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Origanum vulgare Essential Oil Demonstrates In Vivo and In Silico Activity Against a
Mouse Nematode Syphacia obvelata (Rudolphi, 1802)
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ABSTRACT Oxyurid nematode infections are common in animals and often recurrent, necessitating the development of
new anthelmintic agents. Origanum vulgare L. subsp. hirtum essential oil (OEO) was evaluated for its
nematocidal effects against the Syphacia obvelata nematode in naturally infected mice. Mice received oral
OEO at 300 and 600 mg/kg doses, with egg counts monitored via the perianal tape method. Gas
chromatography identified carvacrol (84.0%) as the dominant compound, while in silico docking revealed 3-
caryophyllene exhibited strong binding affinities to B-tubulin and carnitine palmitoyltransferase 2, key
nematode drug targets. OEO treatment significantly reduced parasite egg counts by up to 98% at 7 days post-
treatment, with sustained effects at 14 days. These findings suggest that OEO, particularly -caryophyllene,
possesses promising anthelmintic activity against oxyurid nematodes, as a preliminary study. Further studies
are warranted to explore its therapeutic potential and mechanisms of action.

Keywords: Anthelmintic properties, Essential oils, Molecular docking, Nematocidal activity, Origanum vulgare.

0z Origanum vulgare Esansiyel Yaginin Fare Nematodu Syphacia obvelata'ya
(Rudolphi, 1802) Karsi In-Vivo ve In-Siliko EtKisi

Oksyurid nematod enfeksiyonlar1 hayvanlarda yaygindir ve siklikla tekrarlar. Bu nedenle yeni anthelmintik
ajanlarin gelistirilmesi gerekmektedir. Origanum vulgare L. subsp. hirtum ugucu yagi (OEO), Syphacia
obvelata nematodu ile dogal enfekte farelerde, nematosidal etkiler acisindan degerlendirilmistir. Farelere 300
ve 600 mg/kg dozlarinda oral OEO verilmis ve yumurta sayilar1 perianal bant yontemi ile izlenmistir. Gaz
kromatografisi, karvakrolii (%84.0) baskin bilesik olarak tanimlarken, in-siliko yerlestirme, B-karyofilenin 3-
tubulin ve karnitin palmitoil transferaz 2'ye, yani nematod ilaglarinin temel hedeflerine giiclii baglanma
egilimi gosterdigini ortaya koymustur. OEO tedavisi, tedaviden sonraki 7. giinde parazit yumurta sayisini
%98'e kadar 6nemli dl¢lide azaltmis ve etkilerin 14. giinde devam etmesini saglamistir. Bu bulgular, OEO'nun,
ozellikle B-karyofilenin, oksyurid nematodlara karsi umut verici bir anthelmintik aktiviteye sahip oldugunu
bir 6n ¢alisma olarak gostermektedir. Terapotik potansiyelini ve etki mekanizmalarini arastirmak i¢in daha
fazla calismaya ihtiyac vardir.

Anahtar Kelimeler: Anthelmintik ézellik, Esansiyel yag, Molekiiler yerlestirme, Nematosidal aktivite, Origanum vulgare.

INTRODUCTION silico studies examining the action mechanism of active

L . . . . o compounds remains insufficient. However, in silico studies
Oxyurlld }nfectlons in QOmestlc animals are significant due provide fast and reliable results for this type of
to their impact on animal health and welfare, as well as investigation when compared with classical application
potential implications for zoonotic transmission. Oxyurid methods.

nematodes primarily affect various domestic animals,
including rodents, reptiles, and some mammals, leading to
a spectrum of health issues ranging from asymptomatic
infections to severe clinical manifestations (Taylor et al.
2016). Despite numerous studies (Santoro et al. 2007;
Castro et al. 2013; Pensel et al. 2014) investigating the
anthelmintic properties of plant extracts, the number of in

Benzimidazoles inhibit microtubule formation by binding
B-tubulin in nematodes (Lacey 1990; Martin et al. 2014).
Anthelmintic drugs have been used for an extended period
due to their broad spectrum, good tolerability, and low
price (Lanusse et al. 2014). Excessive and unnecessary use
of this type of drug leads to the emergence of resistant
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nematode populations (dos Santos et al. 2014).
Albendazole's common adverse effects are abdominal pain,
nausea, vomiting, dizziness, temporary hair loss, headache,
and fever (Jung and Gonzales-Esquivel 2002). Therefore,
further research is required to determine whether plant
extracts and essential oils will be applied to infected
animals in order to discover new drugs that can be used
safely.

Origanum vulgare L. subsp. hirtumis a shrubby species in
the Lamiaceae family, found in Mediterranean and Asian
regions (letswaart 1982; Celep and Dirmenci 2017). It has
12 pairs of twigs per stem, with leaves that are petiolate or
subsessile, measuring 6-40x5-30 mm. The spicules
measure 3-30x2-8 mm, and the corolla is purple, pink, or
white, measuring 3-10 mm (letswaart 1982). The essential
oil has antiparasitic activity due to its thymol and
carvacrol compounds (Santoro et al. 2007). In a
comparative study, Origanum vulgare L. essential oil
demonstrated potential anticancer activity against
hepatocellular carcinoma (Hep3B), human breast
adenocarcinoma (MCF-7), and human lung carcinoma
(A549) cell lines. Antiproliferative activity of essential oil
was found to be significant on these cell lines as compared
to standards (cisplatin and 5-fluorouracil) (Erenler et al.
2023).

Origanum essential oil contains several monoterpenes and
sesquiterpenes, including B-caryophyllene. Although f-
caryophyllene is a sesquiterpene found widely in nature,
its anthelmintic properties have never been investigated
before. The investigation of -caryophyllene, a compound
found in plants such as Cannabis sativa, Cinnamomum
verum, and Syzygium aromaticum (Ludwiczuk et al. 2017),
which can be cultivated in Asian and African countries
where helminthic infections are prevalent, may contribute
to the discovery of promising natural anthelmintic
components needed in these regions.

Enzymes in the carnitine palmitoyl transferase (CPT)
family (EC 2.3.1.21) transport long-chain fatty acids from
the cytoplasm to the mitochondria, which can be oxidised
to release energy (Taylor et al. 2013). A drug called
Perhexiline has been reported to target CPT homolog
enzymes in humans. Inhibition of CPT 2 is effective against
Caenorhabditis elegans larvae, a harmful parasitic
nematode Haemonchus contortus, and the filarial
nematode Onchocerca linealis (Ceccarelli et al. 2011).
Therefore, CPT 2 has been considered a significant
antinematodal drug target (Tyagi et al. 2018).

In domestic rodents, oxyurid infections, especially by
species like Syphacia and Aspicularis, have been noted to
cause a range of health problems despite often being
regarded as relatively benign under low infestation levels.
Syphacia obvelata (Rudolphi 1802) is a common oxyurid
nematode of mice and is characterized by its distinct
morphology, including a tapered tail and a prominent
cephalic structure. This nematode is often found in the
intestines of its hosts, where it can cause various
gastrointestinal issues (Pisanu et al. 2003).

In this study, we aimed to assess the anthelmintic efficacy
of Origanum vulgare subsp. hirtum essential oil (OEO) on
mice naturally infected with the oxyurid nematode
Syphacia obvelata (Rudolphi 1802). We analyzed the
bioactive components in OEO and evaluated how these
components bind to antinematodal drug target proteins.
This research is necessary to identify natural alternatives
that can effectively combat drug resistance in animal
parasites, thereby improving treatment options and
reducing reliance on synthetic medications.

133

MATERIAL AND METHODS

Ethics Committee Approval

This study was conducted with the permission of Bursa
Uludag University, Animal Experiments Local Ethics
Committee on 11.07.2017 with the number 2017-10/07.

Preparation of Origanum Essential Oil

Origanum shoots were cultivated in Eskisehir obtained
from the Atatiirk Horticultural Central Research Institute,
Yalova, Tiirkiye. Aerial parts of Origanum vulgare subsp.
hirtum were collected on 26 July 2017 from Eskisehir.

A hydrodistillation method was used to extract fresh
oregano essential oil from the aerial parts of Origanum
vulgare subsp. hirtum, following the procedure outlined in
the European Pharmacopoeia (2025). The oil was then
stored at 4 °C in a refrigerator until use.

Gas Chromatography (GC) and Gas Chromatography -
Mass Spectrometry (GC/MS) Analysis

An Agilent 6890N GC system was used for the GC analysis.
The system was equipped with an FID detector set at a
temperature of 300 °C. A duplicate column was used for
simultaneous auto-injection under the same conditions to
ensure the same elution order with GC-MS. The FID
chromatogram displayed the relative percentage amounts
of the separated compounds.

Table 1: Composition of the essential oil of Origanum
vulgare subsp. Hirtum.

Identification

RRI Compounds % Method
1032 a-Pinene 0.5 tr, MS
1035 a -Thujene 0.6 MS
1076 Camphene 0.2 tr, MS
1118 b-Pinene 0.1 tr, MS
1132 Sabinene 0.1 tr, MS
1174 Myrcene 0.9 tr, MS
1176 a -Phellandrene 0.1 tr, MS
1188 a-Terpinene 0.8 tr, MS
1203 Limonene 0.1 tr, MS
1213 b -Phellandrene 0.1 tr, MS
1255 g-Terpinene 3.5 tr, MS
1280 p-Cymene 4.6 tr, MS
1290 Terpinolene 0.1 tr, MS
1452 1-Octen-3-ol 0.1 tr, MS
1474 trans-Sabinene hydrate 0.3 tr, MS
1553 Linalool tr tr, MS
1556 cis-Sabinene hydrate 0.1 tr, MS
1611 Terpinen-4-ol 0.6 tr, MS
1612 b-Caryophyllene 1.4 tr, MS
1687 a-Humulene 0.1 tr, MS
1706 a-Terpineol 0.2 tr, MS
1719 Borneol 0.5 tr, MS
1737 b-Bisabolene 0.4 tr, MS
1757 Carvone 0.1 tr, MS
2008 Caryophyllene oxide 0.2 tr, MS
2181 Isothymol tr MS
2198 Thymol 0.3 tr, MS
2228 Isocarvacrol tr tr, MS
2239 Carvacrol 84.0 tr, MS

RRI: Relative retention indices experimentally calculated against n-
alkanes; % calculated from FID data; tr: Trace (<0.1 %); tr:
Identification based on comparison with co-injected with standards on
an HP Innowax column; MS: identified based on computer matching of
the mass spectra with those of the in-house Baser Library of Essential
0il Constituents, Adams, MassFinder and Wiley libraries.
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The oregano essential oil was analysed using an Agilent
GC-MSD system from Agilent Technologies Inc. (Santa
Clara, CA) with capillary GC/MS. Compounds were
separated using an HP-Innowax FSC column from Hewlett-
Packard (U.S.A.). The column had a length of 60 meters, an
inner diameter of 0.25 millimetres, and a film thickness of
0.25 micrometres. Helium was used as the carrier gas at a
flow rate of 0.8 millilitres per minute. The GC oven
temperature was initially set to 60 °C and maintained for
10 minutes, then increased to 220 °C at a rate of 4 °C per
minute and held there for 10 minutes. Finally, the
temperature was raised to 240 °C at 1°C per minute. The
split flow was adjusted to 40 millilitres per minute with a
split ratio of 40:1, and the injector temperature was set at
250 °C. Mass spectra were taken at 70 eV with a mass
range of m/z 35-450.

To identify the oregano essential oil compounds, their
mass spectra were compared with those in the Baser
Library of Essential Oil Constituents, Wiley GC/MS Library
(McLafferty and Stauffer 1989), Adams Library (Adams
2007), and Mass Finder Library (Hochmut 2008). The
analysis involved comparing the retention indices of the
samples. To calculate the relative retention indices (RRI), a
homologous series of n-alkanes was used as reference
points. The FID chromatograms were used to calculate the
relative percentages of the compounds that were
separated. The GC/MS analysis results were presented as
the mean percentage in Table 1.

In vivo Procedures

Balb/c mice of both sexes, weighing between 28 and 41
grams, of different ages,were obtained from the
Experimental Animals Breeding Centre of Bursa Uludag
University in Bursa, Tiirkiye. These mice were imported
from the Netherlands and were not transgenic. They were
housed in plastic cages at room temperature (20-24 °C)
with a 12-hour light/dark cycle and 55% relative humidity.
The animals were fed ad libitum and had continuous
access to water. Fresh air was provided daily through the
ventilation system.

Experimental animals naturally infected with Syphacia
obvelata were selected using perianal cellophane tape and
Fiilleborn fecal flotation methods. Each group consisted of
six animals, except for the ABZ drug control group, which
included eight animals. In total, 26 mice were involved in
this study.

Infected mice were divided into four groups consisting of
three treatment groups and one negative control group.
These groups were generated according to the observed
parasite egg numbers inmice by considering the similar
average egg numbers in all groups. All cages were labelled
according to the mouse number. Egg numbers were
obtained from Fiilleborn faecal flotation and perianal tape
methods performed on two consecutive days. Group 1
(n=6) and Group 2 (n=6) received 300 mg/kg and 600
mg/kg of Origanum Essential Oil (OEO), respectively.
Group 3 (n=6) received soybean oil (4 ml) as solvent
control, and Group 4 (n=8) received Albendazole 20 mg/kg
as drug control by completing the 4 ml total volume with
soybean oil. Each mouse was given pellets containing the
solutions and kept in separate cages. We observed
whether the mice fed on the pellets. Groups 1, 2, and 3
were treated for seven consecutive days, but Group 4 was
treated for three days at one-day intervals to see the
results of a different drug application. The steps of the in
vivo experiment are shown in Figure 1.

« By adding pellet

. Z(;:,_Z cons.ecutlve ® ?Was a5 . o;(y;md egg~s,
. decrease in sticking on anal
numbers of tape,

Compare the
counts of eggs

oxyurid eggs?

with in control
groups'

Figure 1: Steps of the in vivo experiment.

After the acclimatisation of animals, the perianal tape
(cellophane) method was selected to detect the nematode
infections. To evaluate the efficacy of the plant extract on
egg numbers, the parasite egg count on each mouse's
rectum was calculated by counting eggs on anal tape
collected from each mouse before the 7th day of treatment
and on the 0th, 7th, and 14th days after treatment. To apply
this method, approximately 9 x 1 cm cellophane tape was
pressed onto the rectum of each mouse 10-15 times. After
sticking it to a microscopy slide, S. obvelata eggs were
counted.

In the perianal band, the reduction percentage of oxyurid
eggs was counted as follows (Pagano and Gauvreau 2018):

I—L
reduction % = 100 x (T)

I: Initial number of parasite eggs in each group according
to the arithmetic mean.

L: Last number of parasite eggs in each group according to
the arithmetic mean.

The reduction in the number of parasite eggs across all
application groups was compared. The findings were
analyzed wusing the IBM-SPSS statistical software,
employing Kruskal-Wallis post hoc analysis (IBM
Corporation 2020). Due to the variability in variance
caused by the uneven distribution of parasite eggs among
the groups, the nonparametric Kruskal-Wallis test was
chosen. A p-value of less than 0.05 was considered
statistically significant.

In silico Molecular Docking

In our study, we selected the most abundant active
compounds found in the essential oil of Origanum vulgare
subsp. hirtum. We conducted a docking study with
antinematodal drug target proteins to further investigate
their potential antinematodal effects. The ten compounds
examined in this study include a-thujene, 3-caryophyllene,
y-terpinene, borneol, terpinene-4-ol, p-cymene, carvacrol,
myrcene, a-pinene, and a-terpinene, all of which were
obtained from the PubChem database (Kim et al. 2021).
Haemonchus contortus B-tubulin (pdb ID: 10J0) (Robinson
et al. 2004) and Rattus norvegicus Carnitine
Palmitoyltransferase 2 (CPT 2, pdb ID: 2H4T, resolution:
1.90 A) (Hsiao et al. 2006) were obtained from the Protein
Data Bank (2025). Docking files were created using the
ADT program (Huey et al. 2007; Morris et al. 2009). The
results were analyzed with the Biovia Discovery Studio
Client 2020 software, developed by Dassault Systémes,
Biovia Inc. (2020). The root mean square deviation
(RMSD) was calculated using the DockRMSD tool from the
Zanglag web server (Bell and Zhang 2019). For the docking
simulations involving the B-tubulin protein and the herbal
ligands, the coordinates of the original ligand bound to the
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protein in the co-crystallized structure were chosen as the
center point. The previous docking experiments were
useful for predicting the center coordinates of a protein, so
we utilized the docking coordinates from the grid box
provided by Taylor et al. (2013) for the CPT2 enzyme. In
our approach, all protein atoms were considered rigid,
while only the hydrogen atoms were allowed to move
freely within the protein's active site.

We set the dielectric constant to 10 and established the
ionic strength at 0.145. The dimensions of the grid box
were defined as 60x60x60, with a grid point spacing of
0.375 A. The maximum number of generations was set to
27,000, and the maximum number of evaluations was
adjusted to 2,500,000, given that the number of rotational
bonds was fewer than 10.

For the docking, we chose the AutoDock 4.2 program,
employing a Lamarckian genetic algorithm for the
procedure (Morris et al. 1998). The docking simulations
were conducted with a total of 20 runs. An overview of the
process is summarized in Figure 2.

Isolation of Origanum Essent

Determination of compounds with GC/MS analysis

]

Selection of 10 compounds (possessing percentage rate
> 0.5%) from 29 compounds

¥

Docking of 10 compounds with rnCPT 2 and
hcB-tubulin

Selection of the compound possesing the best score

Selection of best pose from 20 runs

Analysis of binding modes and chemical interactions

Figure 2: Steps of compound selection and docking.

According to docking simulations of the herbal ligands, the
best molecules were estimated via the SwissADME web
server (Daina et al. 2017) for ADME (Absorption,
Distribution, Metabolism, Excretion) properties.
SwissADME web server makes a series of predictions
based on chemical formulations and calculations to show
the molecule's ability in terms of oral bioavailability,
penetration of the blood-brain barrier, and gastrointestinal
absorption.

RESULTS

The study demonstrated that Origanum essential oil has
antinematodal effects against oxyurid nematodes.
Additionally, the study searched for interactions between
target proteins and bioactive molecules found in the
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essential oil to discover new drug scaffolds. This was done
using in silico methods.

In the chemical analysis of Origanum essential oil,
carvacrol was identified as the dominant compound,
comprising 84.0% of the total content. A total of 29
compounds were identified (Table 1). According to the
data presented in Table 1, oxygenated sesquiterpenes
account for a larger proportion, while monoterpene
hydrocarbons exhibit greater diversity in composition. The
high concentration of carvacrol indicates the excellent
medicinal quality of O. vulgare subsp. hirtum, which is
grown in Tiirkiye (Baser 2008).

For the docking test, ten compounds with a presence
greater than 0.5% were selected. Among these, four
compounds exceeded the 1% threshold: y-terpinene
(3.5%), p-cymene (4.6%), B-caryophyllene (1.4%), and
carvacrol (84.0%). In contrast, linalool, isothymol, and
isocarvacrol were found in much smaller amounts, each
below 0.1%.

The mean number of S. obvelata eggs counted by the
perianal tape method after applying OEOfor seven days is
shown in Figure 3. From the 7th day, a significant
difference emerged between the group in which soybean
oil was given as solvent control and the group in which
Albendazole was given as drug control at 20 mg/kg for
three days at one-day intervals in the number of parasite

eggs.

Arithmetic means
®m Soy bean
W Origanum 300

w Origanum 600

60
® ABZ 20 mg/kg

50
40
30
20
10 I

0

0 7 14 21

Days

Figure 3: Averages of S. Obvelata parasite eggs counted on
cellophane in each mouse group.

The study found that the reduction rates of S. obvelata eggs
on cellophane tapes varied weekly depending on the doses
of OEO applied. The most significant difference was
observed on the seventh day after the application ended.
In the OEO 300 group (Group 1), the reduction percentage
was 90.63%, while in the OEO 600 group (Group 2), it
reached 98.06% from days O to 7 post-application.
Additionally, a decrease of 59.96% was noted in the mean
number of parasite eggs in the OEO 300 group, and a
95.48% reduction was observed in the OEO 600 group by
the 14th day when compared to the pre-treatment count on
day 0.

In this study, for the first time, it was observed that
administering Oregano Essential Oil (OEO) to laboratory
mice infected with S. obvelata by adding it to their feed
resulted in a reduction in the number of S. obvelata eggs.
When Albendazole (ABZ) was administered three times at
double the usual dose, it was noted that all eggs were
eliminated, achieving a 100% cure of the helminthic
infection, and there were no adverse effects on the overall
health of the mice. However, since the OEO altered the
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taste of the feed, the mice did not consume all of the food
containing OEO. Consequently, the percentage reduction in
the OEO 600 group was lower than anticipated. After
treatment, all mice were provided with regular food,
ensuring they did not remain hungry for long. This method
was preferred because it was more suitable for animal
welfare compared to the gavage method.

All groups experienced a significant decrease in the
number of eggs by the seventh day of treatment. As
expected, the ABZ group showed the most notable
reduction, followed by Group 2. By the fourteenth day
post-treatment, no eggs were counted in the ABZ group,
while Groups 1 and 2 continued to show some infection,
albeit with a considerable decrease compared to the initial
counts (as shown in Table 2). This suggests that the effects
of OEO lasted even after the seven days following
treatment.

Table 2: Arithmetic mean of S. obvelata eggs counted on
perianal tape.

Group Application -7. 0. 7. 14.
day day day day

1 OEO 300 mg/kg 79 662 62 265
2 0OEO 600 mg/kg 47 155 03 0.7
3 Soy oil (4 ml) 573 33 192 13
4 ABZ20mg/kg 614 128 01 0

The results of the Shapiro-Wilk test indicated that the
groups did not follow a normal distribution. Additionally,
Levene's test revealed that the variances were not
homogeneous. Consequently, the Kruskal-Wallis test was
conducted. The findings from the Kruskal-Wallis test
showed no significant difference between the OEO groups
and the solvent control (soy oil) group. However,
significant differences were found between the ABZ 20
mg/kg group and both the OEO 300 group and the OEO
600 group. Additionally, a significant difference was noted
between the OEO 600 and OEO 300 groups (p < 0.05).

Table 3: Docking results of the main bioactive substances
in Origanum vulgare subsp. hirtum essential oil content.

8 Tubulin CPT 2
. AG . AG

Compound ki (keal/mol) ki (kcal/mol)
a-Thujene 13.96 uM -6.62 34.46 uM -6.09
B- 87399nM  -827  119uM  -8.08
Caryophyllene

y-Terpinene 10.31 uM -6.80 42.97 uM -5.96
Borneol 15.06 uM -6.58 9.78 uM -6.83
Terpinen-4-ol  6.73 uM -7.06 12.85 uM -6.67
p-Cymene 37.39 uM -6.04 134.63 uM -5.28
Carvacrol 22.48 uM -6.34 73.84 uM -5.64
Myrcene 36.21 uM -6.06 10u1M54 -5.45
a-Pinene 2250uM  -634  3289uM  -6.12

a-Terpinene 10.30 uM -6.80 41.19 uM -5.98

No observable side effects were noted during the
application period and two weeks afterward. All mice
remained in good condition.

Before docking with the major components in the OEO, 8-
tubulin was re-docked with Albendazole. The calculated
RMSD was found as 1.564 A using the DockRMSD tool.
Based on this value, the accuracy of the docking was
evaluated.

According to Table 3, the AG values of nine of the ten
molecules were found between -5.28 and -6.83 kcal/mol
for CPT 2, -6.04 and -7.06 kcal/mol for B-tubulin.

Among these molecules, p-cymene exhibited the lowest
binding affinities for CPT 2 and -tubulin, with Ki values of
134.63 pM and 37.79 uM, respectively. The other eight
molecules, aside from B-caryophyllene, displayed binding
affinities similar to those of p-cymene. The top three major
components identified were carvacrol, p-cymene, and y-
terpinene. Due to their small size, these three
monoterpenes are predicted to have limited chemical
interactions in inhibiting antinematodal targets. Figure 4
illustrates the structures of these three molecules. In silico
calculations indicate that sesquiterpenes, which are larger
than monoterpenes, demonstrate improved inhibition
results against these target proteins (-tubulin and CPT 2)
and are therefore more promising as potential drug
candidates.

Carvacrol y-terpinene p-cymene

Figure 4: 2D structure of three major compounds in OEO
The docking simulation results indicated that f3-
caryophyllene exhibited the highest binding affinity for
both the CPT 2 enzyme and f-tubulin among the ten
molecules isolated from the essential oil of oregano (OEO).
The AG and Ki values were -8.08 kcal/mol and 1.19 uM for
CPT 2, and -8.27 kcal/mol and 873.99 nM for B-tubulin,
respectively.

It was found that 3-caryophyllene was surrounded by four
apolar residues (ALA615, ALA613, LEU592, and VAL597)
in the active site of the CPT 2 enzyme and formed
electrostatic interactions with these residues (Figure 5 (a)
and (b)).

Figure 5: (a) p-caryophyllene and CPT 2 enzyme
interactions 3D representation, (b) Secondary structure of
CPT 2 with rainbow colour. 3-caryophyllene in the surface
area and surrounding with interacting residues of the CPT
2 enzyme. (c) B-caryophyllene and -tubulin interactions
3D representation, (d) Secondary structure of 3-tubulin’s
binding site. Pink balls and sticks represent f3-
caryophyllene.

The nine-membered cyclo-structure of B-caryophyllene
effectively facilitated aromatic interactions with HIS617
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and TRP620. Additionally, the following residues formed
van der Waals interactions with the compound: SER590,
GLY600, TYR614, CYS623, LEU599, GLY622, and SER598,
as illustrated in Figure 6 (a).

PHE SER
GLY A:167 A265

PHE
A200

EU
407 A:620 HIS A250
Al
THR
HIS
AB17 A237
A:597 TYR
A:50

Interactions Interactions
0 der Wass ki an e Wasks Ay

oy ) A

Figure 6: Molecular interactions of (-caryophyllene and
residues in the active sites of proteins. (a) 2D
representation of interactions with the CPT 2 enzyme. (b)
2 D representation of chemical interactions with -tubulin.
Pink imaginary lines represent alkyl and m-alkyl bonds;
purple lines are m-sigma bonds; green spheres are van der
Waals interactions.

Interactions of B-caryophyllene with (-tubulin involve
several key residues. The tetracyclic portion of the ligand
and its methyl groups create m-sigma interactions with
PHE20, m-alkyl interactions with PHE167 and MET233,
and alkyl bonds with HIS6, positioned opposite the methyl
groups (Figure 5 (c) and (d)). These tetracyclic rings and
methyl groups form an aromatic sandwich between
residues PHE20 and PHE167. PHE200, one of the closest
residues to the nine-carbon core, engages in both aromatic
and m-alkyl interactions with the methyl group at the
fourth position. Additionally, the hydrophobic amino acids
LEU250 and VAL236 contribute alkyl interactions with the
ligand.

LIPO

MNSATU POLAR

NSOLU

Figure 7: Radar plot of 3-caryophyllene.

Figure 6 illustrates that THR136, THR237, TYR50, SER165,
and GLN134 all participate in van der Waals interactions
with B-caryophyllene in -tubulin. According to the Swiss
ADME analysis of 3-caryophyllene's pharmacokinetics, the
compound exhibits low gastrointestinal absorption, does
not penetrate the blood-brain barrier, and does not inhibit
CYP1A2, CYP2D6, or CYP3A4 enzymes. However, it can
inhibit CYP19 and CYP2C9 enzymes. (-caryophyllene
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aligns with Ghose, Veber, and Egan's rules regarding
bioavailability but does not meet Muegge's criteria. It
satisfies four of Lipinski's five rules as per the SwissADME
web server. The radar plot indicates that the molecular
properties of B-caryophyllene fall within acceptable limits
for oral administration (Figure 7), suggesting that this
molecule merits further investigation as a potential drug
candidate.

DISCUSSION AND CONCLUSION

Out of the ten molecules tested for their inhibition
properties using the in silico docking method, only -
caryophyllene exhibited a AG value lower than -8
kcal/mol. The remaining nine compounds did not show
inhibition of the two proteins tested. This was likely due to
their limited size and fewer side chains, which reduced the
diversity and number of potential chemical interactions
with the proteins. Although these molecules may have
anthelmintic effects, it would be beneficial to test them
against other anthelmintic protein targets using in silico
modelling, as well as to investigate their effects in vitro.

The results suggest that the anthelmintic effect of these
nine molecules operates through a pathway other than -
tubulin or CPT 2 inhibition. The low binding affinity
observed may be attributed to the small size of these
monoterpenes. In a previous study, sesquiterpene lactone
and arteannuin-B demonstrated favorable binding affinity
to the CPT 2 enzyme, facilitating numerous interactions
(Karaman et al. 2024). Similarly, stigmasterol and fridelin
showed potential to inhibit the CPT 2 enzyme, given their
available free energy of binding. These two compounds
possess larger cyclic cores (steroidal structures), allowing
for multiple aromatic and electrostatic interactions with
enzyme residues.

Therefore, having a larger core structure and hydroxyl
groups in herbal compounds is crucial for inhibiting
anthelmintic targets. Since [-caryophyllene is a
sesquiterpene containing a cyclobutane ring and a nine-
membered ring, it serves as a more suitable ligand for this
type of inhibition compared to smaller monoterpenes
(Gertsch et al. 2008).

B-Caryophyllene is an agonist of cannabinoid receptors,
which belong to the group of G protein-coupled receptors
(Francomano et al. 2019). Some of these G protein-coupled
receptors are targets for anthelmintic drugs (Lacey 1990;
Martin et al. 2014). Therefore, it is important to conduct
docking experiments of [-caryophyllene with the
anthelmintic target G protein-coupled receptors.

Molecular docking studies have demonstrated that (-
caryophyllene interacts with the hydrophobic amino acid
residues of CBR-2 (cannabinoid receptor) at the active site.
These residues include VAL113, PHE117, ILE198, TRP258,
and MET265. In our study, we found that $-caryophyllene
also interacted with hydrophobic residues in the CPT 2
enzyme and [-tubulin. The key amino acid residues
identified in the CPT 2 enzyme are TRP620, ALA613,
LEU592, VAL597, and ALA615, while those in (-tubulin
include GLY134, VAL236, LEU250, PHE200, PHEZ20,
PHE167,and MET233.

Origanum species have been extensively studied for their
effectiveness against nematodes and cestodes. For
example, a study demonstrated that the essential oil of O.
vulgare was effective against Echinococcus granulosus at a
final concentration of 10 pg/mL (Pensel et al. 2014). After
72 days of incubation, the protoscolex of E. granulosus
completely lost its vitality. However, our research showed
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that not all nematodes in mice succumbed to the treatment
with Origanum essential oil (OEO). This was likely because
the treatment period was insufficient to achieve a
significant antinematodal effect. Even if all nematodes
were eliminated after a more extended treatment, it
remained unclear whether the mice were still infected.
Therefore, we could not conclusively determine the
infection status of the mice, regardless of whether all
nematodes had been killed. Additionally, using
experimental animals to demonstrate the antiproliferative
effect of OEO on S. obvelata eggs is inefficient, as OEO can
irritate animals, even when diluted and added to their
feed. Thus, in vitro studies are more appropriate for
demonstrating the antiproliferative effects of OEO on
nematodes.

Castro et al. (2013) found that Origanum extract had a
significant effect on the egg hatching of Haemonchus
contortus, with the impact varying according to the dose
used. The authors concluded that a low concentration of
Origanum vulgare (10 mg/ml) exhibited ovicidal activity,
making it a potential treatment for helminthiasis (Pensel
et al. 2014). In a separate study, Andre et al. (2016)
demonstrated that carvacrol and carvacryl acetate
inhibited the larval development of H. contortus at doses of
0.8, 1.0, and 2.0 mg/kg, showing efficacies of 89.3%,
97.7%, and 100%, respectively, as evidenced by larval
development and egg-hatching tests. They noted that
carvacryl acetate was less toxic than carvacrol and was a
more effective anthelmintic both in vitro and in vivo
against H. contortus, a common nematode affecting sheep
(Andre et al. (2016). According to Ozcan et al. (2012), the
analysis of Origanum vulgare subsp. hirtum leaves
collected from two regions of Tiirkiye (Biiylikeceli and
Delikkaya locations of South Anatolia) showed the
presence of twenty-eight compounds described with GC-
MS. Origanum essential oil was found to be composed of
oxygenated  monoterpenoids and  monoterpenoid
hydrocarbons, with the majority of them being carvacrol
(ranging from 51.4% to 63.3%), linalool (ranging from
28.3% to 2.3%), y-terpinene (ranging from 6.0% to 9.9%),
and p-cymene (ranging from 4.8% to 8.7%) (Ozcan et al.
2012). In a recent research conducted in Tokat province of
Tiirkiye; Erenler et al. (2023) detected the percentage rate
of major compounds in 0. vulgare L. essential oil as 90.4%,
4.21%, and 1.19% for carvacrol, p-cymene, and Y-
terpinene, respectively. In our study, we observed lower
rates of certain compounds compared to previous findings.
Specifically, carvacrol was present at 84.0%, while linalool
was detected in trace amounts, y-terpinene at 3.5%, and p-
cymene at 4.6%. It is essential to recognize that the
composition of active compounds in the same species can
vary due to environmental factors such as location, soil
type, climate zone, and harvesting time.

Additionally, we noted a steady decrease in the number of
parasite eggs in mice fed soy oil, which continued up to
day 14. This reduction may be attributed to the laxative
effect of soy oil or its potential anthelmintic properties.

On the other hand, Origanum vulgare subsp. hirtum has
been shown to reduce parasite eggs; however, its effects
are not long-lasting and require continuous use. A low-
dose, repeatable treatment using oregano essential oil
(OEO) is recommended, as it has demonstrated
effectiveness even at low doses. Further research is
needed to explore the anthelmintic effects of carvacrol on
other drug target proteins through molecular docking
studies.

B-Caryophyllene is a compound found in several plants,
including basil (Ocimum spp.), cinnamon (Cinnamomum
verum), and cloves (Syzygium aromaticum), as well as in
oregano (Origanum spp.) (Karaman 2022). These plants
are believed to have anthelmintic properties, which can
help eliminate parasitic worms. Recent studies predicted
that 3-caryophyllene may possess anthelmintic effects, and
this was demonstrated for the first time through molecular
modelling.

Extracts derived from specific plant parts can offer various
benefits when utilised in appropriate doses for treatment.
They can enhance the immune system of animals through
natural means, aiding in the prevention of recurrent
helminthic infections due to their antioxidant properties.
Additionally, these extracts can help inhibit the
development of drug resistance in parasites affecting
animals, thereby reducing the dependency on synthetic
medications for treatment. Given these advantages, it is
increasingly important to explore natural components in
the development of anthelmintic drugs.

In this study, we have concluded that Origanum vulgare
subsp. hirtum grown in Tiirkiye has a high concentration of
carvacrol (84.0%), which makes it apotentiallyeffective
therapeutic herb. When mice were treated with a 600
mg/kg dose of OEO, it resulted in a 95.48% reduction in
the number of S. obveleta eggs on the 14t day post-
treatment. The docking results suggest that f-
caryophyllene may contribute to the antinematodal effect
of Origanum essential 0il.So, this study can be considered a
preliminary study, and future studies should administer
OEO to experimental animals using taste-masking
methods, controlled-release systems, or oral gavage.
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ABSTRACT In this study, it was aimed to compare the tin (Sn) concentrations in raw cow milk samples collected from
dairy farms located in industrial and non-industrial areas in Hatay, to reveal the relationship of this element
with the proximity of industrial areas and consumption of water and feed, and to reveal the health risks that
Sn exposure through the consumption of milk may cause in adult male and female in this region. For this
purpose, 12 bulk tank milk samples, 12 water samples and 12 feed samples were collected separately from
industrial and non-industrial areas. Estimated daily intake (EDI) and target hazard quotient (THQ)
parameters were used for non-carcinogenic risk assessment. In milk samples collected from industrial and
non-industrial areas, the mean Sn concentrations were found to be 25.743 mg/L and 24.389 mg/L,
respectively. In feed and water samples collected from industrial areas, the mean Sn concentrations were
found to be 2.762 mg/kg and 0.041 pg/L, respectively, while those from non-industrial areas were found to
be 3.857 mg/kg and 0.218 pg/L, respectively. EDI values determined for the Sn element for adult male and
female were calculated as 34.55 pug/L bw/day and 39.74 ug/L bw/day, respectively. In addition, THQ values
determined for the Sn element in adult male and female were calculated as 0.057590 and 0.066237,
respectively. These findings show that industrial activities in the region contribute to the Sn content in milk
and that exposure to this element through the consumption of milk is unlikely to cause any health risks.

Keywords: Industrial, Cow, Tin, Risk assessment, Milk.

0z Hatay ilinde Endiistriyel ve Endiistriyel Olmayan Bélgelerdeki Siit Ciftliklerinden
Toplanan ineklerin Tank Siitiinde Kalay (Sn) Diizeyleri ve Diyet Risk
Degerlendirmesi

Bu calismada, Hatay ilinde endiistriyel ve endiistriyel olmayan bélgelerde bulunan siit ciftliklerinden
toplanan ¢ig inek siitii orneklerinde kalay (Sn) konsantrasyonlarinin Kkarsilastirilmasi, bu elementin
endiistriyel alanlara yakinlik ve igme suyu ve yem tiikketimi ile olan iligkisinin ortaya koyulmasi ve siit
tiiketimi yoluyla Sn maruziyetinin bu bélgedeki yetiskin erkek ve kadin bireylerde olusturabilecegi saglik
risklerinin ortaya koyulmasi amaglandi. Bu amagla, endiistriyel ve endiistriyel olmayan bdlgelerden ayri
olarak 12 adet tank siitii 6rnegi, 12 adet su 6rnegi ve 12 adet yem 6rnegi toplandi. Non-kanserojenik risk
degerlendirmesi i¢in tahmini gilinliitk alim (TGA) ve hedef tehlike katsayis1 (HTK) parametreleri kullanildi.
Endistriyel ve endiistriyel olmayan bolgelerden toplanan ¢ig inek siitii 6rneklerinde ortalama Sn
konsantrasyonlar sirasiyla 25.743 mg/L ve 24.389 mg/L olarak bulundu. Endiistriyel alanlardan toplanan
yem ve su orneklerinde ortalama Sn konsantrasyonlar1 sirasiyla 2.762 mg/kg ve 0.041 pg/L diizeyinde,
endiistriyel olmayan alanlardan toplanan 6rneklerde ise sirasiyla 3.857 mg/kg ve 0.218 pg/L diizeyinde
tespit edildi. Yetiskin erkek ve kadin bireyler i¢in Sn elementinin belirlenen TGA degerleri sirasiyla 34.55
ug/L viicut agirhigi/giin ve 39.74 pg/L viicut agirhigi/giin olarak hesaplandi. Ayrica yetiskin erkek ve kadin
bireylerde Sn elementi icin belirlenen HTK degerleri sirasiyla 0.057590 ve 0.066237 olarak hesaplandi.
Bulgular, bolgedeki endiistriyel faaliyetlerin siitteki Sn icerigine katkida bulundugunu ve siit tiiketimi yoluyla
bu elemente maruz kalmanin herhangi bir saglik riski olusturmasinin olasi olmadigini géstermektedir.

Anahtar Kelimeler: Endiistriyel, Inek, Kalay, Risk degerlendirmesi, Siit.
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INTRODUCTION

Cow's milk is an extremely important nutrient source for
humans due to its rich vitamin, mineral, carbohydrate,
protein and fat content (Dobrzafiski et al. 2005). However,
in addition to these substances, it also contains many toxic
elements that can cause serious health problems
(Arianejad et al. 2015). Because of this feature, milk could
be an important route of toxic metal intake (Ogut et al.
2016). Industrial activities and increasing urbanization are
shown among the important reasons for the contamination
of milk with these elements (Usman et al. 2023). For this
reason, milk is recognized as an important indicator of
environmental pollution (Ogut et al. 2016). Contamination
of the production environment can cause these elements
to accumulate in foods and cause significant health
problems due to their cumulative properties (Arianejad et
al. 2015). In addition, consumption of contaminated feed
and water and the equipment used in production and
storage processes are also shown among different
contamination sources (Rezaei et al. 2014; Arianejad et al.
2015).

Tin (Sn), which is widely used in various industrial
activities and can accumulate in foods, is considered one of
the important potentially toxic elements (PTEs) (Arianejad
et al. 2015; Astolfi et al. 2020). The reason for the high
levels detected in milk compared to other elements is due
to the formation of stable and toxic organic Sn as a result
of the element's ability to bind with the carbon in the milk
structure. In addition, contamination of milk with this
element can be attributed to the proximity of production
areas to industrial activities and water and feed consumed
by animals (Arianejad et al. 2015). It is known that Sn
contamination is quite low in areas far from pollution
sources (Harper 2005).

In this study, Sn levels were determined in raw cow's milk,
drinking water, and feed collected from farms located in
industrial and non-industrial areas in Hatay province. We
hypothesized that if concentration of this element is higher
in drinking water and feed, it may also be elevated in
produced milk. In addition, it was aimed to determine to
what extent the emissions of this element into the
environment due to industrial activities in the region could
affect the levels of Sn in milk. Moreover, the milk produced
in the industrial areas was compared with the Sn
concentrations in raw cow's milk collected from non-
industrial areas, which were thought to be
uncontaminated. It was also determined whether exposure
to this element causes health risks in adults due to
consumption of the milk produced.

MATERIAL AND METHODS

Study Areas and Collection of Samples

The dairy farms where milk, drinking water, and feed
samples were collected are presented in Figure 1. Raw
milk samples were collected from 24 dairy farms, each of
which had no fewer than 50 cattle. Within the scope of the
study, a total of 24 raw tank milk samples, each with a
volume of 50 mL, were collected from dairy farms located
in industrial and non-industrial areas of Hatay province. In
this study, 12 farms were classified as close to industrial
areas (within 15 km radial distance from industrial units),
while 12 farms were grouped as far to industrial areas
(areas outside of 15 km distance). Simultaneously with
milk sampling, 24 feed samples (total mixed ration)
weighing 500 g were collected from the feeds consumed
by the cows. The collected feed samples were dried in oven
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and then homogenized. In addition, a total of 24 drinking
water samples were collected in the amount of each 50 mL
from each farm. To prevent possible metal contamination,
the clean polyethylene sampling bottles (Isolab, Tiirkiye)
used in the collection of milk and drinking water were kept
in a 20% nitric acid (HNOs) (65% purity) (Merck,
Germany) solution overnight and then rinsed with
ultrapure water (18.2 MQ/cm resistivity, Millipore,
France). All samples were stored at -20°C until further
analysis. All samples were obtained during 2021-2022.

M Industrial arcas

\ P
.

.

® Farms

M Non-industrial arcas

Figure 1: Location of the study area.
Digestion of Milk and Feed Samples

The digestion of milk and feed samples was carried out
according to the method described in Nordic Committee
on Food Analysis (NMKL) Method 161 (1998). Briefly, 1
mL of milk samples and 0.5 g of feed samples were
weighed and placed into polytetrafluoroethylene (PTFE)
digestion vessels. Before digestion, to prevent possible
contamination, the vessels were kept in HNO3 solution for
24 h and then rinsed with ultrapure water. Then, 8 mL of
HNO3 (65%) and 2 mL of hydrogen peroxide (H202) (30%)
(Merck, Germany) were added to the samples, and the
digestion process was carried out in a microwave oven
(MARSXpress, CEM Corporation, USA) according to a four-
step procedure (20 min, 800 watts power, 200 °C). When
microwave wet digestion was finished, each digested
sample was filtered to polyethylene volumetric flasks and
then diluted to a final volume of 25 mL with ultrapure
water. Diluted samples were storage at 4°C until further
analysis. All chemicals and reagents used in the analyses
were of analytical grade.

Calibration Standard Preparation and Inductively
Coupled Plasma Mass Spectrometry (ICP-MS) Analysis

Calibration standard concentrations of 0, 5, 20, 50, and 100
ppb in milk and feed samples and 0, 1, 2, 5, and 10 ppb in
water samples were prepared for Sn element and
calibration curves were obtained. The levels of Sn in all
samples were determined by ICP-MS (Analytik Jena AG,
Germany) and autosampler (ASX-560, Teledyne CETAC,
USA) according to the TS EN ISO 21424 (2020). The water
samples were passed through 25 mm/0.45 pm sterile
syringe filters (Isolab, Tiirkiye). Then, the filtered water
samples were acidulated to pH<2 by adding HNOs3
according to USEPA Method 200.8 (1994).

Health Risk Assessment

Estimated Daily Intake (EDI) and Non-carcinogenic
Risk Assessment

The EDI and non-carcinogenic target hazard quotient
(THQ) used to assess the potential health risk from Sn
exposure through consumption of raw cow's milk in adults
were calculated according to the equation 1 and 2 given
below (USEPA 1995; Usman et al. 2023).
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ED] = X2R eq.1
BW
Here, C is the concentration Sn element (mg/kg), FIR is the
milk ingestion rate (kg/person/year) (39.7 kg for adult per
year) (Turkish National Dairy Council 2020), BW is the
average body weight (78.9 kg for adult male, 68.6 kg for
adult female) (TURKSTAT 2022).
EDI
THQ = ﬁ eq. 2
Where EDI is already explained, RfD, is the oral reference
dose (0.6 mg/kg/day for Sn) (USEPA 2016). A THQ value
below 1 indicates that there is no consumption-related

health risk (USEPA 1995).
Statistical Analysis

Descriptive statistical data were shown as mean+standard
deviation (SD). Repeated measures ANOVA were used to
evaluate the effect of region on the mean Sn levels in milk
samples. One-way analysis of variance was used to
evaluate the effect of region on the mean Sn levels in water
and feed samples. The relationship between the Sn levels

in milk samples and the Sn levels in water and feed
samples in each region was calculated by Pearson
correlation coefficients. IBM SPSS 23.0 (Armonk, NY: IBM
Corp.) package programme was used in all statistical
analyses. The value of p<0.05 was considered statistically
significant.

RESULTS

The Mean Concentrations of Sn Element in Raw Cows'
Milk, Feed, and Water Samples Collected from
Industrial and Non-industrial Areas

The results of Sn element were determined in milk, feed,
and water samples are presented in Table 1.

The mean Sn level in raw milk samples collected from
industrial areas was found to be 25.743 mg/L, with values
between 22.432 and 28.548 mg/L. The mean Sn level in
raw milk samples collected from non-industrial areas was
found to be 24.389 mg/L, with values between 19.988 and
33.301 mg/L (p=0.279) (Figure 2).

Table 1: Mean concentrations of Sn in milk, feed, and water samples from industrial and non-industrial areas and risk

assessment.
Areas EDI THQ
Industrial Non-industrial Male Female Male Female
N 12 12
Milk 1(\";;;‘55') 25.743+2.039 24.389+3.697 34.55 39.74 0.057590 0.066237
Min-Max 22.432-28.548 19.988-33.301
p 0.279
N 12 12
Feed Mean:£SD 2.762+1.198 3.857+1.689
(mg/kg)
Min-Max 0.619-4.895 1.844-8.084
p 0.081
N 12 12
Water Mean+SD 0.041£0.070 0.218+0.614
(ng/L)
Min-Max 0-0.197 0-2.157
p 0.332

N: Number of samples. Min-Max: Minimum-Maximum.

Sn concentration (mg/L)

B Industrial @ Non-industrial

Figure 2: Mean Sn concentrations in raw cow milk.

The mean Sn level in feed samples collected from
industrial areas was found to be 2.762 mg/kg, with values
between 0.619 and 4.895 mg/kg. The mean Sn level in
drinking water samples collected from industrial areas
was found to be 0.041 pg/L, with values between 0 and
0.197 pg/L. The mean Sn level in feed samples collected
from non-industrial areas was found to be 3.857 mg/kg,
with values between 1.844 and 8.084 mg/kg. The mean Sn
level in drinking water samples collected from non-
industrial areas was found to be 0.218 pg/L, with values
between 0 and 2.157 pg/L.

Correlation Between Sn Content in Milk with that in
Water and Feed

Correlation coefficients showing the relationship between
Sn levels in milk samples and Sn levels in drinking water
and feed samples are presented in Table 2. There was no
significant correlation between Sn concentrations in milk,
drinking water and feed in both regions.

Table 2: Pearson’s correlation coefficients between Sn
concentrations in milk, feed, and water samples.

Industrial areas Non-industrial areas

Milk Feed Water Feed Water
r -0.280 0.568 -0.131 -0.203
D 0.378 0.054 0.684 0.528

r: Correlation coefficients.
Human Health Risk Assessment

The calculated EDI and THQ values for the exposure of
adult male and female individuals to the Sn element in
milk through consumption are presented in Table 1.
Accordingly, the EDI values determined for the Sn element
for male and female individuals were calculated as 34.55
ug/L bw/day and 39.74 pg/L bw/day, respectively.
According to the non-carcinogenic risk assessment, the
THQ values determined for the Sn element in male and
female individuals were calculated as 0.057590 and
0.066237, respectively.
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DISCUSSION AND CONCLUSION

In our study, it was observed that the mean Sn levels
detected in cow milk collected from industrial areas were
higher than the levels detected in milk collected from non-
industrial areas. This situation may be thought to be due to
the higher Sn emissions to the environment in areas where
industrial activities are maintained. In industrial areas, Sn
is released into the atmosphere as a result of the emissions
of waste disposed of by incineration. The remoteness of
contamination sources ensures that environmental levels
of Sn are generally low (Harper 2005). There are a limited
number of studies in the literature on Sn content in cow's
milk. Therefore, the determination of this element's levels
in milk, the assessment of exposure-related risks, and the
examination of its correlation with environmental factors
are considerably important. Usman et al. (2023) reported
that they detected mean Sn levels in cow's milk collected
from regions where mining activities are maintained in
Northwestern Nigeria in the range of 0.090 to 0.130
mg/kg. In a study of 100 cow's milk samples in China, Chen
et al. (2020) reported that the mean Sn concentration was
found to be 97.6 pg/kg. In Iran, Rezaei et al. (2014) were
found the mean Sn level in milk to be 4.8 pg/L. In another
study conducted on cow's milk in Egypt by Enb et al.
(2009), the mean Sn level was determined to be 0.003
mg/kg. In a study of 238 raw cow's milk samples in Italy
by Stocco et al. (2019), the mean Sn level was reported to
be 271 pg/kg. Birghila et al. (2008) determined the mean
Sn level to be 0.10 ppm in their study on raw cow's milk in
Romania. Gabryszuk et al. (2008) found the mean Sn
concentrations in raw cow's milk collected from
conventional and organic farms in Poland to be in the
range of 12.3-15.4 ug/L. Again, the mean Sn levels detected
in raw cow's milk collected from organic and conventional
farms in Southern England by Qin et al. (2021) are 2.68
ug/kg and 2.66 pg/kg, respectively. Ogut et al. (2016) did
not detect Sn in raw milk collected from industrial and
rural areas in Tirkiye. It was observed that the reported
mean values were lower than the levels detected in the
present study. This may be attributed to the fact that the
industrial activities maintained in our study area and the
Sn-contaminated drinking water and feed consumed by
animals contribute more to the Sn content in milk
compared to other study areas. It was reported by Astolfi
etal. (2020) and Toscano et al. (2023) in Italy and Newton
etal. (2023) in Southeast England that Sn element was not
detected in cow milk. This may be thought to be due to the
fact that the lack of industrial activities in these regions,
unlike our study region, significantly reduced Sn
contamination in the milk produced. In contrast to our
current results, in a similar study conducted by Arianejad
et al. (2015) in Iran, it was observed that the mean Sn
levels in raw cow milk collected from industrial areas were
lower than the levels detected in milk produced in
traditional farms. It is noteworthy that, in the present
study as well, elevated Sn contamination was observed not
only in milk produced in industrial areas but also in milk
produced in areas far from industrial activities. This
suggests that the observed Sn contamination in milk
produced in areas far from industrial activities may
originate from milk storage equipment.

EDI and THQ values were determined to reveal the health
risk assessment of exposure to the Sn element through the
consumption of milk. It was determined that the THQ
values determined for the Sn element in milk for adult
male and female individuals were lower than 1. This
indicates that exposure to the Sn element through the
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consumption of milk produced in the region does not pose
a risk for adult male and female individuals and that their
consumption is safe. In the literature, there is only 1 study
that has investigated whether exposure to Sn element
through milk consumption poses a health risk. In the non-
carcinogenic risk assessment conducted by Usman et al.
(2023), it was reported that the THQ values calculated for
Sn element in cow's milk consumed in different regions
were all less than 1 and that exposure to this element
through milk consumption in these regions would not
cause any health risk in adults.

This study is the first report showing the possible
contamination sources relationship with Sn content in
milk produced in the region and evaluating the potential
health risk associated with the consumption of milk in
adults. In the study, according to the non-carcinogenic risk
assessment, it was revealed that the consumption of raw
milk does not pose any toxicological risk in the Hatay
province. However, since elements have a cumulative
property, it is thought that regularly food analyses should
be done to evaluate the toxicological risk.
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ABSTRACT Culicoides species are important in public health and veterinary medicine as biological vectors of various
pathogens. These species play a role in the epidemiology of certain viral infections, particularly in farm
animals, and cause economic losses. Additionally, they can trigger hypersensitivity reactions related to their
blood-feeding activities. Therefore, monitoring the distribution, diversity, and population dynamics of
Culicoides species is a critical component of vector control and surveillance efforts. This study subjected 290
scientific publications on Culicoides spp. from 1975 to 2025 to bibliometric analysis using VOSviewer
software. Using text mining and data visualization techniques, global research trends and thematic focuses
related to these parasitic vectors were revealed. Research on Culicoides has demonstrated a strong growth
trend that became apparent after 2009. While the main focus areas of the studies are Veterinary Sciences
(34.8%) and Entomology (20.0%), the United States (28.3%) and various European countries dominate
global research output. The field stands out for its publications in journals with high standards in terms of
methodological rigor and academic impact, with an analysis of 290 articles receiving a total of 5849 citations
supporting these findings. This study is the first comprehensive bibliometric analysis conducted on Culicoides
spp- The most frequently used keyword is “Bluetongue virus,” the most researched field is veterinary science,
and the most productive country is the United States. This analysis reveals global trends in Culicoides
research, providing an important guide for future research directions.

Keywords: Bibliometric analysis, Culicoides spp., Vector-borne diseases.

0z Culicoides spp. (Diptera: Ceratopogonidae) Calismalarinda Arastirma Egilimleri ve
Bilimsel Gelismeler

Culicoides tiirleri, gesitli patojenlerin biyolojik vektorii olarak halk sagligi ve veteriner hekimlikte 6nemlidir.
Bu tiirler, 6zellikle ciftlik hayvanlarinda bazi viral enfeksiyonlarin epidemiyolojisinde rol oynar ve ekonomik
kayiplara neden olur. Ayrica, kan emme aktivitelerine bagh asir1 duyarlhilik reaksiyonlar: olusturabilirler. Bu
nedenle, Culicoides tiirlerinin dagilimi, ¢esitliligi ve popililasyon dinamiginin izlenmesi, vektdr kontrolii ve
slirveyans ¢alismalarinin 6nemli bir bilesenidir. Bu ¢alismada, 1975'ten 2025'e kadar Culicoides spp. ile ilgili
290 bilimsel yayin, VOSviewer yazilimi kullanilarak bibliyometrik analize tabi tutulmustur. Metin madenciligi
ve veri gorsellestirme teknikleri kullanilarak, bu parazitik vektorlerle ilgili kiiresel arastirma egilimleri ve
tematik odak noktalari ortaya cikarilmistir. Culicoides ilzerine yapilan arastirmalar, 2009'dan sonra
belirginlesen gliclii bir biliylime egilimi gdstermistir. Calismalarin ana odak alanlar1 Veteriner Bilimleri
(%34,8) ve Entomoloji (%20,0) olmakla birlikte, kiiresel arastirma ¢iktilar1 ABD (%28,3) ve cesitli Avrupa
tilkeleri tarafindan domine edilmektedir. Bu alan, metodolojik titizlik ve akademik etki acgisindan yiiksek
standartlara sahip dergilerde yayinlanan makalelerle 6ne c¢ikmaktadir. Bu bulgulari destekleyen 290
makalenin analizi, toplam 5849 atif almistir. Bu calisma, Culicoides spp. lizerine yapilan ilk kapsaml
bibliyometrik analizdir. En sik kullanilan anahtar kelime “Bluetongue viriisii”, en ¢ok arastirilan alan
veterinerlik bilimi ve en iiretken lilke Amerika Birlesik Devletleri'dir. Bu analiz, Culicoides arastirmalarindaki
kiiresel egilimleri ortaya koyarak, gelecekteki arastirma yonelimleri icin 6nemli bir kilavuz sunmaktadir.

Anahtar Kelimeler: Bibliyometrik analiz, Culicoides spp., Vektér kaynakl hastaliklar.
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INTRODUCTION

Culicoides  (Diptera: Ceratopogonidae) species are
hematophagous Diptera members measuring 1-3 mm in
size and serve as biological vectors for important viral
pathogens such as Bluetongue and African horse sickness
(Harrup et al. 2015; Yesiloz et al. 2025). The primary
current economic importance of Culicoides species
(Diptera: Ceratopogonidae) currently have major
economic importance due to their role as biological
vectors of pathogenic arboviruses such as the Bluetongue
virus (BTV), Epizootic hemorrhagic disease virus (EHDV),
Schmallenberg virus (SBV) and African horse sickness
virus (AHSV). These viruses cause serious diseases in
ruminants, deer, and other ungulates and are listed as
notifiable epizootic animal diseases by the World
Organization for Animal Health (OIE) (Elbers et al. 2013;
Yesiloz et al. 2025).

The genus Culicoides is commonly known as biting midges
and no-see-ums and taxonomically includes over 1,400
identified species. A significant portion of these species are
hematophagous and feed on the blood of humans and
various animals; many also serve as biological vectors for
animal pathogens, causing significant allergic and
pathological reactions (Borkent 2016). Although the first
records of the Culicoides fauna in Tiirkiye are attributed to
Kieffer, he has also described numerous species found in
Tiirkiye. Systematic research on Culicoides in Tiirkiye has
progressed adding many new records. Subsequently,
Yilmaz's study in the Elazig region identified 42 species,
expanding the species inventory adding many new
records. A study compiled by Dik reported this number as
61 species, and subsequently, Korkmaz et al. increased this
number to 72 by recording additional species in a
comprehensive field study across 51 provinces (Kieffer
1918; Dik 1989; Yilmaz 1994; Korkmaz et al. 2021).

Culicoides  species cause allergic skin reactions
(culicoidosis) in humans and animals, characterized by
severe itching, leading to significant disturbances in host
behavior, such as displacement and escape to indoor
environments. Since females feed by sucking blood from
animals and humans, Culicoides biting midges appear to be
important vectors from both veterinary and medical
perspectives. However, the most critical role of these
species in public health is their ability to transmit the
Oropouche virus (OROV), the causative agent of
Oropouche fever, a febrile illness in humans (Turgut et al.
2022; Deniz et al. 2023).

The primary objective of this study is to present a
comprehensive bibliometric analysis that quantitatively
evaluates scientific publications on Culicoides spp. on a
global scale. The research aims to reveal current research
trends, intellectual structure, and scientific productivity
dynamics by examining the metric data of the relevant
literature. Bibliometric studies on vector-borne diseases
and Culicoides spp. in the current literature have
demonstrated that such analyses enable the systematic
mapping of knowledge accumulation, research gaps, and
academic orientations in the field. This study also aims to
provide insights into global research trends by evaluating
the scientific production profiles of developed and
developing countries from a comparative perspective.

published globally between 1975 and 2025. A search using
the keyword “Culicoides spp.” in the Web of Science (WoS)
database yielded a total of 290 records. Publications prior
to 1975, studies not directly related to the topic, and
publication types other than research articles (case
reports, editorial articles, letters, etc.) were excluded from
the analysis. Only original research articles published in
peer-reviewed journals were included in the evaluation,
and the final analysis was conducted on 290 eligible
articles.

Bibliographic information such as titles, author names,
publication years, journal names, and numbers of citations
for articles retrieved, has been systematically recorded.
The entire dataset has been exported in plain text (TXT)
format and archived under the file name “downloadable
text.” Van Yuzuncu Yil University's online library systems
and digital resources were used in the data collection
process. Literature review and data analysis were
conducted exclusively in English.

Data Analyses

In this bibliometric analysis, VOSviewer software (version
1.6.20, Leiden University, Netherlands) was used to
determine global trends, collaboration networks, thematic
focuses, and emerging research directions related to
Culicoides studies (Van Eck and Waltman 2022).
VOSviewer is an effective tool specifically developed for
network visualization of large-scale bibliometric data sets.
During the systematic data collection phase, the WoS
database was used as the basis, and the bibliographic data
of all articles included in the final analysis were
transferred into VOSviewer and evaluated using the
software's calculation and mapping algorithms. The results
were interpreted from an integrated perspective.

Within the scope of this study, collaborations at the
country/region and institutional levels, author
contributions, and keyword analyses were conducted.
Microsoft Office Excel 2019 software was used to evaluate
temporal trends, while text mining and data visualization
techniques (including bubble maps and multiple graph
types) were utilized to support the validity and reliability
of the findings.

MATERIAL AND METHODS

Search Strategy and Data Collection

This bibliometric study aims to conduct a comprehensive
analysis of scientific publications on the Culicoides taxon
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RESULTS

This study analyzed 290 scientific articles compiled from
the WoS database and 5849 citations attributed to these
articles. The analysis revealed an average number of
citations per article of 20.17 and an H-index of 39. A
significant increase was observed in both the annual
number of publications and the number of citations,
particularly after 2009. This continuous increase in
publication and citation numbers is considered an
indicator of the field's increasing bibliometric momentum.
These annual distributions and trends are visualized in
Figure 1.

The disciplinary distribution of the analyzed publications
reveals a clear concentration of scientific production
around specific thematic areas. The five main research
areas that stand out in terms of publication volume are
Veterinary Sciences (34.8%), Entomology (20.0%),
Parasitology (11.4%), Tropical Medicine (5.9%), and
Infectious Diseases (5.2%). This distribution indicates that
these five disciplines, which account for approximately
three-quarters of the total articles (77.3%), constitute the
fundamental backbone of the literature in question (Table
1).
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Figure 1: Annual Number of Publications and Citations in
Culicoides Research Worldwide, Based on the Web of
Science Database (1975-2025).

Table 1: Categorization of publications on Culicoides spp.
according to global research areas, based on Web of
Science Data (1975-2025).

Record % of

Research Areas Count 290
Veterinary Sciences 174 34.828
Entomology 101 20.000
Parasitology 58 11.379
Tropical Medicine 33 5.862
Infectious Diseases 17 5.172
Immunology 15 3.103
Microbiology 9 3.103
Virology 9 2.759
El;zﬁ(}:l Environmental Occupational 3 2414
Agriculture 7 2414
Science Technology Other Topics 7 1.724
Dermatology 5 1.724
Zoology 5 1.379
Biotechnology Applied Microbiology 4 1.379
Environmental Sciences Ecology 4 0.690
Allergy 2 0.345
Biochemistry Molecular Biology 1 0.345
General Internal Medicine 1 0.345
Genetics Heredity 1 0.345
History 1 0.345
Life Sciences Biomedicine Other Topics 1 0.345
Research Experimental Medicine 1 0.345

The top 22 research areas with the highest rates.

A bibliometric profile analysis of publication frequency by
country indicates a significant geographic concentration in
global research output. The data show that the United
States contributed the largest volume, with 82 articles,
accounting for 28.3% of total publications. This finding
confirms the United States' leading position in scientific
production in this field. The top-ranked country is
followed by strong participation from Europe, with
Germany (n=42; 14.5%), the England (n=38; 13.1%),
Switzerland (n=23; 7.9%), and Spain (n=19; 6.5%) among
the top five countries. The combined contributions of these
five countries form the fundamental backbone of the global
research network. The full list and numerical distribution
of the top 25 countries are detailed in Table 2 (Figure 2).

Bibliometric analysis of institutional publication
productivity revealed significant institutional
concentration in research output. The institutions with the
highest publication volumes were the United States
Department of Agriculture (USDA) (8.3%), the Florida
State University System (7.9%), the Biotechnology and
Biological Sciences Research Council (BBSRC) (7.6%), the
Pirbright Institute (7.6%), and the UK Institute for
Research and Innovation (7.6%). Remarkably, the top five

institutions contribute approximately 39% of total
publications, suggesting that the research agenda in this
field is largely shaped by these leading institutions. A
comprehensive analysis of the top 25 institutions, detailing
the network mapping of institutional collaborations and
their publication productivity, is presented in Table 3
(Figure 3).

Table 2: According to Web of Science (WoS) data, the top
25 countries publishing on Culicoides between 1975 and
2025.

Countries/Regions Ig)cl?;;i % of 290
USA 82 28.276
England 38 14.483
Germany 42 13.103
Switzerland 23 7.931
Spain 19 6.552
France 18 6.207
Netherlands 14 4.828
South Africa 14 4.828
Australia 13 4.483
Austria 13 4.483
Brazil 11 3.793
Iceland 11 3.793
India 11 3.793
Italy 11 3.793
Poland 11 3.793
Belgium 10 3.448
Israel 10 3.448
Thailand 10 3.448
Peoples R China 9 3.103
Ireland 8 2.759
Japan 8 2.759
Romania 8 2.759
Scotland 8 2.759
Tiirkiye 8 2.759
Czech Republic 5 1.724
The top 25 Countries/Regions with the highest rates.
treland
germany
P england i fréfige . ey
¢

Figure 2: Global Collaborative Network of Countries in
Culicoides Research (1975-2025).

Data Source: Web of Science. Note: It visualizes the global network of
collaborations in Culicoides research spanning the period 1975-2025. The
visual reveals a dense cluster of collaborations, with Ireland exhibiting
strong connections primarily with Spain, the United States (US), and the
England. This centralized structure suggests a high level of collaborative
research projects and knowledge exchange between these countries.
Indexing analysis based on the WoS database revealed a
distinct trend in the distribution of the reviewed
publications. The overwhelming majority of articles
(96.2%) were indexed in the Science Citation Index
Expanded (SCI-Expanded) category, which encompasses
high-impact journals. Other indexes that fall well behind
this main category are the Emerging Sources Citation
Index (ESCI) (3.8%) and the Conference Proceedings
Citation Index - Science (CPCI-S) (1.0%). The inclusion of
almost all of the existing literature in SCI-Expanded
indicates that the research is conducted on platforms with
high quality standards in terms of methodological
soundness and academic impact (Table 4, Figure 4).
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Table 3: Leading institutions in Culicoides research by publication output: Top 25 rankings based on Web of Science data
(1975-2025).

