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Ozet: Mavidil virusu (MDV) Avrupa’da énemli verim kayiplarina sebep olan
vektorlerle nakledilen ve 6zellikle koyunlarda teratojenik etkiye sahip bir
virustur. Bu ¢alisma koyunlarda Orta Karadeniz Bélgesinde yer alan Samsun,
Sinop, Ordu, Giresun ve Amasya illerinde MDV’nin seroprevalansini
arastirmak amaciyla yapilmistir. Her bir ilden 80 adet olmak lzere toplam
400 adet koyundan serum o6rnekleri toplandi. MDV’ye spesifik antikor
varligini belirlemek icin antikor (Ab) ELISA test teknigi kullanildi. Test
sonucunda 10 koyunun (%2,5) MDV (Ab) yoniinden pozitif oldugu tespit
edildi. Amasya’da %2,5, Sinop’ta %10 oraninda seropozitiflik tespit edilirken
Samsun, Ordu ve Giresun illerinde seropozitiflik belirlenmedi. Elde edilen
veriler MDV enfeksiyonun bélgede diisiik seroprevalansa sahip oldugunu
gostermektedir. Etkene karsi asilama yapilmayan Orta Karadeniz
Bolgesinde seropozitifligin tespit edilmesi bolgede asilama ¢alismalarinin
gerekliligini gostermektedir.

Anahtar Kelimeler: ELISA, Karadeniz, Mavidil, Seroloji.

Seroprevalence of Bluetongue Infection in Sheep in the
Black Sea Region of Turkey

Abstract: Bluetongue virus (BTV) is transmitted by vectors that cause
significant losses in Europe and has a teratogenic effect, especially in sheep.
This study was carried out to investigate the seroprevalence of MDV in
Samsun, Sinop, Ordu, Giresun, and Amasya provinces of Turkey's Central
Black Sea region. Serum samples were collected from 400 sheep, 80 from
each province. Ab ELISA test technique was used to determine the presence
of antibodies specific to BTV. As a result of this test, ten sheep (2.5%) were
determined to be positive for BTV antibodies. While 2.5% and 10% positivity
rates were detected in Amasya and Sinop provinces, no positive samples
were found in Samsun, Ordu, and Giresun provinces. The obtained data
showed that bluetongue infection had a low seroprevalence in the region
of this study. Seropositivity detection of BTV in the Central Black Sea region,
where vaccination against the causative agent is not performed, shows the
necessity of vaccination studies.

Keywords: Black Sea, Bluetongue, ELISA, Serology.
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Giris

Mavidil (MDV), koyunlar basta olmak tizere sigir, kegi, manda,
antilop, geyik ve develer de dahil evcil ve yabani ruminantlar
etkileyen, Culicoides cinsi sinekler ile nakledilen arboviral bir
enfeksiyondur (WOAH, 2021). Vektorler Uzerine yapilan
arastirmalar, Culicoides oxystoma ve C. imicola'nin
enfeksiyonun yayllmasinda baslica sorumlu vektorler
oldugunu  gostermistir  (Archana ve ark. 2016;
Maheshwari, 2012).  Hastaligin  etkeni  Sedoreoviridae
ailesinin Orbivirus cinsi igerisinde yer almaktadir ve bugiine
kadar 32 farkl serotipi tanimlanmistir (Qi ve ark., 2022). MDV
serotiplerinin cografi dagilimi ¢ogunlukla tropikal ve iliman
bolgelerdir (Gibbs ve Grainer, 1994; MaclLachlan ve Osburn,
2006). Culicoides cinsi sivrisinekler MDV enfeksiyonunun
birincil kaynagi olmaya devam etse de MDV'nin bulasmasi
vektorden bagimsiz olarak da gergeklesebilmektedir. Hem
gevis getiren ¢iftlik hayvanlarinda hem de vahsi etoburlarda
oral ve transplasentel yolla MDV enfeksiyonu tanimlanmistir
(Alexander ve ark., 1994; Backx ve ark., 2009; Gibbs ve ark,
1979). MDV enfeksiyonu yliksek morbidite ve mortalite, dol
veriminde azalma, distk dogum agirhg, abortlar, 6lu
dogumlar, fetal anomaliler, siit veriminde azalma ve kilo kaybi
nedenleri ile ciddi ekonomik kayiplara neden olmaktadir
(MacLachlan ve Osburn, 2006). Enfeksiyonun klinik belirtileri
ates, serdz—mukopirilant burun akintisi, dudaklarda, ¢ene
alti bolgeler ile yiizde hiperemi ve 6dem, oral mukozada
erozyonlar ve llserler, dilde siyanoz, topallik, solunum
glcligu ve olimle sonuglanan kas nekrozlaridir (MacLachlan
ve ark., 2008). Enfeksiyon koyun, beyaz kuyruklu geyik, lama,
alpaka ve kunduzlarda klinik olarak siddetli seyretmekle
birlikte sigirlarda asemptomatik seyir gostermektedir ve
sigirlar hastaligin 6nemli rezervuarlaridir (Backx ve ark., 2007 ;
MacLachlan ve ark., 2009; Schulz ve ark., 2012). Hastalik ilk
olarak 1876’da Guney Afrika’da klinik olarak tanimlanmistir
(Verwoerd, 2009). Vektor hareketleri ve uluslararasi hayvan
ticaretinin yayginlasmasiyla birlikte Asya, Avrupa, Kuzey

Amerika ve Avustralya’da da tanimlanmis ve kitalararasi
hastalik olarak kabul edilmistir (Maclachlan, 2011).

Ulkemizde MDV ilk olarak 1944 yilinda tespit edilmistir
(Girgin, 1988). Takip eden yillarda tlkemizin farkh
bolgelerinden enfeksiyonun varligina yonelik pek ¢ok ¢calisma
yapilmistir (Azkur ve ark., 2011; Gimuisova, 2021; Bolat,
1986a; Bolat, 1986b; Burgu ve ark., 1984; Duman ve ark.,
2009; Ertiirk ve ark., 2004; Giir, 2008b; Kulag ve ark., 2016;
Ozgiinliik, 2009; Ozan ve ark., 2012; Ozgiinliik ve Cabalar,
2013; Ozgiinliik, 2019). Bu arastirmanin gerceklestigi
cografyada rutin asilama yapilmamasi ve enfeksiyonun koyun
disindaki ruminantlarda asemptomatik seyretmesi, bolgede
virus varliginin sirmesinde 6nemli rol oynamaktadir. Bu
calismada MDV enfeksiyonu seroprevalansinin  Orta
Karadeniz Bolgesindeki Samsun, Sinop, Ordu, Giresun ve
Amasya illerindeki koyunlarda saptanmasi ve giincel verilerin
tespit edilmesi amaglanmistir.

Materyal ve Metot

Ornekler: Calismamizda Ocak 2018 ile Aralik 2020
tarihleri arasinda Orta Karadeniz Bolgesindeki Samsun, Sinop,
Ordu, Giresun ve Amasya illerinin her birinden 80 adet olmak
Uzere, herhangi bir hastalik belirtisi olmayan, asisiz, 1-2 yaslari
arasinda toplam 400 adet koyundan toplanan ve Ondokuz
Mayis Universitesi Veteriner Fakiiltesi Viroloji Anabilim Dali
laboratuvarinda arsivlenen serum o&rnekleri kullaniimistir.
Kullanilan serum 6rnekleri Hayvan Deneyleri Etik Kurullarinin
Calisma Usul ve Esaslarina Dair Yonetmelik Madde 2 (2) b
bendinde yer alan “Deneysel olmayan klinik veteriner
hekimligi uygulamalar’” maddesi geregi HADYEK iznine tabi
degildir. Alinan serumlar 56 °C'de 30 dakika inaktivasyonu
yapildiktan sonra enzyme-Linked Immuno Sorbent Assay
(ELISA) testi yapilana kadar -20 °C’de saklanmistir.

sekil 1. Orneklemenin yapildigi Karadeniz Bélgesindeki iller.
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Tablo 1. illere gére Mavidil virusu seropozitiflik dagilim.

il Serum adet Pozitif Seropozitiflik (%)
Serum

Samsun 80 0 0

Sinop 80 8 %10

Ordu 80 0 0

Giresun 80 0 0

Amasya 80 2 %2.5

Toplam 400 10 %2.5

ELISA: MDV antikor varliginin tespiti igin ticari olarak seropozitiflik  bildirmistir.  Kirikkale yoresinde  kiiglik

temin edilen “IDEXX Bluetongue Ab ELISA test kit (katalog ruminantlarda vyapilan bir c¢alismada koyunlarda %49,8
numarasi: P00450-5)" kullanilarak Gretici firmanin belirttigi seropozitiflik  belirlenmistir ~ (Azkur, 2011). Sanlurfa

talimatlara gére uygulandi. Plakalar 450-650 nm okundu.
Orneklemenin yapildigi iller Sekil 1’de gésterilmistir.

Bulgular

Toplamda 400 adet koyun serum oOrnegi MDV antikor
varhgl yoniinden test edildi. 400 serum o6rneginin 10 tanesi
(%2,5) pozitif tespit edildi. illere gbre seropozitiflik orani ise
Sinop 8/80 (%10), Samsun 0/80, Ordu 0/80, Giresun 0/80,
Amasya 2/80 (%2,5) olarak tespit edilmistir. (Tablo 1).

Tartisma ve Sonug

MDV enfeksiyonu, cesitli Culicoides tiirleri tarafindan
bulastirilan, evcil ve yabani gevis getiren hayvanlarin
ekonomik acidan 6nemli arboviral hastaligidir (Mellor ve ark.,
2000). MDV, bircok evcil ve yabani ruminantlari enfekte
edebilmektedir. Hastaliga en duyarh tiirler olan koyunlarda
klinik belirtiler daha siddetli seyretmektedir. Kegiler ve sigirlar
enfeksiyona duyarl olmakla birlikte hastalik her iki tiirde de
hafif veya subklinik seyir gostermektedir. Sigirlar koyunlardan
¢cok daha uzun siire viremi gostermekte ve enfeksiyonun
rezervuari olarak kabul edilmektedir (Bonneau ve ark., 2002;
Maclachlan ve ark., 2009; Zanella ve ark., 2013). MDV, hizl bir
yvaylhm gostermesi ve kiresel O6lcekte 6nemli ekonomik
kayiplara sebep olmasi nedeniyle de Diinya Hayvan Saghgi
Orgiitiiniin (WOAH) bildirimi zorunlu hastaliklar listesinde yer
almaktadir (WOAH, 2021).

MDV enfeksiyonu Avrupa’da ve Tirkiye’de de yaygin
olarak goriilmektedir. Ulkemizde enfeksiyonun koyunlardaki
varligina yoénelik ¢ok sayida ¢alisma yapilmistir. Su ana kadar
yapilan serolojik calismalarda farkl oranlarda seropozitiflikler
saptanmistir.

Bulut ve ark. (2006) Konya ve Burdur’da toplam 381
koyun serumu kullanarak yaptiklari ¢calismada sirasiyla %17,1,
%1,5 oraninda seropozitiflik tespit etmislerdir. Glneydogu
Bolgesinde 684 koyunda vyapilan bir ¢alismada %29,5
oraninda  seropozitiflik  bildirilmistir ~ (GUr,  2008b).
Afyonkarahisar’da 568 koyunla yapilan ¢alismada %24,8
seropozitiflik tespit edilmistir (Glr, 2008a). Albayrak ve Ozan
(2010), Karadeniz Bolgesinde 200 adet koyun serumunda %3

yoresindeki koyunlarda yapilan bir baska ¢alismada %87,50
seroprevalans tespit edilmistir (Ozgiinliik ve Cabalar, 2013).
Alpay ve ark. (2014), bir ada ekosistemi olan Gokgeada’da
yaptiklari calismada koyunlardaki seropozitifligi %5,6 olarak
tespit etmislerdir. Yavru ve ark.(2015) , Karaman’da bulunan
koyun isletmelerinde yaptiklari ¢calismada %33,14 oraninda
seropozitiflik bildirmislerdir. Kars ilinde 460 koyunda yapilan
bir calismada %10,65 seropozitiflik tespit edilmistir (Yilmaz ve
ark., 2015). Celik ve Sahin (2019), Siirt ilinde 465 koyunda
%73,12 seroprevalans bildirmislerdir. Karadeniz Bolgesinde
kopek, koyun, keci ve sigirlarda yapilan bir baska ¢alismada

koyunlarda %8,6 oraninda pozitiflik tespit edilmistir
(Glimisova, 2021).
Bu c¢alismada MDV enfeksiyonunun, Karadeniz

Bolgesinde yer alan Samsun, Sinop, Ordu, Giresun ve Amasya
illerindeki seroepidemiyolojisi arastirildi. Calisma sonucunda
orneklenen illerde genel seropozitiflik orani %2,5 olarak
saptandi. Calismamizda oOrneklenen illerden Sinop’ta %10,
Amasya’da ise %2,5 seropozitiflik tespit edildi. Elde edilen bu
sonug, hem Karadeniz Bolgesinde yapilan 6nceki ¢calismalar,
hem de ulke genelinde yapilan ¢alisma sonuglar ile
karsilastirildiginda su anda enfeksiyonun bdélgede oldukga
diisiik bir seroprevalansa sahip oldugunu gostermektedir.
Etkenin tasiyici vektorinin gelistigi iklim kosullari gbz oniline
alindiginda llkemizde Ozellikle Ege ve Glineydogu
bolgelerinde tespit edilen yiiksek seropozitiflik oranina karsin
bolgemizde tespit ettigimiz disik oran arasindaki farkin
tutarl oldugu gériisiindeyiz. Ornekleme yapilan illerden Sinop
ve Amasya’da pozitiflik tespit edilmesi bu bélgede bulunan
irmak, ¢ay, akarsu ve gollerin varligina bagl olarak vektérlerin
Uremesi icin uygun kosullari olusturmakta ve bu alanda

vektorlerin  yaygin olabileceginin bir gostergesi olarak
disinidlmektedir.
Sigirlarin,  MDV  enfeksiyonunda rezervuar rol

oynamasinin da elde ettigimiz pozitif sonug lizerinde bir etkisi
oldugu dusunilebilir. Sigirlarda vireminin uzun siirmesi ve
tasiyict vektérin havanin soguk oldugu kis dénemlerini
sigirlarda gegirmesi koyunlar igin risk olusturmaktadir. Ayrica
virusun mekanik yol disinda transplasental yolla da
bulasabildigi goz 6niine alindiginda enfekte anneden dogan
buzagilarda enfeksiyon olusturabilmektedir. Ayni zamanda
enfekte bogalarin da veneral yolla virus bulastirabilecegi
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bilinmektedir. Bu baglamda sigirlarda olusabilecek her tirli
MDV enfeksiyonu koyunlar igin risk teskil edebilmektedir.
Elde ettigimiz sonuclar, bolgenin iklim yapisi gbz oOniline
alindiginda hastaligin tasiyici vektoriinin  bu bdolgedeki
sirkilasyonunun  disik oldugunu  distndirmektedir.
Enfeksiyonun seroprevalansi her ne kadar bolgemizde distik
olsa da ulkemizin cografi yapisi ve iklim kosullari, virusun
tasiyicisi olan Culicoides vektorleri icin uygun kosullara
sahiptir.

Sonu¢ olarak hem biylkbas hem de kiiclikbas
hayvancilik igin ciddi ekonomik kayiplara yol agabilme
potansiyeline sahip olan MDV’nin, kontrolli hayvan hareketi,
vektor miicadelesi ve etkili rutin asilama calismalariyla kontrol
altina alinabilecegi ve enfeksiyonla ilgili sigirlari da igine alan
daha kapsamli galismalar yapilmasi gerektigi gorisiindeyiz.

Cikar gatismasi

Yazarlar bu yazi icin gercek, potansiyel veya algilanan
cikar gcatismasi olmadigini beyan etmislerdir.

Etik izin

Bu calisma “Hayvan Deneyleri Etik Kurullarinin Calisma
Usul ve Esaslarina Dair Yonetmelik” Madde 2 (2) geregi
HADYEK iznine tabi degildir.

Finansal destek

Bu c¢alisma herhangi bir kurum/kurulus tarafindan
desteklenmemistir.

Benzerlik Orani

Makalenin benzerlik oraninin sisteme yiklenen raporda
belirtildigi gibi %8 oldugunu beyan ederiz.
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Ozet: Transforme edici biiyiime faktorii beta-1 (TGF Beta-1) testikiiler fonksiyonlarin
parakrin ya da otokrin dizenleyicilerinden biridir. Bu g¢alismada, postnatal gelisme
stirecinde Capsaicin (CAP) uygulanan farelerin testislerinde TGF Beta-1'in lokalizasyonu
incelendi. Calismada 60 adet Swiss albino soyu erkek fare kullanildi. Deney grubundaki
21 ginluk farelere(n:30)75 gtin boyunca her giin deri alti yolla 1mg/kg dozunda CAP
enjekte edildi. Deney ve kontrol gruplarindan 10’ar hayvan, 35. giinii (puberte donemi),
50. giinl (puberte sonrasi donem) ve 75. glini (eriskin donem) temsil edecek sekilde
gruplara ayrildi. Orneklenen testislerin tartimi sonrasi rutin histolojik prosediir
uygulandi. Calisma slresince her glin kontrol ve deney grubu hayvanlarin canl agirliklari
tartildi. Tim deney gruplarindaki hayvanlarin canh agirlik ortalamalarinin kontrol
gruplarina oranla daha fazla oldugu ve bu iki grup arasinda p<0,05 diizeyinde istatistiki
6nem saptandi. 35 ve 50 glinliik deney gruplarinin testis agirliklarinin kontrol gruplarina
oranla daha fazla oldugu goézlendi. Gozlenen farkhliklar arasinda istatistiki bir Gneme
rastlanmadi.TGF Beta-1 immunreaksiyonu kontrol ve deney gruplarinda, farkh
boyanma yogunluklarinda, Leydig hicrelerinde ve geng spermatidlerde goézlenirken
Sertoli hlicrelerinde, spermatogonyumlarda ve eriskin spermatidlerde immunreaksiyon
gozlenmedi. Geng spermatidlerdeki boyanma yogunlugu her iki grupta da hemen
hemen benzerdi, fakat kontrol gruplarinda boyanma yogunlugu yas ile artarken deney
gruplarindaki bu artis 75 ginlik grupta gozlenmedi. Leydig hicrelerindeki boyanma
yogunlugu ise deney gruplarinda yas ile artis gosterirken kontrol gruplarinda farkh
boyanma yogunluklari saptandi. Sonug olarak CAP’in, spermatogenez sirasinda Leydig
hlcrelerindeki reseptoriine baglanarak TGF Beta-1 immunreaksiyonunu arttirdigi
sonucuna varild.

Anahtar Kelimeler: Capsaicin, Fare, Immunohistokimya, Testis, TGF Beta-1.

The Immunohistochemical Localization of TGF Beta-1 in Capsaicin
Injected Mice Testis at the Postnatal Development Period

Abstract: Transforming growth factor beta-1 (TGF Beta-1) is one of the paracrine or
autocrine regulators of testicular function. In this study, we investigated the effect of
Capsaicin (CAP) on the localization of TGF Beta-1 in the testis of mice treated with CAP
during postnatal development. In the study, 60 Swiss albino male mice were used. The
21-day-old mice (n:30) in the experimental group were injected with CAP at 1 mg/kg
subcutaneously daily for 75 days. Ten animals, each from the experimental and control
groups, were divided into groups representing the 35t day (puberty), 50th day (post-
puberty), and 75t day (adult). After weighing the testis, a routine histological
procedure was performed. The body weights of the control and experimental group
animals were measured daily during the study period. The mean body weights of all
experimental groups were higher than the control groups, and we determined
statistical significance at p<0.05 level between the groups. The mean testicular weights
of the 35t and 50 experimental groups were higher than the 35t and 50t
experimental groups, except for the 75th experimental group. No statistical significance
was found between the groups. TGF Beta-1 immunoreaction was observed in Leydig
cells and round spermatids at different intensities in all experimental and control
groups. In contrast, no immunoreaction was observed in Sertoli cells, spermatogonia,
and elongated spermatids. The staining intensity in round spermatids was almost
similar in both groups. Still, the staining intensity increased with age in the control
groups, while this increase in the 75t experimental groups was not observed. The
staining intensity in Leydig cells increased with age in the experimental groups, while
different staining intensities were found in the control groups. In conclusion, CAP
increased TGF beta-1 immunoreaction by binding to its receptor in Leydig cells during
spermatogenesis.

Keywords: Capsaicin, Immunohistochemistry, Mouse, Testis, TGF Beta-1.
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Giris

TGF Beta, 1980 vyilinda epitel hiicre kiltiiriinde izole
edilmistir. TGF Beta ismini epitel hlcrelerinde in vitro
ortamda olusturdugu fenotipik transformasyondan dolayi
almistir (Lui ve ark., 2003). TGF Beta ailesi TGF Beta-1, TGF
Beta-2, TGF Beta-3, TGF Beta-4 ve TGF Beta-5 seklinde alt
gruplara ayrilir (Ingman ve Robertson, 2002). Bunlardan
sadece TGF Beta-1’'in, TGF Beta-2’nin ve TGF Beta-3’lin
varhklarimemeli testislerinde saptanmistir. Erkek genital
sistemi hem LH ve FSH gibi gonadotropinlerin hem de TGF
Beta gibi blylime faktorlerinin kontroll altindadir. Memeli
testislerinde izole edilen TGF Betalar, testislerin gelisiminde,
ekstraselliler matriks sentezinde, steroidogeneziste ve
spermatogeneziste rol oynadiklari gdsterilmistir (Itman ve
ark., 2006).

Aci kirmizi biberin etken maddesi olan CAP, beyaz renkte,
kokusuz ve aci 6zellikleri olan bir alkaloidtir (Sharma ve ark.,
2013). CAP’in organizmada genital (Erdost ve ark., 2007; llhan
ve Erdost, 2013; Ozer ve ark., 2006; Ozgiiden-Akkog ve ark.,
2018; Titlincii ve Ozfiliz, 2011), gastrointestinal (Ozgiiden-
Akko¢ ve ark., 2017; Srinivasan, 2016), kardiovaskuler
(Sharma ve ark., 2013), endokrin (Erdost ve ark., 2006) ve
solunum sistemleri (Toukan ve ark., 2022) tzerine pek ¢ok
etkisi oldugu igin tip alaninda kullanimi yayginlagsmistir
(Adaszek ve ark., 2019). CAP’in etkisi 6ncelikli olarak dokuya,
uygulama dozuna ve uygulama sekline gore farkhliklar
gostermektedir (Oh ve ark., 2003). Erkek genital sistem
lizerine yapilan calismalarda, CAP’in horozlarda (Ozer ve ark.,
2006) ve farelerde (Erdost ve ark., 2007) testis gelisimini
hizlandirdigi bildirilmistir. Bunun yani sira yapilan bir in vitro
¢alismada CAP’In doza baglh olarak mitotik germ hiicreleri
Uzerine etkili oldugu da gosterilmistir (Mizrak ve ark., 2008).
Sunulan bu galismada, CAP’in, farkl gelisme donemlerindeki
farelerin testislerinde, erkek genital sistem organlarinin
gelismesinde rol alan TGF Beta-1'in lokalizasyonu {zerine
etkisinin incelenmesi amaglanmistir.

Materyal ve Metot

Deney Plani: Galismada standart laboratuvar
kosullarinda tutulan (oda sicakligi 21-23 °C, nem %50-60, 12
saat aydinlik/karanlik siklusu) 21 giinliik Swiss albino soyu 60
adet erkek fare kullanildi. Calismadaki tim deneysel islemler
Bursa Uludag Universitesi Hayvan Deneyleri Yerel Etik Kurulu
tarafindan onaylandi (1.06.2004/1). ilk olarak fareler higbir
enjeksiyon yapilmayan kontrol grubu (n=30) ve 1 mg/kg
dozda CAP (Sigma, M 2028) uygulanan deney grubu (n=30)
olarak iki ana gruba ayrildi. Hayvanlarin her giin canl
agirliklari tartildi. 75 giin boyunca her giin deney grubundaki
farelere 1mg/kg dozdaki CAP, steril serum fizyolojik icerisinde
¢Ozduruliip, c¢ozelti icerisine %1 Tween 20 eklenerek 0,3
ml/fare seklinde deri alti yolla verildi (Erdost ve ark., 2007).
Kontrol ve deney gruplarindaki fareler, 35, 50 ve 75. glinlerde
dietil eter anestezisi altinda testisleri alinarak testislerin
tartimlari yapildi. Alinan testisler Bouin tespitine konuldu.
Tespit isleminin ardindan dereceli alkol serisinden gegirilen
dokular, parafine gdmildi ve 5um’lik kesitler alindi ve lizinle
kaph lamlara cekildi. Testislerin morfolojik ozelliklerinin

incelenmesi amaciyla Crossmon’un (g¢li boyama yontemi
uygulandi.

immunohistokimyasal Boyama Prosediirii: Parafin
kesitlerde TGF Beta-1'in immunohistokimyasal
lokalizasyonunun gosterilmesi amaciyla indirekt streptavidin-
biotin-peroksidaz kompleks teknigi kullanildi. Deparafinize
edilen kesitlerin suyu giderildikten sonra antijenin aciga
¢ikartilmasi igin distile su igerisinde hazirlanan %0.05 Saponin
(Serva, Heidelberg, Germany) soliisyonu igerisinde, oda
isisinda 20 dk. bekletildi. Fosfat tampon soliisyonu (PBS) ile
yikamay! takiben endojen peroksidaz aktivitesini ortadan
kaldirmak igin, dokular metanol ile hazirlanan %3’lik hidrojen
peroksit sollisyonu igerisinde oda isisinda 10 dk. bekletildi.
Spesifik olmayan protein baglanmalarini 6nlemek amaciyla
sekonder kit icerisindeki kullanima hazir bloklama sollsyonu
ile (Histostain® Plus Rabbit Primary Kit, 85-6743, Zymed
Laboratories, San Francisco, CA) oda 1sisinda 60 dk.
inklibasyona birakildi. Daha sonra kesitlere 1/750 oraninda
sulandiniimis primer antikor (rabbit poliklonal TGF Beta-1, sc-
146, SantaCruz, CA) damlatilarak +4 °C’'de bir gece bekletildi.
Bu arada negatif kontrol grubu kesitlerine sadece antikor
sulandirma solliisyonu damlatildi. PBS ile yikamayi takiben
kesitlere kullanima hazir biotinlenmis sekonder antikor
(Histostain® Plus Rabbit Primary Kit, 85-6743, Zymed
Laboratories, San Francisco, CA) damlatilarak oda sicakliginda
15 dk. bekletildi ve yikamayi takiben kullanima hazir
streptavidin-HRP komplekste (Histostain® Plus Rabbit Primary
Kit, 85-6743, Zymed Laboratories, San Francisco, CA) oda
sicakhginda 15 dk. inkiibe edildi. 3,3’-diaminobenzidine (DAB-
Zymed Laboratories, San Francisco, CA) ile kromojenize edilen
kesitlere Harris hematoksilen (HHS16, Sigma Aldrich,
Germany) ile karsit boyama yapildi ve entellan ile kapatild.

Degerlendirme: immunohistokimyasal degerlendirme
iki farkli arastirmaci tarafindan (AO, CGOA) yapildi. Boyanan
kesitler 1sitk mikroskobu ile (Nikon eclipse 80’i, Tokyo,
Japonya) incelendi. Degerlendirmede oncelikli olarak hedef
hicrelerin boyanip boyanmamasina, daha sonra da boyanma
yogunluguna bakildi. Boyanma yogunlugu; zayif, orta, siddetli
boyanma ve boyanmama seklinde yapildi (Adams ve ark.
1999).

istatiksel Analizler: Calisma bulgularinin
degerlendiriimesinde Kruskal-Wallis Testi ve Mann-Whitney
U testi kullanildi. p < 0,05 degeri istatiksel olarak anlamli kabul
edildi.

Bulgular

Kontrol ve deney grubunu olusturan hayvanlarda deney
slirecinde 6lim gozlenmedi. Hayvanlarin canli agirlik oranlari
karsilastirildiginda tim deney gruplarindaki hayvanlarin
agirhklarinin daha fazla oldugu saptandi ve gruplar arasinda p
<0,05 dizeyinde istatistiki ©oneme rastlandi (Tablo 1).
Hayvanlarin testis agirliklari karsilastirildiginda ise 35 ve 50
glinlik deney gruplarindaki hayvanlarin testis agirliklarinin
daha fazla oldugu gorildi. 75 ginlik deney grubunda ise
testis agirliklarinda bir azalma saptandi fakat gruplar arasinda
istatistiki bir 6nem saptanmadi (Tablo 1).
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Tablo 1. Kontrol ve deney gruplarinin canli agirlik ve testis agirliklari ortalamalari.

35 giinliik 50 giinliik 75 giinliik
Kontrol Deney Kontrol Deney Kontrol Deney
= — — — — —
X +sE X +sE X +SE X +sE X +sE X +sE
Canli Agirlik (g) 10 20.6+0.834 27.7+0.834*  27.1+0.834  32.8+0.834* 28.6+0.834  32.9+0.834*
Testis Agirhgi(g) 10 0.051+0.003 0.056+0.003  0.079+0.003 0.093+0.003 0.098+0.003 0.088 +0.003

* : iki deger arasindaki 6nem (p<0,05).

Crossmon’un Ugli boyama yontemi ile boyanan
preparatlar incelendiginde gruplar arasinda testislerin
histolojik yapisinda bir farklilik bulunmadi. Tim gruplara ait
farelerin testis dokularinin disaridan tunika albuginea ile
cevrili oldugu, bunun hemen altinda tubulus seminiferus
kontortuslarin yer aldigi gozlendi. Tubulus seminiferus
kontoértuslarin icerisinde c¢esitli spermatogenik hicreler
gorilurken tubulus seminiferus kontortuslari c¢evreleyen
peritibiler miyoid hicrelerin varhg go6zlendi. Tubulus
seminiferus kontortuslarin arasindaki intersitisiyel alanlarda
Leydig hicreleri ve kan damarlarinin yer aldig1 gézlendi (Sekil
1).

TGF Beta-1 immunreaksiyonu, tim kontrol ve deney
gruplarinda, intrasitoplazmik olarak geng spermatidlerde ve
Leydig hucrelerinde farkh  boyanma yogunluklarinda
belirlenirken Sertoli hicrelerinde, spermatogonyumlarda,
primer spermatositlerde, olgun spermatidlerde ve negatif
kontrol preparatlarinda immunreaksiyon gézlenmedi. Kontrol
ve deney gruplarinda Leydig hiicrelerindeki immunreaksiyon
degerlendirildiginde, 35 ginlik kontrol grubunda
immunreaksiyon gorilmezken, 35 giinlik deney grubunda
zayif immunreaksiyon goruldu (Sekil 2A, 2B). 50 glnlik
kontrol grubunda immunreaksiyon siddetli iken deney
grubunda orta siddetli immunreaksiyon saptandi (Sekil 2C,
2D). 75 gilinlik kontrol grubunda immunreaksiyon orta
siddetli iken deney grubunda immun reaksiyonun siddetli
oldugu belirlendi (Sekil 2E, 2F). Kontrol ve deney gruplarinda
geng spermatidlerdeki immun reaksiyon degerlendirildiginde
ise 35 glinluk deney ve kontrol gruplarinda zayif immun
reaksiyon (Sekil 2A, 2B), 50 giunlik kontrol ve deney
gruplarinda orta siddetli immun reaksiyon goruldi (Sekil 2C,
2D). 75 ginluk kontrol grubunda immun reaksiyon siddetli
iken deney grubunda immun reaksiyonun orta siddetli oldugu
saptandi (Sekil 2E, 2F).

Tartisma ve Sonug

TGF Beta’lar, memeli testislerinde basta spermatogenez
olmak Ulzere Leydig ve Sertoli hiicrelerinin fonksiyonlarinin
diizenlenmesi, perittbiler miyoid hiicrelerinin organizasyonu
gibi testikiler fonksiyonlarin parakrin ya da otokrin
dizenleyicileri olarak gorev yapmaktadirlar (Itman ve ark.,
2006). Testisler sinirsel innervasyondan son derece zengin
organlardir (Eurell ve Frappier, 2006). Sunulan ¢alismada
kullanilan CAP, reseptori olan Vanilloid Reseptor 1 (VR1) ile

sensorik sinir sonlarindan Substans P (SP) ve kalsitonin gen
iliskili peptid (CGRP) gibi néyropeptidlerin salinimini uyararak
etki gostermektedir (Holzer,1991). Yapilan literatilr
taramalarinda CAP’In testislerde TGF Beta-1 Uzerine etkisini
inceleyen herhangi bir c¢alismaya rastlanmamistir. Bu
calismada, CAP’in, farkl gelisme dénemlerindeki farelerin
testislerinde, TGF Beta-1'in lokalizasyonu (zerine etkisi
incelenmistir.

Sunulan c¢alismada, kontrol ve deney gruplarindaki
hayvanlarin  canli  agirhklari  karsilastirildiginda  deney
gruplarinin canh agirhginin daha fazla oldugu goézlenmis ve
deney ve kontrol gruplari arasinda p <0,05 dizeyinde
istatistiki dneme rastlanmistir. Silva ve ark. (2021) insanlarla
yaptiklari 6 hafta slren galismalarinda, gunliik 12 mg CAP
tiiketen deneklerde kontrol grubuna oranla kilo artisi tespit
etmislerdir. Arastirmacilarin (Silva ve ark., 2021) bulgulan
sunulan calismanin bulgularini desteklemektedir. Fakat Ozer
ve ark. (2006) yaptiklari bir calismada 1 glinlik yastan itibaren
yemlerine %1 aci biber ilave edilen, 5 ay siire ile beslenen
horozlarin viicut agirliklarinda azalma goézlemlemislerdir.
Calismalarda gozlenen bu farkliigin CAP’in uygulama sekli,
uygulama dozu ve uygulama siresinden kaynaklandig
disinidlmektedir. Sunulan galismada 35 ve 50 glinlik deney
gruplarinin testis agirliklarinda kontrollere kiyasla bir artis
oldugu gozlendi fakat istatistiki bir 6nem rastlanmadi. Park ve
ark.’nin  (2017) vyapmis olduklari bir c¢alismada, CAP
uygulamasinin fare testislerinde 6zellikle primer spermatosit,
geng ve eriskin spermatid sayilarini arttirarak testis agirlhigini
da arttirdigini bildirmiglerdir. Yapilan baska bir calismada
(Erdost ve ark., 2007) farelerde CAP uygulamasinin seminifer
tubul gelisim hizinin arttirdigi ve bununla birlikte testis
agirhklarinda da artis oldugu bildirilmistir. Sunulan galismanin
bulgulari bahsedilen galismalarin (Erdost ve ark., 2007; Park
ve ark., 2017) bulgulari ile paralellik gostermektedir.

Sunulan ¢alhsmada kontrol ve deney gruplarinda, TGF
Beta-1 immunreaksiyonu farkli boyanma yogunluklarinda,
geng¢ spermatidlerde ve Leydig hiicrelerinde saptanmistir.
Kontrol gruplarinin gen¢ spermatidlerindeki boyanma
yogunlugunun vyas ile beraber artis gosterdigi goértlmustir.
Bazi arastirmacilar (Ingman ve ark., 2002; Mullaney ve
Skinner, 1993) TGF Beta-1 immun reaksiyonunu sadece
puberte donemi rat testislerindeki genc¢ spermatidlerde
saptadiklarini bildirmislerdir. Fakat Watrin ve ark.’nin (1991)
TGF Beta-1 mRNA’sini eriskin farelerin geng spermatidlerinde
eksprese edildigini bildirmesi ayni zamanda Haagmans ve
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ark.’nin (2003) eriskin ratlar ile yaptiklari ¢alismada geng
spermatidlerde TGF Beta-1 immun reaksiyonunu gostermesi
sunulan ¢alismanin  kontrol gruplarina ait bulgulan
desteklemektedir. Sunulan galismada, kontrol gruplarindan
farkh olarak deney gruplarinin geng¢ spermatidlerindeki TGF
Beta-1 immun boyanma yogunlugunun ozellikle 50 ve 75
glnlik gruplarda ayni oldugu gozlenmistir. Yapilan literattr
taramalarinda (Jung ve ark., 2004; Lui ve ark., 2003) TGF Beta-

1 sentezindeki artisin spermatogenik hicrelerin mitotik
aktivitelerini azalttigini gdsteren makalelere rastlanmistir.
Sunulan ¢alismada gen¢ spermatidlerdeki TGF Beta-1'in
immun boyanma yogunlugunun 75 ginlik kontrol grubunda
siddetli olmasi bu hiicrelerdeki mitotik aktivitenin azaldigini,
deney grubunda ise immun boyanma yogunlugunun kontrol
grubuna kiyasla daha zayif olmasinin bu hiicrelerde mitotik
aktivitenin devam ettigini disindirmustar.

Sekil 1.Kontrol ve deney gruplarina ait testis dokularinin genel gérinima.

A: 35 glinlik (puberte) kontrol grubu, B: 35 gunliik (puberte) deney grubu, C: 75 giinluk (eriskin) kontrol grubu, D: 75
gunluk (eriskin) deney grubu, Ta: Tunika albugineya, St: Tubulus seminiferus kontortus,T: Primer spermatosit, ®: Leydig
hiicresi, T: Geng spermatid, A: Kan damari, A: Peritibuler miyoid hiicre, _: Erigskin spermatid, Masson’un igli boyamasi,
Bar:100um.
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Sekil 2. Kontrol ve deney gruplarinda TGF Beta-1'in immunohistokimyasal lokalizasyonu.

A: 35 gunlik (puberte) kontrol grubu, B: 35 gunliik (puberte) deney grubu, C: 50 giinliik (puberte sonrasi) kontrol grubu, D:
50 giinliik (puberte sonrasi) deney grubu, E: 75 gunliik (erigkin) kontrol grubu, F: 75 gunlik (erigkin) deney grubu,T: Geng
spermatid, =: Leydig hiicresi,,A, C, E igin Bar:100um, B,D,F igin Bar:50um.

Bazi arastirmacilar (Dickson ve ark., 2002; Haagmans ve
ark.,2003; Ingman ve Robertson, 2002; Mullaney ve Skinner,
1993) yapmis olduklari ¢alismalarda, puberte ve eriskin rat
testislerindeki  Leydig  hulcrelerinde  TGF  Beta-1'i
immunohistokimyasal olarak saptamislar ve boyanma
siddetinin yasla beraber azaldigini, TGF Beta-1’in Leydig
hiicrelerinde testosteron salinimini inhibe ettigini ve DNA
sentezini durdurdugunu bildirmislerdir. Sunulan ¢alismada
da kontrol gruplarindaki Leydig hiicrelerinde immun
boyanma yogunluklari degerlendirildiginde yukarida bahsi
gegen arastirmacilar (Dickson ve ark., 2002; Haagmans ve
ark.,2003; Ingman ve Robertson, 2002; Mullaney ve Skinner,
1993) ile benzer bulgular saptanmistir. Calismanin deney
gruplarindaki Leydig hicrelerinde ise TGF Beta-1 immun
boyanma yogunlugunun yasla birlikte arttigi gézlenmistir.
Yapilan bir in vitro galismada (Lui ve ark., 2003), yiksek

miktardaki TGF Beta-1’'in LH sentezini durdurarak Leydig
hicrelerinden testosteron inhibe ettigi ve spermatogenik
hicrelerin gelisimini dizenledigi bildirilmistir. Bunun yani
sira Erdost ve ark.’nin (2006) kanatli hayvanlarda yapmis
olduklari bir calismada, CAP uygulamasinin hipofizde LH
salinimini arttirdigl ve bu hayvanlarin kontrol gruplarina
oranla daha erken donemde puberteye girdiklerini
gostermislerdir. Sunulan c¢alismada, kontrol gruplarindan
farkli olarak deney gruplarinin Leydig hiicrelerinde daha
erken donemde immunreaksiyonun gozlenmesi, CAP
uygulamasinin sensorik sinir sonlarindan SP ve CGRP gibi
néyrotransmitter maddelerin salinimini uyararak (Holzer,
1991), sinirsel innervasyondan zengin olan testis dokusu
Gzerine etkili oldugunu ve spermatogenik hiicre gelisiminin
kontrol grubuna kiyasla daha erken donemde basladigini
disindirmektedir. Bununla birlikte CAP’in reseptori olan

]
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VR1’in Leydig hiicrelerinde varligi dusunuldtuginde (Erdost
ve ark., 2007) CAP’in VR1 araciligi ile TGF Beta-1'i aktive
ederek spermatogenezisi diizenledigi de ileri strilebilir.

Sonug olarak sunulan ¢alismada, CAP uygulamasinin
spermatogenez asamasinda, Leydig hlcrelerinde TGF Beta-1
immunreaksiyonunu arttirdigl, geng¢ spermatidlerde ise
boyanma yogunlugunu azalttigi saptanmistir. CAP’In
testislerdeki TGF Beta-1 (izerine olasi etkilerinin gdsterilmesi
icin daha detayli c¢alismalarin yapilmasi  gerektigi
distnilmektedir.

Cikar ¢catismasi

Yazar bu yazi icin gercgek, potansiyel veya algilanan gikar
catismasi olmadigini beyan etmistir.
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Abstract: Genital Mycoplasmas (Mycoplasma spp. and Ureaplasma
diversum), commensals of the genital tract, cause economic loss in
cattle enterprises by mainly reproductive failure at the farm level.
The productivity loss is due to genetic and environmental factors,
stress, wrong antibiotic treatment, and immune system failure. This
study aimed to determine the presence of bovine genital
mycoplasma and ureaplasmas in healthy and suspected infertile
cattle by PCR for the first time. Conventional methods are also used
to examine test results. A comparison of results was conducted in
both tested methods. For this aim, 356 bovine genital samples of
healthy and suspected infertile cows and bulls of various herds were
collected from Ankara and the provinces of Tirkiye. Positivity in the
genital sample of 221 healthy and 135 suspected infertile cattle was
61.2% by cultural methods and 67.7% by PCR, respectively. In
comparison to culture, although PCR gave accurate results in a
shorter time, findings show that proper results may be obtained
when both methods are used together.

Keywords: Cattle, Mycoplasmopsis, PCR, Ureaplasma.

Sigirlarin Genital Mikoplazma ve Ureplazma
infeksiyonlarinin PCR ile Molekiiler Teshisi

Ozet: Genital sistem kommensalleri olan genital mikoplazmalar
(Mycoplasma spp. ve Ureaplasma diversum) biyikbas hayvan
isletmelerinde oOzellikle ciftlik diizeyinde Ureme yetersizligi ile
ekonomik kayiplara neden olmaktadir. Verimlilik kaybinin baslica
nedenleri genetik ve gevresel faktorler, stres, yanlis antibiyotik
tedavisi ve bagisiklik sistemi yetmezligi ile iligkilidir. Bu ¢alismanin
amaci, saglikli ve infertil oldugundan siiphelenilen sigirlarda sigir
genital mikoplazma ve Ureplazmalarin varliginin ilk defa PCR ile
belirlenmesidir. Test sonuglari ayrica geleneksel yontemlerle de
incelenmistir. Test edilen her iki yontemde de sonuglarin bir
karsilagtirmasi yapilmistir. Bu amagla, Ankara ve Turkiye'nin
illerinden c¢esitli sirilere ait saghkli ve kisir oldugundan
stphelenilen inekler ve bogalardan toplam 356 adet sigir genital
ornegi toplandi. 221 saghkh ve 135 silipheli infertil sigirin genital
materyalinde pozitiflik sirasiyla kiltlrel yéntemlerle % 61,2 ve PCR
ile % 67,7 olarak bulundu. Kiltiire gére PCR daha kisa slirede dogru
sonuglar vermesine ragmen bulgular her iki yontemin birlikte
kullanilmasi durumunda uygun sonuglarin alinabilecegini gosterdi.
Anahtar Kelimeler: Biiyiikbas hayvan, Mikoplazmopsis, PCR,
Ureplazma.
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Introduction

The Mpycoplasmataceae family, includes Mycoplasmopsis,
Ureaplasma, and Mycoplasma genera and is generally
associated with urogenital tract infections, reproductive
failure, neonatal morbidity, and mortality. Mycoplasmopsis
bovis (M. bovis), Mycoplasmopsis bovigenitalium (M.
Bovigenitalium), and Ureaplasma diversum (U. diversum) are
bacteria that are pathogenic for the bovine genital tract
without clinical signs (Razin et al., 1998). This situation causes
economic losses by affecting meat and milk production in
cattle enterprises. However, although the studies on these
are limited, pathogenicity is still an issue under investigation.

M. bovis is the largest Mycoplasmopsis species isolated
from cattle. It causes mastitis, reproductive disorder,
infertility, oophoritis, seminovesiculitis, synovitis,
endometritis,  salpingitis, salpingoperitonitis, seminal
vesiculitis, and epididymitis as with many diseases in bovine
animals. M. bovigenitalium also causes infertility, necrotic
endometritis, epididymitis, seminal vesiculitis, and low
spermatozoa motility, while among the ureaplasmas, mainly
U. diversum causes reproductive disorders in cattle (Cassell et
al., 1989). The transmission of these bacteria whose virulence
is mainly dependent on the cellular immune response, is a
factor that may adversely affect both domestic and
international animal trade. Bovine mycoplasmas are detected
in the laboratory using molecular, serological, and cultural
techniques (Cardoso, 2000a). For rapid molecular
identification of bovine mycoplasmas with restricted
biosynthetic capabilities, polymerase chain reaction (PCR) is
typically utilized to detect these agents by hybridization of
randomly cloned DNA fragments and in vitro amplification of
the 16S rRNA gene. Studies have shown that PCR is a sensitive
method for detecting genital mycoplasmas in clinical samples
(Abele-Horn et al., 1996).

In this study, the detection of Mycoplasmopsis and
Ureaplasma spp. from genital clinical samples was carried out
on healthy and infertile cattle in Ankara and other cities
(Adana, Erzurum, Kars, Van, Diyarbakir, Erzincan) of Turkiye.
At the same time, culture and molecular methods were
compared to detect the agents from the clinical samples.

Material and Methods

Ethical approval: This study is not subject to HADYEK
permission by Article 8 (k) of the ““Regulation on Working
Procedures and Principles of Animal Experiments Ethics
Committees”.

Bacterial isolates

Standard Strains: The Turkish Cattle Breeders' Central
Association and the local cattle breeders in Ankara provided
frozen healthy and suspected infertile semen samples. And,
preputial washes of bulls with suspected infertility were
obtained from Etlik Central Veterinary Control and Research
Institute, Tarkiye.

Clinical samples

A total of 356 genital samples from cattle older than two
years old, including 165 cows and 191 bulls, were detected for

reproductive failure. Bovine animals were deemed infertile
despite at least three attempts at insemination. To detect
genital mycoplasmosis, vulvar swabs from heavily discharged
animals, cervical swabs from the elderly, and vaginal mucus
from other cows without antibiotic treatment were collected.
Also, the bulls' semen and preputial fluid were collected. Bulls
that lacked clear clinical indicators were suspected of being
infertile. Genital samples of infertile 76 cows and 59 bulls and
healthy 89 cows and 132 bulls were analyzed. The genital
samples of the cows were transferred to Amies transport
medium and delivered to the laboratory in a cold chain within
24 hours. All samples were evaluated by cultural methods and
PCR.

