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SYNTHESIS AND ANTIMICROBIAL ACTIVITY OF IRON
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EFFECT ON EXTRACTION IN WATER AND ORGANIC PHASES
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Abstract: In this study, iron cyclohexanedicarboxylic acid was synthesized under refluxing conditions. The structural
characterization of the complex was performed by using physico-chemical and spectroscopic methods. The effect of pH on
division constant (oc) and extraction percentages (% E) in water and organic phase was investigated with the extraction method.
At the end of the experiment, most of the Fe?* ions in the water phase at pH=7.5 passed into the organic phase. Above this pH,
the extraction percentage decreased because of the transition from water phase to organic phase. Iron cyclohexanedicarboxylic
acid was extracted with ether, petroleum ether, benzole and carbon tetrachloride from aqueous solution and microbial activities
of the complex were studied. The activity data showed that iron cyclohexanedicarboxylic acid has an important antibacterial
and antifungal activities.

Key words: Fe (1), cyclohexanedicarboxylic acid, synthesis, extraction.

Siklohekzandikarboksilli Asidin Sentezi ve pH Etkisi ile Su ve Organik Fazlardan
Ekstraksiyonunun Incelenmesi

Ozet: Bu calismada, reflux sartlarinda demir siklohekzandikarboksilli asit sentezlenmistir. Kompleksin yapis1 fizikokimyasal
ve spektroskopik metodlarla karakterize edilmistir. Daha sonra reaksiyon sirasinda pH’1in su ve organik fazlardaki paylasma
sabitleri (oc) ve ekstraksiyon yiizdelerine (%E) etkisi ekstraksiyon metodu ile incelenmistir. Deney sonucunda, su fazindaki
Fe2+ iyonlarinin ¢ogu pH=7.5’ta organik faza ge¢mistir. Bu pH’tan sonra ekstraksiyon yiizdesi su fazindan organik faza gecis
yiiziinden azalmistir. Demir siklohekzandikarboksilli asit eter, petrol eteri, benzol ve karbon tetra kloriir ile sulu ¢6zeltilerinden
ekstre edilmis, ilave olarak kompleksin mikrobiyal aktiviteleri caligilmigtir. Aktivite sonuglari, demir siklohekzandikarboksilli
asitin onemli antibakteriyal ve antifungal aktiviteye sahip oldugunu gdstermistir.

Anahtar kelimeler: Fe (I1), siklohekzandikarboksilli asit, sentez, ekstraksiyon.

Introduction

Low molecular weight cyclic organic acids are liquids
with disturbing odor and high viscosity, whereas high
molecular weight cyclic acids are either liquids with light
odor and low viscosity or solids. They are soluble in many
organic solvents (Battershy et al. 1968, March 1985). Many
studies on cis and trans-1,2-cyclohexanedicarboxylic acid
have previously been published so far (Bjorkling et al.
1985, Reiznautt et al. 2009, Altun et al. 2010, Chen et al.
2014). For instance, the Hunsdiecker reaction of silver salts
of cis- and trans-1,2-cyclohexanedicarboxylic acid was
investigated by Abell (1957). Kamino et al. (1996) reported
that the molecular packing was affected by the shape of
polycarboxylate molecules in the case of phthalate, cis-1,2-
cyclohexane dicarboxylate and 1,1-cyclohexanediacetate.
Koster et al. (2001) examined hyperbranched synthetic
polyesteramides synthesized by the polycondensation of
trifunctional  diisopropanolamine and  dysfunctional

anhydrides of succinic acid, glutaric acid, cis-1,2-
cyclohexanedicarboxylic acid and phthalic acid. We
considered that if different metal salts of these compounds
are synthesized, then they may be used in many different
areas. For this purpose, we started a study with the aim of
creation of iron salt of cyclohexanedicarboxylic acid to
examine all aspects of this compound. We also investigated
the extraction of the obtained iron cyclohexanedicarboxylic
acid with pH effect between water and organic phase in
addition to its antibacterial and antifungal activities.

Materials and Methods

Materials and Apparatus

Cyclohexanedicarboxylic ~ acid  (Aldrich) and
diethylether (Merck) were all organic reagent grade, and
FeSO. .7H,0 (Merck) was analytical reagent grade.
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Elemental analyses for C and H were obtained on
dried samples using a Perkin Elmer 2400 elemental
analyzer. FT-IR spectra were determined on a Perkin
Elmer BXII spectrometer as KBr pellets in the frequency
range 400-4000cm™. UV/Vis spectra were recorded at
25°C  with a Shimadzu UV-1700 Pharma
spectrophotometer in the wavelength range 200-800nm.
XRD analyses were investigated in Shimadzu XRD-6000.
A calibrated Metrohm 654 digital pH meter with a pH
glass electrode mounting was employed for pH
measurements. The pH meter was adjusted before use
with pH 4 and 7 Metrohm AG CH 9100 Hersau Buffers.

Synthesis of iron cyclohexanedicarboxylic acid

Method I. Two step substitution reaction

Step I: 20g (0.117mol) of cyclohexanedicarboxylic
acid was dissolved in 150ml ether and placed on a
magnetically-stirred heater. The system was heated and
stirred to reflux while 10g (0.25mol) NaOH in 40ml water
solution was added dropwise within 20-24 minutes. The
reaction mixture was poured into an extraction funnel.
The pH was adjusted to 7 by adding NaOH solution.
Agueous phase was removed and washed with ether,
evaporated slowly and a white powder, identified as
sodium dicarboxylic acid, was obtained (1) [Color: White.
Yield (%): 82 %. M.P.: 232.6°C. FT-IR bands (cm™):
2878cm ™ (ven), 1738-1550cm™ (Vearboxyl anions), 1475¢cm?
(vco)). UV/Vis bands (hm): 302].

Step I1: 5g (0.023mol) sodium dicarboxylic acid was
dissolved in 20ml water and placed in a magnetically
stirred 250ml three necked flask which was equipped with
a thermometer, a water condenser and an additional
funnel filled with 5g (0.018mol) FeSO4.7 H,0 solution in
7ml water. FeSO, .7 H,0 solution was added dropwise at
85-90°C within one hour. At the end of the reaction, solid
brown iron dicarboxylic acid was filtered and washed
with distilled water several times to remove water soluble
material. The remaining solid residue was kept under

N. Becenen et al.

vacuum producing a brown solid identified as iron
dicarboxylic acid (2) [Color: Brown. Yield (%): 84. M.P.:
265°C. Elemental Analyses (%): Calc. C 42.55, H 4.23.
Found: C 42.6, H 4.4. FT-IR bands (cm™): 2944cm*
(ven), 1593-1532cm™ (Vearboxyl anions), 1436-1398cmt
(vco). UV/Vis bands (nm): 290, 511. XRD (26): 5.2300,
14.9200 and 19.5600].

Method II: One step substitution reaction

A solution of 20g (0.11 mol) cyclohexanedicarboxylic
acid in 150ml ether was placed in a magnetically stirred
three necked flask on which a thermometer, a condenser
and an additional funnel were attached. 10g (0.25mol)
NaOH in 40ml water was placed in the additional funnel
and dropwise addition was begun after internal
temperature reached to 40-45°C with external heating.
After NaOH addition was completed, 5g (0.018mol)
FeSO4 .7 H>0O solution in 7ml water was placed in the
additional funnel and the previous operation was repeated
at 85-90°C. Mixture was stirred for about one hour.
During the progress of the reaction ether was lost
gradually from the system. Finally, the liquid phase was
filtered giving brown residue which was washed with
distilled water to get rid of the water soluble impurities.
The brown solid was oven dried giving a compound with
a spectrum consistent with the spectrum of the compound
obtained in Method I.

We adjusted the pH value of sodium dicarboxylic acid
solution to 7 before treating it with FeSO4 .7H,0 solution
in both methods to obtain the maximum yield. At pH
values higher than 7 complications occur in the reaction
as a result of a reaction between hydroxyl and iron ions
(3) [Color: Brown. Yield (%): 89 %. M.P.: 265.2°C.
Elemental Analyses (%): Calc. C 42.53, H 4.26. Found: C
42.6, H 4.4. FT-IR bands (cm™): 2944cm* (vcn), 1605-
1558¢m™* (Vearboxyl anions), 1400cm™ (veo). UV/Vis bands
(nm): 290, 511. XRD (26): 5.2300, 14.9200 and 19.5600].

COOH COONa
i
+ 2NaOH — > 2H,0 (1)
COOH COONa
COONa 00
2
+  2FeSO, ———> Fe.7H,0 + 2Na,80, (@)
coo
COONa
Scheme 1
COOH 00
+ 2NaOH + 2FeSO, > Fe .7H,0 + 2 Na,SO, + 2 H,0 (3)
COOH CcoOo

Scheme 2
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The extraction of iron cyclohexanedicarboxylic acid
in water and organic phases with pH effect

The aqueous solution of 5ml of 0.1N NaOH for pH=4
to 95 and solution of 1.3g (0.078mol)
cyclohexanedicarboxylic acid in 10ml flask were stirred
in ten separate flasks. Afterwards, 10ml of aqueous
solution including 1mg/ml Fe?* was added to this mixture,
and after stirring for one hour at ambient temperature, the
mixture was left for 24 hours. Composed solutions were
separately placed in an extraction flask, and the amount of
Fe2*ions in organic and water phases was determined with
atomic absorption with Unicam model 929, Aaglame
(Yang et al. 1991, inci 2002).

The percentage of the extraction was calculated with
the following formula:

% E = (o+ Vw/ Vo) . 100

1)

a=Co/Cw (2)

Where % E= Extraction percentage, Vorg= Volume of
the organic phase (ml), Vw = volume of water phase, o« =
sharing constant, Coq = Fe?* concentration in organic
phase (mg/ml), Cw = Fe?* concentration in water phase
(mg/ml).

In all samples, 5ml 0.1N NaOH solution, 10ml FeSO4
.7 H20 (1mg/ml Fe?*) solution and 10ml ether solution in
proportion 1.3g (3.7x10-*mol) iron dicarboxylic acid were
used.

Biological activity procedure

The antibacterial and antifungal activities of the
obtained complexes is tested by using agar well-diffusion
susceptibility test (Shaukat et al. 1980) is carried out
against Gram-positive bacteria  (Bacillus  subtilis

Hz
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924723
919813

754,465
— 746,389

-— 844314

=
e

| ! (_f: ‘\ K
|/ '\—j 7\ __J \\¥ J

Ehrenberg, Staphylococcus aureus Rosenbach) and
Gram-negative bacteria (Escherichia coli T. Escherich,
Pseudomonas aeruginosa (Schroeter) Migula) and the
agar tube dilution protocol method (Kazmi et al. 1991) is
applied against Candida albicans (Berkhout), Candida
glabrata (Anderson) Mey & Yarrow and Fusarium solani
(Mart.) Sacc), respectively.

Results and Discussion

Synthesis and analyses

In the present study, the synthesis and the properties
of a coordination compound of cyclohexanedicarboxylic
acid and Fe (II) were studied. Two methods were
employed for the synthesis and high yields were found to
be fairly close with both methods. Spectroscopic methods
showed the possible structure of iron dicarboxylic acid.
Iron dicarboxylic acid is a brown solid. The solubility in
different solvents and the results of the elemental analysis
are given in Table 1 and Table 2. Elemental analysis
determination is in good agreement with the general
formula for the complex. The elemental analysis
demonstrated that the obtained iron
cyclohexanedicarboxylic acid has 1:1 stoichiometry.
Complex is solid, insoluble in water but soluble in some
organic solvents such as benzene, ether, Acetone, CCl.4
and CH3zCOOH.

The FT-IR spectra of the complex (Figure 1)
demonstrates two bands centered at 1593 and 1532cm?
are attributed to the (Vcarboxyl anions) Vibrations. The band at
about 2944cm is assigned to the absorption of the (vcr)
vibrations and the (vco) stretching of the complex are
found in the frequency range about 1593 and 1532cm™.
FT-IR bands of cyclohexanedicarboxylic acid (2878cm™
(ven), 1738-1550cm ™ (Vearboxyi anions), 1475¢cm™ (vco)) are
shifted to lower frequencies in the complex.

667.566
_ATT6R39
—470.895

—— - . r

ppm 26 2.0

24 2.2

1.8

T

1.6

Figure 1. The FT-IR Spectrum of iron cyclohexanedicarboxylic acid
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The UV/Visible spectrum of cyclohexanedicarboxylic
acid molecule shows an absorption band at 302nm,
whereas the complex demonstrates absorption bands at
290 and 511nm. The band at 290 which is attributed to n-
n* and -n* transitions, while the band at 511nm is caused
by the electronic transitions both n-n* and n-n* and also
charge transfer transition arising from m electron
interactions between the metal and ligand that involves
either a metal-to-ligand or ligand-to-metal electron
transfer.

The XRD-Powder Pattern spectrum (Figure 2) of the
complex is recorded by an X-Ray diffractometer and the
unit cell parameters are calculated from 20 values with the
help of a computer. Powder XRD pattern of complex
consist of three important peaks in the range 5-50°C (26).
The inter planar spacing (d) is calculated from the
positions of intense peaks using Bragg’s relationship. The
20 values with maximum intensity of the peaks for Fe (II)
complex were found to be 5.2300, 14.9200 and 19.5600
(20) which corresponds to d:16.97784, 5.93296 and
4.53476, respectively.

Thermogravimetric ~ analysis  determined  the
localization of the central cation in the complex molecule.
Thermogravimetric analysis of iron
cyclohexanedicarboxylic acid indicated two steps for
decomposition and the amount of water in the
composition of the molecule. Experimental thermolysis is
given in Table 1 and Figure 3.

The decomposition of two carboxyl groups can be
monitored from the thermogram. Up to 181°C, a water
molecule leaves the compound, then between 306-724°C,

N. Becenen et al.

the organic component decomposes. The remaining
compound over 724°C was determined as FeO. After
these observations we concluded that the structure of iron
cyclohexanedicarboxylic acid is [Fe(CsH1004)]. 7H20.
The structural formula of the compound is shown below.

Scheme 3
Extraction results

Table 2 shows the extraction results. The graphics
which show transition related to pH of the sharing
constant (o)) and extraction percentages (% E) of iron
dicarboxylic acid for these values are given in Figure 4
and Figure 5. At the end of the experiment, most Fe?* ions
in the water phase at pH=7.5 passed into the organic
phase, and the extraction percentage at this pH became E
= 96.5%. Extraction percentages decreased at pH values
above 7.5 because of the transition from water phase to
organic phase, (Figure 4).

Extraction experiments were repeated with benzine,
benzole and carbon tetrachloride, apart from ether, and
extraction yields were found to be close to 100 % between
pH = 7.5-8 (Table 2). In this way, it was proven that in
addition to ether, petroleum ether, benzole and CCl,
solvents are also suitable extraction substances for iron
cyclohexanedicarboxylic acid.

1400

T

1200

1000 - ‘

impls

800 |- , ‘
600 |- ke
400 '

200

0 A 1

260

Figure 2. The XRD Spectrum of iron cyclohexanedicarboxylic acid

Table 1. Thermogravimetric analysis data of iron dicarboxylic acid

First step decomposition

Second step decomposition

Compound To-T. (°C) Weight loss (%)

Tp-Te (°C) Weight loss (%) FeO (%)

Iron Dicarboxylic acid 0-181 4.0

306-724 56.5 39.5
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188.0‘
N 2.8
—————
()
ng/niy
7\ A i T —
“\\-
T
b T 1.0
30 .9, " —
6.8 (C) 16488.8

Figure 3. TG-DTA of iron cyclohexanedicarboxylic acid
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Figure 4. Transition of sharing constants of iron cyclohexanedicarboxylic acid with pH
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Figure 5. Transition of extraction percentages of iron cyclohexanedicarboxylic acid with pH
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Table 2. Extraction of Fe?* in different solvents from the aqueous solution

Organic Water phase Cw (mg/ml) at the  Organic phase Co (mg/ml) at
Sample Solvents pH end of the extraction the end of the extraction oc E (%)
(10ml) (Img/ml Fe?*) (Img/ml Fe?*)
1 Petrol. ether 7.9 0.003 0.095 31.60 95.40
2 Benzole 7.6 0.005 0.156 38.8 96.2
3 CCls 7.7 0.002 0.173 86.5 98.3

Biological activity results

The results for the agar well-diffusion susceptibility
tests showed that the iron complex potent antibacterial
activity against Gram-positive bacteria (Bacillus subtilis
Ehrenberg, Staphylococcus aureus Rosenbach) and
Gram-negative  (Escherichia coli  T. Escherich,
Pseudomonas aeruginosa (Schroeter) Migula) (Table 3).

Table 3. The antibacterial activities of the iron complex
and standard

Zone of inhibition (mm)

19d
Bacteria Iron Complex  Standard DrugP
B. subtilis 25 30
S. aureus 25 33
E. coli 20 32
P. aeruginosa 25 30

aConcentration of sample is 3mg/ml DMSO, Inipenum, 10pug/disc

The results of the agar tube dilution protocol method
showed that the iron complex has significant antifungal
activity against Candida albicans (Berkhout), Candida
glabrata (Anderson) Mey & Yarrow and Fusarium solani
(Mart.) Sacc. (Table 4).

Table 4. The antifungal activities of the iron complex and
standard.

Inhibition (%)

Fungus b
4 Lizly Standard Drug® WIS

Complex (10pg/mL)
C. albicans 75 Miconazole 110
C. glaberata 40 Miconazole 73
F. solani 70 Miconazole 110

ancubation temperature: 27°C, "Concentration of sample 200pug/mL
of DMSO.
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Abstract: Rosmarinic acid was isolated from ethanol extractions obtained from Prunella grandiflora L. and P. vulgaris L. The
total phenolic content of ethanol fractions during isolation was determined by the Folin-Ciocateu method. The cytotoxic doses
of the isolated rosmarinic acid were determined by WST-1 (Roche Applied Sciences, Mannheim, Germany) cell proliferation
assay. A 10-60ng cytotoxic dose was determined for pancreas (PANC-1), prostate (PC-3), colon (HT-29) and breast (MDA-
MB 436) cancers and GBM (T98G) cell lines and lymphatic tissues. 24 and 48h incubation periods were applied during dose
determinations. An antiproliferative effect was observed at the end of 48h incubation period with 50ng rosmaniric acid
treatment in PC3 cell line and with 60ng treatment in PANC-1, HT-29, MDA-MB 436 and T98G cell lines. No cytotoxic
activity of rosmarinic acid was observed in non-tumor cells.

Key words: Prunella L., isolation, rosmarinic acid, antiproliferative, cytotoxic activity.

Prunella vulgaris L. ve Prunella grandiflora L.’den Saflastirilan Rosmarinik Asitin Farkh Timér
Hiicreleri Uzerindeki Sitotoksik Aktivitesi

Ozet: Bu caligmada rosmarinik asit bilesigi, Prunella grandiflora L. ve P. vulgaris L. tiirlerinden elde edilen etanol
ekstraktlarindan saflagtirilmistir. Saflastirma islemi sirasinda elde edilen metanol fraksiyonlarmin toplam fenol icerigi Folin-
Ciocalteu yontemi ile belirlenmistir. Prunella L. tiirlerinden saflagtirilan rosmarinik asitin farklt kanser hiicreleri iizerinde
WST-1 (Roche Applied Sciences, Mannheim, Almanya) yontemiyle sitotoksik doz ¢aligmalar1 yapilmigtir. Buna gore pankreas
(PANC-1), prostat (PC-3), kolon (HT-29) ve meme (MDA-MB 436) kanserleri ile GBM (T98G) hiicre hatlari ve lenf
dokularmda 10-60ng arasinda sitotoksik doz belirlenmistir. Sitotoksik doz belirleme ¢alismalari igin 24 ve 48 saat inkiibasyon
stireleri ¢alisilmustir. 48 saat inkiibasyon siiresi sonunda PC3 hiicre hatt1 i¢in 50ng ve PANC-1, HT-29, MDA-MB 436 ve T98G
hiicre hatlar1 i¢in 60ng rosmarinik asit uygulamasinda antiproliferatif etki gdzlenmistir. Saglikli hiicrelerde rosmarinik asitin
sitotoksik etkisi gdzlenmemistir.

Anahtar kelimeler: Prunella L., izolasyon, rosmarinic asit, antiproliferatif, sitotoksik aktivite.

Introduction

Phenolic compounds are natural compounds in
aromatic and herbal plants. The main properties of such
compounds are their antioxidant and radical scavenging
activities (Baricevic et al. 2001, Petersen & Simmonds
2003). These compounds also have biological properties
such as fungistatic, cytotoxic, antibacterial and antiviral
activities.

Prunella L. has been used as a herbal in traditional
medicine applications for several years. It has many
biological effects such as anti-inflammatory and anti-
microbial activities (Zdafilova et al. 2009). Prunella
species also exhibit anti-growth effects on different
cancer types (Feng et al. 2010, Woo et al. 2011). The main

source of antioxidant activity in Lamiaceae is rosmarinic
acid (Kim & Lee 2004). For instance, Yesil-Celiktas et al.
(2010) demonstrated that rosmarinic acid derived from
the leaves of Rosmarinus officinalis L. showed anticancer
activity of n lung, prostate, hepatocellular, myeloid
leukemia and breast cancers. The antiproliferative effect
of phenolics may differ depending on the species (Feng et
al. 2010), i.e. although the inhibitor effect of rosmarinic
acid from R. officinalis was demonstrated in different
cancer cell lines, it has not been determined in Prunella
species.

We aimed in the present study to isolate rosmarinic
acid in ethanolic extracts of P. vulgaris and P. grandiflora
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in order to demonstrate its antiproliferative effects on
pancreas, prostate, colorectal and breast cancers and
GBM cell lines.

Materials and Methods

Rosmarinic acid, Folin-Ciocalteu reagent and Sephadex
LH-20 were supplied from Sigma-Aldrich. Methanol,
ethanol, acetonitrile and formic acid were supplied from
Merck. All cell lines were provided by the American Type
Culture Collection (ATCC; Rockville, USA). Penicillin,
Fetal Bovine Serum (FBS), Streptomycin, RPMI 1640,
Sodium Pyruvate (BIOCHROME, Berlin, Germany),
Dulbecco’s Modified Eagle’s Medium-F12 containing L-
glutamin (DMEM-F12, HyClone, Utah, USA), and
Hitopaque—1077 (Sigma-Aldrich, Chemiegmbh,
Steinheim, Germany) and Phytohemagglutinin (PHA,
Gibco-Invitrogen, Denmark) were used for maintenance of
cancer cell lines and lymphocytes.

Isolation of rosmarinic acid

Prunella species were collected from in Turkey
(Bursa, Balikesir, Eskisehir and Antalya) from June to
July in 2009. After dried at room temperature, the samples
were stored at 4°C. The parts of P. grandiflora and P.
vulgaris samples (10g) were separately mixed with
ethanol at room temperature in dark for 5h under magnetic
stirrer. The separated ethanolic fraction (15mL) was
isolation using Sephadex LH-20 column chromatography.
Standard rosmarinic acid was dissolved in methanol for
chromatographic analysis. Because of this reason, the
extracts were eluted with methanol from column.

Folin-Ciocalteu method

Folin method (Sahin et al. 2014, Singleton et al. 1999)
was used for determining the total phenolic contents of
Prunella fractions by UV/vis spectrometer (Varian Cary
50 Conc, Australia) equipped with 10mm quartz cuvettes.

Chromatographic analysis

Rosmarinic acid was determined in Prunella samples
by HPLC-DAD. The results of our previous study were
followed for chromatographic analysis of rosmarinic acid
in Prunella fractions (Sahin et al. 2014).

Determination of the effect of fractions on cytotoxicity
and cell viability of cancer cell lines

Five human cancer cell lines, T98G; GBM, PANC-1,
pancreas, PC-3; prostate, HT-29; colorectal and MDA-
MB 436; breast were grown in DMEM-F12 containing L-
glutamine supplemented with 10% FBS, 100pgmL*
streptomycin, 1mM sodium pyruvate and 100Uml*
penicillin in a humidified 5% CO, incubator at 37°C.

Human peripheral blood lymphocytes were used for
analyzing the cytotoxic effect of rosmarinic acid fractions
in non-tumor cells. Five milliliter of heparinized total
blood was obtained from a healthy, 30 years old non-
smoking female volunteer with her complete informed
consent. Human mononuclear lymphocytes were isolated
with density ~ gradient  centrifugation using
Hitopaque—1077 reagent and washed twice. Lymphocytes
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(3 x 10%well) were added to 5ml of medium containing
78% RPMI 1640, 20% FBS, penicillin and streptomycin,
and 2% phytohemagglutinin for stimulation in a
humidified 5% CO; incubator at 37°C. The negative
control group was obtained from an untreated culture of
each cell lines and lymphocytes and the positive control
from cells treated with 30mM H-0..

The cytotoxicity of rosmarinic acid derived from
Prunella grandiflora L. and Prunella vulgaris L. with
doses ranging from 10 to 60ng in T98G, PANC-1, PC-3,
HT-29 and MDA-MB 436 cancer cell lines and
lymphocytes were assayed using a cell proliferation kit
according to our previous study (Tezcan et al. 2015).

Results

Determination of rosmarinic acid in fractions

The ethanol extracts of Prunella L. species were
purified by column chromatography and eluating in two
fractions for P. grandiflora and P. vulgaris (Fig. 1a, b).
The methanolic fractions were monitored at 280nm and
analyzed by HPLC-DAD.
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Fig. 1. Eluates following Sephadex LH-20 column

chromatography of diluted fraction of (a) P. grandiflora at
280nm (Fraction 1: 1-15 tube, fraction 2: 16-23 tube), (b) P.
vulgaris at 280nm (Fraction 1: 1-17 tube, fraction 2: 18-30 tube).

Rosmarinic acid was only determined in methanolic
fraction 2 of Prunella species. There was only one
fraction for P. grandiflora L. (Fig. 2a) and P. vulgaris L.
(Fig. 2b) at 280nm in Fraction 2. The results showed that
8.7 and 15.3mg of rosmarinic acid were isolated from P.
grandiflora and P. vulgaris, respectively.

The total phenolic contents of P. grandiflora and P.
vulgaris were found as 24.11 and 24.10mg/g as deduced
from dried plants in fraction 2 (Table 1).
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Table 1. Total phenolic content of fractions (mg GAE g dried
plant)

Sample P. grandiflora  P. vulgaris
Total phenolic  Fraction1  9.03+0.18 8.21+0.01
content Fraction2  24.11+1.33 24.10+2.72

Cytotoxic effect of rosmarinic acid on cancer cell lines

T98G, HT-29, PANC-1, PC-3, MDA-MB 436 cells
and lymphocytes were seeded at a density of 2x10* cells
well? in 96-well plates. Cell proliferation was assessed
using the WST-1 assay after 24 and 48h of exposure to
rosmarinic acid doses ranging from 10 to 60ng. After
treatment with rosmarinic acid of P. grandiflora, very low
cytotoxic effects were noted in all five cancer cell lines.
The percentage decrease was 12.2% in the proliferation of
T98G, 17.5% in PANC-1, 11.2% in PC-3, 11.5% in HT-
29 and 18.4% in MDA-MB 436 at 60ng rosmarinic acid
of P. grandiflora extract (Fig. 3). When these cells were
treated with H,0O,, 93.2, 86.9, 89.2, 86.9 and 82.8%
reduction in proliferation was observed at 48h,
respectively.
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Fig. 2. Eluates following Sephadex LH-20 column

chromatography of diluted fraction 2 of (a) P. grandiflora, (b)
P. vulgaris at 280nm.

After treatment with rosmarinic acid of P. vulgaris,
dose- and time-dependent reductions were observed in all
cell lines (Fig. 4).

The inhibitory concentrations were identified within
48h for all cell lines. After treatment with 60ng rosmarinic
acid of P. vulgaris, while 27.4% of PANC1 cells and
41.3% of T98G cells were inhibited, the inhibition rate
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was up to approximately 50% for HT-29 and MDA-MB
436 cells. HT-29, MDA-MB 436 and PC3 are
adenocarcinoma cells of colon, breast and prostate which
are defined as neoplasia of epithelial tissues. Thus, 60ng
rosmarinic acid of P. vulgaris caused similar inhibitory
effects on these cell lines. However, the pancreatic
epithelioid carcinomas and GBM are more aggressive
tumor types than adenocarcinomas. So, the inhibiton rate
of 60ng rosmarinic acid derived from P. vulgaris was
lower in PANC1 and GBM cells than the other tumor cell
lines. The percentage decreases in the proliferation of
cells are shown in Table 2. In addition, negligible
cytotoxic  effects were determined when the
concentrations were tested on activated fresh human
mononuclear lymphocytes, indicating that rosmarinic acid
of P. vulgaris preferentially inhibits tumor cells. When
lymphocytes were treated with 60ng rosmarinic acid of P.
vulgaris for 48h, 5.9% reduction was observed in
proliferation, the reduction in proliferation was 73.6%.
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Fig. 3. Inhibition of cell viability at different rosmarinic acid of
P. grandiflora concentrations in 24 and 48h.

Discussion

Rosmarinic acid is the main phenolic compound in
Prunella L. species. Therefore, it is also better to
demonstrate the total phenolic contents of Prunella
extracts. It can be seen that most of the rosmarinic acid is
isolated in first fraction and other phenolic compounds
were eluted in second fraction. HPLC analysis showed
that the amount of rosmarinic acid in P. vulgaris was
higher than the methanol extract of Nepeta menthoides
Boiss. & Buhse (Hadi et al. 2017).

The efficacy of Prunella extracts from different
regions in China in prevention and treatment of lung
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cancer was evaluated (Feng et al. 2010). The researchers
defined the highest antiproliferative activities in P.
vulgaris from Bozhou and P. asiatica Nakai from
Nanjing. Rosmarinic acid content in P. vulgaris from
Bozhou was 1.32mg/g (Feng et al. 2010). While 8.7mg of
rosmarinic acid was isolated from P. grandiflora, a
15.3mg was extracted from P. vulgaris. The efficacy of
rosmarinic acid derived from these two species on cancer
cell lines was different due to the different collecting
localities. Similar results were obtained as Feng et al.
(2010) for the inhibitory effect of rosmarinic acid derived
from P. wvulgaris on cancer cell proliferation. The
variations in the efficacy of Prunella species could be
related to the existence of differences in genes and
rosmarinic acid content.

The inhibitory effect of rosmarinic acid derived from
the leaves of Rosmarinus officinalis on DU-145 (human,
prostate, carcinoma), K-562 (human chronic myeloid
leukemia), NCI-H82 (human, small cell lung, carcinoma),
Hep-3B (liver, hepatocellular, human, carcinoma, black),
MDA-MB-231 (human, breast, adenocarcinoma, breast,
human), MCF-7 (adenocarcinoma, breast, human) and PC-
3 (human, adenocarcinoma, prostate) was investigated
(Yesil-Celiktas et al. 2010). Proliferative effect of
rosmarinic acid was observed rather than cytotoxic activity
in almost all cell lines at 50pg/mL (140uM) in MTT assay.
In this study, inhibitor activity of rosmarinic acid derived
from P. vulgaris was observed in cell proliferation, but the
same effect was not observed in rosmarinic acid of P.
grandiflora. The variation of inhibitory effect of rosmarinic
acid could be explained by the plant variation and the
contents of other phenolic compounds. Similar results have
been observed for quercetin from onions, apples and tea as
different phenolic compound sources (Hollman et al.
1997). The antiproliferative effect of rosmarinic acid on
cancer cells might vary with the variation of plant origin.
The cytotoxic effect of rosmarinic acid was determined in
Leukemia ARH-77 cell line by MTT assay (Canturk et al.
2016). Rosmarinic acid showed cytotoxic effects at 50mM
concentration. Also the cytotoxic effect of rosmarinic acid
was showed at a concentration of 1000pug/mL on human
tumor cells (Junior et al. 2016). According to the results
reported so far within similar studies concerning rosmaniric
acid, the cytotoxic activities of rosmarinic acid are higher
than the values reported in our present study.

S. Sahin et al.
Conclusion

Our results showed that Prunella fractions can be used as
antioxidative and pharmaceutical supplement. Rosmarinic
acid derived from P. vulgaris could be a good candidate to
cause cell death in prostate, pancreas, colorectal, breast
cancers and GBM cells. No cytotoxic effect was observed
for rosmarinic acid of P. grandiflora. On the other hand,
60ng of rosmarinic acid derived from P. vulgaris treatment
caused antiproliferative effect on prostate cancer cell line
(PC3) and 50ng of rosmarinic acid derived from P. vulgaris
on pancreas (PANC-1), colorectal (HT-29), breast (MDA-
MB 436) cancer and GBM (T98G) cell lines. The
molecular mechanism of the cytotoxic activity of
rosmarinic acid of P. vulgaris requires future clinical
applications. The present findings could be used as a
guidance to formulate a product from these species and also
to serve as a reference point for future research.
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Fig. 4. Inhibition of cell viability at different rosmarinic acid of
P. vulgaris concentrations in 24 and 48h.

Table 2. The percentage decreases in proliferation of cancer cell lines and lymphocytes after treatment with doses of rosmarinic acid

isolated from P. vulgaris.

) % Inhibition
Cell Lines Cell Type Doses (ng) T b
T98G Glioblastoma multiforme 60 20.1 41.3
PANC1 Pancreas epithelioid carcinoma 15.1 27.4
PC3 Prostate grade V. adenocarcinoma 50 14.8 52.4
HT-29 Colorectal adenocarcinoma 60 18.3 48.7
MDA-MB 436 Breast adenocarcinoma 32.1 50.8
Lymphocytes Non-tumor cells 8.2 5.9
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Abstract: In the present study, macrofungi samples collected from Uzung6l Nature Park (Trabzon) between 2011 and 2013
were identified and classified. After field and laboratory studies, a total of 205 macrofungi species were determined. A list of
212 species, by including the previously reported 7 species in the research area, belonging to 129 genera and 64 families within
2 divisions were given. Fourty-six species were determined to belong to Ascomycota and 166 to Basidiomycota.

Key words: Biodiversity, macrofungi, Uzungol Nature Park, Turkey.

Uzungol Tabiat Parki (Trabzon)’ndan Belirlenen Makrofunguslar

Ozet: Bu calismada, Uzungb] Tabiat Parki (Trabzon)’ndan 2011 ve 2013 yillar1 arasinda toplanan makrofungus érnekleri teshis
edilmis ve smiflandirilmistir. Arazi ve laboratuvar ¢caligmalar sonrasinda 205 makromantar tiirii tespit edilmistir. Daha dnceden
arastirma alanindan rapor edilmis 7 tiir de dahil olmak iizere, toplam 2 béliim i¢inde yer alan 64 familya ve 129 cinse ait toplam
212 tiir verilmistir. Tespit edilen tiirlerden 46’s1 Ascomycota, 166’s1 Basidiomycota boliimiine mensuptur.

Anahtar kelimeler: Biyogesitlilik, makromantarlar, Uzung6l Tabiat Parki, Tirkiye.

