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Abstract: In this study, the relationship of risk variables to the incidence of bovine tuberculosis in areas where the
disease is commonly seen and rarely seen was investigated in the years of 2017. For this purpose, the districts of
Samsun Province in Turkiye were divided into three risk groups according to the number of bovine tuberculosis out-
breaks. The disease-specific risk variables were surveyed 300 cattle enterprises. Information was collected on the
feeding regime of the animals, access of drinking water, the source of feed, the management of the manure waste, the
presence of wild animals in the area and the presence of similar enterprises within 150 meters. In the analysis of the
risk variables associated with the disease, 11 variables were evaluated and a total risk score was allocated. The rela-
tionship between the number of outbreaks and general risk scores was significant (P<0.05). Moreover, a significant
difference was determined between the districts in terms of disease-specific risk variables (P<0.05). In conclusion, the
results of this study can assist in the determination of the vulnerability of individual farms and particular areas to bovine
tuberculosis outbreaks, reduce the risk of disease outbreak, and also facilitate early intervention and suppression of the
disease.

Keywords: Bovine tuberculosis, disease management, disease specific risks, scoring, Turkiye

Sigir Tiiberkiilozu igin Genel ve Hastaliga Ozgii Risk Degigkenlerinin Analizi

Oz: Bu galismada, 2017 yilinda hastaligin sik gériildiigii ve nadir goriildigi bélgelerde risk degiskenlerinin sigir tii-
berkiilozu insidansi ile iligkisi arastinimistir. Bu amagla Tirkiye'de Samsun iline bagl ilgeler sigir tiiberkilozu salgin-
larinin sayisina goére U¢ risk grubuna ayrilmistir. Hastaliga 6zgu risk degiskenleri 300 blylk bas hayvan isletmesinde
incelenmistir. Hayvanlarin beslenme rejimi, icme suyuna erisimi, yem kaynagi, gubre atiklarinin yénetimi, alanda yaba-
ni hayvanlarin varligi ve 150 metre yakinindaki benzer isletmelerin varligi hakkinda bilgi toplandi. Hastalikla iligkili risk
degiskenlerinin analizinde 11 degisken degerlendirildi ve toplam bir risk puani belirlendi. Salgin sayisi ile genel risk
skorlari arasindaki iligki anlamli bulundu (P<0.05). Ayrica ilgeler arasinda hastaliga 6zgu risk degiskenleri agisindan da
anlamli bir fark saptandi (P<0.05). Sonug olarak, bu ¢alismanin sonuglari, bireysel isletmelerin ve belirli alanlarin sigir
tuberkilozu salginlarina karsi savunmasizhiginin belirlenmesine yardimci olabilir, hastalik salgini riskini azaltabilir ve
ayrica hastaligin erken midahalesini ve baskilanmasini kolaylastirabilir.

Anahtar kelimeler: Hastalik yonetimi, hastaliga 6zgu riskler, sigir tiberkllozu, skorlama, Turkiye

Introduction

Epidemic diseases have important negative effects
on people, animals and the global economy. Current-
ly, countries use different types of cattle tuberculosis
(bTB) fighting methods according to their economic
development levels. Among these methods of strug-
gle, risk-focused disease control management is in-
creasing its importance. In the case of bTB infection,
the ingestion of the active substance into a new host

Gelis Tarihi/Submission Date :09.12.2022
Kabul Tarihi/Accepted Date  :08.03.2023

usually takes place through the respiratory or diges-
tive tract. In the case of animals in barns, the respira-
tory tract is the primary route of infection, while in
pastures the routes are the respiratory and digestive
tracts via infected food and water sources. On farms,
most young animals are infected after ingesting con-
taminated food (Radostits et al., 1994). In addition,
the infection can be caused by badger or ferret bite
(Kaneene and Pfeiffer, 2006). It has also been report-
ed that the disease can be carried on the feet of birds
and in their faeces (Witmer et al., 2010). The
Kizilirmak Delta and its Bird Sanctuary, located on
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the borders of the Bafra district (Samsun province of
Turkiye), should paid more attention when biosecurity
measures are implemented, especially in the nearby
settlements. In addition, there are many other studies
reporting the relevance of wildlife to the occurrence of
the disease (Aranaz et al., 2004; Atilgan et al., 2006;
Fitzgerald and Kaneene, 2013; Little et al., 1982;
Orton et al., 2018; Renwicket al., 2007). In the event
of a disease outbreak on a specific farm, other farms
in its vicinity are at risk. The distance between farms
should be determined, especially in terms of the dis-
tance between the nearest manure piles, when inves-
tigating the potential for the spread of the disease. In
order to minimize the potential for manure to be a
source of the disease, there should be a minimum
distance of 150 m to the nearest farm for small-scale
cattle farms (Atilgan et al., 2006). However, for cattle
breeding enterprises, the distance to the nearest farm
in about 90% of cases was less than 150 meters in
Turkey (Varol and Atilgan, 2017). The potential con-
tamination of water resources requires consideration
of the factor. In the case of large farm herds, for ex-
ample 600 head of mixed stock or 430 head of dairy
cattle, there should be a minimum separation dis-
tance of 450 m (Liang and Van Devender, 2010).
Another important source of risk is the distance from
the livestock to the water source for the enterprise.
This distance is generally 40 m or less and it influ-
ences the risk presented by manure and water con-
tamination in livestock enterprises in the Mediterrane-
an Region (Atilgan et al., 2006).

Bovine tuberculosis is a zoonotic disease, caused by
the bacterium, Mycobacteriumbovis (Milan-Suazo et
al.,, 2010; Evans et al., 2007; Sunder et al., 2009).
This disease was selected as a research topic be-
cause of its relevance to Samsun Province, Turkey,
and also because of its zoonotic character and the
variety of routes of transmission.

In this study, the applicability of the risk-based ap-
proach to the epidemic diseases has been investigat-
ed. The studies to be carried out for this purpose will
enable the development of strategies and practices
that minimize the risk of outbreaks in the areas where
epidemics are seen, as well as the implementation of
preventive measures to protect low risk areas.

In the light of this information, the aim of this study
was to investigate the risk variables applicable to
outbreaks of bTB in Samsun Province, Tirkiye be-
cause they harm both human and animal health and
cause substantial financial losses.

Material and Methods

The material for this study consisted of data on the
risk variables relevant to bTB (Aranaz et al., 2004;
Fitzgerald and Kaneene, 2013; Orton et al., 2018;
Renwicket al., 2007; Simbiloglu and Simbdiloglu,
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2005). For this purpose, 11 general and 11 disease-
specific risk variables were used. The general risk
variables such as; disease statistics of the study ar-
ea, livestock statistics, number of cattle by district,
number of animals transported, number of slaughter-
houses, demographic statistics, pasture status and
number of animal health workers in the study area
were used. As for disease-specific risk variables the
recurrence of bTB in certain areas, wildlife and envi-
ronmental risks were determined.

Detailed information on the disease was obtained
from the Turkish Ministry of Agriculture and Forestry,
with the permission dated 25.01.2017 and numbered
78255852-192904, and the data is defined as Official
Data (OD). By using the annual activity reports of the
Ministry of Agriculture and Forestry, this study was
able to include data related to 11 variables, which
were included as general risk variables. NCSS 2009
(Version 9.0.5, Perpetual Single-User License) pack-
age program was used for statistical analysis.

The survey, firstly, by using the outbreak data for
2010-2016 for the Bafra district, which had the high-
est number of outbreaks of bTB, that districtwas
classed as being at “high risk", Havza district was
termed “medium risk” and Ayvacik district, where the
disease is rare was defined as “low risk”. To conduct
a robust sampling regime, five villages were selected
from each district and a total of 300 cattle breeding
enterprises were surveyed with the random sampling
method (There are 1252 livestock farm in the study
area). The population of this study consisted of a total
of 1252 cattle farms located in Samsun province,
Ayvacik, Bafra, Havza counties. In the study, the
sample size was calculated as at least 295 enterpris-
es in total and the study was carried out with 300
farms, using the 95% confidence interval and 0.05
marginal deviation in the enterprises. The calculation
of the sample size (n,) in the study is given in the
equation below.

B Ntipq B 1252(1,96)%0,5% 0,5
T d3(N-1)+t'pg  0.052(1292— 1)+ (1,96)7%0,5+0,5

n = 295

N = Population size; t-table value for t = 95% confi-
dence interval = 1.96; p, q = Frequency of occurrence
of the event in question, from being a factor (+) and
being a factor (-), p = 0.5, g = 0.5; d = marginal devia-
tion (Sumbuloglu and Simbduloglu, 2005). In the
study area, a survey was conducted with approxi-
mately 100 enterprises in all three districts. Preva-
lence of bTB was also considered in calculating the
minimum sample size.

The study was carried out in the Ayvacik, Bafra and
Havza districts of Samsun Province, namely
Senpinar, Ségitpinar, Orencik, Eynel, Kogyurdu,
Doganca, Altinay, Yakintas, Osmanbeyli, Kale, Kam-
lik, Cevizlik and Camyatag! villages Karpuzlu and
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Havza Center surroundings.

In the analysis of general risk variables, the total
general risk score (Y) was calculated with the follow-
ing formula (Liang and Van Devender, 2010;
Radostits et al., 1994).

(Y)=f (ai+az+ast+as+as+ag+as+ag+tag+asg+asy)

Where:
Y = General risks of bTB occurrence
as = Number of study area outbreaks

ap = Proportion of total animals in the province

asz = Number of farms and average number of cattle
per farm

a4 = Animal product facilities at the district level
(dairy farm, milk factory, livestock cooperative)

as = Slaughterhouses by district and animal bazaar
as = Number of people per km?in district
a7 = Number of animal transports by district

ag = Districts’coastalroads, ring roads, roads connect-
ing with other provinces

ag = The share of the province pasture by the districts

aio = Number of veterinarians and veterinary techni-
cians working in the district (official)

a1 = Number of artificial inseminations at the district
level

Savas SARIOZKAN

Values from 1 - 25, 1 (lowest),
Values from 26 - 50, 2 (low),
Values from 51 - 75, 3 (medium),
Values from 76 - 100, 4 (high).

Data of the disease-specific risk variables were ob-
tained through questionnaires. In the determination of
risk variables, the risks specific to the disease, which
were demonstrated in previous studies (Orton et al.,
2018), were used. The data obtained from the ques-
tionnaires, which identified 11 risk variables specific
for bTB and the number of animals at risk of the dis-
ease on the individual farms, were recorded electron-
ically and a data index was created. Missing and in-
correct information was identified during data entry
which meant that the number of incorrect entries was
minimized.Univariate statistical analysis was used to
evaluate the data obtained from the surveys. The
relationship between animal numbers and disease
risk was also investigated in the study. Descriptive
statistics (percentage distributions, mean * standard
error of mean) were performed on the 300 samples
and cross-tables showing the relationships between
districts and risk variables, classified according to risk
levels. The Pearson Chi-square and Fisher's exact
test was performed according to the scale type and
number of the variables. Data were analyzed with
NCSS statistical software with P values <0.05 consid-
ered significant.

Results

The risk scores for high, medium and low risk areas
for bTB, determined by using the general risk varia-
bles (a4 - aq4), are presented in Table 1.

Table 1. General risk scores for bTB across three districts in Samsun Province, Tirkiye

Districts/ Risk Variables Total Risk
Region aq az as aa as =T arz ag Aag aqo a1 Scores
Ayvacik 1 1 1 - 1 1 1 - - 1 - 7
Havza 2 2 2 2 2 1 2 2 2 2 2 21
Bafra 3 3 2 3 2 3 3 3 3 2 3 30

The lowest value for the risk scoring system was 1
and the highest was 4. The total risk score was ob-
tained from the sum of the risk scores for each risk
variable.

Ordinal scoring (1 through 4) was made according to
the risk status. Hierarchical clustering analysis meth-
od was used to determine the number of risk groups
and according to the total score values. In scoring,
the sum of the data scores for all three districts was
taken to be 100 points and the proportion of the dis-
tricts from the total score was divided into 4 equal
parts.

The data and its statistical evaluations for different
risk levels of the disease are presented in Tables 2
and 3.

The number of bTB outbreaks across the three dis-
tricts, specific risk variables, there were significant
differences (P<0.05) for the type of feeding of ani-
mals, drinking water source of animals, the manage-
ment of waste, application of biosecurity measures,
farm close to wildlife habitat, the presence of goats
and/or sheep in the common area, and the presence
of animals on a different farm within 150 meters.

There were significant differences in the mean num-
ber of animals per farm in the districts categorized
according to the number of tuberculosis outbreaks
(P<0.05).
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Table 2. Distribution of disease-specific bTB risk factors for cattle by district in Samsun Province, Turkiye

Risk factors Districts
Low Risk Medium Risk High Risk P
Ayvacik (%) Havza(%) Bafra (%)
1. Feeding areas of animals
Exclusive use of external areas 99(99.0) 12(12.0) 45(45.0)
Non-use of external areas 1(1.0) 88(88.0) 55(55.0) <0.001
2. Drinking water sources
Tap water 1(1.0) 21(21.0) 40(40.0)
Well or spring water 99(99.0) 2(2.0) 9(9.0) <0.001
Common (fountain-stream) 0(0.0) 77(77.0) 51(51.0) )
3. Manure management on farm
Accumulating near barn on farm 74(74.0) 91(91.0) 89(89.0) 0.001
Removed to field 26(26.0) 9(9.0) 11(11.0) )
4. Biosecurity (e.g. ventilation, environmental control, staff hygiene)
Applied 23(23.2) 17(17.0) 23(23.0) 0476
Not applied 76(76.8) 83(83.0) 77(77.0) )
5. Additional biosecurity measures taken after the outbreak of epidemic disease
Yes 43(43.0) 83(83.0) 92(92.0) <0.001
No 57(57.0) 17(17.0) 8(8.0) )
6. Badger - seen in the potential contact area in the previous 12 months
Yes 18(18.0) 39(39.0) 35(35.4) 0.002
No 82(82.0) 61(100.0) 64(64.6) )
7. Pig - seen in the potential contact area in the previous 12 months
Yes 68(68.7) 66(66.0) 24(24.0)
No 31(31.3) 34(34.0) 76(76.0) <0.001
8. Other possible carrier wild animals seen in thepotential contact area in the last 12 months
Yes 57(57.0) 30(30.0) 15(15.0)
No 43(43.0) 70(70.0) 85(85.0) <0.001
9. Goats present in the common area
Yes 0(0.0) 49(49.0) 2(2.0) <0.001
No 100(100.0) 51(51.0) 98(98.0) )
10. Sheep present in the common area
Yes 0(0.0) 55(55.0) 36(36.0)
No 100(100.0) 45(45.0) 64(64.0) <0.001
11. Farm with animals within 150 meters
Yes 63(63.0) 88(88.0) 85(85.0) <0.001
No 37(37.0) 12(12.0) 15(15.0) )
Table 3. Number of animals in districts classified by level of risk (Mean + SE)
Variables Districts P
Ayvacik Havza Bafra
Number of animals on farms 6.51+0.50° 11.29+1.35° 31.4+4.07° <0.001
Number of female cattle 3.94+0.24° 7.44+0.60° 21.442.7° <0.001
Number of male cattle 2.57+0.42° 3.87+1.20° 9.96+1.74° <0.001
Number of young animals (< 3yrs) 3.16x0.37° 5.28+1.20° 13.42+1.90° <0.001
Number of adult animals (3-8 yrs) 2.56+0.22° 4.51+0.39° 14.18+2.10° <0.001
Number of animals (> 8 yrs) 0.79+0.10° 1.49+0.21° 3.75+0.68° <0.001

abCThe difference between means in the same row with different letters is significant.
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Discussion and Conclusion

In areas where bovine tuberculosis has historically
been detected, the risk of recurrence is greater than
in areas where the disease has not been seen (Orton
et al.,, 2018). In this research, it was argued that in
the areas where the disease risk is high, explaining
this situation only byanimal movements is not suffi-
cient. It was further argued that local factors contrib-
ute to the spread of the disease. Determining the
high-risk areas before outbreaks of the disease is the
key to minimizing the level of risk associated with
different contributing factors (Orton et al., 2018).
These explanations are relevant to the Bafra district,
which has a high number of outbreaks and was de-
fined as high risk; it is therefore necessary to develop
specific measures that take account of the historic
frequency of the disease. In the Bafra area, the need
for drinking water was mostly met from the common
grazing area (51%), there was a high rate of disposal
of farm waste due to animal density (89%) and the
number of badger sightings (35%) was higher than in
other districts. This indicates the need to develop
area specific measures for the prevention and control
of the disease.

In this study, in the analysis of general risk variables
using the 1- 4 scoring method for the disease, the
total risk score of the Bafra district, where the disease
risk was determined to be the highest, was 30, in the
medium risk Havza district was 21, and in the low risk
Ayvacik district was 7. The general risk scores in this
study were similar to those reported for the relation-
ship between global risk factors and the number of
outbreaks for the Foot and Mouth disease, in terms of
general risk variables (Sentirk et al., 2016). This
situation suggests that the methods used in the study
may be applicable to the determination of the general
risk variables characteristic for epidemics.

The on-farm disposal of manure should be at least
150 m from the nearest neighbouring farm (Atilgan et
al., 2006) but on 89.5% of the cattle farms in Turkey
the waste disposal site was less than 150 m from the
closest neighbour (Varol and Atilgan, 2017). In the
present study, in the Bafra district, which was in the
high risk category, the manure deposition site on
85% of farms was less than 150 m from the nearest
neighbour. The results of this study have again
demonstrated that cattle farms in close proximity are
at higher risk of the spread of bTB from their neigh-
bours. The close proximity of farms to each other
therefore constitutes a significant risk for the trans-
mission of the disease. The highest rate of use of the
external/outside areas of the farms was in Ayvacik
(99%) and the difference between it and the other
districts was significant (P<0.001). This suggests that
increasing the density of grazing animals on common
pasture areas increases the risk of exposure to the
disease and hence transmission of the disease.

Savas SARIOZKAN

It is not appropriate to feed animals susceptible to
disease in the areas where they are at risk of expo-
sure to animals that are thought to be carriers of the
disease (Fine et al., 2011).This potential threat was
investigated in the present study and in Bafra (high
risk) and Havza (medium risk) the cattle were being
exposed to sheep on the same pastures. It is there-
fore imperative that measures be taken to increase
the awareness of owners to prevent the interactionof
different species in the common grazing areas. In this
study, the inadequacy of bio security practices was
also demonstrated in all three districts, which were at
different trisk levels. Considering the survival time of
the disease pathogen in different environments, mini-
mizing both the direct (common pastures) and indi-
rect (manure piles) exposure of animals of one farm
to sources of infection from other farms should al-
ways be emphasized as high priorities in educational
programs.

Separately, significant differences were found be-
tween the average number of animals, males, fe-
males, young animals, adult animals and old animals
in the three districts and the number of bTB out-
breaks (P<0.05). These results imply higher rates of
disease associated with higher numbers of animals in
the high-risk areas which would result in higher eco-
nomic losses due to the disease.

Risk assessments in disease control are essential in
developing countries where financial resources for
disease control are scarce (Avila et al., 2018). On the
other hand, in the fight against disease local spread
will require a deeper understanding of the patterns,
drivers and characteristics (Milne et al., 2022). The
study supported the contention that the general dis-
ease risk factors do not change much in epidemics in
different situations and with different characteristics.
Consequently, practical disease prevention measures
should be implemented urgently to reduce the dis-
ease risk across all areas, especially in the high risk
areas. The results of this study, which was conducted
with a view to the development of improved disease
prevention and control strategies, strongly suggest
that the following measures be taken:

-In the areas where the disease arises and the com-
mon pasture area is used, animals should be used
tubercle test.

-Temporary prohibition of the use of these pastures
(taking into account the life span of disease agent in
the soil and water)

-On farms where the disease is detected, even if the
farm is later declared free from the disease, animals
should not be sold for breeding or fattening purposes
for a mandatory minimum period but these farms
should be able to sell for slaughter. With respect to
these three steps, financial support should be provid-
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ed to prevent the producer from being disadvan-
taged. When a new farm is established, the distance
to the nearest farm should be more than 150 m so as
to minimize the potential for the transmission of the
disease,

-Disease prevention and control measures should
take into account the number of previous infections
on a particular farm,

- Investigate the presence of the disease in wildlife,
especially the badger, which is reported to be a dis-
ease carrier.

In conclusion, this study determined that a set of
eleven general and eleven disease-specific risk varia-
bles can be used to classify the risk an outbreak of
bTB in a particular area. Risk-based control strate-
gies should be adapted to the system in order to in-
crease efficiency in disease intervention and control.
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Oz: Bu calismada; Kayseri ilinde satisa sunulan tavuk eti érneklerinden Arcobacter spp’nin izolasyonu, identifikasyonu
ve elde edilen izolatlarin antibiyotik duyarliliklarinin belirlenmesi ve molekiler tiplendiriimesi amaglanmistir. Bu amagla,
tavuk eti satis noktalarindan toplanan toplam 100 adet tavuk eti 6rnegi materyal olarak kullanildi. Arcobacter spp.’lerin
izolasyonu amaciyla 6n zenginlestirme ve membran filtrasyon metodundan yararlanildi. Elde edilen Arcobacter spp.
izolatlarinin identifikasyonu fenotipik testler ve Multipleks Polimeraz Zincir Reaksiyonu (mPZR) ile gergeklestirildi. Arco-
bacter spp. izolatlarin eritromisin azitromisin, enrofloksasin, tetrasiklin, ampisilin, trimetoprim-sulfametoksazol, amoksi-
silin-klavulanik asit, gentamisin, streptomisin, neomisin antibiyotiklerine karsi duyarliliklarinin saptanmasi amaciyla disk
difizyon testi yonteminden yararlanildi. Arcobacter spp. izolatlarinin genotiplendiriimesi Enterobacterial Repetitive
Intergenic Consensus-Polymerase Chain Reaction (ERIC-PCR) ile gergeklestirildi. Bu ¢alismada, izolasyon islemi so-
nucunda toplanan 100 adet tavuk eti 6rneginin 23’0 (%23) Arcobacter spp. yoninden pozitif bulundu. Molekuler identi-
fikasyon sonucunda, elde edilen, 23 Arcobacter spp. izolatinin 3'U Arcobacter cryaerophilus, 20’si ise Arcobacter
butzleri olarak tanimlandi. Antibiyotik duyarlilik testi sonucunda, Arcobacter spp. izolatlarinin sirasiyla 12’sinin (%
52.17) eritromisine, 13’'Unln (%56.52) amoksisilin-klavulanik asite, 20’sinin (%86.95) trimetoprim/siilfametaksazole,
20’sinin (%86.95) ampisiline, 8'inin (%34.78) enrofloksasine, 2’sinin (%8.69) tetrasikline, 5’inin (%21.73) streptomisine,
16’sinin (%69.56) azitromisine ve 21’inin (%91.3) de neomisine direngli oldugu tespit edildi. Ayrica tim izolatlarin gen-
tamisine duyarl oldugu belirlendi. Sonug olarak, ¢oklu antibiyotik direngli oldugu belirlenen Arcobacter spp.’nin yaygin
olarak tuketilen kanatli etinde bulunmasi, insanlarda gastroenterit ve bagdirsak disi hastaliklara neden olan bu etkenle-
rin halk saghgi agisindan risk olusturabilecegini gdstermektedir. Bu nedenle kanatli karkaslarinin etken ile kontaminas-
yonun 6nlenmesi ve gidalarin uretimi, islenmesi, depolanmasi ve satigi hakkinda personelin egitilmesinin, kanatl etle-
rinden kaynaklanan hastaliklari engellemekte énemli rol oynayacagi dustinulmektedir.

Anahtar kelimeler: Antibiyotik duyarlilik, Arcobacter spp., molekuler tiplendirme, tavuk eti

Arcobacter spp. in Chicken Meat: Isolation, Identification, Antibiotic Susceptibility and Molecular Typing
Abstract: In this study; the isolation and identification of Arcobacter spp from chicken meat samples sold in Kayseri
province and to determine the antibiotic susceptibility and molecular typing of the obtained isolates were aimed. For
this purpose, a total of 100 chicken meat samples collected from chicken meat sales points were used as material. Pre-
enrichment and membrane filtration methods were used for the isolation of Arcobacter spp. For the identification of the
obtained Arcobacter spp, isolates were performed by means of phenotype tests and multiplex Polymerase Chain Reac-
tion (m PCR). The disk diffusion test method was used to determine the susceptibility of Arcobacter spp. isolates to
erythromycin, azithromycin, enrofloxacin, tetracycline, ampicillin, trimethoprim-sulfamethoxazole, amoxicillin-clavulanic
acid, gentamicin, streptomycin, neomycin antibiotics. For genotyping Arcobacter spp. Isolates were performed with
Enterobacterial Repetitive Intergenic Consensus Polymerase Chain Reaction (ERIC-PCR). In this study, 23 (23%) of
100 chicken meat samples collected as a result of the isolation process were found to be positive for Arcobacter spp.
As a result of the molecular identification tests, 3 of 23 Arcobacter spp. isolates were identified as Arcobacter cryaer-
ophilus and 20 isolates were as Arcobacter butzleri. Antibiotic susceptibility test revealed that 12 (52.17%) of Arcobac-
ter spp isolates were resistant to erythromycin, 13 (56.52%) to amoxicillin-clavulanic acid, 20 (86.95%) to trimethoprim/
sulfamethoxazole and ampicillin, 8 (86.95%) to enrofloxacin, 2 (8.69%) to tetracycline, 5 (21.73%) to streptomycin, 16
(69.56% to azithromycin, and 21 (91.3%) to neomycin. In addition, it was determined that all isolates were susceptible
to gentamicin. As a result, the presence of Arcobacter spp, which has been determined to be multi-antibiotic resistant,
in widely consumed poultry meat, indicates that these agents, which cause gastro enteritis and extra intestinal diseas-
es in humans, may pose a risk to public health. For this reason, it is thought that preventing contamination of poultry
carcasses with the agent and training the food handlers pre venting diseases caused by poultry meat.

Keywords: Antibiotic susceptibility, Arcobacters pp, chicken meat, molecular typing
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Tavuk etlerinde Arcobacter spp. varligi...

Giris

Tavuk eti kisa zamanda pismesi ve hazir tiketim igin
uygun Urun cesitliligine sahip olmasi acgisindan, ulke-
mizde fazlaca tuketilen gidalar arasinda ilk siralar da
yer almaktadir (Parlakay ve ark., 2022). Bununla bir-
likte tavuk eti, saglikli hayvanlardan elde edilmez
veya uygun kosullarda muhafaza edilmez ise insan
saghgi icin tehdit olusturabilir (Ertas, 2009). Tavuk
karkaslarina Arcobacter spp. ile bulagsma kesim esna-
sinda, kesimhanedeki ekipman ve digki icerigi gibi
bircok nedenlerle olabilmektedir (Anadut ve Gimus-
soy, 2005). Giinimiizde Diinya Saglk Orgiiti tarafin-
dan 250°den fazla gida kaynakli hastalik tanimlan-
mistir. Gida kaynakli hastaliklarin yarisindan fazlasi-
nin bakteriyel orijinli oldugu bilinmektedir. Son yillar-
da, Arcobacter spp. enfeksiyonlari gittikce dnem ka-
zanmaya baglamistir (Gurel ve Aslan, 2019).