Culture

Mycoplasmopsis and Ureaplasma species from bovine
genital samples are cultivated in the Eaton and Ureaplasma
agar mediums. These spesific mediums allow glucose
fermentation, arginine hydrolysis, phosphatase activity, and
tetrazolium reduction tests to identify Mycoplasmopsis spp.
As Davidson et al. (1994) suggested, both solid and liquid
media were used for detection. The liquid media was
dissolved in the Koch device, and the pH was adjusted to 6.0
and sterilized in an autoclave at 121°C for 15 minutes.
Following the cooling of SLM (Standard Liquid Medium) to 56
oC, pH was adjusted to 6.8-7.0, which is the appropriate pH
range for both Ureaplasma and Mycoplasmopsis
identification. Culture isolates were maintained by filtration
through a sterile filter with a diameter of 0.2 um (Schleicher
& Schuell, BR0534-2) to enrich the composition of the media.
Eaton and Ureaplasma agars were divided into petri plates at
an average of 6 ml, and SLM agars were divided into tubes at
1.8 ml in sterile conditions. Cultured broths were stored at -
20 2C for detection by PCR. Biochemical tests were conducted
on colonies grown on standard liquid media with color
changes and on Eaton and Ureaplasma agars. The isolated
strains gave %100 negative results in glucose fermentation
and arginine hydrolysis tests. However, digitonin sensitivity
and urease tests were 100% positive in U. diversum cultures.
Isolated M. bovis and M. bovigenitalium strains gave strong
positive results, especially in the phosphatase tests. The main
growth inhibition test results were considered in the
differentiation of the two strains. Since ureaplasmas prefer
microaerophilic conditions, a color change is usually observed
at the bottom of SLM tubes. All positive and negative samples
were stored at 20 2C to be detected by PCR.

Molecular Identification

Detection By PCR: The study aimed to detect
Mycoplasmopsis and Ureaplasma strains using conventional
methods and real-time PCR. Results were compared through
the detection rate of the agent on SLM. Conventional
methods examined 356 genital samples, and PCR identified a
serial of SLM dilutions. For DNA extraction, SLM positive and
negative aliquots of the genital swab and preputial washes
were performed on direct FK (Phenol Chloroform). And
semen was applied directly to cetyltrimethylammonium
bromide (CTAB, Cetyl Trimethyl Ammonium Bromide).
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Positive and negative isolates were further examined by PCR
amplifying the 16S rRNA gene using Mycoplasmopsis and
Ureaplasma- specific primers.

Positive control strains: M. bovis (NCTC 1031), M.
bovigenitalium (NCTC 10122), M. canadense (NCTC 10152),
M. arginini (NCTC 10129), and M. dispar (NCTC 10125) were
obtained from Turkish Ministry of Agriculture and Forestry,
Pendik Animal Diseases and Research Institute Mycoplasma
Laboratory; and U. diversum (NCTC 11709) in lyophilized form
from the Institute of Bacteriology, Faculty of Veterinary

Medicine, Vienna.

In detecting M. bovis, M. bovis genitalium, and U.
diversum by PCR, the standard strain DNA samples known to
give positive results obtained from Maristela V. Cardoso
(Instituto Biologico, Brazil) were used.

Primers Used in PCR

Primers were synthesized at 0.2 umol synthesis scale in
Biogen (Sao Paulo, Brazil) and obtained in the lyophilized form
to be diluted to a concentration of 10 pmol, then vortexed
and stored at -20 2C. Primers are presented in Table 1,2,3.

Table 1. Primers Used in the Diagnosis of Bovine Genital Mycoplasmopsis and Ureaplasma by PCR.

1. dingiide
2. dingiide
Mikoplazma tiri ile ilgili gorintillenen
gdnintiilenen
sekans1 simgeleyen men Sekans Dizilimi PCR iiriimnii Pl
PCR lirinil (bp)
ady (bp) Standart
MNested PCR
PCR
wvrCF | 5°-TTA OGC AaAalG AGA ATG CTT
Mveoplasma wvrCR | CA-37 162G _
i (vrcC) 537°-TAG GA A AGC ACC CTA TG
AT-37
Mveopilasmra NMbeF 37-CGT AGa TGC OGC ATG GCA
Bovigernitaliverr MR TTITT ACG G-37 312 _
(Mdirgr) 537- CAT TCA ATA TAG TGG CAT
TIC CTA C-37
Lireaprlasma L fF | 570006 GAT AAT AAC ATT TAC
dive rserrm JDZ2ZR | TIhG-3° DE6 _
(o) ; 537-CCT TGC GGT AGC AGT ATC
= GA-37
=
=} LIF | 57-AAT GTC GGC TOG CTT ATG
=51
< | UDIR | AG-37
_ 215
5°-GCG GAG GTT AAC AAT ATG
ACA GG-37

DNA Extraction: To detect the presence of
Mycoplasmopsis and Ureaplasma by PCR in the genital
samples of healthy and infertile cows and bulls with
suspected infertility, inoculated standard broth and preputial

fluid samples were treated with FK according to the protocol
determined by Csaikli et al. (1998) And, CTAB method was
applied to fresh and frozen semen according to the protocol
defined by Murray and Thompson (1980).

Table 2. Mixtures Used in PCR Protocols (Total Volume: 50 pl).

1. diingiide
2. dingiide
Mikoplazma tiirih ile ilgili ghriintiilenen
goriintiillenen
sekans1 simgeleyen gen Sekans Dixilini PCR lridmnii
PCR trinil (bp)
ady (bp) Standart
MNested PCR
PCR
wvrCF | 5°-TTA CGC AAG AGA ATG CTT
Myveoplasra wvrCR | CA-37 1626 _
Bovis (uvrc) 3°-TAG GAAa AGC ACC CTAa TG
AT-37
Mveoplasrmna AbeF 37-CGT AGAa TOGC OGC ATG GCA
bovigertirtalivemn AfbeR TTT ACG G-37 312 _
(Mg ) 537- CAT TCA ATA TAG TGG CAT
TIC CTaA C-37
Llreaprloasrmea LIFE | 537-CO6G GAT AAT AAC ATT TAC
diversurmn 2R | TTG-37 OE6 _
(L) ; 57-CCT TGC GGT AGC AGT ATC
= GA-3"
=
=] LD3IF | 57-AAT GTC GGC TOG CTT ATG
=1
= IR | AG-37
_ 215
5°-GOG GAG GTT AAC AAT ATG
ACA GG-37

]
HARRAN UNIiVERSITESi VETERINER FAKULTESi DERGISi, 2023; CiLT 12, SAYI 1 23



Harran Univ Vet Fak Derg, 2023; 12 (1): 021-026

DOI:10.31196/huvfd.1194267

Research Article

Table 3. PCR Protocol.

Siklus M. bovis M. bovigenitalium L. diversum
[. Déngii [.Dvmgii [.Dvingii II.Diéngii
- _ 95°C 15 dk 94 °C 9dk ok B adk
enalurasyon
_ = 95 °C 30 sn Bl 94 °C 30 sn Blggaec1dk | B|od°C1dk
Annealing = 8 = i = = = ,
= =53 °C 1.3 dk =|e0°C 1 dk = 55%C 1 dk = |67"C1dk
({ Baglanma) | &2 3 = a; = = -
™ wy| 72°C 1,5 dk ~|72°C 1 dk w | T2C 30 sn | v | 72 9C 20 sn
[ it [ 2] [ -] [ o]
Elongasyon
{ Uzama) 729 10 dk T729C 7 dk T25C 10dk 72°C 10dk

Detection of Nucleic Acids

The electrophoresis device was operated at a constant
current of 96 Volts for 1 hour and the PCR products amplified
in the Thermal Cycler were run on a 1.5% agarose gel and
examined by a UV transilluminator. DNA bands of the
samples were evaluated by comparing the DNA marker with
other bands of positive and negative controls.

Expected DNA amplifications in positive samples were
1626 bp for M. bovis (Subramaniam et al., 1998), 312 bp for
M. bovigenitalium (Kobayashi et al., 1998), and 215 bp for U.
diversum (Cardoso et al., 2000a; Cardoso et.al., 2000b).

Statistical analysis

The chi-square (x?) analysis method was used to
interpret the data obtained in the study (Grunert &
Valentine, 1998).

Results

In the study, 356 genital samples of 165 cows and 191
bulls were examinedby cultural and identification methods.
The gender, health status, and sample type of the cattle
included in the study were considered. Samples were
collected from cattle over two years of age, declared to have
infertility problems, and from healthy cattle for control
purposes. Although inseminated at least three times, cows
that did not show pregnancy were considered suspected
infertile. A single sample was taken from each animal. Vulvar
samples from cows with heavy discharge, cervical swab
samples from the elderly, vaginal mucus samples from
others, and semen and preputial fluid were collected from
bulls. It was noted that antibiotics had not been given to
these cattle recently. Of the cows, 76 were suspected of
infertile, 89 of healthy; genital samples of 135 suspected
were infertile and 221 healthy cattle, 59 of which were
suspected infertile and 132 healthy, were examined.

Culture

In the study, 56 (73.6%) of 76 infertility-suspected cows
and 71 (79.7%) of 89 healthy cows were found to be positive

for Mycoplasmopsis and Ureaplasma. And bacteria were
isolated in 48 (81.3%) of 59 suspected infertile bulls and 43
(32.5%) of 132 healthy bulls. 46 (70.7%) of 65 vaginal mucus,
18 (81.8%) of 22 cervical swabs and, 63 (80.7%) of 78 vulvar
swabs were determined as positive. 44 (83%) of 53 preputial
fluids belonging to infertile bulls, 42 (32.3%) of 130 frozen
semen belonging to healthy bulls, 1 of 2 healthy and 4 of 6
fresh semen belonging to infertility- suspected bulls were
found as positive for Mycoplasmopsis and Ureaplasma. The
difference between positivity in the frozen semen and
preputial fluid samples analyzed was significant (>P 0.05).

PCR Results

Standard PCR for Mycoplasmopsis and nested PCR for
Ureaplasma suspicious samples were applied , and DNA
samples were extracted from cultures of these samples from
healthy cattle with suspected infertility. In amplified PCR
products, M. bovis bands were detected at 1626 bp and M.
bovigenitalium at 312 bp, while bands of U. diversum were
detected at 986 bp and 215 bp in nested PCR. All of the
samples found positive for Mycoplasmopsis and Ureaplasma
by the cultural method gave positive results by PCR. No
positivity was found in 115 (32.3%) of the examined samples
of bovine genital Mycoplasmopsis and Ureaplasma. Each
positivity was close to the other in both methods, and the
difference between the groups was statistically insignificant
(P>0.05). The positivity rate in PCR was 87.1% in healthy
cows and 65.3% in infertility-suspected animals. The
difference was found to be statistically insignificant (P>0.05).
By PCR, positivity for Mycoplasmopsis and Ureaplasma was
determined in 241 (67.6%) of the DNA belonging to a total of
356 samples, 137 (83%) in cows and 104 (54.4%) in bulls.
Based on the condition of the cow from which the genital
sample was collected, 57 (75%) of 76 suspected infertility
cows and 80 (89.8%) of 89 healthy cows were found to be
positive for Mycoplasmopsis and Ureaplasma. According to
the type of genital sample evaluated in the study, 51 (78.4%)
of 65 vaginal mucus, 19 (86.3%) of 22 cervical swabs, 67
(85.8%) of 78 vulvar swabs were found positive by PCR while
positivity in frozen semen from healthy bulls and preputial
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fluid samples from bulls with suspected infertility were
found to be 38.4% and 92.4%, respectively, in PCR. In the PCR
results of fresh semen samples, the data for statistical
analysis were insufficient. The difference between positivity
in frozen semen and preputial fluid samples was insignificant
(P>0.05).

Discussion and Conclusion

Mycoplasmopsis species, known to be mainly
responsible for infertility in cattle, cause significant
economic losses in cattle breeding worldwide, especially in
Europe and North America.Various studies have been
conducted in different parts of the world to determine the
role of genital Mycoplasmopsis species in urogenital tract
infections in cattle. However, the role of Mycoplasmopsis
species in genital infections is still unclear. Stress, immune
system failure, incorrect antibiotic treatment, animal
transportation, and artificial insemination with infected
semen are essential factors in increasing clinical cases (Vegi
et al., 2021). Studies conducted in worldwide have proven
that Mycoplasmopsis strains can colonize the urogenital
tract without causing any disease (Erno et al., 1967; Lein,
1986). The unique phenotypic variability and antigenic
variation seen in many Mycoplasmopsis species make it
difficult for them to be recognized by the host immune
system. And the agent becomes resistant to treatments with
antibiotics such as tetracycline, tilmicosin, and
spectinomycin.

In Turkiye, this infection is thought to cause significant
economic losses in cattle breeding as in other countries.
Studies on Mycoplasmopsis species in Turkiye are generally
on detecting CCPP for many years. In this regard, there has
been no comprehensive research conducted in our country
for the identification and Detection of Mycoplasmopsis and
Ureaplasma causing genital infections in cattle by PCR yet.
Today, PCR, one of the molecular methods that give accurate
results quickly, is used instead of serological methods with a
high probability of false positive results with time-consuming
routine biochemical tests. Many studies have reported that
PCR is more sensitive than other methods (Razin, 2002).

In this study, the method specified by Genovez et al.
(1989) was used in the detection by the cultural method and
in the examination of the collected samples. Accordingly,
solid media was incubated for 15 days at 37 2C in a
microaerophilic jar, and liquid media were incubated at 37
oC for five days in an aerobic environment. Accordingly, this
information was considered in detecting the agent by PCR. In
the evaluation based on the origin of the examined sample,
positivity by the conventional method was determined as
70.7% in vaginal mucus samples, 80.7% in vulvar swabs, and
81.8% in cervical swabs. In PCR, these results were
determined as 78.4 %, 86.3 %, 85.8 %, respectively. Based on
the comparison of the number of samples collected from
cows, the positivity obtained by both methods was the
highest in cervical and vulvar swab samples and less
frequently in vaginal mucus samples. However, the
difference between the groups was insignificant according to
the chi-square analysis method (P>0.05). In addition, when

the evaluation was made according to the health status of
the cows from which the samples were obtained, the
positivity of Mycoplasmopsis and Ureaplasma detected by
conventional methods and PCR in the cervical swab of
healthy cows was found to be 12.8% higher than in the cows
with suspected infertility. However, the difference was
considered statistically insignificant according to the number
of samples examined (P>0.05). On the other hand, the
difference between Mycoplasmopsis and Ureaplasma
positivity rates detected in healthy and infertile cows in the
genital samples of cows examined by both methods was also
found to be statistically insignificant (P>0.05). In addition, 96
(44%) Mycoplasmopsis and 122 (55.9%) Ureaplasma were
isolated from healthy cows and bulls with suspected
infertility by cultural methods. A total of 56 Mycoplasmopsis
was isolated from 29 (38.1%) infertility- suspected cows and
27 of healthy cows. 71 Ureaplasmas were detected,
including 27 (35.5%) cows with suspected infertility and 44
(49.4%) healthy cows. Accordingly, it was observed that
Mycoplasmopsis growth in cows was higher in infertility
suspects and ureaplasma growth in healthy cows. However,
the difference was considered statistically insignificant
(P>0.05).

In another study, Cardoso et al. (2000a) examined
infected bovine semen. The presence of Mycoplasma spp.
and U. diversum in semen were found to be 1.02% and 1.32%
higher, respectively. In another study conducted by Gregory
et al. (2012) in sheep, the rate of mycoplasma-infected
semen resulted in higher results than that of Cardoso et al.
(2000a).

According to the data obtained in the study, the findings
related to the health status of the cows and the type of
sample examined were partially compatible. High positivity
in healthy animals suggests that the animals may be under
stress or in the initial stage of infection. A definite conclusion
could not be reached with the results obtained on the role of
Mycoplasmopsis strains in infertility. The reason for this was
thought to be important for the pathogenicity differences
between Mycoplasmopsis strains. Although the difference
between conventional methods and PCR results was found
to be statistically insignificant in the study, it was determined
that PCR gave more accurate results in a shorter time than
conventional methods in the early detection of
Mycoplasmopsis strains in reproductive disorders in cattle.
The high rate of Mycoplasmopsis and Ureaplasma positivity
detected in the tested samples of healthy and infertile cattle
was associated with the fact that these microorganisms are
also normal flora agents in the genital tract. However, it is
thought that the risk of contamination is high during sample
collection in the genital tract of cows, and this may affect the
results of detection. In addition, this study highlighted the
importance of further research on the pathogenicity of
Mycoplasmopsis and Ureaplasma.
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Abstract: This study was conducted to examine the effect of Jerusalem thorn
(Paliurus spina-christi Mill./PSC) and oriental hackberry (Celtis tournefortii L./CT)
fruits and black cumin (Nigella sativa L./NS) seed on the microbial quality and
physicochemical properties during the storage of meatballs +4 °C. For this purpose,
PSC, CT fruits, and NS seeds were added to the meatballs at 2% to form four groups,
including the control. Prepared meatball samples were covered with stretch film in
polyethylene plates and stored at 4+1 °C for 16 days. Analyzes were made on the 0O,
4, 8, 12, and 16th days of storage in the meatball samples. The pH values of the
meatball samples were determined between 5.89-6.02 on day 0 and between 6.10-
6.49 on day 16, ay values between 0.956-0.964 on day 0 and 0.971-0.980 on day 16.
Total mesophilic aerobic bacteria (TMAB), total psychrotrophic bacteria (TPAB), lactic
acid bacteria (LAB), and yeast-mold counts of meatball samples were 5.14-5.53,4.62-
4.83, 5.04-5.32 and 3.40-3.87 logio cfu/g, respectively on day 0, and 7.01-7.9, 7.64-
8.24, 7.59-8.05 and 5.69-6.27 logio cfu/g, respectively on day 16. It was determined
that PSC and CT fruits and NS seed slowed down the microbial growth rate in the
meatballs from the eighth day. The best antimicrobial effect was found in
psychrotrophic bacteria for CT fruit, LAB and yeast-mold for NS seed. As a result, it
can be recommended to add PSC, CT fruits, and NS seeds to their composition to
extend the shelf life of meatballs up to one week. The results of this study can provide
helpful information for anyone dealing with food and further studies investigating the
shelf life of meat and meat products.

Keywords: Celtis tournefortii L., Meatball, Microbiological quality, Nigella sativa L.,
Paliurus spina-christi Mill.

Karagali (Paliurus spina-christi Mill.), Dardagan (Celtis tournefortii
L.) Meyvelerinin ve Coérek Otu (Nigella sativa L.) Tohumunun
Koftelerin Mikrobiyal Kalitesi ve Fizikokimyasal Ozellikleri Uzerine
Etkilerinin Arastiriimasi

Ozet: Bu calismanin amaci karagali (Paliurus spina-christi Mill../PSC), dardagan (Celtis
tournefortii L./CT) meyveleri ve ¢orek otu (Nigella sativa L./NS) tohumunun,
koftelerin +4 °C'deki muhafazasinda mikrobiyal kalite ve fizikokimyasal o6zellikleri
Uzerindeki etkisinin arastirilmasidir. Bu amagla PSC, CT meyveleri ve NS tohumu
koftelere %2 oraninda ilave edilerek kontrol dahil dort grup olusturuldu. Hazirlanan
kofte 6rnekleri polietilen tabaklar iginde streg film ile kaplanarak 4+1 °C’'de 16 gilin
muhafaza edildi. Kéfte orneklerinde muhafazanin 0, 4, 8, 12 ve 16. ginlerinde
analizler yapildi. Kéfte 6rneklerinin pH degerleri 0. giinde 5,89-6,02, 16. giinlinde ise
6,10-6,49 arasinda, aw degerleri 0. glinde 0,956-0,964, 16. giininde ise 0,971-0,980
arasinda tespit edildi. Total mezofil aerob bakteri (TMAB), total psikrotrof bakteri
(TPAB), Laktik asit bakterileri (LAB) ve maya-kuf sayilari 0. giin sirasiyla, 5,14-5,53,
4,62-4,83, 5,04-5,32 ve 3,40-3,87 logio kob/g arasinda 16. giinde ise sirasiyla 7,01-
7,9, 7,64-8,24, 7,59-8,05 ve 5,69-6,27 logio kob/g arasinda saptandi. PSC, CT meyvesi
ve NS tohumunun koftelerde sekizinci giinden itibaren mikrobiyal Greme hizini
yavaslattigi saptandi. Ozellikle CT meyvesinin psikrotrof bakteriler tizerinde, NS
tohumunun ise LAB ve maya-kif Gizerinde en iyi antimikrobiyal etki sagladigi saptandi.
Sonug olarak koftelerin raf 6mrini bir haftaya kadar uzatmak igin bilesimlerine PSC,
CT meyvelerinin ve NS tohumu eklenmesi 6nerilebilir. Bu galismanin sonuglar et ve
et Urdnlerinin raf Gmdrlerini arastiran ileri galismalar ve gida ile ugrasan herkes igin
yararl bilgiler saglayabilir.

Anahtar Kelimeler: Celtis tournefortii L., Kéfte, Mikrobiyolojik kalite, Nigella sativa L.,
Paliurus spina-christi Mill.
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Introduction

Meatball is generally cooked and consumed after beef or
mutton is ground into minced meat, added fat (tallow fat, tail
fat) and various spices, and brought to the desired shape and
size (Halid and Rahim, 2019). Meatballs and their varieties are
meat products widely preferred and consumed in fast food.
Microbial contamination may occur if the necessary hygienic
rules and/or cold chain are not observed during the
production, processing, packaging, storage, distribution, and
preservation of meat products such as meatballs. As a result
of the proliferation of saprophytic microorganisms, spoilage
may occur in meat products, the shelf life of the products is
shortened, and in the presence of pathogenic factors, food-
borne infections, and toxications may occur (Mansur et al.,
2019).

Meat spoilage occurs due to microbiological and
chemical, enzymatic reactions (Mansur et al., 2019). Because
of the chemical composition of meat, which provides a
suitable environment for microorganisms, and the nutrients
it contains, microbiological spoilage generally occurs more
quickly. Microbial spoilage is caused by microbial growth and
consumption of meat nutrients by bacteria, which release
undesirable metabolites (Casaburi et al., 2015). Meat and
meat products are evaluated in terms of microbial quality
(total  aerobic  bacteria,  psychrotrophic  bacteria,
enterobacteria, fecal coliforms, Salmonella spp., Listeria
monocytognes, Escherichia coli, enterococci, molds, etc.) to
determine whether they are suitable for consumption and
their shelf life (Mansur et al., 2019). Moreover, pH and water
activity (aw) values are essential criteria affecting the growth
of microorganisms; they are important in determining the
microbial quality of meat and meat products (Leistner, 2000).

It is crucial to prevent microbial proliferation in
maintaining the quality of meat products during storage. The
microbial load of the meat should be low initially, and
microbial growth should be minimized or inhibited as much
as possible during storage. In recent years, as consumers
prefer more organic or minimally processed foods and foods
containing fewer synthetic chemical additives, natural herbal
preservatives rich in phenolic compounds are used as an
alternative to artificial chemical preservatives to prevent a
microbial increase in meat and meat products (Prommachart
et al., 2020).

PSCis a shrub plant in the Rhamnaceae family. In Turkey,
it can be grown all around Anatolia. In studies on ripe fruits
and leaves of PSC, it has been reported that they are rich in
polyphenolic substances and have antioxidant and
antimicrobial effects (Sen et al., 2018; Takim and Isik 2020;
Takim, 2021; Zor et al.,, 2017). Celtis, belonging to the
Cannabaceae family, is a medium-sized tree species that
grows in temperate, tropical, and subtropical regions and
sheds its leaves yearly. CT plant is one of the Celtis species
that grows naturally in Turkiye. Studies on ripe fruits and
leaves of CT have reported that these parts of the plant are
rich in polyphenolic substances, have high tocopherol
content, and have antioxidant and antimicrobial effects
(Gecibesler, 2019; Keser et al., 2017; Yildirim et al., 2017). NS
plant is a spice of the Ranunculaceae family that has been

used for culinary and medicinal purposes for years. NS is
grown in many parts of the world (Singh et al., 2014). Studies
have shown that NS seed has a strong antioxidant and
antimicrobial effect on food (Chauhan et al., 2018; Mahros et
al.,, 2021; Zwolan et al., 2020). However, it has not been
reported that PSC and CT fruits have not been added to foods
before and how they affect the microbial and
physicochemical properties of foods. Therefore, PSC and CT
fruits were preferred in the study.

This study was conducted to investigate the effect of
Jerusalem thorn (Paliurus spina-christi Mill./PSC) and oriental
hackberry (Celtis tournefortii L./CT) fruits and black cumin
(Nigella sativa L./NS) seed on the microbial quality and
physicochemical properties during the storage of meatballs
+4 °C.

Materials and Methods

Ethics Committee: Since meatball samples produced in
the laboratory were used as material in the study, ethics
committee permission is not required.

Preparation of meatball dough: For ground meat,
Musculus semitendinosus and M. Semimembranosus muscles
of bullock were used, and ram tail fat was used for tail fat.
Meat and fats were obtained from a local butcher in Elazig,
brought to the laboratory under cold chain conditions and
stored in refrigerators. Meatballs were prepared using the
meatball composition in Table 1. PSC and CT fruits and NS
seeds, ground into flour, were added to the meatball mixture
at a rate of 2% each After all the meatball mixture’s
ingredients were mixed, they were kept at +4 °C for 3 hours.
Then, the meatball dough was mixed homogeneously again
and putinto a steel mold with a diameter of 5 cm and a height
of 1 cm; each meatball was 2511 g. Then, each group was
covered with stretch film in polyethylene plates and stored at
411 °C for 16 days. Analyzes were performed on days 0
(before packaging), 4, 8, 12, and 16 days of storage. In the
microbiological analysis of the meatballs, total mesophilic
aerobic bacteria (TMAB), total psychrotrophic bacteria
(TPAB), lactic acid bacteria (LAB), yeast, and mold counts
were made. In addition, pH and water activity (aw)
determinations were made in these groups. All analyzes were
performed in pairs in parallel and in triplicate independently.
Dry matter, ash, protein, and fat were analyzed after
preparing the meatball dough for each replicate.

Preparation of samples for microbiological analysis:
Meatball samples 25 g were weighed under aseptic
conditions and put into sterile sample bags (stomacher 400,
Italy). 225 mL of 0.1% peptone water (Merck, Darmstadt,
Germany) was added and homogenized in a stomacher
(ISOLAB, Germany), and a 10 dilution was prepared. Other
dilutions of the sample up to 107 were prepared from this
dilution, provided that the same diluent was used. Sowing
was done in double series by using the cast plate method for
counting other microorganisms except for yeast and mold
counting. The smear plate method was used for yeast mold
enumeration. Plates containing 30-300 colonies were
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evaluated after incubation (USDA/FSIS, 2011). Counts were
made with an automatic colony counter (Acolyte Colony
Counter-7500 SYN Synbiosis).

Total mesophilic aerobic bacteria (TMAB) count: Plate
Count Agar (PCA, Merck, Darmstadt, Germany) medium was
inoculated for counting and incubated at 35 °C for 48 hours.
Colony counts were made after incubation (USDA/FSIS,
2011).

Psychrotrophic bacteria count: Petri dishes were
incubated at 7x1 °C for ten days by inoculating on PCA
medium for counting. An incubation count was done
(USDA/FSIS, 2011).

Lactic acid bacteria count: To determine the number of
LAB, the plates were incubated at 3011 °C for three days by
sowing on Man-Rogasa Sharpe (MRS) Agar medium. Colony
counts were made after incubation (ISO, 1998).

Yeast and mold count: For enumeration, the plates were
incubated at 25+1 °C for five days by inoculating on Dichloran
Rose Bengal Chloramphenicol (DRBC) Agar medium (Lab/LAB
217, Lancashire/United Kingdom). Yeast and mold counts
were made after incubation (I1SO, 2008).

Chemical Analysis: For chemical analysis, pH

values, digital pH meters (EDT. GP 353) and water
activity (aw) values of meatball samples were determined with
a water activity device (Aqualab, Meter Group, Inc., Pullman,

Table 1. Composition of meatball groups (%).

WA, USA) (AOAC, 1990; Lang and Steinberg, 1980). Dry matter
and ash content of meatball samples was determined by the
gravimetric method (AOAC, 2002a; AOAC, 2002b), the total
fat amount was determined by the Soxhlet extraction method
(AOAC, 2000), and protein amount was determined by
Kjeldahl method (AOAC, 1998).

Statistical analysis: For the statistical analysis of the
study data, the SPSS package program (24.0 for Windows
software SPSS Inc.,, NY, USA) was analyzed by one-way
analysis of variance at a 95% confidence interval. Duncan's
multiple comparison tests were used to determine the
difference between the means of the experimental groups
after analysis of variance (SPSS, 2017).

Results

The chemical composition of the meatball samples is
given in Table 2. The pH values determined in the meatball
samples during storage are shown in Figure 1, and the aw
values are shown in Figure 2. The total number of mesophilic
aerobic bacteria detected in the meatball samples during
storage is given in Table 3, the number of psychrotrophic
bacteria in Table 4, the number of yeast-moulds in Table 5,
and the number of lactic acid bacteria in Table 6.

Groups

Product Control group(%) Meatballs with PSC/CT/NS added(%)
Lean ground beef 74 72
Tail fat 20 20
Salt 2 2
Garlic 1,3 1,3
Onion 1,7 1,7
Red pepper 0,35 0,35
Black pepper 0,35 0,35
Ginger 0,15 0,15
Cumin 0,15 0,15
PSC/CT/NS - 2

PSC: Paliurus spina-christi Mill. fruit NS: Nigella sativa L. seed, CT: Celtis tournefortii L. Fruit.

Table 2. The composition of the meatballs (%).

Group KM Ash Protein Fat

Control 46.16+0.58 2.7610.26 19.25+0.58 21.03+0.71
PSC 47.12+0.64 2.68+0.74 17.82+0.84 20.30+0.52
NS 46.57+0.72 2.58+0.32 18.22+0.28 20.71+0.82
CcT 47.38+1.06 2.81+0.35 18.7310.44 20.56+1.01

KM: Dry matter PSC: Paliurus spina-christi Mill. fruit, NS: Nigella sativa L. seed, CT: Celtis tournefortii L. Fruit.
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Figure 1. Changes in pH value in meatballs during storage (meantstandard deviation).

PSC: Paliurus spina-christi Mill. fruit, NS: Nigella sativa L. seed, CT: Celtis tournefortii L. Fruit, A-D: The mean values with
different letters between the storage days are statistically different (P<0.05), a-b: The mean values with different
letters between the groups are statistically different (P<0.05).
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Figure 2. Changes in aw value in meatballs during storage (meanzstandard deviation).
PSC: Paliurus spina-christi Mill. fruit, NS: Nigella sativa L. seed, CT: Celtis tournefortii L. fruit .

Table 3. Total number of mesophilic aerobic bacteria (TMAB) detected in meatballs (logio cfu/gtstandard deviation).

Group Storage time (Days)

0 4 8 12 16
Control 5.53+0.37% 6.10+0.23P2 6.81+0.17¢ 7.45+0.04% 7.91+0.25%
PSC 5.14+0.14% 5.98+0.36"* 6.55+0.12¢ab 6.85+0.137% 7.09+0.09%°
NS 5.35+0.19% 5.87+0.39 6.39+0.19% 6.73+0.197%° 7.01+0.08"°
CcT 5.29+0.17 6.02+0.3382 6.36+0.26% 6.55+0.508° 7.37+0.08"2
Meat 5.55+0.45° - - - -

PSC: Paliurus spina-christi Mill. fruit, NS: Nigella sativa L. seed, CT: Celtis tournefortii L. Fruit, A-C: Values with different superscripts in the
same row are statistically different (P<0.05). a-b: Values with different superscripts in the same column are statistically different (P<0.05).
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Table 4. The number of psychrotrophic bacteria detected in meatballs (logio cfu/gtstandard deviation).

Storage time (Days)

Group

0 4 8 12 16
Control 4.75+0.09°? 6.38+0.32¢ 7.15+0.388 7.55+0.178 8.24+0.45"
PSC 4.62+0.25" 6.15+0.09P2° 6.45+0.21 7.21+0.078° 7.64+0.027°
NS 4.83+0.06P? 6.32+0.27% 6.49+0.12° 7.27+0.088° 7.66+0.047°
CcT 4.73+0.21°2 5.77+0.16°° 6.19+0.09° 7.29+0.048° 7.6340.077°
Meat 4.74+0.18° - - - -

PSC: Paliurus spina-christi Mill. fruit, NS: Nigella sativa L. seed, CT: Celtis tournefortii L. Fruit, A-E: Values with different superscripts
in the same row are statistically different (P<0.05).a-b: Values with different superscripts in the same column are statistically

different (P<0.05).

Table 5. Yeast-mold number detected in meatballs (logio cfu/g+standard deviation).

Storage time (Days)

Group 0 4 8 12 16
Control 3.87+0.47¢ 4.14+0.06% 4.36+0.30% 4.98+0.09% 6.27+0.40"
PSC 3.78+0.20% 4.14+0.15% 4.16+0.288% 4.37+0.128b 5.71+0.55%
NS 3.40+0.36%° 3.12+0.45% 3.95+0.108¢ 4.23+0.258° 5.69+0.36"
cT 3.62+0.31¢ 3.58+0.43¢b 4.12+0.248¢ 4.57+0.268%" 5.88+0.15"°
Meat 2.48+0.57° - - - -

PSC: Paliurus spina-christi Mill. fruit, NS: Nigella sativa L. seed, CT: Celtis tournefortii L. Fruit, A-C: Values with different superscripts in
the same row are statistically different (P<0.05). a-b: Values with different superscripts in the same column are statistically different

(P<0.05).

Table 6. Number of lactic acid bacteria detected in meatballs (logio cfu/g+standard deviation).

Storage time (Days)

Group 0 4 8 12 16
Control 5.32+0.27° 6.59+0.16 7.07+0.298 7.62+0.38" 8.05+0.07%°
PSC 5.10+0.23P° 5.96+0.14¢ 6.54+0.32° 7.42+0.28" 7.63+0.18"°
NS 5.04+0.41% 5.28+0.19¢ 5.89+0.118b 7.06+0.40% 7.59+0.30°
cT 5.28+0.30P? 5.74+0.23¢ 6.76%0.35°82 7.29+0.10% 7.62+0.214°
Meat 5.42+0.12° - - - -

PSC: Paliurus spina-christi Mill. fruit, NS: Nigella sativa L. seed, CT: Celtis tournefortii L. Fruit, A-D: Values with different superscripts in
the same row are statistically different (P<0.05). a-c: Values with different superscripts in the same column are statistically different

(P<0.05).
Discussion

The pH values of meatball samples were determined
between 5.89-6.02 on the Oth day and between 6.10-6.49 on
the 16 days. It was determined that there was a decrease in
pH values on 4th day in all groups during storage. The
decrease in pH on the 4th day is likelydue to the low pH value
of the components used in the meatball dough. After the 4th
day, a continuous increase in pH values was observed. This
increase is thought to be due to the high buffering capacity
of proteins and the proteolytic effects of microorganisms
(Caglar et al., 2018; incili et al., 2021). The lowest pH value
on the 16th day was detected in the CT and NS groups. The
low pH value in these groups is thought to be due to less
microbial growth due to the phenolic compounds they
contain (Can and Sahin, 2019; Caglar et al., 2018).

The aw values of the meatball samples were 0.956-0.964
on day 0 and between 0.971-0.980 on day 16 of storage. It
was determined that there was a decrease in aw values on
the 4th day in all groups during storage. The decrease in
water activity on the 4th day is thought to be due to the salt
and other ingredients added to the meatballs. It has been
reported that salt reduces aw in foods (Yildirim, 2018). The
effects of different plants and extracts used in meatball
production on the aw value have been studied by many
researchers, and it has been reported that there are
fluctuations in aw values during storage and that there is no
stable aw value (Kahraman, 2021).

TMAB count in meatball samples was determined to be
5.14-5.53 log10 cfu/g on day 0 and 7.01-7.91 log10 cfu/g on
day 16 of storage. TMAB was detected above the reported
number on the 12th day of storage in the control group
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meatballs and the 16th day in the PSC, CT, and NS groups.
Therefore, it was determined that the plants used effectively
affected the number of TMAB in meatballs. Although there
was no difference between the other groups and control in
the first days of storage, there was a significant difference on
the 8, 12, and 16th storage days (P<0.05). It has been
reported that the effect of the plants on the TMAB numbers
is due to the phenolic compounds they contain because
phenolic compounds have antimicrobial effects (Nikmaram
etal., 2018). The lowest TMAB count was observed in the NS
group (7.01 log10) on day 16 of storage. Many researchers
have studied the antimicrobial effects of plants and plant
extracts in meat and products, and it has been reported that
they reduce TMAB numbers at different rates (Caglar et al.,
2018; incili et al., 2021; Jahan et al., 2018).

The number of psychrotrophic bacteria in the meatball
samples was determined between 4.62-4.83 log10 cfu/g on
day 0 and 7.64-8.24 log10 cfu/g on the last day of storage. It
was determined that there was a continuous increase in the
number of psychrotrophic bacteria in all groups in parallel
with the storage period, and these increases made a
statistically significant difference (P<0.05). It has been
reported that pyscrotrophic bacteria increase during meat
preservation and causes the meat to spoil (Doulgeraki et al.,
2012). There was a statistically significant difference
between the groups on the other days except day 0 during
the storage period of the meatballs (P<0.05). The CT group
detected the lowest psychrotrophic bacteria count on the
4th and 8th days. On the 16th day of the storage, there was
a 0.6 logl0 difference in the number of psychrotrophic
bacteria between the control and the other groups. The
lowest number of psychrotrophic bacteria was found in the
CT group (7.63 log10). Indeed, it has been reported that the
antimicrobial activity of CT fruit is high (Keser et al., 2019).
The plants' effecton the number of psychrotrophic bacteria
is due to the phenolic compounds they contain. Because
phenolic compounds have an antimicrobial effect
(Efenberger-Szmechtyk, 2020) the antimicrobial effects of
plants and plant extracts in meat and products have been
examined by many researchers, and it has been reported
that they reduce the number of psychrotrophic bacteria at
different rates (Can and Sahin 2019; Caglar et al., 2018; incili
et al., 2021).

LAB counts of meatball samples were determined
between 5.04-5.32 log10 cfu/g on day 0 and 7.59-8.05 log10
cfu/g on day 16 of storage. A continuous increase in LAB
numbers was observed in all groups in parallel with the
storage period, and it was determined that these increases
made a statistically significant difference (P<0.05). A
statistically significant difference (P<0.05) was detected
between the groups during storage on the 4th, 8th, and 16th
days. On the 4th day, there was a difference in LAB counts
between the control group and PSC, NS, and CT groups, 0.6,
1.3, and 0.9 log10, respectively, and the lowest LAB count
was found in the NS group (5.28 log10). On the 16th day,
there was a 0.5 log10 difference between the control and the
other groups, and the lowest LAB count was observed in the
NS (7.59 log10) group. The lowest LAB count was detected in
the NS group on all storage days. It is thought that the effect

of the NS-containing group on the LAB number is because
the phenolic compounds it contains suppress the LAB
development more (Caglar et al.,, 2018; Efenberger-
Szmechtyk, 2020). Indeed, it has been reported that the
antimicrobial activity of NS seed is high (Singh et al., 2014).

Yeast-mold count of meatball samples was determined
| 3.40-3.87 log10 cfu/g on day 0 and 5.69-6.27 log10 cfu/g on
day 16 of storage. On the 4th day, yeast-mold counts were
increased in the control and PSC groups, while a decrease in
yeast-mold counts was observed in the NS and CT groups. It
was determined that decreases and increases in yeast-mold
numbers were observed in all groups during storage. This
situation created a statistically significant difference (P<0.05)
in yeast-mold numbers within the group days. Similar to our
findings, incili et al. (2020) reported that the fluctuation in
the number of yeast molds during the storage period in
marinated poultry meat (drumstick, wing, breast meat) was
due to the yeast-molds contained in the components they
used in marinating. During storage, the lowest yeast-mold
count was detected in the NS groups. This may be due to the
antimicrobial effect of phenolic and volatile compounds
contained in the NS seed on molds and yeasts (Ahmed and
Albi, 2019; Caglar et al., 2018). Yeast and mold counts in the
PSC and CT groups showed similar results with the control
group. The high yeast-mold counts of the groups containing
PSC and CT fruits may be because the PSC and CT fruits used
contain more yeast-mildew. Many researchers have studied
the antimicrobial effects of plants and plant extracts in meat
and products,and it has been reported that they reduce
yeast-mold numbers at different rates (Can and Sahin, 2019;
Daoutidou et al., 2021; EI-Adawy et al., 2021).

Studies on the effects of PSC and CT fruits on the
microbiological quality of foods were not found in the
literature review. However, it has been reported that the
antimicrobial properties of PSC and CT fruits are high (Arslan
and Kaya, 2021; Ceylan et al.,, 2020; Keser et al., 2019).
Similar to our findings, it has been reported by many
researchers (Chauhan et al., 2018; Liao et al., 2021) that
using NS seed or extract in meat and meat products has a
positive effect on microbiological quality and extends the
shelf life of the products.

In conclusion, it has been determined that PSC, CT
fruits, and NS seeds have a bacteriostatic effect on the
meatballs and prolong the shelf life. To extend the shelf life
of meatballs, it can be recommended to use PSC, CT fruits,
and NS seeds in their composition. This study’s results can
provide beneficial information for anyone dealing with food
and further studies investigating the shelf life of meat and
meat products.
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Abstract: Anatolian water buffalo breed is Turkey’s sole water buffalo breed, and
their numbers steadily increased with the national “Water Buffalo Breeding by
Breeders Project”. This study aimed to investigate of the gene region
polymorphisms (Intron-2, Exon-2/Intron-3, Exon-3) of the meat-yield-related
Insulin-like Growth Factor Binding Protein-3 (IGFBP-3) gene in Anatolian water
buffaloes by Tagl, Haell, and Mspl restriction endonucleases. The
phenol/chloroform method was used for DNA isolation from 151 blood samples,
and extracted DNAs were amplified by touchdown PCR using specific primers.
Amplified PCR products were digested with restriction endonucleases (REs) and
separated in 3% agarose gel electrophoresis (AGE), then genotypes were
determined. Results revealed two genotypes [AA (98.68%) and AC (1.32%)] and
two alleles [A (0.99) and C (0.01)] for the Exon-2 to Intron-3 region from Haelll
digestion. Tagl digestion of the Intron-2 region revealed three genotypes [AA
(7.94%), AB (3.97%), and BB (88.10%)] and two alleles [A (0.10) and B (0.90)]. Mspl
digestion of the Exon-3 region revealed only the AA genotype and A allele, thus
revealing monomorphism. Overall, Haelll digestion revealed insignificant
polymorphism (P>0.05), and Tagl digestion revealed significant polymorphism
(P<0.001) for their respective regions. Gene polymorphisms of these regions were
investigated for the first time in Anatolian water buffaloes. Additionally, three
novel genotypes for the IGFBP-3 gene (one from Haelll and two from Taqgl) were
determined for the first time. The novel B allele from Taqgl digestion was observed
to have a substantial frequency.

Keywords: Anatolian water buffalo, Haelll, IGFBP-3, PCR — RFLP, Sivas, Taq .

Mandalarda IGFBP-3 Geninde Daha Once Goriilmemis Ug
Genotip Tespit Edildi

Ozet: Anadolu su mandasi Tiirkiye’de yetistirilen tek manda irkidir ve sayilari tilke
genelinde “Halk Elinde Manda VYetistiriciligi Projesi” ile artmistir. Bu ¢alismanin
amacli, Anadolu Mandalarinda et verimi ile ilgili olan insilin benzeri biyime
faktoru baglayici protein - 3 (IGFBP-3) geninin Taq |, Hae Ill ve Msp | restriksiyon
enzimi (RE) ile gen polimorfizmlerinin (intron 2, Exon 2 / intron 3, Exon 3)
arastinlmasidir. Toplam 151 kan 6rneginden Fenol/Kloroform yontemi
kullanilarak DNA izolasyonu yapilmistir ve elde edilen DNA ornekleri spesifik
primerler kullanilarak Touchdown PZR ile gogaltilmistir. Yikseltgenen PZR
Urtinleri restriksiyon enzimleri ile kesilmis, %3 agaroz jel elektroforez yénteminde
ayristirilmis ve genotipler belirlenmistir. Sonug olarak, Hae Il RE’'nde (Exon 2 —
intron 3) AA (%98.68) ve AC (%1.32) 2 genotip ve A (0.99) ve C (0.01) 2 allel tespit
edilmistir. Taq | RE’nde (intron 2) AA (%7.94), AB (%3.97) ve BB (%88.10) 3 genotip
ve A (0.10) ve B (0.90) 2 allel ve Msp | RE’nde (Exon 3) ise sadece AA genotipi ve
A alleli tespit edilmistir. IGFBP-3 geninde Msp | enzimi monomorfik (P>0.05), Hae
Il enzimi polimorfik fakat 6Gnemsiz (P>0.05) bulunurken Taq 1 enzimi yéniinden
hem polimorfik hem de o6nemlilik tespit edilmistir (P<0.001). IGFBP-3 gen
boélgelerinin polimorfizmleri Anadolu mandalarinda ilk kez arastirilmistir. Ayrica
IGFBP-3 geninde diger manda irklarinda yapilan ¢alismalardan farkli olarak ilk kez
g yeni genotip (Tag | enzim kesimi sonucunda iki, Hae Ill enzim kesimi sonucunda
bir) tespit edilmistir. Ayrica Taq | enzim islemi sonucu yeni tespit edilen B allelinin
frekansi diger alleline gore ¢ok yliksek bulunmustur.

Anahtar Kelimeler: Anadolu mandasi, Haelll, IGFBP-3, PZR-RFLP, Sivas, Taq I.
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Introduction

Water buffaloes naturally live in tropical and subtropical
forests, water and rainfall-abundant wetlands, and
marshlands. While water buffaloes are continental animals,
they spend their time in mucks and river lines due to their
quick dehydrating and water-dependent profiles (Hays, 2014;
Michelizzi et al., 2010). The only water buffalo breed known
to be bred in Turkey is the Anatolian water buffalo, a
combined meat and milk-yielding breed (GDAR, 2011)
classified under the river water buffaloes. The appearance of
Anatolian water buffaloes was stated to be like the water
buffaloes raised in the Mesopotamia region. Anatolian water
buffaloes were subjected to artificial insemination in 2002
with semen imported from Italy (FAO, 2005). Migration
routes of water buffaloes were stated to be from central
Europe to Italy in the 6th century AD and from the Moroccan
strait to Arabian-controlled Northern Africa region in the 7th
century AD (Michelizzi et al., 2010). River water buffaloes, to
which Anatolian water buffaloes belong, were stated to be
originating from the Indian subcontinent and were
domesticated 4 500 years ago (FAO, 2015).