Introduction

The current available data on macrofungal diversity in
Turkey is based on studies dating back to more than 100
years ago. Studies concerning macrofungi showed a
considerable increase in number over the last decade and
a genaral overview of the published data was given in
Sesli and Denchev (2008). More recently, new studies on
macrofungal diversity of Turkey yielded additional data
(Akata et al. 2016a,b, All1 et al. 2016, Demirel et al. 2016,
Dogan & Kurt 2016, Dogan & Oztiirk 2015, Diilger &
Akata 2016, Sesli et al. 2016). Although a number of
mycological investigations in and around the current
study area (Uzungol Nature Park) were performed (Akata
2012a,b, Akata & Dogan 2015, Akata & Kaya 2012,
2013a,b, Akata et al. 2011, 2012, 2014, 2016a,b, Baydar
& Sesli 1994, Kaya et al. 2013, Sesli 1993, Sesli et al.
2016 and Uzun et al. 2014, 2015), no detailed taxonomic
investigation on macrofungal diversity here was carried
out.

Uzungol is a mountain lake situated in Eastern Black
Sea region of Turkey at an elevation of approximately
1000m asl. The lake is 105km far to Trabzon Province and
25km to Caykara district center. The part of the lake area
covering 1625 hectares was announced as Nature Park in
1989 considering of its rich biodiversity, wild life and
beautiful landscape (Figure 1).
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Figure 1. Map showing the study area around Uzungdl Nature
Park. The borders of the sampled area was shown with dashed
lines.

The forest vegetation of the Nature Park is primarily
dominated by spruce (Picea orientalis L.), sometimes
forming mixed stands with beech (Fagus orientalis
Lipsky), fir (Abies nordmanniana (Stev.) Spach), alder
(Alnus glutinosa L.), Scots pine (Pinus sylvestris L.), and
several bushes such as hazelnut (Corylus avellana L.),
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common box (Buxus sempervirens L.) and common
rhododendron (Rhododendron ponticum L.) are also
present (Arikan et al. 2007, Atasoy 2010).

The region where the study lake is located has a typical
oceanic climate with plentiful precipitation. The annual
average temperature is 8°C and the rainfall is 926.4mm.
Winters are snowy and cold with a lowest average
temperature value of 0.1°C, in February. Summers are
warm, humid and the average maximum temperature is
15.38°C, in July (Verep et al. 2002).

The purpose of the current study is to determine the
macrofungal diversity of Uzungdl Nature Park and to
make a contribution to the mycobiota of Turkey.

Materials and Methods

The fungal samples were collected between 2011 and
2013 from 40 localities inside the boundaries of Uzungol
Nature Park (Table 1). Ecological and morphological
characteristics of the samples were recorded in the field

I. Akata & Y. Uzun

and all samples were photographed in their natural
environment. Samples were brought to herbarium for their
general macroscopic and microscopic examinations.
Identifications of the samples were performed according
to Bas et al. (1988, 1990, 1995), Boertmann (1996),
Breitenbach & Krénzlin (1984, 1986, 1991, 1995, 2000),
Fan et al. (1994), Hansen & Knudsen (1992, 1997, 2000),
Krénzlin (2005), Kuyper (1986), Medardi (2006), Pegler
et al. (1997), Ryvarden & Gilbertson (1993) and Sunhede
(1989). The identified samples are deposited in Ankara
University Herbarium (ANK).

Results

The identifications of the collected samples revealed
presence of 205 macrofungal taxa in the studied area. The
list of the identified species were given below with their
locality, habitat, altitude, geographical coordinate,
collection date and accesion number details. Names of all
identified taxa were given in the list according to Cannon
& Kirk (2007) and Kirk et al. (2008).

Table 1. Coordinates, altitudes and positions of the sampled localities with respect to the lake.

Locality No Locations of the sampling localities with respect Coordinates Altitudes (m)
to the lake as the reference point

1 North-west of the Lake 40°38' 10" N-40° 16" 17" E 920
2 North-west of the Lake 40°37'26" N-40° 16'57"E 1100
3 North-west of the Lake 40°37' 08" N-40°16'17"E 1600
4 South-west of the Lake 40°36'59" N-40°17'11"E 1300
5 South of the Lake 40°36' 44" N-40°17' 49" E 1540
6 South-east of the Lake 40° 36’ 30" N-40° 18’ 20" E 1580
7 South-east of the Lake 40° 36’ 23" N-40° 18’ 07" E 1835
8 South-east of the Lake 40°36'15" N-40° 18 31"E 1470
9 South-east of the Lake 40°35'56" N-40°18' 27" E 1690
10 South-east of the Lake 40° 35" 38" N-40° 18’ 26" E 1710
11 North-east of the Lake 40°37'52" N-40°18' 24" E 1620
12 North of the Lake 40°37'50" N-40°17'30"E 1450
13 North of the Lake 40°37'21"N-40°17'33"E 1290
14 North-east of the Lake 40°37'24" N-40° 18 04" E 1400
15 North-east of the Lake 40°37'17"N-40°18'31"E 1360
16 North of the Lake 40°38' 10" N-40°17'13"E 1350
17 North of the Lake 40°37' 38" N-40° 18" 45" E 1800
18 North-west of the Lake 40°38'28" N-40°16'33"E 1230
19 West of the Lake 40° 38 35" N-40° 16" 12" E 890
20 North-west of the Lake 40°37' 54" N-40° 16" 12" E 1005
21 West of the Lake 40°37' 06" N-40° 16’ 26" E 1490
22 South of the Lake 40°36'29" N-40°17' 34" E 1500
23 North-east of the Lake 40°37'11"N-40°18' 24" E 1200
24 East of the Lake 40°37'00" N-40°18'41"E 1160
25 South of the Lake 40°36'52" N-40°17'36"E 1260
26 East of the Lake 40°36' 57" N-40° 18’ 02" E 1290
27 East of the Lake 40°36'35" N-40° 18 31"E 1440
28 East of the Lake 40°36'36" N-40° 18 04" E 1700
29 North-east of the Lake 40°37' 10" N-40° 18’ 44" E 1340
30 North-east of the Lake 40°37' 13" N-40°18' 53" E 1400
31 East of the Lake 40°36'56" N-40° 18 52" E 1290
32 North-west of the Lake 40°37'06" N-40°16'43"E 1295
33 North-west of the Lake 40°36'55" N-40° 16" 32" E 1500
34 North-west of the Lake 40°37'00" N-40°16' 28" E 1540
35 West of the Lake 40°36'56" N-40° 16" 46" E 1380
36 West of the Lake 40° 36’ 49" N-40° 16" 34" E 1370
37 North of the Lake 40°38'15"N-40°17' 46" E 1560
38 North of the Lake 40°37'38"N-40°17'54"E 1650
39 North of the Lake 40°37' 14" N-40° 17' 50" E 1180
40 East of the Lake 40°36'45" K-40°19' 07" E 1430
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Pylum ASCOMYCOTA

Family Caloscyphaceae
Caloscypha fulgens (Pers.) Boud.: Locality 7, spruce
and beech mixed forest, 16.05.2013, Akata & Yuzun
1670.
Family Chlorociboriaceae
Chlorociboria aeruginosa (Oeder) Seaver ex C.S.
Ramamurthi, Korf & L.R. Batra: Locality 14, on beech
branch, 01.10.2011, Akata & Yuzun 953.
Family Cudoniaceae
Cudonia circinans (Pers.) Fr.: Locality 17, spruce
forest, 06.09.2011, Akata & Yuzun 889.

Spathularia flavida Pers.: Locality 10, spruce forest,
25.09.2011, Akata & Yuzun 947.

Spathulariopsis velutipes (Cooke & Farl. ex Cooke)
Maas Geest. (Akata & Kaya 2013a).
Family Diatrypaceae
Diatrype disciformis (Hoffm.) Fr.: Locality 35, on
beech branch, 17.10.2012, Akata & Yuzun 1406.
Family Geoglossaceae

Trichoglossum hirsutum (Pers.) Boud. (Akata & Kaya
2013a).
Family Helotiaceae

Ascocoryne cylichnium (Tul.) Korf.: Locality 28,
19.09.2012, on beech stump, Akata & Yuzun 1202,

Bisporella citrina (Batsch) Korf & S.E. Carp.: Locality
5, 10.09.2011, on beech stump, Akata & Yuzun 910.

Cyathicula coronata (Bull.) Rehm (Akata 2012a).

Cyathicula cyathoidea (Bull.) Thiim.: Locality 1, on
blackberry stem, 23.08.2011, Akata & Yuzun 869.

Hymenoscyphus calyculus (Sowerby) W. Phillips:
Locality 18, on beech branch, 11.09.2011, Akata &
Yuzun 923.

Family Helvellaceae

Helvella atra J. Konig: Locality 19, near spruce and

beech mixed forest, 03.10.2011, Akata & Yuzun 973.

Helvella crispa (Scop.) Fr.: Locality 9, spruce and
beech mixed forest, 15.09.2011, Akata & Yuzun 935.

Helvella elastica Bull.: Locality 10, near spruce forest,
25.09.2011, Akata & Yuzun 952.

Helvella lactea Boud.: Locality 25, near spruce and
beech mixed forest, 14.10.2011, Akata & Yuzun 1023.
Family Hyaloscyphaceae
Neodasyscypha cerina (Pers.) Spooner: Locality 36,
on beech branch, 26.10.2012, Akata & Yuzun 1473.
Family Hypocreaceae

Hypocrea leucopus (P. Karst.) H.L. Chamb.: (Akata
2012b).
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Incertae sedis

Tapesia fusca (Pers.) Fuckel: Locality 40, on common
hazel branch, 27.10.2012, Akata & Yuzun 1610.

Family Lachnaceae

Lachnum virgineum (Batsch) P. Karst.: Locality 4, on
herbaceous stem, 06.09.2011, Akata & Yuzun 888.

Family Leotiaceae

Leotia lubrica (Scop.) Pers.: Locality 14, spruce and
beech mixed forest, 01.10.2011, Akata & Yuzun 960.

Family Morchellaceae

Morchella esculenta (L.) Pers.: Locality 33, near
spruce forest, 15.05.2012, Akata & Yuzun 1042.

Family Pezizaceae

Peziza badia Pers.: Locality 5, spruce and beech
mixed forest, 10.09.2011, Akata & Yuzun 903.

Peziza cerea Sowerby: Locality 35, spruce and beech
mixed forest, 17.10.2012, Akata & Yuzun 1395.

Peziza saniosa Schrad.: (Akata & Kaya 2012).

Family Pyronemataceae

Aleuria aurantia (Pers.) Fuckel: Locality 1, near road,
23.08.2011, Akata & Yuzun 871.

Cheilymenia granulata (Bull.) J. Moravec: Locality
24, pastureland, on cow dung, 13.10.2011, Akata &
Yuzun 1014,

Humaria hemisphaerica (F.H. Wigg.) Fuckel: Locality
26, 08.09.2012, Akata & Yuzun 1147,

Otidea alutacea (Pers.) Massee: Locality 10, spruce
and beech mixed forest, 25.09.2011, Akata & Yuzun 948.

Otidea onotica (Pers.) Fuckel: Locality 15, spruce
forest 02.11.2011, Akata & Yuzun 969.

Neottiella rutilans (Fr.) Dennis (Akata & Kaya
2013b).

Rhodoscypha ovilla (Peck) Dissing & Sivertsen
(Akata & Kaya 2013b).

Scutellinia scutellata (L.) Lambotte: Locality 5,
spruce and beech mixed forest, 10.09.2011, Akata &
Yuzun 905.

Tarzetta catinus (Holmsk.) Korf & J.K. Rogers:
Locality 18, spruce and beech mixed forest, 11.09.2011,
Akata & Yuzun 918.

Tarzetta cupularis (L.) Svrcek: Locality 30, spruce and
beech mixed forest, 19.10.2011, Akata & Yuzun 1031.

Family Rutstroemiaceae

Lanzia echinophila (Bull.) Korf: Locality 1, under
chestnut, inner surface of chestnut husk, 15.09.2011,
Akata & Yuzun 944,

Family Sarcoscyphaceae

Sarcoscypha coccinea (Jacg.) Sacc.: Locality 26, on
beech branch, 08.09.2012, Akata & Yuzun 1121,
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Family Sarcosomataceae

Plectania rhytidia (Berk.) Nannf. & Korf: Locality 40,
on common hazel branch, 27.10.2012, Akata & Yuzun
1534,

Family Xylariaceae

Daldinia concentrica (Bolton) Ces. & De Not.:
Locality 3, on beech branch, 23.08.2011, Akata & Yuzun
875.

Hypoxylon fragiforme (Pers.: Fr.) J. Kickx f.: Locality
38, on beech branch, 26.10.2012, Akata & Yuzun 1467.

Hypoxylon multiforme (Fr.) Fr.: Locality 4, on alder
branch, 06.09.2011, Akata & Yuzun 897.

Kretzschmaria deusta (Hoffm.) P.M.D. Martin:
Locality 31, on beech stump, 20.10.2011, Akata & Yuzun
1037.

Xylaria carpophila (Pers.) Fr.: Locality 8, on beech
husk, 11.09.2011, Akata & Yuzun 931.

Xylaria hypoxylon (L.) Grev.: Locality 36, on beech
branch, 26.10.2012, Akata & Yuzun 1501.

Xylaria longipes Nitschke: Locality 18, on beech
stump, 11.09.2011, Akata & Yuzun 919.

Xylaria polymorpha (Pers.) Grev.: Locality 25, on
beech stump, 14.10.2011, Akata & Yuzun 1021.

Phylum BASIDIOMYCOTA

Family Agaricaceae

Agaricus augustus Fr.: Locality 13, spruce forest,
01.10.2011, Akata & Yuzun 952.

Agaricus luteomaculatus (F.H. Mgller) F.H. Moller:
Locality 37, spruce forest, 26.10.2012, Akata & Yuzun
1470.

Agaricus xanthodermus Genev.: Locality 8, spruce
and beech mixed forest, 11.09.2011, Akata & Yuzun 928.

Bovista nigrescens Pers.: Locality 40, spruce and
beech mixed forest,27.10.2012, Akata & Yuzun 1524.

Bovista plumbea Pers.: Locality 5, 06.09.2011, spruce
and beech mixed forest, on path, Akata & Yuzun 900.

Chlorophyllum rhacodes (Vittad.) Vellinga: Locality
25, spruce and beech mixed forest, 14.10.2011, Akata &
Yuzun 1027.

Coprinus comatus (O.F. Miill.) Pers.: Locality 2,
pastureland, 23.08.2011, Akata & Yuzun 874.

Crucibulum laeve (Huds.) Kambly: Locality 27, on
beech branch, 08.09.2012, Akata & Yuzun 1134.

Cyathus olla (Batsch) Pers.: Locality 39, 27.10.2012,
on beech branch, Akata & Yuzun 1509.

Cyathus striatus (Huds.) Willd.: Locality 29, on beech
branch, 19.09.2012, Akata & Yuzun 1166.

I. Akata & Y. Uzun

Cystodermella granulosa (Batsch) Harmaja: Locality
36, spruce and beech mixed forest, 26.10.2012, Akata &
Yuzun 1479.

Lepiota clypeolaria (Bull.) P. Kumm.: Locality 18,
spruce and beech mixed forest, 11.09.2011, Akata &
Yuzun 920.

Lepiota cristata (Bolton) P. Kumm.: Locality 21, near
road, 10.10.2011, Akata & Yuzun 987.

Lepiota magnispora Murrill: Locality 39, spruce and
beech mixed forest, 27.10.2012, Akata & Yuzun 1512.

Lepiota oreadiformis Velen.: Locality 19, near road,
03.10.2011, Akata & Yuzun 972.

Leucoagaricus barssii (Zeller) Vellinga: Locality 34,
near road, 17.10. 2012, Akata & Yuzun 1434.

Lycoperdon echinatum Pers.: Locality 31, spruce and
beech mixed forest, 20.10.2011, Akata & Yuzun 1033.

Lycoperdon excipuliforme (Scop.) Pers.: Locality 20,
near spruce forest, 03.10.2011, Akata & Yuzun 980.

Lycoperdon lividum Pers.: Locality 32, near road,
20.10.2011, Akata & Yuzun 1036.

Lycoperdon molle Pers.: Locality 14, spruce and beech
mixed forest, 01.10.2011, Akata & Yuzun 955.

Lycoperdon perlatum Pers.: Locality 12, spruce forest,
25.09.2011, Akata & Yuzun 950.

Lycoperdon pratense Pers.: Locality 21, near road,
10.10.2011, Akata & Yuzun 991.

Lycoperdon pyriforme Schaeff.: Locality 11, on
spruce stump, 25.09.2011, Akata & Yuzun 945.

Lycoperdon utriforme Bull.: Locality 6, pastureland,
10.09.2011, Akata & Yuzun 908.

Macrolepiota konradii (Huijsman ex P.D. Orton)
M.M. Moser: Locality 37, near spruce forest, 26.10.2012,
Akata & Yuzun 1469.

Macrolepiota procera (Scop.) Singer: Locality 8,
spruce and beech mixed forest, 11.09.2011, Akata &
Yuzun 922.

Family Amanitaceae

Amanita caesarea (Scop.) Pers.: Locality 26, spruce
and beech mixed forest, 08.09.2012, Akata & Yuzun
1113.

Amanita citrina (Pers.) Pers.: Locality 3, spruce and
beech mixed forest, 29.08.2011, Akata & Yuzun 878.

Amanita gemmata (Fr.) Bertill.: Locality 29, spruce
and beech mixed forest, 19.10.2011, Akata & Yuzun
1029.

Amanita muscaria (L.) Lam.: Locality 32, near spruce
and beech mixed forest, 20.10.2011, Akata & Yuzun
1040.
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Amanita pantherina (DC.) Krombh.: Locality 9,
spruce and beech mixed forest, 15.09.2011, Akata &
Yuzun 939.

Amanita phalloides (Vaill. ex Fr.) Link: Locality 26,
spruce and beech mixed forest, 08.09.2012, Akata &
Yuzun 1120.

Amanita rubescens Pers.: Locality 16, spruce and
beech mixed forest, 02.10.2011, Akata & Yuzun 966.

Amanita vaginata (Bull.) Lam.: Locality 25, spruce
and beech mixed forest, 14.10.2011, Akata & Yuzun
1025.

Family Auriculariaceae

Auricularia mesenterica (Dicks.) Pers.: Locality 25,

on alder stump, 14.10.2011, Akata & Yuzun 1022.

Exidia nigricans (With.) P. Roberts: Locality 35, on
beech branch, 17.10.2012, Akata & Yuzun 1460.

Pseudohydnum gelatinosum (Scop.: Fr.) Karst.:
Locality 22, on spruce stump, 12.10.2011, Akata &
Yuzun 994,

Family Auriscalpiaceae

Lentinellus cochleatus (Pers.) P. Karst: Locality 23, on

spruce stump, 12.10.2011, Akata & Yuzun 1005.
Family Bankeraceae

Hydnellum auratile (Britzelm.) Maas Geest.: Locality

10, spruce forest, 25.09.2011, Akata & Yuzun 946.

Hydnellum spongiosipes (Peck) Pouzar: Locality 36,
spruce and beech mixed forest, 26.10.2012, Akata &
Yuzun 1461.

Sarcodon imbricatus (L.) P. Karst.: Locality 15,
spruce forest, 02.10.2011, Akata & Yuzun 965.
Family Bolbitiaceae
Conocybe arrhenii (Fr.) Kits van Wav.: Locality 21,
near road, 10.10.2011, Akata & Yuzun 986.

Conocybe tenera (Schaeff) Fayod: Locality 6,
pastureland, 10.09.2011, Akata & Yuzun 904.
Family Boletaceae
Boletus chrysenteron Bull.: Locality 28, spruce and
beech mixed forest, 19.09.2012, Akata & Yuzun 1160.

Boletus edulis Bull.: Locality 23, spruce forest,
12.10.2011, Akata & Yuzun 1004.

Boletus erythropus Pers.: Locality 17, spruce forest,
06.09.2011, Akata & Yuzun 929.
Family Bondarzewiaceae
Heterobasidion annosum (Fr.) Bref.: Locality 22, on
spruce stump, 13.06.2013, Akata & Yuzun, 1685
Family Cantharallaceae

Cantharellus cibarius Fr.: Locality 18, spruce and
beech mixed forest, 11.09.2011, Akata & Yuzun 926.
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Craterellus cornucopioides (L.) Pers.: Locality 40,
spruce and beech mixed forest, 27.10.2012, Akata &
Yuzun 1541.

Craterellus tubaeformis (Fr.) Quél.: Locality 9, spruce
and beech mixed forest, 15.09.2011, Akata & Yuzun 942.
Family Clavariadelphaceae

Clavariadelphus truncatus (Quél.) Donk: Locality 18,
spruce and beech mixed forest, 11.09.2011, Akata &
Yuzun 925.

Family Clavulinaceae

Clavulina cinerea (Bull.) J. Schrét.: Locality 40,
spruce and beech mixed forest, 27.10.2012, Akata &
Yuzun 1549,

Clavulina rugosa (Bull.) J. Schrét.: Locality 14,
spruce and beech mixed forest, 01.10.2011, Akata &
Yuzun 962.

Family Dacrymycetaceae

Calocera cornea (Batsch) Fr.: Locality 23, on spruce

stump, 12.10.2011, Akata & Yuzun 993.

Calocera viscosa (Pers.) Fr.: Locality 15, on spruce
stump, 02.10.2011, Akata & Yuzun 967.

Dacrymyces stillatus Nees: Locality 40, on beech
stump, 27.10.2012, Akata & Yuzun 1527.
Family Diplocystidiaceae
Astraeus hygrometricus (Pers.) Morgan: Locality 19,
near road, 03.10.2011, Akata & Yuzun 983.
Family Entolomataceae
Entoloma asprellum (Fr.) Fayod: (Kaya et al., 2013).
Entoloma rhodopolium (Fr.) P. Kumm.: Locality 25,
spruce and beech mixed forest, 04.10.2012, Akata &
Yuzun 1254.
Family Fistulinaceae
Fistulina hepatica (Schaeff.) With.: Locality 40, on
common hazel stump, 27.10.2012, Akata & Yuzun 1530.
Family Fomitopsidaceae
Daedalea quercina (L.) Pers.: Locality 1, on chesnut
stump, 23.08.2011, Akata & Yuzun 872.

Fomitopsis pinicola (Sw.) P. Karst.: Locality 32, on
spruce stump, 20.10.2011, Akata & Yuzun 1038.

Laetiporus sulphureus (Bull.) Murrill: Locality 2, on
poplar, 23.08.2011, Akata & Yuzun 868.
Family Ganodermataceae
Ganoderma lucidum (Curtis) P. Karst.: Locality 18, on
beech root, 11.09.2011, Akata&Yuzun 930.
Family Geastraceae

Geastrum fimbriatum Fr.: Locality 25, spruce and
beech mixed forest, 19.10.2011, Akata & Yuzun 1032.
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Geastrum quadrifidum DC. ex Pers.: Locality 37,
spruce forest, 26.10.2012, Akata & Yuzun 1480.

Geastrum rufescens Pers.: Locality 9, spruce and
beech mixed forest, 15.09.2011, Akata & Yuzun 940.

Geastrum triplex Jungh: Locality 27, spruce and beech
mixed forest, 08.09.2012, Akata & Yuzun 1154,

Family Gomphaceae

Gomphus clavatus (Pers.) Gray: Locality 40, spruce
and beech mixed forest, 27.10.2012, Akata & Yuzun
1603.

Phaeoclavulina flaccida (Fr.) Giachini: Locality 31,
spruce and beech mixed forest, 04.10.2012, Akata &
Yuzun, 1294

Ramaria flavescens (Schaeff.) R.H. Petersen: Locality
40, spruce and beech mixed forest, 27.10.2012, Akata &
Yuzun 1533.

Family Hydnaceae

Hydnum repandum L.: Locality 4, spruce and beech
mixed forest, 06.09.2011, Akata & Yuzun 887.

Family Hydnangiaceae

Laccaria laccata (Scop.) Cooke: Locality 26, spruce
and beech mixed forest, 08.09.2012, Akata & Yuzun
1118.

Family Hygrophoraceae

Cuphophyllus  virgineus  (Wulfen)  Kovalenko:
Locality 40, spruce and beech mixed forest, 27.10.2012,
Akata & Yuzun 1531.

Gliophorus psittacinus (Schaeff.) Herink: Locality 25,
spruce and beech mixed forest, 04.10.2012, Akata &
Yuzun 1298.

Hygrocybe acutoconica (Clem.) Singer: Locality 28,
spruce and beech mixed forest, 11.10.2012, Akata &
Yuzun 1326.

Hygrocybe conica (Schaeff.) P. Kumm.: Locality 6,
pastureland, 10.09.2011, Akata & Yuzun 915.

Hygrophorus agathosmus (Fr.) Fr.: Locality 30,
spruce and beech mixed forest, 04.10.2012, Akata &
Yuzun 1265.

Hygrophorus chrysodon (Batsch) Fr.: Locality 40,
spruce and beech mixed forest, 27.10.2012, Akata &
Yuzun 1537.

Hygrophorus erubescens (Fr.) Fr.: Locality 31, spruce
and beech mixed forest, 29.09.2012, Akata & Yuzun
1229.

Hygrophorus pudorinus (Fr.) Fr.: Locality 18, spruce
and beech mixed forest, 11.09.2011, Akata & Yuzun 932.
Family Hymenochaetaceae

Hymenochaete rubiginosa (Dicks.) Lév.: Locality 31,
on stump, 29.09.2012, Akata & Yuzun 1225.
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Phellinus viticola (Schwein.) Donk: Locality 14, on
spruce stump, 11.10.2012, Akata & Yuzun 1372.

Family Hymenogastraceae

Hebeloma sinapizans (Paulet) Gillet: Locality 40,
spruce and beech mixed forest, 27.10.2012, Akata &
Yuzun 1525.

Incertae sedis

Panaeolus papilionaceus (Bull.) Quél.: Locality 32,
near road, on cow dung, 20.10.2011, Akata & Yuzun
1034,

Family Inocybaceae

Crepidotus caspari Velen.: Locality 30, on beech
branch, 04.10.2012, Akata & Yuzun 1261.

Crepidotus epibryus (Fr.) Quél.: Locality 25, on beech
leaves, 04.10.2012, Akata & Yuzun 1291.

Inocybe asterospora Quél.: Locality 9, spruce and
beech mixed forest, 15.09.2011, Akata & Yuzun 937.

Inocybe cervicolor (Pers.) Quél.: Locality 31, spruce
and beech mixed forest, 11.10.2012, Akata & Yuzun
1376.

Inocybe geophylla (Fr.) P. Kumm.: Locality 40, spruce
and beech mixed forest, 27.10.2012, Akata & Yuzun
1555.

Inocybe praetervisa Quél.: Locality 4, spruce and
beech mixed forest, 06.09.2011, Akata & Yuzun 890.

Inocybe rimosa (Bull.) P. Kumm.: Locality 22, spruce
forest,12.10.2011, Akata & Yuzun 996.

Family Lyophyllaceae
Asterophora lycoperdoides (Bull.) Ditmar Locality
25, on rotten Russula Pers., 04.10.2012, Akata & Yuzun
1287.

Asterophora parasitica (Bull. ex Pers.) Singer:
Locality 28, on rotten Russula, 11.10.2012, Akata &
Yuzun 1311.

Family Marasmiaceae

Macrocystidia cucumis (Pers.) Joss.: Locality 31,
spruce and beech mixed forest, 29.09.2012, Akata &
Yuzun 1240.

Marasmius bulliardii Quél.: Locality 30, on beech
leaves, 04.10.2012, Akata & Yuzun 1272.

Marasmius oreades (Bolton) Fr.: Locality 14, spruce
and beech mixed forest, 11.10.2012, Akata & Yuzun
1373.

Marasmius rotula (Scop.) Fr.: Locality 25, on beech
branch, 04.10.2012, Akata & Yuzun 1259.

Family Mycenaceae
Mycena epipterygia (Scop.) Gray: Locality 40, on the

remains of spruce wood, 27.10.2012, Akata & Yuzun
1563.
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Mycena galopus (Pers.) P. Kumm.: Locality 31, the
remains of beech wood, 29.09.2012, Akata & Yuzun
1236.

Mycena pura (Pers.) P. Kumm.: Locality 40, spruce
and beech mixed forest, 27.10.2012, Akata & Yuzun
1539.

Mycena sanguinolenta (Alb. & Schwein.) P. Kumm.:
Locality 30, spruce and beech mixed forest, 04.10.2012,
Akata & Yuzun 1256.

Mycena silvae-nigrae Maas Geest. & Schwobel:
Locality 16, on spruce stump, 13.10.2011, Akata &
Yuzun 1009.

Mycena stipata Maas Geest. & Schwobel: Locality 28,
on spruce stump, 11.10.2012, Akata & Yuzun 1330.

Panellus stipticus (Bull.) P. Karst.: Locality 14, on
beech branch, 11.10.2012, Akata & Yuzun 1348.
Meruliaceae

Bjerkandera adusta (Willd.) P. Karst.: Locality 22, on
beech stump, 13.06.2013, Akata & Yuzun 1689.

Family Omphalotaceae

Gymnopus confluens (Pers.) Antonin, Halling &
Noordel.: Locality 14, spruce and beech mixed forest,
11.10.2012, Akata & Yuzun 1362.

Gymnopus dryophilus (Bull.) Murrill: Locality 25,
04.10.2012, spruce and beech mixed forest, Akata &
Yuzun 1281.

Gymnopus erythropus (Pers.) Antonin, Halling &
Noordel.: Locality 31, on beech stump, 29.09.2012, Akata
& Yuzun 1210.

Mycetinis  scorodonius (Fr.) AW. Wilson &
Desjardin: Locality 28, spruce and beech mixed forest,
11.10.2012, Akata & Yuzun 1332.

Rhodocollybia butyracea (Bull.) Lennox: Locality 30,
spruce and beech mixed forest, 04.10.2012, Akata &
Yuzun 1299,

Family Paxillaceae

Paxillus involutus (Batsch) Fr.: Locality 16, spruce

forest, 13.10.2011, Akata & Yuzun 1008.
Family Phallaceae

Clathrus ruber P. Micheli ex Pers.: Locality 18, spruce

and beech mixed forest, 11.09.2011, Akata & Yuzun 921.

Mutinus caninus (Huds.) Fr.: Locality 25, spruce and
beech mixed forest, 04.10.2012, Akata & Yuzun 1273.

Phallus impudicus L.: Locality 9, 15.09.2011, spruce
and beech mixed forest, Akata & Yuzun 938.

Family Physalacriaceae

Armillaria mellea (Vahl) P. Kumm.: Locality 25, on
beech stump, 04.10.2012, Akata & Yuzun 1277.
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Mucidula mucida (Schrad.) Pat.: Locality 40, on beech
stump, 27.10.2012, Akata & Yuzun 1567.

Hymenopellis radicata (Relhan) R.H. Petersen:
Locality 30, on beech root, 04.10.2012, Akata & Yuzun
1290.

Xerula pudens (Pers.) Singer: Locality 40, spruce and
beech mixed forest, 27.10.2012, Akata & Yuzun 1551.

Family Pleurotaceae
Pleurotus ostreatus (Jacg.) P. Kumm.: Locality 30, on
beech stump, 04.10.2012, Akata & Yuzun 1276.
Family Pluteaceae
Pluteus atromarginatus (Konrad) Kiihner: Locality 9,
on spruce stump, 15.09.2011, Akata & Yuzun 941.
Family Polyporaceae
Cerioporus squamosus (Huds.) Quél.: Locality 1, on
stump, 23.08.2011, Akata & Yuzun 877.

Lenzites betulina (L.) Fr.: Locality 31, on beech
branch, 29.09.2012, Akata & Yuzun 1233.

Panus conchatus (Bull.) Fr. Locality 28, on beech
stump, 11.10.2012, Akata & Yuzun 1312.

Polyporus melanopus (Pers.) Fr.: Locality 30, on
beech stump, 04.10.2012, Akata & Yuzun 1257.

Picipes badius (Pers.) Zmitr. & Kovalenko: Locality
5, on alder stump, 10.09.2011, Akata & Yuzun 900.

Trametes hirsuta (Wulfen) Lloyd: Locality 40, on
beech stump, 27.10.2012, Akata & Yuzun 1526.

Trametes versicolor (L.) Lloyd: Locality 31, on beech
stump, 29.09.2012, Akata & Yuzun 1246.

Family Psathyrellaceae

Coprinellus disseminatus (Pers.) J.E. Lange: Locality
40, on beech stump, 27.10.2012, Akata & Yuzun 1570.

Coprinellus micaceus (Bull.) Vilgalys, Hopple &
Jacg. Johnson: Locality 14, on the remains of beech wood,
01.10.2011, Akata & Yuzun 964.

Coprinellus xanthothrix (Romagn.) Vilgalys, Hopple
& Jacq. Johnson: Locality 40, on the remains of beech
wood, 27.10.2012, Akata & Yuzun 1545.

Coprinopsis atramentaria (Bull.) Redhead, Vilgalys
& Moncalvo: Locality 6, pastureland, 10.09.2011, Akata
& Yuzun 906.

Family Russulaceae

Lactarius aurantiacus (Pers.) Gray: Locality 25,
spruce and beech mixed forest, 14.10.2011, Akata &
Yuzun 1026.

Lactarius piperatus (L.) Pers.: Locality 29, spruce and
beech mixed forest, 13.10.2011, Akata & Yuzun 1006.

Lactarius scrobiculatus (Scop.) Fr.: Locality 14,
spruce and beech mixed forest, 11.10.2012, Akata &
Yuzun 1343.
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Lactarius vellereus (Fr.) Fr.: Locality 40, spruce and
beech mixed forest, 27.10.2012, Akata & Yuzun 1561.

Lactarius volemus (Fr.) Fr.: Locality 29, spruce and
beech mixed forest, 13.10.2011, Akata & Yuzun 1002.

Russula chloroides (Krombh.) Bres.: Locality 31,
spruce and beech mixed forest, 29.09.2012, Akata &
Yuzun 1217.

Russula cyanoxantha (Schaeff.) Fr.: Locality 9, spruce
and beech mixed forest, 15.09.2011, Akata & Yuzun 941.

Russula emetica (Schaeff.) Pers.: Locality 25, spruce
and beech mixed forest, 04.10.2012, Akata & Yuzun
1266.

Family Schizophyllaceae

Schizophyllum commune Fr.: Locality 2, on fallen

branch, 23.08.2011, Akata & Yuzun 873.
Family Sclerodermataceae

Scleroderma bovista Fr.: Locality 32, near road,

20.10.2011, Akata & Yuzun 1039.

Scleroderma polyrhizum (J.F. Gmel.) Pers.: Locality
40, spruce and beech mixed forest, 27.10.2012, Akata &
Yuzun 1522.

Family Stereaceae

Stereum hirsutum (Willd.) Pers.: Locality 22, on beech

stump, 13.06.2013, Akata & Yuzun 1687.