Arkobakterler, kanatl eti ve Urlnleri basta olmak Uze-
re gesitli hayvansal gidalar ve su kaynaklarini konta-
mine edebilen gida kaynakli zoonotik enteropatojen-
lerdir (Jribi ve ark., 2020). Bu tirler, insan enfeksiyon-
larinin potansiyel kaynagini olusturmalari nedeni ile
halk sagligi agisindan risk olusturmaktadirlar (Merga
ve ark., 2011; Ramees ve ark., 2017). A. butzleri bas-
ta olmak Uzere A. cryaerophilus ve A. skirrowii insan-
larda gastroenterit (Kayman ve ark., 2012; Jasim ve
Al-Abodi, 2021) ve bakteriyemi, ciftlik hayvanlarinda
ureme bozukluklari, mastitis ve mide Ulserine yol
acmaktadir (Collado ve Figueras, 2011). Arcobac-
terler ilk defa 1970’lerde domuzlarda abort olgularin-
dan izole edilmis (Ellis ve ark., 1977) ve ilk kez
1991'de tanimlanmistir (Vandamme ve ark., 1991).
Daha onceleri Campylobacteraceae familyasi igeri-
sinde Arcobacter genusu iginde yer alan bakteriler
son yillarda yapilan genomik taksonomik calismalar
neticesinde (Chieffi ve ark., 2020) ayr bir aile olarak
Arcobacteraceae familyasina yerlestirilmistir. Boylece
Arkobakterler, Aliarcobacter, Halarcobacter, Malaci-
obacter, Poseidonibacter ve Pseudarcobacter’i igeren
alti farkh genusa ayrilmistir (Mdller ve ark., 2020).

Bu caligmada; Kayseri'de gesitli market ve satis yer-
lerinde satisa sunulan tavuk eti 6rneklerinden Arco-
bacter spp.’nin izolasyonu ve identifikasyonu ile elde
edilen izolatlarin antibiyotik duyarlliklarinin belirlen-
mesi ve molekiiler tiplendiriimesi amaglanmistir.

Gereg ve Yontem
Tavuk eti o6rnekleri

Calismada, 2018-2019 yillari arasinda Kayseri ilinde-
ki farkli market ve tavuk eti satis yerlerinden toplanan
toplam 100 adet tavuk eti 6rneg@i (bltin tavuk n=25,
but n=25, kanat n=25, gégis eti n=25) kullanildi.
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Arcobacter spp. izolasyonu

Arcobacter spp. izolasyonu amaciyla én zenginlegtir-
me ve membran filtrasyon metodundan yararlanildi.
Bu amagla 6n zenginlestirme isleminde &ncelikle
tavuk eti 6rnekleri steril distile su bulunan bir stomac-
her poseti icinde iyice galkalanarak yikandi. Yikama
sivisindan 1 ml alinarak 9 ml cefoperazone-
amphotericin-teicoplanin (CAT) suplement iceren
Arcobacter Enrichment Broth (AEB) igerisine ilave
edildi ve tlpler mikroaerobik kosullarda 37°C’'de 48
saat inklbasyona tabi tutuldu. Takiben elde edilen
zenginlestirme kultiriinden 100 pl alinarak membran
filtrasyon teknigi ile kanl agar Gzerine inokule edildi
ve petriler aerobik kosullarda 37°C'de 24-48 saat
inkiibasyona birakildi. inkiibasyon sonunda petrilerde
Ureyen Arcobacter spp. supheli kolonilere Gram bo-
yama, hareket muayenesi, katalaz ve oksidaz testleri,
indoksil asetat hidrolizi ve hippurat hidrolizi testleri ile
aerobik kosullar altinda ve 30°C’de Gireme gibi fenoti-
pik testler uygulandi.

Standart sus

Calismada Arcobacter spp. izolasyonu, identifikasyo-
nu ve elde edilen izolatlarin antibakteriyel duyarlilikla-
rinin belirlenmesi asamalarinda standart sus olarak,
Staphylococcus aureus ATCC 25923, Escherichia
coli ATCC 25922, Campylobacter jejuni ATCC
700919 ve Arcobacter butzleri LMG 10828 kullanildi.

Arcobacter spp. izolatlarinin molekiiler identifi-
kasyonu

Elde edilen Arcobacter spp. izolatlarinin molekiler
identifikasyonu amaciyla mPCR testinden yararlanil-
di. Bu amagla ilk olarak Arcobacter spp. izolatlarin-
dan DNA ekstraksiyonu, Ultraclean DNA ekstraksiyon
kiti (Mobio 12224-50, ABD) kullanilarak gerceklestiril-
di. DNA ekstraksiyon islemi Uretici firmanin talimatlari
dogrultusunda yapildi. Elde edilen DNA'lar kullanilin-
caya kadar -20°C’de muhafaza edildi. identifikasyon
amaciyla kullanilan mPCR’da Arcobacter spp.’lerin
16S rRNA gen bdlgesinden, blyiklugl 257 ile 654
bp (basepair=baz cifti) arasinda degisen kisimlari
cogaltan ture 6zgu primerler kullanildi. Reaksiyon
miksi son konsantrasyonu 50 pl hacimde olacak se-
kilde hazirlandi. Reaksiyon karisimi; 2 yl DNA, 5 pl
10X PCR Buffer, 1.25 mM MgCl,, 0.2 mM dNTP, 50
pmol ARCO, BUTZ, CRY1, ve CRY2 primerleri, 25
pmol SKIR primeri (Tablo 1), 1.5 U Taq polymerase
seklinde hazirlandi. DNA amplifikasyonu, toplam 32
siklusta 94°C’de 2 dk 6n denatlrasyon islemi uygula-
diktan sonra 94°C’de 45 s, 61°C’'de 45 s ve 72°C’de
30 s seklinde gergeklestirildi (Houf ve ark., 2000).
Amplifikasyon sonucu elde edilen Uriinler elektrofore-
tik ortamda agaroz jel igerisinde separe edildi. Sire
sonunda ortaya ¢ikan bandlar jel goriintiileme siste-
minde (Vilber-Lourmat, Fransa), UV isiginda incelen-
di.
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Antibakteriyel duyarlilik testi

Arcobacter spp. izolatlarinin antibiyotik duyarhliklarini
tespit etmek amaciyla disk difiizyon teknigi kullanildi
(Bauer ve ark., 1966). Bu kapsamda eritromisin (E,
15 pg), azitromisin (AZM, 15 pg), enrofloksasin (ENR,
5 pg), tetrasiklin (TE, 30 pg), ampisilin (AMP, 10 ug),
trimetoprim-sulfametoksazol (SXT, 1.25/23.75 ug),
amoksisilin-klavulanik asit (AMC, 30 ug), gentamisin
(CN, 10 pg), streptomisin (S, 10 pg), ve neomisin (N,
10 ug), antibiyotik disklerinden yararlanildi (Oxoid,
ingiltere).

Molekiiler tiplendirme

Arcobacter turlerinin klonal yakinliklarinin belirlenme-
si amaciyla Enterobacterial Repetitive Intergenic
Consensus Polymerase Chain Reaction (ERIC-
PCR)'den yararlanildi (Houf ve ark., 2002). Calisma-
da ERIC-1 ve ERIC-2 primerleri kullanildi (Tablo 1).
Amplifikasyon i¢in PCR karisimi, 5 pl 10xPCR buffer
A, 4 mM MgCl,, 5 U Taq DNA polymerase, final kon-
santrasyonu 0.2 mM olacak sekilde dNTP karigimi,
25 pmol primerler ve 1 ul template DNA igeren top-
lam 50 pl hacimden olusturuldu. Amplifikasyon kosul-
lari ilk denattrasyon (94°C’de 5 dk) basamagini taki-
ben 40 amplifikasyon siklusundan ve her bir siklus,
94°C’de 1 dk, 25°C’de 1 dk ve 72°C’de 2 dk asamala-
rindan olusturulup, elde edilen PCR urinleri, %2’lik
agaroz jel daha 6nce belirtilen prosedure gére hazir-
lanarak yUritildu. Olusan bantlar jel dokimentasyon
sisteminde incelendi.

Tablo 1. Calismada kullanilan primerler ve primer dizileri
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misin 16 (%69.56) ve neomisin 21 (%91.3) ine di-
rengli oldugu tespit edilirken gentamisine tum izolatla-
rin duyarli oldugu saptanmistir (Tablo 3). Bu izolatla-
rin 2’si 3 (%9.09), 3’0 4 (%13.63), 6's1 5 (%27.27), 8
6 (%36.36), 3'l ise 7 (%13.63) antibiyotige kars ¢cok-
lu direng gostermistir (Tablo 4).

izolatlarin genetik yakinliklarinin belirlenmesi ERIC-
PCR ile belirlenmesi sonucunda, her bir izolatin ERIC
-PCR bant profillerinin birbirinden farkhlik gosterdigi
saptandi. Bant sayilarinin 1 ila 9 arasinda degistigi
ortaya kondu. Calismamizda kiime analizi yapiimadi
ve izolatlarin bant profilleri ile benzerlik durumlarina
gore klonal yakinlklar filogenetik agacta gosterildi

(Sekil 1).

1] @
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Sekil 1. A. butzleri ve A. cryaerophilus izolatlarinin
filogenetik agag gortntisu.

Primer Primer Dizilimi Kaynak
ARCO 5-CGT ATT CAC CGT AGC ATA GC-3’

BUTZ 5'-CCT GGA CTT GAC ATA GTA AGA ATGA-3’

CRY1 5-TGC TGG AGC GGA TAG AAG TA-3'

CRY2 5'-AAC AAC CTA CGT CCT TCG AC-3' Houf ve ark. (2000)
SKIR 5'-GGC GAT TTA CTG GAA CAC A-3'

ERIC1 5-ATGTAAGCTCCTGGGGATTCAC-3’

ERIC2 5-AAGTAAGTGACTGGGGTGAGCG-3'

Bulgular

Bu c¢aligsmada izolasyon iglemi sonucunda 100 adet
tavuk eti drneginin 23’0 (%23) Arcobacter spp. yo6-
ninden pozitif bulundu. Fenotipik testler sonucunda
izolatlarin tamami Arcobacter spp. olarak tanimlandi.
Molekiler identifikasyon (mPCR) sonucunda 23 izo-
latin 3'U A. cryaerophilus ve 20’si A. butzleri olarak
tanimlandi (Tablo 2).

Antibiyotik duyarlilik test sonuglarina gére sirasiyla
eritromisin 12 (%52.17), amoksisilin-klavulanik asit 13
(%56.52), trimetoprim/silfametaksazol 20 (%86.95),
ampisilin 20 (%86.95), enrofloksasin 8 (%34.78),
tetrasiklin 2 (%8.69), streptomisin 5 (%21.73), azitro-
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Tablo 2. Molekiiler identifikasyon sonugclari
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Tiir Pozitif 6rnek sayisi (%)
A. cryaerophilus 3 (%13.05)

A. butzleri 20 (%86.95)

A. skirrowi -

Toplam 23 (%100)

Tablo 3. Arcobacter spp. izolatlarinin antibiyotik duyarlilik test sonuclari

Antibiyotik S | R

Eritromisin (E) 4(%17.39) 7(%30.4) 12(%52.17)
Amoksisilin-Klavulanik Asit (AMC) 10(%43.4) - 13(%56.52)
Trimetoprim/Sulfametaksazol (SXT) 2(%8.69) 1(%4.34) 20(%86.95)
Ampisilin (AMP) 3(%13.04) - 20(%86.95)
Enrofloksasin (ENR) 15(%65.2) - 8(%34.78)
Tetrasiklin (TE) 21(%91.3) - 2(%8.69)
Streptomisin (S) 7(%30.43) 11(%47.) 5(%21.73)
Gentamisin (CN) 9(%39.13) 4(%17.3) -
Azitromisin (AZM) 7(%30.43) - 16(%69.56)
Neomisin (N) 1(%4.34) 1(%4.34) 21(%91.3)
Tablo 4. Arcobacter spp. izolatlarinin ¢oklu antibiyotik direng profilleri
Izolat sayisi Antibiyotik sayisi Antibiyotik %

1 3 N, AMP, SXT 9.09

1 3 N, AMP, AZM ’

1 4 AMC, AMP, SXT, ENR

1 4 N, AMC, AMP, SXT 13.63

1 4 N, AMP, AZM, SXT

3 5 N, AMC, AMP, SXT, ENR 27 97

3 5 N, AMP, AZM, E, SXT )

1 6 S, TE, N, AZM, E, ENR

4 6 N, AMC, AMP, AZM, E, SXT,

1 6 N, AMC, AMP, AZM, SXT, ENR 36.36

1 6 S, N, AMC, AMP, AZM, SXT

1 6 N, AMP, AZM, E, SXT, ENR

2 7 S, N, AMC, AMP, AZM, E, SXT 13.63

1 7 S, TE, N, AZM, E, SXT, ENR )

Tartisma ve Sonug

Arcobacter turleri 6nemli zoonotik patojen bakteri
genuslari arasinda kabul edilmektedir (Cardoen ve
ark., 2009; Celik, 2016). Arcobacter spp. igin en
onemli bulagsma kaynaklari su ve kanatlh etleri, kirmizi
etler, sut gibi hayvansal gidalardir (Ertas, 2007). Fe-
notipik olarak benzerlik goésterdigi Campylobacter
turleri gibi insanlarda gastroenterite ve buna bagl
ishale sebep olmaktadir (Phillips, 2001; Rivas ve ark.,
2004; Celik, 2016). Hayvanlarda ise, ishal disinda
mastitis ve abortus olgularinin, Arcobacter tirleri ile
iligkisi oldugu dusunilmektedir (Lerner ve ark., 1994;
Wybo ve ark., 2004; Bucker ve ark., 2009; Dizdarog-
lu, 2016).

Yaptigimiz ¢calismada 100 tavuk eti 6rneginin 23’0
Arcobacter spp. yénunden pozitif bulundu. Molekuler
izolasyon sonucunda Arcobacter spp. izolatin 3’0 A.
cryaerophilus, 20’si ise A. butzleri olarak tespit edil-
mis, fakat A. skirrowii saptanamamistir.
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Kayseri ilinde yapilan bir galismada 50 tavuk 6rnegi-
nin 20’sinde (%40) Arcobacter spp. pozitifligi sapta-
diklarini rapor etmiglerdir (Anadut ve Gimissoy,
2005). Arastirmacilarin elde ettigi sonuglarin bu calis-
madan daha yiksek olmasinin sebebi, drnekleme ve
izolasyon metodunun farklihindan kaynaklanabilece-
gi dusunulmektedir (Doksanlgoglu, 2006).

Kars ilinde yapilan bir galismada; arastirmacilar farkl
marketlerden topladiklari tavuk karkaslarinda Arco-
bacter spp. prevalansini arastirmiglardir. Calisma
sonucunda 44 adet tavuk karkasinin 42’sinden (%95)
A. butzleri saptamiglardir (Atabay ve ark., 2002).
Doksanugoglu (2006) tarafindan Ankara’da satisa
sunulan tavuk eti orneklerinden yapilan galismada,
toplam 90 tavuk 6rnegini Arcobacter spp. varligi agi-
sindan incelenmistir. Calisilan 6rneklerin 56’sinda (%
62.3) Arcobacter spp. saptanmistir. Bu izolatlarin
49'u (%87.5) A. butzleri ve 7’si (%12.5) A. cryaerop-
hilus olarak identifiye edilmistir. Tavuk eti érneklerinin
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hicbirinden A.  skirrowii  izole  edilememistir
(Doksanligoglu, 2006). Kitahya'da yapilan bir diger
c¢alismada; incelenen 35 tavuk numunesinin 5’inde
(%14.3) A. butzleri ve 1'inde (%2.8) A.cryaerophilus
olmak Ulzere toplam 6 (%17.1) izolatta Arcobacter
spp. saptanmistir (Dizdaroglu ince, 2016). izmirde
yapilan bir arastirmada 100 tavuk karkasi érneginden
toplam 55 (%55) Arcobacter spp. izole edilmistir. Bu
izolatlarin 45’i (%80) A.butzleri, 2’'si (%3.6) A. cryae-
rophilus, 1'i (%1.8) A. skirrowii olarak tespit edilmis
ve 17 (%30.9) ornek identifiye edilememistir (Molva
ve Atabay, 2016). Sonuglarimiz karsilastirildiginda
bu calismalarda, calismamizdan daha ylksek oran-
larda Arcobacter spp. izole edilmistir. Bunun nedenle-
ri; arastirma bolgelerinin iklim ve cografi farkhhklari,
kanatli kesimhanelerinin hijyen kosullari, depolama
ve market sartlari ve bunlara bagl kontaminasyon
oranin yuksek olmasi ile agiklanabilir (Dizdaroglu,
2016). Ayrica yapilan calismalarda A. skirrowi/nin
izole edilememesi ya da dusuk oranlarda saptanmasi
calismamizla paralellik géstermektedir.

iran’da bes farkli bdlgeden 400 tavuk karkasi érnegi
toplanmis, 185 (46.3%) Ornegdin Arcobacter spp. ile
kontamine oldugu tespit edilmistir. Bunlarin %
82.7’sinin A. butzleri, %12.4’'nin A. cryaerophilus ve
%4.9'nun A. skirrowii oldugu tespit edilmistir (Rahimi
ve ark., 2012). Fernandez ve ark. (2015) Guney Si-
l'de yapmis olduklari ¢alismada toplam 125 tavuk
etinde, 90 (%72.0) A. butzleri, 2 (%1.6) A. cryaerophi-
lus ve 3 (%2.4) A. butzleri ve A. cryaerophilus birlikte
izole etmiglerdir (Fernandez ve ark., 2015). Bu ¢alig-
malarda ki, arkobakter tlrlerinin tavuk karkas o6rnek-
lerindeki dagihmi calismamizla paralellik gostermek-
tedir. Brezilya’daki kanatli kesimhanelerinden 300
tavuk kesimi analiz edilmis, %18.3 oraninda Arcobac-
ter spp. izole edilmistir. izolatlarin %63.6’s1 A. butzleri
ve %36.3'U A. cryaerophilus olarak tanimlanmistir (de
Oliveira ve ark., 1997). Elde ettigimiz sonuglarin bu
calismadan daha yuksek olmasinda ulkemizde bulu-
nan igletmelerdeki kullanilan alet ve ekipmanlarin
hijyenik durumu, calisan personel ve dider hijyenik
kosullarin farkhliklar etkilidir. Ayrica yapilan ¢alisma-
larda elde edilen sonuglarin degiskenlik géstermesin-
de izolasyon asamasinda uygulanan 6n zenginlestir-
me yodntemleri, izolasyon prosedurleri ve identifikas-
yon igin uygulanan yontemler etkilidir. Bunun nedeni
olarak Arcobacter spp. izolasyonu icin kullanilan farkli
besiyerlerinin icerdikleri selektif maddelere karsi bazi
arkobakter tirlerinin duyarl oldugu bir ¢cok calismada
bildirilmistir (Doksanugogdlu, 2006).

Dunyanin cesitli Ulkelerinde Arcobacter tirlerinin,
antibiyotik direnglilik profilleri incelenmistir (Kabeya
ve ark., 2004). Bu galismada Arcobacter spp. yonun-
den pozitif olan izolatlara disk difiizyon testi uygulan-
mistir ve sirasiyla neomisin 21 (%91.3), trimetoprim/
sulfametaksazol 20 (%86.95), ampisilin 20 (%86.95),
azitromisin 16 (%69.56), amoksisilin-clavilanik asit
13 (%56.52), eritromisin 12 (% 52.17), enrofloksasin
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8 (%34.78), streptomisin 5 (%21.73) ve tetrasiklin 2’e
(%8.69) direngli oldugu tespit edilirken gentamisine
tum izolatlarin duyarl oldugu saptanmistir.

Test edilen 39 izolatin 26’sinin amoksisiline, amoksi-
silin/klavulanikasite ve ampisiline direngli oldugu bu-
lunmustur. Bir izolatineritromisine direncli oldugu ve
dordindn eritromisine karsi orta diizeyde direng gés-
terdigi tespit edilmistir. Tum izolatlarinamikasin, klo-
ramfenikol, danofloksasin, enrfloksasin, nitrofuran-
toin, nalidiksik asit, tetrasiklin ve tobramisine duyarli
oldugu bildirilmigtir (Atabay ve Aydin, 2001). Sonugla-
rin farkhhk géstermesinin nedeni olarak galismalarda
kullanilan antibiyotiklerin etkin olmaya basladigi de-
gerlerin farkli olmasindan kaynaklaniyor olabilecegi
distndlmektedir (Kabeya ve ark., 2004). Kiitahya’ da
yapllan galisma sonucunda izolatlarin tamami strep-
tomisin, gentamisin ve tetrasikline kargi duyarl, erit-
romisine ise orta derecede duyarl bulunmustur. izo-
latlardan bes tanesinin siproflaksasine, bes tanesinin
sefalotine, iki tanesinin de ampisiline direngli oldugu
tespit edilmistir (Dizdaroglu, 2016). Arastirmamizdaki
sonuglar ile bu galisma sonuglari paralellik gdster-
mektedir.

Son ve ark. (2007), etlik tavuk karkaslarindan izole
edilen Arcobacter izolatlarinin antibiyotik duyarlliklari
Uzerine yaptiklar calismada 174 Arcobacter izolati-
nin gogunun (%93.7; n=163) bir veya daha fazla anti-
mikrobiyal maddeye karsi direngli oldugunu tespit
etmiglerdir. TUm Arcobacter izolatlan arasinda en
ylksek direng prevalansinin klindamisine (%88.5;
n=154), ardindan azitromisine (%69.5; n=121) ve
nalidiksik aside (%20.7; n=36) ait oldugu saptanmis-
tir. Siprofloksasin ile eritromisine direngli Arcobacter
spp. izolatlarinin yizdesinin ¢ok dislk oldugu, tim
Arcobacterspp. izolatlarinin gentamisin ve tetrasikline
duyarl oldugu bildirilmistir. Shah ve ark. (2013) tara-
findan yapilan ¢alismada, A. butzleri'nin en ylksek
direnci ampisilin ve siprofloksasine karsi gelistirdigi
belirtilirken, en az direncin gentamisine karsi oldugu
saptanmistir. Sonugclar, calismamizdaki antibiyotik
diren¢ sonuglar ile benzerlik gdstermektedir (Shah
ve ark., 2013).

Daha 6nce yapilan galismalarda Arcobacter tirlerini
ayirt etmek icin ERIC-PCR’nin iyi bir teknik oldugu
bildirilmistir (Atabay ve ark. 2002; Houf ve ark. 2002a;
Van Driessche ve ark., 2005). Bu calismada elde
edilen Arcobacter spp. izolatlarinin ERIC PCR profil-
lerinin birbirinden farkliik gosterdigi saptandi. Aydin
ve ark. (2007) yapmis oldugu bir galismada, tavuklar-
dan ve sigirlardan izole edilen Arcobacter suslari
arasinda yuUksek heterojenlik bildirmiglerdir. Atabay
ve ark. (2002) ise, tavuk karkaslarindan izole edilen
35 A. butzleri sugunda 11 alt tip saptamislardir. Bu
calismada ve daha 6nce bildirilen ¢alismalarda Arco-
bacter izolatlan arasindaki yiksek heterojenligin ne-
deninin, bu bakterinin ¢evrede birden fazla kontami-
nasyon kaynagi ile bulastigi diisintlmektedir.
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Sonug olarak, tiketimi fazla olan tavuk etlerinde, ol-
dukca sik rastlanan ve gida patojeni olarak kabul
edilen Arcobacter spp.’ler bu galismada izole edilmis-
tir. Kayseri ilinde tiketime sunulan 100 adet tavuk
karkasi 6rneginden 23 tanesinin Arcobacter spp. ile
kontamine oldugu ve bu 6rneklerin PCR yontemi ile
tir duzeyinde tanisi yapilarak 20 adet A. butzleri ve
Uc adet A. cryaerophilus saptanmistir. Arcobacterle-
rin insanlarda gastroenterit ve ekstra intestinal hasta-
liklardan izole edilmeleri sebebiyle halk saghdr aci-
sindan 6nemli bir risk farktori oldugu saptanmistir.
Bu nedenle kanatli karkaslarinin etken ile kontami-
nasyonun 6nlenmesi gerektigi sonucuna variimigtir.
Arcobacterler kanatli karkaslarina kesim esnasinda,
kesimhanedeki ekipman ve digki igerigi gibi birgok
nedenlerle bulasabilmektedir. Kontaminasyon kayna-
ginin tespiti ve ortadan kaldinimasi hastalik olgulari-
nin dnlenmesinde olduk¢a 6énemlidir. Bunun igin hay-
vanlarin kesim asamasindan tuketiciye sunumuna
kadar olan butlin asamalarda hijyenik sartlarin sag-
lanmasina dikkat edilmelidir.
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Abstract: This study aimed to determine the effects of DL-malic acid supplementation in beef cattle rations containing
high concentrated feed and dry forage (alfalfa hay and wheat straw) on fattening performance, carcass traits and ru-
men parameters. In present study, 47 male beef cattle (19 Simmental, 28 Limousine) at the age of 14-16 months were
used. Cattle breeds were divided into two groups (0 and 30 g/day of DL-malic acid). In the present study, the differ-
ences in live weights, daily live weight gains and carcass weights of the control and DL-malic acid groups were found
to be significant in Simmental breed (P<0.05), but insignificant in Limousine breed. The beef cattle body measurements
(withers height, chest girth, rump height, body length) did not change with malic acid supplementation (P>0.05).The
malic acid addition increased the molarities of acetic, butyric, propionic and total volatile fatty acids (TVFA) and acetic
acid/ propionic acid ratio in the rumen fluid (P<0.05).The addition of malic acid had no significant effect on the number
of ciliated protozoa (Entodinium, Diplodinium, Isotricha and Dasytricha) and total bacteria count in the rumen fluid
(P>0.05). As a result, DL-malic acid supplementation to beef cattle ration varied with cattle breeds in terms of fattening
performance, while such supplementations had positive effect on fattening in Simmental breed. Besides, the increase
in TVFA and acetic, propionic and butyric acids, which are indicators of fiber and carbohydrate fermentation efficiency
in the rumen, shows that malic acid has a positive effect on feed digestion in the rumen.

Keywords: DL-malic acid, Limousine, fattening performance, rumen parameters, Simmental

Yiiksek Diizeyde Konsantre Yem ve Kuru Kaba Yem igeren Besi Sigiri Rasyonlarinda DL-Malik Asitin Besi
Performansi ve Rumen Parametreleri Uzerine Etkinligi

Oz: Bu galismada, yilksek konsantre yem ve kuru kaba yem (yonca otu ve bugday samani) igeren besi sigiri rasyonla-
rina DL-malik asit ilavesinin besi performansi, karkas 6zellikleri ve rumen parametreleri (izerine etkilerinin belirlenmesi
amaglanmigstir. Bu galismada 14-16 aylik yastaki 47 erkek besi sigiri (19 Simental, 28 Limousine) kullanildi. Sidir irklari
iki gruba ayrildi (0O ve 30 g/giin DL-malik asit). Kontrol ve DL-malik asit gruplarinin canli agirliklari, ginlik canl agirlik
artiglari ve karkas agirliklar arasindaki farkhlik Simmental irkinda énemli (P<0.05), Limousine irkinda ise 6nemsiz
bulundu. Besi sigirlarinin viicut élgileri (cidago yiksekligi, gogus gevresi, sagri yikseklidi, vicut uzunlugu) malik asit
takviyesi ile degismedi (P>0.05). Malik asit ilavesi rumen sivisindaki asetik, butirik, propiyonik ve toplam ugucu yag
asitlerinin (TVFA) molaritelerini ve asetik asit/propiyonik asit oranini arttirdi (P<0.05). Malik asit ilavesinin rumen sivi-
sindaki silliatali protozoa (Entodinium, Diplodinium, Isotricha ve Dasytricha) sayisi ve toplam bakteri sayisi Uzerinde
onemli bir etkisi olmadi (P>0.05). Sonug olarak, besi sidir rasyonlarina DL-malik asit takviyesinin besi performansi
agisindan sigir irklarina gore farkhlik gosterdigi ve Simental irkinda besiye olumlu etkisinin oldugu belirlendi. Ayrica
rumende lif ve karbonhidrat fermentasyon etkinliginin gostergesi olan TVFA ile asetik, propiyonik ve butirik asitlerdeki
artis dikkate alindiginda, malik asidin rumende yem sindirimine etkisinin olumlu oldugu séylenebilir.
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DL-malic acid in beef cattle rations...