Affiliations Record Count % of 290
United States Department of Agriculture USD 24 8.276
State University System of Florida 23 7.931
Biotechnology And Biological Sciences Research Council BBSRC 22 7.586
Pirbright Institute 22 7.586
Uk Research Innovation UKR 22 7.586
University of Florida 22 7.586
University of Bern 13 4.483
Utrecht University 13 4.483
University of California System 11 3.793
University of Veterinary Medicine Hannover 11 3.793
Cirad 10 3.448
University of Iceland 10 3.448
University System of Georgia 10 3.448
Wageningen University Research 10 3.448
Friedrich Loeffler Institute 9 3.103
Kimron Veterinary Institute 9 3.103
Leibniz Association 9 3.103
National Veterinary Institute National Research Institute 9 3.103
University of California Davis 9 3.103
University of Pretoria 9 3.103
University of Veterinary Medicine Vienna 9 3.103
University of Zurich 9 3.103
Inrae 8 2.759
Universite De Strasbourg 8 2.759
Universitas De Strasbourg Establishments Associes 8 2.759
The top 25 institutions with the highest rates.
Table 4: Web of Science categories used to identify global publications on Culicoides (1975-2025).
WEB OF SCIENCE INDEX Record Count % of 290
Science Citation Index Expanded (SCI-EXPANDED) 279 96.207
Emerging Sources Citation Index (ESCI) 11 3.793
Conference Proceedings Citation Index - Science (CPCI-S) 3 1.034
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Figure 3: Bibliometric mapping of institutional productivity and collaboration in Culicoides research (1975-2025).
Note: A word cloud or concept map showing the results of a bibliometric analysis of Culicoides research. The distribution and size of the keywords in the image
reflect research trends, focuses, and scientific collaborations in this field between 1975 and 2025.
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Figure 4. Mapping intellectual alliances: A bibliographic coupling analysis of countries in Culicoides research (1975-2025).
Note: presents a bibliographic coupling analysis, which delineates the intellectual alliances among countries based on shared reference lists within the Culicoides
research domain from 1975 to 2025. This methodology effectively maps the underlying intellectual structure and knowledge base of the field, revealing distinct

thematic clusters where countries are investigating closely related topics.

DISCUSSION AND CONCLUSION

Bibliometric analysis serves as a quantitative data analysis
methodology that facilitates the assessment of scientific
publications, theses, and academic productivity within a
given field. In recent decades, these approaches have
gained prominence in medical literature, allowing for
systematic evaluation of scholarly output. Such analyses
are typically performed using specialized databases and
are often enhanced through data visualization tools,
thereby offering novel insights and perspectives to
researchers in the discipline. A growing body of literature
has employed major indexing databases such as Web of
Science Core Collection (WoSCC), Scopus, PubMed, and
MEDLINE to conduct comprehensive bibliometric
assessments (Dahdi et al. 2018; Aliravcl 2022; Afsar et al.
2024; Yildiz et al. 2024). The role of bibliometric analysis
in medical research continues to expand in both scope and
significance. Academic journals function as fundamental
communication channels, enabling researchers to
disseminate their work to the global scientific community.
Consequently, a journal's academic standing is closely tied
to the scientific impact and performance of the studies it
publishes (Maciver et al. 2020; Durgun 2021; Yildiz 2022;
Afsar et al. 2025).

Although there are many valuable studies on Culicoides
spp. in the academic literature, integrative analyses that
provide a systematic map of existing studies and identify
future research directions using quantitative data remain
limited (Kieffer 1918; Dik 1989; Yilmaz 1994; Elbers et al.
2013; Harrup et al. 2015; Borkent 2016; Korkmaz et al.
2021; Turgut et al. 2022; Deniz et al. 2023; Yesiloz et al.
2025). The current literature provides critical data on the
epidemiology, pathogenesis, clinical course, and
prevention strategies of the disease in question and
establishes a conceptual framework for future research in
the field. This study has revealed a significant global
increase in scientific publications related to Culicoides spp.
in recent years. The main objectives of the research are to
systematically map global trends in Culicoides spp.-focused
studies, emerging research clusters, thematic focal points,
and geographical distribution patterns. Furthermore,
through the analysis of leading journals, influential
authors, and fundamental studies in the field, gaps in the

existing literature have been identified, and priority
directions for future research have been proposed.

A search using the keyword Culicoides in the WoS database
identified 310 articles, of which 290 were included in the
final analysis. When examining the chronological
distribution of the studies, it was observed that there were
a very limited number of publications before 1975, but
interest in the subject increased significantly from 2009
onwards. The number of publications peaked in 2018 and
2021, indicating that scientific productivity in this field has
increased significantly in recent years. When examining
the distribution of research areas, it was observed that
(34.8%) of the studies were concentrated in the field of
Veterinary Sciences. This was followed by Entomology
with (20%) and Parasitology with (11.4%). Other
important research areas include Tropical Medicine
(5.9%), Infectious Diseases (5.2%), and Immunology
(3.1%). This distribution shows that Culicoides research is
primarily focused on veterinary medicine and vector
biology, while the human health dimension has been less
studied. This focus in the current literature indicates
significant research gaps, particularly in areas such as
public health, clinical management, and advanced
molecular pathogenesis studies. This thematic profile
reflects a multidisciplinary approach centered on the “One
Health” concept, which is directly linked to public health
and global food security, including the transmission
dynamics of zoonotic pathogens, vector-borne diseases,
and parasitological threats. The full disciplinary
distribution of publications is detailed in Table 1.

When analyzing international collaboration networks and
national contributions, Tirkiye's position in Culicoides
research is noteworthy. In terms of publication count,
Tiirkiye has a contribution rate of 2.759% with 8 articles,
placing it behind countries such as the USA (28.276%), the
UK (14.483%), and Germany (13.103%), but on par with
countries like Ireland, Japan, and Scotland in terms of
publication performance. However, when examining the
collaboration map, Tiirkiye is seen to play a central role in
the international co-author network. Its collaborations
with countries with different geographical and scientific
profiles, such as Spain, France, South Africa, Tunisia,
Poland, and South Korea, have made Tiirkiye an important
hub in the global Culicoides research ecosystem. This
situation highlights Tiirkiye's strategic importance in the
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field, not only through its quantitative contribution but
also through its integration into interdisciplinary and
multinational research networks (Table 2, Figure 2). The
network map also shows that other important
international partners, such as France, Germany, Turkiye,
and India, are integrated into this global research
ecosystem. Given the global threat of vector-borne
pathogens associated with Culicoides (such as Bluetongue
and African Horse Sickness), this structure reflects the
transboundary nature of the issue and the vital importance
of interdisciplinary collaboration for research progress in
this field.

This  bibliometric  analysis reveals institutional
productivity and collaboration networks in Culicoides
research. Institutions such as the United States
Department of Agriculture (USDA), the Florida State
University System, and the UK-based Biotechnology and
Biological Sciences Research Council (BBSRC) stand out as
the most productive organizations in the field, with
publication rates of 8.3%, 7.9%, and 7.6%, respectively.
Keyword analysis shows that research focuses are shaped
around thematic clusters such as “DNA barcoding,” “vector
control,” “Bluetongue virus,” and “host preference.” When
examining geographical distribution, the US and European
countries play a central role, but Tiirkiye, South Korea, and
South Africa also make strong contributions. It is
particularly noteworthy that Tirkiye has become an
important hub in the global research network with its
studies on regional vector-borne pathogens. These
findings demonstrate that Culicoides research has an
interdisciplinary and multi-centered structure and that
global collaborations are vital for progress in the field
(Table 3, Figure 3). This bibliometric map demonstrates
that Culicoides research has a multidimensional and
interdisciplinary structure. Studies range from basic
species identification to the epidemiology of vector-borne
diseases and control strategies. Furthermore, global
collaborations and regional focuses balance the universal
and local dimensions of the research. This type of analysis
provides a valuable guide for determining future research
priorities and strengthening collaborations.

Scientific research conducted on Culicoides species is
highly regarded in academic literature and largely
published in prestigious international indexes due to the
critical importance of these vectors in public health and
veterinary medicine. Analyses conducted using the WoS
database reveal that a remarkably high percentage
(96.2%) of the articles examined were published in
journals included in the Science Citation Index Expanded
(SCI-Expanded). This dominant category is followed by
other indexes such as the Emerging Sources Citation Index
(ESCI) (3.8%) and the Conference Proceedings Citation
Index-Science  (CPCI-S) (1%). This distribution
demonstrates that almost all scientific production related
to Culicoides is concentrated in high-impact, peer-
reviewed science and health science journals, clearly
reflecting the importance given to the field (Table 4, Figure
4).

The analyzed bibliographic data revealed that the term
Culicoides forms a central node in co-word analysis
network maps and constitutes the fundamental axis of the
research field in question. The keywords most frequently
associated with “Culicoides” include pathogen and disease
themes such as “vector,” “Bluetongue virus,” “bovine
ephemeral fever,” “Schmallenberg virus,” and “Orbivirus.”
These findings indicate that the research focus is
predominantly focused on the epidemiology and
transmission dynamics of vector-borne viral pathogens.
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The network analysis also observed that geographical
regions such as “Tiirkiye,” “Iran,” “Australia,” and “North
America” form significant clustering areas. Keyword time
trend analysis indicates a clear shift towards genetic and
phylogenetic themes such as molecular identification,
phylogeography, and species complexes after 2010. This
trend indicates that the research paradigm in the field has
evolved from morphological identification to molecular
systematics.

This study systematically evaluates global trends,
collaborations, and thematic focuses in Culicoides research
using bibliometric analysis methods. The findings are
expected to guide researchers, particularly those working
in the fields of parasitology and veterinary entomology, in
identifying gaps in the existing literature and planning
future research directions. The data used in the study were
obtained from the WoS database, which is widely accepted
in bibliometric research. However, it should be noted that,
as a limitation of the study, some studies included in other
large databases such as Scopus or PubMed may not have
been included in the analysis because it is based solely on
the WoS index. This situation may limit the generalizability
of the results, and the integrated use of multiple databases
may be recommended in future studies. It is important to
increase Culicoides research in our country and improve
molecular methods for better epidemic control and
diagnosis.
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ABSTRACT

Pyometra is a widespread and possibly fatal reproductive disease in intact female dogs but its pathogenesis, and the
processes involved in tissue repair after infection, are not fully explained. The aim of the study was to clarify
possible pathogenetic processes by analyzing clinical, histopathological and immunohistochemical activity of
Collagen I and Collagen IV as well as bacteriological results of 6 healthy and 12 dogs with pyometra. These findings
were confirmed through histopathological analysis with the help of the hematoxylin and eosin (H&E) staining,
which revealed the presence of severe cystic endometrial hyperplasia, neoangiogenesis, Neutrophil-predominant
inflammation, moderate hemorrhage, accumulation of inflammatory cells in endometrial glands and the presence of
necrotic foci in glandular epithelium in pyometra cases, but mild or absent in healthy controls. Collagen I and
Collagen 1V expression underwent mild to moderate expression in controls but a significant increase in pyometra
group, which revealed a high rate of extracellular matrix remodeling. Escherichia coli was microbiologically isolated
in all (100) and Streptococcus spp. in two (16.7) cases. The strains of E. coli were different in their levels of
multidrug resistance. Finally, this study demonstrates that the nature of pyometra is characterized by severe
inflammation and uterine degeneration, high collagen expression, and the prevalence of multidrug-resistant
bacterial infections. The research findings add to the knowledge of the pyometra pathogenesis, the criticality of
antimicrobial resistance, and provide a valuable source of information for the veterinary literature on the condition.

Keywords: Collagen, Escherichia coli, Inmunohistochemistry, Pyometra, Streptococcus spp.
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Kopek Pyometrasinda Kollajen Tip I ve IV’iin immiinohistokimyasal Ekspresyonu,
Histopatolojik Degisiklikler ve Bakteriyel izolatlarin Degerlendirilmesi

Piyometra, kisirlastirilmamis disi képeklerde yaygin ve muhtemelen odliimciil bir lireme hastaligidir, ancak
patogenezi ve enfeksiyon sonrasi doku onariminda yer alan siiregler tam olarak agiklanmamistir. Bu ¢alismanin
amaci, 6 saglhkli ve 12 pyometra hastast kopegin klinik, histopatolojik ve Kollajen I ve Kollajen IV'iin
immiinohistokimyasal aktivitesinin yani sira bakteriyolojik sonuglarini analiz ederek olasi patogenetik siiregleri
acikliga kavusturmaktir. Bu bulgular, hematoksilen ve eozin (H&E) boyamasi yardimiyla yapilan histopatolojik
analizle dogrulandy; bu analiz, pyometra vakalarinda siddetli kistik endometrial hiperplazi, neovaskiilarizasyon,
notrofilden baskin inflamasyon, orta derecede kanama, endometrial bezlerde inflamatuar hiicre birikimi ve bez
epitelyumunda nekrotik odaklarin varligini ortaya koyarken, saglikli kontrollerde hafif veya yok denecek kadar azdu.
Kollajen I ve Kollajen IV ekspresyonu kontrollerde hafif ila orta diizeyde iken, pyometra grubunda dnemli bir artis
gosterdi ve bu da yiiksek oranda hiicre dis1 matris yeniden sekillenmesini ortaya koydu. Escherichia coli tim
vakalarda (100) ve Streptococcus spp. iki vakada (16,7) mikrobiyolojik olarak izole edildi. E. coli suslari, ¢oklu ilag
direnci diizeyleri bakimindan farkhlik gosterdi. Son olarak, bu ¢alisma, piyometranin dogasinin siddetli inflamasyon
ve uterus dejenerasyonu, yiiksek kolajen ekspresyonu ve ¢oklu ilag¢ direngli bakteriyel enfeksiyonlarin yayginligini
gostermektedir. Arastirma bulgulari; piyometra patogenezi, antimikrobiyal direncin kritikligi hakkindaki bilgilere
katkida bulunmakta ve veteriner literatiiriinde bu durumla ilgili son derece degerli bir bilgi kaynagi haline
gelmektedir.

Anahtar Kelimeler: Collajen, Escherichia coli, Immiinohistokimya, Piyometra, Streptococcus spp.

INTRODUCTION during the luteal phase, when progesterization dominates

Pyometra is a common, life-threatening condition that
affects the female reproductive tract in intact female dogs

the exclusion of the host defense mechanisms of the
uterus, thus contributing to the facilitation of bacterial
ascend, colonization, and infection. Pyometra is marked by

(Xavier et al. 2023). The condition is known to occur
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the presence of a yellow to green pus within the uterine
lumens, which is, at times, accompanied by the presence of
systemic toxicity (Chitra 2025). For instance, the condition
is attributed to several symptoms such as polydipsia,
polyuria, vaginitis, lethargy, anorexia, vomiting, and
pyrexia. In addition, failure to treat the condition leads to
life-threatening conditions such as peritonitis, sepsis,
endotoxemia, and multiple organ dysfunction syndrome
(Kutzler 2019).

The diagnosis of pyometra is made on the basis of a
thorough assessment of the patient’s anamnestic data,
clinical manifestations, and findings from vaginal,
cytopathological, hematological, and biochemical tests.
Among imaging techniques, ultrasonography is
investigated as a characteristic technique that provides
evidence of fluid accumulation within the uterine lumen.
But, for a precise diagnosis, histopathological analysis of
the ovary-hysterectomized uterine tissue, together with
bacteriological evaluation of uterine fluid, is essential
(Lansubsakul et al. 2022). Early detection, combined with
a prompt determination of the etiological agents,
particularly susceptibility to available antimicrobial
agents, plays a pivotal role in preventing life-threatening
conditions. Bacterial cultures and susceptibility testing,
preferably before treatment, is highly desirable. This helps
in identifying potential selective antimicrobial agents,
which, when used in adequate doses, would increase
treatment successes, reduce the recovery periods, apart
from helping curb the ongoing problem of increased
antimicrobial resistance among common agents of
pyometra-causing bacteria in canine species (Paudel
2023).

On the basis of histopathological findings, cystic
endometrial hyperplasia (CEH) is identified as one of the
most characteristic and evident changes observed in
pyometra, with varied severity. CEH has been identified as
a common pathologic change, especially in closed-cervix
pyometra, with a large number of researchers identifying
the significant association of endometrial hyperplasia with
the development of the condition. In pyometra, acute
hemorrhage within the endometrium of varied intensity
has been identified, in addition to which, in certain cases,
extravasation of erythrocytes within the layers of
endometrium has been identified. Infiltration with a large
number of inflammatory cells is identified as the next
characteristic of pyometra. Neutrophils are identified as
the predominant population of cells, which are in
association with plasma cells, lymphocytes, and
macrophages, with a large amount of dispersion within the
stroma, glandular epithelium, as well as within the lumina
of the glands in certain cases (Wozna-Wysocka et al. 2021;
Gogoi et al. 2022).

Another major element within the pyometra pathogenesis
is the marked vascular changes that occur within the
uterine tissue. Immunohistochemistry has revealed a
profound increase in the vascularity of the uterus with
pyometra when compared with the healthy uterus. High
expression of angiogenic indices has been linked with
hemodynamic changes such as increased flow and reduced
vascular resistance. From the later progressive phases of
pyometra (especially in cases of very virulent bacterial
infections) there have been described very pronounced
pathologic alterations including endometrium necrosis
and ulcers. (Quartuccio et al. 2020). Collagen types I and IV
are among the most important structural collagens of the
canine uterus” more suitable. One of the key fibrous
elements of the stromal portion of the extracellular matrix
is type I collagen and the other important component of
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the basement membrane is type IV collagen. Despite a
small number of studies regarding the expression profile
of types I and IV collagen in pyometra, it is possible to
refer to research results on the remodeling of the uterus,
chronic inflammation, and infectious endometritis,
indicating that imbalance in collagen metabolism is a
major cause of the structural changes in this condition
(Oefner et al. 2015; Paping et al. 2023).

It is also known that Type I collagen is vital in the
maintenance of the structure of stroma, and it also
participates in tissue repair. The accumulation of Type I
collagen, often with a disruption in the collagen I/III ratio,
is generally accepted as a marker characteristic for fibrosis
and scarring of the uterus, resulting from various
pathologies. This evidence clearly states that inflammatory
infections in the uterus stimulate a notable increase in the
production of Type I collagen, which takes place within the
mechanisms of repair (Paping et al. 2023). In a similar
way, Type IV collagen, a component with a fundamental
role in the structure of the basement membrane, is
dynamically adjusted within the uterus during both
physiological and pathological conditions. Its expression
has been documented to increase with hormonal stimulj,
alongside inflammation, simultaneously influencing the
structure of the respective tissue, together with
interactions of the epithelium with the stroma, cellular
adhesion, as well as cellular migration a phenomenon
clearly pronounced during tissue damage, such as that
taking place in pyometra (Oefner et al. 2015).

In bacteriological terms, Escherichia coli (E. coli) is
considered a major pathogen, while Streptococcus spp. are
considered secondary, in cases of pyometra in canines. The
extra-intestinal pathogenic E. coli, especially the B2
phylogeny, has a significant potential for ascending
infection into the reproductive tract, leading to
colonization of the uterus, thus increased severity of the
disease (Xavier et al. 2024). The pathogen's virulence
mainly depends on their potential to adhere to the
endometrial surface, invade the uterine tissue, escape the
host's immune system, and form a protective biofilm
(Lopes et al. 2021). The biofilm, composed of an
extrapolymeric substance, shields the bacteria from the
host’s immune response as well as antimicrobial agents,
hence contributing to treatment failure. Additionally,
genetic similarity has been revealed, via molecular
characterization, within E. coli strains obtained from
pyometra infections, which are linked to existing
urogenital infections in many cases, thereby supporting
the theory that the infection originates from the urogenital
tract (Melo etal. 2022).

Although Escherichia coli is the most commonly identified
bacteria in cases of pyometra in canines, Streptococcus.
spp, such as Streptococcus canis (S. canis), Streptococcus
pyogenes (S. pyogenes), and Streptococcus agalactiae (S.
agalactiae), also have a notable role in the development of
the disease. The Gram-positive bacteria are generally
recognized as a secondary pathogen in a polymicrobial
infection, but the pathogenic severity is assumed to be
limited in pyometra compared to that of E. coli (Lopes et al.
2021). Nonetheless, the following virulence factors
produced by Streptococcus spp, such as streptolysin,
hyaluronidase, and streptokinase, are capable of causing
damage to the endometrium, enhancing local
inflammation, and, moreover, progressing towards
systemic infection dissemination of the pathogen in the
later stages. Furthermore, it has been identified that the
bacteria tend to form a synergistic relationship with Gram-
negative bacteria such as E. coli, hence extending
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endometrial damage and, moreover, setting a premise for
systemic endotoxin-mediated inflammatory response
syndrome (SIRS) development (Xavier et al. 2023). In
summary, although the high potential for biofilm
formation, several virulence factors, as well as rising
resistance mechanisms against antimicrobial agents of E.
coli make way for a predominant causative agent in
pyometra, Streptococcus spp. mainly tend to serve as
opportunistic copathogens (Lopes et al. 2021). Hence, in
order to provide a sound treatment against pyometra, it is
essential that an antibiotic treatment plan is introduced
predominantly taking into consideration the biological
properties and resistance mechanisms of E. coli.

The aim of this study is to comprehensively analyze type |
and type IV collagen expression in dogs with pyometra and
to characterize the types of bacteria found in the uterus in
detail. Furthermore, by evaluating structural changes in
the extracellular matrix together with bacterial virulence
characteristics, the study aims to elucidate the relationship
between tissue changes and microbial factors playing a
role in the pathogenesis of pyometra.

MATERIAL AND METHODS

Materials

The pyometra-affected uteri of the present study were
obtained during the ovariohysterectomy or necropsy of
dogs aged 4-15 years and weighing 7-21kg and came by
different provinces in a period of two years. There were 18
uteri (6 healthy and 12 pyometra uteri) that were checked
(Alshrari et al. 2023). In this study, the official statement of
the Dicle University Local Ethics Committee dated
30.10.2025 (Decision No. 01) was requested, which means
that this study is not subject to HADYEK ethical approval.

Histopathology Method

The initial fixation of tissue samples was done using 10%
formalin and after that, the samples were processed using
the standard histological procedures in the Department of
Pathology, Faculty of Veterinary Medicine Dicle University.
A Leica RM2125 RTS microtome was used to prepare
sections of 4 um thickness which were stained with
hematoxylin and eosin (H & E). The slides were viewed
under a Bioblue 1153-PLI light microscope and the
evaluation of histopathological changes was performed
using a semi-quantitative scoring system with lesions
being classified as negative (0), mild (1), moderate (2), or
severe (3) (Keles et al. 2024).

Immunohistochemical Method

The 4-m thick paraffin-embedded sections were placed on
poly-L-lysine-treated slides and allowed to be
deparaffinized by placing them in xylene and rehydrated
by means of progressive alcohol series. Phosphate-
buffered saline (PBS) was used to rinse the sections, and
3% hydrogen peroxide (H202) was applied to the sections,
which were allowed to stand after 10 minutes to inhibit
endogenous peroxidase activity. The tissues were
subjected to antigen retrieval solution in the microwave
oven at 500 W where it was warmed twice at 5 minutes
each time. Upon the cooling down, the sections were
washed once more in PBS and the samples were incubated
overnight at +4 °C with the primary antibodies Collagen I
(AF0134) and Collagen IV (AF0510) at a 1: 200 dilution.
The primary antibody was incubated followed by the
processing of the sections as per instructions of Large
Volume Detection System: anti-Polyvalent, HRP
(ThermoFisher,  Catalog  No:  TP-125-HL). 3,3’-
Diaminobenzidine (DAB) was used as the chromogen and

counterstaining done with Mayer hematoxylin stain.
Immunohistochemical staining was assessed semi-
quantitatively under light microscopy. For each tissue
section, six randomly selected, non-overlapping
microscopic fields were examined at x20 magnification.
The staining intensity and distribution of immunopositive
cells were evaluated, and immunoreactivity was scored as
negative (0), mild (1), moderate (2), or severe (3). The
scores obtained from the six microscopic fields were used
for the final evaluation of each sample (Keles et al. 2024).

Bacteriological Isolation and Identification

The content and tissue samples of the uterus were
transported to the Microbiology Laboratory, Faculty of
Veterinary Medicine, Dicle University in cold-chain
conditions. Direct inoculation was performed on the 7%
sheep blood agar (Oxoid, USA), MacConkey agar (Oxoid,
USA) and eosin methylene blue agar (Oxoid, USA). The
plates were inoculated and incubated aerobically at 37 o C
between 24 and 48 hours. After incubation, well-isolated
bacterial colonies from the primary culture media were
subcultured onto nutrient agar (Oxoid, USA) to obtain pure
isolates for subsequent identification. The microscopic
morphology was determined by Gram staining. The
identification of bacterial strains to genus and species was
done through conventional biochemical tests, such as
hemolysis  pattern, catalase, oxidase, oxidation-
fermentation, lactose fermentation, indole production,
methyl red-voges-Proskauer, citrate utilization, urease
activity, and triple sugar iron agar reactions (Ylhdinen et
al. 2025).

Antimicrobial Susceptibility Testing

Antimicrobial susceptibility of the strains was determined
by the Kirby-Bauer disk diffusion method in accordance
with Clinical and Laboratory Standards Institute (CLSI)
guidelines (CLSI, 2018; CLSI, 2020). The following
antibiotic disks (Bioanalyse, Tirkiye) were tested:
ampicillin (10 pg), ceftriaxone (30 pg), cefoxitin (30 pg),
gentamicin (10 pg), ciprofloxacin (5 pg), enrofloxacin (5
ug), trimethoprim/sulfamethoxazole (1.25/23.75 pg),
doxycycline (30 pg), erythromycin (15 pg), and
vancomycin (30 pg). After 18-24 hours of incubation, zone
diameters were measured and interpreted as susceptible,
intermediate, or resistant according to the corresponding
CLSI reference standards. Strains exhibiting resistance to
at least one agent in three or more antimicrobial classes
were classified as multidrug-resistant (MDR) strains
(Schwarz et al. 2010).

Statistical Analysis

Data was analyzed using IBM SPSS Statistics version 20.0
(IBM Corp., Armonk, NY, USA). Since the number of
samples examined in the study was less than 30, a non-
parametric test, the Mann-Whitney U test for two
independent samples, was used to determine whether
there was a statistically significant difference between the
groups. P values less than 0.05 were considered
statistically significant (Keles et al. 2024). The statistical
power of the study was assessed by post-hoc analysis
using the G*Power software (v3.1.9.7), which is commonly
used in the biomedical field. Although the Mann-Whitney U
test was employed to compare the differences between
two independent groups, the statistical power of the study
was calculated using the parametric equivalent approach
of the independent samples t-test. On the basis of the
current sample size (n = 18; control = 6, pyometra = 12),
the statistical power of the study was found to be more
than 95% on the basis of the current effect size (Kang
2021).
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RESULTS

Macroscopic Findings

Macroscopically, uteri from pyometra cases exhibited
marked distension and a loss of normal morphology. The
uterine lumen was entirely filled with a viscous, purulent
material ranging in color from yellow to dark green. In the
affected animals, the uterine wall was noticeably
thickened, and pronounced areas of hyperemia and
vascular congestion were particularly evident near the
serosal surface. In addition, in several cases, the uterine
surface showed a swollen appearance accompanied by
tissue tension (Figure 1).

Histopathological Findings

In healthy uteri, glandular hyperplasia, neoangiogenesis,
hemorrhagic areas, luminal inflammatory cells, and
epithelial necrosis were observed at a negative level, while
inflammatory cell infiltration was observed at a mild level.
In uteri affected by pyometra, severe endometrial
hyperplasia, neoangiogenesis, and inflammatory cell
infiltration were detected. In parallel with these findings,
hemorrhagic areas, luminal inflammatory cells, and
epithelial necrosis were found to be at a moderate level in
pyometra cases. In inflammatory cell infiltration, the
inflammatory cells were predominantly neutrophils
(Figure 2). Data are summarized as negative (0), mild (1),
moderate (2), or severe (3) (Table 1).

Statistically significant differences were found between
groups in endometrial gland hyperplasia,
neovascularization, hemorrhagic areas, neutrophil-
predominant inflammatory cell infiltration, neutrophil
accumulation within gland lumens, and necrotic foci in the
endometrial gland epithelium (Table 2).

Immunohistochemical Findings

Immunohistochemical analysis revealed mild Collagen I
expression in the control group, whereas severe
expression was observed in the pyometra groups.
Similarly, Collagen IV expression was moderate in the
control group but severe in the pyometra groups (Figure
3). Furthermore, the data scoring is summarized (Table 3).

Statistically significant differences were detected between
the control and pyometra groups in  the
immunohistochemical staining intensity of both Collagen I
and Collagen IV (Table 4).

Bacteriological Findings

A total of 12 uterine content samples were examined.
Escherichia coli was isolated and identified from all
samples (100%). In two cases (16.67%), Streptococcus
spp. were isolated together with E. coli. All E. coli strains
(100%) were resistant to enrofloxacin. Seven strains
(58.33%) exhibited resistance to both ampicillin and
ciprofloxacin (Table 5). All E. coli strains (100%) were
susceptible to ceftriaxone, and 83.33% were susceptible to
cefoxitin. Five E. coli strains (41.67%) were classified as
multidrug-resistant (MDR). Regarding Streptococcus spp.
strains, 50% showed resistance to ampicillin, enrofloxacin,
and ciprofloxacin. All Streptococcus spp. strains were
susceptible to doxycycline, gentamicin, vancomycin, and
erythromycin (Table 5). No multidrug resistance was
detected among Streptococcus spp. strains.
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Figure 1: (A) Uterus with closed pyometra; (B) uterine
lumen that is severely distended and thickened, filled with
a yellow-green purulent exudate.
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normal endometrial gland (thick arrow), and neutrophils
among inflammatory cells (arrowhead). (B) Endometrial
gland hyperplasia (thick arrow), neoangiogenesis (thin
arrow), hemorrhagic area (arrowhead), inflammatory cell
infiltration composed of neutrophils (square), neutrophil
aggregates within the endometrial gland lumen (asterisk),
and necrotic foci in the endometrial gland epithelium
(round arrow). Hematoxylin and Eosin, (X20, Bar: 150

m).
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Figure 3: (A) Control group, mild Collagen I expression;
(B) Pyometra group, severe Collagen I expression (thin
arrow); (C) Control group, moderate Collagen IV
expression; (D) Pyometra group, severe Collagen IV
expression (thin arrow) Immunohistochemical staining
with hematoxylin counterstaining (X20, Bar: 50 um).
Table 1: Scoring of histopathological findings observed in
uterine tissues using H&E staining, negative (0), mild (1),
moderate (2), and severe (3).

Groups Control Pyometra
Glandular Hyperplasia 0 3
Neoangiogenesis 0 3
Hemorrhagic Areas 0 2
Inflammatory Cell Infiltration 1 3
Luminal Inflammatory Cells 0 2
Epithelial Necrosis 0 2
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Table 2: Data were compared statistically within their respective groups, and different letters indicate significant differences

between groups (a, b; p<0.05).

n Minimum Maximum Mean + SD P
Glandular Hyperplasia 12 41,0 85,5 62,33+14,85 0.001°
Control 6 0,00 13,00 3,66+5,81 ’
Neoangiogenesis 12 51,00 88,00 71,41+£12,28 0001°
Control 6 0,00 35,00 10,83+16,85 ’
Hemorrhagic Areas 12 35,00 88,00 53,33+17,40 0.001°
Control 6 0,00 28,00 4,66+11,43 ’
Inflammatory Cell Infiltration 12 29,00 86,00 67,75+17,06 0001
Control 6 0,00 2,00 0,66+0,81 ’
Luminal Inflammatory Cells 12 21,00 91,00 46,50+13,95 0.002°
Control 6 0,00 26,00 6,33+10,76 ’
Epithelial Necrosis 12 28,00 86,00 50,33+19,49 0001
Control 6 0,00 18,00 3,00+7,34 ’

Table 3: Scoring of findings observed in uterine tissues using immunohistochemistry staining, negative (0), mild

moderate (2), and severe (3).

1),

Groups Control Pyometra
Collagen I 1 3
Collagen IV 2 3

Table 4: Statistical comparison of data within their groups revealed that there was a significant difference between groups

with different letters. (a, b p<0.05).

n Minimum Maximum Mean * SD p
Collagen I 6 22,00 38,00 30,33£6,02 0.001*
Control 12 45,00 86,00 62,83+15,17 ’
Collagen IV 6 22,00 61,00 44,83+13,58 0.011°
Control 12 30,00 90,00 68,50+17,52 ’

Table 5: Antibiotic susceptibilities of E. coli and Streptococcus spp. strains isolated from uterine contents. S: Susceptible, I:

Intermediate, R: Resistant, n (%).

E. coli Streptococcus spp.

Antibiotic Class Antibiotic S | R S I R
Penicillin Ampicillin 5 (41.67) 0 7 (58.33) 1(50) 0 1(50)
Cephalosporin Cefoxitin 10(83.33) 2 (16.67) 0 2 0 0

Ceftriaxone 12 (100) 0 0 2 0 0
Fluoroquinolone Enrofloxacin 0 0 12 (100) 0 1(50) 1(50)

Ciprofloxacin 3(25) 2 (16.67) 7(58.33) 1 (50) 0 1(50)
Tetracycline Doxycycline 6 (50) 0 6 (50) 2 (100) 0 0
Sulfonamide Trimethoprim/sulfamethoxazole 3(25) 3(25) 6 (50) 1(50) 1(50) 0
Aminoglycoside  Gentamicin 6 (41.67) 1(8.33) 4 (50) 2 (100) 0 0
Glycopeptide Vancomycin - - - 2 (100) 0 0
Macrolide Erythomycin - - - 2 (100) 0 0

DISCUSSION AND CONCLUSION

The study, through comparative histopathological and
immunohistochemical evaluation of healthy and
pyometra-affected uteri, illustrated well the structural
changes induced by pyometra pathogenesis at the tissue
level. The results have shown that inflammation, glandular
hyperplasia, and the remodeling of the ECM actually run
side by side during the development of pyometra. The
study on the expression of collagen I and IV and the
isolation of agents involved in pyometra-affected tissue
have shed much light on the tissue dynamics of the
disease.

As shown by Quartuccio et al. (2020), while minimal
endometrial gland hyperplasia and angiogenesis are
normal physiological features in healthy uteri, in this study

these changes were significantly concentrated in uteri
affected by pyometra (Quartuccio et al. 2020). Such
findings evidence that hormonal disturbances have an
important impact on the disease's pathogenesis. Indeed,
increased levels of progesterone and alterations in the
estrogen-progesterone cycle enhance sensitivity of the
uterus to these hormones, which results in marked
proliferation and increased secretion of endometrial
glands. These structural changes, coupled with bacterial
colonization and the subsequent inflammatory response,
facilitate the development of the disease (Sugiura et al.
2004).

Tissue-level structural changes caused by pyometra were
studied using histopathological and immunohistochemical
comparisons of healthy and pyometra-affected uteruses in
various studies (WoZna-Wysocka et al. 2021; Xavier et al.
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2024). Increased endometrial thickness,  cystic
endometrial hyperplasia, a clear inflammatory cell
infiltration both in glandular regions and in areas of
stromal region, fibrosis, adenomyosis, and endometrial
hemorrhage were reported in pyometra-affected uteruses
(Wozna-Wysocka et al. 2021). Similarly, in this study,
endometrial gland  hyperplasia, neoangiogenesis,
hemorrhage, inflammatory cell infiltration, the
accumulation of inflammatory cells in the glandular lumen,
and necrosis of epithelial cells were described and
demonstrated in endometrial glands in agreement with the
literature. The presence of a small number of
inflammatory cells in the control group should not be
interpreted as evidence of pathological inflammation. A
healthy endometrium may contain a normally low number
of leukocytes associated with physiological immunity and
the estrous cycle, the distribution of which varies
depending on the phase of the estrous cycle. These
inflammatory cells contribute to uterine homeostasis and
defense against upwardly advancing microorganisms
(Pascottini et al. 2023).

The well-recognized condition of endometrial glandular
hyperplasia developing under the influence of
progesterone creates a very suitable environment for
bacterial colonization (Hagman 2018). In this study, the
marked angiogenesis observed in the pyometra-affected
uteri was interpreted as indicative of the vascular
remodelling process that had been triggered by the
inflammatory response.

Although there have been many histopathological and
immunohistochemical studies comparing pyometra-
affected and healthy uteri in the literature, our systematic
review did not identify specific findings regarding
hemorrhagic areas in pyometra-affected uteri. In contrast,
the present study detected distinctly moderate
hemorrhagic regions in pyometra cases. This observation
suggests that local diapedesis hemorrhage may occur as a
result of inflammatory response-induced vascular wall
damage and increased vascular permeability. In this
context, the disruption of vascular integrity and
enhancement of vascular permeability at the tissue level
should be considered among the key morphological
alterations contributing to the pathogenesis of pyometra.
In cases of pyometra, Xavier et al. (2024) indicated that
there is acute inflammatory infiltration of the uteri, with
neutrophils being the main cell type present. This is
further accompanied by changes such as necrosis of the
endometrium, disruption of glandular architecture, and
edema. Such findings confirm the acute and suppurative
nature of this disease and reveal the severity of the
damage to the endometrial structure is. In the current
study, also, severe neutrophil-dominant inflammatory
infiltration, foci of endometrial necrosis, and disruptions in
glandular architecture were determined in the cases of
pyometra, which also confirmed the acute and suppurative
nature of pyometra in accordance with the findings of
Xavier and colleagues (Xavier et al. 2024).

In our study, the epithelium of uteri affected by pyometra
demonstrated moderate necrotic foci and glandular
deformities. These results indicate that the epithelial
integrity is disrupted due to inflammation and possible
bacterial toxins, which could therefore suppress the
process of tissue regeneration. Moreover, simultaneous
necrosis and structural decline in the endometrial glands
reflect the progressive features of the disease and the
degree of mucosa lesion. While it has been documented in
the literature that glandular degeneration, inflammation,
and endometrial deformation can be present in the case of
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pyometra, the studies of Ali et al. (2023), WoZna-Wysocka
et al. (2021), and De Bosschere et al. (2001), comparative
studies regarding epithelial necrosis in healthy uteruses
are few in number, and the data regarding this subject are
not sufficient. In such a context, the outcomes of the
present study suggest that inflammation-mediated tissue
injury and rupture of the integrity of the mucous are the
main parts of the pathological process in pyometra. The
results represent that the necrotic feature of pyometra
pathogenesis should also be emphasized along with the
proliferative feature (De Bosschere et al. 2001; Wozna-
Wysocka et al. 2021; Ali et al. 2023).

The immunohistochemical findings strongly support the
impact of pyometra pathogenesis on the components of
the ECM. The transition of Collagen I expression, from mild
in the control group to markedly intense in the uteri
affected by pyometra, indicates ECM remodeling
associated with an increase in fibroblast activity, enhanced
stromal fibrotic responses, and activation of chronic
inflammatory processes. It correlates well with the
literature, in which collagen deposition is assigned to
being among the characteristics of chronic inflammation
and tissue repair. As an example, Sen et al. (2025) reported
that collagen-based products support the increase of
fibroblasts and regulation of the infiltration stage of
chronic wounds to minimize the possibility of fibrosis (Sen
et al. 2025). In the same spirit, Birca et al. (2025)
emphasized that the enhancement of collagen hydrogels
with nanoparticles can stimulate the remodeling of the
ECM in chronic inflammation because of its ability to
enhance angiogenesis and fibroplasia (Birca et al. 2025).
Furthermore, in models of chronic uterine inflammation
such as pyometra, augmented Collagen I expression was
found to activate transdifferentiation of fibroblast-
myofibroblast and overabundant deposition of the ECM,
which in turn are amplified by various profibrotic
cytokines, such as TGF-1 and IL-13 (Gillesberg et al. 2025).
The increase in collagen I detected in these studies is
correlated with its strong expression in our
immunohistochemical studies, suggesting that stromal
hardening and loss of tissue integrity are hallmarks of the
fibrotic phase in pyometra.

The enhanced amount of Collagen IV, thus, indicates a
significant basement membrane remodeling and
thickening (Liu et al. 2022). Though moderate in the
control group, the expression has attained a drastic level in
the pyometra group and therefore reflects an increased
damage regeneration cycle in the glandular structures and
basal lamina integrity perturbation. This has been found to
aid the inflammatory cells to penetrate as it helped in the
remodeling of basement membranes and interactions
between the epithelial cells and stroma in uterine fibrosis
and chronic endometritis models (Tanaka et al. 2009).
Furthermore, the accumulation of Collagen 1V, which is
associated with the imbalance of the action of the matrix
metalloproteinases, including MMP-2 and MMP-9, during
the pyometra pathogenesis, encourages the chronic
epithelial damage and fibrotic reactions, thereby
contributing to the disease progression (Min et al. 2017;
Feng et al. 2021). Altogether, the Collagen I and IV
expressions are increased indicating a chronic
inflammatory character of pyometra and its potential
complications with fibrosis, and thus would imply ECM-
stimulating therapeutic strategies, such as MMP-inhibitors
or anti-TGF-B, to treat the disease.

To summarize, the histopathological and
immunohistochemical findings are suggestive that
pyometra causes not only a significant inflammatory
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reaction in the uterine tissue but also is a progressive
disorder that causes significant changes to the uterine
histology. Pyometra is characterized by grossly enlarged
endometrial glands, increased fibrotic reaction in the
stromal compartment, and vascular structures with a high
level of remodeling. This elevation in the Collagen I and IV
levels indicate that the extracellular matrix is actively
restructured during the pathogenesis of the disease and
that remodeling is a major aspect of the cellular response
to chronic inflammation.

Bacteriological analysis of the present study indicated that
Escherichia coli was isolated from all 12 samples of the
pyometra-affected uterus (100%), which has been entirely
corroborated by the existing literature, identifying E. coli
as the predominant pathogen of pyometra (Hagman 2022;
Jitpean et al. (2014). Recent regional reports generally
indicate E. coli isolation rates ranging from 60% to 90% in
pyometra cases. The detection of E. coli in all samples in
this study therefore strongly supports its central role in
the etiopathogenesis of the disease. The co-isolation of
Streptococcus spp. in two samples (16.67%) further
indicates that while streptococci are less frequently
detected, they can still play clinically relevant secondary
roles in pyometra. Isolation rates usually range between
10% and 25% in reports regarding this microorganism
(Hagman 2022; Xavier et al. 2023). The findings in the
current study were within this expected range, thus
suggesting that Streptococcus spp. often act as secondary
opportunistic pathogens in the condition. In the present
study, the detection that all strains of E. coli were resistant
to enrofloxacin (100%) is in agreement with the rising
tendency of fluoroquinolone resistance found in both
Tiirkiye and other countries worldwide during the last
years (Dalhoff 2012; Sahin and Altan 2019; Ruiz-Lievano
et al. 2024). Likewise, in concordance with Paudel's
findings (2023), 58.33% of the strains developed
resistance against the antibiotic agents of ampicillin and
ciprofloxacin, showing that penicillins and second-
generation fluoroquinolones are getting progressively less
reliable as pyometra empirical treatment options (Paudel
2023). On the other hand, all the E. coli strains in our study
showed susceptibility to ceftriaxone (100%), and the
majority for cefoxitin (83.33%), so third-generation
cephalosporins are remaining effective therapeutic
choices. Previous studies showed similarly very good rates
of susceptibility to cephalosporins of strains isolated from
canine pyometra (Fernandes et al. 2022; Hagman 2022).
However, factors such as the necessity for frequent
parenteral administration and higher cost often make
clinicians turn to more practical alternatives, such as
amoxicillin-clavulanic acid or cephalexin, as first-line
choices in routine veterinary practice.

In the present study, 41.67% of the Escherichia coli strains
were classified as MDR, defined as resistance to =23
antimicrobial classes. This finding suggests that
antimicrobial resistance constitutes an important concern
in pyometra. Given that MDR rates reported from Tiirkiye
range from 35-60% (Kandir and Oztiirk 2022; Samlioglu
and Kilig 2023), the MDR proportion observed in this
study seems compatible with the regional data. The MDR
strains can be linked to the severity of the disease because
of the stimulation of sustained uterine infection, biofilm
formation, and the long period of inflammation (Paudel
2023). These findings reiterate the need to incorporate
culture and AST in clinical management of pyometra. In
the current study, the MDR phenotype could not be
detected in any strain of Streptococcus spp., and all of them
were susceptible to doxycycline, gentamicin, vancomycin,

and erythromycin. This trend is associated with the
literature demonstrating that streptococci typically have a
more predictable and less resistant profile (Pretzer 2008;
Xavier et al. 2023). Nevertheless, the presence of
ampicillin and fluoroquinolone resistance in half of them
suggests that although they are secondary pathogens,
caution still should be exercised when making a choice of
an antimicrobial in this group (Sababoglu et al. 2021).

The finding that all cases harbored E. coli indicates,
unequivocally, the significance of this organism as a
principal cause of canine pyometra. In addition, high
resistance levels towards commonly used antimicrobials
including enrofloxacin, ciprofloxacin and ampicillin
indicate that empirical treatment strategies which are
commonly used in field conditions have a potential risk to
be compromised. As for Streptococcus spp., although the
resistance in most agents was low as a whole, it appears to
be important to consider changes of these antimicrobials
to select empirical therapy on account of resistant-
infections.

In conclusion, the findings of this study demonstrate that
pyometra in dogs is a multifactorial disease involving a
triple and interactive combination of bacterial infection,
antimicrobial resistance, and impaired tissue remodeling.
The predominance of E. coli as the main pathogen and the
associated patterns highlight the need for culture-based
diagnosis and  targeted antimicrobial therapy.
Furthermore, the histopathological changes observed in
uterine tissues demonstrate the need for a combined
diagnostic and treatment strategy encompassing both
microbiological and pathological factors for this disease.
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ABSTRACT

Cryptosporidiosis is an important cause of neonatal calf diarrhea and may contribute to systemic oxidative and redox
imbalance through intestinal epithelial injury, inflammation, and antioxidant consumption. Although malondialdehyde
(MDA) and reduced glutathione (GSH) are commonly used indicators of lipid peroxidation and antioxidant defense,
respectively, dynamic thiol-disulfide homeostasis (TDH) may provide complementary information on the circulating thiol
pool and protein-based redox buffering capacity. However, data evaluating conventional oxidative stress biomarkers
together with TDH parameters in neonatal calves with naturally occurring cryptosporidiosis remain limited. Therefore, this
study aimed to assess serum MDA, GSH, and TDH parameters in neonatal calves diagnosed with cryptosporidiosis and to
determine whether TDH components provide additional insight into cryptosporidiosis-associated redox alterations. The
study was conducted on 40 calves aged 0-28 days, including 30 calves with cryptosporidiosis and 10 healthy controls.
Diagnosis was established using an immunochromatographic test on fresh fecal samples, and only calves that tested
negative for other enteric agents in the same panel were included. Serum MDA levels were measured using the
thiobarbituric acid reactive substances (TBARS) method, GSH levels using the Beutler method, and total thiol (TT) and
native thiol (NT) levels using the Erel-Neselioglu method; disulfide (Ds) levels and related ratios were calculated. In calves
with cryptosporidiosis, serum GSH, TT, and NT levels were significantly lower than those in healthy controls (p=0.010,
p=0.010, and p=0.030, respectively). Although MDA levels were numerically higher in the diseased group, the difference
was not statistically significant (p=0.150). No significant differences were detected between groups for Ds levels or TDH-
derived ratios (Ds/TT, Ds/NT, and NT/TT). These findings suggest that neonatal calf cryptosporidiosis may be associated
mainly with depletion of antioxidant and thiol pools rather than a marked systemic lipid peroxidation response. In this
context, TT and NT may represent supportive redox indicators for the evaluation of cryptosporidiosis-associated neonatal
diarrhea.

Keywords: Cryptosporidiosis, Malondialdehyde, Oxidative stress, Reduced Glutathione.
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Kriptosporidiyozlu Neonatal Buzagillarda Serum Malondialdehit, Rediikte
Glutatyon ve Tiyol-Disiilfit Homeostazinin Degerlendirilmesi

Kriptosporidiyoz, neonatal buzag ishallerinin énemli nedenlerinden biri olup intestinal epitel hasari, inflamasyon ve
antioksidan tiiketimi araciligiyla sistemik oksidatif/redoks dengenin bozulmasina katkida bulunabilir. Malondialdehit
(MDA) lipid peroksidasyonunun, rediikte glutatyon (GSH) ise antioksidan savunmanin yaygin kullanilan gostergeleri
olmakla birlikte, dinamik tiyol-disiilfit homeostazi (TDH) dolasimdaki tiyol havuzu ve protein temelli redoks tamponlama
kapasitesi hakkinda tamamlayici bilgi saglayabilir. Bununla birlikte, dogal olarak gelisen kriptosporidiyozlu neonatal
buzagilarda klasik oksidatif stres belirtegleri ile TDH parametrelerini birlikte degerlendiren veriler sinirhidir. Bu nedenle bu
calismada, kriptosporidiyoz tanili neonatal buzagilarda serum MDA, GSH ve TDH parametrelerinin degerlendirilmesi ve
TDH bilesenlerinin kriptosporidiyozla iligkili redoks degisiklikleri hakkinda ek bilgi saglayip saglamadiginin ortaya
konulmasi amagclandi. Calisma, 0-28 giinliik toplam 40 buzagida yuriitiildi; 30 buzag kriptosporidiyozlu, 10 buzag ise
saglikli kontrol grubunu olusturdu. Tani, taze diski 6rneklerinde immiinokromatografik test ile konuldu ve aym test
panelinde diger enterik etkenler yoniinden negatif olan buzagilar ¢alismaya dahil edildi. Serum MDA diizeyleri
tiyobarbitiirik asit reaktif maddeler (TBARS) yontemiyle, GSH diizeyleri Beutler yontemiyle, toplam tiyol (TT) ve natif tiyol
(NT) diizeyleri ise Erel-Neselioglu yontemiyle 6l¢iildi; disiilfit (Ds) diizeyi ve iligkili oranlar hesaplandi. Kriptosporidiyozlu
buzagilarda serum GSH, TT ve NT diizeyleri saglhkli kontrollere gére anlaml olarak daha diisiik bulundu (sirasiyla p=0,010;
p=0,010; p=0,030). MDA diizeyi hastalikli grupta sayisal olarak daha yliksek olmasina ragmen fark istatistiksel olarak
anlamli degildi (p=0,150). Ds diizeyi ve TDH'den tiiretilen oranlar (Ds/TT, Ds/NT ve NT/TT) agisindan gruplar arasinda
anlamh fark saptanmadi. Bu bulgular, neonatal buzag1 kriptosporidiyozunda sistemik redoks yanitin belirgin bir lipid
peroksidasyon artisindan ¢ok antioksidan ve tiyol havuzunun tiikenmesiyle iliskili olabilecegini diisiindiirmektedir. Bu
baglamda, TT ve NT kriptosporidiyozla iliskili neonatal ishalin degerlendirilmesinde destekleyici redoks gostergeleri olarak
degerlendirilebilir.

Anahtar Kelimeler: indirgenmis glutatyon, Kriptosporidyoz, Malondialdehid, Oksidatif stres.
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INTRODUCTION

Cryptosporidiosis is a major enteric disease of neonatal
calves and represents an important component of neonatal
calf diarrhea during the first weeks of life. Among
Cryptosporidium species affecting ruminants, C. parvum is
most commonly associated with diarrhea in young calves
(Gong et al. 2017; Diaz et al. 2018; Kadukova et al. 2024).
The infection primarily targets the intestinal epithelium,
where epithelial damage, villus atrophy, and impaired
absorptive function contribute to malabsorption, diarrhea,
dehydration, weakness, and systemic deterioration
(Naylor 2009; Thomson et al. 2017). Transmission occurs
mainly through the fecal-oral route, and the
environmental persistence of oocysts makes disease
control difficult under farm conditions (Nugraha et al.
2021; Ryan et al. 2021; Cappellaro et al. 2023). In this
context, cryptosporidiosis-associated diarrhea may disturb
systemic oxidant-antioxidant balance, making redox-
related biomarkers relevant for evaluating the host
response in neonatal calves (Yiiksek et al. 2021).

Oxidative stress occurs when oxidant production exceeds
antioxidant defense capacity, leading to reactive oxygen
species accumulation and oxidative damage to cellular
components (Celi 2011; Ercan and Fidana 2012). In
neonatal calves with diarrhea, intestinal inflammation,
impaired absorption, dehydration, and metabolic stress
may increase oxidant burden and accelerate antioxidant
consumption (Celi 2011; Yiksek et al. 2021).
Malondialdehyde (MDA) and reduced glutathione (GSH)
are frequently used to evaluate oxidative status. MDA is a
secondary product of polyunsaturated fatty acid
peroxidation and reflects oxidative membrane damage
(Ayala et al. 2014; Hajimohammadi et al. 2023; Tesena et
al. 2024), whereas GSH is a major endogenous antioxidant
involved in the detoxification of hydrogen peroxide, lipid
peroxides, and free radicals (Lu 2013; Uzun 2019).
However, oxidative stress is a multifactorial process and
may not be fully explained by a single lipid peroxidation
marker or antioxidant parameter.

Thiols are redox-active compounds that contribute to
antioxidant defense by reacting with oxidants and
undergoing reversible conversion to disulfide bonds
(Cremers and Jakob 2013; Erdogan et al. 2019). Dynamic
thiol-disulfide homeostasis (TDH), defined by native thiol,
total thiol, disulfide levels, and their related ratios, is
involved in detoxification, enzymatic regulation, apoptosis,
and intracellular signaling pathways (Circu and Aw 2010;
Erel and Neselioglu 2014). Compared with single oxidative
stress markers, TDH provides broader information on the
circulating thiol pool and protein-based redox buffering
capacity. Therefore, alterations in TDH parameters under
inflammatory or oxidative conditions may reflect
consumption of thiol-dependent antioxidant reserves and
disruption of systemic redox balance (Erdogan et al. 2019;
Erel and Erdogan 2020).

Although oxidative stress has been investigated in
neonatal calf diarrhea and in calves with cryptosporidiosis,
studies evaluating MDA, GSH, and TDH parameters
together in naturally occurring neonatal calf
cryptosporidiosis remain limited. This represents an
important knowledge gap, because combined assessment
of conventional oxidative stress markers and TDH
components may provide a broader biochemical
perspective  on  cryptosporidiosis-associated  redox
alterations. Therefore, this study aimed to determine
serum MDA, GSH, and TDH parameters in neonatal calves
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with cryptosporidiosis and to compare them with those of
healthy controls. We hypothesized that neonatal calves
with cryptosporidiosis would exhibit oxidative/redox
imbalance characterized particularly by depletion of GSH,
total thiol, and native thiol levels.

MATERIAL AND METHODS

Ethical Approval

The study protocol was approved by the Kafkas University
Local Ethics Committee for Animal Experiments (Decision
date: 03.04.2024; Approval No. KAU-HADYEK/2024-064),
ensuring compliance with relevant ethical standards.
Additionally, blood samples were collected by following
the recommended “standard sample collection procedure,”
ensuring that the animals were not exposed to stress in
any way or harmed. All procedures related to the animals
were carried out in accordance with institutional
guidelines and national regulations on animal welfare.

Animal Material

This single-center clinical study was conducted at the
Animal Hospital of the Faculty of Veterinary Medicine,
Kafkas University, between 15 April 2024 and 15 April
2025. The individual calf was considered the experimental
unit. A total of 40 neonatal calves aged 0-28 days were
included in the study. The calves were classified into two
groups according to clinical status and fecal
immunochromatographic test results: calves diagnosed
with cryptosporidiosis constituted the diseased group
(n=30), and clinically healthy calves with negative fecal
test results constituted the control group (n=10). All calves
were Simmental or Simmental-crossbred. The diseased
group consisted of diarrheic calves with clinical findings
compatible with neonatal enteric disease and confirmed
Cryptosporidium positivity. The control group consisted of
clinically healthy calves without diarrhea or evident
systemic clinical abnormalities at the time of examination
and with negative results in the same fecal
immunochromatographic test panel. Written informed
consent was obtained from the animal owners before
inclusion in the study.

Clinical Examination and Diagnostic Criteria

All calves were subjected to clinical examination before
blood and fecal sampling. For the diseased group, the
inclusion criteria were as follows: neonatal calves aged 0-
28 days, presence of diarrhea at admission, compatible
clinical findings including anorexia, weakness, and
depression, no previous treatment before sampling, and
fecal Cryptosporidium positivity. Calves were excluded
from the diseased group if they had received antibiotics,
antidiarrheal drugs, oral electrolyte solutions, or
intravenous fluid therapy before admission. Calves with
positivity for any other enteric agent evaluated in the same
diagnostic test panel were also excluded in order to
minimize the confounding effect of mixed enteric
infections.

The clinical status of each calf was evaluated according to
general behavior, alertness or depression, willingness to
stand, suckling reflex, appetite status, hydration status,
and the presence of diarrhea. Fresh fecal samples were
collected directly from the rectum using clean disposable
materials to prevent contamination. Cryptosporidiosis was
diagnosed using a commercial immunochromatographic
test kit (BoviD-5 Ag Test Kit, BioNote Inc., Korea) in
accordance with the manufacturer’s instructions. Only
calves that were positive for Cryptosporidium and
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negative for the other enteric agents included in the same
test panel were assigned to the diseased group.

The control group consisted of neonatal calves aged 0-28
days that were clinically healthy at the time of
examination. Control calves had no diarrhea, anorexia,
weakness, depression, or other evident systemic clinical
abnormalities. In addition, fresh fecal samples obtained
from control calves were evaluated using the same
immunochromatographic test panel, and only calves with
negative fecal test results were included as healthy
controls.

Collection of Blood Samples

Blood samples were collected once from each calf during
the initial clinical evaluation and, for diseased calves,
before any treatment was administered. Sampling was
performed from the jugular vein (V. jugularis) using
appropriate restraint and a sterile vacuum blood collection
system (Vacuette®, Greiner Bio-One GmbH, Austria). Blood
samples were transferred into serum tubes for
biochemical analyses. Serum was separated by
centrifugation at 3000 rpm for 10 min using a Hettich
Rotina 380R® centrifuge (Hettich, Germany). The obtained
serum samples were aliquoted and stored at —20°C until
the measurement of malondialdehyde, reduced
glutathione, and thiol-disulfide homeostasis parameters.

Biochemical Analyses

Serum malondialdehyde (MDA) levels were determined
spectrophotometrically using the thiobarbituric acid
reactive substances (TBARS) method described by
Yoshioka et al. (1979). Serum reduced glutathione (GSH)
levels were measured according to the method of Beutler
et al. (1963). Total thiol (TT) and native thiol (NT)
concentrations were determined spectrophotometrically
using the automated dynamic thiol-disulfide homeostasis
method described by Erel and Neselioglu (2014). Disulfide
(Ds) levels and TDH-derived ratios were calculated from
TT and NT values using the following formulas:
Ds=(TT-NT)/2; Ds/TT(%)=(Ds/TT)x100; Ds/NT(%)=
(Ds/NT)x100; and NT/TT(%)=(NT/TT)x100.

Statistical Analysis

Data were assessed for normality using the Shapiro-Wilk
test before statistical comparisons. Descriptive results
were presented as mean * standard deviation (SD) to
maintain consistency with the graphical presentation of
the data. Variables that met the normality assumption
(MDA, TT, and NT) were compared between the
cryptosporidiosis and control groups using the unpaired
independent-samples t-test. Variables that did not meet
the normality assumption (GSH, disulfide, Ds/TT, Ds/NT,
and NT/TT) were analyzed using the Mann-Whitney U
test. Exact p values were reported to three decimal places,
and p values <0.05 were considered statistically
significant.

Because this was a clinical study based on naturally
occurring cases, the final sample size was determined by
the number of calves that met the predefined inclusion and
exclusion criteria during the study period. The study
included 30 calves with cryptosporidiosis and 10 healthy
control calves. To evaluate the detectable standardized
difference with the available sample size, a sensitivity
power analysis was performed using G*Power version
3.1.9.7. For a two-tailed independent-samples t-test with
a=0.05, power=0.80, and the actual group sizes of 10
control and 30 diseased calves, the minimum detectable
standardized difference was Cohen’s d=1.05. This
indicated that the available sample size was appropriate

for detecting large between-group differences, although
smaller differences may not have been detected. All
statistical analyses were performed using GraphPad Prism
version 8.1 (GraphPad Software, San Diego, CA, USA).

RESULTS

The demographic, clinical, and diagnostic characteristics of
the calves included in the study are presented in Table 1.
The mean age was 11.4+3.2 days in the control group and
13.8+4.5 days in the cryptosporidiosis group. The age
range was 4-21 days in the control group and 2-28 days in
the cryptosporidiosis group. The sex distribution consisted
of 6 males and 4 females in the control group and 16 males
and 14 females in the cryptosporidiosis group. Simmental
calves constituted 70.0% of the control group and 63.3%
of the cryptosporidiosis group. Diarrhea was present in all
calves with cryptosporidiosis and absent in all control
calves. In the cryptosporidiosis group, anorexia, weakness,
and depression were observed in 26/30, 28/30, and 22/30
calves, respectively. All calves in the cryptosporidiosis
group were positive for fecal Cryptosporidium antigen and
negative for the other enteric agents included in the same
test panel, whereas all control calves were negative in the
fecal test panel.

Serum oxidative stress biomarkers and thiol-disulfide
homeostasis parameters are shown in Figure 1. Serum
MDA concentration was numerically higher in calves with
cryptosporidiosis than in healthy controls (1.31 vs. 1.24
nmol/mL); however, this difference was not statistically
significant  (p=0.150). In contrast, serum GSH
concentration was  significantly lower in the
cryptosporidiosis group than in the control group (4.98 vs.
5.20 umol/mL; p=0.010).

Regarding thiol-disulfide homeostasis parameters, total
thiol (TT) and native thiol (NT) concentrations were
significantly reduced in calves with cryptosporidiosis. The
mean TT concentration was 221.32 pmol/L in the
cryptosporidiosis group and 295.60 pmol/L in the control
group (p=0.010). Similarly, the mean NT concentration
was 200.96 pmol/L in the cryptosporidiosis group and
267.00 pmol/L in the control group (p=0.030).

No statistically significant differences were detected
between the groups for disulfide concentration or TDH-
derived ratios. The mean disulfide concentration was
10.18 pumol/L in calves with cryptosporidiosis and 14.30
pumol/L in controls (p=0.750). The Ds/TT ratio was 4.80%
in the cryptosporidiosis group and 5.15% in controls
(p=0.640), while the Ds/NT ratio was 5.67% and 6.63%,
respectively (p=0.640). The NT/TT ratio was also similar
between groups, with values of 90.40% in calves with
cryptosporidiosis and 89.70% in controls (p=0.640).
Overall, calves with cryptosporidiosis showed significantly
lower GSH, TT, and NT levels, whereas MDA, disulfide, and
TDH-derived ratios did not differ significantly between
groups.

The evaluated parameters were malondialdehyde (MDA,
nmol/mL), reduced glutathione (GSH, pmol/mL), total
thiol (TT, umol/L), native thiol (NT, pmol/L), disulfide (Ds,
umol/L), and the ratios Ds/TT, Ds/NT, and NT/TT (%).
Data are presented as mean * standard deviation (SD).
MDA, TT, and NT were analyzed using the unpaired
independent-samples t-test, whereas GSH, Ds, Ds/TT,
Ds/NT, and NT/TT were analyzed using the Mann-
Whitney U test. p values are indicated above the bars, and
the corresponding exact p values are reported in the
Results text.
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Table 1: Demographic, clinical, and diagnostic characteristics of healthy control calves and calves with cryptosporidiosis.

Parameter Control group (n=10) Cryptosporidiosis group (n=30)
Age, days, mean * SD 114 +3.2 13.8+4.5
Age range, days 4-21 2-28
Sex, n (%)

Male 6 (60.0) 16 (53.3)
Female 4 (40.0) 14 (46.7)
Breed, n (%)

Simmental 7 (70.0) 19 (63.3)
Simmental-crossbred 3(30.0) 11 (36.7)
Clinical findings, n (%)

Diarrhea 0 (0.0) 30 (100.0)
Anorexia 0 (0.0) 26 (86.6)
Weakness 0 (0.0) 28(93.3)
Depression 0 (0.0) 22 (73.3)
Diagnostic test results

Fecal Cryptosporidium test Negative Positive
Other enteric agents in the test panel Negative Negative
Medical treatment before sampling No No

Data are presented as mean #* standard deviation (SD) for age and as n (%) for categorical variables. The control group consisted of clinically healthy calves with
negative fecal immunochromatographic test results, whereas the cryptosporidiosis group consisted of diarrheic calves positive for Cryptosporidium and negative
for the other enteric agents included in the same test panel.
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Figure 1: Comparison of serum oxidative stress biomarkers and thiol-disulfide homeostasis parameters between healthy
control calves (n=10) and calves with cryptosporidiosis (n=30).

DISCUSSION AND CONCLUSION

In this study, serum MDA levels were numerically higher in
calves with cryptosporidiosis than in healthy controls;
however, this difference was not statistically significant.
MDA is a secondary aldehyde generated during the
oxidative degradation of polyunsaturated fatty acids and is
widely used as an indicator of lipid peroxidation (Ayala et
al. 2014). The absence of a significant increase in MDA
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suggests that systemic lipid peroxidation was not clearly
detectable in the present cases. Similar findings have been
reported by Isik and Ilhan (2018), who did not observe a
significant change in oxidative status parameters,
including MDA, in calves with cryptosporidiosis. In
addition, Cenesiz et al. (2017) reported no significant
difference in MDA levels before and after treatment in
calves infected with C. parvum. Therefore, although MDA
remains a useful marker of lipid peroxidation, the present
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findings indicate that it may not be sufficiently
discriminative ~as a  standalone indicator  of
cryptosporidiosis-associated redox alterations. In this
context, assessment of oxidative stress using
complementary biomarkers rather than a single parameter
may provide a more balanced biological interpretation
(Celi 2011).

