioksidan savunma sistemini aktive ederek oksidatif stresin (MDA ve 8-izoprostan)
siddetini hafifletmistir.

Anahtar Kelimeler: Diabet; Resveratrol; 8-isoprostane; organik anyon tastyicilar; 1s1 sok proteinler

! Firat University, Faculty of Science, Department of Biology, 23119 Elazig, Turkey
2 Bingol University, Faculty of Science, Department of Molecular Biology & Genetics, 12000 Bingol, Turkey
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1. Introduction

Diabetes mellitus, an endocrine disease, is defined by
hyperglycemia and multiple complications, such as
nephropathy, neuropathy and retinopathy [1,2]. The
hyperglycemia in diabetes causes oxidative stress that can
trigger development of complications of diabetes [3—5]. The
generation of reactive oxygen species (ROS) gives rise to
oxidative damage, particularly in kidney, liver, eyes, and
nerves. Oxidative stress probably contributes to the initiation
and development of diabetic nephropathy [2,6,7], which is
characterized by glomerular mesangial cell proliferation,
mesangial expansion and an excessive accumulation of
extracellular matrix proteins. Kidneys play important role in
the elimination of many endogenous and exogenous organic
anions and cations, including endogenous metabolites and
various drugs from blood into the urine [8]. There are
transporter-mediated secretory pathways for organic anions
(e.g. OAT1, OAT3) and cations (e.g. OCT1, OCT2) in the
renal proximal tubules and they facilitate active secretion of
many exogenous and endogenous organic ions [8,9]. Renal
basolateral isoforms of OATI1, OAT3, OCT1 and OCT2
have been cloned and characterized [8]. Significant
reduction in tubular cation clearance associated with a
down-regulation of the expression of tubular organic anion
and cation transporters was observed in animal
nephrotoxicity models [2,10,11]. Diabetes is also associated
with elevated levels of heat shock proteins (HSPs) [12—14]
that have a major role in tissue protection against a number
of insults and pathological conditions, including diabetes
and its complications [15,16].

Resveratrol  (3,5,4"-trihydroxystilbene), a natural
polyphenol, occurs naturally in many plant species such as
grape, vines and berries and plays a key role in lipid
metabolism, anti-proliferation, and cellular differentiation
with having anti-inflammatory, anticancer, and cardio-
protective properties[5,7,17-19]. In diabetic animal models,
resveratrol has been shown to alleviate hyperglycemia and
hyperlipidemia[20,21]. Several reports revealed that
resveratrol decreased oxidative stress in kidney and
ameliorated  renal  functions[1,7,22,23].  Resveratrol
contributes to the improvement of insulin resistance,
presumably by modulating SIRT-1- dependent mechanism,
in diet-induced metabolic disorders [18]. Akar et al [24]
reported that resveratrol protects endothelial integrity and
functions from diabetic injury. In animal models,
vasculoprotective effects of resveratrol were especially
attributed to increased eNOS or SIRT1 and decreased
NADPH oxidase[25-27]. However, the molecular
mechanisms of resveratrol that mediate the HSPs, OATs and
OCTs are poorly understood. Therefore, this study was
conducted to investigate the effect of resveratrol on OATs,
OCTs, HSPs, 8-isoprotanes levels and antioxidant enzymes
(superoxide dismutase, catalase, glutathione peroxidase) in
the kidney of rats subjected to streptozotocin (STZ)-induced
type ldiabetes.

2. Material and Methods
2.1. Animals

Forty male Wistar albino rats (n =10, 8 weeks-old)
weighing 200-250 gr were obtained from Laboratory
Animal Research Center of Firat University (Elazig,
Turkey). Animals were kept at the temperature of 22 + 2°C,
humidity of 55 + 5%, and with a 12/12 h light/dark cycle.
The experiment was conducted under the protocol approved
by Firat University Ethical Committee. Rats consumed
standard diet and tap water ad libitum.

2.2. Experimental design and induction of diabetes

Freshly prepared solution of STZ (0.1 g dissolved in 5
ml of freshly prepared sodium citrate buffer 0.1 M, pH 4.5)
was injected intraperitoneally to the rats at a dosage of 55
mg/kg body weight at fasting state[28]. At the same time, an
equal volume of citrate-citrate sodium buffer alone was
injected into normal control rats. Blood was collected from
the tail vein, and the blood glucose concentration was
analyzed prior to the commencement of the dietary feeding
using a blood glucose meter (Accu-Chek Go, Roche
Diagnostics, Germany) and subsequently twice in a week
throughout the experiment. After providing compliance with
the conditions the rats were randomly divided into four
groups each containing 10 animals. The groups were as
follows: (i) control rats received standard rat diet (non-
diabetic control); (ii) control rats administered resveratrol
(RES; 20 mg/kg i.p.); (iii) diabetic rats administered STZ
(55mg/kg body weight) (STZ); (iv) diabetic rats
administered resveratrol (STZ+RES). At the end of study,
blood samples were obtained from the abdominal aorta for
biochemical parameters. The kidneys were removed from
each rat. Right kidneys were sliced transversely and fixed in
10% formalin for subsequent light microscopic evaluation.
Left kidneys were frozen at -80 °C after rinsing with PBS.
The experiment lasted for 8 weeks.

2.3. Laboratory analyses

Blood samples were centrifuged at 3000 x g for 10 min
and sera were separated and stored at -80°C until laboratory
analyses. Serum urea-N and creatinine concentrations were
determined using biochemical analyzer (Olympus AU-660,
Tokyo, Japan). Lipid peroxidation was measured in terms of
MDA formation, which is the major product of membrane
lipid peroxidation done with slight modification by the
method of Karatepe[29]. MDA level of kidney tissue was
measured by high performance liquid chromatography
(HPLC, Shimadzu, Tokyo, Japan) using Shimadzu UV- vis
SPD-10 AVP detector and C18- ODS-3, 5um, 4.6 x 250 mm
column. The mobile phase was 30 mM KH,PO, -Methanol
(82.5+ 17.5, v/v %, pH 3.6) and the flow rate was 1.2 mL
min-1. Chromatograms were monitored at 250 nm and
injection volume was 20 pL 8-isoprostane, another marker
of oxidative stress, was measured using a commercial kit
from Cayman Chemicals (Ann Arbor, MI) according to the
manufacturer's instructions. Activities of superoxide
dismutase (SOD), catalase (CAT) and glutathione
peroxidase (GPx) of homogenized kidney were measured
using a commercial kit (Cayman Chemical, Ann Arbor, M,
USA). Glutathione (GSH) was also measured using a
glutathione assay kit from Cayman Chemicals (Ann Arbor,
MI) according to the manufacturer's instructions.

2.4. Western blot analysis

The levels of OATs, OCTs HSP60, HSP70 and HSP90
proteins were analyzed by a Western blot technique. The
kidneys were homogenized in in 1 ml ice-cold hypotonic
buffer A, containing 10 mM HEPES (pH 7.8), 10 mM KClI,
2 mM MgCI2, 1 mM DTT, 0.1 mM EDTA, and 0.1 mM
PMSF. To the homogenates 80l of 10% Nonidet P-40 (NP-
40) solution was added and the mixture was centrifuged for
2min at 14.000 g. The precipitates were washed once with
500 pl of buffer A plus 40ul of 10% NP-40, centrifuged,
resuspended in 200 pl of buffer C [S0 mM HEPES (pH 7.8),
50 mM KCl, 300 mM NaCl, 0.1 mM EDTA, 1 mM DTT,
0.1 mM PMSF, 20% glycerol], and centrifuged for 5 min at
14.800 x g. The supernatant were collected for OATs and
OCTs. Equal amounts of total protein (20ug/lane) were

Tr. Doga ve Fen Derg. — Tr. J. Nature Sci. 2015  Vol.4 No.2

37



Ozdemir and Tuzcu, Resveratrol attenuates diabetic nephropathy by modulating organic transporters and heat shock proteins in ...

electrophoresed together with molecular weight markers on
a SDS-polyacrylamide gel and subsequently transferred to
nitrocellulose membrane (Schleicher and Schuell Inc.,
Keene, NH, USA) and transferred to a nitrocellulose
membrane. Next, after blocking with 5% fat-free milk
solution at 37°C for 60 min, the membranes were treated
with the antibodies. The antibodies against HSPs, OATs and
OCTs were the purchased from Santa Cruz Biotechnology,
Inc. (Santa Cruz, CA, USA). Protein loading was controlled
using a monoclonal mouse antibody against B-actin antibody
(A5316, Sigma). Bands were analyzed densitometrically
using an image analysis system (Image J; National Institute
of Health, Bethesda, USA).

2.5. Histological analysis

For histopathological studies, the excised left kidney
from each animal was embedded in paraftin, cut into 5-um
sections, and stained with hematoxylin and eosin for
histological ~ examination  according to  standard
procedure[30]. Histological changes were evaluated
semiquantitatively by an expert pathologist unaware of the
type of treatment. A minimum of 10 fields for each kidney
slide was examined and assigned for severity of changes
using the following scale: —, none; +, mild damage; ++,
moderate damage; and +++, severe damage.

2.6. Statistical analysis

All data were analyzed using the GLM procedure of
SAS (2002). The treatments were compared using ANOVA
and Student’s unpaired t-test; P<0.05 or less was considered
statistically significant. Differences between groups in
latencies were analyzed by the analysis of variance for
repeated measurements (ANOVAR) followed by Fisher’s
post-hoc test for all groups. Data are expressed as means +
SE.

3. Results
3.1. Renal function

Levels of serum wurea-N and creatinine were
significantly different between groups (P< 0.001; Fig. 1).
STZ group had significantly higher urea (Fig. 1A; 96.4 + 4.1
mg/dl) and creatinine (Fig. 2B; 1.84 £ 0.21 mg/dl) levels
than control group (32.6 + 8.4 and 0.41 + 0.04 mg/dl;
P<0.0001). In comparison with STZ group, STZ+RES group
urea (57.9 + 3.5 mg/dl) and creatinine (0.75 + 0.14 mg/dl)
levels declined significantly (P< 0.001).There was no
difference between RES group and control group (P> 0.05).

3.2. MDA, 8-isoprostanes and antioxidant enzymes

Kidney MDA (Fig. 2A and 8-isoprostane (Fig 2B)
concentrations and SOD (Fig 2C), CAT (Fig. 2D) and GPx
(Fig. 2E) activities and GSH (Fig. 2F) levels in the healthy
rats did not change in response to resveratrol administration
(P>0.05). Diabetes was associated with a 93.31, 139.65 %-
fold elevation in MDA and 8-isoprostane concentrations and
with a 53.73, 36.29, 32.21, 50.8 %-reduction in SOD, CAT
and GPx activities and GSH levels (Fig 2; P<0.0001).
Resveratrol administration partially alleviated oxidative
stress, as reflected by 68.12, 71.07% reduction kidney MDA
and 8-isoprostane concentrations as compared to the
unsupplemented  diabetic  rats  (P<0.05).Resveratrol
administration partially alleviated suppression in the SOD,
CAT and GPx activities and GSH levels (Fig. 2C-F; 30.65,
31.35, 19.88, 48.38 % increase; P<0.05) in the diabetic rats.
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Fig. 1. The Effect of resveratrol on serum urea-N (Panel A)
and creatinine (Panel B) levels in rats. Values are mean + SE
of 10 rats from each group; Superscripts (a—c) indicate that
means in the same line no common superscript differ
significantly at the level of P < .001 by Fisher's multiple
comparison test

3.3. Western blot analysis

Resveratrol administration affected expressions of
neither OATs (Fig. 3A-C) nor OATs (Fig. 3 D-E) in healthy
rats. Levels of OATs and OCTs were shown in Figure 3.
Treatment of STZ decreased the levels of OAT1, OATS3,
OCT]1 and OCT?2 in the kidney (Fig 3; P <0.001). However,
resveratrol administration reversed this effect and the
expression of OAT1 (Fig. 3B), OAT3 (Fig. 3C), OCT1
(Fig. 3D) and OCT?2 (Fig. 3E) was increased in kidney from
animals treated with STZ and resveratrol (P<0.05).

Resveratrol administration did not affect the HSP60
(Fig. 3F), HSP70 (Fig. 3G) and HSP90 (Fig. 3H)
expressions in the healthy rats. Diabetes caused increases in
the HSP60, HSP70 and HSP90 expression (Fig. 3; P<0.001).
Resveratrol administration partially suppressed elevation in
the HSP60, HSP70 and HSP90 expression in the diabetic
rats (Fig. 3F-H; P<0.05).

3.4. Histopathological findings

No histopathology was observed in the control and
RES groups. On the other hand, basement membrane
thickening in the cortex and outer medulla, nodular
glomerulosclerosis, diffuse mesangial sclerosis, and
inflammation was observed in the group treated with STZ.
Severity of histopathological changes due to STZ decreased
in RES + STZ group (Table 1; Fig. 3).

4. Discussion

Hyperglycemia causes oxidative stress by generation of
excessive ROS, and helps develop kidney injury, which is
characterized by thickening of glomerular basement
membranes, glomerular hypertrophy, expansion of
mesangial cells and tubular basement membranes, tubular
atrophy, arteriosclerosis and interstitial fibrosis [3,31,32].
Das and Sil [32] reported that the inexorable generation of
ROS during diabetes-mediated oxidative stress could be
correlated to decline in the levels of non-enzymatic
antioxidant, activities of antioxidant enzymes and increase
in the levels of MDA, and altered the redox ratio of
GSH/GSSG. Resveratrol with significant antioxidant
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Fig. 2. The effect of resveratrol on kidney MDA (Panel A),
8-isoprostane (Panel B), superoxide dismutase (Panel C),
catalase (Panel D), glutathione peroxidase (Panel E) and
glutathione (Panel F) levels in rats. Values are mean + SE of
10 rats from each group; Superscripts (a—c) indicate that
means in the same line no common superscript differ
significantly at the level of P < .001 by Fisher's multiple
comparison test

potential has been reported to elicit protection on diabetic
kidney damage by reducing the renal complications in

experimental diabetes [21,22]. Resveratrol showed a
significant reduction of the elevated levels of renal damage
markers, such as plasma levels of urea-N, creatinine and
glomerular hypertrophy, thereby proving it to be an effective
renoprotectant under  diabetic  conditions.  Similar
hypoglycemic effects of resveratrol have been observed in
rodent models [21,22,33]. The present study also suggests
that supplementation of resveratrol to diabetic nephropathy
rats causes a decreased level of MDA and 8-isoprostane as
well as increased activity of antioxidant enzymes (SOD,
CAT and GSH-Px) in kidney, indicating the important role
of resveratrol in the reduction of oxidative stress. However,
the mechanism by which resveratrol could affect free radical
production, as well as CAT, SOD and GPx activities, is due
to its highly efficient antioxidant with a singlet-oxygen and
free radical scavenging capacity [21,22]. Furthermore,
resveratrol has been reported to possess antihyperglycemic
effect in experimental diabetes [20], which is mediated by
modulating the activities of key carbohydrate metabolizing
enzymes in the renal tissues of experimental diabetic rats
[34]. Sharma et al [22] reported that diabetic rats exhibited
renal dysfunction, as evidenced by reduced creatinine and
urea clearance, and proteinuria along with a marked increase
in oxidative stress. They also found that treatment with
resveratrol significantly attenuated renal dysfunction and
oxidative stress in diabetic rats. Similar to our results,
Palsamy and Subramanian [21] reported that resveratrol
treatment revealed a significant improvement in superoxide
dismutase, catalase, glutathione peroxidase, glutathione-S-
transferase and glutathione reductase activities and vitamins
C and E, and reduced glutathione levels, with a significant
decline in lipid peroxides, hydroperoxides and protein
carbonyls levels in diabetic kidneys. Similarly, mRNA and
protein analyses substantiated that resveratrol treatment
notably normalizes the renal expression of Nrf2/Keapl and
its downstream regulatory proteins in the diabetic group of
rats [21]. Soufi et al [35] showed that four-month oral
resveratrol administration significantly attenuated the
elevated levels of the blood glucose, glycosylated
hemoglobin, total protein, albumin, urea, creatinine, and 8-
isoprostane in diabetic rats. They also reported that
resveratrol administration to diabetic rats improved the
reduced levels of glutathione, total antioxidant capacity, and
the antioxidant enzymes activities [35].

Membrane transporters are critical for the uptake as
well as elimination of chemicals and by-products of
metabolism from the liver and kidneys [36]. OATs and
OCTs play crucial roles in the renal secretion of various
drugs [37]. It has been reported that renal secretion of
organic ions mediated by OATs and OCTs is decreased with
the development of renal failure [38]. Additionally,
chemical-induced nephrotoxicity was shown to be
associated with a decrease in the OCT?2 transporter[10]. This
study reports the protective effect of resveratrol on the renal
expression of OATs and OCTs of kidneys in in
streptozotocin-induced diabetic rats. Administration of
resveratrol in diabetic rat model, OAT-1 and 3 and OCT-1
and 2 protein expression levels has been significantly
increased. Histopathological findings such as tubular
damage and ameliorated pathological lesion in STZ-induced
diabetes group revealed with resveratrol treatment.
However, there have been no previous studies in kidney yet,
investigating the effects of resveratrol on the organic anion
and cation transporters. In a previous study, performed by an
antioxidant, thymoquinone increased OAT1, OAT3 OCT1
and OCT?2 levels in kidney of rats treated with cisplatin [2].
Additionally, resveratrol has been reported to have
protective effects against diabetic nephropathy in animal
models [21-23,39].
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Table 1. The effect of resveratrol administration on morphological changes as assessed by histological analysis of kidneys in rats

(n=10)
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Fig. 3. Kidney tissue OAT-1, OAT-3, OCT-1, OCT-2, HSP-60, HSP-70 and HSP-90 expressing levels (Panel A) western blot
strips. The effect of resveratrol on OAT-1 (Panel B), OAT-3 (Panel C), OCT-1 (Panel D), OCT-2 (Panel E), HSP-60 (Panel F),
HSP-70 (Panel G) and HSP-90 (Panel H) protein expression levels of kidney tissue in rats. The intensity of the bands was
quantified by densitometric analysis. Data are expressed as a ratio of normal control value (set to 100 %). The bar represents the
standard error of the mean. Blots were repeated at least 3 times (n=3) and a representative blot is shown. B-actin was included to
ensure equal protein loading. (a—c) Means on the bars with no common superscript differ significantly at the level of P < .01 by

Fisher's multiple comparison test

In the present study, we found levels of HSP60 HSP70
and HSP90 were slightly decreased in diabetic animals
(Figure 3). Resveratrol administration partially suppressed
elevation in the HSP60, HSP70 and HSP90 levels in the
diabetic rats. To our knowledge, no information was
available previously on HSP60, HSP70 and HSP90 response
of kidney to diabetes and resveratrol. However, in previous

studies, diabetes has been found to be associated with
elevated levels of HSPs [12,13]. For example, HSP60 levels
have been found to be reduced increased in the kidney and
liver of diabetic animals [40,41]. Additionally, Ugurlucan et
al [42] reported that elevated blood glucose was correlated
with elevated HSP 70 levels and increased serum HSP 70
levels were correlated with tissue HSP 70 values.
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Fig. 4. The effect of resveratrol on histopathology of

kidneys in rats. Histopathology of kidneys, using
hematoxylin and eosin stains. (A) Control: normal renal
tubular architecture and normal glomeruli of control rats. (B)
RES: normal renal tubular architecture and normal glomeruli
of RES rats. (C) STZ: Thickness of basement membrane,
nodular glomerulosclerosis, diffuses mesangial sclerosis,
chronic inflammation. (D) STZ+RES: RES-treated diabetic
rats had a reduced development of STZ-induced diabetic
alterations in kidneys

Kidney pathological changes were aggravated in the
STZ-injected rats after the onset of diabetes, such as
thickened glomerular basement membrane, renal
hypertrophy, expensedmesangial cells, serum creatinine and
blood urea nitrogen were increased. It is well known that
renal hypertrophy, urine albumin and extracellular matrix
accumulation are early features of diabetic nephropathy. In
septic status, resveratrol produces improvement in capillary
perfusion and increased renal blood flow and the glomerular
filtration rate without raising systemic pressure [5].
Resveratrol may have a dual mechanism of action to
ameliorate the renal microcirculation and scavenge reactive
nitrogen species, thus protecting the tubular epithelium even
when administered after the onset of sepsis [43]. The
uricosuric and nephroprotective actions of resveratrol are
mediated by regulating renal organic ion transporters in
hyperuricemic mice, supporting its beneficial effects for the
prevention of hyperuricemia [44]. In db/db mice, it was
shown that resveratrol prevents diabetic nephropathy by the
phosphorylation of AMPK and activation of SIRT1-PGC-1a
signaling, which appears to prevent lipotoxicity-related
apoptosis and oxidative stress in the kidney [45].