Water buffalo meat is the capital product in Asian
countries (FAO, 2005). For Turkey, water buffalo gross meat
yield was 0.6% of total gross meat yield in 2021, which was
calculated to be 8 424 tonnes in 2020, and 10 831 tonnes in
2021. With the effects of the “National Breeding Project of
Water Buffaloes by the Breeders” in Turkey, the water buffalo
counts have increased since 2010. The counts decreased only
in 2021, but this decrease was coupled with increased meat
production from water buffaloes (TurkStat, 2022a; TurkStat,
2022b).

It is reported that the cattle Insulin-like Growth Factor
Binding Protein 3 (IGFBP-3) gene is located on bovine
chromosome 4 (BTA 4) (Maciulla et al., 1997). However, no
study currently indicates which chromosome contains the
IGFBP-3 gene in water buffaloes. Other research on rat and
human tissues identified six different IGFBP genes (IGFBP-1 to
IGFBP-6). Of these six IGFBPs, the IGFBP-3 is the most
abundant in human and animal serums. It is reported that the
IGFBP-3 gene contains five exons and four introns (Shimasaki
and Ling, 1991). It was demonstrated that there is a 93%
amino acid similarity in the IGFBP-3 gene from water buffalo,
cattle, and sheep species (Kumar et al., 2006).

Ramesha et al. (2015) studied the Intron-1 to Exon-2
regions of the IGFBP-3 gene in cattle and water buffaloes
using the PCR-SSCP method. They found 2 SNPs in one cattle
group and 3 SNPs in another, but they were seen as
monomorphic in water buffaloes. The research were studied
the IGFBP-3 gene in different cattle breeds by Choudhary et
al. (2007), and Haelll restriction endonuclease digestion was
conducted in partial Intron-3, entire Intron-2 - Exon-3, and
partial Exon-2 regions, which resulted in three genotypes (AA,
AB, and BB) in two cattle breeds, and only one genotype (AA)
in a cattle breed. These results stated that a significant
relationship exists between these genotypes and birth and
body weights; and the authors suggested that the AB
genotype has more pronounced birth and body weights.

Padma et al. (2004) conducted PCR-RFLP research in 157

Indian water buffalo samples from breeds of Murrah, Surti,
Jaffarabadi, and Nagpuri, where they digested entire Exon-3
and Intron-2, and partial Exon-2 and Intron-3 regions of the
IGFBP-3 gene using three different restriction endonucleases
(Mspl, Taqgl, and Haelll). The authors stated that all samples
provided a single genotype (AA) from Haelll (Exon-2 - Intron-
3), Taql (Intron-2), and Mspl (Exon-3) digestions.

Othman et al. (2014) investigated polymorphisms in the
Exon-2 - Intron-3 region of the IGFBP-3 gene in 46 samples of
Egyptian cattle by using three different restriction
endonucleases (Mspl, Taql, and Haelll). Their results provided
three genotypes (AA, AC, and CC) from Haelll digestion and a
single genotype from Mspl and Tagl digestions. While the
Haelll digestion results of their study were the same as other
results obtained in cattle, the authors preferred using C in
genotype naming. Othman et al. (2018) investigated gene
polymorphism of the IGFBP-3 gene in 100 samples of Egyptian
water buffalo using three different restriction endonucleases
(Mspl, Tagl, and Haelll) but did not obtain polymorphism
from any of the three digestions.

Research is necessary for water buffaloes to reveal their
yield potentials and utilization of molecular selection, which
is due to the variation present in their DNA sequences.
Therefore, the importance of molecular studies on vyield
potentials is increasing. Investigation of gene polymorphisms
of the meat yield-related IGFBP-3 gene using the PCR-RFLP
method in Anatolian water buffaloes that were part of the
National Breeding Project of Water Buffaloes by the Breeders
in Sivas province was aimed in this research.

Material and Methods

The study material was composed of 151 Anatolian
water buffalo blood samples that were present in the
laboratory (Animals were born between 2014 and 2015, were
unrelated to each other, and were clinically healthy. Of the
151 animals, 112 were female, and 39 were male). DNA
isolation from blood samples was conducted using the
standard phenol/chloroform method (Sambrook et al., 1989).
DNA isolated from each sample was amplified by using
touchdown (TD) PCR (Don et al.,, 1991) protocol with the
IGFBP-3-specific primer pairs (Table 1). Each PCR mixture was
prepared in 25 ulL volumes and contained 12.5 ulL 2x PCR
MasterMix (Ampligon), 10 pM from each primer,
approximately 100 ng of DNA template, and ultrapure water.
Each PCR mixture was subjected to the following TD-PCR
profile: (1) first denaturation at 96 °C for 10 min, 16 cycles of
(2) denaturation at 96 °C for 30 sec, (3) primer annealing
starting at 60 °C and decreasing by 0.5 °C at each cycle to 52
°C for optimal annealing for 45 sec, (4) extension at 72 °C for
1 min, 25 cycles of (5) denaturation at 96 °C for 30 sec, (6)
primer annealing at 52 °C for 45 sec, (7) extension at 72 °C for
1 min, and (8) final extension at 72 °C for 10 min for complete
adenylation. Each amplified PCR product was subjected to 2%
agarose gel electrophoresis (AGE) at 100 VA for 65 min and
visualized in a UV transilluminator at 365 nm wavelength.

Obtained PCR products were digested with restriction
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endonucleases detailed in Table 1. Digestion mixtures were
prepared in 31 uL volumes and contained in each mixture 10
uL PCR product, 1 uL respective FastDigest RE (10 U per uL), 2
uL digestion buffer solution, and 18 ul ultrapure water.
Prepared digestion mixtures for Haelll and Mspl were
incubated at 37 °C for 20 to 25 min, and mixtures for Taql
were incubated at 65 °C for 20 to 25 min. Digested products
were separated in 3% AGE at 100 VA for 60 to 70 min and
were visualized in a UV transilluminator at 365 nm
wavelength. The band sizes to determine genotypes resulting
from digestions are shown in Table 2.

Genotype forms and allele frequencies of the samples
were determined by gene counting. Polymorphic differences
were assessed by conducting a Chi-square analysis. This study
was approved by the Cumhuriyet University Animal
Experiments Local Ethics Committee (02.23.2016, 65202830-
050.04.04-24 Number Ethics Committee Decision).

Results

According to the PCR results of the IGFBP-3 gene region
amplifications, all 151 samples were used for Haelll and Mspl
digestions for their respective regions, and 126 samples were
used for Taql digestions (Figure 1). Haelll digestion was used
for polymorphism investigations in Exon-2 - Intron-3 region,
Taql digestion was used for the Intron-2 region, and Mspl
digestion was used for the Exon-3 region (Figure 2). Observed

and expected allele genotypes and frequencies were
determined from the obtained polymorphisms (Table 3).

Results provided genotypes of AA (98.68%) and AC
(1.32%) in the Exon-2 to Intron-3 region of the IGFBP-3
digested with Haelll (Figure 2). The novel AC genotype and C
allele (0.01) were determined for the first time in this study.
Since there is no prior information about these genotypes,
the AC genotype, which is a 655 bp band presence together
with the AA genotype, was named for the first time in this
study.

The Taql digestion of the Intron-2 region of the IGFBP-3
gene provided the previously documented AA genotype
(7.94%) but provided two novel genotypes of AB (3.97%) and
BB (88.10%), which were not reported previously. Since there
is no prior information about these genotypes, the genotype
with 655 bp band together with 415 bp and 240 bp bands was
named AB, and the genotype with only 655 bp band was
named BB for the first time in this study (Figure 2). The novel
B allele was determined to have a substantial frequency of
0.90 (Table 3).

The Mspl digestion of the Exon-3 region of the IGFBP-3
gene provided only the AA genotype and was thus
determined as monomorphic. The polymorphism observed in
the Exon-2 - Intron-3 region (for Haelll) was determined as
statistically insignificant (P>0.05), but the polymorphism
observed in the Intron-2 region (for Taqgl) was determined as
statistically significant (P<0.001) (Table 3).

Figure 1. PCR results of the IGFBP-3 gene region (M: 100 bp DNA Ladder; Product sizes: 655 bp).

Table 1. List of the primer sequences and restriction endonucleases.

Locus Primer sequence (5’ —> 3’) PCR(bp) RE Reference
Haelll
F: 5'- CCAAGCGTGAGACAGAATAC - 3’ Maciulla et al., 1997
IGFBP - 3 655 Taql
R: 5'- AGGAGGGATAGGAGCAAGTT - 3’ Padma et al., 2004
Mspl

F: Forward, R: Reverse, RE: restriction endonuclease, bp: base pair.
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Figure 2. Restriction endonuclease digestion results of the IGFBP - 3 gene (M: 50 bp DNA Ladder).

Table 2. Obtaining of genotypes from the Insulin - like Growth Factor Binding Protein - 3 (IGFBP - 3) gene.

Gene PCR RE AA AB BB AC
(bp) Digestion  (bp) (bp) (bp) (bp)

Exon 2 - 651 Haelll 199, 164, 154, 215, 199, 164, 154, 215, 164, 154,
Intron 3 (Cattle) 56, 36,18,16,8 56, 36, 18, 16, 8 56, 36, 18, 8,
Exon 2 - 655 Haelll 201, 165, 154, 215, 201, 165, 154, 215, 165, 154, 525;:0:9' ]Z.I.665’8154’
Intron 3 (Buffalo) 56,36,19,16,8 56, 36,19, 16, 8 56, 36, 19, 8, A

(in this study)

655, 415, 240 655

Intron 2 655 Tagl 415,240 (in this study) (in this study)
Exon 3 655 Mspl 510, 145 - -

RE: restriction endonuclease, bp: base pair.

Table 3. Chi - square analysis, frequencies, and significances of genotypes and alleles obtained from the
Insulin - like Growth Factor Binding Protein - 3 (IGFBP - 3) gene.

Genotype Frequency Allele X2 P~ Values
Frequency (df = 1)

Gene n gI?E) g(;E) gc(E) A C
(EI’_;g:”zl)""m" 3 ;1 ;’z;s;.(;gam) ; (1%3929) - 099 001 0007 09347ns
Gene n gl?E) gB(E) gB(E) A B X2 :’ d; llil)ues
(EA’Z';I‘;‘ 151 151 (151) - - 1 0 0 1.00 ns
Gene n gl?E) gB(E) gB(E) A B X2 :’ d; llil)ues
:’;‘:’I')‘ 2 126 ;07.(91;124) 0/5 3(_2927'5 2) ;1818_(182'24) 010 090 7626  0.0000""

O: Observed genotype; E: Expected genotype; n: Sample count; df: Degree of freedom; x2: Chi - square value; ns: not significant (P
>0.05); ***: P <0.001.

Discussion and Conclusion 1997), 655 bp product in water buffaloes (Padma et al.,
2004), and 654 bp product in sheep (Kumar et al., 2006). The

The same primer sequences for the IGFBP-3 gene similarity of the IGFBP-3 gene between these three species
regions result in 651 bp PCR product in cattle (Maciulla et al., was reported as 88.54% - 95.06% (Saleh et al., 2019).
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Phylogenetic results conducted on four species (cattle,
buffalo, goat, and sheep) on the IGFBP gene family
summarily revealed a closer relationship between Bos taurus
and Bubalus bubalis for genes IGFBP-1 to IGFBP-6 but not for
IGFBP-7. Close relationship is also apparent between Capra
hircus and Ovis aries, except for IGFBP-2 and IGFBP-7 genes
(Rehman et al., 2022). Therefore, it is suggested that the
IGFBP-3 gene region can be used as a marker for specie
determination (Padma et al., 2004). Within the scope of the
present study, polymorphism in three regions of the IGFBP-
3 gene was investigated in Anatolian water buffaloes for the
first time.

Present results provided a single genotype (AA) from
Mspl digestion of the Exon-3 region in all samples; however,
Haelll digestion of the Exon-2 to Intron-3 regions revealed
two genotypes (one of them is for the first time in this study),
and Taql digestion of Intron-2 region revealed three
genotypes (two of them are for the first time in this study) in
this study (Figure 2; Table 3). Of the two polymorphic
regions, only the region digested with Taql was found to be
statistically significant. The same Exon-2 - Intron-3 region
digested with Haelll in cattle was provided with three
genotypes (AA, AB, BB) in two cattle breeds and a single
genotype (AA) in one cattle breed (Choudhary et al., 2007).
Gene region polymorphisms of the IGFBP-3 in water
buffaloes (Ramesha et al., 2015; Saleh et al., 2019), Egyptian
sheep (El-Hanafy and Salem, 2009; Saleh et al., 2019), and
Indian sheep (Kumar et al., 2006) provided monomorphic
results. A short segment of the IGFBP-3 investigated in
Egyptian goats provided monomorphic results (Saleh et al.,
2019), whereas Chinese goats provided polymorphic results
for the same segment (Lan et al., 2007; Lan et al., 2009).
Overall, the Haelll digestion region is considered
monomorphic for water buffaloes and sheep but is
polymorphic for cattle with three different genotypes
(Kumar et al., 2004; Saleh et al., 2019; Saleh et al., 2022). For
the first time in this study, both Haelll and Taql digestion
regions of the IGFBP-3 gene were found to be polymorphic
in Anatolian water buffaloes.

The Haelll digestion of the IGFBP-3 gene in the
Anatolian Black cattle breed, which is one of the native
Turkish cattle breeds, and in one culture cattle breed
(Holstein-Friesian) provided monomorphic results in
Anatolian Black samples, whereas Holstein-Friesian samples
provided polymorphic results (Fadhil et al., 2020). In the
present study, the same gene region digested with Haelll in
Anatolian water buffaloes, a native breed for Turkey,
provided polymorphic results in contrast to the Anatolian
Black cattle breed.

The same regions of the IGFBP-3 gene studied in the
present study were investigated previously and provided the
AA genotype as monomorphic (Padma et al., 2004). The
same regions of the IGFBP-3 gene were studied previously
using the same REs in Egyptian cattle (Othman et al., 2014)
and Egyptian water buffaloes (Othman et al., 2018), and a
single genotype was obtained from both cattle and water
buffaloes digested with Tagl and Mspl REs. In contrast, water
buffaloes were determined as monomorphic from Haelll
digestion. In the present study, more water buffalo samples

were studied compared to the previous studies conducted
on water buffalo breeds, and three novel genotypes, one
from the Haelll digestion region and two from the Taql
digestion region, were determined for the first time. These
novel genotypes were not obtained in prior studies on
different species in other countries (Ali et al., 2009; Fadhil et
al., 2020; Kumar et al., 2006; Lan et al., 2007; Ramesha et al.,
2015). Since there is no prior information about these novel
genotypes, naming these genotypes and alleles was done in
this study for the first time. Again, in contrast to previous
studies, the B allele obtained from Tagl digestion was found
to have a higher frequency. It is considered that this novel
allele and the genotypes might be inherent to the Anatolian
water buffalo breed.

In conclusion, the gene regions of IGFBP-3 were
reported typically as monomorphic in previous studies in
water buffaloes. However, in the present study, three novel
genotypes from Haelll and Taql digestion regions were
obtained and subsequently named for the first time.
Although the study population was limited only to Sivas
province and no phenotypic analysis was conducted for the
revealed polymorphisms, novel genotypes are noteworthy.
To precisely determine these genotypes and upload their
data to the GenBank, it is important to conduct sequence
analysis on these samples. Especially for Taql
polymorphisms, further and concise research is necessary to
reveal its phenotypic effects in Anatolian Water Buffalo
breed.
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Abstract: This study examined the addition of wafer waste as a readily
soluble carbohydrate source to alfalfa silage for its impact on silage quality,
fermentation characteristics, in vitro organic matter digestion, and in vitro
CH, values. Fresh alfalfa was ensiled with 0% wafer waste (Control), 1%
wafer waste, 2% wafer waste, 4% wafer waste, and 6% wafer waste for 60
days. The differences between the groups in dry matter (DM), crude protein
(CP), crude ash (CA), neutral detergent fiber (NDF), acid detergent fiber
(ADF), metabolizable energy (ME), in vitro organic matter digestion
(IVOMD), and in vitro CH,4 values of silages were found to be statistically
significant. In comparison to the control group, increases in IVOMD and ME
values were seen in all additive-containing groups. Depending on the
quantity of wafer waste, the pH, ammonia nitrogen (NH3-N/TN), and carbon
dioxide (CO;) values of the silages declined. In the study, the highest
amount of lactic acid occurred in the group with 6% wafer waste added.
Propionic acid (PA) was detected only in the control group. Butyric acid (BA)
values tended to decrease depending on the addition of wafer waste and
were not found in the groups to which 4% and 6% wafer waste addition.
Yeast and mold values of the silages decreased in parallel with the increase
in the wafer waste rate. As a result, it was determined that adding wafer
waste as an easily soluble carbohydrate source positively affected alfalfa
silage quality and fermentation characteristics.

Keywords: Alfalfa, Fermentation, Silage.

Yonca Silajinda Kolay Co6ziinebilen Karbonhidrat Kaynagi
Olarak Gofret Atiklarinin Kullaniminin Degerlendirilmesi

Ozet: Bu calismada, yonca silajina kolay ¢dziiniir bir karbonhidrat kaynagi
olarak gofret atiginin ilavesinin silaj kalitesi, fermantasyon o6zellikleri, in
vitro organik madde sindirimi ve in vitro CH4 degerleri Uzerindeki etkisi
incelenmistir. Taze yonca bitkisi %0 gofret atig (Kontrol), %1 gofret atigl,
%2 gofret atigl, %4 gofret atigi ve %6 gofret atigl ile 60 giin sireyle
silolanmustir. Silajlarin kuru madde (KM), ham kil (HK), ham protein (HP),
asit deterjan fiber (ADF), notral deterjan fiber (NDF), in vitro organik madde
sindirimi  (IVOMS), metabolize olabilir enerji (ME) ve in vitro CHg
degerlerinde gruplar arasinda farklliklar istatistiki olarak o6nemli
bulunmustur. Silajlarin IVOMS ve ME degerleri incelendiginde kontrol
grubuna kiyasla tim katkil gruplarda artislar gozlemlenmistir. Gofret
atiklarinin miktarina bagh olarak silajlarin pH, amonyak nitrojeni (NHs-
N/TN) ve karbondioksit (CO) degerlerinde duisus gozlenmistir. Calismada
en ylksek laktik asit miktari %6 gofret atigl eklenen grupta olusmustur.
Propiyonik asit (PA) sadece kontrol grubunda tespit edilmistir. Butirik asit
(BA) degerleri ise gofret atigi ilavesine bagl olarak azalma egilimi gostermis
ve %4 ve %6 gofret atigl ilave edilen gruplarda tespit edilememistir.
Silajlarin maya ve kiif degerleri gofret fire oranindaki artisa paralel olarak
azalmistir. Sonug olarak kolay eriyebilir karbonhidrat kaynagi olarak gofret
atigi ilavesinin yonca silaj kalitesi ve fermantasyon 6zellikleri Gzerine olumlu
etkisinin oldugu belirlenmistir.

Anahtar Kelimeler: Fermentasyon, Silaj, Yonca.
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Introduction

Alfalfa, the so-called "queen of forages", is one of the world's
most widely cultivated forage crops. Alfalfa is consumed by
variousanimals, including ruminants (cattle, sheep, and goats)
and non-ruminants (mainly horses). One of the essential
characteristics of alfalfa is its high nutritional quality as an
animal forage. It is used in animal forage as fresh green forage
or silage, pellets, or cubed products. The most crucial feature
of alfalfa is its high energy, protein content, and digestibility
(Karabulut and Filya, 2007). Preserving forage crops as silage
in humid regions can improve dry matter utilization and
forage quality by reducing space and storage losses compared
to dry grass. Successful ensiling of legume green forages
without additives is quite tricky (Kénig, 2020). It is reported
that this situation, which is especially valid for alfalfa, arises
mainly from 3 reasons (McDonalds et al., 1991). These are the
high buffer capacity of legumes, low water-soluble
carbohydrate content, and low dry matter content it has. In
recent years, studies have been carried out using various
silage additives that enable the production of high-quality
legume green grass silages by eliminating these negativities,
and high-quality alfalfa silage has been obtained. These
additives are especially inoculants to improve fermentation in
alfalfa silage (Kog et al.,, 2017), sugar-based fermentable
liquids (Denek et al., 2011), carbohydrate sources (Sakalar
and Kamalak, 2016) and fermentation-limiting organic acid
additives (Ke et al., 2017).

This study was conducted to determine the effects of
addingwafer waste, one of the food industry wastes causing
environmental pollution, to alfalfa silage as a readily soluble
carbohydrate source on silage quality, fermentation
characteristics, and in vitro organic matter digestion and in
vitro CHa values.

Material and Method

In this study, the alfalfa (Medicago sativa) plant was used
as silage raw material. The buffer capacity of fresh alfalfa used
in the study was determined according to the method
reported by Playne and McDonald (1966). In the study, while
additive-free alfalfa plants constituted the control group, the
groups with 1%, 2%, 4%, and 6% wafer waste additions
constituted the test groups. The control and each test group
were ensiled in 1.5-liter glass jars with four replicates. Before
the silages were opened, they were kept in the dark place for
60 days to complete the fermentation. After removing the top
3-5cm of the jars, 25 g of homogeneously sampled silage was
shredded in a blender for 2 minutes with 100 ml of pure
water. The pH of the resulting liquid was then promptly
measured with a pH meter and recorded. The silage liquid
from the blender was filtered, transferred to 10 ml tubes, and
treated with 0.1 ml of 1M HCl to evaluate ammonia nitrogen
and 0.25 ml of 25% metaphosphoric acid to analyze volatile
fatty acids and lactic acid before being placed in a deep
freezer (-20 °C) until analysis. NH3-N/TN analyses of silage
samples were carried out according to the method reported
by Broderick and Kang (1980). The method described by
Suzuki and Lund was used to assess the concentrations of

volatile fatty acids (butyric, acetic, and propionic acid) and
lactic acid. (1980). High-performance liquid chromatography
(HPLC) (Shimadzu L.C-20 AD HPLC pump, Shimadzu SPD M20A
Detector (DAD), Shimadzu SIL-20 ADHT Autosampler, Icsep
Coregel (87H3 colon), Shimadzu CTO-20AC Columun oven)
apparatus was employed for this. The silages obtained in the
study were subjected to an aerobic stability test
(determination of CO2 production values) for five days
(Ashbell et al., 1991).

The silages prepared for this investigation were
subjected to dry matter (DM), crude ash (C), and crude
protein (CP) analysis by AOAC guidelines (2005). As per Van
Soest et al. (1991), NDF and ADF analyses were carried out.
Fresh alfalfa and silage samples were dried in an oven at 65
°C for 48 hours, and then samples were ground through a 1
mm sieve with a laboratory mill for composition analysis. The
silages obtained in the study had their metabolizable energy
(ME), in vitro organic matter digestibility (IVOMD), and in vitro
methane (CHa) content assessed using the method described
by Menke and Steingass (1988). Yeast and mold analysis of
the silages were determined according to the method
reported by Filya et al. (2000).

All data of chemical composition and fermentation
parameters were analyzed by one-way analysis of variance
(ANOVA) using SPSS statistics (IBM, Armonk, NY, USA).
Duncan’s test was employed for multiple comparisons. p<
0.05 and p< 0.01 indicated significant and highly significant,
respectively.

This study is not subject to HADYEK permission by Article
8 (k) of the "Regulation on Working Procedures and Principles
of Animal Experiments Ethics Committees".

Results

The nutrient analysis results of the alfalfa plant used as
silage material and wafer waste used as an additive in the
study are presented in Table 1.

The nutrient contents, IVOMD, ME, and in vitro CHa
values of the silages prepared by adding different ratios (1%,
2%, 4%, and 6%) of wafer waste to alfalfa plants are given in
Table 2.

Within the scope of this study, the fermentation
characteristics of the silages prepared by adding different
ratios of wafer waste as an easily soluble carbohydrate source
to alfalfa plant and the correlation results of the performed
analyzes are given in Table 3 and Table 4.

Discussion and Conclusion

In the present study, when Table 2 was examined, the
differences between the groups in DM, CP, CA, NDF, ADF, ME,
IVOMD, and in vitro CHs values of the silages were found
statistically significant (P<0.05).

When the DM contents of the silages prepared by adding
different ratios of wafer waste to alfalfa plants were
examined, an increase was observed in DM levels in parallel
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with the increase in wafer waste addition compared to the decrease was observed when CA values were examined due
control group. It was concluded that this increase in DM level to adding wafer waste. The low CA level (0.85%) of wafer
was due to the high DM level (98.75%) of wafer waste. A waste caused this decrease.

Table 1. Crude nutrient analysis results of alfalfa plant used as silage material and wafer waste used as additive

in the study.
BC DM CA CcpP ADF NDF IVOMD ME CH4
Alfalfa 452 23.55 10.90 16.68 32.99 58.34 52.75 7.52 7.85
Wafer Waste - 98.75 0.85 6.2 - - 76.89 11.65 10.25

BC: Buffering capacity meq/kg DM, DM: Dry matter, %; CA: Crude ash DM%; CP: Crude protein, DM%; ADF: Acid detergent
insoluble fiber, %DM; NDF: Neutral detergent insoluble fiber, %DM; IVOMD: In Vitro organic matter digestion %, ME:
Metabolizable energy, CHa: In Vitro methane gas (%).

Table 2. The nutrient contents and IVOMD, ME and in vitro CHs values of alfalfa silages prepared by adding
different ratios of wafer waste.

Groups DM CA cP ADF NDF IVOMD ME CHa
Control 20,71¢  13,14° 17,68 36,21° 48,67° 4591°¢  6,70° 6,68°
1%wafer waste 22,024 11,20°  17,21® 35,08 4563  49,77° 7,31 7,53
2% wafer waste 22,77° 10,35°  17,19® 32,90° 44,78 56,24°  8,31® 9,87°
4% wafer waste 24,71° 9,53¢ 16,98° 32,58°  44,01° 63,24°  9,41° 10,232
6% wafer waste 26,79  9,28¢ 15,94° 32,55 41,104  64,30° 9,56  10,71°
SEM 0,528 0,335 0,138 0,407 0,593 1,806 0,280 0,431
P 0.000  0.000 0.000 0.000 0.000 0.000 0.000 0.000

ac Values with different letters in the same column were found to be different (P<0.05), DM: Dry matter, %; CA: Crude
ash DM%, CP: Crude protein, DM%, ADF: Acid detergent insoluble fiber, %DM, NDF: Neutral detergent insoluble fiber,
%DM, IVOMD: In Vitro organic matter digestion %, ME: Metabolizable energy, CHa: In Vitro methane gas (%).

Table 3. Fermentation characteristics of alfalfa silages prepared by adding different ratios of wafer waste.

Groups pH NH:-N/TN LA AA PA BA Yeast Mold CO:
Control 5,46 28,33° 3,33°  8,46° 0,72° 6,46° 3,15° 5,70° 2,512
1%wafer waste 525 16,83  4,59¢ 5,75  0,00° 3,95 1,90° 1,48 2,41°
2% wafer waste 4,43°> 12,68° 8,67° 4,89° 0,00° 1,42¢ 1,70° 1,48 2,05°
4% wafer waste 4,16 11,38  13,20° 4,15 0,00° 0,00 1,01¢ 1,01 1,66°
6% wafer waste 3,95¢ 9,144 13,59° 4,04¢ 0,006 0,004 1,01¢ 0,004 1,45¢
SEM ,147 1,593 973  ,372  ,066 ,575  ,180 ,450 ,094
P 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

abcde : Values with different letters in the same column were found to be different (P<0.05), NH3-N/TN: Ammonia
nitrogen, CO,: Carbon dioxide g/kg DM, LA: Lactic acid g/kg DM, AA: Acetic acid g/kg DM, PA: Probiotic acid g/kg DM,
BA: Butyric acid g/kg DM, Yeast:log10/cfu/gr, Mold:log10/cfu/gr.
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Table 4. Correlation between yeast and mold values and fermentation characteristics of alfalfa silages prepared by

adding different ratios of wafer waste.

NH3:-N pH LA AA PA BA Yeast Mold CO: IVOMD ME CHs4
NHs:-N pc 1 ,855™" -,844™ 976 910 ,944™ 957" ,957 ,823" -798" -801" -779"
P ,000 ,000 ,000 ,000 ,000 ,000 ,000 ,000 ,000 ,000 ,000
pH PC 1 -917" ,843™ 633" ,910"™ ,845™ ,750"" ,909 -865"" -,868"" -857"
P ,000 ,000 ,003 ,000 ,000 ,000 ,000 ,000 ,000 ,000
LA PC 1 .875" 629" -954" -906™ -,769"" -988" ,916™ ,919™ ,821"
P ,000 ,003 ,000 ,000 ,000 ,000 ,000 ,000 ,000
AA PC 1 ,926"" 972" 989" 969" ,849" -835™" 838" -783"
P ,000 ,000 ,000 ,000 ,000 ,000 ,000 ,000
PA PC 1 ,817°° ,889"™ 961 596 -631"" -634" -613"
P ,000 ,000 ,000 ,006 ,003 ,003  ,004
BA PC 1 ,969"" ,893"" 928" - 895" -898" -836"
P ,000 ,000 ,000 ,000 ,000 ,000
Yeast PC 1 ,955" ,883" -862" -866" -773"
P ,000 ,000 ,000 ,000 ,000
Mold PC 1 , 763" -740" -,743" -703"
P ,000 ,000 ,000 ,001
CO; PC 1 -,892"" -,895™ -803"
P ,000 ,000 ,000
IVOMD PC 1 1,000 ,914™"
P ,000  ,000
ME PC 1 ,913™
P ,000
CHa PC 1

PC: Pearson correlation, *: Correlation is significant at 0.05 level, **: Correlation is significant at 0.01 level, NH3-N/TN: Ammonia
nitrogen, CO,: Carbon dioxide g/kg DM, LA: Lactic acid g/kg DM, AA: Acetic acid g/kg DM, PA: Probiotic acid g/kg DM, BA: Butyric
acid g/kg DM, IVOMD: In vitro organic matter digestion %, ME: Metabolizable energy, CHa: In vitro methane gas (%).

Compared to the control group, a decline in the CP
values of the silages was seen when the wafer waste was
added. This decrease was due to the low CP content of wafer
waste. When the silages' NDF and ADF values were
investigated, a decline in ADF and NDF values was seen that
correlated with wafer waste's addition. In this study, the
difference in ADF and NDF values between the control and
test groups is thought to be due to wafer waste’s low ADF
and NDF content. ADF content is an important criterion that
gives information about the degree of digestion of rough
forages. In the present study, it was determined that the
addition of wafer waste significantly decreased the ADF
content of alfalfa silage. The digestibility of forages with low
ADF content is also high. Increases were seen in all test
groups as opposed to the control group when the silages'
IVOMD and ME values were investigated, and the addition of
6% wafer waste resulted in the silages' highest IVOMD value
(64.30) and ME value (9.56). It is thought that LA is the main
fermentation product in silages, and LA is fermented in the
rumen and utilized by ruminants and accordingly increases
IVOMD and ME values (Okuyucu et al., 2018). When Table 4
is examined, it is seen that there is a positive correlation
between LA and IVOMD (R: 0.916) and LA and ME (R: 0.919).

A rise was seen in all trial groups compared to the control
group when the silages' in vitro CHa values were tested, with
the addition of a 6% wafer producing the highest result. With
the addition of 6% wafer waste, an increase in in vitro CHa
values was observed in parallel with the increase in IVOMD
degree. When Table 4 is examined, the observation of
(R:0,914) between IVOMD and in vitro CHs supports this
statement. In the research by Acar and Bostan (2016) in
which sugar beet molasses, barley paste, and whey powder
(0, 50mg/kg, and 100mg/kg DM) were used as alfalfa silage
additives, it was found that while the additives generally
decreased the CP, NDF, ADF content of silage, they increased
the digestible dry matter and dry matter consumption. It was
found that while the amounts of acetic acid and butyric acid
decreased in silages, the amount of lactic acid increased.
Similarly, Sakalar and Kamalak (2016) reported that while
molassed dry sugar beet pulp increased the IVOMD and ME
value of alfalfa silage, it decreased the CA, CP, ADF, ammonia
amount and pH of alfalfa silage in a study in which they
added molassed dry sugar beet pulp at the ratios of 0%, 1.5,
3.0, 4.5 and 6.0% to alfalfa harvested during the flowering
period.
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In this study, when the fermentation characteristics
(pH, NH3-N, LA, AA, PA, BA, yeast, mold, CO.) of alfalfa silages
prepared by adding wafer waste at different ratios were
examined, the differences between the groups were found
to be significant (P<0.05). When the pH levels of the silages
were measured, the control group had the highest pH value
(5.46), while the group that had added 6% wafer waste had
the lowest pH value (3.95) (P<0.05). As the water-soluble
carbohydrate content of the silage material increases, the
ideal acidic environment required for obtaining quality silage
is formed. Therefore, the silage pH is expected to decrease
with the addition of wafer waste to alfalfa silage. The lower
pH values in the groups to which wafer waste was added
compared to the control group were attributed to the
tolerance of the low water-soluble carbohydrate content of
alfalfa plant with wafer waste and the increase in lactic acid
values due to the addition of wafer waste. When the
correlation table (table 4) of the silages obtained in this study
was examined, it was observed that there was a negative
correlation (R: -,917) between pH and LA. Silage pH indicates
silage acidity and, therefore, the degree of fermentation.
Lower pH is preferred for quality silage. Yakisir (2018)
reported that adding different levels of molasses dry sugar
beet pulp to alfalfa silage decreased the pH value of alfalfa
and increased the lactic acid value. This statement conforms
with the present study.

When the NHs-N/TN values of the silages made in this
study were compared, the control group had the greatest
NH3-N/TN value (28.33%) and the group with 6% wafer
waste addition had the lowest NH3-N/TN value (9.14%), with
a decrease being shown because of the addition of wafer
waste (P<0.05). In poorly preserved silages, the protein
fraction is largely degraded; therefore, high ammonia-N (%
of total nitrogen) indicates poor fermentation. Levels <10%
of total nitrogen indicate good fermentation (Yakisir, 2018).
This decrease in silage NHs3-N/TN values is thought to be
because easily soluble carbohydrate sources have a good
impact on silage fermentation and reduce proteolysis (Bingol
et al., 2009; de Oliveira et al., 2021). Chen et al. (2020) and
Yakisir and Aksu (2019) reported that the usage of additives
with easily soluble carbohydrate content as additives in
making silage from alfalfa plant creates a good fermentation
environment for lactic acid bacteria and that microorganisms
can multiply rapidly and minimize protein degradation by
lowering the pH of the environment. When the correlation
table was examined, the negative correlation between LA
and NH3-N/TN (R: - 0,844) and the positive correlation
between pH and NH3-N/TN (R: 0,855) supported this
statement.

When the LA values of the silages obtained from this
study were examined, an increase was observed in all test
groups in comparison to the control group, and the highest
LA value (13.59 g/kg DM) was determined in the group with
6% wafer waste addition (P<0.05). Gao et al. (2021) reported
an increase in LA values due to the addition of molasses and
fructose to alfalfa silage, and this statement is in conformity
with the present study. In a study (Canbolat et al., 2013), in
which Galician fruit rich in tannin and carbohydrate content
was used as a silage additive, it was reported that the LA

amount of alfalfa silage increased. When the silages' AA
values were tested, all trial groups showed a decline
compared to the control group, and the lowest AA value
(4.04 g/kg DM) occurred due to the addition of 6% wafer
waste. The decrease in acetic acid in silages can be
considered an advantage in increasing silage consumption in
ruminants fed mainly on silage (Kamalak et al., 2012). While
PA in silages was detected in the control group, it was not
found due to the addition of wafer waste (P<0.05). BA values
showed a decreasing trend depending on the addition of
wafer waste, but it was not detected in the groups to which
4% and 6% wafer waste was added (P<0.05). Acetic acid and
butyric acid are undesirable because they deteriorate the
quality of silage (Cheng et al., 2022; Wang et al., 2021). Acar
and Bostan (2016) reported that the usage of sugar beet
molasses, barley paste, and whey powder as alfalfa silage
additives decreased the amount of acetic acid as well as
butyric acid and increased the amount of lactic acid in
silages, and this statement is in conformity with the present
study. In this study, when the yeast and mold values (Table
3) of the silages prepared with the addition of wafer waste
at different ratios to alfalfa plants were examined, a
decrease was observed because of the rise in wafer waste in
comparison to the control group. It was reported that silage
pH values decreased due to LA conversion of easily soluble
carbohydrate sources and prevented yeast and mold growth
in silage. In the study, on the 5th day of aerobic stability, the
CO:z production amounts of the silage groups varied between
(1.45-2.52 g/kg DM), and a decrease was observed in all test
groups due to the increase in wafer waste compared to the
control group (P<0.05). It was determined that the lowest
yeast mold amount and COz: ratio level and the highest LA
value in the groups with 6% wafer waste addition decreased
the pH value in the silages in the groups with additive and
accordingly prevented the growth and activity of yeast and
molds and had an improving effect on aerobic stability
values. When the correlation table was examined, the
negative correlation between LA and CO: (R: -,988), negative
correlation between LA and yeast (R: -,906), and negative
correlation between LA and mold (R: -,769) support this
statement.

When the results obtained in this study were evaluated,
it was concluded that alfalfa silages prepared with the
addition of wafer waste had improved the quality of the
silage, fermentation properties, and in vitro organic matter
digestion, could be used as silage additives and the best
results were obtained with the addition of wafer waste at 6%
level.
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Ozet: Calgary-Cambridge Kilavuzlari, saglk bilimleri alaninda cesitli
disiplinlerde hekim-hasta iletisimini gelistirmek tzere kurgulanmistir. Bu
kilavuzlar, veteriner hekimlige 2000 yilinda uyarlanmis, bircok degisikligin
ardindan glincel halini 2017 yihinda almistir. Calismada, Tirkgeye
adaptasyonu yapilan kilavuzlardaki 73 maddenin, saglik alanindaki temel
etik ilkelerden o6zerklige saygi ilkesi ile uyumunun degerlendirilmesi
amaglanmistir. Nitel arastirma olarak tasarlanan bu c¢alismada, 73
beceriden 47’sinin 6zerklik ilkesiyle dogrudan iliskilendirilebilecegi tespit
edilmistir. inceleme sonucunda, hasta sahibine saygi duyma (n=15), hasta
hakkinda bilgi verme (n=13), hasta sahibinin verilen bilgiyi anladigini kontrol
etme (n=6), hasta sahibiyle birlikte ortak karar verme (n=12) ve hasta
sahibinin onamini alma (n=1) temalarinda siniflandirilabilecek becerilerin,
ozerklige saygi ilkesi agisindan veteriner faklltesi 6grencilerinde ve
veteriner hekimlerde farkindalik yaratabilecegi dislinilmektedir. Sonug
olarak, iletisim becerilerini gelistirmek tizere kurgulanan Calgary-Cambridge
Kilavuzlarinin saglik bilimlerinde temel etik ilkelerden biri olan 6zerklige
saygl ilkesiyle uyumlu oldugu soylenebilir. Bu nedenle bahsi gegen
kilavuzlarin veteriner hekimligi lisans mifredatina dahil edilmesiyle
ogrencilerin iletisim becerilerinin yani sira, etik karar verme becerilerinin de
gelistirebilecegi diistiiniilmektedir.

Anahtar Kelimeler: Aydinlatiimis onam, Calgary-Cambridge Kilavuzlari,
Uygulamal etik, Ozerklik, Veteriner hekimligi.

Evaluation of the skills in the Calgary-Cambridge Guides
within the scope of autonomy

Abstract: The Calgary-Cambridge Guidelines have been designed to
improve physician-patient communication in various disciplines in the field
of health sciences. These guidelines were adapted to veterinary medicine
in 2000 and were updated in 2017 after many changes. The study aimed to
evaluate the compatibility of 73 items in the guidelines adapted into Turkish
with the principle of respect for autonomy, one of the fundemental ethical
principles in the field of health sciences. This study, designed as qualitative
research, determined that 47 out of 73 skills could be directly associated
with the principle of autonomy. As a result, it is thought that the skills that
can be classified in the themes of demonstrating respect to the client
(n=15), providing information about the patient (n=13), checking the
client’s understanding of the information given (n=6), shared decision
making with clients (n=12), and obtaining consent (n=1) can create
awareness in students and vets in terms of autonomy. Consequently, it can
be said that the Calgary-Cambridge Guidelines, designed to develop
communication skills, are compatible with respect for autonomy, which is
one of the basic ethical principles in health sciences. In this way, it is
thought that by including the guides mentioned above in the veterinary
undergraduate curriculum, students’ ethical decision-making skills can be
improved, as well as their communication skills.

Keywords: Autonomy, Calgary-Cambridge Guides, Applied ethics, Informed
consent, Veterinary medicine.
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Literatiirde ilk kez 1996 yilinda yer alan Calgary-Cambridge
Kilavuzlari (CCK) (Kurtz ve Silverman, 1996), saglik
bilimlerindeki cesitli alanlarda iletisim ve konsiiltasyon
becerilerinin gelistiriimesine katki sunmaktadir (Baniaghil ve
ark., 2022; Englar ve ark., 2016; Eskandari ve ark., 2021;
Greenhill ve ark., 2011; Sommer ve ark. 2016). Veteriner
hekimligi alanina 2000 yilinda uyarlanan bu kilavuzlar
gunumuze kadar birgcok kez yeniden yapilandirilmistir (Adams
ve Kurtz, 2017). Bahsi gegen kilavuzlarin, 2017’de yayimlanan
versiyonu (Adams ve Kurtz, 2017) temel alinarak Tirkceye
uyarlanan CCK’de, -ingilizce orijinaline uygun olarak-
Oturumu Baslatma, Bilgi  Toplama, Goriismenin
Yapilandiriimasi, iliski Kurma, Oturumu Sonlandirma,
Aciklama ve Planlama Segenekleri olmak tizere yedi ana baslik
ve bu baslklar icerisinde toplam 73 beceri maddesi yer
almaktadir. Bu becerilerin bazilari iletisim becerilerine, bir
kismi da klinik karar verme ve etik karar verme becerilerine
yonelik olarak tasarlanmistir (Unsal Adaca, 2023).

ilk kez Beauchamp ve Childress tarafindan ortaya atilan
ve saglik alaninda temel etik ilkeler olarak kabul géren doért
temel etik ilke (yararhlk, zararsizlik, 6zerklige saygi ve adalet)
veteriner hekimligi etiginin de temel konulari arasinda yer
almaktadir. Beauchaump ve Childress, 6zerklige saygi ilkesini
Ozerk segimler yapabilme yetisi, aydinlatiimis onam, bilgilerin
paylasimi, anlama ve  o6zglr irade  bagliklarinda
detaylandirmistir (Temel, 2017).

Saglk bilimlerinin diger branslarinda oldugu gibi
veteriner hekimliginde de aydinlatiimis onam (bilgilendirilmis
onam) konusu 6nemli bir yere sahiptir (Ashall ve ark., 2018);
ancak tip hekimliginden farkli olarak, veteriner hekimligi
mesleginde, hastanin 06zerkli§i yerine hasta sahibinin
ozerkliginden bahsedilmektedir. Bu baglamda hasta yerine
hasta sahibinin (hayvan sahibi) bilgilendirilmesi ve hastasi ile
ilgili kararlarda kisinin rizasinin alinmasi séz konusu
olmaktadir (Ozen, 2005).

Calgary Cambridge Kilavuzlarinin ana fikirlerinden biri,
hasta sahibinin duygu ve disiincelerine 6nem verilmesi, hasta
sahibinin hastalik hakkinda ayrintili bilgi sahibi olmasi,
veteriner hekimin tim tedavi segeneklerini hasta sahibine
sunmasi ve hasta sahibinin kararina saygi duymasi
gerektigidir. Hasta sahibinin bilgilendirilmesi ve hayvani
hakkinda 6zglir karar verebilmesi ise saglik bilimlerinde temel
etik ilkelerden biri olan ozerklik ilkesiyle birebir
ortlismektedir. Bu nedenle yapilan bu arastirmada, veteriner
hekimligi faaliyetleri sirasinda veteriner hekimlerin hasta
sahipleriyle iliskilerinde dogru ve etkili iletisim kurabilmeleri
icin yol gosterici olarak hazirlanan Calgary-Cambridge
Kilavuzlarinin, veteriner hekimligi etiginin Ozerklige saygi
ilkesi cercevesinde incelenmesi ve CCK ile bahsi gecen ilkenin
uyumunun degerlendirilmesi amaglanmistir.

Materyal ve Metot

Arastirmaya baslamadan 6nce ADDIE modeline gore
egitim ihtiyaclarinin analizi (McGriff, 2000) yapilmis, veteriner

hekimligi etigi egitiminde kullanilmak Uzere 6zerklige saygi
ilkesi ile ilgili temel kod, kilavuz veya ilkeler taranmistir.
Yerlikaya ve Ozen’in (2001) veteriner hekimligi egitiminde
Turkcelesme 6zelinde yaptiklari bir calismadan yola ¢ikilarak,
bu ¢alismanin ana materyalinin CCK’nin orijinali yerine Tlirkce
uyarlamasi (Unsal Adaca, 2023) olmasi tercih edilmistir.

Kilavuzlardaki her bir beceri maddesi, saglik alaninda
temel etik ilkeler arasinda yer alan oOzerklige saygi ilkesi
cercevesinde incelenmistir. Yapilan nitel icerik
degerlendirmesi sonucunda, her bir beceri 6zerklige saygi
ilkesi cercevesinde belirlenen temalar ile iliskilendirilmistir.
Bu kapsamda, oOzerklige saygi ilkesinin basamaklari olarak
degerlendirilebilecek i. hasta sahibine saygi duyma, ii. hasta
sahibini bilgilendirme, iii. verilen bilginin anlasildiginin
kontroll ve iv. ortak karar verme ve riza gosterme olmak
Gzere dort tema olusturulmustur. Bazi becerilerin birden fazla
temay! temsil etmesi durumunda, o becerinin agirlikli olarak
daha yatkin oldugu temada gosterilmesi tercih edilmistir.
Secilen bu temalara uygun olan CCK maddeleri, orijinaline
sadik kalinarak tablolar halinde verilmistir. Tablolarda verilen
“Madde” ve “Beceri tanimi” sltunlari, CCK'nin Tirkgeye
uyarlamasi yapilan ¢alismadaki beceri siralari ve tanimlarina
uygun olarak alintilanmistir.

Calismada  herhangi  bir  insan/hayvan  denek
kullanilmadigindan ve/veya retrospektif yontem ile veri
analizi yapilmadigindan Etik Kurula basvurulma ihtiyac
bulunmamaktadir. Calismanin tasarlanmasindan
raporlanmasl asamasina kadar arastirma ve yayin etigi
ilkelerine uyulmustur.