In this study, serum GSH levels were significantly lower in
calves with cryptosporidiosis than in healthy controls. This
finding suggests that antioxidant reserves may have been
consumed in response to infection-associated oxidative
and inflammatory burden. GSH is one of the major non-
protein thiols in mammalian tissues and plays an
important role in intracellular antioxidant defense, redox
regulation, detoxification reactions, and immune-related
cellular processes (Lu 2013; Aquilano et al. 2014). In
ruminants, oxidative stress may develop as a result of
increased oxidant production, reduced antioxidant
availability, or accelerated antioxidant consumption;
therefore, lower GSH levels in diarrheic enteric disease
may reflect impaired oxidant-antioxidant balance (Celi
2011). Similar to our findings, El-Deeb et al. (2022)
reported decreased GSH levels in calves with natural C.
parvum infection, which was interpreted in relation to
insufficient antioxidant capacity against free radical
production. In addition, lower GSH levels reported in
diarrheic calves of different etiologies support the view
that intestinal inflammation can influence systemic redox
status (Sagiroglu et al. 2025). Since the calves in the
present study were positive for Cryptosporidium and
negative for the other enteric agents included in the test
panel, the observed decrease in GSH may be interpreted
more specifically as a component of the host redox
response to cryptosporidiosis. However, this finding
should be considered a supportive biochemical indicator
rather than a standalone clinical marker.

In this study, TT and NT levels were significantly lower in
calves with cryptosporidiosis than in healthy controls,
suggesting depletion of the circulating thiol pool and
reduced systemic redox buffering capacity. Thiol groups,
particularly the -SH groups of albumin and other plasma
proteins, constitute an important component of plasma
antioxidant defense and can rapidly react with oxidants
under conditions of increased oxidative burden (Young
and Woodside 2001; Neselioglu et al. 2020). Within the
TDH system, TT and NT provide information on the
availability of reduced thiol reserves and protein-based
redox status, thereby complementing conventional
oxidative stress markers (Biswas et al. 2006; Circu and Aw
2010; Erel and Neselioglu 2014). In calves with
cryptosporidiosis, intestinal epithelial injury and the
associated inflammatory host response may increase
oxidant production and antioxidant consumption
(Thomson et al. 2017). In calves infected with C. parvum,
alterations in antioxidant capacity and oxidative stress-
related parameters have also been reported (Cenesiz et al.
2017). More generally, inflammatory and oxidative
conditions are known to induce antioxidant responses and
cellular redox adjustments (Espinosa-Diez et al. 2015).
Therefore, the reduction in TT and NT observed in the
present study may reflect consumption of thiol-dependent
antioxidant reserves during cryptosporidiosis-associated
neonatal diarrhea.

In contrast to the decreases in TT and NT, no statistically
significant differences were observed in Ds levels or in the
Ds/TT, Ds/NT, and NT/TT ratios. This finding suggests
that the reduction in the circulating thiol pool was not
accompanied by a clear shift toward increased disulfide

formation. Since Ds and the related ratios are calculated
from TT and NT values, parallel decreases in TT and NT
may limit marked changes in these proportional indices
(Erel and Neselioglu 2014). In addition, thiol oxidation
under inflammatory or oxidative conditions may involve
different redox pathways, and therefore changes in thiol
availability may not always be reflected by an isolated
increase in Ds concentration (Erel and Erdogan 2020).
Similar variability in TDH-derived responses has been
reported in neonatal calf diarrhea, where NT and TT may
decrease while disulfide and ratio responses differ
according to disease etiology and severity (Terzi et al.
2023). Findings from a parasitic inflammatory condition in
sheep also support that reductions in thiol-related
parameters may occur without a consistent shift in TDH
ratios (Camkerten et al. 2019). Therefore, the present
results indicate that cryptosporidiosis in neonatal calves
was associated mainly with depletion of TT and NT rather
than a pronounced disulfide-dominant shift in TDH.

The main strength of the present study is the combined
evaluation of MDA, GSH, and TDH parameters in naturally
occurring Cryptosporidium-positive neonatal diarrhea
before treatment. This approach highlighted GSH, TT, and
NT as the most relevant altered indicators, suggesting
depletion of antioxidant and thiol reserves, while MDA, Ds,
and TDH-derived ratios did not show significant between-
group differences.

This study also has some limitations. The sample size was
relatively small and unbalanced, with 30 calves in the
cryptosporidiosis group and 10 calves in the control group.
In addition, this was a single-center clinical field study, and
management-related factors such as colostrum intake,
feeding conditions, housing, and environmental exposure
could not be fully standardized. Blood samples were
collected at a single time point; therefore, temporal
changes in oxidative/redox parameters during the course
of disease or after treatment could not be evaluated.
Moreover, although disease severity was assessed
clinically, biomarker concentrations were not analyzed
according to severity scores. Etiological classification was
based on a commercial immunochromatographic rapid
diagnostic test kit, and molecular confirmation, fecal
oocyst quantification, and detailed pathogen load
assessment were not performed. Therefore, the diagnosis
should be interpreted as a practical field-based diagnostic
classification rather than molecular confirmation of
Cryptosporidium infection. The study included only calves
with Cryptosporidium-positive diarrhea and healthy
controls; therefore, no additional disease-control group,
such as calves with E. coli, coronavirus, rotavirus, or other
etiologies of neonatal diarrhea, was available for
comparison. Accordingly, the present findings should be
interpreted as redox alterations associated with
Cryptosporidium-positive neonatal diarrhea rather than as
changes specific only to cryptosporidiosis when compared
with other enteric diseases. In addition, acute-phase
proteins and inflammatory cytokines were not measured
in the present study. Therefore, the relationship between
oxidative/redox alterations and systemic inflammatory
responses could not be directly evaluated. These
limitations should be considered when interpreting the
biological relevance, etiological specificity, and practical
applicability of the findings.

In conclusion, neonatal calves with cryptosporidiosis
showed a redox alteration pattern characterized mainly by
reduced GSH, TT, and NT levels, whereas MDA, Ds, and
TDH-derived ratios did not differ significantly from
healthy controls. These findings indicate that GSH, TT, and
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NT were the most informative supportive indicators of
antioxidant and  thiol  reserve depletion  in
Cryptosporidium-positive neonatal diarrhea. In contrast,
MDA, Ds, and TDH-derived ratios appeared less
discriminative in the present study. However, considering
the small and unbalanced sample size, single time-point
sampling, field-related variability, and the absence of
additional disease-control groups, these biomarkers
should not be interpreted as standalone disease-specific
clinical markers. Larger longitudinal studies are needed to
validate their biological relevance and potential research
utility in neonatal calf cryptosporidiosis.
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0z Bu ¢alisma, Karakas koyunlarinda meme morfolojisinin siit verimi, meme 0lgiileri ile siitiin fiziksel 6zellikleri
ve kimyasal bilesimi tzerindeki potansiyel etkilerinin degerlendirilmesi amaciyla yapildi. Calismanin
materyalini 50 bas Karakas koyunu olusturmustur. Karakas koyunlarinda 4 farkli meme tipi tanimlanmistur.
Meme tipinin laktasyon siit verimi lizerindeki etkisinin 6nemsiz, meme genisligi hari¢ tim meme 6l¢iileri
tizerindeki etkisinin dnemli, hem siitiin fiziksel 6zelliklerine hem de siitiin kimyasal bilesenlerine etkisinin
o6nemsiz oldugu belirlenmistir. Laktasyon siit verimi ile meme ¢evresi, derinligi, genisligi, meme basi-yer arasi
uzaklik, sag meme basi uzunlugu, sol meme basi uzunlugu, sag meme basi ¢ap1 ve sol meme basi ¢ap1
arasindaki fenotipik korelasyon katsayilarinin negatif ve diisiik (r=-0.01 ile -0.22), ayrica laktasyon siit verimi
ile siit proteini, yagsiz kuru madde ve laktoz arasindaki korelasyon katsayilarinin negatif ve diisiik (r=-0.09 ile
-0.14) oldugu saptanmistir. Laktasyon siit verimi ile siit yag1 ve meme baslar1 arasi uzakligi arasindaki
korelasyon katsayilarinin ise pozitif ve diisiik (r=0.01 ile 0.17) oldugu belirlenmistir. Sonug olarak, Karakas
koyunlarinda meme tipinin laktasyon siit verimi ile siitiin fiziksel 6zellikleri ve kimyasal bilesenleri iizerine
etkisinin 6nemsiz oldugu, buna karsilik meme genisligi hari¢ tiim meme &lglimleri lizerinde anlamli diizeyde
etkili oldugu belirlenmistir. Ayrica laktasyon siit verimi ile meme Oolgiileri ve siitiin kimyasal bilesenleri
arasinda anlaml bir korelasyon bulunmadig tespit edilmistir.

Anahtar Kelimeler: Fiziksel ozellikler, Kimyasal bilesenler, Koyun, Meme tipi, Siit verimi.

ABSTRACT The Effect of Udder Morphology on Milk Yield, Physical Traits and Chemical
Components of Milk in Karakas Sheep

The aim of this study was to evaluate the potential effects of udder morphology on milk yield, udder
measurements, and the physical characteristics and chemical composition of milk in Karakas ewes. Animal
material consisted of 50 Karakas ewes. Four different udder types have been identified in ewes. The effect of
udder type on lactation milk yield was insignificant. The effect of udder type on all udder measurements were
significant, except udder width. The effect of udder type on both physical traits and chemical components of
milk was insignificant. The phenotypic correlation coefficients between lactation milk yield and udder
circumference, depth, width, teat-to-ground distance, right teat length, left teat length, right teat diameter,
and left teat diameter were found to be negative and low (r=-0.01 to -0.22), and the correlation coefficients
between lactation milk yield and milk protein, non-fat solids, and lactose were also found to be negative and
low(r=-0.09 to -0.14). On the other hand, the correlation coefficients between lactation milk yield, milk fat,
and distance between teat were found to be positive and low (r=0.01 to 0.17). In conclusion, it was
determined that the effect of udder type in Karakas ewes on lactation milk yield, as well as on the physical
characteristics and chemical components of milk, was insignificant; however, it had a significant effect on all
udder measurements except for udder width. Additionally, no significant correlations were detected between
lactation milk yield and udder measurements or the chemical components of milk.

Keywords: Chemical components, Milk production, Udder type, Physical traits, Sheep.
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Kiiglikbas hayvanlarin en 6nemli verimlerinden biri siit
iretimidir. Son yillarda, koyun ve ke¢i memelerinin
morfolojisi lizerine yapilan arastirmalarda, sadece
makineyle sagim icin uygunlugu acisindan degil, ayni
zamanda siit verimi ve meme bezi saglhgl acisindan da
artan bir egilim gozlemlenmektedir (Vrdoljak ve ark.
2020).

Siit Giretiminin dogrudan o6lgliimii genellikle zahmetlidir ve
lretim sistemlerinin ¢ogunda miimkiin olmayabilir.
Ciftcilerin, siit {retimini Ongorebilecegi oOl¢iimleri
kullanmas1 yararl olabilir.

Meme oOlgiileri siit verimine, mekanik sagima ve genetik
iyilestirmeye katkida bulunabilir (Ifiiguez ve ark. 2009).
Siit verimi, memenin morfolojik yapisindan etkilenir
(Legarra ve Ugarte 2005; Casu ve ark. 2006; Margetin ve
ark. 2012; Merkhan 2014). Barillet (2007), koyunlarda
mekanik sagim uygulanmaya baslandigindan beri meme
tipinin ekonomik Oneminin biylik o6lciide arttigini
belirtmistir.

Dag ve Zilkadir (2004), meme tipi ve meme basi
yerlesiminin memede kalan siit miktar1 ve siit akisimi
etkiledigini ve memenin tamamen bosalmasini zorlastiran
meme tiplerinin hastaliga (mastitis) yakalanma olasiligini
artirdigini bildirmistir.

ingiliz Milkschaf ve Ivesi koyunlarinda siit miktarinin
meme bast blytkligli arttikca azaldigini ve meme
tiplerinin siit verimi iizerine etkisinin az oldugunu, ancak
makineyle sagim acisindan ¢ok o6nemli oldugunu ve
seleksiyon sirasinda meme Ozelliklerinin  dikkate
alimmasiin faydal olacagini bildirilmistir (Kukovics ve
ark. 2006).

Frizarta koyunlarinda meme ¢evresinin, genisliginin,
derinliginin ve meme basi uzunlugunun siit verimini
onemli dlciide etkiledigi, ancak bu 6l¢iilerin siitiin kimyasal
bilesenleri iizerinde ©6nemli bir etkisinin olmadig:
bildirilmistir (Kominakis ve ark. 2009). Baz1 ¢alismalarda
da meme tipinin siit verimine ve siitiin kimyasal
bilesenlerine 6nemli bir etkisinin olmadig ifade edilmistir
(Kogak ve ark. 2018; Ozyiirek 2020).

Milerski ve ark. (2020), koyunlarda meme genisligi ve
derinliginin hem siit veriminin belirlenmesinde hem de
siirii yonetiminde kullanilabilecegini bildirmistir. Bununla
birlikte, meme o&lglimlerinin siit bilesimini tahmin etmede
giivenilir olmadigini belirtmislerdir. Devi ve ark. (2022),
meme basi morfolojisinin kuzularin emme davranisini
etkiledigini, sol ve sag meme baslar1 arasinda belirgin bir
ayrim bulunan annelerin kuzularinin daha uzun siire
emdigini bildirmislerdir.

Dolayisiyla literatiir bulgulardan, iilkemiz yerli koyun
irklarinin ve varyetelerinin meme morfolojilerinin detayl
arastirllmasinin seleksiyon, siirii yonetimi ve hayvansal
lretim acgisindan yararli olacagr anlasilmaktadir. Bu
nedenle, bu ¢alisma, lilkemiz yerli koyunlarindan Karakas
koyunlarinda meme morfolojisinin slit verimi, meme
olctileri ile siitiin fiziksel 6zellikleri ve kimyasal bilesimi
izerindeki potansiyel etkilerinin  degerlendirilmesi
amaciyla yapilmistir.

MATERYAL VE METOT

Etik Onay

Bu calisma, Van Yiiziincii Y1l Universitesi Hayvan Deneyleri
Yerel Etik Kurulu'ndan 28.01.2021 tarihinde 2021/01/01
sayill izin alinarak yapilmistir.

167

Hayvan Materyali

Calisma, Van ili Gevas ilgesi Aladiiz kdyilinde bir
koyunculuk isletmesinde 2-2.5 yash 50 bas Karakas
koyunu iizerinde ytriitilmiistir.

Koyunlarin Beslenmesi

Koyunlar, iklim sartlarinin uygun oldugu giinlerde merada
otlatilmis,iklim sartlarinin uygun olmadig1 giinlerde ise
agilda barindirilarak, sabah ad libitum yonca, korunga ve
saman; aksam arpa (koyun basina ortalama 330 g) ve ad
libitum saman ile beslenmislerdir.

Meme Tiplerinin Tespiti

Koyunlarin meme tipleri, Kukovics ve ark. (2006)nin
bildirisine gore belirlenmistir.

Meme tipleri;

Tip I: Meme baslar1 horizontal, meme loblar1 ayrilmamas.
Tip II: Meme baslar1 horizontala yakin, meme loblar1 biraz
ayrilmis.

Tip III: Meme baslar1 horizontal ile vertikal arasi, meme
loblar1 belirgin.

Tip IV: Meme baslar1 vertikal veya vertikale yakin, meme
loblar1 belirgin.

Meme Olgiilerinin Tespiti

Koyunlarin meme ve meme basi 6l¢iileri laktasyonun 60.
gliniinde aksam sagimindan 2 saat once belirlenmistir
(Dzidic ve ark. 2004). Meme ve meme bas! 6lgiileri sekil
2’'den yararlanilarak belirlenmistir (Unal ve ark. 2008).
Meme derinligi, meme genisligi, meme baslar1 arasi
uzakligl, sag-sol meme basi uzunluklari, sag-sol meme basi
caplar1 dijital kumpasla, meme basi-yer arasi uzakligi ve
meme ¢evresi mezura ile 6l¢iilmigtiir.

Laktasyon Siit Veriminin Tespiti

Laktasyon siit verimi Isve¢ yéntemiyle belirlenmistir
(Kaymakg1 2006).

Isvec yontemi;
n
LSV = aziki - (%—A)kl
Formiilde;
LSV: Laktasyon siit verimi
n: Siit denetim sayisi
a: Siit denetim aralig
A: Dogum tarihi ile ilk siit denetimi arasindaki siire

Y. k; =Sit denetim giinlerinde saptanan siit verimlerinin
toplami

ki: {1k denetimde elde edilen siit miktar1

Siitiin Fiziksel Ozellikleri ile Kimyasal Bilesenlerin
Tespiti

Siit denetim giinlerinde, her bir koyundan sabah ve aksam
sagimlarinda 50 ml siit numunesi alindi. Siit numuneleri
analiz zamanina kadar +4 °C’de muhafaza edildi.

Sit numunelerinin fiziksel ve kimyasal analizleri
Milkotester Master PRO (Milkotester Ltd, Belovo,
Bulgaristan) siit analiz cihazinda yapildi.

istatistiksel Analizler

Orneklem biiyiikliigii: Calismanin érneklem biiyiikliigiini
belirlemek icin G*Power (Sirim 3.1.9.7; Diisseldorf,
Mannheim ve Kiel Universiteleri, Almanya) kullanilmustir.
Boylece, 0.50 etki boyutu (f=0.50), %5 Tip I hata (a=0.05)
ve %80 (1-$=0.80) giic degerleri ile ¢alisma i¢in asgari
orneklem biiytikliigii 50 (n=50) olarak belirlenmistir.
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Sekil 1: Karakas koyunlarinda meme tipleri
Figure 1: Udder types in Karakas sheep.

Calismada ele alinan 6zelliklerden siirekli degiskenler icin
tanimlayici  istatistikler; ortalama, standart sapma,
minimum ve maksimum degerler olarak ifade edilirken,
Kategorik degiskenler i¢in say1 ve yilizde olarak ifade
edilmistir. Siirekli degiskenlerin normal dagilima uyup
uymadigini test etmek iizere, Kolmogorov-Smirnov testi
yapilmis ve basiklik/carpiklik katsayilari hesaplanmistir.
Normallik testi sonucunda, verilerin normal dagilim
gosterdigi gozlenmis ve bagimsiz grup ortalamalarini
karsilastirmada Tek Yonli Varyans Analizi (One-way
ANOVA) yapilmistir. Varyans analizlerini takiben, farkl
gruplari belirlemek {izere, Duncan ¢oklu karsilastirma testi
kullamilmigtir. Ozellikler arasindaki iliskileri belirlemek
lizere, Pearson korelasyon katsayilari hesaplanmistir.
Hesaplamalarda istatistik dnemlilik (anlamlhilik) diizeyi %5
olarak alinmis ve istatistik hesaplamalar i¢in SPSS (ver:
21) paket programi (SPPS 2020) kullanilmistir.

a: Meme derinligi

b: Meme cevresi
c: Meme genisligi

d: Meme basi uzunlugu

e: Meme basi capt
l f: meme baslari aras1 uzakhk

Zemin g: Meme basi-yer arasi uzakhk

Sekil 2: Meme 6lgiileri (Unal ve ark. 2008).
Figure 2:Udder measurements (Unal ve ark. 2008).

BULGULAR

Siit Verimi ve Meme Olgiileri

Karakas koyunlarinin meme tiplerine gore siit verimleri ve
meme oOlclleri Tablo 1'de verilmistir. Meme tipinin, meme
cevresi, meme derinligi, Meme basi ile yer arasindaki
uzaklik, sag meme bas1 uzunlugu, sol meme basi uzunlugu,
sag meme basi capi, sol meme basi capt ve Meme bas ile
yer arasindaki uzaklik gibi meme oOlgiilerine etkisinin
o6nemli; laktasyon siit verimi ve meme genisligine etkisinin
ise 6nemsiz oldugu gézlenmistir.

Siitiin Fiziksel Ozellikleri

Karakas koyunlarinin meme tiplerine gore siitlerinin
fiziksel ozellikleri Tablo 2'de verilmistir. Meme tipinin,
siitiin yogunlugu, donma noktasy, iletkenligi ve pH's1 gibi
fiziksel ozellikler tizerindeki etkisinin anlamli olmadig1
(p>0.05) gozlenmistir.

Tablo 1: Karakas koyunlarinin meme tiplerine gore siit verimleri ve meme élgiileri (X + SD).
Table 1: Milk yields and udder sizes according to udder type of Karakas sheep (X + SD).

Laktasyon siit Meme ¢evresi

Meme derinligi

Meme genisligi Meme basi-yer

Faktér n verimi (kg) (cm) (cm) (cm) arasi uzaklik (cm)
Meme
tipi
Tip I 13 45.04+1.87 33.62+3.71b 11.25+5.163b 7.99x0.61 34.31+£2.27a
Tip II 14 42.86x3.70 40.29+5.50a 9.87+1.38b 8.06+1.49 33.21£3.37a
Tip 111 14 42.92+3.14 38.57+2.20a 12.87£1.092 8.70£0.37 30.36+3.37b
Tip IV 9 43.46+2.34 32.89+0.81b 11.24+0.453b 8.23+0.57 30.00+3.69b
p=0.202 p=0.001 p=0.058 p=0.198 p=0.003
Genel 50 43.55+2.97 36.74+4.81 11.31+2.97 8.25+0.99 32.12+3.54
Sag meme basi Sol meme basi Sag meme basi Sol meme basi iki meme basi
uzunlugu uzunlugu ¢ap1 cap1 arasi uzakhik
(cm) (cm) (cm) (cm) (cm)
Meme
tipi
Tip I 13 1.89+0.72¢ 1.92+0.79¢ 1.30+0.22¢ 1.56+0.76¢ 11.61+0.50P
Tip Il 14 2.13+0.67¢ 2.05+0.64¢ 1.68+0.15P 1.61+0.79¢ 12.49+1.012
Tip 111 14 2.91+0.75b 2.87+0.79b 1.81+0.34b 1.84+0.82b 12.47+0.642
Tip IV 9 3.94+0.18a 3.96x0.60a 2.49+0.154 2.65+0.452 12.91+0.392
p=0.001 p=0.001 p=0.001 p=0.001 p=0.001

Genel 50 2.62+0.92 2.59+0.99 1.76+0.42 1.85+3.11 12.33+0.85

Verilerin analizinde, Tek Yonlii Varyans Analizi (One-way ANOVA) kullanilmistir. p: Istatistiksel anlamlilik diizeyi.
a, b, c: Ayni siitunda farkli harf tagiyan ortalamalar arasi farkliliklar 6nemlidir (Duncan ¢oklu karsilastirma testi).
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Siitiin Kimyasal Bilesenleri

Karakas koyunlarinin meme tiplerine gore siitlerinin
kimyasal bilesenleri Tablo 3'te verilmistir. Meme tipinin,
siit yagi, protein, yagsiz kuru madde ve laktoz lizerine
etkisinin 6nemsiz (p>0.05) oldugu gézlenmistir.
Fenotipik Korelasyonlar

Laktasyon siit verimi ile meme olciileri ve siitlin kimyasal
bilesenleri arasindaki fenotipik korelasyonlar Tablo 4’te
verilmistir.

Tablo 4 incelendiginde, laktasyon siit verimi ile meme

arasinda pozitif ve 6nemsiz korelasyon katsayisi, laktasyon
siit verimi ile diger meme o6l¢iileri, siit proteini, yagsiz kuru
madde ve laktoz bilesenleri arasinda ise negatif ve 6nemsiz
korelasyon katsayilari saptanmistir.

Meme c¢evresi ile meme genisligi, meme cevresi ile meme
baslari1 arasi uzaklik, sag meme basi uzunlugu ile sag meme
basi capi, sag meme basi uzunlugu ile sol meme basi
uzunlugu, sol meme basi ¢api ile sag meme basi capi, sag
ve sol meme basi ¢aplari ile meme basi-yer arasi uzaklik,
siit proteini ile yagsiz kuru madde, siit proteni ile laktoz ve
yagsiz kuru madde ile laktoz arasinda pozitif ve yiiksek

baslar1 arasi uzaklik, laktasyon siit verimi ile siit yag korelasyon katsayilari hesaplanmistir.

Tablo 2: Karakas koyunlarinin meme tiplerine gére siitlerinin fiziksel 6zellikleri (X + SD).
Table 2: Physical characteristics of milk according to udder type of Karakas sheep (X % SD).

Faktor n Ozgiil agirhik Donma noktasi Elektrik iletkenligi pH
(g/ml) (0 (mS/cm)
Meme Tipi
Tip I 13 1.035+0.00 -0.875+0.07 4.961+0.29 6.80+0.22
Tip I 14 1.037+0.00 -0.877+0.07 4.879+0.19 6.71£0.15
Tip 111 14 1.035+0.00 -0.874+0.04 4.836+0.22 6.71+0.11
Tip IV 9 1.036+0.00 -0.875+0.03 4.933+0.30 6.78+0.24
p=0.641 p=0.384 p=0.440 p=0.276
Genel 50 1.036+0.00 -0.876+0.07 4.898+0.28 6.75+2.47

Verilerin analizinde, Tek Yonlii Varyans Analizi (One-way ANOVA) kullanilmistir.
p: Istatistiksel anlamlilik diizeyi.

Tablo 3: Karakas koyunlarinin meme tiplerine gore siitlerinin kimyasal bilesenleri (X + SD).
Table 3: Chemical composition of milk according to udder type of Karakas sheep (X + SD).

Yag Protein Yagsiz kuru madde Laktoz
Faktor n (%) (%) (%) (%)
Meme tipi

Tip I 13 8.58+1,65 4.33+0.22 11.87+0.69 6.50+0.32
Tip I 14 8.34£1.65 4.38+0.19 11.92+0.56 6.53+0.22
Tip I 14 8.60+1.16 4.26x0.34 11.78+0.41 6.52+0.34
Tip IV 9 8.45+0.84 4.36x0.15 11.77+0.36 6.53+0.21

p=0.962 p=0.661 p=0.873 p=0.991
Genel 50 8.49+1.34 4.33+0.09 11.84+0.28 6.52+0.28

Verilerin analizinde, Tek Yonli Varyans Analizi (One-way ANOVA) kullanilmigtir.
p: Istatistiksel anlamhilik diizeyi.

Tablo 4: Laktasyon siit verimi ile meme o6lciileri ve siitiin kimyasal bilesenleri arasindaki fenotipik korelasyonlar.
Table 4: Phenotypic correlations between udder measurements and chemical components of milk with lactation milk yield.

Faktorler MC MD MG MBYAU SAMBU SOMBU SAMBC SOMBC MBAU Y P YKM L
LSV -0.09  -0.01 -0.17 -0.19 -0.22 -0.11 -0.15 -0.14 0.01 0.17 -0.09 -0.09 -0.14
MC 0.16 0.45** 0.12 -0.05 -0.06 0.07 -0.15 0.44** 0.77 0.06 -0.11 -0.04
MD 0.29 -0.21 0.26 0.26 0.23 0.19 0.16 0.02 0.01 -0.11 -0.01
MG 0.03 0.19 0.19 0.24 0.24 0.44** 0.07 0.07 -0.03 0.07
MBYAU -0.27 -0.27 -0.40** -0.39** -0.38** -0.19 0.14 0.0 0.04
SAMBU 0.94** 0.73** 0.76** 0.32* -0.13 0.01 -0.13 -0.01
SOMBU 0.70** 0.76** 0.37** -0.03 -0.29 -0.19 -0.05
SAMBC 0.86** 0.65** 0.07 0.15 -0.06 0.17
SOMBC 0.54** -0.01 0.05 -0.16 0.05
MBAU 0.07 -0.03 -0.15 0.01
Y 0.09 0.17 0.18
P 0.60**  0.65**
YKM 0.90**

*p<0.05; ** p<0.01

LSV: Laktasyon siit verimi, MC: Meme ¢evresi, MD: Meme derinligi, MG: Meme genisligi, MBYAU: Meme basi-yer arasi uzaklik, SAMBU: Sag meme bas1 uzunlugu,
SOMBU: Sol meme basi uzunlugu, SAMBC: Sag meme basi ¢api, SOMBC: Sol meme bagi ¢api, MBAU: Meme baglari arasi uzaklik, Y: Yag, P: Protein, YKM: Yagsiz
kuru madde, L: Laktoz.
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TARTISMA VE SONUC

Meme morfolojisi ve seklinin, siit veriminde Onemli
belirleyici 6zellikler olduklari (James ve ark. 2004), siirtiler
arasinda meme olcilerinin laktasyon dénemlerine gore
onemli olcide degisebilecegi (Ifiiguez ve ark. 2009), siit
veriminin meme biiyikligiini ve seklini belirleyen 6nemli
bir faktér oldugu (Lérias ve ark. 2014), siit verimini
iyilestirmek i¢in 1slah programlarinda belirli meme
morfolojisinin kullanilmasinin gerekliligi (Gutiérrez-Gil ve
ark. 2008),meme tipi ile siit verimi arasindaki iligkinin
oldukca degisken ve genotipe bagl oldugu (Kukovics ve
ark. 2006) bildirilmistir.

Bu c¢alismada, Karakas koyunlarinda meme tipinin
laktasyon siit verimine etkisinin Onemsiz oldugu
saptanmustir. Bu bulgu, Ivesi (Dag ve Ziilkadir 2004;
Ozyiirek 2020; Seker ve ark. 2022) ve Morkaraman
koyunlar1 (Ozyiirek 2020) icin bildirilen bulgulara
benzerlik gdsterdigi belirlenmistir. Benzer sekilde, Istriya,
Pag ve Ivesi koyunlarinda da meme tipinin siit verimine
anlamh bir etkisinin olmadig bildirilmistir (ilyas ve
Karakus 2020; Prpi¢ ve ark. 2020). Ancak, Prpi¢ ve ark.
(2020), Dogu Friesian koyunlarinda meme tipinin siit
verimini 6nemli diizeyde etkiledigini bildirmislerdir.
Ayrica baz1 calismalarda, siit verimine meme tipinin
etkisinin, Acipayam, Anadolu Merinosu ve Ivesi
koyunlarda o6nemli diizeyde etkili oldugu bildirilmistir
(Ozbaser ve Akgapinar 2011; Dogan ve ark. 2013; Kaygisiz
ve Dag 2017).

Calismada, Karakas koyunlarinda meme tipinin, meme
cevresi, meme derinligi, meme bas yer arasindaki uzaklik,
sag meme basi uzunlugu, sag meme basi capi, sol meme
bas1 uzunlugu ve sol meme basi ¢ap1 gibi meme 6l¢iilerini,
istatistiksel ~ olarak  o6nemli  dilizeyde  etkiledigi
belirlenmigtir. Benzer sekilde, Ivesi koyunlarinda da meme
tipinin, sag meme bas1 uzunlugunu, sag meme basi ¢capini,
sol meme bas1 uzunlugunu ve sol meme basi ¢apini, 6nemli
seviyede etkiledigi bildirilmistir (Seker ve ark. 2022).

Calismada, Karakas koyunlarinda belirlenen meme cevresi
olctisiiniin, Tuj (Sar1 ve ark. 2015) ve Kivircik koyunlari
(Altingeki¢ ve Koyuncu 2011) icin bildirilen meme ¢evresi
olciilerine benzerlik gosterirken, Ivesi (liiiguez ve ark.
2009), Morkaraman (Kirmizibayrak ve ark. 2005) ve Najdi
koyunlari (Ayadi ve ark. 2014) icin bildirilen meme g¢evresi
Olciilerinden daha diisiik oldugu belirlenmistir.

Ayrica bu ¢alismada, Karakas koyunlarinda belirlenen sag
ve sol meme basi cap1 élgiilerinin, Ivesi koyunlar (Dag ve
Zilkadir 2004) ic¢in bildirilene meme bas1 cap1
Olciilerinden daha disiik oldugu, yine Karakas
koyunlarinda belirlenen meme genisligi ve meme baslari
arasindaki uzaklik dlciilerinin, Ivesi koyunlar1 (Seker ve
ark. 2022) icin bildirilen 6l¢iilerden daha diisiik oldugu
gozlenmistir.

Bu c¢alismada, meme tipinin hem siitiin fiziksel
ozelliklerine hem de kimyasal bilesenlerine onemli bir
etkisinin olmadig1 (p>0.05) belirlenmistir. Benzer sekilde,
Ivesi koyunlarinda yapilan bir calismada da meme tipinin,
siitin yogunluguna, iletkenligine ve donma noktasina
onemli etkisinin olmadig1 bildirilmistir (Seker ve ark.
2022). Dogan ve Boztepe (2012) tarafindan Anadolu
Merinosu koyunlari iizerinde yapilan ¢alismada da meme
tipinin, siitiin iletkenligine etkisinin 6nemsiz oldugu
belirlenmistir. Tuj koyunlar: iizerinde yapilan baska bir
calismada ise meme tipinin, siitiin yogunluguna etkisinin
onemsiz oldugu bildirilmistir (Sar1 ve ark. 2015). Ayrica
Anadolu Merinosu, Tuj, Morkaraman ve fvesi koyunlari
tizerinde yapilan calismalarda da (Dogan ve ark. 2013; Sar1

ve ark. 2013; Ozyiirek 2020), meme tipinin, siitiin kimyasal
bilesenlerine etkisinin 6nemli olmadig bildirilmistir.

Bu c¢alismada, laktasyon siit verimi ile meme c¢evresi,
meme derinligi, meme genisligi, meme basi-yer uzakligi,
sag meme basi uzunlugu, sol meme basi uzunlugu, sag
meme basl ¢ap1 ve sol meme basi ¢api arasinda negatif
diisiik korelasyon katsayilarinin (r=-0,01 ile -0,22) oldugu
saptanmistir. Benzer sekilde, laktasyon siit verimi ile siit
proteini, yagsiz kuru madde ve laktoz arasinda da negatif
diisiik korelasyon katsayilarinin (r=-0.09 ile -0.14) oldugu
tespit edilmistir. Ancak, laktasyon siit verimi ile meme
baslar1 arasindaki uzaklik ve siit yag1 arasinda pozitif
diisiik korelasyon katsayilarinin (r=0.01 ile 0.17) oldugu
belirlenmistir. Bu korelasyon Kkatsayilarindan, Karakas
koyunlarinda laktasyon siit verimi ile meme Odlgiileri ve
siitiin kimyasal bilesenleri arasinda anlaml bir iliskinin
olmadigl anlasilmaktadir. Benzer sekilde, Izadifard ve
Zamiri (1997), Ghezel koyunlarinda siit verimi ile meme
Olciileri arasinda anlamli  bir iliskinin olmadigini
bildirmislerdir. Merkhan (2014) ise laktasyon siit verimi
ile meme basi arasindaki uzaklik, meme basi ¢apiyla ve
meme basi uzunlugu arasinda pozitif anlamli bir
korelasyon oldugunu bildirmistir. Ifiiguezve ark. (2009) ise
meme Olciileri ile siit proteini veyagl arasinda pozitif
onemli bir korelasyon oldugunu bildirmislerdir. Ayni
sekilde, Ayadi ve ark. (2014) da laktasyon siit verimi ile
bazi meme o6lgiileri (derinlik, genislik ve ¢evre) arasinda
pozitif korelasyon oldugunu bildirmistir.

Sonu¢ olarak, Karakas koyunlarinda meme tipinin
laktasyon siit verimi ile sitiin fiziksel ozellikleri ve
kimyasal bilesenleri lzerine etkisinin 6nemsiz oldugu,
buna karsilik meme genisligi hari¢ tiim meme Ol¢iimleri
tizerinde anlamli diizeyde etkili oldugu belirlenmistir.
Ayrica laktasyon siit verimi ile meme Olgiileri ve siitiin
kimyasal bilesenleri arasinda anlamli bir korelasyon
bulunmadig: tespit edilmistir.

CIKAR CATISMASI

Yazarlar bu c¢alisma i¢in herhangi bir c¢ikar catismasi
olmadigini beyan ederler.

TESEKKUR VE BILGILENDIRME

Bu calisma Hasan DENK isimli yazarin yiiksek lisans
tezinden Ozetlenmistir. Yazarlar, degerli katkilarindan
dolay1 koyun ciftligi sahibi Saym Nurettin GECGIL'e
tesekkiirlerini sunar.

YAZAR KATKILARI

Fikir/Kavram: HD, OY
Denetleme/Danismanlik: OY
Veri Toplama ve/veya Isleme: HD
Analiz ve/veya Yorum: HD, OY
Makalenin Yazimi: HD, OY
Elestirel inceleme: OY
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ABSTRACT This experimental study was designed to evaluate the potential toxic effects of Methotrexate (MTX), an
antineoplastic agent, on sperm parameters and antioxidant defense mechanisms in rats, as well as to assess
the protective potential of Diplotaenia turcica, an endemic plant species from Turkey. A total of 21 male
Wistar albino rats weighing 250-300 g was included in the study and randomly assigned to three groups of
seven animals each. The control group received only physiological saline solution. The MTX group was
administered a single intraperitoneal dose of 20 mg/kg MTX. In the MTX + Diplotaenia turcica root extract
group, following MTX injection, the plant extract was given orally at 150 mg/kg daily throughout the study. At
the end of the 7-day period, testicular tissues were collected under ketamine anesthesia. Sperm concentration
and the percentage of abnormal sperm were assessed using samples obtained from the cauda epididymis,
while portions of testicular tissue were used for biochemical analyses, including measurement of
malondialdehyde (MDA) levels, glutathione (GSH) content, and catalase (CAT) activity. The results
demonstrated that MTX administration significantly impaired sperm parameters, with a notable decrease in
sperm concentration and an increase in the percentage of abnormal sperm. Additionally, MTX elevated MDA
levels and reduced GSH content and CAT activity. Administration of Diplotaenia turcica root extract partially
alleviated these adverse effects, contributing to the preservation of testicular tissue integrity. These findings
underscore the biomedical potential of endemic plants in supporting reproductive health and protecting
against toxic insults.

Keywords: Diplotaenia turcica root extract, Catalase, MDA, Methotrexate, Sperm parameters.

0z Metotreksat Uygulanan Sicanlarda Diplotaenia turcica K6k Ekstraktinin Sperm
Parametreleri ve Antioksidan Parametreler Uzerindeki Etkisinin Aragtirilmasi

Bu deneysel calisma, antineoplastik bir ajan olan Metotreksat (MTX)'in si¢anlarda sperm parametreleri ve
antioksidan savunma mekanizmalar iizerindeki olasi toksik etkilerini, ayrica Tiirkiye'ye 6zgii endemik bir
bitki olan Diplotaenia turcica’nin koruyucu potansiyelini arastirmak amaciyla gerceklestirilmistir. Calismada,
250-300 g agirliginda toplam 21 erkek Wistar albino sigan kullanilmis ve hayvanlar her biri 7 sigandan
olusan ¢ gruba ayrilmistir. Kontrol grubuna yalnizca serum fizyolojik soliisyonu verilmistir. MTX grubunda
hayvanlara tek doz 20 mg/kg intraperitoneal MTX uygulanmistir. MTX + Diplotaenia turcica kok ekstrakti
grubunda ise MTX enjeksiyonunu takiben, 150 mg/kg dozunda bitki ekstrakti oral yolla, deney siiresince her
giin verilmistir. Yedi gliniin sonunda, tiim siganlardan ketamin anestezisi altinda testis dokular: ¢ikarilmistir.
Kauda epididimisten elde edilen o6rnekler kullanilarak sperm yogunlugu ve anormal sperm orani
degerlendirilmis; diger testis dokusu biyokimyasal analizler i¢in ayrilarak malondialdehit (MDA) diizeyi,
glutatyon (GSH) miktar1 ve katalaz (CAT) aktivitesi ol¢lilmistiir. Bulgular, MTX uygulamasinin sperm
parametrelerinde belirgin bozulmalara yol actigini, 6zellikle sperm yogunlugunda anlamh azalmalara,
anormal sperm oraninda ise anlaml artislara yol agtigin1 géstermistir. Bunun yani sira MDA diizeyinde artisa
ve GSH miktar ile CAT aktivitesinde azalmaya neden oldugunu gdstermistir. Ancak Diplotaenia turcica kok
ekstraktinin bu zararh etkileri kismen sinirlayarak testikiiler doku biitiinliigiiniin korunmasina katki sagladig:
belirlenmistir. Bu sonuglar, endemik bitkilerin iireme sagli1 ve toksisiteye karsi biyomedikal potansiyellerine
151k tutmaktadir.

Anahtar Kelimeler: Diplotaenia turcica kék ekstrakti, Katalaz, MDA, Metotreksat, Sperm parametreleri.
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INTRODUCTION

Methotrexate (MTX), a folic acid antimetabolite, is widely
used in the treatment of various conditions due to its
antitumoral, anti-inflammatory, antimicrobial, and
immunosuppressive properties (Cole et al. 2006). Despite
its established clinical efficacy, the toxic side effects of
MTX pose significant limitations for its therapeutic use.
Literature reports indicate that MTX can cause adverse
effects, particularly in the gastrointestinal system, as well
as hepatotoxicity, nephrotoxicity, bone marrow
suppression, pulmonary toxicity, and detrimental impacts
on the reproductive system (Manna et al. 2023; Wani et
al. 2023). Regarding reproductive toxicity, the testicular
tissue is a major target organ in males, as the rapid
proliferation and division of spermatogenic cells render
them highly susceptible to environmental toxins and
chemotherapeutic agents (Zhou et al. 2023). MTX-induced
testicular toxicity has been shown to involve multiple
mechanisms, including oxidative stress, inflammatory
responses, and apoptotic cell death (Arafa et al. 2024;
Tarmookh et al. 2024).

Diplotaenia turcica, an endemic plant species from
Tirkiye, was formerly identified as Diplotaenia
cachrydifolia until it was reclassified as a distinct species
in 2011 based on studies by Pimenov and colleagues in
the Bitlis-Van-Hakkari region (Pimenov et al. 2011).
Locally referred to as “siyabo,” the plant is recognized for
its applications in traditional medicine. Beyond medicinal
uses, Diplotaenia turcica is commonly incorporated into
the production of "herbed cheese” (otlu peynir), a
regional specialty. The plant’s root has traditionally been
employed to treat various conditions, including diabetes,
hypertension, and rheumatic disorders, and it is also used
as an antidote for snake and scorpion bites (Kaval et al.
2014; Uce and Tuncturk 2014; Ozdek et al. 2020).
Belonging to the Umbelliferae family, Diplotaenia turcica
shares a lineage with species that have demonstrated
diverse biological activities in experimental studies,
including  antihyperglycemic,  hypolipidemic, and
antioxidant effects (Razavi et al. 2010; Ahmed et al. 2011;
Farkhad et al. 2012; Duran et al. 2015). This taxonomic
placement underscores the significance of exploring the
potential biological properties of Diplotaenia turcica.

The root extract of Diplotaenia turcica has been shown to
reduce blood glucose levels and promote beta-cell
regeneration in streptozotocin-induced diabetic rats by
reducing pancreatic oxidative stress and enhancing
antioxidant enzyme activities. Its hydroalcoholic extract
has exhibited strong antioxidant and anti-Alzheimer
effects, which are attributed to its high phenolic and
flavonoid content. In addition, the plant has demonstrated
antimicrobial activity against various bacterial strains.
Green-synthesized copper nanoparticles derived from
Diplotaenia turcica have also shown significant
antioxidant, antimicrobial, and DNA-protective properties
(Ozdek 2020; Ozdek et al. 2020; Seckin 2021; Seckin and
Meydan 2021).

Investigating natural products that may prevent the
adverse effects of MTX on testicular tissue and sperm
parameters is of great importance. Evaluating the
potential protective effects of the root extract of
Diplotaenia turcica against MTX-induced oxidative stress
and sperm damage may contribute to the development of
novel therapeutic approaches aimed at preserving
reproductive health and reducing toxicity. Accordingly,
this study aims to elucidate the effects of MTX-induced
reproductive toxicity on sperm quality and the
antioxidant defense system, and to determine the
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potential mitigating role of Diplotaenia turcica against this
damage.

MATERIAL AND METHODS

The study was conducted following the approval of the
Local Ethics Committee for Animal Experiments at Van
Yuzuncu Yil University (Date: 26/06/2025; Ethics
Approval No: 2025/07-12).

Extraction of Plant Material

The roots of Diplotaenia turcica, collected during May-
June following taxonomic identification, were thoroughly
washed with distilled water. Subsequently, the roots were
cut into small pieces, shade-dried, and ground into a fine
powder using a mechanical grinder. A 100 g portion of the
powdered material was macerated in 1000 mL of 96%
ethanol for 24 h. Following maceration, the mixture was
filtered, and the filtrate was concentrated using a rotary
evaporator at 50 °C and 70 rpm. The resulting extract was
further dried in a water bath at 40 °C until complete
evaporation was achieved (Farkhad et al. 2012).

Animals and Experimental Design

This study was carried out using 21 adult male Wistar
albino rats, weighing 250-300 g each. During the
experimental period, the rats were maintained in
standard cages under standardized laboratory conditions,
with ambient temperature regulated at 22+2 °C and a 12-
hour light/12-hour dark photoperiod. Cage maintenance
was performed on a daily basis, and the animals were
provided unrestricted access to standard feed and
drinking water throughout the study.

For the experimental setup, the rats were randomly
assigned to three groups, each comprising seven animals:
Control group: Received only physiological saline solution
(0.9% NaCl) throughout the study.

MTX group: Administered a single intraperitoneal dose of
20 mg/kg MTX (Hassanein et al. 2023; Waly et al. 2023;
Abbas et al. 2024; Taleahmad et al. 2024; El-Shitany et al.
2025).

MTX + Diplotaenia turcica root extract group: Following a
single intraperitoneal injection of 20 mg/kg MTX, the
animals were given Diplotaenia turcica root extract orally
at a dose of 150 mg/kg daily for 7 days.

At the end of the experimental period, all animals were
fasted for 12 h. Anesthesia was then induced by
intraperitoneal administration of ketamine at 75 mg/kg.
Under anesthesia, one testis from each rat was excised for
biochemical analyses and stored in a deep freezer at -
80°C. These samples were used to assess oxidative stress
and antioxidant parameters, including MDA levels, GSH
content, and CAT activity. The cauda epididymis from the
opposite testis was collected for spermatological
evaluations.

Semen Collection and Evaluation of Spermatological
Parameters

Sperm samples were obtained from the cauda epididymis
to evaluate spermatological parameters, following the
method described by Aksu et al. (2015). The cauda
epididymis was carefully dissected and removed, then
placed in 2 mL of sterile physiological saline solution
preheated to 37 °C in a sterile Petri dish. Several small
incisions were made in the tissue using a sterile scalpel to
facilitate the release of spermatozoa into the medium. The
preparation was incubated at 37 °C for approximately 15
min to allow sperm to disperse into the solution. The
resulting suspension was homogenized and used for
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spermatological analyses, including sperm count, motility,
and morphology.

Sperm concentration was determined using a slightly
modified version of the method described by Sonmez et
al. (2005), substituting an Eppendorf tube for the
conventional hemocytometer. Briefly, 10 pL of the sperm
suspension, prepared by mincing the cauda epididymis in
physiological saline, was aspirated with an automatic
pipette and transferred into an Eppendorf tube
containing 990 pL of Hayem’s solution. The tube was
vortexed for 15 s, and approximately 10 pL of the diluted
suspension was then loaded into the counting chambers
of a Thoma hemocytometer (HHH, Germany). The sample
was allowed to settle for 5 min to enable sperm
sedimentation, after which sperm counting was
performed under phase-contrast microscopy at 400x
magnification.

The method described by Turk et al. (2008) was used to
assess abnormal sperm cells. A drop of the homogenized
sperm suspension was placed on a clean, dry slide and
spread to form thin smears. After air-drying, the smears
were stained with 1% eosin-nigrosin dye. The slides were
then examined under a microscope at 400x magnification.
For each sample, at least 200 sperm cells were evaluated,
and morphological abnormalities in the head, neck, and
tail regions were recorded. The proportion of sperm with
normal morphology was calculated and compared among
the groups.

Evaluation of Biochemical Parameters

In this study, commercial sandwich ELISA kits were used
for all biochemical analyses, in accordance with the
manufacturers’ instructions. The GSH ELISA kit (Cat. No:
ELK8577) was used to determine GSH levels, the MDA kit
(Cat. No: YLAOO29RA) was used to measure MDA levels,
and the CAT kit (Cat. No: YLAO123RA) was used to assess
CAT activity.

Statistical Analysis

The normality of data distribution was assessed using the
Kolmogorov-Smirnov test. The results were expressed as
mean#tstandard deviation (SD) of the number of
observations. Post-hoc power analysis was performed
using the observed effect size of the main outcome
parameters, demonstrating that the study achieved a
statistical power of over 80% at a=0.05. Comparisons of
group means were performed using one-way analysis of
variance (ANOVA), followed by Duncan’s multiple range
test for post hoc comparisons between groups. The
lettering system (a, b, c) used in the tables represents the
results of Duncan’s test. The level of statistical
significance was set at p<0.05. All statistical analyses
were performed using SPSS Statistics (Version 20.0; SPSS
Inc., Chicago, IL, USA).

MTX resulted in a significant reduction in the percentage
of abnormal sperm (p<0.001).

Biochemical Findings

Analysis of the biochemical data presented in Table 2
revealed a significant increase in MDA levels in the MTX
administered group compared with the control group
(p<0.001). In contrast, the group receiving both MTX and
Diplotaenia turcica root extract exhibited a significant
reduction in MDA levels relative to the MTX only group
(p<0.001). Evaluation of CAT enzyme activity showed a
significant decrease in the MTX group compared with
controls (p<0.001), whereas co-administration of
Diplotaenia turcica root extract with MTX led to a
significant increase in CAT activity (p<0.001). Similarly,
GSH levels were significantly lower in the MTX group
compared with the control group (p<0.001), while GSH
levels in the MTX+Diplotaenia turcica root extract group
were significantly higher than in the MTX only group
(p<0.001).

Table 1: Effects of Diplotaenia turcica root extract on
sperm parameters in methotrexate-administered rats.

Sperm

Groups Concentration Abnormal P
0,
(x105) Sperm Rate (%)
Control group 96.71 + 1.492 10.00£0.81¢ 0.001
MTX group 58.85 %291 45.85x1.572 0.001

MTX + Diplotaenia
turcica root extract 67.28 £ 1.11b
group

25.57+1.71b 0.001

Each value is expressed as mean+SD (n=7). p<0.05 was considered
statistically significant. Different lowercase letters (a, b, c) within the same
column indicate statistically significant differences between groups
according to Duncan’s multiple range post hoc test.

Table 2: Effects of Diplotaenia turcica root extract on
testicular tissue MDA and GSH levels and CAT enzyme
activity in methotrexate administrated rats.

MDA CAT GSH
Groups (nmol/g tissue) (ng/g tissue) (ng/g tissue) p
Control
group 411 +0.04c 1.37 +£0.05* 18.19 +£0.52% 0.001
MTXEroup 10014068 059005 7.82+0.20° 0.001
MTX +
Diplotaenia

. 6.18 +0.59> 0.90 + 0.06° 12.29 +0.32" 0.001
turcica root

extract group

RESULTS

Spermatological Findings

As shown in Table 1, sperm concentration was
significantly reduced in the MTX administered group
compared with the control group (p<0.001). In contrast,
the group receiving Diplotaenia turcica root extract
alongside MTX exhibited a significant increase in sperm
concentration relative to the MTX only group (p<0.001).
Examination of sperm morphology indicated that MTX
administration impaired sperm structural integrity,
leading to a significantly higher proportion of abnormal
sperm compared with controls (p<0.001). Conversely, co-
administration of Diplotaenia turcica root extract with

Each value is expressed as mean+SD (n=7). p<0.05 was considered
statistically significant. Different lowercase letters (a, b, c) within the same
column indicate statistically significant differences between groups
according to Duncan’s multiple range post hoc test.

DISCUSSION AND CONCLUSION

Chemotherapeutic agents are recognized not only for
their therapeutic benefits but also for their potential to
induce toxic side effects across multiple organ systems.
Antimetabolite drugs such as MTX, which are widely used,
can adversely affect the reproductive system, leading to
impaired fertility. This underscores the importance of
protective and adjunctive treatment strategies and
underscores the need to explore the potential benefits of
biologically active compounds derived from natural
sources in mitigating such side effects. In this context,
Diplotaenia  turcica, an endemic plant whose
pharmacological  properties remain incompletely
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understood, is believed to offer protective effects against
chemotherapy-induced oxidative stress and reproductive
dysfunction through its bioactive constituents. The
present study experimentally investigated the effects of
this plant extract on MTX-induced reproductive damage.

The data obtained in our study indicate that MTX
administration has several adverse effects on male
reproductive health. Specifically, sperm concentration
was significantly reduced in the MTX group compared
with the control group (p<0.001), suggesting that MTX
exerts toxic effects on testicular tissue, thereby inhibiting
spermatogenesis and reducing sperm production. In
addition, analysis of sperm morphology revealed a
significant increase in the percentage of morphologically
abnormal sperm in the MTX administered group
(p<0.001), indicating that MTX may cause structural
damage to germ cells and disrupt normal sperm
development. Previous studies have reported that MTX
disrupts cellular architecture in the testes by inducing
apoptosis in spermatocytes and spermatids, which
compromises the structural integrity of seminiferous
tubules and leads to increased production of abnormal
sperm (Taleahmad et al. 2024). The deterioration in
sperm parameters may also be linked to the susceptibility
of polyunsaturated fatty acids in sperm plasma
membranes to reactive oxygen species (Rashid and Sil
2015). MTX-induced testicular damage is understood to
involve oxidative stress, inflammation, and apoptosis,
collectively  causing  substantial  disruption  of
spermatogenesis (Mansour et al. 2021; Arafa et al. 2024).
Our findings regarding sperm parameters are in
agreement with previous reports in the literature (Meng
etal. 2022; Delkhosh et al. 2024; Kabartan et al. 2025).

The co-administration of Diplotaenia turcica root extract
with MTX resulted in a significant increase in sperm
concentration and a significant reduction in the
percentage of morphologically abnormal sperm
(p<0.001). These results align with previous findings
reported by Belhan et al. (2020) and suggest that
Diplotaenia turcica root extract has protective effects
against MTX induced testicular toxicity. This protective
effect is likely mediated by the antioxidant constituents of
the extract, which mitigate oxidative damage caused by
reactive oxygen species, thereby preserving germ cells
and supporting spermatogenesis.

In this study, CAT enzyme activity, as well as GSH and
MDA levels, were measured in the testicular tissues of
rats from the experimental groups to evaluate oxidative
damage and tissue deterioration induced by MTX. The
results revealed a significant decrease in CAT activity and
GSH levels (p<0.001), along with a pronounced increase
in MDA levels (p<0.001) in the MTX administered group.
These findings are in agreement with previous studies
showing that MTX impairs antioxidant defense systems,
leading to the accumulation of reactive oxygen species
and increased lipid peroxidation (Waly et al. 2023; Abbas
et al. 2024; Taleahmad et al. 2024; El-Shitany et al. 2025;
Kabartan et al. 2025). The elevation in MDA levels
indicates enhanced oxidative damage to cellular
membranes, which may contribute to functional
impairments in testicular tissue (Taleahmad et al. 2024).

Moreover, co-administration of Diplotaenia turcica root
extract with MTX resulted in a significant restoration of
CAT activity and GSH levels to near-control values,
accompanied by a significant reduction in MDA levels.
These findings indicate that Diplotaenia turcica enhances
endogenous antioxidant defense mechanisms through its
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potent antioxidant constituents, thereby markedly
attenuating MTX induced oxidative stress. The decrease in
lipid peroxidation suggests preservation of cellular
membrane integrity and functional improvement in
testicular tissue. Overall, the biochemical results of this
study demonstrate a protective effect of Diplotaenia
turcica root extract against MTX induced testicular
toxicity, in line with previous biochemical findings
reported by Ozdek et al. (2020) in diabetic rats.

In conclusion, this study demonstrated that MTX
administration induces significant impairments in sperm
parameters and elevates oxidative stress in the testicular
tissue of male rats. Diplotaenia turcica root extract, due to
its antioxidant properties, partially mitigated these
adverse effects by preserving sperm concentration,
reducing the proportion of abnormal sperm, and
supporting testicular antioxidant defense mechanisms.
These findings suggest that Diplotaenia turcica root
extract may serve as a potential protective agent against
MTX induced reproductive toxicity. Future studies are
warranted to perform detailed chemical analyses of the
plant’s active components, evaluate different dosage
regimens and long-term effects, and assess the feasibility
of clinical application in humans. Additionally,
investigating the protective effects of Diplotaenia turcica
root extract against other chemotherapeutic agents
beyond MTX will provide further insight into its potential
role in therapeutic contexts.
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0z Bu ¢alismada, sentetik bir Tip II piretroid olan lambda-sihalotrinin (A-SHL) si¢anlarda olusturdugu gastrointestinal hasarin
oksidatif stres, apoptoz ve endoplazmik retikulum (ER) stresi ile iligkili mekanizmalar1 arastirilmis ve karvakroliin (KRV)
bu toksisiteye karsi koruyucu etkileri degerlendirilmistir. Erkek Sprague-Dawley sicanlar; saglikl kontrol, KRV, A-SHL, A-
SHL+KRV25 ve A-SHL+KRV50 olmak iizere bes gruba ayrilarak 21 giin siireyle oral yolla uygulanmistir. A-SHL grubunda
mide ve bagirsak dokularinda malondialdehit (MDA) diizeylerinin anlaml sekilde arttigi, glutatyon peroksidaz (GPx),
stiperoksit dismutaz (SOD) aktivitesi ve glutatyon (GSH) diizeylerinin ise belirgin olarak azaldig1 saptanmistir (p<0.001).
Ayni grupta apoptotik sinyal yolaklarinda Bcl2 ile iligkili X proteini (Bax)/ B-hiicreli lenfoma 2 (Bcl2) oraninin pro-
apoptotik yonde degistigi ve Casp3 aktivasyonunun yiikseldigi belirlenmistir (p<0.001). Ayrica endoplazmik retikulum (ER)
stresi belirtecleri olan aktive edici transkripsiyon faktorii 6 (Atf6), C/EBP homolog proteini (Chop) ve protein kinaz RNA
benzeri endoplazmik retikulum kinazi (Perk) gen ekspresyonlarinin anlaml diizeyde arttigi gozlenmistir (p<0.001). KRV
uygulanan gruplarda, 6zellikle yliksek doz KRV verilen A-SHL+KRV50 grubunda, oksidatif stres parametrelerinin bir
gostergesi olan MDA seviyelerinin baskilandigi (p<0.001), antioksidan savunma parametrelerinden olan GPx, SOD
aktiviteleri ve GSH seviyelerinin ise arttigl tespit edilmistir (p<0.001). Apoptoz belirteclerinden olan Bcl2 gen ekspresyon
dlizeyinin arttigl, Bax ve Casp3 gen ekspresyon seviyeleri ile ER stresi belirteglerinin anlamlh sekilde geriledigi tespit
edilmistir (p<0.001). Sadece KRV verilen gruplarda ise incelenen parametreler kontrol ve tedavi gruplarina paralel sekilde
seyretmistir. Sonug olarak, A-SHL'nin gastrointestinal dokuda ¢oklu molekiiler mekanizmalar tizerinden hasara yol actig1,
KRV'nin ise bu toksisiteye karsi belirgin ve doza bagh koruyucu etki gosterdigi ortaya konmustur.

Anahtar Kelimeler: Endoplazmik retikulum stresi, Gastrointestinal hasar, Karvakrol, Lambda-sihalotrin, Oksidatif stres.

ABSTRACT Investigation of The Effects of Carvacrol on Lambda-Cyhalothrin-Induced
Gastrointestinal Injury in Rats: Modulation of Apoptosis and Endoplasmic
Reticulum Stress Pathways

This study investigated the mechanisms associated with oxidative stress, apoptosis, and endoplasmic reticulum (ER) stress
in gastrointestinal damage induced by lambda-cyhalothrin (A-CHL) in rats and evaluated the protective effects of carvacrol
(CRV) against this toxicity. Rats were divided into five groups: control, CRV, A-CHL, A-CHL+CRV25, and A-CHL+CRV50, and
treatments were administered orally for 21 days. In the A-CHL group, malondialdehyde (MDA) levels significantly
increased, whereas glutathione peroxidase (GPx), superoxide dismutase (SOD), and glutathione (GSH) levels decreased
(p<0.001). Additionally, apoptotic signaling pathways were activated by a pro-apoptotic shift in the Bcl2-associated X
protein (Bax)/ B-cell lymphoma 2 (Bcl2) ratio and increased Casp3 activation (p<0.001). Moreover, endoplasmic reticulum
(ER) stress markers, including activating transcription factor 6 (Atf6), C/EBP homologous protein (Chop), and protein
kinase RNA-like endoplasmic reticulum kinase (Perk), were significantly elevated (p<0.001). In the CRV-treated groups,
particularly in the A-CHL+CRV50 group, MDA levels were significantly suppressed (p<0.001), while antioxidant defense
parameters such as GPx, SOD activity, and GSH levels were significantly increased (p<0.001). Furthermore, Bcl2 was
elevated, whereas Bax, Casp3, and ER stress markers were significantly reduced (p<0.001). CRV alone showed patterns
similar to the control group. In conclusion, A-CHL induces gastrointestinal damage through multiple molecular mechanisms
involving oxidative stress, apoptosis, and ER stress, whereas CRV exhibits a dose-dependent protective effect against this
toxicity.

Keywords: Carvacrol, Endoplasmic reticulum stress, Gastrointestinal injury, Lambda-cyhalothrin, Oxidative stress.
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Pestisitler, ekosistemler iizerinde ciddi toksik etkilere yol
acabilen ve cevreye en yaygin bicimde salinan kimyasal
maddeler arasinda yer almakta olup, kontrolsiiz ve yogun
kullanimlar1 ¢evresel ve biyolojik risklerin artmasina
neden olmaktadir (Garud ve ark. 2024). Son yillarda,
organofosforlu insektisitlerin ¢evre ve insan saghg
izerindeki olumsuz etkileri sebebiyle kullaniminin
kisitlanmasi, alternatif insektisit gruplarina yonelimi
artirmis ve bu durum sentetik piretroidlerin kullaniminda
belirgin bir artisa yol agmistir (Soderlund ve ark. 2002).
Piretroidler, piretrin yapilarina dayal olarak gelistirilen
sentetik insektisitler olup, 1970’lerde Chrysanthemum
cinerariifolium ¢icegi 6ziinden tiiretilmis ve giinlimiizde
tarim, hayvancilik ve halk sagliginda zararli boceklerin
kontroliinde yaygin olarak kullanilmaktadir (Lopez-
Torres ve ark. 2022; Sakr ve Rashad 2023). Giiniimiizde
sentetik  piretroidler, diinya genelinde kullanilan
insektisitlerin %30’undan fazlasini olusturmakta olup
(Prasanthi ve Rajini 2005), memelilerde gorece diisiik
akut toksisite gostermeleri, cevrede hizli
biyodegradasyona ugramalar1 ve kalict kalintilar
birakmamalari nedeniyle ekonomik ve ¢evre agisindan
avantajli insektisitler olarak kabul edilmektedir (Kale ve
ark. 1999). Bununla birlikte, artan sayida c¢alisma
piretroidlerin ¢esitli metabolik siirecleri etkileyerek
insanlarda, evcil hayvanlarda ve baliklarda toksik etkilere
neden oldugunu gostermektedir (Adhikari ve ark. 2006).
iki tipe ayrilan piretroidlerden Tip I bilesikler akut toksik
dozlarda felg, asir1 uyarilabilirlik ve titremeye neden
olurken, Tip II piretroidler asir1 duyarllik, koreoatetoz ve
salivasyon ile karakterize toksisiteye yol a¢maktadir
(Zhang ve ark. 2021). Lambda-sihalotrin (Tip II piretroit
insektisit), Lepidoptera, Diptera ve Coleoptera gibi
gruplara karst etkili genis bir insektisidal etki
spektrumunun yani sira, yaprak, pas ve gal akarlarina
karsi da akarisidal ozellik gostermektedir. Sebzeler,
tahillar ve pamuk gibi tarim drinlerinde zararh
kontroliinde yaygin olarak kullanilmakta; ayrica
hayvancilikta, kiimes hayvanlarinda ve kopeklerde
keneler, pireler, bitler ve akarlar gibi dis parazitlerin
kontroliinde de tercih edilmektedir (Xu ve ark. 2023).
Hedef dis1 organizmalar tlizerindeki toksisitesinin goérece
diisiik oldugu bildirilse de yaygin kullanimi nedeniyle
insan maruziyetinin arttigl vurgulanmaktadir (Fetoui ve
ark. 2009). A-SHL biyolojik zarlarda birikerek oksidatif
stres ile enflamatuar yanitlan tetikledigi bildirilmektedir
(Turgut ve ark. 2011). Oksidatif stres, reaktif oksijen
tiirleri (ROS) iretimiyle antioksidan savunma sistemleri
arasinda dengenin bozulmasi ile ortaya ¢iktig
diisiiniilmektedir (Karaarslan ve ark. 2026). Oral A-SHL
maruziyetinin deneysel c¢alismalarda gastrointestinal
mikrobiyota kompozisyonunu degistirebildigi ve bunun
da bariyer fonksiyonu ve metabolik siireclerde olumsuz
etkilere yol acabilecegi 6ne siiriilmiistiir; bu tiir etkiler
dolayh olarak gastrointestinal hasar1 (GIH) tetikleyebilir
(Zheng ve ark. 2024).

