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Oz

Tirkiye'nin cografyasi, iklimi, ekonomisi ve sosyolojisine oldukga uygun olan koyunculuk, 6zellikle
kirmizi ette ulusal arz giivenligi ve kirsal kalkinma agisindan énemlidir. Bu ¢alismanin amaci Tokat |l
Tarim ve Orman Mudirliigi tarafindan yiritilen “Kéyiimde Yasamak icin Bir Siirii Nedenim Var”
isimli bir koyunculuk projesine katilan hayvancilik isletmelerinin genel yapisini belirlemek ve proje
basari beklentisine etkili faktorleri tahmin etmektir. Veriler 2022 yilinda 297 yetistiriciyle yiz yize
yurutilen bir anket calismasindan elde edilmistir. Arastirmada ortalama koyun sayisi 180 bas, tarimsal
arazi buyuklGgi 38 da, borg miktar ve vadesi 136835TL ve 57 ay, ilk siradaki maliyet ve gelir kalemleri
siraslyla yem ve kasaplik satislar olarak bulunmustur. Proje basari sansini “yliksek” ve “cok yliksek”
gortp olumlu degerlendirenlerin orani %70’dir. Yetistiricilerin proje basari beklentisi ile “stru
buyukligu” (p<0.01) ve “borgluluk dizeyi” (p<0.05) arasinda negatif ve anlaml bir iliski vardir. Likert
ve ikili siniflandirma 6lgegine gore proje basari beklentisi ile segili diger demografik, mesleki, teknik ve
mali degiskenler arasinda anlamli bir iliski bulunamamis, bagimsiz degiskenler ikili lojistik regresyon
modelini anlamli bigcimde agiklayamamistir (>0.05). Karar alicilarin bu projeyi desteklemeye devam
etmesi, nispeten blyik olgekli isletmelerin proje yiikimlikleri konusundaki kaygilarinin giderilmesi,
slirli yonetimi hususunda etkin bir egitim planlanmasi yapilmasi ve proje tamamlandiginda bolgeye
yonelik ekonomik etkilerinin yeniden degerlendirilmesi dnerilebilir.

Anahtar Kelimeler: Hayvancilik, isletme, koyun, kredi, yetistirici

General Structure of The Livestock Enterprises Participated in the Project of “I Have Many
Reasons to Live in My Village” and Factors Affecting Project Success Expectation: The Example
Tokat Province

Abstract

Sheep breeding, quite suitable for Turkey's geography, climate, economy and sociology, is especially
important in terms of national red meat supply security and rural development. The study aims to
determine the general structure of the livestock enterprises participating in a sheep breeding project
"I Have Many Reasons to Live in My Village", conducted by Tokat Provincial Directorate of Agriculture
and Forestry, and to estimate the factors affecting project success expectations. The data was
obtained from a face-to-face survey conducted with 297 breeders in 2022. As a result of the study, it
was found that the average number of sheep in the enterprises was 180 head; the agricultural land
size was 38 acres, debt amount and maturity were 136835 TL and 57 months, and the first cost and
revenue items for enterprises were feed and butchery sales, respectively. The rate of those who
positively evaluated the chances of the project success as "high" and "very high" was found to be 70%.
There were negatively significant relationships between breeders' project success expectations with
"herd size" (<0.01) and "indebtedness level" (<0.05). According to the Likert and binary classification
scale, no significant relationships were found between project success expectation and other selected
demographic, professional, technical and financial variables, and the independent variables could not
have significantly explained the binary logistic regression model (>0.05). It can be recommended that
decision makers should continue to support this project, concerns of relatively large-scale enterprises
about project liabilities should be addressed, an effective training on herd management should be
planned and the the project's economic impacts on region should be reassessed after the project is
completed.

Key Words: Breeder, credit, enterprise, livestock, sheep



https://creativecommons.org/licenses/by-nc/4.0/

Gelik ve ark., Dicle Univ Vet Fak Derg 2024;17(2):87-93

GIRIS

Koyunculuk yeterli ve dengeli beslenmeye verdigi katki, yliksek
Ureme kabiliyeti, dlistik Gretim maliyeti, bliylikbas hayvanciliga
gore daha ekonomik olusu, mera ve otlaklarin daha iyi deger-
lendirilmesine olanak tanimasi ve kirsal kalkinmaya verdigi des-
tekle Turkiye'nin iklimi, ekolojisi, ekonomisi ve sosyolojisine ol-
dukga uygun bir hayvansal alt Giretim daldir (1-3).

Tarkiye’nin 2023 yili koyun varhigi bir 6nceki yila gore
%5.9 azalarak 42.06 milyon bas olup, bu deger toplam kiiguik-
bas hayvan varliginin %80’ini olusturmaktadir. Tarkiye,
FAQ’ya bildirimde bulunan 142 (ilke arasinda koyun varhigiyla
besinci sirada yer almasina ve 2009 yilindan itibaren sayisal
artislar yasamasina ragmen, 2022 yili ulusal kirmizi et Gre-
timi olan 2.2 milyon ton iginde koyun eti yalnizca %22’lik bir
paya sahiptir. Bu durum lilkemizde yalnizca yemde disa ba-
gimhhgin getirdigi ylksek tiretim maliyetlerine sahip biyuk-
bas hayvancilik Gzerinde ciddi baski olusturmakla kalma-
makta, ayni zamanda cografi tstlnligiimizden yeterince ya-
rarlanamadigimizi ve sayisal artislari verimlilikle destekleye-
medigimizi de gostermektedir (4-6). Buna ragmen, Tarim ve
Orman Bakanligi’nin son yillarda kiicikbas hayvanciliga yo6-
nelik desteklemelerde artisa gitmesi ve il bazinda bazi 6zel
projeleri baslatmasi koyunculuga verilen 6nem ve farkindali-
gin arttigini gostermektedir (7,8).

Koyunculuga yonelik yerel ve il bazindaki 6nemli proje-
lerden biri de 2019 yilinda Tokat il Tarim ve Orman Miidiir-
lGgl tarafindan gercgeklestirilmistir. Proje, kiclikbas yetistiri-
ciliginin yayginlastiriimasi, kirsal gelir kaynaklarinin arttiril-
masi ve kdyden kente goclin 6nlenmesi amaciyla hazirlanmis
ve “Kéylimde Yasamak igin Bir Siirii Nedenim Var” sloganiyla
tanitilmistir (9). Tokat, niifusu 612 bin, yiizélgiimii 10072 km?
olan Yesilirmak havzasinin bereketli topraklari izerinde ku-
rulu bir Orta-i¢ Karadeniz sehridir. ilin arazisinin %35.8’ini ta-
rimsal araziler, %12.12'sini ¢ayir ve meralar, geriye kalanini
ise ormanlik alan ve tarima elverissiz alanlar olusturmaktadir
(10). ilde bulunan 27447 hayvancilik isletmesinde 284321
adet blyikbas, 575014 adet kiiglikbas hayvan bulunmakta-
dir (11). Mevcut kligiikbas hayvan sayisinin 467040’ ini koyun
varligi olusturmakta olup, koyun sayisi bakimindan Tokat l-
kemizde 38. siradayken, Karadeniz bolgesi illeri arasinda ilk
sirada yer almaktadir (12).

Bu c¢alismanin amaci Tokat ilinde yiritilen “Kéyimde
Yasamak icin Bir Siirii Nedenim Var” projesine katilim sagla-
yan yetistiriciler ve hayvancilik isletmelerine ait genel duru-
mun ortaya konmasi (1) ve proje basari beklentisi ve ona etkili
faktorlerin belirlenmesidir (11). Calismadan elde edilen bul-
gularin literatiire ve benzeri projeler igin karar alicilara ya-
rarli bilgiler saglayacagi dustnilmektedir.

MATERYAL VE METOT

Orneklem ve Anketler

Asagidaki formulde “n” érneklem hacmi, “N” calismaya bas-
larken Tokat ilinde projeye katilan yetistirici sayisi (1020) ve
“e” kabul edilen maksimum hata payi (%5) olmak Uzere ¢a-
lismaya dahil edilecek minimum yetistirici sayisi 287 olarak
hesaplanmistir (13).

n=_N
" 1+N(e?)
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Veri temininde yasanabilecek olasi problemler dikkate ali-
narak belirlenen sayi 6nce 303’e cikarilmis, anketler yurdtaltr-
ken 6 kisinin projeden ayrilmasi neticesinde ¢alisma 297 yetisti-
riciyle tamamlanmistir. Basit tesadiifi 6rnekleme ydntemiyle
yuz ylze Mayis-Haziran 2022 tarihlerinde yuritilen anketler,
yetistiricilerin ve isletmelerinin bazi demografik, mesleki, teknik
ve mali 6zelliklerine yonelik kapali uglu sorulardan olusmustur.

Hipotezler

Bu calismada asagidaki 7 hipotez test edilmistir. Yetistiricile-
rin proje basari beklenti dlzeyleri igin ilk dort hipotezde 5’li
Likert 6lgegi (cok dusiik-1, dusiik-2, normal/orta-3, yuksek-4,
cok yuksek-5); son Ug hipotezde ise ikili siniflandirma 6lgegi
(olumlu ve olumsuz) kullaniimistir. Son g hipotez i¢in “nor-
mal/orta diizey” yaniti negatif veya pozitif bir anlam icerme-
digi icin dikkate alinmayarak; olumsuz kategorisi “cok diisik
ve dislik”, olumlu kategorisi “cok yliksek ve yiiksek” yanitla-
rini kapsamistir.

Hi: Projenin basari beklentisine iliskin Likert dlgegi ile
yetistiricilerin demografik 6zellikleri arasinda istatistiki ola-
rak anlamli iliskiler mevcuttur.

H2: Projenin basari beklentisine iliskin Likert 6lgegi ile
yetistiricilerin mesleki yetkinlikleri arasinda istatistiki olarak
anlamliiliskiler mevcuttur.

Hs: Projenin basari beklentisine iliskin Likert dlgegi ile
isletmedeki koyun sayisi arasinda istatistiki olarak anlaml
iliski mevcuttur.

Ha: Projenin basari beklentisine iliskin Likert olgegi ile
isletmenin borgluluk diizeyi arasinda istatistiki olarak anlamli
iliski mevcuttur.

Hs: Projenin basari beklentisine iligkin ikili siniflandirma
Olgegi ile secili kategorik mesleki, teknik ve mali 6zelliklerin
bir veya birkagi arasinda istatistiki olarak anlamli iligkiler
mevcuttur.

Hs: Projenin basari beklentisini olumlu veya olumsuz
bildiren yetistiriciler arasinda demografik, mesleki, teknik ve
mali 6zelliklerin bir veya birkagi arasinda anlamli farkhhklar
mevcuttur.

H7: Projenin basari beklentisinin olumlu veya olumsuz
olusuna etkili faktérlerin tahmini icin kurulan ikili Lojistik
Regresyon modeli, secilen bagimsiz degiskenlerce anlaml bi-
¢imde agiklanir.

istatistiki Analizler

Demografik, mesleki, teknik ve mali bulgularin tanimsal istatis-
tikleri veri tipine uygun merkezi egilim ve yayilim olgiileriyle ra-
porlanmistir. Gruplar arasi farklilik ve iliskinin belirlenmesinden
kullanilacak parametrik veya non-parametrik analiz yontemleri-
nin segciminde normal dagilima uygunluk énce grafiklerle, ardin-
dan 6rneklem 35’den biiyik oldugundan Kolmogorov-Smirnov
ile test edilmistir (14). Hiden Ha e kadarki hipotezler non-para-
metrik bir iliski analizi olan Spearman korelasyon analiziyle, Hs
hipotezi Chi-square testi ile, Hs hipotezi Mann-Whitney testi ile,
Hz hipotezi ise ikili (binary) lojistik regresyon modeliyle test edil-
mistir. Nispeten kolay ve esnek olan bu lojistik modelde, iki ka-
tegoriden olusan bagimli degiskenin kategorilerinden birinin
gerceklesme olasiligi stirekli, ordinal ve nominal bagimsiz degis-
kenlerce agiklanip aralarindaki nedensellik tahmin edilmeye ¢a-
hsilir (15-17). Veri giris ve analizleri Microsoft Excel 2013 ve IBM
SPSS Statistics for Windows, Version 22.0 programlariyla ger-
ceklestirilmistir.



Celik ve ark., Dicle Univ Vet Fak Derg 2024;17(2):87-93

BULGULAR

Asagida oncelikle tanimsal istatistiklerle 6zetlenen yetistiri-
cilere ve isletmelere dair genel bulgular verilmis (Tablo 1-5),

“Kdyiimde Yasamak icin Bir Siirii Nedenim Var” Projesine Katilan ...

ardindan projenin basarisina iliskin vyetistirici beklentisi
(Tablo 6) ve bu beklenti Gzerine etkili faktorlere iliskin bulgu-
lar (Tablo 7) ve hipotez testlerinin sonuglari paylasiimistir.

Tablo 1. Projeye katilan yetistiricilerin demografik ve mesleki durumlari

Demografik ve Mesleki Degiskenler n Medyan
X+SD (Min- Mod
(297) Max)
Yas 43.47+12.02 - -
Egitim diizeyi - 1(1-3)* -
Mesleki tecriibe suresi (yil) 20.00£12.96 - -
Mesleki egitim alma durumu - - 12
Proje bagvurusunda hayvancilikla mesguliyet 13
tlkégretim ve agagisi 1, ortadgretim 2, yiiksekégretim 3 olarak kodlandi
Tablo 2. Projeye katilan isletmelerin hayvan varligi
isletmelerin Hayvan ve Tarimsal Arazi Varhig n X +SD
Koyun varligi 295 180.26+73.43
Kegi varhgi 14 85.50+127.09
Sigir varligi 80 13.18+14.11
Tim isletmeler igin tarimsal arazi 6lgegi (doniim) 295 34.10+39.48
Arazisi olanlarin tarimsal arazi 6lgegi (doniim) 249 38.18+39.37
Tablo 3. Projeye isletmelerinde siirii yonetimi, bakim ve beslemeye iligskin bulgular
Yet|§t|r|C|Ier|.n Siirli Yonetimi, Bakim X +SD Medyan Mod
ve Beslemesi (Min-Max)
Suri gobanhg - - 1!
Mera kullanimi - - 12
Merada kalis suresi (ay) 6.93+1.52 - -
Yem bitkileri Gretimi - - 13
Kogun temin edildigi yer - - 14
Kog katim yontemi - - 3°
Kog katim zamani - - 26
Kog katiminda flushing - - 17
Kirkim yéntemi - - 18
Kirkim ayi - - 39
Kirkim sayisi (adet/yil) 1.06+0.24 - -
1Cobanligin isletme sahibi tarafindan yapilmasi 1, cobanhgin baskasina yaptiriimasi olarak 2 kodlandi.
2Kendi koytniin merasini kullananlar 1, baska kéylerin merasini kullananlar 2 olarak kodlandi.
3Yonca 1, Arpa 2, Misir 3, Korunga 4, Fig 5, Yulaf 6, Cavdar ve Tritikale 7 olarak kodlandi.
4Kendi isletmesinde yetistirenler 1, kdydeki baska isletmeden tedarik 2, koy disindan tedarik 3 olarak kodlandi.
SElde agim yontemi 1, sinif usulli asim yontemi 2, serbest asim yontemi 3 olarak kodlandi.
¢Mevsimsel kog katimi yapanlar 1, yil boyu kog katimi yapanlar 2 olarak kodlandi.
7Kog katiminda flushing yapanlar 1, ilave yemleme yapmayanlar 2 olarak kodlandi.
8Kirkimi makasla yapanlar 1, kirkimi makineyle yapanlar 2 olarak kodlandi.
9Mart 1, Nisan 2, Mayis 3, Haziran 4, Temmuz 5, Agustos 6, Eylil 7, Ekim 8, Kasim 9 olarak kodland.
Tablo 4. projeye katilan isletmelerin borgluluk durumu
isletmelerin Borgluluk Durumu n X +SD Mod
Proje Oncesi Borcun miktari (TL) 79.347+66.049 -
(2019) Borcun vadesi (ay) 59 30.71+19.62 -
Borcun kaynagi - 12
Projeye Sonrasi Borcun miktari (TL) 136.835+43.997 -
(2021) Borcun vadesi (ay) 297 57.48+5.64 -
Borcun kaynagi - 12
10zel sahsa borglanma 1, bankalara borglanma 2 olarak kodlandi.
Tablo 5. Projeye katilan yetistiricilerin beyan ettigi gelir ve gider kalemleri
Maliyet ve Gelir Unsurlari n %
Yem 280 94.28
ilk sirada Veteriner saglk 8 2.69
beyan edilen iscilik 4 1.35
maliyet kalemi Kira (arazi veya agil) 3 1.01
Elektrik, akaryakit ve su 2 0.67
Toplam 297 100
ilk sirada Kasaplik satiglar 215 72.39
beyan edilen Damizlik satiglar 46 15.49
gelir kalemi Kurbanlik satislar 36 12.12
Toplam 297 100
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Tablo 6. Proje basarisina iliskin yetistirici beklentilerinin dagilimi

5’li Likert Olgegi

Yetistirici Sayisi (n) Yetistirici Orani (%)

Cok diistik duzeyde 10 3.37
Duisiik diizeyde 15 5.05
Orta/normal diizeyde 64 21.55
Yiiksek duzeyde 110 37.03
Cok yuksek diizeyde 98 32.99
Toplam 297 100

Tablo 7. Proje basari beklentisiyle segili degiskenler arasindaki iliskiler

Segcili Degiskenler

n
Yas 297
Egitim 297
Mesleki egitim 233
Mesleki tecriibe 297
Gegmiste hayvancilikla mesguliyet 233
Cobanligi kimin yaptigi 233
Suri tipi 233
Mera kullanimi 233
Merada kalig stresi 297
Surtdeki koyun sayisi 297
Tarimsal arazi blyuklugu 295
isletmenin borgluluk diizeyi 297

ikili siniflandirma
olgegine gore
proje basari beklentisi

Likert siralama
Olgegine gore
proje basari beklentisi

Spearman

Rho P-value Chi-square P-value
0.051 >0.05 - -
0.106 >0.05 - -

- - 0.405 >0.05
0.016 >0.05 - -
- - 2.240 >0.05
- - 0.005 >0.05
- - 0.069 >0.05
- - 0.828 >0.05
0.445 >0.05 - -
0.162 <0.01 - -
0.081 >0.05 - -
0.135 <0.05 - -

Tablo 1 incelendiginde proje basvurusunda bulunan ye-
tistiricilerin kirkli yaslarin basinda, ilk6gretim mezunu ve
yirmi yillik mesleki tecriibe sahibi kisilerden olustugu anlasil-
maktadir. Tabloda tepe degerleriyle 6zetlenen son iki satir-
daki yanitlar frekanslariyla incelendiginde yetistiricilerin
%54.20’sinin (161 kisi) hayvanciliga yonelik en az bir mesleki
egitimden gectigi ve %87.87’sinin (261 kisi) bu ise yeni basla-
yanlar degil daha 6nceden hayvancilik faaliyetinde bulunan
kisiler oldugu gorilmektedir.

Tablo 2'de Projeye dahil isletmelerin %27.11’inin (80
adet) ayni zamanda buytikbas hayvancilikla da istigal ettigi
goriilmektedir. isletmelerin %15.48’inin (46 adet) tarimsal
arazi varligi bulunmazken, tarimsal arazi sahibi olanlar igin
arazi blyukligiu 38 donim dolayindadir. Bu tablolarda yer
verilmeyen bir bulguda, yetistiricilerin hayvanlari %48 ora-
ninda il icinden, %52 oraninda il disindan temin etmis olma-
sidir. Yapilan ¢calismada isletmelerdeki koyun varliginin tama-
mina yakininin (%94.27) Akkaraman ve Karayaka irklarindan
olustugunu gorilmektedir.

Tablo 3’de isletmelerde siir yonetimi, mera kullanimi,
kog katimi ve kirkima iliskin bulgulara yer verilmistir. Tablo-
dan siri gobanliginin gogunlukla yetistirici tarafindan yapil-
digi anlasilirken, frekanslar incelendiginde baskasina yapti-
ranlarin %10.43 ile (31 kisi) sinirh kaldigi belirlenmistir. Yetis-
tiricilerin yaklasik %93’ sliristint kendi kdyliniin merasinda
yayilima gikarirken, meradan istifade siiresi ortalama 7 aydir.
ilk sirada ve en ¢ok ekimi yapilan yem bitkisi sorusuna 74 is-
letme “yonca”, 62 isletme “arpa” ve 24 isletme “misir” yani-
tini vermistir. Genetik ilerleme ve dol veriminde kritik role
sahip koglarin genellikle suirii iginden yetistigi, ciftlestirmede
“serbest agim” yénteminin kullanildigi, kog katim zamaninin
mevsimselden ziyade yil boyu oldugu, katim dncesi ve son-
rasi kog ve koyunlara ilave yemleme (flushing) yapildigi g6-
ridlmektedir. Konu frekanslarla incelendiginde aslinda ilave
yemleme yapmayanlarin sayi (127) ve oraninin (%42.76)

azimsanmayacak dizeyde oldugu da belirlenmistir. Bir diger
bulgu elde asim (9 kisi) ve sinif usuli asim (2 kisi) yontemini
tercih edenlerin oraninin eseri kalmasidir (%3.7). isletmeler
genelinde kirkim biyik oranda makasla yapilirken, frekans-
larin detayli incelenmesi neticesinde makine kullanan sadece
44 kisi (%14.81) oldugu, kirkimlarin agirlikli olarak yilda tek
sefer ve mayis ayinda gerceklestigi, iki kez kirkim yapanlarin
(3-5 ay arayla) 18 yetistiriciyle (%6.06) ¢ok sinirli kaldigi be-
lirlenmistir.

Tablo 4’de projeye katilan yetistiricilerin proje 6ncesi ve
esnasindaki borgluluk durumu 6zetlenmektedir. Tablo ince-
lendiginde, projeye katilim 6ncesi bankaya borglanan yetisti-
ricilerin sadece 59 kisiyle sinirh kaldigi ve katilimcilarin 2019
yili ortalama borg miktar ve vadelerinin sirasiyla 79000 TL ve
2.5 yil dolayinda oldugu gorilmektedir. Projeye katilimla be-
raber yetistiriciler vadesi yaklasik 5 yil olan 137000 TL dola-
yinda bir borglanma yaparken, frekanslar higbir yetistiricinin
Ozel sahislara borcu olmadigini, yani finansmanin butlinuyle
0z kaynak ve bankalara dayandigini ortaya koymustur.

Tablo 5’te isletmeler icin ilk sirada gelen yani en 6nemli
gelir ve gider kalemleri biytkten kiicige dogru siralanmis
olup, bu oransal dagilim ilgili unsurlarin toplam maliyet i¢cin-
deki payi degildir. Tablodan, maliyet kalemlerinin basinda
acik ara farkla “yem masraflarinin” geldigi ve diger unsurlari
ilk sirada beyan eden yetistirici sayisinin eseri diizeyde kal-
dig1 anlasilmaktadir. Gelir kalemleri agisindan her ne kadar
ilk sirada %72 dolayinda “kasaplik satislar” gelse de pek azim-
sanamayacak sayida yetistirici “damizhk satiglar” ve “kurban-
lik satiglar” yanitini da vermistir.

Tablo 6’da yetistiricilerin projenin basari diizeyine ilis-
kin Likert 6lgegiyle sorgulanan goruigsleri ve bunlarin frekans-
lari sunulmustur. Tabloda gorilecegi lizere, proje basari san-
sini net olarak olumlu degerlendiren yani “yiiksek ve ¢ok yik-
sek” gorenler, olumsuz degerlendirip “dusik ve ¢ok distik”
gorenlerin yaklasik 9 katidir. Basari diizeyine iliskin yanitlarin
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ortalamalari incelendiginde medyanin 4 (yiksek diizey), arit-
metik ortalama ve standart sapmanin ise sirasiyla 3.91+1.02
oldugu belirlenmistir. Bir diger ifadeyle, genel egilimi goste-
ren ortalamalar yetistiricilerin bu proje hakkinda yiksek bir
basari beklentisine sahip olduklarini géstermektedir.

Tablo 7’nin sol kisminda Likert dlcegine gére proje ba-
sari beklentisi ile yedi adet secili degisken arasindaki iliskiler
ozetlenirken; sag kisminda ikili siniflama 6lgegine donusti-
rilmus net basari beklentisi ile segili bes adet degiskenin ilis-
kisi sunulmustur. Projenin basari beklentisi ile yetistiricilerin
demografik 6zellikleri ve mesleki yetkinlikleri arasinda an-
lamliiligkiler bulunamadigindan Hive Hz hipotezleri reddedi-
lirken; “stirt bayUklGgi” ve “borgluluk diizeyi” ile bu beklenti
arasinda negatif ve anlamh iliskiler oldugundan Hs ve Ha hi-
potezleri kabul edilmistir. Tablo 7'nin sag tarafinda ise kate-
gorik degiskenler icin 2x2 dizeninde Ki-Kare analiz sonuglari
raporlanmakta olup, bulgular basar beklentisi ile segili kate-
gorik degiskenlerin higbiri arasinda anlamh bir iliski olmadi-
gini ortaya koymustur.

Bu calismada ayrica, projenin basarisini olumlu ve
olumsuz degerlendiren iki yetistirici grubu arasinda demog-
rafik, mesleki, teknik ve mali 6zellikleri arasinda higbir an-
lamh farkhhk belirlenemediginden (p>0.05) He hipotezi red-
dedilmistir. Son olarak, proje basari beklentisine etkili faktor-
lerin tahmin edilmeye ¢alisildigi ikili lojistik regresyon modeli
istatistiki olarak anlamli bulunmamistir (-2 log likelihood:
155.124; Nagelkerke R?: 0.116; p>0.05). Bir diger ifadeyle
Tablo 8'deki bagimsiz degiskenler yetistiricilerin proje bek-
lentisinin nigin olumlu veya olumsuz oldugunu agiklayama-
digi igin H7 hipotezi reddedilmistir.

TARTISMA VE SONUG

Bu galismada, yetistiricilerin projeden net basari beklentisi-
nin %70 gibi yliksek denebilecek bir oranda olusu bir yandan
projenin slrdurilebilirligi, diger yandan projeyle amaglanan
koyunculugun yayginlastirilmasi yoluyla kirsal gelir kaynakla-
rinin arttinlmasi ve kdéyden kente goglin azaltiimasi husu-
sunda olumlu bir isarettir. Ancak bu memnuniyetin proje si-
resince takip edilmesi ve somut proje ¢iktilari elde edildikgce
teknik ve mali yonlerden yeniden degerlendirilmesi gerekir.
Zira bazi istatistik ve bildirimler is memnuniyetine iliskin
farkl sonuglar da ortaya koymaktadir. Ornegin Tiirkiye'de
2009 yilindan bu yana koyunculukta izlenen sayisal artis egi-
limi sanki olumlu bir gelisme olarak gorilmektedir (12). Ela-
z1g’da yapilan bir calisma koyun yetistiricilerinin %67 ora-
nindaislerinden memnun oldugunu géstermektedir (18). An-
cak Ardahan’da dreticilerin yalnizca %28’i gelir diizeyinden
memnunken (2); Van’da yetistiricilerin %81’inin tek geg¢im
kaynagi olan koyunculugu farkli bir olanak cikarsa terk ede-
cekleri bildirilmektedir (3).

Bu projede “koyun varhgl” ve “isletme borgluluk di-
zeyi” ile proje beklentisi arasindaki negatif korelasyon, yani
biyulk 6lgekli isletmelerin nispeten daha az iyimser olusu risk
ve belirsizliklere kargi daha duyarli ve temkinli olmalariyla
aciklanabilir. Bu bulgu isletmeler kiguldiikge proje basarisina
yonelik iyimserligin arttigi anlami da tasir. Bu durum ozellikle
kiicik olcekli aile isletmelerinde koyunculugun tek geg¢im
kaynagi olmasi, isletme giderlerinin blytk bir kismini olustu-
ran ¢oban ihtiyacinin sirii 6lgeginin artmasiyla disardan te-
min edilmesi gibi maddi ve sosyolojik olgularla agiklanabilir.
Bununla beraber daha saglikli degerlendirme yapabilmek
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icin teknik ve mali nitelikteki somut proje ciktilarinin ortaya
¢ikmasini beklemek gerekmektedir. Projenin basarili veya
basarisiz olacagi goriusiine etkili faktoérlerin modele dahil edi-
len higbir demografik, mesleki, teknik ve mali degiskenle
actklanamamasi ise hayvan sigorta bedelleri ve proje sire-
since satls yapamama gibi hukuki yiktmliltklerden kaynak-
landigi distnilmektedir. Ayrica, proje devam ederken (lke
genelinde etkileri glicll sekilde hissedilmeye baslayan ve ma-
liyetleri artirip fiyat istikrarini bozan yiiksek enflasyonun tep-
kisel veya tutarsiz yanitlara yol agabilecegi de goz ardi edil-
memelidir.

isletme ve yetistiricilikle ilgili bazi proje bulgular litera-
turle degerlendirildiginde benzerlik ve farkliliklar gériilmek-
tedir. Bu calismada ¢ogunlugu Akkaraman ve Karayaka ol-
mak Uzere toplam koyun, kuzu ve kog varligi 180 bas olarak
bulunmustur. Irklar bolgeye gore degismekle beraber bu ra-
kam Burdur’daki bir ¢alismada ortalama 200 bas, Hatay’daki
bir calismada 128 bas ve Van’daki bir ¢alismada 150 bas ola-
rak bildirilmis olup bu projeyle nispeten uyumludur. Bu ra-
kamlarin tamami Tarkiye’de 2022 yili igin isletme basina di-
sen ortalama koyun sayisindan (~120) yiksektir (12).

Bitkisel Gretim icinde 6nemli bir yere sahip olan yem
bitkileri Gretimi hayvansal (iretimin sigortasi durumundadir.
Uretilen yem bitkileri éncelikle hayvan beslenmesinde kulla-
nilmakta olup boylece hayvansal tirlinlere donlstirilerek ni-
hai olarak insan beslenmesinde kullaniimaktadir (19). Ulke-
mizde yem bitkileri ekilis alanlari 2018-2022 yillari arasinda
%23 artarak 2022 yilinda 27528380 dekara ¢ikmistir. Ulke-
mizde en ¢ok ekimi yapilan yem bitkileri sirasiyla yonca, silaj-
lik misir ve fig olurken bu Ug yem bitkisinin ekilis alani, top-
lam yem bitkisi ekilis alaninin %55’ini olusturmaktadir
(20,21). Bu galismada Tokat ilinde koyunculuk isletmelerince
en ¢ok ekimiyapilanilk G¢ yem bitkisi sirasiyla yonca, arpa ve
misirken; Konya’da bu durum sirasiyla yonca, fig ve silajlik
misirdir (22). Bu projede 38 déniim olarak bulunan tarimsal
arazi olgegi ise, Burdur’dan bildirilen 39 déniimle Ortiisur-
ken, Van ilinde bulunan 51 dénim sulu ve 75 doniim kirag
araziye gore dusuktir (3,23,24).

Arazi varligi konuyu dogrudan dogal kaba yem kaynagi
olan meralara gotiirmektedir. Turkiye’de yapilan ¢alismalar
meradan zengin bolgeler hari¢ mera sorununu koyunculukta
oncelikli problem olarak géstermektedir (18,23). Nadas, aniz
ve bitkisel Gretime uygun olmayan alanlardan yararlanan ko-
yunlaricin en ucuz kaba yem kaynagi meralardir ki kisa boylu
ve verimsiz olanlari bile iyi degerlendirebilmektedir (23). Bu-
gln tlkemizdeki toplam tarim arazisinin %37’si olan gayir ve
mera alanlarinin nerdeyse tamamina yakini mera olup biyik
balimii Tokat iline de komsu olan i¢ ve Dogu Anadolu bdlge-
sindedir (6,21). Tokat ilinin toplam y{iz6l¢im( 1007200 hek-
tar olup, bunun 122101 hektar alani (% 12.12) cayir ve mera
alanlaridir (10). Bu g¢alismada yetistiricilerin yaklasik %93’
sirtstind kendi koylnin merasinda yayilima gikarirken,
Konya’da yetistiricilerin yarisi kéy, dortte biri hazine, %14’u
her ikisi olmak Uzere yaklasik %90’ inin mera kullandigi, bos
arazi ve aniz tarlalarinda koyun otlatanlarin %10’dan az ol-
dugu belirlenmistir (22).

Koyunlarda ovulasyon ve gebelik oraninin artirilarak
saglkli ve daha fazla kuzu elde etmek amaciyla uygulanan
flushing Ulkemizde yayginlasmaya baslamistir (25). Kog kati-
mindan iki ¢ hafta dnce baslayan ve kog¢ katim dénemi son-
rasinda belirli bir sire daha devam eden olagandan daha
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ylksek ilave yemlemenin dol verimini ve ikizlik oranini artir-
digi bildirilmektedir (26). Bu ¢alismada damizliklarin tama-
mina yakini isletme icinden olmak Uzere ciftlestirmede yak-
lasik %96 elde asim yontemi kullanildigi ve isletmelerin yari-
sindan fazlasinin kog katim 6ncesi ve sonrasi ilave yemleme
yaptigl bulunmustur ki, bu durum literatiirle uyumludur. Zira
damizhklar kendi isletmelerinden olmak Uzere kog¢ kati-
minda %99 serbest asim ve %25 flushing (23) veya %97 ser-
best asim ve %61 flushing (22) bildiren galismalar mevcuttur.
Yine bu galismada ¢ogunlukla mayis ayinda yapilan kirkim
%86 oraninda makasla, Burdur'da haziran ayinda yogunlas-
makta olan kirkimin tamamiysa makasla/elle olmaktadir
(23).

2018 vyilinda tlkemizde koyunculugun gelistirilmesi
amaciyla Tarim ve Orman Bakanliginca yiritilen “Uretici
Sartlarinda Sézlesmeli Hayvancilik Projesi” diger adiyla “300
Bas Koyunculuk Projesi” kapsaminda Tokat ilinde 326 ciftgi
miracaatta bulunmus ancak sadece 7 Ureticiye koyun teslimi
yapilabilmistir. 300 Bas Koyunculuk Projesinde yeterli mira-
caat alinmasina ragmen, proje kapsaminda dagitilacak hay-
van sayisl, irk ozelliklerinin yerel 6lgekte Uretici tarafindan
tercih edilmemesi yine proje kapsaminda yer alan yem des-
tegi ve ¢oban desteginden vazgecilmesi projenin basarisini
olumsuz etkilemistir (27). Turkiye'de ilk defa Tokat ilinde
baslayip “Tokat Modeli” adiyla ulusal dizeye yayilan “Ko-
yiimde Yasamak icin Bir Siirii Nedenim Var Projesinde (28)”
ciftcilere, Ziraat Bankasi araciligiyla ktiglikbas alimiigin 7 yila
kadar sifir faizli 100000 TL yatirim kredisi, yem icin 18 aya ka-
dar 50000 TL isletme kredisi verilmistir. Sonug olarak 2020
yili igin toplam 150000 TL'ye kadar kredi imkani sunulmus
olup bu proje 6zelinde kredilerin teminati i¢cin hayvan rehini
sistemine gecilmistir (29). Yine proje kapsaminda Ureticilere
koyun temini haricinde, veteriner saglk hizmetleri, mera 1s-
lahi, projede iretilen kuzulara alim destegi, il Ozel idaresi
kaynaklari ile tcretsiz kog temini, egitim gibi genis bir yelpa-
zede hizmet verilmistir (30). Projeye talebi artiran bu olanak-
lar projenin diger illerde de uygulanarak yerelden ulusal di-
zeyde uygulanan bir proje haline gelmesine zemin hazirla-
mistir. Projenin hayata gecirildigi 2019 yilindan 2021 yilina
kadar gecen 2 yillik siirecte ildeki kiicikbas hayvanciligin du-
rumunda iyilesmeler olmustur. Zira isletme sayisi 2142 ten
2698'e (%25.9 artis), destekleme 6demesi yapilan anag kii-
¢lkbas sayisi 224883’den 398440’a (%32 artis), anag¢ koyun-
keci destekleme miktar1 5622075 TL'den 9131365 TL'ye (%62
artis) yukselmistir (31).

Tokat ilindeki gelismelerle ulusal dizeydeki sayisal artis
egilimi ve ilgili destek kalemlerindeki artislar koyunculuk igin
iyimser bir tabloya isaret etmektedir. Cografik, biyolojik, eko-
lojik ve ekonomik agidan ulkemiz igin son derece uygun bir
Uretim dali olan koyunculukta, 1991 yilindaki 40.4 milyon bas
olan hayvan varligi 2009 yilina kadar azalarak 21.7 milyona
gerilemis, ardindan tekrar artisa gecerek 2020 yilinda 1991
seviyesini agsmis ve 2022 yilinda 44.6 milyon basa kadar ulas-
mistir, ancak 2023 yilinda bir dnceki yila gore %6.9 azalarak
42.06 milyon basa gerilemistir (5). Bu durum Tirkiye'yi ko-
yunculukta diinyada besinci siraya yerlestirse de kirmizi et
Uretimindeki %22’lik pay ve irk 1slahinin yetersizligine bagh
disuk verimlilik nicelik ve nitelik agisindan yeterli olmadigini
gostermektedir (4,6,22). Ancak sektérin sorunlari bunlardan
ibaret degildir. Ornegin iiriin pazarlamada ve mesleki hakla-
rin korunmasinda kritik role sahip orgiitlenmede kiiglikbas
yetistiricilerinin sorumluluk ve memnuniyet diizeylerinin ¢cok
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disuk kalisi blylk bir dezavantajdir (24). Yine 6nimuzdeki
yillarda diinya koyunculuk sektoriiniin biyikbas ve kanatli
gibi sektorlerle rekabette verimlilik, teknolojik gelisimlere
uyum, urlin farklilastirma ve tiketici tercihleri gibi zorlayici
faktorlerle yiizlesecegi bildiriimektedir (32).

Bu calismanin zayif yani, projenin basari diizeyini islet-
menin donem sonu c¢iktilari olan Gretim, karllik ve sermaye
degisimi tizerinden degil de yetistiricilerin basari beklenti o6l-
cekleriyle bir 6n degerlendirme seklinde yapmak zorunda ka-
lisidir. Calismanin giicli yani ise Turkiye’'de ilk defa yerel di-
zeyde baslayip ulusal anlamda birgok ilde uygulanan bir kii-
¢lkbas hayvancilik projesinde genel durumun ve proje basari
beklentisinin ortaya konmus olmasidir.

Koyunculugun llke ve bdlge igin kritik dGneminin altini
cizen “Kéyiimde Yasamak icin Bir Siirii Nedenim Var” proje-
sinde net basarisizlik beklentisinin %10’un altinda kalisi karar
alicilarin bu projeyi desteklemeye devam etmesi gerektigini
gostermektedir. Proje yukimlikleri konusundaki kaygilari-
nin giderilmesi, slirli yoneticisi istihdamina yonelik isletme-
lerin desteklenmesi, proje kapsaminda saglanan veteriner
saglhk hizmetleri, mera islahi, pazarlama gibi destekler ile
proje yararlanicilarina yonelik egitim faaliyetlerinin gesitlen-
dirilerek devami projenin sirdirulebilirligi icin oldukca
énemlidir. ilerleyen yillarda somut proje ciktilar alindik¢a
basarinin bélgeye ekonomik etkileriyle beraber yeniden de-
gerlendirilmesi onerilebilir. Basari beklentisi veya memnuni-
yet Uzerine bundan sonra yapilacak ¢alismalarin bankalarin
aradigl teminat sartlarini, isletmenin konumunu, idare ve
proje personelinin yaklasimini, Bakanligin kiiciikbasa yonelik
desteklemelerini ve ilgili bazi makroekonomik degiskenleri
de dikkate almasi kurulacak istatistiki modelleri agiklamada
daha yararli olabilir.
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Abstract

The horse has been an significant farm animal throughout history and has been used especially in
agriculture, transportation and military activities. This study was conducted to ascertain the socio-
economic status and current problems of horse enterprises in Mahmudiye district of Eskisehir
province. The material of the study consists of the data obtained as a result of face-to-face interviews
in 12 horse enterprises in Mahmudiye district of Eskisehir province in 2019. In the results of the survey,
it was determined that the average age of the enterprise owners was 41.25 years and their average
professional experience was 17.67 years. Of the total cost, 49.33% was feed costs, 16.87% was labor
costs, 14.55% was litter costs and 8.68% was natural mating costs. The main problems identified in
the region for the enterprise are marketing and feed supply (83.33%), labor supply (50%) and health
problems (41.67%). Mahmudiye district is still a significant breeding region for horse breeding and
racing. Encouraging tourists and children to participate in equestrian sports and activities like
horseback riding will have an impact on the socio-cultural growth, career opportunities, and overall
economic diversity of the local population and national income of Tirkiye. Therefore, with this study,
it is thought that it would be useful to establish a horse training area in Mahmudiye district in order
to spread the love of horses and equestrian culture and to develop equestrianism.

Key Words: Horse breeding, livestock, Mahmudiye, socio-economic status

Eskisehir ili Mahmudiye ligesindeki At Yetistiriciligi isletmelerinin Sosyo-Ekonomik Yapisi ve

Giincel Sorunlar

0z

At, tarih boyunca énemli bir giftlik hayvani olmus ve 6zellikle tarim, ulasim ve askeri faaliyetlerde
kullaniimistir. Bu ¢alisma, Eskisehir ili Mahmudiye ilgesindeki at isletmelerinin sosyo-ekonomik duru-
munu ve mevcut sorunlarini tespit etmek amaciyla yapilmistir. Calismanin materyalini, 2019 yilinda
Eskisehir ili Mahmudiye ilgesinde 12 at isletmesinde yiiz yiize yapilan goriismeler sonucunda elde
edilen veriler olugturmaktadir. Anket galismasi sonuglarinda isletme sahiplerinin yas ortalamasinin
41.25, ortalama mesleki tecribelerinin ise 17.67 yil oldugu belirlenmistir. Toplam maliyetin
%49.33'UnU yem maliyetleri, %16.87’sini iscilik maliyetleri, %14.55’ini althk maliyetleri, %8.68’ini ise
dogal asim maliyetleri olusturmaktadir. isletme acisindan bélgede tespit edilen baslica sorunlar; pa-
zarlama ve yem temini (%83.33), isglict temini (%50) ve saglk sorunlari (%41.67) olarak siralanmak-
tadir. Mahmudiye ilgesi at yetistiriciligi ve yarislari agisindan halen 6nemli bir konumda bulunmaktadir.
Turistlerin ve ¢ocuklarin binicilik faaliyetlerine katilmalarinin tesvik edilmesi, Turkiye'nin sosyo-kiilti-
rel degisimine, kariyer firsatlarina, yerel niifusun genel ekonomik gesitliligine ve milli gelirine buylik
katki saglayacaktir. Bu nedenle bu ¢alisma ile at sevgisinin ve binicilik kiltirinin yayginlastiriimasi ve
atciligin gelistirilmesi amaciyla Mahmudiye ilgesinde bir at egitim alaninin kurulmasinin yararh olacagi
dustnilmektedir.

Anahtar Kelimeler: At yetistiriciligi, hayvancilik, Mahmudiye, sosyo-ekonomik durum
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INTRODUCTION

The horse has had an important place among farm animals
throughout history. It has been actively used in jobs such as
shooting, harness, people and goods transport, especially in
agriculture, transportation and military operations (1-2).
However, with the mechanization that emerged in the
industrial revolution, the use of horses in these areas has
been decreased, and horse breeding for racing and sports
has become a more common activity. People in some
countries and regions continue to benefit from horse
traction to varying degrees in agriculture and other service
sectors. Horse production and training differ significantly
from other farm animals in terms of management and
purpose. When comparing horses in a competitive setting,
it's critical to consider the economic service provided and to
plan the working rates of horses who are employed or forced
to work (2).

The expenses related to horse breeding include the
general upkeep and care of horses. In the long run, a horse
breeding enterprise’s budget must account for expenses
associated with housing, feed, veterinary care, and general
maintenance. Other important financial considerations of
horse breeding include the expenses associated with caring
for breeding stallions, mares, and foals in addition to the
frequent weight assessments required to maintain the
health of the horses (3-4). Although the cost of horse
breeding is high, it makes significant contributions to the
national economy of the countries where breeding is
common (5).

The historical prominence and distinctive genetic
qualities of the Arabian horse breed have made breeding
them economically significant. The matrilineal side has
always played a significant role in defining the purity of
Arabian horses (6). However, genetic considerations are also
very important in the economics of raising Arabian horses
(7). Oxidative stress markers, and reproductive performance
are additional aspects that affect the economic viability of
Arabian horse breeding farms and can have an impact on the
overall success and profitability of these enterprises (8).
Horse breeding enterprises may enhance their productivity,
preserve the quality and worth of their horses, and make a
substantial financial impact on the equine sector by incorpo-
rating these factors into their operations.

Pure blood Arabian horse breeding has been carried
out for about 200 years in enterprise of Anatolia Agriculture
which was established under the name of Ciftlikat-i
Himayun by Il. Mahmut to meet the horse needs of the
Ottoman army in 1815, in the Mahmudiye district of
Eskisehir (9). In Mahmudiye district, there are many
enterprises that are engaged in breeding and racing horse,
together with horse boarding. Due to its geographical
location, historical development process, trained and
educated manpower etc., Mahmudiye has become one of
the important centers of equestrianism and it still maintains
this feature today (10). The aim of this study is to reveal the
socio-economic structure of horse breeding enterprises in
the Mahmudiye district of Eskisehir province and to examine
their current problems.

Socio-economic Structure and Current Problems of Horse Breeding ...

MATERIAL AND METHODS

The material of the study consists of the primary data
obtained from the enterprises engaged in Arabian horse
breeding in the Mahmudiye district of Eskisehir through the
data supply form. Eskisehir province is located in
northwestern Tirkiye (Figure 1). Eskisehir is classified as
having a cold semi-arid steppe climate (BSk) according to the
Koppen climate classification. This means it experiences
warm to hot dry summers and cold to freezing winters. As of
2020, there are 57 private horse enterprises in Mahmudiye
district and nearly 2000 horses in total (10).

Figure 1. Display of study area.

In order to determine the socio-economic status of the
enterprises, the questions such as the age of the enterprise
owner, education level, experience level of owners, whether
the owners have any other income, labor type,
organizational structure, number of animals and technical
structure, operating cost-income elements, basic problems
encountered in the enterprises, etc. were asked in the data
supply form. Although the data used in the study belong to
2019, 12 enterprises were visited within the scope of the
study.

The data obtained from the study were transferred to
the computer using Microsoft Excel 16.21 program.
Descriptive statistics consisting of frequency, percentage,
average and standard deviation were used in the analysis
and evaluation of the data.

RESULTS

The average age of the enterprise owners included in the
study was found to be 41.25. It has been determined that
the average duration of horse breeding activity in the
enterprise is 17.67 years. The average number of horses
available in the enterprises is 37.50. From the findings
related to the land assets of the enterprises; it has been
determined that 16.67% are tenants and 83.33% are
property owners. The average total area of irrigable and dry
land in the enterprises was 282.41 decares, the total
paddock area was 58.45 decares, the total horse barn area
was 4.06 decares, and the total land area was found to be
344.93 decares on average (Table 1).
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Table 1. Descriptive presentation of quantitative parameters in
enterprises

Enterprises

Parameters Mean Min. Max. S.tar\d.

Deviation
Age (years) 41.25 25 73 14.05
Experience of owner (years) 17.67 2 33 8.08
Year of establishment 7.75 1 24 7.68
Number of horses
Land distribution of 37.50 6 109 33.09
enterprises
Irrigable + dry land (da) 282.41 0 1230  405.05
Paddock area (da) 58.45 3 320 90.19
Horse barn area (da) 4.06 0.1 30 8.61
Total land area (da) 344.93 10 1246.10 422.94

Table 2 shows descriptive presentation of some
categorical parameters in enterprises. When the education
levels of the enterprise owners are examined; it was
determined that 16.67% of them were secondary school,
33.33% were high school, 41.67% were university and 8.33%
were of a post-graduate program graduates and 50% of the
owners of the enterprises receive training in this field of
activity.

Table 2. Descriptive presentation of qualitative parameters in
enterprises

Enterprises
Parameters n Mean

Education Level (%)

Secondary School 2 16.67

High School 4 33.33

University 5 41.67

Post-graduate 1 8.33
Main Economic Activity (%)

Yes 10 83.33

No 2 16.67
Scale-up Targets (%)

Continue with current scale 6 50.00

Increase the scale 4 33.33

Continue with current capacity for 5 years 2 16.67
Labor Type (%)

Family Labor 7 58.33

Hired Labor 1 8.33

Family and Hired Labor 4 33.33
Membership of any associations (%)

Yes 3 25.00

No 9 75.00
Satisfaction of state supports (%)

Yes 7 58.33

No 5 41.67
Working with contracted veterinarian (%)

Yes 6 50.00

No 6 50.00
Receiving training in horse breeding (%)

Yes 6 50.00

No 6 50.00
Insurance presence (%)

Yes 1 8.33

No 11 91.67
Land ownership status (%)

Owner 10 83.33

Tenant 2 16.67

The enterprises are asked about their future enterprise
scale targets and 50% of the enterprises declared that they
want to ensure continuity with the current herd size, 33.33%
plan to increase the scale of the enterprise (to make foal
production places, etc.), 16.67% of them want to continue at
the same capacity for at least 5 years.

Socio-economic Structure and Current Problems of Horse Breeding ...

The ratio of enterprises that carry out horse breeding
as the main source of income has been determined as
83.33%. The remaining enterprises declared that they also
earned income from agricultural activities and retirement.
When the labour structure in the enterprises is examined; it
has been determined that 58.33% of the enterprises use
family labor. The number of enterprises that do not use
family labor in the enterprise is only 1, and other enterprises
use both family and hired labor together. However, 50% of
the enterprises work with a veterinarian on a contractual
basis (Table 2).

When the organizational structure of the enterprises is
examined; it was observed that 75% of them were not
members of any organization. When asked about their
opinions on support and credit adequacy, 58.33% of the
enterprises stated that the facilities were sufficient, and
41.67% of the enterprises stated that the facilities were not
sufficient.

Table 3 shows cost and income factors disctribution
among total cost and income in horse enterprises. Among
the elements that make up the costs of the enterprises;
while the feed cost is in the first place with a rate of 49.33%,
it is followed by; labor cost with 16.87%, litter cost with
14.55%, natural mating cost with 8.68%, water-electricity-
fuel cost with 5.88%, veterinary-health cost with 1.54% and
other costs (such as equipment maintenance, blacksmith
cost, riding supplies cost) with 3.14%. When the factors that
make up the total income of the enterprises are examined;
it has been determined that 43.09% of the total income
consists of foal sales income, 21.02% income from races,
16.63% breeding income, 19.26% other income elements
such as breeder sale and horse riding-training activities
(Table 3).

Table 3. Cost and income factors distribution in total cost and

income in %
Distribution
Factors
rate (%)
Feed cost 49.33
Labor cost 16.87
Litter cost 14.55
Natural mating cost 8.68
Expenses
ofp Water- Electricity- Fuel cost 5.88
enterprises  Veterinary-Health cost 1.54
Other costs (Equipment-maintenance
cost- Blacksmith cost- Riding supplies 3.14
cost)
Foal sales income 43.09
Racing income 21.02
Breeding income 16.63
Incomes of Other i Breed les. H
enterprises ther incomes (Breeder sales, Horse 19.26

riding and training activities)

When the main problems encountered in enterprises
are examined; it has been observed that the increase ininput
costs is the main problem in all enterprises. While 83.33% of
the enterprises had problems in both marketing and
supplying feed, 50% in the supply of labor, and 41.67% of
them stated that they faced health problems (Table 4).
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Table 4. Current problems in horse enterprises

Enterprises

Current Problems (%) n Mean
Marketing 10 83.33
Feed supply 10 83.33
Labor supply 6 50.00
Education/Training 2 16.67
Credit supply 1 8.33
Health issues 5 41.67

*Some owners has reported more than one problem

DISCUSSION AND CONCLUSION

The findings from this study were rather evaluated and
interpreted independently because the quantitative and
qualitative scientific research on the socio economic analysis
of horse breeding enterprises was lacking in the literature.
The present study found that the average age was 41.25
while the average working experience was 17.67 years
among enterprise owners.

When the education levels of owners were examined,
it was revealed that almost more than half of them had a
university or higher degree. It is noteworthy that the average
age of those engaged in horse breeding is lower than other
livestock sub-sectors, but their education level is higher
compared to other sectors (11-13).

This situation may cause some positive effects in the
sector. Although older horse enterprise owners may have
accumulated years of experience and knowledge about
breeding practices, horse care, and managing the enterprise,
on the other side younger owners may bring fresh
perspectives, education in modern practices, and a
willingness to adopt innovative approaches. Some
researches indicate that there is a favorable correlation
between education level and the ability to adjust to new
developments and technological advancements (14-16).

In one of the study conducted in Bangladesh, it is
reported that horse pulling cart was only and main source of
earning for their livelihood in the society (17). Similar to this
study, it has been observed that horse breeding is carried
out as the main economic activity in most of the enterprises
and this is provided mostly by family workforce (81.66%) in
our study. The average number of horses was 37.50 in
enterprises. When the scale-up goals of enterprises are
evaluated, it is seen that the majority of enterprises want to
stay at their current scale. It's essential to recognize that the
decision to scale up or stay at a certain scale is complex and
influenced by a combination of personal preferences,
market conditions, and strategic considerations. However,
large-scale horse breeding operations can have heavy
workloads and responsibilities. Owners may evaluate their
time, energy, and experience when determining if they can
effectively oversee a larger enterprise. Therefore, to
improve work-life balance and minimize risks, some could
decide to maintain a smaller scale enterprises.

In this study, it was determined that only 3 of the
enterprises included in the research were members of any
organization, and the remaining was not members of any
organization. One of the most important problems in
livestock enterprises in Turkiye is the marketing problem
that arises as a result of the insufficient level of organization

of the producers. This was also the main problem faced by
enterprise owners in our study findings.

In our study, when the main problems faced by
enterprises are examined, it is seen that marketing comes
first and followed by feed and labor supply respectively. In a
study conducted in Canakkale province, it was stated that a
significant portion of horse breeding enterprises had
difficulties with feed prices. However, similar to our study, it
was observed that there were also problems in labor supply
(18). In another study conducted in Western Ethiopia, it was
determined that feed shortage was also one of the problem
that the horse enterprises faced (19). The study conducted
in Central Ethiopia, the constraints were ranked from higher
to lower rank based on their impact on equines; accordingly,
diseases were the first major constraints (46.67%), followed
by feed shortage (26%), water shortage (18%), and
marketing problem (9.33%) (20). The results of this study are
similar to the results of our study in terms of problems
encountered in enterprises.

It is frequently necessary to combine strategic
planning, good management techniques, keeping up with
market developments, and situational flexibility to
overcome these obstacles. Horse enterprise owners can
create plans to deal with these difficulties by regularly
evaluating the enterprise's strengths and limitations.

The cost factors are important in enterprises. In this
study, feed costs with a ratio of 49.33% rank first among the
cost factors that constitute the total cost in enterprises. This
was followed by 16.87% labour costs, 14.55% litter costs,
8.68% natural mating cost and 5.88% water- electricity- fuel
costs, respectively. In a study conducted in Hungary, it was
determined that the highest share of costs in horse keeping
is labour costs, followed by other costs, feeding costs and
finally veterinary costs (21).

The cost of feed and labor in horse breeding
enterprises can be higher due to a combination of
specialized nutritional needs of race horses, individual horse
care requirements, labor-intensive jobs, and the
requirement for professional workers. Therefore, effective
cost management is essential to the enterprises’s capacity to
remain financially viable.

On the other hand, for horse breeding enterprises to be
successful overall and to remain sustainable, income
considerations must be taken into consideration. In a study
which is conducted in Hungary, it is stated that horse
enterprises get their revenue from mostly renting out their
board and providing riding training (21).

Our study results showed that, foal sales income and
racing income were two important income factors in total
income distribution with the ratio of 43.09% and 21.02%
respectively. Since the Arabian horses and racing income
have a complex relationship, with each horse's performance
on the track affecting both its breeding value and the
possible revenue streams available to their owners. The
general financial picture of the industry is also significantly
influenced by the level of support and popularity for Arabian
horse racing.

The market for horses and associated services is subject
to fluctuations, since they are impacted by various variables
like prevailing equestrian sports and leisure pursuits.
Especially in regions with numerous horse enterprises such
as our study area, agro-tourism should be more at the
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forefront to provide tourists with opportunities to engage in
and learn about horse-related activities within a farm or
rural setting. Agro-tourism with an equine focus benefits
horse enterprises financially and increases tourists'
admiration for horses and rural living. In an engaging and
instructive way, it may be a mutually beneficial experience
that links people to the worlds of agriculture and equestrian
sports (22-24).

Horse breeding and training activities in the world, is
gradually developing as a more modern and conscious
livestock sub-sector, especially in developed countries. On
the other hand, equestrianism is on its way to reaching an
important industrial level in the development of horse races
and other equestrian activities in Tirkiye. However, the
sector's contribution to the country's economy is also
increasing.

From the findings of this study, which was based on
horse breeding, it was concluded that horse breeding is the
main source of income for most enterprise owners and this
activity still maintains its importance for Mahmudiye district.
As in many livestock sub-sectors, it is seen that feed cost
constitutes the highest share in input costs in horse
breeding. The increase in input and especially feed prices
and the difficulties experienced in the supply of feed form
the basis of the problems faced by the enterprises. In order
to provide profitable and productive feeding in horse
enterprises, the nutritional needs of horses must be known
very well and the ration content must be determined in a
balanced and adequate manner accordingly. Therefore, the
measures to be taken and the policies to be applied to
reduce input costs are important for the sustainability of this
livestock activity.

Mahmudiye district is an important location for horse
breeding, but also offers important opportunities especially
within the scope of agro-tourism activities. The
dissemination of activities such as horse riding, equestrian
sports etc. to spread the love of horses and equistrian
culture, will contribute significantly to the increase inincome
levels and socio-cultural development with the employment
and economic diversity to the local people.

On the other hand, two important recommendations
can be given for enterprises operating in Mahmudiye
district: i) to create a fieldhouse in Mahmudiye district where
horses can train in order to reach a certain condition before
the race and to ensure their physical and mental
development. ii) to establish a foal sales area in Mahmudiye
district in order to shorten the travel time of horses during
horse sales transactions and to prevent horses from being
injured or traumatized. The work to be carried out by public
institutions to implement these suggestions is important for
the horse breeders of Mahmudiye district.

In conclusion, it should be taken into consideration that
financial and economic researches to be carried out at
different levels and areas of activity in the horse industry will
make a significant contribution to enterprises and the sector
in general.
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Kegi stituiniin, laktoz intoleransi olan insanlarda inek sitiine alternatif olmasindan dolayi son yillarda
diinya genelinde tiiketiminde artisi goriilmektedir. Kegi mastitisi, siit kalitesini olumsuz etkilemekte
ve sit veriminde azalmalara yol agmaktadir. Bu nedenle mastitis patojenlerinin belirlenmesi
enfeksiyonun 6nlenmesi agisindan énemlidir. Bu ¢alismanin amaci Diyarbakir ve ilgelerinde bulunan
kecilerde, subklinik mastitis etkenlerinin izolasyonu ve identifikasyonu ile bunlara etkili
antibiyotiklerin minimal inhibitér konsantrasyonu (MiK) ydntemi ile belirlenmesidir. Bu amagla
toplam 358 adet kegi siit 6rnegine California Mastitis Testi (CMT) ile mastitis yoniinden bakildi. CMT
(+2,+3) pozitif olan toplam 106 sit 6rneginin mikrobiyoloji incelemesinde 79’undan (%74.5) bakteri
izole edilirken, 27’sinden (%25.5) herhangi bir Greme gézlenmedi. Ureme olan siit érneklerinin
30’undan (%37.97) Staphylococcus aureus ve 26’sindan (%32.91) Koagiilaz-negatif Staphylococcus
(KNS), 3’lnden (%3.80) Streptococcus agalactiae, 1'inden (%1.27) Enterococcus spp., 18'inden
(%22.78) Escherichia colive 1'inden de (%1.27) Acitenobacter spp. izole ve identifiye edildi. KNS pozitif
olan bakterilerin orantisal olarak dagilimi %20.25 Staphylococcus xylosus, %5.06 Staphylococcus
warneri, %2.53 Staphylococcus lugdunensis, %1.27 Staphylococcus capitis, %2.53 Staphylococcus
chromogenes ve %1.27 Staphylococcus hominis olarak identifiye edildi. Calismada izole ve identifiye
edilen bu bakterilere karsi yapilan MiK sonuglarina gore siprofloksasin, tigesiklin, benzilpenisilin,
oksasilin ve seftazidimin mastitis tedavisinde etkili olabilecegi belirlendi.

Anahtar Kelimeler: identifikasyon, izolasyon, kegi, mastitis, prevalans

The Isolation of Mastitis Agents and Determination of Sensitive Antibiotics in Goat Milks with
Subclinical Mastitis in Diyarbakir Region

Abstract

There has been an increase in the consumption of goat milk worldwide in recent years, as it is an
alternative to cow milk for people with lactose intolerance. Mastitis in goats negatively affects the
quality of milk and leads to decreases in milk yield. Therefore, identifying mastitis pathogens is
important to prevent infection. The aim of this study is to isolate and identify subclinical mastitis
agents in goats in Diyarbakir and its districts and to determine effective antibiotics by the minimum
inhibitory concentration (MIC) method. A total of 358 goat milk samples were examined for mastitis
with the California Mastitis Test (CMT). In the microbiology examination of a total of 106 milk samples
that were CMT (+2, +3) positive, while bacteria were isolated in 79 (74.5%) samples, no growth was
observed in 27 (25.5%) samples.. Of the milk samples with bacterial growth, 30 (37.97%) were
Staphylococcus aureus, 26 (32.91%) were Coagulase-negative Staphylococci (CNS), 3 (3.80%) were
Streptococcus agalactiae, 1 (1.27%) Enterococcus spp., 18 (22.78%) Escherichia coli and 1 (1.27%)
Acitenobacter spp. was isolated and identified. Proportional distribution of CNS positive bacteria:
20.25% Staphylococcus xylosus, 5.06% Staphylococcus warneri, 2.53% Staphylococcus lugdunensis,
1.27% Staphylococcus capitis, 2.53% Staphylococcus chromogenes and 1.27% Staphylococcus hominis
were identified. According to the MIC results against these bacteria isolated and identified in the
study, it was determined that ciprofloxacin, tigecycline, benzylpenicillin, oxacillin and ceftazidimine
could be effective in the treatment of mastitis.

Key Words: Goat, identification, isolation, mastitis, prevalence
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GIRIS

Kegi yetistiriciligi, hayvansal protein kaynagi sunmasi, laktoz
intoleransi olan insanlarda inek sutline alternatif olmasi ve
kegci siitinden (retilen st Grlnlerinin popller olmasi dolayi
son yillarda diinya genelinde artis géstermektedir (1-3). An-
cak, kegi yetistiricili§inde mastitis, sttin kalitesini ve veri-
mini olumsuz etkilemektedir. Mastitis meme bezlerinin en-
feksiyonu olup klinik ve subklinik formlarda gorilebilmekte-
dir (2,4,5). Subklinik mastitislerde meme bezi normal gori-
nimindedir ve klinik mastitislere gore daha yaygindir (5,6).
Subklinik mastitis teshisi, somatik hiicre sayimi ve sttiin bak-
teriyolojik kiltiru ile yapilabilmektedir. Subklinik mastitis
teshisinde California Mastitis Test (CMT) yaygin bir bigimde
kullaniimaktadir (7,8). Ancak, fizyolojik olarak birim bazinda
kegi sitli, koyun ve inek sitiine gore daha fazla miktarlarda
somatik hiicre bulundurur (ml’de 600.000-800.000 somatik
hiicre) (9-11).