Introduction

Organic acids are either naturally encountered in
various plant and animal substrates or generated
through biochemical metabolism of these substrates
and they have recently been used as alternative feed
additives in animal rations (Ricke, 2003; Dittoe et al.,
2018). Organic acids have long been used as food
additives and preservatives, but they don’t have
much history for use in animal nutrition (Sahoo and
Jena, 2014). It was reported that organic acid supple-
mentations to animal diets reduced feed pH, brough
in a positive aroma to animal feeds, increased feed
consumption, increased secretion of digestive en-
zymes secreted from pancreas, preserved electrolyte
balance in gastro-intestinal system and increased
digestion and absorption of the minerals (Dibner and
Buttin, 2002). Naturally occurring or fermentation-
induced organic acids, like lactic acid, citric acid,
malic acid, are the compounds generally composed
of fatty acids included in carboxyl group (-COOH) and
salt forms like Ca-formate, Ca-propionate. In com-
pound feed industry, to prevent heat-induced destruc-
tion of organic acids especially during the pelletizing
phase and to improve efficiency of organic acids, less
odorous and less volatile salt forms are supplement-
ed into compounds instead of natural organic acids.
Strong or weak effects of organic acids may vary
based on acid chain length, degree of saturation,
ambient microflora (rumen or intestine), type of bac-
teria-like chemical and environmental factors (Mirza
et al., 2016; Dittoe et al., 2018). High doses of organ-
ic acids can have a negative effect on rumen fermen-
tation. Kara et al. (2015) determined that high doses
formic acid increased in vitro enteric methane pro-
duction and low doses decreased in vitro total gas
production, metabolic energy and organic matter di-
gestion and high doses have increased all these pa-
rameters of alfalfa herbage.

Malic acid is used as nutrient by the bacteria group
converting lactic acid into propionic acid, a primary
material of glucose production, through stimulating
lactate use by Selenomonas ruminantium. Malic acid
supplementation into ruminant rations reduces rate of
decrease in post-feeding rumen pH. Additionally,
malic acid-containing diets reduce number of proto-
zoa and methane release (Kara, 2015). Therefore, it
is significant to determine whether malic acid was
effective on growth and development of beef, dairy or
combined-yield ruminant breeds and yield parame-
ters of these ruminants (Toprak and Yilmaz, 2014).
When the animal feeding studies about these natural
preservatives were evaluated, it was observed that
further in vivo studies were needed for them to be
used as feed additives. The hypothesis of this study
is that the use of malic acid, which is one of the or-
ganic acids used as a rumen modulator, in the rations
of beef cattle (Limousine and Simmental) will have a
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significant effect on fattening performance, rumen
bacteria and ciliate protozoa, and rumen fluid volatile
fatty acids. This study was conducted to determine
the effects of DL-malic acid supplementations into
beef cattle rations of fattening performance, carcass
traits and rumen parameters.

Material and Method

Throughout the experiments, animals were housed in
a commercial farm (Ozsoy Fattening Farm in Blinyan
town of Kayseri province) [with 10.05.2017 dated and
17/047 numbered decision of Animal Experiments
Local Ethics Committee (HADYEK)].

A commercial dietary DL-malic acidproduced for ru-
minant nutrition was used in this study. This commer-
cial supplement was included 65% of DL-malic acid,
and 20% sodium-calcium salts. The product was
powder form.

In present experiments, 47 male feeder cattle (19
Simmental (SIM) breed and 28 Limousine (LIM)
breed) at the age of 14-16 months were used. Live
weights of animal materials were determined at the
beginning of the experiments and animal breeds
were grouped as SIM control (n=9) and SIM DL-malic
acid (n=10), LIM control (n=16) and LIM DL-malic
acid (n=12). Animals were subjected to a 15-day ad-
aptation period to adapt each other and their groups
and then 120-day fattening program was applied to
experimental groups.

The beef cattle were concentrated mix feed and high
dry forage (alfalfa hay and wheat straw). The concen-
trated mix feed was the fattening finishing, which
produced for beef cattle from a commercial company.
The concentrated mix feed was in powder form and
forages were chopped and mixed in feeding wagon.

In DL-malic acid group diets, different from the con-
trol group diets (SIM and LIM), DL-malic acid were
spilled over the feeders in morning feeding as to have
30 g per animal. Number of beef cattle was taken into
consideration in feeding and two meals were provid-
ed daily (at 08:00 and 18:00) as total mixed ration
(TMR). Feed quantities were determined in accord-
ance with NRC (1996) standards by taking dry mat-
ter, energy and the other nutrient requirements into
consideration. Percentages of feedstuffs into total
mixed ration and DM intake of beef cattle were given
Table 1. Water was provided ad libitum to all animals.
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Table 1.Percentages of feedstuffs into total mixed ration and DM intake of beef cattle

Days of fattening study

0-70™ days 71-120™ days

%, as DM in TMR
Concentrate feed mixture 69.56 76.92
Alfalfa hay 5.76
Wheat straw 21.73 17.30

DM intake, kg/day
Wheat straw 2.00
Alfalfa hay 0.75
Concentrate feed mixture 10.00
Total TMR intake 12.00 12.75

Nutrient matter intake

CP 1309 g/day 1400 g/day
NDF 3270 g/day 3162 g/day
ME 31.2 Mcal/day 32.7 Mcal/day

DM: Dry Matter, CP: Crude Protein, NDF: Neutral Detergent Fiber

Chemical compositions of the feedstuffs used in
study were analysed in accordance with the method
specified in AOAC (2003). The contents of neutral
detergent fiber (NDF) and acid detergent fiber (ADF)
form structural fiber substances in feedstuffs were
conducted in accordance with the method specified
by Goering and Van Soest (1970) (Table 2).

measuring stick, rump height was measured with the
use of a measuring compass and chest girth was
measured with the use of a measuring tape. Withers
height (WH) is the vertical distance from the ground
to the highest point of withers; rump height (RH) is
the distance between the outer sides of Tuber ichiies;
body length (BL) is the horizontal distance from atric-

Table 2.Chemical compositions of concentrated mix feed and forages used in study

Chemical Feeds

compositions, % Concentrated mix feed Alfalfa hay Wheat straw
DM 91.16 93.35 92.85

CcP 12.40 14.83 2.22

EE 3.27 1.08 0.94

CA 5.99 9.39 543

ccC 5.75 31.09 42.79
ADF 6.07 36.51 49.81
NDF 15.14 44.48 72.11
ME, kcallkg 2770 2104 2034

DM: Dry Matter; CP: Crude Protein; EE: Diethyl Ether Extract; CA: Crude Ash; CC: Crude Cellulose; ADF: Acid
Detergent Fiber; NDF: Neutral Detergent Fiber; ADL: Acid Detergent Lignin; ME: Metabolic Energy.

Live weights of beef cattle were determined individu-
ally before morning feeding at the beginning, 30, 60,
90 and 120" (end) days of the experiments. Differ-
ence between weighing was expressed as live weight
gain and dividing by the number of days was ex-
pressed as daily live weight gain. Following the
slaughter and blood removal, head, skin, feet and
entire internal organs were separated to get carcass
weight. Carcass weight was then divided by slaughter
weight to get hot carcass dressing percentage.

Body measurements [withers height (WH), chest girth
(CG), rump height (RH) and body length (BL)] of beef
cattle were taken at the beginning and end (120™
day) of the experiments. Withers height and body
length measurements were made with the use of

ulus huneri to tuber ichii and chest girth (CG) is the
circumference measured from back of forelegs to the
level of forth rib (Brown et al., 1973).

For rumen fluid analyses, the rumen fluids were tak-
en from 12 beef cattle (6 of each breed and 3 of each
group) via stomach tube after 3 hours from feeding at
the end of the experiments. The rumen fluid samples
were preserved -20°C until the laboratory analyses.

The frozen samples were thawed at 4°C and centri-
fuged at 15000 g for 15 min using a micro-centrifuge
(Gyrozen 1524, Daejeon, South Korea). After, the
supernatants were transferred into the vials
(Chromacol, Thermo Fisher Scientific, Orlando, FL,
USA). Analysis of the VFAs was carried out using a
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gas chromatograph (TRACE™ 1300, Thermo Fisher
Scientific, Orlando, FL, USA) equipped with an auto
sampler (Al 1310, Thermo Scientific, Orlando, FL,
USA), a polyethylene glycol column (length: 60 m, i.d:
0.25 mm, film thickness: 0.25 pm) (TG-WAXMS,
Thermo Scientific, Orlando, FL, USA) and a flame
ionization detector (FID). The carrier gas was helium
at a constant flow rate of 1.5 ml/min. The injection
volume was 0.5 pl. The samples were injected with
split mode. The injection port temperature was 280°
C. Oven temperature was programmed to increase
from 160°C to 180°C at a rate 20°C/min. Air flow was
350 ml/min, and hydrogen flow was 35 ml/min. The
temperature of FID detector was 300°C. Oven run
time was 10 min. The concentrations of VFAs ex-
pressed as mmol/l were identified using a Xcalibur
software programme (Thermo Scientific, Orlando, FL,
USA). The concentrations of VFA [VA: valeric acid,
IBA: iso-butyric acid, IVA: iso-valeric acid, PA: Propi-
onic acid, BA: Butyric acid, AA: Acetic acid, TVFA:
total volatile fatty acids] were given as mmol/L
(Ersahince and Kara, 2017).

Total number of ciliated protozoan and generic com-
position were determined in accordance with the pro-
cedures specified in Dehority (1084). Fermentation
liquid (0.1 ml) was fixed with 0.9 mL methyl green-
formal-saline solution [100 ml formaldehyde (35 %),
900 ml distilled water, 0.6 g methyl green and 8.0 g
NaCl]. Total number of ciliated protozoan and generic
composition of diluted samples were determined with
the use of large-bore pipette, Sedgewick Rafter lam
and a microscope (Nikon Eclipse E-100, Holland).
The following equation was used to calculate the
number of protozoa in the rumen fluid: the numbers
of cells in cm® (ml): 1000 x counted cells/counted
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and the percentage of protozoa was calculated. Total
number of bacteria was analysed with the use of a
spectrophotometry (T80+UV/VIS Spectrophotometer,
PG Instruments Ltd UK) (Kara et al., 2017).

Experimental data were subjected to variance analy-
sis in accordance with repeated measures design.
The difference between the control and experimental
groups was analysed by one-way ANOVA test. Anal-
yses were conducted in accordance with General
Linear Model (GLM) procedure of SPSS (22.0) soft-
ware by taking the Least Square Means (LSM) into
consideration. Significance of number of bacteria,
protozoa and volatile fatty acids were assessed
through the use of Mann-Whitney U test. Since num-
ber of bacteria did not exhibit a normal distribution,
relevant data were subjected to Log,o transformation.
Summary data are presented as meanzstandard
error.

Results

Live weights (kg) and daily live weight gains (kg) of
each breed for different periods are provided in Table
3. The differences in live weights of the groups were
found to be significant on 30, 60 and 90" days of SIM
breed (P<0.05), but insignificant in LIM breed
(P>0.05). In SIM breed, live weights in on 30, 60 and
90"days were respectively measured as 540.33 kg,
574.11 kg and 606.22 kg in control group and as
579.40 kg, 623.90 kg and 660.50 kg in DL-malic acid
group (Table3). In SIM breed, live weights on 120"
day of experimental groups were not found to be sig-
nificant, but DL-malic acid group had a greater value
than the control group (691.10 kg vs 635.44 kg)
(Table3).

Table 3.Live weights and daily live weight gains of beef cattle fed with ration including malic acid

Live weight, kg Breeds
Simmental Limousine

Control DL-Malic Acid Control DL-Malic

(n=9) (n=10) P (n=16) Acid (n=12) P
Initial (0) 488.56+12.48  529.40+15.77 0.181 529.38+12.24  505.67+11.87 0.913
30" day 540.33+11.13  579.40+16.93 0.031 579.40+12.64  550.92+11.40 0.905
60" day 574.11+£10.87  623.90+18.40 0.021 611.38£11.92  594.25+14.12 0.544
90" day 606.22+11.23  660.50+19.47 0.031 641.13+11.38  620.33+14.59 0.460
120" day 635.44+12.98 691.10+18.30 0.075 669.31£10.13  652.25+15.80 0.296
Daily live weight gain, kg
0-30" days 1.724+0.124 1.667+0.133 0.436 1.644+0.109 1.508+0.098 0.373
30-60" days 0.992+0.103 1.309+0.144 0.302 0.961+0.059 1.273+0.110 0.112
60-90" days 0.893+0.078 1.017+0.089 0.314 0.827+0.090 0.725+0.085 0.177
90-120" days 0.712+0.150 0.745+0.072 0.029 0.687+0.082 0.779+0.077 0.917
0-120™ days 1.041+0.073 1.147+0.051 0.313 0.992+0.046 1.0394£0.049 0.911

total square x dilution x volume (Yildiz, 2001). Proto-
zoa identification was made using figures determined
by Ogimoto and Imai (1981). Protozoa species were
counted up to 100 in the rumen fluid taken on the lam
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The differences in daily live weight gains (kg) of the
groups were found to be significant on 90-120" day
of SIM breed (P<0.05), but insignificant in all periods
of LIM breed (P>0.05) (Table3). In SIM breed, daily
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live weight gains between 90-120" days was meas-
ured as 0.712 kg in control group and as 0.745 kg in
DL-malic acid group. Animal body measurements
(cm) at the beginning and end of the experiments are
provided in Table 4. The differences in body meas-
urements of the groups were not found to be signifi-
cant in both breeds (P>0.05). The values for carcass
traits of the groups are provided in Table 5. The dif-
ferences in carcass weights of the groups at the end
of fattening period were found to be significant in SIM
breed (P<0.05) and the values in control and DL-
malic acid groups were respectively measured as

Berrin KOCAOGLU GUGLU

374.27 kg and 417.20 kg. The differences in slaugh-
ter weight and carcass dressing percentage of the
groups were not found to be significant in both
breeds (P>0.05).

The count of bacteria in rumen fluids of the animals
are provided in Table 8 and number of protozoa are
provided in Table 6. The differences in number of
bacteria and protozoa in rumen fluids of the groups
were not found to be significant in both SIM and LIM
breeds (P>0.05).

Table 4.Body measurements at the beginning and end of the experiments of beef cattle fed with ration includ-

ing malic acid

Initial (1) and final (2) body measurements (cm)

Simmental Limousine
Control DL-Malic Acid Control DL-Malic Acid
(n=9) (n=10) P (n=16) (n=10) P
WH-1 128.56+1.51 127.50+1.27 0.840 127.94+1.85 127.25+1.80 0.873
WH-2 137.33+0.79 138.50+1.04 0.607 137.88+1.30 1350.5+2.02 0.205
CG-1 185.44+1.86 189.10+2.46 0.205 194.62+2.36 187.25+1.93 0.710
CG-2 197.67+1.42 203.90+1.98 0.695 201.75+1.03 194.67+5.62 0.065
RH-1 61.89+1.34 57.10+1.61 0.710 63.31+1.07 55.00+1.57 0.397
RH-2 65.89+1.73 75.20+1.22 0.147 67.31£1.17 71.67+1.40 0.944
BL-1 106.89+1.73 112.80+2.20 0.132 108.44+1.13 111.08+1.66 0.166
BL-2 138.44+2.32 140.70+1.53 0.084 137.31+£1.03 141.75+1.24 0.952
WH: Withers Height; CG: Chest Girth; RH: Rump Height; BL: Body Length.
Table 5. Carcass traits of beef cattle fed with ration including malic acid
Carcass Simmental Limousine
performance Control DL-Malic Acid Control DL-Malic Acid
(n=9) (n=10) P (n=16) (n=10) P
CW (kg) 374.27+8.91 417.20+£13.13 0.049 398.29+7.19 390.10+10.41 0.449
SW (kg) 582.57+12.31 633.97+17.01 0.062 615.204£9.40 600.07£14.54 0.315
CDP (%) 64.22+0.20 65.74+0.32 0.083 64.71+0.30 64.97+0.21 0.271

CW: Carcass weight; SW: Slaughter Weight, DP: Carcass Dressing Percentage.

Table 6. Number of ciliated protozoa and total bacteria in rumen fluids of beef cattle fed with ration including

malic acid
Simmental Limousine
DL-Malic Acid DL-Malic Acid
Number of protozoa 0 g/day 30 g/day P value 0 g/day 30 g/day P value
Total ruminal bacteria 9.57+0.02 9.55+0.05 0.886 9.52+0.03 9.51+0.02 0.798
count
Percentages of individual ciliated protozoa in total ciliated protozoa in rumen fluid
Entodinium (%) 0.44+0.01 0.40+0.00 0.057 0.42+0.01 0.45+0.03 0.505
Isotricha (%) 0.29+0.02 0.31+0.01 0.486 0.30+0.01 0.28+0.02  0.328
Dasytricha (%) 0.26+0.01 0.2710.01 0.686 0.26+0.01 0.26+0.01 1.000
Diplodinium (%) 0.02+0.00 0.02+0.00 1.000 0.02£0.00 0.0240.00 0.574
Number of ciliated protozoa in rumen fluid
Entodinium (10%/ml) 2.08+0.13 2.25+0.21 0.686 2.35+0.18 1.9840.28 0.574
Isotricha (10%/ml) 1.35+0.10 1.75+0.15 0.114 1.68+0.17  1.29+0.21 0.328
Dasytricha (10*/ml) 1.25+0.10 1.50+0.17 0.486 1.4310.10 1.19+0.21 0.195
Diplodinium (10°/ml) 0.85+0.10 1.00+0.08 0.343 0.96+0.11 0.80+0.14  0.382
Total ciliated protozoa 4.76+0.23 5.60+0.53 0.343 5.55+0.44  4.53+0.70 0.328
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It was determined that the addition of malic acid did
not make any difference on the organic acid profile
(valeric acid, iso-valeric acid, iso-butyric acid, propi-
onic acid, butyric acid, acetic acid, total volatile fatty
acids) in the rumen fluid of LIM and SIM beef cattle
(P>0.05). On the other hand, when the effect of add-
ing malic acid to the total of fattening cattle is com-
pared; the addition of malic acid increased the molari-
ties of acetic, butyric, propionic and total volatile fatty
acids and AA/PA ratio in the rumen fluid (P<0.05).
Molarities of valeric, iso-valeric and iso-butyric acids
in the rumen fluid did not change with the addition of
malic acid to beef cattle rations (P>0.05) (Tables 7
and 8). When comparing the percentage ratios of
individual volatile fatty acids in TVFA in the rumen
fluid, it was found that the percentage of acetic acid
increased with the addition of malic acid; However, it
was determined that the percentages of iso-butyric,
iso-valeric and propionic acid in TVFA were de-
creased (P<0.05) (Table 8).
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Discussion and Conclusion

In present study, effects of DL-malic acid supplemen-
tations (30 g/day per animal) into beef cattle diets on
fattening performance, dressing percentage and ru-
men parameters were investigated. Previous re-
searchers experimented different daily malic acid
supplementation ratios (Alferez et al., 1978; Stullcup,
1979; Wang et al., 2009). The effects of DL-malic
acid supplementation on live weights of LIM breed
(combined vyield breed) were found to be significant
on 30, 60 and 90™ days and effects on daily live
weight gains were found to be significant on 90-120"
days period. However, such effects were not found to
be significant in LIM breed (meat yield breed) in SIM
breed, average live weights on 30, 60 and 90" days
were greater in DL-malic acid group than the control
group. Live weight values on 30, 60 and 90™ days
were respectively measured as 540.33+11.13 kg,
574.11+10.87 kg and 606.22+11.23 kg in the control
group and as 579.40+16.93 kg, 623.90+18.40 and

Table 7. Molarities of volatile fatty acids in rumen fluid of beef cattle

Volatile fatty acids as mmol/L in rumen fluid

MA Breed VA IBA IVA BA PA AA TVFA

0 Simmental 0.77£0.11  0.6840.02  1.03+0.04 6.86+0.17 26.28+0.36 62.94+0.56  98.57+3.26

g/day Limousine 0.89+0.08 0.70+0.02  1.09+0.03  7.06+0.12 26.71+0.25 64.21+0.39  100.52+2.59

30 Simmental 0.88+0.11  0.68+0.02  1.04+0.03  8.13+0.14 29.51+0.27 76.28+0.51 116.53+3.26

g/day Limousine 0.90+£0.09  0.67+0.01 1.01+0.05 7.53+0.11 27.57+0.29 73.62+0.42  111.32+2.59

Breed Simmental 0.82+0.07  0.68+0.01 1.03+0.04 7.50+0.13 27.89+0.31 69.61+0.49  107.55+2.59
Limousine 0.89+0.06  0.69+0.02  1.05+0.03  7.30+0.14 27.14+0.32 68.92+0.51 105.92+1.83

MA 0 0.85+0.07 0.69+0.02  1.08+0.03 6.99+0.15 26.57+0.31 63.79+0.48  99.87+2.43
30 0.89+0.07 0.67+0.02  1.02+0.04 7.73+0.14 28.21+0.32 74.51+0.47 113.06+2.24
SD 0.23 0.05 0.10 0.95 2.52 8.32 11.03

P MA 0.497 0.519 0.254 0.010 0.022 <0.001 <0.001

values Breed 0.395 0.685 0.598 0.537 0.383 0.764 0.610
MA*Breed 0.559 0.422 0.156 0.215 0.171 0.401 0.267

MA: DL-Malic Acid, VA: Valeric Acid, IBA: Iso-butyric Acid, IVA: Iso-valeric Acid, PA: Propionic Acid, BA: Butyric
Acid, AA: Acetic Acid, TVFA: Total Volatile Fatty Acids.

Table 8. Molarities of volatile fatty acids in rumen fluid of beef cattle

Volatile fatty acids as % in TVFA

MA Breed VA IBA IVA BA PA AA AA/PA
0 Simmental 0.7840.12  0.69+#0.02 1.05+0.03 6.96+0.16  26.70+0.31  63.80+0.48 2.39+0.04
g/day Limousine 0.90+0.08  0.71#0.01  1.11+x0.04 6.99+#0.14 26.61+0.28  63.86+0.45 2.41£0.05
30 Simmental 0.76+0.11 0.59+0.02 0.89+0.03 7.00+£0.15 25.37+0.29  65.38+0.50 2.58+0.04
g/day Limousine 0.82+0.12  0.60+0.02  0.90+0.04 6.77+0.11  24.74+0.30  66.14+0.49 2.68+0.05
Breed Simmental 0.77+0.10  0.64+#0.01 0.97+0.03 6.98+0.14  26.03+0.30  64.59+0.50 2.48+0.06
Limousine 0.86+0.11 0.65+£0.02  1.00+0.04 6.88+#0.14  25.68+0.32  65.00+0.55 2.54+0.05
MA 0 0.86+0.12  0.70+0.02  1.09+0.04 6.98+#0.15 26.64+0.30  63.84+0.52 2.40+0.05
30 0.80+0.12  0.60+0.02 0.90+0.04 6.85+0.14  24.95+0.31 65.89+0.53 2.65+0.06
SD 0.26 0.08 0.16 0.57 1.48 2.13 0.22
P MA 0.567 <0.001 0.001 0.652 0.001 0.008 0.002
values  Breed 0.340 0.554 0.481 0.641 0.427 0.549 0.399
MA*Breed 0.743 0.925 0.601 0.549 0.541 0.608 0.563

MA: DL-Malic Acid, VA: Valeric Acid, IBA: iso-Butyric Acid, IVA: iso-Valeric Acid, PA: Propionic Acid, BA: Butyric

Acid, AA: Acetic Acid, TVFA: Total Volatile Fatty Acids
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660.50+19.47 kg in DL-malic acid group. In SIM
breed, daily live weight gains on 30-60, 60-90, 90-
120 and 0-120" days periods were greater in DL-
malic acid group than in the control group, but the
differences only in daily live weight gain of 90-120™
day period were found to be significant. Relevant
value was measured as 0.712+0.150 kg in the control
group and as 0.745+0.072 kg in DL-malic acid group.
Present findings for SIM breed comply with the find-
ings of previous studies (Rossi and Vandoni, 2009).
Contrary to present findings, Foley et al. (2009) work-
ing on feed consumption and performance traits of
beef cattle indicated that malic acid supplementations
into beef cattle diets negatively influenced feed con-
sumptions and fattening performance. It was reported
in similar previous studies conducted on calves
(Seanson and Skullcap, 1984; Castillo et al., 2004)
that malic acid supplementations into rations in-
creased daily live weight gains and feed conversion
ratios.It was reported in another study conducted on
beef cattle (Martin et al., 1999) that malate supple-
mentations into animal diets increased daily live
weight gains and feed conversion ratios and im-
proved fattening performance. Hackett et al. (1995)
investigated the effects of post-partum 70 g per ani-
mal malic acid supplementations and reported that
malic acid supplementations did not influence condi-
tion scores and live weights of the cows and birth
weight and live weight gains of the calves. It was
reported in previous studies conducted on lambs
(Carro and Ranilla, 2003) that malic acid supplemen-
tation into high concentrate feed-containing lamb
diets did not have significant effects on feed con-
sumption, feed conversion and digestibility (CP, OM,
ADF, NDF digestibility). Montafio et al. (1999) supple-
mented high concentration fattening finishing feeds
with 80 g/day per animal and reported that malic acid
supplementation balance rumen pH without any neg-
ative effects on digestion of ruminal nutrients (starch,
fiber or protein) or microbial growth. Sniffen et al.
(2006) indicated that malate supplementation into
rumen through a cannula increased milk yield, but did
not have significant effects on nutrient digestibility.
Wang et al. (2009) supplemented Holstein dairy cows
with 70, 140 and 210 g per animal malic acid and
indicated that malic acid supplementations did not
influence milk composition and nutrient consumption.
It was also reported that malic acid supplemented
groups had lower non-esterified fatty acids, beta-
hydroxybutyrate and urea ketone contents and malic
acid supplementations had positive effects on nutri-
ent digestibility and energy use.

In present study, for SIM breed, DL-malic acid group
had greater carcass weight, pre-slaughter live weight
and dressing percentage (warm) values than the con-
trol group. However, differences only in carcass
weights were found to be significant. On the other
hand, for LIM breed, differences in these carcass
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traits were not found to be significant. It was reported
in previous studies conducted on lambs (Ster and
Kocabagli, 2018) that malic acid supplementations
did not have significant effects on animal perfor-
mance and dressing percentages.

The differences in number of bacteria and protozoa in
rumen fluids of the control and DL-malic acid groups
were not found to be significant in both SIM and LIM
breeds. Martin (1998) indicated that organic acids
(malate and fumarate) increased lactic acid utilization
capability of S. ruminantium as source of carbon and
energy, in other words, removed lactic acid from the
ambient through metabolization and thus prevented
oxidase formation. Malic acid was indicated as the
most efficient organic acid. It was reported that formic
acid supplementation (0.7%) into rations reduced
number of lactobacillus bacteria, coliform bacteria
and yeasts (Canibe et al., 2001); potassium diformate
salts (1.8%) and formic acid supplementations into
the rations did not have significant effects on lactoba-
cillus bacteria, but had significant effects on the other
bacteria (Dibner and Buttin, 2002).

In the study, the molarity of TVFA in the rumen fluid
of fattening cattle was at a level similar to the refer-
ence values (Kara, 2021). One of the volatile fatty
acids, which are the end products of carbohydrate
fermentation in the rumen, acetic acid rises with the
increase of fermentation of structural carbohydrates
(neutral detergent fiber, acid detergent fiber and other
dietary fiber components) (NRC, 1996). In the pre-
sented study, the increase in acetic acid molarity with
the addition of malic acid to the ration shows that
malic acid has a positive effect on rumen fermenta-
tion. In addition, propionic acid and butyric acid in-
crease in correlation with the increase in the fermen-
tation level of starch and other digested nutrients in
the rumen (NRC, 1996). The increase in the propion-
ic and butyric acid molarity of malic acid with dietary
malic acid shows that malic acid has a positive effect
on the ruminal fermentation of the feed. In the study,
the ratios of iso-valeric and iso butyric acid in rumen
fluid decreased with the addition of malic acid to the
ration. Kara (2015) stated that iso-valeric acid con-
centration in the organic acids of the silage was de-
creased with maleic acid addition to silage. Cong et
al. (2009) stated that malic acid supplementation (70
g, 140 g and 210 g) to SIM rations beef ration in-
creased TVFA concentration and decreasing ruminal
pH, acetate, propionate in rumen fluid. It was report-
ed by the same researchers in an in vitro study on
ruminants that 100 g malic acid supplementation into
the ration and additional 50 g malic acid supplemen-
tation at the middle of the day did not influence VFAs,
but 50 g malic acid increased microbial N production
and efficiency, thus indicated that daily supplementa-
tion of 50 g malic acid positively influenced rumen
fermentation and microbial population. In another
study, Nisbet and Martin (1990) indicated that malic
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acid activated in vitro DL-lactic acid utilization and
increased pH, total VFA and propionate percentage
in rumen fluid. Mohammed et al. (2004) reported that
malate supplementation into the ruminant diets in-
creased ratios of propionic acid and total VFA. It was
indicated in a previous study conducted on lambs
(Kung et al., 1982) that malic acid supplementations
influenced acetic and butyric acid quantities produced
in rumen. In the study, the positive effect of malic
acid on rumen fermentation is similar to previous
studies.