Dogal bitki kaynakli bilesikler, 6zellikle fenolik bilesenler
diisiitk maliyet, yiiksek biyolojik etkinlik ve kolay
erigilebilirlik gibi avantajlar1 sayesinde farkli biyolojik
mekanizmalar lizerinden toksisiteye Kkarsi koruyucu
etkiler gosterebilmekte ve bu nedenle cesitli patolojik
durumlarin tedavisinde arastirmalarin odagi haline
gelmektedir (Ileriturk ve ark. 2023; Simsek ve ark. 2023;
Bozkurt ve ark. 2024; Kankili¢ ve ark. 2024;). Bu
kapsamda monoterpenoid yapida bir fenolik bilesik olan
Karvakrol (KRV), genellikle Lamiaceae familyasina ait
bitkilerde bulunur ve ayrica kekik, karabiber ve yabani
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bergamot esansiyel yaglarindan elde edildigi rapor
edilmistir (Aksu ve ark. 2016; Taslimi ve ark. 2017). KRV
yaygin olarak aroma maddesi ile gida katki maddesi
olarak kullanilmaktadir (Zotti ve ark. 2013) ve anti-
inflamatuar, antioksidan, anti-tiimoér, anti-apoptotik ve
anti-mikrobiyal etkiler dahil olmak iizere ¢ok sayida
farmakolojik ile biyolojik aktivitelerinin  oldugu
belirlenmistir (Xu ve ark. 2008; Suntres ve ark. 2015;
Sharifi-Rad ve ark. 2018). KRV bakimindan zengin kekik
suyunun, geleneksel olarak mide eksimesi basta olmak
lizere cesitli gastrointestinal rahatsizliklarin tedavisinde,
kan kolesterolii ve glukoz diizeylerinin distiriilmesinde
oral yolla kullanildig;; ayrica romatizmal agrilarda
haricen analjezik, halk hekimliginde ise antiseptik ve lokal
analjezik amagclarla uygulandigi rapor edilmistir (Oliveira
ve ark. 2012). Bunun yani sira KRV’nin hepatoprotektif ve
nefroprotektif etkiler sergiledigi (Nafees ve ark. 2013; ES
ve ark. 2015) ve mutlak etanol ile asitlendirilmis etanol
ile indiklenen mide lezyonlarini anlaml diizeyde
baskilayarak belirgin bir gastroprotektif etki ortaya
koydugu bildirilmistir (Oliveira ve ark. 2012). KRV’nin
antioksidan etkisinin aromatik halkaya bagl hidroksil
(OH) grubundan kaynaklandigi, anti-enflamatuar
etkisinin ise prostaglandin sentezinin inhibisyonu ile
iliskili oldugu; siklooksijenaz-2 (COX-2) aktivitesini
baskilayarak interlokin-1f (IL-18) ve prostaglandin E2
(PGE2) diizeylerini azalttig1 gosterilmistir (Hotta ve ark.
2010; Da Silva Lima ve ark. 2013; Shoorei ve ark. 2019;
Somensi ve ark. 2019). OH grubu iceren fenoller ile
yapilan bir ¢alismada fenol grubunun, hiicre i¢i serbest
radikalleri ortadan kaldirarak o6nemli bir antioksidan
gorevi gormesi bunu kanitlayacak nitelikte bir calisma
oldugu belirtilmistir (Bozkurt ve ark. 2024). Literatiirde
A-SHL'nin neden oldugu GiH’e iliskin calismalarin sinirh
oldugu, bu hasarin mekanizmasinin heniiz tam olarak
aydinlatilamadigl ve mevcut farmakolojik yaklasimlarin
yeterli etki gostermedigi dikkate alindiginda, bu
calismada A-SHL'ye bagh GiH'in biyokimyasal ve
molekiiler mekanizmalarinin arastirilmast  ve bu
toksisiteye karsi daha once etkileri incelenmemis olan
KRV’'nin potansiyel koruyucu roliiniin ortaya konulmasi
amaglanmaktadir.

MATERYAL VE METOT

Deney Hayvanlari

Atatiirk Universitesi Tibbi Deneysel Arastirma ve
Uygulama Merkezi biinyesinde temin edilen 200-250 g
agirligindaki yaklasik 12 haftalik 35 tane erkek Sprague-
Dawley sican c¢alisma boyunca kullanilmistir. Standart
laboratuvar sartlarinda (45+5% nem, 24+1 °C ve 12 saat
aydinlik/karanlik doéngilisii ve smirsiz yiyecek ile su
verilerek tutuldu.) barindirilmis ve deney oncesinde 7
glin adaptasyon siiresi saglanmistir. Bu siire boyunca
hayvanlara ad-libitum yem ve su verilmistir. Bu ¢alisma,
Atatiirk Universitesi Hayvan Deneyleri Yerel Etik
Kurulu'nun 25.02.2026 tarih ve 2026/2 sayili, 8 nolu
karar ile onaylanmis olup, tim deneysel uygulamalar
ulusal ve uluslararasi etik kurallar ¢ergevesinde
gerceklestirilmistir.

Kimyasallar

Calismada kullanilan Lambda-Sihalotrin (A-SHL; CAS No.
91465-08-6) ve Karvakrol (KRV; CAS No. 499-75-2),
Sigma Chemical Company (St. Louis, MO, ABD)’den temin
edilmistir. Mevcut yapilan analizlerde kullanilan biitiin
kimyasallar analitik saflikta olup ayni firmadan satin
alinmustir.
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Deneysel uygulamalar

Sicanlar rastgele secilerek, her biri yedi hayvandan olusan
bes deney grubuna ayrildi. A-SHL dozu (6.23 mg/kg/giin),
bu bilesik i¢in sicanlarda bildirilen oral LD50 degerinin
(~56-79 mg/kg) yaklasik 1/10'una karsilik gelecek
sekilde, sub-akut toksisite olusturmak ancak letal etki
gostermemek lizere se¢ilmis; bu doz aynmi zamanda
piretroid kaynakli sistemik toksisite modellerinde yaygin
olarak kullanilan sicanlarda etkili bicimde uygulanmis
doz ile uyumludur. KRV ig¢in secilen 25 ve 50 mg/kg/glin
dozlar1 ise literatiirde KRV'nin antioksidan, anti-
enflamatuar ve sitoprotektif etkilerini ortaya koyan
calismalarda giivenlik araligi icinde kalan ve doz-yanit
iliskisinin degerlendirilmesine olanak taniyan etkin
dozlar olarak tercih edilmistir (ileritiirk ve Kandemir
2023). Deneysel gruplar asagidaki sekilde olusturuldu:

Saglikli Kontrol Grubu (Kontrol): Ratlara 21 giin boyunca
oral olarak serum fizyolojik ¢6zeltisi uygulandi.

Karvakrol Grubu (KRV): Ratlara 21 giin boyunca gavajla
agizdan 50 mg/kg/viicut agirhigi olacak sekilde KRV
uyguland.

A -Sihalotrin Grubu (A-SHL): Ratlara 21 giin boyunca oral
olarak 6.23 mg/kg/viicut agirhigi A-SHL uygulandi.

A -Sihalotrin + Karvakrol25 Grubu (A-SHL+KRV25):
Ratlara 21 giin boyunca oral yolla 25 mg/kg/viicut agirligi
KRV verildikten 30 dakika sonra 6.23 mg/kg/viicut
agirligi A-SHL verildi.

A -Sihalotrin + Karvakrol50 Grubu (A-SHL+KRV50):
Ratlara 21 giin boyunca gavajla agizdan 50 mg/kg/viicut
agirligl olacak sekilde KRV verildikten 30 dakika sonra
6,23 mg/kg/viicut agirhigi A-SHL verildi.

Numunelerin Alinmasi: Son A-SHL uygulamasindan 24
saat sonra (22. giin) ratlar hafif sevofloran anestezisi
altinda sakrifiye edilerek mide ve bagirsaklar1 alindi
Alian dokular molekiiler ve biyokimyasal analizler i¢in -
80 °C’de muhafaza edildi.

Oksidatif Stres Parametrelerinin (MDA, GPx, SOD ve
GSH) Ol¢iimii

Malondialdehit (MDA) ve glutatyon peroksidaz (GPx)
olctimleri Elisa kit ile yapildi. MDA diizeyleri ve GPx
aktivitesi ticari ELISA kitleri kullanilarak iiretici firma
protokollerine uygun sekilde analiz edildi. Bu amagla, toz
haline getirilmis mide ve bagirsak ornekleri fosfat
tamponlu salin (PBS) icerisinde 1:20 (a/h) oraninda
seyreltilmis ve doku homojenizatorii (Qiagen, TissueLyser
II) yardimiyla homojenize edilmistir. Elde edilen
homojenatlar 4 °C’de 3500 rpm’de 15 dakika santrifijj
edilmistir. Siipernatantlar toplanarak malondialdehit
(MDA; Kat No: 201-11-0157), glutatyon Peroksidaz (GPx;
Kat No: 201-11-1705), diizeyleri agisindan, ilgili ELISA kit
tireticilerinin (Sunred Biological Technology, Shanghai,
China) protokollerine uygun olarak analiz edilmistir.

Hazirlanan homojenatta siiperoksit dismutaz (SOD)
aktivitesi, (Sun ve ark. 1988) tarafindan tanimlanan
yontem esas alinarak 6l¢iilmistiir. Bu yontem, ksantin-
ksantin oksidaz sistemi araciligiyla iiretilen siiperoksit
radikalinin nitroblue tetrazolium (NBT)'u indirgemesi
sonucu olusan renk degisimine dayanmaktadir. Reaksiyon
sonunda meydana gelen mavi renkli formazon bilesigi,
maksimum absorbans gosterdigi dalga boyu 560 nm’dir.
Formazonun 560 nm’de oOlgiilen absorbans degerleri
kullanilarak SOD aktivitesi hesaplanmistir.

Hazirlanacak homojenatta glutatyon (GSH) diizeyinin
olctimii (Sedlak ve Lindsay 1968) bildirdigi metoda gore
yapildi. Bu yonteme goére DTNB [5,5-Ditiyobis (2-

nitrobenzoik) asit], siilfidril grubuna sahip bilesikler
tarafindan indirgenerek meydana gelen sar1 renk
spektrofotometrede 412 nm dalga boyunda o6lgiildi.
Sonuglar, GSH i¢in standart grafik cizildikten sonra
ekstrapolasyon yontemi ile hesaplandu.

Real Time -PCR Analizleri

Aktive edici transkripsiyon faktorii 6 (Atf6), C/EBP
homolog proteini (Chop) ve protein kinaz RNA benzeri
endoplazmik retikulum kinazi (Perk), Bcl2 ile iligkili X
proteini (Bax), B-hiicreli lenfoma 2 (Bcl2) ve sistein-
aspartik asit proteaz 3 (Casp3) genlerine ait primerler,
NCBI'de yer alan Primer-BLAST aract kullanilarak
tasarlanmistir. Dokular homojenize edildikten sonra,
toplam RNA izolasyonu iretici firmanin talimatlar
dogrultusunda QIAzol Lizis Reaktifi (Qiagen, Kat. No.
79306)  kullanilarak  gercgeklestirilmistir. ~ RNA'nin
konsantrasyonu ve safligi NanoDrop spektrofotometresi
(BioTek Epoch) ile degerlendirilmistir. Toplam RNA’dan
cDNA sentezi, RT2 First Strand Kiti (Qiagen, Kat. No.
330404) kullanilarak yapilmistir. Kantitatif gercek
zamanli PCR (qRT-PCR) analizi, RT2 SYBR® Green qPCR
Mastermix (Qiagen, Kat. No. 330500) ve gene 0zgi
primerler kullanilarak Rotor-Gene Q Serisi Yazilimi 2.3.1
(Qiagen, Almanya) aracihigiyla gergeklestirilmistir.
Goreceli gen ekspresyon diizeylerinin hesaplanmasinda,
i¢ kontrol olarak B-aktin kullanilarak 2#-AACT yo6ntemi
uygulanmistir. Tasarlanan primer dizileri Tablo 1’'de
sunulmustur (Livak ve Schmittgen, 2001; Bolat ve ark.
2025).

Tablo 1: ilgili genlere ait primer dizilimleri.

Table 1: Primer sequences of the related genes.

Gen/ Forward g:i‘:flge Uzunluk Accession
Gene Primer (5'-3") (5'~3") (bp) No.
Atf TCAACTCAGCA GACCAGTGAC 130 NM_00110
CGTTCCTGA AGGCTTCTCT 7196.1
Perk GATGCCGAGAA AGATTCGAGA 198 NM_03159
TCATGGGAA  AGGGACTCCA 9.2
Cho GAAGCCTGGTA GAACTCTGAC 209 NM_00110
P TGAGGATCT TGGAATCTGG 9986.1
Casp3 ACTGGAATGTC GCAGTAGTCG 270 NM_01292
P2 AGCTCGCAA CCTCTGAAGA 2.2
Bax TTTCATCCAGG AATCATCCTC 154 NM_01705
ATCGAGCAG TGCAGCTCCA 9.2
Bel2 GACTTTGCAGA TCAGGTACTC 214 NM_01699
GATGTCCAG AGTCATCCAC 3.2
Acth CAGCCTTCCTT AGCTCAGTAA 360 NM_03114
CTTGGGTATG CAGTCCGCCT 4.3

Atf6: Activating Transcription Factor 6; Perk: Eukaryotic Translation
Initiation Factor 2 Alpha Kinase 3; Chop: DNA Damage Inducible
Transcript 3; Casp3: Caspase-3; Bax: Bcl-2-Associated X Protein; Bcl2: B-
Cell Lymphoma 2; Actb: Beta-Actin (B-Aktin, i¢ kontrol / endogenous
reference); bp: baz ¢ifti / base pair.

istatistiksel Analizler

Orneklem biiyiikliigii icin gii¢c analizi yapildi; a=0.05 ve
giic (1-B)=0.80 hedeflenmistir; her grupta n=7 grupta elde
edilen post-hoc giic 0.86 olarak hesaplanmistir. Giig¢
analizi icin Dhouibi ve ark. (2021) c¢alismasi referans
olarak alindi. Elde edilen verilerin istatistiksel analizleri
SPSS (Siiriim 22.0, IBM Corp., Armonk, NY, USA) yazilimi
kullanilarak gergeklestirilmistir. Calismadaki 6rnek sayisi
50'den az oldugundan, verilerin normal dagilim gdsterip
gostermedigini  belirlemek icin Shapiro-Wilk testi
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kullanildi. Test sonucunda, belirtegler i¢in p>0.05 degeri
elde edildi. Tim degiskenler normal dagilim gosterdigi
icin gruplar arasindaki farkliliklar tek yonli varyans
analizi (one-way ANOVA) ile incelenmis, gruplar arasi
karsilastirmalar i¢in Post Hoc test olarak Tukey testi
kullanildi. Tim veriler ortalama*standart sapma
(meanzSD) seklinde sunulmugtur. istatistiksel anlamlilik
diizeyi p<0.05, p<0.01, p<0.001 olarak kabul edilmis ve p
degerleri virgiilden sonra ii¢ basamakh olacak sekilde
raporlanmistir.

BULGULAR

OKksidatif Stres Parametrelerinin Sonuglari

A-SHL uygulamasinin, lipid peroksidasyonunu artirmasi
sonucu gastrointestinal dokularda MDA diizeyleri
istatistiksel ag¢idan arttig1 belirlenmistir (p<0.001).
Kontrol grubu ile A-SHL+KRV25 ve A-SHL+KRV50 gruplari
karsilastirildiginda mide dokusunda istatistiksel bir fark
varken (p<0.001), bagirsak dokusunda sadece A-
SHL+KRV25 grubuyla anlamh fark oldugu (p<0.001) ve A-
SHL+KRV50 grubuyla anlamli bir fark olmadigi tespit
edilmistir. Mide ve bagirsak dokularinda, A-SHL grubu ile

kiyaslandiginda A-SHL+KRV25, A-SHL+KRV50 ve KRV50
tedavi gruplarinda MDA diizeylerinde azalma oldugu
tespit edilmistir (p<0.001). Mide ve bagirsak dokularinda
her iki tedavi grubunda da MDA diizeyleri diistiigu
belirlenmis ancak A-SHL+KRV50 tedavi grubundaki diisiis
dramatik bir sekilde daha goktur (p<0.001) (Sekil 1).
A-SHL uygulamasi kontrol grubuna kiyasla GPx
seviyelerinde 6nemli derecede azalmaya sebep olmustur
(p<0.001). Bu diisiis, her iki dokuda da o6nemli bir
oksidatif stres olustugunu ve mevcut antioksidan
enzimlerin  serbest radikalleri noétralize ederken
tiikendigini gostermektedir. Mide dokusunda, A-SHL
uygulanan grup ile karsilastirildiginda GPx seviyelerinde
A-SHL+KRV25 ile anlamli bir fark olmadigi ve A-
SHL+KRV50 (p<0.001) ile anlaml bir degisiklik oldugu
tespit edilmistir. Bagirsak dokusunda, A-SHL uygulanan
grup ile kiyaslandiginda GPx seviyelerinde hem A-
SHL+KRV25 grubunda hem de A-SHL+KRV50 grubunda
anlamli fark bulunmustur (p<0.001). A-SHL+KRV25 ve A-
SHL+KRV50 tedavi gruplar1 arasinda istatistiksel agidan
her iki dokuda da anlamli fark oldugu belirlenmistir
(p<0.001) (Sekil 1).
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Sekil 1: A-SHL ile indiiklenen GIH {izerine KRV’nin gastrointestinal dokularda oksidatif hasarin géstergesi olan MDA ve GPx
lizerine etkisi. Her gruptaki siganlara ait veriler ortalama * standart sapma (SD) (n = 7) olarak belirtilmistir. Tek Yonli
ANOVA ve Tukey Post Hoc testi kullamilarak analiz edilmistir. Istatistiksel anlamlilik (kontrol vs. digerleri: *p<0.05, *p<0.01,
“p<0.001; A-SHL vs. digerleri: #p<0.05, ##p<0.01, ###p<0.001; A-SHL+KRV25 ve A-SHL+KRV50: 2p<0.05, 244p<0.01,

888p<0.001).

Figure 1: The effect of KRV on MDA and GPx, which are indicators of oxidative damage, in gastrointestinal tissue in the A-
SHL-induced GID. Data for the rats in each group are expressed as mean # standard deviation (SD) (n = 7). Analysis was
performed using One-Way ANOVA and Tukey Post Hoc test. Statistical significance was defined as follows: (control vs. others:
"p<0.05, *p<0.01, "p<0.001; A-SHL vs. others: #p<0.05, ##p<0.01, ###p<0.001; A-SHL+KRV25 and A-SHL+KRV50: 4p<0.05,

88p<0.01, 448p<0.001).

A-SHL uygulamasi kontrol grubuna kiyasla hem mide hem
de bagirsak dokularinda SOD seviyelerinde belirgin bir
diisiis tespit edilmistir (p<0.001). Her iki dokuda da A-
SHL uygulanan grup ile Kkarsilastirildiginda tedavi
gruplarinda SOD seviyelerinde anlamli artisin oldugu
(p<0.001), ozellikle mide dokusunda tedavi gruplarinda
uygulanan KRV ile beraber toksisitenin azaldigi hatta
kontrol grubunun seviyesine ¢iktig1 tespit edilmistir.
Bagirsak dokusunda ise yine tedavi gruplarinda toksisite
azalmis ancak SOD seviyeleri ytikselmis olsa da kontrol
grubunun seviyesine ¢ikmadigi belirlenmistir (Sekil 2).

180

GSH seviyeleri incelendiginde, kontrol grubu degerlerine
kiyasla A-SHL uygulamasi ile beraber her iki dokuda da
onemli bir diisiis sergiledigi saptanmistir (p<0.001). A-
SHL ile indiiklenen gastrointestinal hasar, es zamanli KRV
tedavisi ile her iki dokuda da geri ¢evrilmis 6zellikle A-
SHL+KRV50 tedavi gruplarinda kontrol grubu seviyesine
ciktigi ayrica bagirsakta bu seviye kontrol grubu
seviyesini daha ¢ok gectigi tespit edilmistir (p=0.007).
Tedavi gruplar1 degerlendirildiginde, her iki dokuda da
yliksek doz KRV grubundaki iyilesmenin diisiik doz
grubuna gore daha belirgin oldugu go6zlenmistir
(p<0.001) (Sekil 2).




[Karvakrol'iin GiH Koruyucu Etkileri]

Van VetJ, 2026, 37(2) 177-184

SOD

GSH (nmol/mg doku)

Mide-Barsak

Sekil 2: A-SHL ile indiiklenen GIH iizerine KRV'nin gastrointestinal dokularda oksidatif hasarin gdstergesi olan SOD ve GSH
iizerine etkisi. Her gruptaki sicanlara ait veriler ortalama # standart sapma (SD) (n=7) olarak belirtilmistir. Tek Yonli ANOVA
ve Tukey Post Hoc testi kullanilarak analiz edilmistir. Istatistiksel anlamhlik (kontrol vs. digerleri: *p<0.05, *p<0.01,
**p<0.001; A-SHL vs. digerleri: #p<0.05, ##p<0.01, ##p<0.001; A-SHL+KRV25 ve A-SHL+KRV50: 4p<0.05, 44p<0.01,

888p<0.001).

Figure 2: The effect of KRV on SOD, and GSH, which are indicators of oxidative damage, in gastrointestinal tissue in the A-
SHL-induced GID. Data for the rats in each group are expressed as mean * standard deviation (SD) (n=7). Analysis was
performed using One-Way ANOVA and Tukey Post Hoc test. Statistical significance was defined as follows: (control vs. others:
"p<0.05, *p<0.01, ™p<0.001; A-SHL vs. others: #p<0.05, ##p<0.01, ###p<0.001; A-SHL+KRV25 and A-SHL+KRV50: 4p<0.05,

88p<0.01, 884p<0.001).

Apoptotik Sinyal Yolaklar1 Parametreleri Analiz
Sonuglar1

A-SHL uygulamasi kontrol grubuna kiyasla hem mide hem
de bagirsak dokularinda Bax gen ekspresyon
diizeylerinde belirgin bir artisa neden olmustur
(p<0.001). Bu durum, A-SHL'nin hiicrelerde apoptozu
gliclii bir sekilde uyardigin1 géstermektedir. KRV50 tek
basina Bax gen ekspresyon seviyelerini kontroliin altina
diistirmiistiir. A-SHL ile birlikte uygulandiginda (A-SHL +
KRV25/50), doza bagh olarak Bax seviyelerinde anlaml
bir azalma saptanmistir (p<0.001). Ozellikle KRV50 dozu,
pro-apoptotik sinyali kontrol seviyelerine yaklastirmistir
(Sekil 3).

A-SHL uygulamasi kontrol grubuna kiyasla hem mide hem
de bagirsak dokularinda Bcl2 gen ekspresyon
diizeylerinde ciddi bir azalmaya sebep olmustur
(p<0.001). Bu durum hiicrenin savunma mekanizmasinin
zayifladigina isaret eder. KRV50 uygulamasi, Bcl2 gen
ekspresyon seviyelerini bazal seviyenin {lizerine ¢ikararak
hiicre koruyucu etkisini gostermistir. A-SHL'nin neden
oldugu diisiis, KRV ilavesiyle anlamli sekilde geri
dondirilmistir. A-SHL + KRV50 grubunda BclZ2 gen
ekspresyon seviyeleri, kontrol grubunun bile iizerine
cikmistir (p<0.001) (Sekil 3).

Apoptozun ana ylriitiicii enzimi olan Casp3 seviyeleri, A-
SHL uygulanan mide ve bagirsak dokularinda en yiiksek
seviyeye ulasmistir (p<0.001). Her iki dokuda KRV
uygulamasi, A-SHL  tarafindan  tetiklenen Casp3
aktivasyonunu doz bagimli olarak baskilamistir
(p<0.001). Ozellikle 50 mg/kg (KRV50) dozunun
kombinasyonu, enzimatik aktiviteyi kontrol degerlerine
kadar minimize etmistir. Her iki tedavi grubu birbirleri ile
kiyaslandiginda midede (p=0.016) ve bagirsakta
(p<0.001) anlamh bir fark oldugu tespit edilmistir (Sekil
3).

ER Stresi Parametreleri Analiz Sonuglari

Gastrointestinal dokularda Atf6 gen ekspresyonu diizeyi,
kontrol grubuyla kiyaslandiginda istatistiksel olarak artis
meydana gelmistir (p<0.001). Bu durum, A-SHL'nin ER
limeninde yanlis katlanmis protein birikimine bagh
olarak katlanmamis protein yamiti (UPR) yanitini
etkinlestirdigini kanitlamaktadir. A-SHL ile birlikte
uygulanan KRV (25 ve 50 mg/kg), Atf6 gen ekspresyon
seviyelerini doza bagh olarak diigiirmiistiir. Ozellikle A-
SHL + KRV50 grubunda, Atf6 seviyeleri A-SHL grubuna
gore ¢ok daha diistik seviyelerde saptanmistir (p<0.001).
Her iki tedavi grubu birbirleri ile kiyaslandiginda midede
(p=0.001) ve bagirsakta (p=0.011) anlamh bir fark oldugu
tespit edilmistir (Sekil 4).

ER stresinin en kritik sensorlerinden biri olan Perk gen
ekspresyonu seviyeleri, A -SHL grubunda Kkontrol
grubunun yaklasik 4.5 katina (mide) ve 2 Kkatina
(bagirsak) c¢ikarak en yiiksek degerine ulasmistir
(p<0.001). KRV ilavesi, Perk aktivasyonunu gicli bir
sekilde inhibe etmistir (p<0.001). A -SHL + KRV50
kombinasyonu uygulanan gruplarda Perk ekspresyonu,
kontrol degerlerine oldukea yakin seviyelere gerilemistir
(p<0.001) (Sekil 4).

ER stresine baghh apoptozun ana aracisi olan Chop gen
ekspresyonu seviyeleri, A-SHL uygulanan tiim dokularda
keskin bir sekilde artmistir (p<0.001). Bu artis, ER
stresinin siddetli oldugunu ve hiicreyi 6liime (apoptoz)
stirikledigini gostermektedir. KRV uygulamasi, Chop
ekspresyonunu 6nemli 6l¢iide baskilayarak (p<0.001) A-
SHL'nin neden oldugu pro-apoptotik ER stresi sinyallerini
zayiflatmistir. KRV50 dozunun etkisi, KRV25 dozuna gore
daha belirgin bulunmustur (p<0.001) (Sekil 4).
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Sekil 3: A-SHL ile indiiklenen GIH modelinde KRV’nin gastrointestinal dokularda apoptotik sinyal yolaklarimin (Bax, Bcl2 ve
Casp3) gen ekspresyon diizeyleri lizerine etkisi. Her gruptaki sigcanlara ait veriler ortalama # standart sapma (SD) (n=7)
olarak ifade edilmistir. Tek Yénlii ANOVA ve Tukey Post Hoc testi kullanilarak analiz edilmistir. Istatistiksel anlamlilik
(kontrol vs. digerleri: *p<0.05, *p<0.01, **p<0.001; A-SHL vs. digerleri: #p<0.05, ##p<0.01, ###p<0.001; A-SHL+KRV25 ve A-
SHL+KRV50: 2p<0.05, 24p<0.01, 244p<0.001).

Figure 3: The effect of KRV on the gene expression levels of apoptotic signaling pathways (Bax, Bcl2, and Casp3) in
gastrointestinal tissue in the A-SHL-induced GID model. Data for the rats in each group are expressed as mean * standard
deviaiton (SD) (n=7). Analysis was performed using One-Way ANOVA and Tukey Post Hoc test. Statistical significance was
defined as follows: (control vs. others: *p<0.05, *p<0.01, **p<0.001; A-SHL vs. others: #p<0.05, ##p<0.01, ###p<0.001; A-
SHL+KRV25 and A-SHL+KRV50: 4p<0.05, 44p<0.01, 444p<0.001).
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Sekil 4: A-SHL ile indiiklenen GIH modelinde KRV’nin gastrointestinal dokularda ER stresi belirteclerinin (Atf6, Perk ve Chop)
gen ekspresyon diizeyleri lizerinde etkisi. Her gruptaki sicanlara ait veriler ortalama + standart sapma (SD) (n=7) olarak

ifade edilmistir. Tek Yénlii ANOVA ve Tukey Post Hoc testi kullamlarak analiz edilmistir. Istatistiksel anlamlilik (kontrol vs.
digerleri: "p<0.05, "p<0.01, **p<0.001; A-SHL vs. digerleri: #p<0.05, ##p<0.01, #*p<0.001; A-SHL+KRV25 ve A-SHL+KRV50:
4p<0.05, 424p<0.01, 444p<0.001).

Figure 4: The effect of KRV on the gene expression levels of endoplasmic reticulum stress markers (Atf6, Perk, and Chop) in
gastrointestinal tissue in the A-SHL-induced GID model. Data for the rats in each group are expressed as mean * standard
deviation (SD) (n=7). Analysis was performed using One-Way ANOVA and Tukey Post Hoc test. Statistical significance was
defined as follows: (control vs. others: *p<0.05, “p<0.01, *p<0.001; A-SHL vs. others: #p<0.05, ##p<0.01, ###p<0.001; A-
SHL+KRV25 and A-SHL+KRV50: 4p<0.05, 44p<0.01, 244p<0.001).
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TARTISMA VE SONUC

Bu c¢alismada A-SHL uygulamasi, gastrointestinal
dokularda lipit peroksidasyonunun gostergesi olan
MDA’nin arttigini ve antioksidan savunma sistemleri olan
SOD, GSH ve GPx'in baskilandigin1 géstermistir. Sonuglar
degerlendirildiginde, KRV uygulamasinin lipid
peroksidasyonunu baskilayarak ve antioksidan savunma
sistemini giiclendirerek A-SHL kaynakli gastrointestinal
hasar1 azalttig1 tespit edilmistir. Bu bulgular, sentetik
piretroidlerin hedef dis1 dokularda ROS {iretimini
artirarak oksidatif hasara yol actigimi bildiren o6nceki
calismalarla uyumludur (Kale ve ark. 1999; Fetoui ve ark.
2009). Mevcut giincel calismalar, piretroid maruziyetine
bagh oksidatif stresin yalmizca lipid hasariyla smirh
kalmayip hiicresel sinyal aglarini da derinden etkiledigini
gostermektedir (Yang ve ark. 2020).

Oksidatif stresin artisina paralel olarak Bax/Bcl-2
oraninin ylikselmesi ve Casp3 aktivasyonunun artmasi,
mitokondriyal apoptotik yolaklarin aktive oldugunu
gostermektedir. Apoptozun, ER stresi ile fonksiyonel
olarak baglantili oldugu ve 6zellikle Perk-Chop ekseninin
apoptotik sinyallesmeyi giiclendirdigi bildirilmektedir
(Dogan ve ark. 2023; Fang ve ark. 2024). Bu calismada
Perk, Atf6 ve Chop gen ekspresyonlarinin artmasi, A-SHL
maruziyetinin gastrointestinal dokuda belirgin bir ER
stresi yaniti olusturdugunu gostermektedir.

Bu bulgular, A-sihalotrin kaynakli GIH’de endoplazmik
retikulum stresi ile mitokondriyal apoptotik yolak
arasinda  karmasik  bir  etkilesim  bulundugunu
diistindiirmektedir. Perk ve Atf6 yolaklarinin anlamh
diizeyde yukar1 regille edilmesi, A-sihalotrinin
endoplazmik retikulumda protein katlanma homeostazini
bozdugunu ve pro-apoptotik transkripsiyon faktori
Chop’un aktivasyonuna yol actigin1 gostermektedir. ER
stresi aracili bu apoptotik siireg, Bax/Bcl2 oranindaki
artis ve Casp-3 aktivasyonuyla da desteklenmektedir.
Mekanistik olarak Chop’un kronik aktivasyonu anti-
apoptotik Bcl2 ekspresyonunu baskilarken, Baxin
mitokondriye translokasyonunu tesvik ederek sitokrom-c
salinimini ve ardindan kaspaz kaskadinin aktivasyonunu
tetiklemektedir. Gilincel veriler ayrica ER stresinin
bagirsak bariyer biitiinligiinii bozarak inflamasyon ve
hiicre 6limiini hizlandirdigini ve GIH'de o6nemli bir
mekanizma haline geldigini belirtmektedir (Chen ve ark.
2023; Fang ve ark. 2024). Ayrica A-SHL'nin bagirsak
mikrobiyota = kompozisyonunu ve  safra  asidi
metabolizmasini degistirdigi, bunun da gastrointestinal
hasar1 dolayli olarak siddetlendirebildigi gosterilmistir
(Zheng ve ark. 2024).

KRV uygulamasi ise 6zellikle yliksek dozda oksidatif stres
belirteglerini  baskilamis, apoptoz ve ER stresi
parametrelerini anlamh sekilde azaltmistir. Bu durum,
KRV'nin yalnizca antioksidan o6zellikleriyle degil ayni
zamanda UPR sensorlerini modiile ederek sitoprotektif
etki gosterebilecegini diisiindiirmektedir. Nitekim KRV
uygulamasi Perk ve Atf6 ekspresyonunu baskilayarak
hiicresel stres yanitini sinirlamis ve Chop aracili terminal
apoptoza gecisi azaltmis goOriinmektedir. Son donem
calismalar1 da KRV'nin A-SHL kaynakli toksisiteyi
antioksidan savunmayi giiclendirmenin yani sira apoptoz
ve ER stresi yolaklarini birlikte modiile ederek azalttigini
gostermektedir (Kandemir ve ark. 2025). Ayrica KRV’nin
bagirsak epitelinde oksidatif stres kosullarinda hiicresel
dayaniklihg: artirdig ve bariyer fonksiyonunu korudugu
bildirilmektedir (Hsu ve ark. 2025).

Mevcut calismanin gii¢lii yonlerinin yani sira, bulgularinin
yorumlanmasinda goéz 6niinde bulundurulmasi gereken

bazi kisithliklar1 bulunmaktadir. Birincisi, ¢alismamizda
endoplazmik retikulum stresi (Atf-6, Perk, Chop) ve
apoptotik sinyallesme (Bax, Bcl2, Casp3) yolaklarina ait
belirtegler yalnizca mRNA diizeyinde degerlendirilmis,
protein diizeyinde Western Blot veya
immiinohistokimyasal (IHK) yontemlerle dogrulama
yapilmamistir. Transkripsiyonel diizenlenmenin protein
ekspresyonuna her zaman dogrudan yansimayabilecegi
ve post-transkripsiyonel mekanizmalarin ER stresi ve
apoptoz proteinlerinin nihai aktivitesinde belirleyici rol
oynayabilecegi bilinmektedir. Bu nedenle, gen ekspresyon
profilinde gozlenen degisikliklerin protein diizeyinde de
dogrulanmasi, KRV'nin koruyucu etkisinin molekiiler
mekanizmasinin daha gii¢lii bicimde ortaya konulabilmesi
acisindan énem tasimaktadir. ikinci olarak, calismamizda
gastrointestinal hasar oksidatif stres, ER stresi ve apoptoz
parametreleri lizerinden molekiiler ve biyokimyasal
diizeyde kapsaml sekilde degerlendirilmis; ancak doku
diizeyindeki mikroskobik hasarin ortaya konulmasini
saglayacak histopatolojik incelemeler yapilmamistir.
Villus boyu kisalmasi, kript hasari, mukozal biitiinligiin
bozulmasi ve enflamatuar hiicre infiltrasyonu gibi yapisal
degisikliklerin degerlendirilmemis olmasi, A-SHL kaynakl
doku hasarinin ve KRV'nin koruyucu etkinliginin
morfolojik diizeyde objektif olarak skorlanmasina olanak
tanimamustir. Bu durum, biyokimyasal bulgularin
yorumlanmasinda bir kisithlik olusturmaktadir. Sonraki
calismalarda, mevcut molekiiler bulgularin Western Blot
ve IHK gibi protein diizeyi analizleri ile desteklenmesi,
ayrica rutin histopatolojik degerlendirme ve TUNEL gibi
in situ apoptoz tespit yontemlerinin kullanilmasi, KRV'nin
A-SHL toksisitesine kars1 sergiledigi gastroprotektif
etkinin biitlincil bicimde ortaya konulmasma o6nemli
katki saglayacaktir.

Sonu¢ olarak, bu c¢alisma A-SHL'nin gastrointestinal
dokuda olusturdugu toksisitenin oksidatif stres, ER stresi
ve buna bagl gelisen apoptotik sinyallesme yolaklari ile
yakindan iligkili oldugunu ortaya koymustur. Elde edilen
bulgular, A-SHL maruziyetinin 6zellikle Perk ve Atf6 sinyal
yolaklarim1 aktive ederek hiicre ici protein katlanma
homeostazini bozdugunu ve bunun sonucunda pro-
apoptotik  bir transkripsiyon faktorii olan Chop
diizeylerinde belirgin artisa yol ag¢tigini gostermistir.
Artan Chop ekspresyonu ile birlikte Bax/Bcl2 dengesinin
apoptotik yonde degismesi ve Casp3 aktivasyonunun
tetiklenmesiyle beraber ER stresinin geri doniissiiz 6zellik
kazanmasindan dolay1 hiicre o6liimiiniin baslatildigini
dogrulamaktadir. Bununla birlikte, dogal bir fenolik
bilesik olan KRV uygulamasinin bu patolojik siiregleri
doza bagh olarak anlamli sekilde baskiladig1 belirlenmis;
ozellikle 50 mg/kg dozunda KRV'nin pro-apoptotik
belirtegleri (Bax, Casp3 ve Chop) azaltirken anti-apoptotik
Bcl2 duzeylerini korudugu ve antioksidan savunma
sistemini yeniden dengeleyerek gastrointestinal dokuda
belirgin bir sitoprotektif etki olusturdugu saptanmistir.
Bu bulgular, KRV'nin yalnizca gii¢lii bir antioksidan degil,
ayni zamanda ER stres yamtlarini modiile edebilen
potansiyel bir farmakolojik ajan oldugunu ve piretroid
kaynakli gastrointestinal hasarin 6nlenmesinde umut
verici bir dogal Kkoruyucu strateji sunabilecegini
gostermektedir. Bununla birlikte, bu koruyucu etkinin
molekiiler diizeydeki mekanizmalarinin daha ayrintih
bicimde ortaya konabilmesi icin gelecekte yapilacak
calismalarin uzun silireli maruziyet modelleri ile
desteklenmesi, mekanizmanin klinik diizeyde ne o6l¢iide
aktarilabilir oldugunu netlestirecektir.
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Geleneksel El Yapimi Nigde Basma Bidon Tulum Peynirlerinin Karakterizasyonu:

Uretim Degiskenlerinin Mikrobiyal Ekosistem Uzerindeki EtKisi

Fulden KARADALL*® Tuba SAKIN SAHIN'® Cemalettin BAGCI'® Nurhan ERTAS ONMAZ?

1 Nigde Omer Halisdemir Universitesi, Bor Meslek Yiiksekokulu, Gida Isleme Béliimii, 51700, Nigde, Tiirkiye
2 Erciyes Universitesi, Veteriner Fakiiltesi, Gida Hijyeni ve Teknolojisi Anabilim Dali, 38280, Kayseri, Tiirkiye

Gelis Tarihi: 31.03.2026 Kabul Tarihi: 07.07.2026

0z

Geleneksel el yapimi peynirler, tiretim teknikleri, hammadde 6zellikleri ve olgunlagsma kosullarina bagh olarak
karmasik bir mikrobiyal ekosistem olusturur. Bu ¢alismada, plastik bidonlarda preslenip olgunlastirilan ve bugiine
kadar sistematik olarak karakterize edilmemis geleneksel Nigde basma bidon tulum peynirlerinden 48 drnegin
fizikokimyasal ve mikrobiyolojik o6zellikleri incelenmis, Tiirk Gida Kodeksi (TGK) kriterlerine uygunluklari
degerlendirilmis, fizikokimyasal parametrelerin mikrobiyal yiik iizerine etkisi belirlenmis ve drnekler Hiyerarsik
Kiimeleme Analizi (HKA) ile simflandirilmistir. HKA sonuglarina gore drnekler ii¢ kiimeye ayrilmistir. Kiime 1
(n=11), yiiksek nem (%54.11+8.71) ve pH (5.58+0.28) ile diisiik titre edilebilir asitlik (%0.91+0.27 LA) ile
karakterize edilmis ve yiiksek Koagulaz Pozitif Stafilokok (KoPS) seviyeleri (4.41+2.44 log kob/g) gdstermistir.
Kiime 2 (n=9), en diisiik nem (%36.19+4.56) ve kuru maddede en yiiksek yag (%63.92+9.45) icerigi ile mikrobiyal
biiyimenin kisitlandig1 grup olmustur. Kiime 3 (n=28), drneklerin %58.3'linli olusturmus; diisitk pH (4.90+0.34).
ylksek asitlik (%2.20+0.39 LA) ve yiiksek Laktik Asit Bakterileri (LAB) sayisi (6.55+0.55 log kob/g) ile aktif
fermantasyon profili sergilemistir. Peynirlerde genel olarak biyolojik koruyucu potansiyeli olan LAB tiirleri baskin
olmasina ragmen (6.06+1.38 log kob/g), érneklerin %54.2’sinde ortalama 6.33+0.51 log kob/g diizeyinde tespit
edilen KoPS, yetersiz asitifikasyon veya post-proses kontaminasyona isaret etmektedir. Yagsiz peynir kitlesindeki
nem orani (PYKN) Ortalama %59.06+9.56 olup, 6rneklerin %33.3’li yar1 sert. %27.1’i sert olarak siniflandirilmistir.
Orneklerin %41.7’sinin TGK’nin %45 nem sinirini astig, yiiksek pH ve nemin Fekal Koliform (FK) ve Toplam Aerob
Mezofil Bakteri (TAMB) artis1 ile anlamh iligkili oldugu tespit edilmistir (p<0.05). Bulgular, peynir iiretiminde
geleneksel 6zellikler korunurken nem, olgunlasma siireci ve hijyen saglama asamalarinda kontroliin artirilmasi
gerektigini ortaya koymaktadir.

Anahtar Kelimeler: Istatistiksel veri analizi, Kimyasal analiz, Koloni olusturan birimler yéntemi, Peynir.

ABSTRACT

Characterization of Artisanal Nigde Basma Bidon Tulum Cheeses: Impact of
Processing Variables on Microbial Ecosystems

Traditional cheeses represent a complex microbial ecosystem shaped by production techniques, raw material
characteristics, and ripening conditions. In this study, the physicochemical and microbiological properties of 48
samples of traditional Nigde pressed and matured cheese locally referred to as “bidon” that had not been
systematically characterized to date were examined, their compliance with the Turkish Food Codex (TFC) was
evaluated, the effect of physicochemical parameters on microbial load was determined, and the samples were
classified using Hierarchical Clustering Analysis (HCA). According to the HCA results, the samples were divided into
three distinct clusters. Cluster 1 (n=11) was characterized by high moisture (54.11+8.71%) and pH (5.58+0.28)
levels, coupled with elevated Coagulase-positive Staphylococcus (CoPS) counts (4.41+2.44 log cfu/g). Cluster 2 (n=9)
exhibited restricted microbial growth, featuring the lowest moisture content (36.19 + 4.56%) and the highest fat
content in dry matter (63.92+9.45%). Cluster 3 (n=28), representing 58.3% of the samples, showed an active
fermentation profile with low pH (4.90 * 0.34), high acidity (2.20+0.39% LA), and a dominant Lactic Acid Bacteria
(LAB) count (6.55+0.55 log cfu/g). Although LAB species with biological protective potential were dominant
(6.06x1.38 log cfu/g), CoPS detected in 54.2% of the samples at an average level of 6.33+0.51 log cfu/g indicates
insufficient acidification or post-process contamination. The mean MNFS (Moisture in Non-Fat Substance) was
59.06+9.56%, with 33.3% of the samples classified as semi-hard and 27.1% as hard. It was found that 41.7% of the
samples exceeded the 45% moisture limit of the TGC and high pH and humidity were significantly associated with
increased Fecal Coliform (FC) and Total Aerobic Mesophilic Bacteria (TAMB) (p<0.05). These findings indicate that
stricter control of moisture, ripening conditions, and hygiene practices is essential to ensure safety while preserving
traditional characteristics.

Keywords: Cheese, Chemical analysis, Colony forming units assay, Statistical data analysis.
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GiRiS

Peynir; siit, yagsiz siit veya yayikalti gibi siit iiriinlerinin
peynir mayast ya da zararsiz organik asitlerle
pthtilastirilmasi, olusan pihtinin  suyunun siiziilmesi,
sekillendirilmesi ve tuzlanmasiyla elde edilen; taze olarak
ya da olgunlastirildiktan sonra tiiketilebilen bir siit
Urinidir. Dayaniklhilifl, zengin bilesimi, yiliksek besin
degeri ve kendine 6zgii aromasi nedeniyle peynir, insan
beslenmesinde 6nemli bir yere sahip olup, en eski gida
fermantasyon lriinlerinden biri olarak kabul edilmektedir
(Mazzocca ve ark. 2024; Alfaki ve ark. 2026). Tirkiye’'de
resmi kaynaklara gore kiiltiirel, ekonomik ve gastronomik
alanda 6nemli rollere sahip olan ve farkh karakteristik
ozellikler sergileyen 50 civarinda 06zglin peynir cesidi
oldugu belirtilmektedir. Bu peynirlerin iretim siiregleri
bolgeye gore farklilik gosterebilmekte; drnegin ¢ig siitiin
laktik asit bakterileriyle (LAB) zenginlestirilmesi amaciyla
dogal starter kiiltiirler kullanilmaktadir (Cakmakg1 ve ark.
2008; Kamber ve Terzi 2008). Peynirlerin siiflandirilmasi
ve Kkalite kriterleri uluslararast ve wulusal gida
kodekslerinde  belirtilen ¢esitli  prensiplere  gore
yapilmakta; fizikokimyasal ve mikrobiyolojik 6zellikleri ile
ilgili standartlar TGK Peynir Tebligi ve TGK Mikrobiyolojik
Kriterler Yonetmeligi tarafindan belirlenmektedir (TGK
2015; TGK 2025).

Ulkemizdeki peynirler; pihtilastirma yontemi, olgunlasma
siiresi ve yontemi, tekstir ve yag oranina gore
siniflandirilmaktadir  (Cakmaker ve ark. 2008). Bu
cesitlerden biri olan tulum peyniri, Orta Anadolu’'nun iklim
ve cografi ozelliklerine uygun olarak tretilen geleneksel
bir tirdir. Tulum peyniri tretiminde pihtilastirilan ve
siiziilen teleme; deri, toprak veya plastik kaplara sikica
basilarak topraga gomilmekte ve anaerobik ortamda
olgunlastirilmaktadir (Kamber ve Terzi 2008; Tekin ve
Giiler 2021; Cetin ve ark. 2025).

Nigde yoresinde tulum peyniri, sadece inek siiti veya
koyun sitii karisimindan, kullanilan olgunlastirma
ambalajina bagh olarak deri tulumu ve basma bidon
tulumu olmak tizere iki farkli sekilde iiretilmektedir (Cetin
ve ark. 2025). Daha dnceki calismalarda deri, plastik bidon,
comlek gibi materyallerde olgunlastirilan  tulum
peynirlerinin kimyasal ve mikrobiyolojik 6zelliklerinin
tretiminde kullanilan ambalaj materyali, olgunlasma
kosullar1 ve c¢evresel faktorlerden etkilenebildigi; bu
durumun irin kalitesi ve gida giivenliginde Onemli
degiskenliklere yol acabildigi rapor edilmistir (Hayaloglu
ve ark. 2007; Tarak¢1 ve Durmus 2016; Cakir ve Cakmakci
2018).

Literatiirde Nigde basma bidon tulum peynirinin
gastronomi  turizmi  potansiyeline  ydnelik  nitel
degerlendirmeler bulunmakla birlikte (Cetin ve ark. 2025),
bu peynirin fizikokimyasal ve mikrobiyolojik Kkalite
ozelliklerinin incelendigi veya TGK’'da tanimlanan standart
kriterlere uyum diizeyine iliskin bilimsel veriler
olusturuldugu bir c¢alisma bulunmamaktadir. Bu
calismanin amaci, Nigde yoresinde iiretilen ve “basma
bidon tulum” olarak adlandirilan geleneksel peynirlerin
kimyasal ve  mikrobiyolojik  kalite  &zelliklerini
karsilastirmali olarak belirlemek ve elde edilen bulgularin
TGK Peynir Tebligi'ne uygunlugunu degerlendirmektir; bu
kapsamda calisma, SOz konusu peynirlerin
standardizasyonuna katki saglamay1 ve gida giivenligi
acisindan  bilimsel bir veri temeli olusturmayi
hedeflemektedir.
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Bu ¢alismada, Kasim 2024 - Subat 2025 tarihleri arasinda
Nigde ilinin farkh ilce, kéy ve beldelerinden, termizasyon
islemi uygulanmis siitlerden iiretilen (50-60°C) toplam 48
adet basma bidon tulum peyniri temin edildi, soguk zincir
ile laboratuvara getirilerek analiz edildi. Ornekleme
alanlari ilin farkli cografi bolgelerini ve tiretim kosullarim
temsil edecek sekilde belirlendi, 6rnekleme noktalar Sekil
1’de sunuldu. Bu kapsamda 6rnekleme; Merkez (n=19),
Camardi (n=12), Bor (n=11), Ulukisla (n=4), Altunhisar
(n=1) ve Ciftlik (n=1) ilgelerinde yer alan toplam 32 farkl
yerlesim biriminden gerceklestirildi (Tablo 1). Peynir
orneklerinin temini sirasinda {reticilerle goriistildi ve
peynir yapim siirecinin asamalar1 genel olarak belirlendi
(Sekil 2).

Nigde Basma Bidon Tulum Peyniri Ornekleme Lokasyonlari

3846 Nevsehir
flik [ - }
B84 ¢ \ Merkez

\ ST Kayseri

2] Aksaray I

e \ . Camardi |
.

- Y . 4 J
Altunhisar "\, /
=380 s i \ o ‘o [ /
& \ /
5 378 / - 4
R i
76 —
Adana
Nigde li
Ulukisla |
74 P ‘
72
Mersin
B75 3400 3425 3450 3475 3500 3525 3550 75

Boylam (Dogu)

Sekil 1: Nigde basma bidon tulum peynirlerinin
ornekleme lokasyonlari.

Figure 1: Sampling locations of Nigde basma bidon tulum
cheeses.
Tablo 1: Peynir 6rneklerinin temin edildigi lokasyonlar.

Table 1: Locations from which cheese samples were
obtained.

Ornek
ilge Yerlesim Birimi (Kdy/Belde) Sayisi
(n)
Kiledere (7), Hasakoy (2), Glimiisler (1), Alay
Merkez (1), Sazlica (1), Hangerli (1), [gmeli (1), 19

Cavdarl (1), Elmal (1), Yesilburg (1),
Uluagag (1), Aslama (1)

flce Merkezi (5), Bademdere (2), Burg (1),
Camardi  Celaller (1), Cukurbag (1), Demirkazik (1), 12
Ugkapih (1)

Kaynarca (4), Bahceli (1), Halag (1),

Bor Karamahmutlu (1), Badak (1), Kilavuz (1), 11
Incirli (1), Karanlkdere (1)

Ulukigla  Karatepe (1), Ciftehan (2), Hiisniye (1) 4

Ciftlik Azath (1) 1

Altunhisar Feslegen (1) 1

TOPLAM 32 Farkl Lokasyon 48
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Nigde Basma Bidon Tulum Peynirinin Geleneksel Uretim Siireci

3 Pitilastima [l Prhtimn Kesimi Siizme & 8idona Basma Topraga
. B40°C &Isil slem Tuzlama & Kapatma Gomme.
Sit o Mok Rennet 50-60°C %3-5Tuz 1 el

Sekil 2: Nigde basma bidon tulum peynirinin geleneksel
uretim siireci.

Figure 2: Traditional production process of Nigde basma
bidon tulum cheese.

Mikrobiyolojik Analizler

Peynir drneklerinin mikrobiyolojik kalitesinin belirlenmesi
amaciyla toplam aerobik mezofilik bakteri (TAMB),
mezofilik laktik asit bakterileri (LAB), Mikrokok-
stafilokok, Koagulaz Pozitif Staphylococcus (KoPS), maya
ve kiif, koliform ve fekal koliform (FK) grubu bakterilerin
sayimlar1 gerceklestirildi. Bu amagla, her bir peynir
orneginden aseptik kosullarda 25 g alindi ve 225 mL
%0.25’lik Ringer ¢ozeltisi (Merck, Almanya) ile homojenize
edildi; elde edilen homojenattan 10™*-107¢ araliginda seri
ondalik diliisyonlar hazirlandi. Hazirlanan diliisyonlardan
uygun hacimlerde o6rnek alinarak, ilgili mikroorganizma
gruplarinin  saymmi i¢in secici ve/veya diferansiyel
besiyerlerine dékme plak veya yayma plak yontemleriyle
ekim yapild.

TAMB sayimi icin Plate Count Agar’da (PCA, Merck
105463) 30 °C'de 48-72 saat inkiibasyon uyguland,
olusan tiim Kkoloniler degerlendirmeye alind1 (ISO 4833
2013). Laktik asit bakterileri (LAB) Man-Rogosa-Sharpe
Agar (MRS, Merck 110660) agarda anaerobik kosullarda
30°C'de 48-72 saat inkiibasyonla belirlendi, kigciik,
diizensiz yapili, kirli beyaz veya krem renkli koloniler
sayild1 (ISO 15214 1998). Maya-kif sayimi icin pH'1 3.5'e
ayarlanmis Potato Dextrose Agar (PDA, Merck 110130)
besiyeri 28 °C'de 5 giin inkiibe edildi, tipik koloniler
degerlendirildi (Halkman 2005). Mikrokok ve stafilokok
sayim1 Mannitol Salt Agar (MSA, Merck 105404)
besiyerinde 37 °C'de 24-48 saatlik inkiibasyonla, KoPS ise
yumurta sarisi-telliirit emdtlsiyonuyla zenginlestirilmis
Baird-Parker Agar (BPA, Merck 105406) besiyerinde 35-
37 °C'de 24-48 saatlik inkiibasyonla gerceklestirildi
(Kaban ve Kaya 2006; ISO 6888-1 2021). MSA’daki sar1 zon
olusturan ve pembe-kirmizi, BPA’daki etrafinda
karakteristik seffaf zon (hale) bulunan siyah renkli
koloniler sayildi, siipheli koloniler koagiilaz testiyle
dogrulandi. Koliform ve FK bakteriler Violet Red Bile
Lactose Agar (VRBL, Merck 101406) besiyerinde dokme
plak yontemiyle, sirasiyla 35 °C ve 44-45 °C'de 24-48 saat
inkiibe edilerek kirmizi, pembe ve renksiz koloniler sayildi
(ISO 4832 2006). Sonuglar log kob/g cinsinden ifade
edildi; tespit smirinin altindaki degerler 0.5 log kob/g
olarak normalize edildi. Metinde ve Tablo 3'te sunulan
ortalama mikrobiyal yiik degerleri, ilgili
mikroorganizmanin tespit edildigi pozitif o6rnekler
izerinden hesaplandi.

Kimyasal Analizler

Nem ve kuru madde igerigi TS 591 ve TS EN ISO 5534
standartlarina goére 102+2 °C'de sabit agirliga gelinceye
dek kurutma yontemiyle belirlendi (TSE 2006). Yagsiz
peynir kitlesindeki nem orani (PYKN),

PYKN = Nem Miktar1 (g) / [Toplam Agirhik (g) - Yag
Miktar1 (g)] x 100 formiiliiyle hesaplanarak érnekler TGK

peynir tebligine gore siniflandirildi (Guinee ve ark. 2007;
TGK 2015).

Yag icerigi TS 8189 esasina gore Gerber yontemiyle
belirlendi ve sonuglar kuru maddede yag olarak ifade
edildi (TSE 1990). pH degeri, 6rneklerin distile su ile 1:1
oraninda homojenize edilmesinin ardindan pH-metre
(Isolab, 422522) ile ol¢iildii. Titrasyon asitligi 0,1 N NaOH
cozeltisiyle fenolftalein indikatori kullanilarak titre edildi
ve sonuglar % laktik asit (m/m) cinsinden ifade edildi (TSE
2006; Saymn ve ark. 2025). Tuz igerigi Mohr ydntemiyle
belirlenerek kuru maddede tuz bazinda da hesaplandi
(Saymn ve ark. 2025). Kil tayini gravimetrik ydntemle
550+20 °C'de tam yakma yoluyla gergeklestirildi (TSE
2006).

istatistiksel Analizler

Verilerin istatistiksel degerlendirmesi IBM SPSS Statistics
25 yazilimi kullanilarak gergeklestirildi. Calismaya dahil
edilen 6rneklem biiyiikligi (n=48), Nigde iline bagh alt1
ilcedeki peynir ireticilerine ulasilabilirlik durumu temel
alinarak belirlendi; dnceden gii¢ analizi yapilmadi. Tim
fizikokimyasal ve mikrobiyolojik parametreler icin
tanimlayici istatistikler (ortalama # standart sapma,
minimum, maksimum) hesaplandi. Veri dagiliminin
normalligi Shapiro-Wilk testi ile degerlendirildi. Normal
dagilm varsayiminin karsilanmadigl tiim parametreler
icin  fizikokimyasal ve mikrobiyolojik degiskenler
arasindaki iliskiler Spearman Rho korelasyon katsayisi (p)
ile incelendi; anlamlilik esigi p<0.05 olarak belirlendi.

Orneklerin kiimelenmesi amaciyla yedi temel parametre
(nem, sertlik/PYKN, pH, titre edilebilir asitlik, TAMB, LAB
ve KoPS) secildi. Tim degiskenler Z-skorlariyla
standardize edilerek HKA, Ward baglanti yontemi ve Kare
Oklid Mesafesi kullanilarak uygulandi. Bu analizler ile
takip eden Tek Yonli ANOVA/Welch testlerinde veri
setinin bitlinliigiini  korumak amaciyla, tespit siir1
altindaki degerler 0.5 log kob/g olarak normalize edilerek
tlim veri seti (n=48) kullanildi. Olusan ii¢ kiime arasindaki
farklhliklarin istatistiksel anlamlilig), varyans homojenligi
Levene testi ile dogrulandiktan sonra homojen varyans
durumunda Tek  Yoénli ~ ANOVA, homojenligin
saglanamadigl durumlarda Welch testi ile belirlendi. Post-
hoc karsilastirmalar, varyans homojenligine bagh olarak
sirasiyla Tukey HSD veya Tamhane T2 testleri ile yapildi
(p<0.05).

BULGULAR

Calismada analiz edilen 48 6rnegin, TGK Peynir Tebligi'nde
belirtilen yagsiz kuru maddede nem (PYKN) degerlerine
gore yapilan siniflandirmasinda, Orneklerin 16’sinin
(%33.3) yart sert, 13’liniin (%27.1) sert ve 6’sinin (%12.5)
ekstra sert oldugu belirlendi. Ayrica, 6rneklerin 6’sinin
(%12.5) yar1 yumusak ve 7’sinin (%14.6) yumusak peynir
grubunda yer aldig1 tespit edildi. Peynir 6rneklerindeki
nem seviyeleri degiskenlik gosterdi. Analiz edilen 48
peynir 6rneginin 20’sinde (%41.7) nem igeriginin %45-65
araliginda oldugu belirlendi. Bunu, 15 6rnekte (%31.3)
%40'1n altinda ve 11 drnekte (%22.9) %40-45 araliginda
bulunan nem degerleri izledi. En yliksek nem igerigi ise 2
ornekte (%4.2) %65-80 araliginda tespit edildi (Tablo 2).

Kuru maddede yag icerigine goére yapilan siniflandirmada
analiz edilen 48 6rnegin 28’inin (%58.3) yarim yaglh, 18’inin
(%37.5) tam yagli ve 2’sinin (%4.2) az yagh oldugu belirlendi.
Tam yagh orneklerin biiyik ¢ogunlugunun (n=13) merkez
boélgeden temin edildigi, digerlerinin ise Camardi (n=2),
Ulukisla (n=1), Altunhisar (n=1) ve Ciftlik (n=1) bdlgelerinden
elde edildigi tespit edildi. Bor bdlgesinden toplanan drneklerin
tamaminin (%100) yarim yagh oldugu belirlendi. Az yagh
peynirlerin  ise  Camardi/Bur¢ ve Ulukisla/Karatepe
bolgelerinden temin edildigi gorildii (Tablo 2).
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Tablo 2: Nigde basma bidon tulum peyniri 6rneklerinin ilge bazh ortalama fizikokimyasal analiz sonuglar:
Table 2: Average physicochemical analysis results of Nigde basma bidon tulum cheese samples by district.

Kuru Kuru
) . .
. Serthk  Nem(w) ~ 'MAddede  yagdede  Kil(w) kK
Ilge (PYKN) Siit Yagy asit pH (ortalama)
(ortalama) Tuz (%) (ortalama)
(ortalama) (%) (ortalama)
(ortalama)
(ortalama)
I(\ff_’{l;‘)fz 64.78+9.27  46.67+9.88  52.08:12.9  3.75:0.68  4.67:091  1.45:0.63 5.33+0.33
Bor (n:11)  54.39+8.64  43.80%¢8.72  36.96+491  3.19+041  4.89+130  1.88+0.43 4.95+0.14
%;T;‘)rd‘ 54.12+7.06  42.02+4.40 37.38+13.01  3.35:0.58  5.98+1.15  2.30:0.61 4.79+0.52
?;?41‘)1515‘ 59.82+9.20  48.64+546 36.38+11.15 3.56+0.89  3.73:1.02  1.86%0.70 5.39+0.14
?é?‘l‘;‘h‘sar 63.24 34.15 69.90 2.98 430 2.57 4.62
%;ftll;k 53.80 31.22 61.10 2.85 5.60 1.50 5.38
(Tr‘l’_ilg)m 59.06+9.56  44.43+843 44.19+13.80 3.47+0.64  4.98:122  1.81:0.66 5.09+0.42
Tablo 3: {lcelere goére Nigde basma bidon tulum peyniri érneklerinin ortalama mikrobiyal yiik (log kob/g) ve pozitiflik orani
n (%) dagilimi
Table 3: Distribution of mean microbial load (log cfu/g) and positivity rate (n%) of Nigde basma bidon tulum cheese samples
by district.
. Mikrokok- . .
Ilce TAMB LAB KoPS Stafilokok Maya-Kiif Koliform FK
Merkes ?(;60;231 16(')071;%?9 6.52£072  577+1.12log  5.38:0.68  5.84:0.28  5.530.41
(n219) (gn_ . g fn_ . & logkob/g kob/g log kob/g logkob/g  logkob/g
- oort 00) % 1‘00) (n=8%42.1)  (n=8 %42.1)  (n=9 %47.4) (n=3%15.8) (n=3 %15.8)
5.97+0.85 6.42+0.83
6.37+0.21  5.70:028log  5.87+0.64
%I‘;‘ffzr)dl lo(gnk_olbz/ g lofnli"lbz/ & logkob/g kob/g log kob/g NA NA
- %1‘00) %1‘00) (n=9 %75.0)  (n=8%66.7)  (n=3 %25.0)
?(‘)99;0%;7 16(')581(*0%?4 6.11:0.54  598+0.77log  6.02:0.45
Bor (n=11) (gn-ll J (gn—10 g log kob/g kob/g log kob/g NA NA
%1‘00) %00 9 (n=5%45.5) (n=3 %27.3) (n=2%18.2)
Ululasla 6.11+0.25 6.94+0.16  6.14+040  5.56%0.17log  5.44+1.68
(n—4)§ log kob/g log kob/g log kob/g kob/g log kob/g NA NA
- (n=4%100) (n=3%75.0) (n=4%100) (n=4%100) (n=2 %50.0)
. 3.82log 5.10 log
£
‘?‘rit_“lr;h‘sar kob/g kob/g NA NA NA NA NA
- (n=1%100) (n=1%100)
- 4.85 log 6.18 log
*
g‘lf_ﬂl‘l)‘ kob/g kob/g NA NA NA NA NA
- (n=1%100) (n=1%100)
Toplam 5.77+0.91 6.30£0.75  6.33%0.46 5.74+0.73 556076 coiioo8 5534041
(n=48) (n=48 (n=46 (n=26 (n=23 (n=16 (n=3%6.25) (n=3 %6.25)
B %100) %95.83) %54.17) %47.92) %33.33) m= m=

Veriler ortalama # standart sapma olarak sunulmustur. Ortalamalar ve standart sapmalar, yalnizca ilgili mikroorganizmanin tespit edilebilir diizeyde (>1 log
kob/g) bulundugu pozitif 6rnekler iizerinden hesaplanmistir. TAMB degeri tiim 6rneklerde pozitif oldugu i¢in tiim ilgeyi (n) temsil etmektedir. * Altunhisar ve
Ciftlik ilgeleri igin n=1 oldugundan standart sapma hesaplanamamistir; bu ilgelere ait degerler yalnizca tek 6l¢iimii yansitmaktadir. TAMB: Toplam Aerobik
Mezofilik Bakteri; LAB: Laktik Asit Bakterileri; KoPS: Koagiilaz Pozitif Stafilokok; FK: Fekal Koliform; NA: Tespit edilemedi.
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Tablo 4: Anlamh Spearman Korelasyon Analizi Sonuglari
Table 4: Significant Spearman Correlation Analysis Results

Degisken Cifti Spearman p p Degeri iliski Yonii
pH -FK 0.319 0.027 Pozitif
Titre Edilebilir Asitlik - FK -0.336 0.019 Negatif
Nem Icerigi - TAMB 0.292 0.044 Pozitif

Yalnizca istatistiksel olarak anlaml korelasyon katsayilar1 (p<0.05) sunulmustur. TAMB: Toplam Aerobik Mezofilik Bakteri; FK: Fekal Koliform.

Tablo 5: Peynir Orneklerinin Fizikokimyasal ve Mikrobiyolojik Karakterizasyonu ve Kiimeleme Analizi Sonuglar1

Table 5: Physicochemical and Microbiological Characterization and Cluster Analysis Results of Cheese Samples

Kiime 1 Kime 2 Kiime 3 (Aktif
Parametre Genel SW# Levene (Yiiksek (Disiik fermentasyon) Anlamhilik
OrtzSs (®  **()  pH/Yiksek  nem/Yiiksek b ®
nem) n=11 Yag) n=9

. . . . b p<0.001
Nem (%) 4443 +8.43 0.380 0.360 54.11 36.19 43.28 (Welch)
ik (© a b c p<0001
Sertlik (%) 59.06 £9.56 0.680 0.098 67.85 61.32 54.88 (ANOVA)
a b ¢ p<0.001
pH 5.10+0.42 0.474 0.591 5.58 5.12 4.90 (ANOVA)
Asitlik " c b a p<0.001
(%LA) 1.82 +0.67 0.029 0.004 0.91 1.75 2.20 (Welch)
TAMB (log % a c a p<0.001
kob/g) 5.77 £0.92 0.027 0.015 5.96 4.45 6.12 (Welch)
LAB (log " b b a p=0.008
kob/g) 6.06 +1.38 0.000 0.000 531 5.46 6.55 (Welch)
KoPS (log " a b a p<0.001
kob/g) 3.66 +2.95 0.000 0.000 4.41 1.84 3.95 (Welch)
. 0 b a c p<0.001
YagKM (%) 44.19+13.81 0.020 0.679 45.16 63.92 37.47 (ANOVA)

* Shapiro-Wilk testi. p<0.05** Levene testi p<0.05: varyans homojenligi saglanmamis. Veriler ortalama olarak verilmistir. Ayni satirda farkl harflerle (a-b) ve (a-

c) gosterilen kiime ortalamalar1 arasindaki fark istatistiksel olarak anlamlidir
KoPS: Koagiilaz Pozitif Stafilokok; KM: Kuru Madde.