Kegilerde klinik ve subklinik mastitisin bakteriyel pato-
jen etkenleri arasinda Staphylococcus aureus (S. aureus),
Streptococcus agalactiae (S. agalactiae) ve Pseudomonas ae-
ruginosa ve koagulaz negatif Staphylococcus (KNS), Pasteu-
rella (Mannheimia) haemolytica, Corynebacterium pseudo-
tuberculosis, Mycoplasma spp. ve nadiren Salmonella spp. ve
Listeria spp patojenleri oldugu bildirilmektedir (11,12,13,14).
Ancak, kecilerde tiim mastitis formlarinda gorilen baslica
etiyolojik etken Staphylococcus tirleri olmakla beraber klinik
mastitiste buna ilaveten koagulaz-pozitif stafilokoklar, subk-
linik mastitiste ise koagllaz-negatif Stafilokok (KNS) etkenle-
rine daha yogun rastlanmaktadir (5,6,8,15,16,17). Kegilerde
mastitis vakalarinda nadiren mantar, maya, viris ve mikop-
lazma etkenleri de tespit edilmektedir (6,11,18,19).

ineklerde ve koyunlarda mastitis ile ilgili diinyada bir-
cok calisma yapilmasina ragmen keci mastitisleri ile ilgili ca-
lismalarin inek ve koyuna gore daha az oldugu gorilmekte-
dir. Bu amagla; Diyarbakir ve gevresinde kegi yetistiriciliginin
onemli sorunlarindan biri olan mastitis olgularinda subklinik
mastitise neden olan etkenlerin belirlenmesi ve bunlara karsi
etkili antibiyotik tirlerinin saptanmasi hususlari bu ¢alis-
mada arastiriimistir.

MATERYAL VE METOT

Saha Galismasi Asamasi

Bu arastirmada, Diyarbakir ve yoresinde 20 farkl aile islet-
mesinde yetistirilen 179 kil kegisinden siit 6rnekleri alinmis-
tir. Orneklemede subklinik mastitis teshisi amaciyla 358 adet
st ornegi CMT yontemi kullanilarak test edilmistir (20).
Subklinik mastitis teshisi konulmasinda CMT skorlamasi aras-
tiricilarin (20-23) ifade ettigi sekilde yapilip pozitif olanlar
(CMT; +2 ve +3) belirlenerek galismaya dahil edilmistir. CMT
pozitif sonug veren 106 hayvandan alinan ayni sayidaki sit
drnegi, calismanin materyalini olusturmustur. Ornekler alin-
madan dnce meme baslari %70'lik alkolle temizlenmis ve 6n-
sut atildiktan sonra sagilan sit, steril ttplere (8-10 ml) alin-
diktan sonra kisa siirede soguk zincir ile Dicle Universitesi Ve-
teriner Fakdiltesi Mikrobiyoloji Anabilim Dali laboratuvarina
getirilmigtir.

Diyarbakir Yéresinde Mastitisli Kegi Siitlerinde Etken izolasyonu ...
Laboratuvar Analizleri Asamasi

Bakteriyel izolasyon ve identifikasyon

Sut drnekleri homojenize edildikten sonra her biri %5 koyun
kanli agar (Oxoid, CM0055, ingiltere) ve Eosin Methylen Blue
agarlara (Oxoid, CM0069, ingiltere) ekilmis ve 37°C’de aero-
bik kosullarda 24-48 saat inkiibe edildi. inkiibasyon sonra-
sinda koloniler nutrient agara (Condalab, 1060, ispanya) pa-
sajlanip ve ayni kosullarda inkibe edilmistir (24). Gram bo-
yama ile G (+) ve G (-) 6zellikleri belirlenen suslar VITEK® 2
GP ID ve VITEK® 2 GN ID kartlariile VITEK® 2 Compact Sistem
(Biomerieux®, Fransa) ile identifiye edildi.

Mpycoplasma spp. izolasyonu igin sit 6rnekleri, Mycop-
lasma selektif suplement G (Oxoid, SRO059, ingiltere) eklen-
mis Mycoplasma sivi besiyerine (Oxoid, CM0403, ingiltere)
ekildi ve 37°C'de mikroaerofilik kosullarda 72 saat inkiibe
edildi. inkiibasyon sonrasi sivi kiiltlirler Mycoplasma selektif
suplement G ilave edilmis Mycoplasma agara (Oxoid,
CMO0401, ingiltere) pasajlanarak ayni kosullarda inkiibe
edildi. inkiibasyonun 48. saatinden itibaren agarlar her giin
tipik Mycoplasma spp. koloni morfolojisi yoninden 1tk mik-
roskobunda 4-10x (stereomikroskopta 20-60x) biylUtmede
gorintilendi. 14. giinden sonra tipik koloni belirlenmeyen
ornekler Mycoplasma spp. negatif olarak kaydedilmistir (25).

Antibiyotik Duyarlilik Ozelliklerinin Saptanmasi

Bakteri ve MiK belirleme

Toplam 358 siit 6rnegi, en az 3 hafta antibakteriyel tedaviye
maruz kalmayan laktasyondaki kegilerden toplandi. Subklinik
mastitis teshisi agisindan CMT pozitif sonug veren 106 hay-
vandan alinan siit érneginden 79 st numunesinde bakteri-
yel Greme oldu. Ureme gériilen 79 bakteri izolati MIC igin
kullanildi. Bu siit 6rneklerinden izole edilen bakteriler igin
belirlenen kartlar kullanilarak antibiyotiklere olan direncini
ve molekiiler 6zelliklerini VITEK-2 sistemi (BioMerieux,
Fransa) ile belirlendi. Minimum inhibitér konsantrasyon
(MIK) (arama araligi, <0.5) sistemin tescilli yazilimi (siirim
9.02) tarafindan Ureticinin talimatlarina goére VITEK 2 AST-
P640 (sefoksitin, benzilpenisilin, oksasilin, gentamisin, sip-
rofloksasin, eritromisin, klindamisin, linezolid, daptomisin,
teikoplanin, vankomisin, tetrasiklin, tigesiklin, fosfomisin, fu-
sudik asit ve trimetoprim/siilfametoksazol) ve AST-N327
(ampisilin, amoksisilin klavunik asit, piperasilin/tazobaktam,
sefuroksim, sefuroksim aksetil, sefoksitin, sefiksim, seftazi-
dim, seftriakson, ertapenem, imipenem, meropenem, ami-
kasin, gentamisin, siprofloksasin, fosfomisin, nitrofurantoin
ve trimetoprim/silfametoksazol) duyarllik kartlar (bio-
Mérieux) kullanilarak otomatik olarak iliskilendirilmistir. Du-
yarhlik testi sonuglarina iliskin veriler Microsoft Excel 2013
ile analiz edildi. Bu MiK'ler daha sonra direncli veya duyarli
olarak siniflandirilmistir.

BULGULAR

Subklinik mastitis agisindan kontrol edilen toplam 358 6rnek-
ten, 106’sinin (%29.6) CMT pozitif sonug verdigi saptanmis-
tir. Pozitif kabul edilen 106 st 6rneginin 79’undan (%74.5)
bakteriizole edilirken, 27’sinden (%25.5) herhangi bir Greme
gbzlenmemistir. Kiiltir pozitif érneklerin 30’undan (%37.97)
S. aureus ve 26’sindan (%32.91) KNS izole edilmistir. Bunlarin
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da orantisal olarak dagilimi %20.25 S. xylosus, %5.06 S. war-
neri, %2.53 S. lugdunensi, %1.27 S. capitis, %2.53 S. chromo-
genes ve %1.27 S. hominis seklinde bulunmustur. Bunlarin
disinda 3’liinden (%3.80) S. agalactiae, 1’inden (%1.27) En-
terococcus spp., 18’inden (%22.78) E. coli ve 1'inden de
(%1.27) Acitenobacter spp. izole ve identifiye edilmistir
(Tablo 1).

Diyarbakir Yéresinde Mastitisli Kegi Siitlerinde Etken izolasyonu ...

MiK Analizi

Laktasyondaki kegilerden toplanan ve subklinik mastitis testi
pozitif olarak bildirilen 79 siit numunesinden toplam 11 izo-
lat elde edilmistir. Elde edilen bu izolatlara karsi test edilen
bazi antimikrobiyal bilesiklerin MiK'leri Tablo 2 ve Tablo 3'de
gosterilmektedir.

Tablo 1. CMT pozitif olan siit 6rneklerinden izole edilen mikroorganizmalar

izole edilen bakteriler

Pozitif Ornek Sayisi % (n)

S. aureus

S. xylosus

S. warnerii

S. lugdunensis

S. capitis

S. chromogenes
S. hominis

S. agalctiae
Enterococcus spp.
E. coli
Acitenobacter spp.
Toplam

%37.97 (30)
%20.25 (16)
%5.06 (4)
%2.53 (2)
%1.27 (1)
%2.53 (2)
%1.27 (1)
%3.80 (3)
%1.27 (1)
%22.78 (18)
%1.27 (1)
100 (79)

Tablo 2. VITEK 2 kullanilarak subklinik mastitis pozitif izolat olarak bildirilen 60 sit 6rneginin antimikrobiyal duyarhlik profilleri (bioMérieux,
Marcy-I'Etoile, France)

MiK (ug/mL)
izolatlar (n) BP OX GEN CIP E DA LNZ DAP TP VA TE TGC FF FA SXT
Staphylococcus aureus (30) <0.03 <0.25 <0.5 <0.5 <0.25 <0.12 1 <0.12 <05 <0.5 <1 <0.12 <8 <05 <10
Strept. agalactiae (3) >64 - - - - >8 28 >8 232 232 2 <0.12 - - <0.10
Staphylococcus xylosus (16) - <0.25 <0.5 <0.5 <0.25 <0.12 1 <0.12 1 <05 <1 <0.12 <8 <0.5 <10
Staphylococcus warneri (4) <0.25 <0.5 <0.5 1 <0.12 1 <0.12 2 1 216 <0.12 2128 <0.5 <10
Staphylococcus lugdunensis(2)  <0.03 <0.25 <0.5 <0.5 1 0.5 1 0.25 - - <1 <0.12 <8 <0.5 <10
Staphylococcus capitis (1) <0.25 <0.5 <0.5 <0.25 <0.12 1 0.5 <0.5 <0.5 <1 <0.12 =128 <0.5 <10
Staphylococcus chromogenes (2) <0.25 <0.5 <0.5 1 <0.12 1 <0.12 1 <05 <1 <0.12 <8 <0.5 <10
Staphylococcus hominis (1) <0.25 <0.5 <0.5 0.5 0.25 2 <0.12 <0.5 216 <0.12 64 <0.5 <10
Enterococcus spp.(1) 1 2 <0.5 <0.5 <0.12 <10

BP: Benzilpenisilin, OX: Oksasilin, GEN: Gentamisin, CIP: Siprofloksasinin, E: Eritromisin, DA: Klindamisin, LNZ: Linezolid, DAP:
lanin, VA: Vankomisin;TE: Tetrasiklin TGC: Tigesiklin, FF: Fosfomisin, FA:

Daptomisin, TP: Teikop-
Fusidik asit, SXT: Trimetoprim + Sulfametoksazol

Tablo 3. VITEK 2 kullanilarak subklinik mastitis pozitif izolat olarak bildirilen 19 siit 6rneginin antimikrobiyal duyarllk profilleri (bioMérieux,
Marcy-I'Etoile, France)

MiK (ug/mL)
izolatlar (n) AMP AMK TzZP CXM ACE CFT CFX CAZ CTX ERT IPM MEM AMC GEN CiP FF NF SXT
E. coli (18) <2 2 <4 <1 <1 <4 <0.25 <0.12 <0.25 <0.12 <0.25 <0.25 <2 <1 <0.25 <16 <16 <20
Acitenobacter (1) - - 8 - - - - 0,5 - - £0.25 <0.25 <2 <1 <0.25 - - <20

AMP: Ampisilin, AMK: Amoksisilin/klavulanat, TZP: Piperasilin/tazobaktam, CXM: Sefuroksim, ACE: Sefuroksim/asetil, CFT:

Sefoksitin, CFX: Sefoksitin,

CAZ: Ceftazidime, ERT: Ertapenem, Imipenem (IPM), Meropenem (MEM), Amikasin; AMC, Gentamisin (GEN), CIP: Siprofloksasin, FF: Fosfomisin, NF:

Nitrofurantoin, SXT: Trimetoprim + Stlfametoksazol
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TARTISMA VE SONUC

Kiglkbas ruminantlarda subklinik mastitis gorilme araligi
%6.5 ile %40.2 arasinda degistigi ifade edilmektedir
(1,8,26,28). Yapilan calismada subklinik mastitis prevalans
oraninin (%29.6), arastiricilarin bildirdigi oranlarin araliginda
oldugu gorilmektedir.

Calismalarda etken degiskenligi ve gérilme oranindaki
farkhhklar ile bunlarin duyarh olduklari antibiyotikler bolge-
lere gore degisiklik gosterebilmektedir. Kegi mastitislerinde
en ¢ok izole edilen bakterilerin stafilokoklardir. Dogruer ve
ark. (8)'nin Hatay ve cevresindeki kegilerde tiim Staphylococ-
cus spp. orant %71.5 ve bunlar arasinda en fazla olanin da
%23.7 ile S. intermedius oldugu bunun disinda %8 Strepto-
cocccus spp., %5 Bacillus, %4 Escherichia coli, %3.4 Coryno-
bacterium spp., %2.3’er oranda Acinetobacter ve Pseudomo-
nas ile %2.3 miks enfeksiyon tespit ettiklerini bildirmektedir-
ler. isnel ve Kirkan (29)'in Aydin bélgesindeki kecilerde yap-
mis olduklari calismada ise %69.6 oraninda S. aureus, %7.8
oraninda S. epidermidis, %4.9 oraninda S. intermedius, %3.9
oraninda Klebsiella pneumoniae ve diisiik oranlarda Coryne-
bacterium spp., Pseudomonas spp., E. coli, ve Mannheimia
haemolytica etkenlerinin izole edildigi bildirmektedirler.
Cantekin ve ark.’1 (3) Hatay bolgesinde en fazla KNS (%50), S.
aureus (%26.67) ve S. uberis (%16.67) etkenleri oldugunu be-
lirtmektedirler. Aydin ve ark. (23)'nin Konya’da yapmis ol-
duklari calismada %17.7 Staphylococcus aureus ve %69 KNS
olarak izole edildigi rapor edilmistir. italya ve Bulgaristanda
yapilan g¢alismalarda en ¢ok izole edilen bakteri tliriinin
Staphylococcus spp. oldugu ifade edilmektedir (30,31). Pir-
zada ve ark. (11)’nin Pakistan’da kegilerde yaptiklari subkli-
nik mastitis ¢alismasinda %38 oraninda pozitif sonug elde
edildigi ve bunlardan da en fazla S. aureus (%36.84) izole
edildigini belirtmektedirler. Zhao ve ark. (6)'nin Cin’de yap-
tiklari galismada en fazla oranda KNS (%59.2) ve S. aureus
(%15.24) etkenlerinin izole edildigini bildirilmektedir.

Bu galismada 106 6rnekten 79’unda lireme elde edil-
digi, bunlar arasinda en fazla izole edilen bakteri tirinin ise
%70.88 ile Staphylococcus spp., olusturdugu saptanmistir.
Bunun da %37.97’si S. aureus, %20.25 S. xylosus, %5.06 S.
warnerii, %2.53 S. lugdunensis, %2.53 S. chromogenes,
%1.27 S. capitis, ve %1.27 S. hominis seklinde dagilim goster-
digi gortlmastiir. Cahismada KNS toplam orani %32.91 olarak
hesaplanmistir. Staphylococcus spp.,’den ayri olarak Entero-
coccus spp., E. coli ve Acinobacter etkenleri de érneklerden
izole edilen diger mikroorganizmalardir. Yapilan benzer calis-
malarda kecilerde subklinik mastitislerde en fazla Staphylo-
coccus spp., etkenlerinin izole edildigi sonuclari c¢alisma-
mizda bulunan veriler ile benzerlik gosterdigi goriilmektedir.
Ancak arastiricilarin degisik bolgelerde elde ettikleri KNS
oranlari ile karsilastinldiginda sunulan ¢alismada bu oranin
daha az, S. aureus ve E. coli oraninin ise daha fazla oldugu
gorulmistir (3,6,8,23). Bunun da yukarida belirtilen arastir-
malarda oldugu gibi bazi bélgelere gore bu oranlarin degise-
bildigi veya etkenlerin goriilme oranlarinda farkhliklarin ol-
dugu benzer bircok calisma ile ortaya konmustur. Degisik
bolgelerde kegilerde yapilan subklinik mastitis etken izolas-
yonuna yonelik calismalardaki mikroorganizmalar arasindaki
cesitlilik ve gorilme oranlari arasindaki bu farkhhklarin cog-
rafi bolge degisiklikleri, bakim ve beslenme kosullari gibi fak-
torlerden etkilendigi distinilmektedir.

Diyarbakir Yéresinde Mastitisli Kegi Siitlerinde Etken izolasyonu ...

Mastistis tedavisinde dogru tani ve es zamanli uygun
ilag secimi 6nemli bir yer tutmaktadir (32). Son yillarda
diinya genelinde hatali teshis, antibiyotiklerin asiri veya uy-
gunsuz kullanimi uygun olmayan antibiyotik secimi ve yeter-
siz doz ayarlamasi gibi durumlar antibiyotiklere direncin art-
masina katkida bulunmus ve insanlarda ciddi halk sagligi so-
runlarinin ortaya ¢ikmasina neden olmaktadir (33). Bu gibi
nedenlerden dolayi klinik antimikrobiyal ilaglara karsi duyar-
ik testlerinin yapilmasi gereklilik haline gelmistir. Bu
amagla olasi patojenlerin belirlenmesi ve hastaliga neden
olan patojenlere karsi gercgeklestirilen duyarlilik testlerinin
yapilmasi tedavide elde edilen basari oraninda artisa neden
olmaktadir (34,35). Minimum inhibitér konsantrasyon
(MIK), patojenlerin antimikrobiyal duyarliliginda yaygin ola-
rak kullaniimaktadir (36). Minimum inhibitér konsantras-
yonu belirlemek icin genellikle disk difiizyon prosediri, mik-
rodillisyon metodu, E testi ve otomatik ticari antimikrobiyal
duyarlilik testleri kullanilir. Hizli tanimlama ve antimikrobiyal
duyarhlik testi yapan otomatik sistemler giderek daha fazla
kullanilmaktadir (37,38). Daha once kegilerde yayinlanmis
¢alismalarin ¢cogu az sayida izolat ile ve otomatik metodlar
kullanilarak birkag¢ antibiyotigin MiK degerlerine odaklan-
maktadir (39,40). Bu galisma ise ¢ok sayida mastitis izolatinin
MIK degerlerinin VITEK Il sistemi kullanilarak degerlendiril-
digi ilk calismalardan biri olma 6zelligini tagimaktadir.

Elde edilen sonuglara benzer sekilde Staphlococcus spp.
ve E. coli patojenleri mastitisli kecilerde izole edilen ana mas-
titis patojenleri olarak kabul edilir ve bu bakterilere bagli
meydana gelen enfeksiyonlar hastalikla ilgili 6Gnemli ekono-
mik kayiplara neden olmaktadir. (6,41). Bu nedenle ¢alisma-
mizin sonuglari, veteriner hekimlerin mastitis ile enfekte ke-
cileri tedavi etmek icin antibiyotik kullanmaya karar verirken
Staphlococcus spp. ve E. coli gibi patojenleri dikkate almalari
gerektigini gostermektedir.

TUm mastit izolatlarinin, uzun siredir mastitis tedavi-
sinde tercih edilen florokinolonlarin grubunda bulunan sip-
rofloksasinin bu galismada belirlenen tim izolatlara karsi
MiK degerlerinin <0.25 ve <0.5 pg/mL olarak diisiik veya esit
oldugu belirlenmistir. Bu konsantrasyon 6nceki raporlarda
elde edilen siprofloksasin konsantrasyonlarina benzemekte-
dir (42). Tigesiklinin MiK degerleri tiim staphlococcus, strep-
tococcus ve enterococcus izolatlarina karsi <0.12 pg/mL'ye
esit veya daha diisiik oranla en etkili MiK konsantrasyonunu
saglamistir. Tigesiklin bazi direngli enfeksiyonlarin tedavi-
sinde kulllanimi 6nerilen glisiklin grubu bir antibiyotiktir
(43,44). Benzilpenisilin'in S. aureus ve S. lugdunensis'e karsl
yiiksek etkinligini bu arastirmada gézlemlenmistir (Mik<0.03
pg /mL). Penisilin grubunda bulunan oksasilin, MiK <0.25 pg
/mL ile bu ¢alismada izole edilen staphylococcuslara karsi
gliclii aktivite gdsterirken enterococcusa karsi MiK degeri be-
lirlenemedi. Seftazidim ise E. coli ve Acitenobacter izolatla-
rina karsi <0.12 ve 0.5 pg/mL MIK gdstermistir. Bu sonuglara
gore ilgili antimikrobiyaller ile tedaviye baslamadan 6nce
mastitise neden olan ajan kesin olarak tanimlanmadan te-
davi protokolil olusturulabilir. Ancak siprofloksasin, tigesik-
lin, benzilpenisilin, oksasilin ve seftazidimin farmakolojik
ozellikleri ve yan etkileri nedeniyle gida degeri olan hayvan-
larda kullanimi ile ilgili sinirli bilgiler bulunmaktadir.

Sonug olarak Diyarbakir ve cevresinde kil kegilerinde
subklinik mastitis etken izolasyonuna yonelik yapilan galis-
mada koagulaz pozitif stafilokoklarin izolasyon oraninin yiik-
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sek oldugu ve ozellikle S. aureus bakterilerinin agirlikta go-
rildugi tespit edilmistir. Bu calismada sunulan MiK deger-
leri, mastitisli kegilerde antimikrobiyal direncin gelisimini iz-
lemek ve klinik sinir degerlerinin belirlenmesine yardimci ol-
mak icin kullanilabilir. Ancak kegilerde ilgili ilaglarin tedavide
kullaniminin énerilmesi icin detayli farmakokinetik, farmako-
dinamik ve klinik ¢alismalarinin yapilmasina ihtiya¢ oldugu
sonucuna varilmigtir.
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Abstract

Heat shock proteins are molecular chaperones that regulate and modulate a multitude of cellular and
physiological processes. This study was designed to determine the immunoexpression of HSP27 and
HSP90 in tongue tissues throughout the development of sheep. Tongue tissues were collected from
sheep aged 6-12 months (G1,n:6), 1-2 years (G2,n:6), and 3-5 years (G3,n:6). Immunohistochemical
staining was performed after the tissue samples were subjected to routine histological procedures.
Immunoreactivity for HSP27 and HSP90 was not observed in peripheral nerves, serous Von Ebner’s
glands, and mucous glands. While HSP27 immunoreactivity was not observed in the gland duct
epithelium, HSP90 immunoreactivity was detected. HSP27 and HSP90 immunoreactivity was seen in
the epithelial layer, skeletal muscle cells, vascular endothelium, and vascular smooth muscle cells.
There were no statistically significant differences in HSP90 immunoreactivity in the gland duct
epithelium, epithelial layer, blood vessels, and skeletal muscle cells throughout the development of
the sheep (p>0.05). While HSP27 immunoreactivity in blood vessels and the epithelial layer was not
statistically changed between groups (p>0.05), HSP27 immunoreactivity in skeletal muscle cells was
statistically higher in G1 compared to G3 (p<0.01). The results of this study demonstrated that HSP27
and HSP90 were expressed in the luminal epithelium, blood vessels, and skeletal muscle cells of the
tongue tissues throughout the development of the sheep. This study shows that HSP27 and HSP90 are
essential for sheep tongue development and play critical roles in cellular events.
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Farkh Yaslardaki Koyunlarin Dil Dokusunda Bazi Isi Sok Proteinlerinin Dagilimi

0z

Isi sok proteinleri ok sayida hiicresel ve fizyolojik siireci diizenleyen ve modiile eden molekiiler sape-
ronlardir. Bu ¢alisma, koyunlarin gelisimi boyunca dil dokularinda HSP27 ve HSP90' nin immiineksp-
resyonunu belirlemek igin tasarlandi. 6-12 aylk (G1,n:6), 1-2 yasindaki (G2,n:6) ve 3-5 yasindaki
(G3,n:6) koyunlardan dil dokulari toplandi. Doku 6rnekleri rutin histolojik islemlere tabi tutulduktan
sonra immunohistokimyasal boyama yapildi. Periferik sinirlerde, seréz Von Ebner bezlerinde ve mikéz
bezlerinde HSP27 ve HSP90 immiinoreaktivitesi gozlenmedi. Kanal epitelinde HSP27 immuiinoreaktivi-
tesi gortlmezken, HSP90 immiinoreaktivitesi tespit edildi. Epitel katmanda, iskelet kasi hiicreleri, da-
mar endoteli ve damar diiz kas hicrelerinde HSP27 ve HSP90 immiinoreaktivitesi gorildi. Epitel kat-
man, iskelet kasi hiicreleri, kanal epiteli ve kan damarlarindaki HSP90 imm{inoreaktivitesinde koyun-
larin gelisimi boyunca istatistiksel olarak anlamli bir farkhlik saptanmadi (p>0.05). Kan damarlari ve
epitel katmandaki HSP27 imminoreaktivitesi gruplar arasinda istatistiksel olarak degismezken
(p>0.05), iskelet kasi hiicrelerindeki HSP27 imminoreaktivitesi G3’e kiyasla G1'de istatistiksel olarak
daha yuksekti (p<0.01). Bu ¢alismanin bulgularit HSP27 ve HSP90'nin koyunlarin gelisimi boyunca dil
dokularinin epitel katmanindan, kan damarlari ve iskelet kasi hiicrelerinden eksprese oldugunu gos-
termistir. Bu ¢alisma, HSP27 ve HSP90'nin koyunlarin dil gelisimi igin gerekli oldugunu ve hiicresel
olaylarda kritik roller oynadigini gdstermektedir.

Anahtar Kelimeler: Dil, HSP27, HSP90, isi soku proteini, immuinohistokimya, koyun
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INTRODUCTION

The manner in which vertebrates are fed and their dietary
habits are significant factors in determining their capacity to
adapt to their environment. The tongue, in conjunction with
other oral cavity organs, plays a pivotal role in the process of
feeding. The structural differences observed in the tongue
are indicative of the specific food sources and the particular
habitat of each species of mammal (1,2).

The tongue is covered with stratified squamous kerati-
nized epithelium. The keratinized stratified squamous epit-
helium is divided into several layers: the stratum basale, the
stratum spinosum, the stratum granulosum, and the stratum
corneum (3). The tongue’s mucosa comprises various papil-
lary systems that serve gustatory and mechanical functions
(1,4). The majority of the mammalian tongue is composed of
longitudinal, transverse, and vertical skeletal muscle cells
(3). The submucosa and connective tissue between skeletal
muscle cells contain serous Von Ebner’s, mucous, and sero-
mucous lingual glands. The connective tissue beneath the
epithelium includes adipose tissue, blood vessels, and nerve
plexuses (5).

Heat shock proteins (HSPs), also known as molecular
chaperones, are highly conserved proteins (6). These prote-
ins are essential for the normal functioning of cells and play
a significant role in protecting cells against damage in stress-
ful conditions (7,8). HSPs are overexpressed in a variety of
environmental conditions, including temperature changes,
oxidants, ethanol, radiation, viral infections, heavy metal
ions, and anoxia (8). HSPs are known to perform several cell-
protective functions, including protein assembly and disas-
sembly, interaction with surface receptors, and antigen pre-
sentation (6,7). HSPs are categorized according to their mo-
lecular weight and function. This classification includes the
small HSPs, HSP40, HSP60, HSP70, HSP90, and HSP110
(7,9,10).

HSP27 is a small molecular weight HSP family member
and an ATP-independent chaperone (11,12). HSP27 prevents
the aggregation of misfolded proteins and assists in correctly
folding proteins. HSP27 is involved in cellular functions such
as proliferation, differentiation, migration, and signal trans-
duction (11). HSP27 is associated with several intermediate
filament networks. HSP27 regulates apoptosis by interacting
with key components of the apoptotic signaling pathway.
HSP27 is associated with actin and regulates the polymeriza-
tion of actin (12).

HSP90 forms 1-2% of cellular protein under physiologi-
cal conditions. HSP90 is an ATP-dependent molecular cha-
perone that regulates the activation, late maturation, and
stability of a variety of proteins. HSP90 interacts with nuclear
or cytoplasmic proteins, including transforming or regula-
tory tyrosine kinases, some serine/threonine kinases, transc-
ription factors, cytoskeletal proteins, or calmodulin. HSP90
is involved in fundamental cellular processes and regulatory
pathways such as apoptosis, cell signaling, cell cycle control,
and cell viability by interacting with other proteins and co-
chaperones in the cells (13). HSP90 plays a role in antigen
presentation, and activation of lymphocytes, macrophages,
and dendritic cells (14).

The tongue is an important organ that can provide in-
formation about the general health status of animals. There-
fore, studies on the tongue of sheep are of great importance
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both for applied veterinary medicine and animal health and
for basic biological research. Changes in the expression of
molecular factors in tongue tissue can be used to understand
sheep's responses to temperature changes, malnutrition, or
other stress factors. Knowing the expression patterns of mo-
lecular factors in the tongue tissue, which undergoes struc-
tural and morphological changes during the developmental
process of sheep, may contribute to the understanding of
the functional properties and adaptation mechanisms of the
tongue. HSP27 and HSP90 play important roles in metabolic
events in cells under normal physiological conditions, while
under various stress conditions, the expression of these pro-
teinsin cells is increased and they play important roles in cel-
lular repair and protection mechanisms. There are a limited
number of studies on the expression of HSP27 and HSP90 in
tongue tissue. Therefore, this study aimed to show the
expression of HSP27 and HSP90 in the tongue tissues of
sheep of different ages by immunohistochemistry.

MATERIAL AND METHODS

Animal Material and Tissue Processing

The tissue material used in this study was obtained from
sheep that were brought to the abattoirs in the province of
Siirt for slaughter. Tongue tissues from a total of 18 sheep
aged 6-12 months (G1,n=6), 1-2 years (G2,n=6), and 3-5 ye-
ars (G3,n=6) were used as tissue material in the study. Small
pieces of tissue taken from the tongue of each animal were
fixed in 10% formaldehyde (pH=6.9-7.1) for 24 hours at room
temperature. Tissue samples were embedded in the paraffin
after routine histological processing. Tissue blocks were cut
at a thickness of 5 microns. Sections were transferred to
poly-L-lysine-coated slides.

Immunohistochemical Staining

Immunohistochemical staining was performed using the
streptavidin-biotin-peroxidase complex (Strept-ABC) to de-
termine the immunoreactivities of HSP27 and HSP90 in
sheep tongue tissues of different ages. The sections were
passed through the xylol-alcohol series. Afterward, they
were placed in citrate buffer (pH=6) and subjected to boiling
in a microwave oven at 600W for 20 minutes to facilitate an-
tigen retrieval. To inhibit the endogenous peroxidase acti-
vity, the sections were incubated in 3% H,0; in PBS for 20
min. The sections were encircled with a hydrophobic PAP
pen and maintained in a blocking solution (Large Volume
Ultra V Blok, TA-125-UB, Thermo Fisher Scientific) for 10 mi-
nutes to prevent non-specific antigenic binding. Afterward,
the sections were incubated with HSP27 (Santa Cruz Biotech-
nology, sc-13132, dilution: 1/150) and HSP90 (Santa Cruz Bi-
otechnology, sc-13119, dilution:1/200) primary antibodies
at 4°C overnight. The next day, a biotinylated secondary an-
tibody (Biotinylated Goat Anti-Polyvalent, Thermo Fisher Sci-
entific, TP-125-BN) was applied to the sections for 30 mi-
nutes. Then, they were kept with enzyme-conjugated strep-
tavidin solution (Streptavidin Peroxidase, Thermo Fisher Sci-
entific, TS-125-HR) for 30 minutes. To visualize the immu-
nostaining, the sections were incubated in 3,3’ diaminoben-
zidine tetrahydrochloride (Large Volume DAB Substrate Sys-
tem, Thermo Fisher Scientific, TA-125-HD) for 1 minute. Nuc-
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lear counterstaining was conducted using Harris’ hematoxy-
lin. The sections were then subjected to the alcohol-xylol se-
ries and covered with Entellan. To ascertain the specificity of
the results, negative control sections were performed by the
same procedure, but treated with PBS in place of the primary
antibody. The prepared sections were examined under a
light microscope (DM750, Leica) connected to a digital ca-
mera (MC170, Leica).

Semiquantitative Evaluation

The immunostaining for HSP27 and HSP90 was evaluated se-
miquantitatively based on intensity scores (ISs) (15). The gra-
ding of the IS was based on a four-point scale: 0, no immu-
noreaction; 1, weak immunoreaction; 2, moderate immuno-
reaction; and 3, strong immunoreaction. The immunostai-
ning of HSP27 and HSP90 in the sheep tongues was exami-
ned microscopically at 10x, 20x, and 40x objective magnifi-
cation. Ten areas per section were randomly selected for
evaluation and the average of these results was taken as a
value.

Statistical Analysis

Statistical analysis of the data was performed using Minitab®
(v21.4.1). To assess the normal distribution of the data, the
Anderson-Darling normality test was performed. Non-para-
metric tests were preferred as the data were not normally
distributed. The Kruskal-Wallis test was used to evaluate
HSP90 and HSP27 immunoreactivity between age groups in
sheep tongue tissue. The statistical significance level was
evaluated as p<0.05.

RESULTS

HSP27

During the development of the sheep, no immunoreactivity
for HSP27 was observed in the peripheral nerves (Figure 1d),
gland duct epithelium (Figure 1e), serous Von Ebner’s glands
(Figure 1f), and mucous glands (Figure 1e) in the tongue tis-
sues. However, skeletal muscle cells (Figure 1c,d), vascular
endothelium, and vascular smooth muscle cells (Figure 1c)
exhibited cytoplasmic HSP27 immunostaining. In addition,
cytoplasmic HSP27 immunoreactivity was detected in the
stratum basale, stratum spinosum, and stratum granulosum
of the epithelial layer, excluding the stratum corneum. In the
stratum basale, some cells showed negative HSP27 immuno-
reactivity, while some cells showed very weak HSP27 immu-
noreactivity. HSP27 immunostaining in the epithelial layer
gradually increased from stratum basale to granulosum (Fi-
gure 1b).

There was no statistically significant difference in
HSP27 immunoreactivity in the luminal epithelium, vascular
endothelium, and vascular smooth muscle cells throughout
the development of the sheep (p>0.05) (Table 1). However,
HSP27 immunostaining in skeletal muscle cells was statisti-
cally higher in G1 (Figure 1c) compared to G3 (Figure 1d)
(p<0.01) (Table 1).

Figure 1. Immunostaining of HSP27 in the tongues of sheep aged 6-12
months (G1), 1-2 years (G2), and 3-5 years (G3). bv: blood vessel, d:
excretory ducts, le: luminal epithelium, m: skeletal muscle cell, mg: mu-
cous gland, np: nerve plexus, s: stroma, sb: stratum basale, sc: stratum
corneum, sg: stratum granulosum, smg: seromucous gland, sp: stratum
spinosum, Von EG: serous von Ebner's gland. Bar: a-b: 100 um; c-f: 50
um.

Table 1. Intensity scores for HSP27 and HSP90 expression in the
tongues of sheep aged 6-12 months (G1), 1-2 years (G2), and 3-5

years (G3)

G1 G2 G3  p-value
HSP27
Luminal epithelium 2.00° 1.50° 1.00° >0.05
Skeletal muscle cell 3.000 2.50®% 2.00® 0.003**
Mucous gland 0 0 0 -
Serous Von Ebner’s gland 0 0 0 -
Gland duct epithelium 0 0 0 -
Peripheral nerve 0 0 0 -
Blood vessel endothelium 3.00° 3.00° 3.00° >0.05
Blood vessel smooth 3.00° 3.00° 3000  >0.05
muscle cell
HSP90
Luminal epithelium 2.00°  1.50* 2.00° >0.05
Skeletal muscle cell 2500  3.00° 3.00° >0.05
Mucous gland 0 0 0 -
Serous Von Ebner’s gland 0 0 0 -
Gland duct epithelium 1.50° 1.00® 1.00° >0.05
Peripheral nerve 0 0 0 -
Blood vessel endothelium 1.008 1.00° 1.00° >0.05
Blood vessel smooth 1.00° 1.00° 1.00° 50.05

muscle cell

**p<0.01; a, b; different letters indicate that the differences between
the median values of the age groups are significant.
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HSP90

No immunoreactivity for HSP90 was observed in the perip-
heral nerves (Figure 2c), serous Von Ebner’s glands (Figure
2d), and mucous glands (Figure 2e) in the tongue tissues of
sheep of different ages. In the luminal epithelium of the
sheep tongues, HSP90 positivity was detected in the cytop-
lasm of epithelial cells in the stratum basale, stratum spino-
sum, and stratum granulosum excluding the stratum cor-
neum (Figure 2b). Some gland duct epithelium cells showed
nuclear HSP90 positivity (Figure 2e). In addition, cytoplasmic
HSP90 immunoreactivity was found in skeletal muscle cells
(Figure 2c,f), vascular endothelium, and vascular smooth
muscle cells (Figure 2f).

E

Negative Control

Figure 2. Immunostaining of HSP90 in the tongues of sheep aged 6-12
months (G1), 1-2 years (G2), and 3-5 years (G3). bv: blood vessel, d:
excretory ducts, le: luminal epithelium, m: skeletal muscle cell, mg: mu-
cous gland, np: nerve plexus, s: stroma, sb: stratum basale, sc: stratum
corneum, sg: stratum granulosum, sp: stratum spinosum, Von EG: se-
rous von Ebner's gland. Bar: a-b: 100 um; c-f: 50 um.

HSP90 immunoreactivity in the epithelial layer, skeletal
muscle cells, gland duct epithelium, vascular endothelium,
and vascular smooth muscle cells did not change statistically
throughout the development of the sheep (p>0.05) (Table
1).

DISCUSSION AND CONCLUSION

HSPs play a critical role in maintaining cellular homeostasis,
promoting cell survival under stress conditions, and modula-
ting various cellular processes that are essential for normal
cell function and organismal health. It is very important to
know the localization and expression in tissues of these pro-
teins, which are very important for organisms. Therefore, in
this study, the localization and expression of HSP27 and
HSP90 were demonstrated in the tongue tissue, which is an
important organ of the digestive system, throughout the de-
velopmental process of sheep.
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Tekkesin et al. (16) reported that HSP27 was not
expressed in healthy human tongue. In normal human skin,
Wilson et al. (17) determined that HSP27 was expressed in
the basal and suprabasal layers of the epidermis. In a study
carried out in rats, Zheng et al. (18) showed that HSP27 was
present in the cytoplasm of the epithelial cells of the esop-
hagus. In normal mouse epidermis, Laplante et al. (19) indi-
cated that HSP27 had a suprabasal pattern of expression, but
the stratum corneum was not labeled. In a study conducted
on normal human skin, Gandour-Edwards et al. (20) repor-
ted that HSP27 was not expressed in the basal layer and stra-
tum corneum layer of the epidermis, but that HSP27 expres-
sion in the suprabasal layer gradually increased from the
stratum spinosum to the stratum granulosum. In the canine
epidermis, Romanucci et al. (21) observed that HSP27 was
expressed in the stratum spinosum and granulosum, whe-
reas the stratum basale exhibited negative or only weakly
positive immunoreactivity. The researchers also reported
that the intensity of immunolabeling in the upper layers
showed a gradual increase from positive to strongly positive
in the stratum granulosum, while the stratum corneum was
negative. In the present study, a similar HSP27 immunostai-
ning pattern was detected in the epithelial layer of tongue
tissues throughout the development of sheep. HSP27 invol-
ves many cellular processes, including signal transduction,
differentiation, proliferation, and cellular movements. It
plays a role in keratinocyte differentiation and epidermis de-
velopment and acts as a chaperone for keratinization
(11,20,21). Based on this information and the results obtai-
ned, it can be said that HSP27 plays a role in epithelial cell
proliferation and keratinocyte differentiation in sheep ton-
gues.

In normal human skin, Wilson et al. (17) demonstrated
that HSP90 was present in the basal and suprabasal layers of
the epidermis. In a study on the normal mouse epidermis,
Laplante et al. (19) reported that HSP90 was mainly present
in the high suprabasal cells, with basal and low suprabasal
cells showing very weak labeling. Yang et al. (22) detected
that HSP90 was present in the epidermis of yak skin. Simi-
larly, HSP90 was shown to be expressed in the epithelial la-
yer of the sheep tongues in this study. It has been observed
that HSP90 immunoreactivity in the epithelial layer, like
HSP27, did not change statistically throughout the develop-
ment of the sheep. However, in contrast to HSP27, the
HSP90 immunostaining pattern in the epithelial layer was
homogeneous. These findings suggest that HSP90 is consti-
tutively expressed in the epithelial layer, excluding the stra-
tum corneum, throughout the developmental process of the
sheep and that HSP90 functions as a chaperone protein to
ensure the homeostasis of epithelial cells.

HSP27 is an actin-associated protein that regulates the
polymerization of actin in the cells (12). HSP27 is expressed
in the tongue and cardiac muscles during mouse embryoge-
nesis (23) and plays a critical role in developing cardiac and
skeletal muscle tissues (24). In a study in rats (25), HSP27 im-
munoreactivity was found in cardiac and skeletal muscle
cells, as well as in the smooth muscle cells of blood vessels
and hollow organs. In adult vertebrate muscle tissue, HSP27
is expressed at high levels in slow-twitch skeletal and cardiac
muscle, with lower but still significant expression in fast-
twitch skeletal muscle (26-28). Sun et al. (29) detected that
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HSP 27 showed a down-regulation of expression in the tibia-
lis anterior muscle of the rat during postnatal growth and de-
velopment. Similarly, the present study showed that HSP27
was expressed in skeletal muscle cells in the sheep tongues
and that HSP27 immunoreactivity statistically decreased du-
ring sheep development. After birth, skeletal muscle cells
continue to grow and develop into adulthood. The growth
and development of skeletal muscle cells involve many dif-
ferent processes that are controlled by many factors, inclu-
ding growth factors, hormones, kinases, and transcription
factors. Although the growth and development of skeletal
muscle cells have been the focus of many researchers, rela-
tively little is known about these events (29). The decrease
in HSP27 immunoreactivity in the skeletal muscle cells of the
tongue due to the development of sheep shows that HSP27
plays a role in important events during the growth and deve-
lopment of skeletal muscle cells. However, more detailed
studies need to be conducted on this subject.

HSP90 is expressed in a wide variety of tissues, inclu-
ding skeletal muscle cells, where it functions as a myosin
chaperone (30). HSP90 participates in the modification of
myosin in myofibrils (31). Moreover, HSP90 plays a pivotal
role in the correct folding of the motor domain, which is also
referred to as myosin subfragment-1 (S1) in skeletal muscle
cells (30,32). Srikakulam and Winkelmann (30) suggest that
HSP90 is involved in the initial folding of striated muscle
myosin. Bornman et al. (33) detected moderate levels of
HSP90 immunoreactivity in the sarcoplasm and nucleus of
mature muscle cells. In this study, HSP90 positivity was de-
tected in the skeletal muscle cells in the tongue of sheep and
it was found that HSP9O0 reactivity in skeletal muscle cells did
not change statistically throughout the development of the
sheep. These results indicate that HSP90 is constitutively
expressed in the skeletal muscle cells of the tongue throug-
hout the developmental process of sheep.

In humans, Basset et al. (34) reported that HSP27 and
HSP90 were present in the acini and ducts of embryonic sa-
livary glands, but in adult glands, HSP27 was only present in
the ducts and HSP90 was completely absent. In a study con-
ducted on adult human salivary glands, Vanmuylder et al.
(35) showed positive expression of HSP27 and HSP90 in epit-
helial cells of striated and excretory ducts, whereas HSP27
and HSP90 were not expressed in acinic cells. Takahashi-Ho-
riuchi et al. (36) indicate that HSP27 was only expressed in
the vascular endothelium, nerve fibers, and parts of the in-
terlobular duct in normal rat submandibular glands. In this
study, no immunostaining for HSP27 and HSP90 was obser-
ved in the serous Von Ebner’s glands, mucous glands, and
nerve plexuses of the sheep tongues. However, in contrast
to HSP27, HSP90 immunostaining was seen in gland ductal
epithelium cells.

In the rat uterus during the involution process, Liman
(37) reported that blood vessels had moderate cytoplasmic
and strong nuclear HSP90 immunoreactivity in endothelial
and smooth muscle cells. Zheng et al. (18) found that HSP27
was present in smooth muscle cells and vascular endothelial
cells in the esophagus of rats. Bao et al. (38) indicated that
HSP27 and HSP90 were consistently present in the endothe-
lium of the glomerular capillaries in pigs. Similarly, in this
study, constitutive expression of HSP27 and HSP90 were de-
termined in the vascular endothelium and vascular smooth
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muscle cells of the tongue throughout the developmental
process of sheep.

In conclusion, this study demonstrated the localization
and expression of HSP27 and HSP90 in tongue tissue throug-
hout the developmental process of sheep. In all study gro-
ups, HSP27 and HSP90 were not expressed in peripheral ner-
ves, serous Von Ebner's glands, and mucous glands, but were
expressed in the skeletal muscle cells, epithelial layer, vascu-
lar endothelium, and vascular smooth muscle cells. Throug-
hout the development of the sheep, HSP27 immunoreacti-
vity decreased in skeletal muscle cells, whereas HSP90 im-
munoreactivity did not change. In the luminal epithelium of
the tongue of sheep of all ages, while HSP90 showed a ho-
mogeneous staining pattern, HSP27 immunostaining gradu-
ally increased from the basal layer to the granulosum. HSP27
and HSP90 immunoreactivity in the luminal epithelium and
blood vessels did not change throughout the developmental
process of the sheep. In addition, in contrast to HSP27,
HSP90 immunoreactivity was detected in the gland duct
epithelium.
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Abstract

Early diagnosis of foot diseases with lameness in cattle farms contributes to animal welfare and
economy. Since early diagnosis of foot diseases characterized by lameness is very important, this study
aimed to compare lameness scores and thermal temperatures in cattle. While lameness scoring was
performed in ten cows (3-5 years old), thermal temperatures were measured from 280 points (right
and left limbs) in the foot regions. Before lameness scoring, the gait of the cows was video recorded.
Then, the recordings were watched and scored by two observers. Animals were taken to a shaded
area for thermographic examination, and thermal records were kept. The temperature values
obtained from the thermal camera represent the highest temperature in the anatomical regions.
Pearson's correlation coefficient (r) through a bivariate linear regression model was used to
investigate the relationship between lameness score and hoof temperature. In addition, the
correlation between different anatomical regions was also analyzed. The analysis revealed no
significant correlation between the lameness score and any specific region on the hoof or limb.
However, significant correlations were found between anatomical areas. According to the data
obtained from the Forelimb, the dorsal surface of the lateral hoof (R1) had a high correlation with the
dorsal surface of the interdigital area (R5). Similarly, a high correlation was found between the dorsal
surface of the medial hoof (R3) and the posterior surface of the interdigital area (R7). In the data
obtained from the Hindlimb, two regions were identified where the dorsal surface of the lateral hoof
(R2) had a high correlation: the dorsal surface of the medial hoof (R4) and the dorsal surface of the
interdigital area (R6). In conclusion, if thermography detects temperature increases before illnesses
occur, appropriate measures can be taken. According to the study's findings, it was determined that
thermography could be a guide in methods such as lameness scoring and can play an effective role in
taking precautions in preventive medicine.

Key Words: Cattle, lameness, score, thermography

Sigirlarda Distal Ekstremite Termografik Sicakhiklarinin Topallik ile iliskisi

0z

Sigir giftliklerinde topallikla seyreden ayak hastaliklarinin erken teshisi hem hayvan refahina hem de
ekonomiye katki saglar. Topallikla karakterize ayak hastaliklarinin erken teshisi ¢ok onemli
oldugundan, bu ¢alisma sigirlarda topallik skorlarini ve termal sicakliklari karsilastirmayi amaglamistir.
Toplam on inekte (3-5 yas arasi) topallik skorlamasi yapilirken, ayak bolgelerinde toplam 280 noktadan
(sag ve sol uzuvlar) termal sicakliklar 6lgtlmustir. Topallik skorlamasindan 6nce ineklerin ylriytsa
videoya kaydedilmistir. Daha sonra kayitlar iki gézlemci tarafindan izlenmis ve puanlanmistir.
Termografik inceleme igin hayvanlar golgelik bir alana alinmig ve termal kayitlar tutulmustur. Termal
kameradan elde edilen sicaklik degerleri, anatomik bolgelerdeki en yiiksek sicakligi temsil etmektedir.
Topallik skoru ile tirnak sicakligi arasindaki iliskiyi arastirmak icin iki degiskenli dogrusal regresyon
modeli araciligiyla Pearson korelasyon katsayisi (r) kullanilmistir. Ayrica, farkli anatomik bélgeler
arasindaki korelasyon da analiz edilmistir. Analiz, topallik skoru ile tirnak veya distal ekstremite
Uzerindeki herhangi bir spesifik bolge arasinda anlamli bir korelasyon olmadigini ortaya koymustur.
Bununla birlikte, anatomik bélgeler arasinda anlamli korelasyonlar bulunmustur. On ayaklardan elde
edilen verilere gore lateral tirnagin dorsal yiizeyi (R1) interdigital alanin dorsal yiizeyi (R5) ile yiksek
bir korelasyona sahipti. Ayni sekilde medial tirnagin dorsal ylizeyi (R3) ile interdigital alanin arka ylzeyi
(R7) arasinda ytuiksek bir korelasyon belirlendi. Arka ayaklardan elde edilen verilerde lateral tirnagin
dorsal ylzeyinin (R2) yiiksek korelasyona sahip oldugu iki boélge belirlendi; medial tirnagin dorsal
yuzeyi (R4) ve interdigital bolgenin dorsal yuzeyi (R6). Sonug olarak, termografi hastaliklar olusmadan
once sicaklik artisini belirleyebilmek igin kullanilirsa gerekli dnlemler alinabilir. Calisma bulgularina
gbre Termografinin topallik skorlamasi gibi yontemlerde yol gosterici olabildigi ve koruyucu hekimlikte
onlemlerin alinmasinda etkin bir rol oynayabilecegi belirlenmistir.

Anahtar Kelimeler: Sigir, skor, termografi, topallik



https://creativecommons.org/licenses/by-nc/4.0/

Dogan et al, Dicle Univ Vet Fak Derg 2024;17(2):112-117

Association of Distal Extremity Thermographic Temperatures ...

INTRODUCTION

Lameness in ruminants is a significant problem affecting
health and welfare in the livestock industry. Lameness,
which has a multifactorial etiology, deficient hygiene, and
high humidity in stables, can be effective by creating ideal
conditions for bacterial growth (1). Early diagnosis is crucial
for preventing lameness and immediate treatment of clinical
signs (2). Diagnosis is usually made during hoof trimming af-
ter the cow has started to limp (3), which is economically in-
efficient. There are several methods to diagnose foot dis-
eases. Several ways have been used to diagnose cases of
lameness in dairy cattle, such as mobility scoring, which re-
fers to a structured subjective assessment of a cow's gait (4).
However, besides being time-consuming, they are personal,
and there is no standard for evaluation (5). This method is
inexpensive and does not require direct contact with the an-
imal. Therefore, it is used as a screening method for lame-
ness assessment in cattle herds. Individual clinical examina-
tion may then be necessary (6).

Infrared thermography is a non-invasive, radiation-
free, rapidly developing diagnostic method that measures
surface temperature and represents it as a color scale. It is
used to detect local temperature abnormalities on the skin
surface by capturing infrared radiation that can directly cor-
relate with the surface temperature of a part of the body. It
has been reported that the lesioned hoof has a higher sur-
face temperature than the healthy one (7). It has been
shown that there is almost no temperature difference be-
tween an animal’s right and left limbs. Some authors have
reported that a difference of 1 °C may indicate a pathological
process (8). This technique helps assess inflammatory
changes and is particularly useful for diagnosing lameness
and localization of lesions. Therefore, using it for early con-
trol before clinical symptoms appear is useful (9).

Based on the given literature information, this study
aimed to investigate the benefits of using digital infrared
thermal imaging as an early detection tool in a small-scale
dairy farm to correlate lameness scores of cattle with ther-
mographic data from o!ifferent regions and to provide early

treatment or control since the increase in temperature indi-
cates an inflammatory condition at that point, even if there is
no clinical symptom, the cause of lameness can be determined
in advance. Thus, by comparing the thermographic imaging
method with the clinical lameness scoring method, it was hy-
pothesized that thermography may be advantageous.

MATERIAL AND METHODS

Animals and Lameness Scoring

The study was conducted in a small-scale dairy cattle enter-
prise in Kastamonu province in September 2023. According
to the legislation of our country, local ethics committee per-
mission is not required for studies conducted without con-
tact with animals. Therefore, our study did not obtain per-
mission from the local ethics committee. However, the study
followed European regulations (Directive 2010/63/EU).

Ten cows in a dairy farm (Holstein, 3-5 years old, mean
body weight 450-650 kg) were enrolled in the study. First,
the animals were filmed from different viewing positions
while walking on a concrete floor (20 meters) inside the
semi-open enclosure. GoPro Hero 12 Black camera (GoPro
Inc., San Mateo, California) was used for video recordings.
Two observers examined the recordings to determine lame-
ness according to the scale defined by Sprecher et al. (10)
(Score 1: Normal, Score 2: Mildly Lame, Score 3: Moderately
Lame, Score 4: Lame, Score 5: Severely Lame).

Infrared Thermography Examination

Animals were taken to a covered area (ambient temperature
25°C) for evaluation in the shade, and thermal camera im-
ages were taken (Flir E6390, Sweden). A total of 280 thermo-
graphic images (right and left limbs, clean hoof with no
coarse dirt) were taken from 10 cows. The emissivity value
for subjects was 0.93, and all images were taken at the same
distance (2 meters) (11). The points where thermographic
images were taken are given in Figure 1, and their abbrevia-
tions are shown in Table 1.

Figure 1. Anatomical points where thermographic temperatures are measured. Odd numbers refer to the
forelimbs, and even numbers refer to the hindlimbs. R1, R2; Dorsal surface, lateral hoof, R3, R4; Dorsal
surface medial hoof, R5, R6; Interdigital dorsal surface, R7, R8; Interdigital posterior surface, R9, R10; Heel
lateral, R11, R12; Heel medial, R13, R14; Between the dew claw
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Table 1. Thermography image points and abbreviations

Abbreviation Thermographic image point

R1 Dorsal surface, lateral hoof forelimb
R2 Dorsal surface, lateral hoof, hind limb
R3 Dorsal surface medial hoof forelimb
R4 Dorsal surface medial hoof hind limb
R5 Interdigital dorsal surface, forelimb
R6 Interdigital dorsal surface, hind limb
R7 Interdigital posterior surface forelimb
R8 Interdigital posterior surface hind limb
R9 Heel lateral forelimb

R10 Heel lateral hind limb

R11 Heel medial forelimb

R12 Heel medial hind limb

R13 Between the dew claw forelimb

R14 Between the dew claw hind limb

In the study, the arithmetic mean of temperature
measurements obtained from the right and left front hooves
was taken as the data for the forelimb temperature, and the

Association of Distal Extremity Thermographic Temperatures ...

arithmetic mean of temperature measurements obtained
from the right and left hind hooves was taken as the data for
the hindlimb temperature.

Statistical Analysis

Pearson's correlation coefficient (r) was employed through a
bivariate linear regression model to investigate the relation-
ship between lameness score and hoof temperature. All cor-
relation coefficients were reported with an alpha level set at
0.05, indicating the significance level of the findings. The sta-
tistical analysis was conducted using SPSS software (Version
22, IBM Corp., Armonk, NY, USA).

RESULTS

The study was completed with all the values in the dataset.
The analysis revealed no significant correlation between
lameness score and any specific location on the hoof or leg
(p>0.05). However, noteworthy correlations were identified
between certain aspects of the foot and the legs. The lame-
ness scores and measured thermographic values are given in
Table 2.

Table 2. Lameness scores and thermographic temperatures from anatomical regions

Dorsal Surface Interdigital Interdigital Heel Between the
Lateral Hoof Medial Hoof Dorsal Posterior Lateral Hoof Medial Hoof dew claws
Surface Surface

Fore Hind Fore Hind Fore Hind Fore Hind Fore Hind Fore Hind Fore Hind

limb limb limb limb limb limb limb limb limb limb limb limb limb limb
Animal ti:::ness R1 R2 R3 R4 RS R6 R7 R8 RO RI0 R11 R12 RI3  Rl4
1 1 Right 21.68 21.65 21.54 21.73 22.76 22.76 23.41 22.60 22.14 24.30 21.78 26.10 21.93 26.00
1 1 Left 21.68 21.65 21.54 21.73 22.76 22.76 23.41 27.60 22.14 28.40 21.78 21.90 21.93 28.20
2 2 Right 26.30 21.65 21.54 21.73 28.30 22.76 23.41 31.90 22.14 30.40 21.78 32.40 21.93 22.00
2 2 Left 23.30 21.65 21.54 21.73 30.30 22.76 23.41 28.80 22.14 30.30 21.78 33.30 21.93 23.90
3 1 Right 27.10 29.60 29.20 28.80 29.00 29.80 28.70 20.14 26.20 20.01 26.00 20.11 22.00 19.39
3 1 Left 26.90 23.90 28.00 25.10 31.10 29.50 26.10 20.14 25.40 20.01 21.90 20.11 16.80 19.39
4 2 Right 15.40 26.00 14.00 24.30 15.90 30.90 23.40 14.30 27.30 13.40 20.90 13.50 12.80 15.10
4 2 Left 1550 25.70 24.00 28.80 12.70 32.10 21.20 1230 1890 12.70 24.00 12.00 2290 12.60
5 1 Right 14.00 14.10 15.10 13.30 15.60 13.60 16.40 14.70 15.10 13.90 16.50 14.10 17.30 14.80
5 1 Left 15.70 14.40 14.50 15.20 16.00 15.60 16.40 14.40 15.10 15.20 14.90 15.00 17.10 12.90
6 1 Right 21.40 21.80 24.00 22.80 25.80 2490 26.00 22.80 23.70 19.50 24,50 2290 25.80 22.40
6 1 Left 29.00 21.60 21.00 24,50 21.10 23.20 24.00 21.70 22.10 21.60 25.20 22.60 26.30 22.30
7 3 Right 21.60 14.80 24.00 16.50 24.30 15.10 27.30 16.20 24.40 13.90 22.80 15.80 25.00 15.70
7 3 Left 21.30 20.50 19.00 20.40 2040 1970 23.70 16.40 23.30 16.80 22.00 16.40 23.50 17.80
8 1 Right 26.00 2130 2580 20.20 27.30 1790 2940 1890 23.30 1760 2730 1950 26.80 16.90
8 1 Left 20.90 2150 22,60 22.40 21.50 21.80 23.80 21.80 23.30 1990 21.80 17.10 22.90 18.80
9 2 Right 22.10 21.70 17.90 20.90 23.00 22.80 18.50 17.80 19.00 17.70 18.30 16.40 21.40 18.30
9 2 Left 21.50 22.10 20.20 1830 2040 22,70 20.30 17.70 20.00 19.40 18.60 20.70 20.10 16.80
10 3  Right 20.00 23,50 2190 21.60 23.90 2330 25.80 20.70 24.00 2190 2130 20.40 25.20 21.80
10 3 Left 22.30 23.90 23.40 24.50 23.00 21.20 23.60 22.00 23.10 23.20 22.40 21.80 24.90 22.80

In the Forelimb, the dorsal surface of the lateral hoof
(R1) had a high correlation with the dorsal surface of the in-
terdigital area (R5) (R=0.803), a moderate correlation with
the dorsal surface of the medial hoof (R3) (R=0.662), the pos-
terior surface of the interdigital area (R7) (R=0.629) and the
medial heel (R11) (R=0.610) and a weak correlation with the
lateral heel (R9) (R=0.483) and between the dew claws (R13)
(R=0.475). The dorsal surface of the medial hoof (R3) had a
high correlation with the posterior surface of the interdigital
area (R7) (R=0.670) and the medial heel (R11) (R=0.760), a
moderate correlation with the lateral heel (R9) (R=0.528),
between the dew claws (R13) (R=0.525).

The dorsal surface of the interdigital area (R5) had a
moderate correlation with the posterior surface of the inter-
digital area (R7) (R=0.656), the lateral heel (R9) (R=0.531),
and the medial heel (R11) (R=0.448). The posterior surface
of the interdigital area (R7) had a high correlation with the
lateral heel (R9) (R=0.857) and the medial heel (R11)
(R=0.868), a moderate correlation between the dew claws
(R13) (R=0.503).

Finally, a moderate correlation was found between the
temperature of the lateral (R9) and medial heels (R11)
(R=0.667), as well as between the temperature of the medial
heel (R11) and the temperature between the dew claws
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(R13) (R=0.634). The correlation coefficients for the Forelimb
are shown in Table 3.

Table 3. Forelimb correlations

Anatomical Anatomical Correlation
. . . . P value
Location 1 Location 2 coefficient

R1 R3 0.662 p =0.001
R1 RS 0.803 p<0.01
R1 R7 0.629 p =0.003
R1 R9 0.483 p=0.031
R1 R11 0.610 p =0.004
R1 R13 0.475 p=0.034
R3 R7 0.670 p =0.001
R3 R8 0.779 p<0.01
R3 R9 0.528 p =0.017
R3 R11 0.760 p<0.01
R3 R13 0.525 p =0.018
R5 R7 0.656 p =0.002
R5 R9 0.531 p =0.016
R5 R11 0.448 p =0.047
R7 R9 0.857 p <0.05
R7 R11 0.868 p<0.01
R7 R13 0.503 p =0.024
R9 R11 0.667 p =0.001
R11 R13 0.634 p =0.003

In Hindlimb, the dorsal surface of the lateral hoof (R2)
had a high correlation with the dorsal surface of the medial
hoof (R4) (R=0.913) and the dorsal surface of the interdigital
area (R6) (R=0.888). Similarly, a high correlation was ob-
served between the temperature of the dorsal surface of the
medial hoof (R4) and the temperature of the interdigital dor-
sal surface (R6) (R=0.887). The posterior surface of the inter-
digital area (R8) had a high correlation with the medial heel
(R12) (R=0.913) and between the dew claws (R14) (R=0.839), a
moderate correlation with the dorsal surface of the lateral hoof
(R2) (R=0.584) and the dorsal surface of the interdigital area
(R6) (R=0.680). A high correlation was observed between the
temperature of the lateral heel (R10) and the temperature of
the posterior interdigital surface of the hoof (R8) (R=0.965).

Lastly, a moderate correlation was observed between
the temperature between the dew claws (R14) and the me-
dial heel (R12) (R=0.747). Correlation coefficients for the
Hindlimb are shown in Table 4.

Table 4. Hindlimb correlations

Anatomical Anatomical Correlation P
Location 1 Location 2 coefficient value
R2 R4 0.913 p<0.01
R2 R6 0.888 p<0.01
R4 R6 0.887 p<0.01
R8 R12 0.913 p <0.001
R8 R14 0.839 p <0.001
R8 R2 0.584 p =0.007
R8 R6 0.680 p =0.001
R10 R8 0.965 p <0.001
R14 R12 0.747 p <0.001

DISCUSSION AND CONCLUSION

The use of infrared thermography to identify lameness and
foot lesions in cattle has increased due to its non-invasive-
ness and cost reduction. However, these studies were con-
ducted by correlating thermographic data with the disease

when it progressed and manifested in lameness. Thermo-
graphic temperatures rise considerably in conditions that
cause lameness (9). The present study used thermographic
images with lameness scoring to identify tissues with in-
creased temperature before clinical symptoms appeared.
The relationship between lameness scoring and thermogra-
phy was also examined. We found no significant correlation
between scoring and temperatures. This result may be af-
fected by the low scores of the cattle in the study. Low scores
are also due to the absence of apparent symptoms of foot
disease. However, as mentioned earlier, it is necessary to
identify temperature increases and take appropriate
measures before clinical symptoms appear. At this point, the
importance of including thermography in the scoring be-
comes apparent.