In conclusion, resveratrol prevents diabetes-induced
nephropathy by modulation of organic anion cation
transporters and heat shock proteins and attenuates oxidative
stress by inhibition of lipid peroxidation (MDA and 8-
isoprostane) and activation of antioxidant enzymes.
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Erzurum ve cevresinde yetistirilen bazi domates cesitlerinin

(Lycopersicon esculentum) besinsel bilesimi

ihsan Giingdr Sat*', Nurhan Turhan >
Ozet

Arastirmada Erzurum ve ¢evre illerde yetistirilen 11 cesit domatesin bazi kimyasal ozellikleri incelenmistir. Taze
domateslerde kuru madde, suda ¢6ziiniir kuru madde (SCKM), pH, titrasyon asitligi, C vitamini, likopen ve p-karoten,
kurutulmus orneklerde de ham kiil, ham protein ve ham seliilloz analizleri yapilmistir. Cesitlerin incelenen parametreleri
arasindaki farkliligin 6nemli oldugu belirlenmistir. Domates g¢esitlerinde kurumadde; %4,98-7,43, SCKM; %2,50-6,50, pH; 4,14-
4,78, titrasyon asitligi; %0,38-0,85, C vitamini; 11,82-29,55 mg/100g, likopen; 29,00-83,00 mg/kg ve B-karoten miktarlarmin
6,96-18,07 mg/kg, ham kiil, ham protein ve ham seliiloz miktarlarinin ise kurumaddede sirastyla %7,26-13,20, %10,87-22,84,
%9,48-17,90 arasinda degistigi tespit edilmistir.

Anahtar Kelimeler: Domates; besinsel bilesim; likopen

Nutrient composition of some tomato varieties (Lycopersicon esculentum)
cultivated in Erzurum and surrounding provinces

Abstract

In this study some chemical composition were determined in eleven tomato cultivars which were cultivated in Erzurum and
surrounding provinces. Dry matter, water solible solids, pH, titratable acidity, vitamin C, lycopen and B-karoten analysis were
determined in fresh tomato cultivars. Crude ash, crude protein and crude cellulose analysis were determined in dried tomato
cultivars. There were many significant differences in the mean values between the analysed parameters according to the cultivars.
Dry matter in tomato species were ranging from 4,98-7,43%, water solible solids from 2,50-6,50%, pH from 4,14-4,78; titratable
acidity from 0,38-0,85%, vitamin C from 11,82-29,55 mg/100g, lycopene from 29,00-83,00 mg/kg and B-caroten from 6,96-
18,07 mg/kg. Crude ash, protein and cellulose in dry matter were determined to range from 7,26-13,20%, 10,87-22,84%, 9,48-
17,9%, respectively.

Keywords: Tomato; nutrient composition; lycopene
1. Giris

Domates  (Lycopersicon  esculentum),  0Ozellikle yetistirme tekniklerine bagli olarak kimyasal bilesimi

sanayilesmis iilkelerde en fazla tiiketilen, amator olarak
neredeyse biitiin ev bahgelerinde yetistirilen, sera sartlarinda
da iiretimi yaz kis devam eden en popiiler taze sebzelerden
biridir. Taze olarak tiiketildigi gibi gida sanayi i¢in dnemli
bir hammadde olan domates; soyulmus domates, dogranmis
domates, domates sosu, domates salgasi, kurutulmus
domates ve ketcap gibi {iriinlerin ana unsurunu
olusturmaktadir [1]. Yapilan c¢alismalar, domates ve
iirtinlerinin tiiketimi ile gesitli kanser tiirleri ve koroner kalp
hastaliklar1 riskinin azalmasi arasinda bir korelasyon
oldugunu gostermektedir [2]. Yemeklere kazandirdig rengin
yani sira besin Ogeleri igerigi bakimmndan da oldukca
zengindir. Ceside, yetistigi bolgeye, olgunluk diizeyine ve
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degisiklik gostermekle birlikte [3], domates ve {iriinleri, C
ve E vitamini, likopen, beta karoten ve fenolik maddeler gibi
onemli  antioksidan  bilesenleri  igermektedir.  Bu
bilesenlerden  6zellikle likopenin, sindirim  sistemi
hastaliklari, kanser (6zellikle prostat kanseri) ve kalp damar
hastaliklarmin 6nlenmesinde etkili oldugu belirlenmistir
[4,5].

Diinyada bir¢ok iilkede yetistirilmekle birlikte Tiirkiye
uygun iklim kosullar1 nedeniyle domates tiretiminde énemli
iilkelerden biridir. 2013 yili verilerine gore Tiirkiye’de
311.000 ha alanda 11.820.000 ton yillik domates iiretimi
oldugu belirtilmektedir [6]. Ulkemiz, domatesin gen merkezi
icerisinde olmamasina ragmen genis bir ¢esitlilige sahiptir
ve diinya geneli liretim siralamasinda Cin, Hindistan ve
ABD’den sonra 4. swrada yer almaktadir. Domates
tarimindaki gelismelerle tarimsal bolgelerin  tiimiinde
domates ekilis alanlar1 ve iiretim miktarlar1 yoniinden yillar
itibariyle hizli artig goriiliirken, ayni zamanda iiretilen
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domates gesitleri de ¢ogalmistir. Bugiin diinyada yetistirilen
domates c¢esidinin 2000 civarinda oldugu sanilmaktadir.
Genel olarak domates cesitleri; serada yetistirilen gesitler,
acik arazide yetistirilen cesitler olarak simiflandirilir. Agik
arazide yetisen gesitler ise kendi arasinda sofralik (yer ve
sirik), sanayi tipi (yer) diye baslica iki smifa ayirmak
mimkiindiir[7].

Bu arastirmada severek tiikettigimiz ve saglik agisindan
o6nemli bir gida olan domatesin bazi kimyasal 6zellikleri
belirlenerek besinsel bilesiminin ortaya ¢ikarilmasina
calistlmustir.

2. Materyal ve Metot
2.1. Materyal

Arastirmada acgik arazide yetistirilen tarla domates
gesitleri kullamlmugtir. Erzurum’un Ispir ilgesinden Angon,
Tortum ilgesinden Linda, Erzincan’in Uziimlii ilgesinden
Beril7314,  Yagmur, Berilya, @ Malike, = Alambra,
Kagizman’dan Merve, Igdir’dan Tanya, Tokat’tan Talget ve
Yusufeli’'nden kiiltiirii belli olmayan ilgede yetistirilen ve
nesilden nesile gecmis olan domates ¢esidi (¢aligmamizda
Yusufeli olarak adlandirilmistir) olmak iizere toplam 11 adet
ornek incelenmistir.

2.2. Metot

Taze domateslerde yapilan kimyasal analizler igin
domates drnekleri 6nce bigakla pargalara ayrilip blenderden
gecirilerek homojenize edilmistir. Kuru maddede yapilan
analizler icin etiivde 55 °C’de 48 saat kurutulmustur.
Kurutulduktan sonra ogiitillen (Tefal 800 Multifunction)
ornekler, kilitli buzdolab1 posetlerine konularak analiz
edilinceye kadar +4 °C’de saklanmustir [8]. Taze
domateslerde; kuru madde, SCKM, pH, titrasyon asitligi ve
C vitamini Keles [9] ve Cemeroglu [10]’na gére yapilmistir.
Likopen ve B-karoten tayini i¢in, 50 ml’lik santrifiij tiipline
homojenize edilmis taze domates érneginden 2 g konularak
iizerine 10 ml saf su ve 10 ml aseton eklenmistir. icerik
kaynamaya baglayincaya kadar kaynayan su banyosu i¢inde
tutulmug ve cam bir baget yardimiyla karistirilmistir. Tiip
icerigi kaynamaya baslayimca 300 devir/dakikada 50 dakika
santriflij edilmistir. Ustteki berrak sivi, icerisinde 50 ml
damitik su ve 50 ml petrol eter bulunan 250 ml’lik ayirma
hunisine aktarilmistir. Daha sonra santrifiij tiipiine 10 ml
daha aseton eklenip cam bagetle tiipteki katt maddeler
kangtirilarak tekrar santrifiij edilmistir. Ustteki berrak kisim
ayirma hunisine aktarilmstir. Bu islem, aseton renksiz hale
gelinceye kadar 4-5 kez tekrarlanmistir. Petrol eter fazi 25
ml saf su ile ii¢ kere ytkanmigtir. Karoten iceren petrol eter
fazina susuz sodyum siilfat eklenerek karistirilmis ve
sodyum siilfatin ¢okmesi icin beklenmistir. Petrol eter fazi

100 ml’lik o6l¢ii balonuna aktarilarak iizeri petrol eterle
¢izgisine tamamlamp agzi kapatilarak karigtirlmistir. Kor
olarak petrol eter kullanilarak  spektrofotometrede
(Shimadzu UV-1208) likopen i¢in 505 nm’de, B-karoten icin
ise 452 nm’de 6rmeklerin absorbans degerleri Slgiilmiistiir.
Likopen ve [-karoten miktarlar1 sirasiyla Denklem 1 ve
Denklem 2’ye gore hesaplanmistir [11].

505

Likopen miktart (7:—5) = (Ewﬂ 0
E452)—((E595)x1335) 4

Karoten miktart (T—gg) = % X VxI:/o 2

Denklemlerde;

452
g%

. =452 nm’de karoten degeri
g5

=505 nm’de likopen degeri
V=Eriyigin son hacmi (ml)
W=Ornek miktar1 (g)’dir.

Kurutulmus domates orneklerinde ise; ham protein ve
ham kiil Keles [9]’e gore, ham selilloz da Anon., [12]’a gore
yapilmustir.

3. Bulgular ve Tartisma

Taze domates orneklerinde yapilan analizler sonucu elde
edilen veriler Cizelge 1’ de gosterilmistir.

Domates 6rneklerinde kurumadde miktarlarn %4,98-7,43
degerleri arasinda degismektedir. Talget ¢esidi en yiiksek
kurumadde degerine sahip iken en diisiik deger Yusufeli
¢esidinde saptanmustir. Salga sanayinde kullanilacak olan
domateslerin en az %6 oraninda kurumaddeye sahip olmasi
istenmektedir. Buna gore kurumadde miktarlari %6’ nin
iizerinde ¢ikan ornekler Talget ¢esidinden sonra en yiiksek
kurumadde degerlerine sahip olan Tanya, Malike, Alambra,
Merve ve Yagmur cesitlerine ait Orneklerdir. Domates
ornekleri arasinda kurumadde miktarlar1 bakimindan
farkliliklarin - 6nemli (p<0,01) oldugu tespit edilmistir.
Ispanyada dokuz cesit domateste yapilan arastirmada
kurumadde  oranmnin  %5,27-6,79  arasinda  oldugu
belirlenmistir [13]. Toor and Savage [1], domatesin
kurumadde oraninin  %5,1-6,2 araliginda  oldugunu
bildirmislerdir.

Domates orneklerinin SCKM degerleri ise %2,50-6,50
arasinda degismektedir. Tanya ve Talget en yiikksek SCKM
miktarina sahip olan iki ¢esit olmus bunlart Alambra,
Yagmur, Malike, Linda ve Berilya ¢esitleri izlemistir. En
diistik SCKM miktar1 ise Angon ¢esidinde tespit edilmistir.
Domateste ¢eside, olgunluk devresine, depolama kosullari
ve siiresine bagli olarak SCKM miktarinin degisebilecegi
bildirilmistir [14-17].

Cizelge 1. Taze domates drneklerinde kimyasal analiz sonuglari

Cesit Kurumadde,%  SCKM, % pH Titrasyon C Vit. Likopen B-karoten
Asitligi (g/100g) (mg/kg) (mg/kg)
Beril 7314 5,83+0,24 4,60+0,14 4,14+0,08 0,42+0,02 16,62+0,42 34,75+1,27 8,88+0,31
Yagmur 6,25+0,38 5,89+0,05 4,40+0,05 0,44+0,01 11,82+0,28 38,924+0,23 13,50+0,64
Merve 6,35+0,35 4,80+0,00 4,15+0,11 0,61+0,04 24,99+,072 35,50+0,92 16,32+0,61
Angon 5,71£0,16 2,50+0,14 4,41+0,16 0,45+0,02 20,90+0,70 46,50+0,76 11,12+0,24
Tanya 6,71+0,01 6,50+0,14 4,29+0,16 0,51+0,04 28,85+0,64 30,00+2,46 12,15+0,38
Talget 7,43+0,41 6,50+0,00 4,40+0,14 0,54+0,03 29,55+0,50 59,7542,12 12,70+0,45
Linda 5,35+0,08 5,00+0,00 4,56+0,17 0,38+0,03 26,20+,028 81,24+0,34 16,94+0,45
Yusufeli 4,98+0,14 4,20+0,00 4,78+0,20 0,44+0,01 15,45+0,21 31,25+1,70 10,01+0,20
Malike 6,66+0,23 5,20+0,14 4,35+0,09 0,48+0,01 23,70+0,42 69,00+1,06 15,80+0,51
Berilya 5,96+0,17 5,00+0,00 4,25+0,09 0,85+0,01 19,80+0,00 83,00+0,35 18,07+0,41
Alambra 6,40+0,28 5,95+0,07 4,40+0,07 0,62+0,02 18,60+0,21 29,00+0,91 6,96+0,52
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Domates 6rnekleri arasinda SCKM degerleri agisindan
farkliliklar 6nemlidir (p<0,01). Genel olarak domates
cesitlerinde SCKM  miktarimin ~ %5,57-6,54  arasinda
degisebilecegi bildirilmistir [18]. Sen ve Ark. [19], dort
farkli sera domatesinde yaptiklar1 bir caligmada suda
¢Ozliniir kurumadde miktarimin %4,1-5,0 arasinda oldugunu
tespit etmislerdir. Kaur et al. [20], yedi c¢esit domatesin
olgunlagsma siiresince (yesilden kirmizi olum devresine
kadar) yaptiklar1 aragtirmada SCKM miktarinin %4,15-6,62
arasinda oldugunu belirlemislerdir. Gomez et al. [21], oniki
¢esit domatesin SCKM miktarimn  %3,15-5,38 arasinda
oldugunu tespit etmislerdir. Kiraz domateslerde yapilan bir
aragtirmada suda ¢oziiniir kurumadde miktarinin %5,03-6,07
arasinda oldugu bildirilmistir [22]. Martinez et al. [13],
Ispanyada dokuz cesit domates cesidinde yaptiklari
arasgtirmada SCKM  miktariin =~ %4,00-7,50  arasinda
oldugunu bildirmislerdir. Tespit edilen degerlerle Onceki
¢aligmalar uyum gostermektedir.

Domates orneklerinin pH degerleri 4,14-4,78 arasinda
degismektedir. En yiiksek pH degeri Yusufeli ¢cesidinde en
diistik pH degeri ise Beril 7314 cesidinde saptanmustir. Bu
calismada domates cesitlerinin pH degerleri arasindaki
farkliliklar istatistiksel olarak nemli bulunmustur (p<0.05).
Turhan ve Seniz [23], 33 domates genotipinde pH degerini
3,78-5,25, Caliman et al. [24] Brezilya’da yetistirilen 4
domates c¢esidinde 4,34-4,56, Rai et al. [25], 4 cesit
domateste 3,78-4,24 olarak belirlemiglerdir. Arastirma
bulgularimiz literatiir degerleriyle uyumludur.

Orneklerin titrasyon asitligi degerleri sitrik asit
cinsinden % 0,38-0,85 arasinda degismektedir. En yiiksek
titrasyon asitligi degeri Berilya en diisiik titrasyon asitligi
degeri ise Linda cesidinde tespit edilmistir. Titrasyon asitligi
degerleri bakimindan gesitler arasindaki farkliliklar 6nemli
bulunmustur (p<0,01). Sen ve ark. [19], sera domateslerinde
titre edilebilir asitligi  %0,40 ile %0,45 arasinda
belirlemislerdir. Kaur et al. [20], yedi gesit taze domateste
yaptiklar1 ¢alismada olgun cesitlerde titre edilebilir asit
miktarimn ~ 0,43-0,54  g/100g  arasinda  degistigini
bildirmislerdir. Toor ve Savage [1], lic domates ¢esidinde
yaptiklar1 ¢alismada titre edilebilir asit oraninin %0,41-0,56
arasinda degistigini tespit etmislerdir. Yapilan calismada
baz1 cesitlerin Onceki caligmalara yakin oldugu, bazi
cesitlerde de farkliliklara rastlanildignr  goriilmiistiir.
Domateste c¢eside, yetistirme tekniklerine ve depolama
sartlarina  bagli olarak titre edilebilir asit miktar
degisebilmektedir [14,16,17].

C vitamini miktarlar1 11,82-29,55 mg/100g arasinda
degismektedir. En yiiksek C vitamini miktar1 Tanya ve
Talget cesitlerinde, en diisiik ise Yagmur c¢esidinde
saptanmustir. Domates Orneklerinin C vitamini igerikleri
arasindaki farkliligin istatistiki olarak &nemli oldugu
belirlenmistir  (p<0,01). Sen ve ark. [19], sera
domateslerinde C vitamini oranini 11,30-14,03 mg/100ml
olarak tespit etmislerdir. Lavelli et al [26], taze domateslerde
askorbik asit oranlarimi kuru maddede 1550-3050 ng/g
olarak tespit etmislerdir. Gabuniya et al. [18], domateslerde
askorbik asit miktarinin 19-30 mg/100g arasinda oldugunu
belirlemislerdir. Toor and Savage [1], kurumadde de C
Vitamini miktarinin 247-310 mg/100g arasinda degistigini
tespit etmislerdir. Kaynas ve ark. [14], domatesin C vitamini
bakimindan zengin sebze tiirleri arasinda yer aldiging;
¢eside, olgunluk diizeyine ve yetistirme sartlarina bagl
olarak miktarimin 5,6-15,7 mg/100g arasinda oldugunu
bildirmislerdir.