Kuru maddede tuz igerigine gore yapilan degerlendirmede,
analiz edilen 48 6rnegin 37’sinin (%77.1) %3-5 araliginda,
11'inin (%22.9) ise %3’lin altinda tuz igerigine sahip
oldugu belirlendi. Tuz igerigi %3’tin altinda olan
orneklerin merkez (n=3), Bor (n=3), Camardi (n=2),
Ulukisla (n=1), Altunhisar (n=1) ve Ciftlik (n=1)
bolgelerinden temin edildigi tespit edildi. Ayrica, tuz
iceriginin %4’lin lizerinde oldugu orneklerin merkez
(n=7), Camard1 (n=2) ve Ulukisla (n=1) bélgelerinden elde
edildigi belirlendi (Tablo 2).

Peynir o6rneklerinin kil icerigi %2 ile %7.2 arasinda
degisti. Camard1 boélgesinden alinan 6rnekler en ytiksek
ortalama kil  icerigine  (%5.98+1.15)  sahipken,
Ulukisla'dan alinan 6rneklerin %75'inin kiil icerigi %4'iin
altinda olup ortalama degeri %3.73+1.02 olarak tespit
edildi (Tablo 2).

Analiz edilen peynir 6rneklerinin ortalama titre edilebilir
asitligi (% laktik asit) %1.81+£0.66 (min %0.44, maks
%2.89) iken, ortalama pH degeri 5.09£0.42 (min 4.12,
maks 6.28) olarak belirlendi (Tablo 2). Titre edilebilir
asitlik ile pH arasinda giicli negatif bir iliski belirlendi
(p=-0.783. p<0.001).

(p<0.05). TAMB: Toplam Mezofilik Aerobik Bakteri; LAB: Laktik Asit Bakterisi;

Mikrobiyolojik analizler sonucunda KoPS d&rneklerin
%>54.17’sinde (n=26), mikrokok-stafilokoklar
%47.92’sinde (n=23), maya ve kiifler %33.33’linde (n=16),
koliform bakteriler %6.25’inde (n=3) ve FK %6.25’inde
(n=3) belirlendi. Peynir érneklerinde belirlenen ortalama
mikrobiyal ytikler; TAMB i¢in 5.77£0.91 log kob/g, LAB
icin 6.06+£1.38 log kob/g, KoPS i¢in 3.66+2.95 log kob/g,
mikrokok-stafilokoklar i¢in 3.01+2.68 log kob/g, maya ve
kiifler icin 2.18+2.44 log kob/g, koliform bakteriler i¢in
0.83+1.30 log kob/g, ve FK bakteriler i¢in 0.81+1.23 log
kob/g olarak tespit edildi.

Tim Ornekler (n=48) lizerinden hesaplanan LAB ve KoPS
ortalamalar: sirasiyla 6.06+1.38 ve 3.66x2.95 log kob/g
olup bu degerler kiimeleme analizinde kullanilmistir.
Sadece pozitif sonug¢ veren ornekler dikkate alindiginda,
ortalama mikrobiyal yiklerin LAB icin 6.30£0.74 log
kob/g, KoPS igin 6.33+0.51 log kob/g, mikrokok-
stafilokoklar i¢in 5.74+0.71 log kob/g, maya ve kiifler i¢cin
5.56+0.73 log kob/g, koliform bakteriler i¢cin 5.84+0.23 log
kob/g ve FK bakteriler i¢in 5.53+0.33 log kob/g oldugu
hesaplandi.

Koliform ve FK bakterilerin yalnizca merkez ilceye bagh
Kiledere, Elmali, Yesilbur¢ ve Uluaga¢ lokasyonlarindan
alinan o6rneklerde tespit edildigi belirlendi. Ayrica,
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Camardr’'dan alinan érneklerde KoPS prevalansimin %75,
Ulukisla’dan alinan drneklerde ise %100 oldugu saptandi
(Tablo 3). Spearman korelasyon analizi, peynir
orneklerinin mikrobiyolojik profilinin baslica pH, titre
edilebilir  asitlik ve nem  igerigi  tarafindan
sekillendirildigini ortaya koydu, pH ile FK bakteriler
arasinda anlaml pozitif bir korelasyon (p=0.319, p=0.027)
titre edilebilir asitlik ile FK bakteriler arasinda anlamh
negatif bir korelasyon (p=-0.336, p=0.019) ve nem icerigi
ile TAMB sayis1 arasinda anlamh pozitif bir iliski (p=0.292,
p=0.044) tespit edildi (Tablo 4).

Hiyerarsik kiimeleme analizi, peynir 6rneklerini nem, pH,
kuru maddede yag orani, titre edilebilir asitlik ve
mikrobiyal yiikler (TAMB ve LAB) temelinde istatistiksel
olarak anlamli ii¢ farkl gruba ayirdi (p<0.05). Kiime 1
(n=11), yiiksek nem (%54.11+8.71) ve nispeten yiiksek pH
(5.58) degerleri ile; Kiime 2 (n=9), yiiksek kuru maddede
yag icerigi (%63.92) ve diisiik mikrobiyal ytik ile; Kiime 3
(n=28) ise diisiik pH (4.90), yiiksek asitlik (%2.20 LA) ve
yliksek TAMB: 6.12 log kob/g ve LAB: 6.55 log kob/g yiikii
ile karakterize edildi (Tablo 5). Mikrobiyolojik yiiklerin
ilgelere gore dagilimini gosteren tanimlayici istatistiklerde
(Tablo 3) yalnizca pozitif sonu¢ veren oOrneklerin
ortalamalar1 dikkate alindi. HKA ve ANOVA analizlerinde,
veri setinin bitlnligini saglamak amaciyla tespit
sinirinin altindaki degerler 0.5 log kob/g olarak kabul
edilerek tiim veri seti (n=48) kullanildu.

TARTISMA VE SONUG

Peynir smiflandirmasi siitiin 1s1l islemine, hayvan tiiriine,
olgunlagma kosullarina, tiretim tekniklerine, starter kiiltiir
kullanimina ve ortaya ¢ikan mikrobiyal ekosistem ile
bilesim o&zelliklerine bagh olarak ¢ok sayida teknolojik,
mikrobiyolojik ve fizikokimyasal parametreye
dayanmaktadir (Kamber ve Terzi 2008; Béjar-Lio ve ark.
2020). Bu ¢alismada incelenen 48 tulum peyniri ornegi.
fizikokimyasal ve mikrobiyolojik profilleri bakimindan
birbirinden belirgin bicimde ayrisan ii¢ kiimeye
ayrimistir. HKA sonuglarina gore peynir drnekleri ti¢ farkl
kiimeye ayrilmistir (Tablo 5). Kiime 1 (n=11), yiiksek nem
icerigi (54.11+8.71), ytiiksek pH (5.58+0.28) ve diisiik titre
edilebilir asitlik (0.91+0.27 %LA) ile karakterize edilmis
olup, agirlikli olarak Merkez ilge ve Ulukisla’dan temin
edilen érnekleri icermektedir. Bu kiimede LAB diizeyinin
gorece diisiik (5.31 log kob/g) ve KoPS diizeyinin daha
yliksek (4.41 log kob/g) olmasi, fermantasyon aktivitesinin
sinirl kalmis olabilecegini ve buna bagh olarak mikrobiyal
gelisim acgisindan daha elverisli kosullarin olusabilecegini
diistindiirmektedir (Luziatelli ve ark. 2024). Kiime 2 (n=9),
diisiik nem icerigi (36.19+4.56) ve yiiksek kuru maddede
yag orani (63.92+9.45) ile diger kiimelerden
ayrismaktadir. Bu kiimede yer alan drneklerin Merkez,
Camardi, Altunhisar ve Ciftlik bolgelerinden temin edildigi
belirlenmistir. Diistik su aktivitesi ile iliskili olarak. TAMB
(4.45+0.53 log kob/g) ve KoPS diizeylerinin (1.84+2.63 log
kob/g) daha diisiik oldugu goézlemlenmistir. Bu durum
mikrobiyal gelisimin sinirlanmis olabilecegine isaret
etmektedir. Orneklerin biiyiikk ¢ogunlugunu olusturan
Kiime 3 (n=28; %58.3), diisiik pH (4.90+0.34) ve yiiksek
titre edilebilir asitlik (2.20£0.39 % LA) ile karakterize
edilmis olup, yiiksek LAB diizeyi (6.55+0.55 log kob/g) ile
birlikte daha aktif bir fermantasyon profiline isaret
etmektedir. Bu kiimede Bor ilgesinden alinan érneklerin
tamaminin yer aldigy, ayrica Camardi ve Ulukisla’dan temin
edilen o6rneklerin biiyiik bir bélimiiniin bu grupta
yogunlastigl belirlenmistir.
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TGK’ya gore peynirler, yapisal sertligi yansitan yagsiz
bazda nem (PYKN) esas alinarak ekstra sert (<49), sert
(49<PYKN<57), yar1 sert (57<PYKN<64). yar1 yumusak
(64<PYKN<70) ve yumusak (=70) olarak
siniflandirilmaktadir (TGK 2015). Bu ¢alismada incelenen
orneklerin PYKN dagilimi ekstra sertten yumusaga kadar
tim kategorileri kapsamis; orneklerin %12.5'i (n=6)
ekstra sert, %27.1'i (n=13) sert, %33.3'li (n=16) yar1 sert,
%12.5'1 (n=6) yar1 yumusak ve %14.6's1 (n=7) yumusak
peynir olarak smiflandirilmistir. Ortalama PYKN degeri
59.06+9.56 (yar1 sert) olarak belirlenmistir. Yumusak
peynir orneklerinin biytk boélimi Kime 1 profiliyle
ortiismektedir. Yiiksek nem igerigi bu drneklerde yetersiz
presleme gibi mekanik hatalarin yani sira pH ve su
aktivitesindeki sapmalarin enzim aktivitesini sinirlayarak
sinerezisi engellemesinden kaynaklanmis olabilir (Béjar-
Lio ve ark. 2020; Mazzocca ve ark. 2024).

Nem igerigi, peynirde yapisal bitinligi ve bilesimi
etkileyen en kritik parametrelerden biridir. Tirk Gida
Kodeksi'ne gore Tulum tipi peynirlerde maksimum nem
icerigi %45'i1 ge¢memelidir (TGK 2015). Nigde basma
bidon tulum peynirleri geleneksel olarak c¢ig siitten
tiretilmekte ve plastik kaplarda kuru tuzlama yoluyla
olgunlagtirilmaktadir. TGK’ya gore salamura yapilmadan
olgunlastirilan peynirler kategorisindedirler. Bu ¢alismada
orneklerin  %54.2'si  %45'in alunda nem igerigine
sahipken, %45.8'i bu esigi asarak taze peynir 6zelliklerine
yaklagmustir. Ozellikle iki drnekte %65 ile %80 arasinda
degisen son derece yiiksek nem seviyeleri gozlemlenmis
olup (Tablo 2) bu durum raf émriinii ve mikrobiyolojik
stabiliteyi 6nemli 6lgiide tehlikeye atabilmektedir. Yiiksek
nem degerleri Kiime 1 profiliyle dogrudan o6rtiismekte; bu
kiimenin hem en yiiksek su aktivitesine hem de en riskli
mikrobiyolojik profile sahip oldugu animsandiginda, nem
kontroliiniin giivenlik agisindan kritik bir kontrol noktasi
oldugu anlasilmaktadir. Buna karsin Kiime 2'deki diisiik
nem degerleri (36.19%4.56), Tulum ve Zlatar gibi
olgunlastirillmis ¢ig siit peynirlerinde 150 giine kadar
siiren olgunlasmanin ardindan ulasilan ~%33.3 nem
diizeyiyle ortiismektedir (Terzic-Vidojevic ve ark. 2007;
Tarak¢t ve Durmus 2016; Cakir ve ark 2016).
Olgunlastirllmis peynirlerin nihai nem igerigi, presleme
sliresi, olgunlastirma siiresi ve ambalaj malzemelerinden
biiytik olgiide etkilenmektedir. Béjar-Lio ve ark. (2020),
kisa presleme stireleriyle (1-4 saat) iretilen Chihuahua
peynirlerinde nem diizeyinin %45.6-%51.1 arasinda
kaldigini, uzun siire preslenen peynirlerin ise %40-%43
arasinda daha diislik nem sergiledigini ortaya koymustur.
Cakir ve ark. (2016), Erzincan Tulum peynirinde nem
iceriginin her 30 giinliik olgunlasma araliginda yaklasik
%1.1-1.2 azaldigim ve 30 ile 90 giin arasinda toplam
%2.32'lik bir nem kaybmma yol actigim1 bildirmistir.
Ambalaj malzemesi de nem diizenlemesinde belirleyici rol
oynamaktadir. Hayaloglu ve ark. (2007), plastik kaplarda
olgunlastirilan Tulum peynirlerinin geleneksel deri
torbalara kiyasla daha yiliksek nem seviyelerini (%48.06-
%48.77 ile %31.60-%37.17) korudugunu goézlemlemistir.
Bez torbalar ve toprak kaplar gibi gozenekli malzemelerin
de plastik ambalajlara kiyasla nem buharlagmasini tesvik
ettigi ve kuruma siirecini hizlandirdig1 bildirilmektedir
(Tarake1 ve Durmus 2016; Tekin ve Giiler 2021).

Nem igerigi peynir matriksinde yag dagiimi ve tuz
konsantrasyonu {izerinde belirleyici bir rol oynamaktadir.
Tiirk Gida Kodeksi'ne gore peynirler kuru maddedeki yag
icerigine bagh olarak tam yagh (>%45), yarim yagh (%25-
<%45), az yagh (%10-<%25) ve yagsiz (<%10) olarak
siniflandirilmaktadir (TGK 2015). Bu ¢alismada drneklerin
%37.5’inin (n=18) tam yaglh. %58.3’liniin (n=28) ise yarim
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yagh oldugu belirlenmis olup, kuru maddede yag icerigi
ortalamas1 44.19+13.80 olarak saptanmistir. Kiime 2’de
gozlenen yiiksek kuru maddede yag orani (63.92+9.45), bu
gruba ait diisiik nem igerigi ile iligkili gériinmektedir. Nem
kaybin1 artiran olgunlastirma kosullarinin, yagin kuru
madde icerisindeki goreceli konsantrasyonunu
ylikseltebilecegi  bilinmektedir. =~ Nitekim  gdzenekli
materyallerde gerceklesen olgunlasmanin nem kaybini
kolaylastirdigi, buna karsihik plastik kaplarin nemi
koruyarak goéreceli yag oraninda seyreltici bir etki
olusturabildigi bildirilmektedir (Tarakg¢i ve Durmus 2016).
Bu durum literatiir bulgulariyla da uyumludur; Cakmakgi
ve ark. (2008), plastik kaplarda olgunlastirilan tulum
peynirlerinde yag oranini %29.25, deri torbalarda
olgunlastirilanlarda ise %33.0 olarak rapor etmistir

Tuz konsantrasyonu, peynir Kkalitesi, giivenligi ve
olgunlagma stirecini etkileyen bir diger kritik faktordir.
Tirk Gida Kodeksi, Tulum peyniri icin kuru maddede
maksimum %5 tuz limiti belirlemistir (TGK 2015). Bu
calismada orneklerin %77.08'inde (n=37) tuz seviyeleri
%3 ile %5 arasinda bulunurken, %22.92'sinde (n=11)
%3'lin altinda kalmistir. Plastik ambalaj, nem kaybin
kisitladigt  icin  tuz  konsantrasyonu artisini  da
sinirlandirmaktadir (Hayaloglu ve ark. 2007; Cakmakge1 ve
ark. 2008) ve bu durum Kiime 1'deki yiiksek nem ve
gorece disiik tuz konsantrasyonu egilimiyle tutarhdir.
Terzic-Vidojevic ve ark. (2007) geleneksel Zlatar
peynirlerinde daha diisiik tuz konsantrasyonlar1 (%2.4-
2.6) bildirilmektedirler. Bu ¢alismada go6zlemlenen
nispeten daha ytiksek tuz seviyeleri ise geleneksel isleme
uygulamalarindaki farklhliklar1 yansitmaktadir. Peynir
orneklerinin kil icerigi %2.0 ile %7.2 arasinda degismis
olup ortalama %4.98+1.22 olarak belirlenmistir. En
yliksek ortalama kil icerigi Camardi orneklerinde
(%5.98+1.15) tespit edilmistir. Kiil icerigi biiyiik ol¢lide
tuz konsantrasyonunu yansitmakta olup bu iki parametre
arasindaki paralellik, boélgesel tuzlama uygulamalarindaki
farkliliklarla tutarhdir. Nitekim Camardi 6rneklerinde hem
kil hem de kuru maddede tuz igeriginin goérece yiiksek
olmasi, bu bolgedeki geleneksel tuzlama pratiklerinin daha
yogun uygulandigina isaret edebilir.

Tiirk Gida Kodeksi, peynirlerde titre edilebilir asitlik veya
pH i¢in dogrudan bir sinir degeri tanimlamamakla birlikte,
bu parametreler mikrobiyal fermantasyon aktivitesinin
temel gostergeleri arasinda yer almaktadir. Bu ¢alismada
ortalama pH degeri 5.09+0.42 ve titre edilebilir asitlik
ortalamas1 %1.81+0.66 LA olarak belirlenmistir. Kiime
bazinda degerlendirildiginde, en diisitk pH ve en yiiksek
asitlik degerlerinin Kiime 3’te (4.90+0.34; 2.20+0.39% LA),
en yiiksek pH ve en diisiik asitlik degerlerinin ise Kiime
1'de  (5.58+0.28; 0.91+0.27%  LA)  gozlenmesi,
fermantasyon diizeyi ile asitlik gelisimi arasinda belirgin
bir iliski bulundugunu diisiindiirmektedir. Benzer sekilde
olgunlastirilmis peynirlerde 4-9 haftalik stire¢ sonunda pH
degerlerinin genellikle 5.0-5.8 araliginda degistigi
bildirilmektedir (Béjar-Lio ve ark. 2020). Hayaloglu ve ark.
(2007), plastik kaplarda olgunlastirilan  Tulum
peynirlerinde pH degerinin 90. glinde 4.78-4.79
seviyesinden 150. glinde 5.24’e yiikseldigini rapor etmistir.
Bu ¢alismada bazi 6rneklerde pH degerinin 6.28’e kadar
ulasmasi, 6zellikle Kiime 1’de gozlenen profil ile uyumlu
olup, smirli asit iretimi veya ileri diizey proteoliz
sonucunda olusan alkali bilesiklerin varhig ile iligkili
olabilir. Nitekim. Tarak¢i ve Durmus (2016) plastik
ambalaj materyallerinin fermantasyon dinamiklerini ve
asitlik gelisimini etkileyebilecegini bildirmistir.
Fizikokimyasal
orneklerin

parametrelerdeki  bu
mikrobiyolojik profilini

degiskenlik,
dogrudan

sekillendirmektedir. TAMB, analiz edilen 6rneklerde
ortalama 5.77+0.91 log kob/g seviyesinde tespit edilmistir;
bu sonug, baslangi¢ kiltiirleri kullanilmadan iretilen
geleneksel ¢ig siit peynirleriyle tutarlidir. Kiime 3'te TAMB
ytkiinin en ytksek (6.12 log kob/g), Kiime 2'de ise en
disiik (4.45+0.53 log kob/g) oldugu gozlemlenmistir;
Kiime 1 ve Kiime 3 arasindaki fark istatistiksel olarak
anlamli bulunmamistir (Tablo 5). Ayrica nem igerigi ile
TAMB sayist arasinda saptanan anlamli korelasyon
(p=0.292, p=0.044) bu iliskiyi desteklemektedir (Cakir ve
Cakmakci 2018; Fernandes Silva Rodrigues ve ark. 2021).
Cakir ve Cakmakci (2018), Erzincan Savak Tulum
peynirinde TAMB 90 giinlin ardindan 8.41 log kob/g'den
7.91 log kob/g'ye distiiglinli bildirmistir. Bu ¢alismadaki
daha disiik sayimlar, kullanilan plastik kaplar ve
olgunlasma kosullarindaki farkliliklara bagh olabilir.

Laktik asit bakterileri (LAB), orneklerin %95.83"linde
ortalama 6.06+1.38 log kob/g seviyesinde diger bakteri
gruplarindan daha yiiksek diizeyde tespit edilmistir. En
yliksek LAB yiiki, aktif fermantasyonun belirgin oldugu
Kiime 3'te (6.55+0.55 log kob/g) gozlemlenirken, Kiime
1'deki gorece diisiik LAB yiikii (5.31 log kob/g) yetersiz
fermantasyon hipotezini desteklemektedir. Cakir ve
Cakmakci (2018), erken olgunlasma asamalarinda 7.74-
8.35 log kob/g arasinda olan LAB sayisinin sonraki
asamalarda ~7.15 log kob/g'a geriledigini rapor etmistir.
Jokovi¢ ve ark. (2011) ise LAB popiilasyonlarimin iiretim
asamasinda 6.5 log kob/g'den olgunlasma sirasinda 8.9 log
kob/g'a yiikseldigini ve ardindan 8.7 log kob/g civarinda
stabilize oldugunu gozlemlemistir. Mevcut c¢alismadaki
LAB sayimlar1 bu degerlerden biraz daha diisiik olmakla
birlikte geleneksel ¢ig silit peynirlerinin beklenen
mikrobiyotasiyla  tutarhdir. LAB, organik asitler,
bakteriyosinler, hidrojen peroksit ve etanol gibi
antimikrobiyal bilesikler {ireterek peynir giivenligine
kritik katkilar sunmaktadir (Luziatelli ve ark. 2024). Bu
calismada koliform bakterileri 6rneklerin %6.25'inde
(n=3), FK ise %6.25'inde (n=3) saptanmis; bu pozitif
orneklerin ikisinde her iki grup birlikte tespit edilmistir.
Tespit edilen koliform ve FK sayilar (sirasiyla ortalama
5.84£0.23 ve 5.53%0.33 log kob/g), LAB'nin inhibitor
rollinii destekler niteliktedir; bazi arastirmalar da koliform
seviyelerinin artan asitlik etkisiyle 60 ve 150 giiniin
sonunda tespit edilemeyecek diizeye distiiglini
bildirmektedir (Cakir ve Cakmakci 2018; Sanchez-Gamboa
ve ark. 2018).

Koliform gelisimi {izerinde LAB aktivitesi ve asitlik
artisinin yani sira su aktivitesi ile tuz orani da belirleyici
rol oynamaktadir (Luziatelli ve ark. 2024). Asitlik
gelisiminin  logaritmik  biiylime evresinden  6nce
gerceklesmesi bakterileri baskilamada daha etkiliyken,
yavas asit artis1 "erken sisme" gibi yapisal bozukluklara yol
acabilmektedir. Pastorizasyon sonrasi ekipman, hava veya
su kaynakli sekonder kontaminasyonlar ile proteoliz
sonucu pH'in  yeniden yiikselmesi, baskilanmis
koliformlarin tekrar ¢ogalmasina zemin hazirlayabilmekte;
bu nedenle hizhh asit gelisimi ve diisiik pH, FK
eliminasyonunda en kritik kontrol parametreleri olarak
one ¢ikmaktadir (Girma ve Aemiro 2021). Calismamizda
koliform ve FK tespit edilen toplam 4 Ornegin tamami
merkez ilgelerden temin edilmis olup bu érnekler Kiime 1
ile ortlisen ytliksek pH ve diisiik asitlik profili sergilemistir:
Orneklerin nem, tuz ve pH degerleri sirasiyla %37.5-66.8.
%2.9-4.5 ve 5.0-6.28 aralifinda degismistir. Bu 6rneklerde
koliform varliginda; kontamine su ve yetersiz personel
hijyeni, yetersiz dogal starter aktivitesine bagl ge¢ asit
gelisimi ve yiliksek su aktivitesi gibi faktorlerin birlesik
etkisinin rol oynadig1 diisiiniilmektedir (Caldeira ve ark.
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2024). Bu ¢calismada da pH ile FK arasinda anlamli pozitif
korelasyon (p=0.319, p=0.027) ve titre edilebilir asitlik ile
FK arasinda anlamli negatif korelasyon (p=-0.336,
p=0.019) saptanmistir (Tablo 4).

Bu c¢alismada orneklerin %54.2'sinde (n=26) KoPS
seviyeleri ortalama 6.33+0.51 log kob/g diizeyinde tespit
edilmis olup ¢ig siit peynirleri i¢cin 4-5 log kob/g kabul
edilebilir limit belirleyen TGK diizenleyici sinirlar
asimistir. KoPS yiikiiniin Kiime 1'de en yiiksek (4.41+2.44
log kob/g), Kiime 2'de ise en disiik diizeyde olmasi
(1.84+2.63 log kob/g), nem ve pH kontroliiniin hijyen riski
tzerindeki belirleyici etkisini bir kez daha ortaya
koymaktadir. Kiime 3'te KoPS diizeyinin (3.95 log kob/g)
Kiime 1 ile istatistiksel olarak benzer bulunmasi (p>0.05),
aktif fermantasyon profiline ragmen bu kiimedeki bazi
orneklerin olgunlasma dncesi yiiksek baslangi¢c mikrobiyal
ylikiine veya post-proses kontaminasyona maruz kalmis
olabilecegine isaret etmektedir (Samelis ve ark. 2025).
Benzer yliksek KoPS seviyeleri Chihuahua peynirlerinde de
bildirilmis; artan asitlik ve mikrobiyal rekabet nedeniyle
olgunlagma sirasinda 6.9 log kob/g'ye ulasan degerlerin
kademeli olarak azaldig1 gorilmiistiir (Sanchez-Gamboa ve
ark. 2018; TGK 2025). Fernandes Silva Rodrigues ve ark.
(2021), yiiksek su aktivitesi ve ndtre yakin pH'a sahip
geleneksel peynirlerde yetersiz hijyen kosullar1 ve
pastorizasyon sonrasi kontaminasyonlar nedeniyle S.
aureus gibi KoPS'larin 7.0 log kob/g gibi kritik seviyelere
ulasabildigini gostermistir. LAB'In peynirin genelinde
baskin flora olmasina ragmen KoPS'un yiiksek seviyelerde
varligin1 siirdiirmesi, birka¢ etkenin bir arada rol
oynamasiyla agiklanabilir. Oncelikle, termizasyonun sub-
pastdrizasyon diizeyinde bir 1sil islem olmasi nedeniyle
KoPS'u tamamen elemine etmedigi, 6zellikle ¢ig siitteki
baslangic kontaminasyon diizeyinin zaten yiiksek oldugu
durumlarda son triinde 6nemli diizeyde stafilokokun sag
kalabildigi bildirilmistir (Samelis ve ark. 2025). Bunun
yan1 sira, 1s1l islem kontroliiniin zayif olmasinin, ekipman
ylzeyleri ve isleyici eli kaynakli post-proses bulasmanin,
1s1l islem sonrasi diisiik diizeyde kalan veya yeniden
bulasan KoPS'un iiretim asamalari boyunca artmasina
katkida bulunabildigi gosterilmistir (Rola ve ark. 2016;
Grecellé ve ark. 2020). Bu ¢alismada Kiime 1'de gozlenen
yliksek nem ve pH kosullariyla birlikte artan KoPS
diizeyleri de bu bulgularla tutarhidir; pH ve su aktivitesinin
stafilokok biiylimesini dogrudan etkiledigi bilinmektedir
(Goli¢ ve ark. 2022).

Mikrokok-stafilokok ~ grubu  bakteriler  6rneklerin
%47.92'sinde (n=23) ortalama 5.74+0.71 log kob/g yiik ile
tespit  edilmistir.  Bu  grubun varhg), c¢evresel
kontaminasyonun yani sira proteolitik ve lipolitik
aktiviteler yoluyla lezzet gelisimine potansiyel katkilari
bakimindan degerlidir. Kiime bazinda
degerlendirildiginde, mikrokok-stafilokok prevalansinin
Kiime 1'de gorece diisiik asitlik ve yiiksek nem kosullariyla
birlikte daha yiiksek seyrettigi, Kiime 2'de ise diisiik su
aktivitesine bagl olarak smirl kaldigi gézlemlenmistir.
Maya ve Kkiifler ise orneklerin %33.33'linde (n=16)
5.56+0.73 log kob/g ile saptanmis olup bu sonug, maya ve
kiif sayilarinin 5.48-5.75 log kob/g arasinda degistigi
geleneksel Tulum peynirlerindeki bulgularla tutarhdir
(Cakir ve Cakmakci 2018). Deri gibi gozenekli
malzemelerin artan oksijen gecirgenligi yoluyla maya ve
kif gelisimini tesvik ettigi, plastik malzemelerde bu
gelisimin sinirli oldugu rapor edilmektedir (Cakmakge1 ve
ark. 2008; Tekin ve Giiler 2021). Maya ve kiif yiikiinlin
Kiime 2'de diger kiimelere kiyasla daha diislik diizeyde
kalmasi, bu kiimedeki diisiik su aktivitesinin maya ve kiif
gelisimini de kisitladigini diisiindliirmektedir.
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Bu c¢alisma, geleneksel Nigde basma bidon tulum
peynirinin fizikokimyasal ve mikrobiyolojik 6zelliklerini
degerlendirmektedir. Hiyerarsik kiimeleme analizi,
ornekleri geleneksel tiretim, dogal mikroflora ve isleme
kosullarindaki yiiksek degiskenligi yansitan ¢ farkh
profile ayirmistir. Yiksek KoPS prevalansi ve nem
seviyeleri, ¢ig siit kullanominda ve kontrolsiiz
fermantasyonda bazi giivenlik acgiklar1  oldugunu
gostermektedir. Yonetmelikler patojen azaltimi igin 120
giinliik bir olgunlasma siiresi gerektirse (TGK, 2015) de,
saha uygulamalar1 genellikle yetersiz cevresel kontroller
veya erken pazarlama nedeniyle sapma gostermektedir.
Nigde basma bidon tulum peynirlerinin geleneksel
mirasint  korurken gida giivenligini artirmak igin,
uygulanabilir baz1 miidahaleler gergeklestirilebilir. Yerel
yetkililer ve ilgili paydaslar, 6zellikle siit hijyeni, kontrollii
pastorizasyon secenekleri ve degiskenligi en aza indirmek
icin birincil veya baslangic kiiltiirlerinin  kullanimi
konularina odaklanan Iyi Uretim Uygulamalar1 (GMP)
konusunda  ireticiler i¢in  uygulamali  atdlyeler
diizenleyebilirler. Ek olarak, yerel siit toplama
merkezlerinde soguk zincirin yayginlastirilmasi, ilk
kontaminasyonu  azaltmaya  yardimci  olabilirken,
erisilebilir mikrobiyal tarama programlari, isleme
oncesinde c¢ig siit kalitesinin izlenmesine yardimci olabilir.
Hijyen wuygulamalarinin ve olgunlasma siirelerinin
standartlastirilmasi, halk saghigl sonuglarinin
iyilestirilmesine, yerel ekonominin desteklenmesine ve
potansiyel olarak gelecekte Cografi isaret sertifikasyonu
basvurularinin kolaylastirilmasina katkida bulunabilir.

Altunhisar ve Ciftlik bolgelerinden yalnizca tek bir peynir
orneginin alinmis olmasi nedeniyle, s6z konusu peynir
orneklerinden elde edilen verilerin, bu bélgelerin
tamamini yansitacak sekilde genellestirilemeyecek olmasi,
bu ¢alismanin sonuglarinin yorumlanmasinda temel bir
sinirlamadir.  Ayrica, olgunlasma siireleri, bagimsiz bir
dogrulama olmaksizin  yalnizca ireticinin  kendi
beyanlarina dayanmaktadir. Gelecekteki ¢alismalar, peynir
giivenligi ve kalitesini optimize etmek i¢cin daha genis bir
cografi ornekleme cercevesi, genel fizikokimyasal ve
mikrobiyolojik ézellikler ile olgunlasma zaman ¢izelgesinin
takibini dikkate almalidir.

CIKAR CATISMASI

Yazarlar bu calisma i¢in herhangi bir ¢ikar catismasi
olmadigini beyan ederler.

YAZAR KATKILARI

Fikir/Kavram: FK, CB
Denetleme/Danigmanlik: NEO

Veri Toplama ve/veya Isleme: FK, TSS, CB
Analiz ve/veya Yorum: FK, TSS
Makalenin Yazimi: FK, TSS

Elestirel Inceleme: NEO
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ABSTRACT Fumonisins are toxic secondary metabolites synthesized by fungi belonging to the genus Fusarium. These
compounds are frequently detected in cereal-derived food products and are considered important
contaminants because they can compromise food hygiene and quality, thereby posing a potential concern for
public health. This study aimed to determine fumonisin levels in samples of various cereal flours and tarhana,
a traditional fermented cereal-based product widely consumed in Tirkiye, typically prepared from wheat
flour, yogurt, vegetables, and spices. Samples were collected from three provinces in Tiirkiye-Afyonkarahisar,
Denizli, and Usak-and analyzed using the ELISA method. A total of 80 samples were analyzed, including wheat
(n=31), corn (n=12), barley (n=9), rye (n=6), chickpea (n=2) flours, and tarhana (n=20). Fumonisin
contamination was detected in 12.5% of the samples (n=10), with concentrations ranging from 15.6 to 39.6
mg/kg, exceeding the maximum limits set by the Turkish Food Codex. The highest incidence was observed in
corn flour (58.3%), followed by rye (33.3%) and barley (11.1%) flours. The remaining 87.5% of samples were
below the detection limit. These results emphasize the need for continuous monitoring and strict control to
ensure the safety and quality of cereal products in Tiirkiye. In addition, no fumonisin contamination was
detected in any of the tarhana samples analyzed, suggesting that tarhana may be relatively safe with respect

to fumonisin risk.

Keywords: Cereal flour, ELISA, Fumonisin, Public health, Tarhana.
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Tiirkiye’'nin Farkh illerinden Aliman Un ve Tarhana Orneklerinde Fumonisin

Diizeylerinin Belirlenmesi

Fumonisinler, Fusarium cinsine ait mantarlar tarafindan sentezlenen toksik ikincil metabolitlerdir.

Bu

bilesikler siklikla tahil bazli gida iirtinlerinde tespit edilir ve gida hijyenini ve kalitesini bozarak halk sagligi
icin potansiyel bir endise kaynagi olusturabildikleri i¢cin 6nemli kirleticiler olarak kabul edilirler. Bu ¢alisma,

cesitli tahil unlar1 ve Tirkiye’de yaygin olarak tiiketilen, tipik olarak bugday unu, yogurt, sebze

ve

baharlardan hazirlanan geleneksel fermente tahil bazli bir {iriin olan tarhana o6rneklerinde fumonisin
diizeylerini belirlemeyi amaglamistir. Ornekler, Tiirkiye’'nin ii¢ ilinden (Afyonkarahisar, Denizli ve Usak)
toplanmis ve ELISA yontemi kullanilarak analiz edilmistir. Bugday (n=31), misir (n=12), arpa (n=9), ¢cavdar
(n=6), nohut (n=2) unlar1 ve tarhana (n=20) olmak iizere toplam 80 6rnek analiz edilmistir. Orneklerin
%12.5’'inde (n=10) fumonisin kontaminasyonu tespit edilmis olup, konsantrasyonlar 15.6 ile 39.6 mg/kg
arasinda degismekte ve Tiirk Gida Kodeksi tarafindan belirlenen maksimum limitleri agsmaktadir. En ytiksek
goriilme siklig1 misir ununda (%58.3), ardindan ¢avdar (%33.3) ve arpa (%11.1) unlarinda gézlemlenmistir.
Geri kalan %87.5’lik numuneler tespit limitinin altinda kalmistir. Bu sonuglar, Tiirkiye'deki tahil iiriinlerinin
giivenligi ve kalitesinin saglanmasi i¢in siirekli izleme ve siki kontroliin gerekliligini vurgulamaktadir. Ayrica,

analiz edilen tarhana orneklerinin hi¢birinde fumonisin kontaminasyonu tespit edilmemistir; bu da
tarhananin fumonisin riski agisindan nispeten giivenli olabilecegini diisiindiirmektedir.
Anahtar Kelimeler: ELISA, Fumonisin, Halk sagligi, Tahil unu, Tarhana.
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INTRODUCTION

Cereals and cereal-based products are among the most
traditional and important sources of energy and nutrients
worldwide (Yazar and Kokini 2025). Their high nutritional
value is primarily attributed to their rich content of dietary
fibers (e.g, beta-glucan, arabinoxylan, and resistant
starch), proteins, minerals, vitamins, and phytoestrogens
with antioxidant properties. Evidence suggests that these
functional components may reduce the risk of non-
communicable diseases such as cancer, cardiovascular
disorders, and obesity. Consequently, cereals have gained
widespread use in bakery, dietetic, infant, and breakfast-
related products (Khatoon and Maity 2025).

Despite their nutritional benefits, cereals are susceptible to
contamination by chemical food safety hazards,
particularly mycotoxins. Mycotoxins are toxic secondary
metabolites produced by fungal genera such as Aspergillus,
Penicillium, Fusarium, Alternaria, and Claviceps (Tsouloufi
2024). Of these, the Fusarium species are of great concern
due to their ability to grow rapidly on grains in favorable
temperature and moisture conditions, causing food
spoilage and toxic accumulation. Fusarium verticillioides
and Fusarium proliferatum are recognized as major
fumonisin-producing species, alongside others such as F.
napiforme, F. anthophilum, F. dlamini, and F. nygamai
(Navale et al. 2022; Reinhold et al. 2024).

Fumonisins are classified into four groups (4, B, C, and P),
with group B fumonisins being the most relevant in terms
of toxicology and frequency of occurrence. The main
representatives of this group are Fumonisin B1 (FB1), B2
(FBz2), B3 (FBs), and B4 (FB4), with FB1 being the most
prevalent. Although fumonisins are not considered
genotoxic, mutagenic, or teratogenic (EFSA 2018; Andrade
2023), they exert neurotoxic and immunotoxic effects
through disruption of lipid metabolism, particularly by
strongly inhibiting sphingolipid biosynthesis. This
mechanism can result in necrotic brain lesions (Khan et al.
2024; Szabo et al. 2025). Epidemiological studies further
indicate a higher incidence of esophageal cancer in regions
where fumonisin-contaminated maize is widely consumed
(Schieszl et al. 2025).

Fumonisins have been detected in a wide range of
foodstuffs, including maize and maize-derived products
(Ma and Guo 2025), rice, millet, beans, sorghum, wheat
noodles, pickled red pepper, black-eyed peas, asparagus,
soybeans, garlic, onion, black radish, black tea, sage, linden
and chamomile flowers, mint, nettle, figs and peanuts
(Karbancioglu-Giiler and Heperkan 2009; Kanabus et al.
2025), and even milk and eggs from animals fed
contaminated feed. Their distribution within maize kernels
is heterogeneous, with higher concentrations in the outer
layers, resulting in lower levels in processed products such
as corn flour and semolina (Castells et al. 2008).

Although FB1 is heat-stable, like other mycotoxins, partial
degradation can occur at elevated temperatures. For
instance, in a study by Humpf and Voss (2004), heating
contaminated maize products at 190 °C for 60 minutes
reduced fumonisin content by 60.0-80.0%, while
treatment at 220 °C for 25 minutes completely eliminated
fumonisins. Due to their toxicological significance, many
countries have established maximum permissible levels
for fumonisins. In the European Union, the combined
maximum levels of FB1 and FB: are set at 4000 pg/kg in
unprocessed maize and range between 200 and 1000
ug/kg in maize-based foodstuffs (European Commission
2023). In Tirkiye, the Turkish Food Codex Contaminants
Regulation specifies limits of 4000 pg/kg in unprocessed
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maize, 1000 pg/kg in maize and maize-based foods
intended for direct consumption, 800 pg/kg in maize-
based breakfast cereals and snacks, 2000 pg/kg in maize
flours not intended for consumers, 1400 pg/kg in other
milled maize products, and 200 pg/kg in baby foods
(Tarim ve Orman Bakanligi 2023).

In Tirkiye, wheat, maize, rye, and chickpea flours are
widely produced and consumed. Moreover, tarhana-a
traditional fermented cereal-based product prepared from
wheat flour, semolina, or mixtures thereof with yogurt,
vegetables, and herbs-represents a culturally significant
staple food consumed across all age groups. Despite its
popularity, little is known about the potential risk of
fumonisin contamination in tarhana, particularly given its
complex production process and widespread consumption.
Considering both the public health implications and the
lack of existing data, this study aimed to investigate the
presence and levels of fumonisins in various flour types
and tarhana samples collected from three provinces in
Tiirkiye (Afyonkarahisar, Denizli, and Usak). By addressing
this gap, the study provides valuable insights into food
safety risks associated with traditional cereal-based
products and contributes to the development of more
effective monitoring and regulatory strategies.

MATERIAL AND METHODS

Sample Collection

A total of 80 food samples were collected from three
provinces of Tiirkiye (Afyonkarahisar, Denizli, and Usak)
between October and December 2023. Of these, 60 were
flour samples (31 wheat flour, 12 corn flour, 9 barley flour,
6 rye flour, and 2 chickpea flour) and 20 were tarhana
samples obtained from Denizli. All samples were
purchased from different commercial producers in local
open markets.

Sample Preparation

All flour and tarhana samples were finely homogenized
prior to analysis. Fifty grams of each flour sample were
finely ground, and 5 g subsamples were weighed into
separate containers. To each subsample, 25 mL of
extraction solution (70.0% methanol, 4.0% NaCl, and
distilled water) was added. The mixture was homogenized
for 3 minutes and subsequently filtered through Whatman
No. 1 filter paper. From the filtrate, 50 puL was transferred
into a new tube and diluted with 950 pL of distilled water
(1:20 dilution). After mixing, 50 pL of the diluted extract
was used for analysis.

ELISA Assay

Fumonisin extraction and quantification were performed
using the Celer FUMONISINO commercial ELISA kit (Tecna,
Eurofins Technologies, Italy; Code No: MF100/101),
following the manufacturer’s instructions. This kit is
designed for the detection of FB1, FB2, and FB3 in cereals
and cereal-based products. The microtiter plate is pre-
coated with anti-fumonisin antibodies. During the assay,
fumonisins in the samples and standards compete with the
immobilized antigen for antibody binding sites.
Subsequently, enzyme conjugate and substrate reagents
are added to facilitate color development. The optical
density (OD) values of the samples are inversely
proportional to fumonisin concentration. Quantification
was achieved by comparing sample OD values with those
of the calibration curve generated using fumonisin B1
standards. The calibration curve employed in the
quantitative assessment is presented in Figure 1.
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Figure 1: Standard calibration curve for fumonisin
concentration measurement.

B/Bo: Standard (or sample) absorbance/Standard 0 ppm
(Bo) absorbance X 100

During the assay setup, one well was assigned for each
standard and sample. Into each premixing well, 100 pL of
enzyme conjugate and 50 pL of either standard solution (0,
0.75, 4, 20, and 60 ppm) or sample extract were added.
Using a micropipette, 100 pL aliquots were transferred
three times from each premixing well into the
corresponding anti-fumonisin antibody-coated microwells.
The plate was incubated at room temperature for 10
minutes. Following incubation, the liquid was discarded,
and all wells were washed three times with washing
buffer. The plate was inverted, and residual droplets were
removed by tapping firmly on absorbent paper.
Subsequently, 100 pL of development solution was added
to each well, mixed briefly by rotation, and incubated at
room temperature for 10 minutes. The reaction process
was stopped by adding 50 pL of stop solution to each well.
Then, absorbance values were determined at 450 nm using
a microplate reader within 60 minutes.

The percentage absorbance of each sample was calculated
using the formula:

% Absorbance=Absorbance of sample or
standard/Absorbance of 0 ppm standard (B0) x100

The values obtained were multiplied by the dilution factor
(20). The detection limit of the kit was 0.75 mg/kg.

Statistical Analysis

All data obtained from the experiments were processed
using Microsoft Excel 2019. Results are expressed as mean
values + standard deviation (SD). For categorical data, the
Chi-Square Test of Independence was applied to evaluate
potential associations between sample type and fumonisin
occurrence. In cases where expected cell counts were
below 5, Fisher’s Exact Test was additionally performed to
confirm the robustness of the results. Statistical
significance was considered at p<0.05.

barley, and rye samples were 28.5, 16.4, and 18.9 mg/kg,
respectively. As shown in Table 1, fumonisin
contamination was observed in corn, barley, and rye
flours, but not in wheat, chickpea, or tarhana samples. A
Chi-Square Test of Independence (2x6) confirmed a
significant association between flour type and fumonisin
positivity (x*=33.016, df=5, p<0.001, Cramér’s V=0.642).
Because some expected cell counts were below 5, a
Fisher’s Exact Test (corn vs. other flours) was conducted,
which confirmed corn flour as a high-risk category
(OR%30.33, p<0.001).

Table 2 presents the range of fumonisin concentrations
and contamination percentages across flour types and
tarhana samples. In total, 10 samples exceeding the
maximum acceptable limit of the Turkish Food Codex
(12.5%) were detected. The distribution of fumonisin-
positive flour samples per province is presented in Table 3.
As regards corn flour, the highest percentage of positive
samples was detected in Denizli province (100%) and the
lowest in Usak (25.0%). As regards barley and rye flours,
the highest percentage of positive samples was observed
in Denizli (33.3% and 50.0%, respectively).

RESULTS

The fumonisin concentrations in different flour types and
tarhana samples are presented in Table 1. Overall,
fumonisins were detected in 13.0% of the flour samples.
Contamination was most frequent in corn flour (58.0%),
followed by rye flour (33.0%) and barley flour (11.0%).
The mean concentrations of fumonisins in positive corn,

DISCUSSION AND CONCLUSION

The presence of fumonisins in cereals and cereal products
is an important food safety hazard worldwide. Previous
studies conducted in Tiirkiye and other countries have
detected fumonisins in cereals and cereal products (Table
4), including different flour types (wheat, corn, barley, rye,
and soy, etc.). In this study conducted with different flour
types and tarhana samples, 10 out of 80 samples (12.5%),
7 of which were corn flour (58.3%), 2 of which were rye
flour (33.3%), and 1 of which were barley flour (11.1%),
were contaminated with fumonisin in the range of 16.7-
39.6 mg/kg, 15.6-22.1 mg/kg, and 16.04 mg/kg
respectively, even though 31 wheat flour (0%), 2 chickpea
flour (0%) and 20 (0%) tarhana samples were all found to
be fumonisin negative. Ocak and Bostan (2010) reported
that 56.0% of corn flour samples obtained from Istanbul
were contaminated with fumonisin in the range of 257-
5580 pg/kg. They also stated that 25.0% of these samples
were above the legal limit. In a study conducted with
different flour types, 18 out of 135 samples (13.3%), 16 of
which were corn flour (100%) and 2 of which were rye
flour (11.1%), were contaminated with fumonisin in the
range of 0-103 pg/kg and 670-1684 pg/kg, respectively,
while 82 wheat flour (0%) and 19 barley flour (0%)
samples were all found to be fumonisin negative (Kaya and
Tosun 2013). In izmir, fumonisin was detected in 45
(78.9%) of 57 corn and corn-based samples (Bakirci
2014). Our findings aligned with these reports show
contamination primarily in corn and rye flour, while wheat
flour samples remained fumonisin-free.

A review of the literature revealed no studies investigating
fumonisin contamination in tarhana samples, either in
Tiirkiye or internationally. In the present study, 20 tarhana
samples were analyzed, and all were found to be negative
for fumonisin contamination.

In contrast, no fumonisin contamination was detected in
the wheat flour, chickpea flour, or tarhana samples
analyzed in this study. While these findings suggest a
lower risk associated with these products, caution should
be exercised in their interpretation. In particular, the very
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Table 1: Fumonisin levels in different flour types and Tarhana samples.

Number of samples Concentration Positive
Samples (n) n (%) (mg/kg) samples
Positive Negative Minimum Maximum Mean*SD
Wheat flour (31) 0(0) 31 (100) - - -
Corn flour (12) 7 (58.3) 5(41.7) 16.7 39.6 28.548.15
Barley flour* (9) 1(11.1) 8 (88.9) - 16.04 16.4+0.00
Rye flour (6) 2(33.3) 4 (66.7) 15.6 22.1 18.9+3.24
Chickpea flour (2) 0(0) 2 (100) - - -
Tarhana (20) 0(0) 20 (100) - - -

Mean: The arithmetic mean of the measured values.

SD (Standard Deviation): It indicates the extent to which the data are dispersed around the mean.

*The standard deviation (SD) value of 0.00 for barley flour reflects the presence of only a single positive sample; therefore, no variability could be calculated.

Table 2: Fumonisin range of concentrations and respective contamination percentages in different flour types and Tarhana

samples.
<15 mg/kg 15-30 mg/kg 30-45 mg/kg
Samples (n)
n (%) n (%) n (%)
Wheat flour (31) 31 (100) - -
Corn flour (12) 5(41.7) 4(33.3) 3(25.0)
Barley flour (9) 8(88.9) 1(11.1) -
Rye flour (6) 4 (66.7) 2 (33.3) -
Chickpea flour (2) 2 (100) - -
Tarhana (20) 20 (100) - -
Total (80) 70 (87.5) 7 (8.75) 3 (3.75)
Table 3: Distribution of fumonisin levels by province.
Province
Afyonkarahisar Denizli Usak
S ! Number of
ample type samples Number of samples Number of samples Number of samples
n (%) n (%) n (%)
Positive Negative Positive Negative Positive Negative
Wheat flour 31 0(0) 10 (100) 0(0) 1(100) 0(0) 10 (100)
Corn flour 12 2 (50.0) 2 (50.0) 4 (100) 0(0) 1(25.0) 3(75.0)
Barley flour 9 0 (0) 3 (100) 1(333) 2(66.7) 0(0) 3 (100)
Rye flour 6 0(0) 2 (100) 2(50.0) 2(50.0) - -
Chickpea flour 2 - - 0(0) 2 (100) - -
Tarhana 20 - - 0(0) 20 (100) - -

"-": No sample was taken from that province.

197



[Fumonisin Levels in Flour and Tarhana in Tiirkiye]

Van Vet ], 2026, 37(2) 194-200

Table 4: Fumonisin incidence in different flour types and locations.

Fumonisin levels(min-

o .
n n1 (%) Flour type max) Location References
25 14 (56.0) Corn flour 257-5580 pg/kg Istanbul, Tiirkiye Ocak z;rz)dlgostan
82 (0) Wheat flour -
19 (0 Barley flour -
135 (0) Tiirkiye Kaya and Tosun
18 (11.1) Rye flour 0-103 pug/kg 2013
16 (100) Corn flour 670-1684 ng/kg
Corn and corn- P,
57 45 (78.9) based products 118-9589.4 ng/kg [zmir, Tirkiye Bakirci 2014
52 46 (88.4) Corn flour Mean 140 pg/kg South Africa Sydenlk(l)z:)nll etal
14 9 (64.3 1.3-15.6 pg/k
(64.3) Corn flour Wheat ng/ke USA Pestka et al. 1994
12 0(0) flour -
18 16 (88.9) Corn flour 250-1000 pg/kg USA Pohland 1996
14 14 (100) Corn flour 0.5-8.8 pg/kg People (s:}lfit:lgubhc of Groves et al. 1999
Machinski and
9 9 (100) Corn flour 0.56-4.93 nug/kg Brazil Valente-Soares
2000
60 60 (100) Corn flour 590-19230 pg/kg Brazil B‘ttenzcgggt etal
90 90 (100) Corn flour 892-6307 ng/kg Argentina Castells et al. 2008
41 41 (100) Corn flour 50.0-1300 pg/kg Portugal Martins et al. 2008
17 9 (529 Corn flour 58.2-600 k
(529) ! ne/ke Serbia Matic et al. 2009
11 1(9.1) Soy flour 56.4-56.4 ug/kg
16 13 (81.3) Wheat flour 0-400 pg/kg People éﬁi‘;“bhc of Sun etal. 2011
23 8 (35.0) Corn flour 0.8-2.4 ng/kg Argentina Lerda 2017
48 38(80.0) Corn 820-29760 ug/kg 660- Cabrera-M 1
48 29 (60.0) Corn flour 14360 pg/kg Honduras a reraz-ozelraz etal
48 17 (36.0) Corn bread 590-12400 pg/kg
Mexico
6881 5986 (87.0) Corn 1390-170300 pg/kg . Odjo etal. 2022
Central America
53 40 (75.5) Corn 4-6456 pg/k India Navale and
' HE/%E Vamkudoth 2025

n: Number of samples, ni: Positive samples.

small sample size (n=2) for chickpea flour limits the
statistical reliability of this observation and prevents
drawing definitive conclusions. This limitation should be
considered when interpreting the absence of
contamination in this subgroup.

Statistically, although the Chi-square and Fisher’s Exact
tests confirmed a significant association between flour
type and fumonisin formation, the study lacked prior
power analysis and formal sample size determination.
This could affect the robustness and generalizability of
statistical inferences. Additionally, the presence of small
subgroup sizes can reduce statistical power and increase

the likelihood of Type II error (B). Therefore, future
studies should incorporate appropriate sample size
calculations and more balanced sampling strategies to
strengthen the validity of the findings.

Fumonisins, which are frequently detected in corn and
corn-based products in particular, have been shown to
cause pulmonary edema, kidney and liver toxicity in
mammals. Additionally, they may contribute to an
increase in the incidence of esophageal cancer in people
who consume high amounts of corn and corn products
contaminated with Fusarium species. It is recommended
to minimize fumonisin levels in grain and grain products
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to prevent economic losses as well as the possible risks of
fumonisins on animal and human health (Yal¢in and Kart
2018).

Studies from other countries have reported variable
fumonisin contamination levels (Table 4). Sydenham et al.
(1991) analyzed 52 corn flour samples in South Africa.
Fumonisin was detected in 46 of these samples (88.4%)
with an average concentration of 140 pg/kg. Pestka et al.
(1994) reported that 64.3% of corn flour samples in the
USA contained fumonisin in the range of 1.3-15.6 pg/kg,
and in another study conducted in the same country by
Pohland (1996), 88.9% of corn samples contained
fumonisin in the range of 250-1000 pg/kg. In studies in
Brazil, where a total of 69 corn flour samples were
analyzed, 100% were found to be contaminated with
fumonisin  (Machinski and Valente-Soares 2000;
Bittencourt et al. 2005). Similarly, studies on the presence
of fumonisin in corn flour samples in different countries
found that all 145 analyzed samples (100%) were
contaminated (Groves et al. 1999; Castells et al. 2008;
Martins et al. 2008). Matic et al. (2009) analyzed 17 corn
flour and 11 soy flour samples in Serbia. It was revealed
that 9 (52.9%) of the corn flour samples and 1 (9.1%) of
the soy flour samples were contaminated with fumonisin
at levels of 58.2-600 pg/kg and 56.4-56.4 png/kg,
respectively. In addition, as a result of studies conducted
on the presence of fumonisin in corn flour samples in
Argentina and Honduras, it was reported that 35.0% (in
the range of 0.8-2.4 ug/kg) and 60.0% (660-14360 pg/kg)
were contaminated, respectively (Lerda 2017; Cabrera-
Meraz et al. 2021). In a study conducted by Sun et al.
(2011) determining fumonisin levels in wheat flour
samples, they found that 13 (81.3%) were contaminated
in the range of 0-400 pg/kg. These results differ from our
study results when it is evaluated that all 31 wheat flour
samples analyzed in our study were not contaminated
with fumonisin. According to research conducted on corn
samples in different countries, fumonisin was found
positive in 38 (80.0%) in Honduras, 5986 (87.0%) in
Mexico and 40 (75.5%) in India (Cabrera-Meraz et al.
2021; Odjo et al. 2022; Navale and Vamkudoth 2025).

Several factors influence the formation of fumonisins in
cereals and cereal products, particularly geographical
differences and seasonal conditions, which vary across
countries. In addition, the hygienic quality of the raw
materials used and the production period play important
roles. Various species of Fusarium are significant plant
pathogens that infect corn and several other crops,
resulting in diseases such as ear blight, root rot, and stem
injury (Badiwe et al. 2025; Navale and Vamkudoth 2025).

This study investigated fumonisin contamination in
different flour types and tarhana. Overall, 12.5% of the
samples tested positive for fumonisins. As a potent
mycotoxin, fumonisin represents a significant public
health concern that should not be overlooked. Several
factors influence the formation of mycotoxins in food; the
most important of these are environmental conditions
(e.g., temperature and humidity), storage environments,
and the type of food product in question (Bereziartua et
al. 2025).

Fungal contamination in corn grains represents a major
concern due to the potential production of toxic
mycotoxins that compromise food safety and quality. The
findings of this study revealed a considerable likelihood
of fumonisin presence in maize samples, with certain
samples surpassing the allowable regulatory limits. These
results highlight the importance of early screening for
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mycotoxin-producing fungi and the implementation of
ongoing surveillance systems to prevent adverse and
potentially irreversible health effects in humans and
animals.

Cereals and cereal products are staple foods worldwide,
and fumonisin contamination remains a persistent threat
across different flour types. The high contamination levels
reported in many studies highlight the need for strict
control and preventive measures.

Preventive strategies should begin at the raw material
production stage. Cereals must be thoroughly dried to
inhibit mold growth and should not be stored under hot
and humid conditions. Regular monitoring of fumonisin
levels is essential, and producers should be educated on
hygienic practices to ensure safer production
environments. Implementing these measures will
contribute to reducing fumonisin contamination and
safeguarding both food quality and public health.

To our knowledge, this is the first study to investigate
fumonisin contamination in tarhana, a traditional
fermented cereal-based food widely consumed in Tiirkiye.
The absence of fumonisins in all tarhana samples
analyzed is a reassuring finding, suggesting that either the
raw materials used or the fermentation and drying
processes may reduce fumonisin risk. This result
contributes valuable new insights into food safety risks
associated with traditional cereal-based products and
highlights the need for continued surveillance across
diverse food categories.
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ABSTRACT The present study aimed to comparatively evaluate the antinociceptive and anti-inflammatory effects
acid (OA) and linoleic acid (LA), administered individually and in combination, and to investigate their impact

on serum pro-inflammatory cytokines in an experimental animal model. A total of 96 rats were orally

of oleic

treated

with OA (45-90 mg/kg), LA (45-90 mg/kg), OA + LA (45+45 mg/kg and 90+90 mg/kg), standard analgesics
(indomethacin and acetylsalicylic acid, ASA), or vehicle control. The antinociceptive properties were
examined through Tail Flick, Hot Plate, and writhing test induced by acetic acid injection, whereas the anti-
inflammatory properties were examined through carrageenan-induced paw edema. The concentrations of
TNF-a and IL-1B in serum were determined by ELISA. OA demonstrated statistically significant

antinociceptive effects in both central and peripheral pain models, exhibiting efficacy comparable to
contrast, LA alone did not produce significant analgesic effects. Notably, co-administration of OA

ASA. In
and LA

attenuated the analgesic efficacy observed with OA alone. In the carrageenan-induced inflammation model,
both OA and OA + LA significantly reduced paw edema, with effects comparable to indomethacin, whereas LA
alone showed limited anti-inflammatory activity. Biochemically, both OA and LA significantly elevated serum
TNF-a levels, while no significant differences were observed among groups in IL-1f levels. These findings
suggest that OA possesses pronounced antinociceptive and anti-inflammatory properties. However, the

reduced efficacy observed with combined administration and the elevation of cytokines indicate that

0A and

LA might work via different pathways, thus warranting further investigation into their dose-dependent

interactions.

Keywords: Anti-inflammatory, Antinociceptive, Interleukin-1 beta, Linoleic acid, Oleic acid, TNF alpha.

0z

Oleik ve Linoleik Asit Uygulamasinin Antinosiseptif ve Antiinflamatuvar Etkinligi

Bu ¢alismanin amaci, oleik asit (OA) ve linoleik asidin (LA) ayr1 ayr1 ve kombinasyon halinde uygulandiginda

agr1 kesici ve antiinflamatuar etkilerini karsilagtirmali olarak degerlendirmek ve deneysel bir

modelinde serum proinflamatuar sitokinler tizerindeki etkilerini arastirmaktir. Toplam 96 Sprague-

hayvan
Dawley

siganina oral yolla OA (45-90 mg/kg), LA (45-90 mg/kg), OA + LA (45+45 mg/kg ve 90+90 mg/kg), standart
analjezikler (indometasin ve asetilsalisilik asit, ASA) veya kontrol grubu olarak tasiyict madde uygulandi. Agr1
kesici aktivite, Kuyruk Sicratma, Sicak Plaka ve asetik asit kaynakli kivranma testleri kullanilarak

degerlendirilirken, antiinflamatuar etkiler karagenan kaynakli penge 6demi modeli ile degerlendirildi

. Timor

nekroz faktori alfa (TNF-a) ve interlokin-1 beta (IL-18) serum diizeyleri ELISA kullanilarak 6l¢iildi. OA, hem
merkezi hem de periferik agr1 modellerinde istatistiksel olarak anlaml antinosiseptif etkiler gosterdi ve ASA
ile karsilastirilabilir bir etkinlik sergiledi. Buna karsilik, LA tek basina anlaml analjezik etkiler iiretmedi.
Ozellikle, OA ve LA'min birlikte uygulanmasi, yalnizca OA ile gdzlemlenen analjezik etkinligi azalttl. Karagenan
kaynakli inflamasyon modelinde, hem OA hem de OA + LA, indometasin ile karsilastirilabilir etkilerle penge
6demini 6nemli 6l¢lide azalttl, oysa LA tek basina smirl anti-inflamatuar aktivite gosterdi. Biyokimyasal

olarak, hem OA hem de LA serum TNF-a diizeylerini 6nemli 6l¢iide yiikseltirken, IL-1f diizeylerinde

gruplar

arasinda anlamli bir fark goézlenmedi. Bu bulgular, OA'nin belirgin antinosiseptif ve anti-inflamatuar
ozelliklere sahip oldugunu gostermektedir. Ancak, kombine uygulamada gozlemlenen azalmis etkinlik ve pro-
enflamatuar sitokinlerin ytlikselmesi, OA ve LA'nin etkilerini farkli molekiiler mekanizmalar aracihigiyla
gosterebilecegini ve doz bagimli etkilesimleri ve altta yatan yollar hakkinda daha fazla arastirma yapilmasini

gerektirdigini gostermektedir.
Anahtar Kelimeler: Antiinflamatuvar, Antinosiseptif, Interlékin-1 Beta, Linoleik asit, Oleik asit, TNF-alfa.
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INTRODUCTION

Tirkiye, with its rich biodiversity, hosts numerous herbal
sources used in traditional medicine. The increasing
interest in herbal products stems from their fewer side
effects, multiple therapeutic actions, and economic
advantages compared to synthetic drugs (Coban 2003).
Particularly, the long-term administration of non-steroidal
anti-inflammatory drugs (NSAIDs), widely employed in the
treatment of chronic pain and inflammation, is linked to
serious adverse effects such as tolerance development,
gastrointestinal toxicity, and renal toxicity, necessitating
alternative therapeutic approaches (Bozkurt et al. 2017;
Sohail et al. 2023).

Pain is a complex sensory experience resulting from the
stimulation of receptors called nociceptors, transmitted
from somatic or visceral tissues to the spinal cord, and
then to the thalamus and cerebral cortex (Sunzini et al,
2023). Inflammation, on the other hand, is a complex
biological response occurring in tissues in response to
trauma, infection, or autoimmune damage, aiming to
eliminate the damaging agent, limit harm, and facilitate the
repair of damaged tissue (Guyton and Hall 2001). In these
processes, soluble factors such as the pro-inflammatory
cytokines Tumor Necrosis Factor-alpha (TNF-a) and
Interleukin-1 beta (IL-1) play a central role (van der Poll
etal. 1999).

Oleic acid (OA) and linoleic acid (LA) are unsaturated fatty
acids that constitute the main components of many
vegetable oils, such as olive oil, sunflower oil, and walnut
oil. OA is a monounsaturated fatty acid that is renowned
for its antioxidant and anti-inflammatory properties. It
reduces the susceptibility of cells to oxidation by
decreasing the formation of pro-inflammatory molecules
(Asif 2011; Santa-Maria et al. 2023). LA, a polyunsaturated
fatty acid (PUFA), is an essential fatty acid. However,
current literature suggests that high dietary LA intake may
increase pain susceptibility by leading to the accumulation
of arachidonic acid (AA)-derived pro-nociceptive lipid
mediators (e.g, prostaglandins and leukotrienes)
(Ramsden et al. 2016; Birkic etal. 2022).

This study aimed to evaluate the antinociceptive and anti-
inflammatory efficacy of OA and LA in vivo and to elucidate
their molecular interactions by examining changes in
cytokine levels.

¢ Biochemical Kits: Rat TNF-a ELISA kit (BT lab, Cat no:
E0764Ra), Rat IL-1f ELISA kit (BT Lab, Cat No: E0O119Ra).

Experimental Groups and Administration

Study groups were arranged separately for antinociceptive
and anti-inflammatory efficacy tests (n=6) (Table 1 and 2).
All administrations were performed orally (p.o.). The
doses of 45 mg/kg and 90 mg/kg were selected based on
previously reported in vivo studies. Ramsden et al. (2016)
and Hidalgo et al. (2021) demonstrated that fatty acid
doses in the range of 40-100 mg/kg produced measurable
pharmacological effects in rodent models without overt
toxicity. The lower dose (45 mg/kg) was chosen to reflect
a physiologically relevant intake level, while the higher
dose (90 mg/kg) was included to assess potential dose-
dependent effects and to align with established dose-
escalation paradigms used in similar preclinical fatty acid
studies.

Table 1: Groups for Antinociceptive Experiments.

. Dose

Group No  Application (Oral) (mg/kg)

1 Control (Physiological Saline) 0.2 ml

2 Acetylsalicylic Acid (ASA) 300

3 Oleic Acid (OA) 45

4 Oleic Acid (0OA) 90

5 Linoleic Acid (LA) 45

6 Linoleic Acid (LA) 90

7 OA + LA (Combined Low Dose) 45 + 45

8 OA + LA (Combined High Dose) 90 +90

All test substances and reference drugs were administered 30 minutes
before pain experiments. n = 6 animals per group. All substances were
administered orally (p.o.) 30 minutes before pain tests. OA: oleic acid; LA:
linoleic acid; ASA: acetylsalicylic acid; p.o.: per os (oral administration).

Table 2. Groups for Anti-inflammatory Experiments.