When scoring lameness, the observer’s experience
and method are important. Danscher et al. (12) showed that
movement scores obtained by live observation differed from
those obtained by filming and reported that fine movements
could be verified by video recording when performing multi-
ple assessments. Therefore, in our study, video recordings
were taken during lameness scoring and then evaluated by
two observers. Factors such as differences in how cows walk,
udder size, age, and environment can be ignored when scor-
ing lameness (13), and scoring may not be effective in the
early stages of diseases. However, clinical examination and
other diagnostic methods, such as thermography, may be
more effective. Infrared thermography is a non-invasive
method for early detection of lesions before the appearance
of clinical symptoms (14). When comparing anatomical re-
gions, a 1 °C or more difference may indicate a possible pa-
thology (15). Although the number of subjects in our study
was small, thermographic measurements were made from
different points (a total of 280 anatomical regions) on the
feet of cows to determine the temperature differences, as
stated in the reference above.

Stokes et al. (16) reported that the temperature
threshold for dirty feet is 27°C. When this parameter was
evaluated, four animals with a lameness score of 1, i.e., con-
sidered normal, had a temperature above 27°C at least one
point. Even in 10 anatomical regions of animal 3, tempera-
tures above 27°C were detected. Conversely, an animal with
a lameness score of 3, i.e., considered moderately lame,
does not exceed 27°C in any anatomical region. More sub-
jects are needed to evaluate the parameter as a threshold
for early lameness detection and compare it with scoring. To
make such a comparison, many animals must be scored for
lameness and temperature measurements from many ana-
tomical sites.

Studies have reported that most lameness originates
from the hindfoot, especially the lateral hoof (17-19). Muray
et al. (18) even reported a lesion rate of 65% in the lateral
hoof of the Hindlimb. Our study found no significant differ-
ence between the temperature values obtained from the
forelimbs and hindlimbs. However, the highest value was 3
in the scored animals. In the case of severely lame animals,
i.e., animals with a score of 4 or 5 were identified and in-
cluded in the study, we think that the temperature differ-
ences detected from the forelimbs and hindlimbs would be
revealed.

Alsaaod and Buscher (9) found that mean skin tem-
peratures for healthy hoof ranged between 29.9-32.1°C



Dogan et al, Dicle Univ Vet Fak Derg 2024;17(2):112-117

when considered within an ambient temperature of 20.3°C.
We noted that the ambient temperature was 25°C during
the thermographic measurements. When skin temperatures
were evaluated under these conditions, it was determined
that the temperatures ranged between 14-33.30°C, alt-
hough they were higher than the ambient temperature
stated in the literature. It may not be correct to give a precise
temperature value for healthy feet based on the possibility
that thermographically measured temperatures may be af-
fected by many other factors, not only the ambient temper-
ature. The feet measured in our study were not dirty. Any
waste on the foot can change the temperature. Therefore,
many factors must be examined and eliminated to give an
average value for healthy feet.

Stokes et al. (16) reported that the mean plantar tem-
perature of dirty-footed animals without lesions was 22.2°C.
In the present study, the temperature was measured at RS,
R10, R12, and R14 on the plantar aspect of the hindlimbs.
The average of the measurements taken from R8 was
20.14°C (12,30-28,80°C). The average was 20.10°C at R12
(12-33.30°C), 20.06°C at R10 (12.70-30.40°C) and 19.30°C at
R14(12.60-28.20°C).

In their study, Stokes et al. (16) only reported the
temperature on the plantar aspect of the feet without spec-
ifying the anatomical region. Our study measured tempera-
ture at 4 points on the plantar surface. Even if these temper-
atures are averaged, they are lower than the temperature
reported by Stokes et al. (16). Moreover, a lower tempera-
ture was found even though the feet we measured were
clean. Therefore, different measurements should be taken
by detailing the anatomical regions in the studies.

The results of Alsaaod and Buscher (9) showed an
increase in the surface temperature of the coronary band of
the affected foot compared to the healthy contralateral foot.
When determining coronary band temperatures, we took
measurements from both the medial and lateral hoof. When
the measures taken from the right and left (forelimb-
hindlimb) feet were evaluated in general, the coronary band
temperatures ranged between 13.30-29.20°C, the interdigi-
tal dorsal surface 14.40-31.90°C, the lateral and medial heel
12.70-33.30°C and the between the dew claw 12.60-28.20°C.
In this case, making comparisons between regions may not
be very accurate. Still, we believe that it would be more ac-
curate to make thermographic measurements to determine
which area is most exposed to temperature increases in di-
agnosed foot diseases.

In their literature research, the authors found that lat-
eral hoofs were warmer in hindlimbs (20,21), while there
was no difference between medial and lateral hoofs in fore-
limbs (9,20). Our study found a high correlation between the
dorsal surface and the dorsal surface of the medial hoof and
the dorsal surface of the interdigital region. However, higher
temperatures were not found in the lateral hoof of the
hindlimbs. Instead of separating the medial and lateral hoof,
we saw a diffuse temperature increase on the dorsal surface
of the area. Comparisons between affected and healthy con-
tralateral anatomical structures on multiple scan images
help define the consistency of an abnormality (9,15,21). In-
stead of detecting increased temperature after the onset of
diseases, it would be better to measure it before clinical
signs appear and compare it with other methods, such as
lameness scoring. Thermography may have great potential
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in the early diagnosis of foot diseases. Taking non-invasive
and accurate measurements in multiple animals in rapid suc-
cession (9,22) is one of the advantages we have seen in our
study.

In conclusion, although no disease was diagnosed in
our study, high temperatures were determined at some an-
atomical points. We think that these regions should be fol-
lowed up by examining them later. Because thermography
may indicate damaged tissue. In this way, measures can be
taken in the early period, contributing to both the enter-
prise's economy and the animals' welfare. Since lameness
scoring alone may be insufficient before lameness pro-
gresses, we think thermography can be a guide. In addition,
thermography may be advantageous in preventing loss of
productivity or economic costs due to early diagnosis of dis-
eases that cause lameness.
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Abstract

Hepatozoon canis, a protozoan parasite, is the primary cause of canine hepatozoonosis worldwide,
typically causing subclinical infection in dogs but potentially leading to severe illness when
accompanied by other pathogens. This study investigates the genetic diversity of H. canis in dogs and
Rhipicephalus sanguineus sensu lato ticks using bioinformatics analysis. Archived DNA samples from
dogs and ticks were analyzed through PCR amplification of the 185 rRNA gene, followed by sequence
comparison using BLAST analysis and phylogenetic analysis using bioinformatics tools. The results
revealed genetic variability, identifying several single nucleotide polymorphisms (SNPs) critical for
distinguishing between different haplotypes. Minimum Spanning Networks created in PopART
identified 18 distinct haplotypes across a broad geographical distribution. The study highlights the
extensive genetic diversity of H. canis, with implications for understanding its evolutionary dynamics,
transmission, pathogenicity, and resistance. Future studies should employ more variable genomic
regions to further elucidate the genetic landscape of H. canis, aiding in the development of targeted
control strategies and enhancing epidemiological knowledge.

Key Words: 18S rRNA, Bioinformatics, genetic diversity, haplotype, Hepatozoon canis, Rhipicephalus
sanguineus sensu lato

Kopeklerde ve Rhipicephalus sanguineus Sensu Lato Kenelerinde Hepatozoon canis'in Genetik
Cesitliligi Uzerine On Calisma

0z

Hepatozoon canis, kopeklerde tipik olarak subklinik enfeksiyona neden olan ancak diger patojenlerle
birlikte oldugunda ciddi hastaliklara yol agabilen bir protozoon paraziti, diinya capinda képeklerde
hepatozoonozun birincil sebebidir. Bu ¢alisma, kopeklerde ve Rhipicephalus sanguineus sensu lato
kenelerinde H. canis'in genetik ¢esitliligini biyoinformatik analiz kullanarak arastirmaktadir.
Koépeklerden ve kenelerden alinan arsiv DNA 6rnekleri, 185 rRNA geninin PCR amplifikasyonu ile analiz
edilmis ve ardindan BLAST analizi ile dizi karsilastirmasi ve biyoinformatik araglar kullanilarak
filogenetik analiz yapilmistir. Sonuglar, farkli haplotipleri ayirt etmek igin kritik olan gesitli tek niikleotid
polimorfizmlerini (SNP'ler) tanimlayarak genetik degiskenligi ortaya koymustur. PopART'da
olusturulan Minimum Yayilma Aglari, genis bir cografi dagihma sahip 18 farkl haplotipi belirlemistir.
Calisma, H. canis'in genis genetik cesitliligini vurgulamakta ve evrimsel dinamiklerini, bulagma yollarini,
patojenitesini ve direncini anlamak igin 6nemli gikarimlarda bulunmaktadir. Gelecekteki galismalar, H.
canis'in genetik yapisini daha ayrintih bir sekilde agikliga kavusturmak, hedeflenmis kontrol
stratejilerinin gelistirilmesine ve epidemiyolojik bilginin artirilmasina yardimci olmak igin daha
degisken genom bolgelerini kullanmalidir.

Anahtar Kelimeler: 18S rRNA, Biyoinformatik, genetik cesitlilik, haplotip, Hepatozoon canis, Rhip-
icephalus sanguineus sensu lato
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INTRODUCTION

Hepatozoon species, which are blood parasites belonging to
the class Apicomplexa, infect a wide range of vertebrate
hosts including amphibians, reptiles, birds, marsupials, and
mammals (1). Among these, Hepatozoon canis is a protozoan
that primarily infects dogs and other wild carnivores, and it
is recognized as the most common cause of canine hepato-
zoonosis worldwide (2). While infections are typically subcli-
nical, they can lead to moderate to severe illness characteri-
zed by cachexia and anemia, especially when accompanied
by other pathogens (3). Though dogs are the primary inter-
mediate hosts for H. canis, various wild canine species, foxes,
and other carnivores have also been reported to be infected
with H. canis or other Hepatozoon species (4).

Dogs become infected with H. canis by ingesting Rhipi-
cephalus sanguineus sensu lato ticks that contain mature
oocysts with infective sporozoites. Once ingested, these spo-
rozoites are released in the intestine, entering the bloodst-
ream and lymphatic system. They enter to tissues such as the
liver, kidneys, spleen, bone marrow, and lymph nodes,
where they undergo merogony, an asexual replication pro-
cess, forming meronts. The micro and macromerozoites wit-
hin these meronts are then released and invade neutrophils
and monocytes in the bloodstream, where they develop into
gamonts through sexual reproduction. When a tick feeds on
the host's blood, these infected blood cells are ingested and
broken down in the tick's gut. The free gamonts divide to
form macrogametes and microgametes, which fuse to form
a zygote. The zygote then develops into an oocyst, within
which sporozoites are produced through sporogony (5,6).

Hepatozoon canis infection is predominantly reported
in tropical, subtropical, and temperate regions where vector
tick species are abundant. In Europe, the infection is mainly
observed in areas near the Mediterranean basin. Molecular
studies in Turkiye have reported high rates of H. canis infec-
tion in dogs and in R. sanguineus sensu lato ticks, the main
known vector (7-11). Hepatozoon canis is transmitted
transstadially among the developmental stages of ticks
(larva, nymph, adult) (5,10). A study conducted in Chile
analyzed haplotypes of Hepatozoon spp. 18S rRNA sequen-
ces from rodents and their associated ticks, revealing signifi-
cant genetic diversity in the haplotypes found in these hosts
(12). While there are studies on the genetic diversity of H.
canis in various vertebrate hosts, there is a lack of research
on the genetic diversity of this parasite in infected dogs and
vector ticks. This preliminary study aims to investigate the
genetic diversity of H. canis in infected dogs and R. sangui-
neus s.l. ticks using bioinformatics analysis.

MATERIAL AND METHODS

Amplification of H. canis 185 rRNA Gene

In this study, archived DNA samples obtained from dogs and
ticks in 2015 were used (10). DNA samples were extracted
from 2 engorged nymphs (AYN1 and AYNS8) and 2 engorged
adults (AEG4-2 and AEG2) of R. sanguineus sensu lato, as
well as from 3 dogs (Nimf2, Nimf4, Nimf5). To investigate the
genetic diversity of H. canis, the 185 rRNA gene was ampli-
fied by PCR. Primers HEPF and HEPR were used to amplify
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the Hepatozoon sp. 18S rRNA gene fragment (13). PCR amp-
lification was carried out using Phusion® High-Fidelity PCR
Master Mix with GC Buffer (#M0532S; NEB). The PCR reac-
tion was performed in a total volume of 20 pL, containing;
10 plL of 2X Phusion Master Mix, 1 uL of each forward and
reverse primer, 1 puL of template DNA, 7 uL of nuclease-free
water. All samples (n=7) were subjected to sequence analy-
sis.

Bioinformatics Analyses

The obtained nucleotide sequences were compared to those
in the NCBI database using BLAST analysis. Phylogenetic
analysis was conducted using the MEGA X program (14).
Sequence data from different geographic regions reported
in GenBank, obtained from dogs and ticks infected with H.
canis, were used for comparison. All sequences were aligned
using the MEGA X and CLC Sequence Viewer 8.0 program
and adjusted to equalize the ends of the sequences. For data
analysis, sequences were converted to Nexus format for use
in the PopART (Population Analysis with Reticulate Trees)
software (15). Haplotypes were created using Minimum
Spanning Networks in PopART, and relationships between
haplotypes were analyzed. Nucleotide content, haplotype
numbers, haplotype and nucleotide diversity values, and the
amount of mutation among molecular haplotypes were de-
termined using the DnaSP 6 program (16).

RESULTS

The sequence analysis of the 185 rRNA gene from H. canis in
both dogs and R. sanguineus sensu lato ticks revealed gene-
tic diversity. Many regions of the sequences were highly con-
served across all samples, which indicates a high degree of
similarity in the 185 rRNA gene among these samples.
However, several single nucleotide polymorphisms (SNPs)
were identified, which are critical for distinguishing between
different haplotypes. Using BLAST analysis, the obtained
nucleotide sequences were compared to those in the NCBI
database, confirming the presence of H. canis. The phyloge-
netic analysis conducted using MEGA X and CLC Sequence
Viewer 8.0 aligned the sequences from different geographic
regions reported in GenBank. This alignment revealed the
evolutionary relationships and geographical distribution of
H. canis. The alighment results showed that while the majo-
rity of the 18S rRNA gene sequences were conserved, the
identified SNPs contributed to the genetic variability obser-
ved among the samples (Figure 1). In addition, phylogenetic
analysis showed that H. canis sequences from various parts
of the world formed different clades (Figure 2).

In PopART, haplotypes were created using Minimum
Spanning Networks to analyze relationships between them.
The analysis revealed 18 distinct haplotypes, indicating sig-
nificant genetic variation within H. canis populations in both
dogs and ticks (Table 1). Haplotype 3, which had the highest
number of samples (8), suggests a widespread or common
genetic variant. Haplotypes 1, 2, 10, 14, 17, and 18 also had
multiple samples, though fewer than Haplotype 3. The
samples originated from various regions, including Spain, In-
dia, Portugal, Croatia, Nigeria, Germany, Iran, Israel, Tirkiye,
Italy, Brazil, Hungary, Egypt, Japan, and Taiwan, indicating a
broad geographical distribution of these haplotypes. The
samples included both dogs and ticks (R. sanguineus sensu
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lato, Ixodes ricinus, Dermacentor marginatus, Amblyomma
cajennense, Haemaphysalis longicornis, Haemaphysalis bis-

sites were detected (Figure 3). The analysis showed a no-
table degree of haplotype diversity, with several unique

pinosa), highlighting potential host diversity or transmission

dynamics. Among the 38 aligned nucleotide sites, 49 variable
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Figure 1. Sequence alignment of the 185 rRNA gene from H. canis in dogs and R. sanguineus sensu lato
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Figure 2. The phylogenetic tree created using the Mega X pro-
gram shows the phylogenetic relationship of H. canis (in bold),
identified in this study, with H. canis sequences reported in dif-
ferent regions in ticks and dogs obtained from GenBank. The
evolutionary history was inferred based on the Tamura 3 model.
Next to each branch is the percentage of replicate trees in which
the associated taxa are clustered together in the bootstrap test
(100 replicates). Only bootstrap values higher than 50 are dis-
played next to the branches. As an outgroup, H. ameri-
canum (OR814214) was utilized. The scale bar indicates the evo-
lutionary distance in terms of nucleotide substitutions per site.
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Table 1: Distribution of haplotype samples and geographic origins

Haplotype Number of  Sample Details
Samples

Hap_1 5 AFG4-2- Rhipicephalus_sanguineus-Adult,
Nimf4-Dog

Hap_2 3 Nimf5-Dog, Nimf2-Dog,

- Spain-Rhipicephalus_sanguineus-K1605146
AEG2-Rhipicephalus_sanguineus-Adult
India-Rhipicephalus_sanguineus-MG050160,
Portugal-Dog-LC018203, Portugal-Dog-
LC018194,

Hap_3 8 Croatia-Dog-F1497017, Croatia-Dog-FJ497018,
Nigeria-Rhipicephalus_sanguineus-JX027012,
Nigeria-Rhipicephalus_sanguineus-JX027010

Hap_4 1 AYNS8-Rhipicephalus_sanguineus-Nymph

Hap_5 1 AYN1-Rhipicephalus_sanguineus-Nymph

Hap_6 1 Mexico-dog-KT215365.1

Hap_7 1 Mexico-dog-KT215363.1

Hap_8 1 Mexico-Amblyomma_cajennense-KT215373

Hap_9 1 India-Rhipicephalus_sanguineus-MG050161
Germany-Dog-MK757799, Germany-Dog-

Hap_10 2 MK757808.1 e

Hap_11 1 Iran-Dog-KX880505.1

Hap_12 1 Israel-Dog-MK091089.1

Hap_13 1 Israel-Dog-MK091090
Turkiye-Rhipicephalus_sanguineus-Dog-
KY197001, Turkiye-Rhipicephalus_sanguineus-

Hap_14 4 KY197002,

- Turkiye-1xodes_ricinus-KF034777,
Turkiye-Dermacentor_marginatus-KF034776
Italy-Rhipicephalus_turanicus-KJ605147,

Hap_15 3 Brazil-Rhipicephalus_sanguineus-MG793450,

- Hungary-Dog-KC509527
Egypt-Rhipicephalus_sanguineus-MG564215,

Hap_16 3 Hungary-Dog-KC50_9526, ) )

— Japan-Haemaphysalis_longicornis-LC169075
India-Haemaphysalis_bispinosa-MG018465,

Hap_17 2 Nigeria-Rhipicephalus_sanguineus_nymph-
JX027013
Taiwan-Rhipicephalus_sanguineus-MH595911
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Figure 3: Haplotype network of H. canis dog and tick host. The size of the circle represents the frequency of each haplotype. The different colored
dots represent haplotypes from the different populations.
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DISCUSSION AND CONCLUSION

In this study the observation of multiple haplotypes with var-
ying degrees of relatedness suggests that H. canis exhibits
significant genetic diversity within the studied populations.
This genetic variation, observed across different geographic
regions, plays a crucial role in understanding the evolutio-
nary dynamics of this parasite. The identified SNPs in the
sequence alignment offer valuable insights into genetic vari-
ations that may be associated with geographical adaptations
or host-specific interactions. Such diversity could impact the
parasite's transmission dynamics, pathogenicity, and resis-
tance to environmental pressures.

Studies on the genetic diversity of Hepatozoon spp. ac-
ross various hosts and regions have revealed a complex and
rich genetic landscape for these parasites. Research on sna-
kes from North Africa and the Mediterranean Basin de-
monstrates significant patterns of genetic diversity, sugges-
ting a complex evolutionary history in reptilian hosts (17). Si-
milarly, substantial genetic diversity has been observed in
Hepatozoon spp. infecting coyotes from the South-Central
United States, indicating a high adaptability and local envi-
ronmental influences on parasite genetics (18). In Chile, the
genetic variability of Hepatozoon spp. in rodents emphasizes
the importance of regional studies to understand their gene-
tic structure (12). The first molecular detection and genetic
analysis of Hepatozoon sp. in a crocodile monitor in Thailand
provides new insights into the host range and genetic varia-
bility in reptilian species (19). In the eastern Amazon, studies
on Hydrochoerus hydrochaeris and Pecari tajacu highlight
the genetic richness and host-specific adaptations of these
parasites (20). Investigations in South Africa and globally on
domestic cats revealed significant genetic variations in He-
patozoon felis, indicating a broad host range and extensive
diversity (21). Additionally, the molecular prevalence and ge-
netic diversity of Hepatozoon spp. in stray cats of izmir, Tiir-
kiye, underscore their widespread presence and variability in
feline populations (22). Genetic studies of H. canis in golden
jackals and grey wolves in Serbia show high degrees of gene-
tic variation, reflecting the dynamic epidemiology of these
parasites in wild canid populations (23). Furthermore, rese-
arch on dogs and foxes in Brandenburg, Germany, identified
identical 185 rRNA haplotypes of H. canis, highlighting the
genetic similarities and potential transmission pathways
between domestic and wild canids in this region (24). These
findings collectively illustrate the extensive genetic diversity
and adaptability of Hepatozoon spp. across different hosts
and regions.

This preliminary study highlights the genetic diversity
of H. canis in both dogs and R. sanguineus sensu lato ticks,
emphasizing the importance of understanding the evolutio-
nary relationships and geographical distribution of this para-
site. The presence of distinct haplotypes and SNPs within the
18S rRNA gene underscores the genetic variability of H. ca-
nis, which is crucial for developing targeted control strate-
gies and enhancing our understanding of the parasite's biology
and epidemiology. To further refine our insights, haplotype
networks using more variable target regions, such as recently
published mitochondrial and apicoplast genomes, should be
employed in future epidemiological studies (25). This approach
could significantly improve resolution and provide deeper in-
sights into the genetic landscape of H. canis.
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Abstract

The aim of this study was to evaluate serum iron (Fe), total iron binding capacity (TIBC), transferrin
saturation (TD), haptoglobin and ceruloplasmin levels in cows with reticuloperitonitis traumatica (RPT)
and pericarditis traumatica (PT). Swiss brunettes and crossbreds between 2-6 years of age were used
in the study. A total of 60 cows, 30 cows diagnosed clinically and radiologically as RPT and 30 cows
diagnosed as PT, constituted the patient groups. The control group consisted of 20 healthy cows in
the same age range. Serum Fe, TD and TDBK levels were significantly lower in PT and RPT groups
compared to the control group (P<0.001); haptoglobin levels were significantly higher in PT and RPT
groups compared to the control group (P<0.001); ceruloplasmin levels were significantly higher in RPT
and PT groups compared to the control group (P<0.05). As a result, serum Fe level, total iron binding
capacity, transferrin saturation played a role as negative acute phase reactivators while haptoglobin
and ceruloplasmin changed as positive acute phase reactivators in cows with RPT and PT. These
parameters are very important in determining the severity of inflammation.

Key Words: Acute phase response, cow, iron, pericarditis, reticuloperitonitis traumatica, transferrin
saturation

Reticuloperitonitis Travmatika (RPT) ve Pericarditis Travmatika (PT)’l ineklerde Serum Demir,
Total Demir Baglama Kapasitesi, Transferrin Satiirasyonu, Haptoglobin ve Seruloplazmin
Diizeylerinin Degerlendirilmesi

0z

Sunulan bu galismada retikuloperitonitis travmatika (RPT) ve perikarditis travmatika (PT) teshisi
konulan ineklerde serum demir (Fe), total demir baglama kapasitesi (TDBK) ve transferrin doyumu (TD)
ile haptoglobin ve seruloplazmin seviyelerinin degerlendirilmesi amaglanmistir. Calismada 2-6 yas
araliginda, Isvigre esmeri ve melezleri kullanilmistir. Klinik ve radyolojik olarak RPT teshisi konulan 30,
PT teshisi konulan 30 toplam 60 inek hasta gruplarini olusturmustur. Kontrol grubunu ise ayni yas
araliginda ve saglikli olan 20 inek olusturmustur. Serum Fe, TD ve TDBK seviyesinin kontrole gore
sirasiyla PT ve RPT’li grupta istatistiksel agidan ¢ok 6nemli dizeyde dusik oldugu (P<0,001);
haptoglobin seviyesinin kontrol grubuna goére sirasiyla PT ve RPT’li grupta istatistiksel agidan ¢ok
onemli diizeyde yiiksek (P<0,001) oldugu; seruloplazmin seviyesinin ise kontrol grubuna gore sirasiyla
RPT’ li ve PT'li grupta 6nemli derecede (P<0,05) yiiksek oldugu tespit edilmistir. Sonug¢ olarak
retikuloperitonitis travmatikali ve perikarditis travmatikali ineklerde serum Fe seviyesi, total demir
baglama kapasitesi, transferrin doyumu negatif akut faz reaktivatori olarak rol oynarken; haptoglobin
ve seruloplazmin ise pozitif akut faz reaktivatorii olarak degisim gostermistir. Bakilan bu parametreler
yanginin siddetinin tespit edilmesinde oldukga 6nemlidir.

Anahtar Kelimeler: Akut faz yanit, demir, inek, perikarditis, retikuloperitonitis travmatika, transferrin
saturasyonu
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INTRODUCTION

Reticuloperitonitis traumatica (RPT) is a disease seen in
cattle that occurs when sharp, pointed and piercing foreign
bodies taken with feed penetrate the reticulum and cause
inflammation and damage in various organs after leaving
this organ. Factors that facilitate the ingestion of objects inc-
lude poor sense of taste in cattle, gluttony of cattle, insuffi-
cient chewing of food, pica state that occurs as a result of
mineral and trace element deficiencies, long lactation pe-
riod, contamination of barns and pastures by foreign objects,
and prolonged stay of animals in pasture. Pointed and sharp
objects pierce the reticulum wall and cause peritonitis or pe-
netrate the liver, kidney, spleen, lung and heart, causing da-
mage to these organs (1). Inflammation of the pericardial sac
occurs when objects in the reticulum penetrate the diaph-
ragm and sink into the heart, a disease called pericarditis tra-
umatica (PT) (2,3). Symptoms include fever, anorexia, rumen
atony and recurrent tympani, abdominal distension, gro-
aning due to pain, cachexia, tachypnea, tachycardia, fullness
in the vena jugularis and positive venous pulse, friction and
churning sound in the heart, swelling in the ventral part of
the body due to circulatory failure, dull sound on heart per-
cussion and cardiac arrhythmia (4-8). Clinical findings, fer-
roscopic and radiographic examinations, pericardiocentesis
and ultrasonographic examinations are used in the diagnosis
of the disease. (8,9).

Acute phase proteins (AFP) are proteins synthesized by
the liver in response to an acute inflammatory response.
These proteins are negligible in healthy animals but increase
rapidly during inflammation and act as an indicator of inf-
lammation (10). The main function of haptoglobin, an impor-
tant acute phase protein for cattle, is to prevent Fe loss by
forming stable complexes with free hemoglobin in the blood.
Another important acute phase protein for cattle is cerulop-
lasmin, which is particularly useful in monitoring the inflam-
matory process (1).

The aim of the study was to evaluate serum iron, total
iron binding capacity, transferrin saturation, haptoglobin
and ceruloplasmin levels in cows with RPT and PT.

MATERIAL AND METHODS

Animal Material

The animal material of this study consisted of a total of 60
cows between 2-6 years of age, including 30 cows diagnosed
clinically and radiologically with RPT and 30 cows diagnosed
with PT. The control group consisted of 20 healthy cows in
the same age range.

Blood Sampling and Biochemical Measurements

Blood samples were collected from sick cows after diagnosis
and from healthy cows after diagnosis using a sterile needle
tip (Vacuette®, Greiner Bio-One GmbH, Austria) compatible
with the holder into vacuum gel serum tubes (BD Vacutai-
ner®, BD, UK). Blood samples taken in vacuum tubes were
centrifuged at 3000 rpm for 10 minutes (Hettich Rotina
380R®, Hettich, Germany) to obtain serum samples. Before
blood samples were taken, the animals were also clinically
examined and vital signs were evaluated and noted. Bioche-
mical measurements were made from the serum samples
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obtained. Total iron binding capacity (TIBC) was calculated
by summing serum iron (Fe) and unsaturated iron binding
capacity (UIBC) levels. Serum transferrin saturation (TS) was
determined by calculating the formula (TS (%)=Fe/TIBC x
100) from serum Fe and TIBC levels (11). Fe and UIBC were
measured colorimetrically (Epoch, Biotek, USA) with a com-
mercial test kit (Biolabo, France). Haptoglobin was determi-
ned as reported by Skinner et al. (12), ceruloplasmin was me-
asured by the method of Colombo and Richterich (13).

Glutaraldehyde Test Procedure

Glutaraldehyde (GLA) testing is routinely used to assess the
severity of inflammation and prognosis in patients diagno-
sed with RPT and PT. The advantages of the test are that it is
easy to administer, inexpensive and provides results in a
short time. The test is done using whole blood and provides
information about the amount of fibriogen. In a sterile
empty tube, a 1/1 ratio of blood and GLA solution is placed
and mixed, then the clotting time is interpreted by looking at
the duration of clotting by turning upside down every 30s. If
the clotting time is between 0-5 minutes, the inflammation
is strongly positive, if it is between 6-10 minutes, the inflam-
mation is moderately positive, if it is between 11-15 minutes,
the inflammation is mildly positive, and if no clotting occurs
within 15 minutes, the test is interpreted as negative (14-
16).

Radiographic Imaging Procedure

The radiological evaluation was performed in the Depart-
ment of Radiology at XXX University School of Veterinary
Medicine. The reticulum and diaphragm border were evalu-
ated in the radiologic examination. A Dynamic brand ceiling
static x-ray device and an FCR Prima brand (Fujifilm FCR T2
Veterinary Set, Medical Technology, Tirkiye) imaging unit
were used in the radiologic evaluation. For this purpose, ir-
radiation doses between 35-40 mA and 85-90 kW were ad-
justed to the size of each cow. Radiographic images were ta-
ken by irradiation at a distance of 80 cm between the tube
and the cassette (35x43 size).

Statistical Analysis

Data were presented as mean t standard error of mean
(SEM). The groups were showed normal distribution accor-
ding to the Shapiro-Wilk test. The one-way ANOVA test was
used for multiple comparisons, and the Tukey HSD test was
used for post-hoc comparisons. The SPSS (SPSS Version
26.0°, Chicago, IL, USA) program was used for all statistical
analyses. The differences between the groups in terms of the
parameters were considered significant at the p<0.05 level.

RESULTS

Clinical Findings

In the clinical examination of the cows with RPT and PT, fe-
ver, anorexia, rumen atony and chronic tympani, abdominal
tension, groaning, kyphosis posture, cachexia, loss of effici-
ency and positive ferroscopic examination were noted.
However, it was also found that the group with PT had full-
ness and positive venous pulse in the vena jugularis, friction
or churning sound in the heart on auscultation of the heart,
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swelling in the ventral part of the body due to circulatory fa-
ilure, dull sound on percussion of the heart and rhythm dis-
turbance in the heart. Figure 1 shows the edema and positive
venous pulse in the gerd region of 2 cows from the PT group
of the present study. The severity of the inflammation was
evaluated by GLA test on cows diagnosed with RPT and PT
after clinical and radiological examinations.

Figure 1. Show the edema and positive venous pulse in the gerd re-
gion of cows from the PT group of the present study
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Biochemical Findings

The vital and biochemical findings of the sick and healthy
cows are given in Table 1 and Table 2, respectively. Among
the biochemical parameters, Fe, TS and TIBC levels were sta-
tistically significantly lower in PT and RPT groups compared
to the control group (P<0.001); haptoglobin level was statis-
tically significantly higher in PT and RPT groups compared to
the control group (P<0.001); ceruloplasmin level was signifi-
cantly higher in RPT and PT groups compared to the control
group (P<0.05).

Groups (Mean + SEM)

Parameters TRP TP (:30) Control P value
(n:30) i (n:20)

Rectal 38.57 ¢ 39.28 £ 37.89 ¢ 0.008

temperature (°C) 0.282b 0.38 0.142 ’

. 25.78 £ 26.45 + 2230+

Breaths/min 1.43 1.7 112 0.362
. 71.62 £ 61.31+ 68.50 £

Heart beats/min 5475 5 252 5 26 <0.001

ab; The mean values with different letters in the same line represent
the difference between patient and control groups (p<0.05). n: The
number of cow in groups. SEM: Standard error of mean. RPT: Reticulo-
peritonitis traumatic group. PT: Pericarditis traumatic group.

Table 2. Biochemical findings of RPT, PT and control groups

Groups (Mean + SEM)
Parameters P value
RPT (n:30) PT (n:30) Control (n:20)
Iron (mg/dL) 78.80 +1.83° 61.14 +1.92° 112.36 +5.69¢ <0.001
Total iron-binding capacity (g/dL) 212.81 +3.842 200.14 £5.032 264.17 +6.21b <0.001
Transferrin saturation (%) 37.46 +1.13 31.37+1.39° 42.69 £ 2.05¢ <0.001
Haptoglobin (g/L) 0.29 £0.02° 0.31+£0.02° 0.09+0.012 <0.001
Ceruloplasmin (mg/dL) 14.11 £ 0.84° 13.92 £ 0.90° 10.17 £ 0.862 0.011

a¢; The mean values with different letters in the same line represent the difference between patient and control groups
(p<0.05). n: The number of cow in groups. SEM: Standard error of mean. RPT: Reticuloperitonitis traumatic group. PT: Peri-

carditis traumatic group.

Apart from this, the correlation of biochemical parame-
ters in the study is given in Table 3. Total iron binding capa-
city and transferrin saturation were positively correlated
with serum iron level. It was found that the level of haptog-

lobin was negatively correlated with serum iron level and to-
tal iron binding capacity. It was noted that ceruloplasmin le-
vel was negatively correlated with serum iron level and total
iron binding capacity.

Table 3. Correlation of biochemical parameters in the study

Total iron-binding

Transferrin

Parameters Iron (mg/dL) capacity (g/dL) saturation (%) Haptoglobin (g/L)
Total iron-binding capac- .

. 0,564

ity (g/dL)

Transferrin saturation 0,794"" 0,038

(%)

Haptoglobin (g/L) -0,397™" -0,441™ -0,182

Ceruloplasmin (mg/dL) -0,293*" -0,256" -0,148 0,183

**_ Correlation is significant at the 0.01 level (2-tailed). *. Correlation is significant at the 0.05 level (2-tailed).

Radiological Findings

In cases with RPT, foreign bodies sinking into the reticulum
may have different orientations and the problem in the ab-

domenis usually related to the direction of sinking and whet-
her or not they pass into the abdominal cavity after sinking.
In most of our cases, the objects that penetrated the reticu-
lum were either oriented towards the diaphragm or cranio-
vetrale. In cases with RPT, it was observed that the foreign
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body penetrated into the base of the reticulum and formed
a lesion in this region and the reticulum border was regular.
(Figure 2). However, in cases with pericarditis, it was obser-
ved that most of the foreign body left the reticulum, moved
towards the chest cavity and the diaphragmatic border be-
came more irregular (Figure 3).

Figure 2 In cases with RPT, it was observed that the 4 cm long fore-
ign body penetrated into the base of the reticulum and formed a
lesion in this region and the reticulum border was regular.

Figure 3. In cases with pericarditis, it was observed that most of the
8 cm long foreign body left the reticulum, moved towards the chest
cavity and the diaphragmatic border became more irregular.

Glutaraldehyde Test Findings

In the group diagnosed with RPT and PT, the clotting time of
the glutaraldehyde test was between 0-5 minutes, while this
time was longer than 15 minutes in the control group (Table
4). This is an indication that the inflammation is severe in the
patient group.

Table 4. Comparison of GLA test times between PT, RPT and cont-

rol group
Groups (Mean + SEM)
Parameters P value
RPT PT (n:30) Control
(n:30) (n:20)
GLA (minute) 24020 4.5+0.32 165  <0.001

In the group diagnosed with RPT and PT, the clotting time of the glutaral-
dehyde test was between 0-5 minutes, while this time was longer than 15
minutes in the control group. n: The number of cow in groups. SEM: Stan-
dard error of mean. RPT: Reticuloperitonitis traumatic group. PT: Peri-
carditis traumatic group.

DISCUSSION AND CONCLUSION

Reticuloperitonitis traumatica and its complications are
among the important digestive system diseases in cattle
(17). In studies conducted in cattle with RPT and PT, fever,
anorexia, rumen atony and chronic tympani, abdominal ten-
sion, groaning and kyphotic posture due to pain, cachexia,
loss of yield and positive ferroscopic examination; However,
in the group with PT, fullness in the vena jugularis and posi-
tive venous pulse, friction or churning sound in the heart on
auscultation of the heart, swelling in the ventral part of the
body due to circulatory failure, dull sound on percussion of
the heart and cardiac arrhythmia are among the clinical
symptoms reported (2,18,19). In this study, similar clinical
findings were observed in the RPT and PT groups in accor-
dance with the literature.

GLA Test is used to detect the severity of inflammation
in many diseases, especially RPT and PT in cattle. This test is
a practical method that can be applied very quickly. It is ba-
sed on the detection of increases in serum fibrinogen and
globulin concentrations. Glutaraldehyde forms a clot by pri-
marily reacting chemically with free amino groups in fibrino-
gen and immunoglobulin. The clotting time in this test allows
estimating the amount of protein produced in response to
the inflammatory process (19). In studies conducted in cattle
with RPT and PT, it was reported that blood clotted between
0-5 minutes in the GLA test due to increased fibrinogen con-
centration in patients with severe inflammation and the test
was strongly positive (1,16). In this study, which was conduc-
ted in accordance with the aforementioned literature, blood
clotting within the first 5 minutes in the GLA test performed
in the patient group is an indication of the severe course of
the inflammation.

Acute phase proteins are very useful in the evaluation
of infection, inflammation, trauma, etc. occurring in the or-
ganism (10). Haptoglobin and ceruloplasmin are among the
positive acute phase proteins synthesized by the liver in cat-
tle (20-22). Studies have reported that haptoglobin and ceru-
loplasmin levels increase in severe inflammation, trauma
and infectious conditions (19,22). In this study, haptoglobin
and ceruloplasmin levels were significantly higher in cows di-
agnosed with RPT and PT compared to the control group.
Authors think that the probable cause of this is trauma due
to foreign body, severe inflammation and tissue damage.

Ironis an element with very important functions for liv-
ing organisms. Iron acts as a building block of many proteins,
especially hemoglobin (23). One of the most important con-
ditions affecting iron metabolism is severe inflammation
(24). Therefore, Fe levels are often examined to determine
the severity of the inflammation. It has been reported in stu-
dies that Fe levels decrease in severe inflammatory conditi-
ons (25-27).

Edema occurs in the intestines as a result of loss of ap-
petite and circulatory disorders due to heart failure. Iron de-
ficiency occurs because this situation causes a decrease in
iron intake with food and a decrease in the absorption of
iron. Additionally, ferroportin binds and breaks down as inf-
lammation-related cytokine levels increase. This condition
impairs the absorption of iron, causing iron to be retained
especially in the liver and reticuloendothelial cells and dec-
reasing its level in the blood (28).
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One of the most important reasons for this situation is
loss of appetite and nutritional deficiency due to severe inf-
lammation, and the other reason is hypoferremia caused by
interleukin-6 (IL-6), one of the inflammatory mediators
(23,29). It has been stated that total iron binding capacity
decreases in inflammatory conditions (30). The organism's
defense mechanism aims to retain Fe, which is necessary for
the replication of pathogenic agents in inflammatory situa-
tions (31). Transferrin saturation is an indicator of how much
Fe in serum is bound to transferrin. Transferrin saturation
decreases iniron deficiency (32). In the present study, serum
Fe, TIBC and TS were found to be significantly lower in the
PT and RPT groups compared to the control group, respecti-
vely.

Authors think that the main reason for this is the severe
course of inflammation due to both trauma and infection in
the patient group and the activation of the body's defense
system and retention of iron stores in the body to prevent
the use of iron by pathogenic agents, as well as the develop-
ment of iron deficiency as a result of the lack of food intake
due to digestive problems and anorexia that occur with the
deterioration of the general condition due to severe inflam-
mation.
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Abstract

Parasitic infections caused by helminth, protozoa, and ectoparasites pose a threat to animal and
human health due to clinical changes and transmission of potentially zoonotic agents. This study's
objective was to assess parasitic diseases in dogs admitted to the Selcuk University Veterinary Faculty
Animal Hospital (SUVFAH) between 2015 and 2021. Fecal, blood, and skin samples sent to the
laboratory of the Department of Parasitology, Faculty of Veterinary Medicine were examined. The
majority of samples (n = 846) were collected from domestic dogs, and only 49 were from shelter dogs.
During the study period, 33.74% (302/895) of the dogs tested positive for at least one parasite,
including single (29.83%), double (4.63%), triple (0.14%) and quadruple (0.14%) internal parasite
infections. This study revealed that the prevalences of protozoan and rickettsial parasites, including
Isospora spp., Giardia duodenalis, Sarcocystis spp., Entamoeba histolytica, and Ehrlichia canis in dogs
from Konya province, were 7.01%, 26.79%, 1.26%, 0.7%, and 5.26%, respectively. On the other hand,
the prevalences of helminthic parasites Toxascaris spp., Trichuris spp., Anyclostoma spp., Uncinaria
spp., Dipylidium caninum, Taenia spp. and Mesocestoides spp. were 0.14%, 0.42%, 0.42%, 0.42%,
0.42%,0.42% and 0.14%, respectively. As ectoparasitic infestations, 11.66% Demodex canis infestation
and 0.61% myiasis cases were encountered. Although most of the dogs in the study were owned, the
rate of internal and external parasite infection/infestation was high. In this case, pet owners have a
great responsibility to prevent parasitic infections in pets, which are the source of many parasitic
agents with zoonotic properties.

Key Words: Dog, ectoparasites, helminths, protozoa, zoonoses

Konya ilindeki Evcil Kopeklerde Tespit Edilen Parazitlerin Prevalansi: Retrospektif Bir Calisma

0Oz

Helmint, protozoa ve ektoparazitlerin neden oldugu paraziter enfeksiyonlar, klinik degisiklikler ve
potansiyel zoonotik ajanlarin bulasmasi nedeniyle hayvan ve insan sagligi icin tehdit olusturmaktadir.
Bu calismanin amaci, 2015-2021 yillari arasinda Selguk Universitesi Veteriner Fakiiltesi Hayvan
Hastanesine (SUVFAH) basvuran kopeklerdeki paraziter hastaliklari degerlendirmektir. Selguk
Universitesi Veteriner Fakiiltesi Parazitoloji Ana Bilim Dali Laboratuvarina 2015-2021 yillar arasinda
gonderilen digki, kan ve deri drnekleri incelenmistir. Orneklerin cogunlugu (n = 846) evcil képeklerden
ve sadece 49'u barinak koépeklerinden toplanmistir. Calisma stiresi boyunca, képeklerin %33.74'U
(302/895) tekli (%29.83), ikili (%4.63), tgli (%0.14) ve doértli (%0.14) i¢ parazit enfeksiyonlari dahil
olmak lzere en az bir parazit icin pozitif test edilmistir. Bu ¢alisma Konya ili kopeklerinde, Isospora
spp., Giardia duodenalis, Sarcocystis spp., Entamoeba histolitica ve Ehrlichia canis gibi protozoon ve
riketsiyal parazitlerin prevalanslarinin sirasiyla %7.01, %26.79, %1.26, %0.7 ve %5.26 oldugunu ortaya
koymustur. Diger yandan helmintik parazitlerden Toxascaris spp., Trichuris spp., Anyclostoma spp.,
Uncinaria spp., Dipylidium caninum, Taenia spp. ve Mesocestoides spp. prevalansi da sirasiyla %0.14,
%0.42, %0.42, %0.42, %0.42 ve %0.14 olarak tespit edilmistir. Ektoparaziter enfestasyonlar olarak da
%11.66 Demodex canis enfestasyonu ve %0.61 miyaz vakasina rastlanmistir. Calismadaki képeklerin
cogu sahipli olmasina ragmen, i¢ ve dis parazit enfeksiyonu/enfestasyonu orani yiksektir. Bu durumda
zoonoz 6zellik gosteren birgok paraziter etkenin kaynagi olan evcil hayvanlarda paraziter hastaliklarin
onlenmesi icin evcil hayvan sahiplerine blylk sorumluluk diismektedir.

Anahtar Kelimeler: Ektoparazit, helmint, kopek, protozoa, zoonozlar
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INTRODUCTION

Domestic dogs (Canis familiaris) are the most popular pets
among the carnivores (1). Due to their positive effects on
adults’ and children's social, physical, and psychological he-
alth, dogs are kept for many beneficial purposes. Additio-
nally, they are utilized for security, rehabilitative programs,
sports, hunting, life-saving, and money production through
breeding and sale. There are many factors that can affect a
dog's life, and parasitic diseases are one of the most impor-
tant. The prevalence of internal and external parasites in do-
mestic dogs can vary depending on various factors such as
geographical location, climate, living conditions, and preven-
tive measures taken by dog owners. The parasites commonly
affecting domestic dogs in many parts of the world include
ticks, fleas, intestinal worms (such as hookworms, ro-
undworms, whipworms, and tapeworms), and heartworms.
Gastrointestinal parasites are one of the main obstacles to
canine health and well-being. They cause direct and indirect
losses (2). The majority of intestinal parasites that cause
morbidity and mortality in dogs are zoonotic, such as Ancy-
lostoma spp., Toxocara canis, Toxascaris leonina, Capillaria
spp., Uncinaria spp., Trichuris vulpis, Taenia/Echinococcus,

Mesocestoides spp., and Sarcocystis spp. (3). Because of
their natural life cycle and the ability of cysts/eggs to remain
viable and infective for long periods after being shed in soil,
gastrointestinal protozoa and helminths are typically the
most prevalent parasites, resulting in environmental conta-
mination and the spread of parasite infections among animal
populations and humans (4,5). Dogs and humans share the
same environment, which allows gastrointestinal parasites
to contaminate human food, drink, and skin. This can lead to
diseases with life-threatening consequences (6). Dogs can
become infected with gastrointestinal parasites via intraute-
rine and galactogen transmission (e.g., Toxocara canis, Ancy-
lostoma caninum,) or later in life by consuming the infecti-
ous stages of protozoa or helminths (6). Whether helminths
or protozoa, these parasites typically result in reduced per-
formance, growth retardation, increased susceptibility to ot-
her infectious diseases, and, in rare instances, severe clinical
symptoms (7). The most severe infections and morbidity ra-
tes occur in newborns and puppies, where intestinal parasi-
tes can be lethal, especially when paired with other infecti-
ous disorders such as parvoviral enteritis (8, 9). Furthermore,
some canine intestinal parasites, such as Taenia spp. and
Sarcocystis spp., can spread to farm animals, causing major
economic losses (10). However, understanding the epidemi-
ology of canine parasites is necessary to limit the risk of hu-
man infections, particularly for pregnant women, children,
and immunocompromised individuals (11).

External parasites of dogs include ectoparasites such as
ticks, fleas, lice, and mites. They frequently dwell as blood-
sucking parasites on the skin, causing pruritis and hypersen-
sitivity reactions, and may serve as vectors for a variety of
infections of veterinary or public health concern (12). In Tir-
kiye, dogs are frequently let to roam freely and stray on main
city roadways, scavenge for food scraps near garbage
dumps. These procedures expose dogs to a wide range of pa-
rasitic diseases including external parasites (12).

Rickettsial infections are caused by bacteria from the
order Rickettsiales, as well as the genera Neorickettsia, Ori-
entia, Anaplasma, Neoehrlichia, Rickettsia, and Ehrlichia are
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seen in dogs (13). In Tlrkiye, ehrlichiosis is one of the most
frequent tick-borne diseases of dogs. Clinical infections in
dogs are prevalent, but the disease is rarely observed in ot-
her hosts (ticks and cats) (14, 15). Canine monocytic ehrlic-
hiosis (CME) is the name of the disease that is primarily lin-
ked to E. canis infections that are severe in dogs. According
to Mylonakis et al. (2019), CME may be one of the leading
causes of life-threatening pancytopenia in dogs in E. canis-
endemic regions as well as Tiirkiye and South East Asia (16).
This viewpoint is supported by the occurrence of R. sangui-
neus across Turkiye (17).

The purpose of this study was to ascertain the preva-
lence of ectoparasites, hemoparasites, and gastrointestinal
parasites in dogs, together with aremark on zoonotic agents,
in the province of Konya, Tiirkiye.

MATERIAL AND METHODS

Feces, blood, and skin samples sent to the Selcuk University
Veterinary Faculty Parasitology Department Laboratory,
Konya between 2015 and 2021 were included in the present
study. Konya is the largest province in the country by area
and has a variety of geographical and climatic features that
could influence parasite prevalence. To determine gastroin-
testinal helminth fauna in owned and shelter dogs, fecal
samples were collected from 713 dogs and analyzed using
Native, Fulleborn flotation, and Benedek sedimentation
methods (18). All fecal samples were first macroscopically
screened for the presence of nematodes and proglottids of
cestodes. 0.9% isotonic saline solution was used for the Na-
tive fecal examination method, saturated salt water for the
flotation method, and distilled water for the Benedek sedi-
mentation method. According to the literature, oocysts,
cysts, and eggs were identified based on morphological cha-
racteristics (18-20). Skin samples and maggot larvae of 163
dogs were collected in sterile petri dishes and sent to the la-
boratory for analysis. The debris is then placed on a micros-
cope slide, coverslipped, and inspected with a 10 x micros-
cope objective. The material was put on a slide, then 10%
potassium hydroxide was added in five drops. After placing
a cover slip over the sample, it was examined under a mic-
roscope to check for the presence of mites, larvae, or ova
(21). Under a stereozoom microscope, maggot larvae were
visible, however the genus of the larvae could not be identi-
fied. Blood samples were taken from 19 dogs. Thin blood
smears were made from EDTA-anticoagulated blood, dried
in the open air, fixed in absolute methanol for 3-5 minutes,
stained with 10% Giemsa solution for 45 minutes to an hour,
washed with tap water, and dried. The smears were checked
for blood protozoans using a light microscope (100X), and
pathogens were investigated by scanning 100 microscopic fi-
elds.

RESULTS

As a result of the study ecto- and endoparasites were detec-
ted in 302 (33.74%) of 895 dogs. During the study period,
33.74% (302/895) of the dogs tested positive for at least one
parasite, including a single (29.83%), double (4.63%), triple
(0.14%), and quadruple (0.14%) internal parasite infections.
This study revealed that the prevalences of protozoan and
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rickettsial parasites, including Isospora spp., Giardia duode-
nalis, Sarcocystis spp., Entamoeba histolytica, and Ehrlichia
canis in dogs from Konya province, were 7.01%, 26.79%,
1.26%, 0.7%, and 5.26%, respectively. On the other hand, the
prevalences of helminthic parasites Toxascaris spp., Trichuris
spp., Anyclostoma spp., Uncinaria spp., Dipylidium caninum,
Taenia spp. and Mesocestoides spp. were 0.14%, 0.42%,
0.42%, 0.42%, 0.42%, 0.42% and 0.14%, respectively. As ec-
toparasitic infestations, 11.66% Demodex canis infestation
and 0.61% myiasis cases were encountered. The parasites
detected in the study are shown in Table 1 and Table 2 and
the total parasite prevalences are shown in Table 3.

Table 1. Single parasitic infection rates in dogs between 2015-2021

. . Preva-
Helminths (n:713)  Positive lence(%)
Nematod
Toxocara spp. 30 4.21
Toxascaris spp. 1 0.14
Cestod
Dipylidium caninum 3 0.42
Taenia /Echinococcus spp. 0.42
TOTAL 713 37 5.19
Protozoans (n:713)

Giardia spp. 164 23
Isospora spp. 29 4.07
Sarcocystis spp. 0.84
Entamoeba spp. 0.42
Chilomastix spp. 0.14
TOTAL 713 203 28.47
Blood (n:19)

protozoans

Ehrlichia spp. 1 5.26
TOTAL 19 1 5.26
Ectoparasites (n:163)

Demodex spp. 19 11.66
Sarcoptes spp. 3 1.84
Otodectes cynotis 2 1.23
Trichodectes canis 1 0.61
Anal myiasis/Dipteran larvae 1 0.61
TOTAL 163 26 15.95

Table 2. Mix parasitic infection rates in dogs between 2015-2021

Parasites n:713 Posi- Preva-
tive lence(%)
Toxocara spp.+ Isospora spp. 4 0.56
Toxocara spp.+ Giardia spp. 9 1.26
Isospora spp. + Giardia spp. 13 1.82
Sarcocystis spp.+ Giardia spp. 1 0.14
Anyclostama spp.+ Uncinaria spp. 1 0.14
Giardia spp.+ Entamoeba spp. 1 0.14
Giardia spp. + Anyclostoma spp. 1 0.14
Isospora spp.+ Sarcocyctis spp. 2 0.28
Isospora spp.+ Mesocestoides spp. 1 0.14
Total dual infection 713 33 4.63
Isospora spp.+ Entamoeba spp. + 1 0.14
Giardia spp.
Total triple infection 713 1 0.14
Trichuris spp. + Toxocara spp. + 1 0.14
Ancylostoma spp. + Giardia spp.
Total quadruple infection 713 1 0.14
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Table 3. Total parasite prevalences

Helminths Prevalence(%)
Nematod

Toxocara spp. 6.17
Toxascaris spp. 0.14
Trichuris spp 0.14
Anyclostoma spp. 0.42
Uncinaria spp. 0.14
Cestod

Dipylidium caninum 0.42
Taenia /Echinococcus spp. 0.42
Mesocestoides spp. 0.14
Protozoans

Giardia spp. 26.79
Isospora spp. 7.01
Sarcocystis spp. 1.26
Entamoeba spp. 0.7
Chilomastix spp. 0.14
Blood protozoans

Ehrlichia spp. 5.26
Ectoparasites

Demodex spp. 11.66
Sarcoptes spp. 1.84
Otodectes cynotis 1.23
Trichodectes canis 0.61
Anal myiasis 0.61

DISCUSSION AND CONCLUSION

Dogs, which play an important role in human life, are associ-
ated with many zoonotic microorganisms of parasitic origin.
Among these, helminths and gastrointestinal protozoa are
the most important enteropathogens causing death in dogs
(22). The aim of our study was to determine the prevalence
of canine gastrointestinal parasites, hemoparasites and ec-
toparasites with a focus on zoonotic agents in a large dog
population from different districts of Konya. Such studies
were necessary due to the lack of large and recent data on
the subject. In order to minimize the incidence of parasitic
diseases, especially their transmission to humans, the fac-
tors influencing their epidemiology should be well unders-
tood. Factors such as geographical region, climate, interme-
diate or final host population, pre-patent or patent period of
infection, diagnostic method, and drug use are reflected in
the study results and cause differences (22).

Among the protozoa, infections with Cryptosporidium
spp., Giardia spp., Sarcocystis spp., and Isospora spp. are
commonly encountered in dogs (23). In this study, different
protozoan species (Isospora spp., Giardia spp., Sarcocsyt
spp. and Entamoeba spp., Ehrlichia spp. and Chilomastix
spp.) were found in 203 (28.47%) of a total of 713 dogs. The
majority of parasites detected in this investigation were pro-
tozoa. The prevalence of G. duodenalis (26.79%) was higher
than the other parasites found in the dogs in this study.
However, molecular assays and parasite genotyping are ne-
cessary to identify the species and assemblages involved, as
well as to assess their zoonotic potential (24). Giardia is a
common protozoa affecting a wide range of animals, inclu-
ding humans with global significance. They are the most
frequent gastrointestinal pathogens for dogs and cats in de-
veloped areas, infecting around one billion people
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worldwide (25). A review by Ballweber and colleagues notes
that the reported prevalence of Giardia in feces varies from
study to study, and that this variation is partly related to ge-
ography, detection method, age of the animal, whether the
animal was symptomatic or not, and where the animal was
housed (26).

Canine coccidiosis is a disease generally caused by pro-
tozoa of the Isospora species. The disease causes colitis or
enteritis in dogs and has a high mortality rate. The presence
of Isospora spp. in dogs was found to range from 5.5% to
26.45% in Turkiye (27-30). The prevalence of Isospora spe-

cies was determined to be 7.01% in this study. In a study
conducted in Konya province by Uslu et al. (30), the infection
rate (26.45%) was found to be higher than in previous stu-
dies. This situation is thought to be related to the age of the
dogs (2-6 month old puppies) sampled in the study. Canine
coccidiosis usually causes clinical signs in young puppies, and
infection rates decrease in later periods or the infection
progresses asymptomatically (7). The rate of Isospora spp.
detected in our study is the findings of a very wide age range
of dogs.

Sarcosporidiosis is a protozoan infection that rarely ca-
uses diarrhoea in the final host dogs. Since sarcosporidiosis
is particularly severe in intermediate host ruminants and ca-
uses economic losses, most of the studies are focused on ru-
minants in Turkiye (31, 32). The frequency of Sarcocystis spp.
in dogs varied between 0.8 and 81.6% in the few studies con-
ducted in dogs in Tirkiye (23,27,30,33). In this study, Sar-
cocystis spp. sporocysts were found in 1.26% of the fecal
samples examined and the prevalence value obtained was
found to be compatible with the results of other studies.

Entamoebiasis (amibiasis), which is common in tropical
and subtropical regions and is mostly caused by Entamoeba
histolitica, which infects humans, is rare in some wild and
domestic animals, including cats and dogs. Canine amibiasis
has been reported to be of human origin, and it has been
suggested that transmission is the result of ingestion of pa-
rasite cysts with contaminated water and food, or that
Musca domestica may act as a mechanical vector (34). In a
study conducted by Denizhan and Karakus (23) in Tarkiye,
Entamoeba histolytica was found at a rate of 11.48%. In this
study, Entamoeba spp. prevalence was found to be 0.7%.
This rate was found to be lower than in the study conducted
in Turkiye. This may be due to the fact that there were fewer
stray dogs in contact with human remains in our study and
most of our material consisted of owned dogs.

The most prevalent canine gastrointestinal (Gl) hel-
minths are Toxocara sp., Toxascaris sp., Echinococcus spp.,
Taenia spp., Ancylostoma spp., Dipylidium spp., Uncinaria
spp., Capillaria spp., and Trichuris spp. (35). Toxocara spp.,
Echinococcus spp., and Ancylostoma spp. are particularly sig-
nificant in both underdeveloped and emerging countries due
to the limited use of antiparasitic medications, low socioeco-
nomic conditions, and a lack of education (36). The ge-
nera/species distribution of helminths detected in dogs in
Tirkiye is mainly based on necropsy or fecal examination of
street/owned dogs; the most common species reported are
T. canis, T. leonina, hookworms, Taenia spp., and D. cani-
num. In studies on the prevalence of intestinal helminths in
dogs in Tirkiye, it was found that the prevalence of parasites
ranged from 19.4% to 86.96% (30,37-43).
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Toxocara canis is a soil-associated nematode that is
known as the most frequent intestinal parasite in dogs and
wild canids (44). Furthermore, it has been linked to visceral
and ocular larval migrans in humans. T. canis prevalence has
been estimated to be between 4.2% and 51% in Turkiye (41,
45). In the current study, T. canis was found in 6.17% of fecal
samples. In a study conducted in Konya province by Uslu et
al., (30), the infection rate (33.06 %) was found to be higher
than in previous studies. It was thought that the reason for
this situation was the young age (2-6 months old puppies) of
the dogs and the fact that they were stray dogs. Due to
transplacental and transmammary transmission, puppies
are more susceptible to infection. Additionally, immunity to
certain parasites is typically gained with age, most likely as a

result of one or more infections (46). The dogs in our study
ranged widely in age from puppy to adult.

In the current study, the prevalence rates of Toxascaris
spp. (0.14%), Trichuris spp. (0.14%), Anyclostoma spp.
(0.42%), Uncinaria spp. (0.14%), and cestodes such as D. ca-
ninum (0.42%), Taenia spp. (0.42%), and Mesocestoides spp.
(0.14%) were very low, which is consistent with the results
of some other studies but contradicts others. However, it
should be noted that the diagnostic technique used in our
study (centrifugal flotation) is more specific for nematodes
than for cestodes, which may explain the relatively low pre-
valence of cestodes in our study (47). In addition, the majo-
rity of the dogs studied were on a strict diet with no access
to raw meat or carcasses, reducing the likelihood of taeniid
tapeworm contamination (48).

Taenia spp. prevalence in dogs is reported to be
between 6.1% and 46.0% in Tirkiye (38,49,50) and 1.1-
33.0% abroad (51-53). In this study, Taenia spp. prevalence
was determined as 0.42%. This result is lower than the values
determined both in Tlrkiye and abroad. The fact that Taenia
spp. could not be identified with eggs in the fecal examina-
tion, and no ring was observed in the macroscopic examina-
tion, suggesting that these eggs may also be Echinococcus
granulosus eggs.

The prevalence of Dipylidium caninum, one of the ca-
nine cestodes of zoonotic importance, was found to be
between 0.3-52% in Turkiye (30,38,41,45,54-56). In our
study, D. caninum prevalence was determined as 0.42%.
Compared to other studies conducted in this study, D. cani-
num 12.5% in Hatay (54), 3.5% in Van (38), 4.3% in Eskisehir
and 2.9% in Afyonkarahisar (45), 2.8% in Kayseri (41) and
2.8% in Diyarbakir (56) was found to be lower than the most
of the reported rates, and higher than a study conducted in
Konya (55). It is thought that the differences in prevalence
values may be due to the differences in the rates of flea or
lice infestation, such as Ctenocephalides canis, C. felis, Pulex
irritans, and Trichodectes canis, which are the vectors of D.
caninum in dogs, from region to region. According to the re-
sults of this study and other studies conducted in Tirkiye, D.
caninum can be considered as a common cestode across Tir-
kiye.

Mites are found throughout the world and have an af-
finity for a diverse group of mammalian hosts, including hu-
mans. With more than 30,000 described species, the most
important mites causing dermatopathies found in the Cani-
dae family are Otodectes cynotis, Sarcoptes scabiei, Demo-
dex canis, and Cheyletiella spp. (57). Canine demodicosis is a
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well-known skin disease seen in veterinary medicine. It is a
dermatological disorder caused by mites colonizing the hair
follicles and sebaceous glands. Erythema, alopecia, comedo-
nes, follicular hyperkeratosis, pustules, crusts, and seborr-
hea are all dermatological alterations (58). In Tiirkiye, Demo-
dex species have been reported morphologically and mole-
cularly from various companion animals (59-63). In this
study, Demodex canis was detected at a rate of 11.66 %. Myi-
asis is defined as the parasitism of some Diptera larvae in hu-
man and animal tissues and natural cavities, feeding on dead
or living tissues of the host at certain times and causing lesi-
ons there. Mlyiasis is a frequently encountered condition
worldwide, including Tirkiye (64-70). In previous studies
conducted in Konya province, several cases of traumatic myi-
asis have been reported in dogs, other animals, and humans
(70-73). In our study, it was detected at a low rate of 0.61%.
The reason for this low rate is thought to be the fact that the
majority of the dogs included in the study are domestic dogs
and another reason is the problems experienced in the re-
gistration of myiasis cases.