Consequently, DL-malic acid supplementation (30 g/
day) to beef cattle ration varied with the cattle breeds
in terms of fattening performance, while such supple-
mentations had positive effect on fattening in Sim-
mental breed. Besides, the increase in molarities of
TVFA and acetic, propionic and butyric acids, which
are indicators of fiber and carbohydrate fermentation
efficiency in the rumen, shows that malic acid has a
positive effect on feed digestion in the rumen.
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Oz: Bu calisma, yumurtaci tavuk rasyonlarina farkli oranlarda karahindiba ( Taraxacum officinale) ekstresi (KHE) ilave-
sinin performans ve yumurta ig-dis kalite parametrelerine etkisini belirlemek amaciyla yuritiimastir. Calismada 22
haftalik yasta, 96 adet yumurtaci Atak-S tavuk kullaniimistir. Tavuklar, her biri alti alt gruptan olusan doért gruba ayril-
mis ve her alt grupta dort tavuk olacak sekilde dizenlenmistir. Calisma 90 gunlik periyotta yuritilmustir. Calisma
suresince kontrol grubu bazal yem, deneme gruplari ise bazal yeme sirasiyla, %0.30, %0.60 ve %0.90 oraninda KHE
eklenen yemlerle beslenmistir. Yumurta verimi bakimindan gruplar arasinda anlamli bir farklilik bulunmamakla birlikte
(P>0.05), KHE igeren yemlerle beslenen gruplarda galisma sonu ortalama yumurta veriminin kontrol grubuna gore
rakamsal olarak daha ylksek oldugu belirlenmistir. Yem tiketimi, yemden yararlanma orani, canli agirlik ve yumurta
sari rengi ortalamalari bakimindan gruplar arasinda anlamli bir farklilik tespit edilmemistir (P>0.05). Calismada %0.90
KHE igeren grupta yumurta agirhidinin kontrol grubuna goére énemli oranda yiksek oldugu saptanmistir (P<0.05). Yu-
murta kabuk kalinhgi da %0.30 ve %0.60 KHE iceren gruplarda 6nemli oranda artmistir (P<0.05). Sonug olarak; yu-
murta tavuklarinda KHE’sinin yumurta kalitesi tizerine olumlu etkiye sahip olabilecegi ve bu konuda daha fazla ¢alisma
yapilmasi gerektigi kanaatine variimistir.

Anahtar kelimeler: Karahindiba, performans, yumurta kalitesi, yumurtaci tavuk

Effect of Dandelion Extracts Supplementation to Laying Hen Diet on Performance and Egg Quality
Abstract: This study was carried out to determine the effect of adding different ratios of dandelion ( Taraxacum offici-
nale) extract (KHE) to layer hen rations on performance and egg internal-external quality parameters. In the study, 96
layer Atak-S hens at the age of 22 weeks were used. Chickens were divided into 4 groups, each consisting of six sub-
groups, and arranged in a way to have four chickens in each subgroup. The study was conducted over a period of 90
days. During the study, the control group was fed with basal feed, and the experimental groups were fed with feeds
with 0.30%, 0.60% and 0.90% KHE added to the basal feed, respectively. Although there was no significant difference
between the groups in terms of egg production (P>0.05), it was determined that the average egg production at the end
of the study was numerically higher in the groups fed with KHE-containing feeds compared to the control group. There
was no significant difference between the groups in terms of feed consumption, feed conversion ratio, live weight, egg
yolk colour averages (P>0.05). In the study, it was determined that egg weight in the groups containing 0.90% KHE
was significantly higher than the control group (P<0.05). Egg shell thickness were also significantly increased in 0.30%
and 0.60% KHE containing groups (P<0.05). It was concluded that dandelion extract has a positive effect on egg quali-
ty in laying hens and more studies should be done on this subject.

Keywords: Dandelion, egg quality, laying hens, performance

Girig cl tavuk yetigtiriciliginde, hayvan sagligini korumak,

performansi arttirmak ve hayvansal Urunlerin kalitesi-
Saglikli ve kaliteli bir hayat icin yeterli oranda hayvan- ni olumlu yénde etkilemek adina yapilan galismalarin
sal protein kaynaklarinin  tiketilmesi gereklidir. énemi de tartisilamazdir. Son yillarda alternatif yem
Onemli hayvansal protein kaynaklarindan biri olan katki maddesi olarak bitki ekstratlari ve aromatik bitki-
yumurta, insanlarin ézellikle de dustik gelirli toplumla- ler de probiyotik, prebiyotik, organik asitler gibi dogal
rin saglikh ve dengeli beslenmesinde vazgecilmez bir  ve giivenli yem katki maddeleri olarak degerlendiril-
konumuna sahiptir. Bu baglamda Dinyada onemli bir - mektedir (Kahraman, 2009). Fitobiyotikler veya aro-
hayvansal tretim kaynagi olarak yerini alan yumurta- matik bitkiler olarak da adlandirilan fitojenik yem katki

maddeleri (PFA'lar), bitkilerden elde edilen ve verimli-
ligi artirmak i¢cin hayvan yemlerine dahil edilen dogal
biyoaktif bilesiklerdir. Cok sayida bitki ve drlnleri bu
kategoriye girmektedir. Kékenlerine (bitkinin bir par-
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casl) gore otlar (yaprak ve giceklerin kullanildigi ¢i-
cekli, odunsu olmayan, kalici olmayan bitkiler) veya
baharatlar (yogun tat veya kokuya sahip tohumlar,
meyveler, kabuk veya kdék dahil bitkilerin yaprak ol-
mayan kisimlari) olarak siniflandiriimaktadirlar. Kati,
kurutulmus ve 6gutilmis formda veya ekstrakt olarak
kullanilabilifler. Karahindiba (Taraxacum officinale)
bitkisi de ¢esitli hastaliklarin tedavisi icin eski ve gun-
cel tipta yaygin olarak kullanilan bitkilerden biridir
(Hu, 2018; Li ve ark., 2020). Karahindibanin terapétik
kullanimina iligkin ilk bilgiler 10. ve 11. yuzyillarda
Arap doktorlarin karaciger ve dalak hastaliklari icin
kullanmalariyla ortaya ¢ikmistir (Kroeber, 1950; Fa-
ber, 1958; Sweeney ve ark., 2005). Yabani bir ot ola-
rak bilinen yetistiriciligi yapilmayan ancak eskiden
beri kdk ve taze yapraklari degisik amaclarla kullani-
lan, canli metabolizmasi i¢in énemli bir bitkidir. Kok
kisimlari; fenolik asit, glikozit, tanen, tripenten, indlin,
potasyum, yapraklari; lif, demir, magnezyum, fosfor,
kalsiyum, cicekleri ise lavulin, saponin ve ksantofil
ihtiva eder (Gallaher ve ark., 2006; Karakus ve ark.,
2017). Karahindiba, %1.5 lipid igermektedir. Mineral
icerigi zengin olup, demir (Fe), sodyum (Na), mag-
nezyum (Mg), kalsiyum (Ca), cinko (Zn), bakir (Cu)
ve yilksek oranda potasyum (K) icermektedir. Ozellik-
le kuru yapraklardaki K oraninin kuru madde de (KM)
%45’i astig tespit edilmistir (Bruneton, 1995; ESCOP
Monographs, 2003; Schiitz ve ark., 2006; Harrington
ve ark., 2006; WHO Monographs, 2001; Jassim ve
ark., 2012; Khan ve ark., 2012). Turan (2014) kara-
hindibanin kék kisimlarinin yazin yiuksek oranda inu-
lin igerirken; kisin lavulin igerdigini bildirmesine kargin
bazi calismalarda sonbaharda koklerin %40, ilkba-
harda %2 indlin igerdigi bildiriimektedir (ESCOP Mo-
nographs, 2003; Schiitz ve ark., 2006). Broyler karma
yemlerine %0.5 oraninda karahindiba yapragi veya %
1 oraninda ¢emen tohumunun tek basina veya kom-
bine ilave edilmesinin, etlik piliclerin canh agirhiginda
ve yemden yararlanma oraninda iyilesme sagladigi
kaydedilmistir (Qureshi ve ark., 2015). Ote yandan
Oh ve ark. (2007), broyler yemlerine %1 karahindiba
veya %0.5 karahindiba ve %1 fermente probiyotikle-
rin katkisinin canli agirhk, canl agirlik artisi, yem
tuketimi ve yemden yararlanma gibi performans para-
metrelerini 6nemli oranda etkilemedigini, kan koleste-
rolinu disirdiginu ve etin oleik asit miktarini arttir-
digini saptamiglardir. Noor ve ark. (2021) broyler
yemlerine farkli seviyelerde (%1, %1.5 ve %2) kara-
hindiba yapragi tozu katilmasinin canli agirlik artigin-
da iyilesme ve yem tiketiminde azalmaya neden
oldugunu tespit etmislerdir.

Bu c¢alismanin amaci, yumurta tavugu karma yemleri-
ne %0.30, %0.60 ve %0.90 oranlarinda katilan kara-
hindiba ekstresinin canli agirlik, yem tiketimi, yem-
den yararlanma orani gibi performans parametreleri
ile yumurta agirhgi, Haugh birimi, kabuk kalinligi, sari
rengi, yumurta 6zgul agirigi gibi yumurta kalitesi pa-
rametrelerine etkisini degerlendirmektir.
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Gereg ve Yontem

Bu calisma, Erciyes Universitesi, Tarimsal Arastirma
ve Uygulama Merkezinde (ERUTAM) Haziran-Eylul
aylarinda yuratildid. Arastirma baglamadan Once
Erciyes Universitesi Hayvan Deneyleri Yerel Etik ku-
rulundan gerekli izin alindi (Karar No: 20/148; Tarih:
04/11/2020).

Calismada hayvan materyali olarak, piyasadan temin
edilen, 22 haftalik yasta 96 adet, Atak-S yumurtaci
genotipleri kullanildi. Tavuklar iki haftalik adaptasyon
déneminden sonra denemeye alindi. Calismanin iki
hafta sliren adaptasyon déneminde tavuklarin gunlik
yumurta verimleri kaydedilerek hayvanlar benzer
yumurta verimi ve benzer canl agirliga sahip olacak
sekilde deneme gruplarina tesadifi olarak dagitildi.
Tavuklar, her alt grupta dért tavuk bulunan alti tekrarl
dort gruba ayrilarak, 1si, i1sik gibi ¢cevre kosullarindan
ileri gelebilecek etkilesimleri ortadan kaldiracak sekil-
de kafeslere vyerlestiriidi. Denemede yaklasik
50x50x60 cm ebatlarindaki bélmelerden olusan yu-
murtaci tavuk kafesleri kullanildi. Kimeste ortam
sicakligi (ortalama 23-25 °C’de) ve aydinhgi (16 saat
aydinlik + 8 saat karanlik) i¢in standart sartlar saglan-
di. Calismada, kontrol grubu 1. dénem kafes yumur-
taci tavuk yemi [%17 Ham protein (HP), ve 2795 kcal/
kg metabolik enerji (ME)], ile deneme gruplari ise
kontrol grubu yemine %0.30, %0.60 ve %0.90 oranin-
da karahindiba ekstrakti eklenen yemlerle beslendi.
Calismanin basinda ve sonunda tim tavuklar tek tek
tartilarak canli agirliklari ve aralarindaki fark hesapla-
narak canh agirlik degisimleri kaydedildi. Calisma
suresince her iki haftada bir ayni saatte kafes dnlerin-
deki kalan yemler toplanarak tartildi ve kaydedildi.
Verilen yem miktarindan kalan yem miktari ¢ikarila-
rak tiketilen yem miktari ve ginlik ortalama yem
tuketimleri belirlendi. Calismada iki haftada bir iki giin
Ust Uste ayni saatte toplanan yumurtalar tartilarak
ortalama yumurta agirlidi belirlendi. Her bir kg yumur-
ta Uretimi icin tiketilen yem miktarindan yemden ya-
rarlanma orani hesaplandi. Calismada ayda bir her
grubun alt gruplarindan esit sayida alinan yumurtalar-
da; yumurta analiz cihazi (Egg Analyzer: Orka tech-
nology Ltd., info@orkatech.com, ABD) ile yumurta
agirhgi, Haugh birimi ve renk skalasi, Arsimet meto-
du ile yumurta 6zgiil agirliklan (g/cm®) (Hempe ve
ark., 1988; Thompson ve Hamilton, 1982) ve mikro-
metre (Mitutuyo corp, Japan) ile yumurta kabuk kalin-
liklari (um) belirlendi.

Deneme yemlerinin HP, ham yag (HY), ham selliloz
(HS) ve ham kil (HK) analizleri Veteriner Fakiiltesi
Hayvan Besleme ve Beslenme Hastaliklari Anabilim
Dali Laboratuarinda AOAC’de (1997) bildirilen metot-
lara gére saptandi.

Denemede kullanilan karma yem, KHE'si ve gruplara
verilen KHE’li yemlerin besin madde bilesimi Tablo 1
verildi.
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Sati Bilge KAYA

Tablo 1. Denemede kullanilan karma yem, KHE'si ve gruplara verilen KHE’li yemlerin besin madde bilesenleri

Yem HP % HY % HK % HS %
Bazal yem 17.00 4.00 12.5 4.00
KHE 10.06 0.07 11.30 0.20
KHE %0.30 17.02 4.09 12.70 4.45
KHE %0.60 17.03 4.11 12.90 5.10
KHE %0.90 17.05 4.22 13.10 5.20

HK: Ham Kiil. HP: Ham Protein. HS: Ham Seliiloz. HY: Ham Yag. KHE: Karahindiba ekstresi

Karahindiba ekstresinin indlin (HPLC-RID)
(Hadjikinova ve ark., 2017), toplam fenol tayini (gallik
asit cinsinden) (Folin-ciocalteau metodu) (Schaich ve
X-Wu, 2005), antioksidan kapasitesi (trokoloks esde-
geri cinsinden) (DPPH) (Ayaz Seyhan, 2019) toplam
flavanoid madde (epikatesin esdegeri cinsinden)
(Zhishen ve ark., 1999), gallik asit, katesin hidrat,
kafeik asit, siringik asit, p-kumarit asit, ferulik asit,
rutin hidrat, kuarsetin (UPLC) (Swartz, 2005) analizle-
ri TUBITAK Bursa Test ve Analiz Laboratuvari
(BUTAL)' nda yaptirildi.

istatistiksel Analizler

istatistiksel analizlerde, verilerin normal dagihma
uygunlugu Kolmogorov-Smirnov testi, histogram gra-
figi ve g-q grafikleri ile belirlendi. Varyanslarin homo-
jenliginin degerlendiriimesinde Levene testi kullanildi.
Bagimli iki grup arasindaki farkin ortalamasinin 6nem
kontroliinde eslestiriimis t-testi kullanildi. ikiden fazla
bagimsiz grup arasindaki farkin énem kontrollerinde
parametrik test varsayimlarini saglayan degiskenler
icin Tek yonlli varyans analizi (One-way ANOVA);
parametrik test varsayimlarini saglamayan degisken-
ler igin ise Kruskal Wallis testi kullanildi. Coklu karsi-
lastirmalar icin Tukey, Tamhane’s T2 ve Bonferroni
testleri kullanildi. Veriler Ortalama + Standart Hata
(X+SX) olarak gosterildi. Istatistiksel analizlerde R-
project (R 4.2.2) kullanildi. Anlamlilik seviyesi P<0.05
olarak kabul edildi.

Bulgular

Calismada kullanilan KHE'nin igerdidi besin madde
bilesenleri Tablo 1'de, biyoaktif bilesenleri ise Tablo
2'de verildi. Calismada kullanilan KHE’sinin 39.7

g/100 g indlin, 10.2 mg/g toplam flavonoid madde
(epikatesin esdegeri cinsinden); 48.4 mg/g toplam
fenol (gallik asit cinsinden), 59.1 mg/100 g kafeik asit;
11.4 mg/100 g katesin hidrat; 9.8 mg/100 g siringik
asit; 9.2 mg/100g p-kumarik asit; 5.6 mg/100 g fe-
rulik asit icerdigi tespit edildi.

Calisma sonu genel ortalamalar degerlendirildiginde;
canli agirlik, yem tiketimi, yemden yararlanma orani
ve yumurta veriminin gruplar arasinda anlamli bir
farkhlik géstermedigi tespit edildi (P>0.05). Ote yan-
dan KHE igeren yemlerle beslenen gruplarda yumur-
ta agirhd 6nemli oranda artti (P<0.05). En yuUksek
yumurta agirhdi ve en yiksek yemden yararlanma %
0.90 oraninda karahindiba katilan grupta belirlendi.
Yeme katilan KHE miktarinin artmasina paralel ola-
rak yumurta agirhgi ve yemden yararlanma orani da
artis gosterdi. Ayrica KHE iceren yemlerle beslenen
gruplarda galisma sonu ortalama  yumurta
verimlerinin kontrol grubuna goére rakamsal olarak
daha ylksek, yem tuketimlerinin ise daha dislk oldu-
gu belirlendi.

Yumurta kalitesi parametrelerinden; yumurta kabuk
kalinligi, Haugh birimi ve yumurta 6zgil agirhd: baki-
mindan gruplar arasinda farkhlik istatistiki olarak
onemli bulundu. Yumurta kabuk kalinhgi, %0.30 ve %
0.60 KHE igeren gruplarda kontrol grubuna goére
dnemli oranda artis gosterdi (P<0.05). Ote yandan
Haugh birimi bakimindan KHE iceren gruplar ile kont-
rol grubu arasinda anlamh bir farkhlik bulunmazken,
%0.30 KHE igeren grupta Haugh biriminin %0.60 ve
%0.90 KHE gruplarina gére 6énemli oranda dusik
oldugu tespit edildi (P<0.01). Yumurta 6zgll agirhgi
ise %0.60 KHE igeren grupta %0.90 KHE igeren gru-
ba gore 6nemli oranda yiksek bulundu (P<0.05).

Tablo 2. Calismada kullanilan karahindiba ekstresinin biyoaktif madde bilesenleri

Analiz Adi/Birimi Miktari
Antioksidan kapasitesi (Troloks egsdegeri cinsinden) 58.7 114.7
Kafeik asit (mg/100g) 59.1
Toplam fenol (Gallik asit esdegeri cinsinden) mg/g 48.4
iniilin (g/100g) 39.7
Rutin hidrat (mg/100g) 28.7
Katesin hidrat (mg/100g) 114
Toplam flavonoid madde (Epikatesin esdegeri cinsinden)(mg/g) 10.2
Siringik asit (mg/100g) 9.8
p-Kumarik asit(mg/100g) 9.2
Ferulik asit (mg/100g) 5.6
Kuarsetin (mg/100g) 24
Gallik asit (mg/100g) 1.0
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Calisma sonu genel ortalamalara goére en yiksek
Haugh birimi, kabuk kalinhgi ve yumurta 6zgul
agirhgr %0.60 oraninda KHE igeren grupta belirlendi
(Tablo 3).
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ca sindirime ve emilime katkilari yaninda bagisiklik
§istemini de gyarmaktadlrlar (Kolida ve ark., 2002;
Ustiindag ve Ozdogan, 2017).

Literatiirde, hindiba kokinin 35.7-47.6 g/100 g, cig

Tablo 3.Karahindiba ekstresinin performans ve yumurta kalitesine etkisi

Kontrol Grubu %0.30 KHE %0.60 KHE %0.90 KHE P degeri

(X£S%) (X£S%) (X£S%) (X£S%) g
Deneme 1854.00+32.64  1778.92+31.09  1829.96+32.34  1794.42+32.52 0.346
sonu canli
agirhk
Yumurta 87.55 +3.53 90.82+2.08 91.02+0.90 89.04+1.3 0.593
verimi (%)
Yem tiiketimi 121.244+1.73 120.7+2.2 119.5+1.14 120.78+1.1 0.886
(9)
Yemden 2.15+0.04 2.11+0.05 2.07+0.03 2.050.03 0.294
yararlanma
orani
Yumurta agir- 56.78+0.442 57.52+0.49% 58.27+0.72% 59.24+0.44° 0.025
hgi(g)
Yumurta 34.86+0.31° 36.00+0.28° 36.050.25° 35.30+0.31% 0.010
kabuk
kalinhgi(pm)
Haugh birimi 65.3+1.47%° 62.38+1.442 69.56+1.4° 68.68+1.42° 0.003
Ozgiil agirlik 1.0821+0.00ab 1.0817+0.00ab 1.0843+0.00b 1.0797+0.00a 0.001
Sari rengi 8.57+0.14 8.58+0.18 8.41+0.19 8.82+0.12 0.217

KHE: Karahindiba ekstresi. X:Ortalama. SX:Standart hata.

arasindaki farklilik dnemlidir.
Tartisma ve Sonug

Calismada kullanilan karahindiba (Taraxacum offici-
nale) bitkisinin gicek salkimlari, yapraklari ve kokleri
gida amacl olarak da kullanilabildigi gibi gerek besin
madde igerigi gerekse igerdigi fitokimyasallar nedeni
ile farmasotik amach olarak da kullaniimaktadir. Ka-
rahindiba bitkisinin icerdigi flavanoid ve fenolik bile-
sikler dolayisi ile antioksidan, infertilite, hepatoprotek-
tif, antiinflamatuar, antitimoral, koleretik, diliretik ve
antiromatizmal etkilerinin oldugu bildirimektedir. Ote
yandan karahindiba k&klerinin bol miktarda inulin
icermesi bitkiye prebiyotik 6zellik kazandirmaktadir.
Kanatl sektoriinde kullanilan en yaygin prebiyotikler;
inllin, frukto oligosakkaritler (FOS), mannan oligo-
sakkaritler (MOS), galakto oligosakkaritler (GOS),
soya-oligosakkaritleri (SOS), ksilo oligosakkaritler
(KOS), pirodekstrinler, iso-malto oligosakkaritler
(IMO), stakiyoz ve oligokitosandir. inilin ticari olarak
da hindiba koéklerinden elde edilmektedir (Yabanci,
2010). Kolonda bulunan Lactobacillus spp. ve Bifido-
bacterium spp.’nin oligofruktoz ya da indlini diger
prebiyotiklere gbére daha kolay fermente edebildigi
bildiriimektedir. Bu fermantasyon sonucu olusan kisa
zincirli yag asitleri ve laktat ortam pH’sinin asidik ol-
masini saglamaktadir. Asidik ortam patojen mikroor-
ganizmalarin lremesini engelleyerek (Asan ve Oz-
can, 2006; Sezen, 2013) probiyotik bakterilerin de-
vamlihgini saglamakta ve B vitamini gibi vitaminlerin
sentezini sitimule etmektedir (Cetinkaya, 2019). Ayri-
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(P>0.05). ®°: Ayni satirda farkl harf tasiyan degerler

taze karahindiba (yenilebilir tim kisimlar) ise 12.0-
15.0 g/100g arasinda inilin igerdigi bildiriimekte olup
bu calismada kullanilan KHE’sinin 39.7 g/100 g indlin
icerdigi saptanmistir (Yabanci, 2010). Sunulan ¢alis-
mada kullanilan KHE’sinin 10.2 mg/g toplam flavo-
noid (epikatesin esdegeri cinsinden); 48.4 mg/g top-
lam fenol (gallik asit cinsinden), 59.1 mg/100g kafeik
asit; 11.4 mg/100 g katesin hidrat; 9.8 mg/100 g sirin-
gik asit; 9.2 mg/100 g p-kumarik asit; 5.6 mg/100 g
ferulik asit icerdigi tespit edilmistir. Yildinm (2018)
Turkiye'de yetistirilen hindiba cesitlerinin (Cichorium
spp.) (kirmizi, yesil, beyaz) toplam fenolik madde,
antosiyanin, antioksidan kapasite 6zelliklerini incele-
digi bir calismada; karahindiba tirlerinde en yogun
fenolik asitlerin sirasiyla siringik asit (2.54 mg/kg) ve
trans-ferulik asit (1.85 mg/kg) oldugunu ayrica katesi-
nin de ana flavanol bilesik oldugunu saptamistir. Bir
diger calismada ise Xue ve ark. (2017) karahindiba
ekstresinin toplam fenolik madde igerigini yaprak
kisminda 35.03 mg/g, kék kisminda 10.88 mg/g, ci-
¢ek kisminda 16.62 mg/g ve sap kisminda 20.36 mg/
g, toplam flavonoid madde igerigini ise sirasiyla 17.13
mg/g, 1.58 mg/g, 16.40 mg/g ve 5.87 mg/g olarak
bildirmislerdir. Pfingstgraf ve ark. (2021) yaptiklari bir
c¢alismada karahindiba kokinin etanol ekstresinde
3.65 mg/g hidroksibenzoik asit,1.09 mg/g kafeik asit,
1.95 mg/g sikorikasit, 0.6 mg/g feruloilkinik asit, 0.53
mg/g dikaffeoilkinik asit, 0.4 mg/g dikaffeoilkinik asit
izomeri bulundugunu bildirmislerdir. Calisma sonugcla-
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ri ile baz literatlir bulgulari arasindaki farkhlklar ka-
rahindiba bitkisinin flavonoid ve fenolik madde igerigi-
nin ve kompozisyonunun bitki tlrine ve bitkinin ki-
simlarina (6rnegin, kok, goévde, i¢c ve dis yapraklar)
gore farkhhk géstermesine baglanmistir.

Oh ve ark. (2007) tarafindan yapilan broylerlerde %1
karahindiba ve %0.5 ve %1 karahindiba fermente
probiyotiklerin canli agirlik, canh agirlik artigi ve yem
tuketimini 6nemli oranda etkilemedigini bildiren ¢alis-
ma bulgulari ile benzer olarak KHE katilan gruplarla
kontrol grubu arasinda canl agirlik ve yem tiketimleri
bakimindan énemli bir farklilik saptanmamistir. Qu-
reshi ve ark. (2015) tarafindan broyler yemlerine %
0.5 duzeyinde karahindiba katiimasinin yem tiketimi-
ni etkilemedigini bildirilmistir.

Yemden yararlanma oranlari bakimindan kontrol ve
deneme gruplar arasinda 6nemli bir degisiklik tespit
edilmemis olsa da; en iyi yemden yararlanma orani %
0.9 karahindiba ekstresi iceren grupta tespit edilmis-
tir. Yemlere katilan karahindiba ekstresinin dozu art-
tikca yemden yararlanmanin da paralel bir artis gos-
termesi umut verici bulunmustur. Karahindiba ekstre-
sinin etlik piliclerde yemden yararlanmay! iyilestirdigi-
ni bildiren ¢alismalar da bu gortusu desteklemektedir
(Al-Kassie ve ark., 2010; Qureshi ve ark., 2015). Sa-
deq ve ark. (2020) bildircinlarda yaptiklar ¢alismada
%1 karahindiba yapragdi igeren gruplarda yemden
yararlanma oraninin énemli 6lgude iyilestigini bildir-
miglerdir. Chen ve ark. (2005) oligofruktoz tipi (%1
oligofruktoz tipi ticari prebiyotik) veya ile inulin tipi (%
1.3 yar saflastiriimis hindiba kokl ekstresinden ge-
len %1 indlinin) prebiyotik takviyesinin yemden yarar-
lanma oranini iyilestirdigini tespit etmislerdir. Ote
yandan Kop-Bozbay ve ark. (2021) yumurta tavukla-
rinda hindiba, beyaz Uggil ve hindiba-beyaz uggl
karigimi bulunduran alanlarda otlama imkani sunulan
tavuklarda hindiba veya hindiba + beyaz uggul otla-
yan tavuklarla kontrol grubu arasinda yemden yarar-
lanma bakimindan énemli bir fark olmadigini bildir-
mislerdir.