Domatesin en énemli bilesenlerinden biri olan likopen,
en yiiksek 83,0 mg/kg ile Berilya ¢esidinde, en diisiik ise
29,0 mg/kg ile Alambra gesidinde saptanmustir. Domates
orneklerinin likopen igerikleri arasindaki farkliik p<0,01
seviyesinde Onemli bulunmustur. Bramley [27], taze
domateste 8,8-42,0 pg/g, domates suyunda 50,0-116,0 ng/g,

domates sosunda 62,0 pg/g, domates ketgabinda 99,0-134,0
ng/g, domates salgasinda 54,0-1500 pg/g oranlarinda
likopen bulundugunu bildirmistir. Yedi ¢esit domateste
olgunlasma  siliresince  yapilan  arastirmada  olgun
domateslerin pulp kisminda likopen miktarinin 3,12-6,73
mg/100g arasinda, kabugunda ise 7,97-14,28 mg/100g
arasinda degistigi bildirilmistir [20]. Gomez et al. [21],
Ispanya’da yoresel olarak yetistirilen oniki gesit domateste
likopen  oranlarmmimn  0,054-0,0986 g/kg  oldugunu
bildirmiglerdir. Martinez et al. [13], Ispanyada dokuz
domates  ¢esidinde yaptiklar1  aragtirmada  likopen
miktarlarim  18,60-64,98 mg/kg araliklarinda tespit
etmislerdir. Leonardi et al. [28], farkli sekil ve biiyiikliikteki
domates  ¢esitlerinde  yaptiklart  ¢alijmada  likopen
oranlarmm 0,11-10,80 mg/100g arasinda degistigini ve bu
farkliliklarin  domates ¢esidi, yetistirme teknikleri ve
olgunluk durumuna gore degisebilecegini belirtmislerdir.
Takeoka et al. [29], taze domatesteki likopen miktarlarinin
17,32-23,65 mg/100g arasinda degistigini tespit etmislerdir.
Cesitler arasindaki farklilik olgunluk durumuna ve yetistigi
cevre ile iklim kosullarina bagl olmakla birlikte &zellikle
sicaklik artikca kabuk rengi de artmaktadir [30]. Domateste
bulunan likopen miktarinin renk yogunlugu, domatesin
genetik yapisi, giibreleme, topragin yapisi, giinese maruz
kalma, depolama, sulama ve olgunluk durumuna bagh
olarak degisebilecegi bildirilmistir [13,31,32]. Domates
cesitlerinde en yiiksek B-karoten miktarimn 18.07 mg/kg ile
Berilya ¢esidinde, en diisiik miktarin ise 6.96 mg/kg ile
Alambra ¢esidinde oldugu tespit edilmistir. Domates
orneklerinin  B-karoten igerikleri arasindaki farkliligin
istatistiki olarak 6nemli oldugu belirlenmistir (p<0,01).
Domateste p-karoten miktarinin 540-2300 pg/100g arasinda
oldugu bildirilmistir [33]. Lavelli et al. [26], taze domates
¢esitlerinde P-karoten oranlarmin kuru maddede 56-161
ng/g araliklarinda oldugunu belirtmislerdir. Leonardi et al.
[28], farklt sekil ve biiyiiklikteki domates cesitlerinde
yaptiklart ¢alismada B-karoten miktarlariin 0,08-1,05
mg/100g arasinda degistigini ve bu farkliliklarin domates
¢esidi, olgunluk durumu ve yetistirme tekniklerine bagli
olarak  degisebilecegini  bildirmislerdir.  Buldugumuz
degerler literatiir ile uyum gostermektedir.

Domates orneklerinin ham protein, ham kiil ve ham
seliiloz miktarlar1 kuru agirlik iizerinden hesaplanmistir. Bu
analizlere ait sonuglar Cizelge 2’ de verilmistir. Ham protein
miktarlari, kurumaddede en yiiksek %22,84 ile Yusufeli
¢esidinde, en diisiik %10,87 ile Alambra gesidinde tespit
edilmistir.  Cesitler arasinda ham protein oranlari
bakimindan farkliliklar &nemlidir (p<0,01). Duke and
Atchely [34], domateslerde protein miktarinin kurumaddede
ortalama olarak %16,6 oldugunu bildirmislerdir. Hernandez
Suarez et al. [35], altt cesit olgun domateste protein
miktarimn  yas agilik {lizerinden %0,78-0,87 arasinda
degistigini bildirmislerdir. Pinela et al. [36], dort cesit
domateste yaptiklar1 caligmada protein miktarlarinin yas
agirhik tizerinden %0,40-0,61 arasinda degistigini tespit
etmislerdir. Goriildigi gibi domates cesitleri
kurumaddesinde  degerlendirildiginde yiiksek miktarda
protein igermektedir. Bu durum domatesin beslenmedeki
yerini daha da 6nemli kilmaktadir.

Domates ¢esitlerinde ham kiil miktarlar1 agisindan
onemli  farkliligin  (p<0,01) oldugu belirlenmistir.
Kurumadde iizerinden en yiiksek miktar Yusufeli ¢esidinde
%13,20, en diisiik miktar ise Talget ¢esidinde %7,26 olarak
tespit edilmistir. Domateslerde kurumaddede kiil miktarinin
ortalama olarak %8,1 oldugu bildirilmistir [34]. Cesitlerin
ham seliiloz miktarlar1 kurumaddede %9,48-17,90 arasinda
degismektedir. Cesitler arasinda ham seliilloz oranlari
bakimindan farkliliklar &nemlidir (p<0,01). Guil-Guerrero
ve Rebolloso-Fuentes [37], sekiz domates ¢esidinde ham
selilloz miktarlarinin yas agirhk {izerinden %0,74-1,60
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izelge 2. Domates 6rneklerinin ham protein, ham kiil ve ham seliiloz miktarlari, %
Cizelg p , ,

Cesit Ham Protein Ham Kiil Ham Seliiloz
Beril 7314 15,04+0,92 8,37+0,16 9,48:0,33
Yagmur 14,79+0,25 10,48+0,03 10,82+0,56
Merve 16,89+0,21 9,16+0,13 13,82+0,24
Angon 22,75+0,08 11,79+0,07 12,79+0,71
Tanya 17,99+0,18 8,20+0,11 13,38+0,88
Talget 13,62+0,45 7,2620,09 17,90+0,47
Linda 18,120,04 10,37+0,12 13,35+0,21
Yusufeli 22,84+0,01 13,20+0,35 15,4040,07
Malike 11,78+0,18 10,42+0,29 14,60+0,92
Berilya 11,60+0,35 9,71+0,08 14,15+0,07
Alambra 10,87+0,34 10,23+0,29 14,15+0,14

arasinda degistigini bildirmislerdir. Suda ¢6zlinmeyen diyet quality and protein solubility of some legume seeds.
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In vitro antioxidant activities of various solvent extracts from
Tanacetum balsamita L. subsp. balsamita

Mehmet Kadir Erdogan ', Gyasettin Baydas**
Abstract

In this study, the antioxidant activities of the aerial parts of T. balsamita L. subsp. balsamita were investigated by using
different methods. For this purpose, after the plants were dried and ground to fine powder, the aerial parts extractions were done
separately by using acetone, ethyl acetate, dichloromethane, methanol and water as solvents. In order to determine the antioxidant
and radical scavenging activities, each extract were assayed by various methods including DPPH- free radical scavenging
activity, metal chelating capacity, total reducing power, hydrogen peroxide scavenging activity, total antioxidant activity.
Furthermore, total phenol contents by Folin-Ciocalteu reagent (FCR), total S-carotene and lycopene contents, total flavonoid
contents and total phenolic acid contents of each extract were determined. The results were evaluated by comparing with the
standard antioxidant BHA, BHT and a-tocopherol. In all methods, various solvent extracts of T. balsamita L. subsp. balsamita
were found to be effective against free radicals.

Keywords: Antioxidant activity; 7. balsamita L. subsp. Balsamita; free radicals; Flavonoid; medicinal plant

Tanacetum balsamita L. subsp. balsamita bitkisinden elde edilen farkl
coziicii ekstrelerinin in vitro antioksidan aktiviteleri

Ozet

Bu ¢alismada T. balsamita L. subsp. balsamita bitkisinin toprakiistii kisimlarinin antioksidan aktiviteleri gesitli yontemler
kullanilarak incelendi. Bu amagla, bitki kurutulup 6giitiildiikten sonra toprak iistii kisminin ektraksiyonu ¢oziicii olarak aseton,
etil asetat, diklorometan, metanol ve saf su kullanilarak ayr1 ayr1 yapildi. Antioksidan ve radikal giderme aktivitelerinin
belirlenmesi igin, her bir ekstre DPPH- serbest radikal giderme aktivitesi, metal selatlama kapasitesi, toplam indirgeme giicii,
hidrojen peroksit giderme aktivitesi, toplam antioksidan aktivitesi gibi ¢esitli metodlarla analiz edildi. Ayrica her bir ekstrenin
Folin-Ciocalteu ayiraci ile toplam fenol igerigi, toplam p-karoten ve likopen igerigi, toplam flavanoid igerigi ve fenolik asit
icerigi de belirlendi. Sonuglar BHA, BHT, a-tokoferol standart antioksidan maddeleriyle kiyaslanarak degerlendirildi. Kullanilan
biitiin yontemlerde, serbest radikallere karst 7. balsamita L. subsp. balsamita bitkisinin ekstrelerinin etkili oldugu bulundu.

Anahtar Kelimeler: Antioksidan aktivite; 7. balsamita L. subsp. Balsamita; serbest radikal; Flavonoid; tibbi bitki

Abbreviations: DPPH", 2,2-diphenyl-1-picrylhydrazyl; BHA, butylated hydroxyanisole; BHT, butylated hydroxytoluene; ROS, reactive oxygen
species; sodium phosphate (NaH,PO,); ferrozine, 3-(2-pyridyl)-5,6-bis(4-phenyl-sulfonic acid)-1,2,4-triazine; sodium hydroxide (NaOH); iron-II-
chloride (FeCl,.4H,0); potassium ferricyanide [K;Fe(CN)g]; iron-III-chloride (FeCls); sodium carbonate (Na,COs); Folin- Ciocalteu reagent
(FCR); sodium nitrite (NaNO,); hydrochloric acid (HCI); hydrogen peroxide (H>O,); sulfuric acid (H>SO,); 1,10-phenanthroline; trichloroacetic
acid (TCA); aluminum chloride (AlCl;); sodium nitrate (NaNOs); sodium molybdate (Na,MoO,); ammonium molybdate [(NH4)sM07024.4H,07;
dw, dry weight.

1. Introduction

Living organisms need energy for biological processes
and produce of this energy trigger the oxidation. However,
oxygen-centred free radicals and other reactive oxygen
species (ROS), such as hydroxyl radicals (OH’), singlet
oxygen ('0,), hydrogen peroxide (H,0,) and superoxide
anion radicals (O,"), are continually produced in vivo and
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?Bingol University, Bingol University Rectorate, 12000 Bingol, Turkey
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result in cell death and tissue damage. The oxygen radicals
play an important role in different diseases, including
cardiovascular diseases, diabetes, cancer and ageing, etc [1].
Although the organisms protect themselves against the
oxidative damage by using a variety of defense systems,
such as endogenous enzymes (e.g., glutathione peroxidase,
SOD, catalase) and by dietary antioxidant molecules that
accumulate within cells (e.g., ascorbic acid, a-tocopherol, f-
carotene, isoflavones), constantly accumulation of chemicals
and contaminants in the body may cause the high level of
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free radicals beyond control and irreversible oxidative
damage [2,3]. Antioxidants are compounds that are able to
inhibit or prevent the oxidation processes. Since the
beginning of this century, synthetic antioxidants such as
butylated  hydroxyanisole =~ (BHA) and  butylated
hydroxytoluene (BHT) have been used as antioxidants [4].
Because of the potential risks of synthetic antioxidants as
promoters of carcinogenesis and liver swelling, there is a
huge interest in the use of natural antioxidants and
establishing their association with health benefits [5]. The
plant kingdom, including medicinal and dietary plants,
offers many natural phytochemicals, e.g. phenolic
diterpenes, flavonoids and phenolic acids. Antioxidant, anti-
inflammatory and anticancer activities of these compounds
might help prevention of oxidative damage [6,7]. The genus
Tanacetum (Compositae) is distributed in Europe and West
Asia throughout the northern temperate regions. It contains
several annual and perennial species. Tanacetum is
represented in Turkey by 44 species and altogether 59 taxa
[8]. Tanacetum spp. are rich in essential oils, bitter
substances and sesquiterpene lactones and are used for their
antihistaminic, antiinflammatory and insecticidal effects [9].
T. balsamita L. subsp. balsamita, has been cultivated in
Europe (as costmary) since mediaeval times as a culinary
and medicinal herb [8].

The current study is aimed to investigate the in vitro
antioxidant activities of various solvent extracts of T.
balsamita L. subsp. balsamita as well as the contents of total
phenols, phenolic acids, flavonoids, antioxidant, f-carotene
and lycopene in order to evaluate its potential as a substitute
for synthetic antioxidants. Additionally, another aim is
evaluated to the relationship between antioxidant capacity
and the quantity of phenolic substances in the samples. The
current study is a first attempt to analyze the phytochemical
content and antioxidant activities of 7. balsamita L. subsp.
balsamita extracts.

2. Material and Methods
2.1. Chemicals and reagents

Sodium phosphate (NaH,PO,), sodium hydroxide
(NaOH), sodium nitrite (NaNO,), iron-II-chloride
(FeCl,.4H,0),  2,2-diphenyl-1-picrylhydrazyl ~(DPPH-),
hydrochloric acid (HCI), iron-IlI-chloride (FeCl;), sodium
carbonate (Na,CO;), Folin-Ciocalteu reagent (FCR),
potassium ferricyanide [K;Fe(CN)g], sulfuric acid (H,SOy)
and a-tocopherol were obtained from Sigma-Aldrich.

Hydrogen  peroxide (H,0,), ferrozine, 1,10-
phenanthroline, trichloroacetic acid (TCA), aluminum
chloride (AICl;), sodium nitrate (NaNOs), gallic acid,
sodium molybdate (Na,MoO,), butylated hydroxytoluene
(BHT), ammonium molybdate [(NH4)¢M0;0,4.4H,0],
butylated hydroxyanisole (BHA), quercetin, caffeic acid,
acetone, ethyl acetate, dichloromethane and methanol were
purchased from Merck. All chemicals and solvents used in
these studies were of analytical grade.

2.2. Plant and extraction procedure

The aerial parts of 7. balsamita L. subsp. balsamita were
collected from Bingol region (38°50'10"N, 40°24'45"E, 1755
m), located in the east Turkey province, during July 2011. A
voucher specimen (no. BIN-HER-91) has been deposited in
the Herbarium of the Department of Biology, University of
Bingol, Turkey.

The aerial parts of sample was dried at room
temperature and pulverized. The powdered aerial parts of
plant (20 g) was extracted for three times with 150 ml of
five different solvents of increasing polarity

(dichloromethane, ethyl acetate, acetone, methanol, water)
using a Soxhlet extractor. Consequently, extracts were
filtered and the combined filtrates were concentrated in a
rotary evaporator at 50 °C. All solvent extracts kept in the
fridge (4 °C) until use.

2.3. Total phenolic content

The amount of total phenolic compounds in various
solvent extracts of 7. balsamita L. subsp. balsamita was
determined by Folin—Ciocalteu reagent according to method
of Singleton and Rossi, with some modifications [10].
Briefly, 200 pL (250 pg/mL) of the extract solution was
mixed with the Folin—Ciocalteu reagent (200 pL). After
addition of 200 puL 2% sodium carbonate (Na,CO;) solution
and 1.4 mL water, the mixture was vortexed and the
absorbance was read after 1 h against water at 760 nm, using
a Shimadzu UV-Vis V650 spectrophotometer (the same
equipment was used for all spectrophotometric analysis).
Gallic acid was used to prepare a calibration curve (50-500
pg/mL; y = 0.0023x + 0.0521; R* = 0.9999; y value
indicates the absorbance; x value indicates the solution
concentration). The amount of total phenolic compounds
was calculated as gallic acid equivalents (GAE) in
milligrams per gram dry plant extract. Analysis was repeated
in triplicate and the mean value was reported.

2.4.Total phenolic acid content

The total phenolic acid content of extracts was
determined by the method of Koncic et al., with minor
modifications [11]. To 0.25 mL of the plant extracts (1
mg/mL) were added 0.5 mL of 0.5 M hydrochloric acid and
0.5 mL of reagent (a mixture of 1 g of sodium nitrite and 1 g
sodium molybdate in 10 mL of water). Afterwards, 8.5%
(w/w) solution of sodium hydroxide (0.5 mL) and 2.25 mL
water were mixed to solution. The resulting mixture was
then vortexed vigorously and absorbance was measured
spectrophotometrically at 505 nm. For each extract blank
solutions were prepared with 0.25 mL extract and 2,25 mL
water. The total phenolic acid content was expressed as
caffeic acid equivalents (mg CAE/g extract) from a standart
curve recorded for this standard (100-1000 pg/mL; y =
0.0002x + 0.125; R?> = 0.9912; y value indicates the
absorbance; x value indicates the solution concentration).

2.5. Total flavonoid content

The content of flavonoids was determined by using a
method described by Chang et al. [12]. Briefly, 250 puL of
200 pg/mL plant extract was mixed with 30 uL of NaNO,
15% solution and 15 pL of 10% AICl; solution. After
centrifugation and 5 min at room temperature, 200 puL of 4%
NaOH and 0.5 mL water were added, then the mixture was
vortexed and the absorbance was measured after 40 min at
415 nm. Blank sample was prepared like resulting mixture
but not including plant extract. The results were expressed
as quercetin equivalents (QE) in milligrams per gram of
samples from calibration curve (50-500 pg/mL; y = 0.0033x
+ 0.0749; R* = 0.9977; y indicates the absorbance; x
indicates the solution concentration).

2.6. Free radical scavenging activity by using DPPH-

Measurement of free radical scavenging capacity of
extracts was based on the reported procedure using the
stable 2,2-diphenyl-1-picrylhydrazyl radical (DPPH*) which
described by Blois, with slight modification [13]. In this
experiment, extracts (0.05-0.20 mg/mL) diluted in methanol
(1 mL) was mixed with 1 mL DPPH" solution in methanol
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(0.1 mM). The reaction mixture was vigorously shaken and
incubated in the dark for 30 min. Afterwards the absorbance
at 517 nm was measured against blank sample. Decreased
absorbance of the reaction mixture show the heighten free
radical scavenging activity. The percentage inhibition of free
radical DPPH" (I%) was calculated by using Equation 1:

1%=[(Ao —A,)/Aq] X100 1)

In equation 1 Ay is the absorbance of the control and A,
is the absorbance of the tested sample. BHA, BHT and a-
tocopherol dissolved in methanol were also analyzed for
comparison. DPPH* solution was used as control and
methanol was used as blank. All data are an average of
triplicate analyses.

2.7. Scavenging of hydrogen peroxide

Hydrogen peroxide scavenging activity of the various
solvent extracts of 7. balsamita L. subsp. balsamita was
measured according to the method of Ruch et al. [14]. To 1
mL of various concentrations of extracts (5-20 pg/mL), 2.4
mL of phosphate buffer (0.1 M H,SO, pH=7.4) and 0.6 mL
H,0,40 (mM H,0,) was added. After the mixed solution
was vigorously shaken it was incubated in the dark for 30
min and the absorbance was measured at 230 nm. The
percentage of scavenging of hydrogen peroxide was
calculated by using Equation 2.

Scavenging rate %=[(A¢ —A;)/Ao] X100 2)

In Equation 2 A, was the absorbance of the control
(without extract) and A; was the absorbance in the presence
of the extract. BHA, BHT and a-tocopherol were used for
comparison. As blank sample, phosphate buffer was used.
All analyses were performed in triplicate and the results
were represented as mean =+ standard deviations.

2.8. Metal chelating activity on ferrous ions

Metal-chelating abilities of acetone, ethyl acetate,
dichloromethane, methanol and water extracts of T.
balsamita L. subsp. balsamita and standards was estimated
by the method of Dinis et al. [15]. Briefly, each extract at
different concentrations (25, 50, 75,100 pg/mL) was added
to a solution of 2 mM FeCl,.4H,0 (25 pl) and this mixture
incubated at room temperature for 60 min. After 5 mM
ferrozine (100 pl) was added then, the final mixture was
shaken vigorously and left stand at room temperature for 10
min until stable absorption values were obtained. The
absorbance of the mixture was raed at 562 nm. The
percentage inhibition of ferrozine-Fe** complex formation
was calculated using the following equation:

% of inhibition=[(Ay —A,)/A,] X100 3)

Ay was the absorbance of the control (FeCl, and
ferrozine) and A; was the absorbance of the sample extracts
and standards. All experiments were done in triplicate and
the results were represented as mean + standard deviations.