Ehrlichiosis is caused by tick-transmitted rickettsial
microorganisms of the Anaplasmatacea family. Ehrlichia ca-
nis, E. chaffeensis, and E. ewingii are the most important spe-
cies threatening human and animal health, particularly in
dogs. Severe infections in dogs are mainly associated with E.
canis and the disease caused by this microorganism is called
canine monocytic ehrlichiosis (74). CME is mainly characteri-
sed by fever, anorexia, generalised lymphadenomegaly, mu-
cosal pallor, lethargy, depression, and splenomegaly. Hypot-
hermia may even occur in severely pancytopenic dogs (74).
In this study, the blood sample sent from the veterinary hos-
pital was diagnosed with light microscopy than confirmed
with a commercial ELISA kit (Asan Easy Test E. canis, Asan
Pharm, Korea). Studies conducted in Turkiye have shown
that E. canis is the only species detected in dogs. CME is com-
mon in Tirkiye and the prevalence of the disease has been
determined by serological and molecular studies (15,75-82).
In our study, E. canis was determined to be 5.26%.

Besides all this, each dog provided a single fecal
sample, and each sample was examined just once. Notwiths-
tanding these drawbacks, the study's data clearly show how
environmental contamination endangers the health of farm
and companion dogs as well as humans, including pet
owners and herders. It is, therefore, advisable for those con-
cerned to seek veterinary advice on how to reduce the inci-
dence of parasitic disease. Public awareness campaigns or
creative, informative, and engaging educational programs
should be used to inform pet owners about the importance
of regular deworming and ectoparasite control.

This study confirmed the prevalence of zoonotic gast-
rointestinal parasites in dogs in Konya, Tirkiye. These para-
sites constitute a serious public health danger, hence dog
deworming programs must be instituted. Other effective
preventive strategies include dog management and feces
collection, as well as preventing dog feces from contamina-
ting soil and water.
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Abstract

The aim of this study was to evaluate the physicochemical parameters, instrumental colour and
texture profile analysis of the most preferred and consumed Turkish cheeses (white cheese, kashar
cheese, tulum cheese, and Mihalig cheese). For this purpose, a total of 200 cheese samples were
randomly collected from various markets and bazaars located in istanbul, Tlirkiye. The cheese samples
were analyzed in terms of the physicochemical parameters (moisture, dry matter, salt, fat, protein,
pH and titratable acidity), instrumental colour (CIE L*, a*, b*) and texture profiles (hardness,
stringiness, springiness, adhesion, adhesiveness, cohesiveness, gumminess and chewiness). There was
a significant difference in proximate composition between cheese types (P<0.001). The differences
between the lightness, redness and yellowness values of the cheeses were also significant (P<0.001).
The type of cheese showed a strong positive correlation with stringiness, springiness, adhesion and
adhesiveness parameters, whereas showed a weak negative correlation with cohesiveness and
gumminess, and a weak positive correlation with chewiness. However, there was no significant
correlation between hardness and cheese type. All stages in cheese production, such as the type of
milk and other ingredients used in cheese production, process conditions, ripening time and
conditions, preservation characteristics, which differ according to cheese varieties, directly affect the
physicochemical, colour and textural properties of the final product. Correspondingly, the difference
between the characteristics of cheese samples was found to be significant.

Key Words: Colour, physicochemical parameters, texture profile, Turkish type cheeses

Tiirk Tipi Peynirlerin Fizikokimyasal, Renk ve Tekstiirel Ozelliklerinin Tanimlanmasi

0z

Bu ¢alismanin amaci, en ¢ok tercih edilen ve tiiketilen Turk peynirlerinin (beyaz peynir, kasar peyniri,
tulum peyniri ve Mihali¢ peyniri) fizikokimyasal parametrelerini, enstriimantal renk ve teksttr profil
analizlerini degerlendirmektir. Bu amagla, istanbul'da bulunan gesitli market ve satis yerlerinden
rastgele toplam 200 peynir 6rnegi toplanmistir. Peynir 6rnekleri fizikokimyasal parametreler (nem,
kuru madde, tuz, yag, protein, pH ve titre edilebilir asitlik), enstriimantal renk (CIE L*, a*, b*) ve tekstir
profilleri (sertlik, liflilik, yaylanma, yapisma, yapiskanlik, baglayicilik, sakizimsilik ve ¢ignenebilirlik)
acisindan analiz edilmistir. Peynir gesitleri arasinda igerik kompozisyonu bakimindan anlamh bir
farklilik vardir (P<0,001). Peynirlerin parlaklk, kirmizilik ve sarilik degerleri arasindaki farklar da anlam-
lidir (P<0,001). Peynir tipi, liflilik, esneklik, yapisma ve yapiskanlik parametreleri ile giigli bir pozitif
korelasyon gosterirken; yapiskanlik ve sakizimsilik ile zayif bir negatif korelasyon ve gignenebilirlik ile
zayif bir pozitif korelasyon géstermistir. Bununla birlikte, sertlik ve peynir tipi arasinda anlamli bir
korelasyon bulunmamistir. Peynir lretiminde kullanilan sitln tirl ve diger bilesenler, proses
kosullari, olgunlagsma siresi ve kosullari, muhafaza 6zellikleri gibi peynir cesitlerine gére farklilik
gosteren peynir Uretimindeki tim asamalar nihai Grinin fizikokimyasal, renk ve teksturel 6zellikle-
rini dogrudan etkilemektedir. Buna bagli olarak, peynir 6rneklerinin 6zellikleri arasindaki fark
onemli bulunmusgtur.

Anahtar Kelimeler: Fizikokimyasal parametreler, renk, tekstir profili, Tiirk tipi peynirler
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INTRODUCTION

Cheese, which is an important dairy product manufactured
in almost every part of the world, is widely consumed by the
majority of people due to its high nutritional value, unique
taste and flavour (1, 2). In our country, there are many vari-
eties of cheese with different characteristics produced with
different regional practices, milk type (sheep, cow or goat)
and processing techniques (ripening, brining). Therefore,
there are significant variations between the sensorial, chem-
ical and microbiological qualities of cheeses. Among these,
the white pickled cheese and kashar cheese are produced in
many regions of the country, whereas most of the other
types of cheeses (tulum, Mihalig) are produced in certain re-
gions (3-6). Turkish cuisine boasts a rich diversity of cheeses,
each with its own unique flavour, texture, and cultural sig-
nificance. The most commonly produced cheese is white
pickled cheese, followed by kashar cheese, tulum cheese,
Mihali¢ (Kelle) cheese and herby cheese. In addition to
these, other cheese varieties such as dil cheese, 6rgii cheese,
civil cheese, hellim cheese, cerkez cheese, abaza cheese,
Urfa cheese, and sikma cheese have a widespread produc-
tion and consumption network (7-9).

White cheese, manufactured from cow, sheep, goat's
milk or mixtures of these milks, is bright white and non-po-
rous cheese with a high fat content, salty taste and a soft to
semi-hard texture. White cheeses manufactured with pas-
teurized milk are ripened for at least one month, while the
best flavour develops in sheep and goat cheeses after one
year of ripening (7,10,11).

Kashar cheese (Kashkaval cheese) is a semi-hard, rip-
ened, pasta-filata cheese manufactured primarily from
cow's milk, but also from sheep or goat's milk. Although it
originates from Turkiye, it is also widely consumed in the Bal-
kans and some parts of the Middle East. Kashar cheese has a
mild to slightly sharp flavour, depending on the ripening time
and the production techniques used. In addition, it becomes
firmer and more elastic as it matures, with a texture that can
vary from smooth to slightly grainy (12-14).

Tulum cheese is a traditional Turkish cheese mostly
produced in East Anatolian region. Tulum cheese, which dif-
fers from other cheeses with its manufacturing method, is
traditionally ripened and stored in the skin of animals, espe-
cially sheep or goat skins. This aging process gives the cheese
a unique flavour and aroma. Tulum cheese has a crumbly
texture that can vary from hard to semi-hard. It has a strong
and pungent flavour and a highly aromatic taste that devel-
ops during the ripening period inside the animal skin. It is
traditionally produced from sheep's milk, which contributes
to its distinctive flavour and texture. It also has a pale to yel-
lowish colour, depending on the milk used (usually sheep's
milk) and the ripening process (4,15,16).

Mihalig (Kelle) cheese, known for its hard texture and
salty flavour profile, is widely produced in Balikesir, Bursa
and Canakkale region. Mihali¢ cheese needs to be ripened
for several months (at least 3 months) to develop its flavour
and texture. The salty flavour of the cheese has nutty under-
tones that become more pronounced with age and develop
over time to have a characteristic richness and complexity.
The cheese has yellowish-cream colour that is influenced by
the type of milk used and the ripening process (17,18).

Characterization of Physicochemical, Colour and Textural Properties ...

The evaluation of Turkish type cheeses requires a mul-
tidimensional approach integrating chemical analysis, colour
assessment and detailed texture profiling. This holistic eval-
uation can help to understand the quality, characteristics
and consumer preferences of cheeses. Therefore, the pur-
pose of this study was to evaluate the physicochemical pa-
rameters, instrumental colour and texture profile analysis of
the most preferred and consumed Turkish cheeses (white
cheese, kashar cheese, tulum cheese, Mihali¢ cheese) sold in
retail.

MATERIAL AND METHODS

Sampling

A total of 200 cheese samples (50 pieces each of white
cheese, kashar cheese, tulum cheese and Mihali¢ cheese)
were randomly obtained from various markets and bazaars
located in istanbul, Tiirkiye from September 2022 to May
2023. The collected samples (~300 g for each of samples)
were immediately transferred to the laboratory under cold
chain.

Physicochemical Analysis

The moisture and dry matter contents of cheese samples
were determined by drying at 103+2°C to a constant weight
using Moisture Analyzer (Sartorious MA45, Germany). Salt
(NaCl) content of cheese samples was performed by Mohr
method (Method 935.43) and the fat content was deter-
mined by the Gerber method (Method 933.05) (19). The to-
tal nitrogen (TN) and non-protein nitrogen (NPN) that was
soluble in 12% trichloroacetic acid were assayed by the
Kjeldahl method (19). The protein content was calculated as
6.38 x (TN - NPN). The pH values were measured at 20+2°C
using a pH meter (Hanna HI 1131, Germany) equipped with
a combined electrode (HI 9321 Microprocessor pH meter,
Hanna Instruments, Germany). The titratable acidity of
cheese samples was conducted by the Dornic method
(Method 920.124) (19).

Instrumental Colour

The surface colour of cheese samples was determined by
measuring Colorflex HunterLab Spectrophotometer (Hunter
Associates Laboratory Inc., Reston, VA, USA) in terms of L*
(lightness), a* (redness) and b* (yellowness) values using
colour difference meter. Colour was evaluated using a dif-
fuse illumination (D65 2° observer) with 8 mm viewing aper-
ture and a 25 mm port size with the specular component ex-
cluded. The measurements were performed at five different
locations on each cheese and the arithmetic values were cal-
culated (20).

Texture Profile Analysis (TPA)

The textural properties of cheese samples were evaluated
using a texture analyzer (Instron Universal Testing Machine,
Model 1140, Instron, UK) equipped with a stainless-steel cy-
lindrical probe (diameter 20/36 mm). The texture profile
analysis was conducted by a double compression-decom-
pression cycle test with a rest period of 3 s. All measure-
ments were performed at room temperature (20+2°C) by
placing 45 x 45 x 25 mm block shape cheese sample (50 g
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overweight). The hardness, stringiness, springiness, adhe-
sion, adhesiveness, cohesiveness, gumminess and chewiness
characteristics of cheese samples were examined in terms of
instrumental texture properties. The arithmetic average of
eight measurements was calculated as a mean value for each
sample.

Statistical Analysis

The General Linear Model (PROC GLM) in SPSS 21.0 (SPSS
Inc., Chicago, IL, USA) was used to determine the least
squares means (LSM), standard errors (SE), and the signifi-
cant differences among means. Duncan’s multiple range test
was used to evaluate the significance of differences. Pear-
son’s correlation coefficients (r) were used to determine the
relation between the textural properties of cheese samples.

RESULTS

Physicochemical Properties

Physicochemical properties of four different Turkish type
cheese samples are given in Table 1. The mean moisture
value and salt content of cheese samples ranged from
29.16% t042.33% and 2.71% to 6.15%, respectively. The fat
content of the cheese samples varied between 20.39% and
25.62%, while the protein content was between 20.23%
and 26.84%. The mean pH and acidity values ranged from
5.19 to 5.63 and 0.69% to 1.29% (LA%) in the analyzed
cheese types.

Table 1. Mean values and standard errors of physicochemical properties of cheese samples (n=200)

. . Cheese type
Physicochemical whi h Tl h Mihalic ch Kashar ch
properties ite cheese ulum cheese Inali¢ cheese ashar cheese p
(n=50) (n=50) (n=50) (n=50)

Moisture (%) 42.332+0.11 39.09°+0.19 29.16%+0.05 37.25°40.25 *hk
Dry matter (%) 57.679+0.26 60.91¢+0.33 70.842+0.19 62.755+0.25 *kk
NaCl (%) 3.89¢+0.14 5.04°+0.05 6.152+0.05 2.719+0.07 *kk
Fat (%) 22.48b+0.16 20.39°0.13 25.622+0.32 24.55%+0.22 *hk
Protein (%) 20.23¢+0.08 21.73b+0.07 22.055+0.16 26.842+0.18 *kk
pH 5.34+0.12 5.19+0.11 5.46+0.09 5.63%0.10 NS
Acidity (%) 1.16b+0.03 1.292+0.07 0.94¢+0.02 0.699+0.02 *kk

n: number of analyzed samples

a-d: Means within a row with different letters are significantly different at P<0.001(***).

There was a significant difference in proximate compo-
sition between cheese types (P<0.001). The moisture con-
tents of the cheese samples were significantly different from
each other with the lowest in Mihali¢ cheese and the highest
in white cheese. In addition, kashar cheese was the least
salty cheese and Mihali¢ cheese had the highest salt content
(P<0.001). In terms of fat content, tulum cheese had the low-
est content, while Mihali¢ and kashar cheeses had the high-
est contents (P<0.001). Kashar cheese had the highest pro-
tein content, whereas white cheese had the lowest protein
content (P<0.001). However, tulum and Mihalic cheeses
were found to have similar protein contents (P>0.05). The

acidity value, which is an important criterion in the for-
mation of flavour in cheese, showed significant differences
among cheese varieties due to differences in production pro-
cesses. Tulum cheese had the highest acidity value, while
kashar cheese had the lowest acidity.

Colour Evaluation

The instrumental colour parameters of different Turkish type
cheeses are shown in Table 2. The mean lightness (L*) values
of cheese types ranged from 52.33 to 64.18, the mean red-
ness (a*) values ranged from -0.78 to 0.39 and the mean yel-
lowness (b*) values varied between 9.28 and 12.03.

Table 2. Mean values and standard errors of the instrumental colour (CIE L*, a*, b*) parameters of cheese samples (n=200)

Colour Cheese type

parameters White i:ﬁ:;‘; Tulum cheese (n=50) Mihali¢ cheese (n=50) Kashar cheese (n=50) P
L* 60.57°+0.17 64.182+0.07 59.78¢+0.11 52.339+0.12 *kx
a* -0.25+0.02 -0.789+0.03 -0.49¢+0.03 0.392+0.02 *kx
b* 9.28¢+0.09 10.88°+0.09 11.852+0.15 12.032+0.04 *kx

n: number of analyzed samples

a-c: Means within a row with different letters are significantly different at P<0.001(***).

The colour characteristics of the cheeses varied de-
pending on the content of the raw materials and the produc-
tion processes of the cheese types. Thus, the differences be-
tween the lightness, redness and yellowness values of the
cheeses were significant (P<0.001). Tulum cheese had the

highest L* value (the brightest), while kashar cheese had the
lowest L* value (the dullest) (P<0.001). The yellowness val-
ues of the cheeses were higher for kashar cheese, while
white cheese had the lowest b* value (P<0.001). However,
the differences in the yellowness values of Mihali¢ and
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kashar cheeses were not significant (P>0.05). In addition,
kashar cheese had the highest redness value among the
cheese types (P<0.001). The a* values of white, tulum and
Mihali¢ cheeses showed a tendency towards a green shade
on the axis, whereas kashar cheese was on the red coordi-
nates of the scale.

Texture Profile Analysis

The mean values of TPA parameters (hardness, stringiness,
springiness, adhesion, adhesiveness, gumminess, chewi-
ness) obtained from different cheese types are presented in
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Table 3. The difference between the hardness values of the
four different cheese types was significant (P<0.001),
whereas white cheese differed from the other three cheese
types which were the same with each other in terms of
stringiness and adhesiveness values. A significant difference
was observed between cheese types in cohesiveness values,
while the gumminess of Mihali¢c and kashar cheeses were
similar to each other. In terms of chewiness values, the dif-
ference between tulum and kashar cheeses was not signifi-
cant, whereas a significant difference was found between
other cheese types.

Table 3. Mean values and standard errors (SE) of texture profile analysis of cheese samples

h Hardness Stringiness Springiness Adhesion Adhesiveness Cohesiveness Gumminess Chewiness

eese type n Mean SE  Mean SE  Mean SE Mean SE  Mean SE  Mean SE  Mean SE Mean SE
White cheese 50 2.124¢ 0.164 4.179° 0.645 4.822® 0.239 0.373* 0.041 0.938 0.085 0.244¢ 0.008 0.518° 0.034 2.498* 0.150
Tulum cheese 50 1.489¢ 0.046 0.886°® 0.114 0.937° 0.184 0.059° 0.008 0.052° 0.008 0.491° 0.008 0.731® 0.033 0.685° 0.174
Mihalig cheese 50 12.039° 0.440 0.233* 0.066 0.267° 0.040 0.104°> 0.039 0.012° 0.009 0.382° 0.035 4.599° 0.281 1.228" 0.185
Kashar cheese 50 6.394* 0.268 0.267° 0.067 0.233° 0.066 0.084° 0.011 0.020* 0.008 0.650° 0.006 4.156* 0.206 0.968° 0.258
P 200 % %k k % %k %k % %k %k % %k %k % %k %k % %k % %k % % %k %k

n: number of analyzed samples. a-d: Means within a column with different letters are significantly different at P<0.001(***).

Mihali¢ cheese had the highest hardness value among
the four cheese types analyzed (P<0.001). There was a sig-
nificant difference in adhesiveness value between white
cheese and other three cheese types (P<0.001). A similar dif-
ference was observed in stringiness and springiness proper-
ties of white cheeses. The firm structure of Mihali¢ and
kashar cheeses resulted in high gumminess values of these
two cheese types (P<0.001).

The Pearson correlation coefficients (r) of textural
properties of cheese samples are shown in Table 4. Hardness
showed strong correlation with gumminess (r= 0.888,
P<0.01) and weak correlation with chewiness (r= 0.400,
P<0.05), whereas this value showed a negative correlation
with springiness (r= -0.400, P<0.05) and adhesiveness (r= -

0.372, P<0.05). Gumminess positively correlated with hard-
ness (r= 0.888, P<0.01), while negatively strong correlated
with springiness (r= -0.485, P<0.01) and adhesiveness (r= -
0.483, P<0.01), and weakly correlated with stringiness (r= -
0.409, P<0.05). Chewiness values showed strong positive
correlation with gumminess (r= 0.536, P<0.01) and positive
correlation with hardness (r= 0.400, P<0.05). There was a
strong positive correlation between cheese types and string-
iness, springiness, adhesiveness and adhesion properties,
whereas no significant correlation was observed for hard-
ness. There was a weak positive correlation between chewi-
ness and cheese type, while a weak negative correlation was
observed for cohesiveness and gumminess.

Table 4. Pearson correlation coefficients (r) among texture profile analysis (TPA) of cheese samples

Textural

properties Hardness Stringiness Springiness Adhesion Adhesiveness Cohesiveness Gumminess Chewiness  Cheese type
Hardness 1 -0.338 -0.400(*) -0.210 -0.372(*) -0.060 0.888(**) 0.400(*) -0.321
Stringiness 1 0.896(**) 0.723(**) 0.958(**) -0.660(**) -0.409(*) 0.295 0.647(**)
Springiness 1 0.882(**) 0.947(**) -0.702(**) -0.485(**) 0.276 0.673(**)
Adhesion 1 0.841(**) -0.792(**) -0.407(*) 0.093 0.462(**)
Adhesiveness 1 -0.711(**) -0.483(**) 0.181 0.605(**)
Cohesiveness 1 0.270 -0.095 -0.427(%*)
Gumminess 1 0.536(**) -0.346(*)
Chewiness 1 0.380(*)
Cheese type -0.321 0.647(**) 0.673(**) 0.462(**) 0.605(**) -0.427(*) -0.346(*) 0.380(*) 1

* Correlation is significant at P<0.05. ** Correlation is significant at P<0.01 .

DISCUSSION AND CONCLUSION

According to the Turkish regulations, the maximum limit of
moisture content in white, kashar and tulum cheese should
be 60-65%, 40-45% and 45% respectively, and salt in dry
matter should be maximum 6.5% for white cheese, 3-4% for
kashar cheese and 5% for tulum cheese (21). The average
moisture contents of the cheese types examined in present
study were below the maximum limits specified in the Turk-
ish Food Codex and the cheese samples were within the ob-
ligated limits in terms of nutritional components. Salt con-
tent, whichis one of the determining criteria especially in the

formation of product flavour, was found to be 3.89% for
white cheese, 2.71% for kashar cheese and 5.04% for tulum
cheese and these values were determined to be within the
regulations. The salt content of Mihali¢ cheese, whose brin-
ing and ripening conditions were similar to white cheese,
was recorded as 6.15%.

In addition, cheeses are divided into 4 different groups
according to fat in dry matter (FDM). These are full-fat
cheese (FDM% > 45), half-fat cheese (25 < FDM% < 45), low-
fat cheese (10 < FDM% < 25) and non-fat cheese (FDM% <
10) (21). In the present study, it was determined that the
cheese samples were in the categories of half-fat and low-
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fat cheese according to their fat content. Among cheese
types, Mihali¢ cheese was found to be more fatty with an
average value of 25.62%.

Bilgin et al. (22) stated that the titratable acidity (LA%)
of 26 full-fat white cheese samples was between 0.60-3.96%
and the average acidity value of white cheeses was 1.19% in
accordance with legal regulations. In addition, they reported
the average moisture content as 53.70%, the average salt
content as 7.71% and the average fat content as 49.03%.

The main differences in the properties of cheeses var-
ied depending on the raw milk composition and physico-
chemical characteristics (1). Based on this, the acidity of
cheeses produced with raw milk is higher than cheeses pro-
duced with pasteurized milk (23). The acidity value of
cheeses was also influenced by a series of factors such as
moisture, lactose and salt contents, ripening process, glyco-
Iytic and lipolytic effects (13). During the ripening process of
the cheese, the breakdown of the available lactose to lactic
acid results in a decrease in pH value, which is followed by
changes in pH depending on the type of cheese (5, 24). The
salt content of cheese was a delicate physicochemical prop-
erty that directly affected the water activity and moisture
value, ripening process and fermentation attributes of
cheese. In addition, a change in salt content could also influ-
ence the protein content and pH value (6).

Significant differences were observed between the L*,
a* and b* values of the cheese types evaluated in the pre-
sent study. This difference in colour values between types of
cheese may be due to the ingredients, especially the milk
used in manufacturing, and the variation in production, rip-
ening and storage processes. There is a positive correlation
between the lightness of cheese and moisture content, indi-
cating that cheeses with higher moisture content are lighter
and brighter. Furthermore, it was stated that the high light-
ness value in the cheeses was mainly provided by the yellow
component (b*) and that the white-yellowish hue was re-
sponsible for the final colour of the cheese (25).

The increase in salt concentration due to the ripening
process causes colour changes in cheeses and thus de-
creases the lightness value. Additionally, cheese colour var-
ies because of different milk sources and heat treatments
during cheese production. The yellow colour of cheeses pro-
duced from cow's milk is associated with the transfer of ca-
rotenoids in feed to milk resulted the increase in b* value
(18, 24). Also, the decrease in fat content of cheese leads to
an increase in lightness value of the product (26).

The texture of cheese was among the most important
factors defining the product, determined by the combination
of its physical and chemical properties (27). Textural profile
of cheeses was also influenced by the processing factors
such as water content, processing time and temperature.
The changes in texture values such as hardness, springiness,
cohesiveness, gumminess and chewiness may be associated
with the decrease in moisture values as well as the diffusion
of salt into the cheese, decrease in pH and changes in casein
matrix. Increasing the water content from 30% to 50%,
which caused the most significant change in textural charac-
teristic of cheese, led to a significant decrease in TPA param-
eters especially hardness, chewiness and gumminess. Be-
sides water content, high pH value, dry matter and protein
content lead to a harder texture in cheeses (2,11,28).
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Furthermore, the type of milk used in cheese produc-
tion also affected the hardness of cheeses. Studies have
shown that white cheeses produced with goat milk were
harder than those produced with sheep milk. This difference
in the textural properties of cheeses produced with different
milk types was explained by different casein structures or ca-
sein concentration in milk. The hardness of cheese depends
on the water-binding of casein and the presence of fat (1,
29).

In the present study, Mihali¢ cheese with the lowest
moisture content had the highest hardness value. On the
other hand, the lowest hardness values were recorded in
white and tulum cheeses that had higher moisture contents.
Moreover, high hardness and springiness values of Mihalig
and kashar cheeses resulted in higher gumminess values.
However, the highest chewiness value was recorded in white
cheese based on high stringiness and springiness values. Due
to these properties, white cheese had to be chewed for a
longer time to be swallowed, whereas tulum cheese with the
lowest hardness was the easiest cheese to chew.

Among the texture profile parameters, hardness and
chewiness were more susceptible to the variation of pro-
cessing conditions and these two parameters showed similar
trends with each other (30). In agreement with our study, Jia
et al. (30) and Zheng et al. (31) reported a positive correla-
tion between chewiness and hardness. On the other hand,
Boukria et al. (32) reported that the difference in the milk
(cow, sheep, goat or camel) used in cheese production, or
the length of the storage period did not affect the texture
parameters such as adhesiveness, cohesiveness or springi-
ness. Higher moisture content in cheese resulted in a de-
crease in its hardness, while higher unsaturation of fatty ac-
ids was associated with a softer texture. Moreover, casein
gels were responsible for fracture and stretch properties of
cheeses (32). The coagulation and protein degradation du-
ring the ripening of cheese led to an increase in springiness,
resulting in a weakening of the protein chains or a low mole-
cular weight peptide network (33). In addition, Tarakg¢i and
Yolasan (34) highlighted that cohesiveness, adhesiveness
and springiness parameters of the texture profile did not dif-
fer in terms of cheese varieties.

All stages in cheese production, such as the type of milk
and other ingredients used in cheese production, process
conditions, ripening time and conditions, preservation char-
acteristics, which differ according to cheese varieties, di-
rectly affect the physicochemical, colour and textural prop-
erties of the final product. Thus, the difference between the
characteristics of cheese samples was found to be signifi-
cant. Textural properties of cheese types are widely influ-
enced by moisture, fat in dry matter, pH value, ripening of
the cheese, type and amount of emulsifying salts, and also
by processing conditions such as processing (melting) tem-
perature and rate of cooling of the molten mass. These dif-
ferences are based on the region and manufacturing pro-
cess. Consequently, the variety of cheeses obtained through
the different applications of the production stages provides
the diversity of the product manufactured in a geographical
area and responds to the tastes of consumers. In this way,
consumers with different palates have the opportunity to
consume cheeses with different flavour and textural charac-
teristics.
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Abstract

The aim of this study was to investigate the prevalence of rotavirus, coronavirus, Cryptosporidium, E.
coli F5 (K99), CI. perfringens and Salmonella spp. and clinical, haematological and biochemical changes
in calves with neonatal diarrhoea and the efficacy of lactoferrin supplementation in standard
treatment in Van and Diyarbakir provinces. The calves with diarrhea were investigated by
immunochromatographic test kit and conventional bacteriological methods. Rotavirus was detected
in 51%, Cryptosporidium in 35%, Cl. perfringens in 23%, coronavirus in 16%, E. coli F5 (K99) in 4%,
Salmonella spp. in 2% of the calves with diarrhea. Giardia spp. was not detected in any calf, while 65%
of the calves had a single agent, 33% had more than one agent. In vitro bactericidal and bacteriostatic
effects of lactoferrin on E. coli 0157, E. coli F5 and Salmonella enteriditis were investigated. Lactoferrin
was found to be effective on bacteria at concentrations of 100 mg/ml and higher, decreased the
mortality rate and showed a positive effect on clinical parameters. It was concluded that lactoferrin
can be used for preventive and therapeutic purposes at doses of 100 mg/ml and higher and will be
more effective in treatment.

Key Words: Calf, diarrhea, lactoferrin, neonatal

Neonatal Buzagilarda Lactoferrinin ishalde Koruyucu ve Terapotik Etkisinin Arastiriimasi

0z

Bu ¢alisma Van ve Diyarbakir illerinde neonatal ishalli buzagilarda rotavirus, coronavirus, Cryptospori-
dium, E. coli F5 (K99), Cl. perfringens ve Salmonella spp.’nin prevalansi ile klinik, hematolojik, biyokim-
yasal degisiklikler ve standart tedavide laktoferrin ilavesinin etkinligini arastirmak amaciyla yapildi. is-
halli buzagilarda immunokromatografik test kiti ve konvansiyonel bakteriyolojik yontemlerle etken
arastirmasi yapildi. ishali buzagilarin %51'inde rotavirus, %35'inde Cryptosporidium, %23'inde CI. perf-
ringens, %16'sinda coronavirus, %4'linde E. coli F5 (K99), %2'sinde Salmonella spp. tespit edilirken.
Giardia spp. hi¢ bir buzagida tespit edilmemistir. Buzagilarin %65'inde tek bir etken bulunurken,
%33'linde birden fazla etken tespit edilmistir. Sagaltimda laktoferrinin E. coli 0157, E. coli F5 ve Sal-
monella enteriditis Gizerindeki in vitro bakterisidal ve bakteriyostatik etkisine bakildi. Laktoferrinin 100
mg/ml ve daha yuksek konsantrasyonlarda bakteriler izerinde etkili oldugu ve 6lim oranini diisir-
digu, ayrica klinik parametreler Gzerinde olumlu bir etki gésterdigi tespit edilmistir. Laktoferrinin 100
mg/ml ve daha yliksek dozlarda koruyucu ve tedavi amagh kullanilabilecegi ve sagaltimda daha etkili
olacagi kanaatine varilmistir.

Anahtar Kelimeler: Buzagy, ishal, laktoferrin, neonatal
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INTRODUCTION

While more than one enteric pathogen (viruses, bacteria and
protozoa) usually play a role in the etiology of neonatal calf
diarrhea, sometimes one primary pathogen may play a role
alone (1-6).

Lactoferrin (Lf), a bioactive peptide that is highly abun-
dant in humans, cattle, mice and pigs, is a multifunctional
iron-binding glycoprotein belonging to the transferrin family
that contains approximately 690 amino acids. Lf plays an im-
portant role in the regulation of defense and immune mec-
hanisms against bacteria, viruses and fungi (7,8). Lf prevents
bacterial adhesion to abiotic surfaces through ionic binding
to biomaterials or specific binding to bacterial structures or
both (9,10). The iron-independent bactericidal effect of Lf
has also been reported. It interacts with the lipoteicoic acid
layer of gram-positive bacteria and the lipopolysaccharide
layer of gram-negative bacteria which eventually leads to a
lethal effect on bacteria (11,12).

It has been shown in many in vitro and animal studies
that Lf reduces the ability of enteric pathogens to adhere to
and invade mammalian cells by disrupting the function of
surface virulence factors and that Lf has a protective effect
on infections with enteric microorganisms, including rotavi-
rus, Giardia spp. and Shigella spp. (13).

In order to maintain vital functions in neonatal calves
with diarrhea, fluid-electrolyte therapy, regulation of acid-
base balance and parenteral administration of nonsteroidal
and antimicrobial agents are required (14). Alternative tre-
atments may also be necessary in order to reduce the use of
antimicrobials, especially since excessive use of antimicro-
bial agents will create further bacterial resistance in animals,
and Lf is known to prevent septicemia progressing with en-
teritis in calves at high risk (15). In addition, it has been re-
ported that the administration of Lf in the early stages of di-
arrhea significantly reduces mortality in calves (16).

The aim of this study is to determine the pathogens de-
tected in diarrheic calves, to reveal the clinical, hematologi-
cal and biochemical alterations caused by diarrhea, to inves-
tigate the protective and therapeutic effect of Lf against the
pathogens in enteritis.

MATERIAL AND METHODS

Animals

The material of the study consisted of 100 neonatal calves
with diarrhea aged 3-20 days of different breeds and sexes
from 42 enterprises around Van and Diyarbakir provinces
and 20 healthy neonatal calves as control group. For clinical
data, the patient's history including address, sex, gender,
age, recovery period and prognosis were recorded.

Physical examination of each patient was performed
and physical activity was categorised as lively, quiescent,
depressed and comatose. Alive was defined as a normal
response to stimuli and a sucking reflex; stagnant was
defined as a state of stagnation in which the animal
exhibited relative indifference to normal stimuli and a weak
sucking reflex; depressed was defined as a state of marked
indifference in which the animal did not respond at all to
external stimuli, had no sucking reflex but was able to stand
and move; coma was defined as a state of complete apathy
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in which the animal was unconscious and could not be
aroused.

Dehydration scores were classified according to the
degree of eyeball retraction estimated by the distance
between the eyeball and the palpebral conjunctiva.

Dehydration was evaluated as follows; dehydration less
than 6% when eyeball regression was 3 mm, dehydration 8%
when it was 4.5 mm, dehydration 10% when it was 6 mm,
dehydration 12% when it was 7 mm, and dehydration over
12% when it was over 7 mm. The values of fever, pulse,
respiration, skin elasticity and diarrhoea scores of the calves
were recorded. Dehydration was calculated according to
haematocrit value, Na+, TP and urea results obtained from
clinical findings and Edan 115 blood gas device.

In order to determine the diarrhoea scores of the sick
animals, normal stools were scored as 1, soft pasty 2, loose
3, watery 4, and the scores before and after treatment were
recorded.

Aetiological Agents Analysis

Salmonella spp. stool samples were examined with
conventional bacteriological methods and identified with
the VITEK Il (Biomerieux, France) device and the results were
serologically confirmed.

VETIMA 313/5 lateral flow immunochromatographic
rapid diagnosis kit(BioX diagnostic, Belgium) was used for
the detection of rotavirus, coronavirus, cryptosporidium, E.
coli K99 (F5) and Cl. perfringens colonies suspected of E. coli
and E. coli K99 (F5) by using immunochromatographic test
kit were further analysed by conventional bacteriological
methods and identified in VITEK Il identification device.

The stool samples were diluted one to one with
physiological saline and zinc sulphate flotation method and
examined by direct microscopic examination with x10, x20
magnification for Giardia spp..

Blood Samples and Analysis

For haematological study, blood was collected from the
jugular vein into K3 EDTA tubes, and WBC (x10*9/L), Hct %,
RBC (x10*12/L), Hb (g/dl), MCV (fL), MCH (pg), MCHC (g/dl),
PLT (x10*9/L) before and after treatment were analysed by
Genius KT6200 automatic haemogram device. Serum
samples were analyzed in terms of TP, GGT, albumin, BUN
and glucose on Mindray BS 120 biochemistry device.

1 ml blood sample were taken from the jugular vein
using a 23 G needle with heparin from 44 animals with
diarrhea for blood gas analyses. Blood samples were placed
on 15VET Veterinary Test Card BG 10 (pH, pCO2, p0O2, Na+,
K+, Cl-, Ca++, Hct, Glu, Lac) and analysed on EDAN 115 blood
gas analyser device.

Microbiological Analyses

To determine the invitro activity of Lf on bacteria, E. coli
0157 (ATCC 43895), Salmonella enteriditis (ATCC 14028), E.
coli F5 (K99) field strains as 0.5 MFU (1.5x102 cells/ml) were
added to the dilutions prepared in tryptose broth containing
400 mg/ml, 200 mg/ml, 100 mg/ml, 10 pl/ml Lf according to
Cowan and Steel's Manual for the Identification of Medical
Bacteria method. After the tubes were incubated at 37°C for
24 hours, the number of bacteria in the petri dishes was
calculated as cfu/ml and the activity of Lf on bacteria in vitro
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was calculated. In order to determine the MIC activity of Lf
on bacteria using a different technique simultaneously, 4
wells with a diameter of 0.5 mm were opened in Miiller
Hinton Agar and 50 ul of 400 mg/ml, 200 mg/ml, 100 mg/ml,
10 mg/ml Lf dissolved in sterile distilled water was added
into the wells and the bacteriostatic activity zone diameter
was determined.

Neonatal calves wit diarrhea were divided into 2 equal
groups (n=50); as Lf Supported Treatment Group (LSTG) and
as Standart Treatment Group (STG).

In both groups were treated as follows parenteral
enrofloxacin (2.5 mg/kg/day, im), ceftiofur (1 mg/kg/day im),
and/or the oral antibiotic neomycin (500 mg/kg/day) was
given. In calves infected with Cl. perfringens, metronidazole
(7.5 mg/kg/day) was administered, and those infected with
Cryptosporidium spp. halofuginone (0.1 mg/kg/day) was
administered. In addition to calves in the first group was
given120 mg/kg/day of Lf (Tatura-BIO™ LF Powder) orally for
3 days,

Serum total protein (STP) and GGT levels were analyzed
in Mindray BS 120 biochemistry device for analysing passive
transfer failure in blood taken from calves before treatment.

In this study, descriptive statistics for continuous
variables were expressed as mean and standard error. Two-
tailed independent t-test was used to compare group means
in terms of continuous variables. The statistical significance
level was taken as 5% and IBM SPSS Statistics 22 statistical
package programme was used for calculations.

RESULTS

Etiological Findings

According to the results of the immunochromatographic
test kit in the diarrheal calves, rotavirus was detected in 51,
coronavirus in 16, Cryptosporidium in 35, Cl. perfringens
in 23, E. coli F5 (K99) in 4, and Salmonella spp. was detected
in 2 animals in the study performed by classical
bacteriological methods. Giardia spp. was not detected in
any of the calves included in the study. However none of the
agents investigated were found in the two animals included
in the study (Table 1).

Table 1. Agents detected in diarrheic calves.

Agents n=100 %
Rotavirus 51 51%
Coronavirus 16 16%
Cryptosporidium 35 35%
Cl. perfringens 23 23%
E.coli K99 (F5) 4 4%
Salmonella spp. 2 2%
Giardia - 0%
None of any agents were detected 2 2%

In this study, 65% of the calves with diarrhoea had a
single agent associated with diarrhea and 33% had multiple
agents. Rotavirus-Cryptosporidium in 18 animals, Rotavirus-
Cl. perfringens in 11 animals, Rotavirus-Coronavirus in 1 ani-
mal, Rotavirus-Coronavirus-Cryptosporidium in 1 animal, Co-
ronavirus-Cl. perfringens in 1 animal, Rotavirus-Cryptospori-
dium-Cl. perfringens in 1 animal were determined as mixed
infection (Table 2).

Table 2. Mix Agents detected in diarrheic calves.

Agents n=100 %
Rotavirus —Cryptosporidium 18 %18
Rotavirus- Cl. perfringens 11 %11
Rotavirus —Coronavirus 1 %1
Rotavirus-Coronavirus —Cryptosporidium 1 %1
Rotavirus-Cryptosporidium- Cl. perfringens 1 %1
Coronavirus-Cl.perfringens 1 %1

Clinical Findings
During treatment period, 6 out of 50 animals died in LSTG
and 9 out of 50 animals in STG.

The mean body temperature of the calves with diarr-
hea in LSTG was 38.04+1.89°C before treatment,
38.38+0.3°C on the 3rd day of treatment and 38.34+0.2°Con
the 5th day.

The mean body temperature of the calves in the STG
was 37.85+1.76°C before treatment, 38.25+0.33°C on the
3rd day and 38.18+1.01°C on the 5th day of treatment.

Body temperature in the control group was 38.6°C and
the statistical difference on the 1st day was p<0.05 and there
was no difference between the body temperature values on
the 3rd and 5th days (p>0.05). There was no difference
between LSTG and STG in the statistical analysis (p>0.05) as
shown in Table 3.

Table 3. Clinical findings in diarrheic calves

Lf Supported Treat-
ment Group (LSTG)
(X £ SX ) (Min-Max)

Classical Treatment
Group (CTG)
(X £ SX ) (Min-Max)

Body p
Temperature °C value
Oth day 38.04+1.89(32.0-39.9)  37.85%1.76(33.0-39.8)

3rd day 38.38+0.3(37.4-38.9)  38.25+0.33(37.4-38.6) >0.05
Sth day 38.34+0.2(38.3-38.7)  38.18+1.01(38.2-38.6)  >0.05
Heart rate/min

Oth day 109.9425.05(24-144) 115.2420.54(60-136)

3rd day 111.549.8(94-128) 113.816.72(96-124)  >0.05
5th day 108.4+7.21(96-116) 112.745.93(92-122)  >0.05
Respiratory

rate/min

Oth day 34.48+10.25(20-52) 34.76+8.7(18-56)

3rd day 33.62296(28-36) 32.9+2.8(30-36)  >0.05
Sth day 32.89+2.44(30-36) 32.4+2.08(28-36)  >0.05
Enophtalmus/mm

Oth day 2.44+1,19(0-4) 2.241.05(0-4)

3rd day 0.28+0.50(0-2) 0.26+0.49(0-2)  >0.05
5th day 0.04+0.20(0-1) 0.12+0.33(0-1)  >0.05
Skin folding/sec

Oth day 2.65+1,4(1-5) 2.44+0.09(1-6)

3rd day 1.06+0.25(1-2) 1.14+0.42(1-2)  >0.05
Sth day 1£0.01(1-1) 1+0.01(1-1) >0.05
Diarrhea score before

and after treatment

Oth day 3.18+0.75(1-4) 3.02+0.68(1-4)

3rd day 1.5140.59(1-3) 1.88+0.71(1-3)  <0.05
5th day 1.16%0.37(1-2) 1.3+0.56(1-3)  <0.05

“p value was obtained by independent t-test

Hematologic and Biochemical Findings

As shown in the tables (Table 4, 5, 6). WBC values in LSTG and
STG groups were statistically significant before and after treat-
ment (p<0.001). In comparison with the control group and tre-
atment groups, the statistical difference on the 1st day was
p<0.05 and no difference was found on the 3rd day (p>0.05).
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Table 4. Hematological findings of LSTG ( X £ Sx')

Before After Control p
Treatment Treatment Group value
WBC (x109 /L) 23.79%17.2 7.59+3.6 8.45£1.32 <0.001
Hct (%) 38.17¢14.9 31.437.71 27.45%2.06 <0.01
RBC(x1012 /L) 10.59+2.06 9.06+1.02 9.12+0.83 <0.001
Hb (g/dL) 11.01#3,62 9.45+1,87 9.83+0.62 <0.01
MCV (fL) 35.55%9.55 35.1247.74 33.37435 >0.05
MCH (pg) 9.90+2.44 10.5242.27 10.9241.11 >0.05
MCHC (g/dL) 29.82+6,09 31.20%9.67 36.0243.6 >0.05
PLT (x109/L) 455.9+9.86 517.96+225.2 585.5+105.3 >0.05
Table 5. Hematological findings of CTG ( X + Sk')
Before After Control p value
WBC (x109 /L) 21.77+#12.32 6.86+3.42 8.45+1.32 <0.001
Het (%) 37.3428.30 30.5246.52 27.45+2.06 <0.001
RBC(x1012 /L) 11.68£2.03 10.012.52 9.12£0.83 <0.001
Hb (g/dL) 11.40£2.03 9.8242.52 9.83+0.62 <0.001
MCV (fL) 33.19145.84 31.26%5.51 33.3843.5 >0.05
MCH (pg) 10.02%1.59 10.22+2.67 10.92+1.11 >0.05
MCHC (g/dL) 30.13+4.32 30.01+4.86 36.0243.6 >0.05
PLT (x109/L) 497.90+213.8 546.54+305.4 585.5£105.3 >0.05

Table 6. Compare of biochemical findings in diarrheic calf and control group

Control Group Mean

X  SX (Min-Max) (n=100) + 5D (n=20) p value
STPg/L 46.4+13.45 (10.5-70) 57.9+2.93 <0.001
GGT U/L 172.41£253 (2.2-2233.6) 486256 <0.001
Alb g/L 37.16+7.15 (17-46.2) 32.25+2.14 <0.01
BUN mmol/L 8.8617.76 (2.16-28.36) 3.76%1.3 <0.001
GLU mmol/L 3.1543.77 (<1-32.5) 2.92+0.58 >0.05

In the LSTG and STG groups, Hct results before and af-
ter treatment were statistically significant as shown in the
table (p<0.01). There was no difference between LSTG and
STG (p>0.05).

In the Control Group, there was a statistical difference
on day 1 (p<0.001) and no difference was found on day 3 af-
ter treatment (p<0.05). In the LSTG and STG groups, the re-
sults before and after treatment were statistically significant
(p<0.01) as shown in the table (p<0.001). There was no sta-
tistical difference between LSTG and STG (p>0.05). Hb (g/dI)
in LSTG was statistically different before and after treatment
(p<0.05).

In STG, the difference in Hb (g/dl) before and after tre-
atment was statistically significant (p<0.05).

In the control group was found to be statistically signi-
ficant on day 1 (p<0.05) and no difference was found on day
3 (p<0.05). There was no difference between LSTG and STG
(p>0.05).

DISCUSSION AND CONCLUSION

In newborn calves, mostly rotavirus, coronavirus, entero-
pathogenic E. coli, Salmonella spp., Cl. perfringens and Cryp-
tosporidium spp. caused by diarrhea has a high mortality

rate. Other important causes of calf deaths include immuno-
deficiency, seasonal effects, difficult birth, faulty herd mana-
gement and insufficient colostrum intake (3).

Brunauer et al. (5), meta-analysed from 1293 studies
(94 sub-studies) in 21 different countries, and reported the
highest combined mean prevalence of worldwide diarrhea
agents in calves. According to his study 12 208 animals in
approximately 2110 herds; mean prevalence was reported
as 6.69% for rotavirus-Cryptosporidiosis, 2.84% for rotavirus-
coronavirus, and 1.64% for rotavirus-E. coli K99 (ETEC).

In this study, according to the immunochromatographic
test kit results, rotavirus was found in 51 (51%) of the
diarrheic calves, Cryptosporidium in 35 (35%), Cl. perfringens
in (23%), coronavirus (16%) in 16, E. coli F5 (K99) in 4 (4%),
and Salmonella spp. was determinedin 2 (2%) calves. Giardia
spp. could not be determined in any of the calves included
to the study, and none of any relevant agents were detected
in two calves.

In our study, a single factor was determined in 65% of
the diarrheic calves, and multiple factors were determined
in 33%. As mixed infections, rotavirus-Cryptosporidium was
found in 18 animals, rotavirus-coronavirus in 1 animal, rota-
virus-Cl. perfringens in 11 animals, rotavirus-coronavirus-
Cryptosporidium in 1 animal, coronavirus-Cl. perfringensin 1
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animal and rotavirus-Cryptosporidium-Cl. perfringens were
found in 1 animal.

When our findings are compared with the previous
studies, the rate of rotavirus-Cryptospordium is also in the
highest percentile in this study, but the rate of rotavirus-
E.coli F5, rotavirus-coronavirus was found to be lower than
in previous studies. We think that this is probably due to the
geographical conditions, newer diagnostic methods, herd
management systems, vaccination, colostrum management,
lateral flow and higher sensitivity of immunochromatographic
test kits than acid-fast staining methods.

We were examined enophthalmia, skin wrinkling time
and diarrhea scores were examined in two different treat-
ment groups. When these parameters were compared with
control groups the body temperature, heart and respiratory
rate, dehydration levels were high and there was an increa-
sed enopthalmia and skin folding time was prolonged. The
results were consistent with previous studies on neonatal di-
arrheal calves (17-19).

In this study, the clinical findings improved rapidly in
two different groups, and the efficacy before and after the
treatment was found to be statistically significant between
the groups (p< 0.05). In the LSTG, a statistically significant
difference was found in the diarrhea score compared to the
classically treated group (p< 0.01).

The blood gas evaluation of 44 calves, it was observed
that pH, Na*, Cl, HCOs", Ca** were at low concentrations, and
CO: and K* concentrations were high, and the findings are
similar to the findings of many researchers (20-23). Accor-
ding to the literature searches, it has been stated that it Ca**
increases the reabsorption of ions and fluids by decreasing
the intestinal calcium-sensing receptor (CaSR) and leading to
a reduction in intestinal secretion and motility (24).

In our study, according to the analyzes performed with
the blood gas kit; Ca** was found to be low in 33 (75%) of 44
animals and at normal levels in 11 (25%). The reason for the
low Ca*™ level is thought to occur probably by the factors that
cause diarrhea caused the destruction of CaSR in the intes-
tine. In the literature review, adequate studies on serum Ca**
levels in calves with diarrhea have not been determined.

Mean serum total protein level in diarrheic calves was
determined as 46.4 mmol/L, in the study. When animals with
diarrhea were compared with the control group (57.9 +
2.93), 69 animals (69%) had low, 15 (15%) had normal, 16
(16%) had high serum total protein levels. Serum GGT levels
were 172.41 U/L in diarrheic calves that were 1-13 days old
and 486 U/L in the control group. In this study, when the di-
arrhea group and the control group are compared in the di-
rection of passive transfer failure (PTF), a highly significant
(p<0.001) difference is obtained. Considering the data obta-
ined, it is seen that the low serum GGT level, especially in
calves with diarrhea, indicates PTF and is consistent with the
literature data of the researchers (25). At the same time, a
positive correlation was found between low GGT level and
low STP level. Therefore, it is seen that GGT can be used sa-
fely in the detection of PTF and in colostrum management.

The mean blood glucose level was determined as
3.18 mmol/L in calves with diarrhea and 3.92 mmol/L in the
control group, and the statistical difference between the
groups was found to be significant (p<0.05) in our the study.
When the data we obtained are compared with the litera-
ture data, it is seen that the restriction of food intake due to
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diarrheain calves, the pathological changes in the intestines,
the food cannot be digested and as a result hypoglycemia is
formed. The current findings of our study are compatible
with previous studies (23,26).

In our study, statistically significant differences were
found in WBC, Hct, Hb, RBC levels, before and after treat-
ment. Panousis et al. (26) stated in their study that calves
with diarrhea had higher RBC, Hb and Hct values compared
to healthy calves. Again, various researchers reported that
Hct, Hb, and RBC concentrations in calves with diarrhea were
high due to dehydration (27-29). It was determined that our
present findings were consistent with the studies, and the
hydration status was effective on Hct, Hb and RBC. WBC le-
vels were high due to infectious agents.

Lf has two main effects on enteric pathogens: it inhibits
proliferation and impairs the function of surface virulence
factors, reducing their ability to adhere and invade mamma-
lian cells (13). Paredes et al. (30) investigated the anticryp-
tosporidial activity of Lf on different stages of Cryptospori-
dium and determined that physiological concentrations of Lf
killed C. parvum sporozoites and had no significant effect on
the viability of oocysts or the intracellular development of
the parasite. Since sporozoites in the digestive tract are es-
sential for the infection process, Lf in breast milk inhibits int-
racellular migration of sporozoites during lactation, pointing
to the potential of lactoferrin as a new therapeutic agent for
Cryptosporidiosis.

In this study, microbiological examinations were car-
ried out to determine both the MIC value and in vitro effec-
tiveness of Lf on Salmonella spp., E.coli F5 (K99), E.coli 0157
under laboratory conditions. In our study, it was determined
that Lf was effective at the lowest concentrations of 100
mg/ml and above to show bacteriostatic effect and inhibited
the growth of bacteria, while its effectiveness was weak at
lower concentrations.

Biernbaum et al. (31) studied various concentrations of
lactoferrin against common dairy pathogens such as S. ente-
rica and E. coli 0157:H7. They report that the growth of E.
coli 0157:H7 was significantly reduced at levels higher than
14.05 mg/ml lactoferrin, while for S. enterica, lactoferrin
concentrations of 112.5 mg/ml or above suppressed the
growth on in milk.

The findings obtained in our study was consistent with
the findings of Biernbaum et al. (30). For this reason, it is
clear that researchers should apply at the lowest concentra-
tion of 100 mg/ml in the future studies.

Mosquito et al. (32) reported that Salmonella enterica
subsp. enterica serovar typhimurium causes systemic infec-
tion and acute diarrhea in humans, especially in children yo-
unger than 2 years of age. In an in vivo study they performed
on rats, using cattle Lf on this infection reduced the severity,
mortality rate and inflammatory rate of the infection. Labo-
ratory findings obtained in this study support the findings of
Mosquito et al. (31) and clearly show that Lf has a bacterios-
tatic effect on Salmonella spp. In our study to determine the
in vitro efficacy of Lf on Salmonella spp., E.coli F5 (K99), E.coli
0157 under laboratory conditions, it was observed that after
24 hours of incubation, it changed from bacillus morph to
coccobacillus morph in bacterial morphology. Ostan et al.
(33) reported that Lf can damage the outer membrane in
gram-negative bacteria and change the bacterial outer
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membrane permeability, which showed that Lf also had an
effect on cell morphology.

In this study, to determine the effect of Lf application
on total bacterial release in the stool of in animals in the
control group; it was determined that the average of fecal
bacterial load before Lf administration was 3880 cfu/g and
after Lf administration, the bacterial load was 1736 cfu/g,
and the difference between the 1%tand 2" day was statisti-
cally significant (p<0.001). In the control group that did not
received Lf, the average fecal bacterial load was 3950 cfu/g
on the 1st day and 3870 cfu/ml on the 2" day. There was no
statistical difference between the mean bacterial load on the
1st and 2™ day (p>0.05). This supports the view that Lf may
be significantly effective against pathogens, especially in the
gastrointestinal tract.

In this study, an infectious agent associated with diarr-
hea was determined in 98% of neonatal calves with diarrhea.
With field and laboratory studies, it has been determined
that lactoferrin contributes to clinical improvement on the
factors determined in diarrhea and the minimal dose to be
used in treatment is 100 mg/ml.

The study fully demonstrated that lactoferrin may have
bioprotective potential and its efficacy as an antimicrobial
additive. It is thought that the application of adequate and
appropriate doses, especially on animals at risk, will give suc-
cessful results in both prevention and treatment, and it is fo-
und that more field and experimental studies are needed to
limit the use of antibiotics in this regard and to create an al-
ternative in protection against pathogens in sensitive peri-
ods.
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Oz

Bu galisma ile Elazig ve Diyarbakir yorelerindeki koyunculuk isletmelerinde 2018 yili icerisindeki mera
o6ncesi ve mera sonrasi donemde karsilasilan ayak hastaliklarinin goriilme sikliklarinin arastirilmasi
amaclandi. Farkli yas, irk ve cinsiyetlerdeki 10000 koyun/kog tizerinde yapilan incelemelerde
hayvanlarin %5.3’tiinde ayak lezyonlarina rastlandigi belirlendi. Piyetenin hem mera 6ncesi (%38) hem
mera sonrasi (%46.43) donemlerde en sik rastlanilan ayak lezyonu oldugu tespit edildi. Mera 6ncesi
dénemde ayak lezyonlarina gogunlukla 6n ayaklarda (%64) rastlanirken, mera sonrasi dénemde arka
ayaklarda (%60.71) rastlandi. Calisma boyunca degerlendirilen erkek hayvanlarin sayilarinin az olmasi
ve herhangi tirnak hastaligina rastlanmamasi dolayisiyla cinsiyete bagl bir degerlendirme yapilmadi.
Sonug olarak bakim ve besleme sartlarindaki yetersizlikler gibi yetistirici kaynakh olumsuzluklar ile
cevresel sartlarin etkisinin ayak lezyonlarinin olusmasinda oldukga etkili oldugu kanisina varildi.

Anahtar Kelimeler: Ayak hastaliklari, Elazig, Diyarbakir, gortlme sikligi, koyun, piyeten

Evaluation of Foot Diseases Encountered in Sheep Farms in Elazig and Diyarbakir Regions
Abstract

This study aimed to investigate the frequency of foot diseases encountered in the pre-pasture and
post-pasture periods in sheep farming enterprises in Elazig and Diyarbakir regions in 2018. In the
examinations carried out on 10000 sheep/rams of different ages, breeds and genders, it was
determined that foot lesions were found in 5.3% of the animals. It was determined that footrot were
the most common foot lesion in both the pre-pasture (38%) and post-pasture periods (46.43%). In the
pre-pasture period, foot lesions were mostly found on the forelimbs (64%), while in the post-pasture
period they were found on the hind legs (60.71%). Since the number of male animals (n=15) evaluated
throughout the study was low and no foot diseases were observed, no gender-related evaluation was
made. As a result, it was concluded that breeder-related negativities such as inadequate care and
feeding conditions and the effect of environmental conditions are very effective in the formation of
foot lesions.

Key Words: Elazig, Diyarbakir, foot diseases, footrot, incidence, sheep
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Ayak hastaliklarina rastlanan giftlik hayvanlari sagaltim mas-
raflari, Gretimden erken cikarilmalari, kilo kaybi, siit verimin-
deki azalmalar ve dél veriminin diismesi sebebiyle cok buyik
ekonomik kayiplara sebep olmaktadir (1-5).

Koyun ve kegilerde ayak hastaliklari, etiyolojisinde bir-
¢ok hazirlayici ve yapici sebeplerin oldugu multifaktoriyel
problemlerdir. Barinak sartlarindaki problemler, mevsimsel
degisiklikler, beslemeye baglh problemler, irk ve genetik yat-
kinhk durumu, gebelik, tirnagi dogrudan etkileyen travmalar,
slradeki sistemik hastaliklar ve gesitli enfeksiyon etkenleri
ayak hastaliklarinin olusumunda rol oynamaktadir (6).

Koyunlarda basta piyeten olmak lzere birgcok ayak has-
tahg ile karsilagilabilmektedir. Piyeten, koyun yetistiriciligi-
nin yogun oldugu ingiltere, Avusturalya, Yeni Zelanda gibi
diinyanin pek cok lkesiile Tiirkiye’de goriilen ve en ¢ok eko-
nomik kayba sebep olan ayak hastaligidir (7). Barinma ve ba-
kim kosullarinin kot oldugu sirilerde hizli bir yayihm gos-
termesi, sit ve dél veriminde azalma olmasi sebebiyle ol-
dukga ciddi bir ayak hastaligidir (8). Koyunlarda sik rastlani-
lan ve ekonomik kayiplara sebep olan diger bir ayak hastalig
ise tlyllce ya da sinlzitis interdigitalis olarak adlandirilan
her iki tirnak arasinda bulunan icerisinde yag ve apokrin ter
bezlerini bulunduran siniis bifleksin yangisidir (9-11). Ulke-
mizde koyun yetistiriciligi yapilan isletmelerde tirnak bakimi
konusundaki yetersizliklerin en fazla sebep oldugu diger bir
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problem ise tirnak deformasyonlari oldugu yapilan diger ca-
lismalarda tespit edilmistir (6,12).

Bu galisma ile Elazig ve Diyarbakir yorelerindeki kigtk
ve biyik olgekli isletmelerde bulunan koyunlarda karsilasi-
lan ayak hastaliklarinin prevalansi ile ayak hastaliklari lize-
rine bolgenin toprak ve iklim sartlarinin etkisinin arastiril-
masi amaglandi.

MATERYAL VE METOT

Calismanin Dizayni ve Ayak Hastaliklarinin Tespiti

Aragtirmanin materyalini, Elazig ve Diyarbakir yoresinde ye-
tistirilen degisik 1rk, cinsiyet ve yastaki 10000 koyun olus-
turdu. Calismaya dahil edilen hayvanlarin 5000 tanesi mera
oncesi donemde, 5000 tanesi ise mera sonrasi donemde de-
gerlendirildi. Calismaya dahil edilen sirilerin isletme sahip-
lerinden hayvan sayisi, irk, cinsiyet ve yas dagilimi ile barinak,
bakim ve beslenme kosullari gibi siirii geneline ait bilgiler ayr
ayri toplanip degerlendirildi. Daha sonra siirlideki koyunlarin
inspeksiyonla muayeneleri yapilarak topallik gbzlenen veya
ayak bolgesinde patolojik bir gériinti tespit edilen hayvanlar
ayri bir béliime alinip sistematik ayak muayenesi yapilarak
hastaligin teshisi yapildi. Siri geneline ait tim bilgiler asa-
gida belirtilen ayak hastaliklari tespit formu (Sekil 1) ile kayit
altina alind. isletmelerdeki eksiklikler ve hatalar isletme sa-
hiplerine bildirildi.

AYAK HASTALIKLARININ TESPiT FORMU
Tarih:
ISLETME SAHIBI
ISLETME NUMARASI

ISLETME TIPI
ISLETME ADRESI

AYAK HASTALIGI BULUNAN HAYVANLARA AiT BiLGILER
Adi-Soyadi:
Bulundugu il/ilge/koy:
Gidildigi ay/mevsim:
1)
2)
3)
a) Siit
4)
Kuzu
5.)

Ahinn biiyiikligi

Ahinn kapasitesi
Isletmenin tipi
b) Besi

Ahinn mevcut koyun sayisi

¢) Aile

Ahirin taban yapist
6.) Mcranin taban yapist
7)  Ayak hastaliklarinda profilaktik amagla

a) Ayak Banyolart:
Kullamtmiyor[ |

Kullamliyor I:]
Kesilmiyor :]

b)Uzayan Tirnaklar:
Diizenlenmiyor

Kesiliyor[ |

¢) Rasyon Amaca Yonelik Olarak
Diizenleniyor :]
8.)Ayak banyosu kullamliyor mu? Kullamhyorsa ne siklikla kullanihyor
b)Haftada bir ¢)Ayda bir

9.) Hangi mineral maddeler kullamldi
b) Yalama tas1

a)Her giin d)Y1lda bir

a) Kaya tuzu c¢) Karma vitamin

10) Hayvanin kulak mumarast.............oeveeevieinierecreinnnninereennnns

11) Hayvanin k1

12) Hayvanin vilent afirlighs ..o

13) Mayvanin:ginsiyetis:sumsganrninsinninnimnnnisenss

14) Hayvanin siit verimi (ortalama); .............covvvviiivminriiienrnrennininnn,

15) Topalligin derecesi:
Normal yiiriiyiis
............... Ara sira topallama

Ayakta dururken Hayvan ayafim askiya altyor, yiiriirken basabiliyor
Ayapn siirekli askida tutmast, hareket esnasinda belirgin topallik
Ayagim siirckli askida tutmasi

16) Deforme tirnak yapist var mi?
a) Kiit Tirnak  b)Sivri Tirnak
¢)Yayvan Genis Dolgun Timak f) Cift Taban
17)Lezyonun bulundugu tirnak (medial/lateral)

¢) Kavislegmis d) Makas Tirnak
g) Tirnak Arast Aynk h)Timak Diigmiis

Saf on /saf arka I:l sol &n / sol arka|:|
18)Topallifin goriildigii zaman
Dogumdan éncc Dogumdan sonra :I

19)Topalligin goriildiigi donem ve mevsim

Alnr dénemi :] Mera donemi |

ilkbahar Yaz I: Sonbahar |:|
20)Tam: . .o nisiamvavsssivaniorien i

21) Tedavi yapildiysa ne kullamldi : ........cccoovennmminniinmniniiniinnnen.
22) Sonug ve dilsiinceler;

o]

Sekil 1. Ayak hastaliklari tespit formu
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Toprak Analizinin Yapilmasi

Calismaya dahil edilen koyun siirilerinin mera déneminde
otlatildiklari cayir veya meralardan alinan toprak numune-
leri, calismanin toprak materyalini olusturdu. Toprak numu-
nesi meranin biyukligine gore 8 ya da 10 farkli noktadan
alinarak mineral analizi ve pH tayini yapildi. Toprak 6rnekle-
rinin analizleri Dicle Universitesi Ziraat Fakiiltesi Toprak Ana-
liz Laboratuvari’nda gergeklestirildi.