Yumurta verimi bakimindan kontrol ve KHE iceren
gruplar arasinda istatistiksel olarak énemli bir farklilk
belirenmemekle birlikte KHE igeren tim gruplarda
rakamsal duzeyde artis tespit edildi. En ylksek artis
da %0.60 oraninda KHE igceren grupta bulundu.
Saenz ve ark. (2021) yumurta tavuklarinin yemlerine
eklenen karahindiba ununun (%1, %2, %3, %4) yu-
murta verimini arttirdigini bildirmiglerdir.

Calismada, KHE katilan gruplarda yumurta agirhginin
kontrol grubuna gére arttigi saptandi. Calisma sonu
ortalama degerleri bakimindan en disik yumurta
agirhgr kontrol grubunda iken, en yuksek yumurta
agirhg %0.90 KHE igeren grupta belirlendi. Bu bulgu
en iyi yemden yararlanmanin da %0.90 oraninda
KHE igeren grupta tespit edilmis olmasi ile paralellik
gostermektedir. KHE’sinin yumurta agirligi Uzerine
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etkisi indlin icermesine ve indlinin prebiyotik etkisine
baglanmistir. Bu bulgu, Shang ve ark (2020)'nin 5,
10, 15, ve 20 g/kg inllin iceren yemlerle beslenen
gruplardan 10 ve 15 g/kg inulin igeren gruplarin diger
gruplara gére énemli oranda yuksek yumurta agirhgi-
na sahip oldugunu bildirdigi ¢alisma sonuglar ile
uyumlu bulunmustur. Ote yandan Sadeq ve ark.
(2020) feslegen tohumu tozu ile %0.5 ve %1 yabani
karahindiba yaprak tozunun, Chen ve ark. (2005) %1
oligofruktoz tipi ticari prebiyotik takviyesi ile %1.3 yari
saflastinimis hindiba kokl ekstresinden gelen %1
intlinin yumurta agirhdini etkilemedigini tespit etmis-
lerdir.

Yumurta kabugdu kalsifikasyonu igin yeterli miktarda
kalsiyum saglanmasinda kalsiyumun bagirsaklardan
emilimi kritik bir rol oynamaktadir. Bu bakimdan inulin
ve diger prebiyotiklerin mineral metabolizmasinda,
Ozellikle de kalsiyum emiliminin artiriimasinda rol
oynamasi nedeni ile kabuk kalitesini olumlu etkiledigi
kaydedilmistir. Pek ¢ok prebiyotik lifin (¢6zUnir misir
lifi veya lif dekstrin, indlin, FOS, fruktanlar vb) bagir-
saklarda fermantasyonu sonucu kisa zincirli yag asit-
leri icerigini arttirdig1 gosterilmistir. Kisa zincirli yag
asitleri kalsiyum emilimini arttirmak icin epitelyumu
dogrudan etkileyebildigi gibi paraselller kalsiyum
tasinmasi ve kalsiyum baglayici protein ekspresyonu-
nu da artirabilir. Ayrica indlin tipi fruktanlarin ferman-
tasyon UriinG olarak olusan bitirik asidin sekum agir-
g1 ve villus yuksekligini arttirmasi (Le Blay ve ark.,
1999) dolayisi ile emilim ylzeyindeki genislemenin
Ca emiliminin artmasinda rol oynadigi belirtiimekte-
dir. Ote yandan iniilin gibi prebiyotik kaynaklarinin
bagirsak florasi tarafindan fermantasyonu sonucu
olusan kisa zincirli yag asitlerinin barsak igeriginin
asitligini arttirmasi ile mineral ¢ézunurligunun artma-
sina yardimci olarak kalsiyumun emilimini arttirdidi
ve Hidrojen iyonu (H) / Ca degisiminin aktivasyonunu
etkiledigi sonugta kalsiyumun transselller absorpsi-
yonunu ve kemik mineralizasyonunu arttirdigi bildir-
migstir (Keser ve Bilal, 2010). Yumurta kalitesi para-
metrelerinden yumurta 6zgul agirlidi ile kabuk kalinh-
g1 arasinda pozitif bir korelasyon bulunmakta olup;
yumurta 6zgul agirhdr yumurta kalitesi bakimindan
onemli bir kriterdir. Calismada, yumurta kabuk kalinli-
g1 bakimindan gruplar arasindaki farklilik istatistiki
olarak 6nemli bulunmustur. Calisma sonu genel orta-
lamalara goére en ylksek yumurta kabuk kalinligi ve
yumurta 6zgul agirligi %0.60 oraninda KHE igeren
grupta belirlenmistir. Glglu (2011) bildircinlarda pro-
biyotik ve prebiyotik (MOS) kullanarak yaptidi bir ¢ca-
lismada hem probiyotik hem de prebiyotik ilavesinin
yumurta kabuk kahnhgini arttirdigini bildirmistir. Bas-
ka bir galismada Kahraman ve ark. (2009) rasyonlara
prebiyotik ilavesinin kabuk kirilma mukavemeti, ka-
buk kalinhgi, ak yiksekligi ve Haugh birimi degerle-
rinde artisa neden oldugunu saptamislardir. Ancak
Kop-Bozbay ve ark. (2021) yumurta tavuklarinda
serbest erisim olanagdi bulunan bitkisiz (kontrol gru-

182



Yumurtaci tavuklarda karahindiba ekstresinin etkisi...

bu), hindiba, beyaz l¢gll ve hindiba-beyaz uggil
karisimi olan alanlarda beslenen tavuklarla yaptiklari
calismada hindiba ile beslenen gruplarda kabuk ka-
lIinliginin azaldigini ve bu azalmanin bitkisel kaynak-
lardan Ca aliminin azalmasiyla iliskili olabilecegini
bildirmiglerdir.

Yumurtanin i¢ kalite géstergelerinden biri de yumurta
agirhgina ve ak yuksekligine bagli olan Haugh birimi-
dir. Haugh birimi bakimindan c¢alisma sonu genel
ortalamalar degerlendirildiginde; %0.60 oraninda
KHE igeren grupta %0.30 KHE igeren gruba gobre
Onemli oranda ancak kontrol grubuna gére rakamsal
dizeyde artis bulunmustur. Bir prebiyotik olan inilin
bakimindan zengin olan KHE’nin bu etkisi prebiyotik-
lerin sindirim sistemi Uzerine etkileri sonucu besin
madde emilimini iyilestirmesine baglanmistir. Sheo-
ran ve ark. (2018) prebiyotik ilavesinin yumurta i¢
kalite 6zelliklerini (ak indeksi ve Haugh birimi) arttirdi-
gini kaydetmislerdir. Sadeq ve ark. (2020) yumurtaci
bildircinlarda yeme farkli oranda feslegen tohumu
tozu ile karahindiba yabani yaprak tozu ilave ettikleri
¢alismada yumurta Haugh birimi bakimindan en yiik-
sek degerlerin %1 karahindiba igeren grupta bulundu-
dunu tespit etmislerdir. Kop-Bozbay ve ark. (2021)
yumurta tavuklarinda hindiba, beyaz tg¢gul ve hindiba
-beyaz Ucgul karisimi olan alanlarda beslemenin Ha-
ugh birimi bakimindan énemli bir fark olusturmadigini
bildirmislerdir.

Yumurta sari rengi bakimindan farkli oranlarda kara-
hindiba iceren yem ile beslenen gruplarda kontrol
grubuna goére 6nemli bir farklilik belirlenmedi. Calig-
ma bulgularina benzer olarak Sadeq ve ark. (2020)
yumurtaci bildircinlarda feslegen tohumu tozu ile
karahindiba yabani yaprak tozunun yumurta sari ren-
gini etkilemedigini saptamiglardir. Kop-Bozbay ve
ark. (2021) yumurta tavuklarinda farkh bitkiler bulu-
nan serbest erisim olanagi olan otlatma ¢alismasinda
sari rengi bakimindan hindiba, beyaz tc¢gil ve hindi-
ba-beyaz U¢gll karisimi ile beslenen gruplar arasin-
da bir fark olmadigini bildirmislerdir.

Sonug olarak; %0.30, %0.60 ve %0.90 oraninda KHE
iceren yemlerle beslenen yumurta tavuklarinda canli
agirlik, yem tiketimi, yemden yararlanma orani, yu-
murta verimi, yumurta sari rengi énemli oranda etki-
lenmemistir. Ancak yumurta tavugu yemlerine KHE
ilavesi yumurta kabuk kalinhdi ve yumurta agirhigini
onemli oranda artirmigtir. Alternatif yem katki madde-
si olarak KHE kullaniimasinin yumurta tavuklarinda
yumurta kalitesini olumlu etkiledigi belirlenmis olup;
performans veya Uriin kalitesine etkisinin daha net
belirlenmesi igin karahindibanin farkli doz ve formlari-
nin da calisiimasi gerekliligi kanisina varilmistir.
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Oz: Bu calismanin amaci, Aydin ilinde yasan kedilerde kedi I6semi virusu (FeLV) ve kedi immun yetmezlik virusu (FIV)
varliginin belirlenmesidir. Calismanin materyalini; tedavi, kontrol, kastrasyon, kisirlastirma, anti-paraziter uygulama ve
as! gibi cesitli sebeplerle Aydin’daki 6zel bir klinige basvuran yaslari 6 aylik ve Uzeri olan farkl irk [Sfenks (2), British
Shorthair (12), Scottish Fold (5), Tekir (68), iran kedisi (3), Himalayan (3), Siyam (3), Chincila (1), Bombay (1), Russian
Blue (1), Van kedisi (1)] ve cinsiyetteki (E= 51, D= 49) rastgele segilen 100 kediden toplanan kan &rnekleri olusturdu.
Calismaya dahil edilen kedilerin klinik muayeneleri yapilarak, alinan kan érneklerinde hemogram olgtimleri ile FIV anti-
koru ve FeLV antijeni yoniinden hizli tani testi [Bionote® , Anigen Rapid (FIV Ab/FeLV Ag), Gliney Kore] yapildi. Ornek
alinan kedilerin tg¢linde (%3) FIV antikorunun pozitif, FeLV Ag (antijen) yoninden ise hepsinin negatif oldugu belirlendi.
FIV pozitif bulunan l¢ kediden tg¢linin de (%100) disi, ikisinin Scottish Fold (4 ve 1.5 yas) ve birinin Tekir (3 yas) oldu-
gu kaydedildi. Scottish Fold kedilerde herhangi bir klinik semptom gézlenmezken, birinin disari ¢iktigi ve FeLV’ye karsi
asilanmis oldugu belirlendi. FIV pozitif belirlenen tekir kedinin klinik muayenesinde aralikli kusmalarinin oldugu ve disa-
riya ¢iktigr kaydedildi. FIV pozitif kedilerin hematolojik degerleri incelendiginde bir kedinin kan degerlerinin hafif dehid-
rasyon diginda referans degerlerde oldugu gozlenirken, birinde 16kopeni ile hafif dehidrasyon ve birinde ise Iokositozis,
lenfositozis ve trompositozis belirlendi. Sonug¢ olarak, Aydin ilindeki kedilerde %3 oraninda FIV pozitiflik belirlenirken
FeLV antijen goérilme orani %0 olarak belirlendi. FIV pozitif kedilerin klinik ve hematoloji bulgularinin degiskenlik gos-
terdigi kaydedildi.

Anahtar kelimeler: FelLV, FIV, kedi

Detection of FeLV and FIV Infections in Cats on Aydin Region

Abstract: The purpose of this work is to determine of FeLV and FIV infections in cats, living in the province of Aydin.
The blood samples taken from cats, six months and older aged and different breeds [Sphynx (2) British Shorthair (12)
Scottish Fold (5) Tabby (68) Persian (3) Himalayan Cat (3) Siamese (3) Chinchilla (1) Bombay Cat (1) Russian Blue (1)
Van Cat (1)] and sexes (E= 51, D= 49), brought for the purpose treatment, control, castration, overiohsyterectomi, anti-
paraziter treatment and vaccination to a special clinic in Aydin are used as the materials of this study. The hemogram
examinations and rapid diagnostic test for FIV antibodies and FelLV antigens [Bionote®, Anigen Rapid (FIV Ab/FelLV
Ag), South Korea] were performed in blood samples taken after clinical examinations of cats. It was determined that
three (3%) of the cats tested positive for FIV antibodies, and all results to FeLV AG (antigen) were found to be negati-
ve. The three cats with FIV positive were female, two of them recorded as Scottish Folds (4 and 1.5 aged respectively)
and the other as Tekir (3 years old). While no clinical symptoms were observed in as Scottish Fold cats, it was determi-
ned that one of them went outside and vaccinated aganist FeLV. In the clinical examination of the FIV positive Tekir cat
were noted to intermittent vomiting and recored to went outside. When the hematological values of FIV-positive cats
were examined, one of the cats showed signs of minor dehydration but was within the reference range in all other as-
pects, In another cat, minor dehydration and leukopenia were observed, and in yet another leukocytosis, lymphocyte
and thrombocytosis were observed. In conclusion, while FIV positivity was determined at a rate od 3% in cats in Aydin
province, the FeLV antigen rate was found to be 0%. The clinical and hematological findings of FIV positive cats were
noted to variable.

Keywords: Cat, FelLV, FIV
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virusu (FIV), kedilerde diinyada yaygin oldugu bildiri-
len bulasici hastalik etkenleridir (Lee ve ark., 2002;
Norris ve ark., 2007; Hosie ve ark., 2009; Ravi ve
ark., 2010; Jenkins ve ark., 2013). FIV ve FelLV en-
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feksiyonlari kedilerin immun sistemini baskilayan ve
dolayisiyla kedilerde 6nemli hastaliklara neden olan
enfeksiyonlardir. FeLV enfeksiyonu ile iligkili klinik
belirtiler, tumédrler, immunosupresyon, hematolojik
bozukluklar, immin aracili hastaliklar ve diger send-
romlar (néropati, Ureme bozukluklari, solan yavru
kedi sendromu dahil) olarak siniflandirilabilir
(Overbaugh ve ark., 1988). FIV enfeksiyonunda klinik
bulgular firsat¢i enfeksiyonlarin olusumuna bagldir.
Hafif siddetliden orta siddetliye kadar deg@isen lenfoa-
denomegali gorulebilir. Vakalarin %25-50’sinde gingi-
vit, periodontit ve stomatit gériiliir. Ust solunum yolu
enfeksiyonu genellikle feline herpesvirus ve calicivi-
rus tarafindan olusturulur, rinit, konjiktivit ve keratit ile
seyreder. Kalici ishal (vakalarin %10-20'si); bakteri
veya mantarin sayisinin artmasi, parazit kaynakl
enteritis; FIV enfeksiyonunun gastrointestinal epitel
Uzerindeki dogrudan etkisinden kaynaklanmaktadir.
Dis kulakta ve deride bakteriyel enfeksiyonlar veya
dermatofitozdan kaynaklanan kronik, direngli, niks
eden enfeksiyonlar gorulir. Okuler semptomlar uveit,
pars planit ve glokomdur. Hemogram normal olabile-
cegdi gibi anemi, lenfopeni, nétropeni veya ikincil en-
feksiyonun varligina gére nétrofili gorulebilir (Tilley ve
Smith, 2015). FeLV ve FIV enfeksiyonlar kedilerde
beraber bulunabildigi gibi ayri olarak da bulunabil-
mekte ve genellikle sekonder enfeksiyonlar sonucu
Olimcul bir tablo sekillenebilmektedir (Cotter, 1991).
Glnldmuzde FelLV ve FIV igin kesin bir tedavi mevcut
olmamakla birlikte, tedavi denemeleri devam etmek-
tedir (Addie, 2012; Bracklein ve ark., 2006; Gil ve
ark., 2013; Hennet ve ark., 2011; Mochizuki ve ark.,
1994; Ohe ve ark., 2008; Truyen ve ark., 2002). En-
feksiyonlarin teshisi amaciyla FelLV antijen ve FIV
antikorlarinin belirlenebildigi pratik Enzyme-Linked
Immuno Sorbent Assay (ELISA) ve immunokromo-
tografik kitler mevcut olup, saha taramalari icin dneril-
mektedir (Eto ve ark., 2003; Westman ve ark., 20193,
b).

Bu caligmanin amaci, Aydin ilinde bulunan kedilerde
FIV ve FeLV enfeksiyonlarinin varliginin immunokro-
motografik olarak arastiriimasidir. Elde edilen bulgu-
larin; kedilerin bu enfeksiyonlardan korunmasina ve
yayillmalarinin éniine gecilmesi icin gereken dnlemle-
rin alinmasina yardimci olacagi disunilmustir.

Gereg ve Yontem

Calisma, Erciyes Universitesi Hayvan Deneyleri Yerel
Etik Kurulunun 21/122 sayili ve 05.05.2021 tarihli
karariyla yiratlmugstir.

Hayvan materyali

Calismanin mataryelini; tedavi, kontrol, kastrasyon,
kisirlastirma, anti-paraziter uygulama ve asi gibi ¢e-
sitli sebeplerle Aydin Esen Veteriner Klinigine basvu-
ran 6 aylik ve Uzeri yasta, farkli irk [Sfenks (2), British
Shorthair (12), Scottish Fold (5), Tekir (68), Iran kedi-
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si (3), Himalayan (3), Siyam (3), Chincila (1), Bombay
(1), Russian Blue (1), Van kedisi (1)] ve cinsiyetteki
(E= 51, D= 49) rastgele secilen 100 kediden toplanan
kan ornekleri olusturdu.

Kan alimi

Calismaya dahil edilen hayvanlarin Vena cephalica
antebrachii'lerinden antikoagulanli (etilendiamin tetra-
asetik asit, EDTA) tlplere 3 ml kan drnekleri alinarak
hematolojik [MS4SE marka (Fransa) tam kan sayimi
cihazi ile] ve hizli test kiti analizleri [FIV antikoru ve
FeLV antijeni yoninden hizli tani kiti kullanilarak
(BIONOTE, Anigen Rapid (FIV Ab/FeLV Ag), Gliney
Kore] yapildi. Kedilerin kan drnekleri alinmadan énce
genel klinik muayeneleri yapilarak bulgular kaydedil-
di.

Istatistiksel metot

Verilerin normal dagihma uygunlugu Shapiro-Wilk ve
Kolmogorov-Smirnov testleri ile degerlendirildi. He-
mogram sonuglarinin  8zetlenmesinde tanimlayici
istatistiklerden medyan, 1. ceyreklik, 3. ceyreklik,
minimum ve maksimum degerleri kullanildi. istatistik-
sel analizler IBM SPSS Statistics v.25 for Windows
paket programi (SPSS, 2017) ile yapildi.

Bulgular

Calismaya dahil edilen kedilerin 56’sinda (%56) her-
hangi bir semptoma rastlanmazken, 44’Gnde (%44)
cesitli semptomlar kaydedildi. Hastalik sikayeti ile
getirilen kedilerin ikisinde (%4.5) gingivit, 10’unda (%
22.7) dehidrasyon, 11’'inde (%25) halsizlik, dokuzun-
da (%20.4) kusma, ikisinde (%4.5) inkordinasyon,
sekizinde (%18) anoreksi, yedisinde (%15.9) diyare,
ikisinde (%4.5) konjuktivit, 19’unda (%43.1) yliksek
ates, Uglinde (%6.8) hipersalivasyon, Ugtinde (%6.8)
ikterus, birinde (%2.2) konstipasyon, Ug¢linde (%6.8)
cesitli derecelerde paraliz, birinde (%2.2) epilus, iki-
sinde (%4.5) agizda koku, birinde (%2.2) hipotermi,
birinde (%2.2) anemi, Ug¢lnde (%6.8) cesitli derece-
lerde Ust solunum problemleri oldugu belirlendi.

Calismada 6rnek alinan kedilerden 93’inun evde ve
yedisinin ise disarida bakildigi 6grenildi. Evde baki-
lan kedilerden 24’Gn0n gesitli zaman araliklari ile ev
disina ¢ikmasina izin verildigi, evde bakilan 93 kedi-
den 53'Unln tek basina bakilirken, 36’sinin birden
fazla kedi (22’si iki kedi, dokuzu U¢ kedi, dérdi 4 ke-
di, biri 5 kedi) bakilan evde kaldid tespit edildi.

Ornek alinan kedilerin tigiinde (%3) FIV antikoru po-
zitif belirlenirken ve FelLV Ag agisindan higbiri (%0)
pozitif degildi. FIV pozitif bulunan Ug¢ disi (%100) kedi-
den, ikisi 1.5 ve 4 yaslarinda Scottish Fold irki ve biri
ise 3 yash Tekir irki kedilerdi. Scottish Fold kedilerde
herhangi bir klinik semptom belirlenmezken, birinin
disan ciktigi ve FeLV’ye karsi asilanmis oldugu belir-
lendi. FIV pozitif belirlenen Tekir kedinin klinik mua-
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yenesinde aralikli kusmalarinin oldugu ve disariya
ciktigl kaydedildi.

Hematolojik bulgular

Calismaya dahil edilen kedilerin hemogram bulgulari
istatistik analizleri yapilarak Tablo 1.'de verilmistir.
FIV pozitif kedilerin hematolojik degerleri incelendi-
ginde bir kedinin kan degerlerinin hafif dehidrasyon
disinda referans deg@erlerde oldugu goézlenirken, birin-
de |6kopeni ile hafif dehidrasyon ve birinde ise |16kosi-
tozis, lenfositozis ve trompositozis belirlendi (Tablo
2).

Oznur ASLAN

isveg, Bulgaristan, Romanya, Hollanda ve
Luksemburg'da %0, Almanya ve ingiltere’de %1,
Belgika ve Fransa’da %3, Avusturya ve Letonya'da %
4, Slovakya’da %5, irlanda ve Isvigre'de %7, Cek
Cumbhuriyetinde %8, Hirvatistan ve Ispanya'da %9,
Macaristan’da %13, Polonya’da %17, Italya'da %20
ve Portekiz’de %29 olarak bildirmistir. ingiltere’de iki
farkli kedi barinaginda hizli test kiti ile yapilan
taramalarda barinaklardan birinde FelLV enfeksiyon
orani %3 digerinde ise %0 bulunmustur (Stavisky ve
ark., 2017).

Tablo 1. Calismaya dahil edilen kedilerin hematolojik bulgulari

Degisken N Ortanca 1. ve 3. Ceyreklik Min-Mak
WBC (10°L) 100 6.46 3.31-15.68 0.86 - 49.30
LYM (10°L) 100 3.04 1.10-7.33 0.24 - 39.00
MON (10°/L) 100 0.23 0.10 - 0.50 0.01-2.19
GRAN (10°/L) 100 2.64 1.50 - 6.03 0.38 - 23.65
RBC (10"/L) 100 10.31 8.75-11.59 0.57 - 36.10
HGB (g/dl) 100 14.55 12.33 - 16.00 3.90 - 28.30
HCT (%) 100 44.25 39.40 - 49.68 9.68 - 99.90
PLT (10°/L) 100 278.50 151.00 - 563.00 34.00 - 7834.00

N: Orneklem sayisi; Min: Minimum deger; Mak: Maksimum deger.

Tablo 2. FIV pozitif kedilerin hematolojik bulgulari

FIV pozitif WBC LYM MON GRAN RBC HGB HCT PLT
(10°L)  (10%L)  (10°%L) (10°L)  (10™L) (g/dl) (%)  (10°L)

1 (Scottish Fold) 10.89 4.87 0.57 5.45 11.13 174 489 96

2 (Scottish Fold) 3.78 2.13 0.18 1.47 10.99 16.8 497 179

3 (Tekir) 21.8 16.9 1.73 3.21 9.31 141 416 1615

FIV: Feline immliin yetmezlik virusu, WBC: Lékosit, LYM: Lenfosit, MON: Monosit, GRAN: Nétrofil, RBC:
Eritrosit, HGB: Hemoglobin, HCT: Hematokrit, PLT: Trombosit

Tartisma ve Sonug

Kedilerin 16semi virusu Retroviridae ailesine ait
Gammaretrovirus genusundan zarfli tek zincirli RNA’I
bir virus olup, evcil kedileri de iceren kedigillerde
yaygin olarak bulunan bir virustiir. Persiste viremik
kediler, virusun salya, nazal akintilar, idrar ve digki ile
oronasal olarak diger kedilere bulasmasi nedeniyle
enfeksiyon kaynagidir. Virus kedi topluluklarinda ayni
mama ve yem kabinin kullanilmasi, birbirini yalama
ya da isirma yoluyla bulagabilecegi gibi, plasental ve
laktasyon suresinde yavrulara da gecebilmektedir
(Capozza ve ark., 2021). FeLV enfeksiyonun varligi
ile ilgili dinyanin farkh Glkelerinde pek ¢ok galisma
yapilmistir. Bu galismalara gére Amerika'da %2.3 ile
%3.3, Avrupa’da %0.7 ile %15.6, Giiney Amerika’da
%3 ile %284 ve Aysa ile Avusturalya/Yeni
Zellanda’da %0.5 ile %24.5 oranlarinda degisen
prevalanslar bildirilmistir (Englert ve ark., 2012;
Gleich ve ark, 2009; Hellard ve ark., 2011; Hofmann-
Lehmann ve ark., 2018; Levy ve ark., 2006; Spada ve
ark., 2012; Westman ve ark., 2019a). Studer ve ark.
(2019) 32 Avrupa lkesindeki kedilerin tlkrik
orneklerinde yaptigi PCR analizine gore FelLV
gorilme oranlari Danimarka, Finlandiya, Norveg,