2.9. Reducing power assay

The reducing power of solvent extracts was determined
by the method of Oyaizu, with minor modification [16]. The
extracts at different concentrations (50-200 pg) were mixed
with sodium phosphate buffer (1 mL, 0.2 M, pH 6.6) and
potassium ferricyanide [K;Fe(CN)e¢] (1 mL, 1%). The
mixture was incubated at 50 °C for 20 min. After the
incubation, trichloroacetic acid (1 mL, 10%) was added to

the mixture, followed by centrifuging at 3000 rpm for 10
min. The upper layer of solution (1 mL) was mixed with
distilled water (1 mL) and ferric chloride (0.2 mL, 0.1%),
and the absorbance was measured at 700 nm. Higher
absorbance of the reaction mixture indicated increased
reductive power. BHA, BHT and a-tocopherol were used for
comparison. Analysis was repeated in triplicate and the
mean value was reported.

2.10. Total p-carotene and lycopene contents

p-carotene and lycopene contents of plant extracts were
determined according to the method of Barros et al. [17]. 50
mg of each dried extract was separately mixed with 5 mL of
acetone—hexane mixture (2:3) and this mixture was shaken
for 1 min, then filtered by Whatman no. 4 filter paper. The
absorbance of the filtrate was read at 453, 505 and 663 nm.
p-carotene and lycopene content of plant material was
calculated using the Equation 4 and 5 respectively.

Lycopene (mg/100 mL) = —0.0458 Ags3 + 0.372Asos — 0.0806Ass3 @)
p-carotene (mg/100 mL) = 0.216A445; — 0.304A 505 + 0.452A 53 (5)

The assays were performed in triplicate for each sample
and the results were represented as mean + standard
deviations and expressed as milligrams of carotenoid per
gram of extract.

2.11. Total antioxidant capacity assay

The total antioxidant capacity of the plant extracts was
evaluated according to the method of Prieto et al. [18]. 0.2
mL sample extract, which was prepared with different
solvents (acetone, ethyl acetate, dichloromethane, methanol
and water), was combined in a tube with 2 mL of reagent
solution (0.6 M sulphuric acid, 28 mM sodium phosphate
and 4 mM ammonium molybdate). The tubes were capped
and the reaction mixture was incubated at 95 °C for 90 min.
After the mixtures had cooled to room temperature, the
absorbance of the each mixture was read at 695 nm against a
blank solution which contained 2 mL of reagent solution and
0.2 mL methanol. The readings were taken each 30 min and
the results were expressed as a-tocopherol equivalents (a-
TE) in milligrams per gram of samples from calibration
curve (200-1000 pg/mL; y = 0.0025x + 0.3545; R? = 0.9933;
y value indicates the absorbance; x value indicates the
solution concentration).

2.12. Statistical analysis

The experimental results were expressed as means = SD
of three replicates of each sample measurements. Statistical
analysis was carried out by ANOVA procedure.

3. Results and discussion

The values of total extractable compounds ranged from
43.5 to 93.5 mg/g dry extract and was 43.5, 78.0, 93.5, 89.5
and 75.0 mg/g for acetone, ethyl acetate, dichloromethane,
methanole and water extracts, respectively. These results
presented in Table 1 as total extractable compounds. The
highest amount of total extractable compounds obtained
when dichloromethane (93.5 mg/g dw) and methanol (89.5
mg/g dw) used as solvents while the lowest value of them
resulted in acetone extract (43.5 mg/g dw). The extraction
ability of ethly acetate (78.0 mg/g dw) and water (75.0 mg/g
dw) were almost same.

The phenolic, phenolic acid and flavonoid contents of
extracts are closely related with antioxidant activity and it
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has been implicated by many studies [19,20]. Additionally,
the solvent used in extraction may also affect the antioxidant
capacity of the extract [19].

Total phenolic content of extracts, as gallic acid
equivalents (GAE) in milligrams per gram dry plant extract,
was maximum when methanol was used (103.25+1.01)
followed by acetone (76.81£2.08), ethyl acetate
(63.90+£0.74), water (54.70£1.93) and dichloromethane
(46.75+2.09) ( Table 1).

Total phenolic acid content of different solvent extracts
of T. balsamita L. subsp. balsamita exhibited the following
order: dichloromethane > ethyl acetate > acetone > methanol
> water; 0.89; 0.68; 0.59; 0.49 and 0.34 mg CAE/g dry plant
material, respectively ( Table 1).

With regard to the 7. balsamita L. subsp. balsamita
extracts, Table 1 illustrates that the sequence for total
flavonoid content was dichloromethane > acetone >
methanol > ethyl acetate > water. The total flavonoid
content of extracts were 60.48+5.48; 45.67+3.64;
40.27£2.40; 36.77+1.05 and 9.3942.14 mg QE/g dry extract,
respectively.

To determine free radical scavenging activity, the
DPPH-" radical is used on a large scale. Fig.1 indicate the
DPPH- scavenging activity curves of various extracts
depending on dose-response. The results of ability to
scavenge the DPPH" radical following the order BHA >
methanol extract > a-tocopherol > BHT > acetone extract >
ethyl acetate extract > water extract > dichloromethane
extract which presented values at 0.20 mg/mL of
82.50+0.70%; 81.13+1.22%; 80.26+0.37%; 79.83+1.65%;
79.22+1.10%; 75.85+1.21%; 74.67+0.47%; 69.92+1.11%
and 62.73+1.04%, respectively (Table 2).
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Fig. 1. Free radical scavenging activity of T. balsamita L.
subsp. balsamita extracts, BHA, BHT and a-tocopherol by
1,1-diphenyl-2-picryl-hydrazyl radicals

ECs value defined as the amount of sample necessary to
scavenge 50% of DPPH- present in the test solution. The
lower ECsy value means higher DPPH" radical scavenging
activity. ECs values of scavenging DPPH" radicals for the
methanol, acetone, water, ethyl acetate and dichloromethane
extracts were 0.056, 0.064, 0.076, 0.078 and 0.098 mg/mL,
respectively, while BHA, BHT and a-tocopherol had an
ECsp of 0.043, 0.047 and 0.053 mg/mL, respectively (Table
2).

The ferrous chelating capacities of standards and T
balsamita L. subsp. balsamita extracts were in descending
order: BHA > water = BHT > dichloromethane > ethyl
acetate > acetone > a-tocopherol > methanol (Fig.2).

The percentages of these values were; 57.01+0.6;
55.91+0.70;  55.80+0.70;  52.82+0.01;  47.37+2.91;
38.08+0.98; 37.53+0.76; 34.96+1.03 and 25.05+5.38,
respectively. The metal chelating activities of extracts and
standart antioxidants are presented in Table 2.

80 4 —#—acetone —— ethyl acetate —#&— dichloromethane
—¢— methanol —#— water #—BHA
70 4 BHT a-tocopherol

60 4

Iron chelation activity (%o)

50 75 100
Concentration (pg/mlL)

Fig. 2. Metal chelating effect of different concentrations of
T. balsamita L. subsp. balsamita extracts, BHA, BHT and a-
tocopherol on ferrous ions

All the extracts exhibited various levels of reducing
power (Fig. 3). The reducing capacity increased with the
concentration of each extract. The absorbance of Fe3+-Fe2+
transformation of 200 pg/mL concentration of acetone,
water, ethyl acetate, methanol and dichloromethane extracts
and BHA, BHT and o-tocopherol were found as
0.345+0.0142; 0.265+0.0188; 0.262+0.0084; 0.231+0.0089;
0.132+0.0038; 0.192+0.0094; 0.152+0.0100; 0.140+0.0058,
respectively. The sequence for reducing power was acetone
> water > ethyl acetate > methanol > BHA > BHT > a-
tocopherol > dichloromethane.

Table 1. Total extractable compounds (EC), total flavonoids (as quercetin equivalents), total phenolic compounds (PC) (as gallic
acid equivalents), pS-carotene, lycopene, phenolic acid contents and total antioxidant capacity (TAC) (as a-tocopherol
equivalents) in acetone, ethyl acetate, dichloromethane, methanol and water extracts from 7. balsamita L. subsp. balsamita

Extract EC (mg/g dw) Flavonoids PC (mg/gdw) p-carotene  Lycopene Phenolic acid TAC
(mg/g dw) (mggdw)  (mggdw) (mg/gdw) (mg/gdw)
Acetone 43.5 45.7+3.6 76.8+2.1 9.24+0.08 1.41+0.13 0.59 212.149.6
Ethyl acetate 78.0 36.8+1.0 63.9+0.7 5.45+0.17 1.73+0.04 0.68 163.1+7.5
Dichloromethane 93.5 60.5+5.5 46.7+£2.1 10.97+0.24  3.73+0.06 0.89 159.0+4.6
Methanol 89.5 40.3+2.4 103.2+£1.0  4.32+0.03  0.95+0.02 0.49 161.4+8.9
Water 75.0 9.39+2.1 54.7+1.9 5.38+0.09  2.324+0.06 0.34 38.5+3.9

*Values were the means of three replicates + standard deviation
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Table 2. ECs, values, scavenging ability on DPPH- radicals (0.20 mg/mL), scavenging activity of hydrogen peroxide (20
png/mL), chelating activity (100 pg/mL) and reducing capacity (200 pg/mL) of various extracts from 7. balsamita L. subsp.

balsamita and from BHA, BHT and a-tocopherol

Extract ECs (ng/mL) Scavenging Scavenging Chelating activity Reducing

ability on DPPH" activity of H,0, (%) capacity

(%) (%)

Acetone 64+1.0 75.8£1.2 69.8+0.6 37.5£0.8 0.35+0.01
Ethyl acetate 78+2.0 74.7£0.5 69.9+0.4 47.442.9 0.26+0.01
Dichloromethane 9843.0 62.7£1.0 70.5+1.1 52.8+0.1 0.13+0.00
Methanol 56+4.0 81.1£1.2 70.8+0.8 25.1+5.4 0.23+0.01
Water 76£5.0 69.9+1.1 72.8+1.3 55.9+0.7 0.26+0.02
BHA 43+3.0 82.5+0.7 72.9+1.4 57.0£0.6 0.19+0.01
BHT 47+5.0 79.8+1.6 72.9£1.0 55.8+0.7 0.15+0.01
a-tocopherol 53£1.0 80.3+0.4 73.2£1.3 35.0£1.0 0.14+0.01

*Values were the means of three replicates + standard deviation

0.4 - —#—acetone —B— cthyl acetate #— dichloromethane

——methanol —¥— water €—BHA
0,35 BHT a-tocopherol
Z 03
: /
S 025 4 :
L5
3 02 -
£
®
£ 0,15
8
-E
= 01+
0.05
0K
0 50 100 150 200

Concentration (ug/mL)

Fig. 3. Total reductive potential of different concentrations
(50200 pg/mL) of T. balsamita L. subsp. balsamita
extracts, BHA, BHT and o-tocopherol  using
spectrophotometric detection of Fe3+-Fe2+ transformation

Hydrogen peroxide scavenging activity of various
solvent extracts and standarts at 20 pg/mL was exhibited to
73,19+1,32%; 72,91£1,07%; 72,89+1,38%; 72,87+1,32%;
71,39+1,15%; 70,76+0,84%; 70,48+1,13%; 69,99+0,43%
and 69,77+0,62%, respectively (Table 2). At this
concentration, the hydrogen peroxide scavenging effect of
extracts and standard compounds decreased in the order of
a-tocopherol > BHT = BHA = water extract > methanol
extract > dichloromethane extract > ethyl acetate extract >
acetone extract (Fig. 4).

100 - —&— acetone —@— ethy] acetate #— dichloromethane
—— methanol —%— water #—BHA
90 BHT a-tocopherol

80
70 -
60 -
50
40 -

30 4

H,0, scavenging activity (%)

20

0 25 50 75 100
Concentration (pg/mL)
Fig. 4. Hydrogen peroxide scavenging activity of

different concentration of T. balsamita L. subsp. balsamita
extracts, BHA, BHT and a-tocopherol.

The content of B-carotene (mg/g) in plant extracts,
varied between 4.32 and 10.97 (Table 1). The highest
amount of B-carotene were found in dichloromethane extract
(10.97 + 0.24) and acetone extract (9.24+0.08), followed by
ethyl acetate extract (5.45+0.17), water extract (5.38+0.09)
and methanol extract (4.32+0.03).

The content of lycopene in plant extracts (mg/g) was
maximum when dichloromethane was used (3.73+0.06) as a
solvent, follewed by water (2.32+0.06), ethyl acetate
(1.73+0.04), acetone (1.41£0.13) and methanol (0.95+0.02)
(Table 1).

The total antioxidant capacity of acetone, ethyl acetate,
dichloromethane, methanol and water extracts of T.
balsamita L. subsp. balsamita were in descending order:

acetone > ethyl acetate > methanol > dichloromethane >
water (Table 1).

These values were; 212.11+£9.64; 163.11+7.47;
161.434£8.92; 159.0544.57 and 38.48+3.86 mg o-TE/g dry
plant material, respectively.

Medicinal and beneficial properties of plants intimately
related to their natural antioxidant contents. Therefore,
antioxidant capacity of medicinal plants are widely used as a
scale for identifying the bioavailability of herbs. To evaluate
the antioxidant activity of T. balsamita L. subsp. balsamita,
we compared 5 antioxidant capacity methods and 5 different
solvent  extracts, 1ie., acetone, ethyl acetate,
dichloromethane, methanol and water, in this study. The
results indicated that T. balsamita L. subsp. balsamita had
strong antioxidant activity.

4. Conclusion

Several studies indicate that herbs have natural
compounds such as flavonoids, phenolic acids, ascorbic acid
(vitamin C), oa-tocopherol (vitamin E) and carotenoids,
which protect the human body against free radicals [21].
Many species of Compositae family have medical
significance because of their secondary metabolites contents
[22- 24]. Due to the large number of Tanacetum species in
Turkey and remarkable rate of endemism, new bioactive
compounds may obtain from this genus. The results clearly
indicate that various solvent extract of T. balsamita L. subsp.
balsamita present different antioxidant activities in different
experiment systems. All the extracts of T. balsamita L.
subsp. balsamita showed effective DPPH" free radical
scavenging activity, reducing power, metal chelating
capacity and hydrogen peroxide scavenging activity. The
obtained results suggesting that this herb may offer real
benefits to human health. Further scientific studies on T.
balsamita L. subsp. balsamita may ensure identification of
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new active compounds and may contribute to the drug
development.
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Yapay zeka tekniklerinin insaat miihendisligi problemlerinde
kullanilmasi uizerine bir ¢alisma

Mehrzad Mohabbi Yadollahi ', Ahmet Benli*'
Ozet

Miihendislik problemlerinde sonuglari 6nceden yani tahribatli deneyler (destructive test) yapilmadan tahmin etmek ¢ok
onemlidir. Son yillarda, yapay zekd ve bulanik —yapay sinir ag1 gibi yeni teknikler bu amacla gelistirilmistir. Yapay zeka
yontemlerinden yapay sinir aglart (YSA) ve adaptif ag tabanli bulanik mantik c¢ikarim sistemi (ANFIS) ydntemlerinin
kullamlmasi bu ¢alismada vurgulanmistir. Regresyon ve tahmin analizinde veri setini analiz etmek oldukg¢a énemlidir. Ciinkii tek
bir gozlem bile regresyon modelindeki parametre kestirimleri lizerinde biiyiik bir etkiye yapabilir. Aykir1 ve/veya ug degerlerin
veri setinden ¢ikartilmas: zamaninda Onerilse de bu regresyon denklemini tamamen degistirebilir. Bazi ¢aligmalarda ANFIS ve
YSA, klasik regresyona gére daha iyi sonuglar verdigi ve daha dogru tahmin ettikleri ileri siiriilmektedir. Bu ¢alismada,
miihendislikte ¢ok 6nemli olan hava durumu tahmini, bir drnek olarak klasik yontemine dayanan lineer ve lineer olmayan
regresyon analizi, ANFIS ve YSA analizleriyle incelenmistir. Bu amagla Tebriz sehrinin {i¢ y1llik hava durumunun ortalamasina
gore, diin ve bugiiniin hava durumu temel alarak yarmki giinlin hava durumu tahmin edilmistir. Bu konudaki ¢aligmalara gore,
incelenen tekniklerin birbiri {izerine bir iistiinliige sahip olmadig, veri setinin yapisina gére her bir teknigin birbiri iizerine iistiin
olabilecegi kanaatine varilmistir. Bu ¢aligmada lineer ve lineer olmayan analizlerin gerceklestirilmesinde SPSS ve YSA, ANFIS
modellemesi icin MATLAB programi kullanilnustir.

Anahtar Kelimeler: Yapay sinir ag; regresyon; bulanik-yapay sinir ag

A study on using artificial neural network techniques in civil engineering
problems

Abstract

It is very important to estimate results in advance in engineering problems without using destructive tests. In recent years,
new techniques such as artificial intelligence and fuzzy neural network -Artificial been developed for this purpose. In this study,
methods of artificial intelligence neural networks (ANN) and adaptive network-based fuzzy inference system (ANFIS) has been
emphasized. In regression analysis and forecasting, it is very important to analyze the data set. Because, it can make a major
impact on even a single observation in the regression model parameter estimation. Outliers and / or extreme values are
recommended to be removed from the data set, this can also completely change regression equation. In some studies, It is
suggested that ANFIS and ANN give better and estimate more accurate results than the classical regression. In this study, which
is very important in engineering aspect of weather forecasting, as an example, based on the classical methods of linear and non-
linear regression analysis were examined by ANFIS and ANN analysis. For this purpose, according to the three-year average
weather forecast of the city of Tabriz, taking the basis of yesterday and todays’ weather forecast, tomorrow’s weather forecast
was estimated. According to the studies on this subject, the techniques of which have superiority over one another, it was
concluded that each technique on each other may be superior to the structure of the data sets. In this study, the realization of
linear and non-linear analysis using SPSS and ANN, ANFIS modeling and MATLAB is used for these programs.