Bulgular

Arastirma kapsaminda CCK’'de yer alan 73 maddelik
beceri listesinin 47’sinin veteriner hekimligi alaninda temel
etik ilkeler arasinda kabul edilen 6zerklige saygi ilkesiyle
dogrudan baglantili oldugu kanaatine varilmistir. Geriye kalan
maddelerin ¢ogunun da yine dolayl olarak etik ilkelerle
Ozdeslestirilebilecegi  gorUlmustir. Dogrudan baglantil
oldugu distinilen maddeler incelenmis ve dort ayri tabloda
verilmistir.

Tablo 1'de ozerklige saygi ilkesi cercevesinde; bir
veteriner hekimin hasta sahibinin kisiligi, duygulari ve
disincelerine saygi duymasi ile ilgili maddeler verilmistir.
Tablo 2’de, bir veteriner hekimin, hayvan ile ilgili kararlar
O0zglr iradesiyle verebilmesi igin hasta sahibini
bilgilendirilmesi ile ilgili maddeler gosterilmistir. Tablo 3’te
veteriner hekimin vermis oldugu bilginin hasta sahibi
tarafindan anlasildiginin kontroliine iliskin beceri maddeleri
yer almigtir.

Son tabloyu (Tablo 4) ise veteriner hekim ile hasta
sahibinin hayvan ile ilgili herhangi bir karara ortak katilimi ve
yapilacak teshis, tedavi ve diger uygulamalar igin hasta
sahibinin bilgilendirildikten sonra 6zglr iradesi ile riza
gostermesi ile ilgili maddeler olusturmustur.
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Tartisma ve Sonug

Veteriner hekimligi meslegi, o6zerkligin kime verildigi
konusunda beseri hekimlikten kesin ¢izgilerle ayrilmaktadir
(Hiestand, 2022). Buna ragmen literatiirde, 6zerklik ve onam
verme konusunda veteriner hekimligin, beseri hekimligin bir

bransi olan pediatri ile benzerligi de vurgulanmistir (Gray,
2020). Genel anlamda veteriner hekimliginde, beseri
hekimlikten farkli olarak, hasta ve hekim ikilisine “hasta
sahibi” sifatiyla farkli bir Gglinct bilesen dahil olmakta ve
ozerklik konusu hasta sahibi (lglnct kisi) 0zelinde
islenmektedir (Hiestand, 2022).

Tablo 1. Hasta sahibine saygi duyma ile ilgili beceriler.

Madde Beceri tanimi

5 Hasta sahibine ilgi ve saygi gosterir; hastanin ve hasta sahibinin fiziksel olarak rahat oldugundan emin olur.

9 Hem hasta sahibinin hem de kendisinin gorislerini dikkate alarak daha 6nceden belirlenen giindemi tartisir.

19 Asagidaki maddeleri belirler ve uygun sekilde arastirir:
¢ Hasta sahibinin gorusleri (nedene iliskin inanglari)
¢ Hasta sahibinin her bir probleme iliskin endiseleri (kaygilari)
¢ Hasta sahibinin beklentileri (hedefler, hasta sahibinin bekledigi yardim, maliyetle ilgili konular, aciliyet)
® Mevcut durumun hasta sahibi ve hayvanin hayati Gzerindeki etkileri
¢ Hasta sahibi, hayvan ve diger kisiler arasindaki iliski

20 Hasta sahibini duygularini ifade etmeye tesvik eder.

28 Hasta sahibinin dislince ve duygularina deger verir; yargilayici degildir.

29 Hasta sahibinin durumunu veya duygularini anladigini ve géz oniinde tuttugunu dile getirirken empati kurar; hasta
sahibinin goruslerini ve duygularini agikga kabul eder.

45 Aciklamalari hasta sahibinin bakis agisiyla (daha 6nce ortaya gikan inanislar, endiseler ve beklentiler ile) iligkilendirir

46 Hasta sahibini sorular sormasi, agiklama talebinde bulunmasi veya kaygilarini ifade etmesi, uygun sekilde karsiliklar
vermesi igin cesaretlendirir.

48 Verilen bilgiler, kararlar ve kullanilan terimler dogrultusunda hasta sahibinin duygularini, tepkilerini ve kanaatlerini
Ogrenir; kabul eder ve gerektiginde bunlara deginir.

62 Hasta sahibinin kanaatlerini, tepkilerini ve kaygilarini 6grenir (Ornegin; eger géris; duygularla, kabul edilebilirlikle ve hasta
sahibinin dusiinceleri ile eslesiyorsa).

65 Hasta sahibinin motivasyon, yararlar, engeller, harekete gegme zorunlulugu konularindaki gorislerini alir; gerektiginde
alternatif bakis agisini kabul eder ve savunur.

66 Hasta sahibinin goruslerini kabul eder; gerektiginde alternatif bakis agisini savunur.

67 Hasta sahibinin kabul edilebilirligi de dahil olmak (izere, planlar ve tedaviler konusundaki kavrayisini, kaygilarini ve
tepkilerini ortaya gikarir.

68 Hasta sahibinin yasam tarzini, inanglarini, kiltirel gegmisini ve neyi yapip neyi yapamayacagini dikkate alir.

73 Hasta sahibinin muhtemel endiseleri veya olumsuz bir sonugla ilgili sorularini ve diistincelerini ifade etmesini tesvik eder.

Tablo 2. Hasta sahibini bilgilendirme becerileri.

Madde Beceri tanimi

33 Fiziksel muayenenin birbiri ile baglantisiz gibi goériinen asamalarinin veya hasta sahibine ilgisiz gibi gorlinebilecek
sorularinin gerekgelerini agiklar.

34 Fiziksel muayene yaparken slreci ve bulgulari agiklar.

36 Hasta sahibinin baslangi¢c noktasini degerlendirir: bilgi vermeden énce hasta sahibinin 6nceki bilgisini sorgular; hasta
sahibinin ne kadar bilgi almak istedigini 6grenir.

37 Baska hangi bilgilerin hasta sahibine yardimci olabilecegini sorar (Ornegin; etiyoloji, prognoz).

38 Aciklamalarini uygun zamanlarda yapar. Vaktinden 6nce herhangi bir tavsiye, bilgi veya glivence vermekten kaginir

41 Bilgiyi pekistirmek icin tekrar eder ve Gzetler.

42 Kisa, kolay anlasilir bir dil kullanir, teknik terimlerden kaginir veya kullandigi terimi agiklar

43 Bilgiyi aktarmak igin gorsel yontemler kullanir: diyagramlar, modeller, yazil bilgiler ve talimatlar vb.

61 Problemin nedenlerini, durumun ciddiyetini, beklenen sonuglari, kisa ve uzun vadeli sonuglari agiklar.

63 Secenekleri tartisir (Ornegin; herhangi bir sey yapilmamasi, arastirma, ilag tedavisi, ilag disi tedaviler, sivi takviyeleri,
ameliyat, davranis muayenesi, 6nleyici tedbirler, 6tanazi).

64 Sunulan plan veya tedavi hakkinda bilgi verir:
e Adi
* Basamaklari ve nasil etki ettigi
¢ Faydalar ve avantajlar
e Olasi yan etkiler ve riskler

71 Hasta sahibinin neler yasayabilecegi ve sonuglar hakkinda nasil bilgilendirilecegi dahil olmak Gzere islemler hakkinda agik
bilgi saglar.

72 islemi tedavi planiyla iliskilendirir, degerini ve amacini ortaya koyar.
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Tablo 3. Verilen bilginin anlasilabilirligi.

Madde

Beceri tanimi

8

16

17

21

35

44

Hasta tarafindan anlatilan problemleri eksiksiz bir sekilde anladigindan emin olur. Hastanin baska sorunlarinin
olup olmadigini sorgular (Ornegin, “Buraya agsi tekrari igin geldiniz ancak Max normalden daha yorgun
goruniyor; gorismek istediginiz baska herhangi bir konu var mi? veya “Bugilin benimle paylagsmak istediginiz
baska endiseleriniz var mi?”).

Hasta sahibini dogru anladigini teyit etmek igin verdigi bilgileri dizenli araliklarla 6zetler, gerektiginde hasta
sahibini bilgiyi diizeltmeye veya daha fazla bilgi vermeye davet eder.

Kisa, kolay anlasilir sorular sorar ve agiklamalar yapar; mesleki terimlerden kaginir, gerekli durumlarda bu
terimleri yeterince agiklar.

Belirli bir konuya (6rnegin hastanin dykustine) iliskin olarak yaptigi sorgulamanin sonunda, dogru anladigina ve
higbir 6nemli veriyi kagirmadigina emin olmak igin, anladiklarini hasta sahibine 6zetler ve hasta sahibini bu
bilgileri dogrulamaya davet eder.

Bilgi kiimeleme ve anlasilirlik kontrolii: Anlasilabilir, kavranabilir kiimeler halinde bilgiler verir. Bu bilgi
kiimelerinin anlasihp anlagiimadigini kontrol eder. Hasta sahibinin yanitini, gérismeye nasil devam etmesi
gerektigi konusunda bir kilavuz olarak kullanir.

Hasta sahibinin verilen bilgiyi veya yapilan planlari anlayip anlamadigini kontrol eder (Ornegin, hasta
sahibinden anlattiklarini kendi sézciikleriyle tekrar etmesini ister; gerektiginde yeniden agiklar).

Tablo 4. Ortak karar verme ve onam alma.

Madde

Beceri tanimi

Ortak karar verme

30 Hasta sahibine yardim etme istegini, anlayisini, ilgisini ifade eder. Hasta sahibinin ¢abalarini ve uygun bakimi
takdir ettigini belirtir. Hasta sahibine is birligi 6nerir.

32 Hasta sahibinin siirece katilimini tesvik etmek icin diisiincesini hasta sahibiyle paylasir (Ornegin, “Su anda
distndigum sey...”).

49 Fikirler, diistince slregleri ve ikilemler konusunda kendi diisiincelerini paylasir.

50 Hasta sahibini strece dahil eder:
e Talimatlar vermek yerine dneriler ve segenekler sunar.
e Hasta sahibini, kendi gorus ve dnerileriyle katkida bulunmaya tesvik eder.

52 Hasta sahibinin karar verme siirecine hangi diizeyde katilmak istedigini tespit eder.

53 Karsilikli olarak kabul edilebilir bir plan olusturur:
¢ Mevcut segeneklerle ilgili olarak kendi bakis agisini veya tercihini belli eder.
e Hasta sahibinin tercihlerini saptar.

54 Hasta sahibiyle birlikte,
e Planlarin kabul edilip edilmedigini
e Kaygilarin ele alinip alinmadigini kontrol eder.

55 Hasta sahibi ve veteriner hekim agisindan izlenecek adimlara iliskin olarak hasta sahibi ile anlagsmaya varir.

56 Olasi beklenmeyen sonuglari, plan ise yaramazsa ne yapilacagini ne zaman ve nasil yardim istenecegini
aciklayarak bir giivenlik agi olusturur.

58 Hasta sahibinin plani kabul edip etmedigine ve plandan memnun olup olmadigina dair son kontrolleri yapar ve
herhangi bir diizeltme, soru veya gorustlecek baska konularin olup olmadigini sorar.

69 Hasta sahibini planlarin uygulanmasina dahil olmaya ve plani takip etmeye tesvik eder.

70 Hasta sahibinin gevresinden alabilecegi destegi sorgular, diger segenekleri gorisir.

Onam alma

4 Kendini tanitir, ziyaretin igerigini aciklar ve roliini belirtir; gerekirse hasta sahibinin onamini alr.

Veteriner hekimliginde hasta sahibinin zihinsel olarak yeterli
oldugu kabul edildigi takdirde; hayvanin genel saglk durumu,
teshis ve tedavi secenekleri ile ilgili bilgilerin hasta sahibine
verilmesi gerektigi Tirk veteriner hekimligi meslek etigi
kodlarinda da acik¢a bildirilmistir  (Anonim, 2000).
Bilgilendirilmis onam alabilmek igin kisinin zihinsel yeterlikte,
kasitl eylem yapabilme kapasitesinde olmasi ve 6zglir olmasi
gerekmektedir (Hiestand, 2022). Ancak, bu bildirimin nasil
vapilmasi gerektigi, hasta sahibinin anlayip anlamadiginin
degerlendirilmesinin (hasta sahibini aydinlatma-
bilgilendirme) ve ardindan hasta sahibinin verdigi karar
Ozgilir iradesiyle verip vermediginin kontrolinin (hasta

sahibinin onamini alma) nasil yapilacagl konusunda hentz
mdistakil hazirlanmig ulusal diizeyde herhangi bir bilimsel
caisma, mevzuat dizenlemesi veya etik koda
rastlanmamistir. Bahsi gecen bilgilendirme ve onam alma
konusunda tespit edilen olumsuz tutumlarin birgogunun,
iletisimde ve slrecin yonetiminde karsilasilan birtakim
hatalardan kaynaklanabilecegi duslinilmektedir (Meisel ve
Kuczewski, 1996). Hatta, hasta sahibi onay verse bile tam
anlatilmayan veya anlasiimayan bilgilerden dolayr onamin
gecersiz olabilecegi literatiirde bildirilmistir (Ashall ve ark.,
2017). Hasta sahibinin imzasi bulunan bir onam formu, bir
veteriner hekimin vyasal olarak kendini korumasini

1
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saglamayabilir (Flemming ve Scott, 2004). Ote yandan,
gerektigi gibi alinan bir onam, yalnizca hasta sahibini degil,
ayni zamanda veteriner hekimleri de vyasal acidan
koruyabilmektedir (Alat Er ve Ashm, 2021; Ashall ve ark.,
2017; Flemming ve Scott, 2004). Dolayisiyla hem hasta
sahibinin haklarini hem de veteriner hekimleri korumak
adina dogru ve gecerli bir onam alma siireci icin standart bir
prosedire ihtiya¢c duyuldugu soylenebilir.

Bir goruse gore (Flemming ve Scott, 2004), gecerli bir
rizanin ancak hasta sahibinin durumu acik ve net bir sekilde
anlamasina bagh oldugu; anlasilabilirligin ise dogrudan etkili
iletisim becerileriyle ilintili oldugu bilinmektedir. Ozkul ve
ark. (2008) tarafindan Tirkiye'deki veteriner hekimlerle
yapilan bir calismada, veteriner hekim ile hasta sahibi
arasinda gergeklesen gortismenin etkili olabilmesinin iletisim
becerilerine bagh oldugu; 6zellikle agik ve anlasilir bir dil
kullaniminin veteriner hekimlerin ¢ogunlugu tarafindan
tercih edildigi bildirilmistir. Buna paralel olarak, hasta
sahiplerinin veteriner hekimlerin mesleki jargon kullanimini
asgari diizeye indirmeleri konusunda beklentileri oldugu da
vurgulanmustir (Ozkul ve ark., 2008). Bu calismanin verileri
degerlendirildiginde, daha 6nce uluslararasi alanda gegerlik
ve glivenirligi kanitlanan, uzman gorusleri alinarak Turkgeye
uyarlanma sireci tamamlanan CCK’nin ¢ogu maddesinin
ozerklik ilkesi ile bagdastirilabildigi sonucuna varilabilir. Bu
kilavuzlardan yararlanilarak ve probleme dayal 6grenme
modeli gibi kontrolli bir aktif 6grenme siireci yasayarak
(Kiling, 2007), veteriner hekimlerin 6zerklik ilkesi ile ilgili
temel basamaklari deneyimleyebilecegi disliniiimektedir.
Tirkiye'deki veteriner fakiltelerinde gorev yapan birgok
akademisyenin probleme dayali 6grenme ydntemini
desteklemesi (Osmanagaoglu ve ark., 2011), 6grencilerin
lisans egitimlerinde oOzerklige saygl ile ilgili temel
uygulamalari  yapabilmelerine imkan taniyabilecegini
gostermektedir. Bu sayede, genel olarak teorik diizeyde
verilen etik egitimlerinin ekseninin uygulamali etik (pratik
etik) alanina dogru yénelebilecegi sdylenebilir.

Ozerklige saygi ilkesinin ana konularindan biri olan
onam alma konusunda, bilgilendirme siireci ayrintili olarak
degerlendirildiginde; bilgi paylasimi, seceneklerin sunulmasi
ve planlama yapilmasi, anlatilanlarin anlasiimasi temalari
gbze carpmaktadir. Son asama olan riza gosterilmesi
basamaginda ise secenekler arasindan uygun birine karar
verme ve uygulama igin izin verme adimlari izlenmektedir
(Temel, 2017). Bir galismada, hasta sahiplerinin veteriner
hekimlerden beklentileri li¢ kategoride toplanmistir. Bu
kategorilerden ilki, veteriner hekimlerin hasta sahiplerini
dogru anlamasi, ikincisi hasta sahibine uygun sekilde bilgi
verilmesi ve lglncisil ise hasta sahibinin hastasi hakkinda
karar verme asamasina katki sunulmasidir (Janke ve ark.,
2021). CCK incelendiginde Tablo 1, 2, 3 ve 4’te yer alan tiim
becerilerin bu siirece hizmet ettigi sonucuna varilabilir. Tablo
4’'te yalniz bir maddenin “onam” ifadesi tasidigl tespit
edilmesine ragmen, bu maddenin hasta sahibinden onam
alma sirecinin tamamindan bahsedildigi duslnilmektedir.
Literatiirde onamin yalnizca yazili olarak degil, sézel olarak
ve davranislar araciligiyla da verilebilecegi yer almaktadir
(Gray, 2020). Bu baglamda, CCK'ye bditinsel olarak
bakildiginda, aydinlatiimis onamin (bilgilendirilmis onam)

tim agsamalarina ayrintili  olarak vyer verildigi acikca
gorilmektedir. Bu ¢alisma kapsaminda hazirlanan Tablo 2,
(hasta sahibini bilgilendirme becerileri) Tablo 3 (verilen
bilginin anlasilabilirligi) ve Tablo 4 (ortak karar verme ve
onam alma) bu sirecin birtakim beceri kombinasyonlarindan
olustugunu gostermektedir. Tablo 1’de yer alan hasta
sahibine saygl duyma temasinin ise yalnizca bir basamak
degil, veteriner hekim-hasta sahibi gorlismesinin tamamina
hakim olmasi istenen bir tutum ve davranis birlesimi olmasi
gerektigi savunulmaktadir.

Beauchamp ve Childress tarafindan ayrintilandirilan
Ozerklige saygl ve oOzerklige saygisizligin (Temel, 2017);
veteriner hekimligi hizmetlerinde siklikla karsilasilabilecek
etik problemler arasinda yer alabilecegi distintilmektedir. Bu
acidan, CCK’'de yer alan ve bulgular bolimiinde tablolar
halinde verilen becerilerin veteriner hekimlerin hasta
sahibinin ozerkligine saygi duyma konusunda duyarhhgini
arttirmasinin yani sira, kisilerin 6zerkligine saygisizligini da
koreltebilecek nitelikte oldugu séylenebilir.

Sonug olarak, veteriner hekimliginde hastanin degil
hasta sahibinin 6zerkliginin oldugu gorilmektedir. Hasta
sahibinin 6zerkligine saygi duyma, etik karar verme siirecinin
onemli bilesenleri arasinda yer aldigi1 séylenebilir. Bu siirecin
basamaklari, hasta sahibinin konu hakkinda bilgilendirilmesi,
bilgileri dogru anladigindan emin olunmasi ve konu ile ilgili
aklindaki tim soru isaretlerinin aydinlatilmasi seklinde
siralanabilir. Basamaklarin sonucunda ise hasta sahibinin
veteriner hekimin sundugu teshis ve tedavi islemleri
hakkinda bir karara varmasi (onam vermesi) gerektigi ortaya
konmustur. Bu slirecin saghkl yurutilebilmesinin hem
iletisim becerileriyle hem de etik karar verme becerisiyle
dogrudan ilintili oldugu dusinilmektedir. Bu baglamda,
iletisim becerilerini gelistirmek lzere kurgulanan Calgary-
Cambridge Kilavuzlarinin, veteriner fakiiltesi 6grencilerinde
ve veteriner hekimlerde 06zerklige saygi ilkesi agisindan
farkindalik olusturacagi diisiiniilmektedir. Bu nedenle bahsi
gecen kilavuzlarin veteriner hekimligi lisans mufredatina
dahil edilmesiyle 6grencilerin iletisim becerilerinin yani sira,
etik karar verme becerilerinin de gelistirebilecegi ileri
strulebilir. Ek olarak, veteriner hekimlerin mesleki
faaliyetlerini 6zerklik ilkesi ile birlikte diger temel etik ilkeler
dogrultusunda  gerceklestirmelerinin  tesvik  edilmesi
gerektigi ileri savunulabilir. Gelecek ¢alismalarda, veteriner
hekimligi uygulamalarinda standardizasyonun saglanmasi
acisindan, aydinlatilmis onam alma sirecinin, veteriner
hekimligi mevzuati ve meslek etigi boyutlarinin
yapilandiriimasi ve 6rnek onam metinlerinin olusturulmasi
Onerilebilir.

Cikar ¢atigmasi

Bu calismada gercek, potansiyel veya algilanan ¢ikar
catismasi olmadigini beyan ederim.

Etik izin
Bu calismada herhangi bir hayvan veya insan denek

kullanilmamistir. Calismada Arastirma ve Yayin Etigine
uyuldugunu beyan ederim.
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Arastirma Makalesi

Finansal destek

Bu calisma, higbir kisi, kurum veya kurulus tarafindan
finansal olarak desteklenmemistir.

Benzerlik Orani

Makalenin benzerlik oraninin sisteme yiklenen raporda
belirtildigi gibi % 4 oldugunu beyan ederim.
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Abstract: This study aims to determine the effects of adding different rates
of sumac powder to maize (0%, 0.5%, 1%, and 2%) on fermentation
properties, silage quality, and aerobic stability. In the study, 16 silage
samples, four repetitions from each group, were placed in 1.5-liter glass jars
and compressed. Silages were left to ferment for 60 days. In addition, the
silages were subjected to an aerobic stability test for five days immediately
after opening. The lowest CO, value was determined in the 0.5% sumac
group (P<0.05). The pH values of the silages were determined between 3.65
and 3.74 (P<0.05). Silages were evaluated as high quality according to the
Flieg scoring system. The addition of sumac powder to maize increased the
number of lactic acid bacteria by reducing the total yeast mold with the
formation of carbon dioxide (P<0.05). As a result, it was determined that
adding sumac powder to maize positively affects silage fermentation,
improves aerobic stability, and increases lactic acid bacteria by preventing
total yeast mold formation. As a result of the research, it was determined
that using 1% and 2% sumac powder while making maize silage can increase
silage quality characteristics. It was concluded that this study should be
supported by in vitro and in vivo trials.

Keywords: Aerobic stability, Corn silage, Silage fermentation, Sumac.

Misir Silajina Farkl Oranlarda Sumak (Rhus coriaria) Tozu
ilavesinin Silaj Fermantasyonu ve Aerobik Stabilite Uzerine
Etkisi

Ozet: Bu arastirmanin amaci, misir hasilina farkli (%0, %0.5, %1 ve %2)
oranlarda sumak tozu ilavesinin fermantasyon ozellikleri, silaj kalitesi ve
aerobik stabilite Gzerine etkilerini belirlemektir. Arastirmada, her gruptan 4
tekerriir olmak tizere toplam 16 adet silaj 6rnegi 1.5 litrelik cam kavanozlara
konularak sikistirllmistir.  Silajlar 60 glin slresince fermantasyona
birakilmistir. Ayrica, silajlar agildiktan hemen sonra 5 giin sire ile aerobik
stabilite testine tabi tutulmustur. En disik CO, degeri %0,5 sumak
grubunda belirlenmistir (P<0.05). Silajlarin pH degerleri 3.65 ile 3.74
arasinda belirlenmistir (P<0.05). Flieg puanlama sistemine goére silajlar
kaliteli olarak degerlendirilmistir. Misir hasilina sumak tozu ilavesi,
karbondioksit olusumu ve toplam maya kif sayisini azaltarak, laktik asit
bakteri sayisini arttirmistir (P<0.05). Sonug olarak misir hasilina sumak
tozunun katilmasinin, silaj fermantasyonunu olumlu yoénde -etkiledigi,
aerobik stabiliteyi iyilestirdigi ve toplam maya kif olusumunu engelleyerek,
laktik asit bakterilerini artirdigi belirlenmistir. Arastirma sonucunda misir
silaji yapilirken %1 ve %2 seviyelerinde sumak tozunun kullaniimasinin silaj
kalite 6zelliklerini artirabilecegi belirlenmistir. Yapilan bu ¢calismanin in vitro
ve in vivo denemelerle desteklenmesi gerektigi kanisina varilmistir.
Anahtar Kelimeler: Aerobik stabilite, Misir silaji, Silaj fermantasyonu,
Sumak.
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Introduction

One of the most essential issues for livestock farmers is the
quality of the roughage. Roughage is an important part of
livestock farming. Silage production is emphasized to ensure
the balanced nutrition of ruminants in winter and to meet the
need for high-quality roughage (Keskin et al., 2016). Maize
silage is the world's most widely used silage in silage
production (Borreani et al., 2018; Garcia-Chavez et al., 2020).

Recently, the interest in natural products has brought up
the use of aromatic plants and products obtained from there
in food, animal nutrition, and medicine. However, there is
limited research on using these aromatic plants and extracts
as silage additives (Chaves et al., 2012; Kung et al., 2008;
Oneng et al., 2015; Turan, 2015).

Studies on the nutrition of ruminants have shown that
phenolic and flavonoids- containing plants are significant in
terms of rumen health and animal productivity (Formato et
al., 2022; Lee et al., 2017; Rochfort et al., 2008). Dohi et al.
(1997) reported that feed intake and, thus, animal yield
increased in animals fed with plants containing phenolic
compounds. Santos-Neto et al. (2009) and Frozza et al. (2013)
stated that these compounds have antioxidant and
antimicrobial effects and reported that flavonoids and
phenolic compounds also control nutritional stresses such as
rumen fermentation, bloat and acidosis (Paula et al., 2016;
Seradj et al., 2014) and that phenolic compounds both
promote fermentation in silage and give an aromatic taste to
silage (Gultimser et al., 2022).

Sumac, often called as Rhus coriaria L., is a
Mediterranean plant member of the Anacardiaceae family
and is usually employed as a spice and flavoring (Batiha et al.,
2022; Rayne and Mazza, 2007). Sumac contains various
compounds such as organic acids, proteins, essential oils,
minerals, vitamins, and phenolics. Sumac has an important
antioxidant role as it is rich in phenolic compounds, especially
gallic acid and its derivatives (Rad et al., 2020; Sakhr and
Khatib, 2020).

This study determined the effects of adding different
rates (0%, 0.5%, 1%, and 2%) of sumac powder to corn green
as an antimicrobial additive on silage quality and
fermentation properties.

Materials and Methods

Corn green was used as silage material in the study. Corn
green was ensiled by adding 0%, 0.5%, 1%, and 2% sumac

powder at different rates. In the experiment, four groups
were formed. A total of 16 silage samples, four of which were
repetitions from each group, were compressed into 1.5-liter
glass jars. The caps of the glass jars were drilled, the jars were
inverted, and silo water drainage was provided for 48 hours.
The jars were opened after a 60-day incubation period. The
pH values were measured immediately after the opening the
silages (Polan et al., 1998). Ammonia nitrogen analyses were
performed according to the method reported by Broderick
and Kang (1980). Dry matter (DM), crude protein (CP) and
crude ash (CA) analyzes were performed according to the
Weende analysis system (AOAC, 2005), and ADF and NDF
analyzes were performed according to the method reported
by Van Soest et al. (1991). The silages opened were subjected
to an aerobic stability test (determination of CO2 production
values) (Ashbell et al., 1991). The LAB, total yeast mold counts
of the silages made by the method developed by Seale et al.
(1990). Fleig scoring of silages was calculated with the
equation of

Fleig Score = 220 + (2 x % Dry Matter - 15) - 40 x pH
reported by Kilig (1984).

The data obtained at the end of the study were
evaluated with a one-way analysis of variance (One Way
ANOVA) in the SPSS (2008) software program. Duncan's
multiple comparison tests were used to compare the mean
scores between the groups.

This study is not subject to Ethics Committee permission
under Article 8 (k2) of the "Regulation on Working Procedures
and Principles of Animal Experiments Ethics Committees".

Results

DM, CA, CP, ADF, and NDF values of corn silage used in
the study were found to be 27.22%, 7.83% DM, 10.54% DM,
32.39%, and 57.11% DM, and sumac powder was found to be
96.68%, 2.64% DM, 3.1% DM, 27.17 and 61.29% DM,
respectively.

The nutrient contents of corn silage with different
amounts of sumac powder are given in Table 1. When Table 1
was examined, there was no statistically significant difference
between the DM, CA, and CP values of the silage groups
(P>0.05), while there was a statistically significant difference
between the ADF and NDF values (P<0.05). In addition, ADF
values increased in parallel with the increase in sumac
powder.

Table 1: The nutrient content of the corn silages with different amounts of sumac powder.

DM CA cP ADF NDF
Control 26.69 7.54 7.36 32.46¢ 59.41°
0.5% Sumac 26.44 7.84 7.15 36.03b 59.11°
1% Sumac 27.06 7.44 7.83 35.66° 63.182
2% Sumac 27.00 7.81 7.29 38.732 62.932
SEM 0.128 0.120 0.097 0.585 0.611
P 0.300 0.611 0.056 0.000 0.005

a<Values with different letters in the same column were found to be different (P<0.05), SEM:Standart Error of Mean; DM: Dry matter, %; CA:
Crude ash, DM%, CP: Crude protein, DM%, ADF: Acid detergent fiber, DM%; NDF: Neutral detergent fiber, DM%.
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The fermentation characteristics, Fleig scores, total
yeast mold, and lactic acid bacteria counts of the silages
obtained by adding sumac powder were given in Table 2.
While there was a statistically significant difference between
the groups in terms of pH, NHs-N, CO., total yeast mold, and
lactic acid bacteria counts of silages in all groups (P<0.05),

there was no statistically significant difference between the
Fleig scores (P>0.05). The pH values of the silages obtained
were determined between 3.65 and 3.74. Fleig scores were
determined to be above 100 points. In parallel with the
increase in sumac powder, a decrease was observed in total
yeast and mold values (P<0.05).

Table 2: The effect of corn silages prepared by adding sumac powder at different rates on the fermentation

properties and silage quality.

pH NHs-N CO: Fleig Total Yeast-Mold cfu/g LAB kob/g
Control 3.65¢ 8.57° 3.00° 111.51 8.35° 6.85°
0.5% Sumac 3.65¢ 9.47°2 1.70¢ 110.63 8.35° 7.14%
1% Sumac 3.68° 8.03° 1.97% 112.47 7.73% 8.30°
2% Sumac 3.742 8.51° 2.41% 111.30 6.95° 8.26°
SEM 0.011 0.185 0.155 0.528 0.197 0.237
P 0.000 0.024 0.003 0.714 0.015 0.033

a<Values with different letters in the same column were found to be different (P<0.05), SEM:Standart Error of Mean; CO2: Carbon dioxide
formation, g/kg DM, NHs-N/TN: Ammonia nitrogen rate in total nitrogen (TN) content % NHs-N/TN, LAB: Lactic Acid Bacteria cfu/g.

Discussion and Conclusion

The results obtained from nutrient analysis of silages
opened after 60 days showed no increase in DM values. This
may be due to the low rates of sumac powder added to
maize. DM values of maize silages in the current study are
within the ranges of the values for quality silages (20-35%)
reported by Ergiil (1993). There was no statistically
significant difference between the crude ash values of the
silages. In addition, there was no difference between the
groups in the crude protein values of the silages, and it was
concluded that this might be due to the low crude ash and
crude protein values of the sumac material used.

The ADF and NDF values of the silages obtained
increased in parallel with the increase in sumac addition
(P<0.05). The ADF rate refers to the amount of cellulose,
lignin, and insoluble protein in the structure of the plant cell
wall. The ADF rate is a good indicator that gives an idea about
the digestibility of the feed and the energy intake of the
animal. The NDF rate refers to the whole fiber in the plant,
including hemicellulose and fiber (Seydosoglu and Gelir,
2019). In the present study, the increase in ADF and NDF can
be attributed to the high cell wall elements in sumac powder.

When silage ammonia nitrogen values were examined,
all values obtained lower than 11%. Carpintero et al. (1979)
reported that silage ammonia nitrogen being lower than 11%
referred that silages were in good quality silage class.

The change between the Flieg scores calculated by
using the DM and the silage pH values was not statistically
significant (P>0.05). In all experimental groups, the values
were determined to be above 100 points, and it was
determined that the silages were in the Excellent class. Since
it is an easily ensiled plant, no additives are required for the
silage of maize (Glney et al., 2010). For this reason, the
control group was also included in the class of quality silages
according to the Flieg score. In addition, the very low ratio of
sumac in silages, may have caused no difference between
the groups. According to the Flieg scoring system, it is seen

that there is a strong relationship between DM values, pH
values, and Flieg scores of silages (Yalginkaya et al., 2012).

The first few days of ensiling are critical for good
fermentation. Under favorable conditions, lactic acid
bacteria rapidly acidify silage, reducing pH and preventing
the development of unwanted microorganisms, especially
enterobacteria, clostridia, and yeasts (McDonald et al.,
1991). The pH of the silages obtained in this study was
between 3.65-3.74 and was among the required pH values.
When Table 2 is examined, it is seen that the low pH values
of silages decrease the total yeast mold growth and increase
the number of lactic acid bacteria (LAB) (Filya, 2018; Guan et
al.,, 2021). In silage fermentation, LAB is the essential
microorganism because silo feed is protected by the lactic
acid produced by LAB (McDonald et al., 1991). The main
point of improving the silage quality is the increased number
of LAB. Therefore, the increase in LAB in the treatment
groups in this study indicates that adding sumac powder
effectively improves the quality of silage.

In this study conducted, when the carbon dioxide value
of the silages was examined, it was determined that the
lowest carbon dioxide value (1.70 g/kg DM) was 0.5% sumac
powder addition in the experimental group. Accordingly, it
was observed that silages with 0.5% sumac powder added
improved aerobic stability (P<0.05). Similarly, Oneng et al.
(2019) determined the effects of adding thyme and cumin
essential oil to alfalfa on fermentation quality and aerobic
stability.They found that adding of thyme and cumin
essential oil significantly reduced pH, water-soluble
carbohydrate, and ammonia nitrogen, increased dry matter
and lactic acid contents, decreased yeast and mold counts,
and increased lactic acid bacteria counts. They reported that
adding of thyme and cumin essential oils to alfalfa 650 mg/kg
promotes silage fermentation and improves aerobic
stability. This report supports our study wherein adding of
sumac (0.5%, 1%, and 2%) to maize silage reduced the total
number of yeast molds and increased the number of lactic
acid bacteria.
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As a result of the research, it was determined that
adding different rates (0.5%, 1%, and 2%) of sumac powder
reduced the number of silage yeasts and molds with CO;
production and improved aerobic stability by increasing the
number of LAB. Due to these positive effects, sumac powder
can be added at 1% and 2% levels while making maize silage.
However, it was concluded that this study should be
supported by in vitro and in vivo trials.
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Broiler Rasyonlarina Probiyotik ile Zencefil (Zingiber officinale) ilavesinin Besi
Performansi, Karkas Parametreleri ve Et Kalitesi Uzerine Etkisi

Nurcan KIRAR>**, Faruk BOZKAYA%®, Mehmet Osman ATLI*¢, Mehmet AVCI*¢

1Harran Universitesi, Veteriner Fakiiltesi, Abstract: Bu calisma, broiler rasyonlarina probiyotik ve zencefil (Zingiber officinale)
ilavesinin besi performansi, karkas parametreleri ve et kalite parametreleri Uzerine
etkisini belirlemek amaciyla yurattlmustir. Arastirmada hayvan materyali olarak 396
Anabilim Dal, Sanhurfa, Turkiye. adet Ross (308 erkek ve disi karisik cinsiyette) etlik civciv kullaniimistir. Civcivler her biri
11 hayvandan olusan 6 tekerriirli 6 gruba ayrilmistir. Calisma gruplarinin rasyonlari
kontrol, %0.3 zencefil, %0.6 zencefil, %0.05 probiyotik, %0.05 probiyotik + %0.3 zencefil,
Zootekni ve Hayvan Besleme Bolimi %0.05 probiyotik + %0.6 zencefil ilave edilerek hazirlanmistir. Deneme 42 giin
surdirilmis ve haftalik olarak canli agirhk (CA), canh agirhk artislari (CAA), yem
tiketimleri (YT) ve yemden yararlanma oranlari (YYO) belirlenmistir. 42. giin kesilen her
3Harran Universitesi, Veteriner Fakiiltesi, hayvanin karkas parametreleri ve i¢ organ agirliklari, gégus eti kalite parametrelerinden
renk, pH, pisirme kaybi, su tutma kapasitesi ve beyaz gizgi skoru degerleri analiz edilmistir.
Yapilan ¢alismada %0.05 probiyotik ilavesinin canli agirlik ve canli agirlik artigini arttirdigl,
yemden yararlanma oranini iyilestirdigi belirlenmistir. Denemede %0.3 zencefil katkisi
ilavesinin canli agirlik ve canli agirlik artigi Gzerine etkisinin olmadigi, %0.6 zencefil, %0.05
probiyotik, %0.05 probiyotik + %0.3 zencefil ile %0.05 probiyotik + %0.6 zencefil
bORCID: 0000-0001-6423-8067 kombinasyonlarinin oldugu gruplarda ise canli agirlik ve canl agirhk artisinin arttig
gozlemlenmistir. Kontrol grubuna kiyasla probiyotik, zencefil ve probiyotik+zencefil
ilavesinin yem tiiketimini distrdiglii ve yemden yararlanma oranini iyilestirdigi
dORCID: 0000-0002-2523-2137 belirlenmistir. Probiyotik katkisinin ve probiyotik+ zencefil kombinasyonlarinin gogus
agirhk yuzdesini arttirdigi gézlemlenmistir. Probiyotik, zencefil, probiyotik+zencefil
kombinasyonlarinin ilavesinin gogis eti kalite parametreleri lizerine olumlu etkileri
oldugu tespit edilmistir. Sonug olarak broiler rasyonlarina %0.05 probiyotik ilavesinin besi
performansini iyilestirdigi ekonomik ve uygulanabilir olmasi nedeniyle broiler
rasyonlarinda kullaniminin 6nerilebilecegi kanisina varilmistir.
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The Effect of Additional Probiotic and Ginger (Zingiber officinale) to
Broiler Rations on Growth Performance, Carcass Parameters, and
Bozkaya F, Atl MO, Avci M. (2023). Broiler Meat Quality

Bu makale Nasil kaynak gosterilir: Kirar N,

Rasyonlarina Probiyotik ile Zencefil (Zingiber
Abstract: This study was carried out to determine the effects of adding probiotics and

officinale) ilavesinin Besi Performansi, Karkas | ginger (Zingiber officinale) to broiler rations on growth performance, carcass parameters,
and meat quality parameters. In the study, 396 Ross (308 male and female mixed gende)
broiler chickens were used as animal material. The chicks were divided into six groups

Parametreleri ve Et Kalitesi Uzerine Etkisi.

Harran Universitesi Veteriner Fakiiltesi with six replicates, each containing 11 animals. The rations of the study groups were
Dergisi, 12(1): 58-66, prepared by adding control, 0.3% ginger, 0.6% ginger, 0.05% probiotic, 0.05% probiotic +

0.3% ginger, and 0.05% probiotic + 0.6% ginger. The experiment was continued for 42
DOI:10.31196/huvfd.1282563. days, and body weight (BW), body weight gains (BWG), feed consumption (FC) and, feed

conversion rates (FCR) were determined weekly. 42-day carcass parameters and visceral
weights of each slaughtered animal, breast meat quality parameters such as color, pH,
cooking loss, water holding capacity, and white line score were analyzed. The study
determined that adding 0.05% probiotics increased the body weight and body weight
- gain and improved the feed conversion ratio. In the experiment, it was observed that the
Harran Universitesi, Veteriner Fakiiltesi, addition of 0.3% ginger supplement did not affect body weight and body weight gain.
However, body weight and body weight gain increased in groups with 0.6% ginger, 0.05%
probiotic, 0.05% probiotic + 0.3% ginger, and 0.05% probiotic + 0.6% ginger combinations.
Anabilim Dali, Sanlurfa, Tirkiye. It was determined that adding probiotics, ginger, and probiotic+ginger decreased feed
consumption and improved the feed conversion ratio compared to the control group. It
has been observed that the probiotic supplement and probiotic+ginger combinations
increase the breast weight percentage. It was determined that adding probiotic, ginger,
and probiotic+ginger combinations positively affected breast meat quality parameters.
As a result, adding 0.05% probiotics to broiler rations can be recommended because it is
Online erisim adresi: economical and applicable, improves the growth performance, and can be recommended

https://dergipark.org.tr/tr/pub/huvfd for use in broiler rations.
Keywords: Broiler, Ginger, Probiotic.
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Giris

Hastaliklardan korunma ve verim arttirmak amaciyla
antibiyotik kullanimi pek ¢ok antibiyotige karsi direncli bakteri
suslarinin olusmasina yol actigindan Avrupa Birligi Glkeleri ve
Turkiye’de antibiyotiklerin yem katki maddesi olarak
kullanimi yasaklanmistir. Kisa sirede yiksek canli agirlik
saglamak ve hastaliklardan korumak amaciyla broiler
rasyonlarina cesitli verim arttirict yem katki maddeleri
katilmaktadir (Das ve ark., 2020; Karademir ve Karademir
2003; Kirar ve ark., 2020). Bu amagla probiyotikler,
prebiyotikler, bitkilerin toz formlari, ekstraklari, propiyonat ve
bitirat gibi esansiyel yaglar ve organik asitler gibi Grtnler
alternatif biyime uyarici olarak kullanilmaktadir (Sevim ve
ark., 2021). Yapilan ¢alismalarda, tibbi ve aromatik bitkiler ve
ekstraktlarinin antimikrobiyel etkileri nedeniyle hayvansal
verimleri iyilestirdiklerinden dolayi antibiyotiklere alternatif
yem katki maddesi olarak kullanilabilecegi bildirilmistir
(Goktas ve Gidik, 2019). Zencefilin kiimes hayvanlarinda
yemin lezzetini, besin emilimini ve mide salgisini arttirarak
blylmeyi ve dol verimini iyilestirmesi yaninda antibakteriyel
etkileri de bulunmaktadir. Zencefil, glicli antioksidan
aktiviteye sahip olan gingerol, gingerdiol ve gingerdione gibi
cesitli etken maddeler icermektedir (Bayar, 2020; Rahman ve
ark., 2009). Zencefilin sindirim sistemini diizenleyici etkileri
yaninda analjezik, antienflamatuar antimikrobiyal ve
antikanserojen etkilerinin de oldugu bildirilmistir (Baliga ve
ark., 2011; Bayar, 2020; El-Hack ve ark., 2020; Gékmen ve
ark., 2022). Rafiee ve ark. (2014), rasyonlarina %0.2 oraninda
zencefil ilave edilen broilerlerde canl agirlik artisi ve yem
tiketiminin arttigini bildirmislerdir. Kanatli karma yemlerinde
kullanilan probiyotikler etkilerini hayvanlarda canli agirlik
artisinin artmasi, yemden yararlanma oraninin iyilesmesi,
mide-bagirsak rahatsizliklarinin azalmasi seklinde
gostermektedirler.  Probiyotikler  bagirsak  duvarindaki
villuslara ¢ok daha erken siirede ulasarak patojenlerin
sindirim kanalinda barinmalarini engellemektedir
(Bahadiroglu, 1997; VYimaz, 2021). Diger taraftan
probiyotikler, Urettikleri asetik asetik veya laktik asit gibi
organik asitlerle bagirsak pH’sini dusirir (pH’1 4-4.5’un altina)
ve notr veya bazik pH'da yasayan  patojen
mikroorganizmalarin gelismelerini 6nlerler (Jernigan, 1985).
Hayvanin sindirim sisteminde Uretilen enzimlerle simbiyotik
etki gosteren lipaz, selllaz, proteaz, ksilanaz, amilaz, B-
glukanaz gibi enzimleri Ureterek 6zellikle sindirim sistemi
gelismekte olan gen¢ hayvanlarda sindirime destek
olmaktadir (Vanbelle, 1990). Yem katki maddeleri, broiler
Uretkenligini ve tuketici glivenligini en Ust duzeye gikarmak
icin degisen kombinasyonlarda siklikla kullanilir. Bu sebeple
diyette kullanilan farkh yem katki maddelerinin etkinligini
degerlendirmek amaciyla bu ¢alismada broiler piliclerde
probiyotik ve zencefil ilavesinin tek tek ya da kombine halde
besi performansi, karkas parametreleri ve et kalite
parametreleri Gizerine etkisi incelenmistir.