Turkiye’de daha o6nce yapilan c¢alismalarda FelLV
oranlari; Ankara’da PCR ile %20.5 (Oguzoglu ve ark.,
2013), Van’da hizli test kiti ile %4.5 (Ylksek ve ark.,
2005), istanbul’da hizli test kiti ile %5.8 (Yiimaz ve
ligaz, 2000), antijen varligina gére Aydin’da (%4.9)
ve izmirde %11.4 (Erol ve Pasa, 2013) olarak
bildirilmistir. Sunulan ¢alismada’da Aydin ilinde 100
kediden alinan kan érneklerinde FelLV gdrulme orani
%0 olarak bulunmustur. FeLV prevalansina etki eden
risk faktorler, cinsiyet (erkek kedi), kisirlagtirma
durumu, agresif davranig, asilama, disar ¢ikma ya
da ayni evde ¢ok sayida kedi varligi ve cografi bolge
vb. olarak bildiriimektedir (Hartmann ve Hofmann-
Lehmann, 2020). Sunulan calismada o6rnek alinan
kedilerden 571’inin erkek ve 49unun disi oldugu,
93’Unln evde bakildigi ve yedisinin ise digarida
bakildi§i belirlendi. Evde bakilan kedilerden 24’lnln
cesitli zaman araliklari ile ev digina ¢ikmasina izin
verildigi, evde bakilan 93 kediden 53’iniin tek basina
bakilirken, 36’sinin birden fazla kedi (22’si iki kedi,
dokuzu ¢ kedi, dordi 4 kedi, biri 5 kedi) bakilan
evde kaldigi belirlenmistir. Sunulan ¢alismada FelLV
oraninin %0 olmasinin daha énce Aydin ve izmir
bélgelerinde yapilan c¢alismada materyal olarak
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secilen kedilerin buylk oranda sokak kedisi (150
sokak kedisi, 60 ev kedisi) olmasindan ya da
kullanilan metodun farkli olmasindan (Erol ve Pasa,
2013) kaynaklanabilecegi duslinulmustir. Kedilerin
immun yetmezlik virusu, evcil ve vahsi kedigillerde
enfeksiyona neden olan Retrovirus ailesinin
Lentivirus genusuna ait bir virustir (Miyazawa ve
ark., 1994). Kedilerde FIV enfeksiyonunun, Kanada
(Ravi ve ark., 2010) ve Birlesik Krallik'ta %6 (Hosie
ve ark., 1989), Avusturalya’da %8 (Norris ve ark.,
2007), Yeni Zelenda’'da %10 (Jenkins ve ark., 2013),
Japonya’'da %23 (Nakamura ve ark., 2010) oraninda
gorildigl bildiriimektedir. Ingiltere’de 2 farkli kedi
barinaginda hizli test kiti ile yapilan taramalarda
barinaklardan birinde FIV enfeksiyon orani %11.4
digerinde ise %3 olarak bulunmustur (Stavisky ve
ark., 2017). Alimanya’da 1993 ve 2002 yillari arasinda
toplanan 17 289 kedide yapilan bir galismada FIV
orani %3.2 olarak bildirilmistir (Gleich ve ark., 2009).
Turkiye’de ise Van ilinde FIV orani %3 (Yuksek ve
ark., 2005), Istanbul'da %22.3 (Yilmaz ve ligaz,
2000), Ankara’da %9.5 (Oguzoglu ve ark., 2013),
Aydinda %13.9 ve izmirde %27.3 (Erol ve Pasa,
2013) oldugu rapor edilmistir. Sunulan ¢alismada FIV
oraninin %3 bulunmasi daha 6nce yapilan ¢alismalar
ile uyumlu bulunmustur (Gleich ve ark., 2009; Levy
ve ark., 2006; Stavisky ve ark., 2017; Yiksek ve ark.,
2005). Enfeksiyon kediler arasinda kavga ve isirma
ile kandan bulasabilecegi gibi ciftlesme ve vertikal
yolla da bulasabilmektedir. FIV enfeksiyonlu kediler
Omdir boyu enfekte olup glinimiizde bilinen etkili bir
tedavisi de yoktur. Hastalik olusumunda risk faktorleri
olarak yas [l¢ yasindan biyik (ortalama alti yas)],
erkek cinsiyet, disari ¢ikma, saldirgan davranis ve
kavga yaralanmalari sayilabilmektedir (Gleich ve ark.,
2009). Erol ve Pasa (2013) yaptidi gcalismada FIV
gorulmesinde etkili risk faktorleri  belirlenmis,
erkeklerde (%27.5) disilerden (%13.4) ve evde
yasayan kedilerde (%33.3) sokak kedilerinden (%14)
daha sik gorildiuguni bildirmiglerdir. Yilmaz ve ligaz
(2000), yaptiklari cahsmada 3-7 yash, erkek ve
hastalik sikayeti olan kedilerde FIV gorilme oraninin
yuksek oldugunu bildirmiglerdir. Ayrica ev kedileri ve
sokak kedileri arasinda FIV go6rtilme oranlarinin
birbirine ¢ok yakin oldugunu, bunun sebebinin
kedilerin FIV ile yasamlarinin erken dénemlerinde
karsilasmis olabileceklerinden kaynaklandigini
bildirmislerdir. Yiksek ve ark. (2005) Van'daki FIV
pozitif kedilerin %3.8’inin erkek ve %2.5’inin disi
oldugunu belirtmiglerdir. Oguzoglu ve ark. (2013) ise
48 aylktan buylk yastaki (%25), Sarman (%25),
disari ¢ikan (%16.3) ve herhangi bir hastalik dykusu
olan (%11.5) kedilerde daha ylksek oranda FIV
enfeksiyonu belirlemislerdir. Sunulan ¢alismada, FIV
pozitif kedilerden ikisinin disari ¢iktigi yaslarinin
sirasiyla 1.5, 3, 4 ve disi olduklari belirlenmigtir.
Literatlirlerin aksine enfekte kedilerin hepsinin disi
olmasinin sebebinin; ciftlesme, disarn ¢ikma ya da
sahiplenilmeden 0Once enfeksiyona maruz kalma
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olabilecegi distnulmustar. Kedilerde FIV
infeksiyonunda, I6kopeni, |6kositoz, anemi,
trombositopeni, kemik iliginde ise myelopoetik ve
eritropoetik  hilcre  dizilerinde  degisiklik  gibi
hematolojik bozukluklara rastlandidi bildiriimektedir
(Deniz, 2001; Gleich ve Hartmann, 2009; Hart ve
Nolte 1994; Shelton ve ark.,, 1991). Gleich ve
Hartmann (2009), FIV ve FelLV pozitif kedilerle
yaptiklari galismada FIV pozitif kedilerin %6’sinda
RBC degerinin disuk, %28’inde ylksek, PCV
degerinin  %16’sinda diuslik, %20’sinde yiksek,
Platelet degerinin %10'unda dusik, %8’inde ylksek
ve lenfosit degerinin %37’inde disik, %10’unda
distk oldugunu bildirmiglerdir. Deniz  (2001),
Almanya’da 37 FIV pozitif kedide yaptidi calismada
kedilerin  %21.6’sinda l6kositozis belirlerken, %
5.4’Unde I6kopeni belirlemistir. Klinik belirtili  FIV
pozitif kedilerde trombositopeni oranini %10.8 olarak
bildirmisken, klinik belirtisiz FIV seropozitif kedilerden
birinde  trombositopeni ve ikisinde |6kopeni
belirlemigtir. Sunulan calismada ise, FIV pozitif
kedilerin hematolojik degerleri incelendidinde bir
kedinin kan degerlerinin hafif dehidrasyon diginda
referans degerlerde oldugu goézlenirken, birinde

I6kopeni ile hafif dehidrasyon ve birinde ise
I6kositozis, lenfositozis ve trompositozis
belirlenmigtir.  Lokopeni gb6zlenen kedide, FIV
enfeksiyonunun kemik iligi ve immun sistemi

etkilenmeye baglamig olabilecedi ve bu nedenle
I6kopeni olabilecegi dusunulmustir. Daha 6nce
yapilan c¢alismalardan anlasilacagi Uzere (Deniz,
2001; Gleisch ve Hartmann, 2009), FIV
enfeksiyonunun inkiilbasyon siresi, evresi ve
sekonder enfeksiyon durumuna goére hematolojik
tablonun degisebilecegi, I6kositozis, lenfositozis ve
trompositozis gibi hematolojik bulgularin  da
olusabilecegi dustnulebilir.

Sonug olarak; Aydin ilinde kedilerde FelLV ve FIV
enfeksiyonlarinin gorilme orani sirasiyla %0 ve %3
olarak belirlenmistir. FIV pozitif kedilerin disi, fakli irk
ve yasta olduklari, %2’sinin disari ¢iktigi, kedilerden
biri diginda klinik belirtilerinin olmadigi ve hematolojik
bulgularin degisken oldugu gorilmustur.
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Oz: IIk olarak on sekizinci yiizyilin baslarinda kullaniimaya baslayan klinik beceri egitimi, giinimiizde modern tip egiti-
minde 6nemli bir yer edinmistir. Klinik beceri laboratuvarlari (KBL), 6@rencilerin hastalarla kargilasmadan 6nce klinik
yeterlilik seviyesine ulasmalarina yardimci olmaktadir. Geleneksel tip egitiminin 6égrencilerintemel klinik becerileri ka-
zanmalari konusunda yetersiz kaldigi bilinmektedir. Benzer sorun Veteriner Hekimligi egitiminde de 6grencilerin kargi-
sina gikmaktadir. Bu nedenle,klinik beceri egitimi Veteriner Hekimligi egitiminde 6grencilerin etkin bir sekilde faydalana-
cagi sekilde olusturulmalidir. Bu galismada Erciyes Universitesi Veteriner Hekimligi Fakiiltesi 6rnegi kullanilarak Veteri-
ner Hekimligi 6grencilerinin KBLile ilgili gérusleri ve memnuniyet diizeyleri belirlenmistir. KBL kullaniminin Veteriner
Hekimlik egitimine yararli oldugunu disiinen dgrencilerin orani %44.1 olarak belirlenmistir. Ogrencilerin %83.8'i KBL'yi
Veteriner Hekimlik egitimin énemli halkalarindan biri olarak nitelendirmis, %84.5'i ise veteriner fakdltelerinde KBL'nin
yayginlastiriimasi gerektigini belirtmistir.

Anahtar kelimeler: Egitim, klinik beceri laboratuvari, veteriner

Investigation of the Contribution of Clinical Skills Laboratory to Vocational Education in Veterinary Medicine
Education

Abstract: Clinical skills training, which was first used in the early eighteenth century, has gained an important place in
modern medical education today. Clinical skills labs (CSL) help students achieve clinical proficiency be fore encounter-
ing patients. It is known that traditional medicine education is insufficient for students to acquire basic clinical skills. A
similar problem is faced by students in Veterinary Medicine education. Therefore, clinical skill straining should be creat-
ed in such a way that students can benefit effectively in Veterinary Medicine education. In this study, using the example
of Erciyes University Faculty of Veterinary Medicine, the opinions and satisfaction levels of Veterinary Medicine stu-
dents about CSL were determined. The rate of students who think that the use of CSL is beneficial for veterinary edu-
cation was determined as 44.1%. 83.8% of the students described CSL as one of the important links of Veterinary
Medicine education, and 84.5% of them stated that CSL should be widespread in Veterinary Faculties.

Keywords: Clinical skills laboratory, education, veterinary

Girig gectikge yayginlasan laboratuvarlardir.

Klinik Beceri, bir hekimin mesleki yasaminda uygula- Klinik beceri egitimi modern tip egitiminin énemli bir

yacagi islem ve girisimlerin timune verilen isimdir
(Cifcili ve ark., 2006). Klinik beceri laboratuvarlari
(KBL), hekim adaylarinin hastalarla ilk temaslarindan
once egitiimesine yardimci olmak igin tasarlanmis,
sayisiz yararlar saglayan o6grenci merkezli mekanlar
olup mezuniyet sonrasi egitimde de kullanilan ve giin
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bileseni olarak pek c¢ok Ulkede kabul gérmektedir
(Cifcili ve ark., 2006). On sekizinci ylzyilin baslarinda
klinik similasyonun kullanim vyeri ilk olarak italya idi.
Yaygin kullanimi ise 19. yiizyilda Fransa, ingiltere
sonrasinda ise Almanya'ya tasinmigtir (Owen ve
Harry, 2012). Gunumizde ise hekimlik egitiminde
cesitli similasyon ve modeller diinya genelinde ol-
dukga yaygin olarak kullaniimaktadir.
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Geleneksel tip egitimi alan 6grencilerin, temel klinik
becerileri kazanma konusunda yetersiz kaldigi ve her
ogrencinin benzer diizeyde egitimden faydalanama-
dig1 bircok calismada belirtilmigti. Bu nedenle tip
egitiminde tibbi beceri egitimi erken dénemlerden
baslayarak iyi kurgulanmig ve her tip dgrencisinin bu
temel mesleki becerileri glvenilir bir ortamda edinme
olanag! bulacagi sekilde olusturulmalidir (Cif¢ili ve
ark., 2006). Klinik beceri egitiminin laboratuvar kosul-
larinda uygulanmasi, becerilerin, insancil yaklasim
kavrami benimsenerek, mankenler, modeller, maket-
ler, posterler, similatorler, gercek sarf malzemeleri,
video ve bilgisayar programlari, simule hastalar yardi-
miyla kazanilmasina, her becerinin gerektigi kadar
tekrar edilebilmesine, hatalarin dizeltilebilmesine,
her beceri icin 6grenciye geri bildirim verilebilmesine
ve hastaliklar Uzerinde pratik edilmesine olanak sag-
lar (Akaike ve ark., 2012).

Veteriner Hekimligi egitimi almis veya almakta olan
stajyer-intorn  6grenciler kliniklerde ve fakultelerin
hayvan hastanelerinde belli uygulamalar tekrar ede-
rek pekistirmek icin yeterli serbest galisma zamanini
bulamamaktadirlar. Gerek hastane yogunlugu gerek-
se daralan butceler yaninda kadavra malzemeleri
tedarik etme zorlugu, canh hayvanlarin kullanimina
iliskin refah ve etik kaygilar gibi birgok faktor egitim
sirasinda beceri edinme firsatlarini sinirlayabilmekte-
dir (Dilly ve ark., 2017).

Bu nedenle, tim saglik alanlarinda oldugu gibi Veteri-
ner Hekimligi egitiminde de pratik becerilerin 6grenci-
lere oncelikle cansiz hayvan maketleri, modeller ve
simulatérler gibi araglar Uzerinde simulasyon yoluyla
kazandiriimasi, bu kazanimlarin sonrasinda canli
hayvanlar lzerinde uygulama yapilmasi anlayigi yay-
ginlasmistir. Bu kabul goren egitim modeliyle 6gren-
cilerin cansiz maketlerde sinirsiz bir gekilde cesitli
girisimsel uygulamalari (kan alma, ila¢ verme, hayva-
ni tutma ve sabitleme vb) yaparak korkunun azaltil-
masi, uygulama tekniklerinde tecribe kazaniimasi,
bdylece canli hayvan uygulamalarinda hayvanlara
daha az girisimsel midahalelerin yapilmasi hedeflen-
mektedir. Kullanilan modiillerle veteriner kliniklerinde
yapilan bazi muayene, teshis, tedavi vb. faaliyetler ile
diger klinik hizmetlerine yonelik laboratuvar analizleri-
nin simulasyonlari yapilabilmektedir (Crowther ve
ark., 2013; Dilly ve ark., 2014; Baillie ve ark.,2015).

Erciyes Universitesi Veteriner Fakiiltesi biinyesinde
kurulan KBL’de sigir ve atlarin zapturapt uygulamala-
ri, sigir ve atlarin klinik muayene yontemleri ve sigir
ve atlarin operasyon bolgelerinin 6grencilere uygula-
mal olarak gosteriminde kullanilan tam boyutlu klinik
sigir ve at uygulama simdilatérd, ineklerde giic dogum
uygulamalari yavru ve pozisyonlarini géstermek ama-
ciyla kullanilan inek gui¢ dogum simulatéri ve inekle-
re meme muayenesi ve meme igin uygulamalar icin
inek meme similatori ve cerrahi dikis uygulamalarini
gostermek igin kullanilan dikis peti bulunmaktadir.
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Ayrica simulatér ¢aligmalarini online sunmak amaciy-
la network klavye ve kontrol klavye ve dome klavye,
network kamera, network video, kaydedici, glvenlik
hard diski - data kurtarmali, kamera uyumlu i¢ ortam
ses Unitesi, 50 ing smart 4k ultra hd tv 50u9500, mon-
taj sarf malzeme ve kablo edinilmistir. Bu ¢alismada,
Erciyes Universitesi Veteriner Fakiiltesi Klinik Beceri
Laboratuvarlarinda egitim alan 6grencilerin KBL'nin
mesleki egitime katkilari ve 6drencilerin memnuniyet
durumlarinin belirlenmesi amaglanmistir.

Gereg ve Yontem

Bu calisma kesitsel tipte bir arastirma olup ¢alisma-
nin gerecini, Erciyes Universitesi Veteriner Fakiilte-
si'nde egitim alan ve klinik bilimler b&limu derslerini
almakta olan 137 6grenci olugturmustur. Bu 6grenci-
lerin 15’1 (%11.2) 4. sinif, 92’si (%68.7) 5. sinif
(intdrn) ve 27’si (%20.1) yiksek lisans ve doktora
ogrencileridir. 4. sinif ve intdrn 6grenciler rotasyon
halinde KBL laboratuvarlarini ziyaret etmiglerdir. Og-
rencilerin KBL Uzerine diglncelerini ve memnuniyet-
lerini belirlemek amaciyla 2021-2022 egitim-6gretim
déneminde 6grencilere anket uygulamasi yapilmigtir.
Ogrencilerin anket maddeleriyle ilgili KBL memnuni-
yet oranlarinin belirlenmesinde 20 adet 5’li likert dlge-
gi seklindeki seklinde hazirlanan sorular ve 2 adet
KBL 6ncesi ve sonrasi uygulama becerileri puanlama
sorusu kullanilmistir. KBL 6ncesi ve KBL sonrasi
beceri diizeyleri 6grencilerin kendilerini 1-10 arasinda
bir puanlamayla degerlendirmesiyle elde edilmigtir.
Anket maddelerine gére 1., 3., 4., 6-14. ve 16-19.
sorulara verilen yanitlarin oranlarinin ortalamalarin-
dan genel memnuniyet diizeyi hesaplanmistir. “Cok”
ve “Pek Cok” cevaplari memnun olarak siniflandiril-
mistir (Tablo 1). KBL 6ncesi ve KBL sonrasi beceri
dizeyleri ise dgrencilerin kendilerini 1-10 arasinda bir
puanlamayla degerlendirmesiyle elde edilmistir.

istatistiksel Analiz

Verilerin normal dagilima uygunlugu g-q grafigi, his-
togram ve Kolmogorov Smirnov testi ile degerlendiril-
di. Sinif duzeyleri arasinda KBL 6ncesi ve sonrasi
uygulama becerileri puani bakimindan olan farkhhgdin
istatistiksel 6nem kontroli Tek Y6nlu Varyans Analizi
(One Way ANOVA) ile degerlendirildi. KBL 6ncesi ve
sonrasi uygulama becerileri puani farkinin istatistiksel
onem kontrolleri ise Eglestiriimis t-test ile yapildi.
Varyanslarin homojenliginin belirlenmesinde Levene
testi kullanildi. Veriler Ortalama + Standart Sapma, N
(%) ve Ortanca (1.Ceyreklik-3.Ceyreklik) ile gosterildi.
istatistiksel ~ analizlerde R 4.2.1(https://cran.r-
project.org) yazilimi kullanildi. Istatistiksel anlamlilik
seviyesi P<0.05 olarak belirlendi.

Bulgular

Calismada yapilan ankete katillan o6grencilerin %
35.3’U kadin; %64.7’si ise erkek olarak belirlenmis-
tir Ankete katilan &6grencilerin  yas ortalamasi
23.95+0.19 olarak belirlenmistir.
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Klinik Beceri Laboratuvari dncesi ve sonrasi uygula-
ma becerileri diizeyi arasindaki farkhlik tim sinif du-
zeyleri icin anlamli bulunmustur (P<0.05) (Tablo 2).
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egitimi dncesi ve sonrasinda sinif dizeyine gére an-
lamh farklilik gosterdidi ve ylksek lisans ve doktora
ogrencilerinin KBL sonrasinda edindigi beceri kazani-

Tablo 2. Klinik Beceri Laboratuvari (KBL) dersi dncesi ve sonrasi uygulama becerileri diizeyi degisimi

Gruplar Uygulama Becerileri Diizeyi P Degeri
KBL Oncesi KBL Sonrasi

4. Sinif 2.86+0.43° 5.14+0.39° <0.001

5. Sinif 4.58+0.23° 6.12+2.00° <0.001

Yiiksek Lisans ve Doktora 5.44+0.60° 8.88+0.24° <0.001

P Degeri 0.004 <0.001

Tablo 2’ye iligkin grafikler Sekil 1'de gérulmektedir.

o
o -
a
3
2
1
o

4. Suut 5. Sumt Lisansiisti

N
—

= KBL Oncesi

KBLSonras

Sekil 1. Klinik Beceri Laboratuvari dersi 6ncesi ve
sonrasi uygulama beceri dlzeyinin siniflara gére de-
gisimi.

Ogrencilerin %67.6’s1 KBL'lerin veteriner fakiiltelerin-
de yayginlastiriimalar gerektigini distnirken %1.5’i
yayginlastinlmalari  gerektigini  disinmemektedir.
Memnuniyet duzeyleri arasinda oran bakimindan en
buyuk fark “klinik muayene, teknik, yorumlama
(fotograflardan veya videodan) icin KBL yeterli degil-
di” maddesinde bulunurken, en distk fark “Rektal
muayene simulasyonu beceri gelistirmek icin yeterliy-
di.” maddesinde bulundu.

Tartisma ve Sonug

Son yillarda Veteriner Hekimligi faklltelerinde teknik
becerilerin hem 6gretiimesi hem de degerlendiriimesi
icin artan sayida klinik beceri laboratuvarlari kurul-
mustur. Simulasyon ve sonug¢ odakli egitim de ayni
doénemde gelismis ve bu egitimin mezunlarda yeterli-
lik ve gliven saglamaya yardimci oldugu raporlanmis-
tir (Dilly ve ark., 2017).

Turkiye'de ilk defa, Veteriner Hekimligi alaninda bir
KBL kurma calismalari 2015 yili itibariyla Ankara
Universitesi Veteriner Fakiiltesinde baslatilmistir
(ankara.edu.tr). Erciyes Universitesi Veteriner Fakiil-
tesi’nde ise 20.07.2020 tarihinde kurulmustur. Ogren-
ciler egitime basladiklarinda, klinik uygulama ve hay-
van muayene ve tedavi ydntemleri Uzerine birkag
ders almaktadirlar. Uygulamali égretimin esas alindi-
di klinik dersler Veteriner Hekimlik alaninin son yilla-
rinda Klinik Bilimleri Bolimu tarafindan verilmektedir
(Erciyes Universitesi Veteriner Fakiiltesi).

Klinik beceri uygulama diizeyi, vakada teshis kabili-
yetini artirma ve tedavide basari orani olarak deger-
lendirilmis olup, klinik beceri uygulama diizeyinin KBL
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minin lisans programinda olan kazanim dizeyinden
daha yiiksek oldugu goérilmdstir. Bu durumun, saha-
daki yUksek lisans ve doktora &6grencilerinin veya
Veteriner Hekimlerin mesleki becerilerini hizli bir se-
kilde sahaya uygulamalari gerekliliginin bilincinde
olmalarindan dolay! egditim déneminde aldiklari Klinik
ve bununla iligkili olan KBL laboratuvarlarindaki pra-
tiklerin 6nemini bilmelerinden kaynaklandigi disundl-
mektedir.

Mevcut galismada KBL egitimi dncesi ve sonrasi uy-
gulama beceri dizeyi ortalamalari bakimindan an-
lamli bir artis gézlenmistir. Bu konuda yapilmis olan
baska bir calismada ise ¢alismaya alinan saglik hiz-
metleri 6grencilerinin simulatérler Gzerinde gdzlemle-
me ve deneyimleme imkani bulduklari bazi tibbi is-
lemlerde islem basamaklarini dogru yapma oranlari-
nin egitim sonrasinda arttigi gérilmusttr (Girol ve
ark., 2016). Hemsirelik ogrencileri ile yapilmig bir
diger calismada ise KBL egitiminin kaygi seviyesinde
anlamli bir disis sagladidi belirtilmigtir (Sut ve Ki-
clkkkaya, 2020). Megayanti ve Suantika (2022), yap-
tiklari ¢alismada, KBL'den memnun olan 8gdrencilerin
oraninin memnun olmayan &grencilere goére daha
yuksek oldugu belirtmistir (Megayanti ve Suantika,
2022). Lewis ve ark. (2020), hemsirelik 6grencilerinin
KBL'nin stressiz bir ortamda tekrar yapma ve en iyisi-
ni segme firsati vermesinden dolayi bliylk fayda sag-
ladiklarini belirtmistir. Ayrica bu ¢alismada, videolarin
kaydedilerek yeniden izlenmesinin d6grencilere kendi
kendilerini dederlendirme firsati verdigi,6grenciyi nes-
nel bir gérise kavusturdugunu ve bunun mesleki
gelisimlerine katki sagladigi belirtilmistir (Lewis ve
ark., 2020). Grevemeyer ve Knight (2018), 177 6g-
renciden 168’inin (%95) KBL seanslarinin psikomotor
becerilerini gelistirdigini belirtmistir. Ogrencilerin %
15.2’si, modellerin yeterince gergekgi olmadigini du-
sundklerini; %9.6’s1 daha fazla KBL laboratuvar
oturumu suresi tahsis edilmesini tavsiye etmis; %2.8’i
ek model istedigini belirtmistir (Grevemeyer ve
Knight, 2018).

Calismamizda KBL kullaniminin Veteriner Hekimlik
egitimine yararli oldugunu dislinen 6grencilerin orani
%44.1 iken; yararli olmadigini digslnenlerin orani %
5.1 olarak belirlenmistir. Ortanca degerlerine bakildi-
ginda genel olarak 6grencilerin orta diizeyde bir ya-
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rarilik sagladiklari goérisunde olduklari goérilmekte-
dir. Ogrencilerin %83.8'i KBL‘nin egitimin énemli hal-
kalarindan biri oldugunu, %84.5’i ise veteriner fakul-
telerinde yayginlagtiriimasi gerektigini dustunmekte-
dir. Tip fakiltesinde yapilan bir galismada ise klinik
beceri laboratuvarlarinin fakdltelerinde kurulmasini
Ogrencilerin egitimi icin faydah bulan 6grencilerin
orani %96.8 olarak bulunmustur (Akturan ve Sunar,
2018). Bu sonug veteriner faklltesi 6grencilerinin
KBL'lerin islevselligi ile ilgili farkindahginin tip fakulte-
si 6grencilerinden dusuk oldugu anlamina gelebilir.
Bunun sebebi olarak ise, KBL'nin Veteriner Fakdltele-
rinde yakin zamanda kullanim alani bulmasindan
kaynaklandidi dusunulmektedir. Bu amacla, islevselli-
gin artinimasiyla ilgili diizenlemeler yapilmis olup su
anda 2. sinif 6grencilerine KBL dersi pratik olarak
zorunlu tutulmaktadir. Boéylece klinik siniflari (3., 4. ve
intorn 6grenci gruplari) derslerinde bununla ilgili
memnuniyet derecelerinin artacagi ve tip fakultesi
odrencilerinin dizeyine gelecedi dusltnulmektedir.

Yapilan bu ¢alisma sonunda, dgrencilerin %41.59'u
KBL’de bulunan arag ve gereglerin ilgili konuda yarar-
I oldugunu disindikleri gorilmuistir. Hemsgirelik
egitiminde KBL ile ilgili yapilmis olan bir calismada
ise 6grencilerin %76.2’si mevcut laboratuardaki arag
ve gereclerin  yeterli  oldugunu  belirtmistir
(Sarmasoglu ve ark., 2016). Bunun sebebi olarak
KBL egitiminin Veteriner Hekimlik egitimi alanina
daha ge¢ entegre olmasi gosterilebilir. Pratik ders
olarak zorunlu olmasi ve daha sonraki yillarda (3.,4.
sinif ve intdérn gruplarinda) ig¢sellestiriimesi zaman
alacagindan mesleki deneyime katkisinin zamanla
artaca@i dusunulmektedir. Ayrica, memnuniyet oran-
larinin karsilastirilacadi Veteriner Fakulteleriyle ilgili
calisma bulunmadigindan hemsirelik egitimi alindi-
ginda daha yuksek bir memnuniyet orani bulunmasi
gelismis similasyon cihazlarinin kullaniimasina bag-
lanmistir.

Calismamizda, dgrencilerin %36’s1 KBL egitimi son-
rasinda cerrahi uygulamalari gercek vakalarda yapa-
bilecegini disinurken; %41’i KBL egitimi sonrasinda
edindikleri becerileri gergek vakalarda uygulayabile-
cegini dusunmektedir. Saglik ile ilgili yapilan bagka
bir calismada ise 6grencilerin pratik yaptiklari uygula-
malari mezun olduktan sonra da kullanabileceklerini
belirtenlerin orani %73.1 olarak bulunmustur. Kisaca
beceri laboratuvari kullandikga hekimlerin kendine
olan glveni artmaktadir (Hussein ve Taslidere,
2021). Selguk Universitesi Tip Fakiiltesinde yapilan
bir calismada ise KBL'de edindidi beceriyi meslek
yasantisinda da kullanabilecegine inanan égrencilerin
orani %95.2 olarak belirtiimistir (Karaoglu ve Seker,
2011). Bu sonug, Veteriner Fakdltelerinde KBL'ye
iliskin olumlu alginin Tip Fakulteleri’ndeki kadar yik-
sek olmadigi ve KBL farkindaliginin disik oldugu
yorumunu akla getirebilir.