Keywords: Artificial neural network; regression; fuzzy neural network

1. Giris

Regresyon analizi en basit anlamda bir veya birden
fazla bagimsiz degiskenle bir bagimli degiskeni agiklama
esasina dayanmaktadir. Regresyon terimi ilk olarak 19.
yiizyillda Ingiliz istatistik¢i Francis Galton tarafindan bir
biyolojik inceleme sirasinda  ortaya  atilmistir.
' Bingdl Universitesi, Miihendislik ve Mimarhk Fakiiltesi, Ingaat
Miihendisligi Boliimii, 12000 Bingol, Tiirkiye
*Sorumlu yazar E-posta: ahbenli@hotmail.com; abenli@bingol.edu.tr

Galton, baba ve annenin boyu ile ¢ocuklarin boyu arasindaki
baglantiyr arastirmak istemistir. Sonrasinda Udny Yule, Karl
Pearson yontemi ¢esitli istatistiksel alanlarda uygulamis ve
gelistirmislerdir [1]. Giinlimiizde geleneksel ydntemlere
alternatif olarak regresyon problemlerin ¢oziimiinde, yapay
sinir ag1 tabanli akilli sistemler kullanilmaktadir. Bulanik
mantik ve sinir aglari, akilli sistemlerin gelistirilmesinde
birlikte kullanilan tamamlayici araglardir. Yapay sinir aglari,
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ham verilerle ugrasildiginda iyi sonuglar veren diisiik
seviyeli yapilardir. Bulamik mantik ise, uzman goriisii
sonucu elde edilen dilsel bilgileri kullanarak daha yiiksek
seviyeli sonuglar c¢ikarmaktadir [2,3]. Aslinda bulank
sistemlerin 0grenme kabiliyeti yoktur ve kendilerini yeni
cevreye adapte edemezler. Diger yandan yapay sinir aglar
o0grenme kabiliyetine sahiptir; fakat kullanici tarafindan
anlasilmazlar. Sinirsel bulanik sistemler, yapay sinir
aglarmin paralel hesaplayabilme ve dgrenme kabiliyeti ile
bulanik mantifin uzman bilgisini kullanarak sonuglar
¢ikarabilme oOzelliklerinin birlesiminden olusur. Sonug
olarak sinirsel bulanik sistemler sayesinde yapay sinir aglar1
daha anlagilr hale gelir [4]. Ornek olarak insaat
mithendisliginde olan c¢aligmalardan beton mukavemet
tahmini [5-7], elastisite modiiliiniin tahmin etmesi[8] kolorid
gecerliligi [9] ve yazarlarin [10,11] caligmalarina rastlaya
biliriz. Hava durumu giinliik hayatimizin biiyiik bir kismini
o6nemli Olgiide etkilemektedir. Bu yiizden, dogru hava
tahmini insan yagami igin énemli bir yere sahiptir. Ozellikle
sicakligin tahmini hem canli hem de diger atmosferik
parametreler iizerinde etkisi oldugundan ayr1 bir &neme
sahiptir Insaat miihendisliginde hava durumunun tahmini
ozellikle beton ve kiir iglemlerinde ¢ok Onemli rol
oynamaktadir. Bu c¢alismada sicaklik tahmini, adaptif ag
yapisina dayalt bulamk ¢ikarim  sistemi  (ANFIS)
uygulayarak elde edilmis ve ANFIS’in etkin sonug¢ verdigi
gorilmiistiir [12].

1.1. Yapay Sinir Aglar1 (YSA)

Insanlarin  beynin caligmasim sayisal bilgisayarlar
iizerinde taklit etmek istemesi sonucunda yapay sinir aglari
ortaya ¢ikmustir. Temelde beynin ¢alisma yapisi, insanlar
gibi diisiinen ve 6grenen sistemler elde etme fikrinin olmasi,
calismalari insan beynini olusturan hiicrelerin incelenmesi
iizerine yogunlastirmustir. YSA’lar, insan beyninin ¢aligma
prensibi Ornek alinarak gelistirilmeye ¢alisilmistir ve
aralarinda yapisal olarak bazi benzerlikler vardir. Bu
benzerlikler Tablo 1’de ve istatistiksel terimler yapay sinir
aglart terimleri arasindaki terminolojik iliskiler de Tablo
2’de verilmistir.[13]

Tablo 1. Sinir sistemi ve yapay sinir ag1 [13]

Sinir Sistemi Yapay Sinir Ag
Noron Islemci Eleman
Dentrit Girdiler

Hiicre Govdesi Transfer Fonksiyonu
Akson Yapay Noron Cikist
Sinaps Agirliklar

Tablo 2. Normal istatistik ve YSA karsilastirmasi [13]

Istatistik Yapay Sinir Agl
Model Ag

Tahmin Ogrenme

Regresyon Damsmali Ogrenme
Interpolasyon Genellestirme

Gozlem Ogrenme Algoritmasi
Parametre Ag Parametreleri
Bagimsiz Degisken Girig Verileri

Bagimli Degisken Cikis Verileri

Sinir Regresyonu Agirhik Budama Islemi

2. Materyal ve Metot

Bu asamada hava durumunun incelemesi igin farkli
modeller olusturulup her bir olugturulmus modelin belirlilik
katsayisinin (R?) hesaplamp modelin ne kadar iyi tahmin
ettigini inceleyecegiz. Diin, bugiin ve yarmnin hava durumu
Tebriz sehrinde bir yil boyunda asagidaki diyagram
yardimryla agiklanmustir (Sekil 1)

¢ bugiin hava sicakh@1 - Diin Hava Sicakhi@ + Yarimn hava sicakhg
40,0
_ 35,0
2300 -
8250
2 20,0 -
-
= 15,0
-
10,0 4
5,0
0,0 - T ‘ ‘
500 50 100 150 200 S 50 400
-10,0

-150 - Yiln Giinleri

Sekil 1. Tebriz sehrinde bir sene boyunca hava sicakligi [15]
2.1. Regresyon ile Tahmin

Regresyon analizi, bir bagimli degiskenin bagka
aciklayict degisken ya da degiskenlerle olan iliskisini tahmin
etmek amaciyla yapilir. Yani regresyon ¢oziimlemesi bir
degiskenin baska degiskenlere bagliifiyla ugrasir.
Degiskenler arasindaki iliskiler kesin iliskiler olmayip rassal
ya da olasilikhdir. Eger kesinlik olgusunu iceren
iliskilerdeki degiskenlerin herhangi birinde O6lgiim hatasi
yapilmigsa, bu iliski olasilikl iligkiye doniislir ve bagimli
degisken rassal bir degisken olur. Bdylece, bu iliski
regresyon analizin konusu olabilir.

2.1.1 Cok Degiskenli Lineer Regresyon ile Hava Sicaklik
Tahmini

Ik asamada cok degiskenli lineer ve lineer olmayan

regresyonlar yontemiyle ile hava sicaklik tahmini yapacagiz.
(Tablo 3) (Sekil 2-3).

45
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35 -

——Regression

25

15
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'15 L) ) L) L) ) Ll
0 50 100 150 200 250 300 350
Veri dizisi (Giin)

Sekil 2. Giin-sicaklik degisimi
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Sekil 3. Olgiilen sicaklik-tahmin edilen sicaklik

Tablo 3.Regresyon model katsayilari

Katsayilar®
Standartlagtirilmamis |  Standartlastirilms
Model katsayilar Katsayilar t Sig.
B Std. Error Beta
1 (Sabit) ,325 ,097 3,344 | ,001
T(-1) -,258 ,029 -,258 -8,803 | ,000
T(@) 1,233 ,029 1,233 42,137 | ,000

a. Bagimli degisken: T(i+1)
T(+1)(YARIN)=0.325+1,233* T(i)(BUGUN) -0,258* T(i-1)(DUN)

2.1.2 Cok Degiskenli Lineer Olmayan Regresyon ile
Hava Sicakli@i Tahmini

Lineer olmayan denklemin Y=a*X1b*X2° oldugunu
varsayarsak;

T(i+1)= 0,987* T(i)**(-0,233) * T(i-1)**(1,235)
T(i+1)=(YARIN)
T(i)=(BUGUN)

T(-1)=(DUN) (Sekil 4-5)
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Sekil 4. Giin-sicaklik degisimi
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Sekil 5. Olgiilen sicaklik-tahmin edilen sicaklik
2.1.3. YSA Hava Sicakhg Tahmini

MATLAB programimim direkt nntool komutunu
kullandigimizda toplam R=0,982 olmustur.( Sekil 6)

Sekil 6 de goriildigii gibi kullandigimiz ag icin test,
Ogrenim (training) ve validasiyon i¢in korelasyon degerleri
verilmistir ve sonugta verilerin hepsinde segeneginde
kullanilan ag i¢in korelasyon degeri hesaplanmustir.

Training: R=0.98332 Validation: R=0.98268

G Data

Output ~= 097 Target + 0.0064
G o £
Output ~= 0.95"Target + 0.0026

1 405 [i] 05 1
Target Target

Test: R=0.87792 All: R=0.88249

@ Data
Fit
ey =T

Qutput ~= 086" Target + 0.0055
o
Output ~= 087" Target + 0.0049

05 [i] 05
Target

Sekil 6. ANFIS kontrol veri modeli
2.1.4. ANFIS ile Sayisal Hava Sicakh@ Tahmini

ANFIS yalnizca gorev tahmini ya da tek ¢iktili dogrusal
olmayan fonksiyonlarin tahmininde kullanilabilir. Ele alinan
calismada ANFIS, tek ¢iktt olan sicaklign tahmin
edilmesinde kullanilmigtir. ANFIS modelinde temel amag
kullamlan parametreleri optimize etmektir. ANFIS, ele
alinan problem i¢in olusturulan yapiya gére olasi tiim
kurallar1 atayabilmekte veya kurallarin veriler yardimiyla
uzman tarafindan atanmasina olanak saglamaktadir. ANFIS’
in kural olusturabilmesi veya kural olusturulmasina olanak
saglamast uzman goriislerinden faydalanmasi anlamina
gelmektedir. ANFIS temel olarak bulanik ¢ikarim sistemi’
nin adaptif aglara uyarlanmis halidir. Melez 6grenme
algoritmasi ile birlikte ANFIS, bulanik eger-ise kurallari ile
insan bilgisini yansitan girdi ¢iktt yapisin1 ortaya
koymaktadir. MATLAB yazilimindaki bulamk mantik
modiiliinde bir kullanict ara yiizii (ANFIS Editor) aracilig
ile kullanilmaktadir. ANFIS yonteminin uygulanabilmesi
icin elde girdi ve ¢iktrya dayanan bir veri setine ihtiyag
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duyulmaktadir. Segilen iiyelik fonksiyon adedi ve tipine
bagli olarak kurulan model melez 6grenme algoritmasi
kullamlarak egitilmektedir. ANFIS, bulanik mantik ile
beraber sinir ag1 topolojisi kullanimina da izin veren adaptif
bir agdir. Ayrica bu sistemlerin avantajlarin tek bir sistem
igerisine alabilir ve daha iyi sonuglar verebilir [12].

Yapt bakimindan ANFIS, bulanik ¢ikarim sistemindeki
eger-ise kurallart ve giris ¢ikis bilgi ¢iftlerinden olusur.
Sistem egitiminde yapay sinir ag1 dgrenme algoritmalari
kullamlir. Burada ANFIS yapisimi basit bir sekilde
anlatabilmek i¢in ornek olarak iki girisli (x ve y) ve tek
cikislt (f) bir ANFIS yapis1 verilmistir. (Sekil 7)

Ay Xy
/— M Hi

X0

_Lllfl

.

S

2 : n ez

Xy

f f f f f

l.katman 2 katman

¥yQ

g

3katman 4.katman 5.katman

Sekil 7. ANFIS yapisi [14]

ANFIS ile Sayisal Hava Sicakligi Tahmininde kontrol
icin secilen degerler Sekil 8’de ve tahmin edilen veriler ile
gercek veriler arasindaki fark 6grenim datalart igin Sekil
9’da test ve validasyon icin sirast ile Sekil 10 ve Sekil 11 da
gosterilmistir. Ve sonucta hedef-gikti iliskisi ve korelasyon
degerleri Sekil 12 vel3’ de gosterilmistir.

Checing Data (ve+]

Sekil 8. ANFIS kontrol veri modeli

Trisrwng dota o FIS output - *

Sekil 9. ANFIS egitim veri modeli

Testng data - . FI5 cutput . *

5 : .
& 4o - ﬁ .
3 , ‘ &
sf F * o
0 + s 4 ¢“"; 1
st ;3.:;” "
10 '
"n ala IEID vlau m 50 1I:III 'vlao .lrln
Indoe
Sekil 10. ANFIS test veri modeli
& Chiching data ' = FIS output  *
ok . . ¥ i
g t : =
B+ g ¥ - 13" 7 £ + ¥ + +
201 LY g .
‘ . o + ¥ ) o
s 15 1 + b 4 + . + ¥ &
s @ Uahe, ST
oF d 8 1] ’ »
o iy + i rT 2t
& - *
i i) = &0 oo L 1] 100 12
Irchex
Sekil 11. ANFIS kontrol veri modeli
= —— taepat |
| — oupua

Qutput ~= 0.95" Target + 0.74

10 5 0 5 10 15 0 P 30
Target

Sekil 13. Egitim verisinde korelasyon degeri
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ANFIS analizlerinin sonunda elde edilmis hata
MSE=3,8002 ve korelasyon degeri R=0,98610olmustur.

3. Bulgular ve Tartisma

Bu calismada, insaat miihendisligi problemlerinin
¢Ozlimiinde yapay zeka tekniklerinin kullanilmas ile ilgili
olarak su sonuglar cikarabilirizz  Ingaat miihendisligi
problemlerinin ¢dziimiinde yapay zeka teknikleri basari ile
uygulanabilmektedir. Parametreler arasindaki iliskileri ve
bagmtilar1  belirleyebilmek i¢in yapay sinir aglan
kullamlabilmektedir. Yukaridaki sonuglardan da goriildiigii
gibi yapay zekd ingaat miihendisligi uygulamalarinda
oldukca olumlu sonuglar vermektedir. Insaat miihendislik
uygulamalar1 bilindigi gibi ¢ok dikkat gerektiren, iyi tasarim
ve planlama ve uygulamaya ihtiya¢ duyulan bir mithendislik
dalidir. Ayn1 zamanda, O6zellikle uygulamalar 6ncesi bazi
bilgilerin elde edilmesi igin gerek duyulan deneysel
calismalar gibi uygulamalarin gergeklestirilmesinde kalifiye
eleman, malzeme ve zaman gerekmekte ve bu gibi
parametreler dogrudan ekonomi ve ¢evre diizenini
etkilemektedir. Gerekli parametrelerin yapay zeka modelleri
kullanilarak tespit edilmesi yontemi segildiginde, bu gibi
gereksinimlerin bilyiik bir cogunlugu giderilecek ve 6nemli
derecede zaman ve ekonomik kazang saglanacaktir.

4. Sonuglar

Ayni1 tahmin sorusu dort farkli metotla tahmin edilmistir
ve her yontemden iyi bir sonu¢ alinmistir. Bu yontemlerin
hepsinin ~ paralel  olarak  kullamilmasi  analizlerin
degerlendirilmesinde dnemli bir rolii olabilmektedir. Hangi
yontemin hangi problem ¢dziimii i¢in uygunlugu da bu
analizleri gergeklestirdikten sonra miimkiindiir. Bu konudaki
calismaya gore, incelenen tekniklerin birbiri {izerine bir
iistlinliige sahip olmadig, veri setinin yapisina gore her bir
teknigin birbiri {izerine {Ustiin olabilecegi kanaatine
vartlmigtir.  Bu Caligmada lineer ve lineer olmayan
analizlerin gerceklestirilmesinde SPSS ve YSA, ANFIS
modellemesi icin MATLAB programi kullanilmustir
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Dokiim endiistrisinde kurumsal kaynak planlama yazilimlarinin
kullaniminin degerlendirilmesi

Didem Giileryiiz Cilingir ', Murat Colak**
Ozet

Giinlimiizde isletmelerin varliklarim siirdiirebilmeleri igin; siirekli bilylimeleri, kalite, verimlilik ve maliyet unsurlarini en iyi
sekilde optimize edebilmeleri gereklidir. Her sirket bilyiimek ve ilerlemek icin kendine 6zgii kritik basar1 faktorlerine sahiptir.
Stratejik planlama, rekabet giicii, pazarlama stratejisi, liretim kalitesi ve bilgi yonetimi sirketlerin ilerlemesi i¢in gereken kritik
basar1 faktorlerindendir. Bu amagla Kurumsal Kaynak Planlamaya yonelik yazilimlar kullanilmaya baslanmistir. Kurumsal
Kaynak Planlama (Enterprise Resource Planning-ERP), kurumlarin tiim proseslerini kapsayan, tedarikten dagitima kadar tiim is
stireclerini biitiinlesik bir bilgi teknoloji sistemiyle yonetilmesini saglayan, modiiler bir yapisi olmasi nedeniyle farkl: sektdrlere
adapte olabilen genis kapsamli bir yazilim paketidir. Biitiin verilerin tek bir veri tabaninda olmasi farkli amaglara yonelik ¢alisan
ve farkli ihtiyaclar1 olan bdliimlerin bilgiyi hizli, dogru paylagsmalarina ve uyum icinde ¢alismalarina katki saglamaktadir. Bu
caligmada Kurumsal Kaynak Planlama yazilimlari, yazilimin tarihsel gelisimi, fonksiyonel 6zellikleri, bilesenleri, gerekliligi,
yazilim se¢imi ve gerekli kriterler hakkinda bilgiler derlenmistir. Ayrica Kurumsal Kaynak Planlama yazilimlarmim dokiim
sektoriine uygunlugu, gerekliligi ve kullaniminda saglayacag: faydalar degerlendirilmistir.

Anahtar Kelimeler: Kurumsal kaynak planlama; dokiim endiistrisi; dokiim maliyet azalmasi

The evaluation of using enterprise resource planning software in casting
industry

Abstract

Nowadays, since enterprises maintain their presence in the market; they need to optimize continuous growth, quality,
efficiency, and cost elements in the best way. Each company has its own specific critical success factors to grow and to improve.
Strategic planning, competitive marketing strategy, production quality and information management are seen some critical
factors in the progress of the company. For this purpose, Enterprise Resource Planning software are being used. ERP (Enterprise
Resource Planning-ERP), covers all processes of companies, allowing all business processes to distribution from supply to be
managed through an integrated information technology system, due to the modular structure and can be adapted to different
sectors is a comprehensive software package. Since all of the data is located in only one database, departments, which work for
different purposes and with different needs, share required information directly and work in harmony. In this study, the historical
development, functional features, components, necessity of the ERP software, and necessary information about the software
selection criteria have been compiled. In addition, suitability of the foundry industry, the benefits and the necessity of usage
were evaluated for ERP software.

Keywords: Enterprise resource planning; foundry industry; casting cost reduction

1. Giris

Glintimiizde isletmelerin varliklarini siirdiirebilmeleri igin;
stirekli biiyiimeleri, kalite, verimlilik ve maliyet unsurlarini
en iyi sekilde optimize edebilmelerine baghdir. Ayrica,
gelisen teknolojiyle ulasim ve iletisim olanaklarinin artmasi
tiiketicilerin tiriin ve hizmetlere kolaylikla ulasabilmelerini
saglamaktadir. Bu nedenle taleplere hizlh

! Bayburt Universitesi, Miihendislik Fakiiltesi, Endiistri Miihendisligi
Béliimii, 69000 Bayburt, TURKIYE

2 Bayburt Universitesi, Miihendislik Fqkﬁltqsi, Malzeme Bil. ve Nanotek.
Miihendisligi Bolimii, 69000 Bayburt, TURKIYE

*Sorumlu yazar e-posta: mcolak@bayburt.edu.tr

cevap vermek isletmeler acisindan 6nemli bir kriter haline
gelmigtir.  Kiiresellesmenin dogal bir sonucu iilkeler
arasindaki ticari simrlar minimuma inmis, artan rekabet
kosullart nedeniyle belli bir bolgede faaliyet halindeki
isletmeler degisik cografyalarda da faaliyet gOstermeye
baslamistir. Kalite, verimlilik, maliyet ve hizli cevap verme
unsurlarimin ~ optimize edilebilmesi eldeki is  giici,
hammadde, makine ve teghizat kaynaklarinin etkin
kullamlmasiyla miimkiin olabilmektedir. Uretim planlama
ve kontrol faaliyetleri, kaynaklarin etkin ve gergekei
kullanilmasini miimkiin kilmaktadir. Bu nedenle ortak bir
bilgi sistemi ihtiyaci ortaya ¢ikmustir.
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2. Kurumsal Kaynak Planlamasi

Kurumsal Kaynak Planlamasi (Enterprise Resource
Planning-ERP); kurumlarin tiim proseslerini kapsayan,
tedarikten dagitima kadar tiim is siireclerini biitiinlesik bir
bilgi teknoloji sistemiyle yonetilmesini saglayan, modiiler
bir yapist olmasi nedeniyle farkli sektdrlere adapte olabilen
genis kapsamli bir yazilim paketidir [1].