Aylik Ortalama Nem Oranlarinin Belirlenmesi

Koyunlarin ayak hastaliklari yoniinden takip edildikleri proje
slresi boyunca calisma alani olarak belirlenen bdélgelerin ay-
lik ortalama nem oranlari Elazig ve Diyarbakir Meteoroloji is-
tasyonlarinin 8lciimleri esas alinarak Devlet Meteoroloji Is-
leri Genel Miidirliigi’nden temin edildi.

BULGULAR

Yapilan ¢alismada 5000 tanesi mera 6ncesi dénemde, 5000
tanesi de mera sonrasi donemde olmak lzere toplam 10000
hayvan ayak hastaliklari yoniinden degerlendirildi. Mera 6n-
cesi donemde degerlendirilen hayvanlarin %5’inin mera son-
rasi donemde degerlendirilen hayvanlarin ise %5.6'sinin
ayaklarinda lezyonlara rastlandi. Mera dncesi donemde ayak
hastaliklarina rastlanan koyunlarin %64’tGnin 6n ayakla-
rinda, %36’sinin ise arka ayaklarinda lezyonlara rastlandi.
Mera sonrasi donemde ayak hastaliklarina rastlanan koyun-
larin ise %39.29’unda 6n ayaklarda, %60.71’inde ise arka
ayaklarda lezyonlara rastlandi. Calismada degerlendirilen er-
kek hayvan sayisinin ¢ok az olmasi (n=15) ve bu hayvanlarin
higbirinde tirnak hastaligina rastlanmamasi sebebiyle cinsi-
yete gore degerlendirme yapmanin dogru olmayacagini di-
stindirdd.

Calisma sirasinda agillarin ¢ogunlugunun bilingsiz ve
imarsiz oldugu, hijyenik kosullarinin uygun olmadigi ve hay-
vanlarin alanlarinin oldukga dar oldugu tespit edildi. Calis-
mada degerlendirilen isletmelerin zeminlerinin ¢ogunlukla
toprak oldugu, diski kanallarinin yetersiz hatta bazi isletme-
lerde hi¢ olmadigi belirlendi. Yine barinaklarin bircogunda
havalandirmanin olmadigi tespit edildi. isletme sahiplerinden
alinan bilgiler dogrultusunda tirnak kesimi ve ayak banyolari
basta olmak Uzere tirnak bakimina gereken énemin verilmedigi
belirlendi. Hayvanlarin yetistiriime amacina uygun rasyonlarla
beslenmedigi, yalama tasi disinda tirnak saghginda énemli yeri
olan ek minerallerin kullaniimadigi belirlendi.

Calismada degerlendirilen koyunlarda tespit edilen
ayak hastaliklarinin mera 6ncesi ve sonrasi dénemlere gore
dagilmi Tablo 1’de sunuldu. Calisma boyunca karsilasilan
lezyonlar ise Sekil 2’de sunuldu. GCalismaya dahil edilen ko-
yunlarin yasadiklari bélgelerden alinan toprak numuneleri-
nin makro ve mikro analiz verilerinin ortalama degerleri ile
Ocak-Ekim 2018 tarihleri arasindaki aylik ortalama nispi nem
oranlari ise Tablo 2 ve Tablo 3’de sunuldu.
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Tablo 1. Ayak hastaliklarinin mera 6ncesi/mera sonrasi dénemlere
gore dagihmi (%)

Ayak Hastalig Mera 6ncesi (%) Mera sonrasi (%)

Tirnak deformasyonu 30 25.00
Piyeten 38 46.43
Sindzitis interdigitalis 32 28.57
Toplam 100 100.00

& e 3 &
Sekil 2. Piyeten tespit edilmis bir koyun (a), midahale edilmis bir piye-
ten olgusu (b), tirnak deformasyonu (c,e), arka ayaklarinda topallik
semptomu gosteren bir koyun (d), calisma sirasinda agil ve merada kar-
silasilan zemin tipleri (f, g).

Tablo 2. Calismada alinan topraklarin mikro ve makro analizleri so-
nucu elde edilen ortalama veriler

Toprak analizleri Degerler
Su ile doymuslugu (%) 66.55
Blinye Killi ve tinh
Tuz orani (%) 0.14 (Tuzsuz toprak)
pH 8.28 (Alkali toprak)
Kire¢ CaCO3 orani (%) 4.33 (Az kiregli toprak)
Fosfor kg/da 37.38 (Gok fazla)
Organik madde (%) 3.86 (yi)
Se 3.42
Ni (mg/kg) 37.46
Ca (mg/kg) 26.647
K (mg/kg) 6.376
Mg (mg/kg) 9.829
Na (ppm) 272.8
Cd (mg/kg) 0.1032
Co (mg/kg) 19.04
Cu (mg/kg) 35.72
Fe (mg/kg) 27.078
Mn (mg/kg) 826.4
Zn (mg/kg) 99.95
Pb (mg/kg) 11.74




Giinay ve ark., Dicle Univ Vet Fak Derg 2024;17(2):150-154

Elazig ve Diyarbakir Yoresi Koyun Ayak Hastaliklarinin Degerlendirilmesi ...

Tablo 3. Calismanin yapildigi donemde (Ocak-Ekim 2018) yili Elazig ve Diyarbakir illerinin aylik ortalama nispi nem oranlari (%)

1 2 3 4 5 6 7 8 9 10

Elazig 72.8 67.4 54.0 39.6 62.1 432 24.3 23.6 29.0 51.8

Diyarbakir 77.3 74.5 63.2 53.0 67.5 37.9 24.4 24.5 29.2 51.8
TARTISMA VE SONUC Koyun vyetistiriciliginin yogun olarak yapildigi ulkeler-

Ayak hastaliklar koyun vyetistiriciligi isletmelerinde 6nemli
verim kayiplarina sebep olan genetik, besleme durumu,
mevsimsel donem, barinak ve mera sartlarinin hazirlayici et-
kisinin oldugu multifaktoriyel hastaliklardir (4,13). Yapilan
bircok calisma (4-6,12,13), bilingsiz yetistiricilik ve ¢evresel
sartlarin ayak hastaliklarinin olusumu Gzerindeki etkisini or-
taya koymustur. Bu g¢alisma ile Elazig ve Diyarbakir yorele-
rinde toplam 10000 koyunda ayak hastaliklarinin prevalansi,
olustugu dénem, mevsimsel sartlar, mera ve barinak sartla-
rinin ayak hastaliklari Gizerine olan etkisi incelendi.

Koyun ve keci ayak hastaliklarinin olusmasinda mev-
simsel degisikliklerin olduk¢a 6nemli oldugu yapilan ¢alisma-
larla ortaya konulmustur. Bircok calismada koyun ve kegi-
lerde karsilasilan ayak hastaliklarinin prevalans incelemele-
rinde mera oncesi ve mera sonrasi dénemler olduk¢a detayl
bir sekilde degerlendirilmistir (6,12). Polat (6), Elazig yoresin-
deki koyun ve kegilerde ayak hastaliklarini degerlendirdigi
calismasinda mera  Oncesi donemde  hayvanlarin
%6.57’sinde, mera sonrasi donemde ise hayvanlarin
%7.08’inde ayak lezyonlarina rastlandigini bildirmistir. Yur-
dakul’un (12), Sivas yoresindeki koyunlarda karsilasilan ayak
hastaliklarini degerlendirdigi calismasinda mera 6ncesi do-
nemde degerlendirilen 4070 hayvanin 857 tanesinde
(%21.06), mera sonrasi degerlendirilen 2257 hayvanin ise
234 tanesinde (%10.37) ayak lezyonlarina rastlandigi bildiril-
mistir. Yapilan bu ¢alismada ise mera dncesi dénemde hay-
vanlarin %5’inde, mera sonrasi donemde ise %5.6’sinda ayak
hastaliklarina rastlandigi belirlendi. Bu yoniyle diger calis-
malarla karsilasildiginda ayak lezyonlarina hem mera 6ncesi
dénemde hem de mera sonrasi donemde daha az rastlandigi
belirlendi. Yurdakul’'un (12) Sivas boélgesindeki koyunlarda
ayak hastaliklarini degerlendirdigi calismada hem mera 6n-
cesi donemde (%60.68) hem de mera sonrasi donemde
(%70.94) ayak lezyonlarina ¢gogunlukla 6n tirnakta rastlandigi
bildirilmesine ragmen bu calismada mera 6ncesi donemde
on tirnaklarda (%64) mera sonrasi donemde ise arka tirnak-
larda (%60.71) ayak lezyonlarina daha sik rastlandigi tespit
edildi.

Kiigiik ruminant isletmelerinde en sik karsilasilan ayak
hastaliklarini non-infeksiy6z tirnak deformasyonlari oldugu
bircok calismada bildirilmistir (6,12,14,15). Polat (6) Elazig
bolgesindeki koyun ve kegilerde karsilasilan ayak hastalikla-
rinin %77.47’sinin non-enfeksiyoz tirnak deformasyonlari ol-
dugunu ve bunlarin mera dncesi ddénemde %92.86 seviyele-
rine ulastigini mera sonrasi dénemde ise %65.87 seviyelerine
indigini bildirmistir. Yurdakul (12) ise Sivas bolgesindeki ko-
yunlarda karsilasilan ayak hastaliklarinin %67.74’Gniin non-
enfeksiydz tirnak deformasyonlari oldugunu ve bunlarin
mera sonrasi donemde %86.75 seviyelerine ulastigini mera
oncesi donemde ise %62.54 seviyelerine indigini bildirmistir.
Yapilan bu ¢alismada ise koyunlarda karsilagilan non-enfek-
siydz tirnak deformasyonlarinin oraninin mera 6ncesi do-
nemde %30, mera sonrasi donemde ise %25 seviyelerinde
oldugu belirlendi.

deki isletmelerde en sik karsilasilan ayak hastaliklarindan bi-
risi de piyetendir. Ulkemizdeki kiiglik ruminant isletmele-
rinde yapilan prevalans ¢alismalarinda ayak hastaliklarinin
%6.49-30.99’unun  piyeten oldugu tespit edilmistir
(6,12,13,16,17). Polat’in (6) Elazig bolgesindeki kiiglik rumi-
nant isletmelerinde yaptigl calismada piyetenin diger ayak
lezyonlarina oraninin %6.49 oldugu belirlenmistir. Yapilan bu
calismada ise ayak lezyonu tespit edilen hayvanlarin mera
oncesi donemde %38’inde; mera sonrasi donemde ise
%46.43'inde piyetene rastlandigi belirlendi.

Sonug olarak 2018 yili igerisinde Elazig ve Diyarbakir il-
lerindeki koyunculuk isletmelerinde mera 6ncesi ve mera
sonrasi donemde karsilasilan ayak hastaliklarinin prevalansi-
nin incelendigi bu calismada %5.3 oraninda ayak lezyonlarina
rastlandigl belirlendi. Mera 6ncesi ve sonrasi donemde bir-
¢ok calismanin aksine en ¢ok rastlanilan ayak lezyonunun tir-
nak deformasyonlari degil piyeten oldugu tespit edildi. Calis-
mada karsilasilan ayak lezyonlarinin en blylik sebebi olarak
yetistirici kaynakh bakim ve besleme sartlarinin yetersizligi
olarak belirlendi. Tim bu verilerin 1siginda koyunculuk islet-
melerinde diizenli tirnak bakimlarini yapilmasi, agil ve mera
sartlarinin uygun duruma getirilmesi ve tirnagin mekanik te-
mizligi basta olmak Uizere antiseptikli sollisyonlarla temizlen-
mesi oldukga 6nemlidir.

TESEKKUR

Bu calisma Hasip Okay’in yiksek lisans tezinden Uretilmistir.

FINANSAL BEYAN

Bu calismada herhangi bir kurum veya kurulustan maddi des-
tek alinmamustir.

CIKAR CATISMASI

Yazarlar arasinda herhangi bir ¢ikar ¢atismasi bulunmamak-
tadir.

YAZAR KATKILARI

CG calismanin planlanmasi ve yurutilmesi, HO, EP, AS ¢a-
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Bu galisma sogutma ve dondurma tekniklerinin etlik pilic gogis eti kalite 6zellikleri Gizerine olan etkisini
arastirmak amaci ile yapilmistir. Calismada 10’ar adet, sogutulmus ve dondurulmus, hizh gelisen etlik
pilic gbgls eti drnekleri kullaniimistir. Dondurulmus gogis eti 6rnekleri standart kosullarda kesilmis
ve -18 oC sicaklikta 11 ay siire ile dondurularak depolanmis etlik pili¢ karkaslarindan, sogutulmus kas
ornekleri ise standart kosullarda kesilmis ve +4 2C sicaklikta 24 saat sogutulmus karkaslardan
alinmigtir. Her iki gruptaki g6gus eti 6rneklerinde pH, renk 6zellikleri, pisirme kaybi, damlama kaybi ve
rutubet analizleri yapilmistir. Renk 6zellikleri derili ve derisiz goglis kasinda, diger o6zellikler derisiz
orneklerde incelenmistir. Etlik pili¢ etlerinin sogutulmus ya da dondurulmus olarak muhafaza edilmesi;
parlaklik (L*) harig incelenen g6gus eti renk 6zelliklerinin tamamini 6nemli diizeyde etkilemistir. Gogus
etinin derili ya da derisiz olmasinin; parlaklik (L*), kirmizi renk koordinati (a*), chrome ve E renk
ozellikleri Gzerine 6nemli bir etkiye sahip oldugu bulunmustur (P<0.001). Gogls eti rutubet diizeyi
sogutulmus gogls etinde (P<0.004), damlama kaybi (P<0.022) dondurulmus goégus etinde dnemli
diizeyde daha ylksek bulunmustur. Sonug olarak; incelenen gogis eti kalite 6zellikleri etin muhafaza
seklinden onemli dizeyde etkilenmis, gogls etinin derili ya da derisiz olmasi bazi et kalitesi renk
ozelliklerini 6nemli diizeyde etkilemistir. Dondurulmus pili¢ eti kalitesi ile ilgili olarak dondurma sekli,
dondurma ve depolama suresi ile donmus eti ¢dzdiirme yéntemleri vb. dikkate alan yeni ¢alismalarin
planlanmasinin faydal olacagi digiiniimektedir.

Anahtar Kelimeler: Dondurma, et kalitesi, pili¢ eti, sogutma

Effects of Chilling and Freezing Techniques on Broiler Breast Meat Quality Characteristics
Abstract

The aim of this study was to determine the some physico-chemical quality of chicken breast meat
stored at chilled (2-4 °C) and frozen (-18 °C) conditions. In the study, 10 chilled and frozen fast-growing
broiler chicken breast meat samples were used. Frozen breast meat samples were taken from chicken
carcasses that were slaughtered under standard conditions and stored frozen at -18 °C for 11 months,
whereas chilled muscle samples were taken from carcasses that were slaughtered under standard
conditions and cooled at +4 °C for 24 hours. Color (L*, a*, and b*), pH, humidity, cooking losses, and
drip losses were measured. Color characteristics were measured with skin and skinless sample while
other parameters were performed only on skinless sample. Color properties, pH, cooking loss,
dripping loss and moisture analyzes were performed on meat samples taken from both groups. Color
characteristics were examined in skinned and skinless chest muscles, and other characteristics were
examined in skinless samples. Storage condition as cooling or freezing significantly affected all breast
meat color characteristics examined, except L* value. It was determined that breast meat with and
without skin had a significant effect on L*, a*, chrome and E color characteristics (P<0.001). Breast
meat moisture level was significantly higher in chilled carcasses (P<0.004), while drip loss (P<0.022)
was significantly higher in frozen carcasses. In conclusion; some breast meat quality characteristics
were significantly affected by the preserving method or meat condition as with or without skin.
Planning new research would be useful taking some issues as freezing method, freezing and storage
time, thawing methods etc. into consideration.

Key Words: Broiler, breast meat quality, chilling, freezing
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GIRIS

En 6nemli hayvansal protein kaynaklarindan birisi olan pilig
eti tuketilinceye kadar genelde sogutulmus olarak kisa sireli
ya da dondurularak daha uzun siireli muhafaza edilmektedir.
Dondurarak muhafaza 6zellikle arz-talep dengesinin degistigi
durumlarda ya da etin uzak mesafelere nakledilmesi gerek-
tigi kosullarda tercih edilmektedir. Dondurarak depolama pi-
lic etinde oldugu gibi giinimuzde pek ¢ok gidanin muhafaza-
sinda kullanilan baslica tekniklerden birisidir (1). Etin sogutu-
larak ya da dondurularak muhafaza edilmesi ve depolama
suresi etin fiziki, kimyasal, duyusal ve mikrobiyolojik kalite-
sini etkileyebilmektedir (2,3). Dondurulmus etlerin kalitesi;
etin orijini, dondurma yéntemi ve etkinligi, muhafaza kosul-
lari, depolama siresi ve sicakhgl ile donmus etin ¢ézdirme
metodu gibi ¢cok sayida faktorden etkilenmektedir (4,5).

Kisa sirede tiiketime sunulacak etler teknigine uygun
bir sekilde sogutulur ve sogukta muhafaza edilirse, basta
besleyici degerleri olmak Gzere goriinis, lezzet, renk ve teks-
tur gibi o6zelliklerinde genelde bir degisiklik olmamaktadir.
Uygulama kosullarina bagl olarak donma-depolama ve
donma-¢oziinme iglemi sirasinda, etin kalitesi ve ticari dege-
rinde diisme olabilir. Ozellikle etin rutubet icerigi dondurma
ve ¢ozdirme tekniklerinden 6nemli diizeyde etkilenir. Kas lif-
leri arasinda bol miktarda bulunan su dondugunda protein,
karbonhidrat, lipid, vitamin ve mineral vb. ¢6ziinen madde-
lerin konsantrasyonu artar ve etteki biyokimyasal sistemin
dengesi degisir. Kas liflerindeki bu degisiklikler, hiicre zarla-
rinin performansini etkileyerek et kalitesini de etkiler.
Donma ve ¢6ziinme sirasinda, miyoglobinin oksitlenmesi
daha kolaydir ve et rengi daha koyu olur. Son yillarda etin
ticari degerindeki diismeyi 6nlemek ya da azaltmak i¢in hiz-
landiriimig donma ve ¢ézlinme gibi degisik teknikler uygulan-
maktadir. Bu galisma sogutulmus ve dondurulmus etlik pilig
gogls etlerinde bazi et kalitesi 6zelliklerini arastirmak amaci
ile yapilmustir.

MATERYAL VE METOT

Bu calismada Bursa Uludag Universitesi Veteriner Fakiiltesi
Arastirma ve Uygulama Merkezi Tavuk Yetistirme Unitesi
arastirma kiimesinde yetistirilerek standart kosullarda kesi-
len ROSS PMs genotipi etlik pili¢ karkaslari kullaniimistir. So-
gutulmus ve dondurulmus karkaslarin elde edildigi hayvanla-
rin beslenmesinde; deneme basindan 10 gilinlik yasa kadar
etlik pili¢ baslangic yemi (%22 protein ve 3000 ME, kcal/kg),
11-35. giinler etlik pili¢ buytutme (%20 protein ve 3050 ME,
kcal/kg), 35. glinden kesime kadar kesim oncesi yem (%18
protein ve 3100 ME, kcal/kg) kullaniimistir. Kesim sonrasi 6n
sogutma isleminden sonra ev tipi buzdolabinda +4 °C sicak-
likta 1 glin sire ile sogutulan 10 adet etlik pili¢ karkasindan
alinan gogus kasi 6rnekleri ile kesim sonrasi sogutma isle-
minden sonra paketlenerek -18 °C sicaklikta dondurularak 11
ay sire ile bu sicaklkta depolanmis 10 adet etlik pili¢ karka-
sindan alinan gogis kasi érnekleri bu calismanin materyalini
olusturmustur (3,6).

Dondurulmus pili¢ karkaslari analiz 6ncesi buzdola-
binda +4 °C sicakhikta 24 saat sire ile ¢ozdirme islemine tabi
tutulmus ve analizlerde kullanilmistir. Calismada kullanilan
ornekler analizler esnasinda buzdolabinda muhafaza edil-
mistir. Et kalitesi analizleri BUU Veteriner Fakiiltesi Zootekni
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Anabilim Dali Karkas Degerlendirme ve Et Kalitesi Analiz la-
boratuvarinda yapilmistir. Hayvan Deneyleri Etik Kurullari
Calisma Usul ve Esaslarina Dair Yonetmelik (7), Madde 8 19-
k geregi bu ¢alisma igin etik kurul onayi almaya gerek yoktur.

Veri Toplama

Sogutulmus ve dondurulmus etlerde kalite analizleri muscu-
lus pectoralis major gogus kasindan yapilmistir. Renk analiz-
leri derili ve derisiz kas 6rneklerinde, pH, rutubet, damlama
(drip loss) ve pisirme kaybi analizleri ise derisiz 6rneklerde
gerceklestirilmistir. Zootekni Anabilim Dalinda mevcut pH
metre (ExStik PH100 pH-meter, Extech Instruments) ve renk
Ol¢tim cihazi (PCE-XXM 20, PCE Instruments LTD) karkas go-
gus eti kas orneklerinde pH ve renk o6zelliklerinin dlgimu
amaciyla kullanilmistir.

Go6gus kasi 6rneklerinde pH 6l¢cimi yapmadan 6nce pH
metrenin ucu distile su ile temizlenip sonrasinda 6lglimler
gerceklesmistir. Olglim esnasinda cihazin géstergesinde sa-
bit deger okundugunda pH degeri belirlenmistir. Renk 6l-
c¢imleri; once derili 6rneklerde yapilmis, sonrasinda ayni
noktadan deri kaldirilarak derisiz olarak dogrudan kas lzerin-
den 6lcim yapilmistir. Renk 6zellikleri icin parlakhk (L*), kir-
mizi renk koordinat (a*) ve sari renk koordinat (b*) degerleri
¢ Olcimin ortalamasini esas alan Uluslararasi Aydinlatma
Komisyonu (Commission Internationale de I'Eclairage, CIE,
CIELAB) tarafindan verilen standartlara gére yapilmistir (8).
Bu standartlara gore; parlaklik (L*; 0-100) koyu/siyah’ tan
yaygin beyaza kadar degisen renk tonunu, kirmizi renk koor-
dinati (a*); 60’ a kadar negatif degerler yesil/mavi renk yo-
gunlugunu, 60’ da kadar pozitif degerler kirmizinin degisik
tonlarini ifade etmektedir. Sari renk koordinati (b*);
mavi/sari; 60’ a kadar negatif degerler maviyi, pozitif deger-
ler sarinin degisik tonlarini gostermektedir (8-12). Kas 6rnek-
lerinden 6l¢climle elde edilen bu degerler kullanilarak kas or-
neklerinin renk acisi (Hue h*, arctan), he =tan?
(b*/a*).180/m) ve renk doygunluk/canlilik (Chrome C*), C*=
(a*2+b*?)Y2 degerleri ile AE degerleri (AE = (L2 + a2 + b? )1/2)
hesaplanmistir (13,14). G6gls kaslarinda pH ve renk 6l¢lim-
leri yapildiktan sonra, her bir géglisten 30 gram agirliginda
ornek alinarak su gecgirmez plastik torbalara konulmustur.
Torbalara konulan et pargalari 80 derece sicakliktaki su ban-
yosunda 20 dakika isil isleme tabi tutulmus, sonrasinda tor-
balardan gikarilarak tekrar tartilmistir. Elde edilen degerler;
Pisirme Kaybi, %=(cig/pismemis 6rnek agirligi - pismis 6rnek
agirhigi) / cig/pismemis ornek agirligl) formilinde yerlerine
yazarak pisirme kaybi analizi tamamlanmistir (15). Rutubet
analizi amaciyla; her iki gruptaki gégis etlerinden 30’ar gram
agirhginda parcalar kesilerek ayri ayri petri kaplarina konulup
105 derece sicakliktaki etiiv cihazinda 1 saat kurutulmustur.
Petri kaplarinin darasi alinmis (G1), et ornekleri tartilarak
agirhiklari 8lglilmistir (G2). Ornekler tekrardan petri kapla-
rina konularak etiiv cihazindan 4 saat isleme tabi tutulmus
ve islem sonrasi tekrardan agirliklari 6l¢tlmustir. Elde edilen
degerler % Rutubet ((G1 — G2)) / G1*100 formulinde yerle-
rine yazilarak kuru madde degeri hesaplanmis ve elde edilen
degerlerin ortalamasi alinmistir. Damlama Kaybi (Drip Loss)
analizi amaciyla et 6rneklerinden 6 gram agirliginda (W1) par-
calar kesilerek plastik torbalarin igine konulmus, et pagalarinin
u¢ kismi plastik torbaya kiirdan ile sabitlenerek +4 derecedeki
buzdolabi 1zgarasinda dik sekilde sabit durmasi saglanmistir. Bu
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sekilde etten akacak suyun ornek pargaya temas etmeden tor-
banin altinda toplanmasi saglanmistir. Buzdolabinda 24 saat
bekletilen 6rnek parca paketlerden gikartilarak tartilmistir. Elde
edilen degerler % (W1- W2)/W1*100 formiilinde yerlerine ya-
zilarak damlama kaybi hesaplanmistir (15,16).

istatistiki Analizler

Rutubet, damlama kaybi, pisirme kaybi ve pH bakimindan
gruplar arasi farkliliklar t testi (paired sample test) ile renk
kalite ozellikleri icin gruplar arasi farkhliklar ¢ok yonla var-
yans analizi (general linear model) ile analiz edilmis, gruplar
arasi farkliliklarin 6nemli bulunmasi halinde Duncan testi kul-
lanilmistir (17). istatistiki analizler SPSS (Version 28.0) bilgi-
sayar programinda yapilmistir (18).
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BULGULAR

Sogutulmus ve dondurulmus pilic g6gls etlerinde tespit edi-
len renk kalite 6zellikleri Tablo 1’ de sunulmustur. Renk kalite
ozelliklerinden a* (P<0.002), b* (P<0.001), hue, h (P<0.001),
chrome C* (P<0.003) ve AE (P<0.025) degerleri etin muha-
faza kosullarindan énemli diizeyde etkilenmis, b*, C* ve AE
degerleri dondurulmus etlerde daha yiliksek bulunmustur.
Pilic etinin derili ya da derisiz olmasi L* (P<0.001), a*
(P<0.001), C* (P<0.001) ve AE (P<0.001) renk kalite 6zellikle-
rini dnemli dizeyde etkilemis, derili gogiis etinde bu degerler
daha yiksek bulunmustur.

Tablo 1. Sogutulmus ve dondurulmus pili¢ etlerinde renk kalite 6zellikleri (X£SXx).

Grup/Ozellikler L* a* b* h* c* AE
Muhafaza Kosullari

Sogutulmus 60.77+1.04 -10.26+2.68 -2.61+1.40 0.741+0.28 14.36%2.32 2030+106
Dondurulmus 61.04+1.03  -23.02+2.67 5.59+1.41 -0.896%0.27 25.73+2.11 23761104
Fiziksel Yapi

Derili 68.00+1.02  -26.71+2.66 -0.01+1.39 0.135+0.29 27.47+2.49 2842+103
Derisiz 53.80+1.03 -6.56+2.67 3.06+1.40 -0.290%0.30 12.63%2.50 1564+105
Muhafaza Kosullari x

Fiziksel Yapi

Sogutulmus x Derili 65.37+1.46> -16.74+1.79 -2.76+1.97 0.875+0.39 17.67%3.60 2385+146
Sogutulmus x Derisiz 56.17+1.442 -3.77+3.81 -2.46+1.99 0.607+0.41 11.06%3.59 16754148
Dondurulmusg x Derili 70.65+1.44>  -36.68+3.81 2.57+#1.98 -0.606%+0.41 37.26+3.54 3299+148
Dondurulmus x Derisiz 51.44+1.432 -.9.36%3.80 8.60+1.99 -1.186+0.40 14.20+3.56 1453+147
ANOVA

Muhafaza Kosullari 0.855 0.002 0.001 0.001 0.003 0.025
Fiziksel Yapi 0.001 0.001 0.121 0.293 0.001 0.001
Muhafaza Kosullart x 0.002 0.067 0.158 0.697 0.027 0.001
Fiziksel Yapi

L*:parlaklik, a*; kirmizi renk koordinati, b*;sari renk koordinati, h*; renk agi degeri, C*; chrome

Sogutulmus ve dondurulmus pili¢ etlerinde rutubet,
damlama kaybi, pisirme kaybi ve pH degerleri Tablo 2’ de
gosterilmistir. Sogutulmus pili¢ etlerinde rutubet (P<0.004)
ve pH (P<0.05) degerleri, dondurulmus pilic etlerinde ise

damlama kaybi (P<0.022) degeri 6nemli diizeyde daha yik-
sek bulunmustur. Pisirme kaybi bakimindan sogutulmus ve
dondurulmus pilic etlerinde 6nemli diizeyde bir farklilik tes-
pit edilmemistir.

Tablo 2. Sogutulmus ve dondurulmus pili¢ etlerinde bazi kimyasal ve fiziksel et kalitesi 6zellikler (X£Sx).

Grup/Ozellikler Dondurulmus Et Sogutulmus et et P

Rutubet, % 27.80+5.39 36.66+2.91 0.004

Damlama kaybi (Drip loss), % 3.94+1.73 2.20+0.68 0.022

Pisirme kaybi, % 11.70+4.10 13.62+4.73 0.127

pH 5.49+0.64 6.03+0.20 0.050
TARTISMA VE SONUC yontemi pili¢ g6gs etinin L* degeri harig incelenen bitln et

Pili¢ eti kalitesi genotip, hayvan besleme, barindirma sistemi,
kas miyopatileri, etin muhafaza yontemi gibi ¢ok sayida fak-
térden etkilenmektedir (3,19-21). Uretim sonrasi, etin tiike-
tilmesine kadar olan silirecte kalitesinde herhangi bir degisim
olmadan muhafazasi oldukg¢a 6nemli bir konu olup, uzun si-
reli muhafazada dondurma yontemi yaygin olarak kullanil-
maktadir. Sogutma islemi ile genelde etin kalitesinde bir de-
gisme neden olmazken, usuliine uygun yapiimadigi takdirde
dondurma islemi ile etin renginde degisme ve tekstiiriin bo-
zulmasi gibi bazi istenmeyen degisiklikler meydana gelebilir.
Tiketici begenisi agisindan et rengi en énemli kalite para-
metrelerinden birisidir. Bu ¢alismada; dondurarak muhafaza

kalitesi renk 6zelliklerini, etin derili ya da derisiz olmasi L¥,
a*, C* ve AE degerlerini 6nemli dlizeyde etkilemistir. Ge-
nelde renk kalite 6zelliklerinden parlaklik ve kirmizi renk ko-
ordinati degerlerinin ¢ok diistk, sari renk koordinati degeri-
nin de ylUksek olmasi istenmez (22). Bu ¢alismada olglilen
renk yogunluklari dikkate alindiginda sogutulmus ve dondu-
rulmus etlerin her ikisin de de kirmizilik renk koordinatinin
kirmizidan yesile dogru yogunlastigi séylenebilir. Normalde
tavuk etlerinde renk dondurma yéntemi ile degismese de et-
lik pilicler gibi geng kanatlilarda kemige yakin bélimler don-
durulup ¢ozdirildagiinde etler koyu renkli olabilmektedir
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(23). Bu calismada b* bakimindan sogutulmus etlerin ma-
viye, dondurulmus etlerin sariya dogru yogunlasmis oldugu
bulunmustur. Derili etlerde a* yoniinden yesile dogru kayma
daha yiksek bulunmustur. Etlerde renk 6zellikleri birgok fak-
torden etkilenmektedir. Dondurulmus etlerde; a* degerin-
deki disme ette kirmizi rengin olusmasindan sorumlu olan
miyoglobin kaybindan dolayidir. Karkas agirhigi arttikca et
rengi parametrelerinden kirmizi renk koordinati ve parlaklik
degerleri yukselmektedir (24). Pili¢ eti renk kalite 6zellikle-
rinden L* ve a* degerleri farkli sicakhk kosullarindan énemli
dizeyde etkilenmektedir (25). Dondurulmus et ylzeyinde
zamanla ortaya ¢ikan metmyoglobin birikimi diskolorasyona
yol agmakta ve buna bagl olarak parlaklik azalirken, kirmizi-
lik diizeyi ylikselmektedir. Artan lipit oksidasyonu ve MetMB
formasyonu dondurulmus etlerde sari renk koordinati dege-
rinde ortaya ¢ikan farkliliklarin baslica nedenidir. Donma ve
¢Ozllme slresinin uzamasi ile ette kirmizi renk koordinati,
parlaklhk ve sari renk koordinati degerleri azalmaktadir. Et
renginin olusumu miyoglobin gibi kas pigmentlerine baglidir.
Etlik piliclerde deri rengi beyazdan sariya kadar degisebilir ve
irk ile beslemeden 6nemli diizeyde etkilenir. Kas kontraksi-
yonlarina bagli olarak da et rengi degiskenlik gosterebilir. Ta-
vuklarin daha hareketli olan bacak kaslari daha koyu renkli-
dir. Etlik pili¢c gbgus eti, duslk kas kontraksiyonundan dolayi
az miktarda miyoglobine gereksinim duydugundan gogis eti,
but etine gore daha acik renklidir. Yas ilerledikce miyoglobin
miktar arttigindan geng hayvanlara gére yash hayvanlarin
etleri daha koyu renklidir. Etlerde E renk degeri insanin renk-
leri ayirt etme yetenegi ile, renk doygunluk ve aci degerleri
insanlardaki gorsel renk algilariile yakindan ilgilidir. Etin doy-
gunluk degeri, et renginin safligini géstermekte olup, dondu-
rulmus etlerde daha yiiksek bulunmustur. Et renginin canhli-
gini ifade eden h* degerinin yiksek olmasi canl renkleri, di-
stk olmasi renklerin donuk oldugunu gostermektedir (26).
Bu ¢alismada; h* degeri sogutulmus ve derili etlerde daha
ylksek bulunmus olup, sogutulmus ve derili etlerin daha
canli renkli oldugu séylenebilir. Olgiilen biitiin renk degerle-
rinin tek bir rakam ile ifade edildigi AE degeri (26) bu calis-
mada dondurulmus ve derili et 6rneklerinde daha ylksek bu-
lunmustur.

Pisirme kaybi, rutubet ve damlama kaybi; etin su tutma
kapasitesi ile iliskili dnemli parametrelerdir. Etten sizan su
miktari veya etteki suyun uzaklastiriimasi olarak tanimlanan
damlama kaybi (drip loss) Gizerine; kesim sonrasi karkas si-
cakhigr ve pH diisme hizi, etin islenme 6zellikleri (pargalama,
kesme vb.), depolama sicakligi, donma hizi ve donma sicak-
g1 gibi faktorlerin 6nemli bir etkisi vardir. Parcalanmamis
butlin karkasta ette damlama kaybi daha disuk olup, et ne
kadar ¢ok pargalanirsa damlama kaybi o kadar artmaktadir.
Kesim sonrasi et ne kadar kisa zamanda sogutulursa su tutma
kapasitesi de o kadar fazla olur. Et pH’sinin hizli diismesi su
tutma kapasitesinde azalmasina ve damlama kaybinin art-
masina neden olmaktadir. Bu ¢alismada sogutma yontemi ile
karsilastinldiginda, dondurulmus pilic goglis etlerinde
onemli diizeyde daha diisiik pH ve 6nemli diizeyde daha yiik-
sek damlama kaybi saptanmistir. Damlama kaybi, kas dokusu
icindeki suyun miyofibrillerden hiicre disi bosluga transferini
iceren bir siireg olup (27) kasin ete dontsiimi sirasinda su,
demir ve protein kaybi ile kas liflerinden ortaya ¢ikan sizinti
olarak tanimlanabilir (28). Damlama kaybi ile pisirme kaybi
arasinda dogrusal bir iliski olup, genelde daha yiiksek dam-
lama kaybi daha yilksek pisirme kaybina neden olmaktadir
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(29). Damlama kaybi; isleme teknolojisi ve tiketici kabuli yo-
niinden en 6nemli parametre olan su tutma kapasitesinin de
en 6nemli gostergesidir (30). Karkas agirligi fazla olan etlerde
pisirme kaybi da daha yiksektir (31). Pisirme ve damlama
kaybi diisiik pH’ 1 olan etlerde daha yiiksektir (19). Hizh geli-
sen etlik piliclerden (retilen etlerde pH, pisirme kaybi ve
damlama kaybi degerleri yavas gelisen genotiplerden ge-
nelde daha yiksektir (32,33).

Etin pH’si raf 6mri bakimindan énemli bir parametre
olup, ¢ok dislik pH et rengi ve su tutma kapasitesini etkile-
mektedir. Cetin ve ark. (34) farkli zeminlerde yetistirilen ya-
vas ve hizli gelisen etlik piliclerde sogutulmus gogus eti pH’si-
nin sirastile 5.75 ve 5.73 oldugunu bildirmislerdir. G6gUs eti
pH degeri ile parlaklik ve kirmizi renk koordinati degeri ara-
sinda dogrusal bir iliski olup, et rengi koyulastik¢a pH degeri
yukselmektedir (35). Kaslarda ortaya ¢ikan miyopatilerde et
pH’sini etkilemekte, solgun ve ekstdath kaslarda pH degeri
daha dusutk olmaktadir (36). Bianchi ve ark. (24) ile Yal¢in ve
ark. (31) daha yiksek karkas agirhgina sahip etlik pilic etle-
rinde kas pH degerinin daha disik oldugunu bildirmislerdir.
Etin dondurulma islemi esnasinda peptit ve amino asit Ureti-
mine yol acan protein denatiirasyonu etin pH degerini ve
metabolitlerin birikimini etkilemektedir (4). Bu galismada
beklenildigi gibi (1) sogutulmus pili¢ etinde pH degeri dondu-
rulmus ete gore daha yuksek bulunmustur (P<0.05). Kesim
sonrasi laktik asitlerin olusumu ile pH seviyesinin diismesi et-
teki proteinlerin denatire olmasina neden olmaktadir. Ette
su proteinlere bagli olarak bulundugundan proteinlerin de-
natlire olmasi su tutma kapasitesini azaltmaktadir. Bu ne-
denle ette pH seviyesinin kesim sonrasi hizli dislisiini 6nle-
mek icin kesim islemlerinden sonra miimkiin olan en hizli si-
rede sogutma isleminin yapilmasi gerekir. Ette su, protein-
lere bagh olarak bulunmakta, yiksek pH ortaminda protein-
lere daha fazla su baglanmaktadir. Su tutma kapasitesi de de-
polama esnasinda etin agirlik kaybini dogrudan etkilemekte-
dir. Laktik asit olusumu ette pH seviyesinin diigmesine neden
olmakta ve protein denatlirasyonunu etkilemektedir. Bu ca-
lismada pisirme kaybi bakimindan sogutulmus ve dondurul-
mus etlerde bir farklilik bulunmamistir. Ozbek ve ark. (37)
farkl zeminlerde yetistirilen hizli gelisen etlik piliclerde go-
gus etinde pisirme kaybinin %27.88 oldugunu ve yavas geli-
senlere gore daha yiiksek oldugunu bildirmislerdir. Dondu-
rulmus pilic gégls etinde depolama stiresi arttikca pisirme
kaybinin arttigi bildirilmistir (1). Bu calismada beklenildigi
gibi rutubet degeri sogutulmus etlerde, damlama kaybi don-
durulmus etlerde 6nemli diizeyde daha yiksek bulunmustur
(33).

Bu calismada elde edilen veriler biitiini ile degerlendi-
rildiginde; pilig etinin sogutularak ya da dondurularak muha-
faza yontemi parlaklik hari¢ bitin renk 6zelliklerini 6nemli
diizeyde etkilemis, pilic gogis etinin derili ya da derisiz ol-
masi parlaklik ve kirmizilik renk degeri Gzerine dnemli bir etki
gostermistir. Renk 6zelliklerinden chrome ve AE degerleri de
gogus etinin derili ya da derisiz olmasindan énemli diizeyde
etkilenmistir. Dondurma islemi etin damlama kaybini artirir-
ken, pH degerini 6nemli diizeyde distrmustir. Uzun sire
depolanmasi gereken etlerde; etin 6zelligine en uygun don-
durma sekli, depolama siiresi, ¢6zdlirme yéntemi vb. uygu-
lanmasi ile et kalitesinde ortaya c¢ikabilecek kayiplar en aza
indirilebilir. Farkli dondurma teknikleri, dondurma siresi, de-
polama siresi, ¢ozdirme yontemleri vb. konusunda yeni ¢a-
lismalarin planlanmasinin faydal olacagi diistintilmektedir.
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Abstract

The aim of this study was to determine thiol/disulfide homeostasis in cattle with trichophytosis and
to determine the changes in malondialdehyde (MDA), catalase (CAT), superoxide dismutase (SOD),
glutathione peroxidase (GSH-Px=GPx) levels due to the disease. 15 cattle with trichophytosis and 15
healthy cattle in the control group constituted the material of the study. Blood samples were taken
from the jugular vein of the animals in tubes with and without anticoagulant. MDA, CAT, SOD, total
thiol, native thiol analyses were performed in serum and GSH-Px analyses were performed in plasma.
It was determined that total thiol, native thiol and native thiol/total thiol levels among biochemical
parameters in cattle with trichophytosis decreased statistically significantly. It was determined that
disulfide/native thiol and disulfide/total thiol levels increased statistically compared to the control
group. Although the disulfide level increased compared to the control group, it was not statistically
significant. In addition, it was determined that MDA level increased compared to the control group,
CAT, SOD and GSH-Px levels decreased statistically significantly compared to the control group. In
conclusion, the findings obtained from the study showed that trichophytosis causes oxidative stress
in cattle, and the use of oxidative stress markers, especially thiol/disulfide homeostasis markers,
would contribute to the pathogenesis of trichophytosis.

Key Words: Cattle, oxidative stress, thiol/disulfide homeostasis, trichophytosis

Trikofitozisli Sigirlarda Lipid Peroksidasyonu ve Tiyol/Disiilfid Homeostazi

0z

Amacimiz trikofitozisli sigirlarda tiyol/disilfid homeostazisini ortaya koymak ve hastaliga bagh olarak
olusan malondialdehit (MDA), katalaz (CAT), stiperoksit dismutaz (SOD), glutatyon peroksidaz (GSH-
Px= GPx) seviyesindeki degisimleri belirlemektir. Trikofitozisli 15 ve kontrol grubunu olusturan 15 adet
saghkh sigir galismanin materyalini olusturdu. Hayvanlarin Vena jugularis’inden antikoagulanli ve anti-
koagulansiz tiiplere kan 6rnekleri alindi. Serumda MDA, CAT, SOD, total tiyol, natif tiyol, plazmada ise
GSH-Px analizleri yapildi. Trikofitozisli sigirlarda total tiyol, natif tiyol ve natif tiyol/total tiyol diizeyle-
rinin istatistiksel olarak anlamli diizeyde azaldigi belirlendi. Disulfid/natif tiyol ve disulfid/total tiyol
diizeylerinin ise kontrol grubuna gore istatistiksel olarak arttigi tespit edildi. Distlfid dizeyi kontrol
grubuna gore artmakla beraber istatistiksel olarak anlamsizdi. Bunun yani sira MDA diizeyinin kontrol
grubuna gore arttigl, CAT, SOD ve GSH-Px diizeylerinin ise kontrol grubuna gore istatistiksel olarak
anlaml diizeyde azaldigi belirlendi. Sonug olarak ¢alismadan elde edilen bulgular trikofitozisin sigir-
larda oksidatif strese neden oldugu, oksidatif stres belirteclerinden 6zellikle de tiyol/disuilfid homeos-
tazis belirteglerinin kullaniminin trikofitozisin patogenezine katki saglayacagi kanisina varildi.

Anahtar Kelimeler: Oksidatif stres, sigir, tiyol/distilfid homeostazi, trikofitozis
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INTRODUCTION

Trichophytosis is a skin disease that is characterized by dand-
ruff and keratinized crusting of the skin caused by fungi, ca-
using losses such as growth slowdown, live weight loss, and
deterioration of skin quality (1). These factors, which are fo-
und all over the world, cause infections in humans and ani-
mals, and generally epidermophyton species are effective in
humans, microsporum species in carnivores, and trichophy-
ton species in horses, pigs and ruminants (2). The disease is
transmitted to healthy animals through direct contact (3).
Clinical symptoms include hair loss, skin crusting, erythema
and itching (4). The lesions, which are commonly found on
the head and neck, are grayish in appearance, slightly raised,
and round in shape. Diagnosis is made by seeing round, gra-
yish lesions on the skin. Definitive diagnosis is made by mic-
roscopic examination of samples taken from the lesions (3).

Antioxidants are classified according to their structures
as enzymes (catalase ‘CAT’, superoxide dismutase ‘SOD’, glu-
tathione peroxidase ‘GSH-Px = GPx’) and non-enzymes (re-
duced glutathione ‘GSH’) or according to their cell localiza-
tion (5). Oxidative stress is formed as a result of insufficiency
of antioxidant mechanisms and increase of reactive oxygen
species (6). Thiol is a very important antioxidant in preven-
ting damage caused by oxidative stress and protects the cell
against oxidative stress. It appears that the thiol status chan-
ges in various diseases and that thiol/disulfide homeostasis
is very important in the pathogenesis of diseases. Therefore,
determination of thiol/disulfide homeostasis can provide
very important information about various physiological or
pathological processes (7,8). For these reasons, the aim of this
study is to reveal the thiol/disulfide homeostasis in cattle with
trichophytosis and to determine the changes in MDA, CAT,
SOD, and GSH-Px levels that occur due to the disease.

MATERIAL AND METHODS

The animal material of the study was obtained from livestock
farms in Digor district of Kars province, of different breeds (8
Montofon crossbreeds and 22 Simmental crossbreeds), of
both genders, aged between 5-18 months, 15 with tric-
hophytosis and 15 control animals. Blood samples taken
from the jugular vein of the animals into tubes with and wit-
hout anticoagulant, ethylene diamine tetraacetic acid
(EDTA), were centrifuged at 3000 rpm for 15 minutes to ob-
tain serum and plasma. The disease was diagnosed accor-
ding to clinical symptoms (grayish, round, raised, chalk dust-
like lesions on the head and neck), and the final diagnosis
was made microscopically. Skin scrapings were taken from
the lesioned areas of the cattle with a sterile scalpel and pro-
cessed with 10% KOH. Preparations were examined under
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the microscope and the observation of typical spores was
evaluated as positive for trichophytosis.

MDA measurement was performed by the method re-
ported by Yoshoiko et al. (9), CAT, SOD, GSH-Px (Cayman
Chemical Co., USA), total thiol and native thiol (Rel Assay Di-
agnostics, Turkey) were measured colorimetrically (Epoch,
Biotek, USA) using a commercial test kit. Disulfide = (Total
thiol-Native thiol)/2, Disulfide/Total Thiol (%) = (Disulfide x
100)/Total thiol, Disulfide/Native Thiol (%) = (Disulfide x
100)/Native thiol, and Native Thiol/Total Thiol (%) = (Native
thiol x 100)/Total thiol was calculated with the formulas (10).

Statistical Analysis

SPSS 20.0 package program was used to evaluate the study
data. Independent Sample T-test was used to compare the
groups.

RESULTS

In animals infected with trichophytosis that underwent clini-
cal examination, chalk-like, round lesions were detected on
various parts of the animal’s body, especially on the head
and neck. Hyphae were found in direct microscopic exami-
nation of the lesional skin scrapings of the animals used in
the study.

It was determined that MDA levels (P<0.001) increased
statistically significantly in cattle with trichophytosis. In ad-
dition CAT, SOD, (P<0.001), and GSH-Px (P<0.01) levels dec-
reased statistically significantly compared to the control
group (Table 1). It was determined that the biochemical pa-
rameters total thiol, native thiol (P<0.001) and native
thiol/total thiol (P<0.01) levels in cattle with trichophytosis
decreased statistically significantly compared to the control
group. It was determined that disulfide/native thiol and di-
sulfide/total thiol (P<0.01) levels increased statistically com-
pared to the control group. Although disulfide level increa-
sed, it was statistically insignificant (P>0.05) (Table 2).

Table 1. Means and standard errors of lipid peroxidation (MDA)
and some antioxidant (CAT, SOD, and GSH-Px) parameters in clini-
cally healthy and trichophytosis cattle

Parameters Control Infected P
Malondialdehyde (umol/L) 2.93+0.11 7.31+0.29 P<0.001
Catalase (nmol/min/mL) 31.50+1.55 15.73£0.90 P<0.001
superoxide Dismutase 226.7846.14 107.5943.71 P<0.001
(U/mL)

Glutathione Peroxidase 0.40:0.04  0.24t002  P<0.01

(nmol/min/mL)

Table 2. Means and standard errors of thiol/disulfide homeostasis parameters in clinically healthy and trichophytosis cattle

Parameters Control Infected P
Total Thiol (umol/L) 476.15+7.01 418.4546.65 P<0.001
Natif Thiol (umol/L) 378.6716.65 297.94+4.81 P<0.001
Disulfide (umol/L) 48.74+4.88 60.2614.17 NS
Disulfide/Native Thiol (%) 13.17+1.50 20.57+1.78 P<0.01
Disulfide/Total Thiol (%) 10.12+0.93 14.28+0.85 P<0.01
Native Thiol/Total Thiol (%) 79.77+1.86 71.44+1.69 P<0.01

NS: Non Significant
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DISCUSSION AND CONCLUSION

In the study, in animals with trichophytosis that underwent
clinical examination, round lesions with a chalk appearance
were detected in various parts of the body, especially in the
head and neck region (11-13).

Tissue damage and inflammation in the organism acti-
vate many cells. Among the activated cells, phagocytic cells,
which play an important role in body defense, cause oxida-
tive stress due to excessive oxygen consumption while per-
forming this task (14). In case of oxidative stress, excessively
produced free radicals damage cell compounds (15). Studies
have shown that bacterial/viral diseases such as brucellosis
(16), sheeppox in sheep (17), hypodermosis (18,19), and
pneumonia (20), it has been reported that the oxidant-anti-
oxidant balance is disrupted and oxidative stress occurs. In
study on cattle with trichophytosis, found a significant incre-
ase in MDA levels (15). Additionally, Bayyit and Merhan (21)
reported in another study they conducted in cattle with dys-
tocia that the MDA level was higher in cattle with dystocia.
In this study, in parallel with the above studies, it was deter-
mined that the oxidant-antioxidant balance was disrupted
and as a result, the MDA concentration increased when the
control group and the trichophytosis group were compared.
The reason for this is; It is thought that it may occur due to
lipid peroxidation caused by stress in animals with trichophy-
tosis and/or free radicals formed by phagocytes, which have
an important role in host defense.

Antioxidants are classified according to their structures
as enzymes/non-enzymes or according to their cell localiza-
tion. The most important enzymatic defense systems against
oxygen radicals are CAT, SOD, and GSH-Px (22). Important
antioxidant enzymes such as CAT, SOD and GSH-Px neutra-
lize free radicals (23). Kataria et al. (24) reported in a study
conducted on cattle with brucellosis that serum CAT, SOD,
glutathione reductase, monoamine oxidase, and peroxidase
activities increased significantly in cattle with brucellosis. In
another study, a significant increase in CAT, SOD, and GSH-
Px activities was reported in cattle with trichophytosis (15).
In a study conducted in dogs with trichophytosis, low SOD,
and CAT activities were reported (25). In another study con-
ducted in sheep and goats infected with Haemonchus con-
tortus, it was reported that MDA increased and SOD which
one of the antioxidant markers, decreased (26). Additionally,
two different studies conducted in calves with trichophytosis
reported that antioxidant activity decreased (27,28). Simi-
larly, in this study, decreased antioxidant levels (SOD, CAT
and GSH-Px) in cattle with trichophytosis may be due to the
defense mechanism against lipid peroxidation.

Thiol/disulfide homeostasis has functions, antioxidant
defense, apoptosis, regulation of enzyme functions, etc. Al-
teration of thiol/disulfide homeostasis plays a role in the pat-
hogenesis of many diseases, especially chronic diseases (29).
Thiols, which regulate intracellular redox status, are the first
antioxidants consumed in the oxidative environment. In ad-
dition, plasma values are a good indicator of tissue redox po-
tentials (30). Thiols, which are reported to be formed by
dendritic cells in the skin, have an important role in oxidative
stress and disease pathogenesis (29). In human medicine,
changes in thiol-disulfide concentrations have been repor-
ted in many inflammatory diseases (31,32). In veterinary me-
dicine, it has been reported that there is a decrease in total
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thiol and native thiol levels during dehorning of calves with
hot cautery, and there is no significant difference in disulfide
level (33). Also conducted in sheep with toxoplasmosis, it
was reported that total thiol and native thiol levels were sig-
nificantly lower, and disulfide, disulfide/native thiol and di-
sulfide/total thiol were higher (34). In the study, it was de-
termined that total thiol, native thiol, and native thiol/total
thiol levels decreased statistically significantly compared to
the control group. It was determined that disulfide/native
thiol and disulfide/total thiol levels increased statistically
compared to the control group. Although the disulfide level
increased, it was statistically insignificant. The levels of
thiol/disulfide homeostasis parameters in the study are
compatible with the above studies, and we believe that this
may be due to the formation of oxidative stress and the or-
ganism’s consumption of thiols to combat oxidative stress
against the increasing oxidative stress level.

As a result, the findings obtained from the study indi-
cate that trichophytosis causes oxidative stress in cattle, and
it is thought that the use of oxidative stress markers, especi-
ally thiol/disulfide homeostasis markers, will contribute to
the pathogenesis of trichophytosis and more detailed stu-
dies should be conducted on this subject.
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Abstract

Serum amyloid A (SAA) level increases in conditions such as infection, tissue damage and trauma and
is not specific to a disease but provides information about the presence and severity of inflammation.
As a life-threating conditions pyometra usually causes systemic inflammatory response syndrome
(SIRS) and therefore may lead an increase in SAA levels. The present study was designed to determine
SAA levels in cats with pyometra that developed SIRS, and to demonstrate the diagnostic value of SAA
by comparing it with hematological and biochemical parameters as well as SIRS criteria. For this
purpose, data were used from cats with open-cervix pyometra (OP, n=6) and closed-cervix pyometra
(CP, n=6), which were identified as having developed SIRS and were admitted to hospital as well as
from healthy cats brought in for routine neutering, which were identified to be in the diestrus phase
of the sexual cycle (DE, n=6). Cats with pyometra had higher SAA levels and leukocytosis compared
to cats in the DE group (P= 0.002 and P= 0.000, respectively). The highest SAA level was detected in
the CP group (168.6 pug/ml) and this level is statistically significant compared to the other groups (P=
0.028). While there was no correlation between SAA levels and SIRS criteria, SAA levels were
negatively correlated with both AST (P=0.045, rs=-0.478) and GGT (P=0.019, rs=-0.548). In the study,
it was determined that sepsis and SIRS progressed with different symptoms in cats and SIRS criteria
were less specific in cats. It was concluded that SAA levels may be an important marker in closed-
cervix pyometra cases. We think that the study data are promising but further and comprehensive
studies are needed considering the number of patients included in the study.

Key Words: Cat, pyometra, serum amyloid A, systemic inflammatory response syndrome

Serum amiloid A diizeyleri piyometrali kedilerde SiRS tanisinda kullanilabilir mi?

0z

Serum amiloid A (SAA) diizeyi enfeksiyon, doku hasari ve travma gibi durumlarda artar ve bir hastaliga
6zgl olmamakla birlikte inflamasyonun varligi ve siddeti hakkinda bilgi verir. Hayati tehdit eden bir
durum olan pyometra genellikle sistemik inflamatuar yanit sendromuna (SIRS) neden olur ve bu ne-
denle SAA seviyelerinde artisa yol agabilir. Bu ¢alisma, SIRS gelisen piyometrali kedilerde SAA dlizey-
lerini belirlemek ve SAA’nin tanisal degerini hematolojik ve biyokimyasal parametrelerin yani sira SIRS
kriterleriyle karsilastirarak gostermek amaciyla tasarlanmistir. Bu amagla SIRS gelistirdigi tespit edilen
ve hastanemize getirilen agik serviks pyometrali (OP, n=6) ve kapali serviks pyometral (CP, n=6) kedi-
lerin yani sira rutin kisirlastirma icin getirilen ve seksiel siklusun didstrus doneminde oldugu tespit
edilen saglikli kedilerden (DE, n=6) elde edilen veriler kullaniimistir. Piyometrali kediler, DE grubundaki
kedilere kiyasla daha yiiksek SAA seviyelerine ve I6kositoza sahipti (sirasiyla P= 0.002 ve P=0.000). En
yiksek SAA seviyesi CP grubunda tespit edilmistir (168.6 pg/ml) ve bu seviye diger gruplardakine gére
istatistiksel olarak anlaml bulunmustur (P=0.028). SAA diizeyleriile SIRS kriterleri arasinda korelasyon
saptanmazken, SAA dizeyleri hem AST (P= 0.045, rs= -0.478) hem de GGT (P= 0.019 rs= -0.548) ile
negatif korelasyon gostermistir. Calismada sepsis ve SIRS'in kedilerde farkli semptomlarla ilerledigi,
SIRS kriterlerinin kedilerde daha az spesifik oldugu tespit edilmistir. Serum amilod A’nin CP olgularinda
o6nemli bir belirte¢ olabilecegi sonucuna varilmistir. Calisma verilerinin umut verici oldugunu ancak
calismaya dahil edilen hasta sayisi gbz 6niinde bulunduruldugunda daha ileri ve kapsamli ¢alismalara
ihtiyac¢ oldugunu distinmekteyiz.

Anahtar Kelimeler: Kedi, piyometra, serum amiloid A, sistemik yangisal cevap sendromu
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INTRODUCTION

Pyometra, which implies the acute or chronic suppurative in-
fection of the uterus, occurs in the luteal period and is life-
threatening in cats and dogs due to the general deterioration
and systemic infection it causes (1). The repeated exposure
of the reproductive system to hormonal stimulation has an
important place in the etiology of the disease. Estrogen (E2)
exposure during the follicular period prepares the uterus for
the effect of progesterone (P4). Progesterone stimulates en-
dometrial development and glandular secretion and supp-
resses myometrial contractions and uterine immunity. Even-
tually, this process prevents the uterus from eliminating bac-
terial contamination and creates favorable conditions for
bacterial growth and the development of pyometra (2). This
process may either occur as a result of repeated exposure to
endogenous hormones or be triggered by exogenously ad-
ministered E2 and P4 (3,4).

The clinical course of the disease varies, depending on
the duration of its development, the presence of anirregular
cycle, the effects of exogenous and endogenous hormones,
the severity of liver and kidney dysfunction, the presence of
bacterial infection, the patency of the cervix, and the pati-
ent's immune response (5,6). Usually, closed-cervix pyo-
metra (CP) cases are more severe than open-cervix pyo-
metra (OP) cases (7). However, the general clinical findings
are similar in both types of pyometra. Symptoms such as pu-
rulent vaginal discharge (if the cervix is open), expansion of
the uterine volume, polyuria, polydipsia, lethargy, anorexia,
vomiting - which are actually not specific to pyometra - are
observed (3).

Diagnosis can be made based on anamnesis, physical
and gynecological examinations, laboratory findings, radiog-
raphy, ultrasonography (USG), and the type of the genital
discharge in cases, where the cervix is open (8). Recently,
acute-phase proteins (APP) have also started to be evaluated
in cats and dogs for diagnostic purposes (9,10).

Acute-phase proteins are produced by the liver against
trauma, viral and bacterial infections, and inflammatory con-
ditions. During the inflammatory process, species specific
increases (positive APP) and decreases (negative APP) occur
in some APP levels. For example, the APP, which increases
most rapidly and at the highest level is the C-reactive protein
(CRP) in the dog, and serum amyloid A (SAA) in the cat. This
means that SAA is a positive acute-phase protein in the cat.
Since SAA increases in various feline diseases, it can be used
as a marker to determine the presence and severity of sys-
temic inflammation and its prognosis in cats (11). Studies
show that there is a correlation between APP production and
the clinical signs of systemic inflammatory response (9,10).

Systemic inflammatory response syndrome (SIRS) is the
body's clinical, hematological and immunological response
to infectious and non-infectious factors. Toxins produced by
bacteria involved in pyometra, after entering the systemic
circulation, cause the development of sepsis and SIRS, which
result in multiple organ failure and increased mortality rates
(12). In veterinary medicine, clinical and laboratory findings
adapted from human medicine, such as hyperthermia/hy-
pothermia, tachycardia/bradycardia, tachypnea/bradypnea,
leukocytosis/leukopenia and band neutrophils, are used as
SIRS diagnostic criteria. These criteria show a significant cor-
relation with the prognosis of the disease (13). Therefore,
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patients with sepsis or SIRS should be regularly assessed for
these parameters (14). Furthermore, Yazlik et al. (15) sug-
gested that the results of hematological and biochemical
analyses could also be used as markers in dogs with pyo-
metra that develop SIRS, especially in cases of CP.

Today, the diagnostic criteria established for dogs con-
tinue to be used for the diagnosis of non-species-specific di-
seases in cats. However, there are very important metabolic,
enzymatic and endocrinological differences between cats
and dogs. For example, as mentioned above, there are vari-
ous species-specific APPs, and evaluating the CRP instead of
SAA in cats would yield irrelevant results and mislead the
physician (9). Furthermore, while pyometra occurs after the
age of six in dogs not administered with any exogenous hor-
mone, it may occur at any age in cats (1). Therefore, there is
a need to detect the differences of cats. In this context, the
present study was designed to determine SAA levels in cats
with pyometra that developed SIRS, and to demonstrate the
diagnostic value of SAA measurement by comparing it with
hematological and biochemical parameters as well as SIRS
criteria.

MATERIAL AND METHODS

In the present study, data were used from cats with open-
and closed-cervix pyometra, which were identified as having
developed SIRS and were admitted to our clinic, as well as
from healthy cats brought in for routine neutering, which
were identified to be in the diestrus phase of the sexual
cycle.

Cats, which were admitted to the clinic with signs of va-
ginal discharge, anorexia, polyuria, polydipsia, and lethargy,
diagnosed with pyometra by USG, vaginal cytology, and
blood analysis, and determined to have developed SIRS,
were included in the open-cervix pyometra group (OP, n=6).
Cats showing the same clinical signs, except for vaginal disc-
harge, were included in the closed-cervix pyometra group
(CP, n=6). Cats, which were brought in for neutering, found
to be healthy upon clinical examination, and identified to be
in the diestrus phase of the sexual cycle based on gynecolo-
gical examination and operational findings, were included in
the diestrus group (DE, n=6).

In this study, animals with SIRS were identified accor-
ding to the diagnostic criteria reported (16). Accordingly, the
following reference intervals were used: <6, >20 x10°/L for
WBC(C,<37.2°C,>39.4°C for body temperature, >40 bre-
aths/min for respiratory rate, and <140, >220 bpm for pulse.
Cats, which met at least three of these four criteria, were
considered to be SIRS-positive (16).

Animals with no history of exogenous hormone admi-
nistration at any time, no treatment before being brought to
our clinic, and no acute or chronic systemic and/or metabolic
disorders other than pyometra, and without any organ dys-
function caused by pyometra were included in the study.

Routine procedures were performed on the cats. Ac-
cordingly, after anamnesis was performed, physical exami-
nations were conducted, and the findings were recorded.
The report of Thomovsky et al. (17) was used as a reference
for these examinations, which were part of the routine eva-
luation.