Stereum rameale (Schwein.) Burt: Locality 36, on
beech stump, 26.10.2012, Akata & Yuzun 1486.
Family Strophariaceae

Hypholoma fasciculare (Huds.) P. Kumm.: Locality
40, on common hazel stump, 27.10.2012, Akata & Yuzun
1521.

Pholiota lucifera (Lasch) Quél.: Locality 25, on alder
stump, 14.10.2011, Akata & Yuzun 1028.

Stropharia aeruginosa (Curtis) Quél.: Locality 40,
spruce and beech mixed forest, 27.10.2012, Akata &
Yuzun 1553.

Stropharia rugosoannulata Farl. ex Murrill: Locality
39, near spruce and beech mixed forest, 27.10.2012,
Akata & Yuzun 1509.

Family Suillaceae

Suillus collinitus (Fr.) Kuntze: Locality 1, under pine,

13.10.2011, Akata & Yuzun 1016.

Suillus granulatus (L.) Roussel: Locality 38, spruce and
beech mixed forest, 26.10.2012, Akata & Yuzun 1486.
Family Tapinellaceae
Tapinella atrotomentosa (Batsch) Sutara: Locality 13,
on spruce stump, 01.10.2011, Akata & Yuzun 957.
Family Tricholomataceae

Clitocybe foetens Melot: Locality 5, spruce and beech
mixed forest, 06.09.2011, Akata & Yuzun 893.
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Clitocybe gibba (Pers.) P. Kumm.: Locality 31, spruce
and beech mixed forest, 11.10.2012, Akata & Yuzun
1368.

Clitocybe nebularis (Batsch) P. Kumm. Locality 40,
spruce and beech mixed forest, 27.10.2012, Akata &
Yuzun 1556.

Clitocybe odora (Bull.) P. Kumm.: Locality 27, spruce
and beech mixed forest, 08.09.2012, Akata & Yuzun
1151.

Delicatula integrella (Pers.) Fayod: Locality 40, on
common hazel stump, 27.10.2012, Akata & Yuzun 1550.

Lepista nuda (Bull.) Cooke: Locality 8, spruce and
beech mixed forest, 11.09.2011, Akata & Yuzun 917.

Myxomphalia maura (Fr.: Fr.) Hora: Locality 37,
spruce forest, 26.10.2012, Akata & Yuzun 1468.

Paralepista flaccida (Sowerby) Vizzini: Locality 25,
spruce and beech mixed forest, 14.10.2011, Akata &
Yuzun 1024.

Tricholoma terreum (Schaeff.) P. Kumm.: Locality
16, spruce forest, 02.10.2011, Akata & Yuzun 970.

Tricholoma vaccinum (Schaeff.) P. Kumm.: Locality
22, spruce forest, 12.10.2011, Akata & Yuzun 995.

Tricholomopsis rutilans (Schaeff.) Singer: Locality
17, on spruce stump, 06.09.2011, Akata & Yuzun 892,

Family Tremellaceae

Tremella encephala Pers.: Locality 38, on spruce
stump, 26.10.2012, Akata & Yuzun 1497.

Tremella foliacea Pers.: Locality 14, on beech stump,
01.10.2011, Akata & Yuzun 954.

Tremella mesenterica Retz.. Locality 27, on beech
stump, 08.09.2012, Akata & Yuzun 1186.

Discussion

Uzungol Nature Park was a region where data on its
macrufungal diversity was lacking until the present study.
Previous studies in the region revealed presence of only 7
macrofungi species (Akata 2012a,b, Akata & Kaya
2013a,b, Kaya et al. 2013). Our present detailed sampling
in the region added 205 species to the macromycota of the
region, indicating a relatively rich biodiversity for a
relatively small area. We, therefore included all recorded
species in our present list with which we listed 212 species
belonging to 129 genera and 64 families inside the
boundaries of Uzungol Nature Park. The list included 46

members in Ascomycota (Caloscyphaceae,
Chlorociboriaceae,  Diatrypaceae,  Geoglossaceae,
Hyaloscyphaceae, Hypocreaceae, Lachnaceae,

Leotiaceae, Morchellaceae, Rutstroemiaceae,
Sarcoscyphaceae and Sarcosomataceae and Incertae
sedis, 1; Cudoniaceae and Pezizaceae 3; Helvellaceae 4;
Helotiaceae 5; Xylariaceae 8 and Pyronemataceae 10)
and 166 members in Basidiomycota (Auriscalpiaceae,
Bondarzewiaceae, Clavariadelphaceae, Diplocystidiaceae,
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Fistulinaceae, Ganodermataceae, Hydnaceae,
Hydnangiaceae, = Hymenogastraceae, = Meruliaceae,
Paxillaceae, Pleurotaceae, Pluteaceae, Schizophyllaceae
and Tapinellaceae and Incertae sedis 1; Bolbitiaceae,
Clavulinaceae, Entolomataceae, Hymenochaetaceae,
Lyophyllaceae, Sclerodermataceae, Stereaceae and
Suillaceae 2; Auriculariaceae, Bankeraceae, Boletaceae,
Cantharallaceae, Dacrymycetaceae, Fomitopsidaceae,
Gomphaceae, Phallaceae and Tremellaceae 3;
Geastraceae, Marasmiaceae, Physalacriaceae,
Strophariaceae and Psathyrellaceae 4; Omphalotaceae 5;
Inocybaceae, Mycenaceae and Polyporaceae 7;
Amanitaceae, Hygrophoraceae and Russulaceae 8;
Tricholomataceae 11 and Agaricaceae 26).

The most widespread macrofungi species in the nature
park were; Armillaria mellea, Boletus chrysenteron,
Cantharellus cibarius, Cyathus striatus, Coprinellus
disseminatus, Fomitopsis pinicola, Hydnum repandum,
Hymenopellis radicata, Hypholoma fasciculare, Inocybe
geophylla, Laccaria laccata, Lactarius volemus,
Lycoperdon lividum, L. perlatum, Macrolepiota procera,
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Ozet: Bu ¢alismada, yabani Vicia aintabensis Boiss. & Hausskn. ex Boiss kok nodiillerinden izole edilen Rhizobium Frank
izolatlarinin farkli tuz konsantrasyonlarmma (0, 100, 150, 200, 250, 300, 350, 400 ve 450mM) toleranslarinin ve bu tuz
konsantrasyonlarinin izolatlarin poli-B-hidroksibiitirik asit (PHB) iiretimlerine olan etkilerinin belirlenmesi amaglanmigtir.
Elde edilen sonuglar, izolatlarin farkli tuz toleransina sahip olduklarimi ortaya koymustur. Tuz konsantrasyonlarindan en fazla
etkilenen V4.6 izolat: olmustur. izolatlarin PHB verimi (kuru hiicre agirhgma gore) %0,62-27 arasindadir. Artan tuz
konsantrasyonlari izolat gelisimini inhibe ederken, PHB depolanmasini tesvik etmistir. Kok nodiil izolatlar: tarafindan tuz stres
kosullarinda PHB iiretimi tartigilmigtir.

Anahtar kelimeler: Poli-B-hidroksibiitirik asit, yabani Vicia aintabensis Boiss. & Hausskn. ex Boiss, izolat, tuz konsantrasyonu.

Salt tolerance and PHB production of Rhizobium Frank isolates of root nodules of wild Vicia
aintabensis Boiss. & Hausskn. ex Boiss

Abstract: This study was performed in order to determine the tolerance of Rhizobium Frank isolates obtained from root nodules
of wild Vicia aintabensis Boiss. & Hausskn. ex Boiss to different NaCl concentrations (0, 100, 150, 200, 250, 300, 350, 400
and 450mM ) and to determine the effects of these different salt concentrations on poly-B-hydroxybutyric acid (PHB) production
of the isolates. The results showed that the isolates showed different salt tolerance responses. V4.6 isolate was found to be the
most affected isolate by salt concentrations. The PHB yield of the isolates (in terms of cell dry weight) was between 0.62-27%.
Increasing salt concentrations inhibited isolate growths but stimulated PHB accumulation. PHB production by root nodule
isolates under salt—stress conditions was discussed.

Key words: Poly-B-hydroxybutyric acid, wild Vicia aintabensis Boiss. & Hausskn. ex Boiss, isolate, salt concentration.

Giris

Diinyada karasal alanlarin yaklasik %40 kadarinin
tuzluluk problemi gosterdigi agiklanmistir (Gorji ve ark.
2015). Ozellikle kurak ve yar1 kurak bdlgelerde, {iretimi
siirlandiran en 6nemli abiyotik stres faktorlerinden biri
olan tuzluluk ile iilkemizde de, yaklagik 1,5 milyon hektar
alanda savasilmaktadir (Cullu 2011). Sulama igin
kullanilan su kaynaklar1 veya topraklarda tuzlulugun
artmasi, bir¢cok tarimsal {irliniin verimini azaltmakta,
bitkilerin gelisimlerinde degisikliklere yol agmaktadir
(Cordovilla ve ark. 1994). Ozmotik stres gibi direk toksik
etkiye sahip, artan tuz konsantrasyonlari toprak
mikrobiyal popiilasyonunu olumsuz etkilemekle birlikte
(Tate 1995), baklagil bitkileri gelisme donemlerinde
tuzdan etkilenmektedirler (Cordovilla ve ark. 1994,
Zahran 1991). Baklagil bitkileri arasinda da tuza
toleranslilik bakimindan farkliliklar incelenmistir (Zahran
1991). Vicia faba Moench, Phaseolus vulgaris Alef, bazi
Vicia sp. tiirleri (Zahran ve Sprent 1986), Glycine max

Merrill gibi bazi baklagillerin diger baklagil tiirlerine gore
tuza daha toleransli olduklari, V. faba Moench’in
tolerantl hatlarinin tuzlu kosullarda da azot fiksasyonunu
gergeklestirdigi bildirilmistir (Zahran ve Sprent 1986).

Buna karsin, Rhizobium Frank ve Bradyrhizobium
Jordan cinsi kok nodiil bakterileri konukgular1 olan
baklagillere gore tuza karsi daha toleransli olmalarina
ragmen, bu bakteri izolatlarinin tuza kars1 direnglilikleri
farklilik gostermektedir (Abdel-Wahab ve Zahran 1979).

Rhizobium leguminosarum Frank izolatlarinin sivi
kiiltirde 350mM NaCl konsantrasyonuna toleransh
oldugu bildirilmistir (Abdel-Wahab ve Zahran 1979).
Soya fasulyesi ve nohutta kok nodiilleri olusturan
Rhizobium izolatlarmim 340mM NaCl’e toleransh
olduklar1 ayrica hizli gelisen izolatlarin yavas gelisenlere
gore tuza daha direngli oldugu yapilan bir ¢alismada
agiklanmistir  (El-Sheikh ve Wood 1990). Ozellikle
yabani baklagillerden izole edilen Rhizobium Frank
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izolatlarinin tuz toleransinin yiiksek oldugu, 1,8M NaCl
iizerindeki yiiksek tuz konsantrasyonlarinda bile gelisme
gosterdikleri bildirilmistir (Tate 1995). Baklagil yem
bitkilerinden izole edilen R. meliloti Dangeard, R.
leguminosarum bv. trifolii Frank (EI-Mokadem ve ark.
1991) ile soya fasulyesi (El-Sheikh ve Wood 1995) ve
yoncadan izole edilen Rhizobium Frank izolatlarinin
(Mashhady ve ark. 1998) tuzlu kosullarda gelisme
gosterdikleri saptanmustir. Mikroorganizmalar; ozmotik
basinct dengeleyebilmek i¢in karbonhidratlari, betainleri,
aminoasitleri ve potasyum gibi inorganik iyonlar
depolayabilmektedirler (Hua ve ark. 1982).

Poli-B-hidroksibiitiratin (PHB), bakteri hiicrelerinde
en ¢ok bulunan mikrobiyal poliesterlerden oldugu
Anderson ve Dawes (1990), Junior ve ark. (2011)
tarafindan agiklanmistir. Rhizobium Frank bakterilerinin
hiicre kuru agirliklarinin %55’inden daha fazla PHB
tirettigi rapor edilmistir (Lakshmi ve ark. 2012, Tombolini
ve Nuti 1989). Bu mikrobiyal poliesterler, uygun olmayan
kosullarda gelisme sirasinda intraselliller inkliizyonlar
olarak olusmaktadir (Anderson ve Dawes 1990).

Stres kosullarinda Rhizobium Frank bakterilerinde
depolanan PHB’nin kok enfeksiyonu sirasinda 6nemli
karbon ve enerji kaynagi oldugu agiklanmistir (Charles ve
ark. 1997). Stam ve ark. (1986) PHB’nin nodiillerde
oksijen konsantrasyonunun artmasi ile nitrojenazi
korudugu, nodiil disinda besin yetersizliginde ise karbon
ve enerji kaynagi olarak bakteri gelisimine hizmet ettigini
bildirmislerdir. Calismada tarimsal agidan 6nemli olan
Rhizobium Frank bakterilerinin tuz stresine kars1 PHB nin
olasi roliinii belirlemek igin, daha 6nce yabani Vicia
aintabensis kok nodiillerinden izole edilen 10 Rhizobium
sp. Frank izolatinin farkli NaCl konsantrasyonlardaki
gelisimleri ve PHB iiretimleri iizerine farkli NaCl
konsantrasyonlarinin etkisi incelenmistir.

Materyal ve Metot

Kullanilan mikroorganizmalar

Calismada Sanlmurfa ve c¢evresinde dogal olarak
yetisen yabani Vicia aintabensis (antep figi) kok
nodiillerinden daha 6nce izole edilmis ve tanimlamalar
yapilmig  olan  Rhizobium sp. Frank izolatlar
kullamlmistir (Kiigiik ve ark. 2011). izolatlar Harran
Universitesi ~ Biyoloji ~ Béliimii ~ Mikrobiyoloji
laboratuvarindan saglanmustir. izolatlarin bazi morfolojik
ve fizyolojik 6zellikleri Jordan (1984)’a gore yapilmis ve
Tablo 1°de verilmistir.

Izolatlarin __ farkli  NaCl
gelismeleri

Yeast ekstrakt mannitol broth (YEM) besiyerine farkli
konsantrasyonlarda (0, 100, 150, 200, 250, 300, 350, 400,
450mM) NaCl eklenerek hazirlanan besiyeri ortamlari
121°C’de 15 dakika siire ile otoklavlanmistir.
Sterilizasyon sonrasi, 10ml besiyeri igeren tiiplere
10%ob/ml igeren bakteri kiiltiiriinden 0,5ml ayr1 ayri
inokule edilmistir. Bakteriyal izolatlar 27+2°C’de 48saat
siire ile gelistirilmistir. Izolatlarin gelisimleri 620nm

konsantrasyonlarinda

C. Kiigiik

dalga  boyunda  spektrofotometrede  Olgiilmiistiir
(Abdelmoumen ve ark. 1999, Faituri ve ark. 2001).

Lolatlarin_Poli-f-hidroksibiitirik _asit _iiretimlerinin
belirlenmesi

Farkli konsantrasyonlarda NaCl iceren yeast ekstrakt
mannitol sivi besiyerinde 150rpm, 27+£2°C’de 48saat
gelistirilen izolatlar, 40000xg’de 30 dakika santrifiij
edilmistir. Siipernatant uzaklastirllmig ve 50°C’de
kurutulup tartimi1 yapilan peletlerin {izerine, 5’er ml steril
distile su eklenerek 3dakika sonikasyona birakilmustir.
Hiicre siispansiyonuna 2ml HCl (2N) eklenerek, 2saat
boyunca 100°C’lik su banyosunda bekletilmistir.
6000xg’de 20dk santrifiij sonrast elde edilen pelletlere;
Sml kloroform eklenmis ve vorteklenmistir. Daha sonra
icerikler, 30°C’de 150rpm’de 24saat inkiibe edilmistir.
Inkiibasyon siiresi sonunda ise icerik, 6000xg’de 30dk
satrifiijlenmistir. Santrifiij sonrasi igerikten 0,1ml alinip
temiz tiipe aktarilmig ve 100°C’de kloroformun
ucurulmasi saglanmigtir. Sml stlfiirik asit eklenerek
100°C’de 10-20dk bekletilmis, 235nm dalga boyunda
spektrofotometrede okuma yapilmustir (Bonartseva ve
Myshkina 1985). Izolatlarm kuru hiicre agirliklarinda
depolanan PHB miktari, PHB standart grafigi kullanilarak
hesaplanmigtir (Bonartseva ve Myshina 1985).

[statistiki analiz; MS Excel’de varyans analizine gore
izolatlar arasi, uygulamalar ve kendi aralarinda
karsilastirilarak yapilmistir (Yurtsever 1984).

Sonuclar ve Tartisma

Yabani Vicia aintabensis kok nodiil izolatlar1 bazi
morfolojik ve fizyolojik 6zelliklerine gore incelenmis ve
izolatlarin koloni biiyiikliiklerinin agar ortaminda 0,8-
2,4mm arasinda degisiklik gosterdigi tespit edilmistir.
Izolatlarin tiimii ¢ubuk sekilli ve hareketli olup, Gram
negatiftir (Tablo 1). Izolatlarin koloni vizkoziteleri
degisiklik gostermekle birlikte; V4.2 ve V4.5 nolu
izolatlar oldukga yiiksek mukoid koloni olusturmuslardir.
Sicakliga toleransliliklarinda ise, degiskenlik
gostermislerdir. Sekiz izolat 42°C’de, iki izolat 38°C’de
gelismistir. Oksidaz reaksiyonu pozitiftir ve izolatlar test
edilen karbon kaynaklarini (glukoz, mannitol, maltoz,
ksiloz, mannan, sukroz, sakkaroz, galaktoz) asimile
etmislerdir. Izolatlarin gdsterdikleri bu reaksiyonlar
Bergeys’e gore Rhizobium bakterileri grubuna girmekle
birlikte tiir tanisinda kesin veriler vermemektedir (Jordan
1984). Calismada amag kok nodiil izolatlarinin farkl tuz
konsantrasyonlarinda gelismelerinin incelenmesi ve PHB
dretimlerinin belirlenmesi oldugundan tiir diizeyindeki
tanilamalar1 bu ¢aligmada yapilmamastir.

Caligmada test edilen ve yabani Vicia aintabensis kok
nodiillerinden izole edilen Rhizobium Frank izolatlarinin
farkli tuz konsantrasyonlar1 igeren ortamlarda farkl
gelisme sergiledikleri tespit edilmistir (Sekil 1).

Yapilan benzer bir ¢alismada da, 300mM’den fazla
tuz  konsantrasyonlarinda  Sinorhizobium  meliloti
Dangeard’in gelisme gosterdigi rapor edilmistir (Sauvage
ve ark. 1983). Kassem ve ark. (1985) ise 750mM NaCl’e
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Tablo 1. Yabani Vicia aintabensis kok nodiil izolatlarinin bazi morfolojik ve fizyolojik 6zellikleri.

Ozellikler
V4.1 V4.2 V4.3 V4.4

izolatlar

V4.5 V4.6 VA7 V3.8 V3.3 V1.3

Gram boyama

reaksiyonu
YEMA’da Koloni
2,1 2,0 15 0,8 11 2,2 2,4 2,0 2,2 1,6
biiytikliig (mm)
Hiicre sekli ¢ubuk cubuk cubuk cubuk ¢ubuk ¢ubuk ¢ubuk  ¢ubuk ¢ubuk ¢ubuk
¢ok cok
Mukoz olusumu yiiksek orta diisiik yiiksek orta  yiiksek  diisiik orta
yiiksek yiiksek
6,5- 5,5- 6,5-
Farkli pH’larda tireme  5,5-85 6,5-85 6,5-8,5 6,5-8,5 5585 55-85 5,5-8,5
8,5 8,5 8,5
Sicaklik toleransi (°C) 42 42 42 42 42 38 42 38 42 42
Spor olusumu - - - - - - - - - -
Oksidaz reaksiyonu + + + + + + + + + +
Litmus milkte alkali
] + + + + + + + + + +
reaksiyon
Kongo kirmizisi igeren
+ + + + + + + + + +

YEMA da iireme

+: pozitif, -: negatif

1,6
1,4
10 mM
,g 1,2 =100 mM
S 1 u 150 mM
< ] ]
2 0,8 ‘ =200 mM
: | |
£ 04 | =300 MM
i | NN - 380m
el | | H L . eom
0 450 mM
V4.1l V4.2 V4.3 V4.4 V4.5 V4.6 V4.7 V3.8 V3.3 V13
izolatlar
Sekil 1. Farkli tuz konsantrasyonlarinda Rhizobium sp. Frank izolatlarinin gelisimleri (p<0.05).
Rhizobium Frank izolatlarinin toleransli oldugunu, konsantrasyonlarinin bulundugu ortamlarda

900mM NaCl iceren ortamda ise izolatlarin
gelismelerinin inhibe oldugunu saptamiglardir. El-Sheikh
ve Wood (1990), nohut kék nodiillerinden izole ettikleri
Rhizobium Frank izolatlarinin Na;SQ4, NaCl, MgSOs,
K:SOs ve KCI gibi farkli tuzlarm %1 ve %1,5
diizeylerindeki konsantrasyonlariin bulundugu
ortamlarda gelisebildiklerini belirlemislerdir. Izolatlar
arasinda gelisimi en fazla inhibe olan V4.6 nolu izolat
olarak saptanmistir. Bunu sirasi ile V4.5 ve V4.2 nolu
izolatlar  izlemistir  (Sekil 1). Farkli  tuz

Trakya Univ J Nat Sci, 18(1): 25-32, 2017

izolatlarimizin tuza karsi toleransliliklarinda belirlenen
farkliligin, izolatlarin birbirlerinden farkli olmalarindan
kaynaklandig diisiniilmektedir.

Yapilan benzer ¢aligmada da, soyafasulyesi ve nohut
ko6k nodiillerinden izole edilen Rhizobium sp. Frank
izolatlarinin 340mM NaCl’e, boriilce kok nodillerinden
izole edilen Rhizobium sp. Frank izolatlarinin ise 450mM
NaCl’e toleransli olduklari saptanmistir (Abdal 2016). Saf
kiilltirde ve  toprak  gibi  kompleks ortamda
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Tablo 2. Farkli tuz konsantrasyonlarinda gelistirilen yabani Rhizobium sp. Frank izolatlarinin kuru hiicre agirliklar (glt), PHB

igerikleri (gl™) ve varyans analizi.

Kuru hiicre agirhiklari (KHA) (gl

izolatlar
OmM 100mM 150mM 200mM 250mM 300mM 350mM 400mM 450mM
V4.1 0,31 0,29 0,20 0,21 0,20 0,18 0,16 0,17 0,09
V4.2 0,26 0,22 0,21 0,20 0,17 0,12 0,10 0,29 0,03
V4.3 0,29 0,24 0,22 0,14 0,14 0,13 0,12 0,17 0,09
V4.4 0,24 0,22 0,21 0,20 0,20 0,20 0,15 0,09 0,08
V4.5 0,23 0,24 0,15 0,13 0,12 0,08 0,04 0,03 0,03
V4.6 0,22 0,21 0,16 0,14 0,12 0,16 0,03 0,02 0,02
V4.7 0,27 0,24 0,24 0,19 0,19 0,20 0,15 0,15 0,10
V3.8 0,25 0,24 0,22 1,14 0,21 0,21 0,14 0,11 0,09
V3.3 0,27 0,26 0,17 0,13 0,12 0,11 0,10 0,08 0,07
V13 0,12 0,19 0,18 0,12 0,12 0,12 0,10 0,06 0,02
Ortalama 0,236 0,235 0,196 0,26 0,159 0,151 0,109 0,117 0,062
iyolatlar PHB icerigi (gl ™)
0omM 100mM 150mM 200mM 250mM 300mM 350mM 400mM 450mM
va.l 0021  0,0057 0,0063 0,0067 0,0078 0,0098 0,0086 0,0071 0,0064
V4.2 0,018 0,0025 0,0052 0,0058 0,0062 0,0075 0,0104 0,0121 0,0035
V4.3 0,02 0,0048 0,0071 0,0076 0,008 0,0087 0,008 0,0073 0,0042
V4.4 0,008 0,0032 0,0045 0,0077 0,0083 0,0096 0,0106 0,0096 0,0045
V4.5 0,018 0,0043 0,0051 0,0056 0,0058 0,0074 0,0053 0,0025 0,0022
V4.6 0,021 0,0031 0,0047 0,0068 0,0092 0,0117 0,0081 0,0052 0,0047
V4.1 0,006 0,0015 0,0034 0,0045 0,0086 0,0092 0,0114 0,0098 0,0062
V338 0,012 0,0018 0,0031 0,0038 0,0042 0,0079 0,0077 0,0065 0,004
V3.3 0,009 0,0016 0,0044 0,0047 0,0061 0,0074 0,008 0,0082 0,0033
V13 0,013 0,0022 0,0028 0,0034 0,0038 0,005 0,0056 0,005 0,0021
Ortalama 0015 00032 0,0051 0,0061 0,0074 0,0092 0,0092 0,0082 0,004
Kareler ortalamasi
V.K. S.D. Kareler ortalamasi (PHB)
(KHA)
Tekerriir 1 0,0004 0,00001
Uygulama (U) 8 0,08 0,29™
Kontrol ve digerleri 1 0,1™ 0,14™
Digerleri 7 0,07 0,31™
Hata 1 8 0,002 0,0006
Izolat (I) 9 0,04 0,01™
ixU 72 0,02 0,005™
Hata 2 161 0,0001 0,00003
*, %% %5 ve %1 e gbre onemli (sirastyla)
mikroorganizmalarin gelisimi, farklilik gostermektedir 2006). Tuza toleransliligin, artan tuz diizeylerine
(Elsheikh ve Wood 1990). Rhizobial izolatlarin abiyotik toleransli  Rhizobium  Frank izolatlarmin  nodiil

strese dayanikliliklarinin farkli oldugu, tuz stresine maruz
kaldiklarinda  ozmotik  adaptasyon i¢in  farkhi
mekanizmalar1 kullandiklar1 bildirilmistir (Arora ve ark.

iletkenliginin oksijenin yiiksek stabilitesi ile iliskili
oldugu belirtilmistir (Cordovilla ve ark. 1994, Ltaief ve
ark. 2007).
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Kurak bolge topraklarinda yetisen baklagil kok
nodiillerinden izole edilen Rhizobium Frank bakterilerinin
yiiksek tuz konsantrasyonlarinda gelistigi Singleton ve ark.
(1982) ve Ventorino ve ark. (2012) tarafindan rapor
edilmistir. Arora ve ark. (2006) ise; dort Sinorhizobium
Scholla & Elkan izolatinin farkli tuz konsantrasyonlarinda

gelismelerinde  farklilikk  oldugunu  belirtmislerdir.
Calismamizda farkli diizeylerde NaCl iceren ortamlarda
izolatlarimizin ~ gelismelerinde  belirlenen  farklilik

aragtiricilarin bulgulari ile benzerlik gostermektedir.

Izolatlarin PHB iiretimi, farkli tuz konsantrasyonlarinda
incelenmis ve her bir tuz konsantrasyonlarida
depoladiklart PHB igeriginde farklilik saptanmustir (Tablo
2). En yiliksek PHB icerigi 400mM NacCl iceren ortamda
V4.2 izolatinda 0,0121gl? olarak  belirlenmistir.
Izolatlardan V4.6 izolat1 300mM’de (0,0117gl) en yiiksek
PHB iiretmistir. V4.4 (0,0106gl™?), V4.7 (0,0114gl™) ve
V1.3 (0,0056gl?Y) izolatlar1 ise 350mM NaCl igeren
ortamda yliksek PHB {iiretmislerdir (Tablo 2).

Izolatlarin PHB tretimi, farkl tuz
konsantrasyonlarinda incelenmis ve her bir tuz
konsantrasyonlarinda depoladiklar1 PHB igeriginde
farklilik saptanmistir (Tablo 2). En yiliksek PHB igerigi
400mM NaCl igeren ortamda V4.2 izolatinda 0,0121gl?
olarak belirlenmistir. izolatlardan V4.6 izolat:1 300mM’de
(0,0117gl) en yiiksek PHB iiretmistir. V4.4 (0,0106gl™?),
V4.7 (0,0114gl'Y) ve V1.3 (0,0056gl?) izolatlart ise
350mM NacCl igeren ortamda yiiksek PHB {iiretmislerdir
(Tablo 2). izolatlarin tiimiinde en diisiik PHB igerigi tuz
icermeyen ortamda (kontrol) tespit edilmistir. izolatlarin
depoladiklar1 PHB, ortamdaki tuz konsantrasyonuna ve
izolata  gore  farkliik  gostermistir.  Kontrolle
karsilagtirildiginda PHB igerigindeki en yiiksek artis;
250mM, 300mM, 350mM, 400mM ve 450mM NaCl
iceren ortamlarda V4.7 nolu izolattan alinmistir. Bu da,
tuzlu kosullarda V4.7 bakteri izolatinin PHB
depolayabildigini gostermektedir. Her bir izolatta PHB
depolanmasi farkli tuz konsantrasyonlarinda artmis, V4.2
izolatinda ise en yiiksek artis 400mM NaCl’de
belirlenmistir. 1zolatlarin iirettizi PHB icerikleri ile
gelistikleri ortamlarda yiiksek ozmotik basinca tepki
olarak biyopolimer sentezledikleri ve yiiksek PHB
iretilen tuz diizeyleri de izolatlar i¢in optimum tuz
konsantrasyonlar1 olarak diisiiniilebilir. Bu degerleri daha
iyi tahmin etmek igin, ortamlarin optimizasyonlar1 i¢in
ayrintili bir c¢alisma yapilmas1 gerekmektedir. Belirli
NaCl konsantrasyonlarinda izolatlar tarafindan {iretilen
PHB iceriklerinde diisiis meydana gelmistir. Bu sonug,
PHB olusumu i¢in PHB biyosentez mekanizmasinda
inhibisyon olusumunun meydana geldigini gostermekte
olup, artan tuz konsantrasyonuyla iiretilen PHB igeriginin
diisiik olmas1 da ozmotik strese cevap olabilir.

PHB depolanmasinin, tuza dayanikli izolatlara gore
degisiklik gosterebilecegi agiklanmustir (Ali ve ark. 2014,
Arora ve ark. 2006, Kassem ve ark. 1985). Benzer olarak,
tuz goliinden izole edilen Bacillus megaterium deBary
uyuni S29 izolatinin farkli tuz konsantrasyonlari iceren
ortamlardaki iireme durumlari incelenmistir (Rodriguez-
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Contreras ve ark. 2016). S29 izolat1 45g1"* NaCl, 100gl*
NaCl ve 250gl* NaCl iceren ortamlarda gelisebilmis ve
PHB iretebilmislerdir. Aragstiricilar tuz
konsantrasyonlarinin artigina bagli olarak biyomas ve
PHB iiretiminde bir azalma belirlemislerdir (Rodriguez-
Contreras ve ark. 2016). Arastiricilar, S29 izolatinin en iyi
iireme gosterdigi 45gl’ NaCl konsantrasyonunda en
yiiksek PHB depoladigint bildirmiglerdir. Yapilan bir
aragtirmada Cupriavidus necator Davis ve Rhizobium
Frank DDSS-69’un maruz kaldiklari tuz stresi biyomas
dretimlerini  etkilememis ve kontrole gére PHB
depolanmasin1  arttirmistir  (Obruca ve ark. 2010).
Caligmamizda da artan tuz konsantrasyonlarinda
izolatlarimizin PHB igeriklerinde belirlenen artis,
aragtiricilarin sonuglari ile uyumludur.

Arora ve ark. (2006); yiiksek ozmotik stres sirasinda
ortamda artan tuz diizeyinden dolayl, bakteriyal
hiicrelerin azot, potasyum veya diger iyonlar
absorblamalariin zorlagsmasinin hiicre i¢inde PHB’nin
depolanmaya Dbaglamasindan kaynaklandigini ifade
etmislerdir. Kim ve ark. (1999) ise potasyumun azaldig1
durumlarda bakteriyal hiicrelerin PHB depoladiklarini
yaptiklart c¢aligmalarinda kanitlamislardir. Passanha ve
ark. (2016) tarafindan yapilan ¢alismada, bes farkli (3, 5,
6, 5 9, 12 ve 15gIY) NaCl konsantrasyonunun
Cupriavidus necator Davis tarafindan polialkonat (PHA)
tiretimi  lizerine etkileri aragtirtlmigtir. Ortamda tuz
konsantrasyonunun artmasiyla, hiicre iginde daha fazla
miktarda PHB graniiliiniin biriktigini belirlemislerdir. Bu
calismada da Passanha ve ark. (2016)’nin bulgularina
benzer olarak artan tuz konsantrasyonuna gore izolatlarda
depolanan PHB igeriklerindeki artig farklilik gostermistir.
Bu calismada arastirilan bakteri izolatlar1 toplam kuru
hiicre agirliginin %0,62-27’si arasinda PHB iiretmislerdir
(Tablo 3). Tuzlu kosullarda endofitik bakterilerden
Enterobacter aerogenens Hormaeche & Edwards ET 101,
E. gergoviae Hormaeche & Edwards ET 111, E.
aerogenens Hormaeche & Edwards ET102 ve Rhizobium
leguminosarum bv. viceae Frank’in piring gelisimi
tizerine etkilerinin arastirildigi bir ¢alismada, bakteriyal
izolatlarin ayrica tuz igeren ortamda PHB iirettikleri
saptanmustir. Ozmotik kosullara toleransli izolatlarin
iretilen PHB  9%19,66-39,09 arasinda degisiklik
gostermistir (Ali ve ark. 2014). Arastiricilar 6zellikle en
yiiksek PHB tireten E. aerogenens Hormaeche & Edwards
ET 101 izolatinin tuzlu toprak kosullarinda piring
bitkisinin tuz stresine toleranshiliginin arttirilmasinda
etkili oldugunu belirlemislerdir. Tablo 4’de farkli bakteri
izolatlarinin tuzlu igeren ortamlarda firettikleri PHB
miktar1 verilmistir. Uretilen PHB nin bakteri tiiriine gore
degisiklik gosterdigi ve ayni tiirtin farkli izolatlari
arasinda da PHB miktarinin degistigi goriilmektedir
(Tablo 4).

Sonug olarak; yabani Vicia aintabensis kok nodiil
izolatlarmin farklt konsantrasyonlardaki NaCl igeren
ortamlarda gelisimleri farklilik gostermekle birlikte,
yiksek  tuz  igerigi izolatlarin gelismelerini
siirlandirmigtir. Izolatlar yiiksek NaCl
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Tablo 3. Farkl: tuz konsantrasyonlarinda gelistirilen yabani Rhizobium sp. Frank izolatlarmm PHB verimi (%).