Kurumsal kaynak planlamasi; planlama, finans, satin
alma, insan kaynaklari, pazarlama, iretim departmanlarinda
kullamlan manuel sistemleri ortadan kaldirarak biitiin
departmanlarini tek bir bilgisayar sistemi altinda toplayan
bir yazilim gelistirme esasina dayanmaktadir. Biitiin
verilerin tek bir veri tabaninda olmasi farkli amaglara
yonelik ¢alisan ve farkl ihtiyaglar1 olan bdliimlerin bilgiyi
hizli ve dogru paylasmalarina, uyum icinde caligmalarina
katki saglamaktadir. Kurumsal kaynak planlamasi sistemi,
iretim sektoriinde faaliyet gosteren bir firma igin Planlama-
Uretim-Kontrol ~fonksiyonlarimn verimini  bilgi akigin
diizenleyerek artirmaktadir [2].

2.1. Kurumsal Kaynak Planlamasinmin Tarihsel Gelisimi

196011 yillarda isletmelerde bilgisayar kullammi
yayginlagsmaya baglamis ve kurumsal iiretim yOnetim
sisteminin  temelleri Malzeme Ihtiyag  Planlamasi
(Manufacting Requirement Planning-MRP) yazilimlari
gelistirilmistir. Temelde iirlin agaglarini ve stoklar1 kapsayan
sistem 1980'i yillara gelindiginde dogrudan iletisim halinde
olan bolim faaliyetlerini kapsayacak sekilde gelismis ve
Malzeme Kaynak Planlamasi adini almistir. 1990'larin
basinda MRP zamanla gerekli ihtiyaclar1 karsilayamaz
duruma gelmis, iirlin gelistirme asamasiyla teknik asamayi
birlestiren  Bilgisayar Biitiinlesik Imalat (Computer
Integrated Manufacturing-CIM) ve {iriin dagitim agmni
yonetmek amaciyla Dagitim Kaynaklart Planlama (DRP)
sistemleri ortaya ¢ikmistir. Bunlarin akabinde Amerikali bir
isletmede kullanilmak iizere bu sistemlerin tamamini
kapsayan =~ Kurumsal = Kaynak  Planlamast  (ERP)
gelistirilmistir. Sekil 1.de Kurumsal Kaynak Planlamasinin
gelisimi tarihsel olarak verilmistir [3].

+ Stok Kontrol Sistemleri ]

+ Malzeme Ihtiya¢ Planlamasi (MRP) ]

« Malzeme Kaynak Planlamasi(MRP II)

+ Kurumsal Kaynak Planlamasi(ERP)

£ . Gelistirimis ERP ]

Sekil 1. Kurumsal Kaynak Planlamasinin Tarihsel Geligimi
[3].

2.2. Kurumsal Kaynak Planlamasi Neden Gereklidir?

Kurumsal kaynak planlamasina gereksinimin en énemli
nedeni bir organizasyonun faaliyetlerini etkinlestirmesi,
uzun dénem planlamalar yapabilecek analiz ve raporlamaya
sahip olmastyla kaynaklarin en etkin sekilde kullanilmasinm
saglamasidir. Cogu firmada, klasik bir sistemde basit bir
iretim talebi bile gereksiz sayida pargaya bdliinebilir,
kagitlara dokiiliir ve boliimler arasi kopukluga sebep olacak
islemlere déniigebilir. letisimsizlik nedeniyle kaynaklanan

kaylp zamanlar siparigi zamamnda teslim edememeye ve
maliyeti arttiran hatalara neden olabilir. Siparisle gelen
talebin olusturulmastyla birlikte kontrol disinda gelisen bir
siire¢ baslayabilir. Kurumsal kaynak planlamas1 iste bu
iletisimsizlige son verip, boliimler arasinda entegre
yazilimlar kullanarak her béliimiin farkli yapisi ve gérevleri
dogrultusunda gelistirilen modiillerle tam bir biitiinliik
saglamasi agisindan ¢ok dnemli ve gereklidir.

Ayrica glinimiizin kiiresellesmis diinyasinda, Kurumsal
Kaynak Planlamasi, her isletme i¢in 6nemli bir gereklilik
haline gelmektedir. Pazarda basarinin saglanabilmesi icin
¢ok fazla ¢oziimii birlikte getirdiginden kurumsal kaynak
planlamasimin isletmenin her kdosesinde kullanilmasimin
gerekliligi yapilan arastirmalarca savunulmaktadir [4].
Kurumsal kaynak planlamasi kullanan firmalar;

¢ Beklenmeyen olaylara kars1 gre hizli tepki verir.

¢ Stok maliyetlerini envanter yonetimiyle en aza indirir.

e Merkezi koordinasyonla bilgiyi her an izlenebilir.

e Proses siirelerini kisaltip maliyeti ve israfi diisiiriir.

e Kaynaklarin etkin kullanimyla raporlan tutarli sonuglar
iiretir ve kar ve zarar1 net olarak gorebilir.

2.3. Kurumsal Kaynak Planlamas1 Yazilim Bilesenleri

ERP yazilimlarmin giintimiizde ¢ok kapsamli yapisi ve
organizasyonu vardir. Bu nedenle kullanilacak yazilimi bu
yaptya uyarlanmalidir dolayisiyla da her kurumda farkli
yapilarda yazilim bilesenleri kullanilmaktadir. Bu bilesenler
her birim i¢in tanmimlanan fonksiyonel yazilimlar olarak
tammlanabilir. Kurumsal Kaynak Planlamasi bilesenleri
Sekil 2.de verilmistir. Sekil 2.de de goriildiigi gibi yazilim
bilesenlerini, zorunlu ve gelistirilebilir bilesenler olmak
iizere ikiye ayirmak miimkiindiir.

Zorunlu Bilesenler

Muhasebe ve Uretim ve Insan
Finans Malzeme Yonetimi Kaynaklari
N P

Kurumsal Kaynak
Planmasi Yazilimi

Bilesenleri \
Z | LY —
is il‘;l_L'JE_tIeri_ Te:dari_k Elektronik
Zekasi ISKITEr Zinciri Ticaret
Ydnetimi Yonetimi
Gelistirilebilir Bilesenler

Sekil 2. Kurumsal Kaynak Planlamasi yazilimi bilesenleri.

2.3.1. Kurumsal Kaynak Planlamasi Yazliminn
Zorunlu Bilesenleri

a) Muhasebe ve Finans: Muhasebe ve Finans Bileseni
yazilimin ana bilesenlerindendir. Muhasebe; firmalardan ve
miisterilerden yapilacak tahsiller, toptancilara ve dagiticilara
yapilacak édemeler gibi biitiin finans islerini ayrintili olarak
kayit altinda tutar ve izlenilmesini saglar. Finans; karlilik
analizi, ana hesap defteri, maliyet muhasebesi, nakit
yonetimi ve gelecek tahmini gibi faaliyetleri yonetmek igin
tasarlanmus bir bilesendir [5].

b) Uretim ve Malzeme Yénetimi: Bir isletmede
malzeme yOnetimi; stok planlamasi, satin alma, {iretim ve
lojistik faaliyetlerin toplamu olarak nitelendirilebilir. Ayrica
kalite kontrol, talep tahmini, {iretim cizelgeleme, siire¢
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maliyetlerinin hesaplanmas:t gibi {retimin temelindeki
faaliyetlerin yonetilmesini saglar.

Malzeme yonetimi, ihtiyaglarin karsilanmasi igin
tedarikgilerin belirlenmesi ve fiyat tekliflerinin almarak
optimum tedarik¢inin segilmesini kapsar. Tedarik¢inin
secimiyle siparis agilir ve malzemelerin depoya girmesiyle
fatura girisini kapsar.

Uretim bileseni kurumsal kaynak planlamasmimn kilit
bilesenlerinden birisidir. Uretimi miisteri taleplerine gdre
diizenlemede bilyiik kolaylik saglar. Ornegin; yapilan iretim
planlamasinda ek siparisler, siparis iptalleri gibi degisikler
olabilir bu da iretimde darbogazlar yaratabilir. Geleneksel
tekniklerle iiretim yapan kurumlarda bu tiirli durumlar
biiyiik aksakliklara neden olmakta ve pazarda firmay:
rakiplerinden geride birakabilmektedir. Kurumsal Kaynak
Planlamas1 yazilimi kullanan bir firmada bdyle bir durumda,
olay dncesinde tahmin edilebilir, tarihler, siparis miktar1 ve
temrin siireleri hesaplanarak sonu¢ kolay bir sekilde
izlenebilir. Ek olarak, iiretim bileseni kullanilarak; giinliik
iretim miktarlari, vardiya tiretim miktarlari, performanslar,
iiretilen iirtinlerin depolanabilme kosullari, iiretim tarih ve
saatleri, aylik ve yillik iiretim miktarlartyla performans
olciitleri kolaylikla edinilebilmektedir. Sekil 3.de iiretim ve
malzeme yonetimi bilesenine ait alt boliimler verilmistir.

eTalep Tahminler
eSiparisler

eDetayl Cizelgeleme
eUretim

*Malzeme ihtiya¢ Planlamasi
eSatinalma

Sekil 3. Uretim ve Malzeme Y&netimi Bileseni Tahmin ve
Planlamasi.

¢) Insan Kaynaklari Yénetimi: nsan Kaynaklari
yonetimi, isletmenin temel yap1 tast olan calisanlarin
yonetimini, bilgilerini, 6demeleri, performans durumlarinin
cizelgelenmesine olanak verir. Is giicii planlamasi, zaman
yonetimi, vardiya planlari, gelisim planlamas1 gibi gerekli
bilgileri igermektedir [6]. Kurumsal kaynak planlamasi
temeli olan is akis sistemi, insan kaynaklar1 bileseninden
gelen veriyi kullanir ve is akis1 yonetimi saglar.

2.3.2. Kurumsal Kaynak Planlamas1 Yazliminn
Gelistirilebilir Bilesenleri

a) Is Zekasi: Artan rekabet kosullarinda hizla degisen is
¢evresinden olusan firsatlar ve tehditlere hizli cevap vermek
iist diizey yoneticilerin temel gorevlerindendir. Bu nedenle
basarili bir yonetici sirket siireclerini kavrayabilmis ve
verileri kullanabilen kisidir. Yonetimsel ve ¢evresel
faktorler incelenmeden basarili bir bilgi kesif programi
olusturulmasi ¢ok zordur, bir organizasyonun elindeki veriyi
kullanilabilir bir bilgiye doniistiirebilmesi bilgiyi yaratma,
toplama ve saklama becerisiyle dogru orantilidir. Kurumsal
kaynak planlamasiin her modiiliinde bilgi agik bir sekilde
goriilse de kesfedilmeyi bekleyen dnemli degerler vardir. Bu
bilesenin amaci, siire¢ yonetimi ve bilgi sistemleri iliskisini
belirginlestirerek Kurumsal Kaynak Planlamasi yazilimi
sistemlerinin karar vermede is zekas: ile birlikte daha etkili
olabilecegini gostermektir.

b) Miisteri Iliskileri Yonetimi: Miisteri [liskileri
Yonetimi, firmalarin miigterilerini daha fazla tanimalarina
olanak saglamaktadir. Miisterilerin rakip firmalarla olan
iletisimlerini, gecmis kayitlar: ve iletisim bilgilerini kapsar.
Esnek veri tabanlari sayesinde miisteri ile ilgili her tiirli
bilgi kayit altina alinabilir. Miisteri Iliskileri Y®onetimi
bileseninin veri ambart olarak gorev yapan merkezi
sayesinde veriler kolaylikla depolamr, pazarlama, satin
alma, cagr1 merkezleri ve satig sonrasi hizmetler arasindaki
koordinasyon kolaylikla saglanabilir.

¢) Tedarik Zinciri Yonetimi: Kurumsal Kaynak
Planlamas1 yazilimlarinda tedarik zinciri yonetimi tek basina
bir bilesen degildir. Satin alma, iiretim, dagitim konulariyla
dogrudan ilgilidir. Giintimiizde bu {i¢ bilesene yedek parga
ve satig sonrast hizmetlerde eklenmistir. Tedarik Zinciri
bileseniyle mamuller nihai {iriine dogru yol alirken,
eszamanli olarak ihtiyaglar dogrultusunda yeni siparislere
farkli tiretim tipiyle bile adapte olunabilir. Siparise dayal1 ya
da siparigsiz liretim modelleri arasindaki gegis kolayca
yapilabilir ve misteri ihtiyaglarina hizla cevap verilir
bdylece emniyet stoklari azaltilabilir. Ek olarak portal
iizerinden miisteriyle iletisim saglaylp miisteri istekleri
karsilanabilir.

d) Elektronik Ticaret: Giiniimiizde bilgisayar
teknolojilerindeki gelismelere ve kiiresellesen diinyamizda
miisteriler elektronik aligverise asirt ilgi gOstermeye
baslamustir. Bu sekilde miisteri hizli kolay ve bol cesit
icerisinden istedigi {iriine elektronik ticaret yoluyla
ulasabilmektedir. Firma sektériine bagli olarak elektronik
ticaret yapan firmalarda bu bilesen yazilima eklenerek
birimler arasinda biitiinliik saglanabilecektir.
2.4. Kurumsal Kaynak Planlamas1  Yazhm
Kullaniminda Basar1 Kriterleri ve Se¢cim

Kritik Basar1 Faktorleri, isletmeleri amaglarina gotliirme
yolunda gerekli stratejileri belirlemeyi saglayan faaliyeti
gerceklestirmeye odakli yonetim araglaridir. Her isletme
kendi kritik basar1 faktorlerini tamimlamali, benimsemeli ve
dogru stratejilerle kontrol ederek yonetebilmelidir. Ancak bu
sayede glnlimiiziin hizla degisen kosullarina ayak
uydurabilir. Kurumsal Kaynak Planlamasi uygulamasindaki
genel giicliikler ve onemli faktorlerin géz ardi edilmesi
yiiksek hata oranlarina yol agabilmektedir. Bu nedenle kritik
basar1 faktorlerinin belirlenmesi ve bu faktorler goz ardi
edilmeden uygulanabilmesi gerekmektedir [7].

Giiniimiizde pazarda ¢ok fazla Kurumsal Kaynak
Planlamas1 yazilimi bulunmasindan dolayr firmaya uygun
yazilimin secilmesi hayati dnem arz etmektedir. Hizmet
alacak firma ve yazilim firmasi birlikte fizibilite ¢alismalari
yapmalidirlar. Isletmeler hedef ve stratejilerine uygun
kurumsal kaynak planlamasi yazilimi se¢melidirler. Eger
daha 6nceden bir yazilim kullamyorlarsa yeni yazilimin eski
yazilima benzerligi esas olarak alinabilir ve segilen
yazilimin firma siireglerine uygunlugu degerlendirilmelidir.
Her firmamn kendine goére bir yazilim bulmasi olduke¢a
zordur, bu nedenle yazilimin esnekligi ve firma siireglerinin
esnekliginden yararlamlarak uygun yazilim segilmelidir.
Kurumsal Kaynak Planlamasi yazilim seg¢im siirecinde
dikkat edilmesi gereken dnemli segim kriterlerinden bazilari
Baki ve Cakar tarafindan yapilan bir ¢alismada Tablo 1’de
verildigi gibi belirlenmistir [8].

3. Tiirkiye’de Dokiim Sektorii

Dokiim teknolojisi, metalleri islemek ve sekillendirmek
konusunda yilizyillardir kullanilagelen, en onemli endiistri
dallarindan biridir. Giindelik hayatimizin her asamasinda,
kuyumculuktan,  agir  sanayi  tezgahlarna,  tarim
makinelerinden gemi makinelerine kadar ¢ok degisik
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Tablo 1. Kurumsal Kaynak Planlamasi yazilimi se¢im kriterleri [8-13].

Vijn *
Fonksiyonellik *
Teknik Yénler *
ServisveDestek *
Maliyet *
alanlarda dokiim yontemi ile {retilen malzemeler

kullanilmaktadir. Uretilen sanayi mamullerinin  yiizde
90’1nda en az bir adet dokiim iirliinii bulunmasindan dolay:
dokiimciiliik imalat sanayisinin vazgeg¢ilmez unsurlari
arasinda yer almaktadir [14,15].

Tiirk Dokiim Sektoriiniin gerek Avrupa'da, gerekse
diinyada 6nemli bir yeri vardir. Tiirk Dokiim Sektorii 2010
Diinya fiiretim rakamlart itibariyle Almanya, Fransa ve
Italya'yt takiben Avrupa'da 4. siraya yerlesmis ve 2008
yilinda 5. siradayken, 2009 ve 2010 yillarinda iretimi ile
Ispanya'yr geride birakarak diinyanin 6nde gelen dokiim
iireticileri arasinda yiikselmeye devam etmistir. Sektor, 2010
yilinda diinya siralamasinda ise 12. siradadir. 2011 yilinda
dokiim sektoriinde faaliyet gosteren 1.070 firma, toplam
2,58 milyar Euro kiymetinde 1.433.050 ton iiretim yapmis,
1,84 milyar Euro'nun iizerinde ihracat gerceklestirmis ve
33.000 kisiyi istihdam etmigtir. Tablo 2.de Tiirkiye Dokiim
Sanayisinin yillara ve malzeme grubuna gore degisen tiretim
kapasitesi verilmistir [15].

Tiirkiye'de degisik yapidaki dokiim isletmeleri, 2011
yilinda ortalama %78 kapasite ile ¢alismislardir. Kapasite
kullanimi, demir dékiim sanayinde %80, ¢elik dokiimde
%65, demir disinda ise %80 olarak gergeklesmistir.
Sektoriin temel miisterisi ana liretim sanayidir ve sektor
ancak ana sanayinin kuvvetli oldugu iilkelerde pazar
bulabilmektedir. Dokiim, diger iretim metotlarina gore
istlinliikleri ve gelisen modern teknolojileri ile hem
Diinyada hem de Tiirkiye'de uzun yillar 6nemini korumasi
beklenmektedir [14].

%

%
* * *
%

* * *
* *
* *
*
* *
* * * *

4. Tiirkiye’de Dokiimhanelerin Gelisimi ve Kurumsal
Yapisi

Tiirkiye'de dokiim sektorii koklii tarihsel gecmisi ile
beraber sanayilesme doneminde 6zel tesebbiis yatirimlar ile
gelismistir. 2011 yili verilerine gore, lilkemizde 2 bin
dolayinda dokiimhane veya dokim makinesi {ireticisi
bulunmaktadir. Faaliyetlerinin yarisindan fazlas1 metal
dokiim ve satist olan isletmelerin sayisi ise bin civarindadir.
Bu firmalardan sadece 18 tanesi kamu ve askeri kuruluslara
aittir. Dokiim sektdriindeki yapi; bilyiik sanayi kuruluslari,
KOBI’ler ve mikro isletmeler olmak {izere iic ana grup
altinda toplanmustir. 80°1i yillardan itibaren iilkemizde artan
otomotiv ve sanayi yatirimlarina paralel olarak, mevcut
igletmelerin kapasitelerinde biiylime gozlenmistir. Yillik 20
bin tonun {iizerinde iiretim kapasitesine ulasan, Ozellikle
demir grubu dokiimhaneleri bulunan tesisler, sektoriin
biliyiik sanayi kuruluglart grubu arasinda yer almaktadir
[14,15].

Bu isletmeler arasinda Ozellikle mikro igletmeler;
yiiksek giderleri, teknolojik yatirim yapmaya elverigsiz
finansal yapilari, nakit akis problemleri ve yonetimin sadece
aile iiyelerinden olugmasi gibi birgok nedenle hem iist
kategorideki otomotiv sektdriine hem de bir alt kategorideki
tiiketim sektoriine siirdiiriilebilir hizmet ve iiriin saglamakta
zorlanmaktadir [15]. Ulkemizde dokiim sektoriindeki
firmalarin yapisi incelendiginde o6zellikle mikro ve orta
Olcekli dokiim firmalarin birgogunun iki nesildir yonetilen
aile sirketleri oldugu gézlenmektedir [16].