Ultrasonographic examinations were performed tran-
sabdominally with an 5-7.5 MHz probe (Mindray VETUS 9,
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Hasvet). During USG, a preliminary diagnosis of suspected Table 1. Values of mean age and body weight of the groups

pyometra was made by observing an anechoic content with

. X . Group Age (year; X+SE) Body weight (kg; X+SE)

a snowstorm appearance in the distended lumen, which
expanded cranially and dorsally from the bladder. Cats diag- 28+2.7 34102
. . . cp 2013 33+0.1
nosed with pyometra were assigned to the OP group if they bE 13504 32401
had vaginal discharge, the CP group if they had no vaginal P value 0.501 0.815

discharge. Cats with no pathology in the uterus were assig-
ned to the DE group. In all groups, uterine diameter measu-
rements were performed with USG, as described by Gatel et
al. (18), and the results were recorded.

The definitive classification of the animals into the

Data are presented as X = SE.OP; Open-cervix pyometra, CP; Closed-cervix
pyometra, DE; Diestrus.

Table 2. Clinical symptoms and its rates identified in cats with pyo-

study groups was based on the macroscopic and microbiolo- metra op op Total
gical evaluation of the reproductive tissue after surgery. Ac- Clinical Symptoms (%; n) (%; n) (%; n)
cordingly, cats with suspected pyometra were definitively Depression/Lethargy 0.0 (0/6) 100 (6/6)  50.0 (6/12)
classified into the pyometra group if bacterial growth was fo- Anorexia 66.7 (4/6) 100 (6/6) 83.3(10/12)
und in the microbiological evaluation of the uterus. Cats with Vomiting 0.0(0/6) 16.7 (1/6) 8.3(1/12)
no pathology in the uterus and with corpus luteum identified Cmoe'::;:;r:e in mucous 333(2/6)  66.7(4/6) 333 (6/12)
|r1 th.e ovary during the macroscopic evaluation were classi- Prolongation of CRT 333 (2/6) 66.7(4/6)  50.0(6/12)
fied into the DE group. Hyperthermia 50.0(3/6)  66.7(4/6) 583 (7/12)

For hemogram, serum biochemistry, and SAA measure- Dehydration 333(2/6)  50.0(3/6) 41.7(5/12)
ment, blood samples were taken from the antebrachial cep- Abdominal pain 16.7 (1/6) 50.0(3/6)  33.3(4/12)
halic vein into 10-ml serum tubes and EDTA-coated tubes be- Polydipsia 0.0 (0/6) 50.0(3/6)  25.0(3/12)
fore surgery (Mindray BC-60, Hasvet). In this study, only Polyuria 0.0 (0/6) 50.0 (3/6)  25.0(3/12)

WBC (reference interval: 6-20 x10°/L) were counted as the
WBC count is included among the SIRS criteria. After the
samples were centrifuged at 5000 rpm for 10 minutes,
blood urea nitrogen (BUN; reference interval: 19-34
mg/dl), creatinine (CREA; reference interval: 0.8-2.1
mg/dl), alanine aminotransferase (ALT; reference inter-
val: 28-109 U/L), alkaline phosphatase (ALP; reference in-
terval: 11-49 U/L), aspartate amino transferase (AST; re-
ference interval: 17-46 U/L) and gamma glutamyl trans-
ferase (GGT; reference interval: 0-2 U/L) levels were me-
asured in the serum samples (Mindray BS-120Vet, Has-
vet). The SAA levels were determined in the sera with the
aid of an automatic veterinary hormone analysis and im-
munity testing device (Vcheck V200, Hasvet) using Feline
SAA 3.0 test kits, which were 97% compatible with ELISA.
Evaluations were performed according to the prospectus
data, such that <5 pg/ml was accepted normal; 5-10
pg/ml raised a suspicion of systemic inflammation; and
>10 pg/ml indicated the presence of systemic inflamma-
tion.

Statistical analysis

Statistical analyses were performed with the IBM SPSS 25.0
package program. The normality distribution of the study
data was determined by the Shapiro-Wilk test. When the
normal distribution of the data was verified, a one-way
ANOVA test was used for the comparison of the groups, and
when the data did not show a normal distribution, the Krus-
kal-Wallis and Mann-Whitney U tests were employed. The
correlations between SAA and the other parameters were
determined by Spearman’s correlation coefficient.

RESULTS

No statistical differences were found between the mean
ages and body weights of the study groups (Table 1). The cli-
nical symptoms detected in the cats with pyometra and the
severity of these symptoms are presented in (Table 2).

Data were presented as % and "n" show the number of cats. OP; Open-cervix
pyometra, CP; Closed-cervix pyometra, DE; Diestrus, CRT; Capillary refill time.

Data on the hematological and serum biochemical pa-
rameters, SAA levels and SIRS criteria are presented in (Table
3). The cats with pyometra had higher SAA levels and leu-
kocytosis, when compared to cats in the DE group (P= 0.002
and P= 0.000, respectively). Also, bradycardia was more
common than tachycardia in the cats with pyometra.

Table 3. Rates of hematological, serum biochemical and SAA fin-
dings of the groups

parameters Reference OP  Groups DE P

interval (%;n) CP(%;n) (%;n) value
High SAA levels >5ug® 50(3/6) 100(6/6) 0(0/6) 0.002"
Leukocytosis >20x10°/L° 100 (6/6) 100 (6/6) 0 (0/6) 0.000™"
Hyperthermia >39.4°C® 50(3/6) 66.7(4/6) 0(0/6) 0.207
Tachypnea >40 bpm® 100 (6/6) 83.3(5/6) 50(3/6) 0.301
Bradycardia <140 bpm® 66.7 (4/6) 83.3(5/6) 0(0/6) 0.04"
Tachycardia >220bpm®  0(0/6) 16.7(1/6) 0(0/6) -
Higher BUN levels >34 mg/dlc 50 (3/6) 66.7 (4/6) (3365; 0.513
High GGT activity >2U/L° 33.3(2/6) 50(3/6) 0(0/6) 0.059
High ALT activity >109 U/L° 33.3(2/6) 0(0/6) 0(0/6) 0.073
Low ALT activity <28U/L° 0(0/6) 33.3(2/6) 0(0/6) -
High AST activity > 48 U/Lc 33.3(2/6) 0(o/6) 0(o/6) 0.073
Low AST activity <17 U/L* 0(0/6) 33.3(2/6) 0(0/6) -
High ALP activity >49 U/L° 16.7 (1/6) 16.7 (1/6) (3363) 0.575
Low ALP activity <11 U/L° 16.7 (1/6) 0(0/6) 0(0/6) -

Data were presented as % and "n" show the number of cats.OP; Open-cervix
pyometra, CP; Closed-cervix pyometra, DE; Diestrus, SAA; Serum Amiloid A,
BUN; Blood urea nitrogen, GGT; Gamma glutamyl transferase, ALT; Alanine
aminotransferase, AST; aspartate amino transferase, ALP; alkaline phospha-
tase.?: Prospectus of Feline SAA 3.0 test kits, ®: (16), ¢: Vet Cornell Refence
Intervals, *; p<0.05, **p<0.001 .
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The mean data for the SIRS criteria and SAA levels are
presented in Table 4. Statistical significance was determined
only between WBC, pulse and SAA levels among the parame-
ters examined. The mean body temperature of the cats with
CP was higher than the reference interval values, but this dif-
ference was statistically insignificant. The mean respiratory
rates were above the reference values in all groups. Altho-
ugh the respiratory rates were higher in the pyometra gro-
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ups than in the control group, no statistically significant dif-
ference was detected. The highest SAA level was determined
in the CP group (168.6 ug/ml), and this level was statistically
significant compared to the levels of both the OP and DE gro-
ups (P=0.028). On the other hand, no significant difference
was found between the SAA levels of the OP and DE groups
(Table 4).

Table 4. Mean values obtained for SIRS criteria and SAA levels in the study

Parameters Reference interval Groups P value
OoP CP DE
WBC <6 ; >20 x1079/L 36.0 £5.3° 39.1+£6.42 10.0£1.4°> 0.001**
Body temperature <37.2;>39.4°C 39.1+0.2 39.4+0.5 38.6+0.2 0.216
Respiratory rates >40 breaths/min 55.0%3.9 58.7+9.5 49.3+9.4 0.714
Pulse <140; >220 bpm 130.0+7.72 129.2 +18.52 166.3+8.3> 0.028*
SAA 0-5 pg/ml 18.2 +8.72 168.6 + 17.9° 5.0+0.02 0.028*
Data are presented as X * SE. Different letters® ® in the same row indicates statistically significant.

OP; Open-cervix pyometra, CP; Closed-cervix pyometra, DE; Diestrus, WBC; white blood cell, SAA; Serum Amiloid A, *;

p<0.05, **p<0.001.

No statistically significant difference was detected in
the serum biochemical parameters, except for AST (P=

0.040). Although the GGT results were higher than the refe-
rence interval values, no statistical significance was determi-
ned in the CP group (Table 5).

Table 5. Mean results of serum biochemical test

Parameters Reference interval Groups P value
oP CP DE
BUN 19-34 mg/dI 38.7+4.3 36.2+5.2 31.1+3.8 0.487
CREA 0.8-2.1 mg/dl 1.0+0.1 0.8+0.1 0.810.1 0.189
ALT 28 -109 U/L 85.7+£18.8 37.9+9.5 67.5+9.6 0.066
AST 17-48 U/L 38.2+5.12 20.6 £5.7° 26.9+0.9 0.040
ALP 11-49 U/L 36.7+9.5 30949 435+3.6 0.414
GGT 0-2U/L 28+14 3.2+1.3 1.0+£0.0 0.353
Data are presented as X + SE. Different letters® P in the same row indicates statistically significant.

OP; Open-cervix pyometra, CP; Closed-cervix pyometra, DE; Diestrus, BUN; Blood urea nitrogen, CREA; Creatinine, GGT;
Gamma glutamyl transferase, ALT; Alanine aminotransferase, AST; aspartate amino transferase, ALP; alkaline phosphatase.

While the CP group had the largest uterine diameter,
the DE group had the smallest diameter (1.6 £ 0.2 cm vs. 0.4
+ 0.1 cm). It was found that the uterine diameters were sig-
nificantly larger in the CP group than in the OP (1.2 £ 0.3 cm)
and DE (P= 0.023 and P= 0.001, respectively) groups, and
were also higher in the OP group than in the DE group
(P=0.01).

While no correlation was determined between the SAA
levels and SIRS criteria (Table 6), the SAA levels were negati-
vely correlated with both AST (P= 0.045, rs--0.478) and GGT
(P=0.019, rs- -0.548) (Table 7).

Table 6. Correlation between SAA level and SIRS criteria. rs; Spearman correlation coefficient

WBC Body temperature Respiratory rate Pulse
SAA P value 0.057 0.138 0.281 0.065
rs 0.456 0.364 0.269 -0.444

SAA; Serum Amiloid A, WBC; White blood cells.

Table 7. Correlation between SAA level and serum biochemical results. rs; Spearman correlation coefficient

BUN CREA ALT AST ALP GGT
SAA P value 0.451 0.523 0.656 0.045 0.141 0.019
rs 0.190 -0.161 0.113 -0.478 -0.361 -0.548

SAA; Serum Amiloid A, BUN; Blood urea nitrogen, CREA; Creatinine, GGT; Gamma glutamyl transferase, ALT; Alanine
aminotransferase, AST; aspartate amino transferase, ALP; alkaline phosphatase.
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DISCUSSION AND CONCLUSION

Despite being a life-threatening disease, the number of stu-
dies on the prevalence, characteristics and prognosis of pyo-
metra in cats is much less than that in dogs, and therefore,
pyometra in cats is assessed based on the data available for
dogs (1). The incidence of pyometra in dogs is much higher
than that in cats, such that it is >20% in ten-year-old dogs
and 2% in 13-year-old cats. However, contrary to incidence,
death from pyometra is higher in cats than in dogs (6% vs
4%), which means that pyometra is more fatal in cats than in
dogs. Although clinical findings are similar to those observed
in dogs, they are often nonspecific to cats, and therefore,
pyometra is difficult to diagnose in cats (1,19). For that rea-
son, itis necessary to determine the species-specific changes
caused by pyometra in the cat, and this issue is open to
study.

In the present study, none of the patients died and all
survived after being treated. Therefore, an evaluation for the
correlation between the SAA levels and survival rate or time
could not be performed. On the other hand, the physical
examination findings demonstrated that 50% to 55% of the
cases presented with symptoms of depression/lethargy, pro-
longation of the CRT, loss of appetite, and color change in
the mucous membranes, which can be observed in various
diseases. It has been reported that the clinical findings of
pyometra in cats are non-specific (1,19). However, the signi-
ficant advantages offered by USG in the diagnosis of pyo-
metra eliminated the disadvantage of the non-specific clini-
cal findings.

As is the case with many bacterial infections, as pyo-
metra progresses, it may lead to sepsis, endotoxic shock or
SIRS, which can result in death (20). Although the definitions
of sepsis and SIRS are different, they are closely related to
each other: SIRS is found in cases with sepsis, but sepsis does
not occur in every case with SIRS (21). The mortality rate of
sepsis varies between 29% and 79% in cats (22-24). There-
fore, diagnosing sepsis or severe sepsis in feline pyometra
cases, based on clinical findings, is important for determining
the extent of systemic disorder and managing the clinical co-
urse (25). However, although proven to be sensitive in both
dogs (26) and cats (27), SIRS diagnostic criteria are not spe-
cific to these species and lack a consensus (25). This is beca-
use hyperthermia, tachycardia and tachypnea, which are
among the SIRS criteria, have many causes other than syste-
mic inflammation, such as anxiety and pain, especially in cats
(28). As a matter of fact, in the present study, no statistically
significant difference was determined between the body
temperatures and respiratory rates of the groups. According
to our results, these parameters increased only numerically
in the pyometra groups.

In the hyperdynamic phase of sepsis, symptoms such as
tachycardia, hyperthermia, and hyperemic mucosa develop
due to peripheral vasodilation. As sepsis progresses, it evol-
ves into the hypodynamic phase and presents with symp-
toms such as vasoconstriction, tachycardia, pale mucous
membranes, prolonged CRT, and weakening of the pulse
(25). However, in cats, this process progresses differently,
and the hyperdynamic phase does not develop as it does in
other species (25,29). In affected cats, although many of the
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classic clinical signs of sepsis in other animal species are ob-
served, additional signs such as bradycardia, hypothermia,
and abdominal pain also develop (22,24,25).

The results obtained for hyperthermia (58.3%; 7/12)
and tachypnea (91.7%; 11/12) in the present study confirm
with the changes observed during the hyperdynamic period
of sepsis. These results agree with previous reports by
DeClue et al. (25) and Brady et al. (30) indicating 42% and
59% of hypothermia, respectively. Brady et al. (25) also re-
ported to have detected hyperthermia in 35% of cats with
sepsis. These differences could be due to variances in the re-
ference intervals used. In the study of Brady et al. (25), the
mean body temperature was reported as 37.2 + 2.5°C, and
this value corresponds to the lower reference limit (<37.2
and >39.4°C) used in this study.

In addition, a total of 75% (9/12) of the cats were brady-
cardic and incompatible with the hyperdynamic phase (29).
While similar data have been previously reported, indicating
bradycardia in 66% of cats (25), the pathophysiology of this
species-specific change in cats is unknown (30). Hypother-
mia may be a cause of bradycardia, but we cannot establish
such a relationship since hypothermia did not occurin any of
the animals in this study (31). On the other hand, much older
studies have suggested that cats may not develop tachycar-
dia in response to hypotension due to the simultaneous ba-
roreceptor stimulation of the vagal and sympathetic fibers
(25,32).

In cases of sepsis and SIRS, an increase occurs in inflam-
matory mediators such as pro-inflammatory cytokines, T
cells and macrophages, and the activation of WBC during this
increase plays a key role in the pathogenesis of SIRS (29). The
most characteristic changes observed in the hemogram of
cats and dogs with pyometra are a marked increase in WBC
accompanied by an inflammatory leukogram and a regene-
rative left shiftin WBC (1,13). Therefore, the leukocytosis ob-
served in 100% of the pyometra cases in this study is an
expected finding. The mean WBC values of the cats with pyo-
metra in this study were higher than those reported in the
studies of (25,30). These researchers reported mean WBC
counts of 15x10°/L and 12.3x10%/L, respectively. However,
they evaluated many different SIRS or septicemia cases such
as pyothorax and septic peritonitis in their studies. Our re-
sults were obtained only from pyometra cases, and this co-
uld explain our higher results. On the other hand, it has been
determined that WBC levels are higher in CP cases compared
to OP cases in cats. It has been suggested that this is due to
the drainage of the purulent content from the uterus thro-
ugh the open cervix, causing a milder level of septicemia
compared to the closed cervix (7). According to these re-
ports, there is a correlation between the uterine lumen be-
ing filled with pus and WBC levels, and this is expected to be
more intense in CP in dogs (33,34). In our study, uterine dia-
meter measurements how similarity to these data, but indi-
cate no correlation. This may be because the uterine lumen
of cats is smaller than that of dogs, although there are very
large differences in size and uterine size between dog bre-
eds, cases are detected and intervened fasterin cats, and the
cat's immune system has a different working mechanism
than that of dogs. An example of this difference is the rapid
increase in CRP levels in dogs and SAA levels in cats during
the acute phase response (11).
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There are differences between the evaluation of SIRS in
cats and dogs. Since cats have their own pathophysiology,
while two criteria are sufficient for the diagnosis of SIRS in
dogs, three criteria are required in cats (29). Therefore, in
this study, three of the four positive criteria were investiga-
ted. However, no specific findings were obtained, which se-
ems to be in agreement with previous reports suggesting
that SIRS criteria are not specific to cats and dogs (25-28).
Besides, the fact that there was no correlation between SAA
and body temperature, respiration rate and pulse in this
study can be considered as proof of SIRS criteria not being
specific to cats.

Acute-phase proteins are more sensitive markers than
WABC in the early diagnosis of inflammation. During the inf-
lammatory process, changes occur in both APP and WBC le-
vels (35). Proteins that increase/decrease in the acute-phase
response have been previously investigated in mares, cows
and dogs with pyometra (36,37). It has been stated that SAA
levels increase during inflammatory processes in many ani-
mal species, especially in reproductive tissues, and therefore
can be used as a biomarker of inflammatory processes in
reproductive tissues (11,38).

In the present study, it was determined that SAA levels
had increased in the pyometra groups, but not in the control
group, and these results are in agreement with previous re-
ports (39,40). Similar results have been reported in previous
studies in dogs (12,41), and it has been concluded that SAA
could be used as a marker in dogs with pyometra (41).
However, in the aforementioned studies, pyometra was eva-
luated without being classified under open- and closed-cer-
vix cases. Given that clinical findings are more severe in CP
(7), it is important to make the distinction between OP and
CP cases. The statistical difference (P= 0.028) determined
between the SAA levels of the two pyometra groups in this
study confirm the importance of this distinction. Vilhena et
al. (40) determined a mean SAA level of 63.6 pug/ml in their
study, which included 96% of cats with OP. This level is much
higher than the results we obtained in the OP group (18.2
pg/ml). The difference between the results of the two stu-
dies could be related to the number of animals used (6 vs 23)
or the age of the animals. While this study included young
animals, in the study of Vilhena et al. (40), most of the ani-
mals were old. It has been determined that the age-related
increased incidence of subclinical disease may lead to incre-
ased SAA levels in older cats (42). Similar data were reported
in dogs by Jitpean et al. (41). These researchers also deter-
mined that SAA levels were significantly higher in septic ca-
ses. On the other hand, in a pyometra study conducted wit-
hout evaluating cervical patency, Yuki et al. (43) determined
the mean SAA level as 154.8 ug/ml, which is similar to the
mean SAA level of 168.6 pg/ml we determined in the CP
group. Considering that all the cats with pyometra in this
study were SIRS-positive, despite clinically exhibiting three
out of the four positive criteria of SIRS, the difference
between the SAA levels of the groups suggests that assessing
SAA levels together with SIRS criteria would be beneficial in
understanding the severity of the condition.

In human medicine, WBC and the CRP are important in
detecting the presence of serious infection and determining
the type of treatment required (44). On the other hand, alt-
hough the use of APPs alongside WBC is beneficial for evalu-
ating the inflammatory state in both humans and animals,
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APPs are reported to be more sensitive than leukocyte co-
unts in detecting infection and inflammation (39,45). Our re-
sults agree with the aforementioned studies. In the present
study, while no statistical difference was determined
between the WBC levels of the pyometra groups, a diffe-
rence was found between their SAA levels. We consider this
to be an important finding in evaluating the clinical signifi-
cance of OP or CP. Additionally, upon evaluating the relati-
onship between SAA and WBC, although we thought there
might be a tendency towards a positive correlation, it was
determined that there was no correlation between these pa-
rameters (P=0.057).

In cases of pyometra, sepsis or SIRS, the kidney and li-
ver are the two most rapidly affected organs. There was no
difference between the groups for the BUN and CREA values
we measured in this study. The fact that these values were
normal in the kidneys, which are the first organs affected by
pyometra, indicates that kidney function changes had not
started yet. The low rates of polyuria and polydipsia (25%)
we detected confirm this data. This is because, in pyometra,
the antigen-antibody complex affects the glomeruli and ca-
uses glomerulonephritis, the first clinical findings of which
are polyuria and polydipsia (46,47). However, it has been re-
ported that azotemia was detected in 77.8% of dogs with
pyometra and high CREA levels were detected in a percen-
tage of 42.2% (48). Jitpean et al. (41) reported that BUN and
CREA levels in septic and nonseptic dogs with pyometra re-
mained within the reference limits and there was no statis-
tical difference between the two groups. DeClue et al. (30)
showed that BUN levels increased in 26.3% and CREA levels
increased in 10.5% of septic cats.

High AST and ALT activities may be detected in cats and
dogs with sepsis (13,30). DeClue et al. (30) found an increase
in ALT activity in 36.8% and ALP activity in 10.5% of cats with
sepsis. Besides, they also reported that ALT activity was sig-
nificantly increased in septic cats compared to healthy cats
(30). The reason for this increase may be stress and damage
to tissues such as the heart, liver and bone marrow due to
sepsis (49). In addition, there are also reports suggesting that
increased ALP activity in pyometra may result from intrahe-
patic cholestasis (50). However, as liver function parameters
may not always increase in cases of sepsis or pyometra. In
this study, GGT activity increased in 41.7% (5/12), AST and
ALT activity increased in 33.3% (2/6), and ALP activity incre-
ased in 33.3% (2/6) of the cats in the pyometra groups.
However, despite these increases and decreases, the mean
values of the liver function parameters remained within the
reference ranges. This may be due to liver enzyme activity in
cats being faster than that of the dog. The half-lives of ALT,
AST and ALP are 3.5 hours, 1.5 hours and 6 hours, respecti-
vely, in cats, and 60 hours, 12 hours and 66 hours, respecti-
vely, in dogs. The difference between these half-lives indica-
tes that hepatic enzymes in cats will not increase as much as
in dogs in cholestasis (51). In other words, ALT and AST le-
vels, which increase in the serum following acute injury, will
decrease very rapidly within hours after a significant incre-
ase due to differences in serum and the cellular localizations
of the enzymes (52). Thus, we consider that the negative cor-
relation detected in this study between SAA and AST or SAA
and GGT has no clinical significance, as we are suspicious of
the AST and GGT levels measured in the cats due to the half-
lives of these enzymes.
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When evaluating the results of the present study, we
observed that there was 100% leukocytosis in all cases in the
pyometra groups. Furthermore, tachypnea was detected at
a level of 100% in the OP group and 83.3% in the CP group.
Moreover, bradycardia was detected at a level of 66.7% in
the OP group and 83.3% in the CP group, and finally, hypert-
hermia was determined at a level of 50% in the OP group and
66.7% in the CP group. Statistical significance was detected
only for the WBC and pulse parameters, when compared to
the control group. On the other hand, while SAA levels inc-
reased in only 50% of the animals in the OP group, they inc-
reased in all the cats in the CP group.

The serum biochemical test results demonstrated that
the percentages of animals with increased/decreased levels
of BUN, CREA, GGT, ALT, AST, and ALP did not differ signifi-
cantly between the groups. The results of this study, we
think that SAA levels could be used alongside SIRS criteria in
cats, and can be use of as a marker especially in cases of CP,
and even be evaluated before other SIRS criteria. We consi-
der the study data to be promising but considering the num-
ber of patients included in the study, further and more
comprehensive studies are needed.
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Abstract

The aim of the study was to determine oxidative stress and sialic acid levels in cattle with hydatid
cysts. In the study, 15 hydatid cyst infected and 15 healthy cattle were used. Total sialic acid (TSA),
lipid-bound sialic acid (LBSA), protein-bound sialic acid (PBSA), nitric oxide (NO) and malondialdehyde
(MDA) levels were determined colorimetrically in the animals. It was determined that TSA, LBSA, NO,
and MDA levels were increased in the cattle with hydatid cysts compared to the control group, while
PBSA level increased but was statistically insignificant. In conclusion, it was concluded that oxidative
stress occurs in the cattle infected with hydatid cyst and TSA can be used as an indicator in the
diagnosis of the disease.

Key Words: Cattle, hydatid cyst, oxidative stress, total sialic acid

Hidatik Kist ile Enfekte Sigirlarda Oksidatif Stres ve Siyalik Asit Diizeylerinin Belirlenmesi

0Oz

Calismanin amaci hidatik kistli sigirlarda oksidatif stres ve siyalik asit seviyelerinin belirlenmesidir. Ca-
lismada, 15 adet kist hidatik ile enfekte ve 15 adet saglikl sigir kullanildi. Hayvanlarda total siyalik asit
(TSA), lipid bagli siyalik asit (LBSA), proteine bagh siyalik asit (PBSA), nitrik oksit (NO) ve malondialdehit
(MDA) duzeyi kolorimetrik olarak tespit edildi. Hidatik kistli sigirlarda TSA, LBSA, NO ve MDA diizeyle-
rinin kontrol grubuna gore yiikseldigi, PBSA diizeyinin ise artmakla beraber istatistiksel olarak anlamsiz

oldugu belirlendi. Sonug olarak, hidatik kist ile enfekte sigirlarda oksidatif stresin olustugu ve hastaligin
teghisinde TSA’nin bir indikator olarak kullanilabilecegi kanisina varildi.

Anahtar Kelimeler: Kist hidatik, oksidatif stres, sigir, total siyalik asit
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INTRODUCTION

Echinococcus granulosus is a parasitic zoonosis that is
widespread worldwide and important in terms of public he-
alth, causing hydatid cysts in many mammalian species, es-
pecially ruminants (1). In farm animals, it causes significant
economic losses due to decreased meat and milk yield, dec-
reased wool quality, infertility, and destruction of cystic or-
gans such as the liver and lungs. Infective eggs excreted with
the feces of the final host are ingested orally or rarely thro-
ugh the respiratory tract, resulting in infection in intermedi-
ate hosts (2,3). Since the disease is chronic, the development
of cysts in intermediate hosts takes a long time, and symp-
toms vary depending on the size of the cyst, the organ it is
located in, its number, and the stage of development of the
cyst. Cysts located in the liver cause persistent diarrhea, ja-
undice and liver enlargement in animals, while cysts in the
heart cause heart failure and cysts in the lungs cause symp-
toms such as cough, dyspnea, wheezing and rapid breathing
(2,4).

In the organs and tissues where the cyst is located, an
acute phase response (APR) occurs depending on the cellular
and humoral response, and changes occur in the synthesis of
acute phase protein (APP) in the liver (5,6). Sialic acid, which
is found in the structure of many APPs, consists of pyruvate
and mannosamine. Sialic acid, which is found in large amo-
unts in animal tissues and bacteria, is an important compo-
nent of the cell membrane, which has important functions
such as acting as a receptor in membranes and playing a role
in the adjustment of cellular stimuli, and recognizing each
other in pathogen and host interactions (7). Total sialic acid
(TSA), whose levels increase in inflammation and infection,
is a very important biomarker in the diagnosis of inflamma-
tory diseases (8).

Tissue damage, inflammation and infections occurring
in the organism activate many mononuclear cells such as
monocytes and macrophages. As a result of this activation,
mononuclear cells consume excessive oxygen and ultima-
tely cause the formation of free radicals such as hydrogen
peroxide and superoxide anion (9). Oxidative stress occurs
due to the excessive formation of free radicals. As a result
of oxidative stress, end products of lipid peroxidation such
as MDA accumulate, causing damage to tissues and organs
(10). It has been reported that parasitic infections in parti-
cular cause damage to cells and tissues due to the increase
in free radicals in host cells (11). NO is a free radical produ-
ced as a result of the reaction catalyzed by nitric oxide synt-
hase and mediates many physiological or pathological
events such as regulating cellular transmission in the orga-
nism and acting as a receptor in the structure of membra-
nes (12,13). It has been reported that NO, produced by
macrophages, neutrophils and mast cells, has anti-inflam-
matory, antimicrobial and antitumoral functions and its
concentration increases in many bacterial, viral and parasi-
tic infections (14-16). For these reasons, our aim in this
study was to determine oxidative stress and sialic acid le-
vels in cattle with hydatid cysts.

MATERIAL AND METHODS

In the study, a total of 30 cattle (3-4 years old, Brown Swiss
cattle) were used as the hydatid cyst infected group (n=15)
and the control group (n=15). After routine clinical examina-
tion of the animals brought to the Department of Internal
Medicine of the Faculty of Veterinary Medicine of KAU with
complaints such as dyspnea, neck extension, cough, cyanosis
in the mucous membranes etc., the disease was diagnosed
radiographically. The diagnosis was confirmed after slaugh-
ter. The animals constituting the control group were compo-
sed of clinically healthy animals with the same care and fee-
ding conditions.

Blood samples were taken from the jugular veins of the
animals in tubes without anticoagulants. The samples taken
in tubes without anticoagulants were centrifuged at 3000
rom for 15 minutes and the serum samples were separated
and stored at -20 °C until analysis. NO concentration was me-
asured in a spectrophotometer according to the method re-
ported by Miranda et al. (17). In this method, nitrate was
converted to nitrite with vanadium (lll) chloride. The reac-
tion of nitrite with sulfanilamide in acidic medium with N-(1-
Naphthyl) ethylene diamine dihydrochloride resulted in the
formation of a complex diazonium compound. This colored
complex was measured at 540 nm. After the nitrate and nit-
rite levels were determined separately, the sum of the two
indicates the amount of NO. Serum MDA concentration was
determined according to the method reported by Yoshioka
et al. (18). The formed MDA forms a pink complex with thi-
obarbituric acid and the absorbance of this solution is mea-
sured spectrophotometrically at 535 nm to determine the
degree of lipid peroxidation.

TSA is the sum of free, PBSA and LBSA (19). Serum TSA
and LBSA analyses were measured colorimetrically (Epoch,
Biotek, USA) using the methods described by Sydow (20) and
Katopodis and Stock (21), respectively, and the absorbances
obtained were evaluated from the standard curve prepared
with N-acetyl neuraminic acid. PBSA concentration was cal-
culated by subtracting LBSA from TSA.

Statistical Analysis

SPSS 20.0 package program was used to evaluate the study
data. Independent Sample T-test was used to compare the
groups.

RESULTS

Clinical examination revealed rumen atony, dyspnea, cough,
shallow and rapid respiration and tachycardia in the heart
(Table 1). In addition, auscultatory examination revealed
wheezing in the lung sounds and widespread dullness in the
lung percussion area. Radiographic examination revealed
numerous cysts with regular borders showing opacities in
the lungs. When the cattle infected with hydatid cysts and
the control group were compared, it was determined that
TSA, LBSA, MDA and NO levels increased compared to the
control group, while PBSA levels increased but were insigni-
ficant (Table 2).
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Table 1. Physical examination findings of hydatid cyst infected cattle and control group

Parameters Control Infected P
Rectal temperature (°C) 38.12+0.06 38.67+0.12 NS
Breaths/min 22.97+1.72 32.05+2.53 P<0.01
Heart beats/min 64.69+5.29 92.24+3.50 P<0.01

NS: Non significant

Table 2. Sialic acid and oxidative stress parameter levels in clinically healthy and hydatid
cyst infected cattle

Parameters Control Infected P
TSA (mg/dL) 71.32+2.66 92.374£3.11 P<0.001
LBSA (mg/dL) 32.15+2.34 44.83+2.21 P<0.001
PBSA (mg/dL) 39.17+3.71 47.54+3.08 NS
NO (umol/L) 23.64+1.44 18.45+1.66 P<0.05
MDA (umol/L) 2.12+0.09 3.32+0.19 P<0.01

TSA: Total sialic acid, LBSA: Lipid-bound sialic acid, PBSA: Protein-bound sialic acid, NO: Nitric oxide,

MDA: Malondialdehyde, NS: Non significant

DISCUSSION AND CONCLUSION

Hydatid cyst is a chronic zoonotic parasitic infection that ca-
uses economic losses such as destruction of consumable or-
gans, especially the liver and lungs, decrease in the amount
and quality of meat, milk, and wool, delayed growth, and
decreased birth rate (2,22). Although the disease is seen all
over the world, it is more common in countries where eradi-
cation programs and preventive medical services are ina-
dequate (23).

APR is formed in the animal tissues where it is located,
depending on the cellular and humoral response, and chan-
ges occur in APP synthesis in the liver. The level of sialic acid
in the structure of APPs also increases in parallel with the
increase in APP concentration (12). TSA, which has an incre-
ased concentration, is a very important biomarker in the di-
agnosis of inflammatory diseases (8). Studies have reported
that TSA levelsincrease in diseases such as neonatal diarrhea
(24), tuberculosis (25), anaplasmosis and theleriosis (26), ec-
hinococcosis (12), hypodermosis (8), aspiration pneumonia
(27), leptospirosis (28) and botulinum (29). In the study, TSA
levels also increased and the increase may probably be due
to increased sialoprotein synthesis in the liver as a result of
APR, which develops due to inflammation and tissue da-
mage.

NO is a free radical that is produced as a result of the
reaction catalyzed by nitric oxide synthase and mediates
many physiological or pathological events such as regulation
of cellular conduction in the organism and acting as a recep-
tor in the structure of membranes. It has been reported that
NO produced by macrophages, neutrophils and mast cells
has anti-inflammatory, antimicrobial and antitumoral functi-
ons and its concentration increases in many bacterial, viral
and parasitic infections (14-16,30). In two separate studies
conducted on animals infected with foot and mouth (14,16),
it was reported that NO concentration increased in animals
with foot and mouth. In addition, Ozkan et al. (31) found that
NO levels increased in a study they conducted in cattle with
traumatic pericarditis. In addition, Atakisi et al. (15) reported
an increase in NO concentration in another study they con-
ducted on cattle with traumatic reticuloperitonitis. The NO
level also increased in the study and the reason for the inc-
rease may be due to the increased activity in mononuclear

cells such as monocytes and macrophages stimulated in the
disease.

Tissue damage, inflammation and infections occurring
in the organism activate many mononuclear cells such as
monocytes and macrophages. As a result of this activation,
mononuclear cells consume excessive oxygen and ultimately
cause the formation of free radicals such as hydrogen pe-
roxide and superoxide anion. Therefore, oxidative stress oc-
curs and products such as MDA, which cause damage to tis-
sues and organs, accumulate as a result of the oxidative
stress (9,10). Studies have reported that the oxidant-antioxi-
dant balance is disrupted and oxidative stress occurs in bac-
terial/viral and parasitic diseases such as hypodermosis
(8,32), pneumonia (33) and sheeppox (34,35). It has been re-
ported that parasitic infections in particular cause damage
to cells and tissues due to the increase in free radicals in host
cells (11). In a study conducted on sheep infected with
Toxoplasma gondii, it was reported that oxidative stress ca-
used by the parasite may play a role in the pathogenesis of
the disease (36). In addition, in a study conducted on cattle
with cystic echinococcosis, they reported that serum MDA
levels increased due to increased lipid peroxidation in infec-
ted cattle (37). In another study conducted on sheep infec-
ted with Dicrocoelium dendriticum and hydatid cysts, they
reported that endoparasites may cause oxidative stress (38).
In the study, serum MDA levels increased due to the increase
in lipid peroxidation, and the reason for the increase may be
due to the increased activity in mononuclear cells against the
parasite.

In conclusion, when the data obtained from the study
were evaluated, it was determined that TSA, LBSA, NO and
MDA levels were increased in animals with hydatid cyst com-
pared to the control group, while PBSA levels increased but
were statistically insignificant. It was concluded that the de-
termination of serum TSA concentration and oxidative stress
parameters in the cattle infected with hydatid cysts could be
used as auxiliary biochemical parameters in determining and
monitoring the severity of inflammation.
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Oz

Bu arastirmada bitlin ve temizlenmis inci kefalinin vakumsuz ve vakumlu ambalajlarda -35°C’de
dondurularak, -18°C’de 150 giin siireyle muhafazasi sirasinda meydana gelen mikrobiyolojik, kimyasal
ve duyusal degisiklikler incelenmistir. Toplam aerob psikrofil mikroorganizma (TAPM) ve laktik asit
bakteri (LAB) sayilari muhafaza siresinin sonlarina dogru ~1-2 log kob/g seviyesine kadar dismustur.
Maya-kifler 60. giinden ve koliform grubu bakteriler de 15. giinden sonra higbir grupta
belirlenememistir. Ayrica incelenen numunelerde fekal streptokoklar ve Pseudomonas spp.'ye
rastlanmamistir. Muhafaza siiresince mikroorganizmalarin Gremesi sinirh kaldigindan bitlin halde
vakumsuz ambalajlanan numuneler hari¢ diger gruplarda toplam ugucu bazik azot (TVB-N) miktarlari
genellikle artmamistir. Ancak tiyobarbitiirik asit (TBA) miktarlari ve peroksit sayilari muhafaza
sliresince diizensiz bir seyir izleyerek tim gruplarda artmistir. pH degerleri tim gruplarda 6.16-6.66
arasinda tespit edilmistir. Duyusal analiz puanlarina gore temizlenmis gruplardaki numuneler
muhafaza slresinin sonuna kadar “cok iyi” kalite sinifina girmistir. Muhafaza suresinin sonunda
vitamin A/Dz miktarlari sirasiyla <1 pug/100 g ve ~10 pg/100 g olarak belirlenmistir. Sonug olarak; bas
ve i¢ organlari gikarildiktan sonra vakumlu bir sekilde ambalajlanan inci kefalinin dondurularak 150
gln sireyle kaliteli bir sekilde muhafaza edilebilecegi belirlenmistir. Dolayisiyla, dondurarak
muhafazada inci kefalini temizleyerek vakumla ambalajlamanin en uygun yontem oldugu kanaatine
varilmistir.

Anahtar Kelimeler: Dondurarak muhafaza, duyusal, inci kefali (Chalcalburnus tarichi), kimyasal,
mikrobiyolojik, vakumlu ambalajlama

The Effect of Packaging and Storage Period on Quality Changes in Lake Van Pearl Mullet
(Chalcalburnus tarichi, Pallas 1811) Preserved by Freezing

Abstract

In this research, microbiological, chemical, and sensory changes that whole and cleaned pearl mullets
frozen at -35°C in non-vacuumed/vacuumed packages and stored at -18°C for 150 days were
examined. Total aerobic psychrophile microorganism (TAPM) and lactic acid bacteria (LAB) counts
decreased to ~1-2 log cfu/g towards the end of the storage period. Yeast and molds couldn’t be
detected in any group after the 60t" day and coliforms couldn’t be detected in any group after the 15th
day. Additionally, fecal streptococci and Pseudomonas spp. were not found in the samples examined.
Since the growth of microorganisms remained limited during storage, total volatile basic nitrogen
(TVB-N) amounts did not generally increase in other groups, except for whole and non-vacuumed
package samples. However, thiobarbituric acid (TBA) amounts and peroxide counts increased in all
groups, following an irregular course during storage. pH values were determined between 6.16-6.66
in all groups. According to the sensory analysis scores, the samples in the cleaned groups were in the
“very good” quality class until the end of the storage period. At the end of the storage period, vitamin
A/D3 amounts were determined as <1 pug/100 g and ~10 ug/100 g, respectively. Consequently; it was
determined that the pearl mullet, which was vacuumed-package after removing the head and internal
organs, could be frozen and preserved in good quality for 150 days. Therefore, it was convinced that
cleaning-vacuum packaging is the most appropriate method for preserving pearl mullet by freezing.

Key Words: Chemical, freezing preservation, microbiological, pearl mullet (Chalcalburnus tarichi), sen-
sory, vacuum packaging
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GIRIS

Ndfusun hizli bir sekilde artmasinin yaninda diinyanin birgok
bolgesinde kirmizi ve beyaz et Uretiminin azalmasi, besleyici
degeri yiksek olan su triinlerinin insanlarin protein ihtiyaci-
nin karsilanmasinda ne kadar 6nemli oldugunu géstermekte-
dir. Su Urdnleri arasinda 6nemli bir yer tutan, kolay sindirile-
bilen ve ylksek kaliteli protein igerigine sahip olan balik; iger-
digi yag asitleri, vitaminler ve mineral maddeler yéniinden
de 6nemli bir gidadir (1,2). Balik etinin pH degeri ve rutubet
miktarinin yiiksek olmasi ile bag dokusundaki zayiflik, bu gi-
dayi diger bircok et tliriine gore bozulmaya karsi daha hassas
duruma getirmektedir (3,4). Baliklarda meydana gelen bo-
zulmalar; avlanma yontemi, baligin yakalandig andaki du-
rumu, avlama mevsimi ve bolgesi, suyun sicakligi ve kirliligi
gibi bircok faktoriin yani sira bahigin kimyasal bilesimi, balkta
bulunan mikroorganizmalarin tiiri ve yogunlugu, baliklarin
muhafazaya alinmadan 6nce gegen sire ve sicaklik derecesi
ile ambalajlama sekliyle de yakindan ilgilidir (5-7).

Daha uzun siire dayanabilen ve kaliteli bir Grin elde
edilebilmesi igin baligin taze olmasi ve en iyi muhafaza yon-
temlerinden biri olan dondurma isleminin teknigine uygun
olarak yapilmasi gerekmektedir (5,8,9). Dondurulmus balik-
larda Grtnlerin yapisinda bulunan su, buz kristallerine do-
nistigiinden mikroorganizmalar tarafindan kullanilamaz ve
cok distik sicaliklarda biyokimyasal ve mikrobiyolojik gelis-
meler de iyice yavasladigindan Urinler daha uzun siire mu-
hafaza edilir (8,10-12). Baliklarin dondurulmasi ile baligin pa-
zar arzi dengelenebilecegi gibi, taze baligin bulunmadig do-
nemlerde de tiiketicilerin kaliteli baliga ulagsmalar mimkiin
olabilecektir.

inci kefali (Chalcalburnus tarichi, Pallas 1811) yiiksek al-
kalilige sahip Van Goli’nde yasayan ve bolgede sevilerek ti-
ketilen bir baliktir. Yil igindeki fiyatlari avlanan miktara goére
degisen, bol avlandigi dénemlerde ¢ok dusik fiyatlara satilan
ve belirli donemlerde de olsa arzin talepten fazla olmasi ne-
deniyle zayi olan inci kefalinin dondurularak muhafaza edil-
mesi suretiyle degerlendirilmesinin ekonomimize saglaya-
cag pozitif katki tartismasizdir.

Farkh sekillerde ve siirelerde muhafaza edilen baliklar
Uzerine yapilan bazi calismalarda (13-23) mikrobiyolojik ve
kimyasal faktorlerden kaynaklanan kalite degisiklerinin tes-
pit edildigi bildirilmistir. Ayrica bazi ¢alismalarda da (24,25)
baliklarin vakumlanarak ambalajlanmasinin depolama siire-
since rlinin kimyasal ve duyusal 6zellikleri tGzerine olumlu
etkiler gosterdigi belirtilmistir.

Bu arastirma, biitiin halde ve bazi kisimlari (bas, i¢ or-
ganlar) cikarilip vakumlu/vakumsuz olarak ambalajlandiktan
sonra dondurularak muhafaza edilen inci kefalinde meydana
gelen kalite degisiklikleri ile bu baliklar icin uygun olan am-
balajlama sekli ve muhafaza siresini belirlemek amaciyla ya-
ptimistir.

MATERYAL VE METOT

Bu arastirmada ticari amagla balikgilarin Van Goli’nden av-
ladiklari inci kefali zaman gecirmeden sogutuculu araglarla
laboratuvara getirilmis ve farkh islemlere alinarak ambalaj-
lanmistir. Baliklarin bir kismi bitln halde (grup A), bir kismi
da bas ve i¢ organlari ayrilarak soguk suyla yikandiktan (grup
B) sonra strafor kaplarda stre¢ filmle kaplanarak vakumsuz
olarak ambalajlanmistir. Ayrica, bitin haldeki baliklar (grup
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C) ve bas/ic organlari ¢ikarilan baliklar (grup D) da vakumla-
narak ambalajlanmistir. Boylelikle dort farkli grupta da mu-
hafaza siresinin belirlenen yedi gliniinde (1., 15., 30., 60.,
90., 120. ve 150. giin) analizlerin g paralel olarak yapilabil-
mesi icin her gruptan en az 21 adet olmak tzere toplamda 84
adet ambalajli Girlin olusturulmustur. Ambalajlanan numu-
neler -35°C'de dondurulduktan sonra -18°C'de muhafaza
edilerek belirlenen giinlerde mikrobiyolojik, kimyasal ve du-
yusal kalite parametreleri yoniinden incelenmistir. Kolaylikla
numune alinabilmesi amaciyla dondurulmus baliklar buzdo-
labinin sogutucu kisminda bir giin bekletilmis ve farkli amba-
lajlardaki 10-12 adet baligin en az bes tanesinin dorsal kasla-
rindan karistirilarak numuneler alinmistir.

Mikrobiyolojik Analizler

Aseptik kosullar altinda steril stomaher torbasina alinan 10 g
numune ve 90 mL tamponlanmis peptonlu su (Oxoid,
CMO0509), stomaherde (SJIA-04C) homojenize edilerek
10 ®¥e kadar desimal diliisyonlar hazirlanmis ve mikrobiyolo-
jik ekimler yapilmistir. Toplam aerob psikrofil mikroorga-
nizma (TAPM) sayiminda Plate Count Agar (Oxoid, CM0325)
kullaniimis ve ekim yapilan petriler 7°C’de 7-10 giin slreyle
inkiibasyona birakilarak Greyen koloniler sayilmistir. Laktik
asit bakterilerinin (LAB) sayiminda M17 Agar (Oxoid,
CMO0785) kullanilmis ve cift kat ekim yapilan petriler 35°C’de
48 saat inkibasyona birakildiktan sonra 1-2 mm c¢apindaki
beyaz kolonilerin sayimi yapilmistir. Maya-kif sayiminda
%10’luk steril tartarik asit ilave edilerek pH’si 3.50’ye ayarla-
nan Potato Dextrose Agar (Oxoid, CM0139) kullanilmis, ekim
yapilan petriler 20-25°C’de 5-7 giin sireyle inkiibasyona bi-
rakilmis ve inkiibasyon sonunda Ureyen tipik koloniler sayil-
migstir. Koliform grubu bakterilerin sayimi igin Violet Red Bile
Agar (Oxoid, CM0107) kullanilmis, ¢ift kat ekim yapilan pet-
riler 37+1°C’de 24-48 saat sureyle inkibasyona birakilmis ve
0.5 mm c¢apindaki kirmizi kolonilerin sayimi yapilmistir. Fekal
streptokoklarin sayiminda Slanetz & Bartley Agar (Oxoid,
CMO0377) kullanilmig ve ekim yapilan petriler 37°C’de 24 saat
sureyle inkiibasyona birakilarak degerlendirilmistir. Pseudo-
monas spp.’nin sayimi icin Pseudomonas Agar Base (Oxoid,
CMO0559) kullanilmis, sterilize edilerek 50°C’ye kadar sogutu-
lan besiyerine Pseudomonas Selective Supplement (Oxoid,
SR0103) ilave edilmis ve ekim yapilan petriler 25°C’de 48-72
saat sureyle inkiibasyona birakilarak degerlendirilmistir (26).

Kimyasal Analizler

Numunelerdeki toplam ugucu bazik azot (total volatile basic
nitrogen, TVB-N) miktari (Antonacpoulos tarafindan modi-
fiye), tiyobarbiturik asit (thiobarbituric acid, TBA) miktari ve
peroksit sayisi (Hadorn ve ark. tarafindan modifiye), Varlik ve
ark. (27) tarafindan bildirilen yontemlere gore belirlenmistir.
pH degerleri Honikel (28)’e gore pH-metrede (Hanna, pH
211) tespit edilirken, vitamin A ve vitamin D3 miktarlar da
Miller ve Yang (29) tarafindan bildirilen yiksek performansli
sivi kromatografisi (High Performance Liquid Chromatog-
raphy, HPLC) ydntemine gore belirlenmistir.

Duyusal Analizler

Duyusal analizler Paulus ve ark. (30) tarafindan gelistirilen
yonteme gore yapilmis ve puanlama arastirma siiresince ge-
nel olarak ayni kisilerden olusan bes panelist tarafindan ger-
ceklestirilmistir. Numuneler renk, koku, lezzet ve genel kabul
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edilebilirlik kriterleri dikkate alinarak hedonik skalaya gére
(9.00-7.00 puan “cok iyi”, 6.99-4.01 puan “iyi”, 4.00 puan
“tlketilebilir”, <4.00 puan “bozulmus”) degerlendirilmistir.

istatistiksel Analizler

Bu arastirmadaki 6rneklemi olusturan Van Go6li’nden ticari
olarak avlanmis inci kefali, bitiin ve temizlenmis olarak va-
kumlu/vakumsuz ambalajlanma durumlarina gére gruplara
ayrildiktan sonra -18°C’de 150 giin siireyle muhafaza edil-
mistir. Yapilan mikrobiyolojik, kimyasal ve duyusal analizler
neticesinde belirlenen bulgular, bagimsiz degiskenlerin etki-
lerini ayni anda test edebilen faktériyel deneme desenine
gore istatistiksel analiz sistemi (Statistical Analysis System,
SAS) programinda degerlendirilmistir (31). Bu sekilde bulgu-
larin ortalama ve standart sapma degerleri ile muhafaza si-

BULGULAR

Dondurularak muhafaza edilen inci kefali numunelerinin
mikrobiyolojik analiz bulgular (log kob/g) Tablo 1’de, mikro-
biyolojik analiz bulgularindaki degisimler de Tablo 2’'de gos-
terilmistir. Farkh sekillerde islenen numunelerdeki TAPM,
LAB, maya-kif ve koliform grubu bakteri sayilari muhafaza
suresince genellikle azalmis, koliform grubu bakteriler muha-
faza slresinin 15. gliniinden ve maya-kifler 60. gliniinden
sonra gruplarin higbirinde belirlenmemis (Tablo 1), ayrica in-
celenen numunelerde muhafaza siresince hicbir grupta Pse-
udomonas spp. ve fekal streptokoklara rastlanmamistir.
TAPM sayisi yoniinden bitin ile temizlenmis ve vakumsuz ile
vakumlu numuneler arasindaki fark ve muhafaza siresinin
etkisi istatistiksel olarak 6nemli (p<0.05) bulunurken, LAB sa-
yisi yoniinden ise bitiin ile temizlenmis numuneler arasin-

resince (1., 15., 30., 60., 90., 120., 150. giin) baliklarin bazi
kalite 6zelliklerinde meydana gelen degisimlerin istatistiksel
yonden 6nemi (p<0.05) belirlenmistir.

daki fark ve zamanin etkisi 6nemli (p<0.05) bulunmustur
(Tablo 2).

Tablo 1. Dondurularak muhafaza edilen inci kefalinin mikrobiyolojik analiz bulgulari (log kob/g)

Analizler Zaman GRUPLAR
(gtin) A B C D
TAPM 1 3.90+0.18 @ 3.50+0.12 2 3.49+0.31°2 2.89+0.452
15 3.21+0.52 @b 2.50+0.10° 3.43+0.34 2 2.98+0.34 2
30 3.41+0.24 2 3.02+0.12 @ 3.66+0.55 2 3.06+0.06 @
60 2.82+0.52 2 3.68+0.00 2 4.30+0.05° 3.08+0.302
90 2.93+0.03 Bab <2.30 Db 3.61+0.26 A2 2.36%0.06 Cab
120 2.40+0.10Bb 2.46+0.16 B2 3.98+0.06 ~2 2.5040.10 Bab
150 0.76%0.76 ¢ 0.76+0.76 b 1.2241.22° 1.53+0.76 °
LAB 1 2.16+0.49 A8a 1.59+0.06 Bab 2.68+0.31 A2 1.36+0.22 80
15 <1.00° 0.98+0.49 bed 0.6310.63 ¢ 1.42+0.22
30 1.59+0.11 ABa 0.33+0.33 Ccd 2.35+0.28 A2 1.33£0.20 80
60 2.40+0.02 2 1.44+0.72 abc 1.99+0.04 @ 1.69+0.09 ©
90 2.19+0.04 2 2.42+0.13° 2.33+0.03 2 2.41+0.05°
120 2.3240.02 A2 2.02+0.03 Bab 1.81+0.06 Cab 1.46+0.08 Ob
150 0.43+0.43 " <1.004 0.96+0.49 bc <1.00¢
Maya-kiif 1 0.76+0.76 3.30+0.00 2 3.30+0.00 @ 2.30+0.00 2
15 1.95+0.98 2.30+0.00 20 <2.30¢ 2.30+0.002
30 1.79+0.89 1.69+0.85 2 <2.30¢ 0.86+0.86 20
60 2.30+0.00 0.86+0.86 P 2.45+0.15° 2.30+0.00°
90 <2.30 <2.30° <2.30¢ <2.30°
120 <2.30 <2.30°% <2.30¢ <2.30°
150 <2.30 <2.30° <2.30¢ <2.30°
Koliformlar 1 1.88+0.34 ABa 2.28+0.16 A2 1.4610.08 B2 1.82+0.19 ABa
15 <1.00°® <1.00° <1.00°® <1.00°®
30 <1.00® <1.00°® <1.00® <1.00®
60 <1.00° <1.00° <1.00" <1.00°
90 <1.00°® <1.00°% <1.00°® <1.00°®
120 <1.00° <1.00° <1.00" <1.00°
150 <1.00° <1.00° <1.00" <1.00°

A: Vakumsuz-butin; B: Vakumsuz-bas ve i¢ organlari ¢ikariimis; C: Vakumlu-butiin; D: Vakumlu-bas ve i¢ organlari ¢ikarilmis; TAPM: Toplam
aerob psikrofil mikroorganizmalar; LAB: Laktik asit bakterileri; #8¢: Ayni satirdaki farkl harfler gruplar arasinda farkhhg: gésterir (p<0.05);
abed; Ayni siitundaki farkli harfler zamanlar arasinda farkligi gésterir (p<0.05)
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Tablo 2. Dondurularak muhafaza edilen inci kefalinin mikrobiyolojik analiz bulgularindaki degisimler (log kob/g)

Grup-zaman n TAPM LAB Maya-kif Koliformlar
Muamele
Butlin 42 3.0540.19° 1.68+0.152 0.68+0.20 0.23+0.09
Temiz 42 2.3740.17° 1.31+0.13° 0.75+0.27 0.29+0.11
Ambalaj
Vakumsuz 42 2.46+0.20° 1.390.15 0.80+0.26 0.29+0.11
Vakumlu 42 2.9740.17° 1.59+0.13 0.63+0.20 0.23+0.09
Zaman (giin)
1 12 3.44+0.16° 1.9440.20 *° 1.86+0.61° 1.86+0.122
15 12 3.0340.18° 0.7610.23 ¢ 2.09+0.54 2 <1.00°
30 12 3.2940.15° 1.38+0.26 ¢ 1.08+0.39° <1.00°
60 12 3.4440.27° 1.83+0.24° 1.80£0.39 * <1.00°
90 12 2.2240.41° 2.3440.04° <2.30°¢ <1.00°
120 12 2.83+0.20 ® 1.90+0.09 <2.30°¢ <1.00°
150 12 1.07+0.39 © 0.35+0.18 ¢ <2.30°¢ <1.00°

TAPM: Toplam aerob psikrofil mikroorganizmalar; LAB: Laktik asit bakterileri; n: Ambalajli numune sayisi; 2°d: Ayni siitundaki farkl harfler
baliklarin temizlenmesi/vakumlanmasina gore olusturulan gruplar ve muhafaza zamanlari arasindaki farkhilig1 gostermektedir (p<0.05)

Numunelerin kimyasal analiz bulgulari ve pH degerleri
Tablo 3'te, kimyasal analiz bulgularindaki ve pH degerlerindeki
degisimler Tablo 4’te; vitamin A/D3 miktarlari ve duyusal analiz
puanlan Tablo 5’te, vitamin A/Ds miktarlarindaki ve duyusal
analiz puanlarindaki degisimler ise Tablo 6'da sunulmustur. Mu-
hafaza suresince biitiin bir sekilde vakumsuz olarak ambalajla-
nan (A grubu) inci kefali numuneleri hari¢ olmak tzere diger
gruplarda TVB-N miktarlari genellikle artmamis, ancak TBA mik-
tarlari ve peroksit sayilari muhafaza siiresince diizensiz bir seyir
izleyerek tiim gruplarda (A, B, C, D) artmustir. incelenen numu-
nelerdeki pH degerleri de 6.16-6.66 arasinda belirlenmistir
(Tablo 3). Bu arastirmada TBA miktarlari, peroksit sayilari ve pH

degerleri bakimindan biitiin ile temizlenmis ve vakumsuz ile va-
kumlu numuneler arasindaki fark ve zamanin etkisi énemli
(p<0.05) bulunmustur (Tablo 4). Yapilan duyusal analiz puanla-
malarina gére temizlenmis gruplardaki (B, D) numunelerin mu-
hafaza siiresince “cok iyi” kalite sinifina girdigi gordlmistir
(Tablo 5). Numunelerdeki vitamin A miktarlari bakimindan sa-
dece muhafaza siresinin istatistiksel olarak 6nemli (p<0.05) ol-
dugu belirlenirken, Vitamin Ds ve duyusal analiz puanlari baki-
mindan ise hem butiin ve temizlenmis baliklar arasindaki farkin
hem de zamanin etkisinin 6nemli (p<0.05) oldugu gorilmistir
(Tablo 6).