NaCl konsantrasyonlar1 varhginda PHB verimi (%)

Tzolatlar —— ™ T00mM  150mM  200mM _ 250mM __ 300mM _ 350mM __ 400mM __ 450mM
Va1l 6,77 1,96 3,15 3,19 39 5,44 54 4,17 7,11
V4.2 6,92 1,13 2,47 2,9 3,64 3,94 4 4,17 11,67
V4.3 6,89 2 3,22 5,42 5,71 6,69 6,47 4,29 4,67
V4.4 3,33 1,45 2,14 3,85 4,15 4,8 7.1 10,7 5,63
V4.5 7,82 1,79 34 4,30 4,83 9,25 13,3 83 7,33
V4.6 9,54 1,47 2,94 4,85 7,67 73 27 26 235
Va7 2,22 0,63 1,42 2,36 4,52 46 76 6,53 6,2
V3.8 48 0,75 1,40 1,58 2 3,7 55 5,90 4,44
V3.3 3,33 0,62 2,58 3,62 5,08 6,7 8 10,25 4,71
V1.3 10,83 1,16 1,56 2,83 3,17 4,2 5,6 8,33 10,5

Tablo 4. Farkli bakteri izolatlarmin farkl tuz konsantrasyonlarindaki PHB iiretimleri

Tuz Kuru hiicre

PHB iiretici izolatlar PHB (gI?) Kaynak

diizeyi  agirhg (gl?)
Sinorhizobium JB1 Dangeard 700mM 0,00136 Arora ve ark. 2006
S.meliloti MTCC 3402 Dangeard 500mM 0,00121 Arora ve ark. 2006
S.meliloti RMP5 Dangeard 300mM 0,00115 Arora ve ark. 2006
Sinorhizobium sp. Dangeard 300mM 0,00091 Arora ve ark. 2006
B.megaterium uyuni S29 deBary 5glt 2,60 1,17 Rodriguez-Contreras ve ark. 2014
B.megaterium uyuni S29 deBary 45gIt 5,42 2,22 Rodriguez-Contreras ve ark. 2014
B.megaterium uyuni S29 deBary 100glI* 3,20 0,72 Rodriguez-Contreras ve ark. 2014
Enterobacter aerogonens Hormaeche & Edwards ~ 8gl* 1,10 0,430 Ali ve ark. 2014
E.gergovise Hormaeche & Edwards 8glt 1,15 0,422 Ali ve ark. 2014
E.aerogenens (L.) Hormaeche & Edwards 8glt 1,20 0,236 Ali ve ark. 2014
R.leguminosarum Frank 8glt 0,308 0,308 Ali ve ark. 2014
Rhizobium sp. Frank V4.1 300mM 0,18 0,098 Bu ¢alismada
Rhizobium sp. Frank V4.3 300mM 0,13 0,0087 Bu ¢alismada
Rhizobium sp. Frank V4.5 300mM 0,08 0,0074 Bu ¢aligmada
Rhizobium sp. Frank V4.6 300mM 0,16 0,0117 Bu ¢aligmada
Rhizobium sp. Frank V3.8 300mM 0,21 0,0079 Bu caligmada
Rhizobium sp. Frank V4.4 350mM 0,15 0,0106 Bu ¢alismada
Rhizobium sp. Frank V4.7 350mM 0,15 0,0114 Bu ¢alismada
Rhizobium sp. Frank V1.3 350mM 0,10 0,0056 Bu ¢alismada
Rhizobium sp. Frank V4.2 400mM 0,29 0,0121 Bu ¢aligmada
Rhizobium sp. Frank V3.3 400mM 0,08 0,0082 Bu ¢aligmada
Cupriavidus necator Davis 2glt 10,1 6,36 Obruca ve ark. 2010

C. necator Davis 5glt 9,3 5,16 Obruca ve ark. 2010
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konsantrasyonlarinda en yiilksek PHB  sentezini
yapmuslardir.  Izolatlarn  tiimiinde, kontrol ~(NaCl
icermeyen) uygulamasinda depolanan PHB icerigi, artan
tuz diizeylerinde depolanan PHB igerigine gore oldukca
diisiik bulunmustur. Tuzlu kosullarda PHB depolamasinin
tuza toleransli izolatlara bagli oldugu diisliniilmektedir.
Calismada elde edilen sonuglar, tuzlu kosullarda
bakteriyal hiicrelerin korunmasinda PHB’nin roliinii
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Abstract: Broad host range of entomopathogenic fungi may have a commercial advantage for biological control industry. In
addition, all entomopathogenic fungi rely on a combination of different enzymes to penetrate their hosts and these enzymes
play an important role in the host range of fungal isolates. The aim of this study is to determine the potential of three Beauveria
bassiana (Bals.) Vull. isolates in control of Tetranychus urticae Koch (Acari: Tetranychidae) and to determine their lipase,
chitinase, and protease activities. For this purpose, B. bassiana (PaF04, PaF09 and PaF76) isolates, which was previously
demonstrated to have entomopathogenic activity against Coleoptera, Lepidoptera, and Hymenoptera were chosen. T. urticae
was used as the test organisms. Three different suspensions (1x108, 1x107 and 1x108 conidia mI) were prepared in Tween 80.
2ml suspension of a single dose was sprayed onto down sides of bean leaf discs using hand sprayer. Mortality rates of T. urticae,
in terms of LT50 values, were recorded daily for 5 days. Enzyme activities were investigated by petri plate assays and clear
zones formed around the colonies indicated enzymatic activities. All tested fungal isolates were pathogenic to the T. urticae
causing mortality between 64.2+5.6% and 100% on the 5" day after the application. LT50 values varied between 3.16+0.2 and
3.7240.5 days. Mortality caused by PaF04 isolate was found to be significantly different (p<0.05). In conclusion, PaF isolates
of B. bassiana have been determined to have potential to suppress T. urticae, in addition to their potential in control of
Coleoptera, Lepidoptera, and Hymenoptera. The present results showed that the isolates used, especially PaF04, have a broad
host range.

Key words: Beauveria bassiana, broad host range, Tetranychus urticae, enzyme activity.

Beauveria bassiana (Bals.) Vull. izolatlarimin Tetranychus urticae Koch'a (Acari: Tetranychidae) Kars:
Kontrol Potansiyellerinin ve Enzim Aktivitelerinin Belirlenmesi

Ozet: Entomopatojen funguslarin genis konukgu gesitliligi biyolojik miicadele endiistrisi i¢in ticari bir avantaj olabilir. Bununla
birlikte, entomopatojen funguslarin tiimii konukcuya niifuz etmek icin ¢esitli enzimlerinin kombinasyonlarint kullanir ve bu
enzimler fungal izolatlarin konukgu ¢esitliliginde 6nemli bir rol oynar. Bu ¢alismanin amaci, ti¢ Beauveria bassiana (Bals.)
Vull. izolatinin Tetranychus urticae Koch'a (Acari: Tetranychidae) karsi kontrol potansiyellerinin ve lipaz, kitinaz ve proteaz
enzim aktivitelerinin belirlenmesidir. Bu amagla, daha 6nce Coleoptera, Lepidoptera ve Hymenoptera'ya kars1 entomopatojenik
aktivite gosteren B. bassiana (PaF04, PaF09 ve PaF76) izolatlari se¢ilmistir. Test organizmast olarak, T. urticae kullanilmustir.
Ug farkli dozda siispansiyon (1x108, 1x107 ve 1x108 konidi ml-Y) Tween 80'de hazirlanmustir. 2ml tek doz spor siispansiyonu
el spreyi kullanilarak fasiilye yaprak disklerinin alt yiiziine ptskiirtiilmiigtiir. T. urticae’nin 6liim oranlar1 5 giin boyunca giinliik
olarak kaydedilmistir. Enzim aktiviteleri petri plate yontemi ile aragtirilmis ve koloni ¢evresinde olusan agik zonlar, enzimatik
aktivitenin varligint gostermistir. Test edilen tiim fungus izolatlari uygulamadan 5 giin sonra, 64,2+5,6% ve 100% arasinda
mortaliteye yol agarak T. urticae’ye karsi patojenite gostermistir. LT50 degerleri 3,16+0,2 ve 3,72+0,5 giin arasinda
degismistir. PaF04 izolatinin neden oldugu mortalite 6nemli derecede farkli bulunmustur (p<0,05). Sonugta, B. bassiana PaF
izolatlarinin Coleoptera, Lepidoptera ve Hymenoptera'yr kontrol potansiyellerinin oldugu kadar T. urticae’yr baskilama
potansiyeline de sahip olduklar1 belirlenmistir. Mevcut sonuglar, kullanilan izolatlarin, 6zellikle de PaF04'iin genis bir konukcu
araligina sahip oldugunu gostermistir.

Anahtar kelimeler: Beauveria bassiana, genis konukgu araligi, Tetranychus urticae, enzim aktivitesi.

Introduction

Entomopathogenic fungi are considered to be one of naturally growing in soils and acting as a parasite on
the promising biological control agents (St Leger et al. various arthropod species, has a potential to be used
1996). Beauveria bassiana (Bals.) Vull., a fungal species against both insect pests and plant pathogens. However,
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no data was reported about phytopathogenic activity of
this fungal species (Clarkson & Charnley 1996, Ownley
et al. 2004, 2008).

The two spotted spider mite, Tetranychus urticae
Koch is a worldwide economically important major pest
of agriculture (Numa Vergel et al. 2011) and has been a
serious problem due to insecticide use. The use of
entomopathogen fungi has been an increasingly popular
option to control mites and suppress their populations
(Zhang 2003). In recent years, a growing interest about
using Beauveria spp. in mite control applications occurred
(Shi & Feng, 2004, Alves et al. 2005, Bugeme et al.
2008). Laboratory studies revealed that B. bassiana as an
effective pathogen of T. urticae (Irigaray et al. 2003,
Bugeme et al. 2009, Draganova & Simova 2010, Geroh et
al. 2015).

B. bassiana is known to have a potential to control
more than 70 insect pests, but most of the studies
evaluating infection have focused on phytophagous hosts,
most of which are Arthropoda members (Feng et al. 1994,
Roy et al. 2006, van Lenteren 2012). Beauveria genus was
shown to be affective against members of the insect orders
Coleoptera, Lepidoptera, and Hymenoptera (Hatting et al.
2004).

The commercial production of mycoinsecticides has
been a successful and environmentally safe alternative to
insecticides. However, acceptance of these products has
been limited when compared with conventional chemical
products because they are not acting on pest species as fast
as chemical products (Leger & Screen 2001, Sevim 2015).
Narrow host range of mycoinsecticides is also one of the
factors limiting their commercial use (Ownley et al.
2004). However, a mycoinsecticide including
entomopathogenic fungi with a broad host range may have
a commercial advantage over others (Brodeur 2012).

B. bassiana has an extremely broad host range and uses
a combination of cuticle-degrading enzymes for degradation
of and penetration into the host cuticle (Butt 2002, Meyling
et al. 2009, Ortiz-Urquiza & Keyhani 2013). These enzymes
including lipase, chitinase and protease may determine not
only the virulence but also the host range of fungal isolates
(Gupta et al. 1994, Butt 2002).

Some  studies indicated that strains  of
entomopathogenic fungi can be more virulent to pests
than the same or related host species that they were
isolated from (Goettel et al. 1990, Ekesi et al. 2000, Shaw
et al. 2002). Besides, pathogens that are not associated
with a host in nature can be tested for their pathogenicity
(Wekesa et al. 2005).

In the present study, we selected three native B.
bassiana isolates, which were previously demonstrated to
be active against Coleoptera (Albayrak Iskender et al.
2013), Lepidoptera (Albayrak Iskender et al. 2012), and
Hymenoptera (Albayrak Iskender et al. 2017), and
evaluated their pathogenicity potentials towards T. urticae
(Acari) considering their extremely broad host range.
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Materials and Methods

Biological material and history of isolates

PaF04, PaF09 and PaF76 isolates of B. bassiana were
used in this study. These isolates, previously isolated from
Pristiphora abietina (Christ) larvae, were shown to be
highly pathogen on different insect species and are
deposited within the GenBank database with accession
numbers KT962854, KT962855, and KT962857
respectively. A history of each isolates was given in Table
1. T. urticae was reared, as the target organisms, on bean
plants at 25+1°C and 60+5% relative humidity (RH) with
a 12:12h (L:D) photoperiod.

Conidial suspension and viability

The isolates were cultured in Potato Dextrose Agar
(PDA) containing 2% yeast extract and kept for two weeks
at 25°C for conidial production. Conidia were suspended in
sterile distilled water, a surfactant (0.2ml/I Tween 80) was
added to reduce clumping of the conidia, and the suspension
was vortexed to produce a homogenous state (Belczewski &
Harmsen 2000). The prepared suspensions were then
filtrated through three layers of muslin to eliminate hyphae
and unsuspended conidia. The spore concentrations were
determined using a haemacytometer and suspensions were
prepared in logarithmic series from 1x10° to 1x108 (Eken &
Hayat 2009).

Conidial viability was tested in
Sabouraud Dextrose Agar (SDA) plates. Droplets were
taken from suspensions in sterile conditions and spread
over the SDA medium. After 24h, percent germination
was determined from 100 spore counts on each plate
(Ekesi et al. 2000). Only conidia with a germ tube as long
as the conidium’s width were considered to be
germinated. Spore suspensions were sealed with Parafilm
and kept at 4°C in a refrigerator until use (Safavi et al.
2010).

Bioassays

Effect of conidial concentration on pathogenity

Three different preparations, 1x10°, 1x107 and 1x108,
each supplied with 0.02% Tween 80, were tested. 2ml
suspension of a single dose was sprayed onto down side
of bean leaf discs (30mm diameter) using a hand sprayer.
The leaf discs were air dried and placed in Petri dishes
(Quesada-Moraga et al. 2006). Distilled water containing
0.02% Tween 80 was used as control. Twenty vigorous
adult mites arbitrarily taken from the reared population
were transferred to each disc by means of a fine soft brush
(Kady et al. 2007). After exposure, all petri dishes were
sealed with Parafilm and the lids were provided with holes
of 6 mm diameter for proper ventilation.

All petri dishes were incubated at 25+1°C and 65+5%
RH. Mortality was recorded on daily basis for a period of
5 days. Dead mites were surface sterilized in 70% ethanol,
dried and transferred to Petri dishes lined with moist filter
paper for 10 days to observe mycosis. Mortality caused by
fungi was confirmed by microscopic examination (Cherry
et al. 2005).
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Table 1. History of the isolates used in this study.

Host Order Application Dose Mortality (%) (5™ day after application) Reference
(conidia/ml) PaF04 PaF09 PaF76
P. ﬁ?\i,igna Hymenoptera Immersing 108 48.2+8.9b 80+6.4a 72.8+£7.7ab (Alt;y;ﬁ kZ:)slk7e)n der
Hl'ai\lj;]:a Lepidoptera Immersing 108 96.66+3.33a 90+5.77a  96.66+3.33a (Alt);y;ﬁ kzl(;s,ll<§)nder
D.Ifri?\i/gzns Coleoptera Immersing 10° 100a 100a 100a (Albeiy;ﬁ kzloslkg)nder

In-vitro enzyme plate assays

B. bassiana isolates were tested for qualitative analysis
of chitinase, protease and lipase enzymes by measured clear
zone. For analysis of the lipolytic activity, the medium
described by Sierra (1957) was used. Olive oil was used as
the lipid substrate. For analysis of the proteolytic activity,
caxsein soluble medium with milk powder was used. For
the chitinolytic activity, medium-5 as described by Abd-
Aziz et al. (2008) was used with addition of agar. An agar
disk (6mm in diameter) from 7-old day fungal culture was
placed in the center of these agar plates and the inoculated
plates were incubated at 28°C for 10 days. Clear zones
formed around the colonies indicated degradation of the
substrate due to enzymatic activity. Zone formations in the
protease activity were enhanced by flooding the plates with
10% glacial acetic acid.

Statistical analysis

The experimental design was a randomized complete
block with three replicates, and each replicate consisted of
20 mites. The analysis of variance was conducted using
one-way ANOVA test using SPSS 13.0 LT50 was
determined graphically for mortality (Alves et al. 2005).

Results

This study determined pathogenicity of B. bassiana
against T. urticae under laboratory conditions. In viability
tests, 95-100% of the spores germinated and all tested
fungal isolates were pathogenic to the T. urticae, causing
a mortality rate between 64.245.6% and 100% after 5 days
from application. Microscopic investigations confirmed
mycosis for all dead mites, and B. bassiana was reisolated
from all dead individuals. LT50 values varied between
3.16+0.2 and 3.72+0.5 days. Mortality caused by PaF04
isolate was found to be significantly different (p<0.05)
between all preparations. For this isolate, the lowest B.

bassiana concentration (1x10° conidia/ml) gave less
control (80.7+4.2%) of the mites until the 5™ day after
inoculation. By comparison, the intermediate
concentration (1x107 conidia/ml) caused a mortality with
92+3.5%, and the best results were obtained with the
highest conidial concentrations (1x108 conidia/ml) with
which a high control (100%) of the mites were achieved.
PaF04 isolate was consistently more virulent than PaF09
and PaF76 isolates for all preparations. PaF09 isolate
showed a virulence similar to that of PaF76 (p<0.05)
except for 1x107 conidia/ml. LT50 values of these three
isolates changed between 3.16 and 3.72 days (Table 2).

Discussion

B. bassiana isolate PaF04 was consistently more
virulent than PaF09 and PaF76 isolates for all
preparations. Mortality of the target organism T. urticae
was found to increase with time (data not shown) and was
dependent on spore concentration. PaF04 isolate led to the
shortest LT50 value with 3.16 days. This value was
significantly (P>0.05) shorter than LT50 values obtained
with PaF09 and PaF76 isolates. Albayrak Iskender et al.
(2012) compared the virulence of the same isolates
against H. cunea larvae and found that their virulence was
similar (P>0.05). Furthermore, Albayrak Iskender et al.
(2017) reported that these isolates were pathogenic
against P. abietina larvae as well, but the levels of
virulence were different among the isolates (P>0.05).

They also reported that PaF09 isolate was highly
virulent to P. abietina larvae, and all PaF04, PaF09 and
PaF76 isolates possessed a good potential against H.
cunea and D. micans larvae. Nevertheless, in our study,
only PaF04 isolate was shown to have a potential to
control T. urticae. Our results which indicated a poor
potential for PaF09 and PaF76 againts T. urticae migth

Table 2. Mortality of T. urticae within 5 days after application of fungal isolates and the enzyme activities of the isolates in terms of

clear zone evaluations on agar plates (p<0.05+SE)*.

65+5%RH LT50 (days) Enzyme activity (mm)
Conidial suspension Lipase Protease Chitinase
Isolates 1x10° 1x107 1x108
PaF04 80.7+4.22 92+3.52 1002 3.16+0.2 ND** 4.5+0.52 622
PaF09 67.6+6.3° 83.4+2.20 89.8+3.3P 3.52+0.3 2+0.4¢ 5+0.52 1+0.5¢
PaF76 64.2+5.6° 77.8+4.2°¢ 90.1+1.1° 3.72+0.5 5+12 4+0.72 ND**

* The differences between the values indicated by the same letters (used as superscript) in the same column are not statistically significant (p<0.05),

**ND: Not determinated.

Trakya Univ J Nat Sci, 18(1): 33-38, 2017
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be due to the experimental method employed, to the type
of the host and host stage because all these parameters
are know to affect the results of bioassays (Mascarin et
al. 2013).

When the lipase and protease activities values of
PaF76 isolate were compared, the clear zone for lipase
activity was (5+1mm) appeared to be higher than its
protease-originated clear zone (4+0.7mm). The obtained
results indicated that mortality effect of PaF76 on T.
urticae was too low. Extracellular lipases are involved
in microbial virulence and play different roles in
infection processes (Stehr et al. 2003). Khan et al.
(2012) reported that lipase was the most important
enzyme for virulence as compared to chitinase and
protease. The differences of the hosts and isolates used
might be the factors leading to differences in mortality
results obtained (Clarkson & Charnley 1996). In
addition, the developmental stage of the host organism
might also be a reason of differences in mortality. PaF04
isolate possessed the highest chitinase activity. This
isolate was consistently more virulent than PaF09 and
PaF76 isolates in this study. Previous studies have
shown that enzymatic activities based on chitinase and
protease played important roles in mortality of pest in
the presence of entomopathogens (St Leger et al. 1996,
Campos et al. 2005). Similarly, Khan et al. (2012)
reported that protease was found to be effective in the
pathogenicity of B. bassiana. We therefore conclude
that PaF04 isolate could be used as potential control
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Abstract: In this study, Silene echinospermoides Hub.-Mor. (Caryophyllaceae) is reported as a new host species for the rust
fungus Uromyces behenis (DC.) Unger. A short description, distribution and photographs of macro- and micromorphological

features of the fungus were given.

Key words: Uromyces, rust fungi, new host, Turkey.

Uromyces behenis (DC.) Unger i¢in Yeni Bir Konake1 Tiir

Ozet: Bu caligmada, Silene echinospermoides Hub.-Mor. (Caryophyllaceae), Uromyces behenis (DC.) Unger pas mantari tiirii
i¢in yeni bir konakgi tiir olarak rapor edilmistir. Bu fungusun kisa deskripsiyonu, yayilist ve makro ve mikromorfolojilerine ait

fotograflar1 verilmistir.

Anahtar kelimeler: Uromyces, pas mantarlari, yeni konak, Tirkiye.

Introduction

Silene L. is one of the largest genera of flowering plants
in the world, comprising ca. 750 species of which
approximately half occur in the Mediterranean basin. The
southern parts of Balkan Peninsula and southwest Asia are
the two main centers for the genus (Greuter 1995). Silene is
represented in Turkey by 31 sections and 138 species, of
which 42% are endemic taxa (Geng et al. 2007).

Rust species recorded so far on Silene as the host
belong to the genera Aecidium Pers., Puccinia Pers. and
Uromyces (Link) Unger. Uromyces is known to include
12 species worldwide which rely on Silene species and 5
of these species were determined in Turkey by
Bahgecioglu & Kabaktepe (2012).

In the present study, a new host Silene species, S.
echinospermoides, was reported for the rust fungus
Uromyces behenis, contributing to its host range of.

Materials and Methods

Fungi samples and the host plants were collected in
2016 from Antalya province in Turkey. The host
specimens were prepared according to the conventional
herbarium techniques. Host plants were identified using
the Flora of Turkey and the East Aegean Islands (Cullen
& Coode 1967). Fungal spores were scraped from dried
host specimens and mounted in lactophenol.

Microphotographs of the spores were taken under a light
microscope (Noveks B series 1000). The current names of
fungi were given according to www.indexfungorum.org.
Names of host plants and families are given according to
http://www.theplantlist.org. Voucher specimens are
deposited in Inonii University Herbarium (INU).

Results

The identification of the fungal samples showed that
the fungus sampled on S. echinospermoides was
Uromyces behenis (DC.) Unger, Einfluss des Bodenstc.:
216 (1836). (Fig. 1). Macro- and micromorphological
features of the fungus were given below.

Aecidia usually hypophyllous, seated on spots that
vary in size and yellow or purple. It is very conspicuous,
solitary or clustered, cup shaped, whitish yellow.
Aecidispores densely and minutely verruculose,
yellowish, 15-21pm in diam. Uredinia aecidioid.
Teleutosori hypophyllous and on the stems, often mixed
with uredinia, scattered, gregarious or circinate, covered
by epidermis, brownish black or black. Teleutospores
subgloboid or obovoid, rounded above 25-37 x 19-27um,
wall smooth, pale brown, up to 1 1um at apex, pore apical,
pedicels up to 80um, faintly yellowish, persistent.
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Fig. 1. Images of the rust fungus Uromyces behenis and the host species Silene echinospermoides. A- a general view of the dried
herbarium specimen of the host; B- stereo microscopic view of the infected host plant; C- light microscopic view of Aecidiaspores;D-

light microscopic view of Teleutospores.

Table 1. Host range and distribution of Uromyces behenis in Turkey.

References

(Bahcecioglu et al. 2006, Gobelez 1962)
(Bahgecioglu & Kabaktepe 2012)

The record reported in the present study

Host Distribution in Turkey

Silene spp. Kahramanmaras
Silene alba Muhl. ex Rohrb. Kars, Ardahan
Silene echinospermoides Hub.-Mor.  Antalya

Silene italica (L.) Pers. Sivas (Bahcecioglu & Yildiz 2005)
Silene marschallii C. A. Mey. Erzurum (Henderson 1964, Tamer et al. 1989)
Silene vulgaris (Moench) Garcke Sivas, Ordu (Bahcecioglu & Y1ldiz 2005, Kabaktepe & Bahcecioglu 2006).

Specimen examined: Silene echinospermoides Hub.-
Mor. (Caryophyllaceae), Turkey, Antalya, Kumluca,
Yukar1 Alakir, 1200m. 30/05/2016, A. Ozcandir 1454.

Discussion

Uromyces behenis, known as the yellow champion
rust on Silene, is a common rust fungi widespread in
Europe and Asia and was recorded so far on 25 different
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Ozet: Yetistiricilikte 6nemli ekonomik kayiplara neden olan subklinik mastitis hastaligi diinyanin ve iilkemizin en 6nemli
sorunu haline gelmistir. Subklinik mastitis gozle fark edilemediginden dolayi siit ve siit {irinleri iiretimine dahil olmaktadir.
Bu ¢alismada Canakkale-Yenice ilgesindeki 134 miistahsilin ¢ig siit 6rneklerinde pH, elektrik iletkenligi, ve donma noktas1
gibi fiziksel 6zellikler, su, yag, protein, laktoz, yagsiz kuru madde ve mineral madde orani gibi kimyasal 6zellikler ve toplam
aerobik mezofilik bakteri sayis1 (TAMB), toplam koliform grubu bakteri sayis1 ve Escherichia coli varligi aragtirilmugtir. Ayrica
orneklerin somatik hiicre sayisi ve California mastitis test (CMT) degeri belirlenerek subklinik mastitis varligi belirlenmistir.
Subklinik mastitis bulgusu ile diger 6zellikler arasindaki iliski arastirilmistir. Cig siitlerin, ortalama pH, EI ve DN degerleri
sirasiyla 6,75+0,01, 5,83x10-3S/cm ve -0,5296+-0,002, olarak, protein, laktoz, mineral madde ve yag miktarlari ise sirasiyla
%3,37+0,03, %4,99+0,03, %0,64+0,01 ve %3,10+0,06 olarak tespit edilmistir. Ayrica 6rneklerin %99,2’sinin Slogkob/mL’den
yiiksek TAMB igerdigi, %13,4’iinde ise E. coli bulundugu belirlenmistir. Canakkale, Yenice’de subklinik mastitis olgusu %59
oraninda tespit edilmistir. Subklinik mastitisli siitler (CMT degeri > 2) ile normal siitlerin (CMT degeri < 2) sadece CMT
degerleri arasmdaki fark istatistiksel olarak énemli bulunmustur (p<0,001). CMT ve SHS degerleri ile EI degerleri ve diger
ozellikler arasinda giiglii bir korelasyon tespit edilememistir (r<=0,500).

Anahtar kelimeler: California mastitis testi, ¢ig siit, somatik hiicre sayisi, subklinik mastitis.

Some Properties of Raw Milk Produced in Canakkale (Yenice) City and The Incidence of
Subclinical (Hidden) Mastitis

Abstract: Subclinical mastitis that causes significant economic losses in husbandry has been the most important case in the
world and in our country. Since subclinical mastitis is not noticeable, it is involved in milk and dairy products. In this study,
physical properties- pH, electrical conductivity, and freezing point-, chemical properties - fat, protein, lactose, fat free dry
matter and mineral matter content-, and biological properties - total aerobic mesophilic bacteria (TAMB) and total coliform
bacteria counts and Escherichia coli incidence of 134 raw milk samples of Canakkale-Yenice were investigated. In addition,
subclinical mastitis incidence was defined by determining the number of somatic cells in the samples and their California
mastitis test (CMT) values. The relationship between subclinical mastitis incidence and other milk properties was investigated.
The mean pH, EI and DN values of the raw milks sampled were 6.75+0.01, 5.83x10-3S/cm and -0.5296+0.002, respectively,
while protein, lactose, mineral matter and fat contents were 3.37%+0.03%, 4.994+0.03%, 0.64+0.01% and 3.10+0.06%,
respectively. 99.2% of the samples were found to contain TAMB higher than 5logcfu/mL and 13.4% were found to include E.
coli. The relationship between subclinical mastitis and these values have been also investigated. The incidence of subclinical
mastitis in Canakkale-Yenice was determined as 59%. Only the difference between CMT values of subclinical mastitis milk
(CMT value >2) and healthy milk (CMT value <2) was found to be statistically significant (p<0.001). There was no strong
correlation between CMT, SHS, and EI values and other milk properties (r<+0.500).

Key words: California mastitis test, raw milk, somatic cell count, subclinic mastitis.

Giris

Diinyada iretilen siitin %53’ modern  siit 16.933.520 ton, Canakkale bolgesinde 316.396 ton inek

isletmelerinde islenirken, AB (Avrupa Birligi) tilkelerinde
bu oran %94’tiir. Tirkiye’de ise ¢ig siitiin sanayide
islenmesi bu oranlarin oldukga altindadir. Ayrica siit ve
siit triinlerinde %40 oraninda kayit dis1 tiiketim oldugu
bildirilmistir (Mola ve ark. 2011). Tiirkiye Istatistik
Kurumu (TUIK) 2015 verilerine gore Tiirkiye’de

siitii toplanmustir. Siit tiretimi {ilke ekonomisi agisindan
olduk¢a onemli bir yer tutmaktadir. Fakat sektoriin en
onemli sorunu kaliteli ¢ig siit azlig1, ¢ig siit Giretiminde ve
son lriindeki verim distikligidir. Sit sigirciliginin
diinyada ve iilkemizde en biiyllk problemi mastitis
hastaligidir (Alpay ve Yesilbag 2009, Diler ve ark. 2013,
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Santiago ve ark. 2015, Weiner ve ark. 2015) Mastitis,
hayvan meme dokusundaki siit bezlerinde, siit kanal ve
bosluklarinda meydana gelen hastaliklar olarak
adlandirilmakla birlikte ¢ogunlukla meme bezi yangisi
(iltihaplanmasi) olarak bilinmektedir (Coban ve Tiizemen
2007, Gilirbulak ve ark. 2009). Yetistiricilikte Snemli
ekonomik kayiplara neden olmakla birlikte, siitte fiziksel,
kimyasal ve bakteriyolojik degisikliklere de neden
olmaktadir. Mastitis hastaligi klinik ve subklinik olarak
baslica iki bigimde ortaya ¢ikmaktadir (Sabuncuoglu ve
Coban 2006, Santiago ve ark. 2015). Klinik mastitis
hastalig1, iiretici tarafindan gozle fark edilebilmekte ve
tedavisinde antibiyotik kullanilmaktadir. Klinik mastitis
olgulu memeden elde edilen siitler hem goriintis hem de
diger ozellikleri dolayisiyla iiretime katilmamaktadir.
Subklinik mastitis hastalig1 ise, Tlreticiler tarafindan
ciplak gozle fark edilememektedir. Bu hastalik siit verim
ve kalitesinde kayiplara neden olmakta, fark
edilmediginden tiretime normal siitler ile birlikte girmekte
ve son {iriinde ekonomik kayiplara neden olabilmektedir.
(Bastan ve ark. 1997, Coban ve Tiizemen 2007, Aytekin
ve Boztepe 2014, Guerrero ve ark. 2015). Bazi
aragtirmacilar mastitis hastaligindaki kayiplarin ortalama
%70-75nin kaynaginin subklinik mastitis oldugunu ifade
ederken (Bastan ve ark. 1997, Giirbulak ve ark. 2009)
digerleri ise her bir klinik mastitise karsilik ortalama 45
subklinik mastitis vakast ile karsilagildigini ifade
etmiglerdir (Yalgin 2000, Kaya ve ark. 2001, Coban ve
Tiizemen 2007).

Subklinik  mastitisin  baglica etmeni  patojen
mikroorganizmalar olmakla birlikte, barmak kosullar,
sagim hijyeni gibi ¢evre kosullari, cins, yas, agirlik ve
laktasyon sayisi gibi inege ait fizyolojik faktorlerde
subklinik mastitisin ortaya ¢ikmasinda dnemlidir (Kul ve
ark. 2006, Atasever ve Erdem 2008, Alpay ve Yesilbag
2009). Yetistiricilikte en sik rastlanan mastitis etmeni
mikroorganizmalar; Staphylococcus aureus Rosenbach,
Streptococcus agalactiae Lehmann & Neuman, S.
dysgalactiae  Diernhofer, S. uberis Diernhofer,
Escherichia coli Escherich, Klebsiella pneumoniae
Trevisan, K. oxytoca Fligge ve Enterecoccus spp.
gelmektedir (Seker ve Ozeng 2010, Cervinkova ve ark.
2013, Ozdemir ve Kaymaz 2013, Guerrero ve ark. 2015).

Subklinik mastitis tanist i¢in mastitisin siitte neden
oldugu fizikokimyasal ve biyolojik degislikler g6z
oniinde bulundurularak, somatik hiicre degeri (SHS),
siitiin elektrik iletkenligi (EQ), toplam canli sayisi (TCS)
ve California mastitis test degerleri (CMT) gibi bazi
ozellikler incelenmistir (Bastan ve ark. 1997, Kaya ve ark.
2001, Giirbulak ve ark. 2009). Calismamizda, Canakkale
Yenice’de bulunan 134 miistahsilin ¢ig siit 6rnekleri, pH,
El, ve Donma noktas1 (DN) gibi fiziksel 6zellikler; su,
yag, protein, laktoz, yagsiz kuru madde (YZKM) ve
mineral madde orani gibi kimyasal 6zellikler ve toplam
aerobik mezofilik bakteri sayis1 (TAMB), toplam
koliform grubu bakteri sayist (TKB) ve E. coli varlig1 gibi
biyolojik ozellikleri ac¢isindan arastirilmigtir.  Ayrica
orneklerin somatik hiicre sayisi ve California mastitis test
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degeri belirlenerek subklinik mastitis varlig1 tespit
edilmistir. Boylece bolgedeki subklinik mastitisli siitlerin
isletmelere ne oranda katildig1 belirlenmistir. Ayrica elde
edilen fizikokimyasal ve biyolojik degerler arasindaki
iligki incelenmistir.

Materyal ve Metot

Cig siit ornekleri mistahsillerin sabah siitlerinin
toplandig1 giigiimlerden aseptik sartlarda 200ml steril
plastik kaplara alimmstir. Orneklerde Ei ve pH &l¢iimleri
Hanna Combo (HI 98129) cihazi, DN ise Funke Gerber-
Cryostar (Gerber, Almanya) cihazi, yag, laktoz, protein,
mineral madde, kuru madde ve yagsiz kuru madde
(YZKM) oranlar1 Funke Gerber-3560 Lactostar (Gerber,
Almanya) cihazi, somatik hiicre degeri ise (SHS) Somatik
Counter (Chemometec SCC 400) cihazi ile 6l¢iilmiistiir.

Siit orneklerinin TAMB sayisi, Plate Count Agar
(PCA, Merck, Almanya), TKB sayis1 ve E. coli varligi
MUG iceren Flourocoult Violet Red Bile Agar
(Florocoult VRBA, Merck, Almanya) besiyerlerinde
dokme plak yontemine gore uygun diliisyonlardan ekim
yapildiktan sonra 37°C’de 24-48 saat inkiibasyona
birakilarak hesaplanmigtir (Maturin ve Peeler 2001,
Dagdemir ve Ozdemir 2006).