Tablo 2. Tiirkiye Dékiim Sanayi Uretim kapasitesinin sene ve iiriin grubuna gére degis.[15].

s % 2011 (Ton) | 2012 (Ton) %
Alasim Cesidi 2009 (Ton) 2010 (Ton) 2011 (Ton) Degisim flk 6 Ay flk 6 Ay Degisim

Pik Dokiim 456.000 591.000 625.000 6 311.000 305.000 -1
Sfero Dokiim 352.000 423.000 480.000 13 231.000 240.000 2
Temper Dok. 2.000 4.700 5.500 17 2.650 3.000 7
Celik 98.000 124.000 152.000 22 77.000 80.000 2
Demir Dis1 Al 122.000 149.000 170.550 15 93.000 95.000 1
Toplam 1.030.000 1.291.700 1.433.050 11 714.650 723.000
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Aile sirketleri; sahipligi ve yOnetimi bir ya da birkag
aileye ait olan isletmedir. Bu isletmelerde aile; hem kurucu,
hem patron hem de yoneticidir. Aile sirketleri genelde;
pazarin ve beklentilerin diisiik, kar marjinin yiiksek oldugu
donemde kurulmustur. Kurucularimn teknik olarak yetkin
oldugu isletmelerde 2.nesil, l.nesil tarafindan uygulanan
metotlarin  iyilestirilmeden korunmasi, aliskanliklarin
sorgulanmamas, ig siireglerinin iyilestirilmemesi gibi biiyiik
hatalar yapildigi gozlenmistir. Ayrica aile iiyelerinin
pozisyonlarindan dolayr sorumlu olduklari alanlarin
sorgulanamamasi, maliyetlerin ve verimsizligin artmasi,
operasyonel verimsizlik, organizasyonel bozukluktan dolay:
eski kemiklesmis personelin, yeni ve profesyonel ekibi ve
yeni uygulamalari reddetmesi, katma degeri yiiksek
profesyonel personelin kaybina neden olabilmektedir. Aile
ici iligkiler nedeniyle performansa dayali bir yonetim yoktur.
Aile bireylerine yakinlik, ig performansindan daha onemli
hale gelir, performansa gore degerlendirme yapilamaz.
Durum boyle olunca aile sirket yapilari geregi isletme
karlilig1 ve rekabet giicili diiser, marka imaj1 bozulur. Ancak
profesyonelce yonetilen sirket daha aktif ve bilyiime egilimli
stratejiler takip eder [16].

Bu isletmeler, sermaye arttirarak ve teknik altyapilarim
gelistirip yapisal degisiklikle bilyiiyerek bir iist kategoriye
gecebilir. Bu firmalar daha kiigiiliip dar pazarlarla yetinebilir
veya diinyadaki benzerleri gibi pazardan ¢ekilmek zorunda
kalabilirler. Bu tiir isletmeler, gelismek, varligim devam
ettirmek ve yeni nesillere devri i¢in, kurumsallasmak
zorundadir. Ozellikle Aile Sirketleri i¢in kurumsallasma ¢ok
kritiktir [15,16].

5. Dokiimhanelerde = Kurumsallasma Siirecinde
Kurumsal Kaynak Planlamasinin Onemi

Kurumsallik; kurumun faaliyetlerini = siirdiirmesinde
calisanlarin kisisel yontemlerine bagli olmadan kurumun
kendi yontemlerini liretmesi ve gelistirebilmesi icin gerekli
altyapinin kurulmasi olarak tanimlanmaktadir [16]. Baska
bir ifadeyle kurum igi ve dis1 etkilesim ve iletisimde belirli
kurallarin hakim olmasidir.

Firmalarin giinlimiiz rekabet piyasasinda mevcut
kaynaklarini etkin ve verimli kullanarak iriinlerinin daha
ekonomik ve kaliteli yapmak zorunluluklar1 vardir. Bunun
icin stratejik planlama, rekabet ve pazarlamada sirket olarak
strateji ~ gelistirmek, operasyonel iyilestirme ve bilgi
yonetimi ¢ok Onem tasimaktadir. Kurumsal Kaynak
Planlama sistemleri operasyonel 1iyilestirme ve bilgi
yonetimi i¢in kullanilmasi gereken en etkin aragtir. Diger
higbir yontemin “bilgi yoOnetimi” konusuna bu kadar
katkisinin bulunmadigi savunulmaktadir. Bu yazilimlar ile
veriye ulasma ve raporlama miimkiindiir ve isletmenin
kurumsal hafizasin1 olustururlar. Bu sebeple giiniimiizde
biitiin isletmelerde oldugu gibi 6zellikle ¢ok kompleks ve
biitlinlesik bir iiretim sistemi agina sahip dokiimhanelerde
Kurumsal Kaynak Planlamasi yazilimi kullanimi zorunlu
hale gelmistir [16].

6. Dokiimhanelerde Kurumsal Kaynak Planlamas:
Kullaniminin Degerlendirilmesi

Dokiimhaneler karmasik iiretim sistemlerinden dolay:
bircok sektére nazaran Kurumsal Kaynak Planlamasi
yazilimlarina daha fazla ihtiyag duymaktadirlar. Ancak bu
sisteme gecis asamasinda bazi firmalarda yonetimin
kurumsallasmaya inanmamasi, karar asamasindaki kritik
hamleleri yapmakta ¢ekinmesi, kalifiye eleman yetersizligi,
ekstra maliyet korkusu gibi engellerle karsilasilmaktadir.
Kurumsallagmaya inanan bazi firmalarda ise siirecin bir
pargasi olan yazilimin biitiinlesik yapisi ile Excel’de veri

tutma arasindaki farki kavrayamadiklar1 gézlenmektedir. Bu
sebeple yazilimi ilave maliyet olarak goriirler. Oysaki
Kurumsal Kaynak Planlamasi kurumsallagsmanm ana
ilkelerini bir anlamda fark ettirmeden isletmeye yerlestirir
[16]. Ayrica yapilan c¢alismalarda Ozellikle maliyet ile
alakali olarak yazilimi etkin bir sekilde kullanan firmalarin
kisa siirelerde %20’ye varan oranlarda maliyet azalmasi ve
%15 daha fazla karlilik elde ettikleri belirtilmistir [17,18].

Dokiimhanenin Kurumsal Kaynak Planlamasi sistemini
kullanmas1 durumunda isletmede beklenen faydalardan
bazilar1 agagida maddeler halinde verilmistir;

e Miisteri siparislerinin almigindan, iiretim ve teslimine
kadarki siirecin entegrasyonu sayesinde satis, satin alma,
iretim ve sevkiyat departmanlarinin koordinasyonu ile
zamaninda teslimat,

e Uretim siireglerinin standartlastiriimasi, koordinasyonu,
mevcut hatalarin ve kayiplarin analiz edilerek kalitenin
artisi,

e Maliyetlerin azalmasi,

e Gergek iiretim maliyetlerinin belirlenmesi,

o Operasyonel kararlarda iyilesme, dogru ve giincel teknik
belgelere hizl ve giivenli erisim,

o Arka planda yiirtitiilen islemlerin otomasyonu

o Miisteriler, tedarikcilerle olan iletisimi giiglendirme,
birimler aras1 koordinasyon,

o Atil stok miktarinin azaltilmasi,

e Tedarik siireglerinin eksiksiz, zamamnda yapilmasi,

o Birimler arasi iletisim altyapist ve birlikte hareket,

e Kurum icindeki finansal bilgilerin tek bir cati altinda
takip ve kontrol edilebilmesi vb. [3].

7. Genel Sonuglar ve Degerlendirme

Kurumsal kaynak planlamasi ile firmalar, planlama,
finans, satin alma, insan kaynaklari, pazarlama, iiretim
boliimlerini tek bir bilgisayar sistemi altinda toplayan bir
yazihhmdir. Bu yazilim organizasyonun faaliyetlerini
etkinlestirmesi, uzun dénem planlamalar yapabilecek analiz
ve raporlamaya sahip olmasiyla kaynaklarin en etkin sekilde
kullanilmasim1 saglamas: agisindan firmalar igin oldukca
onemli bir yere sahiptir. Ancak piyasada mevcut birgok
yazilim igerisinden uygun yazilimin seg¢iminde miisteri ve
tedarik¢i firmanin fizibilite calismasi yapmast ve cesitli
kriterleri gbz 6niine almas1 gerekmektedir.

Kurumsal Kaynak Planlamasi Yazilimlari gelisen
teknoloji ve kiiresellesen diinyada biitiin sektor firmalari i¢in
onemli bir aragtir. Ancak dokiim sektoriiniin firmalarin
yapilari, iilke ekonomisi ve imalat sanayi igin iilkemizdeki
yeri gdz 6niin alindiginda bu sistemin kullanimi ayrica 6nem
kazanmaktadir. Ciinkii iilke ekonomisinde ¢ok biiyiik bir
yere sahip olan dokiim endiistrisindeki basar1 dogrudan iilke
ekonomisinde katki saglayacaktir.

Ulkemizde dokiim sektoriindeki firmalarin  yapist
incelendiginde ozellikle mikro ve orta Olgekli dokiim
firmalarin bircogunun iki nesildir yonetilen aile sirketleri
oldugu gozlenmektedir. Bu igletmelerin, yiiksek giderleri,
teknolojik yatirim yapmaya elverissiz finansal yapilari, nakit
akig problemleri ve yoOnetimin sadece aile iiyelerinden
olusmasi gibi birgok nedenle siirdiiriilebilir hizmet ve iiriin
saglamakta zorlanabilmektedirler. Ayrica aile sirket
yapilarinda yOnetim, iiretim ve yenilik¢ilige karst direng
mevcuttur. Durum bdyle olunca aile sirket yapilar1 geregi
isletme karlilig1 ve rekabet giicii diiger, marka imaj1 bozulur.
Ancak profesyonelce yonetilen sirket daha aktif ve bilylime
egilimli stratejiler takip eder. Firmalarin giiniimiiz rekabet
piyasasinda mevcut kaynaklarini etkin ve verimli kullanarak
iirtinlerinin daha ekonomik ve kaliteli yapmak zorunluluklar
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vardir. Bunun i¢in stratejik planlama, rekabet ve
pazarlamada sirket olarak strateji gelistirmek, operasyonel
iyilestirme ve bilgi yonetimi ¢ok 6nem tagimaktadir. Bu tiir
isletmelerin, gelismek, varligini devam ettirmek ve yeni
nesillere devri icin tek ¢ikar yol kurumsallagmaktir.
Ozellikle Aile Sirketleri igin kurumsallasma gok kritiktir.
Kurumsallik;  kurumun  faaliyetlerini  siirdiirmesinde
calisanlarin kisisel yontemlerine bagli olmadan kurumun
kendi yontemlerini liretmesi ve gelistirebilmesi icin gerekli
altyapinin kurulmasi olarak tamimlanmaktadir.

Kurumsal Kaynak Planlamasi, kurumsallagmanin ana
ilkelerini fark ettirmeden isletmeye yerlestirir. Boylece
yazilimi etkin bir sekilde kullanan firmalarin kisa siirelerde
%20’ye varan oranlarda maliyet azalmasi ve %15 daha fazla
karlilik elde ettikleri belirtilmistir. Sonug olarak, kurumsal
hakimiyet ancak Satis, Stok, Satin alma, Uretim, Kalite,
Bakim, insan Kaynaklari, Finans ve Maliyet Y®&netiminin
tek veri tabanminda biitiinlesik sekilde yOnetilmesi ile
saglanacag distiniilmektedir.
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Ozet

Poliklorlu dibenzo-p-dioksinler (PCDDs), poliklorlu dibenzofuranlar (PCDFs) ve poliklorlu bifeniller (PCBs) diizlemsel
polihalojenli aromatik hidrokarbonlarla iliskili ii¢ bilesiktir ve dioksin olarak isimlendirilmektedirler. Bu kimyasallar bazi
kaynaklardan (6rn., kat1 atik yakma, medikal atiklar, pestisit tiretimi, orman yanginlari, volkanik patlamalar) dogaya yayildiktan
sonra gidalar1 ya direkt olarak ya da besin zinciriyle indirekt olarak kirletebilmektedir. Bu kalici ¢evresel kontaminantlar lipofilik
bilesikler oldugu igin et, balik, siit ve siit {iriinleri veya sigir yag dokusu ve tavuk yumurtalar1 gibi hayvansal iiriinlerde
birikmektedirler. Dioksinler ve dioksin benzeri bilesikler, bazi ciddi saglik problemlerinin sebebidir. Dioksin bilesiklerinin AhR
reseptoriine baglanmasi ve sonugta gen regiilasyonunu tetiklemesi kansere sebep olabilir. Bu yiizden dioksinler potansiyel bir
“insan karsinojeni” olarak siniflandirilmaktadir. Dioksinler, sagliga olan bu potansiyel etkisinden &tiirii hem hiikiimetler hem de
halk icin kaygt yaratan énemli bir konudur. Bu derlemede dioksinlerin kimyasal yapisi, kaynaklari, dokulara etkileri ve hayvansal
irtinlerdeki varliklari ele almmustir.

Anahtar Kelimeler: Dioksin; dioksin benzeri PCB; hayvansal iiriin; halk saglig1

Dioxins in animal products
Abstract

Polychlorinated dibenzo-p-dioxins (PCDDs), polychlorinated dibenzofurans (PCDFs), and polychlorinated biphenyls (PCBs)
are three compounds related planar polyhalogenated aromatic hydrocarbons and are named as dioxin. These chemicals, after their
release into environments from various sources (e.g. solid waste incineration, medical wastes, pesticide production, forest fires,
volcanic eruptions) have polluted various foods directly or indirectly through the food chain. Since these persistent environmental
contaminants are lipophilic compounds they accumulate in the animal products like meat, fish, milk and milk products or bovine
adipose tissue and hen’s eggs. Dioxins and dioxin-like compounds are reason of some serious health problems. Binding of dioxin
compounds to AhR receptor and the subsequent induction of gene regulation can cause the cancer. Hence dioxins was classified
as a potential ‘‘human carcinogen’’. This potential health effect of dioxins are an important issue of concern to both goverments
and the public. In this review, it has been dealt with chemical structure, sources, effects on tissues and presence in animal
products of dioxin.

Keywords: Dioxin; dioxin-like PCB; animal products; public health

1. Giris
Dioksinler, diizlemsel halojenli aromatik viicudun bir¢ok organ ve sistemlerini etkiledigini ortaya
hidrokarbonlardan meydana gelmis poliklorlu koymustur. Temelde kanserojenik bir karaktere sahip olan

dibenzodioksin (PCDD), poliklorlu dibenzofuran (PCDF) ve
“‘dioksin-benzeri’’ poliklorlu bifenillerden (PCB) olusan
kimyasal yapilardir. Kanserojenik bu maddelerin 7 ile 11 yil
arasinda viicutta kaldig: tahmin edilmektedir. Cevrede gerek
endiistriyel gerekse dogal olaylardan kaynakli olarak
bulunan dioksinler ozellikle hayvansal gida zincirinde
birikerek halk sagligi agisindan olumsuz sonuglara yol
acabilmektedir [1,2]. Dioksin ve dl-PCB’ler sahip olduklari
yikksek toksik potansiyelleri nedeniyle saglik riski
olusturabilir. Yapilan bazi arastirmalar [3-5] dioksinlerin

! Atatiirk Universitesi, Erzurum Meslek Yiiksekokulu, Gida Kalite Kontrol ve
Analizi Pr., 25240 Erzurum, Tiirkiye

Atatiirk Universitesi, Erzurum Meslek Yiiksekokulu, Gida Teknolojisi Pr.,
25240 Erzurum, Tiirkiye

*Sorumlu yazar E-posta: alper.baran@atauni.edu.tr

bu kimyasallar; ¢ocuklarda &grenme yetenegini olumsuz
etkileme ve enfeksiyonlara yakalanma egilimlerini artirma,
karaciger ve tiroidin metabolizmas1 iizerine olumsuz etki
yaparak insan metabolizmasinin  dengesini  bozma,
reproduktif sisteme etki ederek erkek reproduktif hormon
seviyesini degistirme, erken dogum, abort, dogum defektleri,
diisik kiloda dogum ve gelisme geriligine yol agma,
solunum sistemi  kanserlerine ve yumusak doku
sarkomlarina sebep olma ile immunsupresyon gibi olumsuz
etkiler olusturdugu bildirilmistir [6].

2. Kimyasal Ozellikler

Dioksinler; 75 PCDD, 135 PCDF ve 12 PCB’ li bilesik
olmak iizere toplam 222 farkli kimyasal yapry: icermektedir.
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Dioksinler kimyasal yapilar1 itibariyle iki gruba ayrilwr.
Bunlar; Poliklorludibenzo-p-dioksin (PCDD) ve
Poliklorludibenzofuran (PCDF)’dur. PCDD iki oksijen
atomuyla, PCDF ise bir oksijen atomuyla baglanmus 2
benzen halkasiyla olusturulmus diizlemsel trisiklik aromatik
bilesiklerdir. Benzer kimyasal o&zellige sahip olan bu
bilesikler oldukc¢a stabildir ve bozulmaya karsi direnglidir.
Ayni zamanda yiiksek diizeyde yagda ¢6ziinebilme ve besin
zincirinde biyoakiimiile olma 6zelligine sahiptirler [7,8].

Poliklorlubifeniller (PCB), her biri alt1 karbon atomu
iceren iki benzen halkasindan olusan bir molekiil olan
bifenile bagli 1-10 klor atomundan olusan organik
bilesiklerdir. Tiim PCB’lerin kimyasal formiilii C12H10-
xClx seklindedir. Formiildeki “x” klorin atom sayisini
gostermektedir. PCB’lerin 209 alt tiirii mevcuttur fakat ticari
iirlinlerde bunlardan 130’u  bulunabilmektedir. PCB’ler
toksiklojik ozelliklerine gdore non-orto, mono-orto ve poli-
orto PCB olmak iizere 3 gruba ayrilirlar. Non-orto ve mono-
orto PCB’ler, Ah reseptoriine baglanabilir ve bu ylizden de
“dioksin benzeri PCB’ler (dI-PCB)” olarak da adlandilirlar.
Biitin PCB izomerleri hidrofobiktir, 6zellikle biinyesinde
yag dokuyu barindiran besinlerin yapisina  girerek
biyoakiimiile olma ozelligine sahiptirler [9]. Dioksin ve dI-
PCB’ler sahip olduklar1 toksisiteleri bakimmdan en
kanserojen potansiyele sahip olan ve toksisite ekuvalans
faktorii (TEF) olarak da bilinen 2, 3, 7, 8-TCDD’e gore
degerlendirmeye tabi tutulurlar.

3. Dioksin ve dI-PCB Kontaminasyon Kaynaklar:

Dioksinler ¢esitli endiistriyel siirecin sonucu (6rn., kati
atik yakma, medikal atiklar, klorla kagit agirtma islemi ve
bazi pestisid, herbisid ve fungisid iiretimi) olarak olusan
kontaminantlardir. Dioksinler sadece endiistriyel bir siirecin
sonucu degil, ayn1 zamanda cevredeki dogal olaylarda da
(6rn., volkanik patlamalar, orman yanginlar1) meydana
gelebilirler [10,11].

Fiziksel 6zelliklerine bagl olarak PCDD/F, is ve hava
partikiilleri tarafindan adsorbe edilir. Bu partikiiller toprak
ve yesil yaprakli bitki ortiisii izerinde atmosferik ¢okiintiiyle
birikirler. PCDD/F kaynaginin uzakligma ve mevsimsel
egilimlere bagl olarak bu kontaminantlarin birikme orani
onemli 6l¢lide degisiklik gosterebilir [10].