P Dose

Group No  Application (Oral) (mg/kg)

1 Control (Physiological Saline) 0.2 ml

2 Indomethacin (Reference) 3

3 Oleic Acid (0A) 45

4 Oleic Acid (OA) 90

5 Linoleic Acid (LA) 45

6 Linoleic Acid (LA) 90

7 OA + LA (Combined Low Dose) 45 + 45

8 OA + LA (Combined High Dose) 90 +90

MATERIAL AND METHODS

In this study, a total of 96 Sprague Dawley rats were used,
randomly divided into 16 different groups, with 6 healthy
rats in each group. All animals were housed under
standard laboratory conditions (22+2°C, 50-60%
humidity, 12-hour light/dark cycle) and had ad libitum
access to food and water. The study received ethical
approval from the Van Yiizlincii Yil University Animal
Experiments Local Ethics Committee (YUHADYEK) with
protocol number 2019/06 on 27/06/2019.

Chemicals and Drugs
The chemicals used in the experiments were:
¢ Pain Inducer: Acetic acid (Sigma 320099).

¢ Test Substances: Oleic acid (OA, AB 333867, abcr
Germany), Linoleic acid (LA, BLA 100448, Boston USA
Academy; USA).

e Reference Drugs: Indomethacin (Sigma 17378),
Acetylsalicylic acid (ASA).

¢ Inflammation Inducer: 1% lambda carrageenan solution.
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n = 6 animals per group. Substances were administered to all groups except
the control and indomethacin groups after carrageenan application. OA:
oleic acid; LA: linoleic acid; p.o.: per os (oral administration).

Substances were administered to all groups except the
control and indomethacin groups after carrageenan
application.

Experimental Pain Models
Antinociceptive Efficacy

Three different models were used to evaluate central and
peripheral antinociceptive efficacy:

The tail flick test assessed the pain response at the central
spinal cord level using the D'Amour and Smith (1941)
technique. Radiant heat was applied to a specific area on
the rat's tail, and the amount of time taken for the rat to
withdraw its tail (latency) was recorded. The maximum
time of exposure was set at 30 seconds. Measurements of
the withdrawal response were made each time before drug
administration (baseline) and again 30, 60, and 90 minutes
after drug administration.
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The hot plate test assessed the pain response at the central
supraspinal level using modifications of the Eddy and
Leimbach (1953) technique. Rats were placed on a hot
plate (55+0.1 °C) and the time taken for each rat to lick or
withdraw its paw from the hot plate (latency), was
recorded. If the rat did not lick or withdraw its paw from
the plate within 30 seconds after being placed on the hot
plate, the measurement was terminated (cut-off time).
Measurements of the time to lick or withdraw a paw from
the hot plate were made each time before drug
administration (baseline) and were repeated 30, 60, and
90 minutes after drug administration.

The acetic acid-induced writhing test was conducted as
per the methods of Koster et al. (1989). Five (5) minutes
after receiving an intraperitoneal injection of 0.6% acetic
acid (0.1 ml/10 g) rats were observed for 10 minutes for
the number of writhing movements (bending of the back,
abdominal muscle contraction, stretching, and extending).

Anti-inflammatory Activity Determination

Carrageenan-Induced Paw Edema Test: We used the
method of Winter et al. (1962) to evaluate carrageenan-
induced paw edema, with some modifications from the
original protocol. The right rear paw of each rat was
measured using a plethysmometer before the
administration of the drug. After thirty minutes of drug
administration, inflammation was induced by injecting 100
uL of a 1% solution of lambda-carrageenan into the
subplantar region of the right rear paw. The volume of the
paw was re-measured 1, 2 and 3 hours post-injection. The
degree of inhibition of the inflammatory response was
calculated as a percentage of the inflammatory response
and was calculated using the following formula (Kouadio
etal. 2000):

%I =[1-dt/dc] x 100

%] = Percentage inhibition

dt = Volume difference in the paw of the drug-treated
group

dc = Volume difference in the paw of the control group
Biochemical Analyses

At the end of the experiment, serum samples obtained
from the blood of rats were used to measure TNF-a and IL-
1B levels using commercial ELISA kits. Analyses were
performed according to kit procedures, and results were
detected using an ELISA reader.

Statistical Analysis

The collected data have been expressed as mean and
standard error of mean (Mean#SE). Within the framework
of ANOVA assumptions, the normality of the data
distribution was examined using the Shapiro-Wilk test,
and the homogeneity of variances was examined using
Levene's test. Data from all groups showed a normal
distribution, and the variances were found to be
homogeneous. Duncan's multiple range test was used for
multiple comparisons. Statistical analyses were carried out
using IBM SPSS 22.0 software, and statistical significance
was set at a p-value < 0.001.

results similar to the effect shown by OA alone, while LA's
combined use was observed to slightly reduce OA's
efficacy.

OA application significantly reduced the number of writhes
in the peripheral pain model (Acetic Acid Writhing Test)
compared to the control group. This effect was found to be
similar to that of ASA. While LA alone had a weak effect,
combined groups yielded results similar to the effect of OA
alone (Figure 1).

Writhing Test (Count) Tail Flick Test (sec) Hot Plate Test (sec)

ation (seconds)
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Figure 1: Group means for Writhing, Tail Flick, and Hot
Plate tests.

Effects on Cytokine Levels (After Antinociceptive
Experiment)

When TNF-a levels were examined, a statistically
significant difference was found between the control group
and all treatment groups (p<0.001). Compared to the
control group, a statistically significant increase in serum
TNF-a levels was observed with both OA and LA
applications. Although the reference drug ASA showed a
slight increase compared to the control group, it exhibited
a significantly lower pro-inflammatory profile than the
fatty acid groups.

There was no statistically significant difference in IL-1f8
levels between the control, ASA, LA (45) and combined
(45) groups (p>0.05). However, it was determined that the
groups in which high dose OA was administered alone and
in combination were unable to reduce IL-1f levels yet
were statistically different compared to the control group
(p<0.001) (Figure 2, Table 3).

Table 3. Serum TNF-a and IL-1f Levels (Mean # SE) after
Antinociceptive Experiments

Experiment TNF-« (pg/mL) IL-1B (pg/mL)
Group (Mean * SE) (Mean * SE)
Control 50.18 + 3.662 333.32 +£36.692
Acetylsalicylic Acid A
(ASA) 65.09 + 6.19> 395.76 + 56.21ab
Oleic Acid (OA) 45 78.42 + 8.46¢d 488.11 + 75.13bcd
Oleic Acid (OA) 90 95.62 + 7.36¢ 678.45 £ 77.34¢

Linoleic Acid (LA)

80.99 = 4.01¢ 436.51 + 48.432b¢

45

f;ion"]eic Acid (LA) 100.10 + 4.52¢ 538.84 + 49.14<d
OA + LA (45) 71.74 % 5.81b¢ 463.83 + 66.622b<d
OA + LA (90) 89.01 + 6.11¢ 591.52 + 68.70¢

p value p<0.001 p<0.001

RESULTS

Findings related to Antinociceptive Efficacy

Groups treated with Oleic Acid (OA) showed pain
tolerance (increase in latency time) equivalent to the
reference drug ASA in both Tail Flick and Hot Plate tests.
The antinociceptive effect of Linoleic Acid (LA) alone was
lower compared to OA. Combined applications yielded

Data are presented as Mean + SEM (n = 6 per group). Intergroup differences
were analyzed using One-way ANOVA and Duncan’s multiple comparison
test. There was no statistically significant difference between means
sharing the same letter (p>0.05). Statistical significance was set at p<0.001.
TNF-a: p<0.001 across groups; IL-1B: p<0.001 across groups. SEM:
standard error of the mean; ANOVA: analysis of variance.

Anti-inflammatory Efficacy Findings

In the carrageenan-induced paw edema model, the edema
formed in the first hour was significantly reduced by OA
and combined applications compared to indomethacin.
The effect of LA alone was not as strong as OA and
combined applications. By the end of the 3rd hour, high-
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dose combined application (OA 90 + LA 90 mg/kg) was
determined to reduce paw edema to a degree similar to the
reference drug indomethacin. These results indicate that
OA and combined application have a strong inhibitory
effect on acute inflammation (Figure 3).

TNF-a Levels by Groups (Mean  SE) IL-1B Levels by Groups (Mean + SE)

'Tl :

TNF-a Level (pg/mL)
IL-18 Level (pg/mlL)

p T
o g f g
¢ & ¥ R & & &

Figure 2: Changes in TNF-a and IL-1f levels in
Antinociceptive efficacy with Oleic and Linoleic acid
application.

Time-Dependent Change in Paw Volume
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Figure 4: Changes in TNF-a and IL-1B levels in Anti-
inflammatory efficacy with Oleic and Linoleic acid
application.
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Figure 3: Paw increase graphs with Oleic and Linoleic acid
application.

Effects on Cytokine Levels (After Anti-inflammatory
Experiment)

In TNF-a measurements, the OA 90 group showed the
most significant and distant deviation from the Control
and Indomethacin groups (p<0.001). The LA 90 group
showed a numerical increase compared to the control and
indomethacin groups, although not as significant as the OA
90 group, and this increase was statistically significant. No
significant difference was observed in the combined
groups (p>0.05). It was observed that all other treatments
did not reduce IL-1f levels and there was no statistically
significant difference between the control group and the
indomethacin group (p>0.05) (Figure 4, Table 4).

Table 4: Serum TNF-a and IL-1§ Levels (Mean +* SE) after
Anti-inflammatory Experiment.

TNF-a (pg/mL)

Experiment Group IL-16 (pg/mL)

(Mean * SE) (Mean * SE)
Control 48.57 +8.722 350.97 £ 57.252
Indomethacin 50.06 +9.24a 367.72 + 68.782

Oleic Acid (0A) 45
Oleic Acid (0A) 90
Linoleic Acid (LA) 45
Linoleic Acid (LA) 90
OA + LA (45) 65.74 + 9.233b 575.55 £ 60.45b¢
OA + LA (90) 70.50 + 10.232 676.33 £ 62.45b¢
p value p<0.001 p<0.001

Data are presented as Mean = SEM (n = 6 per group). Intergroup differences
were analyzed using One-way ANOVA and Duncan’s multiple comparison
test. There was no statistically significant difference between means
sharing the same letter (p>0.05). Statistical significance was set at p <
0.001. TNF-a: p<0.001 across groups; IL-1f: p<0.001 across groups. SEM:
standard error of the mean; ANOVA: analysis of variance.

78.27 +10.34°
105.68 + 11.34¢
61.59 + 8.6720
84.57 + 9.37b¢

581.46 * 63.19¢b¢
688.34 + 62.19%¢
569.19 + 68.27°
734.32 £ 69.27¢
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DISCUSSION AND CONCLUSION

This study is a significant investigation that comparatively
examined the effects of oleic acid (OA) and linoleic acid
(LA) on experimentally induced pain and inflammation in
rats, alongside reference drugs and cytokine levels. The
findings support the potent antinociceptive and anti-
inflammatory potential of OA, while indicating that the
effect of LA alone is limited, and combined application
reveals notable cytokine modulations.

0A’s demonstration of efficacy equivalent to the reference
drug ASA in both central (Tail Flick, Hot Plate) and
peripheral (Acetic Acid Writhing) pain models highlights
the therapeutic potential of this monounsaturated fatty
acid. The literature reports that OA can inhibit nociceptive
signaling by acting through free fatty acid receptor 1
(FFAR1/GPR40) and reduce the sensitivity of the TRPV1
(Transient Receptor Potential Vanilloid 1) channel
(Pessina et al. 2024; Sendetski et al. 2024). These
mechanisms may explain the potent antinociceptive effect
observed in our study at the molecular level.

In the carrageenan-induced paw edema model, OA and
combined applications reduced edema to a level similar to
indomethacin, indicating that OA is effective in the early
phases of acute inflammation. This effect can be associated
with OA's ability to modulate cyclooxygenase (COX) and
lipoxygenase (LOX) pathways or inhibit nuclear factor
kappa B (NF-kB) activation (Santa-Maria et al. 2023).

In our study, the weak antinociceptive effect of LA alone
and its slight reduction of OA's effect in combined
application is a critical finding consistent with current
literature. LA (n-6 PUFA) serves as a precursor to
arachidonic acid (AA) and subsequently to pro-
inflammatory and pro-nociceptive lipid mediators (e.g.
PGE2, LTB4) in the body (Ramsden et al. 2016; Santin et al.
2023). Evidence suggesting that high dietary LA intake can
increase pain susceptibility by increasing plasma
accumulation of pro-nociceptive lipid mediators (Birkic et
al. 2022) supports the limited efficacy of LA and the
potential antagonistic effect in combined application
observed in our study.

Inflammation can be described as interactions between
soluble factors and cells that may occur in tissues in
response to trauma, infection, ischemia, toxic, or
autoimmune injury. If the destructive and repair-
supporting stages do not proceed smoothly, leukocytes,
lymphocytes, or collagen can cause permanent damage to
the tissue. The aim here is to eliminate the damaging agent
and its products, to keep the damage within limits, and to
enable the repair and regeneration of damaged tissue
(Guyton and Hall 2001).
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Cytokines are known as the first indicators of the body's
immune response against microbial attacks in bacterial,
viral, fungal, and parasitic infections in many animal
models, and TNF-a and IL-1p are stimulated first as
cytokines in inflammation (van der Poll et al. 1999).
Cytokines such as IL-18 and IL-6 lead to the formation of
pro-inflammatory and inflammatory changes and the
emergence of a rapid immune response that ensures the
elimination of pathogens (Bethea et al. 1992). TNF-a and
IL-1p are known to act through similar common signaling
molecules that emerge in the early period of inflammation.

In our study, it was observed that oleic acid-linoleic acid
and aspirin, used as NSAID preparations, increased TNF-a
levels in terms of analgesic effect. Compared to the control
group, a statistically significant increase in serum TNF-a
levels was observed in oleic and linoleic acid applications
(p<0.001). In combined applications, serum TNF-a levels
were found to be higher than in acetylsalicylic acid, and it
was determined that there was no statistically significant
difference in low-dose combined application (p>0.05), but
there was a difference in high-dose application (p<0.001).
When IL-18 levels were examined, no statistically
significant difference was found between the contro],
acetylsalicylic acid, linoleic acid (45), and combined (45)
groups; this indicates that these applications provided a
value close to the control (p>0.05). There was a significant
difference between the groups in which oleic acid
applications were given alone and in combination at high
doses, and it can be said that they were not effective in
treatment compared to the control (p<0.001). Although
there was a statistically significant difference between the
LA (90) group and the control and ASA groups, it can be
said that it was not effective in treatment. From an anti-
inflammatory perspective, when examining the increase
and decrease in paw edema volume, it was observed that
paw edema, which increased in the first hour due to the
carrageenan effect, decreased with the applications
compared to indomethacin. However, linoleic acid
application alone was less effective than oleic acid and
combined applications. In terms of cytokine levels, it was
observed that the applications caused an increase in TNF-a
levels after indomethacin-induced inflammation and
created a statistically significant difference (p<0.001). For
TNF-a levels, linoleic acid, combined 45 and combined 90
applications were not statistically different compared to
indomethacin and the control group (p>0.05), while the
other applications were statistically different (p<0.001). In
terms of IL-1f levels, it was observed that the applications
did not decrease IL-1B levels and were statistically
different from the control group and the indomethacin
group (p<0.001).

One of the most striking findings of the study is that OA
and LA applications caused a statistically significant
increase in serum TNF-a levels after the antinociceptive
experiment. This finding contradicts the widespread
acceptance that OA generally has anti-inflammatory effects
(Santa-Maria et al. 2023). However, this contradiction
should be evaluated in the context of dose-response
relationships and duration of application. The literature
indicates that OA may exhibit anti-inflammatory effects at
low doses, while at high doses or in different cellular
contexts, it may trigger the release of pro-inflammatory
cytokines (Hidalgo et al. 2021). It is thought that the doses
used in our study (45 and 90 mg/kg) might have exceeded
this pro-inflammatory threshold. Cytokine levels are
indicative of an acute response. While antinociceptive tests
measure acute effects, the increase in cytokines may be
due to the acute modulatory effect of fatty acids on

immune cells. LA being a precursor to pro-inflammatory
lipid mediators may have contributed to the increase in
TNF-a in combined application and LA alone groups.

In this study, after the anti-inflammatory experiment, LA
and combined groups were observed to manage TNF-a
levels more successfully compared to control and
indomethacin. This situation suggests that in the
carrageenan-induced inflammation model, the anti-
inflammatory mechanisms of fatty acids (e.g, FFAR1
activation or NF-xB inhibition) become more pronounced.
The inability to achieve a general reduction in IL-1f levels
indicates that the modulation of this cytokine is more
complex or requires different signaling pathways.

Several limitations of the present study should be
acknowledged. First, the sample size of six animals per
group is relatively small, which may limit the statistical
power and generalizability of the findings. Second, only
two pro-inflammatory cytokines (TNF-a and IL-1f) were
measured; a broader cytokine panel including IL-6, IL-10,
and PGE2 would provide a more comprehensive picture of
the inflammatory response. Third, histopathological
analysis of target tissues was not performed, which would
have provided direct morphological evidence of
inflammatory changes. Fourth, key mechanistic markers
such as cyclooxygenase-2 (COX-2), nuclear factor kappa B
(NF-xB) and prostaglandin E2 (PGE2) were not assessed,
leaving the molecular pathways underlying the observed
effects incompletely characterized. Finally, only acute
(single-dose) administration was evaluated; the effects of
repeated or long-term treatment with OA and LA remain
unknown and warrant investigation in future studies.

In conclusion, it was concluded that oleic acid application,
both alone and in combination with linoleic acid, may be
effective in reducing inflammation. It is thought that it may
be beneficial to examine efficacy in more detail in future
antinociceptive or different pain model studies. However,
compared to acetylsalicylic acid, whose efficacy was
determined and compared at the antinociceptive efficacy
level, the efficacy of oleic and linoleic acid was found to be
considerable. However, due to the increase in serum
cytokine levels, it was thought that oleic acid and linoleic
acid stimulated inflammatory markers, and although they
were effective in acute pain relief, it would be more
appropriate to investigate these effects with different
studies and different doses.
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ABSTRACT

The objective of the study was to evaluate the effect of an additional PGF2a injection 24 hours after the first
PGF2a in the timed AI Ovsynch protocol on the pregnancy/artificial insemination (P/AI) rate of Simmental
cows presynchronized with PG-3-G. The study was conducted on a commercial farm with 103, lactating
Simmental cows. Animals were randomly divided into two groups (1) PG-3-G Group (n=56): PGF2a on day 0;
GnRH on day 3; Ovsynch initiation after on day 10. (2) PG-3-PG Group (n=47): Second PGF2aaddition 24
hours apart before timed Al to PG-3-G protocol. Parity, milk yield, and days in milk (DIM) were compared
between the synchronization protocols. The pregnancy rates in the postpartum first and =2 TAI were similar
between groups (p=0.462 and p=0.566, respectively). There were no statistical differences in the P/Al rates
between groups 51.78% (29/56) and 51.06% (27/47), respectively. Multiparous cows revealed numerically
higher pregnancy rates than the primiparous cows. However, P/AI results did not differ between groups
(p=0.942). The mean preovulatory follicle diameter was 1.71+0.15 cm in the PG-3-G group, and 1.79+0.15 cm
in the PG-3-PG group and the difference between groups was significant (p=0.047). In conclusion,
administration of a second PGF2a injection to the protocol improved the P/AI numerically in multiparous
cows, and preovulatory follicle size. Nevertheless, those findings need to be evaluated by conductinga larger
study with a larger sample size.

Keywords: Fertility, GnRH, Presynchronization, Second PGF2a.

0z

Simental ineklerde Presenkronizasyon Protokoliinde ikinci Prostaglandin F2a
Uygulamasinin Fertiliteye EtKisi

Bu ¢alismanin amaci PG-3-G protokolii ile presenkronizasyon protokolii uygulanan Simental irki ineklerde
izleyen Ovsynch protokoliinde suni tohumlama 6ncesi uygulanan PGF2o’dan 24 saat sonra ikinci PGF2a
enjeksiyonunun gebelik/suni tohumlama (G/ST) oranina etkisinin degerlendirilmesidir. Calisma ticari bir
ciftlikte yetistirilen 103 adet sagmal Simental inekte gerceklestirildi. Hayvanlar rastlantisal olarak iki gruba
ayrildi (1) PG-3-G Grubu(n=56): 0. gin PGF2q; 3. giin GnRH; 10. giin standart Ovsynch protokolii baslangici.
(2) PG-3-PG Grubu(n=47): PG-3-G grubuna ilave olarak suni tohumlamadan dnceki PGF2a’dan 24 saat sonra
2. PGF2a enjeksiyonu. Senkronizasyon gruplari arasinda parite, siit verimi ve sagilan giin sayis1 (SGS) da
karsilastirildi. Postpartum ilk ve =2. ST’da gruplar aras1 gebelik oranlar1 bakimindan fark bulunmadi (p=0.462
and p=0.566, respectively). Gruplar arasinda G/ST oranlar1 agisindan istatistiksel fark tespit edilmedi,
sirastyla %51.78 (29/56) ve %51.06 (27/47). Multipar ineklerde gebelik oranlar1 primipar ineklere gére
daha yiiksek olma egilimi saptandi, ancak gruplar arasinda fark énemsizdi (p=0.942). PG-3-G grubunda
ortalama preovulator folikiil ¢apr 1.71£0.15 cm bulunurken, PG-3-PG grubunda 1.79+0.15 tespit edildi;
gruplar arasindaki fark anlamhi bulundu (p=0.047). Sonu¢ olarak, PG-3-G protokoliine ikinci PGF2a
enjeksiyonunun eklenmesinin multipar ineklerde G/ST oraninin ve preovulatdr folikiil buytkligliniin
artirilmasina katkisi oldugu belirlendi. Bununla birlikte, ¢calismada ortaya konan bulgularin daha biiytik 6rnek
sayisl ile ayrintili olarak arastirilmasi gerektigi kanaatine varildi.

Anahtar Kelimeler: Fertilite, GnRH, kinci PGF2a, Presenkronizasyon.
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INTRODUCTION

Modern high-yielding dairy cattle farms are confronted
with an infertility problem due to the postpartum
unfavorable metabolic profiles, hormonal disorders,
genital canal infections or poor estrus detection practices
(Sakaguchi 2011; Chabanenko et al. 2024). Large herd size,
inadequate employees, and inappropriate management
factors also lead to poor fertility and decreased pregnancy
rates per artificial insemination (P/AI). Thus, various
estrous and ovulation synchronization protocols are
routinely used in large dairy farms to minimize the poor
estrous detection and management (Brusveen et al. 2009;
Rethmeier et al. 2019). The Ovsynch protocol is the most
widely used protocol, based on GnRH and PGF2a
treatments to improve pregnancy rates by ensuring the
correct timing of insemination relative to ovulation,
primarily in large herds (Pursley et al. 1997; Stevenson et
al. 2012).

Pregnancy rates with the Ovsynch protocol at a random
stage of the estrus cycle vary between cows, depending on
the ovarian structures on the day of GnRH and PGF2a
treatments. For optimal efficiency of the Ovsynch protocol,
the cow should be at the fifth to eighth days of the estrous
cycle, with progesterone concentration between 0.5 and 6
ng/mL and a functional dominant follicle of the first
follicular wave on the day of the first GnRH injection (G1).
The progesterone concentration should also be high (>1
ng/mL) on the day of PGF2a treatment and low (<0.4
ng/mL) on the day of the second GnRH injection (G2)
(Carvalho et al. 2018). Pregnancy rates are low in the an
ovulatory cows or that do not have a corpus luteum (CL)
on the day of G1. Conception success is also low in cows
that have poor ovulation or luteinization response to G1
treatment, lack of complete luteolysis after PGF2a
injection, and failure of ovulation of the preovulatory
follicle after G2 treatment (Carvalho et al. 2018; Stevenson
et al. 2018). Different presynchronization strategies were
developed before initiating the Ovsynch protocol to
overcome inadequate response and low P/AI rates.
Administration of two PGF2a 14 days apart (Presynch-
Ovsynch) or various PGF2a and GnRH combinations
(Double-Ovsynch, G6G, PG-3-G, etc.) before the standard
Ovsynch protocol are appliedto ensure the early diestrous
stage (Borchardt et al. 2017).

Double-Ovsynch (Ovsynch before the timed Al Ovsynch
protocol; Souza et al. 2008.) and G-6-G (PGF2a injection
followed by GnRH injection 2 days later, and initiating the
Ovsynch protocol in 6 days; Bello et al. 2006.) protocols
are effective presynchronization treatments often used in
cows. Moreover, the PG-3-G protocol (PGF2a injection
followed by GnRH injection 3 days later, and initiating the
Ovsynch protocol in 10 days) is a modification of G-6-G to
achieve a greater ovulation response and higher
progesterone concentrations in G1, and more functional CL
following the Ovsynch protocol (Stevenson et al. 2012).
However, both standard Ovsynch and the other
presynchronized Ovsynch protocols may result in
incomplete luteal regression, and serum progesterone
concentrations may be = 0.5 ng/mL at timed Al (TAI).
Young CL responds inadequately to a single PGF2a due to
the lower luteal oxytocin release and lower affinity to the
PGF receptors than adult CL. In addition to this, the
number of PGF2a pulses could be insufficient for the luteal
regression of young CL (McCracken et al. 1999; Ginther et
al. 2009). Thus, the P/AI results could be poorer than
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expected in Ovsynch protocols. To solve incomplete
luteolysis, two PGF2a treatments, 24 hours apart, were
applied in Double-Ovsynch and G-6-G protocols before the
second GnRH injection of timed AI Ovsynch. It was
reported that a distinct luteal regression was obtained
following the second PGF2a injection (Wiltbank et al.
2015; Heidari et al. 2017). In light of this information, the
objective of the study was to evaluate the effect of an
additional PGF2a injection 24 hours after the first PGF2a
in the timed Al Ovsynch protocol on the
pregnancy/artificial  insemination (P/AI) rate of
Simmental cows presynchronized with PG-3-G.

MATERIAL AND METHODS

All animal experimental procedures were approved by the
Experimental Animal Local Ethics Committee of Afyon
Kocatepe University (approval number: 49533702/94).

Animals and Experimental Design

The study was conducted at a commercial farm located in
Afyonkarahisar province, Tirkiye (38°45'24.00" North
latitude and 30°32'23.00" East longitude in the Northern
Hemisphere). The study was conducted on 103 lactating
Simmental cows (parities 1-8) housed in free-stall barns.
Cows were fed a farm-prepared concentrate mixture
(crude protein 20%, starch 31.5%, fat 6.4%) consisting of
dry hay, dry alfalfa, barley straw silage, and corn silage
twice daily (NRC 2001). They had free access to water.
Cows were milked twice daily using a 2x12 fishbone
milking system. Cows were periodically vaccinated against
foot-and-mouth  disease, enterotoxemia,  mastitis,
infectious bovine rhinotracheitis, and bovine viral diarrhea
according to the vaccination program. Internal and
external parasite treatments were administered twice a
year. Animals were monitored during the voluntary
waiting period, and the cows with dystocia, placental
retention, uterine infections, and other postpartum
diseases were not included to the study. All cows were
evaluated for body condition score (BCS) on the day of
enrollment (one=emaciated, five=obese; Bewley and
Schutz, 2008). Animals were randomly divided into two
groups. Parity, milk yield (<30 kg/day vs >30 kg/day), and
days in milk (DIM; <80 vs =80 days) were compared
between the synchronization protocols.

PG-3-G Group (n=56): Cows in this group received PGF2a
(2 ml, LM.; Cloprostenol, Dalmazin, FATRO, Italy) on day 0;
GnRH analogue (2.5 ml, LM, 0.004 mg/ml Buserelin
acetate, Receptal, Intervet International GmbH, Germany)
on day 3; GnRH analogue (2.5 ml, LM, 0.004 mg/ml
Buserelin acetate, Receptal, Intervet International GmbH,
Germany) on day 10; 150 pg PGF2a (2 ml, LM,
Cloprostenol, Dalmazin, FATRO, Italy) was injected into all
cows on day 17, and GnRH treatment was administered
with the same dose on day 20 (56 hours after PGF2a).
Cows were FTAI 16 hours after the last GnRH
administration by the same veterinarian with the frozen-
thawed semen of a single bull (Figure 1).

PG-3-PG Group (n=47): Cows in this group received the
same treatments as PG-3-G group, except an additional
PGF2a treatment on day 18 and followed the last GnRH
injection (32 hours after the additional PGF2a injection).
Cows were FTAI 16 hours after the last GnRH
administration by the same veterinarian with the frozen-
thawed semen of a single bull (Figure 1).
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PG-3-G Group

Pre-PGF2a Pre-GnRH GnRH

DO D3 D 10

PG-3-PG Group
Pre-PGF2a Pre-GnRH GnRH

DO D3 D 10

PGF2a S6 h GnRH 16 h TAI

D 17 D 20 D:21

PGF2a PGF2a 32 hours GnRH 16 h TAI

D17 D18 D 20 D21

Figure 1: Illustration of the hormonal treatment protocols of PG-3-G and PG-3-PG groups. PGF2o: Prostaglandin F2a, GnRH:
Gonadotropin-releasing hormone, TAI: Timed artificial insemination, h: Hour, D: Day.

Reproductive tract examinations were performed by
ultrasonography (HT838, Hasvet, Tiirkiye) before protocol
initiation. The presence of CL, a dominant follicle (DF), or
an ovarian cyst was recorded before hormone treatment.
The reproductive tract scores (RTS) at the time of Al were
classified considering the size (cervical and uterine) and
the position of the genital tract relative to the pelvis before
TAI (Young et al. 2017). The reproductive tract score 1
(RTS1): Small and compact uterine horns entirely within
the pelvic cavity; RTS2: Cervix within the pelvic cavity, but
with the longer uterine horns outside the pelvic cavity;
RTS3: Cervix and larger and rested uterine horns lie
outside the pelvic cavity. Pregnancy status was diagnosed
by transrectal ultrasonography on day 35 after TAI by
confirming a viable embryo with a positive heartbeat.

Statistical Analysis

All statistical analyses were performed using the Statistical
Package for the Social Sciences (SPSS) Version 20.0.
Descriptive data were presented as meantstandard
deviation (SD) for continuous variables and percentages
for categorical variables.

Normality of continuous variables was assessed using the
Shapiro-Wilk test. Comparisons between synchronization
groups for continuous variables, including parity, milk
yield, DIM, and preovulatory follicle diameter, were

performed using the independent samples Student’s t-test
for normally distributed data.

Pregnancy per artificial insemination (P/AI) rates and
other categorical reproductive outcomes were analyzed
using Pearson’s Chi-square test or Fisher’s Exact test, as
appropriate.

Exact p-values were reported throughout the manuscript,
and statistical significance was accepted at p<0.05.
Because the study was conducted as a preliminary field
trial under commercial farm conditions, an a priori power
analysis was not performed before animal enrollment. In
addition, post-hoc power evaluation suggested that the
relatively limited sample size may have reduced the
statistical power to detect small differences between
synchronization protocols.

RESULTS

The mean parity of the cows was 3.52+2.08 (between 1-8)
in the PG-3-G Group and 2.94+1.54 (between 1-7) in the
PG-3-PG Group. The synchronization response in all
animals was 100% according to the preovulatory follicle
findings in pre-insemination ovarian ultrasonography;
56/56 in the PG-3-G group and 47/47 in the PG-3-PG
group. Parity, milk yield, DIM, and previous Al number
data are summarized in Table 1.

Table 1: The descriptive data of parity, milk yield, DIM, previous Al number (Mean+SD; min-max) of Simmental cows.

Parameters PG-3-G group (n=56) PG-3-PG group (n=47) p value
Parity (number) 3.52+2.08 (1-8) 2.94+1.54 (1-7) p=0.116
Milk yield (kg/d) 30.32+6.88 30.49+6.85 p=0.902
DIM (days) 154.07+£120.49 110.91+68.10 p=0.032
Previous Al number 1.13+1.54 (0-6) 1.02+1.93 (0-9) p=0.762

DIM: days in milk; Al artificial insemination; SD: Standard deviation. Categorical variables were analyzed using t test.
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The pregnancy rates in the postpartum first and =2 TAI
were similar between groups (p=0.462 and p=0.566,
respectively). There were no statistical differences in the
P/Al rates between groups 51.78% (29/56) and 51.06%
(27/47), respectively (Table 2). Multiparous cows
revealed numerically higher pregnancy rates (54.34% in
the PG-3-G, and 58.97% in the PG-3-PG groups) than the
primiparous cows (40.0%, and 12.5%), respectively.

Table 2: The effects of postpartum Al number, parity, lactation

However, P/Al results did not differ between groups
(p=0.942). There was no interaction between lactation
number, DIM, milk yield, and P/AI for cows in both groups
(all p>0.05) (Table 2). There was, even if not a statistical
difference in pregnancy rates between groups related to
milk yield, a clear descriptive difference for higher
pregnancy rates in cows >30 kg/day (69.23%) than in
cows <30 kg/day (28.57%) in the PG-3-PG group.

number, DIM, and milk yield on P/AI in synchronization

groups.
Parameters PG-3-G group PG-3-PG group p value
P/AI (%) 51.78 (29/56) 51.06 (24/47) p=0.942
P/AI at the postpartum first Al (%) 50.0 (15/30) 56.0 (14/25) p=0.462
P/Al 22 postpartum Al (%) 53.84 (14/26) 45.45 (10/22) p=0.566
Primiparous P/AI (%) 40.0 (4/10) 12.50 (1/8) p=0.208
Multiparous P/AI (%) 54.34 (25/46) 58.97 (23/39) p=0.670
Lactation number <3 P/AI (%) 50.0 (17/34) 52.77 (19/36) p=0.818
Lactation number >3 P/AI (%) 54.54 (12/22) 45.45 (5/11) p=0.628
Lactation number >2 P/AI (%) 56.25 (18/32) 62.96 (17/27) p=0.604
Lactation number <2 P/AI (%) 50.0 (12/24) 35.0 (7/20) p=0.323
DIM <100 P/AI (%) 44.82 (13/29) 55.17 (16/29) p=0.435
DIM 2100 P/AI (%) 59.25 (16/27) 44.44 (8/18) p=0.335
Days Open >100 P/AI (%) 50.94 (27/53) 51.06 (24/47) p=0.842
DIM <80 P/AI (%) 45.45(10/22) 75.0 (12/16) p=0.072
DIM 280 P/AI (%) 55.88 (19/39) 38.70 (12/31) p=0.265
Milk yield >30 kg/day 50.0 (15/30) 69.23 (18/26) p=0.148
Milk yield <30 kg/day 53.84 (14/26) 28.57 (6/21) p=0.085

Al: artificial insemination; DIM: days in milk; P/Al: pregnancy per artificial insemination. Categorical variables were analyzed using Pearson’s Chi-

square test or Fisher’s Exact test where appropriate.

The P/Al rates of cows with presence or absence of CL, DF,
and ovarian cyst at the initiation of the presynchronization
protocols and RTSs at the time of Al were presented in
Table 3. The presence of CL or DF at the beginning of the
treatments did not affect the P/AI rates (p>0.05). There
were 9 cows (9/21; P/Al: 42.85%) in the PG-3-G group,
and 8 cows (8/12; P/Al: 66.66%) in the PG-3-PG group
that had cystic ovarian diseases. Although, there was no

significant difference (p=0.195)between groups in related
to ovarian cysts, the cows in the PG-3-PG group were
tended to have a greater pregnancy rate. The mean
preovulatory follicle diameter was 1.71+0.15 cm in the PG-
3-G group, and 1.79£0.15 cm in the PG-3-PG group (Table
3). The difference in DF diameter between groups was
significant (p<0.05), and it was notably greater in the PG-
3-PG group.

Table 3: The P/Al rates of cows with presence (+) or absence (-) of corpus luteum (CL), dominant follicle (DF), and ovarian
cyst at the initiation of the presynchronization protocols, mean preovulatory follicle diameter and RTSs at the time of Al in

synchronization groups.

Parameters

CL + P/AI (%)
CL - P/AI(%)
DF + P/AI (%)
DF - P/AI (%)

Ovarian cyst + P/AI (%)
Ovariancyst - P/AI (%)

Preovulatory follicle diameter (cm)

RTS1 P/AI (%)

RTS2-3 P/Al (%)

PG-3-G group PG-3-PG group p value
50.0 (20/40) 46.15 (18/39) p=0.734
56.25 (9/16) 62.50 (5/8) p=0.774
48.38 (15/31) 43.33 (13/30) p=0.695
60.0 (15/25) 64.70 (11/17) p=0.761
42.85(9/21) 66.66 (8/12) p=0.195
57.14 (20/35) 45.71 (16/35) p=0.195

1.71+0.15 1.79+0.15 p=0.047
59.09 (13/22) 50.0 (14/28) p=0.526
47.05 (16/34) 52.63 (10/19) p=0.070

Al artificial insemination; CL: corpus luteum; DF: dominant follicle; P/Al: pregnancy per artificial insemination; RTS: reproductive tract score.
Categorical variables were analyzed using Pearson’s Chi-square test or Fisher’s Exact test; preovulatory follicle diameter was analyzed using Student’s

t-test.
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DISCUSSION AND CONCLUSION

The objective of our study was to evaluate the effect of an
additional PGF2a injection 24 hours after the first PGF2a
in the timed Al Ovsynch protocol on the P/AI rate of
Simmental cows presynchronized with PG-3-G. We also
examined whether influencing factors, such as DIM, parity,
milk yield, and ovarian structures at the onset of
presynchronization protocols, affected these two
protocols. Although there was no significant difference in
the P/AI rates between groups, the pregnancy rates were
numerically high in the multiparous and higher milk-
yielding cows in the PG-3-PG group. In primiparous cows,
pregnancy rates were numerically higher in the PG-3-G
group than in the other group. The pregnant cow rate that
had an ovarian cyst was also proportionately higher in the
PG-3-PG group. It was notable that the preovulatory
follicle size was significantly greater in the PG-3-PG group.

Pregnancy rates may vary between herds or individuals
due to management, environmental, and nutritional
factors, health status, BCS, or genital canal diseases. In
herds using the standard Ovsynch protocol, fertility
success ranges from 40% to 60% (Carvalho et al. 2018;
Berean et al. 2025). However, the results reveal that
pregnancy rates following hormonal treatments are
similar to not applying any hormonal treatments. Different
presynchronization strategies are being developed to
achieve fertility success rates higher than current results,
and they show superior P/AI than the Ovsynch protocol
alone (Ambarcioglu et al. 2023). In the last two decades,
the PG-3-G protocol has been successfully used as an
alternative to Double-Ovsynch and Presynch-Ovsynch
treatments (Stevenson et al. 2012; Stevenson 2016).
Stevenson et al. (2018) reported that more pregnancies
per Al occurred in the PG-3-G treatment (49.2%) than in
Ovsynch (32.4%) or Double-Ovsynch (37.4%). Different
studies also showed that PG-3-G was superior to Presynch-
10 (41.2% vs. 35.0%; Stevenson et al. 2012). The
pregnancy rate of the PG-3-G group in the present study
(51.78%) was similar to that reported by Stevenson et al.
(2018) and higher than that reported by Stevenson et al.
(2012).Although many factors affect pregnancy rates
across various farm conditions, our P/AI results in the PG-
3-G group indicate that P/Al is an effective
presynchronization method for improving pregnancy
success in dairy cows.

Although presynchronization strategies enhanced the
fertility of the Ovsynch protocol, incomplete luteal
regression at TAI remains another problem in cows
(Heidari et al. 2017). Ovulating in response to the first
GnRH injection of Ovsynch increases the risk of incomplete
luteal regression following PGF2a injection because the CL
is younger. Studies reported that complete luteal
regression fails in 12% to 21% of Ovsynch treatments;
serum progesterone concentration is 0.4 ng/mL at TAIL
Consequently, oviduct and uterine motility are negatively
affected, gamete transport fails, endometrial thickness
decreases, and fertility rates are reducedin these cows
(Carvalho et al. 2018; Tippenhauer et al. 2021). Adding a
second PGF2a injection 24 hours apart during the Ovsynch
protocol improved the optimization of CL regression in
different studies. While Brusveen et al. (2009) reported
complete luteal regression in 84.6% of control cows and
95.6% in Ovsynch with additional PGF2a, Wiltbank et al.
(2015) confirmed an increase in CL regression from 83.0%
to 97.0%. However, the studies revealed that P/Al rates
remained similar to those of the standard Ovsynch
protocol, with a numerical difference toward improvement

in multiparous cows. In the present study, while the P/Al
rates were similar (51.78% in the PG-3-G group vs.
51.06% in the PG-3-PG group), the pregnancy rates
increased insignificantly in the postpartum first Al in the
PG-3-PG group (50.0% vs. 56.0%). The previous studies
showed that sample size has a critical importance to detect
effect size. In a meta-analysis study including 5350 cows,
adding a second PGF2a injection on day 8 to Ovsynch
increased P/Al rates by only 4.6% units, but 11.6% units in
luteal regression without any statistical difference
(Borchardt et al. 2018). Wiltbank et al. (2015) found 4.1%
units increase in P/AI in multiparous cows. Our findings
suggest a 6.0% units increase in P/Al in the first TAI, and a
4.6% units increase in the multiparous cows with the
addition of a second PGF2a to the PG-3-G protocol. Those
findings show that a larger sample size is needed to
demonstrate the exact efficiency of the synchronization
treatments in herds.

Pregnancy rates revealed numerically higher with
additional PGF2a injections in the present study. However,
parity did not significantly affect the P/AI results. We
suggest that the small sample size and distribution of
primiparous cows led to insufficient findings. Nonetheless,
the tendency to increase in multiparous cows is consistent
with previous reports (Barletta et al. 2018; Tippenhauer et
al. 2021). Interestingly, the P/Al rate in the PG-3-PG group
was higher, with milk yield >30 kg/daythan <30 kg/day
(69.23% vs 28.57%), although the difference was not
significant. The interaction between high milk yield and
reproductive efficiency is known as negative due to the
risk of negative energy balance in dairy cows. Increased
milk production can lead to metabolic and nutritional
deficiencies, especially on poorly managed farms
(Sakaguchi 2011). In a study conducted in Germany,
similar service rate and conception rate were observed in
higher milk-yielding (>30 kg) and lower milk-yielding
(<30 kg) cows. The authors reported that farm
management is more important than milk yield or herd
size (Rethmeier et al. 2019). Our results may be associated
with good farm management practices, as evidenced by
the increased P/AI rates in high-milk-yielding cows, or
with the positive effect of a second PGF2a injection on
those animals. However, the exact reason for this data,
these findings needs to be further evaluated with a larger
sample size.

Preovulatory follicle size is an important factor in
conception rates, in accordance with circulating estrogen
concentrations. Optimized follicle size and development
improve oocyte quality, gamete transport in the oviduct
and uterus, and embryonic development in the uterine
environment (Wiltbank et al. 2014). In our study, the mean
preovulatory follicle diameter was significantly larger in
the PG-3-PG group. Heidari et al. (2017) reported that
extending the interval between PGF2a in the
presynchronization and GnRH injection of timed Ovsynch
affected the largest follicle diameter. Brusveen et al.
(2009) also observed a positive effect on ovulatory follicle
size during presynchronization of Ovsynch using 14-day-
apart PGF2a administrations. Our preovulatory follicle size
results were consistent with previous research. Corpus
luteum or dominant follicle presence at the beginning of
the presynchronization protocol did not affect the
pregnancy rates between groups in the present study.
Moreover, P/Al was greater in the PG-3-PG group cows
with ovarian cyst. It issuggested that a positive therapeutic
effect of additional PGF2a injection could improve
pregnancy success. Having a CL or dominant follicle at the
time of initial Ovsynch protocol is consistent with fertility
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results in dairy cows. The preferred structure is a
dominant follicle of the first follicular wave, which would
ovulate after GnRH injection and form a functional CL
(Colazo et al. 2017; Carvalho et al. 2018). The ovarian
examinations and serum progesterone concentrations at
the initiation of the timed Al Ovsynch could not be
performed in our study. The lack of a serum progesterone
profile was the main limitation of our study. Thus, the
interaction between additional PGF2a during the PG-3-G
protocol and the hormonal profile needs to be clarified in
further research.

Postpartum uterine diseases, body condition score, and
parity affect the uterine score, and there is a relationship
with P/AI rates and RTS (Rezende et al. 2020). Cows with
larger, lying uteruses outside the pelvic cavity had almost
15% lower P/Al rates (Young et al. 2017). Our RTS results
were similar across groups, with no differences. The
uterine score did not affect the pregnancy rates in the
present study.

In conclusion, PG-3-G and PG-3-PG presynchronization
protocols are efficient for supporting Ovsynch by
increasing pregnancy rates in Simmental cows.
Administration of a second PGF2« injection to the protocol
improved the P/AIl numerically in multiparous cows, and
preovulatory follicle size. Nevertheless, those findings
need to be evaluated by conducting a study with a larger
sample size.
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0z Bu calismada, Konya iline bagh Kadinhani ve Sarayonii ilgelerindeki siit sigirciligl isletmelerinde secilmis bazi
endemik ve epidemik hayvan hastaliklarinin neden oldugu ekonomik kayiplar arastirilmistir. Arastirma
verileri; Kadinhani’'ndan 35 ve Sarayonii'nden 20 olmak {izere toplam 55 isletme sahibiyle yapilan anketler ve
Delphi yontemiyle hazirlanan uzman veteriner hekim anketlerinden elde edilmistir. Arastirma kapsaminda en
yiiksek hastalik insidansi %32.29 ile ayak hastaliklarinda saptanmis; bunu sirasiyla metabolizma (%25.45),
meme (%23.13), fertilite (%15.64) ve sindirim sistemi (%3.49) hastaliklar1 takip etmistir. Endemik
hastaliklarda vaka basina en yiiksek kayip metritis (3.920 TL), en diisiik kayip ise ayak hastaliklarindan
(2.010 TL) kaynaklanmistir. incelenen 55 isletmede saptanan toplam 601 endemik vakada, erken elden
¢ikarma kaynakli mali kayip 10.509.000 TL olarak hesaplanirken; sap, brucella ve tiiberkiiloz gibi epidemik
hastaliklarin neden oldugu toplam zarar 2.014.714 TL olarak belirlenmistir. Sonuglar, hastalik yonetimi ve
koruyucu hekimlik egitimlerinin isletme karlilig i¢in kritik 6neme sahip oldugunu goéstermektedir.

Anahtar Kelimeler: Ekonomik kayip, Endemik, Epidemik, Insidans, Siit sigirciligi.

ABSTRACT Research on the Economic Importance of Selected Animal Diseases in Kadinhani
and Saraydnii Districts of Konya Province

This study investigated the structural characteristics of dairy cattle farms in the Kadinhani and Sarayonii
districts of Konya, the economic losses caused by selected endemic and epidemic diseases. Data were
collected through surveys conducted with 55 farm owners (35 in Kadinhani, 20 in Saray6nii) and expert
veterinarian questionnaires using the Delphi method. The highest disease incidence was foot diseases
(32.29%), followed by metabolic diseases (25.45%), udder diseases (23.13%), fertility problems (15.64%),
and digestive system diseases (3.49%). Among endemic diseases, the highest economic loss per case was
recorded for metritis (3.920 TRY), while the lowest was for foot diseases (2.010 TRY). In the 55 farms
examined, 601 endemic cases resulted in a total loss of 10.509.000 TRY due to early culling. Furthermore, the
total loss caused by epidemic diseases such as foot-and-mouth disease, brucellosis, and tuberculosis was
determined as 2.014.714 TRY. The results indicate that disease management and preventive medicine
training are vital for farm profitability.

Keywords: Dairy cattle, Economic loss, Endemic, Epidemic, Incidence.

GIiRiS etkileyen kritik bir parametredir (Giinlii 2020a). Ozellikle

o ) entansif ve yiiksek kapasiteli liretim modellerinde yatirim
H_ayva_r?allk S(.aktoru, geleneksel elfm_l_on_l_lk' sosyal ve maliyetlerinin artmasi, kaynak kullaniminda etkinligi
b1y010]1k_ fonk51yonl?rm1n yant sira; g"_lm_lmUde_ a?rtgvn. sera (prodiiktivite) temel o6ncelik haline getirmistir. Hayvan
gaz1 emisyonlari, kiiresel 1smma ve iklim degisikligi gibi hastaliklari, bir taraftan isletme maliyetlerinde artisa yol
kiiresel olcekli _ge_vresel sorunlar neden_l).lle .strate.].lk blr acarken, diger taraftan nihai Griin kaywplar1 ve pazar
konuma gelmlstlr. (FAO 20_19)' Blhn(;sm" tuketlm fiyatlarindaki  yiikselislerin ~ temel nedenini de
aliskanliklari, gida israfi ve gelismekte olan ilkelerdeki olusturmaktadir (Kappes ve ark. 2023). Ozellikle endemik
gida givenligi sorunlari, hayvansal {retim siireclerinde ve epidemik karakterdeki hastaliklar, uluslararasi hayvan

girdi kullaniminin ravsyonellestirilmesini daha da Z?rur}lu ve hayvansal {iriin ticaretinde olas1 birtakim kisitlamalar
kilmaktadir. Bu baglamda hayvan hastaliklary; retim ve engellemeler nedeniyle pazarlama faaliyetleri dniinde

verimliligi ve girdi optimizasyonunun yani sira iriin onemli bir engel teskil etmektedir. Siralanan tiim bu
kalitesi, fiyat istikrar1 ve tiiketici refahini dogrudan
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nedenlerle, karli ve verimli bir hayvansal {retimin
saglanabilmesi i¢cin hayvan hastaliklarinin isletme
ekonomisi prensipleri ve bilimsel yontemler ¢ercevesinde
analiz edilmesi; miicadele programlari ile planlamalarin bu
analizlere dayali olarak hazirlanmasi gerekmektedir (Akin
2023).

Hayvan hastaliklarinin yol ag¢tigi ekonomik kayiplar;
uygulanan eradikasyon programinin basarisi ya da basari
orani, hastaligin zoonoz olmasi ve uluslararasi ticaret
kisitlamalarina konu olup olmamasi gibi faktorlere bagh
olarak degiskenlik gostermektedir (Gilinli 2020a). Hayvan
hastaliklarinin iiretim maliyetleri tizerindeki etkisini analiz
edebilmek i¢in oOncelikle hastalifin epidemiyolojik
karakterinin (endemik, epidemik) bilinmesi ve dogru
tanimlanmasi gerekmektedir. Belirli kontrol programlari
ile eradike edilebilen hastaliklar tamamen denetim altina
aliabilirken; dngorillemeyen ve isletmeden isletmeye
farklilk gosteren endemik hastaliklar, isletmelerin
siirdiiriilebilirligini tehdit eden, rasyonel olarak miicadele
edilmesini gerektiren 6nemli bir unsur halini almistir
(Yalgin 2000).

Hayvan hastaliklar1 ve bu hastaliklarin neden oldugu
salginlar halk sagligi, cevre ve hayvanin refahi iizerinde de
o6nemli bir tehdittir (Sipahi 2023). Hayvan hastaliklar1 tiim
diinyada basta azalan tretkenlik ve hastaliklarin artan
kontrol maliyetleri ile ortaya ¢ikan ticari kayiplara ve
salginin boyutuna bagh olarak uluslararasi diizeyde gida
giivensizligine de yol acabilmektedir (Dehove ve ark.
2012).

Literatiir incelendiginde, hayvansal iiretimde ekonomik
kayiplara yol acan endemik hastaliklar arasinda; fertilite
problemlerinin  %3-%15.2, meme hastaliklarinin %5-
%44.0, jinekolojik  sorunlarin  %3.0-%25.0, ayak
hastaliklarinin %0.3-%30 ve metabolik hastaliklarin %1-
%12 araliginda insidans gosterdigi bildirilmistir (Yal¢in ve
ark. 2006). Yapilan c¢alismalarda siit sigirciigy
isletmelerinde siirtiden ¢ikarma nedenlerinin basinda
%17.9 ile kisirlik ve %16.2 ile meme hastaliklarinin geldigi
bildirilmistir (Yaylak 2003). ABD'de yapilan bir ¢alismada,
secilmis bazi endemik hastaliklarin hayvan basina
maliyetinin ortalama 172.4 US$ oldugu; bu maliyetin
%713’lint fertilite, %5’ini pnémoni, %5’ini ayak hastaliklar1
ve giic dogum, %4’linli ise hipokalsemi ve abomazum
deplasmaninin olusturdugu kaydedilmistir (Miller ve Dorn
1990). Tirkiye 6zelinde ise hayvansal liretimin en 6nemli
kayip kalemlerinden biri olan buzag oliimlerinin yillik
800.000 ile 1.000.000 bas arasinda oldugu ve bu durumun
ilke ekonomisine yillik 2-2.5 milyar TL diizeyinde bir mali
yiik getirdigi tahmin edilmektedir (Giinlii 2020Db).

Sap hastaligi da makro ve mikro diizeyde ciddi ekonomik
kayiplara neden olan bir diger unsurdur. Tiirkiye
ekonomisine etkisi iizerine yapilan bir ¢alismada, 1983 y1l1
verileriyle sap hastaliginin siit tiretiminde 8 milyon US$, et
tiretiminde ise 81 milyon US$ kayba neden oldugu
hesaplanmistir (Ertan 2015). Benzer sekilde, 2001 yilinda
ingiltere'de gériilen sap salgimmin tarim sektériinde 3.1
milyar £, turizm sektoriinde ise yaklasik 3 milyar £ gelir
kaybina yol agtig1 bildirilmistir (Thompson ve ark. 2002).
Diger zoonoz ve salgin hastaliklardan sarbonun
Tiirkiye’deki maliyeti 2016-2018 yillar1 arasinda artis
gostererek 2018'de 4.2 milyon TL seviyesine ulasmistir
(A ve ark. 2020). Brucella hastaliginin ise 2016 yilinda
12.9 milyon TL olan mali yikiiniin, 2018 yilinda 72.8
milyon TL'ye yiikseldigi goriilmektedir. Ozellikle biiyiikbas
hayvancilikta Brucella kaynakli kayiplarin 6nemli bir

=

kismini "dogmamis buzag1" kayiplari olusturmaktadir. Bu
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kalemin maliyeti 2016 yilinda 5 milyon TL iken 2018
yilinda 21.6 milyon TL'ye ulagmistir (Ar1ve ark. 2020).

Bu ¢alisma; Konya ili Kadinhani ve Sarayonii ilcelerinde
stit sigirciigl yapan isletmelerin, sec¢ilmis endemik ve
epidemik hastaliklarla karsilasma durumlarini saptamak,
bu hastaliklarin neden oldugu ekonomik kayiplari
belirlemek ve s6z konusu kayiplarin gilincel maliyet
analizlerini ortaya koymak amaciyla gerc¢eklestirilmistir.

MATERYAL VE METOT

Bu calisma icin, Selcuk Universitesi Veteriner Fakiiltesi
Deney Hayvanlari Uretim ve Arastirma Merkezi Etik
Kurulu’'ndan (Tarih: 31.08.2023, Karar Sayisi: 2023/103)
projenin arastirma etigi acisindan uygun olduguna dair
belge alinmistir.

Arastirma Alani ve Veri Kaynaklari

Bu arastirmanin  materyalini, 2023-2024 {retim
doneminde Konya ili Kadinhani ve Sarayonii ilgelerinde siit
sigircilligl faaliyetinde bulunan ve tesadiifi (rastgele)
yontemle secilen 55 adet isletmeden anket yoluyla elde
edilen veriler olusturmaktadir. Calismada, bélgede yaygin
goriilen belirli endemik ve epidemik hastaliklarin goriilme
sikligi ile bu hastaliklarin neden oldugu ekonomik
kayiplarin saptanmasl hedeflenmistir. Hastalik
insidanslarinin hesaplanmasinda Yalgin ve ark. (2008)
bildirdigi yontem esas alinmistir. Hayvan saghgi ve
hastaliklar nedeniyle ortaya ¢ikan ekonomik kayiplarin ve
hastaligin toplam ekonomik yiikiiniin ve dissal kayiplarin
tahmininde ihtiya¢ duyulan verilerin yetersizligi 6nemli
bir sorun teskil etmektedir (Schrobback ve ark. 2023).
Diinyanin birgok iilkesinde oldugu gibi tilkemizde de bu
veriler yetersizdir. Verilerin simirlh ya da eksik oldugu
durumlarda, kayip ve maliyet verilerinin elde edilmesinde
alternatif yontemlere bagvurulmaktadir. Bu amagla,
hastalik kaynakli ekonomik kayiplarin dogru bir sekilde
projekte edilebilmesi amaciyla, bdlgede uzun yillar goérev
yapmis kamu veteriner hekimleri ve Kklinisyenlerden
olusan bir uzman grubu ile goriisiilmiistiir. Bu asamada,
Can (2009) tarafindan bildirilen yénteme uygun olarak
Delphi Anket Teknigi kullanilmistir. Uzman se¢iminde;
mesleki deneyim, bélge hayvanciligina hakimiyet ve veri
paylasimina goniilliillik esas alinmis ve bu amaglara
uyumlu 8 wuzman hekim ile veri temin formlari
uygulanmistir.

Ornekleme Yontemi ve Hacmi

Arastirma bolgesindeki isletme popiilasyonunu temsil
edecek minimum Orneklem hacmi asagida belirtilen
formiil c¢ercevesinde hesaplanmistir (Israel 2009;
Scheaffer ve ark. 2011).

Z> xpx (1-p)
n0= d2

Baslangi¢ta planlanan tabakali 6rnekleme yontemi, biliyiik
kapasiteli isletme sahiplerinin veri paylasimi konusundaki
cekinceleri ve sahadaki ulasilabilirlik kisitlar1 nedeniyle
yenilenmistir. Yapilan pilot ¢alisma ve uzman ongoriileri
neticesinde, %90 giiven diizeyi ve %10 hata pay ile temsil
glici yiiksek olan 55 isletme iizerinden c¢alisma
yuratilmistiir (Z=1.645; p=0.70; e=0.10; N=2636).

Ekonomik Kay1p Hesaplamalari

Elde edilen verilerden yola ¢ikarak hayvan hastaliklarinin
ekonomik kayiplar1 hesaplanmistir. Bu amagla hazirlanan
anket formlarinda hastaliklardan kaynaklanan kayip
kalemleri; verim kayiplari, zorunlu elden ¢ikarma veya
itlaf maliyetleri, siiri yenileme maliyetleri, tedavi
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harcamalar1 ve artan isgiici giderleri  olarak
diizenlenmistir. Kayip kalemlerinin belirlenmesinde Yal¢cin
ve ark. (2008)'m bildirdigi yontemler esas alinmis ve
uzman anketlerine dayali olarak hastaliklar nedeniyle
olusan finansal kayiplar ortaya konulmustur. Tiim parasal
degerler Tirk liras1 (TL) cinsinden sunulmus ve bu
degerlerde binlik ayirici olarak nokta kullamilmistir.

istatistiksel Analiz

Calismada elde edilen veriler betimsel istatistikler
kullanilarak degerlendirilmistir. isletmelere ait kategorik
degiskenler frekans ve ylizde degerleriyle sunulmugtur.
Hastalik gruplarinin goriilme sikliklari, ilgili hastalik
grubuna ait vaka sayisinin toplam vaka sayisina
oranlanmasiyla hesaplanmistir. Hastalik alt gruplarina
iliskin yiizdeler ise her bir hastalik grubunun kendi
icindeki dagilimin1 gostermektedir. Calismanin amaci
secilmis hastaliklara bagh ekonomik kayiplari tanimlayici
diizeyde ortaya koymak oldugundan, hastalik gruplari
veya ilceler arasinda istatistik  karsilastirmalar
yapilmamistir. Hesaplamalar Microsoft Excel ortaminda
gerceklestirilmistir.

BULGULAR
isletmelerin Hayvan Varligina iliskin Bulgular

Arastirma kapsaminda incelenen isletmelerin hayvan
varliklarina ait dagilim bilgileri Tablo 1'de sunulmustur.

Tablo 1: Secilen hayvancilik isletmelerinin hayvan
varliklarina gore dagilimi.

Table 1: Distribution of the selected livestock enterprises
according to their animal assets.

isletme Hayvan Varliklar1  Frekans (n) Oran (%)

30 ve alti 35 63.7
30 ile 50 aras1 8 14.5
51 ve iizeri 12 21.8
Toplam 55 100.0

Tablo 1 incelendiginde; isletmelerin %63.7’sinin 30 ve
daha az, %14.5’inin 31-50 bas aras1 ve %21.8inin ise 51
bas ve lizeri hayvan varligina sahip oldugu goriilmektedir.

Hayvan Kayiplarinin Yas Gruplarina Gére Dagilimi ve
Ekonomik Degerleri

Kadinhani ve Sarayonii ilgelerinde siit sigircilifi yapan
isletmelerde, son bir yil icinde gerceklesen hayvan
kayiplarinin yas araliklar1 ve bu kayiplarin mali degerleri
Tablo 2’de verilmistir.

Tablo 2: isletmelerde son bir yil icinde gériilen hayvan
kayiplarinin yas araliklar1 ve ekonomik karsiliklari.

Table 2: Age ranges and economic equivalents of animal
losses observed in the enterprises within the last year.

isletmede Olen

Hayvan Yas Hayvanlar Kayip Degeri
Arahig Frekans Oran (TL)

()] (%)
0-6Ay 176 65.42 3.949.000
6-12 Ay 9 3.36 380.000
>12 Ay 84 31.22 6.180.000
Toplam 269 100 10.509.000

(2023 Déviz kuru ortalama 1 US$ = 25 TL baz alinmistir).

Incelenen dénemde toplam kayiplarin %65.42 gibi biiyiik
bir oraninin 0-6 aylik yas grubunda (buzagi/gen¢ hayvan)
gerceklestigi; %31.22°lik kismin ise 12 ay ve Uzeri yas
grubundaki hayvanlardan olustugu tespit edilmistir. S6z
konusu o6liimlerin nedenleri incelendiginde; %93.30 ile
hastaliklar ilk sirada yer alirken, bunu %4.84 ile travmalar
ve %1.86 ile dogal afetler izlemektedir. Ozellikle 0-6 ayhk
gruptaki kayiplarin temel nedeninin ishal ve ishale bagh
sekillenen septisemi oldugu gézlenmistir.

Tablo 3’te Kadinhani ve Sarayonii ilgelerinde siit sigirciligi
yapan isletmelerde belirlenen bazi endemik hastaliklarin
gorilme sikliklari sunulmustur.

Tablo 3: Kadinhami ve Sarayoni'ndeki siit sigircihigi
isletmelerinde goriilen se¢ilmis bazi endemik hastaliklarin
insidans ve dagilimi.

Table 3: Incidence and distribution of selected endemic
diseases observed in dairy cattle enterprises in Kadinhani
and Sarayonii.

Hastalik Grubu ve Alt Tiirleri Freélr:.;ms (;:/:;1
Metabolizma Hastaliklar1 153 25.45
-- Hipokalsemi 51 33.34*
-- Asidoz 19 12.42*
-- Karaciger Hastaliklar1 83 54.24*
Fertilite Problemleri 94 15.64
-- Ovaryum Kisti 59 62.77*
-- Metritis 22 23.41*
-- Retensiyo Sekundinarum 13 13.82*
Meme Problemleri 139 23.13
-- Mastitis 113 81.29*
-- Memenin Yapisal Problemleri 24 17.26*
-- Meme Odemi 2 1.45*
Ayak Hastaliklar 194 32.29
-- Tirnak Problemleri 141 72.68*
-- Taban Ciirigi 31 15.97*
-- Interdigital Dermatit 22 11.35*
Sindirim Sistemi Hastaliklar: 21 3.49

TOPLAM 601 100

*{lgili hastalik grubunun kendi i¢indeki yiizdesini ifade eder.

Isletmelerde goériillme sikhgi bakimindan en fazla
karsilasilan saglik problemini %32.29 ile ayak hastaliklari
olustururken; bunu sirasiyla %25.45 ile metabolizma
hastaliklar1 ve %23.13 ile meme hastaliklar1 takip
etmektedir. Fertilite problemlerinin dagilimi
incelendiginde; vakalarin %62.77’sini ovaryum Kkistlerinin
olusturdugu, bunu %23.41 ile metritis ve %13.82 ile
retensiyo sekundinarum vakalarinin izledigi
goriilmektedir.

Calisma kapsaminda incelenen bazi endemik hastaliklarin
klinik seyrine gore hesaplanan ekonomik kayiplar Tablo 4
ve Tablo 5’te verilmistir.

Tablo 4’te goriildiigi iizere, hipokalsemi kaynakli toplam
ekonomik kayiplar hastaligin hafif, siddetli ve o&liimciil
formlarina gore degiskenlik gostermektedir. Toplam
maliyet; hafif vakalarda hayvan basina ortalama olarak
2.450 TL, siddetli vakalarda 3.820 TL ve dliimciil seyreden
vakalarda 44.900 TL olarak hesaplanmistir. Tedavinin
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basarili oldugu varsayilan vakalar iizerinden yapilan
hesaplamada ortalama kaybm 3.723 TL/Bas oldugu
belirlenmistir. Hastaligin siddetli formunda en o6nemli
maliyet kalemini tedavi masraflar1 olusturmakta olup, bu
giderlerin toplam kaybin yaklasik %68.5'ini (2.620
TL/Bas) kapsadig1 goriilmektedir.

Tablo 4: Hipokalsemi kaynakli ekonomik kayiplar
(TL/Bas).
Table 4: Economic losses caused by hypocalcemia
(TL/Head).

Maliyet Kalemleri Hafif Siddetli Oliimciil
Siit Verim Kaybi 720 1.200 1.200
lSv[uarlliJ}(lijtril Cikarma /.Itlaf i 40.000
iTsec?l?l‘(’if’\[,aef;ﬂa” (ag+ 730 2620 3.700
-- [lag Masraflari 1.040 1.750 2.250
-- Veteriner Hekim Ucreti 600 600 1.000
-- Artan Iscilik Giderleri 90 270 450
Toplam Hastalik Maliyeti 2.450 3.820 44900

Goriilme Siklig1 (%)* %26 %56 %10

(2023 Yih TIGEM diive satis fiyati ortalama 93.000 TL; 1 US$ = 25 TL baz
alimmstir).

*Hastalik seyri oranlari uzman goriislerine dayanmaktadir. Hafif, siddetli ve
olumciil kategorileri toplam dagilimin %92’sini olusturmus; kalan %8’lik
boliim, klinik belirtileri hafif seyreden, veteriner hekime ulastirilmayan ve
yetistirici tarafindan kendi imkéanlariyla miidahale edilen hafif nitelikli
bildirimlerden kaynaklanmistir.