Materyal ve Metot

Arastirma, Harran Universitesi Hayvan Deneyleri Yerel
Etik Kurulunun 11/122020-2020/006/008 nolu karari ile

onaylanmistir. Arastirmada hayvan materyali olarak ticari bir
firmadan temin edilen 396 adet Ross 308 erkek ve disi karisik
broiler civciv kullaniimistir. Calismada kullanilan yemler NRC
(1994) de bildirilen besin ihtiyaglarina uygun sekilde
hazirlanmistir. Kontrol grubuna verilen rasyon, zencefil ya da
probiyotik ilave edilmeksizin hazirlanmistir. Deneme grubu
hayvanlarin yemlerine ise zencefil ve probiyotik katki
maddeleri eklenmistir. Deneme gruplari; kontrol, %0.05
probiyotik (%0.05 Pro), %0.3 zencefil (%0.3 Zen), %0.6 zencefil
(%0.6 Zen), %0.3 zencefil + %0.05 probiyotik (%0.3 Zen +
%0.05 Pro), %0.6 zencefil + %0.05 probiyotik (%0.6 Zen +
%0.05 Pro) seklinde toplam 6 gruptan olusturulmustur. Katki
maddeleri rasyona ilk ginden besi sonuna kadar ilave
edilmistir. Calismada kullanilacak probiyotik ticari bir
firmadan satin alinmistir (Bacillus subtilus icerigi (2x10'?
KOB/kg)). Calismada hazirlanan yemler ve kullanilan
zencefilin ham besin madde analizleri AOAC (2005)’e gore
yapilmistir. Metabolik enerji (ME) degerleri Carpenter ve
Clegg’in (1956) bildirdigi formul kullanilarak hesaplanmistir.
Arastirma kiimes icerisinde her bir deneme grubu icin 1m?
alana sahip alti adet bélmede siirdlriImustir. Her bélmede
11 hayvan olacak sekilde dagitilmistir. Deneme odasinin
sicakligi birinci hafta 33 2C, ikinci hafta 30 2C, (i¢lincli hafta 27
oC, daha sonraki haftalarda ise 22-24 2C'ye ayarlanmistir.
Nispi nem ise c¢alisma boyunca %40-50 dizeylerinde
tutulmustur. Denemede 1 saat karanlik 23 saat aydinlik olacak
sekilde aydinlatma plani uygulanmis, althk materyali olarak
odun talasi kullanilmistir. Arastirmada tim hayvanlara su ve
yem ad libitum olacak sekilde grup yemlemesi uygulanmistir.
Deneme siiresince broiler civcivlere 1. glinden 11. gline kadar
broiler baslangic yemi, 11. giinden 24. gline kadar broiler
blylitme yemi, 25. giinden 42. gline (kesim guni) kadar
broiler bitirme yemi verilmistir. Civcivler denemenin 1. ve 12.
glinii newcastle ve enfeksiyoz bronsitiz virtslerini igeren
karma bir asi ile 17.glini ise gumboro virlslerini iceren asilar
ile asilanmistir. Newcastle asisi 21. glin tekrarlanmistir.
Deneme 42 giin slrdirilmis ve 42. gin kesim islemi
uygulanmistir. Hayvanlar deneme baginda ve denemenin, 7,
14, 21, 28, 35 ve 42. glnlerinde bireysel olarak tartiimis ve
gruplara ait canli agirhk ortalamalar tespit edilmistir.
Tartimlar arasindaki farktan canli agirhik artislari tespit
edilmistir. Denemenin 7, 14, 21, 28, 35 ve 42. ginlerinde
yemliklerde kalan yem miktari, o hafta icerisinde her tekerrir
grubuna (alt gruba) verilen toplam yem miktarindan
cikartilarak her tekerrir grubunun o hafta igerisinde tukettigi
toplam yem belirlenmistir. Haftalik toplam yem tiketimi
hayvan sayisina bolinerek yem tliketimleri ve gruplarin
ortalamalari hesaplanmistir. Hayvanlarin deneme siresince
iki tartim araliginda tiikettikleri ortalama yem miktarlari, bu
iki tartim araliginda hesaplanan ortalama canli agirlik artisina
bolinerek yemden vyararlanma orani  hesaplanmistir.
Arastirmanin 42. giiniinde her tekerriirden ikiser hayvan
olmak uzere her gruptan 12 hayvan kesilmis ve kan ornekleri
alinmigtir. Kesim isleminden sonra i¢ organlar ayriimigtir.
Karkas agirliklarinin, kesim éncesi canli agirliga bélinmesiyle
karkas randimani hesaplanmistir. Kesilen her hayvana ait
kanat, sirt-boyun, but, gégis eti, kalp, karaciger, dalak, taslik
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ile bursa fabricius agirliklari tartimla belirlenmis ve kesim
oncesi canli agirliklara boliinerek oranlari belirlenmistir.
Karkaslar +42C’'de 24 saat bekletilmistir ve daha sonra gogus
etlerinden yeterli miktarda numuneler alinarak buzdolabi
posetleri icerisinde analiz edilinceye kadar -80 2C'de
muhafaza edilmistir. Gogls eti kalite parametrelerinden renk,
pH, pisirme kaybi, su tutma kapasitesi ve beyaz ¢izgi skoru
degerleri analiz edilmistir. Kesilen hayvanlarin derisi
siyrildiktan sonra gogus etinde kirmizi renk (a*), sari renk (b*)
ve parlaklik (L*) ol¢timleri 3 farkhh noktadan 1.saatte ve 24.
saatte belirlenmistir. Tavuk gogis eti renk yogunluklari (L*,
a*, b*) Lovibond (RT SERIES for MODEL SP60) kolorimetre
cihazi kullanilarak belirlenmistir. Gogus eti pH degerleri pH-
Metre ile (Mettler Toledo Seven2Go) kesimden sonra 15.
dakikada ve 24. saatte olmak Ulzere iki kez belirlenmistir.

Tablo 1. Broiler Baslangi¢ Rasyonu.

Pisirme kaybi analizi kesilen hayvanlardan alinan gogis eti
orneklerinde Honikel (1998) tarafindan bildirilen metoda gore
yapilmistir. Su tutma kapasitesi analizinde Hamm (1960)
tarafindan belirtilen basing metodu kullaniimistir. G6gus
etleri, kesim isleminden sonra karkastan ayrilarak fotograflar
cekildi. Cekilen fotograflar incelenerek gégis eti lzerindeki
beyaz cizgiler Kuttappan ve ark. (2013)'nin bildirdigi kriterlere
gore skorlanmistir.

Denemeden elde edilen verilerin istatistiki olarak analizi
tek yonll varyans analizi (One Way Anova) ile yapilmistir.
Grup ortalamalarinin ikili karsilastirilmasinda Duncan g¢oklu
karsilastirma testi kullanilmistir. istatistik analizler igin SPSS
(1999) paket programi kullaniimistir.

Calismada kullanilan rasyonlarin hammadde bilesimi
Tablo 1, Tablo 2 ve Tablo 3' te verilmistir.

Besin Maddeleri Kontrol %0.3 %0.6 %0.05 %0.3 Zen+ %0.6 Zen
Zen Zen Pro %0.05Pro + %0.05Pro

Bitkisel Yag 2.25 2.25 2.25 2.25 2.25 2.25
Bugday, Kighk 4.00 4.02 4.00 4.01 4.00 3.98
Misir, Sari 50.82 50.53 50.23 50.78 50.47 50.19
Balik Unu,%72 HP 0.85 0.85 0.85 0.83 0.85 0.85
Soya Kiispesi,%48HP 38.10 38.10 38.10 38.10 38.10 38.10
Dikalsiyum Fosfat 1.74 1.74 1.74 1.74 1.74 1.74
DL-Methionin 0.16 0.16 0.16 0.16 0.16 0.16
Kireg Tasi 1.07 1.07 1.07 1.07 1.07 1.07
L-Lizin 0.16 0.13 0.15 0.16 0.16 0.16
L-Treonin 0.07 0.07 0.07 0.07 0.07 0.07
Sodyum Bikarbonat 0.24 0.24 0.24 0.24 0.24 0.24

Tuz 0.24 0.24 0.24 0.24 0.24 0.24
Vitamin-Mineral Karmasi 0.30 0.30 0.30 0.30 0.30 0.30
Zencefil 0.30 0.60 0.30 0.60
Probiyotik 0.05 0.05 0.05

Bir kg karma yemdeki vitamin-mineral degerleri: D3 vitamini 5.000. IU; A vitamini 12.000. |U; E vitamini 50 mg; B1 vitamini 3 mg; B2 vitamini 6
mg; K3 vitamini 4. mg; Niasin 40 mg; Kalsiyum D-pantotenat 15mg; B12 vitamini 0.0 3 mg; B6 vitamini 5 mg; Folik Asit 1 mg; Kolin Klorid 400 mg.
Biotin 0.075 mg; C vitamini 50 mg ve antioksidan 10 mg, Demir 40mg; Manganez 120 mg, Cinko 110 mg; Kobalt 0.005 mg; Selenyum 0.003mg,

Bakir 16 mg; iyot 0.125 mg.

Tablo 2. Broiler Bliylitme Rasyonu.

Besin Maddeleri Kontrol %0.3 Zen %0.6 Zen %0.05 Pro %0.3 Zen +%0.05Pro %0.6Zen +%0.05Pro
Bitkisel Yag 3.13 3.13 3.13 3.13 3.13 3.13
Bugday, Kishk 5.42 5.42 5.30 5.20 5.36 5.23
Misir, Sari 53.80 53.50 53.30 53.89 53.55 53.34
Balik Unu, %72 HP 0.77 0.75 0.74 0.78 0.77 0.77
Soya Kiispesi, %48 HP 33.25 33.25 33.28 33.32 33.20 33.24
Dikalsiyum Fosfat 1.55 1.55 1.55 1.55 1.55 1.55
DL-Methionin 0.13 0.13 0.13 0.13 0.13 0.13
Kireg Tasi 0,99 0.99 0.99 0.99 0.98 0.98
L-Lizin 0.13 0.13 0.13 0.13 0.13 0.13
L-Treonin 0.05 0.07 0.07 0.05 0.07 0.07
Sodyum Bikarbonat 0.24 0.24 0.24 0.24 0.24 0.24
Tuz 0,24 0.24 0.24 0.24 024 0.24
Vitamin-Mineral 0,30 0.30 0.30 0.30 0.30 0.30
Karmasi

Zencefil 0.30 0.60 0.30 0.60
Probiyotik 0.05 0.05 0.05

Bir kg karma yemdeki vitamin-mineral degerleri: D3 vitamini 5.000. IU; A vitamini 12.000. IU; E vitamini 50 mg; B1 vitamini 3 mg; B2 vitamini 6
mg; K3 vitamini 4. mg; Niasin 40 mg; Kalsiyum D-pantotenat 15mg; B12 vitamini 0.0 3 mg; B6 vitamini 5 mg; Folik Asit 1 mg; Kolin Klorid 400 mg.
Biotin 0.075 mg; C vitamini 50 mg ve antioksidan 10 mg, Demir 40mg; Manganez 120 mg, Cinko 110 mg; Kobalt 0.005 mg; Selenyum 0.003mg,

Bakir 16 mg; iyot 0.125 mg.
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Tablo 3. Broiler Bitirme Rasyonu.

Besin Maddeleri Kontrol %0.3 Zen %0.6 Zen %0.05 Pro %0.3 Zen +%0.05Pro %0.6 Zen + %0.05Pro
Bitkisel Yag 4.20 4.20 4.20 4.20 4.20 4.20
Bugday, Kishk 5.46 5.74 5.74 5.70 5.74 5,70
Misir, Sari 57.06 56.66 56.36 56.95 56.61 56,35
Soya Kiispesi, %48 HP 29.88 29.70 29.70 29.70 29.70 29.70
Dikalsiyum Fosfat 1.40 1.40 1.40 1.40 1.40 1.40
DL-Methionin 0.13 0.13 0.13 0.13 0.13 0.13
Kireg Tasi 0.91 0.91 0.91 0.91 0.91 0.91
L-Lizin 0.13 0.13 0.13 0.13 0.13 0.13
L-Treonin 0.05 0.05 0.05 0.05 0.05 0.05
Sodyum Bikarbonat 0.24 0.24 0.24 0.24 0.24 0.24
Tuz 0.24 0.24 0.24 0.24 0.24 0.24
Vitamin-Mineral 0.30 0.30 0.30 0.30 0.30 0.30
Karmasi

Zencefil 0.30 0.60 0.30 0.60
Probiyotik 0.05 0.05 0.05

Bir kg karma yemdeki vitamin-mineral degerleri: D3 vitamini 5.000. IU; A vitamini 12.000. IU; E vitamini 50 mg; B1 vitamini 3 mg; B2 vitamini 6 mg;
K3 vitamini 4. mg; Niasin 40 mg; Kalsiyum D-pantotenat 15mg; B12 vitamini 0.0 3 mg; B6 vitamini 5 mg; Folik Asit 1 mg; Kolin Klorid 400 mg. Biotin
0.075 mg; C vitamini 50 mg ve antioksidan 10 mg, Demir 40mg; Manganez 120 mg, Cinko 110 mg; Kobalt 0.005 mg; Selenyum 0.003mg, Bakir 16 mg;

iyot 0.125 mg.
Bulgular Broiler rasyonlarina probiyotik ile zencefil ilavesinin
karkas parametreleri tzerine etkisi Tablo 8’de verilmistir.
Broiler rasyonlarina probiyotik ile zencefil ilavesinin Broiler rasyonlarina probiyotik ile zencefil ilavesinin i¢
ortalama canli agirlik degerleri ve canl agirlik artislari Tablo 4 organ agirhik yuzdeleri Gzerine etkisi Tablo 9’da verilmistir.
ve Tablo 5’ de verilmistir. Broiler rasyonlarina probiyotik ile zencefil ilavesini gdgis
Broiler rasyonlarina probiyotik ile zencefil ilavesinin yem eti kalite parametreleri renk (L*, a*, b*), pH, su tutma
tiketimleri ve yemden yararlanma oranlari tizerine etkisi kapasitesi, pigirme kaybi, gégus eti skor zerine etkisi Tablo
Tablo 6 ve Tablo 7'de verilmistir. 10 ve Tablo 11'de sunulmustur.

Tablo 4. Deneme Gruplarinin Haftalik Ortama Canh Agirliklari (g).

Gruplar Baglangic  1.HaftaCA 2.Hafta 3.HaftaCA 4.HaftaCA 5.HaftaCA 6.Hafta CA
CA CA

Kontrol 45.45 128.84¢ 315.79 630.04 990.713b 1518.11b¢ 2167.59>

%0.3Zen 45.54 138.452 333.697 633.42 965.52b 1492.70¢ 2136.89>

%0.6 Zen 46.03 135.752 327.577 661.69 1069.00? 1618.373  2317.58°

%0.05Pro 44.69 134.662c 335.607 661.38 1120.182 1709.092 2410.642

%0.05Pro+%0.3Zen 43.66 137.06°0 343.682 672.88 1121.277 1682.882 2441.152

%0.05Pro+%0.6Zen 44.51 130.33b¢ 331.073 660.09 1121.477 1686.532 2392.652

SEM 0.497 1.002 3.051 5.833 14.637 19.700 26.032

P 0.525 0.021 0.165 0.192 0.000 0.000 0.000

Pro:Probiyotik katkisi, Zen:Zencefil katkisi, Pro+Zen:Probiyotik ve zencefil kombinasyonlarinin katkisi, CA:Canli agirlik, (P<0.05):Ayni
sutundaki farkl harflerle gsterilen ortalamalar arasindaki farklar 8nemlidir, (P>0.05): Onemsiz, SEM: Ortalamanin standart hatasi.

Tablo 5. Deneme Gruplarinin Haftalik Ortama Canh Agirlik Artislari (g).

Gruplar 1.Hafta 2.Hafta 3.Hafta 4.Hafta 5.Hafta 6.Hafta 1-6. Hafta
CAA CAA CAA CAA CAA CAA CAA
Kontrol 83.39¢ 186.95 314.25 360.66P¢ 527.40 649.48b 2122.14b
%0.3Zen 92.91 195.24 299.73 332.10¢ 527.17 644.19° 2091.35
%0.6Zen 89.732¢  191.82 334.12 407.30%0 549.37 699.212b 2271.552
%0.05Pro 89.972¢  200.94 325.77 458.812 588.91 701.552b 2365.952
%0.05Pro+%0.3Zen 93.392 206.62 329.20 448.382 561.61 758.273 2397.49?
%0.05Pro+%0.6Zen 85.82b¢ 200.74 329.02 461.38° 565.06 706.112b 2348.132
SEM 1.052 2.484 3.829 11.026 7.235 10.932 26.121
P 0.026 0.234 0.084 0.000 0.094 0.018 0.000

Pro:Probiyotik katkisi, Zen:Zencefil katkisi, Pro+Zen:Probiyotik ve zencefil kombinasyonlarinin katkisi CAA:Canli agirlik artisi, (P<0.05):Ayni
siitundaki farkl harflerle gdsterilen ortalamalar arasindaki farklar dnemlidir, (P>0.05): Onemsiz, SEM: Ortalamanin standart hatasi.
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Tablo 6. Deneme Gruplarinin Haftalik Ortama Yem Tiketimleri (g).

Gruplar 1.Hafta 2.Hafta 3.Hafta 4. Hafta 5.Hafta 6.Hafta 1-6. Hafta
YT YT YT YT YT YT YT
Kontrol 135.57 353.12 633.14 843.52 1084.722 1290.46 4340.552
%0.3Zen 131.09 291.67 546.97 684.07 897.41¢ 1144.89 3696.10°
%0.6Zen 127.61 300.76 565.91 721.85 936.11b¢c 117491 3827.14>
%0.05Pro 131.88 313.79 583.33 728.89 1002.412 1176.85 3937.15b
%0.05Pro+%0.3Zen 128.23 290.98 572.19 743.31 965.23bc 1214.96 3914.92b
%0.05Pro+%0.6Zen 125.70 302.80 591.89 727.65 960.79bc 1242.55 3951.38b
SEM 1.580 9.963 12.807 18.366 15.081 15.044 55.689
P 0.544 0.498 0.522 0.208 0.003 0.050 0.016

Pro:Probiyotik katkisi, Zen:Zencefil katkisi, Pro+Zen:Probiyotik ve zencefil kombinasyonlarinin katkisi, YT:Yem tiketimi, (P<0.05):Ayni situndaki
farkl harflerle gdsterilen ortalamalar arasindaki farklar 8nemlidir, (P>0.05): Onemsiz, SEM: Ortalamanin standart hatasi.

Tablo 7. Broiler Rasyonlarina Probiyotik ile Zencefil ilavesinin Yemden Yararlanma Orani Uzerine Etkisi.

Gruplar 1.Hafta 2.Hafta 3.Hafta 4. Hafta 5.Hafta 6.Hafta 1-6.Hafta
YYO YYO YYO YYO YYO YYO YYO
Kontrol 1.64 1.91 2.03 2.482 2.11 2.01 2.082
%0.3Zen 1.41 1.51 1.83 2.09% 1.70 1.78 1.77°
%0.6Zen 1.42 1.56 1.70 1.78b 1.71 1.68 1.68b
%0.05Pro 1.47 1.57 1.80 1.60° 1.71 1.70 1.67°
%0.05Pro+%0.3Zen 1.38 1.42 1.74 1.67° 1.72 1.61 1.64°
%0.05Pro+%0.6Zen 1.48 1.53 1.81 1.60° 1.71 1.76 1.69b
SEM 0.028 0.064 0.051 0.095 0.047 0.039 0.043
P 0.128 0.334 0.533 0.031 0.064 0.050 0.021

Pro:Probiyotik katkisi, Zen:Zencefil katkisi, Pro+Zen:Probiyotik ve zencefil kombinasyonlarinin katkisi, YYO:Yemden vyararlanma orani,
(P<0.05):Ayni sutundaki farkli harflerle gésterilen ortalamalar arasindaki farklar nemlidir, (P>0.05): Onemsiz, SEM: Ortalamanin standart hatasi.

Tablo 8. Broiler Rasyonlarina Probiyotik ile Zencefil ilavesinin Karkas Parametreleri Uzerine Etkisi.

Gruplar Kesim Agirhk Karkas Kanat Sirt+ But Gogls
(g) Randiman1% % Boyun % % %

Kontrol 2590.33b 72.68 7.69 10.11 32.90 21.90°
%0.3Zen 2308.90¢ 71.70 7.49 9.40 3241 22.93
%0.6Zen 2421.16°¢ 73.67 13.60 9.43 33.16 24,123
%0.05Pro 2784.582 70.38 6.99 9.45 33.06 24.872
%0.05Pro+%0.3Zen 2650.5820 73.16 6.91 9.85 32.63 24.59°
%0.05Pro+%0.6Zen 2618.00° 73.426 6.82 10.11 32.16 24.21°
SEM 27.355 0.634 0.079 0.112 0.161 0.274

P 0.000 0.653 1.131 0.333 0.444 0.034

Pro:Probiyotik katkisi, Zen:Zencefil katkisi, Pro+Zen:Probiyotik ve zencefil kombinasyonlarinin Katkisi, , (P<0.05):Ayni sutundaki farkl harflerle
gosterilen ortalamalar arasindaki farklar 6nemlidir, (P>0.05): Onemsiz, SEM: Ortalamanin standart hatasi.

Tablo 9. Broiler Rasyonlarina Probiyotik ile Zencefil ilavesinin i¢ Organ Agirlik Yiizdeleri Uzerine Etkisi.

Gruplar Karaciger Kalp Dalak Bursa Fabricus
(%) (%) (%) (%)

Kontrol 1.95 0.41 0.09 0.06

%0.3Zen 2.02 0.39 0.08 0.06

%0.6Zen 2.13 0.39 0.09 0.05

%0.05Pro 1.98 0.39 0.09 0.07

9%0.05Pro+%0.3Zen 1.99 0.45 0.10 0.05

%0.05Pro+%0.6Zen 2.02 0.40 0.09 0.06

SEM 0.035 0.006 0.003 0.004

P 0.811 0.059 0.417 0.504

Pro:Probiyotik katkisi, Zen:Zencefil katkisi, Pro+Zen:Probiyotik ve zencefil kombinasyonlarinin katkisi, (P<0.05):Ayni sutundaki farkli harflerle
gosterilen ortalamalar arasindaki farklar 6nemlidir, (P>0.05): Onemsiz, SEM: Ortalamanin standart hatasi.
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Tablo 10. Broiler Rasyonlarina Probiyotik ile Zencefil ilavesinin Gégiis Eti Renk Parametreleri.

Gruplar L (15) a*(15) b*(15) L(24) a*(24) b*(24)
Kontrol 44.80 -1.37° 1.30 50.494 .28 3.46%0
%0.3Zen 43.70 -1.230 1.43 53.10% .27 2.91bc
%0.6Zen 44.85 -1.92 0.86 52.67b¢ -.54 3.682

%0.05Pro 44.03 -.80%0 1.19 52.13bc -.49 2.79b¢
%0.05Pro+%0.3Zen 44.27 -.8920 0.98 54.432 -.20 2.53¢

%0.05Pro+%0.6Zen 44.73 -.0302 0.83 51.33¢ -47 2.95b¢
SEM 0.227 0.164 0.127 0.250 0.160 0.104
P 0.623 0.024 0.709 0.000 0.462 0.009

Pro:Probiyotik katkisi, Zen: Zencefil katkisi, Pro+Zen:Probiyotik ve zencefil kombinasyonu; a*: Kirmizi renk koordinati; b*: Sari renk koordinati;
L*: Parlaklik, (P<0.05):Ayni sutundaki farkli harflerle gosterilen ortalamalar arasindaki farklar énemlidir, (P>0.05): Onemsiz, SEM: Ortalamanin
standart hatasi, 15:Kesimden sonra 15.dakika, 24: Kesimden sonra 24. Saat.

Tablo 11. Broiler Rasyonlarina Probiyotik ile Zencefil ilavesinin Gogiis Eti Kalite Parametreleri.

Gruplar pH pH Su Tutma Pigsirme Kaybi Beyaz Cizgi
(15) (24) Kapasitesi (%) (%) Skoru

Kontrol 5.93 5.83bc 23.202 32.57bc 1.04

%0.3Zen 6.13 5.79¢ 22.652 37.382 0.83

%0.6Zen 6.09 5.83bc 21.642b 32.82¢bc 1.33

%0.05Pro 5.89 5.912 20.600 31.43¢ 1.12

%0.05Pro+%0.3Zen 5.95 5.892b 22.852 33.43b 1.08

%0.05Pro+%0.6Zen 6.12 5.892b 22.20% 32.74bc 1.33

SEM 0.030 0.010 0.251 0.302 0.064

P 0.053 0.006 0.038 0.000 0.205

Pro:Probiyotik katkisi, Zen:Zencefil katkisi, Pro+Zen:Probiyotik ve zencefil kombinasyonu; SEM: Ortalamanin standart hatasi, (P<0.05):Ayni
sutundaki farkli harflerle gosterilen ortalamalar arasindaki farklar 6nemlidir, (P>0.05): Onemsiz, 15:Kesimden sonra 15.dakika, 24: Kesimden

sonra 24. Saat.
Tartisma

Broiler rasyonlarina probiyotik ile zencefil ilavesinin
arastirmanin  baslangicindan deneme sonuna kadarki
donemde canli agirlik ve canli agirlik artisi degerlerine etkisi
Tablo 4 ve 5 incelendiginde %0.3 zencefil ilavesinin canli
agirlik ve canli agirhk artisi Uzerine etkisinin olmadigi
(P>0.05), %0.6 zencefil, %0.05 probiyotik katki maddesi,
%0.05 probiyotik + %0.3 zencefil ile %0.05 probiyotik + %0.6
zencefil kombinasyonlarinin oldugu gruplarda ise canli agirlik
ve canh agirlik artisinin arttigr gézlenmistir (P<0.05). Tim
deneme gruplari icerisinde en yliksek CA (2441.15) ve CAA
degeri (2397.49) %0.05 probiyotik + %0.3 zencefil ilave edilen
grupta tespit edilmistir. Probiyotik kullanimi ile birlikte laktik
asitten yararlanma yuikselmekte, laktik asitten ise propiyonik
asit Gretimi artmakta ve sonug olarak rasyon enerjisinden
daha fazla vyararlanilmaktadir (Karademir 2003). Bu
arastirmanin bulgularina benzer olarak bazi arastirmacilar
(Celik ve ark., 2007; Jin ve Ho, 2000) broiler karma yemlerine
probiyotik ilavesinin canli agirhgi dnemli derecede artirdigini
kaydetmislerdir. Mevcut ¢alismadan farkh olarak Panda ve
ark. (2000), 0-42 glnlik donem igin karma yemlere ilave
ettikleri probiyotiklerin broilerin canli agirlik Gzerine bir
etkisinin olmadigini bildirmislerdir. Yapilan c¢alismalarda
ortaya c¢ikan bu farklilklara c¢alismalarda kullanilan

probiyotik miktari, probiyotik tlri veya hayvan materyali
neden olabilecegi distinilmektedir.

Deneme gruplarinin deneme baglangicindan deneme
sonuna kadar (1-6. hafta) kontrol grubuna kiyasla probiyotik,
zencefil ve probiyotik+zencefil kombinasyonlarinin (%0.05
probiyotik + 0.6 zencefil ile %0.05 probiyotik + 0.3 zencefil)
ilavesinin yem tiliketimini ve yemden yararlanma oranini
disirdGglu belirlenmistir (P<0.05). Yapilan bu calisma da
gozlenen yem tiiketimindeki dislisin zencefilin yapisinda
bulunan ve acilik hissi veren gingerol ve zingeron gibi
polifenolik maddelerin istahi azaltmasindan kaynaklandig
dislnitlmektedir (Baliga, 2011). Yemden vyararlanma
oraninda gozlemlenen iyilesme ise probiyotik bakterilerin
bagirsak epitel hicrelerine tutunarak hizli bir sekilde
cogaldigi, bagirsaklarin dogal konakgisi olmayan ve hastalik
yapan patojenlerin bagirsak ylizeyinde tutunmalarini ve
¢ogalmalarini engelledigi bunun sonucu olarak
probiyotiklerin, hastaliklari 6nleyerek bagirsak florasinin
normale dénmesini ve hayvanin saglikli sekilde gelismesini
saglayarak hayvanlara canli agirlik kazandirdigi bildirilmistir
(Atilgan ve Cicek, 2021; Bahadiroglu, 1997). Broiler
rasyonlarina zencefil ilavesinin etlik pilicler Uzerindeki
etkisini inceleyen Rafiee ve ark. (2014), %0.2 oraninda
zencefil katki maddesinin yemden vyararlanma oranini
iyilestirdigini bildirmigslerdir.

HARRAN UNIVERSITESI VETERINER FAKULTESI DERGISI, 2023; CILT 12, SAYI 1

63



Harran Univ Vet Fak Derg, 2023; 12 (1): 058-066

DOI:10.31196/huvfd.1282563

Arastirma Makalesi

Tablo 8 incelendiginde broiler rasyonlarina probiyotik
ile zencefil ilavesinin karkas randimani, karkas agirligi, kanat,
sirt-boyun, but agirhk ylzdelerine etkisi ©6nemsizken
(P>0.05), kesim agirhgi ve gogis agirlik yizdeleri bakimindan
gruplar arasindaki farkhliklar istatistiki olarak 6nemli
bulunmustur (P<0.05). %0.3 zencefil ve %0.6 zencefil
katkisinin ise kontrol grubuna kiyasla kesim agirligini
distrdig, probiyotik ve probiyotik+zencefil
kombinasyonlarinin  ise  kesim  agirhgini  arttirdigi
belirlenmistir. Zencefil katki maddesinin kesim agirliginda
meydana gelen disils zencefilin yapisinda bulunan gingerol
ve zingeron gibi polifenolik maddelerin aci tadi nedeniyle
istahi azaltmasina bagh olarak yem tlketiminin ve canl
agirhk  kazancinin  dismesine baglanabilir.  Probiyotik
katkisinin ve probiyotik+zencefil kombinasyonlarinin goégis
agirhk yGzdesini arttirdigi gézlemlenmistir. Gogus agirhginda
meydana gelen artisin ise canl agirhik artisina paralel olarak
arttigi kanisina varilmigtir. Sunulan ¢alismanin sonuglarina
benzer sekilde ¢ok sayida arastirma etlik pilic yemlerine
probiyotik katkisinin karkas agirligi ve randimani bakimindan
gruplar arasinda herhangi bir farkhliga neden olmadigini
gostermistir (Erglin, 2000; Ocak ve ark., 2008; Sadeghi,
2011).

Tablo 9 incelendiginde karaciger, kalp, dalak ve bursa
fabricus agirlik ylzdesi agisindan gruplar arasinda istatistiki
olarak farklilik tespit edilmemistir (P>0.05). Benzer sekilde
yapilan calismalarda broiler rasyonlarina probiyotik ve
zencefil ilavesinin i¢ organ agirhk ylzdesine etkisinin
olmadig bildirilmistir (Rafiee ve ark., 2014; Tekeli 2006).

Tablo 10 incelendiginde kesim esnasinda incelenen
goégus eti renk parametrelerinden L* ve b* degerleri
bakimindan gruplar arasinda farkliliklar tespit edilmemisken,
a* degerlerinde probiyotik ve probiyotik+zencefil katkilarinin
ilavesine bagl olarak broilerlerde diger deneme gruplarina
kiyasla farkhliklar istatistiksel olarak 6nemli bulunmustur
(P<0.05). Kesimden 24 saat sonra incelenen gogis eti a*
degerlerinde farkliliklar tespit edilmemisken, L* ve b*
degerlerinde farkliliklar tespit edilmistir (P<0.05). Zencefil ve
probiyotik+zencefil katkilarinin  24. saat L* degerini
degistirdigi, zencefil ve probiyotik katkilarinin ise 24. saat b*
degerlerini degistirdigi belirlenmistir. G6gls eti broilerlerde
renk degisimlerine hassastir. Yaglarin oksidasyonu sonucu
olusan urtnlerin gogls etindeki myoglobin oksidasyonunu
arttirarak a* (kirmizihk) degerini distrdtgi, b* (sarilik)
degerini arttirdigi gozlemlenmistir. Gézlemlenen bu renk
farkliliklarinin  rasyonda bulunan B-karotenoid dizeyinin
fazlaligindan kaynaklandigi bildirilmistir (Diktas, 2011; Lagin
ve ark., 2013). Etin lezzeti, rengi, tekstliri ve kokusu et
kalitesini belirleyen 6nemli parametrelerdendir. Tiiketicilerin
et tercihleri genel olarak 6zellikle etin rengi ve kokusu olmak
lizere yumusakhgl, sululugu ve tadi gibi duyusal 6zellikleri
tarafindan belirlenir (Yenice ve ark., 2016). Mevcut ¢alisma
sonuglari, broiler yemlerine probiyotik ilavesinin etin a*
(kirmizilik) degerini dusurdiguni, b* (sarilik) degerini
arttirdigini bildiren Karaoglu ve ark.’nin (2006) sonuglarindan
farkhhk gostermistir.

Tablo 11 incelendiginde %0.05 probiyotik ilavesinin
kesimden 24 saat sonra olclilen pH degerini yikselttigi, su
tutma kapasitesini ve pisirme kaybini  distrdugu

belirlenmistir (P<0.05). Kanath etlerinde pH; <5.8 su salan,
yumusak, solgun 5.9-6.2 standart et, >6.3 koyu olarak
degerlendirilmektedir (Ozhan ve UG, 2015). %0.05 probiyotik
katkisi etin pH degerini yikseltse de gozlenen pH degerleri
standart et degerleri arasinda bulunmaktadir (Ozhan ve UG,
2015). Pelicano ve ark. (2003), farkl probiyotik (Lactobacillus
johnsonii, Bacillus subtilis, Saccharomyces cerevisiae,
Lactobacillus reuteri, Bacillus licheniformis) ilaveli yemlerle
beslenen broilerlerde gogis eti pisirme kaybi agisindan
gruplar arasinda fark olmadigini bildirmistir. Kanatl
hayvanlarda yem ve besleme et karkas kalitesini etkileyen
faktorlerden birisidir. Kanath hayvanlarin yeminde temel
enerji kaynagi olan bitkisel veya hayvansal yaglar, dane
yemler, kimyasal kompozisyonlarina bagh olarak, yem
katkilari ise etki mekanizmalarina gore et kalitesini
etkilemektedirler. Kaliteli et Gretiminin kaliteli
hammaddeden Uretilen karma yem ile dengeli besleme
yoluyla mimkin oldugu bildirilmistir (Kutlu ve ark., 1999).
Yapilan bu ¢alisma ile literatlirlerde bildirilen pH degerleri, et
rengi, su tutma kapasitesi ve pisirme kaybi ile ilgili
parametreler bakimindan goézlenen farkli sonuglar kullanilan
yem ile katki maddelerinin gesidi, yetistirme yontemleri,
mevsim, c¢evre ve deneme siiresindeki farkhliklardan
kaynaklanmis olabilir.

Sonug

Bu c¢alisma, deneme baslangicindan deneme sonuna
kadar kullanilan %0.05 probiyotik katki maddesi ilavesinin
canh agirlik ve canh agirhk artisini arttirdigl, yemden
yararlanma oranint iyilestirdigi, kesim agirhgi ve gogiis agirlik
ylzdesini arttirdigl, gégis eti su tutma kapasitesini ve
pisirme kaybini dislrdigl ancak i¢c organ agirhg lizerine
etkisinin  olmadigi  belirlenmistir.  Probiyotik+zencefil
kombinasyonlarinin %0.05 probiyotik + %0.3 zencefil katkisi
ile %0.05 probiyotik + %0.6 zencefil kombinasyonlarinin canh
agirhk, canli agirlik artisini ve gogus agirhk yizdesini
arttirdigl, yem tiketimini distrdigi, yemden yararlanma
oranini iyilestirdigi ve i¢c organ agirliklari Gzerine etkisinin
olmadigi belirlenmistir. Sonuc¢ olarak broiler rasyonlarina
%0.05 probiyotik ilavesinin besi performansini iyilestirdigi
ekonomik ve uygulanabilir olmasi nedeniyle broiler
rasyonlarinda  kullaniminin  dnerilebilecegi  kanisina
varilmistir.

Cikar ¢catismasi

Yazarlar bu yazi icin gercek, potansiyel veya algilanan
cikar catismasi olmadigini beyan etmislerdir.

Etik izin

Bu calisma 17/12/2020 tarihli 49512 sayili Harran
Universitesi Hayvan Deneyleri Yerel Etik Kurulu (HRU-
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Ozet: Kuslarda sesin yasamlarindaki 6nemi giiniimiize kadar bircok
arastirmacinin ilgisini gekmistir. Bununla ilgili yapilan genis ¢apli galismalar
erkegin 6tlslnun disinin karar kilmasinda 6nemli etkileri oldugunu, erkegin
muhtemel hormonal durumu ve fiziksel glci hakkinda bilgi veriyor
olabilecegini, bu durumun disinin es segiminde karar kilmada etkili
olabilecegini dusiindirmektedir. Memelilerdeki gibi larinks bulunmasina
karsin kuslar sarkilarini séylemek icin goguslerinin derinliklerine yerlesmis
trakea ve akcigerler arasinda lokalize olan sirinksi kullanmaktadirlar.
Calismamizin amaci, desmin, vimentin ve laminin’in sirinks Gzerine olasi
etkilerini arastirmaktir. Bu kapsamda sirinks’in epitel dokusu, kas dokusu,
kikirdak dokusu ve bezleri incelenmis ve bu filamanlarin varliklar histolojik
olarak immunohistokimyasal yontemler kullanilarak arastiriimistir. Yapilan
incelemeler sonucu desmin, vimentin ve laminin’in erkek ve disi kinah
keklikler arasinda degiskenlik gostermedigi tespit edildi. Desmin ve
vimentin’in diiz kas hicrelerinde orta yogunluklu bir reaksiyon gosterdigi
gorildi. Laminin’in kaslarda glicli reaksiyonlar gosterdigi; bezlerde,
epitelyum hcrelerinde ve damar duvarlarinda da gigli reaksiyonlar
gosterdigi goriildu. Elde edilen bu verilerden yola gikarak bu intermediyer
filamanlarin, keklik sirinksindeki hiicre gruplarinin iskelet yapisina katilarak
hicrelerdeki homeostazinin saglanmasinda ve organin fonksiyon gordigu
fizyolojik streglerin devamliliginda etkileri oldugunu séyleyebiliriz.
Anahtar Kelimeler: Desmin, Keklik, Laminin, Sirinks, Vimentin.

Localization of Desmin, Vimentin, and Laminin in the Syrinx
of the Chukar Partridge (Alectoris chukar)

Abstract: The importance of vocalizations in the lives of birds has attracted
the attention of many researchers to date. Extensive studies on this subject
suggest that the male's song has essential effects on the female's decision-
making, that it may provide information about the male's possible
hormonal status and physical strength, and that this may be effective in
deciding the female's choice of mate. Although they have a larynx like
mammals, birds use the syrinx, localized deep in the chest between the
trachea and lungs, to sing. Our study aimed to investigate the possible
effects of desmin, vimentin, and laminin on the syrinx. In this context,
epithelial tissue, muscle tissue, cartilage tissue, and glands of the syrinx
were examined, and the presence of these filaments was histologically
investigated using immunohistochemical methods. It was determined that
desmin, vimentin, and laminin did not vary between male and female
partridges. Desmin and vimentin showed a moderate-intensity reaction in
smooth muscle cells. Laminin showed strong reactions in muscles; it also
showed strong reactions in glands, epithelial cells, and vessel walls. Based
on these findings, we can say that these intermediary filaments participate
in the cytoskeletal structure of cell groups in the partridge syrinx,
maintaining homeostasis in the cells and the physiological processes by
which the organ functions.

Keywords: Desmin, Laminin, Partridge, Syrinx, Vimentin.
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Giris

Kuslarin evriminde; tliyler, ucus ve Otls gibi birtakim
ozellikler kilit rol oynamustir (Kingsley ve ark., 2018). Pek ¢ok
kusun melodik cagrisi, gogislerinin derinliklerinde yerlesmis
sirinks adi verilen ve tliriinlin tek 6rnegi olan ses kutusundan
gelir. Arastirmacilar, bu ses kutusunun yalnizca bir kez
evrimlestigini ve bu yapinin da evrimin nadir bir érnegi
oldugunu bildirmislerdir. Tim kus tirlerinde, memelilerdeki
gibi larinks bulunmasina karsin bu tirler sarkilarini séylemek
icin trakea ve akcigerler arasinda lokalize olan sirinksi
kullanmaktadirlar (Riede ve Goller, 2010a; Riede ve ark.,
2019). Ayrica kuslarda sirinks; cinsiyet tayini, kus turlerinin
siniflandirilmasi, ¢iftlesme davranislart ve filogenetik
konumlarinin belirlenmesinde de fayda saglamaktadir.
Sirinks, farkh kus tlrleri arasinda morfolojik olarak ve
yapisina katkida bulunan kikirdak halkalarinin dogasina gore
trakeal, bronsiyal ve trakeobronsiyal tiplere ayrilr.
Trakeobronsiyal tip, ¢ogu kusta en sik gozlenen tiptir
(Baumel, 1993; King ve McLelland, 1984; Nickel ve ark.,
1977). Sirinks temel olarak trakeanin tabaninda iki veya daha
fazla trakeal kikirdak elemaninin kaynasmasiyla olusan
timpanium, hava yolunu dikey olarak ayiran ve onu her bir
birincil bronsa yonlendiren pesulus ve brons kikirdaklarindan
olusur. Titresim yoluyla fonasyon olusumunda énemli bir rol
oynayan lateral ve medial timpaniform membranlar,
kikirdaklari birbirine baglayarak da sirinksin anatomisine
katki sunarlar (Baumel, 1993; King ve Mclelland, 1984;
Nickel ve ark., 1977; Warner, 1972). Bircok kus tiriinde,
cinsel dimorfizmin sirinksin morfolojisi tizerindeki etkileri ile
sirinksin anatomik ve histolojik 6zelliklerini ortaya koyan
galismalar yapilmis olmasina karsin (Baumel, 1993; Khaksar
ve ark., 2012; Nickel ve ark., 1977; Prince ve ark., 2011; Riede
ve Goller, 2010a; Riede ve Goller, 2010b; Yilmaz ve ark.,
2012), ilgingtir ki sirinkste ¢esitli molekiler faktorlerin
lokalizasyonunu ve ekspresyonunu gosteren ¢alismalar sinirh
kalmistir (Erdogan ve ark., 2015).

Tum tdrlerin dokularinin hicre iskeletini; mikrofila-
mentler, mikrotubdiller ve intermediyer filamentler olmak
lizere (g tip filament olusturur. intermediyer filamentler,
hem dokunun iglevine hem de epitel hiicrelerinin tipine bagl
olarak lokalize olduklari dokunun ya da hiicrenin biyiume ve
farkhlasmasini dizenler (Arkas Alklay ve ark., 2022).
intermediyer filamentler (IF'ler), ¢cogu omurgalida hiicre
iskeletinin ana bilesenleridir. Bu proteinler, insan da dabhil
olmak lzere tliim omurgali canlilarda 65 farkh gen ailesi
tarafindan kodlanir (Hesse ve ark., 2001). IF’ler, doku ve
farklilagma ozelliklerine gore dort farkh sitoplazmik sinifa
ayrilir (Fuchs ve Weber, 1994). Tip Ill IF proteinleri desmin,
vimentin, glial fibril asidik protein (GFAP) ve periferini igerir.
Memeli hayvanlarin farkl doku ve organlarinda IF proteinleri
hakkinda c¢cok sayida calisma ve bunlarin hicre iskeleti
icindeki islevleri ve belirli hastaliklardaki rolleri hakkinda
bilgiler mevcuttur (Hermann ve ark., 1992; Herrmann ve
Harris, 1998; Loh ve ark., 2000; Prasad ve ark., 1998). Ancak
kanath hayvanlarin doku veya organlarinda bu faktorlerin
hiucresel lokalizasyonu ve olasi rollerine iliskin g¢alismalar
oldukga sinirhdir (Madekurozwa, 2013).

Vimentin ve desmin; yapisal destek, hiicre goc,
hiicresel farklilasma ve kasilma gibi aktivitelerde gérev alan
hicre iskeleti proteinlerindendir (Amsterdam ve Aharoni,
1994; Fletcher ve Mullins, 2010; Galou ve ark., 1997;
Goldman ve ark., 1996). Vimentin, tip Il IF protein ailesinin
en yaygin sekilde eksprese edilen, 57 kDa'lik bir proteinidir.
Vimentin’in, mezenkimal kokenli hiicrelerin yani sira bazi
epitel hiicrelerinde de lokalize oldugu bildirilmistir. Ayrica
vimentin’in, pankreasin ©6nct hcreleri, sertoli, sinir,
trofoblast dev, fibroblastlar, endotel, renal tubliler ve
stromal hiicreleri ile makrofajlar, nétrofiller ve 16kositlerden
de eksprese oldugu gosterilmistir (Carter ve ark., 2005;
Cochard ve Paulin, 1984; de Souza ve Katz, 2001; Franke ve
ark., 1982; Ko ve ark., 2004; Larsson ve ark., 2004; Mahrle ve
ark., 1983). Desmin ise kas hicreleri tarafindan eksprese
edilir ve tek bir gen tarafindan kodlanir (Kohnen ve ark.,
2000; Korgun ve ark., 2007; Lazarides, 1980). Sarkolem ve
nikleer membrana bagh miyofibriller etrafinda birbirine
baglanan iskeleler olusturarak kas liflerinin maturasyonunda,
korunmasinda ve iyilesmesinde de hayati rol oynar (Goldfarb
ve ark., 2004). Ekstraselller matriks proteinlerinden biri olan
laminin ise, luminal ve glandiiler epitel hiicrelerinin oturdugu
bazal membranin bir bilesenidir (Tanaka ve ark., 2009).
Hicre adezyonu ve farklilasmasi, hiicre sekli ve hareketi,
doku fenotiplerinin korunmasi ve dokularda canliligin
(survival) devam ettirilmesi gibi birtakim aktivitelere katki
saglamaktadir (Colognato ve Yurchenco, 2000; Miner, 2008).
Ayrica, laminin’in  kas gelisiminde; = miyoblastlarin
adezyonunu, gogiini, ¢ogalmasini ve farklilasmasini tesvik
etmede de dnemli roller oynadigina inanilmaktadir (Foster
ve ark., 1987; Goodman ve ark., 1989; Mayne ve Sanderson,
1985; Ocalan ve ark., 1988; von der Mark ve Ocalan, 1989).

Yapilan kapsamli literatlir taramalarinda, kanatlilarda
c¢alismalarin daha gok sirinksin anatomik ve histolojik yapisi
ile sirinks mukozasindaki hiicrelerin ya da bezlerin salgilarinin
histokimyasal ve imminohistokimyasal  06zelliklerini
tanimlamaya odaklandigi goéralmistir (Amsterdam ve
Aharoni, 1994; Baumel, 1993; Erdogan ve ark., 2015;
Hermann ve ark., 1992; Khaksar ve ark., 2012; King and
MclLelland, 1984; Kingsley ve ark., 2018; Loh ve ark., 2000;
Madekurozwa, 2013; Nickel ve ark., 1977; Riede ve Goller,
2010a; Warner, 1972). Hicre iskeletinin ve bazal
memberanin yapisina katilarak destek saglayan ve hiicre
gocu, farklilasmasi, maturasyonu, canliigi ve kasilmasinda
gorev alan vimentin, desmin ve laminin’in, kanatl
sirinksindeki hiicresel lokalizasyonu ve ekspresyonlarina
iliskin herhangi bir ¢calismaya rastlanmamistir. Bu durum,
eriskin kekliklerin sirinksinde bu molekiler faktorlerin
fizyolojik fonksiyonlarini ortaya koymayi glclestirmektedir.
Bundan dolayi, bu c¢alisma kekliklerde sirinks mukozasini
olusturan dokularda hiicre iskeleti ve bazal membranin
yapisina katilan  vimentin, desmin ve laminin’in
immuinohistokimyasal lokalizasyonunu ve ekspresyonunu
ortaya koymak igin planlanmigtir.
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Materyal ve Metot

Dokularin Alinmasi: Bu calismada 6zel bir ciftlikte
kesimi yapilarak karkaslari tiketime sunulan bes erkek (480-
540 g) ve bes disi (360-420 g) olmak Uzere toplam on adet
saglkliyetiskin (2 yasinda) keklik kullanildi. Kesim sonrasinda
trekea ile birlikte sirinks diseke edilerek disari alindi ve total
olarak trekeadan ayrilarak %10’luk formol alkol
sollisyonunda 18 saat siire ile tespit edildi. Ardindan dokular
rutin  histolojik islemleri takiben parafine bloklandi.
imminohistokimyasal (IHC) analiz icin, her hayvanin
sirinksinden mikrotom ile 5 um kalinhiginda seri kesitler
alindi. Kesitler 3-aminopropil-etoksisilan (APES) (Sigma-
Aldrich Chemicals, St) ile kaplanmis lamlara en az iki 6rnek
olacak sekilde yerlestirildi ve oda 1sinda kurutuldu. Vimentin,
desmin ve laminin proteinlerinin keklik sirinksindeki
lokalizasyonu ve ekspresyonunun arastiriimasi igin siringeal
doku bloklarinin her birinden 3 preparat hazirlandi.