Poliklorlu bifeniller (PCBs) 1920°den beri ticari olarak
bifenilin direkt olarak klorinasyonu ile {retilmektedir.
Cesitli PCB-karisim1 klorin icerigine gore
adlandirilmaktadir; “Aroclor” olarak ABD’de, “Clophen”
olarak Almanyada, “Phenoclor” olarak Fransada ve
“Kanechlor” olarak Japonyada sozii edilen marka isimleriyle
iiretilmektedir. Bu karigimlar kaplama, miirekkep, yangin
sondiiriicii ve boya gibi iirlinlerde yaygin bir kullanim alani
bulmakta fakat genel olarak elektronik aletler, 1s1 transfer
sistemleri ve hidrolik sivilarin yapiminda
kullanilmaktadirlar. PCB’nin dogada birikim yaptig1 tespit
edildikten sonra 1970’lerden sonra sozii edilen alanlardaki
uygulamalart  birgok iilkede yasaklanmustir. PCB’ler
kapasitor ve trasformer gibi kapali sistemlerde giiniimiizde
hala kullanilmakta olsa da zaman igerisinde kullaniminin
azalmast beklenmektedir. Hem ev hem de endiistriyel

atiklarin  bertarafi dogadaki PCB emisyonunun temel
kaynagini olusturmaktadir [12,13].

4. Dioksin ve dI-PCB’nin Etki Mekanizmasi

Dioksinler i¢inde en toksik 6zellige sahip olan 2, 3, 7, 8-
Tetrachlorodibenzo-p-dioxin (TCDD), viicut dokularinda
uzun bir yarilanma siiresine sahiptir (>7 yil) ve Uluslararasi
Kanser Arastirma Ajansi (IARC) tarafindan aril-hidrokarbon
reseptoriiniin (AhR) hareketiyle etkisi ortaya ¢ikan bir insan
karsinojeni olarak siniflandirtlmistir. AhR hiicre ¢ekirdegine
ait bir reseptdor ve transkripsiyon faktoriidiir. TCDD’nin
varliginda, AhR aromatik hidrokarbon ¢ekirdeksel tastyici
ile heterodimer bir yapi olusturur ve bu yapr sitokrom
P4501A1 (CYPIAl) ve P4501B1 (CYPIBI1) gibi
ksenobiyotik metabolize edici enzimlerin transkripsiyonunu
tetikler. Uzayan CYP1A1’in etkisi genotoksik metabolitlerin
ve reaktif oksijen tiirlerinin olusumuna yol ag¢tig1 i¢in zararl
DNA lezyonlarimn agiga ¢ikma olasiligini artirabilir. Benzer
bir sekilde CYPIBI de 17B-0stradiol’'un metabolizmasi ve
polisiklik aromatik hidrokarbonlarn  ve arilaminlerin
biyoaktivasyonu boyunca karsinogenezis mekanizmasina
katilarak endokrinolojik problemlere yol agar [14,15].
TCDD’nin bu zararl etkileri gesitli hayvan denemelerinde
gozlemlenmistir. TCDD’nin >100 ng/kg miktar1 balik, kus
ve memeli embriyolarinin gelismelerinde olumsuz kalici
etkilere yol agmistir. Dioksinlerin etki mekanizmasini Sekil
1’deki sematik yapiyla 6zetlemek miimkiindiir [13].

4.1. Toksik Esdegerlilik (TEF)

PCDD ve PCDF’nin saglik {izerine olan etkileri
viicuttaki AhR reseptorleriyle olan etkilesmeleriyle meydana
gelmektedir. Bu maddelerin genel olarak yaptiklart etkiler
birbirine  benzemesine  karsin,  toksikolojik  olarak
kullamlabilir bilgi yalniz TCDD’ye aittir. Bu yiizden bu
bilesenlerin toksisitelerini degerlendirmek ve bunlara kars:
yiriitilecek risk degerlendirmelerini  saglamak iizere
“TCDD esdegerlilik” veya “toksik esdegerlilik” olarak
bilinen bir konsept belirlenmisti. PCDD ile PCDF
izomerleri ve 13 dioksin benzeri PCB arasindaki yapisal
benzerlikler ve bu maddelerin toksikolojik ve invitro
calismalarda elde edilen biyolojik verilerle her bir izomerin
toksisitesi belirlenmistir. Elde edilen verilerle her bir dioksin
izomerinin birbiri arasindaki toksik seviyeleri birbirleriyle
karsilastirilarak ~ Toksik  Esdegerlilik ~ Faktorii  (TEF)
olusturulur [16,17]. Bu konsepte gore incelenen her birinin
gida maddesindeki dioksin bilesiklerinin miktar1 ile
WHO’ya gore bildirilmis Toksik Esdeger Faktorii carpilir.
Bu ¢arpimlar sonucu elde edilen degerler toplanarak her bir
gida maddesine ait Toksik Esdeger Konsantrasyon (TEQ)
diizeyleri hesaplanir.

Dioksin igin giinliik tolare edilebilir alim miktar1 viicut
agirhigl/gin - cinsinden 1-4 pg TEQ kg-1 olarak
belirlenmistir. Bugiine kadar elde edilen veriler 1s18imnda her
bir dioksinin sahip oldugu toksik esdegerlilik WHO
tarafindan 1998 yilinda yapilmis ve 2005°te son sekli
verilerek bu degerler ortaya konmustur (Tablo 1).

e s o AhR-Dioksin
s Dokularda dioksin Dioksinin dokulardaki ol - =

Dioksin’e maruz kalma Biikioni % AhR'ye baglanmasi % kOmp|E|§5lnln DNA’ya % Gen regiilasyonu

baglanmasi
| Biyokimyasal EL OO Geciken doku
R ] | i i i Orn; hii ' 2
mRNA regiilasyonu % Protein sentezi % dedisiklikler % yan_lt_larl((.Jm, hicre % S
gelisimini uyarma)

Sekil 1. Dioksinin Dokular Uzerine Etkisi [13].
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Tablo 1. Baz1 Dioksin Bilesiklerinin Toksik Esdegerlilik Faktor (TEF) Degerleri [6]

Bilesik WHO 1998 TEF WHO 2005 TEF
2,3,7,8-TCDD 1
1,2,3,7,8-PeCDF 0,05 0,03
1,2,3,4,6,7,8-HpCDF 0,01 0,01

PCB 126 , 0,1
OCDD 0,0001 0,0003
2,3,7,8-TCDF 0,1

5. Hayvansal Uriinlerdeki Dioksin ve dI-PCB Varhg

Cevredeki kalicihigt 6n planda olan dioksinler gerek
kimyasal gerekse yiiksek oranda lipofilik ve diigiik orandaki
ucgucu fiziksel oOzelliginin nedeniyle besin zincirinde
birikmeye egilimlidir. Su anda yaklasik olarak insanlarin %
90’dan fazlasinin 6zellikle hayvansal yaglar1 igeren gidalar
ile dioksinlere maruz kaldiklari tahmin edilmektedir [18].
Dioksin ve dI-PCB kontaminasyonunun diger yollar: ise
sigara, fabrika veya tehlikeli atiklarin kontrolsiiz olarak
yakilmasidir. Bu konuda yapilmis gida maddelerine yonelik
calismalarda genel olarak hayvansal firiinler {izerine
odaklanilmustir.

Balik ve su iriinleri, et ve et Uriinleri ve siit tiriinlerinin
yetiskinlerde ve ¢ocuklarda dioksine maruz kalmada temel
kaynak olduklart bilinmektedir. Ayrica gidalarin PCDD/Fs
ve dI-PCB’e maruz kalma seviyelerinin gliniimiizde ge¢mise
gore dikkate deger bir sekilde azaldig: bildirilmistir [19,20].
Bu trendin aksine farkli iilkelerde spesifik kontaminasyona
bagli olarak goriilen kazalar gidalarda bu toksik ajanlarin
yiksek seviyede ortaya ¢ikmasina yol agmakta ve
dolayisiyla biiyiik bir kayg: yaratmaktadir [21].

Siit ve siit iriinleri insanlarin dioksine maruz kalma
olaylarinin {ilkelerdeki beslenme aligkanliklarina goére
degismek iizere yaklagik % 32-43’{inii ve dl-PCB’e maruz
kalma olaylarmin ise % 28’ini olusturdugu bildirilmistir
[22]. Bu bakimdan siit insanlarin dioksine maruz
kalmalarma yol agan Onemli bir kaynaktir. Siit ve siit
iirtinlerinde PCDD/Fs i¢in eylem esigi ise 2 pg (TEQ/g yag
olarak belirlenmistir. Fransa’da 2006 yilinda gerceklestirilen
bir ¢alismada [23] 239 ayr siit numunesinden PCDD/Fs
seviyesi i¢in elde edilen verilerin Avrupa Birliginde siit ve
siit drlinleri i¢in Ongdrillen degerin altinda oldugu
saptanmustir. Benzer bir calisma [24] aymi iilkede 1998
yilinda yapilmis ve 2006°’da  yapilan caligmayla
karsilastirildiginda 0,65 pg TEQ/g yag olan degerin 0,33 pg
TEQ/g yag’a diistiig belirtilmistir. Bu azalmamn Fransiz
hiikiimetinin PCDD/Fs yayan endiistriyel kuruluslar icin
yiriirliige koydugu yasal diizenlemelerden kaynaklanmus
olabilecegi ileri siiriilmiistiir. isvicre’de endiistriyel olarak
iretimi yapilan ve tiiketime sunulan siitlerde PCDD/Fs
seviyesi 0,51 = 0,19 ng TEQ/kg siit yagi’dir. Bu oranin
Isvigre’nin kirsalinda yer alan isletmelerdeki miktardan
(0,36 + 0,093 ng TEQ/kg siit yag1) biraz daha fazla oldugu
bildirilmistir [25]. Bunun nedeni olarak endiistriyel anlamda
iretimi yapilan siit {irlinlerinin endiistriyel siire¢ sonunda
olusan dioksin ve furanlarin etkisiyle hayvan yemlerinde
bulunma olasiligina bagli olarak kirsal kesimde elde edilen
siite gore daha fazla bu maddeleri igermesi diisiiniilebilir
[26].

Elaz1g yoresindeki tereyaglari iizerine yapilan bir
calismada [27] tereyagi numunelerinden elde edilen 4,92 pg
TEQ/kg degerinin diinyanin farkli yerlerinde yapilan
caligmalarla elde edilmis olan tereyaglarindaki dioksin
diizeyi olan ortalama 0,0011 ng/kg miktariyla
karsilastirlldiginda Elazig yoresinde elde edilen degerin
oldukga yiiksek oldugu belirlenmistir.  Yapilan bu
arastirmada dioksin diizeylerinin normal degerlere gore

yiiksek c¢ikmasinda, bilingsiz tarim ilaglamalari, endiistriyel
atiklarin kontrolsiiz bir sekilde dogaya atilmasi ve bazi
yanma (odun, komiir, ¢op) olaylar1 sonucunda bolgeye
yilksek diizeyde dioksinli bilesiklerin yayillmasmin sebep
olabilecegi vurgulanmustir.

Japonya’da yiiriitiilen toplam diyetteki dioksin ve
benzeri tiirevlerin varligi lizerine olan bir ¢aligmada [28]
PCDD/Fs ve dI-PCB’nin alimimin daha g¢ok balik ve su
iirtinlerinin tiiketiminden kaynaklandigi bildirilmistir (%
76,9). Benzer bir ¢alismada [29] balikta bulunan PCB ve
PCDD/Fs’nin dioksine maruz kalmada toplam diyet’in
Isvigre’de % 57’sini, Hollanda’da % 26’sin1, Finlandiya’da
% 58ini ve Belgika’da % 15-19’unu olusturdugu
bildirilmistir

Tiirkiye’de PCDD/F’ler, dioksin benzeri PCB’ler ve
indikatér PCB’ler acisindan Karadeniz’den yakalanan ve
siklikla tiiketilen mezgit, istavrit, ve hamsi ornekleri analiz
edilmistir.  Sonuglar PCDD/F-TEQ, dI-PCB-TEQ ve
indikator PCB’ler i¢in sirasiyla 0,28-0,91 pg/g yas agirlik,
0,56-1,89 pg/g yas agirlik ve 3,05-10,94 ng/g yas agirhik
olarak bulunmustur. Tespit edilen degerler ilgili AB
mevzuatinda baliklarda dioksin i¢in maksimum 4,0 pg/g yas
agirlik, dioksin benzeri PCB toplamu igin 8,0 pg/g yas
agirlik olan degerler ile karsilastirildiginda bu ortalamanin
altinda oldugu bildirilmistir [30].

Yag dokuyu yogun bir sekilde biinyesinde barindiran et
ve et Urinleri dioksin ve dI-PCB ile olan
kontaminasyonlarda onemli rol oynamaktadir. Bu toksik
bilesenlerin kaynagi ise genel olarak hayvan yemlemede
kullamlan yemlerinin herhangi bir sekilde kontamine
olmasiyla gergeklesmektedir. Yapilan bazi arastirmalarda
ABD’de ortalama 0,10-5,17 pg TEQ/g [31], Almanya’da
1,4-2,3 pg TEQ/g [32], Kanada’da 2,6 pg TEQ/g [33],
Hollanda da ise 1,7 pg TEQ/g [34] seviyelerinde tavuk
etlerinde PCDD/PCDF  bulundugu bildirilmistir. Bu
caligmalara benzer bir calisma Tanyildizi ve Ciftgi [35]
tarafindan Tiirkiye’de tiiketilen kirmuzi et ile tavuk eti
orneklerinde dioksin ve dioksin benzeri bilesik diizeylerine
yonelik yiiriitiilmiistiir. Elde edilen sonuglara gére PCDD/F
bilesiklerinin toksik esdeger konsantrasyonlar1 (TEQ) igin
alt sinirin kirmizi et ve tavuk etinde sirasi ile 2,83 ve 3,17 pg
TEQ/g yag, ayn1 degerin iist sinirinin ise yine sirasi ile 3,45
ve 4,21 pg TEQ/g yag oldugu belirlenmistir. Ayrica PCB
bilesiklerinin alt siir diizeyleri kirmizi et ve tavuk etinde
sirastyla 0,0108 ve 0,0085 pg TEQ/g yag iken, iist simr
degeri yine swrasiyla 0,0572 ve 0,0595 pg TEQ/ g yag
oldugu belirlenmistir. Elde edilen bulgular 1siginda, yag
dokusu bazinda, tiketilen kirmizi et ve tavuk etindeki
PCDD/F bilesik diizeylerinin diger iilkeler ve Diinya Saglik
Orgiitiiniin (WHO) belirledigi limitlere (PCDD/Fs TEQ 3-
4,5 pg/g yag) gore cok az miktarda yiiksek oldugu; PCB
bilesik diizeylerinin ise daha diisiik oldugu tespit edilmistir.
Buradan Tiirkiye’de tiiketilen kanath ve sigir etlerinin
potansiyel risk olusturabilecegine dair bir ¢ikarimda
bulunmak s6z konusu olabilir.

Yumurta dioksinlere fazlaca maruz kalan bir gidadir.
Yapilan bir ¢alismada [36] organik yumurtaciliktan elde
edilen yumurtalarda diger yetistiricilik yontemlerine goére
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elde edilen yumurtalara nazaran daha fazla dioksinin
iceriginin oldugu bildirilmistir. Organik yetistiricilikte
goriilen dioksin igeriginin fazlalig: ticari organik yemler,
toprak, bitki, solucan ve boceklerden kaynaklandig: ileri
stirilmistiir. Yumurtada bulunan dioksin oranlar (pg/ TEQ/
g vyag) lilkeler bazinda yapilan bazi caligmalarin sonucu
Tablo 2’de gosterilmistir [37,38].

Tablo 2. Avrupa’nin Farkli Ulkelerinde Yetistiricilik
Sekline Gore Dioksin Miktarlar (pg/ TEQ/ g yag) [37,38]

Ulke Kafes Serbest
Sistemi Dolasiml/Organik
Hollanda 1-2 0,4-8,1
Belgika 1 1-10
Almanya 0,5-2,3 0,4-11,4
irlanda 0,1-0,6 0,5-2,7
Isvec 0,6 0,6-3,1
Isvigre 1,3 2,3-9

Besinlerin pisirilme siireci sahip olduklar1 dioksin ve dl-
PCB seviyesi maruziyete neden olma bakimindan oldukga
onemlilik arz etmektedir. Yapilan bir ¢caligmada [39] pisirme
esnasinda gidamin kati, sivi ve gaz fazindan o&rnekler
alinmustir. Elde edilen veriler gidalarin pisirilmesi siirecinde
dioksin olusabilecegini ve bu toksik maddelerin gaz fazinda,
s1v1 ve kat1 faza gore daha fazla oranda ortaya cikabilecegini
gostermektedir. Bu bakimdan pisirme esnasinda olusan gaz
fazindaki dioksine maruz kalma seviyesini azaltmak i¢in iyi
bir hava ventilasyonun saglanmasi gerekmektedir.

Balik filetolarinin pisirme islemine tabi tutulmasiyla
birlikte PCB seviyesinin ortalama % 35 azaldig
bildirilmistir [40]. Armbruster ve Ark. [41] baliklarda
trimleme ve pisirme isleminin birlikte gerceklestirildiginde
PCB seviyesinin % 66,9 oraninda, tek basina trimleme
yapildiginda % 59,4 oraninda azaldigini bildirmislerdir.
Hayvansal gidalarin pisirme sekline gore degisen oranlarda
dioksin seviyesinin farklilik gosterebilecegi bildirilmistir
(Tablo 3) [42].

Tablo 3. Evde Hazirlama ve Pigirme Yontemlerinin Etteki
Dioksin’e Etkisi [42]

Cig Gidanin Izgara
R, 7 Lo Tavada
Etin Tipi Kontaminasyon Diizeyi yapma/
Kizartma
(pg/g ya da ppt) Kavurma

Sigir Eti 3,8 (3 PCCDD ve2 PCDF igin) V%72 ¥%19,2
Dana Eti 0,037 (WHO-TEQ) v%622 ¥%81,1
Kuzu Eti 0,006 (WHO-TEQ) 4%150 ¥%77.8

v: PCDD/F seviyesinde azalma, &: PCDD/F seviyesinde artma
6. Sonuclar ve Oneriler

Dioksinler endiistriyel bir siirecin veya dogal olaylarin
sonucu olarak ortaya ¢ikmakta ve yaglarda birikebilme
ozelligine sahip oldugu icin ozellikle siit, et, yumurta, balik
gibi hayvansal {irlinlerde kalint1 birakmaktadir. Bu toksik
maddelerin hayvansal iiriinlerde bulunan yiiksek miktarlar
halk sagligi agisindan ciddi riskler olusturabilmektedir.
Dioksinlerin meydana getirmis oldugu olumsuz etkileri daha
diistik diizeylere indirgeyebilmek i¢in risk analizlerinin basta
endiistrilesmis bolgeleri olmak iizere her tilkenin kendi
capinda degerlendirilmesi alinabilecek dnlemler arasinda yer
almaktadir. Bu konuda insanlarin bilinglenme diizeyi daha
da artmakta ve bu tiir maddelerin kontaminasyonunun
engellenmesi veya en aza indirilmesine yonelik bir beklenti
olusmaktadir. Pahali bir yontem olan HRGC/HRMS yolu ile
dioksinlerin gidalardaki tespitinin yerine daha pratik ve ucuz
yontemlerin  gelistirilmesi  ile  dioksinlere  yonelik
miicadelede dnemli mesafe kat edilebilir. Bu tiir girisimlerin
yani sira uluslararasi boyutta her bir gida maddesine 6zgii

standartlarin  gelistirilmesi de dioksinle miicadelede
alinabilecek bir énlem olabilir.
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