Tablo 5: Mastitis vakalarindan kaynaklanan ekonomik
kayiplar (TL/Bas).

Table 5: Economic losses resulting from mastitis cases
(TL/Head).

Maliyet Kalemleri Hafif Siddetli Oliimciil
Siit Verim Kaybi 1.300 2.275 2.600
IS\/[u;]lil;;t? Cikarma/ Itlaf i i 40.000
Tedavi Masraflari 1.250 2.590 3.810
-- llag Masraflar 1.070  1.675 2.450
-- Veteriner Hekim Ucreti - 600 1.000
-- Artan Iscilik Giderleri 180 315 360

Toplam Hastalik Maliyeti ~ 2.550 4.865 46.410

Gorilme Sikhig (%)* %26 %56 %10

(2023 Déviz kuru ortalama 1 US$ = 25 TL baz alinmistir).

*Hastalik seyri oranlari uzman goriislerine dayanmaktadir. Hafif, siddetli ve
oliimciil kategorileri toplam dagilimin %92’sini olusturmus; kalan %8’lik
boliim veteriner hekime ulastirilmayan ve yetistirici tarafindan kendi
imkanlariyla miidahale edilen hafif nitelikli bildirimlerden kaynaklanmistir.

Tablo 5 verilerine gore; mastitis vakalarinin isletme
maliyeti, hastaligin seyrine bagl olarak vaka basima
ortalama olarak 2.550 TL ile 46.410 TL arasinda
degismektedir. Calisma bulgular1 literatiirde bildirilen
laktasyondaki hayvan basina ortalama 240 €/inek/yil (van
Soest ve ark. 2016) degerinden daha disiiktiir. Hafif
mastitis vakalarinda yetistiricilerin %90 1in veteriner
hekim yardimi almadan kendi imkanlariyla tedaviye
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yoneldigi, bu nedenle bu vakalardaki temel kayip
kaleminin ilag giderlerinden olustugu saptanmistir.
Hastalik seyri agirlastikca veteriner hekime basvuru
oraninin arttigl; bu oranin siddetli vakalarda %55, 6liimciil
vakalarda ise %85 diizeyinde oldugu belirlenmistir. Saha
anketlerinden elde edilen verilere gore, hafif vakalarin
%48’i tek meme lobunda (quarter) sinirh kalirken, siddetli
ve Olimcil vakalarda hastaligin iki veya daha fazla loba
yaylldigl saptanmistir. Ayrica, tedaviye yamit vermeme
oranmin hafif vakalarda %18 iken, siddetli vakalarda
%59’a kadar yiikseldigi tespit edilmistir.

Tablo 6 Kklinik metritis vakalarinin seyrine goére neden
oldugu ekonomik kayiplari ve hastalifin  genel
karakteristiklerini 6zetlemektedir.

Tablo 6: Klinik metritis vakalarinda hastaligin seyri ve
neden oldugu ekonomik kayiplar (TL/Bas).

Table 6: Disease progression and economic losses caused
by clinical metritis cases (TL/Head).

Maliyet Kalemleri Hafif Siddetli
Siit Verim Kaybi 1.300 2.080
$z§i;wi Masraflari (ilag + iscilik + 1725 2760
-- llag Masraflari 900 1.800
-- Veteriner Hekim Ucreti 600 600

-- Artan Iscilik Giderleri 225 360
Toplam Hastalik Maliyeti 3.025 4.840
Gorilme Siklhigi (%)* %60 %30
Tedaviden Sonra Niiks Etme (%) %15 %20
Veteriner Hekim Miidahale Orani %10 %50

(%)

(2023 Yih TIGEM fiyatlari; 1 US$ = 25 TL baz alinmistir).

*Gorilme sikhgl oranlari uzman goruslerine dayanmaktadir. Hafif ve
siddetli klinik metritis vakalar1 toplam dagilimin %90'1n1 olusturmus; kalan
%10’luk béliim, veteriner hekime ulastirilmayan ve yetistirici tarafindan
kendi imkéanlariyla miidahale edilen hafif nitelikli bildirimlerden
kaynaklanmigtir.

Tablo 6 incelendiginde; klinik metritis vakalarinin seyrine
bagl olarak vaka basina maliyetin hafif vakalarda ortalama
olarak 3.025 TL, siddetli vakalarda ise 4.840 TL oldugu
goriilmektedir. Hafif seyreden vakalarda ila¢ masraflari,
toplam tedavi giderinin %52’sini, toplam ekonomik kaybin
ise  %30’unu olustururken; siddetli vakalarda ilag
masraflarinin pay1 tedavi giderleri iginde %65’e, toplam
kayip icinde ise %37’ye yiikselmektedir. Saha
arastirmalarina gore, metritis vakalarinin %601 hafif
semptomlarla seyrederken, siddetli vakalarin énemli bir
kisminin kroniklesme egilimi gosterdigi ve yetistiricilerin
zorunlu elden ¢ikarma (itlaf/satis) riskiyle karsi karsiya
kaldig1 saptanmigtir.

Tablo 7’'de goriildiigl lizere; ayak hastaliklari alt grubunda
yer alan interdijital dermatit, tirnak problemleri ve taban
¢liriigii vakalarinin neden oldugu birim maliyetler sirasiyla
hayvan basina ortalama olarak 2.200 TL, 2.010 TL ve 3.770
TL’dir. Hastaliklarin goriilme sikliklar1 dikkate alinarak
yapillan agirlhikli  ortalama hesabina gore, ayak
hastaliklarinin isletme basina ortalama maliyeti vaka
basina 2.660 TL olarak hesaplanmistir.

Hangi formda olursa olsun, ayak hastaliklarinda toplam
maliyet icerisindeki en biiylik payr tedavi masraflar
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olusturmakta, bu giderlerin yaklasik %50’sini ise ilag
harcamalar1 kapsamaktadir. Anket ¢alismasina Kkatilan
isletmelerde ayak rahatsizliklari en yiiksek oranda (%55)
tirnak problemleri seklinde goriiliirken, bunu %40 ile
taban ciriigii izlemektedir. Ozellikle niiks (tekrarlama)
oranlarinin tiim formlarda %50'nin {lizerinde olmasi, ayak
hastaliklarinin kroniklesen bir maliyet  yiiki
olusturdugunu gostermektedir.

Tablo 7: Ayak hastaliklarinin tiirlerine gore ekonomik
kayiplari ve insidanslar1 (TL/Bas).

Table 7: Economic losses and incidence rates of hoof
diseases according to their types (TL/Head).

palyr Kaemers_ Iperdital | Tondk | Taben
Siit Verim Kaybi 390 390 780
Tedavi Masraflari 1.830 1.620 2.990
-- llag Masraflar1 1.010 750 1.700
—[icvrztieriner Hekim 550 600 750
Toplam Hastalik 2.200 2.010 3.770
Maliyeti

Goriilme Sikhig1 (%)* %20 %55 %40
;ii":’éf;r; S(‘O’/;‘)ra %56 %60 %60
Veteriner Hekim 023 %30 %60

Miidahale Orani (%)
(2023 Déviz kuru ortalama 1 US$ = 25 TL baz alinmigtir).

*Ayak hastaliklar1 alt tiirlerine iliskin oranlar uzman gorislerine
dayanmaktadir. Ayni1 hayvanda birden fazla ayak problemi birlikte
goriilebildiginden, alt tiirlere ait oranlarin toplami %100l agabilmektedir.

Secilen Bazi Zoonoz Hastaliklarin isletmelerde
Goriilme Sikliklar1 ve Neden Olduklar1 Ekonomik
Kayiplar

Tablo 8'de, Konya ili Kadinhani ve Sarayénii ilgelerinde stit
sigirciligl yapan isletmelerde en sik karsilasilan ve ihbari
mecburi olan bazi zoonoz hastaliklarin goriilme sikliklari
ile bu hastaliklarin neden oldugu ekonomik kayiplar
sunulmustur. Bu veriler, Tarim ve Orman Bakanligi
kayitlar1 ile saha anketleri neticesinde elde edilen
sonuglarin sentezlenmesiyle olusturulmustur.

Arastirma  kapsamindaki 55 hayvancilik isletmesi
incelendiginde; isletmelerin %78.18’inde sap, %90.91’inde
brucella ve %96.36’sinda tiiberkiiloz  hastaligina
rastlanmadigl, antraks vakasina ise hig¢bir isletmede
(%100) rastlanmadig belirlenmistir.

Zoonoz hastaliklar arasinda ekonomik olarak en yiiksek
toplam kayip, 900.000 TL ile tiiberkiiloz vakalarinda
goriilmistiir. Bu durumun temel sebebi, tiiberkiiloz tanisi
konulan tiim hayvanlarin (27 bas) dogrudan zorunlu
kesime/itlafa sevk edilmesidir. Sap hastalign ise hem
etkilenen hayvan sayisiin fazlalign hem de yasal olarak
tedaviye izin verilen tek zoonoz hastalik olmasi nedeniyle
190.490 TL'lik tedavi maliyetiyle dikkat ¢ekmektedir.
Brucella vakalarinda ise koruma ve kontrol harcamalari ile
zorunlu elden ¢ikarma kalemleri toplamda 408.204 TL’lik
bir kayip olusturmustur.

Ekonomik kayiplar hesaplanirken, yetistiricinin
magduriyetini azaltan devlet tazminatlar1 ve Kkesim
bedelleri toplam zarardan disiildigi igin, sunulan
rakamlar isletmenin dogrudan istlendigi “net kayb1”
yansitmaktadir.

Tablo 8: Zoonoz hastaliklarin insidanslar1 ve neden
olduklar1 ekonomik kayiplar.

Table 8: Incidence rates of zoonotic diseases and the
economic losses they cause.

Kayip Kalemleri SAP BRUCELLA TUBERKULOZ ANTRAKS

Hastaligin
Gortlmedigi
isletme Sayisi
(n)

Hastaligin
Goriillmedigi
isletme Orani
(%)
Hastaliktan
Etkilenen
isletme Sayisi
(n)
Hastaliktan
Etkilenen
isletme Orani
(%)
Hastaliktan
Etkilenen
Hayvan Sayis1
(n)

Olen veya
Kesilen Hayvan 32 16 27 0
Sayisi (n)
Tedavi
Giderleri (TL) *
Koruma ve
Kontrol
Harcamalari
(TL) **
Zorunlu Elden

43 50 53 55

78.18 90.91 96.36 100.00

12 5 2 0

21.82 9.09 3.64 0.00

86 16 27 0

190.490 0 0 0

66.020 13.204 0 0

Cikarma Kayb1  450.000  395.000 900.000 0
(TTOSLAM KAYIP 06510 408204  900.000 0

(2023 Doviz kuru ortalama 1 US$ = 25 TL baz alinmustir). * $ap disindaki
zoonoz hastaliklarda yasal mevzuat geregi tedaviye izin verilmemektedir. **
Koruma ve kontrol uygulamalar1 Tarim ve Orman Bakanligl tarafindan
yiritilmektedir. *** Kayip miktarlari; sarta tabi kesim bedeli ve Bakanlik¢a
odenen tazminatlar diigiilerek hesaplanmistir.

TARTISMA VE SONUC

Tirkiye’de hayvan hastaliklarinin ekonomik kayiplarina
yonelik saha calismalar1 agirlikli olarak anket ¢alismalari
ve Delphi uzman gorisleri yontemine dayanmaktadir
(Yildiz ve Yalgin 2014). Literatiirde onemli kayiplara
neden olan hastaliklar arasinda fertilite ve jinekolojik
problemler 6n planda bildirilmis olsa da (Yalgin ve ark.
2006; Yildiz 2008), bu calismada elde edilen siralama
mevcut literatiirden farklilik gostermektedir. Bu durum;
calisma  bolgelerindeki  bakim-besleme  yo6ntemleri,
yetistirme tecriibelerinin artmasi ve zamanla iyilesen
tedavi basari oranlariyla a¢iklanabilir.

Arastirmada tespit edilen ayak hastaliklart (%32.29),
onceki calismalarda (Canpolat ve ark. 2003; Yal¢in ve ark.
2006; Yildiz 2008) bildirilen oranlardan (%0.3; %30) daha
yliksek bulunmustur. Miller ve Dorn (1990) tarafindan
bildirilen mastitis (%26) ve fertilite problemleri (%13)
verileri, mevcut calismamizdaki mastitis (%23.13) ve
fertilite (%15.64) bulgulariyla benzerlik gostermektedir.
Ancak ayak hastaliklarindaki %32.29’luk oran, $indak ve
ark. (2003) tarafindan bagh durakl ahirlar i¢in bildirilen
%93.8’lik degerden diisiiktiir. Bu farkin, bodlgedeki
yetistirme  biciminden ve isletme dlgeklerinden
kaynaklandig1 diisiiniilmektedir. Tespit edilen bulgu ilgili
bolgede ayak hastaliklarina yonelik bilgilendirme ve egitim
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calismalar1 yapilmasinin isletme karhlik ve verimliligi
acisindan 6nemli oldugunu ortaya koymaktadir.

Bu arastirmada metabolizma hastaliklar1 insidens orani
(%25.45) daha once yapilan ¢alismalarda bildirilen (%1-
%12) ortalama degerlerden (McLaren ve ark. 2006; Yal¢in
ve ark. 2006; Yildiz 2008) daha yiiksek bulunmustur. Bu
durum, isletmelerde gecis donemi yonetiminin yetersizligi,
yliksek verim baskisi ve rasyon dengesizlikleri gibi
faktorlerle iligkili olabilir. Ayrica yiliksek verim hedefi
dogrultusunda yogun tiretim modelinin benimsenmesi,
metabolik stres riskini artirarak insidens oranlarinin
ylkselmesine katki saglamis olabilir.

Fertilite problemleri 6zelinde, literatiirde bildirilen oranlar
%30-32 diizeyinde iken c¢alismamizda %15.64’lik bir
insidans saptanmistir. Bu diisiik oranin, boélgedeki
isletmelerin cogunlukla kii¢iik dl¢ekli aile isletmesi olmasi
ve ylksek siit verimi zorlamasi olmayan hayvanlarin
bulunmasiyla iliskili oldugu degerlendirilmektedir. Klinik
metritis maliyetleri ise vaka basina ortalama 144-230 US$
olarak hesaplanmis olup; Sariozkan (2012) (223 USS$) ve
Bartlett ve ark. (1986) (240 US$) bulgulariyla uyumludur.

Calismada meme problemleri toplam hastaliklar icerisinde
%23.13 oraninda belirlenmistir. Bu grubun biiyiik
cogunlugunu (%81.29) mastitis vakalar1 olusturmakta
olup, yapisal meme problemleri ve meme 6demi daha
sinirll  diizeyde kalmistir. Bu dagilim, meme sagligi
sorunlarinin agirlikl olarak enfeksiy6z kaynakli oldugunu
gostermektedir. Mastitisin meme problemleri igindeki
baskin konumu, sagim hijyeni, barinak kosullar1 ve
laktasyon yonetimi gibi faktdrlerin siirii saghgl agisindan
kritik o6nem tasidigini  diisindiirmektedir. Tirkiye
genelinde yapilan bir meta-analiz ¢alismasinda subklinik
mastitis prevalansinin %44.13 diizeyinde oldugu ve
hastaligin siddetine bagl olarak hayvan basina 6nemli
ekonomik kayiplara yol a¢tig1 bildirilmistir (Arikan ve ark.
2024). Buna karsin yapisal meme problemlerinin diisiik
oranda goriilmesi, isletmelerde travmatik etkenlerin veya
genetik yatkinhigin daha sinirlh diizeyde olabilecegine
isaret edebilir. Meme problemleri 6zellikle siit verimi ve
siit kalitesi iizerinde dogrudan etkili oldugundan, bélge
isletmeleri agisindan hem iiretim kaybi1 hem de tedavi
giderleri bakimindan 6nemli ekonomik sonuglar
dogurabilecek niteliktedir. Bu nedenle meme saglhiginin
korunmasina yoénelik koruyucu uygulamalarin siri
yonetiminde oncelikli alanlardan biri olmasi
gerekmektedir.

Tirkiye’de epidemik hastaliklarin ekonomisi iizerine
calismalar oldukc¢a kisithdir (Sentiirk ve Yalgin 2005).
Tirkiye’de epidemik hastaliklarin ekonomik etkilerine
yonelik yapilan modelleme ¢alismalarinda, Lumpy Skin
Disease icin gelistirilen SEIR modeli sonuglari, salginlarin
tiretim kayiplar iizerinde 6nemli ve dngoriilebilir etkiler
olusturdugunu gostermektedir (Mat ve ark. 2021). Sap
hastalig1 kaynakli verim kayiplari literatiirde %15 ile %44
arasinda degisirken (Tufan 1993; Ertan 2015), bu
calismada ortalama verim kaybi %13-16 olarak
saptanmistir. Sentlirk ve Yal¢in (2008) sap hastalifina
bagli ekonomik kaybi hayvan basina ortalama 86-493 US$
arasinda bildirmistir. Bu ¢alismada ise kaybin vaka basina
ortalama 145-221 US$ arasinda degistigi belirlenmistir.
Calismalar arasindaki bu farkliligin; isletme yapisy,
hastaligin siddeti, ekonomik kaylp hesaplamasinda
kullanilan maliyet kalemleri ve bolgesel iretim
kosullarindaki farkliliklardan kaynaklanabilecegi
disiiniilmektedir. Gelismis {tlkelerin aksine Tiirkiye'de
itlaf yerine tedavi ve koruma yo6ntemlerinin
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benimsenmesi, kalemlerinin

degistirmektedir.

maliyet yapisini

Brucella ve tiliberkiiloz gibi zoonoz hastaliklar, yiiksek
zorunlu elden ¢ikarma maliyetleriyle dikkat ¢cekmektedir.
Calismamizda brucella pozitif hayvanlarin net mali kaybi
hayvan basmma 25.000 TL olarak hesaplanmistir.
Tiberkiloz vakalarinda ise, Tarim ve Orman Bakanligl
tazminatlarina ragmen isletme basina kaybin 450.000
TL’ye (iki isletme toplami 900.000 TL) ulasmasi, bu
hastaliklarin eradikasyonunun ekonomik stirdiiriilebilirlik
icin cok 6nemli oldugunu ortaya koymaktadir.

Bu ¢alisma, hayvansal tliretimin bolge ekonomisi agisindan
onemli bir gelir kaynag1 oldugunu agik¢a gostermektedir.
Ancak liretimin stirdiiriilebilirliginde hayvan
hastaliklarinin ~ kritik bir risk unsuru olusturdugu
anlasilmistir. Ureticilerin  hastaliklarin neden oldugu
ekonomik kayiplar ve bunun isletme ekonomisi agisindan
onemi konusunda bilgilendirilmelerinin ve farkindalik
olusturulmasinin bir zorunluluk oldugu anlasilmistir.
Basta calisma alani olmak tizere iilke genelinde bu tiir
calisma ve yayinlar ile egitici ¢calismalarin yapilmasi tilke
ekonomisi, tiiketici saglhigi ve hayvan refahi agisindan
faydali olacaktir.

Hayvancilik isletmelerinde karliik ve verimlilik aym
zamanda da siirii biiyiikliigiiniin korunmasi ve artirilmasi
icin kritik Onemi olan oOzellikle 0-6 aylik buzag
donemindeki kayiplarin yogunlastigl tespit edilmistir.
Buzag: 6liimlerinin toplam kayiplar icindeki yiiksek payi,
Tiirkiye’de bildirilen yiiksek buzagi mortalite oranlariyla
paralellik gostermekte olup, siirii yenilenmesi ve isletme
siirdiiriilebilirligi agisindan kritik bir risk faktori
olusturmaktadir (Giinli 2020b). Buzag: kayiplarinin hem
ulusal ekonomi hem de isletme ekonomisi agisindan
o6nemli bir mali yiik olusturdugu anlasilmaktadir. Bu
konuda da iireticilere yonelik bilgilendirme ve farkindalik
egitimlerinin  yapilmast  bir  zorunluluk  olarak
goziikmektedir. incelenen bélgede endemik olarak en sik
goriilen hastalik ayak hastaliklar1 (%32.29) iken, vaka
basina en yliksek maliyetin metritis (3.920 TL) ve meme
problemlerinden (3.750 TL) kaynaklandigl goriilmistiir.
Bakim ve besleme kosullarinin iyilestirilmesiyle asidoz ve
postpartum kayiplarin 6nemli 6l¢lide azaltilabilecegi
ongoriilmektedir.

Incelenen 601 vakada olugsan toplam 10.509.000 TL’lik
erken elden g¢ikarma kaybinin biiylik oranda alinacak
onlemler ve isletmelere bakim besleme ve etkili siiri
saglhigl ve yonetimi yontemleri ile sakinilabilir nitelikte
oldugu saptanmistir. Bu kayiplarin temel nedenleri; egitim
yetersizligi, kiiciik 6lgekli isletme yapisi ve koruma-kontrol
onlemlerindeki takip eksikligi oldugu anlagilmistir.

Arastirma kapsamina alinan ilgelerde sap ve brucella gibi
epidemik hastaliklarda asilama programlarinin ekonomik
zararl minimize ettigi goérillmustiir. Bu baglamda Tarim ve
Orman Bakanligi'nin asilama kampanyalarini, yetistirici
bilincini artiracak egitimlerle desteklemesi ve en azindan
bolgede asili arilik saglanincaya kadar hastaliklarla etkili
miicadele programlarinin uygulanmasi gerektigi acikca
anlasilmistir.

Sonu¢ olarak, boélgedeki hayvancilik isletmelerinin
karhiliginm artirmak icin koruyucu hekimlik
uygulamalarinin yayginlastirilmasi, isletme O0lgeklerinin
biiyiitiilmesi i¢in ¢alisilmasi ve isletmelerin daha modern
ve saglikl altyapiya kavusmalarinin saglanmasina yonelik
destek, tesvik ve kalkinma modellerinin olusturulmasinin
gerekliligi anlasilmistir. Bu agidan yiiriitiilmekte olan
hayvansal {retim politikalarinin  yeniden gdzden
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gecirilmesi ve degerlendirilmesinin zorunlulugu ortaya
konulmustur.

Calismanin Sinmirhiliklar:

Calismamizin  metodolojik agidan bazi  siirhiliklar:
bulunmaktadir. Arastirmanin temel amaci isletmelerdeki
hastaliklarin ekonomik boyutunu ve maliyet kalemlerini
ortaya koymak oldugu icin yalnizca betimsel istatistikler
kullanilmistir. Bu calismada orneklem biyiklagi,
arastirma evrenini temsil edecek minimum isletme
sayisint belirlemek amaciyla 6rneklem hacmi formiilii
kullanilarak hesaplanmigtir. Ulke genelinde oldugu gibi
bolgede de yaygin ve fonksiyonel hastalik kayit sistemi
olmadiglr i¢in yapilan hesaplamalar o©nemli oranda
tahminlere dayanmaktadir. Ancak hastaliklarin ekonomik
etkilerinin daha da oOnem kazanmasi ve simiilasyon
yontemlerinin kullanilmaya baslamasi nedeniyle kayit
tutmanin yayginlastirilmasinda, pratige aktarilmasinda ve
teknolojik gelismelerden daha etkin yararlanilabilmesinde,
politika uygulayanlarin 6énlem ve desteklerinin sektoriin
tlim paydaslarina ve iilke ekonomisine katkisinin olacagi
daha sik vurgulanmalidir. Bunun sonucu gelecekteki bu tip
calismalarin analitik karsilastirmalar1 ve gii¢ analizlerini
icerecek sekilde planlanmasi literatiire ek katki
saglayabilecektir.

CIKAR CATISMASI

Yazarlar bu calisma i¢in herhangi bir ¢ikar catismasi
olmadigini beyan ederler.

TESEKKUR VE BILGILENDIRME

Bu ¢alisma Hasan Hiiseyin OZDEMIR isimli yazarin yiiksek
lisans tezinden tretilmistir.

Bu calismanin tamamlanmasinda Delphi uzman anketine
zaman ayirlp katki saglayan Sarayonii ve Kadinhani
ilcelerinde gorev yapan Veteriner Hekimlere ve
arastirmaya katilarak veri temin formlarini cevaplayan
yetistiricilere tesekkiir ederiz.
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Endemik Sideritis galatica (Lamiaceae) Toprak Ustii Kisimlarinin Fenolik igerigi ve in

vitro Antioksidan Aktivitesine Coziiciilerin Karsilagtirmal EtKkisi
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0z

Sideritis galatica Bornm. (Lamiaceae), Tiirkiye'ye 6zgii endemik bir bitki tiirtidiir. Tirkiye'ye 6zgii bu tir,
geleneksel olarak "dag cay1" biciminde tiiketilen ve fenolik bilesiklerce zengin Sideritis cinsinin bir tyesidir.
Bu calismada Afyonkarahisar'dan toplanan S. galatica bitkisinin toprak tistii kisimlarindan metanol, aseton ve
su ile hazirlanan ekstraktlarin toplam fenolik igerigi ve in vitro antioksidan aktivitesi karsilastirmali olarak
incelendi. Toplam fenolik icerik Folin-Ciocalteu, toplam antioksidan kapasite fosfomolibden ve radikal
siiplirme aktivitesi 25, 50 ve 100 ppm konsantrasyonlarda 2-difenil-1-pikrilhidrazil (DPPH) y6ntemleriyle
belirlendi. Veriler ANOVA, Tukey HSD, Pearson korelasyonu, dogrusal regresyon ve temel bilesen analizi
(PCA) ile degerlendirildi. Metanol (36.60+0.50 mg GAE/g) ve aseton (36.57+1.06 mg GAE/g) ekstraktlar
benzer fenolik igerik sunarken, sulu ekstrakt anlamh diisitk bulundu (22.79+£0.59 mg GAE/g; p<0.001). En
ylksek antioksidan kapasite aseton ekstraktinda saptandi (125.43+10.10 pmol AAE/g). DPPH inhibisyonu
konsantrasyonla artti; ¢oziiciixkonsantrasyon etkilesimi anlamsizdi (p=0.929). Fenolik igerik ile antioksidan
kapasite arasinda giiclii pozitif iliski gozlendi (R?=0.879). PCA ve permiitasyonel cok degiskenli varyans
analizi (PERMANOVA) ¢éziicii gruplarinin belirgin bigimde ayristigim dogruladi (R?=0.942; p=0.010).
Bulgular S. galatica'nin antioksidan potansiyelinin ¢dziicli se¢imine bagl oldugunu gostermektedir.

Anahtar Kelimeler: Antioksidanlar, Bitki ekstreleri, Fenoller, Kimyasal fraksiyonlama, Lamiaceae, Sideritis.

ABSTRACT

A Comparative Evaluation of Solvent Effects on the Phenolic Content and in vitro
Antioxidant Activity of Aerial Parts of Endemic Sideritis galatica (Lamiaceae)

Sideritis galatica Bornm. (Lamiaceae) is an endemic plant species native to Tiirkiye. This Tiirkiye-endemic
species belongs to the genus Sideritis, whose members are traditionally consumed as 'mountain tea' and are
rich in phenolic compounds. In this study, the total phenolic content and in vitro antioxidant activity of
extracts prepared from the aerial parts of S. galatica collected from Afyonkarahisar Province using methanol,
acetone, and water were comparatively investigated. Total phenolic content was determined using the Folin-
Ciocalteu method, total antioxidant capacity using the phosphomolybdenum method, and radical scavenging
activity using the 2,2-diphenyl-1-picrylhydrazyl (DPPH) method at concentrations of 25, 50, and 100 ppm.The
data were analyzed using ANOVA, Tukey’s HSD test, Pearson correlation, linear regression, and principal
component analysis (PCA). While the methanol (36.60+0.50 mg GAE/g) and acetone (36.57+1.06 mg GAE/g)
extracts exhibited similar phenolic content, the aqueous extract was found to be significantly lower
(22.794£0.59 mg GAE/g; p<0.001). The highest antioxidant capacity was detected in the acetone extract
(125.43+10.10 pmol AAE/g). DPPH inhibition increased with concentration; the solventxconcentration
interaction was non-significant (p=0.929). A strong positive correlation was observed between phenolic
content and antioxidant capacity (R*=0.879). PCA and permutational multivariate analysis of variance
(PERMANOVA) confirmed that the solvent groups were markedly separated (R*=0.942; p=0.010). The
findings indicate that the antioxidant potential of S. galatica depends on the choice of solvent.

Keywords: Antioxidants, Chemical fractionation, Lamiaceae, Phenols, Plant extracts, Sideritis.

GiRiS

Lamiaceae, diinya genelinde yaklasik 7000 tiirii barindiran

Sideritis cinsi, Akdeniz havzasindaki genis yayilimi,
Tirkiye'deki yiliksek tir cesitliligi ve  belirgin
endemizmiyle bu familya i¢inde 6zel bir konuma sahiptir

ve Sideritis, Salvia ile Mentha gibi 6ne ¢ikan cinsleri iceren (Aneva ve ark. 2019; Oztiirk Sarikaya ve Zehiroglu 2023).

genis bir bitki familyasidir (Romanucci ve ark. 2017).

Cins adi Yunanca "demir" anlamina gelen sideros
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kelimesinden tiiremis olup antik ¢agda metal silahlarin
actigl yaralarin tedavisinde kullanilmas1 gelenegine
dayanmaktadir (Zyzelewicz ve ark. 2020).

Tirkiye'de ve Akdeniz cografyasinda "dag cay1" adiyla
bilinen Sideritis tiirleri, okstiriik, soguk alginlifi, bronsit,
sindirim sikayetleri ve inflamatuvar durumlarda infiizyon
veya dekoksiyon biciminde tiiketilmektedir (Petreska ve
ark. 2011; Carik¢i 2020; Bouymajane ve ark. 2022; Altun
2023). Farkhi Sideritis tiirlerinin anti-inflamatuvar,
antililseratif, spazmolitik, analjezik, antimikrobiyal ve
antioksidan aktiviteler sergiledigi bildirilmis; bu etkilerin
temelinde terpenoidler, steroller, kumarinler, flavonoidler,
feniletanoid glikozitler ve hidroksisinnamik asit tiirevleri
bakimindan zengin fitokimyasal profilin yer aldig
gosterilmistir (Romanucci ve ark. 2017; Zyzelewicz ve ark.
2020; Acaroz ve ark. 2021; Bouymajane ve ark. 2022;
Oztiirk Sarikaya ve Zehiroglu 2023).

Oksidatif stres, serbest radikal tiretimi ile antioksidan
savunma arasindaki dengenin bozulmasiyla ortaya ¢ikar
ve kanser, Kkardiyovaskiiler hastaliklar, diyabet ile
noérodejeneratif hastaliklar gibi kronik durumlarla
iliskilendirilmektedir (Jamshidi-kia ve ark. 2020). Sentetik
antioksidanlarin yiiksek dozlarda toksik ya da karsinojenik
etkiler sergileyebildigine iliskin bulgular, fenolik
bilesiklerce zengin tibbi ve aromatik bitkilere yonelik ilgiyi
artirmistir (Jamshidi-kia ve ark. 2020; Bouymajane ve ark.
2022; Can Giindiiz ve ark. 2025; Samuel ve ark. 2026).
Sideritis tiirlerinde antioksidan aktivitenin fenolik ve
flavonoid icerikle iligkili oldugu, ancak bu iliskinin ¢6ziicti,
ekstraksiyon teknigi ve analitik yonteme bagl olarak
degisebildigi rapor edilmistir; metanol ve aseton
ekstraktlari ¢ogu calismada 6ne cikarken bazi analizlerde
sulu ekstraktlar daha etkili bulunmustur (Zengin ve ark.
2014; Sagir ve ark. 2017; Deveci ve ark. 2018; Sarikurkcu
ve ark. 2020; Simsek Sezer ve Uysal 2021). Ayrica hasat
mevsimi ve rakim gibi cevresel etkenlerin de sekonder
metabolit profilini belirleyici oldugu gosterilmistir
(Chrysargyris ve ark. 2021).

Bu kapsamli literatiire karsin, endemik bir tiir olan
Sideritis galatica (S. Galatica) 06zelinde yiiriitiilen
calismalar sinirli kalmakta; mevcut veriler agirlikh olarak
yeni bir diterpen izolasyonu, mineral profili, ¢cok-hedefli
biyoaktivite taramalar1 ve antimikrobiyal aktivite lizerinde
yogunlasmaktadir (Disli ve ark. 2002; Zengin ve ark. 2014;
Korkmaz ve ark. 2017; Acaroz ve ark. 2021). Bu ¢alismada
Afyonkarahisar'dan toplanan endemik S. galatica'nin
toprak tUstii kisimlarindan metanol, aseton ve su ile
hazirlanan ekstraktlar; Folin-Ciocalteu yontemiyle toplam
fenolik  icerik, fosfomolibden yoOntemiyle toplam
antioksidan kapasite ve 25, 50 ve 100 ppm
konsantrasyonlarda DPPH (2,2-difenil-1-pikrilhidrazil)
radikal siiplirme aktivitesi agisindan karsilastirmali olarak
degerlendirildi. Organik ¢oziiciilerin sulu ekstrakta gore
daha yiliksek fenolik icerik ve antioksidan aktivite
sergileyecegi ile fenolik icerik ile antioksidan gostergeler
arasinda pozitif dogrusal bir iliski gézlenecegi hipotezleri
sinandy; veriler korelasyon, regresyon, temel bilesen
analizi (PCA) ve permiitasyonel ¢ok degiskenli varyans
analizi (PERMANOVA) ile incelendi.

MATERYAL VE METOT

Bu calisma canll ya da 6li hayvan, hayvan dokusu,
mezbaha materyali veya atik fetiis kullanimim
icermediginden hayvan deneyleri etik kurul onay1
gerektirmemektedir.

221

Calismada kullanilan bitki materyali, Afyonkarahisar ili
Suhut ilgesinden toplanan S. galatica'nin toprak istii
kisimlaridir. Tir tanimlamasi dogrulandiktan sonra
herbaryum 6rnegi Afyon Kocatepe Universitesi Biyoloji
Bolimii Herbaryumu'na kayit ettirildi (herbaryum no.
AKU-8315).

S. galatica'nin toprak iistii kisimlari golgede kurutulduktan
sonra laboratuvar degirmeninde yaklasik iki dakika
ogutiildii. Knorle (2012) tarafindan tanimlanan ydntem
modifiye edilerek distile su, metanol ve aseton ile {i¢ farkl
ekstrakt hazirlandi. Her bir hazirlikta 20 g toz bitki
materyali 400 mL ¢oziiciiye eklendi ve oda sicaklifinda
karistirildi. Siispansiyonlar siizge¢ kagidindan gecirildi;
siiziintiiler déner buharlastiricida (Biichi Labortechnik AG,
Isvigre) yogunlagtirilarak ham ekstraktlar elde edildi ve
analiz edilene kadar 4 °C'de saklandi. Toplam fenolik icerik
TPC) Folin-Ciocalteu yontemiyle (Ainsworth ve Gillespie
2007), toplam antioksidan kapasite (TAC) fosfomolibden
yontemiyle (Prieto ve ark. 1999) ve serbest radikal
siiptirme aktivitesi DPPH testiyle (Blois 1958) belirlendi.

Tiim istatistiksel degerlendirmeler R yaziliminda (siiriim
4.5.1; R Core Team 2025) gergeklestirildi. Her deneysel
6lclim ¢ bagimsiz tekrar halinde yiritilmis olup
sonuglar ortalamazstandart sapma bi¢iminde sunuldu.
Parametrik test varsayimlar1 car paketi (striim 3.1.3)
araciligiyla Shapiro-Wilk testi (artiklarin normal dagilimi)
ve Levene testi (varyans homojenligi) ile test edildi.

Toplam fenolik icerik ve antioksidan kapasite verileri,
¢oziici tiirliniin tek bagimsiz degisken olarak tanimlandigi
tek yonli ANOVA ile degerlendirildi. DPPH radikal
slipiirme aktivitesi i¢in ise ¢oziicii ve konsantrasyonun (25,
50 ve 100 ppm) sabit faktorler olarak girildigi ve etkilesim
teriminin modele dahil edildigi iki yonli ANOVA modeli
uygulandi. Coklu ikili karsilastirmalar Tukey HSD testiyle
yapildi;; homojen alt gruplar, emmeans paketi (siiriim
2.0.0) tzerinden multcomp paketinin (siiriim 1.4.30) cld
fonksiyonuyla harflerle gésterildi. Etki biiytikliikleri kismi
eta kare (m%p) olarak effectsize paketi (siirim 1.0.1) ile
hesaplandi.

Parametreler arasindaki iliskiler, {i¢ ¢dziicii grubunun
havuzlanmis verisi lizerinden (n=9) Pearson korelasyon
katsayilariyla degerlendirildi;toplam fenolik icerik ile diger
antioksidan gostergeler arasindaki dogrusal iliskiler basit
dogrusal regresyon modelleriyle incelendi ve her model
icin denklem, belirlilik katsayis1 (R?), egimin %95 giiven
aralign (GA) ve p-degeri bildirildi. Cok degiskenli oriintii
analizi i¢in bes antioksidan degisken-toplam fenolik icerik
(TPC), TAC ile 25, 50 ve 100 ppm'de ol¢iilen DPPH
inhibisyonu (sirasiyla DPPH25, DPPH50 ve DPPH100)-
standartlastirilarak  (merkezlenip 6lgeklenerek) temel
bilesen analizine (PCA) tabi tutuldu. Orneklem yeterliligi
psych paketi (stiriim 2.6.3) ile Kaiser-Meyer-Olkin (KMO)
olciitine gore degerlendirildi ve degiskenler arasi
korelasyon yapisinin PCA ig¢in uygunlugu ise Bartlett
kiresellik testiyle degerlendirildi. Coziicii gruplarinin ¢ok
degiskenli uzaydaki ayrismasi, 999 permiitasyonla
olusturulan Oklid uzaklik matrisi tizerinden PERMANOVA
ile test edildi (vegan paketi, siirim 2.7.3).

Tiim analizlerde istatistiksel anlamlilik esigi p<0.05 olarak
belirlendi. Grafikler ggplot2 (siiriim 3.5.2) ve patchwork
(stirim 1.3.2) paketleriyle iretildi; ¢ok degiskenli
gorsellestirmelerde ayrica corrplot (sirim 0.95) ve
ggrepel (siiriim 0.9.6) paketleri kullanildi.
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BULGULAR

Toplam Fenolik icerik

Ekstraktlarin ¢6ziicii tiiriine gore gallik asit esdegeri (GAE)
cinsinden ifade edilen TPC Sekil 1A'da sunuldu. Metanol ve
aseton ekstraktlarinin ortalama degerleri birbirine
olduk¢a yakin bulunurken (sirasiyla 36.60+0.50 ve
36.57£1.06 mg GAE/g), sulu ekstrakt yalnizca 22.79+0.59
mg GAE/g diizeyinde kaldi. Tek yonliit ANOVA, ¢6ziiciiniin
TPC iizerinde istatistiksel olarak anlamli bir etkisi
oldugunu ortaya koydu [F(2, 6)=331.88; p<0.001;
1%p=0.991]. Post-hoc ¢oklu karsilastirmalarda metanol ve
aseton  ekstraktlart arasinda anlamh  bir fark
saptanmazken, sulu ekstrakt ayri1 bir istatistiksel grup
olusturdu (Sekil 1A).

Toplam Antioksidan Kapasite

Ayni ekstraktlarin askorbik asit esdegeri (AAE) cinsinden
ifade edilen TAC degerleri Sekil 1B'de gosterildi. En yliksek
kapasite aseton ekstraktinda saptandi (125.43+10.10 umol
AAE/g); bunu metanol ekstrakti izledi (105.28+11.56 pmol
AAE/g). Sulu ekstrakt ise 50.49+3.56 pmol AAE/g ile en
diisiik degeri gosterdi. ANOVA sonuglart ¢oziict tiiriiniin
TAC lizerinde anlamh bir etkisi oldugunu ortaya koydu
[F(2, 6)=54.49; p<0.001; n?p=0.948]. Post-hoc
karsilastirmalar metanol ve aseton ekstraktlarimi ayni
istatistiksel grupta birlestirirken, sulu ekstrakti ayr1 bir
grupta konumlandirdi (Sekil 1B). Niceliksel olarak
degerlendirildiginde, sulu ekstraktin kapasitesi aseton
degerinin yaklasik %40'ina ve metanol degerinin yaklasik
%48'ine karsilik gelmektedir.

(A) Taplam fenalik igerik (mg GAE/g) (B) Toplam Antioksidan kapasite (pmol AAE/g)
160

40 a a a
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o< 04
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Sekil 1: Ug¢ farkh ¢éziici (metanol, aseton, su) ile
hazirlanan S. galatica ekstraktlarinin toplam fenolik icerigi
(A, mg GAE/g) ve toplam antioksidan kapasitesi (B, pmol
AAE/g). Siitunlar ortalama degerleri, hata c¢ubuklari
standart sapmayr (*SD), noktalar bireysel tekrar
degerlerini gostermektedir (n=3). Farkli harfler Tukey
HSD testine gore anlaml farklari ifade eder (p<0.05). GAE,
gallik asit esdegeri; AAE, askorbik asit esdegeri; TPC,
toplam fenolik icerik; TAC, antioksidan kapasite; SD,
standart sapma.

Figure 1: Total phenolic content (A, mg GAE/g) and
antioxidant capacity (B, pmol AAE/g) of S. galatica extracts
prepared using three different solvents (methanol,
acetone, water). Bars represent mean values, error bars
indicate standard deviation (+SD), and dots represent
individual replicate values (n=3). Different letters indicate
significant differences according to Tukey's HSD test
(p<0.05). GAE, gallic acid equivalent; AAE, ascorbic acid
equivalent; TPC, total phenolic content; TAC, total
antioxidant capacity; SD, standard deviation.

Radikal Siipiirme Aktivitesi (DPPH)

Coziici tird ve konsantrasyonun DPPH radikal siipiirme
aktivitesi Uzerindeki etkileri iki yonli ANOVA ile
degerlendirildi. Parametrik test varsayimlar1 karsilandi

(Shapiro-Wilk p=0.595; Levene p=0.715). ANOVA, DPPH
inhibisyon yiizdesi lizerinde hem ¢o6ziicinin [F(2,
18)=11.38; p<0.001; n?*p=0.558] hem konsantrasyonun
[F(2, 18)=260.07; p<0.001; n*p=0.967] anlaml temel
etkiler sergiledigini ortaya koydu; konsantrasyon etkisi tek
basina toplam varyansin yaklasik %97'sini agikladi.
Coziicixkonsantrasyon etkilesimi anlamli degildi [F(4,
18)=0.21; p=0.929; n*p=0.045]-bu durum ¢oziiciilerin
goreli siralamasmin ¢ konsantrasyon diizeyinde de
korundugunu gosterdi (Sekil 2A).

inhibisyon yiizdeleri tiim ¢éziicillerde konsantrasyonla
artt;; 25 ve 50 ppm'de orta diizeyde kalan degerler 100
ppm'de belirgin bicimde yiikseldi (Sekil 2B). Metanol i¢in
degerler sirasiyla 12.30+2.71, 15.04+0.54 ve 34.02+4.23;
aseton i¢in 10.73+1.35, 13.48+1.93 ve 32.92+2.67; su i¢in
7.58+0.96,11.11+1.63 ve 28.39+0.81 olarak belirlendi.

Post-hoc  Tukey  HSD  Kkarsilastirmalar1  ¢oziicli
farkliliklarinin konsantrasyona gore degistigini gosterdi.
25 ppm'de metanol en yiiksek ortalama ile (a) grubunu
olustururken sulu ekstrakt (b) metanolden anlamh
bicimde ayrist;; aseton ara konumda (ab) yer aldi. 50
ppm'de ii¢ ¢6ziicli arasindaki farklar anlamhliga ulasmadi
ve hepsi ayn1 grupta (a) birlesti. 100 ppm'de metanol ve
aseton ortak grup (a), sulu ekstrakt ise ayri grup (b)
olusturdu (Sekil 24).

(A) DPPH radikal siipiirme aktivitesi (B) Konsantrasyon-yanit iligkisi
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Sekil 2: Ug¢ farkh ¢oziici (metanol, aseton, su) ile
hazirlanan S. galatica ekstraktlarinin 25, 50 ve 100 ppm
konsantrasyonlardaki DPPH radikal siliplirme aktivitesi:
(A) gruplandirilmis siitun grafik ve (B) konsantrasyon-
yanit iliskisi. Situnlar ve noktalar ortalama degerleri, hata
cubuklar1 standart sapmay1 (+SD) gostermektedir (n=3).
Harfler her konsantrasyon diizeyi icinde ayr1 ayri
uygulanan Tukey HSD testi sonuglarini yansitmaktadir
(p<0.05). DPPH, 2,2-difenil-1-pikrilhidrazil; SD, standart
sapma.

Figure 2: DPPH radical scavenging activity of S.
galaticaextracts prepared using three different solvents
(methanol, acetone, water) at 25, 50, and 100 ppm: (A)
grouped bar chart and (B) concentration-response
relationship. Bars and points represent mean values, error
bars indicate standard deviation (*SD) (n=3). Letters
reflect Tukey's HSD test results applied separately within
each concentration level (p<0.05). DPPH, 2,2-diphenyl-1-
picrylhydrazyl; SD, standard deviation.

Cok Degiskenli Oriintii Analizi (PCA)

Fenolik icerik ve antioksidan aktivite gostergeleri
arasindaki cok degiskenli oriintiileri incelemek amaciyla
bes degiskenli veri setine (TPC, TAC, DPPH25, DPPH50,
DPPH100) temel bilesen analizi uygulandi. Orneklem
yeterliligi KMO0=0.586 olarak hesapland;; Bartlett
kiiresellik testi anlamli bulundu [x?(10)=35.97; p<0.001].
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ik iki temel bilesen toplam varyansin %87.31'ini agikladi
(PC1: %73.20; PC2: %14.11). PC1 iizerinde bes degiskenin
yukleri benzer biiyiiklilkte ve ayni (negatif) isaretliydi
(-0.408 ile -0.507 arasinda). PC2 iizerindeki en yiliksek
mutlak yiikler ise karsit isaretli iki degiskene aitti: DPPH25
(-0.670) ve DPPH100 (+0.558).

Gozlem skorlar1 PC1-PC2 diizleminde cizildiginde ¢
¢Oziici grubu birbirinden ayr1 bolgelerde konumlandi
(Sekil 3). Metanol ve aseton ekstraktlari negatif PC1
bolgesinde birbirine yakin yer alirken (sirasiyla PC1=-1.45
ve -1.02), sulu ekstraktlar pozitif PC1 bélgesinde toplandi
(PC1=+2.48). Ug¢ grubun disbiikey kabuklar1 diizlemde
cakismadi. Grup ayrismasinin istatistiksel anlamlilil
PERMANOVA ile test edildi (Oklid uzakhg, 999
permiitasyon); ¢oziicii tiirii cok degiskenli yanit uzayindaki
varyansin %94.21'ini agikladi [F(2, 6)=48.77; R* = 0.942;
p=0.010].

Antioksidan parametrelerin PCA biplot grafigi
*

DPPH100
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Sekil 3: Ug¢ farkh ¢oziicii (metanol, aseton, su) ile
hazirlanan S. galatica ekstraktlari icin bes antioksidan
parametrenin (TPC, TAC, DPPH25, DPPH50, DPPH100)
PCA biplot grafigi. Oklar degisken yiiklemelerini, daireler
bireysel goézlemleri, kare semboller grup merkezlerini,
renkli alanlar ise her ¢dziicli grubunun disbiikey kabugunu
gostermektedir (n=3 tekrar/¢éziicii). ilk iki bilesen toplam
varyansin %87.31'ini agiklamaktadir (PC1: %73.20; PC2:
%14.11). TPC, toplam fenolik igerik; TAC, toplam
antioksidan kapasite; DPPH25/50/100, sirasiyla 25, 50 ve
100 ppm'deki DPPH radikal siipiirme inhibisyonu.

Figure 3: PCA biplot of five antioxidant parameters (TPC,
TAC, DPPH25, DPPH50, DPPH100) for S. galatica extracts
prepared using three different solvents (methanol,
acetone, water). Arrows represent variable loadings,
circles represent individual observations, square symbols
represent group centroids, and colored areas indicate the
convex hull for each solvent group (n=3
replicates/solvent). The first two components explained
87.31% of the total variance (PC1: 73.20%; PC2: 14.11%).
TPC, total phenolic content; TAC, total antioxidant
capacity; DPPH25/50/100, DPPH radical scavenging
inhibition at 25, 50, and 100 ppm, respectively.

Parametreler Arasi Korelasyon Analizi

Toplam fenolik icerik, TAC ve ii¢ farkli konsantrasyondaki
DPPH inhibisyonu (DPPH25, DPPH50, DPPH100)
arasindaki iliskiler havuzlanmis ekstrakt oérnegi lizerinden
Pearson korelasyon analiziyle degerlendirildi (n=9); ikili
karsilastirmalara iliskin r katsayilar1 ve ham p-degerleri
Sekil 4'te sunuldu. En giiclii pozitif iliski TPC ile TAC
arasinda gozlendi (r=0.937; p<0.001). TPC ayrica tic DPPH
konsantrasyonunun hepsiyle pozitif ve anlaml iliskiler
sergiledi: DPPH25 (r=0.766; p=0.016), DPPH50 (r=0.724;
p=0.027) ve DPPH100 (r=0.690; p=0.040). TAC ile DPPH
parametreleri arasindaki iligkiler ise orta diizeyde kald1 ve
anlamliliga ulagmadi: TAC-DPPH25 (r=0.530; p=0.143),
TAC-DPPH50  (r=0.543; p=0.131), TAC-DPPH100
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(r=0.666; p=0.050). DPPH parametreleri kendi aralarinda
degerlendirildiginde en yiliksek katsay1 DPPH25 ve
DPPH50 arasinda bulundu (r=0.743; p=0.022); DPPH50-
DPPH100 iligkisi anlamlilik esiginin hemen {izerinde kald:
(r=0.637; p=0.065) ve DPPH25-DPPH100 arasinda anlamli
bir iliski saptanmadi (r=0.360; p=0.341).

Antioksidan parametreler arasindaki Pearson korelasyonlari
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Sekil 4: S galatica ekstraktlarinin  antioksidan

parametreleri (TPC, TAC, DPPH25, DPPH50, DPPH100)
arasindaki ~ ikili Pearson  korelasyon  katsayilari
(havuzlanmis veri; ii¢ ¢oziiciix3 tekrar=9 gozlem). Her
hiicrede elipsin sekli ve rengi korelasyonun yoniini ve
glciinii yansitmakta; kirmizi tonlar pozitif, mavi tonlar
negatif korelasyonu gostermektedir. Hiicre igcindeki sayisal
degerler Pearson r katsayilarini, yanindaki yildizlar ise
istatistiksel anlamlilig1 ifade eder: * p<0.05, ** p<0.01, ***
p<0.001. TPC, toplam fenolik igerik; TAC, toplam
antioksidan kapasite; DPPH25/50/100, sirasiyla 25, 50 ve
100 ppm'deki DPPH radikal siipiirme inhibisyonu.

Figure 4: Pairwise Pearson correlation coefficients among
antioxidant parameters (TPC, TAC, DPPH25, DPPH50,
DPPH100) of S. galatica extracts (pooled data; three
solventsx3 replicates=9 observations). The shape and
color of the ellipse in each cell reflect the direction and
strength of the correlation; red tones indicate positive,
blue tones negative correlations. Numerical values
represent Pearson r coefficients; asterisks indicate
statistical significance: * p<0.05, ** p<0.01, *** p<0.001.
TPC, total phenolic content; TAC, total antioxidant
capacity; DPPH25/50/100, DPPH radical scavenging
inhibition at 25, 50, and 100 ppm, respectively.

Dogrusal Regresyon Analizleri

Toplam fenolik igerik ile TAC ve ii¢ konsantrasyondaki
DPPH inhibisyonu arasindaki dogrusal iligkiler basit
dogrusal regresyon modelleriyle incelendi (n=9). TPC ile
TAC arasinda glclii bir dogrusal iliski belirlendi:
TAC=4.67xTPC-55.55; R?=0.879; p<0.001. Egim 4.67 umol
AAE/g (%95 GA: 3.12-6.22) sifirdan anlamh bi¢cimde farkli
bulundu (Sekil 5A). DPPH inhibisyonunun TPC {izerine
modellenmesi her konsantrasyon ig¢in ayr1 ayr
gerceklestirildi ve lic model de istatistiksel olarak anlaml
bulundu (Sekil 5B). 25 ppm'de denklem
DPPH=0.29xTPC+0.96 (egim 0.29; %95 GA: 0.07-0.51;
R?=0.587; p=0.016); 50 ppm'de DPPH=0.22xTPC+6.04
(egim 0.22; %95 GA: 0.03-0.42; R*=0.525; p=0.027) ve 100
ppm'de DPPH=0.36xTPC+20.24 (egim 0.36; %95 GA: 0.02-
0.70; R?=0.477; p=0.040) biciminde elde edildi. U¢ egimin
gliven araliklar birbiriyle ortiistii.
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A.TPC ile TAC

B. TPC ile DPPH inhibisyonu
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Sekil 5: Toplam fenolik icerik (TPC) ile antioksidan
aktivite gostergeleri arasindaki dogrusal regresyon
iliskileri (havuzlanmis veri; li¢ ¢6ziiciix3 tekrar=9 gozlem).
(A) TPC ile toplam antioksidan kapasite (TAC) arasindaki
iliski; siyah cizgi en kiiciik kareler regresyon dogrusunu,
gri tarali alan %95 giiven bandini géstermektedir. (B) TPC
ile ti¢ konsantrasyondaki DPPH inhibisyonu arasidaki
iliski; renkli cizgiler regresyon dogrularini, ayni renkteki
tarali alanlar %95 giiven bantlarini temsil etmektedir. TPC,
toplam fenolik icerik (mg GAE/g); TAC, toplam antioksidan
kapasite (upmol AAE/g); DPPH25/50/100, sirasiyla 25, 50
ve 100 ppm'deki DPPH inhibisyon yiizdesi; R?, belirlilik
katsayis1; GA, giiven aralig.

Figure 5: Linear regression relationships between total
phenolic content (TPC) and antioxidant activity indicators
(pooled data; three solventsx3 replicates=9 observations).
(A) Relationship between TPC and total antioxidant
capacity (TAC); the black line represents the least-squares
regression line, and the gray shaded area indicates the
95% confidence interval. (B) Relationship between TPC
and DPPH inhibition at three concentrations; colored lines
represent regression lines, and shaded areas of the same
color represent 95% confidence intervals. TPC, total
phenolic content (mg GAE/g); TAC, total antioxidant
capacity (umol AAE/g); DPPH25/50/100, DPPH inhibition
percentage at 25, 50, and 100 ppm, respectively; R?
coefficient of determination; CI, confidence interval.

TARTISMA VE SONUC

Bu ¢alismada S. galatica'nin toprak st kisimlarindan
metanol, aseton ve su ile hazirlanan ekstraktlarin toplam
fenolik icerigi ve antioksidan aktiviteleri karsilastirmali
olarak degerlendirildi. Metanol ve aseton ekstraktlar:
toplam fenolik icerik bakimindan birbirine yakin degerler
tiretirken, sulu ekstrakt bu iki ¢6ziicliniin belirgin bigcimde
gerisinde kaldi. Fosfomolibden yonteminde en yiiksek
antioksidan kapasite aseton ekstraktinda belirlendi; bunu
metanol izlerken sulu ekstrakt belirgin bicimde geride
kaldi. DPPH testinde ise metanol ekstrakti her ii¢
konsantrasyonda da en yiiksek aktiviteyi sergiledi ve onu
sirasiyla aseton ile sulu ekstrakt izledi. Bu bulgular S.
galatica'nin kayda deger bir antioksidan potansiyele sahip
oldugunu, ancak bu potansiyelin kullanilan analitik
yonteme gore farkli bicimlerde ortaya ¢ikabildigini ortaya
koymaktadir.

Dikkat ¢eken bulgulardan biri, metanol ve aseton
ekstraktlarinin TPC bakimindan neredeyse ayni sonuglari
vermesidir; post-hoc analizde her iki ¢6ziici ayni
istatistiksel grupta (a) yer aldi. Sideritis stricta'da aseton
ekstraktinin metanol ekstraktina gore daha yiiksek TPC
sagladign (Deveci ve ark. 2018), S. albiflora ve S.
leptoclada'da ise bu iki ¢dziicliniin birbirine yakin geri
kazanim degerleri trettigi bildirilmistir (Deveci ve ark.
2019). Bu oriintii, cinsin baskin fenolik bilesenleri olan

feniletanoid  glikozitler, flavonoid  glikozitler = ve
hidroksisinnamik  asit tlirevlerinin polar organik
coziicillerdeki ylksek ¢ozinirligiiyle de uyumludur
(Romanucci ve ark. 2017; Zyzelewicz ve ark. 2020). Sulu
ekstraktta gozlenen belirgin diisiis ise baz1 aglikonlarin ve
gorece lipofilik  fenolik tiirevlerin suda  smirh
¢ozliniirligiiyle aciklanabilir.

Metanol ekstraktinin DPPH testinde gosterdigi istiinliik,
Sideritis cinsi lzerine daha o6nce bildirilen verilerle
uyumludur. Dogrudan S. galatica'y: ele alan bir ¢alismada
metanol ve sulu ekstraktlarin DPPH, ABTS (azino-bis-
etilbenzotiyazolin siilfonik asit), FRAP (ferric reducing
antioxidant power) ve CUPRAC (cupric reducing
antioxidant capacity) testlerinde en gii¢lii performansi
sergiledigi gosterilmis (Zengin ve ark. 2014); S
brevibracteata'da ise metanol ve aseton ekstraktlarinin
standart antioksidanlara yaklasan diizeyde ve birbirine
yakin yiiksek DPPH inhibisyonu sergiledigi bildirilmistir
(Sagir ve ark. 2017). Polar ekstraktlarin DPPH'te &ne
ciktigl, cinsin diger tiirleri olan S. niveotomentosa, S.
perfoliata ve S. stricta lizerinde yliriitiilen calismalarda da
ortaya konmustur (Deveci ve ark. 2018; Sarikurkcu ve ark.
2020; Simsek Sezer ve Uysal 2021). Bu oriintii bir biitiin
olarak degerlendirildiginde, mevcut ¢alismada metanol
ekstraktinin DPPH aktivitesi bakimindan o6ne ¢ikmasi,
antioksidan etkinligin polar organik ve sulu fraksiyonlarda
yogunlastigini gosteren genel egilimle agik bicimde
ortiismektedir.

Aseton ekstraktinin fosfomolibden testinde en yliksek
performans1 gostermesi, Sideritis literatiiri dikkate
alindiginda  beklenmedik  degildir; bu cinse ait
ekstraktlarin antioksidan Kkapasitesi kullanilan test
sistemine gore degismekte ve tiim yontemlerde ayni
¢ozilici Ustlinliik saglamamaktadir. Nitekim S. perfoliata'da
metanolik ve sulu ekstraktlar radikal siipiirme ve
indirgeme giicii testlerinde o©ne ¢ikarken [-karoten
agartma testinde ¢oziiclilerin etkinlik siralamasi
degismistir (Sarikurkcu ve ark. 2020). S. galatica'da ise
petrol eteri ve etil asetat ekstraktlarinin toplam fenolik
icerikleri daha diisiik olmasina ragmen nitrik oksit
siiptirme, metal selasyon ve [-karoten/linoleik asit
sistemlerinde polar ekstraktlardan daha etkili oldugu
gosterilmistir (Zengin ve ark. 2014). Bu son bulgu, apolar
fraksiyonlarda yer alan fenolik olmayan lipofilik
antioksidanlarin ~ bazi  testlerde  belirleyici  katki
saglayabilecegine isaret etmektedir. S. stricta ve S.
brevibracteata'da aseton ekstraktlarinin gesitli antioksidan
testlerde BHA ve a-tokoferol gibi standart bilesiklere yakin
aktivite  sergiledigi raporu da bu  goriinimi
desteklemektedir (Sagir ve ark. 2017; Deveci ve ark.
2018). Bu cercevede, mevcut c¢alismada DPPH ve
fosfomolibden testlerinde go6zlenen farkli siralama,
Sideritis cinsinde daha énce tanimlanmis yontem temelli
¢ozlici etkilerinin dogal bir yansimasi olabilecegi
degerlendirilebilir.

Havuzlanmis  ekstrakt ornegi lizerinde yiiriitillen
korelasyon ve regresyon analizleri fenolik icerik ile
antioksidan gostergeler arasindaki iliskiyi sayisallastird:
TPC ile TAC arasinda giiglii bir dogrusal iligki belirlenirken
(r=0.937; p<0.001; R2=0.879), TPC ile DPPH inhibisyonu
arasindaki modeller anlamh fakat gorece zayif diizeyde
kald1 ve aciklayicr giic artan konsantrasyonla kademeli
olarak azaldi. Bu o6riintii DPPH tepkisinin yalnizca fenolik
miktarla degil ekstredeki bireysel radikal stpirici
bilesenlerin yapisal 6zellikleriyle de sekillendigine isaret
etmektedir. Nitekim Lamiaceae familyasina iliskin
calismalar  Sideritis scardica ve Thymus vulgaris
ekstraktlarinda  fenolik-antioksidan  korelasyonunun
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¢ozlici polaritesi ve ekstre bilesimine gore degistigini
(Walasek-Janusz ve ark. 2025), Makedonya kokenli
Sideritis tiirlerinde ise spesifik fenolik bilesiklerin toplam
aktiviteye katkisinin kiitlesel fenolik igerikten ayri
degerlendirilmesi gerektigini ortaya koymustur (Petreska
ve ark. 2011). Molekiiler diizeyde bir fenoliin radikal
siiplirme potansiyeli, tasidigi hidrojen-verici hidroksil
gruplarinin sayr ve konumuyla (Zhou ve ark. 2020),
ozellikle flavonoidlerde B-halkasi ftzerindeki katekol
grubuyla belirlenmektedir (Jiménez-Moreno ve ark. 2019).
Bununla birlikte, burada raporlanan korelasyonlarin ii¢
¢ozlici grubunu kapsayan havuzlanmis 6rnek iizerinden
hesaplandigr g6z ardi edilmemelidir; gozlenen iliskiler
grup ic¢i degiskenlikten c¢ok gruplar arasi degiskenligi
yansitiyor olabilir.

DPPH radikal siipiirme aktivitesinin ii¢ konsantrasyonda
olctilmesi, c¢oziicii etkilerinin konsantrasyonla nasil
etkilestigini incelemeye olanak tanidi.
Coziiclixkonsantrasyon etkilesiminin anlaml
bulunmamasi, ekstraksiyon verimindeki ¢6ziici bagiml
farkliliklarin konsantrasyondan bagimsiz, yapisal bir
ozellik olarak korunduguna isaret etmektedir. Higbir
ekstraktin %50 inhibisyon esigine ulagsmamis olmasi,
reaksiyonun test araliginda doygunluga ulasmadigini ve
¢ozliciye  bagh  farkhliklarin  radikal  siiplirme
reaksiyonunun dogrusal yanit bolgesinde gozlendigini
diistindiirmektedir. Benzer bir ¢dziicii bagimh hiyerarsi
diger Sideritis tiirleri icin de belgelenmistir: S. stricta'da
aseton ve metanol ekstraktlar1t DPPH ve ABTS testlerinde
sulu ekstrakta kiyasla belirgin bicimde daha diisiik 1Cso
degerleri tretmis (Deveci ve ark. 2018); S. albiflora ve S.
leptoclada'da ise aseton ve metanol fraksiyonlari en etkili
radikal stipiiriicliler olarak belirlenmis, sulu ekstraktlar
test tiiriinden bagimsiz olarak bunlarin gerisinde kalmistir
(Deveci ve ark. 2019).

Mevcut bulgular bir biitin olarak degerlendirildiginde
fenolik icerik ile antioksidan etkinlik arasinda genel bir
paralellige isaret etmektedir: sulu ekstrakt hem en diisiik
fenolik icerige hem de her iki testteki en zayif performansa
sahip olmakla bu iliskinin en belirgin gostergesini
sunmaktadir. Yiiksek toplam fenolik ve flavonoid icerigine
sahip ekstraktlarin daha gilicli antioksidan aktivite
sergiledigi literatiirde siklikla bildirilmistir (Petreska ve
ark. 2011; Simsek Sezer ve Uysal 2021; Oztiirk Sarikaya ve
Zehiroglu 2023). Bununla birlikte aseton ekstraktinin
fosfomolibden testinde metanol ekstraktini geride
birakmasi, antioksidan etkinligin yalnizca toplam fenolik
diizeyle acgiklanamayacagina ve ekstraktta yer alan farkh
sekonder metabolit gruplarinin da sonuca Kkatki
sagladigina isaret etmektedir; Sideritis cinsi feniletanoid
glikozitler, flavonoid asetilglikozitler, hidroksisinnamik
asit tiirevleri ve cesitli terpenoitler bakimindan zengindir
(Romanucci ve ark. 2017; Zyzelewicz ve ark. 2020).

Bu yorum S. galatica'nin raporlanmis fitokimyasal
verileriyle de desteklenmektedir. Zengin ve ark. (2014) bu
tlrin farkl ¢6ziicli ekstraktlarinda benzoik asit, klorojenik
asit, kaempferol, (-) -epikatesin ve apigenin gibi
bilesenleri tespit etmis; hesperidinin yalnizca metanol
ekstraktinda bulundugunu gostermistir. Disli ve ark.
(2002) ise aym tiiriin petrol eteri ekstraktindan yeni bir
diterpen (galaticat) izole etmistir. Bu veriler bir arada
degerlendirildiginde, gozlenen antioksidan aktivitenin tek
bir bilesige atfedilemeyecegi ve polar ekstraktlarda fenolik
bilesiklerin, apolar fraksiyonlarda ise terpenoidlerin
baskin oldugu zengin bir fitokimyasal bilesimle iliskili
oldugu anlagilmaktadir.
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Bes antioksidan degiskenin birlikte degerlendirildigi ¢cok
degiskenli analizler, parametre-diizeyindeki bulgulari
biitiinlesik bir cercevede desteklemistir. PCA'da metanol
ve aseton ekstraktlar1 negatif PC1 bdlgesinde birbirine
yakin kiimelenirken, sulu ekstraktlar pozitif PC1
bolgesinde ayr1 bir alan olusturdu. Bu gorsel ayrisma
PERMANOVA ile istatistiksel olarak dogrulandi; ¢o6ziici
tiri ¢ok degiskenli yanit uzayindaki varyansin biyiik
kismini acikladi (R?=0.942; p=0.010). Sonug, metanol ve
aseton ekstraktlarinin antioksidan profil bakimindan
benzer, sulu ekstraktin ise belirgin bi¢cimde farkli oldugunu
¢cok degiskenli dizeyde ortaya koymaktadir. Bununla
birlikte smirli 6rneklem biyiikligi (n=9) ve KMO
degerinin esikte kalmasi (0.586), cok degiskenli sonuclarin
kesifsel bir perspektiften yorumlanmasi gerektigine isaret
etmektedir. Deneysel tasarimda her ¢oziicii grubu igin
kullanilan ii¢ bagimsiz tekrar sayisi, Sideritis cinsi tizerine
ylriitiilen benzer in vitro antioksidan c¢alismalardaki
yerlesik uygulamaya dayali olarak belirlenmistir (Sagir ve
ark. 2017; Deveci ve ark. 2018; Simsek Sezer ve Uysal
2021). Gelecek galismalarda artirllmis tekrar sayilarinin
ozellikle etkilesim etkileri gibi daha ince farkhiliklarin
degerlendirilmesine katki saglayacagi diisiiniilmektedir.