[statistiksel analizlerde IBM SPSS Statistics 20
programi kullanilmustir. Istatistiksel analiz yontemlerinde
kullanilan verilerin normallik dagilimi George ve Mallery
(2010)’e gore degerlendirilmistir. Normal siitler ile
subklinik mastitisli siitlerin fizikokimyasal ve biyolojik
ozellikleri arasindaki istatistiksel fark bagimsiz 6rneklem
T-testi, Ki-kare ve Mann-Whitney U testleri ile
arastirilmistir. CMT degerlerine gére 4 gruba ayirdigimiz
¢ig siitlerin fizikokimyasal ve biyolojik 6zellikleri
arasindaki fark tek yonlii Anova Testi ile aragtirilmistir.
Gruplar  Tukey ve Games-Howell testleri ile
karsilastirilmustir. Ozellikler arasindaki iliski Pearson ve

Spearman  Kkorelasyon katsayisi ile belirlenmeye
caligilmugtr. Ayrica PCA faktor analizi
gerceklestirilmistir.

Sonuclar

Subkilinik masititis hastaliginin erken ve pratik teshisi
icin birgok aragtirmaci tarafindan hayvanlarin fizyolojik
ozellikleri ve siitiin fizikokimyasal ve biyolojik 6zellikleri
ile ilgili caligmalar yapilmistir (Atasever ve Erdem 2008,
Giirbulak ve ark. 2009, Kasik¢1 ve ark. 2012, Diler ve ark.
2013, Ozdemir ve Kaymaz 2013, Timurkan 2014). Bu
aragtirmada kullanilan ¢ig siit 0rneklerine ait fiziksel,
kimyasal ve biyolojik 6zellikler Tablo 1’de verilmistir.

Tablo 1’den de goriildiigii gibi siitlerin kimyasal ve
biyolojik &zelliklerine ait degerler genis bir aralikta
degismektedir. Cig siitlerin, ortalama pH, EI ve DN
degerleri sirasiyla 6,75+0,01, 5,83x10-3S/cm ve -0,5296+-
0,002°C, olarak, protein, laktoz, mineral madde ve yag
miktarlart  ise sirastyla  %3,37+£0,03  %4,99+0,03,
%0,64+0,01ve  %3,10+0,06 olarak tespit edilmistir.
YZKM, mineral madde, yag, ilave su, protein miktarlari
gibi kimyasal kompozisyon agisindan ve TAMB ve SHS
gibi biyolojik 0Ozellikler agisindan kodekse uymayan
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ornekler tespit edilmistir. pH degeri ¢ig siit alimlarinda
kontrol edilen dnemli bir gosterge degeridir ve siitiin pH
degerinin  6,8’in iizerinde olmasi subklinik mastitis
hastaliginin veya nétralize edici madde katildiginin bir
gostergesi olarak kabul edilir. EI siitiin birlesimindeki
iyon miktarina baglidir. Normal siitiin Ef 25°Cde 4x103—
5,5x103S/cm arasinda degismektedir (Metin 2005,
Kagike1 ve ark. 2012). Subklinik mastitisin siitte neden
oldugu Na ve Cl iyonu artist Ei’ni de yiikseltmektedir
(Bastan ve ark. 1997). Ayrica soda katilmasi, sicakligin
yiikselmesi ve asitligin artmasi: da El’yi etkilemektedir
(Metin 2005, Kaptan ve ark. 2012). Cig siitte toplam canli
sayis1 (TCS, logkob/mL) Tiirk Gida Kodeksi Y6netmeligi
(TGKY), Cig Siit ve Isil islem Gormiis igme Siitleri
Tebliginde 30°C’de mL’deki sayisi < 5Slogkob/mL
(100.000kob/mL) olarak belirlenmistir. 134 siit drneginin
37°C’de hesaplanan TAMB sayisinin  drneklerin
%0,8’inde Slogkob/mL’nin altinda %99,2’sinde ise
5logkob/mL’den fazla oldugu bulunmustur. TAMB sayi1si
artisgtnin - birgok nedeni olmakla birlikte en Onemli
nedenleri; sagim, tasima, depolama ve islem sirasinda
hijyenin saglanmamasidir. TKB sayisindan gida
mikrobiyolojisinde  sanitasyon indikatérii  olarak
faydalanilmaktadir. Cig siitte koliform grubu bakterilerin
varligi  yetersiz  hijyenik  kosullarin  varligini
gostermektedir (Unliitiirk ve Turantas 2003). TGKY de
¢ig sit ve 1sil islem gormils igme siitleri tebliginde

Tablo 1. Cig siit 6rneklerine ait 6zellikler ve kabul edilen degerler

herhangi bir sinir deger s6z konusu degildir. Ayrica bu
calisma ile aragtirilan siitlerin %13,4 (18/134)tinde E.
coli varlig1 da belirlenmistir.

SHS gére “Normal siit” ve “Subklinik mastitisli stit”
gruplarmmin_fizikokimyasal _ve biyolojik _ozelliklerin
incelenmesi

Toplanan 134 ¢ig siit, SHS na gore iki grup altinda
toplanmistir. SHS <500.000adet/mL olanlar ‘“Normal
siit”, SHS>500.000 adet/mL olan siitler ise “Subklinik
mastitisli siit” olarak gruplandirilmistir. Normal siit ve
subklinik ~ mastitisli ~ siitler  arasindaki ~ Ol¢lim
parametrelerinin ortalama degerleri arasindaki farklar
istatistiksel ~ olarak  Onemsiz  ¢ikmustir  (p>0,05).
Calismamizda CMT skoru yiiksek olan orneklerimizde
SHS’nin yiikseldigi izlenmis ve SHS’na gore ikiye
ayirdigimiz gruplarin CMT degerleri arasindaki fark
istatistiksel olarak 6nemli bulunmustur (p<0,05).

CMT  degerlerine _ gore  ornek  gruplarmmn
fizikokimyasal ve bivolojik ozelliklerin incelenmesi

CMT skorlarina gore 4 gruba ayrilan siit drneklerinin
TAMB degerleri (p=0,024) SHS degerleri (p=0,00),
DN’lart (p=0,02) ve mineral madde miktarlar1 (p=0,001)
arasindaki fark istatistiksel olarak 6nemli ¢ikmistir (Tablo
2). TKB, El, protein, laktoz, yag pH, ilave edilen su
degerleri ve YZKM degerleri arasindaki fark istatistiksel

Minimum Deger

Maksimum Deger

Ortalama + Standart hata Referans degerler*

pH 5,73 7,03 6,75+0,01 6,60-6,80
Ei (S/cm) 4,38 7,6 5,83+0,04 <5,6
TAMB (logkob/mL) 4,41 9,14 6,88+0,07 <5
TKB (logkob/mL) 0 8,4 4,62+0,14 -
CMT 0 4 240,12 0
SHS (adet/mL) 19.000 2.527.000 521.445+45.522 <500.000
DN (°C) -0,4855 -0,5999 -0,5296+-0,0020 -0,545
%Su 0 6,6 0,58+0,11 0
%Yag 1,82 6,81 3,10+0,06 %2,5- 6,0
%Protein 1,99 4,25 3,37+0,03 %2,9- 5,0
%L aktoz 3,97 6,18 4,99+40,03 %3,6- 5,5
%YZKM 6,36 11,35 9,03+0,07 enaz8,5
%Mineral madde 0,34 0,82 0,64+0,01 900,6- 0,9
*Anonim 2000, 2006, 2009 ve Metin 2005
Tablo 2. CMT degerlerine gore ¢ig siitlerin bazi1 6zellikleri arasindaki farklar.
OrtalamazStandart hata
CurGupan omsmn ke L
0 6,76+0,20 AB* 204.500+30.416 A -0,5228+0,002 A 0,67+0,13 A
1 7,23+0,14 B 348.571+42.729 B -0,5231+0,004 AB 0,58+0,29 B
2 6,97+0,13 AB 506.938+£63.439 B -0,5356+0,004 BC 0,61+0,18 B
3 6,56+0,13 A 960.156+116.938 C -0,5313+0,004 AC 0,66+0,01 AB

*Harflendirme CMT gruplar1 arasinda her bir siitiin i¢in ayri1 yapilmigtir. Satirlar arasi1 fark 6nemlidir.

Trakya Univ J Nat Sci, 18(1): 41-47, 2017
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Tablo 3. Degiskenlerin faktorlere gore dagilimi.

S. Ozdikmenli Tepeli ve N.N. Zorba

Faktor Sayisi

3 4 5

%YZKM 0,994

%L aktoz 0,993

%Protein 0,993

CMT 0,922
SHS (adet/mL) 0,911
%Mineral

pH

DN (°C)

%Su

TAMB (logkob/mL)

TKB (logkob/mL)

0,892
-0,825
0,892
-0,879
0,880

0,785

Yontem: Principal component analysis, Varimax

olarak 6nemsiz bulunmustur (p>0,05). Fakat bu gruplarin
ortalama degerlerine bakildiginda SHS disinda standart
bir azalis veya artigtan bahsetmek miimkiin degildir.

Orneklerin Fiziksel, Kimyasal ve Biyolojik Ozellikler
Arasindaki Iliski

Orneklerin fiziksel, kimyasal ve biyolojik 6zellikleri
arasindaki iligki incelenirken Pearson korelasyon
katsayist1 <+0,500 olan degiskenlerin arasindaki iliski
zayif olarak degerlendirilmistir. TKB sayis1 ile TAMB
sayist arasinda r=0,621 pozitif yonde bir iliski soz
konusudur. Cig siit 6rneklerimizde TKB sayisi arttikca
veya azaldikca TAMB sayisinin da arttig1 veya azaldigi
anlamma gelmektedir. Yine Orneklerimizin % laktoz
oranlar1 ile % protein oranlart arasinda r=0,865 pozitif
yone bir iliski sz konudur. Laktoz seviyesi yiiksek olan
stitlerimizin protein seviyesi de yiliksek bulunmustur. %
laktoz orani ile TAMB sayist arasinda negatif zayif yonlii
korelasyon (r=-0,376), % protein orani ile yine TAMB
sayis1 arasinda negatif zayif yonli korelasyon (r=-0,389)
ve YZKM ile TAMB sayis1 arasinda negatif zayif
korelasyon (r=-0,418) tespit edilmistir. TAMB sayis1
artan stitlerde subklinik mastitis olgusu var olma olasilig1
yliksektir. Mastitis olgusunun laktoz miktarinda azalisa
neden oldugu fakat toplam protein ve yag icerigi
hakkindaki verilerin ¢eligkili oldugu arastirmacilar
tarafindan ifade edilmistir (Le Maréchal ve ark. 2011).
YZKM oranlari ile laktoz oranlari arasindaki pozitif yonli
korelasyon katsayis1 r=0,947 olarak tespit edilmistir. %
laktoz orani fazla/az olanlarda % protein oranlarinin da
fazla/az oldugu, % YZKM oran fazla/az olan 6rneklerde
% laktoz oraninda fazla/az oldugu belirlenmistir. Normal
dagilim gostermeyen pH, SHS, DN, yag ve su
degiskenleri arasinda Sperman korelasyon katsayilari

hesaplanmistir. DN ile su orani arasinda r=-0,856 olarak
bulunmustur. Buna gére DN degeri azaldik¢a % su (ilave
edilmis su) orani artmakta veya DN degeri arttik¢a % su
orani azalmaktadir. Normal siitin DN degeri -0,540°C
olarak kabul edilmekte olup siite su katildiginda bu
degerin azalmakta oldugu ifade edilmistir (Metin 2005).

Yapilan faktor analizi sonucunda Kaiser-Meyer-OlKkin
(KMO) degeri >0,5 olarak Barlett’s test sonucu ise
p<0,001 olarak tespit edilmistir (Olawale ve Garwe
2010). Analiz edilen tiim ozellikler 5 faktor altinda
toplanmustir. Ei ve yag degiskenleri birden fazla faktorde
yer aldigi icin analizden g¢ikartilmistir. Tablo 3’te PCA
analizine gore her bir faktdr icerisinde yer alan
parametreler gosterilmistir. Bu caligmada elde edilen
sonuglara gore ileride yapilacak benzer analizlerde ayni
faktorde yer alan degiskenlerden bir tanesi hakkinda veri

toplanmasinin subklinik mastitis varliginin
belirlenmesinde yeterli olacagini soylenebilir.
Tartisma

Tiirkiye’nin ~ farkli  illerinden almman toplama

tanklarindaki ¢ig siitlerdeki subklinik mastitis oram
bolgelere ve isletmelerin  hijyen ve sanitasyon
konusundaki tutumlarina gére %40 ile %72 arasinda
degisen oranlarda bildirilmistir (Kuyucuoglu ve Ugar
2001, Ergiin ve ark. 2004, Tel ve ark. 2009, Unal ve
Yildirim 2010 Kasike1 ve ark. 2012, Ozdemir ve Kaymaz
2013). Bu ¢aligmada ise Canakkale-Yenice’deki toplama
tanklarindaki siitlerde subkilinik masititis goriilme oran
CMT  degerlerine gore %59 bulunmus, SHS
(>500.000adet/mL)’na gore ise %37,3 olarak tespit
edilmistir. Buna karsin Onal ve Ozder (2007) Trakya
bolgesindeki siitlerin SHS degerlerini teblige uygun
bulurken, Patir ve ark. (2010) Tiirkiye’nin farkli illerinden
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topladig: siitlerde subklinik olgusunun %97,5 diizeyinde
oldugunu tespit etmistir.

Subklinik mastitisli stitlerin normal siitlerden zor ayirt
ediliyor olmasi, SHS’ nin sahada belirlenmesinin zorlugu,
subklinik mastitis tespitinde diger parametrelerin
aragtirtlmasina neden olmustur. Siitiin fiziksel, kimyasal
ve biyolojik oOzellikleri arasindaki iligki belirlenmeye
caligtlmistir. Timurkan (2014), Giirbulak ve ark. (2009)
ve Atasever ve Erdem (2008) subklinikli siitlerin EI ve
CMT degerleri arasinda bir iliski tespit edememis, Ei’nin
tek basina subklinik mastitisi belirlemede yeterli
olmadigim ifade etmistir. Ozdemir ve Kaymaz (2013)
CMT degerlerinin Ei’ne goére daha giivenilir sonug
verdigini bildirmislerdir. Cesitli arastirmacilar, siit
hayvanlart kontrol programinda meme hastaligini isaret
eden CMT testinin SHS n1 dolayli olarak belirleyen hizli,
uygun maliyetli bir yontem oldugunu ifade etmislerdir
(Sargeant ve ark. 2001, Dingwell ve ark. 2003, Midleton
ve ark. 2004, Bhutto ve ark. 2012). Ozdemir ve Kaymaz
(2013) CMT ile SHS’mn artis1 arasinda ve EI ile SHS
arasinda korelasyon bulmustur. Ayrica, Kasik¢1 ve ark.
(2012) ve Bastan ve ark. (1997)’da CMT, SHS, Ei
arasinda istatistiksel olarak onemli (p<0,001) pozitif
korelasyon tespit etmislerdir. Reddy ve ark. (2014)
subklinik mastitis teshisini karsilastirdigst CMT, SHS ve
El yontemlerinde en yiiksek 6zgiilliigii EI’nin en yiiksek
duyarliligit ise CMT testinin verdigini belirlemistir.
Duyarlih@ diisiik olsa bile Ei’nin subklinik mastitis
belirlemede kullanilabilecegini ifade etmigslerdir. Bu
calismada ise El ile CMT veya SHS arasinda istatistiksel
acidan 6nemli bir iliski bulunmamustir.

Kagsike1 ve ark. (2012) CMT, SHS degerleri ile toplam
canli sayis1 arasinda, Diler ve ark. (2013) SHS ile toplam
mikroorganizma yiikii arasinda pozitif yonlii korelasyon
belirlemislerdir. Bhutto ve ark. (2012) 240 inek lizerinde
yaptiklart ¢alismada CMT test skorlari ile subklinik
masititis etmeni patojen mikroorganizma izolasyonu
arasindaki iligkiyi istatistiksel olarak 6nemli bulmuslardir
(p<0,001). Calismamizda CMT gruplarinin TAMB
sayilar1 arasindaki farklarin istatistiksel olarak Onemli
oldugu tespit edilmistir (p<0,001). Malek dos Reis ve ark.
(2013) mastitise neden olan patojenlerin protein, laktoz,
yagsiz kati madde ve toplam kati madde bilesimini
etkilerken yag bilesimini etkilemedigini bildirmislerdir.
Calismamizda TAMB sayis1 ve TKB sayis1 degerleri ile
protein, laktoz ve yagsiz kuru madde miktarlar1 arasinda
zay1f (r<0,500) negatif yonlii korelasyon tespit edilmistir.
El Zubeir ve ark. (2005)’da mineral madde miktar1 ile
subkilinik mastitis arasinda pozitif korelasyon oldugunu
bildirmistir. Kagsik¢t ve ark. (2012) mineral madde
miktarlari ile CMT, SHS, TCS, EI ve istatistiksel olarak
dnemli (p<0,001) pozitif korelasyon, Ozdemir ve Kaymaz
(2013) EI ile mineral madde miktar1 arasinda zayif
(r=+0,314) korelasyon saptamistir. Bu ¢alismada ise
korelasyon analizi sonucunda EI ile % mineral madde
miktar1 arasinda zayif (r=0,314) korelasyon saptanmustir.

CMT degerlerine gore 4 gruba ayirdigimiz siitlerin
DN’lar1 arasindaki farkin istatistiksel olarak onemli

Trakya Univ J Nat Sci, 18(1): 41-47, 2017

oldugu belirlenmigtir. Fakat Mitchell ve ark. (1989),
Ayasan ve ark. (2011) SHS’ nin, Kasik¢1 ve ark. (2012)
CMT skorlarinin DN iizerine etkisinin dnemsiz oldugunu
bildirmislerdir. Zagorska ve Ciprovica (2013) ise laktoz
konsantrasyonun, siitiin DN tizerine etkili oldugu, laktoz
oraninda meydana gelen degisikliklerin siitin DN’n1
etkileyecegini ifade etmislerdir. Akdag ve ark. (2017)
CMT skorlarinin yiiksek oldugu siit grubunda DN
degerlerinin subklinik mastitisten kaynakli olarak
distiigiinii  bildirmigtir. Bu calismada ise subklinik
mastitisli ve normal siitlerin laktoz konsantrasyonlari
arasindaki fark onemsiz bulunmugtur. Ayrica DN’sinin
CMT skoru 0 olan ve 3 olan grupta daha yakin oldugu bu
nedenle bu farkliligin tam olarak bir anlam ifade etmedigi
belirlenmistir. Onceki c¢alismalarda siitte SHS’nin
artmasiyla siitin yag, protein, laktoz ve toplam kuru
maddesinin 6nemli derecede azaldigi (Schukken ve ark.
1992, Félix ve ark. 2005, Moroni ve ark. 2006), buna
kargin protein/yag oraninin arttigt ve bu degerlerdeki
farkliliklarin 6nemli oldugu belirtilmistir (Park ve ark.
2007, Jamrozik ve Schaeffer 2012).

Le Maréchal ve ark. (2011), SHS yiiksek olan siitiin
kullanilmasinin inek peynirinde nem igerigini arttirdigi ve
istenmeyen lezzet gelisimine neden oldugu ve pihtilagma
ozeliklerinde olumsuz etkilere neden oldugunu
belirlemislerdir. Vianna ve ark. (2008) tarafindan Cottage
peynirinde yapilan ¢alismada SHS yiiksek olan siitlerden
tiretilen peynirlerde protein igeriginin Ve peynir veriminin
diistiigii, nem iceriginin ise arttigi bildirilmistir.

Sonu¢ olarak bu ¢alismada, Canakkale-Yenice
ilgesindeki 134 miistahsile ait gigiim ¢ig sitleri
incelenmigtir. Miistahsil siitlerinin SHS, TAMB sayusi,
TKB sayisinin oldukga yiiksek degerlerde oldugu tespit
edilmistir. Orneklerin  %59’unda subklinik mastitits
olgusu tespit edilmistir. Bu oran Tirkiye’de farkli
bolgelerde yapilan galigmalar ile benzerlik gostermekle
birlikte olduk¢a yiiksek bir orandir. Caligmamizda
subklinik mastitis teshisinde kullanilabilecek farkli siit
degiskenleri incelenmistir. En ekonomik, uygulamasi
kolay ve hizli yontemin CMT testi oldugu belirlenmistir.
CMT skorlarmmm SHS ile korelasyonunun diger
parametrelere gore daha yiiksek oldugu tespit edilmistir.
Siitliin diger oOzellikleri ile subklinik mastitis arasinda
giiclii herhangi bir iligki bulunmamigtir. Bunun en 6nemli
nedeni Orneklemenin miistahsil siit giiglimlerinden
yapilmasi olabilir. Subklinik veya klinik mastitis olan
meme lobu ile saglikli meme loblarindaki siitlerin fiziksel
kimyasal ve biyolojik 6zelliklerinin karsilastiriimas1 daha
saglikli sonug verebilir. Yapilan c¢aligmalarda siitiin
subklinik mastitisli olmasinin belirlenmesinde birden
fazla parametrenin birlikte ele alinmasi konusunda
oneriler mevcuttur. Calismamizda PCA analizi sonucunda
bu parametreler 5 faktor altinda toplanmis, belirlenen
benzer degiskenlerden bir tanesinin segilmesi ile is
yiikiinlin azaltilabilecegi 6n gorilmiistiir.

Tesekkiir

Bu makale Seda OZDIKMENLI TEPELI’nin Doktora
tezinin bir kismindan diizenlenmistir.
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Ozet: Bir N-heterohalka karben tuzu olarak, 3-(2-hidroksietil)-1-(3-aminopropil)-1H-imidazol-3-ium bromid, 3-(1H-imidazol-
1-il)propan-1-amin ile 2-bromoetanol iin reaksiyonu sonucunda sentezlenmistir. Tuz, N-heterohalka karbenlerin en kararli
gruplarindan biri olan imidazol tuzu olarak da isimlendirilebilir. Uriiniin molekiiler yapis1 FTIR, 'HNMR, 3C NMR, GS-MS,
elemental analiz yontemleri ile aydinlatilmigtir. Ayrica, antimikrobiyal, antifungal ve antikanser aktiviteleri incelenmistir.
Probit analizi yapilarak, HeLa ve HepG2 kanser hiicre serileri lizerinde 24 saatlik uygulama sonrasi ICso degerlerinin sirasiyla
155,955uM ve 76,769uM oldugu saptanmustir. Sentezlenen maddenin saghikli fare embriyonik fibroblast (MEF) hiicreleri
tizerinde zararh bir etkisine rastlanmamigtir. Escherichia coli (Migula, 1895) 0157:H7, Listeria monocytogenes (Pirie, 1940)
ATCC 19115 bakterileri ve Candida albicans (Berhout, 1923) ATCC 10231 mayas lizerinde ise 32uM’lik konsantrasyonda
kayda deger antimikrobiyal ve antifungal aktivitesinin de oldugu belirlenmistir.

Anahtar kelimeler: Imidazol, karben, antibakterial aktivite, antifungal aktivite, antikanser aktivite.

Synthesis, Characterization and Biological Activities of 3-(2-Hydroxyethyl)-1-(3-Aminopropyl)-1H-
Imidazole-3-lum Bromide

Abstract: 3-(2-hydroxyethyl)-1-(3-aminopropyl)-1H-imidazole-3-ium bromide as an N-heterocyclic carbene salt was
synthesized by the reaction of 3-(1H-imidazole-1-yl )propane -1-amine with 2-bromoethanol. The salt can also be named as
imidazole salt which is one of the most stable group of N-heterocyclic carbenes. The molecular structure of the product was
elucidated by FTIR, 'H NMR, 13C NMR, GS-MS and elemental analysis. The antimicrobial, antifungal and anticancer activities
of the imidazole salt were also examined. The probit analysis revealed that ICso values on HelLa and HepG2 cell lines were
155.955uM and 76.769uM, respectively, at the end of 24 hours treatment. It also was determined that the product has no
harmful effect on healthy mouse embryonic fibroblasts (MEF) cells. Significant antimicrobial and antifungal activities of the
salt on Escherichia coli (Migula, 1895) O157:H7 and Listeria monocytogenes (Pirie, 1940) ATCC 19115 bacteria and the yeast
Candida albicans (Berhout, 1923) ATCC 10231 were determined at a concentration value of 32uM.

Key words: Imidazole, carbene, antibacterial activity, antifungal activity, anticancer activity.

Giris

Organik ve tibbi kimyadaki 6nemi nedeniyle ilk kez
izole edilebildigi 1991 yilindan bugiine kadar N-
heterohalka karbenler iizerindeki arastirmalar
siirmektedir (Arduengo ve ark. 1991, Elser ve ark. 2016,
Karatas ve ark. 2016). S6z konusu bu molekiiller organik
sentezlerde, katalizde ve makro molekiiler kimyada
belirgin roller oynamaktadirlar (Herrmann ve Kdocher
1997). Imidazol tiirevli N-heterohalka karbenler, anti-
timor (Wang ve ark. 2002), antibakteriyel (Joshi ve ark.
2010), antiallerjik (Shelke ve ark. 2009), antiinflamatuar
(Mohammadi ve ark. 2012) gibi pek ¢ok biyolojik aktivite
de gostermektedir (Boussessi ve ark. 2016). Bu yiizden bu
molekiiller biyokimyada ve tipta hayati derecede
onemlidir (Zheng ve ark. 2016). Ayn1 zamanda, yiiksek -
donor o6zellige sahip olmalari sebebiyle, organometalik
kompleksler icin uygun ligand ozellikleri
saglamaktadirlar  (Cavell ve McGuinness 2004,
Danopoulos ve ark. 2007, Liu ve ark. 2007, Hahn ve

Jahnke 2008, Yigit ve ark. 2016). Bu nedenle imidazol
tirevli metal komplekslerinin giderek artan Snemle
calisilmasina devam edilmektedir (Herrmann ve Kdcher
1997, Liu ve ark. 2004, Despagnet-Ayoub ve Grubbs
2005, Ozdemir ve ark. 2015, Sahin ve ark. 2015).

Bu ¢aligmada daha once Mi ve ark. (2006) tarafindan
sentezlenen bir N-heterohalka karben tuzu olan 3-(2-
hidroksietil)-1-(3-aminopropil)-1H-imidazol-3-ium bromid
(HAIB) farkli baslangic maddesi kullanarak yeniden
sentezlenmistir. HAIB molekiiler yapist FTIR, *H NMR,
BC NMR, GS-MS ve elemental analiz olarak
sayilabilecek  spektroskopik  teknikler kullanilarak
karakterize edilmistir. Elde edilen bilesigin bu yap1
aydinlatmas1 gerceklestikten sonra HAIB molekiiliiniin,
ilgili literatlirden edinilebilen bilgi kapsaminda ilk kez
antikanser, antimikrobiyal ve antifungal aktiviteleri
incelenmistir.
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Cihazlar

HAIB molekiiliiniin *H- ve *C-NMR spektrumlar,
doteryum oksit (D20) ¢oziiciisiinde sirasiyla Varian
300MHz ve Varian 75,5MHz'de alinmistir. FTIR
spektrumu ise KBr peletleri hazirlanarak 450-4000cm™
arahginda Perkin-Elmer BXIl spektrometresi ile
Ol¢iilmiistiir. Kiitle spektrumu, Thermo Finnigan Trace
DSQ GC/MS cihazi kullanilarak elektron impakt teknigi
ile elde edilmistir. C, H ve N i¢in element analizi, Perkin-

Elmer 2400 CHN elementel analiz cihaz1 ile
gerceklestirilmistir. Biyolojik aktivitelerin
belirlenmesinde absorbans 6lgiimleri igin
Thermoscientific Multiskan Go multiplate

spektrofotometresi kullanilmistir.

Sentez

Hedeflenen kimyasalin sentezlenmesinde baslangigta
Wang ve ark. (2013) tarafindan uygulanan iki farkli
yontem benimsendi. Yontemler arasindaki temel farklilik,
birinde reaksiyonlar oda sicakliginda uygun ¢oziicii
kullanilarak gergeklestirilirken digerinde geri akis
(reflaks) tekniginin kullanilmasidir. Ancak geri akis
teknigi iceren yontem uygulandiginda ¢dziicii karisimi
olarak 5 hekzan:1 etanol kullanilan ince tabaka
kromotografisinde (Thin Layer Chromotography, TLC)
fazla sayida madde olusumu gdzlendi. Bu nedenle bu
yontemin uygulanmasina son verildi. Basarili olunan
yontemde, 10mmol 3-(1H-imidazol-1-il)propan-1-amin,
tetrahidrofuran igerisinde ¢oziilerek oda sicakliginda
karigtirildi. Daha sonra 11mmol 2-bromoetanol ilave
edildi. Karigim 15 saat karigtirildi.  Reaksiyonun
tamamlanmast TLC analizi ile izlendi. Reaksiyon
tamamlandiktan sonra ¢oziici ucguruldu. Yagimsi
kivamda agik kahve renkli {iriin 1,73g miktarinda %69
verimle elde edildi.

Uriin : CgH16BrN3O2

Hesaplanan % : C 38,41; H 6,45; N 16,80.

Olciilen % : C 38,33; H 6,47; N 16,71.

IH NMR (300MHz, D20, 6, ppm): 7,80 (s, 1H, NCHN),
7,24 (d, 1H, HC=CH ), 6,99 (d, 1H, HC=CH), 3,16 (t, 2H,

N-CHy), 3,12 (t, 2H, N-CH_), 2,96 (t, 2H, CH,-OH), 2,86
('[, 2H, Cﬂz-NHz), 2,23 (m, 2H, CHz-Cﬂg-CHz).

13C NMR (75,5MHz, D20, &, ppm): 136,10 (NCHN),
123,06 (HC=CH), 122,17 (HC=CH), 59,57(CH,-OH),
56,44 (N-CH), 52,12 (N-CH;), 49,50 (NH2-CH3), 26,45
(CH-CHo-CH).

FTIR (KBr, cm?): 3400, 3175, 2953, 1628, 1513,
1457, 1400, 1285, 1233, 1109, 1084, 1030, 922, 883, 755,
663, 508.

MS(ESI) (m/z): 169,03 [M+H]*

Antikanser Aktivite

Antikanser aktivitesinin belirlenebilmesi igin MTT (3-
(4,5-dimetiltiazol-2-il)-2,5-difeniltetrazolium  bromid)

G. Ulugam

yontemi  kullanilmistir.  Yontem  kiiltiir  ortaminda,
mitokondrial aktivitesi devam eden canli hiicrelerin
kantitasyonunu  saglar. Tek tabakali kiiltiirlerde
sitotoksisite Ol¢limleri veya toksik madde varliginda
hiicre canliliginin belirlenmesinde dogrulugu, hiz ve nispi
basitligi nedeniyle yaygin olarak kullanilan bir yontemdir
(Fotakis ve ark. 2005). Sar1 renkli olan MTT, canli
hiicrelerin ~ mitokondrilerinde ~ bulunan  siiksinat-
dehidrojenaz enzimi ile baglanir. Bunun sonucunda suda
¢oziinmeyen mor renkli kati kristaller olusur. Bu
olusumun absorbans1 spektrofotometrede Olgiilerek canli
hiicrelerin yogunlugu belirlenir (Mosmann 1983).

Insan rahim agz1 kanseri (HeLa), karaciger kanseri
(HepG2) ve saglikli fare embriyonik fibroblast (MEF)
hiicre hatlart Amerikan Tip Kiiltiir Kolleksiyonundan
(ATCC, Manassas, VA, USA) satin alinmistir. Hiicre
hatlar1 %5 FBS (Fetal Bovine Serum: Yeni Dogan Sigir
Serum) (Life Technologies GIBCO, Grand Island, NY,
USA), %1 penisilin streptomisin, %1 L-glutamin i¢eren
Dulbecco’s modified Eagle’s Medium (DMEM) (Life
Technologies GIBCO, Grand Island, NY, USA) ve
HAMS F12 (1:1) besiyerinde 37°C de %5 CO- iceren
inktibatorde kulucka edilmistir. Yeterli sayiya ulasan
hiicreler 96’11k plakalara yiiz binlik (10°) esit hiicre olacak
sekilde ekilmis ve 24 saat aymi kosullarda inkiibe
edildikten sonra 400puM’dan baslayarak yar1 yariya
seyreltmek suretiyle 7 doz uygulanmistir. Kontrol olarak
muamele edilmemis hiicreler kullanilmigtir. Doz etkisi
igin 24 saat beklendikten sonra MTT %-oran canlilik testi
yapilmistir. Test icin Smg/ml konsantrasyonda hazirlanan
MTT ¢ozeltisi 20uL/kuyucuk olacak sekilde eklenmis ve
2-4 saat inkiibasyona birakilmistir.  Inkiibasyon
sonrasindaki kuyucuklardaki soliisyonlar uzaklastirilmig
ve her bir kuyuya 200uL ultra saf dimetilsiilfoksit
(DMSO) eklenmis ve 5 dakika karanlikta beklenmistir.
Sonuglar  492nm  de  mikroplaka  okuyucuda
spektrofotometrik yontemle okunmustur.

Antibakteriyal ve Antifungal aktiviteler

Calismada, Klinik Laboratuar Standartlar Enstitiisi
(CLSI) tarafindan oOnerilen Besiyeri Mikro-Seyreltme
(Broth Microdilution) yontemi kullanilarak minimum
inhibisyon konsantrasyon (MIC) degerleri belirlenmistir.
Bu amagla Escherichia coli ATCC 25922, Escherichia
coli O157:H7, Staphylococcus aureus (Rosenbach, 1884)
ATCC 25923, Listeria monocytogenes ATCC 19115,
Salmonella thphimurium (Lignieres, 1900) ATCC 14028,
Bacillus cereus (Frankland & Frankland, 1887) ATCC
11778 bakterileri ve Candida albicans (Berhout, 1923)
ATCC 10231 mayas1 24 saat 37°C de Tryptic Soy
besiyerinde inkiibe edilmis, McFarland Skalasi da 0,5’¢
ayarlanmistir.  Antibiyotik kontrolii olarak bakteri
kiiltiirinde Ampisilin ve Gentamisin, maya kiiltiiriinde ise
Amphotericin B kullanilmugtir. ~ Sterilite amaciyla
antibiyotikler ve ¢6ziinen madde stok ¢ozeltileri 0,45um
steril filtreden siiziilmiiglerdir. Madde konsantrasyonlari
32uM’dan baglayarak yar1 yartya seyreltmek suretiyle alti
doz olacak sekilde ayarlanmistir. 96 lik plakanin her bir
kuyusuna besiyerinden 150uL, bakteri ve maya
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kiiltiirlerinden 30uL ve HAIB maddesinden 20pL
ekilmigtir. Sterilite kontrolii olarak sadece madde
eklenmis, besiyeri biiyiime kontrolii olarak sadece
mikroorganizma ekilmis besiyeri kullanilmigtir. Biitiin
mikroplakalar 24 saat 37°C de inkiibe edilmistir ve
600nm’de absorbans dlgiilerek grafikler hazirlanmigtir.