Hayvan Deneyleri Etik Kurullarinin galisma usul ve
esaslarina dair yénetmeligin (15.02.2014) 8. maddesinin (k)
bendi 1. fikrasinda Dbelirtildigi lizere c¢alismamizda
kullandigimiz materyal; 6zel bir ciftligin kesimhanesinde
kesimi yapilan ve karkaslarinin insan tiiketimine sunuldugu
materyal olmasindan dolayl HADYEK iznine tabi degildir.

Immiinohistokimyasal Prosediir: immiinohisto-
kimyasal boyama, streptavidin-biyotin-peroksidaz kompleks
yontemi kullanilarak yapildi. Adezivli lamlara alinan seri
kesitler, deparafinizasyon ve rehidrasyon islemlerinden
sonra distile suda c¢alkalandi. Daha sonra kesitler endojen
peroksidaz aktivitesini engellemek icin distile suda
hazirlanmis %3’liik H20: ile 20 dakika muamele edildi. Bunu
takiben kesitler yikamaya alindi. Her bir uygulama
sonrasindaki yikama islemleri 0.01 M fosfat tamponlu tuz
¢Ozeltisinde (Phosphate buffer saline (PBS)) 3x5 dk. olacak
sekilde uygulandi. Yikamayi takiben, 6rnekler antijen
retrieval islemi i¢in hazirlanan sitrat tamponunda (0.01 M,
pH 6) 95 °C'de 15 dakika siiresince kaynatildiktan sonra
sogumaya alindi. Ardindan yikama islemi yapildi ve kesitler,
dokularda spesifik olmayan baglanmalari engellemek igin
protein blocking ¢ozeltisinde (Ultra V Blok, Thermo Fisher
Scientific, Lab Vision Corporation) oda isisinda 15 dakika
sureyle inkibasyona birakildi. Daha sonra kesitler, 1/100
oraninda sulandirilmis vimentin (Anti-vimentin rabbit
polyclonal antibody, Abcam, ab45939), desmin (Anti-desmin
mouse monoclonal antibody, Abcam, ab2530) ve laminin
(Anti-laminin rabbit polyclonal antibody, abcam, ab11575)
primer antikorlari ile +4 °C’de 1 gece siiresince inkibe edildi.
Bu sirenin sonunda kesitler 3x5 dk. 0.01M PBS ile yikandi.
Sonrasinda kesitler sirasi ile 20 dk. biotinlenmis sekonder
antikor (Biotinylated Goat Anti-Polyvalent, catalog:TP-125-
BN, Thermo Scientific) inkibe edildi. Bu slrenin sonunda
kesitler 3x5 dk. 0.01M PBS ile yikandiktan sonra,
streptavidin-peroxidase (Thermo Fisher Scientific, catalog:
TA-125-HR) ile inkiibe edildi. Kesitler 3x5 dk. 0.01M PBS ile
yikandiktan sonra, Antijen-antikor reaksiyonlarini gdstermek
icin kesitler diaminobenzidine (DAB Substrate, Thermo
Scientific, katalog no: TA-125-HD) kromojen sollisyonunda 5-
10 dk. bekletildi ve daha sonra kesitler distile su ile ylkamaya
alindi. Ardindan Mayer’s hematoksilende 2-3 dk. slreyle zit

boyamaya tabi tutulan kesitler akarsu altinda yikandi. Bu
yitkama isleminin ardindan kesitler alkol ve ksilol serilerinden
gecirilerek entellan (Merck,Darmstadt, Germany, Cat.
N0:107960) ile kapatildi.

immiinohistokimyasal boyamanin 6zgiilliigii, negatif ve
pozitif kontrol kullanilarak degerlendirildi. Pozitif kontrol
olarak kullanilan sican meme bezi primer antikorlarla inkiibe
edildi. Negatif kontroller de primer antikorlar yerine, dokular
PBS veya normal tavsan IgG'si (Santa Cruz Biotechnology, sc-
2027) veya normal fare 1gG'si (Santa Cruz Biotechnology, sc-
2025) ile inkibe edildi. Normal tavsan ve fare IgG'si, tavsan
ve farelerden elde edilen konjuge olmayan, afinitesi
saflastirilmis bir izotip kontrol imminoglobulindir. Tim
ornekler ayni protokolle degerlendirildi.

Boyamalar sonrasi preparatlar Nikon-Eclipse 400 DSRI
Nikon dijital fotograf makinesi (NIS Elements Imaging
Software (version 3.10)) atagmanli arastirma mikroskobunda
incelenerek degerlendirildi ve fotograflandi.

Yari Kantitatif Degerlendirme: immiinohistokimyasal
boyamanin degerlendirilmesi, yogunluk skoru (intensity
score) ile semikantitatif olarak yapildi. Boyanan hiicrelerin
boyanma siddeti; (-) boyanma yok, (+) zayif, (++) orta
derecede, (+++) kuvvetli boyanma seklinde belirlendi
(Akbalik ve ark., 2015). Hucrelerdeki immun boyanma
yogunlugu iki bagimsiz arastirmaci tarafindan yapildi ve iki
arastirmacinin ortalama puani hesaplandi. Vimentin, desmin
ve laminin icin pozitif imminreaksiyonlar, 200x ve 400x
blylitmede sirinksin boélimleri taranarak yliksek ekspresyon
alanlarinda yapildi. Her bir sirinks icin rastgele segilen ti¢ alan
degerlendirildi ve bu bireysel sonuglarin ortalamasi tek bir
deger olarak alindi. Kekliklerde sirinksin luminal ve bez epitel,
stromal ve diiz kas hucreleri ile kikirdak hicreleri olmak
Gzere bes farkl hiicre grubu degerlendirildi. Kan damarlari
ise ayrintih olarak degerlendiriimemis olup, sadece genel
goraniamleri anlatilmistir.

Bulgular

Hem erkek hem de disi kekliklerde vimentin, desmin ve
laminin ekspresyonlarinin sirinksin yapisina katilan doku ve
hiicrelerde benzer oldugu ve o6nemli farkhliklarin
bulunmadigi ortaya konuldu. Negatif kontrollerde
imminreaksiyon goézlenmezken, pozitif kontrollerde ise
sican meme bez epitel ve stromal hiicrelerinde vimentin,
desmin ve laminin pozitif oldugu goruldi (Sekil 1). Ayrica,
keklik  sirinksinde  vimentin, desmin ve laminin
ekpresyonlarina ait sonuclar Tablo 1 de 6zetlendi.

Tablo 1. Sirinksin farkh histolojik katmanlarinda vimentin,
desmin ve laminin’in lokalizasyonlari igin yogunluk skorlari.

Sirinks Hiicreleri Vimentin Desmin Laminin

Epitel Hiicreleri - - ++
Bag doku hiicreleri - - ++
Kas hiicreleri ++ ++ -
Kikirdak hiicreleri - + S+
Kan daman - - ++

1
HARRAN UNIVERSITESI VETERINER FAKULTESI DERGISI, 2023; CILT 12, SAYI 1 69



Harran Univ Vet Fak Derg, 2023; 12 (1): 067-074

DOI:10.31196/huvfd.1233665

Arastirma Makalesi

Vimentin

Negatif Kontrol
L TP =

Pozitif Kontrol

Desmin

Laminin

Sekil 1. Negatif kontrol igin, sirinkste primer antikorlar yerine kullanilan fare ve tavsan IgG antikorlarinda vimentin, desmin
ve laminin i¢in immun boyamaya rastlanmamistir. Pozitif kontrol igin, fare meme bezinin alveolar ve duktal epitel hiicreleri
ile diiz kas hiicrelerinde vimentin, desmin ve laminin igin gigli lokalizasyonlarin goriinimd. Siyah ok basi: epitel hiicresi,
kirmizi ok basi: kas dokusu, yesil ok basi bag dokusu hiicresi. Barlar A: 50um, B-C: 25um, D-F: 50um.

Sekil 2. Sirinkste vimentin immunreaktivitesi, immiinohistokimyasal boyama, diaminobenzidin kromojen. E: Epitel katmani,
S: bag doku, Siyak ok basi: diiz kas hicreleri. Bar: A 50 um, B-C: 25um.

Vimentin immunlokalizasyonu: Sirinksin duvar yapisina
katilan diz kas hiicrelerinde orta yogunlukta vimentin
ekspresyonu gorildi. Buna karsin, trakeal ve bronsial ile
pesulusun luminal ve bez epitel hiicreleri, stromal hiicreler,
lateral ve medial timpaniform membranlarin epitel ve
stromal hiicrelerinde, kan damarlarinda vimentin
ekspresyonuna rastlanmadi (Sekil 2).

Desmin immunolokalizasyonu: Diz kas hucrelerinde
orta yogunlukta, bazi kikirdak hicrelerinde ise zayif bir

desmin ekspresyonu gorildi. Luminal ve bez epitel hiicreleri
ile timpaniform mebranlarin epitel hiicrelerinde ve kan
damarlarinda desmin ekspresyonu gozlenmedi (Sekil 3).

Laminin immunolokalizasyonu: Sirinksin diiz kas ve
kikirdak hiicrelerinde laminin ekspresyonunun gigli, trakeal
ve bronsial ile pesulusun luminal ve bez epitel hiicreleri, bazi
stromal hiicreler, lateral ve medial timpaniform
membranlarin epitel ve bazi stromal hicrelerinde, kan
damarlarinda laminin ekspresyonlarinin orta yogunlukta
oldugu belirlendi (Sekil 4).
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Desmin

Sekil 3. Sirinkste desmin immunreaktivitesi, imminohistokimyasal boyama, diaminobenzidin kromojen. E: Epitel
katmani, S: bag doku, Mavi ok basi: diiz kas hticreleri, kirmizi oklar: Kikirdak hiicreleri. Bar: A- B: 50um, C: 25 um.

enNe

Lam

Sekil 4. Sirinkste laminin immunreaktivitesi, imminohistokimyasal boyama, diaminobenzidin kromojen. E: Epitel katmani,
S: bag doku, M: Kas doku, yesil ok basi: epitel hiicreleri, kirmizi ok basi: bag dokusu hiicreleri, kirmizi oklar: Kikirdak hiicreleri,

siyah ok: Kan damari. Bar: A-C: 50 um.
Tartisma ve Sonug

Tim Okaryotik canlilarda hiicre iskeleti, intermedier
filamentler (IF) ile ekstraseliiler matriks proteinlerini icerir ve
bu bilesenler 6karyotik hiicrelerin sitoplazmasinda lifli bir ag
olustururlar (Kohnen ve ark., 2000). Bu molekiler
faktorlerin, artik hayvanlarda birgok doku ve organdaki hiicre
grubunda bulundugu kabul edilmektedir. Bu ¢alisma, erigkin
keklik sirinksinde intermedier filamentlerden vimentin ve
desmin ile bagdoku komponentlerinden laminin’in
ekpresyonlarini  ortaya koyan ilk g¢alismadir. Bizim
bulgularimiz, keklik siriksinde vimentin ve desmin’in sadece
diz kas ve kikirdak hiicrelerinden, laminin ise luminal ve bez
epitel, stromal ve diiz kas hiicreleri ile damar endotel ve diiz
kas  hiicrelerinden  ekspresse  oldugunu  gosterdi.
Memelilerde oldugu gibi kekliklerin sirinksinden de vimentin,
desmin ve laminin’in bazi hiicre gruplarindan eksprese
olmasi, keklik sirinksinde bu faktorlerin hiicre iskeletine ve
doku bitinlugine katki sundugunu gostermistir.

Arastirmacilar, insan ve bazi memeli tiirlerinde solunum
sisteminin de dahil oldugu farkh organlarda vimentin, desmin
ve laminin proteinlerinin  hicresel ekspresyonu ve
dagilimindan bahsetmislerdir (Carter ve ark., 2005; Fletcher
ve Mullins, 2010; Franke ve ark., 1982; Fuchs ve Weber,

1994; Galou ve ark., 1997; Goldman ve ark., 1996; Herrmann
ve ark., 1992; King ve McLelland, 1984; Larsson ve ark., 2004;
Loh ve ark., 2000; Madekurozwa, 2013; Mahrle ve ark.,
1983; Prasad ve ark., 1998). Kanatlilarda sirinkste dahil olmak
Uzere solunum sistemi organlarinda bu faktorlerin
ekspresyonlarina iliskin bilgi bulunmamaktadir. Bundan
dolayl da memelilerin farkli doku ve organlarinda yapilan bu
faktorler ile ilgili calismalar dikkate alinarak tartisma
sekillendirilmistir.

Hamsterlerin aort ve midesinde yapilan bir ¢alismada,
vimentin’in sadece aort diz kas hiicrelerinden eksprese
oldugu, desmin’in ise ekspresyon géstermedigi bildirilmistir.
Hamster midesinde diiz kas htiicrelerinde desmin’in belirgin
immuinreaksiyonlar gosterdigi, vimentin’in ise lamina
propriya ve  submukozada lokalize  olan  bazi
fibrosit/fibroblastlarda lokalize oldugu ortaya konulmustur
(Frank ve Warren, 1981). Képeklerde Rete testis epitelinin
hem vimentin hem de desmin’i eksprese ettigi ortaya
konulmustur (Wakui ve ark., 1994). Sicanlarda bobrek
glomeruluslarinda desmin’in eksprese oldugu ve yasin
ilerlemesine bagli olarak da ekspresyon yogunlugunun arttig
saptanmistir. Yine ayni ¢alismada, vimentin ekspresyonunun
glomeruluslarda zayif oldugu gosterilmistir (Yaoita ve ark.,
1990). Embriyonal gelisim siresince desmin ekspresyonunun
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farelerde, erken donemde Mekkel kikirdaginin mandibular
kemik ve mandibular kemige bagh miyohiyoid kasinda zayif
oldugu, gelisimin ilerlemesine baglh olarak bu ekspresyonun
mekkel kikirdaginin  miyohiyoid kikirdaga baglandig
bolimden itibaren giglendigi bildirilmistir. Vimentin’in ise
tim gelisim suresince kas ve kemik gibi cevre dokularda
yaygin bir ekspresyon sergiledigi ifade edilmistir (Kishi ve
ark., 2012). Henzen-Logmans ve ark. (1987) ise insan tiroid
bezinde vimentin ekspresyonunun varhgindan
bahsetmislerdir. Sunulan c¢alismada, kekliklerin sirinkste
vimentin’in ve desmin’in ozellikle diiz kas hiicreleri ve baz
kikirdak hiicrelerinden zayif ya da orta yogunlukta eksprese
oldugu, trakeal ve bronsial ile pesulusun luminal ve bez epitel
hiicreleri, stromal hiicreler, lateral ve medial timpaniform
membranlarin  epitel ve stromal hicreleri ile kan
damarlarindan eksprese olmadiklari ortaya konulmustur.

Arter diz kas hiicre kilturlerinde laminin’in glgla
immunreaksiyonlar gosterdigini bildiren galismalar vardir
(Hedin ve ark., 1988). Sican embriyolarina ait mandibular ve
sublingual bezlerde laminin’in giicli ekspresyonlari ortaya
konulmustur (Kadoya ve ark., 1997). Fare embriyolarinda;
tukirak bezi, bobrek ve akciger epitel hiicrelerinin laminin’i
degisen yogunluklarda eksprese ettigini bildiren g¢alismalar
yapilmistir (Durbeej ve ark., 1995; 2001). Yine insanlarin
submandibuler bez epitel hicrelerinin glgli  laminin
ekspresyonlari gosterdigi ifade edilmistir (Hoffman ve ark.,
1996). insan ve sigir fotislerinin epifizial kikirdaklarindan
elde edilen hiicre kiltirlerinde kondrositlerin glicli laminin
ekspresyonlari gosterdigi bildirilmistir (Durr ve ark., 1996).
Kopekte yapilan bir ¢alismada, kalbin atrioventrikiler
kapakgiklarinda lokalize olan hiyalin kikirdagin periseliler
matriksindeki htcrelerin  yogun laminin ekspresyonu
gosterdigini ortaya koymuslardir (Aupperle ve ark., 2008).
Bizim galismamizda da yukarida bahsedilen ¢alismalardakine
benzer sekilde keklik sirinksinin yapisina katilan diz kas ve
kikirdak hiicrelerinde laminin ekspresyonunun gliclii oldugu,
trakeal ve brongial ile pesulusun luminal ve bez epitel
hiicreleri, bazi stromal hicreler, lateral ve medial
timpaniform membranlarin epitel ve bazi stromal hiicreleri
ile kan damarlarinin orta yogunlukta laminin ekspresyonu
gosterdigi ortaya konulmustur.

Bitkiler ve mantarlardan farkli olarak, hayvan
hicrelerinde hiicre duvari bulunmaz ve bu tirlerin hiicre ve
dokularini stabilize etmek icin birtakim yollar gerekir. Ayrica,
hayvanlarda nefes alma, fonasyon, kan dolasimi, beslenme
ve sindirim sirasindaki peristaltik faaliyetler ve hareket gibi
cesitli temel faaliyetler igin kaslara ihtiyag duyulur. Bu
otonom hareketler hiicre ve dokularin bitiinlGga Gzerinde
ciddi bir stres olusturur. Bu mekanik stresle basa ¢ikmak igin
organizmada birtakim molekiiler mekanizmalar
gelistirmistir.  Eklem  bacaklilar  vicut  bolimlerinin
stabilizasyonu igcin dis iskeletlerini kullanirken, diger
hayvanlar hiicre ve dokularini stabilize etmek icin gesitli
molekiiler bilesenleri kullanirlar. Hayvanlarin ayirt edici
ozelliklerinden biri desmozomlar, zonula okludens, zonula
aderens ve gap juntionlar gibi hiicre-hiicre baglantilarinin
varligidir. Hicre iskelet sistemlerinin bilesenlerinden olan
intermedier filamentler, bu hiicresel baglantilar ile birlikte
her bir hiicrede hem dinamik hem de islevsel olarak dokulara

entegre olan yiksek sertlikte ve esneklikte transseliler aglar
olustururlar. Boylelikle, intermedier filament sistemlerinin
olusturmus oldugu iskelet, hicrelerin, dokularin ve
nihayetinde tiim organlarin ortak fizyolojik gereksinimlerini
karsilamada anahtar bir rol Ustlenir (Herrmann ve ark.,
2007). Sunulan ¢alismada, eriskin keklik sirinksinde,
intermedier filamentlerden vimentin ve desmin ile bagdoku
komponentlerinden laminin’in eksprese olmasi, ses lretim
organi olan sirinksin hiicre ve dokularinda bu molekiler
faktorlerin  birbirleriyle  etkilesime girerek yukarida
bahsedildigi gibi organ bitlnliginin korunmasinda énemli
roller oynayabilecegini distindirmustar.

Sonu¢ olarak, keklik sirinksinin  farkli  doku
katmanlarinda memelilerdeki gibi vimentin, desmin ve
laminin’in eksprese oldugu gosterildi. Vimentin ve desmin’in
sadece diz kas ve bazi kikirdak hiicrelerinden, laminin’in ise
epitel, diiz kas ve stromal hiicrelerinin de dahil oldugu fakh
hicre gruplari ile kan damarlarindan degisen yogunluklarda
eksprese oldugu gorildi. Bu molekiler faktorlerin, keklik
sirinksindeki hicre gruplarinin iskelet yapisina katilarak
hiicrelerdeki homeostazin saglanmasinda ve organin
fonksiyon gordigl  fizyolojik sireglerin  devamliliginda
etkileri oldugunu o6nerebiliriz. Yine de, vimentin, desmin ve
laminin’in; sirinksin  epitelyal, stromal ve diz kas
hicrelerindeki ekspresyonunu ve fonksiyonlarini diizenleyen
mekanizmalari tam olarak anlamak icin daha fazla veriye
ihtiyag vardir.

Cikar Catismasi

Yazarlar gercek, potansiyel ya da algilanan herhangi bir
cikar catismasi yasamadiklarini belirtmislerdir.

Finansal Destek

Bu arastirma kamu, ticari veya kar amaci giitmeyen
sektorlerdeki herhangi bir fon kurulusundan 6zel bir destek
almamustir.

Etik Onay

Hayvan Deneyleri Etik kurullarinin ¢alisma usul ve
esaslarina dair yonetmeligin (15.02.2014) 8. maddesinin (k)
bendi 1. fikrasinda belirtildigi UGzere ¢alismamizda
kullandigimiz materyal; 6zel bir ciftligin kesimhanesinde
kesimi yapilan ve karkaslarinin insan tiiketimine sunuldugu
materyal olmasindan dolayi HADYEK iznine tabi degildir.

Finansal destek

Bu calisma, Sirnak Universitesi Bilimsel Arastirma
Projeleri Koordinasyon Birimi tarafindan
2021.FNAP.14.04.01 proje numarasi ile desteklenmistir.

Benzerlik Orani

Makalenin benzerlik oraninin sisteme yiiklenen raporda
belirtildigi gibi %13 oldugunu beyan ederiz.
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Simal HATIiPOGLUY

Abstract: Tail-pulling injuries in cats often occur with trauma or pinching of
the tail. This condition often causes damage to the nerves that supply the tail,
bladder, perineum, and anus. An accurate and good neurological examination
is necessary to grade the severity of the injury. The aim of this study in a case
series of 8 cats with "Tail Pulling Injuries" was to discuss the clinical results
and to provide practical information. Medical records of cats with tail-pulling
injuries, loss of voluntary movement of the tail, and loss of pain perception
were reviewed retrospectively. Among the cats with tail pull injuries, those
with open tail fractures, tail wounds requiring amputation, and spinal trauma
were excluded from the study. According to neurological examination
findings and tail condition, medical treatment and tail amputation were
performed if necessary. Seven of the eight cats in the study had fully
recovered by the end of the second week. As a result, in the case of tail pull
injuries in cats, if there is no fracture or luxation-related gap, amputation
should not be considered immediately. It can be supported by an effective
medical treatment. In addition, amputation will be inevitable if there is a gap
due to a fracture or luxation in the tail.

Keywords: Cat, Nerve damage, Tail pull injuries, Urinary and fecal continence.

Kuyruk Cekme Yaralanmalar” Uzerine Degerlendirme: 8
Kedilik Vaka Serisi

Ozet: Kedilerde kuyruk cekme yaralanmalari genellikle travma veya kuyrugun
kistirilmasi ile ortaya ¢ikar. Bu durum genellikle kuyrugu, idrar kesesini,
perineumu ve anlsi besleyen sinirlerde hasara neden olur. Yaralanmanin
ciddiyetini derecelendirmek igin dogru ve iyi bir nérolojik muayene gereklidir.
"Kuyruk Cekme Yaralanmalari" olan 8 kedi vaka serisindeki bu ¢alismada,
klinik sonuglarin tartisiimasi ve uygulamaya yonelik bilgiler verilmesi
amaglanmistir. Kuyruk ¢cekme yaralanmasi, istemli kuyruk hareketi kaybi ve
agri algisi kaybi olan kedilerin tibbi kayitlari retrospektif olarak incelendi.
Kuyruk ¢cekme yaralanmasi olan kedilerden agik kuyruk kirigi, amputasyon
gerektiren kuyruk yarasi ve omurga travmasi olanlar ¢alisma digi birakildi.
Norolojik muayene bulgulari ve kuyrugun durumuna gore medikal tedavi ve
gerekli gorildiginde kuyruk amputasyonu yapildi. Calismadaki 8 kediden 7'si
ikinci haftanin sonunda tamamen iyilesmisti. Sonug olarak kedilerde kuyruk
¢ekme yaralanmalarinda kirik veya luksasyona bagh bosluk yoksa hemen
amputasyon dislnilmemelidir. Etkili bir medikal tedavi ile desteklenebilir.
Ayrica kuyrukta kirik veya cikik nedeniyle bosluk olusursa amputasyon
kaginilmaz olacaktir.

Anahtar Kelimeler: Idrar ve fekal kontinans,
yaralanmalari, Sinir hasari.

Kedi, Kuyruk g¢ekme
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Introduction

"Tail pull injury" in cats, is a common traumatic situation
caused by tail pulling. This situation occurs because of pulling
the tail when the cat is trying to escape when it gets stuck
somewhere. It usually occurs with trauma affecting the
pelvis (Barnes, 2020; Brooks, 2021; Couper and Decker,
2020; Meeson and Corr, 2011; Tatton et al., 2009). The cause
of the developing neurological deficit is associated with
hemorrhage, edema, and rupture of nerve roots in the
terminal spinal cord (Couper and Decker, 2020; Tatton et al.,
2009). In addition, coccygeal fractures and/or dislocations
and caudal sacral fractures are also considered tail-pulling
injuries. Because almost all of them have similar clinical
symptoms their treatments are identical. A tail pull injury
may also occur as a single lesion following trauma or in
association with multiple pelvic fractures/iliosacral luxations,
hind limb fractures, spine fractures, lung contusions, or other
soft tissue injuries (Brooks, 2021; Davies and Walmsley,
2012; Flegel, 2016; Meeson and Corr, 2011).

Clinical signs in cats that develop tail-pulling injuries
may include urinary and fecal incontinence, paraparesis, and
tail paralysis (Barnes, 2020; Brooks, 2021; Caraty et al., 2018;
Couper and Decker, 2020; Davies and Walmsley, 2012).
Caudal nerve lesions cause tail paralysis, while damage to the
pelvic or pudendal nerves causes urinary and fecal
dysfunction (Couper and Decker, 2020; Davies and
Walmsley, 2012; Lanz, 2002; Tatton et al., 2009).

Diagnosis of tail-pulling injuries is usually straight
forward, and sacrocaudal luxation, subluxation, or fracture is
often easily identified by radiological examination. The
prognosis in cats with tail-pulling injuries varies depending
on the severity of the nerve damage. While paraparesis is
usually temporary, the return of urinary and fecal continence
may take longer (Couper and Decker, 2020; Davies and
Walmsley, 2012; Meeson and Corr, 2011).

This study aimed to evaluate "Tail Pull Injuries" in a case
series of 8 cats.

Material and Methods

In this study, the medical records of cats with tail-pulling
injuries, loss of voluntary movement of the tail, and loss of
pain perception between 2019 and 2023 were
retrospectively reviewed. This study protocol was approved
by the Dicle University Health Sciences Application and
Research Center Local Ethics Committee (E-35582840-020-
471830). Among the cats with tail pull injuries, those with
open tail fractures, tail wounds requiring amputation, and
spinal trauma were excluded from the study. However, cats
presenting with orthopedic problems in the hind limbs were
not excluded.

A detailed neurological examination was performed
after a general and systemic examination for each cat
included in the study. During the neurological evaluation, the
focus was on the somatic caudal and pudendal nerves
because the somatic nerve is responsible for the voluntary
motor function of the tail and pain perception. The pudendal
nerve is responsible for perianal and perineal reflexes.

The behavior of the cat during urination was observed.
The position of urinating on the sand with the normal flow
was evaluated as normal urination behavior. In addition, if
the urinary bladder was empty or not filled on palpation of
the caudal abdomen and there was wetness on the sand, this
was considered incontinence.

Ventrodorsal and lateral images were taken for tail
radiographic evaluation of all cats.

The classification in Table 1 was categorized into five
grades as previously defined by the authors (Grierson, 2011;
Smeak and Olmstead, 1985).

Table 1. Classifications for tail pull injuries in cats (from Smeaak and Olmstead, 1985; Grierson, 2011).

Grade Neurological signs Nerves Prognosis for urination

| Hyperesthesia - Excellent

Il Flaccid tail paralysis Coccygeal Excellent

1} -Flaccid tail paralysis, Coccygeal Good in most cases
-Some residual urine Pelvic

v -Flaccid tail paralysis, Coccygeal 75 per cent recovery rate
-Some residual urine, Pelvic
-Perineal reflex and anal tone reduced Pudental

Vv -Flaccid tail paralysis, Coccygeal 50 per cent recovery rate
-Some residual urine, Pelvic
-Perineal reflex and anal tone reduced, Pudental

-Urethral tone diminished or absent (easy to express bladder)

For cats with tail pulling injuries, either cage rest was
recommended or surgically amputated. In cases where the
bladder could not be emptied due to decreased detrusor
tone and/or increased urethral sphincter tone, bethanechol
(cholinergic): (Myocholine®10 mg, Glenwood GmbH,
Miinchen/Germany) 1.25-7.5 mg/cat (twice a day) was used
to increase bladder detrusor muscle tone as medical
treatment. Alfuzosin (al blocker) (Xalfu® XL 10 mg,

Eczacibasi, istanbul/Tirkiye): 2.5 mg/cat (once a day) was
used to decrease urethral sphincter tone.

Results

In this retrospective review, eight cats (five males, three
females) were investigated from 2019 to 2023 for tail pull

1
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injuries. Their average age was two years (min 7 months,
max four years). All eight cats had a history of trauma. These
were in the form of a traffic accident (3 cats) and pinching his
tail (5 cats).

According to the classification given in Table 1, 4 cases
were grade lll, 3 cases were grade IV, and 1 case was grade
V.

All cats included in the study, one had sacrocaudal
luxation, 2 had caudal luxation, 3 had a fracture of the caudal
vertebra, and 2 had a fracture of the end plate of the caudal
vertebra.

Clinical examination, showed that all cats lost voluntary
motor functions and pain sensation in the tail. Urinary
incontinence was detected in 5 out of 8 cats. Only 1 of 5 cats
with urinary incontinence also did not have perianal and
perineal reflexes.

According to radiographic findings, the reason for tail
amputation in five cats was luxation and an elongated space
in the end plate fracture. In the other three cats, medical
treatment was applied with cage rest. In the controls at the
end of the second week, improvement was achieved in 7
cats, while urinary incontinence continued in only one.
Although using bethanechol and alfuzosin partially relieved
this cat, no permanent improvement was achieved.
Although this cat was cared for in this way from 6 months to
2.5 years old, it was eventually requested to be euthanized
by the family.

Figure 1. C1 vertebral fracture. A case in which cage
rest and medical treatment were applied.

Figure 2. A case of sacrococcygeal luxation. The tail was
amputated and no urine leakage or dripping was
observed.

Figure 3. A case of end plate fracture in the tail vertebrae.
Discussion and Conclusion

Tail-pulling injuries are seen chiefly in traffic accidents.
It is thought to develop when the body moves when the cat's
tail is pinched in the accident. In this context, coccygeal
fractures and/or dislocations, and caudal sacral fractures are
also considered under tail pulling injury. Because all of these
can cause similar clinical symptoms and therefore need to be
handled similarly (Davies and Walmsley, 2012; Flegel, 2016).
All our cases had a traumatic history. Among these, traffic
accident (3 cases) was more common, but it was also caused
by the force of the cat when the tail was compressed (5
cases). Tail-pulled injuries with spinal trauma were not
included in the case selection. Cats with another fracture
with tail pull injuries were not restricted, but these eight cats
did not have a second orthopedic or neurological disorder.

A tail pull injury may be a single post-traumatic lesion,
but it should be remembered that it may be associated with
orthopedic or soft tissue trauma. Tail pull injuries can
sometimes be associated with pelvic fractures/sacroiliac
separation, hindlimb fractures, spine fractures, lung
contusions, pneumothorax, or head injuries (Davies and
Walmsley, 2012, Flegel, 2016). Therefore, trauma should be
considered in tail-pulling injuries, and chest radiographs
should be taken and evaluated for additional lesions.
Similarly, the hind leg or pelvis should be carefully examined
(Caraty et al., 2018; Flegel, 2016). Tail-pulling injury was
alone in all cases included in our study. Cats exposed to
trauma will likely experience the conditions described above,
along with a tail pull injury. However, the small number of
cases (8 cats) in our study and the fact that five of them had
a history of compression does not change the situation.
Therefore, it should be evaluated regarding thorax and head
trauma as well as other orthopedic problems.

In coccygeal spinal cord injuries, it is expected to cause
sensory and motor defects only in the tail. However, tail-
pulling injuries can cause significant traction on nerve roots.
Also, sacral and caudal lumbar spinal segments may be
affected (Caraty et al.,, 2018; Flegel, 2006). Therefore,
hindlimb motor dysfunction and voiding disorders may be
common (Barnes, 2020; Flegel, 2016, Granger et al., 2020).
Depending on the severity of the traction, spinal cord
segments may be affected. When the pelvic nerve (51-3) is
affected, a "drooping tail" condition occurs (Flegel, 2006;
Gandini, 2017). However, voiding disorders resulting from
impaired innervation of the bladder detrusor muscle and
urethra are more critical for the long-term prognosis of the
cat (Barnes, 2020; Flegel, 2006; Gandini, 2017; Granger et al.,
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2020). Therefore, the pudendal nerve should also be
evaluated (Flegel, 2016; Tatton et al., 2009). In our study,
conditions other than tail-pulling injury were investigated in
all cats who were examined in general. After head and chest
trauma evaluation, an orthopedic examination was
performed. After ruling out other conditions, he focused on
the tail pull injury. In this context, in the neurological
evaluation, tail voluntary motor function and tail pain
perception evaluation were performed for the somatic
caudal nerve. Perianal and perineal reflexes were evaluated
for pudendal nerve evaluation.

The classification method for tail pull injuries in cats,
described in previous studies (Brooks, 2021; Grierson, 2011;
Smeak and Olmsteas, 1985), has provided great
convenience. The results obtained from our study were
consistent with this classification. Only one case had urinary
leakage and tail amputation was not performed in this case.
Moreover, it was grade V according to the classification.

Therapeutic options include medical treatment and
different surgical approaches (Bernasconi et al.,, 2001;
Brooks, 2021; Davies and Walmsley, 2021; Flegel, 2016). In
many cases, when detrusor tone decreases and/or urethral
sphincter tone increases, the bladder cannot be fully
emptied as a result. Both of these conditions are treatable.
Bethanechol (cholinergic) improves bladder detrusor muscle
tone (Brooks, 2021; Davies and Walmsley, 2021; Flegel,
2016). Agents such as alfuzosin (al blocker),
phenoxybenzamine (a non-selective alpha blocker), prazosin
(al blocker) or acepromazine, diazepam (striated muscle
relaxant) are recommended to reduce urethral sphincter
tone (Davies and Walmsley, 2012; Flegel, 2016). In our study,
cats with grade IV (3 cats) and grade V (1 cat) were supported
with medical treatment. While only bethanechol was given
to grade IV cats, alfuzosin was used with bethanechol for
grade V. However, there was no radical improvement in one
catin grade V. The other seven cats recovered entirely at the
end of the second week.

There are two different considerations for the decision
to amputate the tail. The first is that a paralyzed tail will be
useless to the cat. In addition, the tail in this condition is
contaminated with urine and feces and may cause skin
reactions (Brooks, 2016; Brooks, 2021; Caraty et al., 2018;
Tatton et al., 2009). Second, it is believed that if there are still
a few intact nerve sheaths, a paralyzed tail can exert
sustained traction on the sacral and lumbar spinal segments
due to its weight. This constant traction can cause additional
injury to the spinal cord. If there is a large gap
fracture/dislocation, it is necessary to amputate the tail,
assuming that no nerve survives such traction (Caraty et al.,
2018; Flegel, 2016). In our study, amputation was performed
in cases with slack due to fracture or luxation. In other cases,
cage rest was recommended.

As a result, after tail trauma in cats, the trauma should
be evaluated as a whole and other conditions, such as
possible thoracic and pelvic trauma should be investigated.
There may be conditions such as pain in the tail or not using
the tail. However, amputation should not be considered if
there is no gap due to fracture or luxation. We believe that

the results of this study and 8 cases with tail pull injuries will
contribute to clinical practice.
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Abstract: Bacteriophages are viruses that infect bacteria. Although their effects
on bacteria have been known for many years, the discovery of antibiotics has
limited the widespread use of bacteriophages against bacterial infections.
However, it is now essential to reconsider using phage therapies due to
antimicrobial-resistant bacteria and uncontrolled bacterial zoonotic diseases
becoming a global problem. This study aimed to isolate lytic phages against B.
abortus, the most common agent that causes bovine brucellosis, which has
become a worldwide animal and public health problem. This performed isolation
is from cattle farms known to be previously or currently infected, and the study
also evaluates the lytic effects of these phages on B. abortus, B. melitensis, B. suis
biotypes, B. ovis and B. neotomae and B. abortus field isolates in our culture
collection. In this process, seven local brucella-specific phages were identified by
evaluating 112 samples via general phage isolation and purification. The lyticity
of the isolated bacteriophages were analyzed with international reference: B.
abortus (bv 1, 2, 3, 4, 5, 6, 9), B. melitensis (bv 1, 2, 3), B. suis (bv 1, 2, 3, 4, 5)
biovars, B. ovis, B. neotomae and B. abortus field strains (n:20). It was found that
85% of B. abortus strains produced a lysis pattern like Tbilisi ® through local
phages. In terms of the lysis results, three different B. abortus specific phages
were isolated (98 ©, 104 @, and (P35, P70, P94/1, P94/2, P94/3) phages). It is
thought that the applying cocktails prepared from these phages to fight against
brucellosis will significantly contribute to controlling the disease. Since 15% of the
field isolates were found to be rough strains, it is recommended that R/C ® are
included in the prepared cocktails.

Keywords: Bacteriophage, Brucella abortus, Brucellosis, Phage therapy.

Brucella abortus’a Karsi Yerel Bakteriyofaj izolasyonu ve
Konakgl Spesifitesinin Degerlendirilmesi

Ozet: Bakteriyofajlar bakterileri enfekte eden viruslardir. Bakteriler {izerindeki
etkileri uzun yillardir bilinmekle birlikte bakteriyel enfeksiyonlara karsi yaygin
olarak kullanimi antibiyotiklerin kesfi nedeniyle arka planda kalmistir. Kiiresel bir
sorun haline gelen antimikrobiyal direngli bakteriler ve kontrol altina alinamayan
bakteriyel zoonotik hastaliklar nedeniyle glinimizde faj terapileri bir tercihten
ziyade zorunluluk haline gelmeye baslamistir. Bu calismada, Ulkemizde ve
diinyanin birgok Ulkesinde énemli bir hayvan ve halk saghgi sorunu olan sigir
brusellosisinin en yaygin etkeni olan B. abortus’a karsi daha 6nce ya da halen
infekte oldugu bilinen sigir giftliklerinden litik faj izolasyonunun yapilmasi ve bu
fajlarin B. abortus, B. melitensis B. suis biyotiplerinde, B. ovis ve B. neotomae’de
ve kultur koleksiyonumuzda bulunan B. abortus saha izolatlarinda litik etkilerinin
degerlendirilmesi amaglanmistir. Genel faj izolasyon ve saflastirma yéntemleri
uygulanarak 112 érnekten yedi adet yerel Brucella spp. spesifik faj tespit edildi.
izole edilen bakteriyofajlar, uluslararasi referans B. abortus (bv 1,2,3,4,5,6,9), B.
melitensis (bv 1,2,3), B. suis (bv 1,2,3,4,5) biyovarlari, B. ovis, B. neotomae ve B.
abortus saha suslar (n:20) ile litik etkinlikleri yoniinden analiz edildi. B. abortus
suglarinin %85’i yerel fajlarla Thilisi ®'na benzer lizis modeli meydana getirdi.
Calisma sonunda sekillenen lizis tablosu dikkate alindiginda, 3 farkh B. abortus
spesifik faj izolasyonunun yapildigi anlasildi [98 ®, 104 ©, ve (P35, P70, P94/1,
P94/2, P94/3) fajlari]. Bu fajlardan hazirlanan faj karisimlarinin brusellosis ile
micadelede uygulanmasinin hastaligin kontroliine 6nemli katkilar saglayacagi
disinilmektedir. Calismada saha izolatlarinin %15’i rough suslar olarak tespit
edildiginden hazirlanan faj kokteyllerin igine R/C ®’nin katilmasinin da yerinde bir
karar olacagi kanisina varildi.

Anahtar Kelimeler: Bakteriyofaj, Brucella abortus, Brusellosis, Faj terapisi.
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Introduction

Bacteriophages, which are viruses that infect bacteria, are
infectious particles that, like other viruses, have at least two
components (nucleic acid and protein) (Campbell, 2003).
Although their effects on bacteria were discovered as early
as the 19th century, the discovery of antibiotics has reduced
interest in bacteriophages (phages) in the scientific
community (Jura¢ et al.,, 2019). However, the alarming
increase in multi-antibiotic-resistant microorganisms has
necessitated a renewed focus on phages (Garcia et al., 2019;
Ling et al.,, 2022). Phages, which significantly impact the
biocontrol of microbial populations of bacteria in different
environments, are naturally "green" applications as they
only affect target microorganisms (Issabekov et al., 2022).
There is also a great deal of potential for the use of phages
in the treatment of bacterial infections, as well as in
disinfection and the detection and categorizing of pathogens
(Erdenlig-Gurbilek et al.,, 2022; Issabekov et al., 2022;
Phongtang et al., 2019; WOAH, 2022). The importance of
phage therapies in the fight against bacterial diseases is
increased by how bacteriophages demonstrate strong lytic
effects, specifically against many target bacteria, and their
ability to multiply exponentially in the infected environment
(Aslam and Schooley, 2019).

Brucellosis, an important zoonotic bacterial disease, has
become a global problem due to the difficulty in eradication.
The problem’s severity is apparent by the fact that the vast
majority of animals globally are infected. It is, therefore,
essential that the problem of brucellosis be tackled in
whatever way possible, including the use of phage therapy
(Khurana et al., 2021; Pappas et al., 2006) and, more

specifically, through the targeted infection of Brucella
bacteria with phages. It has been standard practice for many
years to identify classical Brucella species that show host
specificity (Flores et al., 2012; Projahn et al., 2020; WOAH,
2022). Furthermore, the self-replicating and self-limiting
nature of these phages, as well as the fact that they do not
harm regular flora, makes lytic bacteriophages a practical,
reliable, and cost-effective alternative for brucellosis control
(Mohan et al., 2020).

This study aimed to isolate local bacteriophages from
samples taken from areas with a high probability of phage
presence. These areas include litter material, fecal pits and
sewage samples, and range soil from cattle farms. Current or
defeated Brucella infection was detected, and the lytic effect
of the isolated phages on the World Organization for Animal
Health (WOAH) reference Brucella abortus, B. melitensis, B.
suis biotypes, B. ovis and B. neotomae and B. abortus field
isolates in our culture collection was determined.

Materials and Methods

Reference and field Brucella strains (Table 1) and
phages used in the study were obtained from the laboratory
strain collection of the Department of Microbiology, Faculty
of Veterinary Medicine, Harran University. The materials
used in the study consisted of samples taken from 112
different regions of 27 cattle farms. This study is not subject
to HADYEK permission by Article 8 (k) of the "Regulation on
Working Procedures and Principles of Animal Experiments
Ethics Committees".

Tablo 1. B. abortus field strains included in the study and their origin.

No Strain Host Region Material Year
1 B. abortus Cattle 1gdir Milk 2022
2 B. abortus Cattle Sanhurfa/Akgakale Milk 2022
3 B. abortus Cattle Diyarbakir Fetus 2021
4 B. abortus Cattle Diyarbakir Fetus 2021
5 B. abortus Cattle Sanhurfa/Haliliye Milk 2022
6 B. abortus Cattle Sanhurfa/Viransehir Milk 2022
7 B. abortus Cattle istanbul Vaginal swap 2017
8 B. abortus Cattle Sanhurfa/Viransehir Milk 2022
9 B. abortus Cattle Sanhurfa/Viransehir Milk 2022
10 B. abortus Cattle Bursa Vaginal swap 2022
11 B. abortus Cattle 1gdir Vaginal swap 2022
12 B. abortus Cattle 1&dir Milk 2022
13 B. abortus Cattle Konya Milk 2022
14 B. abortus Cattle Bursa Milk 2022
15 B. abortus Cattle Bursa Milk 2022
16 B. abortus Cattle Bursa Abomasal fluid 2022
17 B. abortus Cattle Bursa Abomasal fluid 2022
18 B. abortus Cattle Bursa Vajinal swap 2022
19 B. abortus Cattle izmir Milk 2022
20 B. abortus Cattle Kars Abomasal fluid 2022
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Bacteriophage isolation and proliferation: Phages
were isolated from environmental samples from cattle farms
where brucellosis had previously been detected. Phage
isolation was performed in our laboratory through a
modified method based on classical methods used for this
purpose (Sambrook et al., 1989). In this process, fecal litter
samples were diluted 1/10 with LB (Luria Bertani) broth,
homogenized, and centrifuged at 6000 rpm for 20 minutes.
The supernatant obtained was first passed through 0.45 um
filters, followed by 0.2 um filters, and the sterilized filtrate
was used as a phage source. B. abortus S19 vaccine strain,
which has low virulence regarding laboratory personnel and
environmental safety, was used as the host. A suspension of
1x10° CFU bacteria per milliliter of the host strain was
inoculated onto Tryptic Soy Agar (TSA). After the agar surface
had dried, 250 pl of sterile phage filtrate was added and
spread on the agar surface with a sterile loop. After the agar
surface had again dried, the petri dishes were incubated at
37°C for one day. After incubation, passages were continued
until significant lysis was observed in the petri dishes.
Bacteria and phage combinations were collected from the
surface of the lysis petri dishes with LB broth. The collected
suspension was centrifuged at 6000 rpm for 20 minutes, and
the supernatant was sterilized by first passing it through 0.45
pum filters, followed by 0.2 um filters. The next stage was
phage purification.

Purification of Brucella phages: In this stage, sterile
phage filtrates were processed using an agar-overlay method
to detect the phage plaques of bacteriophages. This method
necessitated the preparation of 3 ml of soft agar (0.8 g agar,
2 g NaCl, 2 g Peptone, 150 pl CaClz), which was then poured
into each TSA petri dish. The prepared agar was kept in a
40°C double-boiler to prevent solidification, and 150 pl of
phage solution and 100 ul of B. abortus S19 bacterial
suspension were added. The mixture was then immediately
poured onto the TSA petri dish, spread, and allowed to
freeze. Petri dishes were incubated overnight at 37°C, and
the phage plaques were evaluated after incubation. The
single plate isolation method was repeated three times in
succession to obtain pure bacteriophages. For this purpose,
phage plaques obtained by the double agar method were
collected from singular sites into a sterile tube with a sterile
pipette tip. Three ml of LB liquid medium and 250 ul of
bacterial suspension containing 1x10° CFU B. abortus S19 per
milliliter were added. After waiting for 15 minutes for phage-
bacteria adsorption, 10 ml of LB liquid medium was added.
The mixture was then incubated overnight at 37°C, after
which the mixture was centrifuged at 6000 rpm for 10
minutes, and the upper liquid phase was passed through a
0.22 um filter to prepare a pure and sterile phage solution.
The lytic effect of these phage solutions on B. abortus, B.
melitensis and B. ovis species and biotypes was investigated.
In addition, the lytic effect of Thilisi ® on B. suis, and B.
neotomae species, which is known to occur on high titers,
was also investigated. The isolated phages were additionally
tested on different field B. abortus strains to detect possible
differences. All phages isolated in the study were used in
routine test dilution (RTD) (Alton et al., 1988), and ten-fold
dilutions of phages were made for this purpose. The

endpoint of complete lysis was determined as the routine
test dilution of the relevant phage.