Tablo 3. Dondurularak muhafaza edilen inci kefalinin kimyasal analiz bulgulari ve pH degerleri

Analizler Zaman GRUPLAR
(gtin) A B C D
TVB-N 1 10.7340.46 © 10.7340.46 ° 10.73+1.23 10.26%0.46 ©
(mg/100 g) 15 15.86%1.23 "2 12.60%0.00 82 12.1340.46 B> 12.60+0.80 Bab
30 12.1340.46 b« 11.6620.46 13.06%0.93 ° 12.130.46 %
60 10.60+0.41 B¢ 12.20+0.40 ABab 10.40£0.41 12.66+0.75 #2b
90 11.6620.46 11.20+0.80 11.66+0.46 13.0620.46 °
120 13.53+0.46 *° 10.7340.46 B 12.1340.46 A8eb 12.60+0.80 #Bab
150 13.530.46 ° 11.6620.46 11.20+0.80 10.73+1.23 2
TBA 1 2.37+0.35 Abe 1.46%0.18 8¢ 2.00+0.17 A8 1.72+0.16 ABbe
(mg MA/kg) 15 1.13%0.17 A8c 0.47+0.16 ¢ 1.40%0.26 Abc 0.58+0.02 B¢d
30 2.46+0.80 Ab* 1.08+0.24 A8d 1.05+0.26 A8¢ 0.82+0.20 &
60 2.74+0.19 8 3.55+0.31 A° 2.17+0.04 8¢ 1.93+0.23 ®
90 2.70+0.05 A 2.76+0.24 A° 1.66+0.11 Bbc 1.3740.14 B¢
120 3.55+0.21 8 6.42+0.28 AP 1.79+0.12 Pbe 2.55+0.19 @
150 5.01+0.80 B 11.51+0.93 #2 5.09+0.51 82 2.65+0.10 @
Peroksit 1 2.33+0.16 ¢ 1.56%0.42 8 3.38+0.82 A8b 4.80+0.76 42
(mmol O; kg) 15 2.40+0.61°¢ 1.240.01° 1.9240.43° 2.07+0.33¢
30 4.44+0.48 ABab 4.22+0.30 ABe 5.69+0.60 A 4.01+0.40 Bb
60 3.70+0.06 Bb* 6.35+0.16 Ad 2.69+0.21 % 1.74%0.23 D¢
90 4.21+0.87 Beb 9.42+0.36 *° 3.36+0.18 B 2.20+0.34 «
120 4.57+0.35 Bab 8.21+0.36 A° 3.75+0.29 BCab 2.8940.37 Cbe
150 5.70+0.19 ABa 7.25+0.16 A¢ 4.03+1.25 Bab 4.48+0.37 B2
pH 1 6.57+0.022 6.55+0.002 6.59+0.01° 6.58+0.01°
15 6.59+0.03 B2 6.56+0.01 B2 6.66+0.00 A 6.53+0.02 B2
30 6.47+0.01 A 6.41+0.03 A 6.20+0.01 C° 6.28+0.02 Bed
60 6.18+0.03 ¢ 6.16+0.01°¢ 6.17+0.02 © 6.24+0.02 ¢
90 6.48+0.02° 6.43+0.01° 6.44+0.02 < 6.44+0.01°
120 6.44+0.03 ° 6.41+0.01° 6.47+0.02 ¢ 6.40+0.01°
150 6.44+0.03 A° 6.43+0.02 A 6.39+0.02 A8 6.33+0.02 B¢

A: Vakumsuz-biitin; B: Vakumsuz-bag ve i¢ organlari gikarilmis; C: Vakumlu-bitiin; D: Vakumlu-bas ve i¢ organlari ¢ikariimis; TVB-N: Total
volatile basic nitrogen (toplam ugucu bazik azot); TBA: Tiyobarbitrik asit; A8P: Ayni satirdaki farkli harfler gruplar arasinda farkhiligi gosterir
(p<0.05); 3b<def: Ayn) siitundaki farkli harfler zamanlar arasinda farklihg gésterir (p<0.05)
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Tablo 4. Dondurularak muhafaza edilen inci kefalinin kimyasal analiz bulgularindaki ve pH degerlerindeki degisimler

Grup-zaman n TVB-N TBA Peroksit pH
(mg/100g) (mg MA/kg) (mmol O,/kg)

Muamele
Bltun 42 12.1040.27 2.51+0.20° 3.73+0.21° 6.431+0.022
Temiz 42 11.7740.19 2.7840.44 2 4.32+0.40° 6.41+0.01°
Ambalaj
Vakumsuz 42 12.06+0.25 3.37+0.432 4.68+0.382 6.43+0.02 2
Vakumlu 42 11.81+0.22 1.91+0.17° 3.36+0.21° 6.41+0.02°

Zaman (giin)
1 12 10.61+0.32 ¢ 1.89+0.14 ¢ 3.02+0.44 ¢ 6.57+0.00 @
15 12 13.3040.55 2 0.90£0.13 ¢ 1.91+0.21¢ 6.58+0.012
30 12 12.25+0.30 1.35+0.27 ¢ 4.59+0.27° 6.34+0.03 ¢
60 12 11.46+0.36 b¢ 2.60+0.20°¢ 3.62+0.52°¢ 6.19+0.01°¢
90 12 11.90+0.32® 2.12+0.19 <« 4.80+0.86 2° 6.45+0.00 °
120 12 12.25+0.39° 3.58+0.53° 4.85+0.62 6.4310.01 b¢
150 12 11.78+0.47° 6.07+0.03 2 5.36+0.47 2 6.40+0.01°¢

TVB-N: Total volatile basic nitrogen (toplam ugucu bazik azot); TBA: Tiyobarbitirik asit; n: Ambalajli numune sayisi; 2b<de: Ayni siitun-
daki farkl harfler baliklarin temizlenmesi/vakumlanmasina gore olusturulan gruplar ve muhafaza zamanlari arasindaki farkliligi

gostermektedir (p<0.05)

Tablo 5. Dondurularak muhafaza edilen inci kefalinin vitamin A/Dz miktarlari (yas doku) ve duyusal analiz puanlari

Analizler Zaman GRUPLAR
(gtn) A B C D
Vitamin A 1 28.20£2.97 27.835.08 2 37.40£2.45° 31.8343.16
(e/100¢) 15 25.00£2.88 22.00£0.50 24.06+2.96 22.00£0.50
30 18.75¢3.75° 15.7545.755 9.00£1.50 ¢ 8.7541.25¢
60 10.43+4.30°¢ 6.46£0.78 ¢ 7.36£1.34¢ 6.76£0.50 ¢
90 0.56£0.21 ¢ 0.33£0.03 ¢ 0.33£0.08 ¢ 0.50+0.05 ¢
120 0.23£0.13 ¢ 0.26£0.03 ¢ 0.23£0.08 ¢ 0.43£0.03 ¢
150 0.23£0.03 ¢ 0.20£0.10°¢ 0.20£0.05 ¢ 0.33£0.06 ¢
Vitamin Ds 1 83.33£4.91 &2 71.0045.85 B2 108.33+11.66 71.3345.23 82
(e/100¢) 15 64.00£14.29 58.00£1.52 57.66£4.70b 48.5043.50 b
30 58.33£9.27 b 64.50£6.50 53.33£3.75 b 51.00£1.00
60 37.66£1.45 ¢ 34.66£2.90 ¢ 38.33£7.26 46.66£4.40 b
90 21.00£1.73 18.66+1.33 21.66£1.76 % 25.66£2.96 ¢
120 12.33+1.45¢ 11.660.88 ¢ 10.66+0.66 © 11.33£0.88 ¢
150 11.660.88 A4 12.660.33 A 9.000.57 B 8.66£0.88 &
Duyusal analiz* 1 8.80£0.202 9.00£0.00 2 8.60£0.24 2 9.00£0.00 2
15 8.20£0.202 8.20£0.20 % 7.80£0.48 ¢ 8.20£0.37 %
30 7.75£0.25 be 8.00£0.40 7.75£0.25 2 8.25£0.25 %
60 7.80£0.37 b¢ 8.00£0.31° 7.40+£0.24 bed 8.00£0.31°
90 7.75£0.25 be 7.75£0.25b 8.25£0.25 2 8.25£0.25
120 7.00£0.40 Abed 7.75£0.47 % 6.50£0.28 7.75£0.25 A
150 6.75£0.25 ¢ 7.75£0.25b 6.75£0.47 ¢ 7.50£0.28

A: Vakumsuz-btiin; B: Vakumsuz-bas ve ig organlari gikarilmis; C: Vakumlu-bltln; D: Vakumlu-bas ve i¢ organlari gikariimig; *: 9.00-7.00 puan
“cok iyi”, 6.99-4.01 puan “iyi”, 4.00 puan “tiiketilebilir’, <4.00 puan “bozulmus”; #8: Ayni satirdaki farkli harfler gruplar arasinda farklilig

gosterir (p<0.05); 2b<de; Ayni siitundaki farkli harfler zamanlar arasinda farklihgi gosterir (p<0.05)
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Tablo 6. Dondurularak muhafaza edilen inci kefalinin vitamin A/D3 miktarlarindaki (yas doku) ve duyusal analiz puanlarindaki degisimler

Grup-zaman n Vitamin A Vitamin D3 Duyusal
(ne/100 g) (ng/100 g) analiz*
Muamele
Butiin 42 11.39+2.01 41.95+4.77 2 7.69+0.11°
Temiz 42 9.84+1.87 36.8943.76 " 8.12+0.08 2
Ambalaj
Vakumsuz 42 10.85+1.86 39.3644.10 7.93+0.09
Vakumlu 42 10.42+2.03 39.6744.61 7.88+0.11
Zaman (giin)
1 12 31.31+1.91°2 83.5045.56 2 8.85+0.08 @
15 12 23.38+1.06° 57.81+3.91° 8.10+0.16°
30 12 12.61+£1.95¢ 56.60+3.19° 7.93+0.14°
60 12 7.75+1.09 ¢ 39.334#1.15¢ 7.80+0.15°
90 12 0.43+0.06 © 21.75+2.35¢ 8.00+0.12 °
120 12 0.29+0.04 ¢ 11.50+0.46 © 7.25+0.21°¢
150 12 0.24+0.03 © 10.50+0.59 ¢ 7.1840.18 ¢

*:9.00-7.00 puan “gok iyi”, 6.99-4.01 puan “iyi”, 4.00 puan “tiketilebilir”, <4.00 puan “bozulmus”; n: Ambalajli numune sayisi;
abede: Ayni stitundaki farkh harfler baliklarin temizlenmesi/vakumlanmasina gére olusturulan gruplar ve muhafaza zamanlari arasin-

daki farkhhgi géstermektedir (p<0.05)

TARTISMA VE SONUC

Dondurularak muhafaza edilen gidalarda mikroorganizma-
lara gore degismekle birlikte lireme yavaslamakta veya dur-
makta, ancak enzimatik faaliyetler azalmakla birlikte devam
etmektedir (6,10,32,33). Bu arastirmada da farkh sekillerde
islenerek ambalajlanan ve dondurularak muhafaza edilen
inci kefalindeki mikroorganizma sayilarinin genellikle azaldig
gozlenmistir. Numunelerin baslangicta ~3 log kob/g seviye-
sinde olan TAPM sayilar, bitiin halde vakumlanarak amba-
lajlanan grup (C) hari¢ olmak lzere 120. giin 2 log kob/g ve
150. glin ~1 log kob/g seviyesine kadar dismustir (Tablo 1).
Bu arastirmada TAPM sayisi yoniinden bitin ile temizlenmis
ve vakumsuz ile vakumlu numuneler arasindaki fark ve za-
manin etkisi 6nemli (p<0.05) bulunmustur (Tablo 2). Bu aras-
tirmadaki bulgulara benzer sekilde dondurularak muhafaza
edilen bitlin ve temizlenmis hamsi (15) ile vakumlanmis de-
rili/derisiz aynali sazan filetolarinda da (24) psikrofil mikroor-
ganizma sayilarinin distiga bildirilmistir. Psikrofil mikroor-
ganizmalarin 107-108 kob/g seviyelerine ulastiginda balikla-
rin bozulmus olarak degerlendirilecegi belirtilmektedir (5).
Tablo 1 incelendiginde tiim gruplarda belirlenen bu mikroor-
ganizma sayilarinin belirtilen seviyelerden daha diisiik ol-
dugu gorilmektedir.

Tim gruplarda dilzensiz bir seyir izleyen LAB sayilan
muhafaza siresince baslangicta oldugu gibi 1-2 log kob/g se-
viyelerinde tespit edilmis (Tablo 1), bitiin ile temizlenmis nu-
muneler arasindaki fark ve muhafaza siiresinin etkisi 6nemli
(p<0.05) bulunmustur (Tablo 2). Bu arastirmada elde edilen
bulgular, biitlin ve temizlenmis bir sekilde dondurularak mu-
hafaza edilen inci kefali (21) ve sazan (22) (izerine yapilan ¢a-
lismalarda bildirilen bulgulara benzerdir. Baslangicta en fazla
3.3040.00 log kob/g olarak belirlenen maya-kuf sayisi muha-
faza siiresinin 60. glinline kadar diizensiz bir seyir izlemis ve
daha sonraki gilinlerde gruplarin hi¢gbirinde maya-kif tespit
edilmemistir (Tablo 1). Kietzmann ve ark. (34) balklardaki
maya-kiflerin daha ¢ok karasal kdkenli oldugunu ve genel-
likle tasima/isleme asamalarinda bu mikroorganizmalarin
baliklara bulasabilecegini belirtmislerdir. Bu arastirmada da
muhafazanin baslangicinda maya-kiiflerin belirlenmesinde,

golden avlanmis baliklarin direkt tekne icinde veya konta-
mine olmus tahta kasalarda tasinmasinin etkili olabilecegi
distntlmektedir.

incelenen tiim gruplarda koliform grubu bakterilere sa-
dece 1. giin rastlanmis (1-2 log kob/g), daha sonraki giinlerde
ise numunelerde bu bakteri yoniinden herhangi bir Greme
olmadigi (<1.00 log kob/g) gérilmustir (Tablo 1). Donduru-
larak muhafaza edilen vakumla ambalajlanmis aynali sazan
filetolari Gzerine yapilan bir arastirmada da (24), koliform
grubu bakteri sayisinin muhafaza siresince azaldigi bildiril-
mistir. Ayrica bu arastirmada incelenen inci kefali numunele-
rinde fekal streptokoklar ile Pseudomonas spp.’ye rastlan-
mamistir. Benzer bir sekilde dondurularak muhafaza edilen
bitin ve temizlenmis sazanlarda da muhafaza stiresince fe-
kal streptekoklarin tespit edilmedigi belirtilmistir (22).

TVB-N baliktaki mikroorganizmalarin faaliyetleriyle
meydana gelen par¢alanma Urinleridir (5), ancak bu arastir-
mada muhafaza siiresince dondurulan numunelerde mikro-
organizmalarin Gremesi sinirli kaldigindan A grubu harig di-
ger gruplarda TVB-N miktarlari genellikle artmamistir (Tablo
3). Bu nedenle incelenen numuneler, Kietzmann ve ark.
(34)'nin siniflandirmasina gore “iyi kalite” sinifina girmistir.
Bu arastirmanin bulgularina benzer sekilde aynali sazan file-
tolarinda besinci aya kadar (24), biitiin ve temizlenmis sazan-
larda dérdlincii aya kadar (22) bu deger yoniinden 6nemli bir
artis olmadig, bitun ve fileto halinde buzda muhafaza edilen
alabaliklarda da (35) TVB-N miktarlarinin diizensiz bir seyir
izledigi ve muhafazanin sonunda bile baliklarin yiksek kalite
sinifinda kaldigi belirtilmistir. Ancak dondurularak muhafaza
edilen temizlenmis vakumlu/vakumsuz lifer (14), berlam ba-
g1 (16), sudak filetolari (17), butin/temizlenmis inci kefali
(21), kemani vatoz (36) ve havuz sazani (37) Uizerine yapilan
calismalarda bu arastirmada elde edilen bulgulardan farkh
olarak muhafaza silresince TVB-N miktarlarinin arttig belir-
tilmistir. Arastirmalar arasindaki farkliliklarin incelenen riin-
lerin yasadiklar habitat, muhafaza sireleri ve rinlerin is-
lenmesi sirasinda olusan kontaminasyonlara bagli olarak ge-
lisen mikroorganizma faaliyetlerinden kaynaklandigi diisu-
nilmektedir.
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Bu arastirmada TBA miktarlari ve peroksit sayisi muha-
faza siresince genellikle dlizensiz bir seyir izlemis ve bu de-
gerlerin butlin gruplarda arttigl gorilmustdr. En yiksek de-
gerler B grubunda belirlenirken, en diisiik degerler ise D gru-
bunda belirlenmistir (Tablo 3). Yapilan farkl ¢calismalarda Pe-
rez-Villarreal ve Howgate (13) ile Simeonidou ve ark. (16)
berlam baliklarinda, Karagam ve Boran (15) btin ve temiz-
lenmis hamsilerde, Olgunoglu ve ark. (17) sudak filetola-
rinda, Cakli ve ark. (18) da sardalyada muhafaza siresince
TBA miktarinin yikseldigini bildirmislerdir. Ayrica Perez-Vil-
larreal ve Howgate (13) ile Karagam ve Boran (15) da incele-
dikleri 6rneklerde muhafaza siresince peroksit sayilarinin
arttigini belirtmislerdir. Bu arastirmada TBA miktari ve pe-
roksit sayisi bakimindan bitin ile temizlenmis ve vakumsuz
ile vakumlu numuneler arasindaki fark énemli (p<0.05) bu-
lunmus, ayrica temizlenmis ve vakumsuz numunelerdeki bul-
gularin daha yiiksek oldugu goérulmistir (Tablo 4). TBA mik-
tari ve peroksit sayisinin temizlenmis ve vakumlanmamis nu-
munelerde biitiin ve vakumlu numunelerdekinden daha yiik-
sek cikmasi, bu numunelerin daha fazla oksijene maruz kala-
rak oksidasyona ugramasindan kaynaklanmis olabilir.

incelenen inci kefali numunelerinde 6.16-6.66 arasinda
degisen pH degerleri muhafaza siiresince diizensiz bir seyir
izleyerek muhafazanin son giinlerinde biitiin gruplarda dis-
mustir (Tablo 3). pH degerleri bakimindan butiin ile temiz-
lenmis ve vakumsuz ile vakumlu numuneler arasindaki fark
istatistiksel olarak 6nemli (p<0.05) bulunmus (Tablo 4), an-
cak belirlenen degerlerin gruplarin hig birinde tiketilebilirlik
siniri olan 6.80-7.00 degerlerini (10,38) asmadigl gorilmis-
tir. Bu arastirmanin bulgularindan farkl olarak dondurula-
rak muhafaza edilen hamsi (15) ve alabalik (35) tizerine yapi-
lan calismalarda 6rneklerdeki pH degerlerinde 6nemli bir de-
gisiklik olmadigi belirtilmistir. Ancak lifer (14) ve kemani va-
tozun (36) incelendigi calismalarda ise pH degerlerinin mu-
hafaza sliresince arttigi bildirilmistir.

Numunelerde baslangi¢ta 30 ug/100 g civarindaki vita-
min A miktarlar 60. gline kadar dizenli bir sekilde azalmig
(~10 pg/100 g) ve bitin gruplarda daha sonraki giinlerde bu
miktar 1 ug/100 g’in altina kadar dusmustur (Tablo 5). Vita-
min A miktarlari bakimindan bitin ile temizlenmis numune-
ler arasindaki fark ve vakumsuz ile vakumlu numuneler ara-
sindaki fark énemsiz bulunurken, zamanin etkisinin 6nemli
(p<0.05) oldugu gorulmistir (Tablo 6). Vitamin Dz miktarlari
da diizenli bir sekilde diiserek tim gruplarda muhafaza sire-
sinin sonunda ~10 pg/100 g olarak belirlenmistir (Tablo 5).
Bu vitamin bakimindan vakumsuz ve vakumlu numuneler
arasindaki fark énemsiz, bitin ve temizlenmis baliklar ara-
sindaki fark ve muhafaza siiresinin etkisi istatistiksel olarak
dnemli (p<0.05) bulunmustur (Tablo 6). insanlarin giinliik vi-
tamin A ihtiyacinin 375-1000 pg ve vitamin Dz ihtiyacinin ise
5-10 pg oldugu belirtiimektedir (1). Buna gore inci kefali vi-
tamin Dz yénlinden iyi bir kaynak olarak goriinse de, vitamin
A icin ayni durum s6z konusu degildir.

Duyusal analiz puanlari biitliin gruplarda azalmakla bir-
likte bu puanlarin sadece 9.00 (gok iyi) ile 6.50 (iyi) arasinda
degistigi gozlenmistir (Tablo 5). Benzer bir sekilde aynali sa-
zan filetolarinda (24) da muhafaza siresinin son giinlerine
kadar duyusal analiz puanlarinda 6nemli bir azalma olmadigi
bildirilmistir. Duyusal analiz puanlarina gore bitiin ile temiz-
lenmis numuneler arasindaki fark ve zamanin etkisi istatistik-
sel olarak 6nemli (p<0.05) bulunmustur (Tablo 6). Panelistler
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tarafindan yapilan puanlamaya goére A grubundaki numune-
ler 120. giine kadar “cok iyi” ve 150. giine kadar “iyi”, Bve D
grubundaki numuneler muhafazanin sonuna kadar “gok iyi”
ve C grubundaki numuneler ise 90. giine kadar “gok iyi” ve
120. gline kadar “iyi” kalite sinifina girmistir. Bu arastirmada
duyusal analiz puanlarinda belli bir azalma olurken, TVB-N ve
TBA miktarlarinin duyusal analiz bulgularini biyik 6lgide
destekledigi goralmustir. Huss (5) da, yapilan ¢alismalarda
genel olarak incelenen 6rneklerin TBA miktarlari ile duyusal
analiz bulgulari arasinda korelasyonlarin goézlemlendigini bil-
dirmistir. Ancak bu arastirmada numunelerde belirlenen pe-
roksit sayilari ile duyusal analiz bulgulari arasinda tam bir ko-
relasyon bulunmamaktadir. Ozellikle B grubunda 60. giinden
sonra peroksit sayisi yiksek c¢ikmasina ragmen, ayni doé-
nemde duyusal analiz puanlarinda diistis olmakla birlikte nu-
munelerin “cok iyi” kalite sinifina girdigi gorilmdistir. Bu ne-
denle inci kefalinde sadece peroksit sayisina bakilarak bir ka-
lite siniflandirmasi yapilmasinin uygun olmayacagi diisinul-
mektedir. Nitekim, hidroperoksitlerin kokusuz ve tatsiz bile-
sikler olmasi nedeniyle peroksit sayisinin analizi yapilan Gri-
niin gercek duyusal kalitesiyle iliskilendirilemeyecegi ve bu
degerin dogrudan bir kalite kriteri olarak yorumlanmasinin
dogru olmadigi belirtilmektedir (5). Ayrica Taliadourou ve
ark. (20) tarafindan analizler arasinda her zaman tam bir ko-
relasyon olmasinin mimkiin olamayacagi, baliklarin tazeligi-
nin gercek anlamda belirlenebilmesi icin mikrobiyolojik, kim-
yasal ve duyusal analiz bulgularinin birlikte degerlendirilme-
sinin 6nemli oldugu vurgulanmistir.

Bolgede inci kefalinin pazarlanma sekli en énemli so-
runlardan birini olugturmaktadir. Bu baliklar gerekli muha-
faza tedbirleri alinmadan gunlik olarak pazara surilmekte,
ayni gin satilamayan baliklar 6nemli 6lglide zayi olmakta
veya ertesi glin ¢cok dusik fiyatlara satilmaktadir. Cogu za-
man baliklar sokaklarda agik havada ve sicagin altinda araba-
larda satilmaya c¢alisiimakta, bazen de satilamayan baliklar
yeni tululmus baliklarla karistirilarak pazarlanmaktadir. Bun-
lardan dolayi, halk saghgi potansiyel risklerle karsi karsiya
kalmakta ve ekonomik kayiplar meydana gelmektedir (39).
Bu durum da soguk hava depolarinin ne kadar énemli oldu-
gunu ortaya koymakta ve bolgede énemli bir sorunu gozler
oniine sermektedir.

Bolge halki avlanan inci kefalini muhafaza etmek igin
¢ok eski bir depolama ve saklama sekli olan tuzla muhafaza
yontemini devam ettirmekte ve bu yontem en yaygin kulla-
nilan muhafaza sekli olarak karsimiza ¢ikmaktadir. Bunda
yore halkinin yillardan beri siiregelen aliskanliklarini devam
ettirmek istemesinin yaninda, buna alternatif olabilecek so-
gutma ve dondurma imkanlarinin kisith olmasinin da etkisi
olabilir.

Yoredeki tiiketiciler uzun yillardan beri baliklari, bol bu-
lundugu mevsimlerde en pratik muhafaza sekli olan tuzlaya-
rak muhafaza etmektedir. Ginimiizde avlanan inci kefalinin
%40’1nin tuzlu olarak tiiketildigi, piyasadan toplanan ve gele-
neksel yontemlerle tuzlanan baliklarin hijyenik kalitelerinin
¢ok kotlu ve neredeyse tamaminin bozulmug durumda ol-
dugu, ayrica bu baliklarin saglik sorunlarina yol agabilecegi
bildirilmistir (40). Kilinggceker ve Kiictukoner (19) tuzlu balik-
lardaki TBA ve TVB-N degerlerinin sirasiyla 3.31-5.05 mg/kg
ve 43.60-173.04 mg/100 g arasinda degistigini, tuz iceriginin
ise oldukga ylksek (%15.10-18.26) oldugunu, 6zellikle saghk
sorunlari yasayan kisilerin tuzlu balik tiketiminde dikkatli ol-
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malari gerektigini bildirmislerdir. Hijyenik ve kimyasal kalite-
leri iyi olsa bile tiketilen baliklarin muhafazasinda kullanilan
yiksek miktarlardaki tuz bash basina bir saglik problemi olus-
turmaktadir. Gidalarla birlikte alinan fazla miktardaki tuzun
ozellikle yiiksek tansiyon ile 6zafagus ve mide kanserine yol
actigl (41,42), Van ve cevresinde de ylksek tansiyon ve sin-
dirim sistemi kanserinin yaygin olarak goruldigi bildirilmis-
tir (43,44). Sar ve ark. (40), yorede yiksek tansiyonun yaygin
olarak gorilmesi ile tuz orani oldukga fazla olan tuzlu balk
tiketimi arasinda 6nemli bir iliskinin oldugunu belirtmisler-
dir. Hijyenik olmamasi ve bazi saglik riskleri tagimasi nede-
niyle yore halkina tuzlu balik tiiketiminin zararlari sik aralik-
larla diizenlenecek seminer ve konferanslarla anlatilarak va-
kit gecirmeden insanlarin bilingli bir sekilde tuzlu balik tike-
timini terk etmesi veya azaltmasi saglanmalidir. Ayrica yapi-
lacak kapsamli ¢alismalarla bolge halkinin kaliteli balik tiike-
tebilmesini saglayacak alternatif muhafaza yontemleri dev-
reye konulmalidir. Uzun bir raf d6mriine sahip olan ve saglik
acisindan risk tasimayan dondurarak muhafazanin da bu ko-
nuda en etkili ve yayginlastirilmasi gereken 6nemli bir yon-
tem oldugu distnilmektedir.

Golden avlanan inci kefalinin 6nemli bir kismi taze ola-
rak tiiketilmektedir. Bu arastirmada bas ve i¢ organlari ¢ika-
rilarak temizlenmis ve bitiin haldeki inci kefalinin vakumlu
ve vakumsuz ambalajlarda dondurularak muhafaza edilme
imkanlari denenmis ve muhafaza siiresince meydana gelen
kalite degisimleri incelenmistir. Bu arastirmada inci kefalinin
bas ve i¢ organlarini ¢ikarmak suretiyle depolanmasinin bu
baliklarin dayanma stirelerini arttirdigi belirlenmistir. Ayrica,
inci kefalinin islenmis bir sekilde dondurularak tiiketime su-
nulmasinin balik popilasyonunun korunmasi, halk sagligi aci-
sindan potansiyel risklerin azaltilmasi ve ekonomik kalkinma
acisindan 6nemli sayilabilecek bircok faydasinin da olabile-
cegi disinulmektedir. Nitekim; kisin avlanan fazla miktar-
daki baliklarin zayi olmasi 6nlenebilir ve ireme donemi ba-
likgiligl engellenerek Van Golu’ndeki balik popilasyonu koru-
nabilir. inci kefali endiistriye kazandirilarak katma degeri
ylksek yeni istihdam alanlari olusturulabilir, degisik sekil-
lerde stok yapilabilmesi ve olusan rekabete bagl olarak piya-
sada fiyat istikrari saglanabilir ve bolge ekonomisi canlanabi-
lir. Baligin bas ve i¢ organlarinin ¢ikarilarak temizlenmesi ti-
keticiler tarafindan ragbet gorebilir ve temizleme zahmeti
ortadan kalkacagi icin zamandan tasarruf saglanarak balik ti-
ketimi tesvik edilebilir. islenmis triinler daha az yer kaplaya-
cagindan tasima/pazarlama islemleri kolaylasabilir ve amba-
lajlanmis GrGnler de dis etkilerden korundugu icin baliklar en
az kalite kaybi ile tiiketicilere sunulabilir. islenmis veya islen-
memis inci kefalinin dondurulmasi ile bu baligin pazar arz
dengelenebilecegi gibi, taze baligin bulunmadigi zamanlarda
depolanmis iyi kalitede baligin piyasaya sunulmasi ile tiketici
talebi karsilanabilir. Boylelikle bélge halkinin kaliteli ve ucuz
bir protein kaynagi olan inci kefalinden daha uzun yillar ya-
rarlanmasi saglanabilir. Ancak bitiin bu faydalarin saglana-
bilmesi icin ilgili kuruluglar denetimlerini arttirmali, bilgilen-
dirme faaliyetlerini yayginlastirmali ve bolgede mevcut ha-
liyle devam eden hijyenik olmayan pazarlama sekli terk edi-
lerek bu baliklar modern satis yerlerinde satilmalidir.

Sonug olarak; inci kefalinin temizlenerek ve vakumlu bir
sekilde ambalajlanmasinin uygun bir yontem oldugu ve bu
sekilde islenen baliklarin dondurularak 150 giin streyle kali-
teli bir sekilde muhafaza edilebilecegi belirlenmistir. Bélgede
inci kefalinin muhafazasinda eskiden beri kullanilan sagliksiz
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bir yontem olan tuzla muhafazaya alternatif bir yontem ola-
rak baliklarin dondurularak muhafazasi onerilebilir. Boyle-
likle tiiketiciler bolgede avlanmanin yasak oldugu dénem-
lerde bile duyusal 6zelliklerini kaybetmemis inci kefaline ko-
laylikla ulasabilecektir.
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Misir silaji ruminant hayvanlarin beslenmesinde kullanilan dnemli bir yem bitkisidir. Ancak iklim
degisikligine bagll olarak artan kuraklik probleminin ilerleyen yillarda bu bitkinin silajlik olarak
kullanimini kisitlamasi  beklenmektedir. Dolayisiyla misir bitkisine alternatif silajlik bitkilerin
belirlenmesi dnemli bir konu haline gelmistir. Bu calismada silaj bitkisi seciminde yesil ot verimi, kuru
madde (KM) orani, pH, ham protein (HP) ve sindirilebilir KM orani kriterlerine dayanarak bir analitik
hiyerarsi prosesi (AHP) modeli kullanilmistir. AHP analizinde yesil ot veriminin %30, KM'nin %21,
sindirilebilir KM’nin %19, pH'nin %18 ve HP'nin %11 oraninda etkili oldugu belirlenmistir. Bu kriterler
ideal Coziime Benzerlige Gére Tercih Sirasi Teknigi (TOPSIS) analizine entegre edilerek skorlama
yapildiginda misir, yonca, sorgum, aygcicegi ve bugday hasilinin sirasiyla 0.729, 0.715, 0.618, 0.513 ve
0.273 puana sahip olduklari tespit edilmistir. Sonug olarak misir silajindan sonraki en iyi segenegin
yonca silaji olabilecegi, ancak bu modellemenin belirli bolgelere 6zgli saha ¢alismalari yapilarak su
kullanim verimliligi ve kurakliga dayaniklilik kriterleri gz 6niine alinarak yapilmasinin daha etkili
sonuglar verecegi kanisina varilmistir.

Anahtar Kelimeler: AHP, misir, silaj, TOPSIS

Evaluation of Alternative Silage Crops Using AHP-TOPSIS Method
Abstract

Maize silage is an important forage plant used to feed ruminant animals. However, due to climate
change, increasing drought problems are expected to restrict the use of this plant as silage in the
future. Hence, finding alternative plants for silage besides corn has become a significant concern. In
this study, an Analytical Hierarchy Process (AHP) model was used based on the criteria of green grass
yield, dry matter (DM), pH, crude protein (CP), and digestible DM for selecting silage plants. The AHP
analysis determined that green grass yield was 30%, DM was 21%, digestible DM was 19%, pH was
18%, and HP was 11% effective. When these criteria were integrated into Technique for Order
Preference by Similarity to Ideal Solution (TOPSIS) analysis and scoring were performed, and it was
determined that maize, alfalfa, sorghum, sunflower, and whole crop wheat had 0.729, 0.715, 0.618,
0.513, and 0.273 points, respectively. Following maize silage, alfalfa silage emerged as the subsequent
favorable choice. However, it was concluded that this modelling would yield more effective results if
field studies specific to certain regions were conducted and water use efficiency and drought
resistance criteria were considered.

Key Words: AHP, maize, silage, TOPSIS
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GIRIS

Yem bitkilerinin silaj seklinde muhafazasi, hasattan
sonra depolama sirasinda besin maddesi kaybini en aza indi-
rebildigi icin 6nemli ve popiler bir yem depolama yontemi
haline gelmistir (1). Misir (Zea mays L.), yiksek verimliligi ve
besin kalitesi nedeniyle sigirlar icin en dnemli yem bitkisidir.
Dolayisiyla kolay fermente edilebilir bir enerji kaynagi olan
musir silaji diinyanin birgok yerindeki yetistiriciler tarafindan
kullanilmaktadir (2). Hava sicakhginin yiksek seyrettigi do-
nemlerde meydana gelen susuzluk stresi, yogunluga ve si-
reye bagh olarak sirgin blylimesinde ve yaprak alaninda
6nemli azalmalara neden oldugu igin misir silajinin verimini
ve kalitesini dustrebilir (3). Dolayisiyla iklim degisikliginin mi-
sir Gretiminin sekteye ugratma riskini artiracagi ongorildu-
gunden (4) daha kurak kosullarda, daha az su gerektiren,
yem Uretimi ve glibre yonetimini entegre eden lretim siste-
mine uyan ve tarimsal strdirulebilirligi koruyan alternatif si-
lajlik yem bitkileri arayisi sirmektedir (5).

Yemlik sorgum (Sorghum bicolor L.), misir yetistirmek
icin yeterli yagisin olmadig1 bolgelerde misirin alternatifi ola-
rak kullanilmaktadir. Clinki misirla karsilastirildiginda daha
yiksek su kullanim verimliligi ve kuraklik stresine dayaniklilik
gibi cesitli avantajlara sahiptir (6). Yemlik sorgum, genellikle
bicilerek ya da dogrudan otlatilarak kullanilmasinin yani sira
yagisin misir bliyiimesini sinirladigi yerlerde silajlik olarak de-
gerlendirilebilir (7). Aygicegi (Helianthus annuus L.) yetistiri-
ciligi genellikle yagmur suyuna dayali olarak yapildigi icin mi-
sira gore daha az suya ihtiya¢ duymaktadir. Aycicegi silaji mi-
sir silaji ile karsilastirildiginda besin maddesi yoninden bui-
yiik oranda benzerlik gésterir. iki silaj arasindaki en énemli
fark aycicegi silajinin misir silajindan daha fazla HP ve yaga
sahip olmasidir (8). Yetistirme kosullari misir igin olumsuz ol-
dugu durumlarda ruminantlarin beslenmesi icin aygicegi sila-
jinin kullanimi, misir silajinin kullanimina bir alternatif olabil-
mektedir (9). Yine misir silajina alternatif olarak bugday (Tri-
ticum spp.) gibi hizh biylime siresine sahip Grinler kullani-
labilir (10). Stt olum doéneminde bigilerek silajlanan bugday
hasilinin misir silajina gore yaklasik %2 oraninda daha fazla
HP’ye sahip oldugu bildirilmistir (11). Ancak daha dusiik me-
tabolik enerji ve yesil ot verimine sahip oldugundan bugday
silajinin maliyeti misir silajina gére daha fazla olabilmektedir
(10). Yonca silaji yiiksek HP (rumende pargalanabilen protein
acisindan yiksek ve rumende parcalanamayan protein agi-
sindan disuktlr) oranina sahiptir. Misir silaji, yiiksek nisasta
icerigi nedeniyle fermente edilebilir karbonhidratlarin iyi bir
kaynagi olmasina ragmen disiik HP orani bulunmaktadir
(12). Diger yandan, silajlik misir, yoncadan daha yuksek ve-
rime ve enerji icerigine sahip olmanin yani sira hasat igin
daha az is glict gerektirmektedir (13).

Farkh kriterler gbz 6niine alindiginda alternatif silaj bit-
kilerinin arasindan yapilacak olan tercihler karmagik bir hale
gelmektedir. Bu kriterlerin degerlendirilerek misira alternatif
en uygun silaj bitkisinin belirlenmesi yetistiricilerin karli ve
slrdarulebilir bir Gretim yapmalarina olanak saglayabilir.

Analitik hiyerarsi prosesi (AHP), bu tiir karmasik karar-
lar icin bir model olusturup farkh kriterlerin veya faktorlerin
onem derecelerini degerlendirmeyi kolaylastirarak uygun
¢6zim Onerileri sunmaya yardimci olan ¢ok kriterli karar
verme (CKKV) yontemlerinden biridir (14). Bircok farkh
alanda kullanilabilen AHP’yi diger CKKV’ler den ayiran 6zellik
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hem objektif hem de subjektif fikirlerin karar siirecine katil-
masina imkan saglamasidir (15,16). ideal Coziime Benzerlige
Gore Tercih Sirasi Teknigi (TOPSIS) yontemi herhangi bir d6-
niisiime gerek duyulmaksizin elde bulunan veri tizerinde di-
rekt olarak uygulanabilmektedir. Bu yontemde, secenekler
belirli kriterlerin minimum ve maksimum degerlerine gore
¢O6zUme en uygun uzakliklari skorlanarak siralanir. Cok kriterli
sireglerde her bir kriterin karar matrisinde bir degere sahip
oldugu durumda AHP-TOPSIS yonteminin birlikte kullanimi
alternatif seceneklerin siralamasinin sayisal degerler ile olus-
turulmasini saglar (17). Bu ¢alismada yemlik sorgum, aygi-
¢egi, bugday ve yonca silajlarinin yesil ot verimi, kuru madde
(KM) orani, pH, ham protein (HP) ve sindirilebilir KM orani
kriterlerine gore AHP-TOPSIS hibrit yontemi yardimiyla misir
silaji ile karsilastirilarak alternatif silaj bitkilerinin éncelik si-
ralamalarinin yapilmasi amaglanmistir.

MATERYAL VE METOT

Verilerin Toplanmasi

AHP'nin diger CKKV yontemlerine gére en blylik avantaji is-
tatistiksel olarak gecerli sonuglar elde etmek icin biyik bir
orneklem boyutu gerektirmemesidir. Uzman kisi gorislerine
dayanan bu analiz i¢in 6rneklem buyiklugiinin ikiden fazla
olmasi yeterli kabul edilir (18). Bu calismada, AHP analizi igin
Tiirkiye’de Hayvan Besleme ve Beslenme Hastaliklari ve Tarla
Bitkileri alaninda doktorasini tamamlamis 13 uzman kisiyle
anket calismasi yapilmistir (Sekil 1). Anket sorularinda silaj
bitkisi tercih edilirken dikkat edilen kriterler arasinda ikili kar-
silastirma yapilmasi istenmis ve bu analiz sonucunda silaj
Uretiminde énemli olan yesil ot verimi (yillik), KM orani, pH,
HP ve sindirilebilir KM orani kriterlerinin ytzdesel agirhklar
belirlenmistir.

Daha 6nemli Esit 6nem Daha 6nemli
Yesil Ot 9(8|7[6|5|4(3|2|1(2|3[4[5[6]|7]8]|9]|KuruMadde
Verimi O|0[0|0|0|0|{0]0|0|0/0j0|0/0|0|0|4d]| Oram
Yesil Ot 9(8(7(6[5|4|3|2|1|2{3[4]|5|6|7|8|9 H
Verimi o|olololo|lo|o|o|o|ojojo|o|ololo|ol®
Yesil Ot 9(8|7[6|5|4(3|2|1|2(3|4[5|6|7|8]|9 Ham Protein
Verimi O|0j0|g|jojg|ojo|Oo|g/ojg|gjojg|ojo
Yesil Ot 9(8(7(6[5|4|3|2|1|2/3[4]5]|6]|7]|8]|9|Sindirilebilir
Verimi O|0|0|0|0|/0o|0|g|0|ojoj0|0|d|gd|O)] 0| Kuru Madde
Kuru Madde 9(8(7(6(5(4|3|2|1|2/3[4]|5|6|7|8|9
Orani 0|g|ojo|jojojg|g|g|ojgjg|ojojo|jgjd pH
Kuru Madde 9(8|7|6|5|4(3|2|1(2|3[4|5[6|7|8|9 Ham Protein
Orani O|g|oj0o|jo|jojg|g|0o|0jgjg|ojojojgjo
Kuru Madde 9(8(7(6(5|4|3|2|1|2/3[4]5]|6]|7]|8]| 9| Sindirilebilir
Orant O|0|0|0|0/0|0|0|0|0ojOo|0|0|d|gd|O)] 0] Kuru Madde
9(8(7(6(5|4|3|2|1|2|3|4|5|6|7|8|9 .
PH olo|olo|olo|o|o|olojojo|alo|o|o| g HamProten
H 9(8(7(6(5|4|3|2|1|2/3[4]5]|6]|7]|8]|9|Sindirilebilir
P O|0|0|0|O/0o|0|0|0|ojOoj0|0|d|gd|O)| O] Kuru Madde
Ham Protein 9(8|7[6|5|4|(3|2|1(2|3[4(5[6]7]|8]| 9] Sindirilebilir
O|0|0jgjg|ojojg|0|ojojo|0|d|g|O)] 0] Kuru Madde

Sekil 1. ikili karsilastirma igin uzmanlara yéneltilen anket

TOPSIS analizi igin misir, sorgum, aygigegi, bugday hasili
ve yonca silajlarinin yesil ot verimi, KM orani, pH, HP ve sin-
dirilebilir KM oranlari PubMed, Scopus ve Google Scholar
veri tabanlarindaki literatir verilerinden ve farkh ¢alismalar-
dan elde edilen verilerin ortalamalari olarak alinmistir (Tablo
1). Literatir verilerinin ortalamalarinin alinmasi bu bitkilerin
farkh varyeteleri arasindaki farkliliklarin en aza indirilmesini
saglamistir.
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Tablo 1. Literatir verilerinden elde edilen silaj parametrelerinin ortalamalari

Yesil ot (t/d) KM (g/kg) pH HP (g/kg) Sindirilebilir KM (g/kg)
Misir 8.7315 294.25%10 3.8634610 78.64310 627.173469
Sorgum 7.3011-13 265.831217 3.831215 80.831217 585.331217
Aygicegi 6.501819 214.50%821 457182021 114751821 569.751821
Bugday 3.072223% 334.002224 4.0822% 82.0022.24 626.002224
Yonca 7.1826,27 324.0020,28—30 5.1028,20 172.520,28—30 642.520,29,30

1Bai ve ark. (19), 2Yildiz ve ark. (20), 3Filya (21), “Li ve ark. (22), Yilmaz ve ark. (23), ®Khan ve ark. (24), ’Alvarado-Ramirez ve ark. (25), ®Huang ve ark. (26),
Sirakaya (27), *°Meeske ve Basson (28), *Arici ve Avci (29), ?Farhadi ve ark. (30), 3Terler ve ark. (31), **Rodrigues ve ark. (32), **Arriola ve ark. (33), **McCary
ve ark. (34),"Lv ve ark. (35), ¥ Demirel ve ark. (36), °Erdogan ve Yildiz (37), 2°Tan (38), 2!Santos ve ark. (39), 2?Filya (40), 2*Nadeau (41), **Crovetto ve ark. (42),
2Yje ve ark. (43), 26Keskin ve ark. (44), ¥’Albayrak ve Oten (45), 22Gao ve ark. (46), 2Broderick (47), 3*Wang ve ark. (48). KM: Kuru madde, HP: Ham Protein, t/d:

ton/dekar

AHP-TOPSIS Yontemi

AHP, CKKV sirecinde hedef, kriterler (varsa alt kriterler) ve
secgimler (alternatifler) arasindaki iliskinin hiyerarsik bir ya-
pida modellenebilmesinde kullanilmaktadir. Birden fazla de-
gerlendirme olgltinin bulundugu karar sureglerinde, farkh
kriterlerin sonug Uzerindeki etkisinin belirlenebilmesi icin
“kriter agirliklan” hesaplanarak en uygun secime ulasilabil-
mektedir. Bu modelde karar kriterlerinin alternatif secenek-
lerle karsilastirilmasi uzman kisiler yardimiyla gergeklestiril-
mekte ve her alternatif kararin 6ncelik sirasinin belirlenmesi
saglanmaktadir. Hedefe ulasilmasi igin olusturulan hiyerarsi-
nin her kademesindeki kriterlerin goreceli 6nem derecelerini
belirlemek amaciyla kriterler arasinda ikili karsilastirma yapi-
lir, ardindan sonra en iyi karari vermek igin alternatifler ki-
yaslanir (49).

Bu calismada AHP modelinde yer alan kriterlerin ikili
karsilastirmalari yapilarak Denklem 1 yardimiyla kriterler igin
ikili karsilastirma matrisi elde edilmistir. Bu karsilastirmalar
uzmanlara yoneltilen anket sorularina gore kriterlerin arasin-
daki bagil dnem (Ustiinlik) derecelerinin belirlenmesi ile ya-
ptimis ve 6nem derecelerinin bulunmasi igin Saaty (49) tara-
findan gelistirilen 9 skaladan olusan karsilastirma olgegi kul-
laniimistir. Anket calismasindan elde edilen ikili karsilastir-
malarin sonuglarinin geometrik ortalamasi alinmistir.

1 A2 Ain
o 1 o
A=| 21 7 2" Inxn (1)
An1 An2 1

Karsilagtirma matrisinde her situndaki deger ayni si-
tundaki degerlerin toplamina béliinerek, elde edilen yeni de-
gerler ile normalize matris [bij]nxn olusturulmustur (Denk-

lem 2) (50).

i=1,2,3,....,nve j=1,2,3,..., n olmak lzere;
@

bj; = —— 2
Tt 2
Karsilagtirma matrisi normalize edildikten sonra her sa-
tirin toplami matris boyutuna (n, kriter sayisina) bolinerek
aritmetik ortalamalari alinmistir (Denklem 4). Bu islemden
sonra her bir satir i¢in ayri ayn (kriter sayisi kadar) dncelik
vektorleri (w) hesaplanmistir (51). Bu 6ncelik vektori kriter-

lerin 6nem agirliklaridir.

i=1,2,3,....,nve j=1,2,3,...,, n olmak lzere;
w, = Szl (4)
n

Uzman kisilerden alinan yanitlarin tutarhilik oranini (CR)
hesaplamak amaciyla Saaty ve Tran (52) tarafindan hazirla-
nan Rl degerlerinden yararlanilmistir. Bu degerler n kriter sa-
yisina sahip (1-15 arasindaki) matrisin blyukligiine gore ve-
rilen Rl degerlerini géstermektedir.

ikili karsilastirma matrislerinin tutarlilik oraninin <0.10
olmasi gereklidir. Eger bu deger saglanamazsa uzman kisi-
lerle tekrar gorisilerek tutarhlik orani 0.10’dan kigik olana
kadar yeniden diizenleme yapilir (53).

CR’nin hesaplanmasi icin 6ncelikle normalize edilme-
mis karsilagtirma matrisi (A, [a”]nxn) ile [w;],e1 matrisi car-
pilarak siitun vektéri (d, [d;],x1) hesaplanmistir (Denklem
5). Daha sonra ayni satirdaki slitun vektori elemanlarinin
ayni satirdaki 6ncelik vektori elemanlarina olan oranlari top-
lanarak Amax hesaplanmistir (Denklem 6). Amax kullanila-
rak Denklem 7’de verilen formile gore tutarhlik indeksi (Cl)
degeri bulunmustur. Cl degeri Rl tablosunda ayni matris bo-
yutuna yani 5’e denk gelen Rl degerine (1.12) bolinerek CR
degeri elde edilmistir (Denklem 9) (53).

i=1,2,3,....,nve j=1,2,3,..., n olmak lzere;

[ai}']nxn x [Wi]nxl = [di]nxl (5)
n 4
i:lWi

Amax = n (6)
_ (Amax—n)

Cl = oD 7)

Temelleri Hwang ve Yoon (54) tarafindan atilan TOPSIS
yontemi daha sonra Hwang ve ark. (55) tarafindan genisletil-
mis ve yeni TOPSIS yontemi gelistirilmistir. AHP’ye gore fark-
lilig1 nitel verilerin nicel verilere donustirilmesi gibi bir asa-
mas! olmamasi ve direkt olarak toplanan ya da elde bulunan
nicel veriler Gzerinde uygulanabilmesidir. Bu CKKV yontemi-
nin arastirmacilar tarafindan ilgi grme nedeni karmasik al-
goritmalar ve matematiksel islemler icermemesinin yani sira
problemin ¢6ziimiinde geometrik olarak negatif ideal ¢o-
ziime en uzak pozitif ideal ¢6ziime ise en yakin mesafede
olan degerleri elde etmeye yonelik olmasidir (56).

ilk olarak Tablo 1’deki literatiir verilerinden 5x5 boyutlu
bir karar matrisi (A) olusturulmustur. Matrisin normalize
edilmesi icin karar matrisinin her sttunundaki bitlin ele-
manlarin kareleri alinarak toplanmistir. Her satirdaki kriter
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degeri situn elemanlarinin kareleri toplaminin karekékiine
bolinerek normalize edilmistir (Denklem 8) (57).

i=1,2,3,....mve j=1,2,3,..., n olmak lzere;
P
by = ——= (8)

m 2
JEI2 @

Agirliklandirma icin AHP analizinden elde edilen veriler
kullanilmistir. Normalize edilmis matriste ayni siitunda bulu-
nan her bir deger ayni situnun yani kriterin agirliklandirma
derecesi ile garpilarak normalize W matrisi (V) elde edilmistir
(Denklem 9).

wibyy  wpbg, Wpbin Vi1 Viz 0 Vin
w;b w,b w,,b U1 VU 0 VUpp

w=| WaP21 2022 nln |-y = |72 : ) ; 9)
W]_ bml W2 me Wnbmn vml va o an

Alternatif seciminde fayda saglayacak pozitif ideal ¢6-
zim degerleri (Denklem 10) ve dezavantaj saglayacak negatif
ideal ¢6ziim degerleri bulunmustur (Denklem 11) (58).

i=1,2,3,....mve j=1,2,3,.., n olmak lzere;
vt = (max}”]) = (vf, v, vi ....vh) (10)

V- = (min)V) = (v7, 7,05 ... v3) (11)

V* ve V™~ degerleri belirlendikten sonra negatif ideal
¢O6zime en uzak, pozitif ideal ¢6ziime ise en yakin olan me-
safeler bulunmustur. Pozitif ideal uzaklik formala igin Denk-
lem 12 ve negatif ideal uzaklik formuli i¢in Denklem 13 kul-
lanilmistir. Bu denklemlere gore V matrisinin satirindaki her
degerile siitunun (kriterin) pozitif ideal veya negatif ideal ¢6-
zUm degerleri arasindaki farklarin karelerinin toplaminin ka-
rekoki hesaplanmistir. Bu hesaplama sonucunda alternatif
(karar noktasi) sayisi kadar S;” ve St islemi gergeklestiriimis-

ST = (B Vg = 92 (13)

ideal ¢dziime olan géreli yakinlik hesaplanirken (C;")
negatif ideal ¢6ziime en uzak olan alternatif bulunmustur. Bu
da pozitif ideal ¢6ziime en yakin olan alternatifin bulunma-
sini saglamistir. Tim alternatiflerin S;" ve S;” degerleri Denk-
lem 14'te gosterildigi gibi hesaplanarak siralama (C;7) deger-
leri bulunmustur. C;* degerlerine gére negatif ideal ¢6ziime
olan uzakliklar siralanmistir (59).

S

¢ = s;f;s; (14
BULGULAR

Uzmanlarin yaptigi karsilastirmalarin geometrik ortalamalari
alindiktan sonra elde edilen karsilastirma matrisi ve sorulara
verilen yanitlarin tutarhlik orani Tablo 2’de verilmistir. Yapi-
lan karsilattirmalarin tutarlilik orani 0.09 olarak bulundu.

tir.
5= / 1 (Vij —vj)? (12)
Tablo 2. AHP analizinde kullanilan kargilagtirma matrisi, kriter agirliklari (w;) ve tutarhlik orani (CI/RI).
Yesil Ot Sindirilebilir
Verimi KM pH HP KM d; Amax Cl CI/RI
Yesil Ot Verimi 1.00 1.81 1.18 2.74 2.15 1.62 5.40 0.10 0.09
KM Orani 0.55 1.00 2.63 1.93 0.47 1.16
pH 0.84 0.38 1.00 2.05 1.09 0.95
HP 0.36 0.52 0.49 1.00 0.89 0.59
Sindirilebilir KM 0.47 2.14 0.92 1.12 1.00 1.08
w; 0.30 0.21 0.18 0.11 0.19

Wang ve ark. (48). KM: Kuru madde, HP: Ham Protein. d;: stitun vektori, Amax: 6z vektor, CI: tutarhlik indeksi, RI: rassal indeks.

Karsilastirma matrisi normalize edildikten sonra 6ncelik
vektorleri hesaplanmistir (Tablo 2). Buna gore silaj bitkisi se-
cilirken bakilan kriterlerden yesil ot veriminin %30, KM’nin
%21, sindirilebilir KM’nin %19, pH'nin %18 ve HP'nin %11

oraninda etkili oldugu belirlenmistir. Kriterlerin agirlik oran-
lari TOPSIS analizinde literatir verilerinin agirliklandiriimasi
icin kullanilarak Tablo 3’teki normalize matris elde edilmistir.

Tablo 3. TOPSIS analizi sonuglari

Yezl/:i): KM (g/ke) pH HP (2/kg) Slndlrllebll(:lll((l:)l s+ s c
Misir 0.172 0.097 0.073 0.035 0.088 0.044 0.117 0.729
Sorgum 0.144 0.088 0.073 0.036 0.083 0.055 0.089 0.618
Aycicegi 0.128 0.071 0.087 0.051 0.080 0.067 0.070 0.513
Bugday 0.060 0.110 0.077 0.036 0.088 0.119 0.045 0.273
Yonca 0.141 0.107 0.097 0.076 0.091 0.039 0.098 0.715
Mak Mak Min Mak Mak
v+ 0.172 0.110 0.073 0.076 0.091
V- 0.060 0.071 0.097 0.035 0.080

KM: Kuru madde, HP: Ham Protein, S+: pozitif ideal ¢coziim, S: pozitif ideal ¢cdziim, C*: siralama degerleri, V*: maksimum fayda, V-: minimum fayda.
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Yesil ot verimi, KM, HP ve sindirilebilir KM i¢in en yik-
sek degerler V*, pH icin en disiik degerler V* olarak belir-
lenmigtir. Tiim silaj alternatiflerinin S ve S; degerleri he-
saplanarak siralama skorlari (C;*) bulunmustur (Tablo 3). Si-
ralama degerlerine gére 0.729 puanla misir bitkisinin en iyi
silaj secenegi oldugu ve bunu sirasiyla 0.715 puanla yonca-
nin, 0.618 puanla sorgumun, 0.513 puanla aygiceginin ve
0.273 puanla bugday hasilinin takip ettigi belirlenmistir.

TARTISMA VE SONUC

Uzmanlarin yaptiklari ikili kargilastirmalara gore yesil ot veri-
minin yilksek olmasi bir bitkinin silaj materyali olarak segil-
mesini 6nemli 6l¢lide etkileyecegini gdstermektedir. Onceki
calismalarda silajlik misirin yesil ot verimine bakildiginda de-
kar basina ortalama 8,73 tonluk bir tiretimin olabildigi gordl-
mektedir (19-23). Dolayisiyla misirin silaj bitkileri arasinda bi-
rinci sirada olmasinda yiiksek yesil ot veriminin etkili oldugu
soylenebilir. Diger yandan sorgum bitkisinin yoncadan daha
ylksek yesil ot verimine sahip olmasina ragmen se¢im sirala-
masinda geride kalmasi yesil ot veriminin tek basina etkili ol-
madigini ve diger kriterlerin bu se¢imi etkiledigini gdstermis-
tir.

Yonca silajinin KM, HP ve sindirilebilir KM kriterleri ele
alindiginda sorgum silajindan daha ustiin olmasi bu silajin
misirdan sonra ikinci sirayi almasini saglamistir. Yiksek besin
degerlerine sahip olan ve diinya ¢apinda en 6nemli yem bit-
kisi olarak bilinen yonca, kuru ot veya silajl icin yetistirilmek-
tedir (60). Misirin silajlik olarak yetistirilmesi, birim su basina
yoncaya kiyasla yaklasik iki kat daha yiksek brit CO, asimi-
lasyon oranina ulasarak su kullaniminda ¢ok daha verimli bir
secenek haline gelir. Bu da misirin su kullanim verimliliginin
yoncaya gore %70 daha fazla olmasini saglamaktadir (13). Di-
ger yandan, silajlik misirin yoncadan daha yliksek verime sa-
hip olmasi ve daha az is glici gereksinimine duymasi, misir
silajinin yoncaya gore 6ncelikli olarak segilmesinin nedenle-
rindendir (61).

Sorgum bitkisinin su, azot, fosfor ve potasyum kullanim
etkinligi misira gére daha fazla oldugu icin yesil ot verimi di-
stk olmasina ragmen goreceli olarak daha fazla biyokitle
Uretebilmektedir (62). Elde edilen bulgulara benzer sekilde
Arriola ve ark. (33) misirin sorgum silajina gére daha yiksek
KM’ye sahip oldugunu bildirmislerdir. Dolayisiyla sorgum si-
lajinin KM’sinin diigiik olmasi bu silajin AHP-TOPSIS analizine
gore yonca silajindan sonra segcilebilecek ikinci alternatif ol-
masinda etkili olmustur. Sorgum bitkisinin ADF orani genel
olarak misira gore daha fazla oldugundan ruminantlardaki
sindirilme derecesi dusik olabilmektedir (63). Sindirilebilir
KM degerinin diger bitkilere gore daha diisiik olmasi, sorgu-
mun oncelik sirasinda 6nemli 6lglide etkili olmustur. Bu ¢a-
lismada, sorgum silaji yonca silajindan sonraki alternatif olsa
da, sorgumun su kullanim etkinliginin yiiksek olmasi (62)
yonca silajindan daha 6ncelikli olarak kullanilmasini saglaya-
bilmektedir. Ancak bu bitkilerin su kullanim verimleri ile ilgili
nicel bilgi yetersizligi ilgili kriterin TOPSIS analizine eklenme-
sini kisitlamistir.

Misir silajiyla karsilastirildiginda HP oraninin yiksek ol-
masi aycicegi silajini 6ne ¢ikarmaktadir (38). Diger yandan
aycicegi bitkisinin diistik KM ve yiksek ADF icerigi pH degeri-
nin yiiksek olmasina neden olabilmekte ve bu bitkinin silo-
lanmasi sirasinda problemlere yol agabilmektedir (37,38). Bu
nedenlere bagli olarak mevcut ¢calismada AHP-TOPSIS analizi

Alternatif Silaj Bitkilerinin AHP-TOPSIS Yontemi Kullanarak ...

sonucunda aycicegi silaji misir silajina alternatif olabilecek si-
lajlar arasinda Uglinci sirada yer almistir. Ayciceginin soguk
ve sicak kosullara misira gére daha iyi uyum saglamasi, bu
bitkiyi misira gére avantajli kilabilmektedir. Ozellikle yetersiz
sulama kosullari altinda aygigegi bitkisi, sicaklik stresine da-
yaniklilik géstermektedir (64). Yine kurakliga dayanikhlik ile
ilgili nicel arastirma verilerinin eksikligi nedeniyle, bu calis-
mada ilgili kriterin kullanimi mmkdn olmamistir.

KM bakimindan en yiiksek degere sahip olan silaj bug-
day hasil silaji olmasina ragmen (40,41,43) yesil ot verimin
silaj secimini biylik oranda etkilemesi, bu silajin en son alter-
natif olarak degerlendirilmesine neden olmustur.

Sonug olarak yesil ot verimi, KM orani, pH, HP ve sindi-
rilebilir KM kriterleri kullanilarak yapilan AHP-TOPSIS anali-
zinde misira alternatif silajlik bitki secim siralamasinin yonca,
sorgum, aycicegi ve bugday hasili seklinde oldugu bulunmus-
tur. Bu siralamada yesil ot veriminin biiyiik oranda etkili ol-
dugu belirlense de kurakhga dayaniklik ve su kullanim ve-
rimliligi kriterlerinin nicel veri yetersizligi nedeniyle modele
dahil edilememesi siralamanin gecerliligini kismen sinirla-
maktadir. Bu eksikligin giderilmesi ve belli bolgelere uygun
silajlik bitkinin segilmesinin saglanmasi icin o bolgeye 6zgi
saha galismalarinin yapilmasi ve elde edilen veriler kullanila-
rak yeni AHP-TOPSIS modelinin olusturulmasi gerekmekte-
dir.
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0z

Mevcut ¢alismada diinya geneli, gelismis ekonomiler ve niifusu fazla olan lkelerle birlikte Tlrkiye’'de
sera gazi salinim miktarlari ile hayvanciligin payinin karsilastirmali olarak ortaya konulmasi
amaclanmistir. Calisma materyali olan ham veriler FAO’dan temin edilmis, gerekli hesaplamalar
yapilimis ve deskriptif istatistikler halinde sunulmustur. Calisma bulgularina gére, Dinya’da 2021
yilinda toplam 51.3 milyar ton olan CO,. sera gazi saliniminin %29’u Cin, %11.5’i ABD ve %1.2’si Turkiye
tarafindan gergeklesmistir. Diinya’da toplam sera gazi salinimi igerisinde hayvanciligin payr %8.2
olarak hesaplanmistir. Diinya genelinde son 30 yilda kisi basina diisen toplam sera gazi salinimi
ortalama olarak 6.4 ton olup, bu deger ABD’de 22 ton, AB-27’de 10.1 ton, Cin’de 6.7 ton, Hindistan’da
2.2 ton ve Turkiye'de 5.3 ton olarak Diinya ortalamasinin altinda gergeklesmistir. Hayvancilik kaynakli
sera gazi salinimlari incelendiginde, 1991-2021 yillari arasinda gerek Diinya geneli, gerekse incelenen
tUlkeler bazinda kisi basina dusen ortalama salinimlarin devamli azalma egiliminde ve <1 ton/kisi
oldugu anlasiimaktadir. Sonug¢ olarak, toplum saghgi icin stratejik konumda olan hayvancilik
sektoriiniin iklim degisikligi Gzerindeki payinin son derece disiik oldugu tespit edilmistir. Hayvancilik
sektdérunin iklim degisikliginin sebepleri arasinda 6n siralarda gosterilmesinin dogru/sorumlu bir
yaklasim olmadigi ve aksine asil sorunun kaynagi olan sektorlerin (sanayi, enerji, fosil yakitlar gibi) goz
ardi edilmesine yol agtigi soylenebilir.

Anahtar Kelimeler: Ekonomi, hayvancilik, iklim degisikligi, sera gazi, tretim

Is The Livestock Sector Mainly Responsible for Climate Change?
Abstract

The aim of the study is to compare the amount of greenhouse gas emissions and the share of livestock
in Turkiye together with the world in general, developed economies and countries with large
populations. The raw data, which is the material of the study, was obtained from FAO, necessary
calculations were made and presented as descriptive statistics. According to the findings of the study,
of the total 51.3 billion tonnes of CO,e greenhouse gas emissions in the world in 2021, 29% was
emitted by China, 11.5% by the USA and 1.2% by Turkey. The share of livestock in total greenhouse
gas emissions in the world is calculated as 8.2%. In the last 30 years, the total greenhouse gas
emissions per capita in the world has been 6.4 tonnes on average and this value has been 22 tonnes
in the USA, 10.1 tonnes in the EU-27, 6.7 tonnes in China, 2.2 tonnes in India and 5.3 tonnes in Turkey,
which is below the world average. When the greenhouse gas emissions from livestock are examined,
it is understood that the average emissions per capita between 1991 and 2021 both in the world in
general and on the basis of the countries examined are in a continuous decreasing trend and <1
ton/capita. As a result, it has been determined that the share of the livestock sector, which is in a
strategic position for public health, on climate change is extremely low. It can be said that showing
the livestock sector at the forefront among the causes of climate change is not a correct/responsible
approach and leads to ignoring the sectors (such as industry, energy, fossil fuels) that are the source
of the real problem.

Key Words: Climate change, economy, greenhouse gas, livestock, production
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GIRIS

Dinya nufusunun 8 milyari gegmis olmasi, beslenmenin te-
mel ihtiya¢ olarak dnemini her gecen giin artirmaktadir. Bu
baglamda gida Uretimi basligl altinda yer alan hayvansal
Urinlere olan ihtiya¢ da artmaktadir. Diinya’da buyukbas
hayvan birimi (BBHB) cinsinden yaklasik 2 milyar olan hayvan
varligi dikkate alindiginda ortalama olarak kisi basina 0.25
hayvanin diistiigli séylenebilir (1). Bunun yeterliligini ve den-
geli dagilip dagilmadigini sorgulamak gerekir. Eger yeterli ve
dengeli olmus olsa idi, kismen gelismis Ulkeler hari¢ yeryu-
ziinde saglikh ve dengeli beslenme sorunu (malnutrisyon) ve
achk glindeme gelmezdi. FAO verilerine gore Diinya’da ye-
tersiz beslenme orani %9.1'dir. Yaklasik 50 yil 6nce kisi ba-
sina disen hayvan varliginin %40 daha fazla olmasi, gegmis-
ten giiniimuze hayvan varligindan ziyade insan varliginin ve
dolayisiyla ihtiyaclarin (konut, arag, fabrika vs.) arttigini gos-
termektedir. Yine son 50 yilda diinyanin ortalama sicakligi da
1-4.5 oC artis gostermistir (2). Yani esasinda sorunun teme-
linde yatan sebep, hayvan varligindan ziyade artan insan sayisi
ve insan faaliyetleridir. Aksine kisi basina diisen hayvan varlig
giderek azalmaktadir. Sanayi devrimi sonrasi artan nufus;
daha fazla arag, yakit, gida, konut, eneriji ihtiyaci neticesinde
daha fazla sera gazi salinimi ve iklim degisikligi demektir.

Bu durumda asil meselenin; devamli degisen iklimle bir-
likte, artan insan nufusunun saghkli/dengeli beslenmesi so-
runu oldugu ortaya ¢tkmaktadir (3). Hayvancilik, en temel ih-
tiyac olan beslenme sorununa ¢6zim (reten taraftadir. An-
cak bazi kesimler tarafindan hayvansal Gretim sonucu ortaya
cikan sera gazlar nedeniyle iklim degisikliginde 6nemli
oranda etkisinin oldugu ileri suiriilerek hayvan sayilarinin ve
Gretimin azaltilmasi yoniinde tedbirlerin alinmasi glindeme
getirilmektedir (4-6).

Bu yaklagsima objektif perspektif getirmesi agisindan
mevcut ¢alismada, diinya geneli, gelismis ekonomiler ve ni-
fusu fazla olan (lkelerle birlikte Tirkiye’de sera gazi salinim
miktarlari ile hayvanciligin payinin karsilastirmali olarak or-
taya konulmasi amaglanmistir.

MATERYAL VE METOT

Galisma materyali olan ham veriler FAO’dan temin edilmistir
(1). Verilere ait deskriptif istatistikler (oran, yiizde) olusturu-
lan tablolar halinde sunulmustur.

iklim Degisikliginin Asil Sorumlusu Hayvancilik Sektorii Mi?...

Sera gazi salinim miktarlari, genel kabul géren sekliyle
“Karbon Ayak izi” olarak hesaplanmakta, ortak bir deger ol-
masi ve karsilastirmalari kolaylastirmak bakimindan karbon-
dioksit esdegerine (CO2e) donistlrilmektedir. Dolayisiyla
CO2e degeri, iklim degisikliginin boyutunu ortaya koymada
temel alinan baslica standart birim olarak kabul edilmektedir
(7,8). Cahismada sera gazi salinim miktarlari CO2e olarak veril-
mistir.

BULGULAR

Cesitli Glkelerde toplam ve hayvancilik kaynakl sera gazi sa-
linim miktarlari Tablo 1’de verilmistir.