Ogrencilerin KBL sonrasindaki yeterliliklerinde énceki

Elif GELIK GURBULAK

yeterliliklerine goére artis oldugu gérilmustir. Prog-
ram bazinda degerlendirme g6z 6nune alindiginda
lisansustu egitim alan 6grencilerin lisans 6grencileri-
ne gore KBL'yi daha etkin kullandiklari gérilmektedir.
Bunun sebebi olarak, yuksek lisans ve doktora 6gren-
cilerinin KBL'yi kullanim gerekliliginin farkinda olmala-
rindan kaynaklandigi dusundlebilir. Sonug¢ olarak
KBL'lerin dgrencilerin Veteriner Hekimlik egitimi icin
onemli oldugu ve yayginlastiriimalarinin égrencilerin
mesleki yeterliliklerini artirmada faydali olabilecegi
digsundlmektedir. Bdylece, Veteriner Hekimligi gibi
dodru teknik ve uygulama becerileri gerektiren bir
meslek grubunda diinyadaki gelismelere paralel ola-
rak kullanilan KBL'lerin daha donanimli Veteriner
Hekimlerin yetistirimesine olanak saglayacagi 6ngo-
rulmektedir.
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Oz: Bu calismada, Kayseri ilindeki kasap ve sarkiiteri ortaminda Staphylococcus aureus’un (S. aureus) varhdi, elde
edilen izolatlarin biyofilm Gretim yeteneklerinin fenotipik ve genotipik yontemlerle arastiriimasi amacglanmistir. Bu amag-
la, Agustos-Aralik 2022 tarihleri arasinda rastgele segilen 10 farkli isletmeden toplam 200 6rnek elde edilmistir. S. au-
reus varligi EN/ISO 6888-1 (01/2004)'da belirtilen metoda ek olarak PCR’da nuc geninin belirlenmesiyle tespit edilmis,
biyofilm yetenegi ise Kongo kirmizisi agar (KKA) ve mikroplaka (MP) yéntemi ile arastiriimistir. Ayrica biyofilm yetene-
gine sahip izolatlarda biyofilm ile iligkili genlerin varligi yine PCR yontemi ile arastiriimistir. Analiz edilen 200 6rnegin
42'si (%21) S. aureus olarak identifiye edilmistir. S. aureus izolatlarinin, besi bigak, yedisi kesme tahtasi, sekizi kiyma,
altis1 kusbasi, ikisi sucuk, dordi koéfte, altisi peynir ve dérdu pastirma Orneklerine aitti. Calismada elde edilen, izolatla-
rin tamaminin hem KKA’da hem de MP testinde biyofilm pozitif oldugu belirlenirken, MP testine gore izolatlarin 18 (%
43)'inin guglu, 13 (%31)’Gnun orta derecede ve 11 (%26)'inin zayif biyofilm Urettigi tespit edilmistir. Biyofilm pozitif ola-
rak belirlenen izolatlarin 18'i (%43) ve 16’si (%38) analiz edilen genlerden sirasiyla icaA ve icaD geni tasirken higbir
izolatin fnbA ve fnbB genlerini barindirmadigi belirlenmistir. Sonug olarak, Kayseri ilindeki kasap ve sarkulteri ortamin-
dan izole edilen S. aureus’larin biyofilm Uretme yetenedi halk saghdi agisindan tehlike arz etmektedir. Bu nedenle,
isletmelerde hijyen kosullarinin iyilestiriimesi gida giivenligi ve tiketici saghgi igin dnemlidir.

Anahtar kelimeler: Biyofilm, biyofilm ile ilgili genler, halk saghgi, hayvansal gidalar, S. aureus

Phenotypic and Genotypic Characterization of Biofilm Production in Staphylococcus aureus Isolates Obtained
from Food Contact Surfaces in Butcher and Delicatessen

Abstract: In the present study, it was aimed to investigate the presence of Staphylococcus aureus (S. aureus) in
butcher and delicatessen environments in Kayseri province and analyze their biofilm abilities with phenotypic and gen-
otypic methods. For this study, a total of 200 samples were collected from 10 different businesses, which were random-
ly selected between August and December 2022.The presence of S. aureus was investigated with EN/ISO 6888-1
(01/2004) standard, and the determination of the nuc gene in PCR, and its biofilm ability was investigated with Congo
red agar (CRA) and microplate method (MP). In addition, the presence of biofilm-related genes in isolates with biofilm
ability was also investigated with PCR method. Out of 200 samples, 42 (21%) were identified as S. aureus. Of these 42
isolates, 5 belonged to knives, 7 to cutting board, 8 to minced meat, 6 to cubed meat, 2 to sausage, 4 to meatballs, 6 to
cheese, and 4 to pastrami. According to CRA and MP tests, all S. aureus isolates were detected as biofilm producers,
and 18 (43%) of the isolates were strong, 13 (31%) were moderate, and 11 (26%) were weak in the MP test. Out of
biofilm producer isolates, icaA and icaD genes were detected in 18 (43%) and 16 (38%), respectively, while none of the
isolates contained fnbA and fnbB genes. As conclusion, the biofilm production ability of S. aureus isolates from the
butcher and delicatessen environment in Kayseri are considered as public health risk. Therefore, improving hygienic
conditions in food enterprises is essential for food safety and consumer health.

Keywords: Animal origin food, biofilm, biofilm related genes, public health, S. aureus

Girig artnleri) saglikh ve dengeli beslenme agisindan bu-
. . . L o yik énem arz etmektedir (Ozli ve Ercogkun, 2021).
Yuksek miktarda protein, yag, mineral ve vitamin Gida Uretimi amaciyla kullanilan giftlik hayvanlar
iceren hayvansal gidalar (et ve et Grlnleri, sit ve st Campylobacter spp., Escherichia coli, Salmonella
spp., Listeria monocytogenes ve Staphylococcus
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Kasap ve sarkuterilerde biyofilm Ureten S. aureus...

depolanmasi uygun kosullarda yapilmayan, protein
acisindan zengin besinlerden kaynaklanan, gastroin-
testinal hastaliklarin yaklasik Ugte birinden sorumlu-
dur (Paparella ve ark., 2018; Pérez-Boto ve ark.,
2023). Stafilokokal gida zehirlenmeleri, S. aureus
basta olmak Uzere enterotoksijenik 6zellige sahip
Stafilokoklarin gidalarda veya ortamda 10° kob/g
veya daha yuksek sayilara ulagsmasi ile Stafilokokal
enterotoksinleri (SE) sentezlemesi sonucu sekillenir.
Hastalik, enterotoksinlerin viicuda alimindan sonraki
4-6 saat icinde mide bulantisi, ani kusma, karin agrisi
ve ishal gibi semptomlar ile baglar, bu sireci takip
eden 12-24 saat igerisinde kendini sinirlar (Paparella
ve ark., 2018; Zeaki ve ark., 2019). Etkenin, gida
zehirlenmesinin yani sira, deri ve yumusak doku en-
feksiyonlari, pnémoni, endokardit, yara enfeksiyonlari
gibi nozokomiyal enfeksiyonlara ve bakteriyemiye
neden oldugu bildirilmistir (Kadkhoda ve ark., 2020).

insan ve hayvan biotasinda dogal olarak bulunan S.
aureus, dislk su aktivitesi (ay), yuksek tuz konsant-
rasyonlari ve nispeten disiik pH gibi olumsuz kosul-
lara karsi direnci sayesinde cesitli gidalarda canhihgi-
ni koruyabilmektedir. Basta metisilin olmak Uzere
bircok antimikrobiyal ajana kargi kazandidi direnc,
salgiladigi toksinler ve biyofilm olusturma yetenegi
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film olusumunda O6nemli rol aldidi bilinmektedir
(Cramton ve ark., 1999; Maira-Litran ve ark., 2002;
Houston ve ark., 2011; Achek ve ark., 2020). Bu ne-
denle, bu calismada, Kayseri ili Talas ilgesi sinirlari
icerisinde faaliyet gOsteren kasap ve sarkuterilerde
satisa sunulan et ve st Urlnleri ile alet ekipman yu-
zeylerinden alinan sivap érneklerinde S. aureus kon-
taminasyon duzeylerinin belirlenmesi ve elde edilen
izolatlarin biyofilm uUretim kabiliyetlerinin fenotipik ve
genotipik yontemler ile arastiriimasi amaclanmigtir.

Gereg ve Yontem

Bu calismada, Kayseri ilinde faaliyet gdsteren ve
rastgele secilen 10 farkl kasap ve sarkiteride satisa
sunulan hayvansal gidalar ve gida ile temas eden
yuzeylerden alinan drnekler materyal olarak kullanil-
di. Bu amagla, Adustos-Aralik 2022 tarihleri arasinda
isletmeler ziyaret edilerek 137 adet hayvansal gida
(30 adet kusbasi et, 25 adet kiyma, 19 adet sucuk, 5
adet kofte, 17 adet pastirma, 18 adet tavuk eti, 23
adet peynir) ve 63 adet alet ve ekipman yuzey sivap
(22 adet bigak, 20 adet kiyma makinasi ve 21 adet
kesme tahtasi) olmak Uzere toplam 200 adet 6rnek
analiz edildi. Calismada toplanan 6rneklerin isletme-
lere gore dagihmi Tablo 1'de detaylandiriimistir.

Tablo 1. Calismada toplanan érneklerin isletmelere gore dagihmi

Ziyaret Edilen Aylar ve Ziyaret Edilen Igletme Kodlari Toplam
Ornekler Aralik Subat Nisan Haziran Agustos Ornek
A B C D E F G H | [ Sayisi
Kusbasi 2 3 3 2 3 5 3 4 3 2 30
Kiyma 2 3 2 2 2 4 2 3 2 3 25
Kofte 1 - 1 1 - - 1 - 1 - 5
Hayvansal Sucuk 2 2 2 2 3 2 1 - 2 3 19
Gidalar Pastirma 2 - 1 2 3 2 2 - 2 3 17
Tavuk Eti 2 3 2 1 1 3 1 2 2 1 18
g ulum 3 2 2 3 2 2 3 2 2 2 23
eyniri
Bigak 3 2 3 1 3 1 2 3 2 2 22
Kiyma
Ekipman Makinasi 2 2 2 2 2 2 2 2 2 2 20
Kesim
Tahtas 3 2 2 3 2 3 2 1 2 1 21
Isletme Bazinda Toplam 5 419 30 419 21 24 19 17 20 19 200
Ornek Sayisi

gibi patojenik 6zellikleri sebebiyle, hayvansal gidalar-
da ve uretim tesislerinde S. aureus kontaminasyonu
halk saghgini tehdit etmektedir (Gungor ve ark.,
2021). Bakteriler, biyofilm olusturma yetenegi saye-
sinde, dezenfektanlardan, antibiyotiklerden, konakgi
bagisiklik sistemi kapsaminda salinan enzimlerden
ve cevresel stres faktdrlerinden korunabilmektedir
(Ballah ve ark., 2022). Fibronektin baglayici proteinle-
rinin (fnbA ve fnbB) bakterinin konakg! hiicreye yapig-
masini saglayarak biyofilm olusumunu kolaylastirdigi,
hiicre ici adezyon (icaACD) gen urlnlerinin ise biyo-
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Toplanan oérneklerde koagllaz pozitif stafilokoklarin
izolasyonu 1ISO 6888-1 standart proseduirtne (ISO,
1999) gore gergeklestirildi. Bu amagla, 10 g et ve
peynir 6rnekleri 90 mL tamponlanmis peptonlu su
(TPS) igeren filtreli numune posetine (Isolab, Tirkiye)
eklenerek 2 dk homojenize edildi. Sivap 6rneklerinin
bulundugu sivi besi yeri ise 2-3 dk vortekslendikten
sonra besi yerindeki sivinin 1 mL’ si 9 mL TPS igeren
steril tiiplere ilave edilerek 10 ‘e kadar 10 kat diliis-
yonlari hazirlandi. Her bir dilisyon egg yolk tellurit
emulsion (Merck, Almanya) igceren Baird Parker
Agar'a (Merck, Almanya) yayma plak teknigi ile ekil-
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dikten sonra 37°C’de aerobik kosullarda 24-48 saat
inkiibasyona tabi tutuldu. inkilbasyon siiresi sonunda
besi yerinde tipik olarak ureyen gri-siyah renkte, par-
lak, konveks, etrafinda berrak zon olugturan koloniler
secildi ve ardindan fenotipik identifikasyon testleri
(Gram boyama, katalaz ve koagiilaz testleri) yapila-
rak, molekiler identifikasyon amaciyla nuc geninin
varligi yéninden analiz edildi.

Konvansiyonel yontemler ile S. aureus olarak izole
edilen suslarin DNA ekstraksiyon iglemi ticari kit
(Instangen, Bio-Rad, ABD) kullanilarak Uretici firma-
nin direktifleri dog@rultusunda gergeklestirildi. Elde
edilen DNA o6rnekleri S. aureus igin spesifik olan nuc
geninin arastiriimasi amaciyla PCR’a tabii tutuldu.

Bu amacla PCR reaksiyon karisimi, 1 x PCR buffer
(Thermo, ABD), 2 mM dNTP miks, 1.5 mM MgCl, her
bir primerden (Tablo 2) 20 pmol, 2U Taq DNA poli-
meraz, 2 yL hedef DNA ve 2.5 pL distile su igeren
karigim total hacim 25 pL olacak sekilde hazirlandi.
PCR reaksiyonu termal déngileme cihazinda
(Thermo, ABD) 94°C’ de 5 dk 6n denatiirasyonu taki-
ben, 94°C’ de 1 dk denatlirasyon, 56°C’ de 1 dk pri-
mer baglanmasi, 68°C’ de 1 dk primer uzamasi asa-
malarini kapsayan 30 siklus ve sonunda 72°C’ de 7
dk ilave son uzama olacak sekilde gerceklegtirildi.
PCR islemi sonucunda elde edilen amplikonlar, %
1.5’lik agaroz jele yuklendikten sonra 120 V’ta 60 dk
elektroforez (Thermo EC330) islemine tabii tutuldu.
Daha sonra jel UV jel gorintileme sisteminde
(Biorad Gel Doc XR, ABD) gorintilendi (Gungor ve
ark., 2021).

Tablo 2. Calismada kullanilan primerler

Nurhan ERTAS ONMAZ

C’de 30 sn, 55°C’de 30 sn, 72°C’de 1 dk olmak Uzere
35 siklus ve 72°C’de 7 dk son uzama seklinde ger-
ceklestirildi.

Bulgular

Calismada analiz edilen 200 Ornedin 45'i (%22.5)
yapilan konvansiyonel analizler sonucunda koagulaz
pozitif stafilokok (KPS) olarak belirlendi.

PCR analizi neticesinde ise konvansiyonel yontem ile
KPS oldugu belirlenen 45 &rnekten 42’sinin (%93)
nuc geni tasididi belirlendi (Sekil 1). Dolayisiyla gals-
madaki S. aureus prevalansi %21 (42/200) olarak
tespit edildi.

Sekil 1.
izolatlarinda belirlenen nuc geninin PCR gériintiisi.
M: Marker (100 bp), P: Pozitif kontrol (S. aureus
ATCC 25923 nuc gen: 400 bp), 1-9: S. aureus pozi-
tif drnekler.

Calismada izole edilen S. aureus

Calisma stiresince analiz edilen kiyma, kugbasi et,
sucuk, kofte, peynir ve pastirma, bicak ve kesme
tahtasi érneklerini sirasiyla %32 (8/25), %20 (6/30),

Hedef Gen Primer Primer Sekansi (5'-3") Baz buyiikligu Kaynak
nuc nuc-F AGTTCAGCAAATGCATCACA 400 bp Cremonosi ve ark.
nuc-R TAGCCAAGCCTTGACGAACT (2007)
icaA icaA-F TCTCTTGCAGGAGCAATCAA 188 bp Arciola ve ark.
icaA-R TCAGGCACTAACATCCAGCA (2002)
icaD icaD-1 ATGGTCAAGCCCAGACAGAG 198 bp
icaD-2 CGTGTTTTCAACATTTAATGCAA
fnbA fnbA-1 ACTTGATTTTGTGTAGCCTTTTT 185 bp Ferreira ve ark.
fnbA-2 GAAGAAGCACCAAAAGCAGTA (2013)
fnbB fnbB-1 CGTTATTTGTAGTTGTTTGTGTT 118 bp
fnbB-2 TGGAATGGGACAAGAAAAAGAA

S. aureus izolatlarinin biyofilm olusturma yetenekleri
ise, koloni morfolojisinin renk degistirmesi esasina
dayanan Kongo kirmizisi agar (KKA) yontemi
(Freeman ve ark., 1989) ve kantitatif bir ydontem olan
mikroplak (MP) yontemi (Stepanovi¢ ve ark., 2000) ile
arastirildi.

Biyofilm kabiliyetleri tespit edilen izolatlarin biyofilm
ile iligkili icaA, icaD, fnbA ve fnbB genlerinin varligi
daha onceki galismalarda tasarlanan oligoniikleotid
primerler kullanilarak PCR ile belirlendi (Arciola ve
ark., 2002; Ferreira ve ark., 2013). Amplifikasyon
islemi 95°C'de 3 dk 6n denatlrasyonu takiben 95°

%10.5 (2/19), %80 (4/5), %26 (6/23), %23.5 (4/17),
%23 (5/22) ve %33 (7/21)'G S. aureus ile kontamine
bulundu (Tablo 3). Pozitif érneklerden gidalarda top-
lam S. aureus sayisi 1x10'-5x10* kob/g, alet ve ekip-
manlarda ise 1x10"-3x10? kob/cm? arasinda degisen
dizeylerde belirlendi.

Calismada, analiz edilen 6rneklerden elde edilen
izolatlarin tamami hem KKA besi yerinde hem de MP
testinde biyofilm pozitif olarak belirlendi. MP testinde
S. aureus izolatlarinin 18 (%43)’inin gugld, 13 (%
31)'Undn orta derecede ve 11 (%26)inin zayif biyo-
film Ureticisi oldugu tespit edildi (Tablo 4).
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Tablo 4. Calismada elde edilen biyofilm Uretme yetenegindeki S. aureus izolatlarinin igletme ve drneklere gore
dagihmi

S. aureus pozitif izolatlarin MP’da

S. aureus Biyofilm ile iligkili genler

pozitif S. aureus biyofilm olugturma 6zelligi
o) pozitif Igsletme - . .
rnek Giiglii Orta Zayif icaA icaD fnbA fnbB
A + - - + - - -
B - + - - - - -
Kusbasi C - - + - - - -
H + + - + + - -
i + - - + - - -
B - + - - + - -
D + - - + - - -
E - + - - - - -
Kiyma F + - + + + _ _
H - + - - - - -
| + - - - - - -
i - - + - - -
C - + - + - - -
Ksfte o : ; : L
| + - - + - - -
Sucuk E . ) * A ) ) )
[ + - - + - - -
A + - - + - - -
Pastirma g *_' . i i I i i
i - - + - - -
A - - + - - - -
C - + - + - -
+ - - - - -
Peynir E . + - - I - -
G + - - + - - -
[ - - + - - - -
A + - - + - - -
- + - - - -
Bicak g ) _ + ) I ) )
H + + - + + - -
A + - - + - - -
B - - + - - - -
Kesme Tah- 2 . i J_r . J_r i i
tasi
F - - + - - - -
G - + - - + - -
| - - + - + - -

PCR analizinde biyofilm pozitif izolatlarin 18 (%43)'i
icaA ve 16 (%38)'s1 icaD geni icin pozitif bulunurken
izolatlarin hig birisinde fnbA ya da fnbB geni tespit
edilmedi (Tablo 4, Sekil 2).

202



Kasap ve sarkuterilerde biyofilm Ureten S. aureus...

Sekil 2. S. aureus izolatlarinda tespit edilen biyofilm
iliskili genlerin PCR goérintiisi. M: Marker (100 bp),
PK1: Pozitif kontrol (icaA geni: 188 bp), PK2: Pozitif
kontrol (icaD geni: 198 bp), PK3: Pozitif kontrol (fnbA
geni: 185 bp), PK4: Pozitif kontrol (fnbB geni: 118
bp), 1-3: icaA geni pozitif S. aureus izolatlar, 4-6:
icaD geni pozitif S. aureus izolatlar.

Tartisma ve Sonug

Bu calisma kapsaminda analiz edilen 200 6rnegin %
271’inin (42/200) S. aureus ile kontamine oldugu belir-
lendi. Analiz edilen kusbasi et, kiyma, kofte, pastir-
ma, sucuk ve peynir orneklerinde S. aureus sayisi
sirastyla, 1x10'-3x10%, 1x10'-5x10%, 2x10°%-8x10°,
1x10"-8x10", 5x10"-2x10* ve 1x10%-5x10° kob/g arali-
ginda tespit edildi. Analiz edilen 6rneklerden peynir
ve pastirmalardaki bakteri sayisinin Turk Gida Ko-
deksinde (TGK 2011) belirtilen limitleri agsmadigi go-
rildi. Bu calisma sonuglarina benzer sekilde Guven
ve ark. (2010), Aydin ve ark. (2011), El-Azzouny ve
ark. (2018) ve Kogak Kizanlik (2019), analiz ettikleri
hayvansal orjinli gida 6rneklerinin sirasiyla %33, %
9.7, %12 ve %10’'unun S. aureus ile kontamine oldu-
dunu bildirmislerdir. Calisma sonuglarimizin aksine,
Tang ve ark. (2017) ve Seyoum ve ark. (2018), analiz
ettikleri érneklerde sirasiyla %68 ve %47’sinden S.
aureus izole etmislerdir. Calismalar arasindaki farkli-
liklarin nedeni, 6rneklemenin yapildid1 yer, 6rnek
sayisl, cografi bolgeler arasindaki farkhliklar, drnekle-
rin niteligi, orneklerin muhafaza kosullar, islenme
sekilleri ve uygulanan analiz metotlar ile ilgili olabilir
(Normanno ve ark., 2007; Guven ve ark., 2010; Bore-
na ve ark., 2023). Calisma kapsaminda ziyaret edilen
kasap ve sarkiterilerde calisan personelin 6nlik,
maske, bone ve eldiven kullanimini g6z ardi ettikleri
g6zlemlendi. Bu igletmelerde calisan personel hijyen
kurallarini yerine getirmedigi taktirde tiketiciye sunu-
lan Urlnlerin gapraz kontaminasyonu riski kaginiimaz
hale gelecektir.

Calisma kapsaminda igletmelerdeki ekipmanlardan,
bicak érneklerinin %23’tinde 1x10" -2x10* kob/cm? ve
kesme tahtasinin %33’tniin 7x10" 4x10? kob/cm?
diizeylerinde S. aureus ile kontamine oldugu belirlen-
di. Bu sonuglar ziyaret edilen igletmelerde et trlnleri-
nin hazirlanmasinda kullanilan ekipman yiizeylerinin
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hijyeninin yetersiz oldugunu ve bu ylzeylerin ¢apraz
kontaminasyon kaynagi olabilecegini dusundirmek-
tedir. Benzer sekilde, Guzel ve Onmaz (2022) toplu
yemek tluketimi yapilan bir tesiste analiz ettikleri bi-
¢ak, kiyma makinasi ve dograma tezgahi érneklerin-
de sirasiyla %43, %6 ve %18.5’'inde cesitli dizeyler-
de (ortalama 3.5x10'- 1.6x10° kob/cm?) S. aureus
izole ederken, Tiryaki (2018) ise 190 adet ekipman-
dan alinan drneklerin higbirinde S. aureus belirleye-
medigini bildirmigtir.

Patojen mikroorganizmalarin gidalarda ve gida ile
temas eden yulzeylerde biyofilm olusturma yetenegi,
etkenin patogenezinde oldukga 6nemli yere sahiptir.
Biyofilm olusturma yeteneginde olan mikroorganiz-
malar, olumsuz ¢evresel kosullara karsi direngli hale
gelerek gida Urunlerinin - mikrobiyolojik  kalitesini
o6nemli 6lgide azaltarak gida guvenlidi ve halk saghgi
acanindan risk olusturur (Turhan ve Erginkaya,
2019). Yapllan literatir taramasinda, hayvansal gida-
lardan izole edilen S. aureus’ larin gesitli diizeylerde
biyofilm ureticisi oldugu bildirilmistir (Thiran ve ark.,
2018; Miao ve ark., 2019; Achek ve ark., 2020; Chen
ve ark., 2020; Kowalska ve ark., 2020; Uyanik ve
ark., 2022). Bu galismada, izolatlarin %43’Gnin glc-
10, %31’Unin orta derecede ve %26’sinin zayif biyo-
film Ureticisi oldugu belirlendi. Ayrica biyofilm pozitif
izolatlarin %43’Unln ve %38'inin biyofilm olusumda
Onemli role sahip olan sirasiyla icaA ve icaD geni
icerirken, higbirinde fnbA ve fnbB genleri belirleneme-
di. Calismamizdan farkh olarak Vergara ve ark.
(2009) ve Achek ve ark. (2020) biyofilm Ureticisi olan
S. aureus’lann icaA, icaD, fnbA ve fnbB genlerinin
tamamini tasidigini bildirmiglerdir. Vergara ve ark.
(2009) fnbB geninin biyofilm Ureten izolatlarda sap-
tanmadigi ya da disik duzeylerde saptandigi rapor
etmislerdir.

Sonug olarak bu ¢alisma Kayseri ilinde faaliyette bu-
lunan kasap ve sarkuterilerde, hayvansal gida Urtnle-
ri ve ekipman yuzeylerinde, biyofilm tretme yetenegi-
ne sahip S. aureus’un varlidini ortaya koymustur.
Elde edilen S.aureus izolatlarinin biyofilm Uretme
yeteneklerinden dolay: isil iglem, diistk pH, kurutma
gibi islemlere, dezenfektan ve antibiyotiklere daha
direngli hale gelerek gida endustrisinde devamli kon-
taminasyon igin potansiyel bir kaynak olabilirler. Bu
durum calismada ziyaret edilen isletmelerde satisa
sunulan et ve sut urlnlerinin glvenligi ve dolayisiyla
tuketici sagligi acisindan énemli saglik risklerine ne-
den olabilir. Gida endustrisinde biyofilm olusumunun
onlenmesinde en 6nemli adim bakterilerin ylzeye
tutunmalarini énlemektir. Bu nedenle bu igletmelerde
hijyen ve sanitasyon kosullarinin iyilestiriimesi énem
arz etmektedir. Konu ile ilgili olarak bu perakende
Uretim ve satis yerlerinde ¢alisan kasap ve diger per-
sonele HACCP, lyi Uretim Uygulamalari (GMP) gibi
gida sanitasyon uygulamalari ile ilgili egitim program-
lar diizenlenerek farkindalik olusturulmalidir.
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Abstract: Uterine tissue is an organ with a high proliferation capacity where regeneration, differentiation and shedding
are seen. Although this tissue is regenerated every month, the source of it hasn’t been determined yet. Studies are
carried out on stem cells being a source that can provide regeneration of the endometrium and the markers expressed
by these cells. The purpose of this study was to examine the immunreactivity of CD9 and CD13 expressed by essential
population of uterus and CD34, marker of hematopoietic stem cells, at various stages of the postnatal developing pro-
cess. In this study, was used 42 female Wistar-albino rats split into six groups; Group |; newborn (2-days), Group II;
pubertal (38-days), and Group llI: fertile group (12 weeks), by identifying the stages of the estrous cycle in rats a) pro-
estrus, b) estrus, c) metestrus, d) diestrus. The expression of CD9, CD13, and CD34 in uterine tissues excised from
rats was investigated. In the groups of 38-days and 12-weeks, CD34-expressing cells were present in the stroma of the
endometrium next to the myometrium, but such cells were absent in the 2-days group. All groups' uterine epithelium
displayed CD9 expression, except for group 2-days. Endometrial stromal cells that expressed CD13 showed only little
immureactivity in groups 2 and 38-days, while CD13 expression is noticeable in group 12-weeks. It was thought that
the uterine endometrium could be regenerated in puberty and adulthood with the contribution of bone marrow-derived
stem cells and uterine-derived epithelial and stromal cells.