Results

Seven phages were selected for evaluation due to the
phage detection (Figure 1) and purification procedures using
the B. abortus S19 vaccine strain from 112 samples taken
from 27 cattle enterprises included in the study as hosts.
Three of the selected phages were detected in samples from
extremely different facilities of the same enterprise. The
phages used in the study were coded as P35, P70, P94/1,
P94/2, P94/3, P98, and P104.

Izatnagar (lz) and Thbilisi (Tb) phages were used as
reference control to evaluate the lytic effects of phages
detected in and purified from the B. abortus S19 host.
Reference strains used in the study were: B. abortus 544 (bv
1), B. abortus 86/8/59 (bv 2), B. abortus Tulya (bv 3), B.
abortus 292 (bv 4), B. abortus B3196 (bv 5), B. abortus 870
(bv 6), B. abortus C68 (bv 9), B. melitensis 16M (bv 1), B.
melitensis 63/9 (bv 2) B. melitensis Ether (bv 3), B. suis 1330
(bv 1), B. suis Thomsen (bv 2), B. suis 686 (bv 3), B. suis 40 (bv
4), B. suis 513 (bv 5), B. ovis 63/290, B. neotomae 5K33
strains and 20 strains of field B. abortus isolated from
samples taken from eight different provinces (Table 1).

Figure 1. Densities of bacteriophage plaques.

At the end of 48 hours of incubation at 37°C in a
microaerophilic atmosphere, local bacteriophages formed
round and transparent lysis areas in 17 of the 20 B. abortus
strains included in the study. All isolated phages produced
the same lysis areas (Figure 2) as the Tb © in B. abortus
strains (bv 1,2,3,3,4,4,5,6,9 and 17 field strains). The lysis
induced by local and reference phages on the reference
strains and field strains used are shown in Table 2. The
reference and local phages also showed full lytic effects on
B. suis bv 1, 2 strains and B. neotomae. However, B. suis bv 3
and B. suis bv 5 were not lysed by Th, P98, and P104 phages,
whereas they were fully lysed by Iz, P35, P70, P94/1, P94/2,
and P94/3. B. suis bv 4 strain was lysed by all phages except
P98 ©. Local phages and Tb ® did not produce lysis plaques
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Table 2. Lytic effect of isolated Brucella phages and reference phages on Brucella strains. +: plaque formation, -: no lysis.

P35 P70 P94/1 P94/2 P94/3 P98 P104 Tb 1z R/C

B. abortus 544 + + + + + + + + + -
B. abortus 86/8/59 + + + + + + + + + -
B. abortus Tulya + + + + + + + + + -
B. abortus 292 + + + + + + + + + -
B. abortus B3196 + + + + + + + + + -
B. abortus 870 + + + + + + + + + -
B. abortus C68 + + + + + + + + + -
B. melitensis 16M - - - - - - - - + -
B. melitensis 63/9 - - - - - - - - + ,
B. melitensis Ether - - - - - - - - + -
B. suis 1330 + + + + + + -
B. suis Thomsen + + + + + + -
B. suis 686 + + + + + - - - + -
B. suis 40 + + + + + - + + + -
B. suis 513 + + + + + - - - + -
B. neotomae 5K33 + + + + + + + + + -
B. ovis 63/290 - - - - - - - - - ¥
B. abortus field strains (1-

10,12-15,17,19,20) + + + + + + + + -
B. abortus field strains - - - - - - - - - +
(11,16,18)

in B. melitensis (bv 1,2,3) strains. Similarly, the B. ovis strain
was not lysed by any of the phages used in the study. While
3 of the B. abortus field strains were not lysed by any phage,
they were lysed by R/C @, which is specific to rough strains.

Figure 2. Analysis of local and reference phages via
B. abortus field strain (No:2).

Discussion

The main causative agent of bovine brucellosis is
biovars of B. abortus. This disease causes huge losses
worldwide due to abortions, low yields, import restrictions,
and public health problems (Khurana et al., 2021; WOAH,
2022). As the socio-economic effects of brucellosis are
overwhelming, the need for practical and low-cost solutions

has become imperative, especially in underdeveloped
countries (Khurana et al., 2021; Prajapati et al., 2014). Phage
therapies appear to be one such solution, as they are cost-
effective and potentially adaptable to controlling bacterial
diseases (Saxena, 2021). Support for the therapeutic efficacy
of Brucella phages was provided by Prajapati et al. (2014),
who found that phage therapy reduced colonization in
mouse spleens. The researchers also reported that in cases
where antibiotic treatment is not recommended in animals
due to the expense, phage therapies could be effective in
treating pregnant animals and those at risk of infection.
Lytic bacteriophages are unique microorganisms that
have therapeutic and prophylactic properties (Issabekov et
al., 2022), while bovine brucellosis is a bacterial disease that
can potentially be controlled using lytic bacteriophages
(Shaneen et al., 2021). The isolation of lytic phages that can
be used against B. abortus has been performed in various
studies conducted in many countries (Prajapati et al., 2014;
Saxena, 2021; Shaneen et al.,, 2021). As far as can be
ascertained, the present study is the first study in Turkey on
the isolation of lytic phages to combat B. abortus. Unlike
many other studies (Chachra et al., 2012; Gupta and Saxena,
2017; Shaneen et al., 2021), the current study isolated 7 local
phages and evaluated the lytic effects of these phages on 20
B. abortus field strains isolated from samples taken from 8
different provinces, while referencing B. abortus, B. suis and
B. melitensis biovars, and B. neotomae and B. ovis strains.
Smooth B. abortus strains are susceptible to Thilisi,
Izatnagar, Berkeley2, and Weybridge phages (Li et al., 2019).
In our study, in which B. abortus S19, a smooth and vaccine
strain that is relatively safer to field strains, was used as the
host, seven phages were isolates performed from cattle
facilities with a history of brucellosis. There are many studies
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reporting successful isolation of lytic phages for use against
Brucella bacteria, most of these phages isolated having lytic
effects on B. abortus. These isolates are closely related to Tbh
® (Morris et al., 1973; Teydoradze et al., 2015). The lytic
effects of Tb @, an international reference phage, on B.
abortus strains is well known (Shaneen et al., 2021; WOAH,
2022). In the present study, seven local phage isolations and
three different B. abortus specific phage isolations were
performed compared to Thilisi ® in terms of host specificity.
Of these, 98 @ did not lyse B. suis biovars, except B. suis bv 1
and 2, while 104 O® only lysed B. suis bv 1, 2 and 4 biovars.
These two phages were thus considered to be two separate
phages. Since the other test bacteriophages lysed all
reference and test strains, except B. ovis and B. melitensis
biovars and rough B. abortus strains, they are thought to be
the same phage. (Table 2). Brucella phages are generally
similar in morphology, antigen reactions, and various
physicochemical properties (Flores et al., 2012).

Izatnagar @ was found to be lytic in tests performed on
many smooth Brucella species (WOAH, 2022). In the present
study, Iz @ showed lytic effects on the international
reference smooth strains of B. melitensis (bv 1,2,3), B. suis
(1,2,3,4,5), B. abortus (1,2,3,4,5,6,9) and B. neotomae. B. ovis
and three rough B. abortus field strains were lysed as
expected by R/C @, which is lytic for rough strains. In their
study that successfully lysed B. suis 1330 with Tb and Iz
phages, Hammerl et al. (2017) reported that the published
data on the susceptibility of B. suis 1330 (bv 1) to Tb @ is
inconsistent. Similarly, in the present study, Tb and Iz phages
caused B. suis 1330 to form lysis plaques, while complete
lysis was also achieved with local phages. Hammerl et al.
(2017) reported that B. suis 686, 40, and 513 strains were not
lysed by Tb @. In this study, B. suis 686 and 513 were not
lysed by Tb @ and local isolates P98 and P104 phages while
B. suis 40 strain produced phage plaques in all phages
included in the study except 98®. The authors emphasize
that there may be many reasons for the inconsistency of the
results and recommend that the genomes of the examined
phages should be sequenced. The present study focused on
isolating local Brucella phages in the first stage, and thus
represents the first important step for further analysis.
Hence, there is a need for other studies analyzing the
examined strains, which were phylogenetically isolated and
evaluated as three different groups of B. abortus phages.

Conclusion

In this study, three different local phages to be used
against B. abortus were isolated. In this era where the use of
bacteriophages is becoming necessary in the fight against
bacterial problems, isolations of local phages that can be
used against bacterial agents are of critical importance.
However, since phages are not only specific to a certain but
also to multiple species and strains, it is thought that the use
of bacteriophage cocktails in the fight against brucellosis will
make significant contributions to the control of the disease.
Since some Brucella isolates may, for various reasons,
transform into rough colony morphologies, it was concluded
that it is important for R/C ® to be added to phage cocktails.

It is felt that further molecular analyses on isolated Brucella
phages will pave the way for more prophylactic and
therapeutic use of phages in the fight against brucellosis.
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Abstract: Early embryonic death, fetal resorption, fetal
mummification/maceration, abortion, and abnormalities are some of the
causes of losses in farm animals. In this study, it was aimed to make
recommendations to clinician veterinarians by investigating the presence of
bovine viral diarrhea virus (BVDV), Schmallenberg virus (SBV), Akabane virus
(AKAV), and bovine herpesvirus-1 (BHV-1) viruses in calves with congenital
anomalies. A total of 34 calves of different breeds and sexes, between 1 day
and 2 months of age which were brought to Firat University Animal Hospital
for diagnosis and treatment and found to have congenital anomalies after a
general clinical examination during visits to the neighboring villages, were
included in the study. The abnormalities detected in the calves were as
follows: Hydrocephalus, cerebellar hypoplasia, brahignati inferior,
mandibular laterognathism, arthrogryposis, cheilognathopalatoschisis,
coccygeal agenesis, atresia ani, bouleture/arqure, ocular and orbital
deformities, dermoid cysts, miniature, renal and urinary system anomalies.
PCR results showed pestivirus was detected in 6 of 34 (17.6%) calves with
abnormalities. After sequencing, the expected PCR product (288 nucleotides)
for pestivirus showed high identity (97% and above) to the BVDV-1
strain/isolates in the GenBank. In conclusion, although the primary purpose
of cattle breeding is high meat and milk yield, it is also very important to
continue the production process with healthy newborn calves. For this
reason, even if congenital anomalies are seen at a low rate in calves, they
should not be underestimated as they will cause economic losses, and we
believe that clinician veterinarians should not ignore these diseases.
Keywords: Calf, Congenital anomalies, Virus.

Buzagi Anomalilerinde Segilen Bazi Viriis Tiirlerinin Rolliniin
Aragtiriimasi

Ozet: Erken embriyonik olum, fetal rezorpsiyon, fetal
mumyalama/maserasyon, abort ve anormallikler ciftlik hayvanlarinda
kayiplarin nedenlerinden bazilaridir. Bu g¢alismada, kongenital anomalili
buzagilarda sigir viral diyare virlisi (BVDV), schmallenberg virisi (SBV),
akabane virtsi (AKAV) ve sigir herpes virlsi-1 (BHV-1) viruslerinin varligi
arastirilarak  klinisyen veteriner hekimlere onerilerde bulunulmasi
amaglanmistir. Firat Universitesi Hayvan Hastanesi’ne teshis ve tedavi igin
getirilen ve civar koylere yapilan ziyaretlerde genel klinik muayene sonrasinda
kongenital anomalisi oldugu belirlenen degisik irk ve cinsiyetteki, 1 glinliik ila
2 ayhk yas araliginda bulunan 34 buzagi calismaya alinmistir. Buzagilarda
tespit edilen anormallikler: hidrosefali, serebellar hipoplazi, brahignati
inferior, mandibular laterognatizm, artrogripozis, cheilognatopalatosizis,
koksigeal agenezi, atresia ani, bouleture/arqure, okiler ve orbital
deformiteler, dermoid kistler, minyatir, renal ve Uriner sistem anomalileri.
PCR sonuglarina gére anomalili 34 buzaginin 6'sinda (%17,6) pestiviris tespit
edildi. Sekanslamanin ardindan pestivirts i¢in beklenen PCR uriini (288
nikleotit), GenBank'ta BVDV-1 susu/izolatlarina yuksek 6zdeslik (%97 ve
Uzeri) gosterdi. Sonug olarak, sigir yetistiriciliginde birincil amag yiiksek et ve
sut verimi gibi goriinse de saghkl yeni dogan buzagilarla Gretim sirecinin
devam ettirilmesi de olduk¢a onemlidir. Bu nedenle buzagilarda dogumsal
anomaliler diisiik oranda goriilse bile ekonomik kayiplara neden olacagi igin
hafife alinmamasi ve klinisyen veteriner hekimlerin bu hastaliklari géz ardi
etmemeleri gerektigine inaniyoruz.

Anahtar Kelimler: Buzagi, Kongenital anomali, Viriis.
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Introduction

Early embryonic death, fetal resorption, fetal
mummification/maceration, abortion, and abnormalities are
some of the causes of losses in farm animals (Dogan and
Bilge Dagalp, 2017; Giil ve issi, 2009; Giil et al., 2013; Giircay
et al., 2013; issi et al., 2012; issi et al., 2013). Congenital
abnormalities, also called congenital malformation,
congenital defects, or teratogenicity can be defined as
structural or functional disorders that appear after birth
(Aksoy, 2001; Belge et al.,, 2000). Although congenital
abnormalities are rarely seen in farm animals, it is important
that they cause economic losses and be transferred on to the
next generations as hereditary (Belge et al., 2000; Berber and
S6zdutmaz, 2013; Yurdakul 2020). Among the factors that
cause these cases, the contribution of viruses is at a level that
cannot be neglected (Berber and S6zdutmaz, 2013; Dogan
and Bilge Dagalp, 2017; Giircay et al., 2013; issi et al., 2012;
issi et al., 2013; issi et al., 2014). Viruses, which are also
teratogenic infectious agents, often cause malformations by
affecting the nervous and musculoskeletal systems (Tamer
and Okur Gumusova, 2017; Vandevelde et al., 2012). These
malformations hydranencephaly, porencephaly,
hypomyelinogenesis, demyelinogenesis, cerebellar
hypoplasia, cerebellar dysplasia, and hydrocephalus in the
nervous systems and are muscular atrophy and
arthrogryposis in the musculoskeletal system (Maxie, 2015;
Tamer and Okur Gumusova, 2017). Viral agents that cause
congenital malformation as a result of fetal transplantation
in cattle include bovine viral diarrhea virus (BVDV),
schmallenberg virus (SBV), akabane virus (AKAV),
bluetongue virus (BTV) or aino virus (AV) (Agerholm, 2015).
In addition to respiratory system infections, bovine
herpesvirus 1 (BHV-1) is known to cause genital tract
infections and abortions (Dogan and Bilge Dagalp, 2017).

Bovine viral diarrhea virus is a major pathogen
associated  with  gastrointestinal, respiratory, and
reproductive disorders of cattle worldwide. BVDV as an
enveloped, small (about 40-60 nm) positive polarity RNA
virus is @ member of the genus Pestivirus, family Flaviviridae
(MacLachlan and Dubovi, 2011). The International
Committee on Virus Taxonomy has defined eleven species in
the pestivirus genus (A to K). Pestivirus A (BVDV-1), Pestivirus
B (BVDV-2), Pestivirus D (Border disease virus), Pestivirus H
(HoBi-like pestivirus), Pestivirus | (Aydin-like pestivirus) have
been reported in ruminant animals (King et al., 2012; King et
al., 2018). BVDV-1 subtypes range from la to 1q, while
BVDV-2 subtypes range from 2a to 2d. BVDV-3 (pestivirus H
or HoBi-like pestivirus), a member of the pestivirus genus,
has been identified in cattle and buffalo (Mishra et al., 2014).
BVDV consists of two biotypes (cytopathic/non-cytopathic)
according to the morphological character in cell culture
(Fulton et al., 2000).

Bovine herpesvirus type 1 (BHV-1) is a member of the
genus Varicellovirus in the subfamily Alphaherpesvirinae,
Herpesviridae family. The BHV-1 genome is approximately
135 kb in size, enveloped, double-stranded DNA virus
(Muylkens et al., 2007). BHV-1 has three different subtypes,
BHV-1.1, BVH-1.2a, and BHV-1.2b, according to genetic

differences and varieties in clinical signs (Metzler et al,,
1985). BHV-1.1 and BVH-1.2a cause respiratory and genital
system disorders and abortions. BVH-1.2b is low pathogenic
when compared with the other sub-types (Miller et al., 1991,
Spilki et al., 2004).

AKAV and SBV which are enveloped and negative
polarity RNA viruses are members of the Orthobunyavirus
genus, which belongs to the Peribunyaviridae family. AKAV is
closely associated with SBV viruses and causes reproductive
disorders in cattle, sheep, and goats, as well as congenital
abnormalities such as arthrogryposis-hydranencephaly (AH
syndrome) (Kurogi et al., 1985; Maclachlan and Dubovi,
2016). SBV was first discovered in Germany in 2011 and has
since affected nearly all of Europe (Lievaart-Peterson et al.,
2015). Pestivirus and BHV-1 infections are important
problems for Turkiye (Aslan et al.,, 2015; Berber and
Sézdutmaz, 2013; issi et al., 2012).

In this study, it was aimed to make recommendations to
clinician veterinarians by investigating the presence of BVDV,
SBV, AKAV and BHV-1 viruses in calves with congenital
anomalies.

Materials and Methods

Ethical Approval: The study was approved by the Firat
University Experimental Animals Local Ethics Committee
(Decision number: 2020/07).

Clinial Specimens: This study was carried out in the
province of Elazig, located in the eastern Anatolian region of
Tirkiye, in the second half of 2020. Brought to Firat
University Animal Hospital for diagnosis and treatment, and
found to have congenital anomalies after general clinical
examination during visits to surrounding villages, they were
classified as different races (25 Simmental, 4 Holstein, 2
Montafon, 2 East Anatolian Red, 1 Hybrid) and (28 male, 6
females) 34 calves aged between 1 day and 2 months were
included in the study. It was learned from the anamnesis
information that 18 of the animals included in the study were
conceived by artificial insemination and 16 by natural
insemination.

The abnormalities detected in the calves were as
followed: Hydrocephalus (n:1), cerebellar hypoplasia (n:1),
brahignati inferior (n:5), mandibular laterognathism (n:1),
arthrogryposis  (n:1), cheilognathopalatoschisis (n:2),
coccygeal agenesis (n:2), atresia ani (n:4), bouleture/arqure
(n:4), ocular and orbital deformities (n:7), dermoid cysts (n:
2), miniature (n:2), renal and urinary system anomalies (n:2).

Blood samples taken from the jugular vein of the calves
included in the study were collected into anti-coagulant
tubes (with EDTA). After the blood tubes were kept at +4 °C
overnight, they were centrifuged at 1500 xg for 10 minutes
and plasma was obtained. The obtained plasmas were
transferred to sterile eppendorf tubes and stored at -20 °C
until used.

Viral Nucleic Acid Isolation: Viral nucleic acid isolation
from blood plasma was performed using the QlAamp
MinElute Virus Spin kit (Qiagen, Germany) and strictly
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following the kit's instructions for use. Finally, viral nucleic

acids were collected in 100 pL of elution buffer and
NanoDrop

quantified by measuring in a
spectrophotometer (ThermoFisher, USA).

2000

Reverse Transcription (RT) and Polymerase Chain
Reaction (PCR): AKAV, SBV, BVDV, and BHV-1 were detected
according to the PCR conditions specified in the reference,

using the primer sets in Table 1.

Table 1. Primer pairs using in PCR and RT-PCR step.

Viral agent Primer Region Nucleotide sequence PCR product Reference
5’->3’

AKAV AKAF1 S gene TAACTACGCATTGCAATGGC 709 Shin et al., 2009
AKAR1 TAAGCTTAGATCTGGATACC
Nested F2 GAAGGCCAAGATGGTCTTAC 230
Nested R2 GGCATCACAATTGTGGCAGC

BHV-1 gB1 gB AAGCGCAAAAACGTGTG 323 Santurde et al.,
gB2 TGCAGGTACAGCTTGGC 1996

Pan- P324 5'UTR ATGCCCWTAGTAGGACTAGCA 288 Vilcek, 1994

pestivirus P326 TCAACTCCATGTGCCATGTAC

BVDV-3 TF-3 Npre ATGGAGTTGTTAAACTTTGAAC 494 Liu, 2009
TR-3 GCAGCTTCCTACCCAGATGG

SBV SBV-S-382F S gene TCAGATTGTCATGCCCCTTGC Tonbak et al., 2016
SBV-S-469R TCAGATTGTCATGCCCCTTGC
SBV-S- FAM-TTAAGGGATGCACCTGGGCCG ATGGT-
408FAM BHQ1

PCR conditions for BHV-1 detection were performed as
follows: 2 x concentrated PCR master mix solution (Hibrigen,
Ist), 5uL DNA template, 4 uL primer mix (forward and
reverse primers), and PCR grade water in a 50 L reaction.
RT-PCR was performed in a 50-pL reaction volume containing
reagents of the one-step RT-PCR (Qiagen, Germany) kit, 5 puL
of DNA/RNA (50-100 ng/uL), probe and primer pairs (10 uM
each), and water. Positive and negative controls in the
Virology department of the Veterinary faculty of Firat
University were used in each PCR step.

PCR amplicons obtained in the last step of the test were
electrophoresed in agarose-TAE gel (40 mM Tris-acetate, pH
8.0, 1 mM EDTA) containing ethidium bromide at 1.5% (w/v)
concentration for 40 minutes at 120 volts. Precise
identification of PCR products of the expected size was
performed by sequence analysis.

Sequence Analysis: PCR products were purified from
gels and sequenced by a commercial sequencing service
(Macrogen Europe, The Netherlands). Sequencing was
performed in an ABI Prism 3130 Genetic Analyzer (Applied

Table 2. Information on PCR-positive animals.

Biosystems, MA, USA), using a Sanger dideoxy chain
termination method and a BigDye Terminator v3.1 Cycle
Sequencing Kit (Applied Biosystems, MA, USA). Bi-directional
nucleotide sequences aligned using the Clustal-W algorithm
(Thompson et al., 1994). Edited sequences verified with Basic
Local Alignment Search Tool
(https://pubmed.ncbi.nlm.nih.gov/) (BLASTN) were
submitted to the GenBank database. A phylogenetic tree of
the aligned multiple sequence data was performed using the
Neigbor-joining method in 1000 replicates via the MEGA X
program (Kumar et al., 2018).

Results

According to PCR results, pestivirus was detected in 6 of
34 (17.6%) calves with abnormalities. After sequencing, the
expected PCR product (288 nucleotides) for pestivirus
showed high identity (97% and above) to the BVDV-1
strain/isolates in the GenBank.

Sample Breed  Gender Age ) Artnfncna.l Abnormality Agent Strain Accession
No (days) insemination number
3 S M 15 - Hydrocephalus BVDV-1I -
S M 35 - Brahignati inferior BVDV-1l  TR/EIz-4-2021  MZ686434
S F 7 - Cheliognatopalotoschisis BVDV-1r  TR/Elz-6-2021  MZ686435
14 S M 3 + Atresia ani BVDV-1v -
23 S M 4 + Coccygeal agenesis BVDV-1I TR/;)';Z} MZ686436
27 S M 5 + Brahignati inferior BVDV-1v TRQEJIZN- MZ686437

S: Simmental breed; F: female; M: male.

As a result of the phylogenetic tree constructed with
pestivirus nucleotide sequences from different subtypes
from the same or different countries selected from Genbank,

one of them was -1r, two were -1v, and three were -1I|
subtypes. Four different from the sequence data were
submitted to the GenBank database. AKAV, SBV, and BHV-1
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Figure 1. Phylogenetic tree based on the nucleotide sequence of the 5’UTR regions of BVDV and BDV strains/isolates

and constructed by the Neigbor-joining method (1000 replicates). Black circles represent different strains of BVDV-1
from this study.

were not found in calves with abnormalities. In each
reaction, the positive controls produced the expected size of
the PCR product while the negative controls did not. Two of
6 BVDV-1 positive calves had brachignati inferior one had

coccygeal agenesis, one had hydrocephalus, one had
cheliognatopalotoschisis, and one had atresia ani.
Information on PCR-positive animals is shown in Table 2. The
nucleotide sequences of the BVDV-1 strains obtained in this
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study were 86.00-100% identical to each other. These ratios
were 75.00-99.00, 69.00-77.00%, 60.00-65.00%, and 66.00-
70.00%, respectively, of some BVDV-1 BVDV-2, BVDV-3, and
BDV strains/isolates selected in this study. Phylogenetic tree
based on the nucleotide sequence of the 5'UTR regions of
pestiviruses shown in Figure 1.

Discussion

The exact cause of congenital abnormalities is not
known, but it is stated that they may occur commonly due to
genetic, environmental, or genetic-environment interactions
at various stages of embryogenesis or fetal development
(Gumusova, 2015; Giil and issi, 2009; Gl et al., 2013; issi et
al., 2012; issi et al., 2013; Maxie, 2015; Tamer and Okur Yildiz
et al., 2022). Hereditary transmission of congenital
abnormalities to the next generation causes worldwide
concern. The use of artificial insemination, embryo transfer,
and international trade in germplasm has led to the
proliferation of economically important traits as well as
some defective recessive genes with adverse effects on
fertility and animal health (Windsor and Agerholm,
2009; Windsor et al., 2011). In this study, more than half of
the calves with abnormalities (18/34, 53%) were born as a
result of pregnancy after artificial insemination. This result
may suggest the necessity of examining the hereditary
characteristics of animals used in artificial insemination in
more detail. These data should be supported by further
studies. In this study, most of the abnormalities examined in
calves were musculoskeletal anomalies (18/34, 53%). These
results are in line with previous studies (Herschler et al.,
1962; Ozaydin et al., 1995). Musculoskeletal abnormalities
were followed by ocular/orbital (6/34) and the abdominal
wall and gastrointestinal system (4/34) deformities. In other
studies, gastrointestinal system abnormalities were the most
common, followed by musculoskeletal abnormalities (Aksoy
et al., 2006; Belge et al., 2000). Simmental breed and male
gender were dominant in the calves examined in this study,
and this result was in line with a previous report (Aksoy et
al., 2006).

In this study, BVDV-1 was detected in 6 calves with
abnormalities (6/34) and was mostly associated with
musculoskeletal disorders (4/6) and less frequently with
nervous (1/6) and abdominal wall/gastrointestinal system
abnomalities (1/6). Pestivirus-positive calves had one of
some abnormalities such as hydrocephalus, brahignati
inferior (n:2), cheliognatopalotoschisis, atresia ani, and
coccygeal agenesis. In previous studies (Gl et al., 2013;
Giircay et al., 2013; issi et al., 2006; issi et al., 2014; Ok 2010;
Radostits et al., 2008), it has been reported that BVDV causes
diarrhea, acute and chronic mucosal disease,
immunotolerance, persistent infection, thrombocytopenic
and hemorrhagic disease, reproductive failure, and
congenital defects in cattle. Congenital disorders usually
occur  when developing in  the period of
immunocompetence. In calves due to BVDV infections are
common microencephalopathy, porencephaly,
hydranencephaly, hydrocephalus, cerebellar hypoplasia, and
hypomyelination (Bielefeldt Ohmann, 1983). However, it is

stated that cataract, microphthalmia, retinal degeneration,
optic neuritis, thymic hypoplasia, hypotrichosis and alopecia,
curly hair coat, hyena disease, deterioration in osteogenesis,
brachygnathia inferior and growth retardation may be other
rare congenital defects (Radostits et al., 2008). Half of the 6
BVDV-1 strains examined in this study were of the -1l
subtype and constituted the majority of the other detected
subtypes (-1r, 1v), this finding is in line with previous studies
(Oguzoglu et al., 2012; Timurkan and Aydin, 2019). To our
knowledge, the -1v subtype has been previously identified in
Tirkiye and is reported for the first time in this study. These
results indicate that the genetic diversity of BVDV-1
continues to increase. These results are important for
control and eradication programs for BVDV.

AKAV causes infection in cattle, sheep and goats
without any clinical signs. Intra-uterine infections in
pregnant cattle cause abortion, premature and stillbirth as
well as offspring with congenital abnormalities (Bowen,
2011). It affects varying degrees in the brain, spinal cord, and
skeletal muscles and constitutes arthrogryposis and different
vertebral malformations (torticollis, lordosis, kyphosis
scoliosis). Pathological findings in the central nervous system
range from encephalomyelitis, porencephaly, and
hydranencephaly to microcephaly (Charles, 1994;
Peperkamp et al., 2015; van den Brom et al., 2012). In cattle,
AKAV infection in the first two months of pregnancy has
almost no effect on the fetus (Radostits et al., 2008). AKAV
causes hydranencephaly and porencephaly at days 76-104 of
pregnancy, while it causes calves with and without vertebral
deformities such as arthrogryposis, torticollis, scoliosis or
kyphosis at days 105-170 of pregnancy. Malformations from
infection in the last trimester of pregnancy are less severe. It
is thought that SBV, which is in a similar serogroup with
AKAV, also causes infections with similar characteristics
(Charles 1994; Peperkamp et al., 2015, Tonvak et al., 2013).
Although the calves examined in this study showed clinical
features of arthrogryposis (n:1) and hydrocephalus (n:1) and
the sampling was done during the high mosquito population,
AKAV and SBV positivity could not be detected. The inclusion
of calves with AH syndrome, an important feature of
infections with these viruses, and a combination of both
clinical features, could have increased the probability of
detecting viruses.

BHV-1 is the causative agent of respiratory and genital
tract infections such as infectious rhinotracheitis, infectious
pustular vulvovaginitis, balanoposthitis, and abortion. Due to
breeding synchronization in cattle, BHV-1 may also cause
abortion storms (Ackermann, 2006). Although congenital
abnormalities from BHV-1 have not been reported so far,
they have been rarely associated with the central nervous
disorder as well as stillbirth in calves. BHV-1 was not found
in calves with congenital abnormalities in this study.

Although the primary purpose in cattle breeding seems
to be high meat and milk yield, it is also very important to
continue the production process with healthy newborn
calves. For this reason, even if congenital anomalies are seen
at a low rate in calves, they should not be underestimated as
they will cause economic losses and we believe that clinician
veterinarians should not ignore these diseases.
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Ozet: Bu galisma yumurtaci tavuklarda tily kalitesi ve gégiis kemigi egikligi tizerine canli
agirlik ve gdgiis kondisyonunun etkisinin belirlenmesi amaciyla Bursa Uludag Universitesi
Veteriner Fakiiltesi Kanath Unitesinde yetistirilmekte olan 4000 adet Lohman LSL genotipi
beyaz yumurtaci tavuk siiriistinden segilen 450 adet tavuk Uzerinde gergeklestirilmistir.
Deneme basinda tavuklar canh agirliklarina gére; canh agirligi 1100-1400 g arasi olanlar
hafif; 1400-1700 g arasi olanlar orta; 1700-2000 g aras! agir grup olmak tzere 3 gruba
ayrilmigtir. Her agirlik grubundaki hayvanlar gogis genisligine gore; gogis genisligi 2,0-
4,4 cm arasi (dar) ve 4,5-6,0 cm arasi (genis) olmak tzere tekrar iki gruba ayriimis,
¢alismada 6 interaktif grup yer almistir. Veri toplama islemi 59 haftalik yastan 67 haftalik
yasa kadar gergeklestirilmistir. Apartman tipi geleneksel kafes sisteminde; her kafes
bélmesinde 5’er tavuk olacak olacak sekilde barindirilan tavuklar deneme siiresince ticari
yumurtaci tavuklar igin standart kosullarda vyetistirilmistir. Gruplarda; gogus kemigi
gore; iyi (skor 0), orta (skor 1) ve zayif (skor 2) seklinde degerlendirilmistir. Gruplarda
gunlik yumurta sayilari ve olenler kaydedilmis, deneme basi ve deneme sonunda her
grupta ortalama yumurta agirlig belirlenmistir. Calismada ortalama yumurtlama
randimani tizerine canli agirhgin etkisi 6nemli bulunmustur (P<0,01). Gogus kemigi egikligi
saptanan tavuklarin toplam igindeki payr deneme basi ve deneme sonunda degismemis,
butiin gruplarda yaklasik %50’ nin lizerinde tespit edilmistir. Genelde deneme basi toplam
tly kalitesi canli agirliktan 6nemli diizeyde etkilenmis (P<0,01), ancak deneme sonunda
bu farkliik ortadan kalkmistir. Sonug olarak yumurtaci tavuklarda yasla birlikte tiy
kalitesinin kotilestigi, ancak canli agirlik ve gogiis kondisyonunun gégis kemigi egikligi ve
tly kalitesi tizerine nemli bir etki gostermedigi tespit edilmistir.

Anahtar Kelimeler: Canli agirlik, G6giis kemigi hasarlari, G6glis kondisyonu, Tiiy kalitesi,
Yumurtaci tavuk.

Effects of live body weight and breast condition on plumage quality
and keel bone deviation in laying hens

Abstract: This study was carried out on 450 hens selected from a flock of 4000 Lohmann
LSL genotype white layers reared in Bursa Uludag University, Faculty of Veterinary
Medicine, in the Poultry Unit to determine the effects of body weight and breast
condition on plumage quality and keel bone deviation in laying hens. At the beginning of
the experiment, the birds were divided into three groups according to the live weight of
chickens ; those with a live weight of 1100-1400g were light; the ones between 1400-
1700 g as the medium group, and between 1700-2000g as the heavy group. According to
the breast width of the animals in each weight group, the birds were further divided into
two groups 2.0-4.4 cm (narrow) and 4.5-6.0 cm (wide). Thus, six interactive groups were
included in the study. Data collection was carried out from 59 weeks to 67 weeks of age.
The hens with five chickens in each cage compartment were housed in the apartment-
type traditional cage system and raised under standard conditions for commercial layers
during the experiment. In the groups; keel bone deviation was defined as yes/no; and
plumage quality was evaluated as good (score 0), moderate (score 1), and poor (score 2)
according to their plumage loss. The daily number of eggs and deaths in the groups were
recorded, and the average egg weight in each group was determined at the beginning
and end of the experiment. In the study, the effect of live weight on the mean laying
performance was significant (P<0.01). The proportion of hens with a keel bone deviation
at the experiment's beginning and end was over 50% in all groups. The initial total feather
quality of the birds was significantly affected by live weight (P<0.01). As a result, it was
determined that feather quality deteriorated with age in laying hens. However body
weight and breast condition did not affect the birds’ keel bone deviation and plumage
quality.

Keywords: Breast condition, Keel bone deviation, Laying hen, Live body weight, Plumage
quality.
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Yumurtaci tavuklarda tliy ¢cekme ve kanibalizm ile g6giis
kemigi hasarlari iki 6nemli hayvan refahi problemi olup,
kafessiz barindirma sistemlerinin yayginlasmasi ile gortilme
sikhg1 daha da artmustir (Coton ve ark., 2019; Jung ve ark.,
2019; Kaukonen ve Valros, 2019; Petek ve Cavusoglu, 2021,
Rieke ve ark., 2020). ingiltere’ de 119 adet serbest dolasimli
free range yumurtaci isletmeyi kapsayan bir calismada
kloakal gagalama oraninin %19,5-29,9 arasinda degistigi,
kanibalizm gorilme oraninin ise; %22,6 oldugunu bildirmistir
(Lampton ve ark., 2015). Her ikisi de aci ve agri verici olan bu
iki hayvan refahi problemi ayni zamanda yumurta verimi,
yem tiketimi ve yemden yararlanmayr da olumsuz
etkilemektedir. Goglis kemigi egiklikleri ileri diizeyde uygun
olmayan kiimes ici ekipmanlar, yetersiz besleme gibi
faktorlerin etkisi ile gogis kemiginde kirllma ve ¢atlamalara
da yol agabilmektedir (Rufaner ve ark., 2020). Elli haftadan
dahaileri yasl tavuklarda yumurta verimindeki diisme gogus
kemigi hasarlarinin etkisi ile daha da belirginlesmektedir
(Rufaner ve ark., 2019).

Tavuklarda gogus kemigi egiklikleri, kirik ve gatlaklari ile
tiy cekme ve kanibalizmin tek bir nedeni olmayip, barinak ici
cevresel faktorler, genotip, canli agirlik ve besleme gibi ¢ok
degisik nedenlerden kaynaklanmaktadir (Jung ve ark., 2019;
Mens ve ark., 2020; Petek ve Cavusoglu, 2021; Sibanda ve
ark.,2020). Zenginlestirilmis kafesler, derin altlik ve 1zgara-
altlik sistemlerinde kullanilan tlinek, folluk, kath i1zgara gibi
ekipmanlarin yogunluguna bagh olarak tavuklarda gogls

kemigi hasarlari o kadar fazla ortaya ¢ikmaktadir (Habig ve
ark., 2021; Riber ve ark., 2018; Rufaner ve ark., 2020). Hardin
ve ark.(2019) barindirma sistemi ve barinak ici diizenlemeler,
genetik yapi ve yasa bagl olarak gogls kemigi hasar
diizeyinin degistigini ve farkli barinak sistemleri arasi
karsilastirma yapmayi zorlastirdigini bildirmislerdir. S6zci ve
ark. (2021) serbest dolasiml free-range sistemde vyetistirilen
Atak-S tavuklarda diger yerli tavuklara gore daha yiksek
oranda tlylerde ve gogius kemiginde hasar olustugunu
bildirmislerdir. Garant ve ark. (2022) kahverengilere goére
beyaz tlyli tavuklarin tiy kaybina karsi daha duyarh
olduklarini bildirmislerdir. Sibanda ve ark. (2020) farkli agirhk
grubundaki serbest dolasimli free-range yumurtaci
tavuklardan canh agirligi en dasuk (hafif) tavuklarda gogis
bolgesinde tly kalitesi skorunun en kot oldugunu tespit
etmislerdir. Petek ve ark. (2022) geleneksel kafes sisteminde
yetistirilen beyaz yumurtaci tavuklarda goglis kondisyonu,
gogls kemiginde egilme ve yumurta verimi arasinda bir iligki
oldugunu bildirmislerdir. Kafessiz sistemler ile
karsilastirildiginda geleneksel kafes sistemi ile zengin ve
zenginlestirilebilir kafes sistemlerinde yetistirilen yumurtaci
tavuklarda tiy c¢ekme ve kanibalizm ile gogus kemigi
hasarlari konusunda yeterince arastirma bulunmamaktadir.
Bu c¢alisma, geleneksel kafes sisteminde yetistirilen beyaz
yumurtaci bir tavuk sirlistinde tily kalitesi ve gégus kemigi
egikligi Gzerine canli agirlik ve gogis kondisyonunun etkisini
incelemek amaci ile yapilmstir.

Tablo 1. Gruplarda yer alan kafes/bdlme sayilari, deneme basi toplam hayvan sayilar ortalama goégis genisligi ve

ortalama canli agirliklar (X £5X).

Gruplar Kafes/Bolme Sayisi Hayvan sayisi GoOgus genisligi**, cm Canh agirhk***, g
Canh Agirlik

Hafif 27 135 4,48+0.001°¢ 132240.22¢
Orta 36 180 4,59+0.001° 1547+0.16°
Agir 27 135 4,72+0.0022 179540.192
Go6gus Kondisyonu

Dar 45 225 4,28+0.001 1546+0.15
Genig 45 225 4,91+0.002 1563+0.16
Canli AgirlikxG6gis Kondisyonu

HafifxDar 18 90 4,20+0.001 1322+0.25
OrtaxDar 18 90 4,28+0.002 152610.23
AgirxDar 9 45% 4,36+0.001 1789+0.31
HafifxGenis 9 45% 4,76+0.002 1322+0.36
OrtaxGenis 18 90 4,89+0.001 1567+0.23
AgirxGenis 18 90 5,08+0.001 1800+0.22
ANOVA P degeri

Canli Agirlik 0,001 0,001

Gogiis Kondisyonu 0,001 0.0

Canli AgirlikxGogus Kondisyonu 0,001 0.0

*Yeterli hayvan bulunamadigindan hayvan sayisi sinirl kalmistir, ** Gégus kondisyonu; dar; 2,0-4,4 cm, genis; 4,5-6,0 cm, ***Canli agirlik; hafif;1100-

1400 g, orta; 1400-1700 g, agir; 1700-2000 g.
Materyal ve Metot

Bu calisma Bursa Uludag Universitesi Veteriner
Fakiiltesi Hayvan Saglg ve Hayvansal Uretim Arastirma ve

Uygulama Merkezi Tavukguluk Gnitesinde vyetistirilmekte
olan 4000 adet Lohman LSL genotipi beyaz yumurtaci tavuk
sirisiinden segilen toplamda 450 beyaz yumurtaci tavuk
Uzerinde gerceklestirilmistir. Hayvan Deneyleri Etik Kurullari
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Calisma Usul ve Esaslarina Dair Yonetmelik, Madde 8; 19-k
uygun olarak veriler toplanmistir (Resmi Gazete, 2014).
Deneme basinda ana slride bulunan hayvanlar bireysel
tartilarak canh agirliklarina goére, hafif, orta ve agir olmak
izere 3 ayri gruba ayrilmistir. Hafif grupta canh agirhg 1100-
1400 g arasi olan tavuklar, orta agir grupta canli agirhg: 1400-
1700 g arasi olanlar ve agir grupta canli agirhg 1700-2000 g
arasi olan tavuklar yer almistir. Her agirlik grubundaki
hayvanlarin gégis genislikleri pergel ile 6lclilerek tekrar iki
ayri gruba ayrilmistir. Gogus genisligi 2,0-4,4 cm arasi ola
tavuklar dar gogus kondisyonlu, 4,5-6,0 cm arasi olanlar
genis gogls kondisyonlu grupta yer almistir. Bu sekilde
calismada 2 g6gis genisligi x 3 agirlik grubu olmak lizere 6
interaktif grup olusturulmustur (Tablo 1).

Calismada yer alan tavuklar pencereli bir kiimesteki tg¢
katli apartman sistemi geleneksel kafeslerde barindiriimis,
yumurtaci tavuklar icin standart bakim ve besleme
kosullarinda yetistirilmislerdir (Anonim, 2020). Calismada yer
alan her bir kafes bolmesi 50 cm genislik x 50 cm derinlikte
olup, arastirma siresince giin 1s1gina ilave suni isik olmak
lizere glinde 16 saat aydinlatma uygulanmis, ad libitum
olarak ikinci ddnem kafes yumurta tavuk yemleri ile besleme
yapilmistir. Deneme gruplari olusturulduktan sonra iki
haftalik bir adaptasyon dénemi uygulanmis, veri toplama
islemi 59 haftalik yastan 67 haftalik yasa kadar devam
etmistir. Deneme gruplarinda canli agirliklar bireysel tartim
ile Olctlms, her grupta rastgele toplanan 30 adet giinlik
yumurta bireysel tartilarak ortalama yumurta agirhiklari
belirlenmis, yumurta verimleri ginlik kaydedilmistir.
Deneme basl ve deneme sonunda gruplarda tespit edilen
yumurta sayilari deneme basinda gruplarda yer alan tavuk
sayllarina oranlanarak tavuk-kiimes olarak deneme bagi ve
deneme sonu ortalama yumurta verimleri hesaplanmistir.
GuUnlik yumurta sayilari o gin yasayan tavuk sayisina
bolinmus (tavuk-giin) ve deneme siiresi ortalama yumurta
verimi hesaplanmistir (North ve Bell, 1990). Deneme basi ve
deneme sonu her gruptan 30 adet yumurta bireysel olarak
0,01 grama hassas terazide tartilarak ortalama yumurta
agirhklar belirlenmistir. Deneme basi ve deneme sonunda
gruplarda yer alan yumurtaci tavuklarda tly kalitesi bireysel
olarak dort viicut bolgesinde (bas-boyun, sirt, butlar-kloaka
ve gogus-karin bolgesi); Grafl ve ark. (2017) tarafindan
bildirilen skorlama yontemine goére dogrudan goézlem yolu ile
Olgllmustir. Skor O; hasarsiz veya ¢ok az hasarli mikemmel
tly kalitesi ve iyi tlyli vicut bélimini; skor 1; cap veya
uzunlugu 5 cm’ den kiigiik olan tlysliz bir noktayr (hafif
hasarli tiyler), skor 2 ise; capi/genislik veya uzunlugu 5
cm’den biylk olan tiysiz bir noktayi (siddetli hasarli tiiyler),
bir veya birden fazla buyik tlysiz alanlari ifade etmek igin
kullanilmistir. Dort viicut bolgesinden olgilen tly kalitesi
skorlari, minimum 0 (mikemmel) ve maksimum 8 (zayif)
olmak lizere dort bolgenin toplami; toplam tiiy kalitesi
puanini olusturmustur. Gruplarda yer alan tavuklarin gégis
kemiginde ortaya gikan egiklikler dogrudan goézlem yolu ile;
anatomik bir diizlemde (180°lik agida); gogus kemiginde diiz
cizgiden sapma olup olmamasina goére, gogus kemigi egikligi
var/yok seklinde degerlendirilmistir (Casey-Trott ve ark.,
2015; Casey-Trott ve ark., 2017). Calismada incelenen
verilerden canl agirhk, gogus genisligi, yumurta verimi,

yumurta agirhig, toplam ve ortalama tly kalite skoru
bakimindan gruplar arasi karsilagstirmalar icin ¢ok yonla
varyans analizi kullanilmis, gruplar arasi farkliliklarin 6nemli
bulunmasi halinde Tukey testi yapimistir (Snedecor ve
Cochran, 1994). Yumurta verimi ve 6lim orani icin veriler
once arcsin donislime tabi tutulmustur (Ahrens ve ark. 1990;
Celik ve Erar 2013). Ayni gruptaki deneme basl ve deneme
sonu toplam ve ortalama tiiy skoru; t testi (Paired Sample t-
test) ile karsilastirilmis, gogis kemigi egikliginin yayginlik
dizeyi ve 6lim orani bakimindan karsilastirmalar khi-kare
testi ile yapilmistir. istatistiki testler SPSS bilgisayar
programinda yapilmistir (Spss Inc 2018).

Bulgular

Bu calismada olusturulan deneme gruplarinda deneme
basi ve deneme sonu ortalama canh agirlik ve gogis genisligi
degerleri Tablo 1’de gosterilmistir. Hafif, orta ve agir
gruplardaki hayvanlarin deneme basi ortalama canl
agirhklari arasi farklilhklar 6nemli bulunurken (P<0.001), dar
ve genis gogusli hayvanlarin deneme basi canli agirliklari
arasi farkhhklar 6nemsiz bulunmustur. Farkh agirhk
gruplarinin ve farkli géglis kondisyonuna sahip tavuklarin
gogus genislikleri arasi farkhliklar ile gogis genisligi
bakimindan canh agirlik x gogls kondisyonu arasi
etkilesimler 6nemli bulunmustur (P<0.001, P<0.001).