Dinya’da 2021 yilinda toplam 51.3 milyar ton olan COze
sera gazi saliniminin %29’u Cin ve %11.5’i ABD tarafindan
gerceklesmistir. Tlirkiye'nin toplam salinim igerisindeki payi
sadece %1.2'dir. Diinya’da toplam sera gazi salinimi igeri-
sinde hayvancihgin paylr %8.2 iken, en yiiksek Hindistan’da
(%12.8) ve en disiik Cin’de (%2.3) bulunmustur. Tirkiye’de
bu deger %7.2 ile Diinya ve AB-27'nin gerisinde kalmistir
(Tablo 1).

Tablo 1.Cesitli tGilkelerde toplam ve hayvancilik kaynakli sera gazi
salinim miktarlari, 2021

Ulkeler Hayvancihik
Toplam salinim
. kaynakh salinim Hayvancili-
miktarlan, . .

milvar ton CO miktarlari, gin payl, %

v % milyon ton CO2.
Diinya 51.3 4200.8 8.2
AB-27 3.6 289.4 8.0
ABD 5.9 267.5 4.5
Cin 14.9 337.2 2.3
Hindistan 4.0 512.4 12.8
Turkiye 0.6 43.1 7.2

Ulkelerin yillara gére kisi basina diisen sera gazi salinim
miktarlari Tablo 2’de sunulmustur. Son 30 yilda Diinya gene-
linde kisi basina diisen sera gazi salinimi ortalama olarak 6.4
ton olup, bu deger AB-27’de 10.1 ton, ABD’de 22 ton, Cin’de
6.7 ton, Hindistan’da 2.2 ton ve Turkiye’de 5.3 ton olarak
Diinya ortalamasinin altinda gergeklesmistir. incelenen dé-
nemde AB-27 ve ABD’de kisi basina diisen toplam salinim mik-
tarlar devaml olarak azalirken (%30 civarinda azalma), ozel-
likle Cin’de (%192.3 artis) ve kismen Turkiye (%78.8 artis) ve
Hindistan’da (%64.4 artis) artisin oldugu dikkati cekmektedir.

Tablo 2. Ulkelerin yillara gére kisi basina diisen sera gazi salinim miktarlari (1991-2021)

Ulkeler Salinim Miktar, ton 1991 1996 2001 2006 2011 2016 2021 Ortalama
Diinya Toplam 6.25 6.08 5.94 6.54 6.83 6.64 6.66 6.4
Hayv. kaynakli 0.67 0.62 0.58 0.57 0.55 0.54 0.53 0.6
Hayv. Payi, % 10.72 10.20 9.76 8.72 8.05 8.13 7.96 9.1
AB-27 Toplam 11.59 11.19 10.77 10.68 9.49 8.87 8.05 10.1
Hayv. kaynakh 0.94 0.82 0.77 0.72 0.68 0.66 0.65 0.7
Hayv. Payi, % 8.11 7.33 7.15 6.74 7.17 7.44 8.07 7.4
ABD Toplam 24.64 24.58 24.11 23.30 20.78 19.02 17.54 22.0
Hayv. kaynakli 1.04 1.02 0.92 0.89 0.83 0.80 0.79 0.9
Hayv. Payi, % 4.39 4.15 3.82 3.82 3.99 4.21 4.50 41
Cin Toplam 3.49 4.20 4.21 6.79 9.04 9.07 10.20 6.7
Hayv. kaynakli 0.33 0.32 0.30 0.28 0.25 0.24 0.23 0.3
Hayv. Payi, % 9.45 7.62 7.13 4.12 2.77 2.65 2.25 5.1
Hindistan Toplam 1.74 1.86 1.88 2.03 2.38 2.69 2.86 2.20
Hayv. kaynakh 0.47 0.44 0.41 0.40 0.39 0.37 0.36 0.40
Hayv. Payi, % 31.70 27.20 21.75 19.72 16.49 13.84 12.81 20.50
Tiirkiye Toplam 3.97 4.36 4.39 5.10 5.86 6.45 7.10 5.3
Hayv. kaynakli 0.59 0.52 0.42 0.37 0.35 0.41 0.51 0.5
Hayv. Payi, % 14.86 11.93 9.57 7.25 5.97 6.36 7.18 9.0

195
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Diger taraftan, 1991-2021 arasinda hayvancilik kaynakh
sera gazi salinimlari incelendiginde gerek Diinya geneli, ge-
rekse incelenen llkeler bazinda kisi basina diisen ortalama
salinimlarin devamli azalma egiliminde ve <1 ton/kisi oldugu,
toplam salinim igerisinde hayvanciligin payinin da Hindistan
hari¢ tek haneli degerlerde (<%10) oldugu gorilmektedir
(Tablo 2).

Uretilen farkh hayvansal iiriinlere gére sera gazi salinim
miktarlari Tablo 3’te verilmistir. Diinya genelinde 2021 yi-
linda hayvansal Gretim kaynakli toplam 4 milyar ton COze
olan sera gazi salinim miktarinin %57.2’si biiylikbas eti, %21’i

biyikbas stti, %11.2’si kiiglikbas eti, %5'i domuz eti, %2.8'i
kiicikbas sutli, %1.6’sI tavuk eti ve %1.2’si yumurta Ureti-
minden kaynaklanmaktadir. Diger bir ifadeyle toplam salini-
min %73.4°G kirmizi et, %23.8’i st ve %2.8’i de kanath alt
sektoriinde gergeklesmistir. Hayvansal Uretim kaynakli top-
lam sera gazi salinimi en fazla olan dlke 511.5 milyon ton
COq¢ ile Hindistan olup, 327.4 milyon ton COx ile Cin ikinci
sirada yer almistir. Turkiye’nin hayvansal Uretim kaynakli
sera gazi saliniminin Diinya genelinden aldigi pay %1.1'dir
(Tablo 3).

Tablo 3. Uretilen farkl hayvansal triinlere gére sera gazi salinim miktarlari (milyon ton CO)

Ulkeler BUWk::;: Buy:l:j!:;i Kugu:t!:in:: Kug:::(::: Tav::(i Yumurta Dom:tzi Toplam
Diinya 2310.6 849.7 453.7 113.4 65.8 49.3 200.5 4043.0
AB-27 122.8 91.2 12.6 9.8 2.9 5.1 41.3 285.7
ABD 167.1 52.5 1.9 1.2 3.8 3.1 29.2 258.8
Gin 130.2 43.2 61.3 10.5 6.9 16.3 59.0 327.4
Hindistan 250.0 204.4 41.6 9.8 0.9 3.0 1.8 511.5
Tirkiye 15.7 13.0 7.2 5.4 1.0 0.7 - 43.1
Pay, % 0.7 1.5 1.6 4.8 1.5 1.4 - 1.1

*Sigir+manda; **koyun+keci

Ulkelere gére hayvansal iiriin tiretiminde salinan sera
gazi yogunluklari Tablo 4’te verilmistir. 2021 yili verilerine
gore oOzellikle sigir ve koyun eti Gretiminde salinan sera gazi

yogunluklarinin daha yiiksek, inek siiti ve kanath Urinle-
rinde daha duslk seviyelerde oldugu goérilmektedir (Tablo
4).

Tablo 4. Ulkelere gére hayvansal iriin Giretiminde salinan sera gazi yogunluklar (kg CO» /kg)

Ulkeler

Sigir Eti inek Siitii Koyun Eti Koyun Siiti Tavuk Eti Yumurta Domuz Eti
Diinya 28.3 0.9 24.4 5.9 0.5 0.6 1.7
AB-27 17.8 0.6 22.8 2.5 0.3 0.8 1.7
ABD 13.1 0.5 22.0 - 0.2 0.5 2.3
Cin 12.4 0.8 11.6 8.0 0.4 0.5 1.1
Hindistan 29.2 1.1 51.6 9.2 0.3 0.4 5.7
Tiirkiye 10.6 0.6 14.4 3.6 0.4 0.5 -

TARTISMA VE SONUC mimkin olmadigl gercegini géz ardi etmektir. Hayvansal

iklim degisikligi ile hayvanciligin etkilesiminden bahsetme-
den 6nce hayvansal Grlnlerin insan icin 6Gnemine ve yapisi
geregi hayvansal Uretimin zorluguna kisaca deginmek gerek-
mektedir. Her seyden 6nce hayvansal Urinler icerdigi esan-
siyel aminoasitler (triptofan = serotonin salinimi, fenilalanin
= dopamin sentezi, izol6sin= O2ve hemoglobin vs.) nedeniyle
insanin “saglkli/dengeli” beslenmesi icin hayatin her evre-
sinde (cocukluk, ergenlik, gebelik, dogum, yaslilik gibi) bl-
ylime, gelisme, zekd, muhakeme, dogru karar verme ve en-
telektiel dusiince yapisinin gelisimi icin tiketilmesi gereken
besinlerdir. Bu agidan bakildiginda hayvansal urlinler insan
icin 6zetle “saglk ve mutluluk” demektir. Hayvansal tretim,
kar amaciyla yapilan ancak canli blnye ile gergeklestirildigin-
den basl basina zor ve zahmetli bir faaliyet alanidir. Diinya
ve Tirkiye’'de 6zellikle Covid-19 pandemisi sonrasi enflasyo-
nist ortamin olusmasi (9), spekdlatif kazanglarin artmasi, riski
duslk ve zahmeti az alternatif yatirim araglarinin (borsa, al-
tin, doviz, faizler gibi) getirisinin fazla oldugu piyasa yapi-
sinda canli bir materyalle Uretim yapmak, hatta “dogay: kir-
letiyorsunuz”, “iklimi degistiriyorsunuz” baski ve suglamala-
rina maruz kalmak, haksizlik ve Uretmeden tiketmenin

Uretim sonucu sanilan kadar olmasa da sera gazi salinimi ol-
dugu yadsinamaz bir gergektir ama hayvansal Uretimin bi-
tln zorlugu ile birlikte, devamli artan insan varliginin devami
icin gerekli/zorunlu bir faaliyet alani oldugu unutulmamali-
dir. Mevcut durumda salinan sera gazlarinin ve degisen ikli-
min sorumlusu olarak hayvansal Uretimin gosterilmesi bir
paradoks olusturmaktadir.

Hayvancilik kaynaklh en 6nemli sera gazlari, enterik fer-
mentasyon ve topraga atilan/depolanan giibre (diski) nede-
niyle olusan metan gazi (CH4) ve nitroz oksit gazidir (N20).
Calisma bulgularina gore, Dliinya genelinde hayvancilik kay-
nakl sera gazi salinim miktarlar %8.2'dir. Geri kalan %91.8
oranindaki salinim basta enerji/yakit tiketimi olmak tzere
gida, bitkisel Uretim, sanayi, orman yanginlari (aniz dahil) ve
atiklar gibi diger alanlardan kaynaklanmaktadir. Verilen bilgi-
ler 1s18inda, iklim degisikliginden hayvancilik sektériini so-
rumlu tutma anlayisi sorunlu bir bakis agisidir. Son yillarda
yapilan bazi ¢alismalarda (4-6), yazili, gorsel ve sosyal med-
yada iklim degisikliginden hayvancilik sektoriinin asli so-
rumlu oldugu ve Uretimin azaltilmasi gerektigi gibi olumsuz
algi yaratma cabalarinin, bilinglenerek ve bilinglendirilerek
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ortadan kaldirilabilecegi dustiniilmektedir. Ayrica hayvanci-
lik sektorinin asli gérevi olan insanlarin saglikli ve dengeli
beslenmedeki roll ve vazgecilmezligi de sektoriin tim pay-
daslari tarafindan 6ne ¢ikarilmahdir. Yaratilmaya galisilan al-
ginin ancak batdncil bir yaklasimla tGstesinden gelinebilecegi
ve zaten zor ginlerden gecen sektoérin daha fazla yipranma-
dan artan nifusu besleme gérevini yerine getirme konu-
sunda 6nilnin agilmasi gerekmektedir.

Artan sera gazi salinimlarinin yol actigi iklim degisikligi;
turizm, saglik, insaat, dis ticaret, lojistik, sigortacilik gibi sek-
torleri etkiledigi gibi, 6zellikle az gelismis ve gelismekte olan
tlkelerin milli gelirlerinde 6nemli paya sahip olan tarim-or-
mancilik ile hayvancilik sektorlerini de etkileyerek ekonomi-
lerine olumsuz yansimalari olmaktadir (10).

Dilinya’da azalan su kaynaklari, kuraklk, sel, dolu vs. gibi
ekstrem iklim olaylari zaten basta yem Uretimi olmak Uzere
sektoriin 6ninde hastaliklar, tretim ve verimlilik konula-
rinda asilmasi gereken ciddi sorunlarin (11-12) oldugu bir
asamada Uretimi sinirlandiracak ilave yaklasimlarin sektére
uzun vadede ¢6zlimi zorlastiracak, sirdirilebilirlige engel
olacak daha buyuk darbeler vuracagi géz ardi edilmemelidir.
Az gelismis ve gelismekte olan tlkelerin Gretimini sinirlandi-
rarak gelismis Ulke ekonomilerine bagimli yasamalarinin da
onlni acacak bu ve benzeri yaklasimlara karsi dikkatli ve
tedbirli olmak gerekmektedir. Aksi halde hayvansal Uriin-
lerde gelismis ekonomilerin tekelinde ve ithalata dayali bir
arz yapisinin olusmasi, i¢/yerel kaynaklarla tretimin cazibe-
sini yitirmesi ile birlikte yerli ve milli olma hedefinin piyasa-
larda irreversibl olarak gergeklesmemesi riski tasimaktadir.
Bu risk hayvansal lrretim yapan ve gegimini bu alandan sag-
layan nifusun buyukliga dustnaldiginde hi¢ de azimsan-
mayacak dizeydedir.

Diger taraftan, iklim degisikligi nedeniyle (kuraklik, sel,
dolu vs.) yem sektérli olumsuz etkilenmekte (13) ve bu du-
rum bir taraftan hayvancilikta tGretim maliyetlerinin artma-
sina, urtin fiyatlarinin yiikselmesine ve arzin glivence altina
alinamamasina neden olurken, diger taraftan artan talebi
karsilamak icin sik sik canli hayvan ve et ithalatini zorunlu
hale getirmektedir.

Gerek Diinya genelinde gerekse Tiirkiye’de hayvan sa-
yilari toplamda artiyor gibi gériinse de kisi basina diisen sayi
azahyor. Uretim miktarindaki artiglarin énemli bir bélimii
saglanan verimlilik artisindan kaynaklanmaktadir. Dolayisiyla
gerek hayvansal Gretim kaynakli sera gazi saliniminin toplam
salinimdan aldigi payin distkligi, gerekse artan nifus ve
hayvansal Urinlerin insan beslenmesindeki hayati rolu bir-
likte diisintldiglinde sektoriin yapilanarak lretime devam
etmesi en akilci yaklasim olacaktir.

iklim degisikligi sorunu bireysel, ilkesel veya bélgesel
degil, insanligin genel sorunu oldugundan ¢6ziim igin tiim
diinya olarak batuncul yaklasim gerekmektedir. Cozim igin
ana basliklar halinde; salinimi azaltan, geri déntsime imkan
saglayan ve salinimi ikame eden (telafi) énlemler alinmasi
onerilmektedir.

Sonug olarak, iklim degisikligi Gzerinde toplum saghgi
icin son derece 6nemli konumda olan hayvancilik sektoriiniin
payinin/sorumlulugunun oldukea disik oldugu gérilmekte
olup, iklim degisikliginin 6nlenebilmesi icin hayvancilik di-
sinda yer alan sanayi, enerji, fosil yakitlar gibi diger sektor-
lere yogunlasilmasi ve mercek tutulmasi gerektigi distnul-
mektedir.

FINANSAL BEYAN

Bu arastirmanin yiritilmesinde herhangi bir kurulustan
destek alinmamistir.

CIKAR CATISMASI

Yazarlar tarafindan beyan edilecek bir gikar ¢gatismasi yoktur.

YAZAR KATKILARI

SS, ¢alismanin planlanmasinda ve verilerin toplanmasinda
gorev aldi. Calismanin yazilmasi ve son kontroller biitlin ya-
zarlarin katkilariyla gerceklestirildi.

ETiK BEYAN

Calismada etik kurul iznine gerek yoktur.
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Abstract

This study aims to investigate the expression patterns of Galectin-1 (Gal-1) and Gal-3 in the testis and
epididymis of Anatolian ground squirrel (Spermophilus xanthoprymnus) during nonbreeding pre-
hibernation and hibernation periods. Hibernation is a physiological state characterized by a reduction
in metabolic rate and body temperature. Gal-1 and -3 are implicated in many biological functions.
Twelve squirrels were used in this study. Followed by routine tissue processing, tissue samples
underwent immunohistochemical procedure. Histological examination and statistical analysis were
performed. Immunohistochemical investigation revealed that Gal-1 expression during pre-
hibernation was confined to peritubular myoid cells and vascular smooth muscle cells, with no
expression observed in Sertoli or spermatogenic cells. Gal-1 in the epididymis was localized to smooth
muscle cells encircling the epithelium and within blood vessel walls, exhibiting markedly elevated
expression across the caput, corpus, and cauda regions. During hibernation, testicular and epidydimal
Gal-1 expression exhibited a considerable reduction. During pre-hibernation, Gal-3 exhibited a unique
pattern, with expression noted in the seminiferous epithelium and Leydig cells. Gal-3 was detected in
the epithelial cells throughout the epididymis, with greater intensity in specific epithelial cells. During
hibernation, Gal-3 expression increased in Sertoli cells, spermatogonia, and spermatocytes within the
testis, while exhibiting diminished intensity in the epididymal epithelium across all regions. The
findings suggest that Gal-1 and -3 may be involved in seasonal reproductive adaptability during
nonbreeding pre-hibernation and hibernation. Further research could clarify their specific molecular
functions in hibernating species.
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Ureme Digi Aktif ve Hibernasyon Donemlerinde Anadolu Yer Sincabi (Spermophilus
xanthoprymnus) Testis ve Epididimisinde Galektin-1 ve -3 Ekspresyonu

0z

Bu calisma, treme disi aktif ve hibernasyon dénemlerinde Anadolu yer sincabi (Spermophilus xant-
hoprymnus) testis ve epididimisinde Galectin-1 (Gal-1) ve Gal-3 ekspresyonunu arastirmayi amagla-
maktadir. Hibernasyon, metabolik hiz ve viicut sicakligindaki azalma ile karakterize fizyolojik bir du-
rumdur. Gal-1 ve Gal-3 birgok biyolojik fonksiyonda rol oynamaktadir. Bu g¢alismada on iki sincap kul-
lanilmistir. Rutin doku isleme tabi tutulduktan sonra, doku 6rneklerine immiinohistokimyasal boya-
malar yapildi. Boyamalar histolojik olarak incelenip istatistiksel analizleri yapildi. immiinohistokimya-
sal inceleme, aktif donemde Gal-1 ekspresyonunun peritiibiler miyoid hicreler ve vaskiler diz kas
hiicreleriyle sinirli oldugunu, Sertoli veya spermatogenik hiicrelerde ekspresyon goézlemlenmedigini
ortaya koymustur. Epididimisde Gal-1, epiteli gevreleyen diiz kas hiicrelerinde ve kan damari duvarla-
rinda lokalize olmus, kaput, korpus ve kauda bdlgelerinde belirgin sekilde yiiksek ekspresyon sergile-
mistir. Hibernasyon sirasinda testis ve epididimal Gal-1 ekspresyonunda 6nemli bir azalma gézlenmis-
tir. Aktif donemde Gal-3 kendine has bir ekspresyon gostermis olup seminifer epitel ve Leydig hiicre-
lerinde gozlemlenmistir. Gal-3, epididimis boyunca epitel hiicrelerinde tespit edilmis, belirli epitel hiic-
relerinde daha yogun olarak bulunmustur. Hibernasyon sirasinda Gal-3 ekspresyonu testisteki Sertoli
hiicrelerinde, spermatogonyumlarda ve spermatositlerde artarken, tiim bolgelerde epididimal epi-
telde yogunluk azalmistir. Bulgular, Gal-1 ve Gal-3’tin Gireme digi aktif donem ve hibernasyon sirasinda
mevsimsel Gireme adaptasyonunda rol oynayabilecegini gostermektedir. Hibernasyona yatan tiirlerde
spesifik molekiiler islevlerini agikhga kavusturmak igin daha fazla ¢alismaya ihtiya¢ duyulmaktadir.

Anahtar Kelimeler: Anadolu yer sincabi, epididimis, galektin-1, galektin-3, testis
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INTRODUCTION

Hibernation is a distinctive physiological adaptation that in-
volves a profound suppression of metabolic activity, a signi-
ficant decrease in body temperature, and the downregula-
tion of various physiological processes, enabling animals to
conserve energy and endure extended periods of environ-
mental stress, such as cold temperatures and limited food
resources (1). Seasonal reproduction is an adaptation stra-
tegy observed in numerous wild animals. This technique
aligns reproductive efforts with the season most conducive
to the survival and growth of progeny. Male seasonal bree-
ders exhibit coordinated phases of testicular maturation and
regression during the reproductive cycle. This results from
the annual environmental fluctuations and energy constra-
ints they encounter (2-4).

Galectins, a group of B-galactoside-binding proteins,
are crucial regulators of diverse biological functions, such as
cell growth, programmed cell death, and immune system
modulation (5). These proteins possess a conserved car-
bohydrate recognition domain (CRD) and a core consisting of
130 amino acids (6). The lectin family is characterized by two
fundamental traits: a high affinity for galactosides and signi-
ficant similarity in their amino acid sequences (7). These att-
ributes are the principal distinguishing characteristics. Rese-
archers have identified fifteen different galectins in mam-
mals, labeled gal-1 through gal-15 based on their specificity.
Galectins can be categorized into three fundamental types:
prototype galectins, chimeric galectins, and tandem repeat
galectins. The classifications are predicated on the structural
composition of the galectins (8). The expression of Gal-1 un-
dergoes dynamic control throughout the spermatogenic
cycle (9,10). At the luminal pole of the rat seminiferous epit-
helium, this lectin has heightened expression throughout the
spermiation stages (VI-VIIl) and is predominantly expressed
in Sertoli cells during stages X—XIl of the cycle (10). This
phase is marked by its occurrence on the apical projections
of Sertoli cells, the heads of mature spermatids, and the re-
sidual cytoplasmic bodies of the spermatids. Upon the conc-
lusion of the eighth phase of spermiation, Gal-1 expression
is reinstated at the basal region of Sertoli cells. As germ cell
differentiation progresses, its expression progressively
extends throughout the entire cell (11,12). Furthermore, the
expression of Gal-1 has been identified in the Leydig cells of
rats (9). While many galectin family members, such as Gal-1,
are known to promote apoptosis, Gal-3 exhibits the opposite
effect by acting as an anti-apoptotic molecule (13). It has
been demonstrated that in rats, Gal-3 is expressed in Leydig
cells, peritubular myoid cells, interstitial CD68-positive mac-
rophages, Sertoli cells, smooth muscle cells, and the epididy-
mal epithelium. Moreover, the expression profile of Gal-3
appears to undergo significant modulation across distinct
stages of postnatal development (9).

Anatolian ground squirrels (Spermophilus xant-
hoprymnus) are communal, diurnal rodents that predomi-
nantly consume herbivorous diets and engage in burrowing
behavior. From late summer to early spring, these rodents
hibernate within subterranean burrows. The Anatolian gro-
und squirrel exhibits sexual activity from mid-March to late-
April, followed by an extended period of sexual inactivity
from late-April to mid-March, and hibernates from late Au-
gust to mid-March (14-16).
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By investigating the expression dynamics of Gal-1 and -
3 in the testis and epididymis of Anatolian ground squirrels
during the nonbreeding pre-hibernation and hibernation pe-
riods, this study aims to uncover the molecular mechanisms
underlying reproductive quiescence and subsequent reacti-
vation. Understanding these patterns will provide deeper in-
sights into the adaptive strategies employed by hibernating
mammals to synchronize their reproductive cycles with en-
vironmental changes, thus enhancing our knowledge of
mammalian reproductive biology and potentially informing
conservation strategies for hibernating species.

MATERIAL AND METHODS

We collected samples from six animals in the nonbreeding
pre-hibernation period and six animals in the hibernation pe-
riod of the Anatolian ground squirrel (Spermophilus xant-
hoprymnus) to obtain testicular and epididymal tissues. To
ensure the preservation of cellular and structural integrity,
the tissues were promptly excised and fixed in Bouin’s solu-
tion following euthanasia. After being dehydrated in a gra-
ded series of alcohol concentrations, the fixed specimens
were processed through methyl benzoate and benzol for cle-
aring, then embedded in paraffin to enable microtome sec-
tioning.

Immunohistochemistry

The presence and localization of Gal-1 and -3 in the tissue
samples were both detected using immunohistochemistry.
Deparaffinized and rehydrated sections were exposed to cit-
ric acid retrieval solution (pH 6.0) and heated in a microwave
to facilitate antigen retrieval. Following the cooling process
to 20-25°C, the sections were thoroughly rinsed with PBS to
ensure the removal of any residual reagents and to prepare
them for subsequent steps. In order to inhibit endogenous
peroxidase activity, the samples were rinsed after being tre-
ated with 3% H202 in PBS for 20 minutes in a dark environ-
ment. To minimize non-specific binding and enhance the
specificity of antibody interactions, the slides were pre-incu-
bated with 10% normal goat serum for 10 minutes at room
temperature. Using Gal-1 Polyclonal (1:400, Novus Biologi-
cals, NBP1-89791) and Gal-3 Monoclonal (1:400, Novus Bio-
logicals, NB300-538) antibodies, primary antibody incuba-
tion was performed overnight at 4°C. After that, the samples
were treated with a secondary antibody, followed by
enzyme-conjugated streptavidin to enhance signal detec-
tion. In positive cells, the antibody-antigen complexes were
visualized using AEC (3-amino-9-ethylcarbazole) chromogen
solution, which resulted in a red coloration. Afterward, the
samples were counterstained with Gill’s I hematoxylin. The
primary antibody was replaced with PBS in the negative
control, and the same procedures were subsequently adhe-
red to. Colon tissue was employed as a positive control. Ima-
ges were captured from the sections using an Olympus BX51
research microscope with an integrated DP72 digital camera
and then analyzed.

Quantitative Evaluation of Immunohistochemical Staining

This study quantitatively assessed the staining intensities of
Gal-1 and -3 using the method outlined by a previous study
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(17). Quantitative analyses of staining intensities for Galec-
tin-1 and Galectin-3 were conducted using images acquired
from the testis and epididymis. The intensity of immunosta-
ining was quantified for the entire image. The testis and epi-
didymis images of squirrels were obtained at 400X magnifi-
cation during the nonbreeding pre-hibernation and hiberna-
tion periods. Ten random images were utilized for each
group. Relevant images were imported into ImageJ (version
1.51, Java 1.8.0_112, https://imagej.nih.gov/ij/) and proces-
sed using the "color deconvolution" plug-in, where the stai-
ning of hematoxylin and AEC was separated into three dis-
tinct panels with the only hematoxylin, with the only AEC
image, and with the only background image. Threshold va-
lues were set for only the AEC images. Subsequently, para-
meters for area and area fraction, namely the percentage of
staining area referred to as "staining intensity," were set. Af-
ter that, the area and percentage of the staining area were
calculated for each image.

Statistical Analysis

GraphPad Prism 7 for Windows (Version 7.04) was employed
to conduct statistical analyses. The software was used to qu-
antitatively evaluate the staining intensity (% staining area)
by importing percentage values for the stained areas. Stu-
dent’s t-test was conducted to compare staining intensity of
the testis, caput, corpus, and cauda epididymis between the
pre-hibernation and hibernation periods. Data are presen-
ted as mean + SEM, and significance was considered at
p<0.05.

RESULTS

Colon tissues were utilized as positive controls. Gal-1 expres-
sion was localized to the smooth muscle cells within the mu-
cosa and vascular structures, whereas Gal-3 was promi-
nently expressed in the intestinal epithelial cells (Figure 1).

Figure 1. Colon tissue as a positive control for Gal-1 (a) and Gal-3 (b).
Testis as a negative control (c, d). E: Intestinal epithelium. Sm: smo-
oth muscle cells. V: vessel walls. Bar: 50 um.

Gal-1 Immunostaining

In the pre-hibernation period, Gal-1 expression was not ob-
served in the seminiferous epithelium of the testis, specifi-
cally in either Sertoli cells or spermatogenic cells. A positive
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reaction was observed in peritubular myoid cells and in the
walls of blood vessels within the intertubular area. No posi-
tive reaction was detected in the epithelial cells of the caput,
corpus, or cauda regions of the epididymis. However, we
identified a positive Gal-1 reaction in the smooth muscle
cells surrounding the epididymal epithelium and in the walls
of blood vessels located within the connective tissue (Figure
2).

' .‘.’ ‘ .
Figure 2. Inmunohistochemical localization of Gal-1 in the testis (a),
and in the distinct segments of the epididymis: caput (b), corpus (c),
and cauda (d) during the non-breeding period of pre-hibernation.
Black arrowhead: Vessel walls. Red arrowhead: Peritubular myoid
cells. Blue arrowhead: Muscle layer in the ductal wall of epididymis.

Bar: 20 um (a), 50 um (b, c, d).
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During the hibernation period, the pattern of Gal-1 im-
munostaining closely resembled that observed during the
pre-hibernation phase. In the testis, Gal-1 expression was
predominantly localized to the peritubular myoid cells and
vascular smooth muscle cells. Similarly, in the epididymis,
Gal-1 immunoreactivity was evident in the smooth muscle
cells surrounding the epididymal epithelium and in the vas-
cular walls within the connective tissue, consistent with pre-
hibernation findings (Figure 3).

and in the distinct segments of the epididymis: caput (b), corpus (c),
and cauda (d) during hibernation. Black arrowhead: Vessel walls.
Red arrowhead: Peritubular myoid cells. Blue arrowhead: Muscle la-
yer in the ductal wall of epididymis. Bar: 20 um (a, b), 50 um (c, d).

Analysis of Gal-1 expression in testicular and epididy-
mal tissues revealed significant variations between pre-hi-
bernation and hibernation periods. In the testis, Gal-1 levels
were notably elevated during the pre-hibernation phase
(p<0.01). In the caput region of the epididymis, Gal-1 levels
were markedly elevated in pre-hibernation (p<0.0001). In
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the corpus region, Gal-1 levels were markedly elevated du-
ring the pre-hibernation phase (p<0.0001). Similarly, in the
cauda region, Gal-1 expression was significantly higher in
pre-hibernation compared to the hibernation period
(p<0.0001). (Figure 4a).
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Figure 4. Quantitative evaluation of Gal-1 (a) and Gal-3 (b) immu-
nostaining during the pre-hibernation and hibernation periods. Sta-
tistical significance is denoted as follows: * p<0.05, ** p<0.01, ***
p<0.001, **** p<0.0001.

Gal-3 Immunostaining

In the pre-hibernation period, Gal-3 immunostaining
showed a distinct pattern from that of Gal-1, with expression
observed within the seminiferous epithelium of the testis.
Positive Gal-3 expression was also detected in Leydig cells
located in the intertubular area. In the epididymis, intense
Gal-3 staining was noted in the epithelial cells of the caput,
corpus, and cauda regions. Interestingly, intraepithelial
some cells within the epididymal epithelium exhibited more
intense Gal-3 expression compared to other cell types in this
tissue (Figure 5).
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Figure 5. Immunohistochemical localization of Gal-3 in the testis (a),
and in the distinct segments of the epididymis: caput (b), corpus (c),
and cauda (d) during non-breeding period of pre-hibernation. Aste-
risk: Seminiferous epithelium. Black arrow: Epididymal epithelium.
Yellow arrow: Some intraepithelial cells staining intensely. Purple ar-
row: Leydig cell. Bar: 20 um.
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During the hibernation period, Gal-3 immunoreaction
was observed to increase within the seminiferous epithelium
of the testis, displaying more intense staining compared to
the pre-hibernation period. Gal-3 immunostaining was spe-
cifically detected in Sertoli cells, spermatogonia, and sper-
matocytes. Positive Gal-3 expression was also observed in
Leydig cells situated in the intertubular region. In the epi-
didymis, Gal-3 expression was present in the epithelial cells
of the caput, corpus, and cauda regions, similar to the pre-
hibernation period, but with reduced staining intensity (Fi-
gure 6).
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Figure 6. Immunohistochemical localization of Gal-3 in the testis (a),
and in the distinct segments of the epididymis: caput (b), corpus (c),
and cauda (d) during hibernation. Black arrow: Epididymal epithe-
lium. Red arrow: Sertoli cells. Purple arrow: Leydig cell. Blue arrow:
Spermatogonium. Green arrow: Spermatocytes. Bar: 20 um (b), Bar:
50 um (a, c, d).
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During the hibernation period, Gal-3 expression in the
testis was observed to be significantly higher compared to
the pre-hibernation period (p<0.01). In contrast, in the epi-
didymis, Gal-3 expression was significantly higher in the pre-
hibernation period across all regions. Specifically, the caput
region showed a highly significant decrease in Gal-3 expres-
sion during hibernation (p<0.0001), as did the corpus region
(p<0.0001), while the cauda region also demonstrated a sig-
nificant reduction (p<0.01) in expression during hibernation
compared to pre-hibernation levels (Figure 4b).

DISCUSSION AND CONCLUSION

This study elucidates the unique expression patterns of Gal-
1 and -3 in the testis and epididymis of the Anatolian ground
squirrel throughout pre-hibernation and hibernation phases.
The findings indicate that Gal-1 and -3 have distinct functi-
ons in modulating the adaptive response of reproductive
system to hibernation, essential for seasonal breeders.

Our results show that Gal-1 expression in the testis was
confined to vascular smooth muscle cells and peritubular
myoid cells, with no expression in Sertoli or spermatogenic
cells. In the epididymis, Gal-1 was detected in the smooth
muscle cells surrounding the epithelium and in blood vessel
walls. Quantitative analysis revealed significantly higher
expression levels of Gal-1 in the epididymis during the pre-
hibernation period across all regions (caput, corpus, and ca-
uda) compared to hibernation (p<0.0001). In a study conduc-
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ted on rats, unlike in our findings, Gal-1 expression was ob-
served in Sertoli cells, particularly with intense immunoreac-
tivity in the apical regions of Sertoli cells and in the heads of
mature spermatids during spermiation. Following spermia-
tion, Gal-1 expression was detected in the basal segments of
Sertoli cells and gradually extended throughout as germ cell
differentiation progressed (10). In humans, a high concent-
ration of Gal-1 was observed in peritubular myoid cells, con-
sistent with our findings (12). Ozbek et al. (9), in contrast to
our findings, reported positive Gal-1 expression in Sertoli
and Leydig cells, while observing no Gal-1 reactivity in peri-
tubular myoid cells in rat (9). This expression variation imp-
lies that Gal-1 may fulfill species-specific functions within the
reproductive system, potentially adapting to the distinct
physiological and structural requirements of each species.

The testis and epididymis exhibited divergent patterns
of Gal-3 expression during the hibernation period. Gal-3 im-
munoreactivity was substantially increased in the testis, with
intense expression observed in Sertoli cells, spermatogonia,
and spermatocytes, suggesting a pronounced presence wit-
hin the seminiferous epithelium. Conversely, the epididymis
exhibited a substantial decrease in Gal-3 expression in all re-
gions-corpus, cauda, and caput-compared to pre-hiberna-
tion levels. The quantitative analysis demonstrated that the
decrease in Gal-3 immunoreactivity in the epididymis was
statistically significant (p<0.0001 for caput and corpus,
p<0.01 for cauda), indicating a substantial decrease in
expression as the tissue transitions to a quiescent state.
These findings align with certain aspects of previous rese-
arch, though some differences highlight species-specific va-
riations in Gal-3 expression. Khorsandi and Orazizadeh (18)
observed Gal-3 expression in Leydig cells and peritubular
myoid cells, but not in Sertoli cells of mouse testes. This cont-
rasts with our findings, where Sertoli cells showed significant
Gal-3 immunoreactivity, particularly during hibernation. Si-
milarly, Deschildre et al. (19) observed Gal-3 expression in
Sertoli cells in rats, but noted the absence of Gal-3 in sper-
matocytes and spermatids. Our results, however, revealed
Gal-3 immunoreactivity in both spermatogonia and sperma-
tocytes, especially during hibernation. Additionally, Ozbek et
al. (9) reported no Gal-3 expression in spermatogenic cells,
while we detected immunoreactivity in both Sertoli cells and
certain spermatogenic cells. Similar to Gal-1, Gal-3 may exhi-
bit species-specific differences in its expression patterns and
functional roles within the testis. The increase in Gal-3 im-
munostaining in Sertoli cells and spermatogenic cells within
the seminiferous epithelium during hibernation could be lin-
ked to known anti-apoptotic properties of Gal-3 (20). In con-
ditions of reduced energy availability and environmental
stress, as seen in hibernation, the role of Gal-3 in inhibiting
apoptosis may be essential for cellular survival. This anti-
apoptotic activity likely contributes to the preservation of
germ cell integrity by protecting against cell death during
prolonged metabolic suppression.

The epididymis is categorized into three separate regi-
ons: Caput, corpus, and cauda. The caput and corpus are chi-
efly responsible for spermatozoa maturation, whilst the ca-
uda functions as a reservoir for mature sperm. Moreover, in
rats, it is lined by an epithelium consisting primarily of prin-
ciple and basal cells, along with less prevalent cell types such
as apical, narrow, and halo cells (21). It has been reported
that Gal-3 is intensely expressed in certain epithelial cells
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(22). Studies conducted in various species, such as rats (9),
and bulls (23), have reported intense Gal-3 expression in the
epididymal epithelium, with particularly high expression in
the distal regions of the epididymis. Ozbek et al. (9) suggest
that the presence of Gal-3 in the corpus and cauda regions
indicates an important role for this protein in the maturation
and storage of spermatozoa. In our study, the observed dec-
rease in Gal-3 expression in the epididymal epithelium du-
ring hibernation may reflect a reduction in the need for this
function, as there may not be sufficient spermatozoa avai-
lable for storage during this period, consistent with the hy-
pothesis proposed by Ozbek et al. (9).

This study demonstrates distinct expression patterns of
Gal-1 and Gal-3 in the testis and epididymis of the Anatolian
ground squirrel. Gal-1 was primarily localized in peritubular
myoid cells and vessel wall in testis, with higher expression
in pre-hibernation, suggesting a structural role adapted to
seasonal reproductive demands. Gal-3 showed increased
expression in Sertoli and spermatogenic cells during hiber-
nation, likely due to its anti-apoptotic properties. In the epi-
didymis, Gal-3 was more intense in pre-hibernation, particu-
larly in distal regions, indicating a role in sperm maturation
and storage, which declines during hibernation as reproduc-
tive activity reduces. Further research could clarify their spe-
cific molecular functions in hibernating species.
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Abstract

For centuries, mankind has been aware that prevention is more valuable than cure and has sought
appropriate ways to do so. The adventure of vaccination, known as the most effective protection
method, began with studies against smallpox. It continued when Edward Jenner administered the
vaccinia virus to a child in 1796, which he received from a woman infected by a cow. Louis Pasteur
observed that the virus administered in 1798 eliminated the smallpox virus after a few months, so the
smallpox vaccine was first discovered and applied. The concept of inactivated vaccines emerged
during the collaboration between Robert Koch and Louis Pasteur. Inactivated vaccines against plague,
cholera, and typhoid emerged around the end of the nineteenth century. In 1948, the first combined
vaccine against diphtheria, tetanus and pertussis was produced. After the second half of the 20th
century, new applications began to be introduced. Then, cell culture studies for viral vaccines started.
The effect of advancing technology began to be felt in vaccines over time and new generation vaccine
studies started. With cloning, the foundation of recombinant vaccines and thus new-generation
vaccines was laid. Scientists focused on next-generation vaccine studies and introduced vaccines such
as viral vector-based vaccines, RNA-based vaccines, Subunit vaccines, Virus-like particle vaccines and
Marker vaccines into vaccine technology.

Anahtar Kelimeler: New generation vaccines, recombinant protein, vaccine types

Yeni Nesil Agilar

Oz

insanlik yiizyillardir 8nlemenin tedavi etmekten daha iyi oldugunu biliyor ve bunu basarmanin yollarini
ariyor. En etkili korunma yontemi olarak kabul edilen asilama seriiveni gicek hastaligina iliskin
calismalarla basladi. Bu durum, 1796'da Edward Jenner'in, bir inekten enfekte olan bir kadindan aldigi
asl virlisiinl bir gocuga vermesiyle devam etti. Louis Pasteur 1798 yilinda uygulanan virisiin gicek
virislini birkag ay sonra ortadan kaldirdigini gézlemlemis ve bdylece ilk kez gigek asisi bulunup
kullanilmistir. Robert Koch ve Louis Pasteur tarafindan surdiiriilen bu sireg, inaktive asi kavraminin
ortaya g¢ikmasina yol agtl. 19. yizyilin sonlarina dogru veba, kolera ve tifoya karsi inaktif asilar
gelistirildi. 1948 yilinda difteri, tetanoz ve bogmacaya karsi ilk kombine agi tretildi. 20. ylGzyilin ikinci
yarisindan sonra yeni uygulamalar ortaya ¢ikti. Viral asilar icin hicre kaltiri ¢ahsmalari basladi.
Zamanla teknolojik gelismelerin asilar Gzerindeki etkisi hissedildi ve yeni nesil asilar Gzerinde
calismalar basladi. Klonlama, rekombinant asilarin ve yeni nesil asilarin temelini atti. Bilim insanlari
yeni nesil agi calismalarina odaklanarak viral vektor bazl asilar, RNA bazli asilar, alt birim agilar, virs
benzeri pargacikli asilar ve marker asilar gibi asilari asi teknolojisine kazandirdi.

Key Words: Asi ¢esitleri, rekombinant protein, yeni nesil asilar
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INTRODUCTION

The process of bringing and applying the agent or agents that
will cause infection to the formulation to be given to the or-
ganism by various methods and creating immunization aga-
inst those agents after the application is called "vaccination"
and the biological substances used for this process are called
"vaccine" (1). The first vaccination history back almost 4 cen-
turies (2). While people did not even know the definition of
microorganisms, they struggled for immunization. After be-
ing infected, the impossibility of treatment together with the
difficulties of the period and the occurrence of deaths even
from a simple infection forced people to find ways of protec-
tion against diseases. In this context, they first tried to pro-
vide immunity against this disease by drying the crusts of the
wounds of people infected with smallpox, scratching the skin
of healthy people and applying them to them (3). Today, ta-
king preventive measures against the disease rather than
treating it is the priority in the fight against infections.

Vaccinology, known as vaccine science, is a multidiscip-
linary science. Fields such as immunology, microbiology, mo-
lecular biology, biochemistry, and statistics are closely rela-
ted to this science. The first goal of vaccination is to protect
against infections. However, with the recently developing
science, it is also used in cases such as cancer vaccines, birth
control or autoimmune diseases, allergies, such as reducing
the immune response by combining new generation techno-
logies (4). When vaccines were first administered, they were
made using purified attenuated live viruses or inactivated
microorganisms. Later on, more refined methods were used.
Applications such as the creation of toxoid from a protein
toxin and its use in treatment, the creation of purified and
inactivated virus, the development and use of virus-like par-
ticles and purified polysaccharides have started to take place
in science. Vaccines are usually made in a type that includes
all microorganisms, purified macromolecules, combined an-
tigens, recombinant vectors with later developing techno-
logy, synthetic peptides, or nucleic acids such as DNA RNA.
With these developing vaccine types, production processes
have become more technological (5).

Next Generation Vaccines

Pathogens become better understood as molecular biology
and microbiological tools progress. Wolf et al. (6) discovered
that mice injected with a plasmid containing a cloned protein
also expressed a cloned transgenic protein in the plasmid
DNA. These observations prompted the development of a
new immunization approach, ushering in the age of next-ge-
neration vaccines. The first tactic employed for these novel
vaccines was the DNA-based technology, followed later by
the invention of viral vectors for immunization, such as
adeno-associated virus (AAV), lentiviral or adenoviral vec-
tors, and more recently RNA-based vaccines (7). With the in-
tensive expansion of genome-based studies, different met-
hods have started to be developed in vaccines. The advanta-
ges offered by technologies that enable the understanding
of the entire genome of the microorganism have created a
perspective for vaccine research. Sequencing is of great im-
portance in determining the pathogenic profiles of similar or
different types of bacteria (8). The whole genome sequence
is sequenced with bioinformatics tools and the dominant

pathogenic strain is identified in the field. With these geno-
mic analyses, new-generation vaccines or antimicrobial mo-
lecules are designed against pathogenic bacteria. Genome
sequences enable the identification of molecules with vac-
cine potential, regardless of whether the agent is produced
in vivo or in vitro. In silico analysis of the genome sequence
is the starting point for vaccine design. This innovative app-
roach, which is different from conventional vaccination sci-
ence, is called "Reverse vaccinology" (9). Although bioinfor-
matics information on new potential candidate vaccines is
available, in silico analysis must also be performed. When
genomic data is integrated with advanced techniques like as
in vivo expression technology (IVET), signature-tagged muta-
genesis (STM), DNA microarrays, and proteomics, new sur-
face antigens or virulence factors can be experimentally
identifiedAll of these studies, known as "functional geno-
mics," equip us with tremendous tools for studying the ge-
nome (10).

As a result, these innovative vaccines contain only a
specific viral/bacterial antigen rather than utilizing the entire
pathogen, resulting in an improved safety profile. However,
developing such vaccines necessitates a more in depth un-
derstanding of viral/bacterial structures, as well as the inte-
raction between viral/bacterial proteins and host cell recep-
tors. Next generation vaccinations require a protracted pre-
liminary study period before they may be developed. A re-
verse vaccinology strategy was used to develop a vaccine
against the human pathogen Neisseria meningitidis serog-
roup B. A recombinant vaccine against Hepatitis B (HBV) was
prepared using the subunit vaccination method, which is ba-
sed on a specificimmunogenic antigen, and a vaccine against
whooping cough was prepared by highly purifying 3 proteins
of Bordetella pertussis (11).

Recombinant Protein Vaccines

Recombinant protein vaccines use recombinant viral or bac-
terial structural proteins to boost the immune system. Beca-
use the immune system's humoral and cellular elements re-
cognize and respond immunologically to specific pathogen
locations (either toxins isolated from the organism or surface
antigens isolated from the organism, etc.) this has led to the
development of vaccinations based on pathogen compo-
nents i.e. protein components that have a protective func-
tion (12). The basic strategy in recombinant vaccine techno-
logy is to clone one/several genes from different etiological
agents and transfer them to bacterial, yeast, mammalian,
and insect cells are capable of replicating the antigenic de-
terminant's DNA. The important point here is that several
considerations should be considered before selecting the
system for antigen expression. The main features that deter-
mine the efficiency of producing the efficacy of the vaccine
is influenced by various factors including the expression level
of the antigen gene within the specified vector and promo-
ter, the inclusion of a selection marker, and whether post-
translational modifications are facilitated by the recombi-
nant vector (Figure 1). The most common expression sys-
tems are bacterial extensively utilized systems because of
their case of use and high-level expression capabilities. Des-
pite the developing technology in the field of vaccination, it
is still difficult to develop vaccines for persistent infections
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such as HIV and mycobacteria. In such cases, the immunoge-
nic part of the pathogen is produced as a recombinant pro-
tein and animmune response is created in the organism. The
bulk of vaccines being researched now are made up of highly
purified recombinant proteins or pathogen components
(13). This technology enables the development of immuno-
genic protein-based vaccines for agents that are difficult to
produce by culture. Following the identification and produc-
tion of recombinant antigens of malaria and SM28 protein of
schistosomiasis, which is one of the research within this
scope, it enables the development of appropriate vaccine
formulation by proceeding to clinical trials (14). The Hepati-
tis B (HBV) vaccine is one of the recombinant vaccines that
has been confirmed to be effective and is currently licensed
for human use. It contains the recombinant Hepatitis B viral
surface antigen (HBsAg) is created by DNA transfected yeast
or mammalian cells (15). Although vaccines based on recom-
binant proteins provide significant advantages over conven-
tional vaccines in terms of safety and production cost; yet,
most of them demonstrate limited immunogenic effects
when administered alone, so effective and appropriate adju-
vants should be used to create a strong and long-lasting im-
munological response (16). It is much more difficult to stimu-
late a cellular immunological response against intracellular
pathogens using conventional vaccination techniques. Live
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attenuated pathogen vaccinations are can elicit such a res-
ponse, can cause possible risks that cannot be ignored, such
as increased virulence and pathogenicity in vulnerable hosts,
although not frequently. Recombinant vaccines, on the ot-
her hand, are based on the expression of one or more defi-
ned antigens by plasmids or apathogenic bacterial/viral vec-
tors to stimulate immunity against the pathogen and are ad-
ministered with adjuvants (17). When considering recombi-
nant protein vaccines, e.g. diphtheria or tetanus toxoid vac-
cines, vaccines based on purified macromolecules allow pro-
tection from the major risks mentioned, for example, unde-
sired pollutants may be co-purified, and toxoids may be con-
verted into dangerous forms. This approach also addresses
the issue of a lack of purified antigenic components in eno-
ugh quantities (18). Some recombinant proteins have low
immunogenicity and aluminum salt, currently the only im-
munological adjuvant licensed for human use, is sometimes
insufficient. Therefore, to improve the efficacy of such vacci-
nes, molecular biology methods can be used to characterize
more effective adjuvants. Early studies on the design of ad-
juvants mostly focused on the use of cytokines and especi-
ally one of them, interferon g (IFN-g). IFN-g, one of the most
studied cytokine adjuvants, induces an immune response
even when given alone to the organism.

Recombinant Vaccines

First step

Copy of genetic material
from pathogen

Final step

—

Application of recombinant
vaccine

Second step

Transfer to empty plasmid

Third step

“Zapky

Recombinant protein
expression

j

Fourth step

Recombinant protein purification and characterization

Figure 1. Recombinant vaccine production and application step

Viral Vector Vaccines

Viral vectors are considered potential tools for genetic treat-
ments and vaccinationsThe idea of a viral vector was initially
proposed in 1972. Jackson et al. (19) genetically engineered
simian vacuolating virus 40 (SV40) to produce recombinant
DNA. Vectors' immunogenic power is based on viruses' abi-
lity to infect cells (19). Moss et al. (1982) demonstrated the

use of vaccinia virus as a transient gene expression vector. In
general, viral vectors provide benefits such as (a) extremely
effective gene transduction, (b) highly selective gene deli-
very to target cells, and (c) production of a strong immune
response and strengthening of cellular immunity (20). Re-
combinant viral vectors offer therapeutic potential by facili-
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tating intracellular antigen production, prompting robust cy-
totoxic T-lymphocyte (CTL) responses, thereby eliminating
infected cells (21).

RNA Based Vaccines

Vaccinations based on nucleic acid were developed long ago
with the intention of establishing a class of vaccines that
would be easy to create, safe, and successful. RNA based
vaccine study explores two distinct forms of RNA: non-repli-
cating mRNA and self-replicating RNA generated by viruses.
Self-replicating RNAs encode both the antigen and the viral
replication machinery, allowing for intracellular RNA ampli-
fication and profuse protein production. This contrasts with
conventional mRNA-based vaccinations, which only encode
the antigen with 5' and 3' UTRs. Till the late 2000s, emphasis
was concentrated on the development of DNA-based tech-
niques due to challenges such as RNA instability, inefficient
immune response when administered in vivo, and promo-
tion of excessive inflammatory reactions. Creating in vitro
transcribed (IVT) messenger RNA (mRNA) is a straight-
forward procedure. Producing high-quality 'therapeutic'
mMRNA that is very expressible and doesn’t cause inflamma-
tion has been a major challenge in this field until recently
(22). Some critical issues, including the addition of modified
nucleosides optimization of coding sequences and high-level
purification of IVT mRNA have led to the development of
high-performance liquid chromatography (HPLC) to purify
RNA contaminants in the early 2010s (23). With this met-
hod, the toxicity of synthetic mRNA is reduced by enabling
organismal self-detection, and an accurate reading of the
mMRNA is made possible. mRNA vaccines are a relatively
new type of vaccination that shows promise for the future.
This strategy is based on newly published research that
show the efficacy of mRNA vaccines in treating a variety of
malignancies and infectious disorders when traditional im-
munizations fail to provide protective immunity. Safe, ef-
fective materials for in vivo mRNA. transfer and developed
protocols for high-quality mRNA production are being stu-
died (22). One of the first COVID-19 vaccines that started
clinical trials was the RNA-based vaccine, and studies were
initiated with the idea that it would made a significant cont-
ribution to the fight against the pandemic of the period
(24).

Subunit Vaccines

In the 1950s and 1960s, scientific studies were centered on
molecular microbial genetics. In the early 1970s, new infor-
mation about the role of DNA in cells, the nature of genes,
the activity of phages, and the discovery of restriction enzy-
mes led to the alteration of DNA molecules to contain fore-
ign DNA. Recent discoveries in immunology and protein en-
gineering have paved the development path and manufac-
ture of recombinant subunit vaccines. In recent years, nume-
rous approaches have been developed to synthesize recom-
binant DNA and transfer it to a host cell such as Escherichia
coli or Saccharomyces cerevisiae, or transfer it to a baculovi-
rus-insect cell expression system to produce recombinant
proteins (25). During the following years, the focus has been
on developing more expression systems with increased
power to produce recombinant proteins. This biological re-
volution resulted in the development of a new concept of
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vaccines. Working on the notion that safe, inexpensive, and
effective vaccine candidates may be created using particu-
lar antigens from many infectious agents, a new light was
shone on the vaccine concept. The fundamental principle
of the subunit vaccination involves isolating the gene enco-
ding the vaccine and transferring it to a second non-patho-
genic organism. The heterologous host produces the gene
that was introduced to it. The produced gene can be puri-
fied and engineered to be administered as an immunogen
employing the production host in a living vector or as pure
nucleic acids in the form of a vaccine-encoding gene (26).

DNA Vaccines

Vaccines described as third-generation vaccines, genetic im-
munization or DNA vaccination offer innovative techniques
for the prevention and treatment of a variety of bacterial
and viral illnesses. DNA vaccines are composed plasmid DNA
expression vectors derived from E. coli contain genetic inst-
ructions for desired antigens, regulated by potent viral pro-
moters recognized by mammalian hosts. Upon injection into
an animal, the plasmid DNA prompts the expression of the
antigenic gene and antigen-specific immunity develops. To
develop a DNA vaccine, the gene encoding the antigen from
interest is introduced into the bacterial plasmid under direc-
tion of a suitable eukaryotic promoter (27). Because of the
nucleotide mismatch among bacteria and eukaryotic cells,
single nucleotide polymorphisms typically modify the antige-
nic genes to increase the effectiveness of expression of ge-
nes. The purified and detoxifying plasmid genetic material is
then injected into the host animal. Plasmids picked up by su-
itable cells in the recipient cell cause their own transcription
of genes and protein synthesis, resulting in the production of
the desired antigen. The host detects the synthesized anti-
gens as foreign and initiates an immunological reaction aga-
instit. In the last decade, DNA immunization has emerged as
an effective new technique to immunoprophylaxis. It has la-
tely been used successfully to enhance humoral and cellular
immune responses in experimental animals and non-human
primates (28).

Vaccines Based on Virus-Like Particles

Virus-like particle (VLP)-based vaccinations are a more se-
cure and more efficient alternative to conventional immuni-
zations. VLPs are new fragments of molecules used to guard
and control viral illnesses. VLPs are proteins groups that con-
sist of a number of species. Because they lack viral amino
acids, they resemble the virus from which they are produced
in size and appearance. Recently, many virus-like compo-
nents have been built using recombination VLP technology
approaches. VLPs have also been used as carrier systems to
transport foreign antigen epitopes in recently produced can-
didate vaccines. VLPs were designed for the development of
VLP-based plasmodium vaccine candidates (29), diseases ca-
used by group A Streptococcus infections (21), Alzheimer's
disease (30), allergic asthma, diabetes, tumor and cancer
preventive reagents delivery (31). VLP technology opens
new pathways for more advanced healthcare uses such as
carcinoma immunotherapy, Alzheimer's disease, metabo-
lism and chronic illnesses (32). VLPs are produced through
the expression of recombinant proteins. Bacteria, yeast,
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mammals, insects, and plants all express viral structural pro-
teins. Eukaryotic cells assemble with empty capsids in vivo,
but prokaryotic cells frequently assemble in vitro. More
complex VLPs, consisting of multiple viral proteins and a lipid
envelope, need an eukaryotes host. An in-depth analysis of
the VLP expression systems is necessary for effective produc-
tion. Many VLP-based vaccination candidates have been ge-
nerated by advances in genetic engineering, bioengineering,
and virus structural determination and these have been as-
sessed in studies in both preclinical and clinical settings. VLP-
based immunizations have made major improvements to
the fight against cervical carcinoma and hepatitis B infection
(33). Even though a variety of adjuvants can be used to imp-
rove the immune system reaction in vivo, such as aluminum
salts (e.g., the aluminum hydroxide and aluminum phosp-
hate), emulsions made from oil in water (e.g., Span 85 and
Polysorbate 80), and AS04 (a blend of monophosphoryl lipid
A and aluminum salt), many different adjuvants are used
preclinically and/or clinically. Various adjuvants, such as alu-
minum salts (e.g., aluminum hydroxide and aluminum
phosphate), fatty emulsions in water (e.g., Span 85 and Poly-
sorbate 80), and AS04 (a mixture of monophosphoryl lipid A
and aluminum salt), can be utilized to boost the immune res-
ponse in vivo. There are several pre-clinical and/or clinically
used additional additives. Modern vaccine design usually
considers the selection of a specific adjuvant to stimulate a
specific type of immune response (34).

VLP vaccines developed/under development based on
recombinant protein;

1.Human papilloma virus (HPV) vaccines

2. Hepatitis B vaccines

. Hepatitis E vaccine

. Flu vaccine candidate

. Norwalk virus candidate vaccine

. Ebola and Marburg virus vaccine candidate
. Hepatitis C candidate vaccine

00 N O U1 AW

. Human immunodeficiency virus (HIV) vaccine candi-
date

9. Malaria candidate vaccine

Marker Vaccines

Throughout history, vaccines have been developed to pre-
vent disease or reduce the severity of clinical manifestations
of infections. However, vaccination can sometimes inter-
fere with serologic diagnosis and determination the preva-
lence and incidence of infection when the antibody res-
ponse after vaccination is indistinguishable from the im-
mune response after infection. Marker vaccines have pro-
vided a solution to this issue. Using a diagnostic kit, a mar-
ker vaccine is a sort of vaccination that makes serological
discrimination between vaccinated and infected animals
easy but reliable. A marker vaccination is a vaccine (inacti-
vated or live) based on delete mutations or identified pro-
teins from bacteria to distinguish vaccination and infected
individuals were separated based on adequate antibody
responses. This vaccine is used in conjunction with a test
that identifies antibodies against a protein that is absent in
the vaccine stem (35).

A proposed marker vaccination must meet a few mini-
mum requirements (36).

1. It should not cause immediate or prolonged the risks
in vaccinated animals.

2. Not pose a risk to immunized animals or different
species following genetic recombination.

3. Be simple to produce following a consistent metho-
dology.

4. Develop permanent immunity immediately.

5. A completely immunity to all known versions of the
virus should be developed.

6. The agent should not be transmitted vertically or ho-
rizontally.

7. A simple yet extremely accurate and specific diffe-
rential diagnostic test should be available.

The first step in candidate marker vaccine design sho-
uld be create an efficient examination for diagnosis. In this
respect, the phrase "marker vaccine" is not a very clear idea,
because the primary distinction between marker vaccines
and standard immunizations is the ability to distinguish
between vaccinated and infected animals' antibody respon-
ses. Therefore, a marker vaccine can be referred to as a dif-
ference of infectious field strain from vaccinated animals
(DIVA) vaccine (37).

Generally, there are three marker vaccination tech-
niques: (38)

1. Marker vaccine is a strategy as a "negative marker"
by excluding a minimum of one immunological epitope or
protein when the field strain and vaccine strain are compa-
red.

2. "Exogenous positive marker vaccine" by involving an
immunodominant antigen or protein not normally present in
a potent vaccine.

3. "Intrinsic positive marker" is a marker vaccine crea-
ted by involving an epitope or immunogen present in the ca-
usative agent but stimulates a different antibody response
than the vaccine strain of the field strain.

So far, practically all potential marker vaccines have
been developed using a "negative marker" technique. Sero-
logic diagnostic methods produce results by testing antibody
against the target protein, which is not present in the marker
vaccination. Animals that tested positive had been infected.
Aside from technical issues, their specificity and sensitivity
are mostly influenced by the immune system's response to
the potential vaccine and natural infection. The subsequent
production of antibody against negative markers, or the low
number of such animals following a spontaneous infection,
might significantly reduce the DIVA potency of the diagnostic
test. In theory, a marker vaccination containing only nega-
tive indicators is sufficient to elicit a different antibody res-
ponse than spontaneous infection. If the marker vaccination
includes positive and negative markers, infected or suspec-
ted animals can be discriminated from vaccinated ones more
efficiently. Vaccination with a marker vaccine is an effective
strategy for limiting the magnitude of infectious outbreaks
(39). Serological testing can be used to diagnose immunity
after receiving marker vaccinations. Incidence and frequ-
ency can be calculated among vaccinated persons. The vac-
cine's efficacy can be tested, allowing the vaccine to be used
in conjunction with an eradication program (40).
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Table 1. Advantages and disadvantages of vaccine types

Vaccine Type Advantage

Disadvantage

Recombinant

Protects against multiple antigens with excess protein

Protein Vaccines production.
Viral Vector Recombinant viral vectors, like natural infections, acti-
Vaccines vely boost immunity and have innate adjuvant proper-

ties.
Subunit Vaccines

nes and more suitable for large-scale production.

DNA Vaccines
logical response.

Vaccines Based on

Virus-Like

Particles

Marker Vaccines

the surface of viruses and microorganisms

Its structure is more stable, safer than attenuated vacci-

Increases an effective and long-lasting cellular immuno-

It generates a relatively better immune response due to
the presence of multiple epitopes that better simulate

It works based on deletion mutants or isolated microbial

proteins that allow discrimination between vaccinated
and infected individuals based on their respective anti-

body responses.

Adequate immunogenic response may not always be achieved
with a single protein and therefore effective adjuvants should
be used.

To produce viral vectors, appropriate cell lines must be propa-
gated. This raises the cost of production.

Their benefits are restricted by promoting humoral immunity
because they are not replicative, cannot adequately induce the
cellular immune response, and are supplied externally to the
antigen-presenting cell.

It may not always provide sufficient immunity.

Difficulties in the production process
The late emergence of antibodies against negative markers, as

well as the low percentage of such animals following natural
infection, can significantly decrease the diagnostic test.

CONCLUSION

Human beings, who have been struggling with epidemics
that have been a major problem for humanity for centuries,
have sought ways to fight even when they could not identify
the disease agent. It has been seen that the most effective
way in this war is related to immunization against that agent.
Synthetic immunity and protection against an agent is provi-
ded by vaccines. Vaccines have always been developed to
provide more effective and longer-lasting immunity since
they were first developed. Traditional vaccines, which first
emerged with the approach of isolating, inactivating and in-
jecting the agent, have been tried to be made even more ef-
fective and harmless over time and with advancing techno-
logy. With the discovery of recombinant DNA technology, se-
cond and third-generation vaccines emerged. With the ad-
vancement of genomic studies, vaccines using nucleic acid,
not the causative agent, have been produced. With the ref-
lection of these advances in vaccine studies, vaccine science
has reached a point where it is more effective, safer and less
costly. Today, access to vaccines has become easier. The
number of people who have died and been affected by the
COVID-19 pandemic worldwide is enormous. Therefore, the
most important issue that scientists focused on was vaccine
studies. Thanks to the products of these studies, the pande-
mic ended. It is seen that preventing a disease is more effec-
tive than treating it. In this context, vaccines are our indis-
pensable weapons. Every day, all the work is going on to
make these weapons even more effective. With advancing
technology, studies continue at full speed to make vaccines,
our most valuable defense tool against infections, even
more effective.
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