Sonugclar ve Tartisma

HAIB  molekiiliiniin  sentezlenmesini  agiklayan
kimyasal reaksiyon modeli Sekil 1’de gosterilmektedir.
Oda sicakliginda gergeklestirilen reaksiyon sonucunda
elde edilen iiriin, bir karben halkasina ve alifatik amin
grubuna sahip olmasi nedeniyle asimetrik bir geometrik
yapiya sahiptir. Bu yapidan anlasilacag: ilizere molekiil,
secilecek uygun reaksiyon kosullari ile karben ucundan
metallerle kompleks olusturabilecegi gibi alifatik
kollarindaki aktif uglari ile ligand olarak davranabilecek
ozelliklere de sahiptir.

E\Q S [\Q

Sekil 1. HAIB molekiiliiniin sentezlenmesini agiklayan
kimyasal reaksiyon (THF: tetrahidrofuran).

Sentezlenen  molekiilin  yapisal  biitiinliigliniin
dogrulanmasi1 i¢in kullanilan ilk yontem FTIR
spektroskopisi olup, ilgili spektrum Sekil 2°de verilmistir.
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Sekil 2. HAIB molekiiliiniin FTIR spektrumu

Bu FTIR spektrumuna gére OH gerilme titresimleri
molekiiller aras1 etkilesmeler ve hidrojen baglar
nedeniyle 3500-3000cm™ araliginda genis bir bantta
gozlenebilmektedir. Bu aralikta 3175cm™ de NH
gerilmesi ve 2953cm™ de CH gerilmesi beklentilere
uygun olarak ortaya ¢ikmaktadir (Karabacak ve Kurt
2009, Kose ve ark. 2013). 1640-1560cm™ araliginda NH
diizlem igi egilmesine ait pik 1628cm™ ve 900-650cm’?
araliginda, NH diizlem dis1 egilmesine ait pik 755cm™
gozlenmistir (Bhat ve ark. 2016). Sirastyla 1300-1000cm-*
ve 1000-750cm? araliginda olmasi gereken diizlem igi ve
diizlem dis1t CH salimimlar1 (Bhat ve ark. 2016), deneyde
1233cm? ve 922cm? gozlenmektedir. Birbirlerine gok
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yakin degerlere sahip olan CN titresim modlar1 imidazol
icin Ramasamy tarafindan 1468, 1440, 1367 ve 1325cm*
de verilmistir (Ramasamy 2015). Buna goére deneysel
sonuglarda sirasiyla 1457, 1400, 1375 ve 1285cm™ de
gozlenen titregsim modlari, CN modlar1 olarak atanmustir.
FTIR sonuglart beklenen molekiiler konfigiirasyonu
dogrular niteliktedir. Ancak aynmi dogrulama NMR
yontemiyle de yapilmistir.
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Sekil 3. HAIB molekiiliiniin H NMR spektrumu
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Sekil 4. HAIB molekiiliiniin 3C NMR spektrumu

HAIB H ve ¥C NMR spektrumlar1 Sekil 3 ve Sekil
4°de verilmektedir. *H NMR spektrumuna gére 7,80ppm
de bir singlet, 7,24ppm ve 6,99ppm de iki adet dublet piki
imidazol halkasii gostermektedir. Sirastyla 3,16ppm,
3,12ppm,  2,96ppm, 2,86ppm’de tripletler ve
2,23ppm’deki multiplet, imidazol kollarindaki alifatik
yapiyr  desteklemektedir. NMR  Spektrumu D,O
¢ozliciisinde alindigi icin OH ve NH; ait pikler
gbziikmemektedir. *C NMR spektrumundaki sekiz adet
karbon 6n goriildigi gibi gozlenmektedir. 136,10ppm
(NCHN), 123,06ppm (CH=CH), 122,17ppm’de
(CH=CH) gozlenen ¢ karbon imidazol karbonlarimi ve
59,57ppm (CH-OH), 56,44ppm (N-CH.), 52,12ppm (N-
CH>), 49,50ppm (NH:-CHz), 26.45ppm’deki (CH2-CH.-
CHy) bes adet karbon ise alifatik yapiya ait karbonlar
gostererek HAIB’in varligini isaret etmektedirler. Bu
sonuglar daha 6nce ayn1 molekiil i¢in bulunan imidazol
halkasina ait protonlarinin 7,20-6,98ppm araliginda,
alifatik yapidaki protonlarinin 4,15-2,08ppm araliginda,
imidazol halkasina ait karbonlarin 139,2-123,6ppm
araliginda, alifatik yapidaki karbonlarin ise 62,5-33,9ppm
araliginda bulunmasi ile uyumludur (Mi ve ark. 2005, Mi
ve ark. 2006). Ayrica imidazol halkast NMR verilerinin
1-(Benzofuran-2-il(fenil)metil)-3-butil-2-metil-1H-imidazol-
3-ium iyodit molekiiliiniin imidazolii ilgilendiren NMR
sonuglart Wang ve ark. ile de aynidir (Wang ve ark. 2013).
Elemental analiz sonuglar1 ve Sekil 5’de gosterilen kiitle
spektrumu da HAIB’in sentezlendigini desteklemektedir.
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Sekil 5. HAIB molekiiliiniin kiitle spektrumu

Antikanser Aktivite

Sentezlenen tuzun sitotoksik etkileri HelLa insan
rahim agz1 kanseri, HepG2 insan hepatoma kanseri ve
saglikli MEF hiicre serilerinde denenmistir. Yapilan
denemede 96 kuyucuklu plaklara yontem kisminda
belirtilen sekilde ekilen hiicrelere, HAIB maddesi 6,25-
400uM doz araliklarinda 7 farkli konsantrasyonda ve 6
tekrarli uygulanmistir. Uygulamada kullanilan HeLa,
HepG2 ve MEF hiicre serileri karbondioksitli inkiibatorde
kiiltiire alinmis ve HAIB’in HeLa, HepG2 ve MEF hiicre
serilerinde 24 saat siiresince hiicre canliligi tizerindeki
etkisi incelenmistir.
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Sekil 6. MEF, HeLa, HepG2 hiicre serisinde 24 saat siireyle
6,25-400uM doz araliklarinda HAIB uygulamasimin hiicre
canliligina etkisi. Sar1 renk gosterilen kontrol ¢ubugu her iig¢
hiicre i¢in de muamele edilmemis hiicreleri temsil etmektedir.

HeLa ve HepG2  hiicre serilerinde farkli
konsantrasyonlar ile uygulanan HAIB 24 saatlik
uygulama sonrasinda hiicre canliliginmi istatistik olarak
anlamli seviyede diigiirmiistiir (p<<0,0001). Saglikli MEF
hiicreleri iizerinde herhangi bir etkiye rastlanmamistir
(Sekil 6). HeLa ile yapilan ¢alismada 24 saatlik uygulama
sonrasinda kontrole kiyasla en yiiksek canli hiicre orani
6,25uM uygulama konsantrasyonunda %=86,02+0,07
olarak belirlenirken, HepG?2 i¢in ayni oran %79,00+0,03
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olarak belirlenmistir. 400uM HAIB konsantrasyon
ortamdaki HeLa hiicrelerin sadece %38,83+0,77’si,
HepG2 hiicrelerinin ise sadece %31,03+0,05’si canli
kalmustir.

Calisma kapsaminda 24 saatlik HAIB uygulamasi
sonucu belirlenen yilizde canlilik degerleri kullanilarak her
bir doz i¢in kontrole kiyasla olusan o&liim oranlar
belirlenmistir. Bu oranlar kullanilarak probit analizi
yapilmis ve HAIB’nin 24 saatlik uygulama sonras1 ICso
degerlerinin 400uM iist sinir dozu se¢imin altinda kalarak
HeL a hiicre serisi lizerinde 155,955uM (Sekil 7), HepG2
hiicresi tizerinde ise, 76,769uM oldugu saptanmistir
(Sekil 8).
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Sekil 7. HeLa hiicre serisinde 24 saatlik HAIB uygulamasi
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sonrasinda MTT testi sonuglar1 kullanilarak yapilan probit

analizi ve ICso degeri. ICso degerinin gozlenebilmesi i¢in Probit

sayilar1 ve karsilik gelen doz tahmin degerlerinin timi sekle

yansitilmamustir.
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Sekil 8. HepG2 hiicre serisinde 24 saatlik HAIB uygulamasi
sonrasinda MTT testi sonuglart kullanilarak yapilan probit
analizi ve ICso degeri. ICso degerinin gozlenebilmesi i¢in Probit
sayilart ve karsilik gelen doz tahmin degerlerinin tiimii sekle
yansitilmamugtir.

EEE

Doz Tatunin defort
g ¥ ¥

)

ICso degerleri iizerinden yapilan gozlemlere gore
HAIB’in HepG?2 iizerinde HeLa’ya kiyasla iki kat etkili
olmasina ragmen bu degerler diger imidazol tuzlarinin bu
calismada kullanilan kanser hiicrelerinden farkli kanser
hiicreleri iizerinde gosterdigi ve ICso degerlerinin 1uM—
20uM araliginda oldugu dozlara gore (Wang ve ark.
2013) oldukea yiiksektir. Ancak, diger saglikli hiicreler
igin bir genelleme yapilamamakla birlikte HAIB’in
saglikli MEF hiicreleri tlizerinde herhangi zararli bir
etkisinin = gozlenmemesi de olumlu bir sonug
olusturmaktadir.



3-(2-Hidroksietil)-1-(3-Aminopropil)-1h-fmidazol-3-Tum Bromid Sentezi,Karakterizasyonu ve Biyolojik Aktiviteleri

Antibakteriyal ve Antifungal Aktivite

HAIB’in antimikrobiyal ve antifungal aktiviteleri 1, 2,
4, 8, 16 ve 32uM’lik konsantrasyonlarda alt1 bakteri ve bir
maya iizerinde arastirilmistir. Bakterilerde ampisilin ve
gentamisin, maya da ise amphotericin-b antibiyotikleri
ayni konsantrasyonlarda kontrol olarak kullanilmistir. 96
kuyucuklu plakalara ekilen bakteri ve maya iizerine HAIB
ve antibiyotik konsantrasyonlar1 ayr1 ayr1 ilave edilmis ve
37°C de 24 saat inkiibasyona birakilmustir. inkiibasyon
sonunda elisa plaka okuyucuda 600nm dalga boyunda
okumalar1 yapilarak absorbans degerleri dlgtilmiistiir.
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Aktivite testlerinin  uygulandigt  alti  bakteri
Escherichia coli ATCC 25922 Escherichia coli 0157:H7,
Salmonella thphimurium ATCC 14028, Bacillus cereus
ATCC 11778, Staphylococcus aureus ATCC 25923 ve
Listeria monocytogenes ATCC 19115 iken, antifungal
aktivite Candida albicans ATCC 10231 mayasi tizerinde
belirlenmistir. Elde edilen sonuglarin bazilar1 antibiyotik
kontrolleri ile birlikte Sekil 9°da gdsterilmistir. S. aureus,
B. cereus ve L. monocytogenes iizerindeki sonuglar
absorbans 6l¢iimlerindeki istatistik olarak hatali sonuglar
nedeniyle verilmemistir.
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Escherichia coli Escherichia coli O157:H7 Staphylococcus aureus Candida albicans

Konsantrasyon ve Kullamilan Suslar

e . [B tuzunun ii¢ bakteri ve bir maya iizerindeki antimikrobiyal aktivite grafigi (Degerler % canhlik olarak hesaplanara
Sekil 9. HAIB bak b y. dek krobiyal ak grafigi (Degerler % lilik olarak hesapl k

grafige aktarilmstir).

HAIB’in E. coli ATCC 25922 ve S. thphimurium
ATCC 14028, bakterilerinde higbir etkisi goriilmez iken
E. coli O157:H7 ve C. albicans ATCC 10231 mayas1
iizerinde 32uM doz i¢in orta dereceli aktivite gdsterdigi
sOylenebilir. Ancak antibiyotiklere kiyasla bu etkiler
32uM’dan daha yiiksek dozlarin denenmesine gerek
olmadigini agikliga kavusturmaktadir.

Bir N-heterohalka karben tuzu olarak sentezlenen
molekiili elemental analiz ve kiitle spektrometresi ile
dogrulandigi gibi aym zamanda NMR ve FTIR
spektrumlari ile de kontrol edilmistir. NMR spektrumlari
molekiiliin karben halka yapisim1 ve alifatik uzantilarini
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DEVAM SUTLERINDE AFLATOKSIN M1 VARLIGININ ELISA
YONTEMIYLE TESPIT EDiLMESI
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Ozet: Onemli bir besin kaynag1 olan siit, bebek beslenmesinde kullanilmakta ve tiim diinyada tiiketilmektedir. Devam siitlerine
gectigi bilinen kimyasal kontaminantlardan biri mikotoksinlerdir. Kiifler tarafindan iiretilen ve devam siitlerine gecebilen
mikotoksinler bebekte saglik riski olusturabilir. Mikotoksinlerin toksik etkilerinin dnlenmesi i¢in bebegin normal biiyiime ve
gelisimi i¢in en Onemli besinlerden biri olan devam siitiindeki aflatoksin M1 diizeylerinin belirlenmesi dnemlidir. Siit
kontaminant1 olarak aflatoksinlerin kontrolii ile ilgili sosyal koruma projelerinin ve devam siitleri ile ilgili farkindaligin
arttirtlmast halk sagligi korunmasi agisindan 6nem arz eder. Calismamizda, yeni doganlarin diyetlerinde aldigt iriin olan devam
siitlerinde, aflatoksin M1’in varlig1 ve halk sagligi bakimindan 6nemi arastirilmigtir. Bu amagla, 7 farkli firmadan, farkl: seri
numaralarina sahip siit 6rneklerini igeren 60 adet devam siitii toplanmugtir. Calisgmamizda Enzyme-linked immunosorbent assay
(ELISA) yontemi kullanilarak devam siitlerinde aflatoksin M1 miktarlar1 arastirilmistir. Avrupa Birligine uyum gercevesinde
hazirlanmis olan 2008/26 sayili gida maddelerindeki kontaminasyonlarin maksimum limitleri hakkindaki Tiirk Gida Kodeksi
(TGK) Tebliginde; ¢ig siit, UHT siit ve siit iceren iiriinlerin yapiminda kullanilan siitlerde maksimum AFM1 miktarinin
0.05pg/kg (parts per billion) olmasi gerektigi belirtilmistir. Aflatoksin M1 konsantrasyonlar1 hesaplandiginda; <0.05 parts per
billion konsantrasyon araliginda Aflatoksin M1 igeren 37 drnek, >0.05 ppb konsantrasyon araliginda Aflatoksin M1 igeren 23
ornek tespit edilmistir. Sonug olarak Tiirk Gida Kodeksi limit degerini asan 23 6rnek halk sagligi agisindan 6nem arz
etmektedir. Beslenmede devam siitiiniin siklikta tiiketildigi ve dnemli bir rol oynadigi bebek yas grubunda, bu iiriinler piyasaya
¢tkmadan 6nce Aflatoksin M1 varliginin saptandigi daha kapsamli aragtirmalarin yapilmasinin uygun oldugu diisiiniilmektedir.

Anahtar kelimeler: Devam siitii, aflatoxin M1, Elisa yontemi.
Determination of Aflatoxin M1 on Follow-on Milk by ELISA Method

Abstract: Milk, which is an important source of nutrition is used for infant feeding and consumed widely all over the world.
Mycotoxins are one of the chemical contaminants that are known to pass through milk. They are produced by molds and pass
through milk, and may cause health problems in infants. Determination of aflatoxin M1 levels in follow-on milks which is one
of the most important nutrients for healthy grown babies is important in prevention of toxic effects of mycotoxins. Promoting
social protection studies concerning aflatoxins as milk contaminants and raising awareness on follow-on milks is important in
protection of public health. In our study, investigation of aflatoxin M1 in follow-on milks; a product that newborns take in their
diet, and to evaluate the results in terms of public health. For this purpose, 60 follow-on milk samples with different serial
numbers were collected from 7 companies. In Turkish Food Codex Communique related to the contaminations in food products
with in accordance with the law no 2008/6 for preparation compliance as part of European Onion, indicated that the raw milk,
UHT milk and other milks used for production of some products containing milk, maximum aflatoxin M1 should be 0.05 pg/kg
(parts per billion). Aflatoxin M1 concentrations were determined by Enzyme-Linked Immunosorbent Assay (ELISA). Our
results showed that 37 samples contained aflatoxin M1 with <0.05 parts per billion concentrations, while 23 samples contained
aflatoxin M1 with >0.05 parts per billion concentrations. In conclusion, the latter 23 samples including aflatoxin M1 values
above Turkish Food Codex limits are important in terms of public health.

Key words: Follow-on milk, aflatoxin M1, Elisa method.

Giris

Gelisimin erken doneminde sadece inek siitiindeki besinleri birlestirir. Ancak devam siitlerine gecebilen bazi
vitamin ve mineraller, bebeklerin besin ihtiyacim maddeler bebek saghgmi tehdit etmektedir. Ornegin,
karsilamada yetersiz kalabilir. Devam siitleri; inek bunlardan biri de mikotoksinlerdir (Mead 2010).

sitiiniin faydalar1 ile biberon mamalarinin sundugu Aspergillus flavus Link, A. parasiticus Speare ve A.
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oryzae (Ahlb.) Cohn gibi kiifler tarafindan olusturulurlar.
Bu kiifler dogada yaygin olarak bulunurlar (Asan 2004)
ve Ozellikle nem ve sicakligin uygun oldugu kosullarda
depolanan iiriinlerde kolayca gelisebilirler (Siimer 2006).
Bebek ve ¢ocuklarin biyotransformasyon kapasitelerinin
yetiskinlere gore daha diisiik olmas1 ve aflatoksin M1’e
(AFM1) yetiskin insanlara gore daha duyarli olmasi da
yine bu toksinin saglik agisindan ne kadar &nemli
oldugunu ortaya koymaktadir.

Siit ve siit tirtinlerindeki aflatoksin miktarlar1 cografi
bolgelere, iilkelere ve mevsimlere gore farkliliklar
gosterdigi, bahar ve yaz mevsiminde kis mevsimine
oranla daha az miktarlarda AFM1 bulundugu, dolayisiyla
bu mevsimlerde yapilan siit iriinlerinde de AFMI1
miktarinin 6nemsenmeyecek diizeylerde goriilebilecegi
bildirilmistir (Kamkar 2005, Birdane ve ark. 2006,
Gommez-Arranz  ve  Navarro-Blasco 2010). Bu
aragtirmanin amaci; aflatoksin M1'in devam siitiindeki
miktarlari1  belirleyerek, bebeklerin maruz kalacagi
riskleri ve olasi1 saglik etkilerini yorumlamak, bu riskleri
ortadan kaldirmaya yonelik gerekli dnlemlerin alinmasi
i¢in Onerilerde bulunmaktir.

Materyal ve Metot

Calismada 7 farkli firmaya ait devam siitli 6rnekleri,
Eyliil 2014 — Subat 2015 tarihleri arasinda toplanmustir ve
numaralandirilmistir. Toplanan drneklerden seri numarasi
farkl1 olan drnekler analize alinmistir. Orneklerin deney
asamalar1 Subat 2015 — Haziran 2015 tarihleri arasinda
tamamlanmigtir. Stit 6rnekleri buzdolabi sicakliginda
sogutulup 2-8°C’de 3000xg’de 10 dakika santrifiij
edilmistir. Santrifiij islemi ile siitten yag tabakas1 ayrilip
yagsiz kisim direkt olarak analize alinmigtir. 25-1250ppt
Olglim araliginda en etkili aflatoksin

M. Kaya Tuz ve ark.

M konsantrasyonunu elde etmek icin drnek 5 kez diliie
edilmistir (100pul 6rnek + 400ul drnek diluenti).

AFM1 Varliginin Gosterilmesi: Enzim Immunoassay
Prosediirii

Enzyme Linked Immunosorbent Assay (ELISA)
metodu ve M1 ELISA test kiti kullanilmustir. Orneklerin
ekstraksiyonundan sonra analiz prosediirii, {retici
firmanin talimatlar1 dogrultusunda gergeklestirilmistir.

ELISA Yontemi ile Aflatoksin M1 Analizi
Aflatoksin M1 ELISA analizi i¢in R-Biofarm
RIDASCREEN test kitleri kullanilmistir.

Sonuglar RIDA®SOFT  Win
Software ile degerlendirilmistir.
Hesaplamalar agagida verilen formiille yapilmustir.

(Art.N0.Z9999)

Ornegin absorbans1 x 100

Hesaplama =
Maksimum baglanma

Sonuclar

2008/26 sayili gida maddelerindeki
kontaminasyonlarin maksimum diizeyleri hakkindaki
Tiirk Gida Kodeksi (TGK) Tebliginde; ¢ig siit, UHT siit
ve siit kokenli maddelerin iretiminde kullanilan siitlerde
maksimum AFMI1 miktarinin 0.05pg/kg (ppb) olmasi
gerektigi bildirilmistir. Calismamizda piyasadan saglanan
yedi farkli firmaya (A, B, C, D, E, F, G) ait 60 adet devam
stitii materyal olarak kullanilmigtir. Toplanan 6rneklerin
ELISA testi ile AFM: konsantrasyonlar1 hesaplandiginda;
<0.05 ppb (parts per billion = milyarda 1) konsantrasyon
araliginda AFM; igeren 37 oOrnek, >0.05 ppb
konsantrasyon araliginda AFM1 igeren 23 6rnek tespit
edilmistir (Tablo 1).

Tablo 1. AFM1 varligi pozitif olarak tespit edilen numunelerde AFM1 konsantrasyonu.

Ornek Numarasi Ortalama Absorbans Hesaplanan ppt (parts per trillion) ppb
3 1.580 6.65 0.0665
10 1.550 8.45 0.0845
11 1.573 7.1 0.0710
20 1.587 6.25 0.0625
26 1.471 13.1 0.1310
28 1.394 17.65 0.1765
36 1.475 12.8 0.1280
38 1.582 6.6 0.0660
41 1.493 11.75 0.1175
44 1.176 23.12 0.2312
45 1.487 11.31 0.1131
46 1.535 9.97 0.0997
47 1.208 20.49 0.2049
49 1.505 10.83 0.1083
50 1.359 14.63 0.1463
51 1.236 18.94 0.1894
59 1.486 11.33 0.1133
60 1.101 34.19 0.3419
61 1.439 12.53 0.1253
62 1.224 19.55 0.1955
63 1.432 12.70 0.1270
72 1.312 16.03 0.1603
73 1.519 10.45 0.1045
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Ornek Firmalar
No
A B C D E F G
1 <0.05 0.0710 <0.05 <0.05 0.1131 <0.05 <0.05
2 <0.05 <0.05 <0.05 <0.05 0.0997 0.1083 <0.05
3 0.0665 <0.05 <0.05 <0.05 0.2049 0.1463 0.2312
4 <0.05 <0.05 <0.05 <0.05 <0.05 0.1894
5 <0.05 <0.05 <0.05 0.1280 0.1603 <0.05
6 <0.05 <0.05 0.1310 <0.05 0.1045 0.1133
7 <0.05 <0.05 <0.05 0.0660 <0.05 0.3419
8 <0.05 <0.05 0.1765 <0.05 0.1253
9 <0.05 0.0625 <0.05 <0.05 0.1955
10 0.0845 <0.05 <0.05 0.1175 0.1270

AFM1 varlig1 tespit edilen 23 devam siitii drneginden;
0.06-0.07ppb konsantrasyon araliginda AFM1 iceren 3
ornek, 0.07-0.08ppb konsantrasyon araliginda AFM;
iceren 1 ornek, 0.08-0.09 ppb araliginda 1 6rnek, 0.09-
0.10 ppb araliginda 1 6rnek, 0.10-0.11ppb araliginda 2
ornek, 0.11-0.12ppb araliginda 3 6rnek, 0.12-0.13 ppb
araliginda 3 6rnek, 0.13-0.14ppb araliginda 1 6rnek, 0.14-
0.16 ppb araliginda 1 6rnek, 0.16-0.17 ppb araliginda 1
ornek, 0.17-0.18ppb araliginda 1 6rnek, 0.18-0.19ppb
araliginda 1 6rnek, 0.19-0.20ppb araliginda 1 6rnek, 0.20-
0.23ppb araliginda 1 6rnek ve 0.23-0.34 ppb araliginda 1
ornek oldugu gortilmiistiir (Tablo 1).

Firmalar

0,2

0,15

0,1 -

0,05 -

A B Cc D E F G

Sekil 1. Siit 6rneklerinde saptanan aflatoksin M1 miktarlarinin
firmalara gore dagilimi, gubuk modeli.

Tablo 2’de firmalara ait tespit edilen AFM1 degerleri,.
Sekil 1°de de firmalara (A, B, C, D, E, F, G) ait ortalama
degerler ¢ubuk grafigi seklinde gosterilmistir. Tablo 2
incelendiginde A, B, C, D, E, F, G firmalarina ait en diisiik
ve en yiksek degerler bakimindan AFM: degerleri
strastyla (ppb) 0.0625, 0.0660, 0.0665, 0.0710, 0.0843,
0.1175, 0.1280, 0.1313 ve 0.1765 smurlar1 igerisinde
oldugu goriilmiistiir. A, B, C, D, E, F, G firmalarina ait en
diisiik ve en yiiksek degerler bakimindan AFM1 degerleri
sirastyla (ppb) 0.0997, 0.1045, 0.1083, 0.1131, 0.1133,
0.1253, 0.1270, 0.1463, 0.1603, 0.1894, 0.1955, 0.2049,
0.2312 ve 0.3419 olarak bulunmustur. A, B, C, D, E, F, G
firmalarina ait ortalama degerler kiiciik degerden biiyiik
degere gore sirastyla A firmast % 7, B firmas1 % 8, D
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firmas1 % 11, E firmas1 % 15, C firmas1 % 16, F firmasi
% 18 ve G firmasi % 25 olarak belirlenmistir. Siit
orneklerine ait Aflatoksin M1 (AFM1) bulgulart i¢in
yapilan varyans analizi sonucuna gére (p<0.001) firmalar
arasi fark 6nemli bulunmustur.

Tartisma

Kuvvetli toksijenik 6zellik gosteren aflatoksin M1'in
devam siitindeki miktarlarin1 belirlemek, bebeklerin
maruz kalacagi riskleri ve olast saglik etkilerini
yorumlamak, bu riskleri ortadan kaldirmaya ydnelik
gerekli Onlemlerin alinmasinda Onerilerde bulunmak
amaciyla bu calisma yapilmistir. Ornekler Eyliil 2014 —
Subat 2015 tarihlerinde toplanmistir. Alinan Ornekler
ELISA yontemiyle okunmustur. Calisma sonucunda,
incelenen toplam 60 devam siitii Orneginin hepsinde
AFM1 saptanmis olup, 37 Ornekte ise Tiirk Gida
Kodeks’ine gore kabul edilebilir sinirlar igerisinde AFM1
bulunmustur. Tirk Gida Kodeks’ine gore 23 oOrnekte
siirlart agan devam siitii 6rnegi tespit edilmistir (Tablo
2).

A, B, C, D, G firmalarinin ortalama AFM1 degerleri
Tirk Gida Kodeksinde (TGK) belirtilen maksimum
bulasan degerinden (0.05ppb) daha biiyiiktiir. A, B, C, D,
G firmalarina ait ortalama degerler standart degerden
yiiksektir fakat fark istatistiksel olarak Onemsiz
bulunmustur. E ve F firmalarina ait ortalama degerler ise
standart degerden yiiksektir ve fark 6nemli bulunmustur.
Risk potansiyeli tasima ihtimali olan aflatoksin miktarlari,
Tirk Gida Kodeks’ine gore degerlendirilmistir; Bu
degerler siitte; 0.05pg/kg, siit tozunda (dry milk);
0.5pg/kg, peynirlerde; 0.25pug/kg, bebek mama ve devam
formiillerinde;  0.020pg/kg olarak  bildirilmektedir.
Caligmada, incelenen orneklerin 23’{inde tespit edilen
AFM1 seviyelerinin Tiirk Gida Kodeksi kriterleri dikkate
alindiginda, kabul edilebilir smurlarin iistiinde oldugu
belirlenmistir (Tablo 2).

A, B, C, D, E, F, G Firmalarina ait devam siitii
orneklerine ait ortalama degerler standart degerden
yiiksektir. Fark istatiksel olarak onemlidir. Bu nedenle
devam siitlerinde AFM1 varliginin bulunmas: 6nemli bir
risk olusturdugunu diisiinerek ¢alismamizda Tiirkiye’de
yaygin olarak tiiketilen devam siitii iriinlerinde AFM1
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miktarlar1 aragtirtlmigtir. Siit ve siit iirlinlerinde aflatoksin
tespiti i¢in ince tabaka kromotografisi (thin layer
chromotography=TLC), ELISA ve yiiksek performans
stvi  kromotografisi  (high  performance liquid
chromotography) kullanilmaktadir. Bu iki yontem i¢inde
ELISA, duyarhiliginin yiiksek ve kolay uygulanabilir
olmas1 nedeniyle, siitdeki AFMI1 analizinde yaygin
kullanilan bir metot oldugu bilinmektedir (Amra 1998,
Sarimehmetoglu ve ark. 2004).

Bu calismada da, bahsedilen avantajlarindan dolay:
ELISA yontemi kullanilmistir. Bircok iilkede ve
iilkemizde yapilan bir¢ok calismada siit ve siit {iriinlerinde
AFM1 diizeyini belirlemek i¢in analiz yapilmistir (Bakirci
2001, Sarimehmetoglu ve ark. 2004, Atasever ve ark.
2006).

Bizim ¢alismamizda da, toplam 60 siit 6rneginden %
38’da, AFM1 miktarinin Tiirk Gida Kodeks’ine gore
kabul edilebilir siirlarin {izerinde oldugu goriilmiistiir.
Siit ve siit tiriinlerdeki aflatoksin M1’in meydana gelmesi
gevre kosullarma bagli oldugundan sartlarin diizeltilmesi
problemin daha basit ve ucuz yollardan ortadan
kaldirilmasin1  saglayacaktir (Galvano ve ark. 1996,
Franco ve ark. 1998, Akdemir 2001, Ozmentese 2002,
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Ozet: 2013-2016 doneminde Trakya Bolgesi’nde yapilmis arazi caligmalari sirasinda drneklenen herbivor 6zellikteki Archips
rosana (Linnaeus) (Lepidoptera: Tortricidae), Melitaea didyma (Esper) (Lep.: Nymphalidae), Melitaea cinxia (Linnaeus)
(Lep.: Nymphalidae), Allophyes oxyacanthae (Linnaeus) (Lep.: Noctuidae), Aporia crataegi (Linnaeus) (Lep.: Pieridae),
Periclistus brandtii (Ratzeburg) (Hymenoptera: Cynipidae), Lymantria dispar (Linnaeus) (Lep.: Erebidae) ve Mustha
spinosula (Lefébvre) (Hemiptera: Pentatomidae)’nin biyolojik bazi ozellikleri laboratuvar ortaminda gozlenmis ve bulgular
degerlendirilmistir. A. rosana ve M. didyma larvalarinda karnivor ve kanibalizm davraniglari, A. oxyacanthae ergin disisinin
partenogenez yolu ile yumurta iiretmesi, M. spinosula ergininin L. dispar larvalar1 ile olan birlikteliginde gosterdigi
savunma/predator davranist ve P. brandtii’nin Pyrus communis (Linnaeus) bitkisi ile olan birlikteligi ilk kez gézlenen durumlar
olmustur. Ayrica Melitaea cinxia larvasindan Erycia festinans (Meigen) (Diptera: Tachinidae) parazitoiti elde edilmis olup, E.
festinans tiirii Tiirkiye igin yeni bir dipter kaydi olmustur. E. festinans M. cinxia ile olan birlikteligi Tiirkiye igin yeni bir
parazitoit-konak kaydidir.

Anahtar kelimeler: Boécek davranisi, karnivor, kanibalizm, predasyon, partenogenez, savunma, parazitoit.
Biological Observations on Some Herbivorous Insects

Abstract: Some biological characteristics of the herbivorous Archips rosana (Linnaeus) (Lepidoptera: Tortricidae), Melitaea
didyma (Esper) (Lep.: Nymphalidae), Melitaea cinxia (Linnaeus) (Lep.: Nymphalidae), Allophyes oxyacanthae (Linnaeus)
(Lep.: Noctuidae), Aporia crataegi (Linnaeus) (Lep.: Pieridae), Periclistus brandtii (Ratzeburg) (Hymenoptera: Cynipidae),
Lymantria dispar (Linnaeus) (Lep.: Erebidae) and Mustha spinosula (Lefébvre) (Hemiptera: Pentatomidae) obtained from
Thrace Region during field studies in the period of 2013-2016 were monitored in laboratory conditions and the observations
were evaluated. The carnivorous behaviour of A. rosana and M. didyma larvae, egg production by adult females of A.
oxyacanthae through parthenogenesis, the defense/predatory behaviour of M. spinosula adults on L. dispar larvae and the
association of P. brandtii with Pyrus communis (Linnaeus) plant are the observations reported for the first time. Furthermore,
from Melitaea cinxia larva, the parasitoid Erycia festinans (Meigen) (Diptera: Tachinidae) emerged. E. festinans is a new record
for Diptera fauna of Turkey. Correspondingly, M. cinxia and E. festinans is a new host-parasitoid association for Turkey.

Key words: Insect behaviour, carnivore, cannibalism, predation, parthenogenesis, defence, parasitoid.
Giris

korunmasina kadar birgok alanda faydali olacaktir (Tunca
ve ark. 2011).

Bocekler tir sayisi bakimindan diinya iizerinde
yasayan tlim organizmalarin yarisindan daha fazla bir
¢ogunluga sahiptir. Diinyadaki toplam biyokiitlenin en
genis parcasint olusturan bitkiler {izerinden besinini
karsilayan herbivor bocekler ise bu yiginin yaklasik
yarisint  olustururlar. Bu yogun g¢esitlilik, tiirlerin
etkilesimde oldugu cevresi ile de birlesince kompleks bir

Bu caligmada 2013-2016 yillar1 arasinda Trakya
Bolgesi’'nde yiiriitilen farkli ¢alismalar sirasinda bazi
herbivor  bocekler hakkinda yapilan  goézlemler
raporlanmigtir. Caligmada go6zlemlenen bu durumlar,

trofik ag1 beraberinde getirmektedir. Canlilar arasindaki
etkilesimler komiinite dinamiklerini etkilemekte ve ayn
zamanda da komiinite dinamikleri tarafindan bu iligkiler
etkilenebilmektedir (Schoonhoven ve ark. 2005, Stam ve
ark. 2014). Bocekler arasindaki etkilesimlere dair
Ogrenilecek her bilgi (dogal diismanlar, rekabet, konukcu
secimleri, davranigsal gézlemler ve bunlarin altinda yatan
kimyasal bilgiler, bitki bilesikleri vb.), biyokontrol
caligmalarindan, bitki, bdocek ve dogal alanlarin

mevcut literatiir ile karsilagtirilarak yorumlanmistir.