Sideritis tirleri arasinda ya da tek bir tiir i¢inde farkl
calismalar arasinda gozlenen degiskenlik yalnizca ¢oziicii
secimiyle aciklanamaz; mevsim, rakim ve yetisme kosullar1
hem toplam fenolik icerik hem de antioksidan kapasite i¢in
belirleyici etkenler olarak raporlanmis, ekstraksiyon
tekniginin de biyoaktif bilesik verimini dogrudan etkiledigi
gosterilmistir (Chrysargyris ve ark. 2021; Mréz ve ark.
2023). Geleneksel hazirhk yontemleri de profili
sekillendirmekte; infiizyon ve dekoksiyon arasinda fenolik
icerik ve antioksidan sonuglar bakimindan anlaml farklar
bildirilmistir (Carik¢i 2020). Bu c¢alismada ekstraktlar
¢Oziicli ekstraksiyonuyla hazirlandi. Mevcut bulgularin
yorumlanmasinda bu nedenle yalnizca tiirler arasi farklar
degil, bitki materyalinin elde edilme, hazirlanma ve
ekstraksiyon kosullar1 da dikkate alinmalidir.

Mevcut ¢alisma S. galatica'nin antioksidan profiline odakl
bir katki sunmaktadir. Zengin ve ark. (2014) bu tiiriin dort
¢oziicli ekstraktiyla hazirlanan 6rnekler tizerinde kapsaml
bir antioksidan ve enzim inhibisyonu taramasi
gerceklestirmis;  diyot dizisi dedektorli  yiiksek
performansh siwvi1 kromatografisi (HPLC-DAD) ile 18
fenolik bilesik tamimlamistir. Bu arka plan iizerine iig
spesifik genisleme getirilmektedir. Birincisi, Zengin ve ark.
(2014)'in ¢oziici setinde yer almayan aseton, mevcut
¢alismada metanol ve suya karsi dogrudan karsilagtirmaya
alindi. Ikincisi, DPPH aktivitesi ii¢ farkli konsantrasyonda
ve tam  faktoriyel tasarim  i¢cinde  Olgiilerek
coziiciixkonsantrasyon etkilesimi sinandi.  Ugiinciisii,
veriler tek noktall karsilastirmalar yerine iki yonli
ANOVA, korelasyon-regresyon ve ¢ok degiskenli
yontemlerle (PCA, PERMANOVA) yorumlandu.

Sonu¢ olarak bu c¢alisma, S. galatica’nin toprak isti
kisimlarindan elde edilen ekstraktlarin antioksidan
profilinin kullanilan ¢éziiciiye bagh olarak belirgin sekilde
degistigini ortaya koymaktadir. Metanol ve aseton
ekstraktlarinin, hem toplam fenolik icerik hem de
antioksidan aktivite parametreleri acisindan sulu
ekstrakta kiyasla anlamli derecede daha yiiksek degerlere
sahip oldugu belirlendi. Bu iki organik ¢6ziicliniin ise
birbirine olduk¢a yakin sonuglar verdigi goriildii. Cok
degiskenli istatistiksel analizler, gézlenen bu farklilasmay1
destekleyerek ¢oziicii seciminin antioksidan 6zellikler
tizerindeki belirleyici etkisini agik bicimde ortaya koydu.
Elde edilen bulgular, S. galatica’'nin 6zellikle metanol ve
aseton ekstraktlarinin potansiyel dogal antioksidan
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kaynaklar olarak degerlendirilebilecegini diisiindirmekte
ve tiiriin ileri diizey fitokimyasal ile fonksiyonel analizlerle
daha kapsaml bicimde incelenmesine temel
olusturmaktadir.

CIKAR CATISMASI

Yazarlar bu calisma icin herhangi bir ¢ikar catismasi
olmadigini beyan ederler.
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Memelilerin evriminde kritik bir 6neme sahip olan tek toynaklilar (Perissodactyla), evrimsel olarak tek bir
toynak (tirnak) yapisina sahip, bazilarinin hizli kosma yetenegi gelismis, otobur memeliler grubunu ifade
eder. Perissodactyla takimi; atlar/esekler ve zebralar (Equidae), gergedanlar (Rhinocerotidae) ve tapirleri
(Tapiridae) igerir. Anatomik olarak incelendiginde, bu hayvanlarin en belirgin 6zelligi ticiincli parmaklarinin
baskin hale gelerek toynak yapisini olusturmasidir. Tek toynaklilarin sindirim sistemi, gevis getirenlerden
farkli olarak tek midelidir ancak oldukg¢a gelismis bir bagirsak fermantasyonu (Monogastrik Sekum
Fermenterleri) sistemi vardir. Bu sayede lifli bitkileri sindirme yetenekleri yiiksektir. Ancak ayni zamanda bu
ozellik, sindirim sistemlerini kolik gibi hastaliklara karsi hassas hale getirir. Davranigsal olarak siiri hayvani
olan tek toynaklilar, cevresel tehditlere karsi oldukga tetikte ve refleksif tepki verme egilimindedir. Katirlar,
at ve esegin melezi olarak, giiclii ve zeki dzellikleriyle taninir. Veteriner hekimlik agisindan tek toynaklilar, nal
bakimi, laminitis, ortopedik bozukluklar, dis problemleri ve parazit kontrolii gibi 6zel ilgi gerektiren konulari
barindirir. Ayrica spor ve yaris atlarinin performans yonetimi, bu tiirlerin modern veterinerlikteki 6nemini
artirmaktadir. Sonug olarak, tek toynaklilar hem biyolojik 6zellikleri hem de insanlik tarihindeki islevsel
rolleriyle dikkate deger, multidisipliner bir g¢alisma alani sunar. Bu calisma, Perissodactyla'nin atasal
morfolojisini, tiyelerini ve iiyelerin karakteristik 6zelliklerini detayll bir literatiir arastirmasi ile ortaya
koymaktadir.

Anahtar Kelimeler: At, Irk, Tek toynaklilar, Zebra.

ABSTRACT

The Evolution, Morphology, and Ecology of The Perissodactyla (Single-Toed
Ungulates) Order

Perissodactyla, which play a critical role in the evolution of mammals, refer to a group of herbivorous
mammals that have evolved to have a single hoof structure and some of themare capable of running fast. The
Perissodactyla order includes horses/donkeysand zebras (Equidae), rhinoceroses (Rhinocerotidae), and
tapirs (Tapiridae). Anatomically, the most distinctive feature of these animals is that their third toe has
become dominant, forming the hoof structure. The digestive system of odd-toedungulatesis monogastric,
unlike ruminants, but they have a highly developed intestinal fermentation system (Monogastric Cecal
Fermenters). This gives them a high capacity to digest fibrous plants. However, this feature also makes their
digestive systems susceptible to diseases such as colic. Behaviorally, perissodactylates are herd animals and
tend to be highly alert to environmental threats and reflexive in their responses. Mules, as a cross between
horse and donkey, are known for their strength and intelligence. From a veterinary perspective, single-hoofed
animals require special attention to issues such as hoof care, laminitis, orthopedic disorders, dental problems,
and parasite control. In addition, the performance management of sport and race horses increases the
importance of these species in modern veterinary medicine. In conclusion, ungulates offer a noteworthy,
multidisciplinary field of study due to both their biological characteristics and their functional roles in human
history. This study details the ancestral morphology of Perissodactyla, its members, and the characteristic
features of its members through a thorough literature review.

Keywords: Breed, Horse, Monodactyls, Zebra.

GiRiS

Perissodactyla'nin Kékeni

memeliler grubundadir. Perissodactyla takimy;
atlar/esekler (Equidae), gergedanlar (Rhinocerotidae) ve
tapirleri (Tapiridae) igerir. Perissodactyla takiminin

Tek toynaklilar tek bir toynak yapisina sahip, otobur (gergedanlar, tapirler ve atlar) evrimi, kapsaml fosil
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kayitlar1 nedeniyle iyi incelenmistir (Steiner ve Ryder
2011).

Alem : Hayvanlar

Bolim : Chordata

Alt Bolim : Vertebrata-omurgalilar

Sinif : Mammalia-memeliler

Alt Simif : Eutheria-plasentalilar

Takim : Ungulata-toynaklilar

Alt Takim : Perissodactyla-tek toynaklilar
Familya : Equidae-atgiller

Cins : Equus-at

Tir : E. caballus-at

: E. asinus-esek

: E. zebra-zebra

Takim Perissodactyla - Tek toynaklilar
Alt takim Hippomorpha
Familya Equidae - Atgiller: Atlar ve benzerleri, tek cins
icinde 9 tiir
Equus caballus-At
Equus gmelini-Tarpan (Avrupa Yaban At1)
Equus przewalskii-Przewalski ati,
Equus asinus-Afrika yaban esegi,
Equus hemionus-Asya yaban esegi,
Equus burchellii-Ova zebrasi,
Equus zebra-Dag zebrasi,
Equus grevyi-Grevy zebrasi,
Alt takim Ceratomorpha
Familya Tapiridae - Tapirgiller: Tapirler, tek cins icinde 4
tir
Tapirus terrestris-Brezilya tapiri,
Tapirus pinchaque-Dag tapiri,
Tapirus bairdii-Baird tapiri,
Tapirus indicus-Hint tapiri
Familya Rhinocerotidae-Gergedangiller: Gergedanlar, 4
cins icinde 5 tiir
Diceros bicornis-Kara gergedan,
Ceratotherium simum-Beyaz gergedan,
Rhinoceros unicornis-Hint gergedani,
Rhinoceros sondaicus-Java gergedan,

Dicerorhinus sumatrensis-Sumatra gergedani
(Tougard ve ark. 2001; Wilson ve Reeder 2005;
Cozzuol ve ark. 2013; Sikandar 2020).

Tek toynakllar takiminin giinlimiizde yasayan tyeleri iki
alt takimda simiflandirilir:

Hippomorpha; her ayaginda tek toynag olan, uzun bacakli,
hizli kosan hayvanlardan olusur. Giliniimiizde soyunu
siirdiiren tek familya atgiller (Equidae) ve bu familya
icindeki tek cins olan Equus’tur. Bu cins iginde at, zebra,
esek ve diger tiirler bulunur. Islevsel olarak tek toynaklari
bulunur. Diger parmaklar (2. ve 4.) tamamen
kaybolmamistir, ancak korelmis splint kemikleri
(rudimenter kemikler) olarak varligini strdiirmistiir. 3.
parmak baskin hale gelmis ve digerleri kérelmistir. Toynak
yapisi bu sekilde olusmustur.

Ceratomorpha; birka¢ islevsel toynagi olan ve
Hippomorpha tiirlerinden daha agir ve daha yavas hareket
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eden tek toynaklilarin olusturdugu alt takimdir. Bu alt
takimin icinde soyunu siirdiiren iki familya bulunur:
Tapirgiller (Tapiridae) ve Gergedangiller (Rhinocerotidae).
Akraba olan bu tirlerin agiz yapis1i ve morfolojik
yapilarinda 6nemli farkliliklar bulunmaktadir. Tapirin iist
dudag) yaprak ve dallar1 agzina gotiirebilmek i¢in kiigiik
hortum seklindedir. Gergedanlarin ise rahat otlayabilmesi
icin kare seklinde agizlar1 vardir. Atlar hareketli ve kash
dudaklara sahiptir, kesici disleri ile otlar1 kopararak
beslenirler (Steiner ve Ryder 2011).

Tek Toynaklilarda Sindirim Sistemi

Tek toynaklilarin sindirim sistemi son 40 milyon yil
dikkate alinarakkitalar arasinda tiirler karsilastirilarak ele
alinmaktadir.

Seenozoik donemde, 6n mide fermentasyonu yapan
Artiodactyla'lar giicli bir sekilde radyasyon yayiyordu; bu
durum, arka bagirsak fermantasyonu yapan Artiodactyla
(Suidae) ve Perissodactyla'larin (Equidae, Rhinocerotidae,
Tapiridae) kosullarinin aksinedir. Pecora'lar, gevis getirme
siireciyle sindirim {riinlerinin pargacitk  boyutunu
kiictiltebildikleri ve boylece sindirim triinlerinin gecisini
artirabildikleri  i¢in  6zellikle basarii 6n  mide
fermentasyoncular1 olmustur. Bu, memelinin yalnizca
mikrobiyal aktivitenin metabolik iriinlerini (¢ogunlukla
ucucu yag asitleri) degil, aym1 zamanda toynaklilar
tarafindan otoenzimatik olarak sindirilebilen besin
maddelerinin daha yiiksek bir yilizdesini de elde
edebilmesi nedeniyle avantajlidir (Langer 1987). Uzun ve
katlanmis kolon yapisi tek toynaklilarda kolik goriilme
ihtimalini artirir (Rose ve Hodgson 2007).

Atgiller, ¢ok cesitli bitki tirleri ve bitki parcalar: tiiketen
otcullardir. Tek mideli olan bu canlilarin oldukga gelismis
bir bagirsak fermentasyonu (hindgut fermentation)
sistemi vardir. Anatomik olarak: Monogastrik Sekum
Fermenterleri (Monogastric Cecal Fermenters) olarak
anilirlar.  Anatomi, fizyoloji ve mikrobiyolojilerinde
(bilimsel arastirma alan1 olarak hala emekleme
asamasinda olan) cesitli kalitedeki yemleri kesmelerine,
cignemelerine ve  sindirmelerine yardimci olan
adaptasyonlara sahiptirler. Atgilleri diger tiirlerden ayiran
temel anatomik yapilar, hipsodont ve selenodont disleri
(vemleri ince bir sekilde c¢igneyebilen) ve arka
bagirsaklaridir (kor bagirsak ve kalin bagirsak). Genel
olarak atgiller, besinlerinin ¢ogunu hiicrenin ¢oziiniir
kisimlarindan ve hiicre duvarinin Kkolay sindirilen
kisimlarindan elde edebiliyor gibi goriinmektedir. Ayrica
(gevis getiren hayvanlar gibi) sindirim sistemindeki
yliksek hiicre duvari ve biiyiik parcaciklar tarafindan
kisitlanmazlar, bu da daha fazla alim i¢in yolu agar. Bu
durum, atgillerin gevis getiren hayvanlardan farkh olarak
yilksek yem alimi ve hizli gastrointestinal gecis ile
karakterize edilen bir sindirim stratejisine sahip
olduklarimi  goéstermektedir. Bazi yeni ¢alismalar,
tikiriikteki prolin agisindan zengin protein eksikliginin
zebralarin tanen agisindan zengin bir diyet (yani ¢alilar ve
agaclardan) tliketme yetenegini smirladigini, ancak
kulanlar ve kianglarin ¢ok fazla ot ve bitki tiikettigini ileri
stirmektedir (Andrews 2015; Gordon ve Prins 2023).
Yiyecek arama ve sindirim konusundaki bilgimizin ¢ogu
evcil atlardan gelmektedir, bu da vahsi dogada atgillerin
anatomi, fizyoloji ve mikrobiyoloji ¢esitliligi hakkinda hala
O0grenilecek ¢ok sey oldugu anlamina gelir. Son
mikrobiyom c¢alismalari, ayni boélgede yasayan atgiller
arasinda ne kadar farkl olabilecegini gdstermektedir ve bu
da tiim atgillerin esit olmayabilecegini olas1 kilmaktadir.
Sonug olarak, atgillerin gevis getiren hayvanlara goére ¢ok
diisiik ve cok yliksek kaliteli yemleri tliketmeye daha iyi
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adapte olduklar1 yoniindeki uzun siiredir devam eden
goriis hala gecerli olabilir, ancak bu biiyiik 6l¢ciide evcil
atlar ile koyunlar ve sigirlar tizerinde yapilan ¢alismalara
dayanmaktadir. Giderek daha belirgin hale gelen sey,
atgillerin yiyecek arama ve sindirim stratejilerinin gevis
getiren hayvanlardan farkli oldugu ve onlardan daha asagi
olmadigidir (Gordon ve Prins 2023).

Evrimlerinin erken dénemlerinde sindirim stratejisi olarak
arka bagirsak fermantasyonunu benimsemeleri, atgilleri
yuksek lif ve diisiik protein icerigiyle karakterize kaba
otlaklarda beslenmeye smirlamistir. Bu tir bitki
ortlisiiniin arka bagirsak fermantasyonu, yiiksek oranda
goniilli besin alim1 ve sindirim swisinin gecisiyle
birlestiginde, atgillere yiiksek lifli otlarda sindirim
verimliligi agisindan benzer viicut boyutuna sahip gevis
getirenlere gore bir avantaj saglamistir. Bu sindirim
stratejisi, yabani atgillerin giintimiizdeki ekolojik nisini
aciklamaktadir.  Lifli  bitki  ortiisiinlin =~ mikrobiyal
fermantasyonu icin gereken biiylik su hacmi, dehidrasyon
dénemlerinde kalan viicut siv1 havuzlari icin potansiyel bir
sivi kaynaglr gorevi gorebilecek bir sivi rezervuari
olusturur (Cozzuol ve ark. 2013). Tek toynakli hayvanlar
gevis getiren hayvanlarin aksine seliiloz gibi lifli bitkisel
maddeleri sindirmek icin midelerini degil, sindirim
sisteminin son kisimlarini kullanirlar. Besinler midede
mikrobiyal fermantasyona ugramadan, dogrudan asit ve
enzimlerle kimyasal olarak parcalanir. Tapirlerin lifi
sindirme yetenegi atlara oranla daha azdir. Gergedan ise
govde biiyikligi nedeniyle daha ¢ok besin tiiketir ve
kolonlari asir1 genislemistir (Openlearn 2026).

AT
Atin Genel Ozellikleri

Atlar (Equus caballus), tek toynakli memeliler sinifina ait,
tarih boyunca farkli amaclarla yetistirilen hayvanlardir.
Hem evcil hayvanlar olarak hem de tarim, savas, spor ve
ulasim gibi alanlarda oOnemli roller istlenmislerdir.
Gliniimiizde ise ozellikle spor, terapi ve binicilik
faaliyetlerinde degerli bir yere sahiptirler (Kocakaya ve
ark. 2026).

Biyolojik olarak atlar, Perissodactyla takiminda yer alan
tek toynaklilardir. Viicutlari zarif ama dayanikhidir; uzun
bacaklari ve giiclii kas yapilar1 sayesinde hizli kosmaya son
derece elveriglidirler. Bu da onlar1 hem yirticilardan
korunmak hem de uzun mesafeleri kisa siirede katetmek
acisindan avantajl kilar (Yildirim 2019).

Ortalama bir at, cinsine bagh olarak 400 ila 600 kilogram
arasinda degisen bir agirhga sahip olabilir. Cidago
yliksekligi ise genellikle 140 ila 180 santimetre arasinda
seyreder. Bununla birlikte, pony olarak adlandirilan kiigiik
irklar bu degerlerin altinda, sogukkanl is atlar1 ise
lzerinde oOl¢iimlenebilir. Atlarin viicut sicakligi ortalama
37,5-38,5 °C arasinda degisirken, istirahat halindeki kalp
atim sayis1 dakikada 28 ila 44 arasindadir. Solunum sayisi
da dakikada 8 ila 16’dir. Bu fizyolojik degerler, atin yasina,
stres diizeyine ve egzersiz durumuna gore degisiklik
gosterebilir (Kocakaya ve ark. 2026).

Sindirim sistemleri tek midelidir ancak biiyiik ve kompleks
bir sekuma sahiptirler. Seliiloz gibi lifli yapilar1 mikrobiyal
fermentasyonla sindirmelerine olanak tanir. Ancak
sindirim  sistemleri olduk¢a hassastir. Ani yem
degisiklikleri, fazla tahil tiiketimi veya hijyenik olmayan
yemler ciddi sindirim problemlerine, dzellikle de kolik ad1
verilen hayati risk tasiyan durumlara neden olabilir (Costa
2017; Paksoy ve Koluman 2025).

Atlar sosyal ve zeki canlhlardir. Siirii i¢giidiisiiyle hareket
eder, hiyerarsik bir yapi icinde yasamay1 tercih ederler.
Tehlike karsisinda verdikleri ilk tepki genellikle kagmaktir.
Ayn1 zamanda 6grenmeye ve egitilmeye oldukga agiktirlar.
Sesli komutlara ve viicut diline duyarhdirlar. Pozitif
pekistirmeyle kisa siirede aliskanlik kazanabilirler. Ancak
olumsuz deneyimleri de uzun siire hafizalarinda tutarlar;
bu ylizden egitim siirecinde sabir ve tutarlilik biiyiik 6nem
tasir.

Disi atlara "kisrak", erkek atlara "aygir" denir.
Kisirlastirilmis erkek atlara ise "rusen" veya "igdis" adi
verilir. Yavrular dogduklarinda "tay" olarak adlandirilir ve
taylar dogumdan sonraki ilk yil boyunca biiyiime ve
sosyallesme acisindan kritik bir dénem gegcirir. Atlarin
gebelik siiresi ortalama 11 ay civarindadir. Genellikle tek
yavru dogururlar, ikiz dogum ¢ok nadirdir ve ¢ogunlukla
ciddi saglik riskleri tagir (Yilmaz ve Ozbilen 2011).

Atlar lacertus fibrosus tendonu sayesinde ayakta
dinlenirler. Atlarda safra kesesi yoktur. Anatomik olarak
dikkat gekici diger bir 6zellikleri, kdpriiciik kemigine sahip
olmamalaridir. Bu durum, o6n ayaklarinin govdeye
dogrudan kas ve bag dokulariyla asili kalmasini saglar ve
kosarken enerji aktarimini verimli hale getirir. Toynak
yapisi da karmasiktir. Lamina ad1 verilen yapilar sayesinde
toynak kapsiilii kemik yapi ile birlesir ve atin agirhgini
dagitarak hareket etmesini saglar. Ancak bu yap1 aynm
zamanda hassastir ve oOzellikle “laminitis” gibi
hastaliklarda ciddi sorunlara yol agabilir (Paksoy ve Arslan
2023).

Veteriner hekimlik acgisindan atlarin diizenli olarak
asilanmasi, i¢ ve dis parazitlere karsi ilaglanmasi, toynak
bakimlarinin yapilmasi ve dis sagliklarinin korunmasi
bilyiik énem tasir. Ozellikle at disleri siirekli biiyiime
egilimindedir. Hypsodont dis yapisi, atlarin yiiksek
miktarda silis ve lif iceren sert otlar tiiketirken dislerinin
tamamen erimesini onleyen, evrimsel bir
adaptasyondur.Bu mekanizma siirekli asinma ile
kompansatuvar (dengeleyici) siirme prensibiyle ¢alisir.Bu
nedenle yilda en az bir kez dis torpiisii (floating)
uygulanmalidir. Ayrica nal bakimi ve toynak diizeltmeleri
icin diizenli olarak nalbant kontrolii gereklidir.

Atlar 1rklarina ve egitim durumlarina goére c¢ok cesitli
alanlarda kullanilabilir. Yaris atlar1 (6rnegin ingiliz veya
Arap atlar1) hizlar1 ve ceviklikleriyle bilinirken, Belcika
veya Clydesdale gibi sogukkanli atlar daha ¢ok ¢ekim
islerinde kullanilir. Haflinger ve Quarter Horse gibi irklar
ise binicilik ve terapi alanlarinda tercih edilir (Dogan ve
Kapgak 2023).

At Irklar

Atin képek, koyun, keci ve sigirdan sonra MO 3000l
yillarda evcillestirildigi kabul edilmektedir. Evcil atlara ii¢
yabani at (Equus tarpan, Equus przewalskii, Equus
robustus) koken olusturmustur (Paksoy 2016). At 1irklari,
temel olarak ii¢ ana gruba ayrilir: sicakkanli, sogukkanl ve
yarimkanl (melez) irklar. Bu siniflandirma, hayvanin
fizyolojik yapisi, mizaci ve kullanim amaciyla dogrudan
iligkilidir. Sicakkanl atlar genellikle hizli, ¢evik ve narin
yapiliyken; sogukkanli atlar iri, dayanikli ve agir islere
uygun yapida olur. Yarimkanl irklar ise bu iki grubun
melezlenmesiyle ortaya ¢ikmis olup, dengeli bir fiziksel ve
karakteristik yapiya sahiptir.

Diinyanin en taninmis sicakkanl at irklarindan biri olan
Arap ati, Orta Dogu kokenlidir ve dayanikliligs, zekas: ve
asil durusuyla bilinir. Narin kemik yapis1 ve yiiksek
kuyrugu, bu irkin ayirt edici 6zelliklerindendir. Ozellikle
uzun mesafe dayaniklilik yarislarinda (endurance) iistiin
basar1 gosterir. Aym sekilde, ingiltere kékenli ingiliz
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(Thoroughbred) ati da sicakkanhlar arasinda yer alir ve
diinyanin en hizli yaris ati olarak kabul edilir. Bu atlar,
yarig pistlerinde kullanilan en popiler irklar arasinda
bulunur (Yilmaz ve Ozbilen 2011).

Sogukkanli atlar arasinda ise Clydesdale, Shire ve Belcika
Atigibi dev yapili irklar 6ne ¢ikmaktadir. Bu atlar genellikle
tarim islerinde, yiikk tasimacihiginda ve ormancilikta
kullanilir. Giglii kemik yapisi, genis govdesi ve sakin
mizacl sayesinde agir isleri yorulmadan yapabilirler.
Sogukkanli atlar yavas hareket ederler ama uzun siire
dayanabilirler. Ayn1 zamanda egitimleri kolaydir ¢iinkii
itaatkar ve sakin hayvanlardir.

Yarimkanli ya da melez atlar arasinda ise Hanoverian,
Trakehner, Oldenburg, Dutch Warmblood gibi 1rklar yer
alir. Bu irklar, sicak ve sogukkanli atlarin secici
ciftlestirilmesiyle elde edilmis olup, genellikle spor ati
olarak degerlendirilir. Atlama, dresaj ve t¢ giinliik yaris
gibi binicilik sporlarinda basar1 gosterirler. Hem giic hem
ceviklik gerektiren brangslar icin ideal yapidadirlar (Zaneb
ve ark. 2013).

Binicilikte sik¢a rastlanan bir baska irk olan Quarter Horse,
adimn kisa mesafede (¢eyrek mil) ¢ok hizli kosmasindan
alir. Amerika kokenli bu 1rk, 6zellikle kovboy kiiltiiriinde,
siirli yonetiminde ve western sporlarinda 6nemli bir yere
sahiptir. Kas yapis1 giiglii, cevik ve komutlara hizli cevap
verebilen bir attir.

Friesian ati, Hollanda kokenlidir ve zarif goriinimiiyle
ozellikle gosteri, dresaj ve cekim arabalarinda tercih edilir.
Uzun, dalgal yelesi ve kuyruk yapisiyla dikkat ¢eker. Siyah
parlak rengiyle estetik bir goriinti sunar (Yilmaz ve
Ozbilen 2011).

Kiiciik yapili ama giigli olan Haflinger, Avusturya
kékenlidir ve daghk alanlarda hem binicilik hem yiik
tasima icin kullanilir. Dayanikli, saglam yapili ve dost
canlis1 bir irktir. Pony sinifina girmese de, kii¢iik clissesi
sayesinde ¢ocuklar icin binicilik egitiminde idealdir.
Shetland Pony gibi kiiciikk boylu irklar ise hem c¢ocuk
biniciligi hem de terapi amagl kullanilir. Ayn1 zamanda bu
tip atlar, baz1 bolgelerde yiik tasimacilig1 ve madenlerde de
kullanilmistir. Boylarinin kii¢iik olmasi onlar1 daha sevimli
ve kontrol edilebilir kilsa da, inat¢1 mizaglar1 nedeniyle
sabirl bir egitim stireci gerekir.

Tiirkiye’'de yetistirilen yerli at irklar1 da olduk¢a 6nemlidir.
Ozellikle Anadolu At, Cukurova Ati, Canik, Midilli
(Karakacan) ve Rahvan gibi irklar, farkl bolgelerde farklh
amaglarla yetistirilmistir. Bunlar genellikle dayanikli, az
yemle yetinebilen, sert iklim sartlarina uyumlu atlar olup
kirsal yasamda Onemli gorevler lstlenmislerdir. Ayrica
Tiirkiye, Arap ati yetistiriciligi konusunda da diinyanin
onde gelen tilkelerinden biridir (Payne ve ark. 2005).

ESEK

Esekler (Equus asinus), atgiller (Equidae) familyasina ait,
tek toynakl ve evcillestirilmis memelilerdir. Atlarla yakin
akraba olmalarina ragmen, fiziksel yapilari, davraniglari,
cevresel adaptasyonlar1 ve kullanim alanlari agisindan
birgok farklilik gosterirler. insanlik tarihi boyunca 6zellikle
yik tasima ve ulasimda 6nemli rol iistlenmis olan esekKler,
bugiin hald bircok kirsal alanda vazgegilmez bir
yardimcidir.

Eseklerin Genel Ozellikleri

Esekler, kokeni Afrika'nin kurak bolgelerine dayanan
dayanikh  ve  kanaatkdr  hayvanlardir.  Atgiller
familyasindaki en eski evcillestirilmis tiirlerden biridir.
Vahsi atlara kiyasla daha kisa boylu, daha kalin govdeli ve
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sert kosullara kars1 daha direnglidirler. Ortalama cidago
(omuz yiiksekligi) 90 ila 140 cm arasinda degisir.
Agirliklar ise genellikle 100 ila 300 kg civarindadir. Ancak
bu degerler, cins, beslenme ve cevresel faktorlere gore
degisebilir (Sikandar 2020).

Viicutlar1 saglam yapili olup bacaklar: atlara kiyasla daha
kisa ve kalindir. Kulaklari uzun, hareketli ve duyarlidir; bu,
hem ses algilamalarini artirir hem de 1s1 regiilasyonunda
rol oynar. Kuyruklar1 uzun ve fircamsi yapidadir. Tiyleri
kisa, sik ve genellikle gridir; ancak kahverengi, siyah ya da
acik renkli esekler de bulunur. Viicutlarinin ortasinda sirt
boyunca uzanan koyu renkli bir ¢izgi ve omuz hizasinda bu
cizgiyi kesen baska bir c¢izgi (ester cizgisi) goriilmesi,
eseklerde yaygin morfolojik bir 6zelliktir (Hannani ve ark.
2020).

Fizyolojik olarak eseklerin viicut 1sis1 ortalama 37.2-38.3
°C arasindadir. Kalp atim sayis1 dakikada 36-44, solunum
sayisl ise 12-20 arasindadir. Bu degerler atlara oldukga
benzese de, esekler stres altinda daha az belirti verirler, bu
nedenle hastalik semptomlar1 daha ge¢ fark edilebilir.
Gebelik siiresi olduk¢a uzundur; ortalama 11 ila 14 ay
arasinda degisir. Genellikle tek yavru dogururlar. Yavrular
dogdugunda ayakta durup kisa slirede emmeye baslarlar.
Esegin yavrusuna “sipa” denir.

Sindirim sistemleri tipki atlar gibi tek midelidir ancak
yliksek selilozlu yemleri sindirebilmek igin genis bir
sekum ve kolona sahiptirler. Bu sayede diisiik kaliteli kaba
yemlerle hayatta kalabilirler. Bu 6zellik, onlar1 fakir
otlaklarda bile yasayabilen nadir evcil hayvanlardan biri
yapmaktadir. Giinde ¢ok az miktarda su tiiketmeleriyle
bilinirler ve su bulamadiklar1 durumlarda idrarlarini
konsantre halde diskilayarak su kaybini en aza indirirler.
Bu o6zellikleri, kurak iklimlere miikemmel sekilde uyum
sagladiklarinin bir gostergesidir (Giircan ve ark. 2022).

Esekler karakter olarak genellikle sabirli, sessiz ve sakin
yapilidir. Ancak bu sakinlik ¢ogu zaman yanhs sekilde
"inatcilik" olarak degerlendirilir. Aslinda esekler temkinli
hayvanlardir ve tehlike sezdiklerinde durup distiniirler;
bu da bazi insanlarca itaatsizlik olarak algilanir. Hafizalar1
oldukc¢a giiclidiir. Bir kisi veya yeri yillar sonra bile
hatirlayabilirler. Ayrica sosyal hayvanlardir ve yalniz
kaldiklarinda strese girip istahsizlik, durgunluk gibi
belirtiler gosterebilirler.

Saglik acisindan esekler genellikle dayanikli canlilar olarak
bilinir. Ancak dlzenli bakim yapilmadiginda dis
problemleri, toynak bozukluklari, paraziter enfestasyonlar
ve zayiflk gibi sorunlar ortaya cikabilir. Ozellikle
toynaklar1 ¢abuk uzadig i¢in diizenli araliklarla kesilmeli,
disleri kontrol edilmeli ve i¢-dis parazitlere Kkarsi
korunmalidir. As1 programlari atlarla benzer sekilde
planlanir; tetanoz, influenza ve bazi bolgelerde kuduz
asilar1 Onerilir. Beslenme agisindan asir1 tahil ve enerji
yogun yemlerden kaginilmalidir. Ciinkii esekler kolayca
kilo alabilir ve obeziteye bagli metabolik hastaliklar
(6rnegin laminitis) gelisebilir (Mendoza ve Toribio 2025).

Giintimiizde esekler hala bir¢ok kirsal bolgede ytik hayvani
olarak kullanilmaktadir. Daglik ve engebeli arazilerde yol
tutuslarn iyidir. Ayrica birgok iilkede esek siitii liretimi de
yayginlasmistir. Esek siitli, anne siitiine en yakin bilesime
sahip siitlerden biri olarak kabul edilir ve bazi tibbi/tibbi
olmayan gida {iriinlerinde tercih edilmektedir.

Sonu¢ olarak egsekler, bakim gereksinimi diisik,
dayanikliligr yiiksek ve insanlarla kurduklari uzun streli
baglariyla degerli ciftlik hayvanlaridir (Mendoza ve
Toribio 2025).
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Esek Irklar1

Esek 1rklary, kéken aldiklar1 bolgeye, viicut yapilarina,
kullanim amaglarina ve fizyolojik o0zelliklerine gore
siniflandirilir. At irklarina gére daha az sayida olsalar da,
esek irklar1 da diinya genelinde farkli cografyalara 6zgi
olarak evrimlesmis ve insanlar tarafindan gelistirilmistir.

Esekler, ozellikle kurak ve yari kurak bolgelerde yiik
tasima, ulasim ve tarimda ytizyillardir kullanilan dayanikl
ve kanaatkar hayvanlardir. Evcillestirilmis eseklerin atasi,
Afrika’ya 6zgii Equus africanus tiridir. Bugiin diinyada
farkli iklim ve cografyalara uyum saglayarak gelismis
bir¢cok esek irki bulunmaktadir. Bu 1rklar, sahip olduklari
morfolojik ve fizyolojik 6zelliklere gore farkli amaglarla
degerlendirilir (Zerek ve ark. 2024).

En taninmis esek irklarindan biri olan Andalusian
(ispanyol) esegi, Ispanya kokenlidir ve iri yapil, giiclii bir
wrktir. Bu esekler genellikle yik ve tasima islerinde
kullanilir. Kas yapilar1 belirgin, kemik yapilar1 kalindir.
Ayrica uysal mizaglar1 sayesinde egitimleri kolaydir. Ayni
zamanda bazi ilkelerde atlarla melezlenerek katir elde
etmek icin de tercih edilen damizlik irklardan biridir
(Hannani ve ark. 2020).

Mammoth Jackstock, Amerika Birlesik Devletleri'nde
gelistirilen bir esek irkidir ve diinyadaki en biiyiik esek
irklarindan biridir. Bu esekler o6zellikle iri yapilidir; bazi
bireylerin cidago yiiksekligi 150 cm'yi gegebilir. Bu irkin
temel kullanim amaci da atlarla ¢aprazlanarak iri ve
dayanikli katirlar Giretmektir. Giliclii, uzun bacakh ve sessiz
yapisiyla taninir.

Fransiz Poitou esegi, olduk¢a uzun, kalin tiiylii ve dikkat
¢ekici bir goriiniime sahiptir. Bu 1irk, Fransa’nin batisindaki
Poitou bdlgesinde gelistirilmis ve ge¢miste 6zellikle tarim
alanlarinda gii¢lii katirlarin tretimi i¢in kullanilmistir.
Tipik olarak kabarik, kecelesmeye yatkin tiiyleri ve iri
govdesiyle diger irklardan kolaylikla ayirt edilir.

Katalan esegi, ispanya'nin Katalonya bélgesine ézgiidiir.
Uzun bacaklari, kisa tiiyleri ve enerjik yapisiyla 6ne cikar.
Bu esekler genellikle sportif yapidadir ve hem yiik tasima
hem de katir liretimi i¢in kullanilir. Dayaniklilig1 sayesinde
daglik arazilerde de rahatlikla ¢alisabilir.

Meksika esegi ya da Burro, Orta ve Giliney Amerika'da
yaygin olarak bulunan bir irktir. Genellikle kii¢tik yapilidir
ancak cevik ve dayanikhdir. Yiiksek sicakliklara ve az
yemle yasamaya ¢ok iyi adapte olmuslardir. Ayn1 zamanda
yerel halkin ulasiminda hala yaygin olarak kullanilan bir
irktir (Giircan ve ark. 2022).

Misir esegi, Kuzey Afrika’da yaygin goriilen yerli bir irktir.
Kiigiik clisseli olmasina ragmen dayanikhdir. Fakir
otlaklardan beslenebilir ve az su tiiketimi ile yasamin
siirdiirebilir. Genellikle kirsal alanlarda yik tasima
islerinde kullanilir. Bu 1rk, seleksiyon veya saf
yetistiricilikten ¢ok dogal secilimle sekillenmistir.
Tiirkiye’de ise belirginlesmis ve isimlendirilmis saf esek
irklar1 ¢ok smirhi olsa da, yerli esek popiilasyonu,
Anadolu'nun farkli bdlgelerinde ¢esitli adaptasyon
ozellikleri gostermektedir. Dogu Anadolu'da daha
dayanikli ve iri yapili esekler goriiliirken, Ege ve Akdeniz
bolgelerinde daha kiiciik ve cevik bireyler yaygindir.
Tirkiye'deki esekler de tipki atlar gibi katir tiretiminde
onemli rol oynar. Ancak giinlimiizde sanayilesme ve
teknolojik tarim araglarinin yayginlasmasiyla bu irklar ve
yerli gen kaynaklar1 hizla azalmaktadir (Mendoza ve
Toribio 2025).

Bunun yani sira bazi 6zel esek tiirleri de turizm ve terapi
amaciyla  degerlendirilmeye  baglanmustir.  Ornegin
Miniature Donkey olarak bilinen ciice esekler, boyutlari

kiictik, dost canlis1 mizaglar1 sayesinde o6zellikle ¢ocuk
terapilerinde ve evcil hayvan olarak popiilerlik
kazanmaktadir. Bu 1rk, genellikle 90 cm’den daha kisa
cidago yiiksekligine sahiptir ve gosteri amacl da kullanilir
(Sikandar 2020).

ZEBRA

Zebralar, atgiller familyasinin (Equidae) dikkat ¢eken
tiyelerinden biridir ve genellikle siyah-beyaz ¢izgili
govdeleriyle taninirlar. Gorsel olarak at ve esege benzeyen
bu hayvanlar, davranislari, yasam tarzlar1 ve biyolojik
ozellikleri bakimindan bazi 6nemli farklar gosterir.

Zebralarin Genel Ozellikleri

Zebralar, Afrika kitasina o6zgii yabani tek toynakl
memelilerdir ve Equus cinsine ait olmalari nedeniyle at ve
eseklerle yakin akrabadirlar. Bu {i¢ tiiriin ortak atadan
evrimlestigi disiiniilmektedir. Giliniimiizde bilinen g
temel zebra tlirii vardir: Diizayak-Bayagi zebra, Dag
zebrasi ve Grevy zebrasi. Bu tiirler, fiziksel goriiniimleri,
¢izgi yapilar1 ve yasam alanlarina gore birbirinden ayrilir
(Hosey ve ark. 2009).

Zebralarin en belirgin o6zelligi, her bireyde farklilik
gosteren siyah-beyaz c¢izgili derileridir. Her zebranin
cizgileri parmak izi gibi kendine o6zgiidiir. Bu cizgilerin
evrimsel olarak ne amacla gelistigi hala tartismali olmakla
birlikte; kamuflaj, sinek ve bécek kovucu etkisi, bireylerin
birbirini tanimasi ya da viicut 1sisin1 diizenleme gibi farkl
teoriler 6ne siiriilmektedir. Cizgiler, tiirlere gore farklhilik
gosterir: Ornegin diizayak zebralarda cizgiler kalin ve
yatayken, Grevy zebrasinda daha ince ve dikeydir(Brink
2025).

Fiziksel yapilari, atlara benzer olmakla birlikte daha kisa
boylu ve daha tiknazdirlar. Grevy zebrasi, tiirleri arasinda
en irisi olup omuz yiksekligi 145 cm’ye kadar
ulasabilirken, dag zebralari ve diizayak zebralar genellikle
120-135 cm civarindadir. Agirliklari da tiire bagh olarak
200 ila 400 kilogram arasinda degisir. Viicut yapilari
dayanikli, bacaklari gii¢lii ve ayaklari ¢evik hareket etmeye
uygundur. Kosu yetenekleri olduk¢a gelismistir; kisa
mesafelerde 60-65 km/s hizlara ulasabilirler.

Zebralar, sosyal hayvanlardir ve genellikle stiriiler halinde
yasarlar. Dilizayak ve dag zebralari, daha kii¢lik ve kalict
aile gruplarinda bulunurken, Grevy zebralar1 daha gevsek
ve gecici topluluklar olusturur. Siirii ici iletisimde sesler,
ylz ifadeleri, kulak ve kuyruk hareketleri gibi beden dili
unsurlar1 kullanilir. Ayni zamanda tehlike aninda yiiksek
sesle kisneyerek veya homurdanarak uyar1 verirler
(Ireland ve Ruxton 2025).

Beslenme agisindan otgul hayvanlardir ve genellikle
otlaklarda ot, yaprak, dal ve c¢alhlardan beslenirler.
Sindirim sistemleri at ve esekler gibi tek midelidir. Yani
lifli bitkileri sindirmek i¢in genis bir sekum ve kalin
bagirsakta mikrobiyal fermentasyondan faydalanirlar. Bu
sayede diisiik kaliteli otlarla bile hayatta kalabilirler, ancak
daha sik beslenme ihtiyaglari vardir.

Zebralarin yasam alanlari, tiirlerine gore degisiklik
gosterir. Diizayak zebralar daha ¢ok Afrika savanalarinda
yasarken, dag zebralar1 kayalik ve egimli arazileri tercih
eder. Grevy zebralar1 ise daha kuru ve ¢6l benzeri
ortamlarda bulunur. Bu farkhiliklar, tiirlerin ayak
yapisindan davranislarina kadar pek ¢ok 6zelligini etkiler.
Ornegin dag zebralarimin ayaklari daha sert ve
kavrayicidir; bu da onlarin kayaliklarda rahat¢a hareket
etmesini saglar(Kaplan ve Tufan 2018).
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Ureme sistemleri diger tek toynakllara benzer. Gebelik
siiresi yaklasik 12 ila 13 ay siirer. Disi zebra genellikle tek
yavru dogurur. Yavru, dogumdan kisa bir siire sonra ayaga
kalkabilir ve annesiyle birlikte siiriiye katilir. Anne zebra,
yavrusunu uzun siire taniyabilmek icin dogumdan sonraki
ilk birka¢ saat boyunca yavruyu koklayarak, sesini
taniyarak ve desenine bakarak hafizasina kazimaktadir.

Zebralar dogal ortamlarinda bir¢ok yirticinin avidir.
Ozellikle aslanlar, citalar ve sirtlanlar, zebra siiriilerine
saldiran baslica yirticilardir. Bu nedenle zebralar ¢evik,
dikkatli ve siirii halinde hareket eden canlilardir. Savunma
aninda arka ayaklariyla oldukea gii¢lii tekmeler atabilirler.

Evcil hayata uyum saglayamamis olmalariyla da dikkat
cekerler. At ve esekler binlerce yil dnce evcillestirilmisken,
zebralar insanlarin yaninda yasamakta zorlanmis,
egitilmeye diren¢ gostermis ve vahsi dogalarini
korumuslardir. Bunun nedeni, hem yiiksek stres tepkileri
hem de sinirsel yapilarindaki farklardir. Bunun yani sira
zebralarin morfolojik o6zellikleri binek ve yiik hayvani
olarak kullanima elverigli degildir. Ozellikle cidago
yiiksekliklerinin sirt yiiksekliklerine benzer 6l¢iide olmasi
binici konforunu bozmaktadir. Bu 6zelliklerinden dolay1
zebralar, atlar gibi yik veya binek hayvanm olarak
kullanilmazlar (Ireland ve Ruxton 2025).

Zebra Tirleri

Zebralar, atgiller (Equidae) familyasinin ii¢ temel tiiriinden
biridir ve evcillestirilmemis, yabani tek toynakhlardir.

1. Bayag (Diizayak) Zebra (Equus quagga)

Diinyadaki en yaygin zebra tiiriidiir ve Afrika'nin dogu ve
gliney bolgelerinde genis bir alana yayillmistir. Orta
biiytikliikte bir zebra tiiridiir. En karakteristik 6zelligi,
viicudundaki siyah-beyaz cizgilerin viicudun arka kismina
dogru incelmesi veya kaybolmasidir. Karin alti genellikle
beyazdir. Kuyruk ve bacaklarda c¢izgilenme daha
belirgindir (Prinsloo ve ark. 2021).

Alt tiirleri sunlardir:

e Burchell’s zebra (E. quagga burchellii): En yaygin alt
tirdur. Giiney Afrika’da yaygindir. Cizgileri karinda
kaybolur.

e Grant’s zebra (E. quagga boehmi): Dogu Afrika’da
bulunur. Cizgileri daha sik ve incedir, karin bdlgesine
kadar uzanir.

e Chapman’s zebra (E. quagga chapmani): Namibya,
Botsvana ve Zimbabve'de goriiliir. Bacaklarindaki
cizgiler kismen golgeli veya kirik olabilir.

e Selous' zebra (E. quagga selousi): Giineydogu
Afrika’ya 6zgildiir, nadir goriilir.

e Quagga (E. quagga quagga): Soyu tiikenmis bir alt
tirdiir. On kisminda c¢izgiler yogun, arka kismi
neredeyse tamamen kahverengiydi. 19. yiizyilda nesli
tliikendi. Son yillarda genetik “Quagga Projesi” ile bu
tirtin baz1 o&zelliklerini tasiyan bireyler yeniden
tiretilmeye ¢alisilmaktadir.

2. Dag Zebrasi (Equus zebra)

Yiiksek daglik ve kayalik bolgelerde yasayan bir tirdir.

Diger zebra tiirlerine gore daha kiiciik yapihidir ve dik

yamaglarda kolayca hareket edebilecek giiclii toynak

yapisina sahiptir. Karakteristik olarak, boynunda belirgin
bir “bogaz kesesi” (deri ¢ikintis1) bulunur ve tiiyleri biraz
daha uzundur. Karin kismi genellikle beyazdir.

[ki alt tiirii vardir:
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e (Cape Dag Zebrasi (E. zebra zebra): Giiney Afrika’daki
Cape bolgesine ozgiidiir. Nesli tehlike altindadir ve
koruma altina alinmistir.

e Hartmann's Dag Zebrasi1 (E. zebra hartmannae):
Namibya’'nin ¢6llesmis bolgelerinde yasar. Daha
dayanikli ve genis alanlarda dolasan bir alt tiirdiir.

3. Grevy Zebrasi (Equus grevyi)

Zebra tiirleri icinde en iri ve en farkli yapiya sahip olanidir.
Atlara morfolojik olarak daha ¢ok benzer. Cidago
yiiksekligi ortalama 140-160 cm’yi bulabilir. ince ve sik
cizgileri, beyaz karin boélgesi ve biiyiik yuvarlak kulaklar:
ile ayirt edilir. Strtler halinde degil, daha gevsek
topluluklar icinde yasarlar. Genellikle Kenya ve
Etiyopya'nin yar1 kurak boélgelerinde bulunur.

Alt tiirti yoktur, ancak popiilasyon sayisi oldukea dustiktir
(Hosey ve ark. 2009; Prinsloo ve ark. 2021).

Nadir olmakla birlikte, farkli zebra tiirleri veya zebra ile
at/esek arasinda melezlemeler yapilabilmistir. Bu tiir
melezler genellikle dogurgan degildir.

e Zonkey (Zebra + Esek)
e Zorse (Zebra + At)
e Hebra (Zebra + Kisrak)

TAPIR

Tapirler, goriiniis olarak domuz veya su aygirini andirsalar
da, aslinda tek toynaklilar (Perissodactyla) takimina ait, at,
esek ve gergedanlarla yakin akraba olan ilging
memelilerdir. Tropikal bolgelerde yasayan bu utangag
hayvanlar, biyolojik cesitliligin korunmasinda énemli rol
oynar (Gozdziewska-Hartajczuk ve ark. 2020).

Tapirin Genel Ozellikleri

Tapirler, Giiney ve Orta Amerika ile Giineydogu Asya'nin
tropikal yagmur ormanlarinda yasayan, iri yapili ve otgul
memelilerdir. Giliniimiizde diinyada yasayan dort farkl
tapir tiirii vardir ve hepsi nesli tiikenme tehdidi altinda
olan hayvanlar arasinda yer alir. Bu canlilarin en dikkat
cekici ozelligi, kisa ama gii¢lii bir hortum seklini almis
burun yapilaridir. Bu burun, aslinda iist dudak ve burnun
birleserek uzamasiyla olusmustur ve tapirler bu organi
besinleri kavramak, koklamak, suya erismek ve cevreyi
kesfetmek icin kullanirlar. Dis yapisinda, ozellikle 6n
dislerde farkhliklar vardir. Yanak disleri kopek dislerinden
diastema ile ayrilir (GoZdziewska-Harlajczuk ve ark.
2020).

Viicut yapilar1 kalin, tiknaz ve kashdir. Ortalama bir tapir,
150-250 cm uzunlugunda, 75-120 cm yiiksekliginde
olabilir ve agirligi 150 ila 300 kilogram arasinda degisir.
Disiler genellikle erkeklerden biraz daha biiytktir. Kisa,
kalin bacaklar1 ve dort parmakli 6n ayaklart ile li¢ parmakl
arka ayaklari, onlara bataklik, camurlu ve ormanlik arazide
dengeli hareket etme imkani saglar. Derileri kalin ve
serttir, bu sayede dikenli bitkilerden ve bdceklerden
korunurlar.

Tapirlerin tiiy renkleri tiirlerine gore degisiklik gosterir.
Giiney Amerika tiirleri genellikle koyu kahverengi ya da
siyaha yakinken, Malezya tapiri (Tapirus indicus)
karakteristik olarak siyah-beyaz renklidir; 6n kismi siyah,
arka kismu beyazdir. Bu desenin, orman zemininde
kamuflaj saglamaya yonelik bir evrimsel adaptasyon
oldugu diisiiniilmektedir. Yeni dogan tapir yavrularinin
hepsi tiir ayirt etmeksizin benekli ve ¢izgilidir. Bu desen,
yavrularin ormanlik alanda daha iyi gizlenmesini saglar; 6-
8 ay icinde bu desen kaybolur ve erigkin renge dontisiir.
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Tapirler genellikle geceleri aktiftir; giinduzleri sik bitki
ortiisli arasinda gizlenir, geceleri yiyecek aramaya ¢ikarlar.
Otculdurlar ve diyetleri yapraklar, gen¢ siirgiinler,
meyveler ve su bitkilerinden olusur. Diger tek toynaklilara
gore sindirim sistemleri daha karmasiktir ve dogal besin
ihtiyaclar1 karsilanmadiginda obezite, dis problemleri ve
gastrointestinal ~ bozukluklar gibi saglhik sorunlari
goriilebilir. Suya olan ilgileri oldukga fazladir; ytizmeyi ¢ok
iyi bilirler, sik sik suya girerler ve hem serinlemek hem de
parazitlerden kurtulmak icin batakliklarda vakit gecirirler.
Burun yapilar1 sayesinde suda nefeslerini uzun siire
tutabilirler.  Ayrica, sikistiklarinda suya  kacgarak
yirticilardan kurtulma stratejileri vardir. Ayrica esaret
altinda stres kaynakli davranis bozukluklar1 da yaygin
olarak izlenebilir (Dumba ve ark. 2019).

Davranigsal olarak genellikle yalmiz yasarlar. Erkekler ve
disiler iireme doneminde bir araya gelir. Disiler ortalama
13-14 ay siiren uzun bir gebelik donemi gecirir ve
genellikle tek bir yavru dogururlar. Yavru dogduktan kisa
siire sonra yiiriimeye baslar ancak siitten kesilmesi 6 aya
kadar sitirebilir. Cinsel olgunluga ulasmalar1 3-4 yasini
bulur.

Tapirlerin dogal diismanlar1 arasinda jaguar, timsah ve
kaplan gibi biiyiik yirticilar yer alir. Ancak giiniimiizde en
biiyiik tehdit, insan kaynaklidir: ormanlarin yok edilmesi,
yasam alanlarinin pargalanmasi, yasa disi avcilik ve su
kaynaklarinin kirlenmesi, tapirlerin hizla azalmasina
neden olmaktadir (MacLaren ve Nauwelaerts 2016).

Tapirler ekto parazitlere ve endo parazitlere duyarhdir.
Keneler hastalik bulastirmasi agisindan tapirler igin
onemli risk teskil eder. Anemi ve sarilik tapirlerde goriilen
o6nemli klinik bulgulardir. Sulu ishal hayvanat bahg¢esindeki
tapirlerde beslenme eksikligine bagh olarak goriilebilir.
Tapirlerde diizenli bir asilama programi yoktur. Tetanoz,
kuduz ve endemik bolgelerde ensephalomyelit virusuna
kars1 asilama veteriner hekim kontroliinde yapilabilir
(Zimmerman ve Hernandez 2015).

Tapir Tiirleri

Tapirler, diinyada doért farkl tiir olarak bulunur ve bunlar
genellikle tapir tiirleriolarak adlandirilir. At, esek gibi
evcillestirilmis hayvanlarda oldugu gibi insan eliyle 1slah
edilmis farkl irklardan s6z edilmez; daha ¢ok cografi ve
morfolojik 6zelliklerine gore ayrilmis tiirlerdir. (Medici ve
ark. 2022).

Giiney Amerika Tapiri (Biiyiikk Tapir)-Tapirus
terrestris: Genellikle "Orinoco tapiri" veya "Amazon
tapiri" olarak da bilinir. En yaygin tapir tiiriidiir. Gliney
Amerika'nin Amazon havzasi ve ¢evresinde yasar.
Viicutlar1 genellikle koyu kahverengi veya siyahimsidir,
bazen yanlarda agik kahverengi tonlar1 goriiliir. Suya ve
batakliklara yakin yasamay1 sever. Olduke¢a iri yapilidir,
agirlig1 150-300 kg arasinda degisir.

Baird Tapiri-Tapirus bairdii: Orta Amerika (Meksika'nin
glineyi, Guatemala, Honduras, Nikaragua, Kosta Rika ve
Panama) ve kuzey Giliney Amerika'da bulunur. En biiyiik
Orta Amerika tapir tiiriidiir. Renkleri genellikle
kahverengimsi siyahtir, yliziinde ve boynunda ag¢ik renkli
lekeler olabilir. Nesli tiikenme tehlikesi altinda sayilir.
Malaya (Malezya) Tapiri -Tapirus indicus: Tek tapir tiri
Asya’da bulunan bu tirdir ve en biiylk tapirdir.
Glineydogu Asya’nin yagmur ormanlarinda yasar
(Endonezya, Malezya, Tayland, Myanmar). Siyah-beyaz
renk desenine sahiptir; 6n ve arka kisimlari siyah, orta
govde beyazdir. Bu renk deseni kamuflaj saglar. Ortalama
agirhigr 250-300 kg civarindadir. Diger tapirlere gére daha
uzun ve daha incedir.

Dag (Kiiciik) Tapiri-Tapirus pinchaque: Giiney
Amerika'nin And Daglari'nin yiiksek rakimli ormanlarinda
yasar. Viicutlar1 diger tapir tiirlerine goére daha kiigtiktir
ve koyu kahverengi-siyah renkli tiiylere sahiptir. Yiksek
rakimlara adaptasyon saglamistir ve soguk iklim
kosullarina dayaniklidir. Nesli tehdit altindadir (MacLaren
ve Nauwelaerts 2016; Medici ve ark. 2022).

GERGEDAN

Gergedanlar, diinyanin en biiyiik kara memelileri arasinda
yer alan, kalin derili ve oldukca giiclii yapiya sahip
hayvanlardir. Tek toynaklilar (Perissodactyla) takimina ait
olup, at ve tapir gibi diger liyelerle akrabadirlar. Hem
morfolojik 6zellikleri hem de ekolojik rolleri bakimindan
onemli bir hayvan grubudur. Gergedan ve tapirlerin
soylar1 kritik derecede tiikenme tehlikesi altinda oldugu
icin korunma altindadirlar.

Gergedanlarin Genel Ozellikleri

Gergedanlar iri, kash ve genellikle kisa boyludur. Boylar1
1.2 ila 1.8 metre arasinda degisirken, agirliklar1 800
kilogramdan baslayip bazi tiirlerde 2 tona kadar ulasabilir.
Viicutlart oldukea gii¢liidiir, kalin ve sert deri ile kaphdir.
Bu deri, kimi bolgelerde 5 cm kalinliga kadar ulasarak
adeta bir zirh islevi goriir. Deri lizerinde derin kivrimlar ve
catlaklar bulunabilir; bu yap1 onlarin hareket kabiliyetini
kisitlamadan koruma saglar.

Gergedanlarin her yarim ¢enede 3 az1 disi ve 3 kii¢lik az1
disi vardir. Bazi irklarda bu durum farklilhik gosterir
(Dinerstein ve Wemmer 1988).

Gergedanlarin en Kkarakteristik o6zelliklerinden biri,
burunlarmin iistiinde bulunan genellikle bir veya iki adet
keratin yapisindan olusan boynuzlaridir. Bu boynuzlar,
diger hayvanlardan farkll olarak kemik degil, sikismis
keratin liflerinden meydana gelir ve biiytikliikleri tiirlere
gore degisir. Boynuzlar, savunma, bolge isaretleme ve
disiler icin kur yapma davranislarinda kullanilir (Sneddon
ve Argenzio 1998).

Bacaklar1 kalin ve dayanikhdir; her bir ayakta {ic parmak
bulunur ve bu parmaklar iizerinde biyiik, saglam
toynaklar yer alir. Bu yapi, gergedanlarin agir viicutlarini
destekleyip, ormanlhik ve c¢alihlk alanlarda dengeli
ylriimelerine olanak tanir. Gergedanlarin kulaklar: kiigtik
ve yuvarlak, gozleri ise nispeten kiiciiktiir; ancak gérme
duyular1 sinirli olmakla birlikte koku ve isitme duyular:
oldukga gelismistir.

Beslenme acisindan gergedanlar genellikle ot¢uldur. Bazi
tiirler (6rnegin beyaz gergedan) agirlikh olarak ¢imen
yerken, digerleri (siyah gergedan gibi) yaprak, dal ve
siirglinlerle beslenir. Sindirim sistemleri tek mideli olup,
lifli bitkileri sindirmek i¢in genis ¢ekum ve kalin bagirsakta
mikroorganizma destegiyle fermantasyon yaparlar. Bu
sayede diisiik Kkaliteli bitkisel materyali de enerjiye
doniistiirebilirler.

Gergedanlarin sosyal yapis1 tiirlere gore degisiklik
gosterir. Bazi tiirler yalmz yasamayi tercih ederken,
bazilan kiigiik gruplar halinde bulunabilir. Ureme dénemi
genellikle belirgindir ve erkekler disiler i¢in yogun rekabet
icine girer. Gebelik siiresi yaklasik 15-16 ay olup, dogan
yavru genellikle tek ve olduk¢a gelismis olarak diinyaya
gelir. Yavru, annesine sikica baghdir ve birkag y1l boyunca
onunla birlikte hareket eder (Sneddon ve Argenzio 1998).

Dogal yasam alanlar1 Afrika ve Giineydogu Asya’'nin
tropikal ormanlari, savanalari ve ¢alilik bolgeleridir. Ancak
gergedanlar, 0Ozellikle boynuzlar1 nedeniyle yasa disi
avciligin hedefi olmus ve birgok tiirii ciddi sekilde tehdit
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altindadir. Bugiin, o6zellikle beyaz ve siyah gergedanlar
koruma programlar1 kapsaminda izlenmekte ve yasam
alanlarinin  korunmasi igin ¢alismalar yapilmaktadir
(Kelloggve ark. 2007).

Gergedan Tiirleri

1. Beyaz Gergedan (Ceratotherium simum): Afrika'nin
giiney ve dogu bolgelerinde bulunur. Diinyadaki en biiyiik
kara memelilerden biridir ve agirligi 2 tona kadar ¢ikabilir.
Adi “beyaz” olarak geg¢se de aslinda acik gri renklidir. Genis
agiz yapisy, otlarla beslenmeye uyum saglamistir. Sosyal
yapist daha grup halinde yasama egilimindedir. Alt tir
olarak Giiney Afrika beyaz gergedani ve Kuzey Beyaz
Gergedani vardir (O'Connell-Rodwell ve ark. 2006).

2. Siyah Gergedan (Diceros bicornis): Afrika'nin dogu ve
gliney bolgelerinde yasar. Beyaz gergedandan daha
kiictiktlir ve daha ince, sivri agiz yapisina sahiptir; bu da
yaprak ve dallar1 koparmaya uygun bir adaptasyondur.
Genellikle daha yalnizdir.

3. Hint Gergedan1 (Rhinoceros unicornis): Hindistan ve
Nepal'de yasar. Tek boynuzludur ve kalin, zirh benzeri deri
yapisina sahiptir. Genellikle sulak alanlara yakin otlaklarda
bulunur. Ortalama agirlig: 2 tona kadar ¢ikabilir.

4. Javan Gergedani (Rhinoceros sondaicus): Endonezya
ve Vietnam'in bazi bolgelerinde yasar. Hint gergedanina
benzer fakat biraz daha kii¢iiktiir ve daha az belirgin deri
kivrimlari vardur.

5. Sumatra Gergedani (Dicerorhinus sumatrensis):
Diinyanin en kiicik gergedan tiiriidiir. Sumatra ve
Malezya'min yagmur ormanlarinda yasar. iki boynuzludur
ve vicutlar1 killarla kaphdir, bu da onlar diger gergedan
tirlerinden ayirir. Genellikle yalmiz yasar (O'Connell-
Rodwell ve ark. 2006).

SONUC

Tek toynaklilar, evrimsel, anatomik ve fizyolojik
ozellikleriyle hem biyolojik cesitlilik hem de veteriner
hekimlik agisindan 6nemli bir hayvan grubunu
olusturmaktadir. Atve esek gibi tiirler; insanlik tarihi
boyunca ulasim, tarim, savas ve spor gibi pek ¢ok alanda
onemli roller istlenmistir. Bu hayvanlarin tek parmak
yapisina dayanan hizli hareket kabiliyetleri ve gelismis
bagirsak fermantasyonu ile lifli yemleri sindirme
yetenekleri, cevresel adaptasyon agisindan biiyiik avantaj
saglamaktadir. Tek toynaklilarin bitki liflerini kalin
bagirsakta sindirmesi; besinlerin sindirim kanalin1 hizh
gecmesini ve bazi bitki toksinlerini mide asitleri ile
noétralize etmesini saglar. Ancak bu 6zgiin yapilar ayni
zamanda bazi saglik problemlerine yatkinlik da dogurur.
Ozellikle sindirim sistemi bozukluklari, ortopedik
hastaliklar, toynak  problemleri ve  davranissal
hassasiyetler, tek toynaklilarin veteriner hekim bakiminda
6zel bir yaklasim gerektirdigini gostermektedir. Ayrica
spor ve performans hayvani olarak kullanimlari, koruyucu
hekimlik ve rehabilitasyon uygulamalarinin 6nemini
artirmaktadir. Sonug¢ olarak, tek toynaklilar; biyolojik
ozellikleri, evcil tiirler icerisindeki yeri ve insan
yasamindaki ¢ok yonlii kullanim alanlari ile hem bilimsel
arastirmalarda hem de pratik veteriner hekim
uygulamalari tizerinde durulmasi gereken ¢ok yonli bir
konudur. Bu tiirlerin saglikli bir sekilde yasatilmasi ve
verimli olarak kullanilabilmesi, ancak iyi bir bakim,
besleme ve diizenli veteriner hekim kontrolii ile miimkiin
olabilir. Evcil liyeler binek ve yiik tasima gibi faaliyetlerde
insanlara Onemli hizmetler sunarken yabani {yeler
ekolojik dengenin korunmasinda ve hayvanat bahcelerinde
stis hayvani olarak katki saglamaktadir.
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CIKAR CATISMASI

Yazarlar bu c¢alisma i¢in herhangi bir c¢ikar catismasi
olmadigini beyan ederler.

YAZAR KATKILARI

Fikir/Kavram: YP, DA
Denetleme/Danismanlik: YP, DA
Veri Toplama ve/veya Isleme: YP, DA
Analiz ve/veya Yorum: YP, DA
Makalenin Yazimi: YP, DA

Elestirel Inceleme: YP, DA
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