Keywords: Endometrium, immunohistochemistry, smear

Dogum Sonrasi Gelisim Donemlerindeki Sigan Uterus Dokusunda Kok Hiicre Varliginin Arastiriimasi

Oz: Uterus dokusu yenilenme, farklilasma ve dokiilmenin gériildiigi yiiksek proliferasyon kapasitesine sahip olan bir
organdir. Bu dokuda yenilenme her ay olmasina ragmen, yenilenmenin kaynagi halen belirlenememigstir. Kk hiicrelerin
endometriyumun rejenerasyonunu saglayabilen bir kaynak oldugu ve bu hicrelerin eksprese ettigi belirtecler ile ilgili
galismalar yapilmaktadir. Bu galismanin amaci, uterusun temel populasyonu tarafindan eksprese edilen CD9 ve
CD13'liin ve hematopoetik kdk hlcrelerin belirteci olan CD34'in dogum sonrasi gelisim sirecinin gesitli asamalarinda
immunreaktivitesini incelemekti. Bu ¢alismada 42 adet disi Wistar albino rat alti gruba ayrildi; Grup | yenidogan (2
guinlik), Grup Il pubertal (38 gunlik) ve geri kalan gruplar, Grup IlI: fertil grup (12 hafta), siganlarda dstrus dongusunin
evrelerini belirleyerek a) prodstrus, b) dstrus, c) metestrus, d) diestrus. Deney sonunda, siganlardan alinan uterus
dokularinda CD9, CD13 ve CD34 ekspresyonlari aragtirildi. 38 glin ve 12 haftalik postnatal gruplarda, miyometriyumun
yanindaki endometrium stromasinda CD34 eksprese eden hiicreler mevcutken, postnatal 2 gunlik grupta boyle hicrel-
er bulunmamaktaydi. CD9 ekspresyonun da uterus epitelinde 2 gunlik grup disindaki tim gruplarda gézlendi. Endo-
metriyum stromasinda eksprese edilen CD13 ise 2 gunlik ve 38 gunliik siganlarda zayif olmasina ragmen, 12 haftalik
si¢anlarda belirgin CD13 ekspresyonu oldugu belirlendi. Uterus endometriyumunun puberte ve erigkin dénemlerde,
kemik iligi kaynakh kdk hucrelerin ve uterus kaynakli epitelyal ve stromal hiicrelerin katkisi ile yenilenebilecegi digunl-
mustur.

Anahtar kelimeler: Endometriyum, immiinohistokimya, smear

Introduction

Throughout a woman's reproductive cycle, the human
endometrium experiences over 400 times of regener-
ation, differentiation, and shedding (Jabbour et al.,

Gelis Tarihi/Submission Date :28.03.2023
Kabul Tarihi/Accepted Date  : 14.09.2023

This study was supported by Erciyes University, Scientific Research
Projects Coordination Unit; project number TYL-2013-4286.

2006). This tissue is composed of two sublayers, the
pars functionalis and the pars basalis. The endome-
trium's damaged layer is known as the pars function-
al. The general opinion related to the regeneration of
the pars functionalis is that a particular cell group in
the basal region of the endometrium grows and ex-
pands rapidly to reconstitutethe endometrium
(Padykula, 1991). The ability of the endometrium to
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regenerate itself is thought to be a result of stem
cells, according to a widely held belief today. Re-
search on endometrial stem cells has benefited from
the most recent technical advancements employed to
identify adult stem cells in many tissues (Kyo et al.,
2011). Endometrial stem cells, which are the cells
that make up the uterus in each menstrual/estrous
phase, are thought to originate from the endometrial
glands and stromal cells. In addition, there are new
views on the existence of an extrauterine source and
the fact that these cells are responsible for the repair
of the uterus following menstruation and delivery. It
has been suggested that one of these cell sources
may be bone marrow-derived mesenchymal stem
cells (Bruscia et al., 2006). Hematopoietic stem cells
(HSC) are found in hematopoietic tissues such as
bone marrow, cord blood, and mobilized peripheral
blood. CD34, which is expressed by 0.5-5% of hu-
man bone marrow cells, is one of the most significant
markers of HSCs. Early progenitor cells contain
CD34, while more mature cells do not express it
(Civin et al., 1990). CD9 is a 24-27 kD glycoprotein
that the glandular epithelium's cell surface actively
expresses during the menstrual phase (Park et al.,
2000). CD13, known as N aminopeptidase, is ex-
pressed in the endometrial stroma during the men-
strual phase, and its expression is more pronounced
in the secretion phase compared to the proliferative
phase (Seli et al., 2001). These findings demonstrate
the use of CD9 and CD13 as endometrial glandular
and stromal cell surface markers (Kato et al., 2007).

The endometrium is a tissue that can reproduce
physiologically, shed, and then renew itself. Studies
show that stem cells may be involved in this regener-
ation. It is also believed that endometrial stem cells
play a role not only in regeneration, but also in the
development of gynecological diseases such as en-
dometriosis and endometrial cancers (Kato, 2012).
The regeneration of the endometrium depends on
cell proliferation in the proliferative phase, and with
this regeneration, the endometrium reaches the re-
quired thickness. An endometrium that is not fully
developed as a result of insufficient proliferation and
that is thinner than it can be considered as one of the
causes of infertility. Bone marrow stem cells' role in
the proliferative stage is poorly understood. Although
CD9/CD13 has been used as differentiation markers
in the uterus in studies, there has not been enough
study on the expression of these proteins in the uter-
us. This study used immunohistochemistry to assess
how CD9/CD13 and CD34 immunoreactivities affect-
ed uterine alterations at various postnatal develop-
mental stages.

Materials and Methods

The Ethics Council of Experimental Animals at
Erciyes University in Turkey granted ethical approval
for the use of Wistar albino rats in this work. We uti-
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lized 42 female Wistar albino rats. The Experimental
and Clinical Research Center at Erciyes University
supplied the rats. According to the guidelines for ani-
mal experimentation, all procedures for the experi-
ment were administered at Erciyes University, Facul-
ty of Medicine (Kayseri, Turkiye) (date: November 14,
2012, decision no:11/116). Throughout the experi-
ment, rats were housed in plastic cages with stand-
ard conditions of 60% humidity, temperature (22.5°C)
and appropriate illumination (light cycle:12h/dark cy-
cle:12h). The study consisted of a total of 42 rats,
with six groups and seven rats in each group. 1- new-
born group (two days), 2- pubertal group (38 days), 3
- Group llI: fertile group (12 weeks), by identifying the
stages of the estrous cycle in_a) proestrus, b- estrus,
c- metestrus, d- diestrus. The phases of the estrous
cycle were determined by taking vaginal smears from
12-weeks rats. For the smear, the rat vagina was
washed with a plastic pipette with 10ul saline (NaCl
0.9%) drawn, and the vaginal secretion was collected
and the vaginal fluid was spread on the slide. A differ-
ent slide was used for each rat. After the smears
were stained with hematoxylin-eosin (H-E), the stag-
es of the estrous cycle were determined by examin-
ing them under the microscope.

Uterine tissue samples were taken from rats belong-
ing to all experimental groups using ketamine-
xylasine (50 mg/kg-15 mg/kg) under general anesthe-
sia. Excised tissues were fixed with 10% formalde-
hyde solution for histological examinations and were
blocked by embedding in paraffin after routine tissue
follow-up. 5-6 um sections from paraffin blocks were
taken to polylysine-coated slides. Using standard
histological techniques, prepared slides were depar-
affinized with xylene and diluted by passing through a
graded alcohol series. The sections were H-E
stained, and the Olympus BX51 microscope was
utilized to look at them in order to view the general
histological structure (Baran et al., 2022).

Avidin-biotin-peroxidase method and immunohisto-
chemical techniques were applied to determine
CD34, CD9 and CD13 molecules in the uterine tis-
sues of the rats in the experiment. In order to rehy-
drate sections that had been held at 60°C over night,
they were first put through a succession of xylene
and then graded alcohol. Following a thorough clean-
ing with distilled water, for 5 minutes, the sections
were heated in 10% citrate buffer at 600 W in a mi-
crowave for antigen recovery, and then allowed to
cool for 10 minutes at room temperature in the same
buffer solution. After sections were cleaned with
phosphate buffer (PBS), endogenous peroxidase
activity was inhibited for 12 minutes using 3% hydro-
gen peroxide (H20,). The following stages involved
using a staining kit for the Large Volume Detection
System (Thermo Scientific, TP-125-HL). To guaran-
tee that the regions outside the antigenic zones were
covered, Ultra V block was added to the sections
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rinsed with PBS. Immediately afterwards, CD34
(Abnova: PAB18289), CD9 (NBP1-40752) and CD13
(NBP1-19793) antibodies were applied to the sec-
tions and incubated for 30 minutes at room tempera-
ture after 1 night at +4°C. Following washing, the
sections were incubated for 10 minutes with a biotin-
secondary antibody before going through the wash-
ing procedure once more. Then, the sections were
exposed to streptavidin peroxidase for 10 minutes.
To make the immunoreactivities visible, they were
treated for 1 to 5 minutes with the kit's peroxidase
substrate that had diaminobenzidine (DAB) charac-
teristics. Distilled water was used to rinse the sec-
tions for five minutes. Sections that had been Gill
hematoxylin counterstained were rinsed with distilled
water. After eliminating the water from the sections
with an increasing alcohol series and passing them
through xylene, they were sealed with closure solu-
tion (Entellan®, Merck) and inspected under an
Olympus BX51 microscope (Baran et al., 2022).

Immunohistochemical results were evaluated by
counting the cells expressing CD34 in the part of the
endometrium adjacent to the myometrium, and the
immunoreactivity intensities of CD9 expressed in the
glandular structures of the endometrium and CD13
expressed in the endometrial stroma using the Image
J program. Ten different areas from random sections
taken from tissues were included in the measure-
ment. The mean immunoreactivity intensity was de-
termined for all groups (Onder et al., 2021).

Statistical analyses

All statistical analyses were performed using the
SPSS 20.0 program. The Shapiro-Wilk test was used
to verify whether the data conformed to the normal
distribution, and the Levene homogeneity test was
used to determine variance homogeneity. The Mann
Whitney U test was used to conduct and assess the
difference tests in cases of difference, and the Krus-
kal-Wallis Analysis was used to compare groups in
variables that did not exhibit a normal distribution.
Statistics were regarded as significant at P<0.05.

Results

When the H&E-stained smear samples belonging to
different periods of the estrous cycle were examined
in light microscopy, nucleated epithelial cells as well
as non-nucleated epithelial cells were observed in the
proestrus phase. The estrus is the phase of aucleat-
ed cornified cells with acidophilic staining. In the met-
estrus phase, which shows basophilic staining, leuko-
cytes were observed among the cornified cells. In the
diestrus phase, there were many leukocytes and
small nucleated epithelial cells (Figure 1).

Betil YALCIN
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Figure 1. Cytological evalu
(H&E) stained vaginal smears X40. (A) Proestrus (B)
Estrus (C) Metestrus (D) Diestrus.

In the uterus of a newborn (2-days) rat, the epitheli-
um located on a prominent basement membrane was
observed to be a single layered columnar epithelium.
Diffuse blood vessels and fibroblast-like cells were
observed in the lamina propria layer located under
the epithelial layer. It has been determined that there
are several rows of muscle layers in the myometrium
(Figure 2. A1, A2, A3). In the pubertal (38-days) rat
uterus, as in the 2-days rat, the uterine lumen was
surrounded by a single-layered columnar epithelium,
and the nuclei of the cells forming the epithelium
were observed to be oval shaped and located basal-
ly. It was observed that the lamina propria, which is
loose connective tissue, is rich in blood vessels. It
was also noted that the endometrial glands in the
lamina propria were less in number than those in the
12-weeks adult group. The circular and longitudinal
muscle bundles in the myometrium layer were regu-
larly located (Figure 2. B1, B2, B3).

In the sections of the uterine tissues belonging to the
proestrus stage in adult rats, it was observed that the
single-layered columnar epithelial cells surrounding
the lumen had a centrally located oval nucleus and
prominent nucleoli. At this stage, a small amount of
leukocyte infiltration was observed both in the epithe-
lium surrounding the endometrial lumen and in the
epithelium of the endometrial gland. The histological
structures of the circular and longitudinal muscle bun-
dles in the myometrium layer were found to be nor-
mal (Figure 2. C1, C2, C3). During the oestrus stage,
the lumen was surrounded by a tall columnar epitheli-
um in the adult rat uterus. Leukocyte infiltration was
observed both in the endometrial gland epithelium
and among the epithelial cells lining the degenerating
uterine lumen (Figure 2. D1, D2, D3). In the metes-
trus stage, the endometrial lumen epithelium in the
uterus of adult rats was shown to have shorter epi-
thelial lengths than those in the proestrus and estrus
groups. Leukocyte infiltration of the endometrial epi-
thelium as well as degradation were both seen. The
stromal cells next to the myometrium were less nu-
merous, whereas the cells next to the basement
membrane of the lamina propria layer were more
abundant. The myometrium layer, which makes up a
significant portion of the uterine wall, was found to
have circular and longitudinal muscle bundles that
were regularly positioned (Figure 2. E1, E2, E3). In
diestrus adult rats, the endometrial epithelium was
seen as low prismatic or cuboidal. However, it was
noteworthy that the nuclei of the epithelial cells had
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also taken a round shape in accordance with the
shape of these cells. The height of the uterine glands
epithelium with a prominent lumen in the lamina pro-
pria of the uterus was higher than the epithelium sur-
rounding the uterine lumen. In addition, the cells in
the stroma were distinguished by volume. The myom-
etrium layer of 12-week-old adult rats had normal
histological structure (Figure 2. F1, F2, F3).

estrus  proestrus 1 38 days 2 days

12 weeks
|

metestrus

I diestrus

Figure 2. Uterine tissues from the groups at different
stages of postnatal development. A1, A2, A3) 2 days
group; B1, B2, B3) 38 days group; 12 weeks groups,
C1, C2, C3) Proestrus group; D1, D2, D3) Estrus
group; E1, E2, E3) Metestrus group; F1, F2, F3) Die-
strus group. Endometrium (E), Myometrium (M), epi-
thelium (EP), lamina propria (LP), uterine gland (blue
arrow), leukocyte infiltration (yellow arrow). H&E, 1,
2, 3: x10, x20, x40.

Immunohistochemistry findings

CD9 and CD13 immunoreactivities expressed by
epithelial and glandular cells in the uterus population
and CD34 positive cells expressed by hematopoietic
stem cells in this population were immunohistochemi-
cally evaluated. The mean CD9 and CD13 immuno-
reactivity of the uterine tissues of the experimental
groups and the mean CD34 positive cell numbers are
shown in Table 1.

When CD34 expressions were examined immuno-
histochemically, in the 2-days experimental group,
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expression was observed in the endothelial cells ves-
sel walls in the lamina propria. In the 38-days and 12-
weeks experimental groups, CD34 expression was
observed in the cytoplasm of the cells in the endome-
trium adjacent to the myometrium (Figure 3). Accord-
ing to the number of cells expressing CD34, there
was a statistically significant difference between the 2
-day group and all other groups, while a statistically
significant difference was only found between the 38-
day group and the estrus (P<0.05) and metestrus
(P<0.05) groups. In the 12-weeks groups, there was
a statistically significant difference only between the
proestrus group and the estrus group (P<0.05).

When CD9 expression was examined immunohisto-
chemically, CD9 expression was not found in the
uterine tissue sections of the 2-days experimental
group, while CD9 was expressed in the uterine lumen
epithelium and glandular epithelium in the lamina
propria in the 38-days and 12-weeks experimental
groups (Figure 3). According to CD9 epithelial immu-
noreactivity measurement results, an increase in CD9
expression was observed in the period from estrus to
proestrus. However, no statistically significant differ-
ence was found between the groups (P>0.05).

When CD13 expression was examined immunohisto-
chemically, it was observed that CD13 was ex-
pressed in the cytoplasm of cells in the lamina pro-
pria of the 12-weeks experimental groups, while no
significant CD13 expression was found in uterine
tissue sections in the 2-days and 38-days experi-
mental groups (Figure 3). According to the CD13
immunoreactivity in the endometrial stroma, a statisti-
cally significant difference was found between the 2-
days group and the 38-days (P<0.05) and oestrus
(P<0.05) groups when the 2-days group was com-
pared with the other groups. A statistically significant
difference was found between the 38-days group and
all other groups (P<0.05).
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Table 1. The immunreactivity of CD34, CD9 and CD13 in all experimental groups
Groups CD34 CD9 CD13
2 days 00 12.08+10.08 83.30+7.10
38 days 5.90+3.03 113.53+10.82 85.10+4.95
12 proestrus 5.41+2.84 117.77+£9.91 89.84+8.29
weeks estrus 4.67+4.09 115.83+12.69 90.42+5.52
metestrus 5.127+4.25 115.33+12.16 90.06+5.08
diestrus 5.35+4.14 116.34+17.17 88.85+7.72

Note: Immunohistochemical data are expressed as mean + standard deviation only.

12 weeks
A

metestrus

= . e o Tt e RSN e s
Figure 3. Light micrographs of uterine tissues. Im-
munohistochemical localization of CD34 immune pos-
itive cells; x40, x100 in experimental groups. The
levels of CD9 and CD13 in uterine tissues of rats

(CD9 and CD13 immunoreactivity, x40).

¥

Discussion and Conclusion

Morphogenesis of the uterus begins in fetal life, but
the tissue-specific structure is completed in the post-
natal period, including the formation of endometrial
glands (Justyna, 2013). Although the development of
endometrial glands occurs in the fetus in humans and
continues postnatally (PND) and is completed at pu-
berty, it begins postnatally in rodents (Gray et al.,
2001). Simple epithelium and undifferentiated mesen-
chyme support the simple epithelium in the newborn
mouse and rat uterus, while endometrial glands are
absent. On the 5" day of PND, epithelial invagina-
tions representing the formation of glandular epitheli-
al branches are seen (Brody and Cunha, 1989). Only
PND 7 in mice and PND 9 in rats did endometrial
gland development become apparent. In rats, contin-
ued from day PND 9 to PND 15 days and formed
simple tubular glands (Branham et al., 1985). It has

been stated that the perinatal mouse uterus consists
of an endometrial layer, a stromal layer without endo-
metrial glands, a single-layered columnar epithelium
surrounding the lumen supported by this stromal lay-
er, and the myometrium consists of prominent circu-
lar and longitudinal smooth muscle layers (Teixeira,
2008). In this study, it was observed that the 2-days
rat uterine lumen was surrounded by a single layer of
epithelium and there were no endometrial glands in
the cell-rich lamina propria. In addition, the muscle
layer of the uterus was not evident.

Significant histological changes are observed during
the estrous cycle in the uterus, which is the target of
ovarian hormones, in rodents without menstruation.
The height of the uterine lumen epithelial cells varies
during the estrous cycle, with the longest estrus and
the shortest diestrus. In contrast to metestrus and
diestrus, proestrus and estrus have significant levels
of mitotic activity in the uterine epithelium. In uterine
glandular cells, the mitotic rate is at its lowest in the
estrus phase, and the mitotic rate gradually increases
and reaches its highest level in the proestrus phase
(Sato et al., 1997).

The human endometrium has features such as cyclic
regeneration and tissue destruction under the influ-
ence of estrogen and progesterone (Masuda et al.,
2010). In these continuously regenerating tissues,
adult stem cells are in charge of cell formation. Adult
stem cells or progenitor cells thought to dwell in the
basalis layer of the endometrium are thought to be
responsible for the monthly cyclical regeneration of
the functionalis layer of the endometrium. In the stud-
ies carried out to define these putative cells, it was
determined whether adult stem cells have functional
properties such as self-renewal, differentiation into
one or more cell lines, and high proliferation potential
(Gargett et al., 2007). Chan et al. (2004) supported
the view that these cells are hormone-independent
cells because the colony forming capacity of epitheli-
al and stromal cells in active and inactive endometri-
um does not change. At the same time, since these
cells are dense in the basalis of the endometrial layer
and not in the functionalis, it confirms that the basalis
contains a niche for endometrial stem cells. In this
study, we aimed to determine the contribution of the
endometrium's own population and the contribution of
non-endometrial bone marrow-derived stem cells to
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the regeneration of the endometrium at different stag-
es of development.

Chan and Gargett (2006) described that 3% of epi-
thelial cells (primarily luminal) and 6% of stromal cells
next to the luminal epithelium exhibit mitotic activity in
the endometrial-myometrial junction. Cervello et al.
(2007) determined that there were stromal cells in a
similar location, but no cells showing LRC character-
istics were found in the epithelial compartment. In
another study, LRC in the stromal area was not eval-
uated, but the presence of epithelial LRCs in the
glandular epithelium was determined intensively
(Kaitu'u-Lino et al., 2010). Thus, a consensus on the
location of cells with long-term mitotic activity could
not be obtained.

One of the methods used to identify stem cells in the
endometrium is the isolation of cells with the side
population (SP) phenotype (Masuda et al., 2010).
They showed that SP cells were found in uterine re-
gions that showed immunoreactivity as CD9'CD13". It
has been stated that CD9'CD13" cells form gland or
stroma-like cells. CD9'CD13" cells formed gland-like
cells, and CD9'CD13" cells formed stroma-like cells.
CD9 and CD13 expression levels were determined
by immunohistochemistry at the secretion stage of
cultured endometrial cells. CD9 showed only glandu-
lar expression, while both glandular and stromal ex-
pressions of CD13 were observed. As negative mark-
ers for immature endometrial cells, CD9 and CD13
have been reported to be useful (progenitor cells)
(Kato et al., 2007). In another study, Kato et al.
(2012) stated that SP cells differ from non-SP cells
with their features such as decreased expression of
differentiation markers (CD9 and CD13), long-term
proliferation capacity in cell culture, and in vitro self-
renewal. CD9 and CD13, whose presence in the uter-
us was determined by different methods in previous
studies, were evaluated immunohistochemically in
our study. While CD9 expression was not observed in
the 2-days group, which was examined at different
developmental stages, CD9 expression was ob-
served in the cytoplasm of the uterine luminal epithe-
lium and glandular epithelium cells in the 38-day and
12-weeks groups. CD13 was expressed in cells in the
endometrial stroma. CD13 expression was evident in
the 12-weeks group, and statistically, the difference
between all groups was significant. It was thought
that the reason why both CD9 and CD13 expression
did not show expression in the 2-days group may be
related to the absence of cyclical changes in the en-
dometrium yet. Although the immunoreactivity values
of CD9 in the 38-days and 12-weeks groups varied
between the groups, these changes were not statisti-
cally significant, suggesting that CD9 is not sensitive
to hormonal changes. It was suggested that CD13
might be sensitive to the changes in the oestrous
phases and possibly to the hormonal changes in
these phases.
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In humans and rodents, bone marrow is considered a
potential source for generating endometrial epithelial
and stromal stem/progenitor cells (Taylor, 2004). Du
and Taylor (2007) described Y chromosome positive
endometrial epithelial and stromal cells in women
who underwent bone marrow transplant from male
donors. Mint et al. (2008) performed mouse bone
marrow transplantation using male donors and identi-
fied donor-derived endothelial cells in recipient endo-
metriums. The idea that the bone marrow is a signifi-
cant source of endometrial stem cells with the ability
to develop into parenchymal and endothelial cell
types has been supported by studies.

According to a study, endometrial cells can be pro-
duced by donor-derived bone marrow cells and that
non-uterine stem cells, such as bone marrow stem
cells, can also aid in the regeneration of endometrial
tissue (Taylor, 2004). In a certain microenvironment,
according to Zhang et al. (2012), bone marrow mes-
enchymal stem cells can differentiate into endometri-
al epithelial cells, and the right concentration of 17-
estradiol promotes this differentiation.

Cho et al. (2004) identified stem cells in the uterus
from the fetal to the postmenopausal stage using
CD117, CD34, Bcl-2, and Ki-67 primary antibodies.
They claimed that, aside from during the embryonic
and gestational periods, the only place CD34, a bone
marrow stem cell marker, is found in the stroma right
next to the glands at the base of the endometrium.
They demonstrated using immunohistochemistry that
CD34 was solely expressed in the stromal cells of the
basalis layer. In order to prevent cyclic shedding, it
was also mentioned that these markers are typically
found in the stroma of the basalis. In our study, CD34
-expressing cells were present in 38-days and 12-
weeks adult animals, and this study was similar to the
location of these cells in the uterus.

As a result, according to the data obtained from CD9,
CD13 and CD34 immunohistochemical staining, it
was thought that the uterine endometrium could be
regenerated with the contribution of bone marrow
stem cells and uterine epithelial and stromal stem
cells in 38-days and 12-weeks groups.
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Eksiksiz doldurulmus ve butlin yazarlarca imzalanmis “Telif Hakki Devri Formu”
(http://ercvet.gmail.com adresinden ulasabilirsiniz) makale ile birlikte génderildi.

Metnin tamamu ¢ift aralikli (5 mm) yazildi (Ozetler, tablolar, sekil alt yazilari, kaynaklar v.d. dahil).
Her bir kenarda 2,5 cm bosluk birakildi.

Yazilar 10 punto (Arial) ile yazildi.

Satir numaralari verildi.

Kapak sayfasinda, makalenin basligi (sadece yazim dilindeki) koyu (bold) yazildi, kisa baglik
eklendi.

Kapak sayfasinda, yazar isimleri agik olarak yazildi (kisaltma yok).
Kapak sayfasina dipnot (varsa) eklendi.

Turkge baslk yazildi.

Tarkce 6zet yazildi.

Turkge anahtar kelimeler (alfabetik sirali ve ilk kelimenin ilk harfi blyuk digerleri kiigik harfle
yazildi) verildi.

ingilizce baslk yazildi.

ingilizce 6zet yazild.

ingilizce anahtar kelimeler verildi.

Sekillerin orijinal halleri eklendi.

Metin icinde sekiller ardisik numaralandi.

Sekil boyutlar min.=8x20; max.=16x20 cm.
Metin iginde tablolar ardigik numaralandi.
Tablo boyutlari min.=8x20 cm; max.=16x20 cm.
Sekil ve tablolarin metin iginde gelmesi istenilen yer belirtildi.
Sekiller listesi ayri bir sayfa olarak hazirlandi.
Her sekil ayri sayfaya yerlestirildi.

Tablolar listesi ayri bir sayfa olarak hazirlandi.
Her tablo ayri sayfaya yerlestirildi.

Kaynaklar yazim kurallarina uygun yazildi.

Yazisma adresi verildi.



FINAL CHECKLIST

Before you submit your work, please take the time to be certain that your paper (and other writings

as applicable) is in the correct format and that you have included everything necessary by checking it

against this checklist.
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Copyright Release Form has been enclosed, completed and signed by all authors
(http://ercvet.gmail.com).

Entire paper has been 5 mm double-spaced (abstract, tables, captions/legends, references).
Margins have been 2,5 cm each side.
Font size has been 10 pt (Arial).

Lines have been numbered.

Title of the manuscript has been written bold and short title added on the cover page.
Author(s) names have been fully written (not abbreviated) on the cover page.

Footnote has been given on the cover page (if necessary)

English title has been given.

English summary has been given.

English keywords have been given alphabetically.

Turkish title has been given.

Turkish summary has been given.

Turkish keywords have been given alphabetically.

Orijinal figures have been enclosed.

Orijinal figures have been prepared correctly according to instructions.
Figures have been referred to consecutively in the paper.

Dimensions of figures have been min =8x20 cm; max.=16x20 cm.
Tables have been referred to consecutively in the paper.

Dimensions of tables have been min =8x20 cm; max.=16x20 cm.
Figures and tables have been stated requiring put on the manuscript.
Names of figures have been given on a separate page as figure list.
Each figure has been given on a separate page.

Names of tables have been given in a separate page as table list.
Each table has been given on a separate page.

References has been typed according to instructions.

Corresponding address has been given.
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