Materyal ve Metot

Trakya Bolgesi’nde, 2013-2016 yillar1 arasinda
vejetasyon donemlerinde yapilan arazi caligmalar
sirasinda toplanan larva, pupa ve ergin evrelerindeki
herbivor bocekler, lizerinde bulundugu bitki ile birlikte
laboratuvara getirilmis ve yetistirilmistir. Boceklerin
arazide toplama agamasi, bitkiyi silkeleme ve gozle
kontrol metotlar1 ile yapilmig olup, laboratuvarda
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yetistirme asamast ise icerisinde toplandig: bitkiyi igeren
10x10 cm ve 10x15 cm ebatlarinda iizeri gazli bez ile
ortiilli  plastik kaplar igerisinde gerceklestirilmistir.
Yetistirme siiresince laboratuvar sicakligi 27°C ve nem
%352 seviyesinde tutulmustur. Bu siiregte bdcekler
gozlemlenmis ve farkli davramiglar not edilmistir.
Yetistirme kaplarinda ergin hale ulagan bdcekler tayin
edilmis olup, Trakya Universitesi Biyoloji Béliimii
Entomoloji Miizesi’nde muhafaza edilmektedir.

Sonuclar ve Tartisma
Archips rosana (Linnaeus) (Lepidoptera: Tortricidag)

A. rosana’nin ait oldugu Tortricidae familyasi, tiirlerin
bir¢ogu larva halinde iken konuk¢u oldugu bitkilerin
yapraklarini biikerek kendisine bir yuva olusturdugu igin
“yaprak biikenler” olarak adlandirilmaktadir. Larvalar
beslenme ve pupa olusumu evrelerini biiktikleri bu
yaprak yuvalarda tamamlamaktadir. A. rosana
yapraklarin yani1 sira konak bitkinin ¢igeklerinden,
tomurcuklarindan ve ufak meyvelerinden de beslenmesi
irin kayiplarma yol agmakta ve meyve verimini
diistirmektedir (Meijerman ve Ulenberg 2000).

A. rosana, Rosaceae familyasi dahil bir ¢ok bitki
familyas1 iizerinden beslenen polifag bir tiirdiir. Tiiriin
larva asamasinda {izerinde beslendigi bilinen ve
Palearktik Bolge’de dagilim goésteren konak bitkiler

Aceraceae, Betulaceae, Caprifoliaceae, Cornaceae,
Ericaceae, Fabaceae, Fagaceae, Grossulariaceae,
Juglandaceae, Pinaceae, Rhamnaceae, Rosaceae

(Crataegus sp., C. douglasii Lindl, Malus sp., M.
domestica Borkhausen, M. sylvestris Miller, Prunus sp.,
P. armeniaca Linnaeus, P. amygdalus Batsch, P. avium
Linnaeus, P. ceracus Linnaeus, P. domestica Linnaeus, P.
mahaleb Linnaeus, P. persica (Linnaeus), P. spinosa
Linnaeus, P. virginiana Linnaeus, Pyrus sp., P. communis
Linnaeus, Ribes aureum Pursh, R. rubrum Linnaeus, Rosa
sp., R. canina Linnaeus, Rubus sp., R. parviflorus Nuttall,
R. rugosa Smith, R. idaeus Linnaeus), Rutaceae,
Salicaceae ve Ulmaceae familyalarina dahildir (Ozdemir
ve ark. 2005, Brown ve ark. 2008, Polat ve Tozlu 2010).
Calisma sirasinda A. rosana bireyleri arazide Pyrus
communis (Rosaceae) lzerinden larva halinde iken
toplanmigs ve bu bitki ile beslendigi laboratuvarda
gozlenmistir. Bununla birlikte larvalarin  karnivor
beslenme davranig1 gosterdigi de laboratuvar sartlarinda
gbzlenen bir durum olmustur. Tortricidae familyasina ait
larvalarm 2 farkli karnivor beslenme davranist gosterdigi
Saptanmuigtir.

Bir 6rnekleme kutusunda, iki A. rosana larvasi arasinda
yamyamlik (kanibalizm) durumu goézlemlenmistir. Sekil
1’de beyaz ¢ember igerisinde gosterilen larvanin, diger
larvanin abdomeninin ucunu 1sirarak viicut sivisini
cikarttigi ve sivi ile beslendigi goriilmiistiir.

Bir diger ornekleme kutusunda ise iki A. rosana
larvasinin bir tanesinden Tachinidae parazitoidinin ¢ikip
fi¢1 pupa 6rdiigii ve bu pupanin bir kisminin ayni kutu
icindeki saglikli olan diger A. rosana larvasi tarafindan
isiridmig oldugu gorilmiistiir (Sekil 2). Birkag giin sonra
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saglikli olan larva pupa olusturmus ve metamorfoz siiresi
sonunda pupadan ergin birey ¢ikmustir.

Sekil 1. Archips rosana larvalar arasinda yamyamlik.

Sonug olarak, her iki durumda da, normal sartlarda
herbivor beslendigi bilinen A. rosana, muhtemelen
ortamdaki besin sikintis1 nedeniyle hem kendi tiiriinden
bir larva lizerinde hem de kendi tiiriinii parazitize etmis
olan bir dipter tiyesinin pupasi iizerinden karnivor olarak
beslenmistir.

“|
A
Sekil 2. Archips rosana larvasinin Tachnidae pupasi iizerinde
predasyonu: (A) Predasyonu yapan saglikli A. rosana larvasi.
(B) Parazitoidlenmis A. rosana larvasi. (C), (D) Parazitize A.
rosana larvasindan ¢ikmis Tachinidae larvasmin fig1 pupasi

(saglikli larva tarafindan isirilan bolge beyaz ¢ember igine
alinmugtir).

Besin kaynagi yetersiz oldugunda goriilebilen
yamyamlik, bunu ger¢eklestiren canlinin yagsam siiresini
uzatabilir ya da yiiksek protein igeren bu besinlerin
tiketimi ile yamyamin gelisim ve iireme basarisini
arttirabilir (Joyner ve Gould 1985, Kakimoto ve ark.
2003, Richardson ve ark. 2010, Wang ve Daane 2014). A.
rosana hakkinda literatiirde karnivor ya da yamyamlik
acisindan bir bilgiye ulagilamamigtir. Bununla birlikte,
farkli Archips ya da Tortricidae tiirlerinin larvalar
hakkinda yamyamlik bulgulari mevcuttur (Smirnoff
1967, Sullivan ve ark. 2011, Wang ve Daane 2014). Wang
ve Daane (2014)’in ¢aligmasinda, arastirilan bir tortricid
turinde (Choristoneura rosaceana (Harris)), tiiriin
larvasinin saglikli olan larvadan ziyade, bir braconid tiirii
tarafindan parazite olmus larvaya yonelik bir yamyamlik
davranisi gosterdigi bildirilmistir.



Bazi Herbivor Bécekler Hakkinda Biyolojik Gézlemler

Bu caligmada A. rosana hakkinda gozlemlenen iki
farkli karnivor beslenme durumu da besin yetersizliginin
oldugu bir periyotta meydana gelmistir. Besin yetersizligi
de bir taraftan A. rosana larvalari arasinda yamyamligt;
diger bir taraftan da A. rosana herbivorunun, tiirdesinden

¢tkmis  dipter  parazitoidinin  pupasma  ydnelik
gergeklestirdigi  predatorlik — davramigint  tetiklemis
olabilir.

Melitaea didyma (Esper) (Lepidoptera: Nymphalidae)

Bu kelebek tiiriiniin larvalari, Plantago sp.
(Plantaginaceae);  Valeriana  sp.  (Valerianaceae);
Antirrhinum sp., Digitalis sp., Linaria sp., Verbascum sp.,
Veronica sp. (Scrophulariaceae); Stachys sp. (Labiatae);
Centaurea sp.; Trifolium sp. (Papilionaceae) tiirlerine dahil
olan bazi bitki tiirlerini besin olarak kullanmaktadir
(Tolman 1997, Baytas 2008, BRC 2011).

Araziden toplanmig iki adet M. didyma larvasi aym
ornekleme kabi igerisinde yetistirilmistir. Larvalardan bir
tanesi pupaya girmis ve birka¢ giiniin sonunda diger
larvanin ortamdaki besin yetersizliginden dolayr ayni
kapta bulunan pupa halindeki tiirdesi iizerinden beslendigi
goriilmiistiir (Sekil 3). Yamyam larva sonrasinda pupasini
olusturmus fakat muhtemelen ortam sartlarindan Gtiirii
pupadan ergin olarak ¢ikamamustir. M. didyma larvasinin
karnivor ya da yamyam beslenmesi hakkinda bir bilgiye
literatiirde rastlanmamuistir. Bununla birlikte bazi
aragtirmalarda,  tiiriin  ait oldugu altfamilyaya
(Melitaeinae) ait bazi tlirlerde yumurta ve larva
yamyamligimin bulundugu belirtilmistir (Clark ve Faeth
1998, Kuussaari ve ark. 2004).

Sekil 3.

Melitaea didyma larvasinin pupa iizerindeki
yamyamligt: (A), (B), (C) Yamyamliga ugramis olan pupanin
pargalart. (D) Yamyam larvanin beslenmeden sonra olusturdugu
pupa.

Melitaea cinxia (Linnaeus) (Lepidoptera:
Nymphalidae) ve Erycia festinans (Meigen) (Diptera:

Tachinidae)

Melitaea cinxia tiiriine ait larval bireyler Plantago
lanceolata (Plantaginaceae) yapraklari {izerinde gregar
halde beslenirken gozlemlenmis ve larvalar besin bitkileri
ile toplanarak laboratuvarda yetistirilmistir. Larva
asamasinda lepidopter bireylerin bir tanesinden tachinid
larvasinin ¢ikis yapip konak larva yakininda kendi
pupasint olusturmus oldugu goézlenmistir. Ergin halde
pupasindan ¢ikan dipter, Erycia festinans olarak teshis
edilmistir.
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Erycia tachinid cinsinin, Melitaeini lepidopterleri
iizerinde spesyalist bir parazitoit oldugu diistiniilmektedir.
Ayrica Melitaeini’ye dahil olan Melitaca spp. ve
Euphydryas spp.’ye ait tiirleri parazitledigi iyi
bilinmektedir. (Herting 1960, Van Nouhuys ve Hanski
2004).

Ulkemizde yapilan calismalarda Erycia cinsine ait
sadece fascinata tiirii tespit edilmis olup; bu tachinid
tirtinin, Verbascum sp. (Scrophulariaceae) iizerinden
beslenen Melitaea didyma tiiriinii konak olarak kullandig1
kaydedilmigtir (Bayram ve Kara 1998).

Erycia festinans dipter tiiriiniin {ilkemizde varligina
dair yaymlanmis bir kayit bulunmamaktadir. Bununla
birlikte E. festinans’in Bulgaristan ve Yunanistan’daki
varligi, tlriin Tirkiye’de de bulunmasimi beklenir
kilmaktadir (Fauna Europaea 2014).

Diinyada yapilan ¢aligmalarda Erycia festinans’a ait
bireylerin Avrupa ve Sibirya cografik bolgelerinde, larva
evresinde olan Melitae cinxia ve Melitaea didyma
tiirlerini konak olarak kullandigi tespit edilmistir (Ford ve
ark. 2000, Wahlberg ve ark. 2001, Van Nouhuys ve
Hanski 2004). Tiirkiye’de ise hem Erycia festinans
tachinidinin, hem de tiirin Melitae cinxia ile olan konak
iligkisinin tilkemizdeki varligi bu c¢alisma ile ilk kez
bulgulanmustir.

Allophyes oxyacanthae (Linnaeus) (Lepidoptera: Noctuidag)

Larva asamasinda iken Prunus spinosa Linnaeus
(Rosaceae) 1lizerinden toplanan larva laboratuvar
sartlarinda beslenerek yetistirilmistir. Ergin hale gelen
disi bireyin, yetistirme kabinin tavanina partenogenez ile
yumurtalar birakmis oldugu goriilmiistiir. Yumurtalar
larva olusumu i¢in bekletilmis fakat herhangi bir larva
¢ikist olmamustir. Literatiirde A. oxyacanthae tiiriiniin
partenogenez ile yumurta irettigi hakkinda bir bilgiye
ulagilamamustir. Partenogenetik tireme, eseysel iiremeye
uygun olmayan ortam sartlarinda ya da erkeklerin sayica
az oldugu durumlarda tiiriin neslinin devamliligimi
sirdirme acisindan  olduk¢a faydalidir.  Ancak
partenogenetik iiremenin siirekliligi genetik ¢esitliligi
smirlayacak ve tiiriin kendilesmesini saglayacaktir. A.
oxyacanthae tiiriniin partenogenetik {iremeyi hangi
cevresel tehdit altinda gerceklestirdigi konusu detayli bir
caligmay1 gerektirmektedir.

Aporia crataegi (Linnaeus) (Lepidoptera: Pieridae),
Periclistus brandtii (Hymenoptera: Cynipidae)

A. crataegi larvalari, yuvasi ile beraber Pyrus
communis Linnaeus (Rosaceae) bitkisinden alinarak
laboratuvara getirilmistir. Yuva icerisine bakildiginda,
Sekil 4°de gosterildigi lizere, 4 beyaz parazitoid kozas1 ve
kozalar etrafinda az hareket eden A. crataegi larvalari fark
edilmistir. Beyaz kozalardan Periclistus brandtii tiiriine
ait ergin bireyler ¢ikmigtir. Bununla birlikte P. brandtii
gal iclerinde yerlesimei konumda bulunarak yasamini
stirdiiren bir tiirdiir ve gal disinda bir yerde yerlesimci
olduguna dair bir bilgi bulunmamaktadir.
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Sekil 4. Pyrus communis iizerinde bulunan Aporia crataegi
yuvasinda gozlenmis Periclistus brandtii cynipid kozalari: (A)
Yuva igerisinde goziiken beyaz renkteki P. brandtii kozalar
(kozalar beyaz ¢ember igine alinmistir). (B) Baska bir agidan
yuva igerisinde goziikken A. crataegi larvalar (larvalar beyaz
¢ember igine alinmustir).

Cynipid gal yerlesimcileri, Periclistus brandtii
tirtinde oldugu gibi, gal olusturma yetilerini yitirmis
olmalarina ragmen, gal arilar1 gibi fitofag bocektirler. Gal
yerlesimcilerinin larvalart gal igerisindeki odaciklarda ya
da galin dis dokularinda beslenip biiyiir ve gelisebilir.
Eger yerlesimci tiirlin gal igerisindeki birey sayist ¢ok
fazla olursa, ortamdaki diger gal arilarina toksik etki
yapip onlart Oldirebilirler. Periclistus tiirleri, Rosa
tiirlerinde gal yapan Diplolepis sp. gallerinde yerlesimci
konumundadir (Ronquist 1994, Katilmis ve Kiyak 2011).
Periclistus larvalar1 yaz boyunca gal odaciklarinda
bulunur, kis1 pupa oncesi evrede gecirir ve baharda da
pupa olurlar; sonrasinda ergin olarak gallerden ¢ikar,
giftlesir ve yumurtlamak igin olgunlasmams bir gal
secerler (Shorthouse 1973, 1993, Shorthouse ve Leggo
2002, Katilmis ve Kiyak 2011).

Periclistus cinsinin ait oldugu Synergini cynipidleri,
Rosa sp. tizerindeki Cynipidae (Hymenoptera) tiirlerinin
sebep oldugu gallerin disginda ayrica Quercus sp.
iizerindeki Cecidomyiidae  (Diptera) tiirlerinin
olusturdugu gallerde yerlesimci olabilmektedir (Katilmis
ve Azmaz 2015). Cecidomyiidae taksonuna ait kimi
tiirlerin ayrica Pyrus communis bitkisinde de yapraklari
sisirip biikerek gal olusumuna neden olabildigi literatiirde
belirtilmistir (Skuhrava ve ark. 2007).

Bu ¢aligmadaki gozlemde, Cecidomyiidae tiirlerinden
birisinin Pyrus communis iizerinde olusturdugu gal
icerisine  Periclistus brandtii bireyi yumurtalarini
birakmis olabilir. Bu kompleksin yakinlarma da Aporia
crataegi’nin yumurta birakmasi (veya tiirlerin biyolojik
zamanina gore tam tersi), sonrasinda da lepidopter
yumurtalarimin ¢atlayip ilk instarlarin bu boélgelerden
beslenip yuvayi bu gal etrafina 6rmeleri, ya da bu galde
saklanmalar1 boyle bir sonuca neden olmus olabilir.

Bununla birlikte Periclistus tiirleri Rosa sp.
(Rosaceae) iizerindeki Diplolepis spp. ve Liebelia sp.
gallerinde; Smilax sp. (Smilacaceae) fizerindeki
Diastrophus smilacis Ashmead gallerinde gézlendigi
literatiirde bildirilmistir (Penzes ve ark. 2012). Periclistus
tlirlerinin Pyrus communis tiirii ya da cinsi ile bir iligkide
olduguna dair bilgiye daha 6nceki literatiir ¢aligmalarinda
rastlanmamistir. Bu ¢aligmada gbézlemlenen durumda ise
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her olasilikta Periclistus brandtii tiriniin  Pyrus
communis ile bir birlikteligi bulundugu sonucuna
varilmaktadir ve bu yeni bir gdzlem bulgusudur.

Lymantria dispar (Linnaeus) (Lepidoptera: Erebidae) ve
Mustha spinosula (Lefébvre) (Hemiptera: Pentatomidae)

Cydonia oblonga Miller (Rosaceae) {izerinden
toplanan Mustha spinosula ergin bireyleri (2 birey), aym
zamanda ayni bitkiden toplanmig olan Lymantria dispar
larvalar1 (5 birey) ile beraber laboratuvar kosullarinda 1
giin ayn1 drnekleme kutusu igerisinde birakilmistir. Bu
stire sonunda kutu kontrol edildiginde tiim lepidopter
larvalarinin 6liim katiliginda oldugu (6lmiis oldugu) ve
kutu igerisinde kahverengimsi-kirmizims:  lekeler
bulundugu gorilmiistiir.

L. dispar tiirii pek ¢ok iilkede agac ve galilara zarar
derecesi fazla olan polifag ve istilact bir tiirdiir (Alford
2012). Kuzey yarim kiirede Rosaceae familyasina dahil
pek c¢ok tiri de igeren, 300’den fazla bitki ile
beslenmektedir (GOERT 2003). Tiirlin Palearktik
Bolge’de larva asamasinda beslendigi bilinen bitkiler:
Aceraceae, Anacardiaceae, Betulaceae, Fabaceae,
Fagaceae, Juglandaceae, Myricaceae, Oleaceae, Pinaceae,
Polygonaceae, Rosaceae “(Crataegus sp., C. monogyna
Jacquin, Cydonia sp., Malus sp., M. pumila Miller,
Prunus sp., P. spinosa Linnaeus, P. domestica Linnaeus,
Pyrus sp., P. communis Linnaeus, Rosa sp., Rubus sp.)”
Salicaceae, Tamaricaceae, Tiliaceae ve Ulmaceae
taksonlarma dahildir (Lechowicz ve Mauffette 1986,
Robinson ve ark. 2010, BRC 2011, Molet 2012).

M. spinosula tiirintin Aquifoliaceae, Cupressaceae,
Fabaceae, Fagaceae, Juglandaceae, Oleaceae,
Platanaceae, Rosaceae (Crataegus sp., C. azarolus
Linnaeus, Pirus malus Linnaeus, Prunus sp., P.
amygdalus Batsch) ve Salicaceae familyalar1 iizerinden
beslendigi ya da bu bitkiler iizerinde bulunmus oldugu
bilgisi literatiirde mevcuttur (Lodos ve ark. 1998, Kanat
ve Akbulut 2005, Rider 2015).

M. spinosula tiiriiniin ait oldugu Pentatomidae
familyasi, rahatsiz edildiginde salgiladigi kotii kokulari
ile bilinmektedir. Krall ve ark. (1999)’nin ¢alismasinda
Cosmopepla bimaculata (Thomas) pentatomidinin
salgiladig1 kimyasallarin predatdrlerine karsi kullanilma
durumlart test edilmistir. Tiriin genellikle ¢ok rahatsiz
edilmedikge bu kokuyu kullanmadan yiiriiyerek
uzaklastig1, ya da, ancak ¢ok iizerine gelindiginde 6nemli
miktarda kokuyu saldigi bulunmustur. Ayrica bu koti
kokunun  predatdrler  tarafindan  algilandiginda,
predatoriin kokuyu salgilayan bocegin oldugu bolgeden
uzaklagmasinda basarili oldugu ve hatta avcilarin kokulu
bocekleri gordiigiinde dahi boélgeden kagindiklari
saptanmustir. Bu duruma ek olarak, avcilarin bu kotii koku
salan bocekleri ¢ignemeleri, agizlarinda hos olmayan tat
ile birlikte uzun siiren bir act olusmasina neden olmustur
(Krall ve ark. 1999).

Bu galismada g6zlemlenen durumda ise; M. spinosula
pentatomidi, aym beslenme kabinda kaldiklar1 L. dispar
larvalarini tehdit olarak algilaylp kimyasal yaymis ve
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larvalar da kimyasalin etkisiyle dlmiis olabilir. Diger bir
yandan, M. spinosula’nin fitofag 6zelligi bulunmasina
ragmen tiriin bireyinin L. dispar larvalar1 {izerinden
beslenmis olma olasiligt da bulunmaktadir. M.
spinosula’nin biyolojisi hakkinda literatiirde fazla bilgi
bulunmamaktadir. Tiiriin ait oldugu Pentatominae
altfamilyasi ve Halyini tribe’ma ait bazi tiirler predator
ozellik gostermektir (Rider 2015). Bazi predator
pentatomid tiirlerinin  tiikiirlik  bezlerindeki sivilari
kullanip avlarim1 hizli bir sekilde paralize ederek
Oliimlerine neden olduklart ve geriye kurumus halde
viicut ortiisii kaldig1 bilinmektedir (Martinez ve ark. 2014;
Hyodo ve ark. 2014). Larvalarin 6lii hallerinin katilagsmis
bir goriintiiye sahip olmasi ve kap icerisinde viicut sivisi
lekelerinin goriilmesi de bu tezleri destekleyebilir.
Larvalarin  6lim  nedenlerinin, M. spinosula’nin
salgiladigr kimyasalin etkisiyle mi yoksa predator
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Abstract: Method-validation is a method which proofs that a given analytical process, when applied well, produces findings
which are suitable for a purpose and of acceptable standard. A process whereby an authentic information is given on an
analytical method duly applied and enough to meet the needs and acceptable standards, is known as method-validation. The
goal to validate a method therefore, is to make the findings of the method-validation reliable throughout the course of the study.
With the above in mind, validating a method therefore, is for the purpose of making the obtained results reliable in the study.
A laboratory should authenticate non-standard methods and laboratory-designed/developed methods. Validation studies should
also be done when new equipment steps into the work or an important change occurs along the new chemicals. The method is
carried out by a new personnel. A validation method that has not been used for a long time, demanded to be used during a
study, is thought to affect the laboratory results. Laboratories need to make a policy and procedures for the selection and the
use of analytical methods. The method will successfully meet or exceed the minimum standards recommended for accuracy,
precision, selectivity, sensitivity, reproducibility, and stability.

Key words: Accuracy, precision, reproducibility, sensitivity, selectivity, validation.
Mikrobiyolojik Test Metotlarinin Dogrulanmasi (Validasyonu)

Ozet: Metot dogrulanmasi, amaca en uygun ve kabul edilebilir nitelikte sonuglari iiretecek analitik metodun ortaya ¢ikarilmasi
stirecidir. Dogrulanmis metodun hedefi bu metotla yapilmig sonuglara giivenirlik saglamaktadir. Laboratuvar, standart olmayan
metotlari, laboratuvar tarafindan gelistirilen veya tasarlanan metotlar1 gegerli kilmalidir. Dogrulama c¢aligmalari yeni bir cihaz
devreye girdiginde ya da yeni kimyasallarda dnemli bir degisiklik oldugunda da yapilmalidir. Yontem yeni bir personel
tarafindan uygulanir. Uzun siiredir kullanilmayan ancak kullanilmasma gereksinim duyulan bir dogrulama yonteminin
laboratuvar sonuglarini etkiledigi diistiniiliir. Laboratuvarlarin, analitik metotlarin se¢imi ve kullanimi i¢in bir yontem ve
prosediir belirlemeleri gereklidir. Metot, kesinlik, dogruluk, segicilik, hassasiyet, tekrar edilebilirlik ve kararlilik i¢in gerekli
minimum standartlar1 basarilt bir bigimde kargilamali ya da agmalidir.

Anahtar kelimeler: Dogruluk, kesinlik, tekrar edilebilirlik, hassaslik, secicilik, validasyon.

Introduction

Analytical methods are one of the basic tools in
laboratory and have been defined or classified in various
ways. The basic requirement should be that this method
must meet the desired goal, in other words, be practical
and suitable for the intended use. Methods can also be
loosely classified as official, reference, screening or rapid,
in-house and automated methods according to their
purposes or their administrative propriety (Garfield et al.
2000). A method that is acceptable for its intended
purpose is normally authenticated by a process known as
Method Validation. Validating a method, therefore,
serves as a way of authenticating that the analytical
method receives acceptance for the targeted goal
(McCully & Lee 1980, Green 1996). Validation or
substantiation is the practical demonstration and the
tendering of objective facts that the particular
requirements for an intended use are met. Validation
means, testing and confirmation towards providing a

standard proof that these specific requirements are for a
particular use. The laboratory also confirms that standard
methods wused outside their targeted scope and
amplifies/modifies the methods to show that they are right
for the intended use (Elder et al. 1997, White et al. 2001,
NELAC 2007, EA 2012).

In general, specificity, linearity, accuracy, precision,
range, detection limit, quantitation limit, and robustness
should constitute the methods submitted to the authorities.
Submissions should embody works on specificity,
linearity, range, detection limit, precision, robustness and
guantitation. The procedures for authentication of a
method mustn’t be alienated from the actual development
of the method conditions, since the initiators will not
know, whether the method conditions are acceptable until
validation studies are proved.
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Table 1. Method validation tools (Garfield et al. 2000).

Validation Parameter

Description and validation characteristics

Spike or recovery

Adding clear quantities of pure substance to portions of previously analyzed material, and
repeating the analysis using the same reagents and technique should enable recovery data.

Method comparison

Two different methods should be employed in analyzing standard or known materials.

Linearity

Spanning the range of the methods, with the analyte concentrations, are the materials with
which they are determined. With using the least squares method, a regression line could be
computed when linearity is not attainable, an algorithm specific for that analyte/matrix
combination may be used.

Reference standards and
standard reference
materials

A standard of stated purity from which measurements are carried out at that location are
derived. A substance with one or more properties correctly established for use in calibration
in order to assess a method or for giving values to materials is known as standard reference
material.

Certified reference materials

This is a material of the highest metrological quality in existence, one or more in number
and whose values are authenticated by a technically standard procedure, followed by or
linked with a certificate issued by the certified authority.

Duplicates and replicates

Repeated, independent determinations of the similar test sample through the same analyst
at essentially the correct time and conditions of the entire analysis. Replicates may be
considered as repetitions of the determinative step only.

Blanks

The reagent blank is the simplest type of blank, that the method is fully performed except
for addition of the test portion. This tests the purity of regents and also detects
contamination of the analytical system from any source. Simulated test material used at
times can give a better performance of blank determinations.

Collaborative study

This is the analysis by some laboratories with identical sample sets and can cover the range
of applicability of a method found before to be good and practical, to record the
characteristics of a method regarding accuracy, precision, sensitivity, range, specificity,
limit of detection together with the limit of reliable measurement, selectivity, and
practicality.

Validation by other
laboratories

Validation of the method may be done by one or more outside laboratories.

The mechanisms of developing a method are also parts
and parcels of validating it since the developer will not be
able to know if the conditions as specified by the method
would be adopted until validated. Findings of the
validation studies may show that a change in the
procedure is inevitable, and may need then revalidation
processes may bringing out the necessity to make
changes, requiring revalidation. For each validation study,
the main method parameters are established and used for
all the other subsequent validation steps for each and
every validation, the main parameters established and
used for all the future validation steps (Green 1996). The
laboratory records all the results obtained, the procedure
used for validation and issues a statement certifying that
the method fits for the intended use. The statement as to
whether the validation fit the purpose should be issued by
the laboratory based on the results recorded (NELAC
2007). Table 1 lists the validation parameters and their
detailed descriptions and validation properties.

Microbiological Method Validation

Technology for microbiological analyses is
widespread (NELAC 2007). Isolation, enumeration,
detection or identification of microorganisms and/or their
metabolites or spotting of the presence or absence of
growth in materials and media are all known and included
in microbial testing methods (CDER 2015). These
methods are grouped into either qualitative methods that
demonstrate the presence or absence of the target
microorganism, directly or indirectly in a defined quantity
of test material, or quantitative methods that identifies the
number of microorganisms available through direct
enumeration (colony forming units) or indirectly (most
probable number counts, color absorbance, impedance) in
a standard quantity of material (Wills 2000, NordVal
2009, Eurachem 2013).Some qualitative microbiological
test methods, such as where the result is expressed in
terms of detected/not detected and confirmation and
identification procedures, should be confirmed by
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determining, where suitable, the specificity, relative
exactitude, positive and negative deviations, limit of
detection, matrix effect, repeatability and reproductivity.
In the case of quantitative microbiological test methods,
specificity, sensitivity, relative acuteness, positive and
negative deviations, repeatability, reproducibility and the
challenges of determination within the framework of a
defined variability should be considered and, if required,
quantitatively determined (ISO/IEC 17025:2005, ISO
7218:2007).

With the use of a reference method, demonstration
should be made in laboratory for its competence to
determine if it meets the performance characteristics
prescribed both, in the national and international
standards. Microbiological researches could be done
using optional (rapid) methods like immunological,
molecular biological or instrumental. The authentication
of these methods takes into account the assessment of
their equality to the corresponding reference method.
When it comes to microbiology, using correct quality
controls is very important, since the translation of the
performance  characteristic  to microbiological
examination is not normally guaranteed and depends on
the test matrix. Validating microbiological methods
should not be based on the same principle as in chemical
methods (Golcteger 2001, ISO 16140:2003). The actual
test conditions should be reflected on by the test methods
when validating the microbiological test. Achievement
could be attended applying purely natural contaminated
products or products mixed with a predetermined level of
contaminating organisms (Wills 2000, Sartory 2005,
AOAC 2006). Matrix differences should be considered
when testing various types of samples. Appropriate
statistical methods should be used when validating the
results (Wills 2000). In the case of the modification of a
version, a method is needed just as in the original method
and requires comparisons, using the replicates to ensure
that this is the case (Eurachem 2013). Statistical validity
must be adhered to experimental design and analysis of
the results (Wills 2000). Even on the completion of
validation, an operator will still have to verify regularly
that the documented performance can be reached, e.g.
using spiked samples or reference materials involving the
relevant matrices (NordVal 2009, ISO/IEC 17025:2005).
Laboratories should be able to show that the method is
performing in their laboratory environment (Nolard &
Chasseur 2004). They need to keep documented evidence
that the method is performing as expected, and that a
decision has been made by the laboratory to accept the
performance. Method information given by method
validation on specification of performance is not only on
the recovery and enumeration of the target organism(s),
but is also for the analytical requirements of the method
in practice (e.g. incubation temperature and time, media
preparation and storage conditions and sample storage or
afore-treatment) (Kromidas 2000). Recovery efficiency is
attached to the main information, upper and lower
working (detection) bounds, selectivity and specificity
(inaccurate-positive and negatives), counting uncertainty
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(methodological and analyst) and a general appropriation
of precision. As the data is to give the first assessment of
performance of a new or altered method, it is highly
emphasized that analysts with good experience in
microbiological methods carry out the work (COFRAC
2004). The basic parameters for a bio-analytical method
authentication are accuracy, precision, selectivity,
reproducibility, stability, sensitivity, repeatability, limit of
detection and of quantification.

Accuracy: The exactitude of an analytical method
explains how close the mean test results obtained are to
the real value of the analyte (CDER 2015). The replicate
analysis of samples containing known amounts of the
analyte determines the accuracy (Riley 2003, USPC
2003). As the results expected are normally centered on
the existing method, it is essential to test the accuracy by
making a comparison between the old and new methods
(PDA 2000, MAF 2002). Spiking trials are normally
applied to get accuracy data. The average and standard
deviation of a number of repeated tests with spiked
materials must be obtained and comparison made with the
characterized value for the material used as the reference.
When making spike trials, spike addition should be made
early in the analysis to enable that extraction efficiency is
included in the results (FAO 1999, Thompson et al. 2002).
When reference material is not available for spiking trials,
the parameter is difficult to assess. Accuracy can also be
established for stuffs with different matrices (Kromidas
2000). Even if it is one, a pure reference culture under the
expected environmental terms should be applied and the
test method findings should be compared with a reference
or standard method (ISO/IEC 17025:2005, Kromidas
2000).

Precision: Analytical precision method explains the
closeness of individual measures of an analyte when the
procedure is done again and again on various aliquots with
a homogeneous volume of biological matrix (CDER
2015). Precision is very much important as an
identification method because trending isolates can be
hard if the same organism is given different identities at
each time it is isolated (PDA 2000, Eurachem 2014).

Repeatability: Repeatability must be calculated when
authenticating a method being a measure of agreement of
replicate tests carried out on the same material in the same
laboratory by the analysts (MAF 2002, Eurachem 2014).

Reproducibility: Reproducibility must also be
calculated during validation and is a test to prove its
agreement with the tests done by other laboratories.
Generally, the expectation is that within a laboratory,
variabilities would be less among laboratories variations.
Under one laboratory  confirmation  studies,
reproducibility could be a measure to test the agreement
among tests done in different days by different experts
(MAF 2002, Eurachem 2014).

Selectivity/Specificity: This is the capability of an
analytical proof to verify and quantify the analytes among
other components in the sample. In the case of selectivity,
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analyses of virgin samples of the exact biological material
must be obtained from not less than six sources. Each and
every one of the blank sample must be tested for
interference and selectivity made to ensure the lower limit
of quantification (MAF 2002, Eurachem 2014).

Sensitivity: Sensitivity of the test method should be
made and can be explained as the limit of accurate
measurement. This is to show the limit that a method can
be discriminated, with a large measure of trust, between
and above levels below several critical values close to
zero. Sensitivity is the effectiveness of the gradient
response curve or the change in instrument response to
correspond with the change in analyte concentration
(FAO 2001, MAF 2002, Eurachem 2014).

Stability: Procedures have to measure the stability of
the analytes when collecting and handling samples, after
long and (frozen at the intended storage temperature)
short-term (bench top, room temperature) storage, and
going through freezing and thawing cycles along with the
analytical processes. The terms applied in stability trials
must reflect conditions supposedly to be met during the
real material-handling and analysis. The processes must
also take into account the assessment of analyte stability
in stock solution (CDER 2015).

References

1. AOAC, 2006. Presidential Task Force on Best Practice for
Microbiological Methodology, US FDA, Appendix G-
STWG Executive Summary 7-16-06 7-16-06: 1-5.

2. CDER (U.S. Department of Health and Human Services
Food and Drug Administration Center for Drug Evaluation
and Research Center for Veterinary Medicine (CVM)),
2015. Guidance for Industry Bioanalytical Method
Validation.
http://www.fda.gov/downloads/drugs/quidancecompliance
requlatoryinformation/quidances/ucm386366.pdf,  (Date
accessed: 15 June 2016).

3. COFRAC (French Committee for Accreditation), 2004.
Guidelines for Method Validation in Medical Biology,
Document LAB GTA (04),
https://www.cofrac.fr/en/activites/laboratoires.php, (Date
accessed: 12 June 2016).

4. EA (European co-operation for Accreditation), 2012. The
Scope of Accreditation and Consideration of Methods and
Criteria for the Assessment of the Scope in Testing, EA-
2/05, Publication Reference, 13 pp.

5. Elder, B.L., Hansen, S.A, Kellogg, JA. 1997
CUMITECH 31: verification and validation of procedures
in the clinical microbiology laboratory. Washington DC:
American Society for Microbiology.

6. Eurachem, 2013. Accreditation for Microbiological
Laboratories, Eurachem Guide, 32 pp.

7. Eurachem, 2014. The Fitness for Purpose of Analytical
Methods, A Laboratory Guide to Method Validation and
Related Topics, Eurachem Guide, 70 pp.

D. Yal¢in Duygu & A.U. Udoh

Limit of Detection/Limit of Quantification: This is the
minimum amount of organisms which can be identified
and counted. The limit of detection is especially necessary
in the case of qualitative tests as in sterility which must be
able to identify a single viable organism. Nonetheless,
practically testing this ability is not easy because of
problems associated with preparing a sample which have
only one viable organism. When a sample with less
numbers of organisms are used (e.g., 1-10 CFU), it should
be enough to assess the limit of detection (PDA 2000,
Riley 2003, USPC 2003).

Conclusions

A validation method could be defined as an
arrangement of procedures and the documentation setting
out test performance characteristics. It is therefore, these
performance characteristics or the validation parameters
of the method which establish its appropriateness for the
purpose it was meant for. The characteristics and
parameters, spell out what this method could achieve in
an optimized laboratory conditions of solution texture,
instrumental settings, analyte isolation, including the
other features in which such an experiment is done.
Bringing in certain validation parameters in any
validation agreement is guided by its usage, samples test
and the aim of this method, taking cognizance of both the
local and the international rules and regulations in play.

8. FAO, Joint FAO/IAEA Expert Consultation, 1999.
Guidelines for Single-laboratory validation of analytical
methods for trace-level concentrations of organic
chemicals.

9. FAO, Joint FAO/WHO, 2001. Proposed guidelines and
working instructions to aid the implementation of the
criteria approach to the selection of methods of analysis for
codex purposes, Food Standard Programme, Report on the
twenty-third session of the Codex Committee on the
methods of analysis and sampling, Alinorm 01/23.

10. Garfield, F., Klesta, E. & Hirsch, J. 2000. Quality
Assurance Principles for Analytical Laboratories. AOAC
International, Third Edition, USA, 113-129.

11. Golcteger, S. 2001. Microbiological examination and
proficiency testing in dairy laboratories. Archives of
Industrial Hygiene and Toxicology, (52): 61-67.

12. Green, M. 1996. A Practical Guide to Analytical Method
Validation. Analytical Chemistry, (68): 305A-309A.

13. 1SO 16140:2003. Microbiology of food and animal feeding
stuffs — Protocol for the validation of alternative methods,
http://www.iso.org/iso/catalogue detail.htm?csnumber=3
0158, (Date accessed: 12 June 2016).

14. ISO/IEC 17025:2005. General requirements for the
competence of testing and calibration laboratories,
http://www.iso.org/iso/catalogue_detail.htm?csnumber=3
9883, (Date accessed: 15 June 2016).

15. 1SO 7218:2007. Microbiology of food and animal feeding
stuffs - General requirements and guidance for
microbiological examinations,



http://www.fda.gov/downloads/drugs/guidancecomplianceregulatoryinformation/guidances/ucm386366.pdf
http://www.fda.gov/downloads/drugs/guidancecomplianceregulatoryinformation/guidances/ucm386366.pdf
https://www.cofrac.fr/en/activites/laboratoires.php
http://www.iso.org/iso/catalogue_detail.htm?csnumber=30158
http://www.iso.org/iso/catalogue_detail.htm?csnumber=30158
http://www.iso.org/iso/catalogue_detail.htm?csnumber=39883
http://www.iso.org/iso/catalogue_detail.htm?csnumber=39883

16.

17.

18.

19.

20.

21.

22.

Validation of Microbiological Testing Methods

http://www.iso.org/iso/home,
2016).

Kromidas, S., 2000. Handbook of validation in analysis,
Verlag Wiley-VCH, Weinheim, ISBN 3-527-29811-8.

MAF (Food Assurance Authority), 2002. A guide for the
validation and approval of new marine biotoxin test
methods, Shellfish Quality Assurance Programme, A
Guide to the Validation of New Test Methods, Seafood
Industry Agreed Guidelines Issue 1: P2. Wellington, 1-22.

McCully, K.A. & Lee, J.G. 1980. Optimizing Chemical
Laboratory Performance Through the Application of
Quality Assurance Principle, Association of Official
Analytical Chemists, Arlington, VA, 73 pp.

NELAC, 2007. Microbiological Testing, Draft Interim
Standard, Vol 1, Module 5, www.nelac-institute.org, (Date
accessed: 12 June 2016).

Nolard, N. & Chasseur, C. 2004. Validation of
microbiological and chemical inspections for the
workplaces, Programmes PS 50/47 and PS/50/48: final
report, 1-93.

(Date accessed: 15 June

NordVal, 2009. Food microbiology protocol for the
validation of alternative methods,
http://www.nmkl.org/dokumenter/nordval/NordValProtoc
ol.pdf, (Date accessed: 15 June 2016).

PDA, 2000. Evaluation, Validation and Implementation of
New Microbiological Testing Methods, Technical Report
No. 33, PDA Journal of Pharmaceutical Science and
Technology, Supplement TR33, 54 (3).

Trakya Univ J Nat Sci, 18(1): 65-69, 2017

23.

24,

25.

26.

27.

28.

69

Riley, B.S. 2003. Rapid microbiology methods in the
pharmaceutical industry, American Pharmaceutical
Review, The Review of American Pharmaceutical
Business and Technology,
http://www.americanpharmaceuticalreview.com/Featured-
Articles/113094-Rapid-Microbiology-Methods-in-the-
Pharmaceutical-Industry/, (Date accessed: 22 November
2016).

Sartory, D.P. 2005. Validation, verification
comparison:  Adopting new methods in
microbiology. Water SA, 31 (3): 393-396.

Thompson, M., Ellison, S.L.LR. & Wood, R. 2002.
Harmonised guidelines for single-laboratory validation of
methods of analysis. Pure and Applied Chemistry, (74):
835-855.

USPC Inc., 2003. Microbial limits tests. USP 26, Rockville,
MD, 2006 pp.

White, V.R., Alderman, D.F. & Fasion, C.D. 2001.
Procedures and General Requirements, National
Voluntary Laboratory Accreditation Program Office of
Standards Services Technology Services, NIST Handbook
150, 60p.

Wills, K., 2000. Evaluation, Validation of Implementation
of New Microbiological Testing Methods, A Brief Review
of the Highlight of PDA Technical Report No.33, Celsis
Ltd, UK.

and
water


http://www.iso.org/iso/home,
http://www.nelac-institute.org/
http://www.nmkl.org/dokumenter/nordval/NordValProtocol.pdf
http://www.nmkl.org/dokumenter/nordval/NordValProtocol.pdf
http://www.americanpharmaceuticalreview.com/Featured-Articles/113094-Rapid-Microbiology-Methods-in-the-Pharmaceutical-Industry/
http://www.americanpharmaceuticalreview.com/Featured-Articles/113094-Rapid-Microbiology-Methods-in-the-Pharmaceutical-Industry/
http://www.americanpharmaceuticalreview.com/Featured-Articles/113094-Rapid-Microbiology-Methods-in-the-Pharmaceutical-Industry/




71

Trakya University
Journal of Natural
Sciences

Telif Haklan
Devretme
Formu

Eserin Ad1

Eserin Cinsi

Yukarida belirtilen, baski ve yaym hakkii Trakya Universitesi’ne devrettigim ve
basim islerinin Universiteler Yaym Yonetmeligi ve Trakya Universitesi Yayin Uygulama
Yonergesi hiikiimleri geregince yapilmasini kabul ettigim eserimin telif hakkindan feraget

ettigimi, buna iliskin mali haklarim1 Trakya Universitesi’ne devrettigimi beyan ederim.

Adi, Soyadi
Unvam
Imza

Tarih






73

Trakya University Journal of Natural
Sciences

Copyright Release Form

Title of the Atrticle :

Type of the Article :

Please read the notes, fill complete, sign and send this form to the Journal Editor.
We transferred copyright of below article to the Trakya University (Edirne - Turkey).
The material presented in the article has not been published or submitted elsewhere. | am
aware of manuscript submission in its present form. Additionally, data collection has
been done under all legal requirements. We accepted the conditions of publication

below the article. I (we) agree that the above conditions of publication form.

Name and the surname of the author(s)
Title of the author(s)

Address of the author(s)

Signature

Date






75

Yazim Kurallan
Trakya University Journal of Natural Sciences

(Trakya Univ J Nat Sci)

Trakya University Journal of Natural Sciences, her yil Haziran ve Aralik aylarinda olmak Ulzere yilda
iki sayI olarak cikar ve Biyoloji, Biyoteknoloji, Cevre Bilimleri, Biyokimya, Biyofizik, Su Uriinleri,
Ziraat, Veterinerlik, Ormancilik, Hayvancilik, Genetik, Gida, Temel Tip Bilimleri alanlarindaki
teorik ve deneysel makaleleri yayinlar. Dergide makaleler Tiirkce ve Ingilizce olarak yayinlanabilir.
Ancak, makale Ingilizce yazilmis ise Tiirkce 6zet, Tirkce yazilmis ise genis ingilizce dzet olmalidir. Ozet
kisminda kisaca giris, materyal ve metot, sonuglar ve tartisma baslklari yer almalidir. Dergide orijinal
calisma, arastirma notu, derleme, teknik not, editére mektup, kitap tanitimi yayinlanabilir. Makalelerin
basliklari Tirkce ve Ingilizce olarak yazilir. Dederlendiriimek {izere dergiye génderilen makalelerin
yaziminda ulusal ve uluslararasi gecerli etik kurallara uyularak arastirma ve yayin etigine dikkat edilmesi
gerekmektedir. Makalelerine konu olarak secilen deney hayvanlari igin etik kurul onayi alinmis olmali ve
makalenin sunumu esnasinda dergi sistemine ek dosya olarak eklenerek belgelendirilmelidir. Basilacak
eserlerin daha 6nce higbir yerde yayinlanmamis ve yayin haklarinin verilmemis olmasi gerekir. Dergide
yayinlanacak yazilarin her tarli sorumlulugu yazar(lar)ina aittir.

Makalelerin sunulmasi

Makaleler http://dergipark.gov.tr/trkjnat web adresi Uzerinden godnderilmelidir. Dergiye makale
gonderimi mutlaka online olarak yapiimalidir.

Makale gonderiminde daha 6nce Dergi Park sistemine giris yapmis olan kullanicilar, Gye girisinden
kullanici adi ve sifreleri ile giris yapabilirler.

Makale génderiminde sisteme ilk kez giris yapacak ve makale gonderecek yazarlar “"GIRIS” bsliimiinden
“KAYDOL"” butonunu kullanacaklardir.

Yazarlar dergipark sistemine kaydolduktan sonra “YAZAR" boliminden girecek ve makaleyi sisteme,
ybnergelere uygun olarak ytkleyeceklerdir.

Eser hazirlama ilkeleri

Eserler, Yayin Komisyonu’na MS Word kelime islemcisiyle 12 punto blyutkligtindeki Times New
Roman tipi yaz karakteriyle ve 1,5 aralikh yazilmis olarak génderilmelidir. iletisim bilgileri makalenin ilk
sayfasinda tek basina yazilmali, daha sonraki sayfada yazar isimleri ve iletisim bilgileri bulunmamaldir.
Tim makale her sayfasi kendi arasinda satir numaralari icerecek sekilde numaralandiriimahdir. Yazar
adlari yazilirken herhangi bir akademik unvan belirtilmemelidir. Calisma herhangi bir kurumun destedi ile
yapilmis ise, tesekkir kisminda kurumun; kisilerin destedini almis ise kisilerin bu galismayi destekledigi
yazilmahdir.

Makale asagidaki siraya gére diizenlenmelidir:

Yazarlar: Makalenin ilk sayfasinda sadece yazar isimleri ve adresleri bulunmahdir. Adlar kisaltmasiz,
soyadlar blylk harfle ve ortalanarak yaziimaldir. Adres(ler) tam yazilmali, kisaltma kullanilmamahdir.
Birden fazla yazarh galismalarda, yazismalarin hangi yazarla yapilacagi yazar ismi alti gizilerek belirtiimeli
(sorumlu yazar) ve yazisma yapilacak yazarin adres ve e-posta adresi yazar isimlerinin hemen
altina yazilmahdir. Bu sayfaya makale ile ilgili baska bir bilgi yazilmamalidir. Makale, takip
eden sayfada bulunmali ve yazar-iletisim bilgisi icermemelidir.

Bashk: Kisa ve agiklayici olmali, blyuk harfle ve ortalanarak yazilmalidir. Tlrkge makalelerde Ingilizce
Ozetin Uzerine Ingilizce baslik, Ingilizce makalelerde Tirkge 6zetin Ulzerine Tlrkge baslk yazilmaldir.

Ozet ve Anahtar kelimeler: Tirkce ve Ingilizce 6zet 250 kelimeyi gecmemelidir. Ozetin altina kiiclik
harflerle anahtar kelimeler ibaresi yazilmali ve yanina anahtar kelimeler virgll konularak siralanmalidir.
Anahtar kelimeler, zorunlu olmadikca bashktakilerin tekrari olmamalidir. Ingilizce 6zet koyu harflerle
“Abstract” sdzciigl ile baslamal ve Ingilizce baslik, Ingilizce 6zetin Ustiine biyiik harflerle ortalanarak
yazilmalidir. Makaledeki ana basliklar ve varsa alt basliklara numara verilmemelidir.

Giris: Calismanin amaci ve gegmiste yapilan cgalismalar bu kisimda belirtilmelidir. Makalelerde SI
(Systeme International) birimleri ve kisaltmalari kullanilmalidir. Dider kisaltmalar kullanildidinda, metinde
ilk gectigi yerde 1 kez acgiklanmalidir. Kisaltma vyapilmis birimler ile rakamlar arasinda bosluk
bulunmamali ve kisaltma sonuna nokta konmamalidir (45m mesafe tespit edilmistir). Kisaltma climle
sonunda ise nokta konmalidir (... tespit edilen mesafe 45m. Dolayisiyla...).
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Materyal ve Metod: Eder calisma deneysel ise kullanilan deneysel yontemler detayl ve aciklayici bir
bicimde verilmelidir. Makalede kullanilan metod/metodlar, baskalari tarafindan tekrarlanabilecek sekilde
aciklayicr olmalidir. Fakat kullanilan deneysel yontem herkes tarafindan bilinen bir yontem ise ayrintili
aciklamaya gerek olmayip sadece ydntemin adi verilmeli veya yontemin ilk kullanildigi calismaya atif
yapilmaldir.

Sonuglar: Bu bolimde elde edilen sonuglar verilmeli, yorum yapiilmamalidir. Sonuglar gerekirse tablo,
sekil ve grafiklerle de desteklenerek aciklanabilir.

Tartisma: Sonuglar mutlaka tartisiimal fakat gereksiz  tekrarlardan kacinilmalidir. Bu
kisimda, literatar bilgileri vermekten cok, calismanin sonuglarina yogunlasmali, sonuglarin daha once
yapillmis arastirmalarla benzerlik ve farklhliklari verilmeli, bunlarin muhtemel nedenleri tartisiimalidir. Bu
bolimde, elde edilen sonuglarin bilime katkisi ve 6nemine de miumkun oldugu kadar yer verilmelidir.

Tesekkiir: MUmkin oldugunca kisa olmaldir. Tesekkir, genellikle calismaya maddi destek saglayan
kurumlara, Kkisilere veya makale yayina goénderilmeden 6nce inceleyip 6nerilerde bulunan uzmanlara
yapilir. Tesekkir bélimu kaynaklardan énce ve ayri bir basghk altinda yapilir.

Kaynaklar: Yayinlanmamis bilgiler kaynak olarak verilmemelidir (Yayinlanmamis kaynaklara érnekler:
Hazirlanmakta olan veya yayina génderilen makaleler, yayinlanmamis bilgiler veya gbézlemler, kisilerle
gorislilerek elde edilen bilgiler, raporlar, ders notlari, seminerler gibi). Ancak, tamamlanmis ve jlriden
gecmis tezler ve DOI numarasi olan makaleler kaynak olarak verilebilir. Kaynaklar, makale sonunda
alfabetik sirada (yazarlarin soyadlarina gére) sira numarasi ile belirtilerek verilmelidir.

Makale ve kitaplarin referans olarak verilis sekilleri asagidaki gibidir:

Makale: Yazarin soyadi, adinin bas harfi, basildidi yil. Makalenin baslidi, derginin adi, cilt numarasi, sayl,
sayfa numarasi. Dergi adi italik yazilir.

Ornek:
Tek yazarl Makale igin

Soyadi, A. Yil. Makalenin adi. (So6zciklerin ilk harfi kiguk). Yayinlandigi derginin agik ve tam adi,
Cilt(Sayi): Sayfa aralidi.
Kivan, M. 1998. Eurygaster integriceps Put. (Heteroptera: Scuteleridae)’nin yumurta parazitoiti Trissolcus

semistriatus Nees (Hymenoptera: Scelionidae)’'un biyolojisi Uzerinde arastirmalar. Tirkiye Entomoloji
Dergisi, 22(4): 243-257.

Iki ya da daha ok yazarli makale icin

Soyadil, Al. & Soyadi2, A2. Yil. Makalenin adi. (Sozcuklerin ilk harfi kliclk). Yayinlandigi derginin tam
adi, Cilt(Say1): Sayfa aralidi.

Lodos, N. & Onder, F. 1979. Controbution to the study on the Turkish Pentatomoidea (Heteroptera) IV.
Family: Acanthasomatidae Stal 1864. Tlirkiye Bitki Koruma Dergisi, 3(3): 139-160.

Soyadil, Al., Soyadi2, A2. & Soyadi3, A3. Yil. Makalenin adi. (Sozclklerin ilk harfi kliglk). Yayinlandigi
derginin tam adi, Cilt (Sayi1): Sayfa araldi.

Onder, F., Unal, A. & Unal, E. 1981. Heteroptera fauna collected by light traps in some districts of
Northwestern part of Anatolia. Tirkiye Bitki Koruma Dergisi, 5(3): 151-169.

Kitap: Yazarin soyadi, adinin bas harfi, basildigi yil. Kitabin adi (varsa derleyen veya ceviren ya da
edit6r), cilt numarasi, baski numarasi, basimevi, basildigi sehir,toplam sayfa sayisi.

Ornek:

Soyadi, A., Yil. Kitabin adi. (Sézcuklerin ilk harfi blylk, italik). Basimevi, basildidi sehir, toplam sayfa
sayisl s./pp.

Onder F., Karsavuran, Y., Tezcan, S. & Fent, M. 2006. Tirkiye Heteroptera (Insecta) Katalogu. Meta
Basim Matbaacilik, Izmir, 164 s.

Lodos, N., Onder, F., Pehlivan, E., Atalay, R., Erkin, E., Karsavuran, Y., Tezcan, S. & Aksoy, S. 1999,
Faunistic Studies on Lygaeidae (Heteroptera) of Western Black Sea, Central Anatolia and Mediterranean
Regions of Turkey. Ege University, Izmir, ix + 58 pp.

Kitapta Boliim: Yazarin soyadi, adinin bas harfi basildidi yil. Bélim adi, sayfa numaralari. Parantez
icinde: Kitabin editori/editorleri, kitabin adi, yayinlayan sirket veya kurum, yayinlandigi yer, toplam
sayfa sayisl.
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Ornek:

Soyadi, A., Yil. Bolum adi, sayfa araligi. In: (editor/editorler). Kitabin adi. (S6zcuklerin ilk harfi bayuk,
italik). Basimevi, basildigi sehir, toplam sayfa sayisi s./pp.

Jansson, A. 1995. Family Corixidae Leach, 1815—The water boatmen. Pp. 26-56. In: Aukema, B. &
Rieger, Ch. (eds) Catalogue of the Heteroptera of the Palaearctic Region. Vol. 1. Enicocephalomorpha,
Dipsocoromorpha, Nepomorpha, Gerromorpha and Leptopodomorpha. The Netherlands Entomological
Society, Amsterdam, xxvi + 222 pp.

Kongre, Sempozyum: Yazarlar, Yil. “Bildirinin adi (S6zcuklerin ilk harfi kiguk), sayfa arahgi”.
Kongre/Sempozyum Adi (Tarihi (gun araligi ve ay), Toplanti Yeri) Bildirileri, (varsa) Yayinlayan Kurum,
toplam sayfa sayisi s./pp.

Ornek:

Onder, F., Karsavuran, Y., Pehlivan, E. & Turanli, F. 1995. Giineydogu Anadolu Projesi (GAP) uygulama
alaninda saptanan Pentatomoidea (Heteroptera) turleriyle ilgili bir dederlendirme. GAP Boélgesi Bitki
Koruma Sorunlari ve C6zim Onerileri Sempozyumu, 27-29 Nisan, Sanhurfa, 120-130.

Internet: Eder bir bilgi herhangi bir internet sayfasindan alinmis ise (internetten alinan ve dergilerde
yayinlanan makaleler hari¢), kaynaklar bdélimine internet sitesinin ismi tam olarak yazilmali, siteye
erisim tarihi verilmelidir.

Soyadi, A., Yil. Calismanin adi. (Soézclklerin ilk harfi kiiglik). (web sayfasi) http://www...... ). (Erisim
tarihi: Mayis 2009).

Hatch, S., 2001. Studentsperception of online education. Multimedia CBT
Systems. http://www.scu.edu.au/schools/sawd/moconf/papers2001/hatch.pdf (Erisim: May 2009).

Kaynaklara metin iginde numara verilmemeli ve asadidaki 6érneklerde oldugu gibi belirtilmelidir.

Ornekler:

... Xx maddesi atmosferde kirlilige neden olmaktadir (Landen 2002). Landen (2002) x maddesinin
atmosferde kirlilige neden oldugunu belirtmistir. iki yazarli bir calisma kaynak olarak verilecekse,
(Landen ve Bruce 2002) veya Landen ve Bruce (2002)'ye gore. ... seklinde olmustur; diye verilmelidir.
Ugc veya daha fazla yazar séz konusuise, (Landen ve ark. 2002) veya Landen ve ark. (2002)ye
gore .... oldugu gosterilmistir; diye yaziimalidir.

Sekil ve Tablolar: Tablo disinda kalan fotograf, resim, cizim ve grafik gibi gostermeler “Sekil* olarak
verilmelidir. Resim, sekil ve grafikler, net ve ofset baski teknigine uygun olmalidir. Her tablo ve seklin
metin igindeki yerlerine konmalidir. Tum tablo ve sekiller makale boyunca sirayla numaralandiriimah
(Tablo 1., Sekil. 1), baslik ve acgiklamalar igcermelidir. Sekillerin sira numaralari ve bagsliklari, alta,
tablolarin ki ise Ustlerine yazilir.

Sekiller (tablo disinda kalan fotograf, resim, gizim ve grafik gibi) tek tek dosyalar halinde en az 300
dpi ¢ozinurlikte ve tif dosyasi olarak sekil numaralari dosya isminde belirtilmis sekilde ayrica sisteme
ek dosya olarak ytklenmelidir.

Sunulan makaleler, éncelikle Dergi Yayin Kurulu tarafindan 6n incelemeye tabii tutulur. Dergi Yayin
Kurulu, yayinlanabilecek nitelikte bulmadig:i veya yazim kurallarina uygun hazirlanmayan
makaleleri hakemlere godndermeden red karari verme hakkina sahiptir. Dederlendirmeye
alinabilecek olan makaleler, incelenmek Ulzere iki ayri hakeme goénderilir. Dergi Yayin Kurulu, hakem
raporlarini dikkate alarak makalelerin yayinlanmak lizere kabul edilip edilmemesine karar verir.

Editor : Dog. Dr. Kadri KIRAN

Trakya Universitesi
Fen Bilimleri Enstitlisi
Balkan Yerlegkesi
22030 - EDIRNE

Tel : 0284 235 82 30
Fax : 0284 235 82 37
e-mail : tujns@trakya.edu.tr
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Author Guidelines

Trakya University Journal of Natural Sciences
(Trakya Univ J Nat Sci)

Trakya University Journal of Natural Sciences, is published twice a year in June and in December
and includes theoretical and experimental articles in the field of Biology, Biotechnology,
Environmental Sciences, Biochemistry, Biophysics, Fisheries Sciences, Agriculture, Veterinary
and Animal Sciences, Forestry, Genetics, Food Sciences and Basic Medicine Sciences. Articles in
the journal can be published either in Turkish or English. On the other hand, if an article is written in
English, it should include an abstract in Turkish, and if written in Turkish, it should include a detailed
abstract written in English. Abstracts should include an introduction, material and methods, results and
discussion sections in summary. Original studies, research notes, reviews, technical note, letters to the
Editor and book reviews can be published in the journal. Heading of the articles should be written both in
English and Turkish. The authors should pay attention to research and publication ethics in preparation of
their manuscripts before submission by considering national and international valid ethics. An approval of
Ethics and Animal Welfare Committee is mandatory for submissions based on experimental animals and
this approval should be provided during submission of the manuscripts. Articles which have not been
published elsewhere previously and whose copyright has not been given to anywhere else should be
submitted. All responsibilities related to published articles in Trakya University Journal of Natural
Sciences belong to the authors.

Submitting articles

Articles should be submitted on the web through http://dergipark.gov.tr/trkjnat and all submissions
should be performed online.

Authors, who are already a member of the DergiPark system, can enter in the login section using their
“user name” and “password" to submit their articles.

Authors entering the DergiPark system for the first time to submit an article will enter in the
“"REGISTER” section to submit their articles.

Article preparation rules

Articles should be submitted to the Journal using MS Word preparing 12 points Times New Roman
font and 1.5 raw spacing. Author names and contact info must be in first page, article must continue in
second page without author names and contact info. Whole article should have numbered with line
number restarting each page. The author's name must not be specified any academic titles. If studies
supported by a foundation, this support should have been written in the acknowledgement section.

Articles should be arranged as below:

Authors: The name(s) of the author(s) should not be abbreviated and must be written under the title
one by one, with surnames in capital letters. Address(es) should be written in full. Corresponding authors
in multiple authored submissions should be indicated, and the address and e-mail of the corresponding
author should be written just under the author(s) list. No other information about the manuscript
should be included in this page. The main manuscript text should start with the following new
page and should not include any author-contact information.

Title: Should be short and explanatory and written in capital letters and centered.

Abstract and keywords: Turkish and English abstracts should not exceed 250 words. “Keywords”
should be written under the abstract in small letters and all keywords should be written using a comma
after all. Keywords should not be replica of the title words, if it is not obligatory. Abstract should begin
“Abstract” word from the left side of the page, and if the article is written in Turkish, the English title
should be written above the English Abstract. The main and sub headers (if present) should not be
numbered.

Introduction: The aim of the submitted and history of the previous studies should be indicated in this
section. SI (Systeme International) system and abbreviation should be used in the article. Other
abbreviations- should be explained once in their first appearance in the text. No space should be left
between the abbreviations and the preceding numerical values and no “.” sign should be used after
abbreviations except those used at the end of a sentence (...the determined distance is 45m. Therefore, ...).

Material and Method: If the submitted study is experimental, methods of the experiments should be
given in detail. The method(s) used in the article should be descriptive for others to repeat. If a widely
known experimental method is used, the method does not need to be explained in detail. In this
situation, indicating only the name of the experimental method or citing the study who used the method
for the first time will be enough.
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Results: Obtained results should be given in this section without any comment. Results can be explained
with tables, figures or graphics, if necessary.

Discussion: Results must be discussed, but unnecessary duplications should be avoided. In this section,
rather than giving literature data, authors should focus on their results considering similarities and
differences with and between previously conducted researches, and should discuss possible reasons of
similarities and differences. The contribution to science and importance of the obtained results should
also be mentioned as much as possible in this section.

Acknowledgements: Should be as short as possible. Thanks are usually made to institutions or
individuals who support the study or to experts who reviewed the article before submitting to the journal.
Acknowledgement section should be given before the references section in a separate header.

References: Unpublished information should not be given as a reference (examples of unpublished
references: articles in preparation or submitted somewhere, unpublished data or observations, data
obtained based on interviews with individuals, reports, lecture notes, seminars, etc.). However, thesis
completed and signed by a jury and articles with DOI numbers given can be used as reference.
References should be given at the end of the text, sorted alphabetically by author’s surname and should
be given with numbering.

Articles and books as a reference forms are as follows:

Articles: Surname of author, first letter of author’s first name, publication year, article title, the name of
the journal, volume, issue, page numbers. Journal name is written in italics.

Example:

Articles with single author

Surname, N. Year. Article title (First letter of all words small). Whole name of journal, Volume
(Issue): page range.

Kivan, M. 1998. Eurygaster integriceps Put. (Heteroptera: Scuteleridae)’nin yumurta parazitoiti Trissolcus
semistriatus Nees (Hymenoptera: Scelionidae)’'un biyolojisi lizerinde arastirmalar. Tirkiye Entomoloji
Dergisi, 22(4): 243-257.

Articles with two or more authors

Surnamel, N1. & Surname2, N2. Year. Article title (first letter of all words small). Whole name of
journal, Volume (Issue): page range.

Lodos, N. & Onder, F. 1979. Contribution to the study on the Turkish Pentatomoidea (Heteroptera) IV.
Family: Acanthasomatidae Stal 1864. Tlirkiye Bitki Koruma Dergisi, 3(3): 139-160.

Surnamel, N1., Surname2, N2. & Surname3, N. Year. Article title (First letter of words small). Whole
name of journal, Volume (Issue): page range.

Onder, F., Unal, A. & Unal, E. 1981. Heteroptera fauna collected by light traps in some districts of north
western part of Anatolia. Tirkiye Bitki Koruma Dergisi, 5(3): 151-169.

Book: Surname of author, first letter of author’s first name, Year. Book title (name of translator or book
editor if present), volume, edition number, press, city, page number.
Example:

Surname, N. Year. Book Title (First letter of words small and italic), volume, edition number, press, city,
page number.

Onder, F., Karsavuran, Y., Tezcan S. & Fent, M. 2006. Tirkiye Heteroptera (Insecta) Katalogu. Meta
Basim Matbaacilik, Izmir, 164 s.

Lodos, N., Onder, F., Pehlivan, E., Atalay, R., Erkin, E., Karsavuran, Y., Tezcan, S. & Aksoy, S. 1999.
Faunistic studies on Lygaeidae (Heteroptera) of Western Black Sea, Central Anatolia and Mediterrannean
Regions of Turkey. Ege University, Izmir, ix + 58 pp.

Book Section: Surname of author, first letter of the author’s first name, Year. Section name, page
range. In: (Editor of Book, Book title, press, city, page number).
Example:

Surname, N. Year. Section name, page range. In: (Editor of Book, Book title (First letter of words small
and italic), press, city, page number)
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Jansson, A. 1995. Family Corixidae Leach, 1815—The water boatmen. Pp. 26-56. In: Aukema, B. &
Rieger, Ch. (eds) Catalogue of the Heteroptera of the Palaearctic Region. Vol. 1. Enicocephalomorpha,
Dipsocoromorpha, Nepomorpha, Gerromorphaand Leptopodomorpha. The Netherlands Entomological
Society, Amsterdam, xxvi + 222 pp.

Congress, Symposium: Surname, N. Year. “Presentation title (first letters of all words small), page
range”. Name of Congress/Symposium (Date -day range and month, place), page number.

Example:

Onder, F., Karsavuran, Y., Pehlivan E. & Turanl, F. 1995. Giineydo§u Anadolu Projesi (GAP) uygulama
alaninda saptanan Pentatomoidea (Heteroptera) turleriyle ilgili bir dederlendirme. GAP Bolgesi Bitki
Koruma Sorunlari ve C6ziim Onerileri Sempozyumu, 27-29 Nisan, Sanhurfa, 120-130.

Internet: If any information is taken from an internet source (articles published in journals and taken
from internet excluded), internet address should be written in full in references section and access date
should be indicated.

Surname, N. Year. Name of study (First letter of words small). (Web page: http://www...... ). (Date
accessed: May 2009).

Hatch, S. 2001. Student sperception of online education. Multimedia CBT
Systems. http://www.scu.edu.au/schools/sawd/moconf/papers2001/hatch.pdf (Date  accessed: May
2009).

References within the text should not be numbered and indicated as in the following examples.
Examples:

... atmospheric pollution is causing by x matter (Landen 2002). If an article has two authors, it should be
indicated in the text as (Landen and Bruce 2002) or ... according to Landen and Bruce (2002) .... If there
are three or more authors, references should be indicated as (Landen et al. 2002) or according to Landen
et al. 2002 ...

Graphics and tables: All photos, pictures, drawings and graphics except tables should be indicated as
Figures. Pictures, figures and graphics should be clear and ready to print with offset technique. The
places of all tables and figures should be indicated in the text. All tables and figures should be humbered
within the text respectively (Table 1, Fig. 1). Figure numbers and legends are written below the figures,
table numbers and legends are written above the tables.

All figures (all pictures, drawings and graphics except table) should also be uploaded to the system
separately with 300dpi resolution at least as .tif file using the figure numbers in the files name.

Submitted articles are subjected to prior review by the Editorial Board. Editorial Board has the right to
reject the articles which are considered of low quality for publish or those which are insufficiently
prepared according to the author guidelines. The articles accepted for consideration for evaluation will be
sent to two different referees. Editorial Board decides to accept or reject the submissions for publication
by taking into account the reports of referees.

Editor : Dr. Kadri KIRAN

Trakya Universitesi

Fen Bilimleri Enstitisu
Balkan Yerlegkesi

22030 - EDIRNE-TURKEY

Phone : +90 284 235 82 30
Fax 1 +90 284 235 82 37
e-mail : tujns@trakya.edu.tr
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