Deneme gruplarinda deneme basi ve deneme sonu
yumurtlama randimanlari ile arastirma dénemi slresince
hesaplanan ortalama yumurtlama randimanlari Tablo 2’'de
gosterilmistir.

Hafif, orta ve agir canli agirlik gruplarinda deneme bagi
yumurtlama randimani sirasi ile %84,40, 87,20 ve 85,00,
deneme sonu yumurtlama randimani sirasi ile %61,10, 71,10
ve 68,90 bulunmus, ortalama yumurtlama randimani ise
sirasl ile; %80,10, 84,30 ve 83,50 hesaplanmistir. Ortalama
yumurtlama randimani tzerine canh agirligin etkisi (P<0,01),
deneme basi yumurtlama randimani Uzerine gogus
kondisyonunun etkisi (P<0,05) ile deneme sonu yumurtlama
randimani bakimindan canl agirlik ile gogus kondisyonu arasi
etkilesim 6nemli bulunmustur (P<0,05). Deneme gruplarinda
canli agirhg hafif, orta ve agir grupta deneme basi ortalama
yumurta agirhklari sirasiile; 62,55, 61,73 ve 63,14 g, deneme
sonu yumurta agirhiklari ise sirasi ile 63,25, 63,24 ve 63,59 g
bulunmustur (Tablo 3). Dar ve genis gégis kondisyonuna
sahip hayvanlarda ise; yumurta agirhg deneme basinda
63,32 ve 61,63 g, deneme sonunda 63,77 ve 62,96 g tespit
edilmistir. Deneme basi yumurta agirhg yumurtaci
tavuklarin  gogius kondisyonundan 6nemli diizeyde
etkilenmistir (P<0,05). Deneme sonu yumurta agirhgi Gzerine
ise hem canli agirlik, hem de gogus kondisyonunun etkisi
onemsiz bulunmustur. Yumurta agirhigr bakimindan canl
agirhk x gogis kondisyonu arasi etkilesimler 6nemsiz
bulunmustur. Deneme gruplarinda en yiksek 6lim orani %4
ile orta canh agirhkta ve dar goglis kondisyonu sahip
tavuklarda tespit edilmis, 6lim orani bakimindan gruplar
arasi farkhliklar nemsiz bulunmustur (Tablo 3).

Deneme gruplarinda yer alan tavuklarda deneme basi
ve deneme sonu tespit edilen gogus kemigi egikliklerinin
gruplardaki yayginlik diizeyi Tablo 4’ de gosterilmistir. Hafif
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Tablo 2. Gruplarda hesaplanan deneme basi ve deneme sonu ile ortalama yumurtlama randimanlari (%).

Gruplar Yumurtlama randimani
Deneme Basi Deneme Sonu Ortalama

Canh Agirhik**

Hafif 84,40+3.81 61,1043.21 80,10%+3.22

Orta 87,20+3.81 71,1043.33 84,30°+3.40

Agir 85,00£3.90 68,9013.34 83,50°+3.15

Gogilis Kondisyonu*

Dar 81,50+3.31 67,0043.45 82,3043.22

Genis 89,60+3.20 67,00+3.47 82,9043.50

Canli AgirlikxGogiis Kondisyonu

HafifxDar 82,20+4.66 68,90+5.02 80,3214.33

OrtaxDar 80,00+4.99 63,30+£4.99 83,6814.22

AgirxDar 82,2014.67 68,9014.49 82,9214.33

HafifxGenis 86,7014.08 53,3044.25 79,8814.25

OrtaxGenis 94,40+4.98 78,9014.16 84,8814.33

AgirxGenis 87,8014.96 68,90+4.21 84,0414.98

ANOVA P degeri

Canli Agirlik 0.D 0.0 0,01

Goégis Kondisyonu 0,05 0.0 0.0

Canli AgirlikxGogiis Kondisyonu 0.D 0,05 0.0

*@Ogus genisligi; dar; 2,0-4,4 cm, genis; 4,5-6,0 cm, **Canli agirlik; hafif;1100-1400 g, orta; 1400-1700 g, agir; 1700-2000 g.

Tablo 3. Deneme gruplarinda 6liim oran (%) ve yumurta agirliklari (X £5X).

Gruplar Oliim Orani Yumurta Agirhg, g

% Deneme Bas! Deneme Sonu
Canli Agirhk**
Hafif 2,50 62,5510.73 63,2510.66
Orta 3,00 61,7310.65 63,24+0.60
Agir 2,50 63,14+0.73 63,5910.68
Gogiis Kondisyonu*
Dar 3,00 63,32+0.58 63,77+0.53
Genis 2,34 61,63+0.57 62,96+0.53
Canli AgirlikxGogiis Kondisyonu
HafifxDar 3,00 63,07+0.92 63,44+0.86
OrtaxDar 4,00 62,21+0.91 63,5210.85
AgirxDar 2,00 64,70£1.13 64,34+1.05
HafifxGenis 2,00 62,031£1.12 63,07£1.05
OrtaxGenis 2,00 61,25+0.92 62,97+0.86
AgirxGenis 3,00 61,59+0.91 62,85+0.85
ANOVA P degeri
Canli Agirhk 0.D 0.D 0.D
Gogis Kondisyonu 0.D 0,05 0.D
Canli AgirlikxGégiis Kondisyonu 0.D 0.D 0.D

*GOgus genisligi; dar; 2,0-4,4 cm, genis; 4,5-6,0 cm, **Canli agirlk; hafif;1100-1400 g, orta; 1400-1700 g, agir; 1700-2000 g

ve orta canh agirhk grubunda gogis kemigi egikligi tespit
edilen hayvanlarin orani deneme basinda %60 iken, agir
grupta %57,77 bulunmus, hafif, orta ve agir grupta deneme
sonu goglis kemiginde egiklik tespit edilen hayvanlarin orani
sirasi ile; %60,00, 56,66 ve 51,11 hesaplanmistir. Deneme
gruplarinin kendi icinde deneme basi ve deneme sonu gogis

kemigi egikligi bakimindan farkliliklar bitin gruplarda
6nemsiz bulunmustur.

Hafif, orta ve agir gruplarda deneme basi toplam tiy
skoru sirasi ile; 2,15, 3,12 ve 2,95, deneme sonu toplam tly
skoru sirasi ile; 4,27, 4,35 ve 4,40 bulunmustur (Tablo 5).
Deneme basli ve deneme sonu toplam tiy skoru; dar gégisla
hayvanlarda 2,83 ve 4,51, genis g6gusli hayvanlarda 2,64 ve
4,17 hesaplanmistir. Ug farkli agirlik grubunda deneme basi
ortalama tiy skoru sirasiile 0,54, 0,78 ve 0,74, deneme sonu
ortalama tily skoru sirasiile; 1,07, 1,09 ve 1,10
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Tablo 4. Deneme gruplarinda deneme basi ve deneme sonu gogis kemigi egikligi saptanan tavuklarin yizde dagilimi.

Gruplar Deneme Basi Deneme Sonu P
Canli Agirhk**
Hafif 60,00 60,00 1,000
Orta 60,00 56,66 0,711
Agir 57,70 51,11 0,525
Gogiis Kondisyonu*
Dar 56,00 49,33 0,326
Genis 61,33 62,66 0,866
Canli AgirlikxGogiis Kondisyonu
HafifxDar 53,33 50,00 0,796
OrtaxDar 66,00 50,00 0,190
AgirxDar 46,00 46,00 1,000
HafifxGenis 73,33 80,00 0,666
OrtaxGenis 53,33 63,33 0,432
AgirGenis 63,33 53,33 0,432
P
Canli Agirhik 0.D 0.0
Gogiis Kondisyonu 0.D 0.0
Canli AgirlikxGogiis Kondisyonu 0.D 0.0

*GOgus genisligi; dar; 2,0-4,4 cm, genis; 4,5-6,0 cm, **Canl agirlik; hafif;1100-1400 g, orta; 1400-1700 g, agir; 1700-2000 g.

hesaplanmistir. Deneme basi toplam ve ortalama tiiy skoru
canh agirhktan 6nemli diizeyde etkilenmis (P<0,01), deneme
basl ve deneme sonu canh agirlik x gbglis kondisyonu arasi
etkilesimler ise 6nemsiz bulunmustur. Gruplar kendi icinde
degerlendirildiginde; orta x dar grup hari¢ diger butln

interaktif gruplarda deneme basina gbére deneme sonu
toplam ve ortalama tiy kalitesi skoru énemli diizeyde daha
yuksek bulunmustur (sirasiyla P<0,001, P<0,05,
P<0,01, P<0,05).

Tablo 5. Gruplarda deneme basi ve deneme sonu toplam ve ortalama tiiy skorlari (X +5X).

Gruplar Toplam Tiiy Skoru Ortalama Tiy skoru*
Deneme Deneme P Deneme Deneme Sonu P
Bas! Sonu Basgi
Canli Agirhk***
Hafif 2,15+0.25° 4,27+0.35 0.001 0,54+0.062° 1,07+0.08 0.001
Orta 3,12+0.20° 4,35%0.29 0.001 0,78+0.051® 1,09+0.07 0.001
Agir 2,95+0.252 4,40+0.35 0.002 0,7410.062°® 1,10£0.09 0.002
Gogis Kondisyonu**
Dar 2,83+0.19  4,51+0.27 0.001 0,71£0.05 1,1340.07 0.001
Genis 2,64+0.19  4,17+0.26 0.001 0,66%0.04 1,04+0.07 0.001
CanliAgirhkxGogiisKkondisyonu
HafifxDar 1,90£0.29  4,20%0.40 0.001 0,48%0.072 1,05+.010 0.001
OrtaxDar 3,47+0.28  4,33+0.40 0.084 0,8710.071 1,0810.10 0.084
AgirxDar 3,13+0.41  5,00+0.57 0.019 0,78%0.102 1,25+0.14 0.019
HafifxGenis 2,40+0.40  4,33+0.57 0.023 0,60£0.102 1,0810.14 0.023
OrtaxGenis 2,77+0.28  4,37+0.40 0.002 0,68%0.072 1,0940.10 0.002
AgirxGenis 2,7610.29  3,80+0.41 0.042 0,6910.071 0,95+0.10 0.042
ANOVA
Canli Agirhk 0,01 0.0 0,01 0.0
GogilisKondisyonu 0.0 0.D 0.D 0.0
CanliAgirhk*GogiisKkondisyonu 0.D 0.D 0.D 0.D

*Skor 0;lyi, skor 1 (hafif/orta tily hasari/kaybi), skor 2 (siddetli tily hasari/kayb), **Gégs genisligi; dar; 2,0-4,4 cm, genis; 4,5-6,0 cm, ***Canli

agirlik; hafif;1100-1400 g, orta; 1400-1700 g, agir; 1700-2000 g.

P<0,05,

1
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Tartisma

Yumurtaci tavuklarda en onemli refah ve saglk
problemlerinden olan tiy ¢cekme ve kanibalizm ile gogis
kemigi hasarlarinin genotip, barindirma, barinak igi
dizenlemeler gibi yonetimsel faktorlerden énemli diizeyde
etkilendigi (Norman ve ark., 2021; Petek 2020), yumurta
verimiile tiy kalitesi (Yamak ve Sarica, 2021) ve gogus kemigi
hasarlari (Rufaner ve ark., 2019) arasinda 6nemli bir iliski
oldugu bildirilmistir. Geleneksel apartman tipi kafeste
yetistirilen beyaz yumurtaci tavuklarda gergeklestirilen bu
calismada ortalama yumurta verimi lzerine canli agirligin
etkisi 6nemli bulunurken (P<0,01), gogis kondisyonunun
etkisi 6nemsiz bulunmustur. Canli agirhk arttikca genelde
ortalama yumurta verimi de artmis, agirligi diisiik olan (hafif)
tavuklarin ortalama yumurtlama randimani orta ve agir
gruptan onemli dizeyde daha disik bulunmustur. Bitin
gruplarda deneme bagsina goére deneme sonunda yagsla
birlikte yumurta verimi dismdustir. Bu g¢alismada tespit
edilen deneme basi ve deneme sonu tavuk-kiimes
yumurtlama randimani standart degerlere gore daha disik
bulunmustur (Anonim, 2020). Yumurtaci tavuklarda yumurta
verimi basta genetik vyapi, aydinlatma, besleme ve
barindirma kosullari olmak Uzere ¢ok sayida faktérin etkisi
altindadir. Deneme sonu yumurtlama randimani bakimindan
canh agirlik ile goglis kondisyonu arasi etkilesim onemli
bulunmustur. Dar g6glis kondisyonlu gruplar arasinda
deneme sonu yumurtlama randimani bakimindan farkhliklar
onemsiz iken, genis gogis kondisyonlu hayvanlarda canli
agirhk deneme sonu yumurtlama randimani tGzerine 6nemli
bir etki olusturmustur. Bu ¢alismada deneme basi ortalama
yumurta agirhg Gzerine gégis kondisyonunun etkisi dnemli
bulunurken (P<0,05), deneme sonu ortalama yumurta
agirhgr Gzerine hem canli agirhk hem de gogus
kondisyonunun etkisi 6nemsiz bulunmustur. Yumurtaci
tavuklarda yumurta agirhgi Gzerine besleme ve genotip basta
olmak Uzere canli agirlik, barindirma kosullar, kulugka
kosullari ve kulugka stresi gibi ¢cok sayida faktor etkili olup,
tavuk yasi ile birlikte yumurta agirhgi artmaktadir (Anonim,
2020; Anene ve ark., 2020; Hedlund ve Jensen, 2022). Yiiksek
olum orani; yetersiz hayvan saghgi ve refahinin en énemli
gostergelerinden birisidir. Bu calismada gruplarda tespit
edilen 6lim orani en fazla %4 olup, genelde Pereira ve ark.
(2010) tarafindan bildirilen yumurtaci tavuklar icin kabul
edilebilir 6lim oranina yakin bulunmustur. Bu ¢alismada
canh agirhk ve goglis kondisyonunun 6lim orani lzerine
etkisi dnemsiz bulunmustur.

Tavuk yasi, cevresel etkiler, besleme, genetik yapi,
barindirma sistemi gibi cok sayida hazirlayici faktoriin etkisi
ile tavuklarda goglis kemigi hasarlarinin gérilme dizeyi
siriden siriye degisebilmektedir (Dedousi ve ark., 2020,
Rufaner ve ark., 2020, Rufaner ve Makagon 2020, Thofner ve
ark., 2021). Bu calismada deneme basinda ve deneme
sonunda gogis kemiginde egilme saptanan tavuklarin
toplam igindeki pay! bitiin gruplarda %50’nin {zerinde ve
birbirine yakin dizeyde bulunmustur. Deneme basl ve
deneme sonu go6gis kemigi egikliginin yayginhk dizeyi
bakimindan gruplar arasinda 6nemli bir farklilik
bulunmamistir.  Wall ve ark. (2022) zenginlestirilmis

kafeslerde vyetistirilen Lohmann LSL genotipi yumurtaci
tavuklarda geleneksel derin altlik Gzerinde yetistirilenlere
gore; gogus kemigi egiklik dizeyinin daha dusik oldugunu;
her iki barindirma sisteminde de yasla birlikte gégus kemigi
egiklik dizeyinin daha da siddetli hale geldigini
bildirmislerdir. Petek ve Cavusoglu (2021) iki degisik serbest
dolasimli free-range sistemde yetistirilen tavuklarda gogus
kemigi egiklik duzeyinin %37,5 ile %75,0 arasinda degistigini
bildirmiglerdir. Kemik direnci tizerine genetik yapi da etkili bir
faktor olup, Chew ve ark. (2021) aydinlatma yogunlugunun
Lohman kahverengi ve beyaz yumurtaci tavuklarda gogus
kemigi  hasarlari  Gzerine etkisi olmadigini, beyaz
yumurtacilarin 6nemli diizeyde daha direngli oldugunu
bildirmislerdir. Thofner ve ark. (2021) Danimarka’da
yumurtaci tavuk sirilerinde gogis kemigi hasarlarini
inceledikleri bir calismada g6gus kemigi egikliklerinin bitlin
yetistirme sistemlerinde yaygin bir sekilde goraldigind,
yumurta verimi baslangic yasi ve yumurta verimi
baslangicindaki ortalama yumurta agirhginin gogis kemigi
hasarlari  lzerine o6nemli bir etkisinin  oldugunu
bildirmislerdir. Edgar ve ark. (2023) goglis kemigi kirik ve
catlaklarinin yumurtaci tavuklarda canh agirhk ve yumurta
kabuk membrani disinda verim 6zellikleri Gizerine 6nemli bir
etkisi olmadigini bildirmislerdir. Tavuklarda gogis kemigi
kiriklarinin nedeni tam olarak bilinmese de kafes ya da diger
barindirma sistemlerinde ekipmanlara c¢arpma, oOzellikle
kalabalik gruplarda ve alaca karanlik los bir ortamda
tlineklere dogru sigrama esnasinda tiineklere ¢carpma sonucu
gogus kemiginde kirik ve g¢atlaklar olusabilmektedir.

Bu calismada deneme basi toplam tly kalitesi canli
agirhktan 6nemli diizeyde etkilenirken, deneme sonu toplam
tly kalitesi Gzerine canh agirhk ve goglis kondisyonunun
etkisi 6nemsiz bulunmustur. Biutln gruplar kendi icinde
karsilastirildiginda; deneme basina gére deneme sonunda
toplam tly skoru; orta agirlikta x dar gogusli grup harig,
onemli diizeyde yiikselmis, gruplarda yer alan tavuklarda tiiy
kalitesi kotllesmistir. Genel bir degerlendirme yapildiginda
deneme sonu tiiy kalitesinin orta diizeyde ya da ortanin biraz
Gzeri oldugu soylenebilir. Katli kafes sisteminde
barindirmada farklh katlarda bulunan hayvanlarda tiiy kalitesi
farkl olabilmektedir (Fidan ve Nazligul, 2013; Tok ve ark.,
2022). Bu calismada gruplarda yer alan tavuklar apartman
sistemi geleneksel batarya tip kafeste; her katta her gruptan
hayvan olacak sekilde homojen olarak dagitildigindan ve
gruplarda yer alan tavuklarin hepsinin de gagasi kesilmis ve
gagalarin genel durumu benzer durumda oldugundan
tavuklarda tly kalitesinde gorilen farkhhklarin farkli kafes
katlarindan ve farkhh gaga vyapisindan etkilenmedigi
duslintlmektedir. Barindirma sistemi tavuklarda tiy ¢ekme
davranisini etkileyen en 6nemli faktorlerdendir. Wall ve ark.
(2022) geleneksel derin altlik Gizerinde yetistirilen Lohman ve
Bovans beyaz yumurtact hibritlerden; Lohman LSL
genotipinin tly kalitesinin daha iyi oldugunu, ancak
zenginlestirilmis kafeslerde Lohman LSL hibrit genotipte tly
kalitesinin daha distk oldugunu bildirmislerdir. Petek ve ark.
(2015) serbest dolasimli free-range yumurtaci tavuklarda
yaptiklari bir calismada toplam tiy kalitesinin yas ile birlikte
kotllestigini ve gezinti otlama alanina mimkiin oldugu kadar
tavuklarin erken bir yasta cikarilmasi durumunda tiy
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kalitesinin daha iyi oldugunu bildirmislerdir. Dikmen ve ark.
(2016) degisik  barindirma  sistemlerinin  etkilerini
karsilastirdiklari bir calismada en iyi tly skoruna sahip
hayvanlarin serbest dolasimli free-range sistemde yetistirilen
tavuklar oldugunu bildirmislerdir. Degisik Ulkelerde ticari
kosullarda yapilan ¢ok sayida c¢alismada tly c¢ekme
davranisinin  kafessiz  yetistirme sistemlerine  %40-80
arasinda yaygin oldugu ve kanibalizm goérilme dizeyinin
%40’a kadar yiksek olabildigi bildirilmistir (Estevinho, 2021).

Sonug

Bu calismada geleneksel apartman tipi kafes sisteminde
yetistirilen beyaz yumurtaci tavuklarda canli agirlik ve gogis
kondisyonunun gogis kemigi egikligi ve tiy kalitesi lizerine
onemli bir etki gostermedigi, ortalama yumurtlama
randimaninin canh agirliktan etkilendigi, bitlin gruplarda
deneme basina gore deneme sonu tiy kalitesinin kotilestigi
tespit edilmistir.

Agiklama

Bu calisma “Geleneksel kafes sisteminde yetistirilen
beyaz yumurtaci bir tavukta hayvan refahi lizerine canh
agirlik, yas ve gogis kondisyonunun etkisi” konu baslikh
Yiksek Lisans tezinden O6zetlenmistir. Tez calismasindan
ozetlenen “Live body weight, breast condition and welfare
outcomes of a white laying hen housed in conventional
cages” konu baslklie poster bildiri “Recent Advances in
Animal Welfare Science VIII - Virtual UFAW Animal Welfare
Conference, 29th-30th June 2021” isimli toplantida
sunulmus ve konferans kitapgiginda yayimlanmistir.

Tesekkiir

Bu calisma Bursa Uludag Universitesi Veteriner
Fakiiltesi Hayvan Saglg ve Hayvansal Uretim Arastirma ve
Uygulama Merkezi Tavukguluk Unitesinde gercgeklestirilmis
olup, Veteriner Fakiiltesi Dekanligi ve Tavukguluk Unitesi
calisanlarina tesekkiir ederiz.

Cikar Catismasi Beyani

Yazarlar bu yazi icin gergek, potansiyel veya algilanan
cikar catismasi olmadigini beyan etmislerdir.

Etik izin

Hayvan Deneyleri Etik Kurullari Calisma Usul ve
Esaslarina Dair Yonetmelik, Madde 8; 19-k geregi bu ¢alisma
icin etik kurul iznine gerek yoktur (Resmi Gazete, 2014).

Benzerlik Orani

Makalenin benzerlik oraninin sisteme yiklenen raporda
belirtildigi gibi %9 oldugunu beyan ederiz.
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Ozet: Pasteurella multocida (P. multocida) gram negatif kokobasil
gorinimla bir bakteri olup hem insan hem de gesitli hayvanlarda
sistemik ve sistemik olmayan bir¢ok hastaligin misebbibi zoonotik bir
bakteridir. Dinya genelinde pet hayvani olarak kedi ve kopek
yetistiriciligi gittikce artmaktadir. Gelismemis ya da gelismekte olan
Ulkelerde basibos kopek sayisinin gittikge artmasiyla insan ve diger
hayvanlarin basibos ya da sahipli kdpeklerin isiriklarina siklikla maruz
kaldigi belirtilmektedir. P. multocida’nin kopeklerin oral boslugundan
siklikla izole ve identifiye edildigi bircok makalede ortaya konulmus,
kopek ve kedilerin P. multocida enfeksiyonlari igin blyik bir risk teskil
ettigi belirtilmistir. Bu ¢alismada P. multocida’nin kdpek salyasinda
varligini arastirmak amaci ile Cankiri hayvan barinaginda tutulan 44
kopekten salya 6rnegi alindi. Képek salyalarinin 12’sinden (%27, 27)
P. multocida kiltur ve PCR ile tespit edildi. Tespit edilen P. multocida
suslarinin  disk diflizyon test sonucunda, tamaminin (%100)
amoksisiline ve cephalotine direngli oldugu, tamaminin (%100)
cephoperazona duyarli, %75’inin ise streptomycine direngli oldugu
gozlemlendi.

Anahtar Kelimeler: Antibiyotik direng, Képek, P. multocida, Salya.

Investigation for the Presence of Pasteurella multocida
in Dog Saliva Samples by PCR and Cultural Methods

Abstract: P. multocida is a gram-negative coccobacillus bacterium
and a zoonotic bacterium responsible for many systemic and non-
systemic diseases in humans animals. Cat and dog breeding as pet
animals is increasing worldwide, and it is stated that humans and
other animals are frequently exposed to the bites of stray or owned
dogs, with an increasing number of stray dogs in underdeveloped or
developing countries. It has been stated in many articles that P.
multocida is frequently isolated and identified from the oral cavity of
dogs, and it has been stated that dogs and cats pose a significant risk
for P. multocida infections. In this study, saliva samples were taken
from 44 dogs kept in the Cankiri animal shelter to investigate the
presence of P. multocida in dog saliva. P. multocida from 12 (27, 27%)
of dog saliva was detected by culture and PCR. It was observed that
all (100%) of the identified P. multocida strains were resistant to
amoxicillin and cephalotin in the disk diffusion test result, all (100%)
were susceptible to cephoperazone, and 75% were resistant to
streptomycin.

Keywords: Antibiotic resistance, Dog, P. multocida, Saliva.
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Giris

insanlik yaklasik 12000 vyil &nce, hayvan ve bitkileri
evcillestirerek yeni bir deneyim kazanmis, evcillestirdikleri
hayvan ve bitkileri kendi vyararlari icin kullanmislardir.
Gilnlmiuzde arkeolojik bulgular kopeklerin
evcillestirilmesinin insanlk tarihi kadar eski oldugunu
gostermektedir (Morey, 1994). Hayvanlarin evcillestirilmesi
zoonotik mikroplarin insanlari infekte etmesini de
beraberinde getirmistir. Yapilan bircok ¢alismada zoonotik
hastaliklarin  ¢ogunun 6zellikle memeli hayvanlardan
kaynaklandig1 ortaya konulmustur (Albery ve Becker, 2020).

Gunlimiizde kopek yetistiriciligi halen popdlaritesini
korumakta, kopek sahiplerinin Amerika Birlesik Devleti
(ABD)'de %49’unun, Avusturalya’da %39’unun, ingiltere’de
%26’sinin, bu hayvanlara evlerinde baktiklari rapor edilmistir
(Holland, 2019). Buna karsin Avrupa Birligi (AB) Ulkeleri ve
ABD’de sokak hayvani sorununun olmadig, ancak tilkemizde
ozellikle sokak hayvani olarak képek sayisinin giderek arttigi
belirtiimektedir (Kirisik ve Oztiirk, 2021). Sahipli ya da
sahipsiz kopeklerin kendini gilivensiz hissettiginde, yemek
rekabeti veya alanini koruma gibi icglidisel sebeplerden
dolayi insan ve diger hayvanlara saldirdiklari bilinmektedir
(Atalay, 2004; Aydogdu ve Meral, 2019).

Kedi ve ozellikle kdpekler tarafindan insan ve hayvan
yaralanmalarinin en ©nemlilerinin isirk yaralanmalari
oldugu; kodpeklerin agresifliginin irk, yas ve cinsiyetine bagli
olarak degiskenlik gosterebildigi belirtilmektedir (Kilig ve
Sarierler, 2003).

Kedi ve kopekler insanlarin uzun zamandan beri
cevrelerini paylastiklari hayvanlar olup halen insanlarin
bakteriyel, viral, fungal ve paraziter bircok enfeksiyon
etkeninin kaynagl olarak varliklarini strdirmektedirler
(Chomel, 2014).

P. multocida gram negatif kokobasil goriiniimli, kedi ve
kopeklerin orofaringeal sekresyonlarindan siklikla izole
edilen (Korkmaz ve ark.,, 2021) ve ozellikle hayvan
isiriklarindan sonra insanlarda en ¢ok rastlanilan zoonotik bir
bakteri olarak tanimlanmaktadir (Giordarno ve ark., 2015).
Yash ve bagisikhigr baskilanmis kisilerde P. multocida
yumusak doku hastaliklarina yol agabilmektedir. Tavuk ve
hindilerde sistemik hastaliga neden olmayan P. multocida
suslarinin  subkutan olarak enjekte edildiginde kolayca
geliserek tavuklarda granulomlara, hindilerde ise deride
kabuklanmalara sebebiyet verdigi belirtilmektedir (Wilkie ve
ark., 2012). Bu hastaliklarin yaninda kanatlilarda kolera
(Mbuthia ve ark., 2008), bufalo, deve, geyik, nadiren atlarda,
domuz ve buzagilarda hemorajik septisemi, domuz ve
tavsanlarda atropik rinitis, buzagi, koyun ve domuzlarda
enzootik pndmoni ve pasteurellozis hastaliklarina sebebiyet
verebildigi bilinmektedir (Wilkie ve ark., 2012). Bu
hastaliklarin ~ yaninda insanlarda isirlk ve cerrahi
enfeksiyonlari, meningitis, pulmoner pnémoni, epiglottitis,
gastrointestinal ve intra-abdominal glossitis, kardiyovaskiiler
hastaliklar, kadinlarda genital sistem hastaliklari vb. gibi
bircok hastalikla da iliskilendirilmektedir (Kannangara ve
ark., 2020).

P. multocida karada ve suda yasayan bircok omurgali
hayvanin orofaringeal ve gastrointestinal florasinda herhangi

bir hastaliga sebebiyet vermeden bulunabilmektedir. P.
multocida’nin saglikli hayvanlarin Ust solunum vyollarinda
hayatta kalabildigi ve bu hayvanlarin P. multocida’nin
yayllmasinda ana kaynak olarak rol aldigi (izerinde
durulmakta; bu bakterinin organik maddelerde uzun sire,
suda ise bir yila kadar yasayabildigi gosterilmistir (Magyar ve
Lax, 2014).

P. multocida’nin kedi ve kopeklerin salyasindan (Rollof
ve ark., 1989; Tinmaz ve ark., 2021); kanguru, keseli sigan gibi
hayvanlarin da oral boslugundan siklikla izole edildigi buna
karsihk fare ve ratlardaki sikhginin daha az oldugu
belirtiimektedir (Wilson ve Ho, 2013). Evcil ve yabani bircok
hayvanin st solunum yollarinda herhangi bir enfeksiyona
yol agmadan bulunabilen P. multocida’ya %50 ile 90 arasinda
en cok kedilerin salyasinda rastlandigi ve kedilerden sonra
ikinci sirada kopeklerin salyasinda %20 ila %50 oraninda
bulunabildigi belirtilmektedir (Hasan ve Hug, 2022).

Dinya Saghk Orgiiti’niin 2018’deki raporuna gore,
kopek siriklari insidansina global olarak bir tahminin
olmadigl; ancak vyapilan arastirmalar sonucu vyillik on
milyonlarca insan yaralanmasinin kdpek isiriklari tarafindan
gerceklestigi Uzerine durulmaktadir. Buna mukabil olarak
ABD’de yillik 4,5 milyon insanin kdpekler tarafindan isirildig,
bu isiriklarda %3 ila %18 arasinda enfeksiyon gelistigi ve bu
enfeksiyonlar sonucu %10 ila 20 arasinda 6lim meydana
geldigi belirtilmektedir (WHO, 2018).

Pet hayvani olarak képek yetistiriciliginin ve gelismekte
olan llkelerde basibos kdopek sayisinin artmasi ile insan ve
diger hayvanlarin, kopeklerin isiriklarina sikhkla maruz
kalabildigi bircok ¢alismada ortaya konulmustur. Yapilan bu
calismada Cankiri i'i hayvan barinaginda bulunan képeklerin
salya orneklerinden P. multocida’nin varligi kiltirel ve
molekiiler ydontemlerle arastirilmasi ve antimikrobiyel direng
ozelliklerinin belirlenmesi amaglanmistir.

Materyal ve Metot

Etik izin: Bu ¢alisma 15 Subat 2014 tarih ve 2814 sayili
Resmi gazetede yayinlanan Orman ve Su isleri Bakanliginin
“Hayvan Deneyleri Etik Kurullarinin Calisma Usul ve
Esaslarina Dair Yonetmelik” Madde 8. K bendi, 5. Firkasina
gore elde edilen 6rnekler strtintli 6rnegi oldugu icin HADYEK
iznine tabi degildir.

Yapilan bu g¢alismanin materyallerini Cankiri hayvan
barinaginda tutulan kopeklerin salyasi olusturmustur. Bu
amacg ile Cankiri hayvan barinaginda tutulan toplam 44
kopekten, steril svab kullanilarak salya ornekleri alindi ve
icerisinde 0,5 ml fizyolojik tuzlu su bulunan steril vida kapakli
cam tiiplere aktarildi. Ornekler daha sonra calisilmak {izere
Cankiri Karatekin Universitesi Merkezi Laboratuvari’nda -80
°C’de saklandi.

Kiiltiir: Hayvanlardan alinan oral sivab o&rnekleri
vortekslenerek homojenize edildikten sonra, 2 ug/mL
clindamycin igceren, %5 koyun kanli agara inokile edilerek 37
°C’de aerobik ortamda 24 saat inkiibe edildi. Kati besiyerinde
Ureme gosteren tim ornekler oksidaz ve katalaz testlerine
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tabi tutuldu. Oksidaz ve katalaz pozitif olarak test edilen
bakteriler Gram boyamadan sonra, 15tk mikroskobunda
incelenerek Gram negatif, cubuk ya da kokobasil goriinimli
bakteri kolonileri, DNA ekstraksiyonu icin 100 pL fizyolojik
tuzlu su iceren tiplere aktarildi (Santaniello ve ark., 2020).
Tim izolatlarin DNA ekstraksiyonlari, kloroform izoamil alkol
yontemi ile gergeklestirildi (Oklander ve ark., 2004).

PCR: Katalaz, oksidaz ve Gram boyama sonucu
Pasteurella spp. slipheli kolonilerden elde edilen DNA
ekstraksiyonlari, PCR metodu ile tir diizeyinde identifiye
edilmeye calisildi. Bunun igin dis membran proteinini
kodlayan, gen bolgesini hedef alan primerler kullanildi (Tablo
1. PCR reaksiyonu igin 14,5 uL DNA-RNA free su, 2 plL
primerler (F ve R), 5 uL PCR buffer, 0,5 uL dNTP, 0,5 taq
polimearaz enzimi ve 2,5 uL DNA olmak lizere, toplam
reaksiyon hacmi 25 pl olacak sekilde ayarlandi. PCR kosullari
toplam 40 dongl olacak sekilde: denaturasyon 95 °C
1dakika, primerlerin baglanmasi 57 °C 15 saniye. ve zincirin
uzamasl 72 °C 10 dakika. olarak ayarlandi ve Urinler termal
cycler cihazina yiklenerek amplifiye edildi (Krol ve ark.,
2011).

Tablo 1. Kullanilan primerler ve baz dizilimleri.

Primer adi P. multocida tur spesifik primerler Bant biiyiikliigii (bp)

KMTIB-F 3’-TGCCACTTGAAATGGGAAATG -5’ 168

KMTJB-R 3’-AATAACGTCCAATCAGTTGCG -5 Krol ve ark., 2011

Olusan amplifiye triinler etidium bromid ile boyanarak
%1,5’luk agaroz jelde elektroforez islemine tabi tutularak
ultraviyole 1sig1 altinda goériuntilendi ve dokiimente edildi.
168 bp’ye tekabil eden bantlar P. multocida olarak
degerlendirildi.

Antibiyotik duyarlilik testi: Kultlr, oksidaz, katalaz ve
PCR testleri ile P. multocida oldugu belirlenen koloniler,
fizyolojik tuzlu su iceren cam tliplerde sispanse edilerek
olusan bulanikhk Mac Farland 0,5 standardina gore
ayarlandi. Her bir tiipten 1 ml alinarak %5 koyun kani iceren
Mueller-Hinton Agar besiyerine iyice yayildiktan sonra;
amoxicillin 25 pg (Aml 25), streptomycin 10 pg (S10),
cephalotin 30 ug (Cf 30) ve cephoperazone 75 pg (Cfp 75)
(Oxoid) antibiyotiklerini iceren diskler Mueller-Hinton besi
yerine aktarilarak 36 °C'de 18 saat inkiibe edildi. Disklerin
etrafinda olusan zon cetvelle 6l¢tildi (Glrbiz ve Sahin, 2003;
Tel ve Keskin, 2010). Meydana gelen inhibisyon zonlar
Clinical and Laboratory Standards Institute’in (CLSI 2013)
belirledigi standartlara gore direngli (R), duyarli (S), orta
diizeyde duyarl (1) olarak degerlendirildi.

Bulgular

Kiiltlir: Cankiri hayvan barinaginda tutulan 39 disi ve 5
erkek (toplam 44) vyetiskin kopekten alinan salya
orneklerinin, klindamisin iceren selektif besi yerine ekimi
sonucu toplam 13 6rnekte (%30) koloni gelisimi gézlemlendi.
Besi yerinde koloni gelisimi gosteren 13 6rnegin 1’inde
oksidaz ve katalaz testi negatif olarak gozlemlendi (Sekil 1).

/

Sekil 1. A: Pasteurella spp. koloni morfolojisi,
B: Katalaz testi, C: Oksidaz testi, D: Mikroskobik
goruntd.

PCR: Amplifiye edilen PCR drinlerinin agaroz jel
elektroforezi sonucu ultraviyole 1siginda goérintilenmesi ile
12 adet 168 bp’ye denk gelen bant gozlemlendi ve P.
multocida olarak degerlendirildi (Sekil 2).

rRrI T

Sekil 2. Amplifiye Urlinlerin agaroz jel elektroforez
gorlintusu.

Antibiyotik duyarlilik testi: Kultlr, biyokimyasal testler
ve PCR sonucu P. multocida oldugu belirlenen 12 susun

antibiyotik duyarhlik test sonucu Tablo 2. de gosterilmistir.

Tablo 2. P. multocida disk difflizyon antibiyotik duyarllik testi.

Antibiyotik

S | R
Aml 25pug 0 (%0) 0 (%0) 12 (%100)
Cfp 75ug 11 (%92) 0 (%0) 1 (%8)
Cf30pg 0 (%0) 0 (%0) 12 (%100)
S10 pg 3 (%25) 0 (%0) 9 (%75)

Antibiyotik duyarlilik test sonucu tim suslar (%100)
amoxicillin 25 g ve cephalotin 30 pg’e direngli oldugu
gozlemlendi. Cephoperazone 75 pg’e karsi ise P. moltocida

1
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suslarinin - %92’sinin  duyarh  oldugu  gobzlemlendi.
Streptomycin 10 pg’e karsi suglarin %75’inin direngli oldugu
gozlemlenirken, orta diizeyde duyarli hicbir sus (%0)
gozlemlenmedi.

Tartisma ve Sonug

P. multocida hayvan isiriklarina maruz kalan insanlarda
sikhkla tanimlanan zoonotik enfeksiydz bir bakteri olarak
tanimlanmaktadir (Giordarno ve ark., 2015). Rollof ve ark.
(1989) tarafindan konvansiyonel metodlarla yapilan bir
¢alismada pet hayvani olarak 21 képegin 17’'sinde (%81) P.
multocida izole ve identifiye edildigini bildirmislerdir.
Santaniello ve ark.’nin (2020) terapi amach kopek egitim
merkezinde kodpek salyalari 6rneklerinde kaltirel ve PCR
metodlar kullanarak yaptiklari bir calismada, 200 kdpegin
25’inde (%12,5) P. multocida izole ve identifiye edildigini
bildirmislerdir. Yapilan bu calismada 44 kopegin 12’sinde
(%27,27) P. multocida tanimlanmis olup, bu sonug Giordarno
ve ark. (2015) ile Santaniello ve ark.’nin (2020) buldugu
sonuglardan  farkhlik  gostermektedir. Bu  farkhligin
Santaniello ve ark. (2020) tarafindan yapilan c¢alismada
belirtildigi gibi yas cinsiyet, cografya ve hayvanin yasadigi
yerlerden kaynaklanabilecegi dustinilmektedir.

P. multocida’nin gesitli hayvan tirmik ya da isiriklardan
sonra olusan yaralanmalar sonucu en sik olarak yumusak
doku enfeksiyonlarina yol agabildigi belirtiimektedir. Glindiiz
ve ark. (2011) tarafindan Eskisehir'de son 5 yillik hastane
kayitlari baz alarak yapilan bir c¢alismada, hastalardan
116’sinin  kopek ve 46'sinin kedi 1sirigiyla hastaneye
basvurdugu ve bu isirik magdurlarinin gogunun ¢ocuk oldugu
rapor edilmistir. Ozsoy ve ark. (2002) tarafindan Refik
Saydam Hifzissthha, Merkezi Kuduz Agi istasyonu’na gelen
hastalarda yapilan ¢alismada, 2000 yilinda 1530 kisinin
hayvan 1singlyla  bu istasyona bagvurdugunu, isirik
vakalarinin %68’inin kopek kaynakh oldugu belirtilmis ve her
yil Ulkemizde 82000 kisinin hayvan 1sirigi ile karsilastigi
lizerine vurgu yapilmistir. Bu ¢alismada kopek salyalarinin
%27,27'sinde P. multocida izole edilmis olup; bu sonug képek
isiriklart sonucu P. multocida’nin bulagma potansiyelinin
oldukga vyiksek olabilecegi gorisini desteklemektedir
(Hasan ve Hug, 2022).

P. multocida’nin en yaygin bulas yolu isirik ve tirmalama
olarak belirlenmesine ragmen, nadiren de olsa solunum veya
hayvanlarin yalamasi sonucu da bulasabilecegi, ayni
zamanda meningitis, bakteriyemi ve endokardit gibi
hastaliklara da yol agabildigi belirtiimektedir (Perrin ve ark.,
2003). Cristenson ve ark. (2015) tarafindan yapilan bir vaka
sunumunda, bir kedi ve iki kopek besleyen, bobrek nakli
yapilmis, 66 yasindaki erkek bir hastanin bacagindaki venoz
staz Ulserlerini kedinin yalamasi sonucu bu hastadan P.
multocida izole ve identifiye edildigi, hastanin
kardiyopulmoner yetmezlikle komplike hale geldigi ve
enfeksiyona yenik diistiigii belirtilmistir. Ozellikle vahsi ya da
evcil hayvanlarla temasi olan immun sistemi baskilanmis
bireylerde P. multocida’nin ciddi enfeksiyonlara yol
acabilecegi ve bu mikroorganizmanin dikkate alinmasi
gerektigi zerine durulmustur.

Ryan ve Feder (2019) tarafindan yapilan bir vaka sunum
¢alismasinda, hastaneye kabul edilen ve menengitis teshisi
konulan, 12 gunlik bir bebekte P. multocida izole ve
identifiye edildigi; 6 aylik bir tedaviden sonra bebegin normal
gelisim gosterdigi, ancak bir yil sonraki kontrolde duyu
yetisini  kaybettigi  belirtilmistir. Ayni  ¢alismada P.
multocida’nin sadece hayvan isiriklarindan degil zoonotik
patojenlerin bulagsmasinin hayvan yalamasi sonucu salya ya
da hayvanla direkt kontak sonucu da olabilecegi, 6zellikle
bebeklerin pet hayvanlarindan uzak tutulmasi gerektigi
Gzerine vurgu yapimistir.

Antibiyotik duyarlilk agisindan Tel ve Keskin (2010)
tarafindan koyun akcigerlerinden izole edilen 76 P. multocida
susunun, 72 (%95)’sinin amoksisiline duyarl oldugu, 4
(%5)’tinun ise direngli oldugunu bildirilmistir. Victor ve ark.
(2016) tarafindan Nijerya’da tavuk kolerasi sebebi ile 97
tavuktan identifiye edilen 13 P. multocida susunun
tamaminin amoksisiline direngli oldugunu bildirilmistir. Bu
calismanin sonucu Tel ve Keskin (2010) tarafindan yapilan
¢alismanin sonuglarindan farkh, Victor ve ark. (2016)
tarafindan vyapilan g¢alismanin sonuglari ile benzerlik
gostermektedir. Abbas-Panah ve ark. (2016) tarafindan sigir
pnomonisi gézlemlenen sigirlarda yapilan (130 holstayn irki)
bir calismada, hayvanlarin %80’inden P. multocida izole ve
identifiye edildigi ve tiim suslarin cephalotine karsi duyarh
oldugu belirttirken, Rigobelo ve ark. (2013) tarafindan
yaptlan bir ¢alismada, 90 adet tavuktan elde edilen P.
multocida susunun %5.1 oraninda cephalotine karsi direng
gozlemlendigi belirtilmistir. Bu c¢alismada elde edilen P.
multocida suslarinin tamaminin (%100) cephalotine karsi
direncli oldugu gozlemlenmistir. Bu farkliigin Tel ve Keskin
(2010) tarafindan yapilan galismada belirtildigi tizere sinirli
sayida orneklemden kaynaklanabilecegi gibi izole edildigi
hayvanin tiirline gére mikroorganizmanin farkli suslarindan
da kaynaklanabilecegi diislintilmektedir.

Malezya’da tavuk kolerasi vakalari goérilen 13 farkh
kiimesten elde edilen elde edilen P. multocida susunun %68
oraninda streptomycine direng gosterdigi belirtilmistir
(Sabsabi ve ark. 2021). Bu galismada elde edilen suslarin
%75’inin streptomicyne karsi direngli oldugu gozlemlenmis
olup sonuglarin Sabsabi ve ark. (2021) tarafindan yapilan
calismadaki sonuclara yakin oldugu gozlemlenmistir. Weber
ve ark. (1984) tarafindan ABD’de insan vakalarindan izole
edilen 19 P. multosida susunun timinin (%100)
cephoperazona duyarli oldugu belirtilmistir. Bu galismada
elde edilen suslarin tamami cephoperazona karsi duyarh
olarak gézlemlenmis olup; elde edilen bulgular Weber ve ark.
(1984) tarafindan elde edilen bulgularla benzerlik
gostermektedir.

Sonug olarak P. multocida’nin képeklerin oral florasinda
yaygin olarak bulundugu goézlemlenmis, kopek isiriklari ve
salyalari ile temas halinde olan insanlarin bu
mikroorganizmayl muhakkak g6z online almalari gerektigi
tarafimizca 6nerilmektedir. Yapilan kaynak arastirmalarinda
(Feder, 2019) P. multocida’nin sadece isirikla bulasmadigi
kedi, kopek gibi diger hayvanlarin salyalari ile temas halinde
olan insanlarin da dikkat etmeleri gerektigi sonucuna
variimaktadir. Ozellikle cerrahi yaralari olan ya da organ nakli
yapmis ve immun sistemi baskilanmis kisilerin bu hayvanlarla
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temastan uzak durmasi gerekmektedir. P. multocida’nin
nadiren de olsa bebeklerde meningitise yol agabileceginin
gdz onilinde bulundurulmasi ve bebeklerin bu hayvanlarla
temasinin engellenmesi gerektigi tarafimizca 6nerilmektedir.

Cikar gatismasi

Yazarlar bu yazi igin gercek, potansiyel veya algilanan
cikar catismasi olmadigini beyan etmislerdir.

Etik izin

Bu c¢alisma 15 Subat 2014 tarih ve 2814 sayili Resmi
gazetede yayinlanan Orman ve Su isleri Bakanhiginin “Hayvan
Deneyleri Etik Kurullarinin Calisma Usul ve Esaslarina Dair
Yonetmelik” Madde 8. K bendi, 5. Firkasina gore elde edilen
ornekler sidriintd 6rnegi oldugu icin HADYEK iznine tabi
degildir.

Finansal destek

Bu calisma herhangi bir kurum ya da kurulus tarafindan
desteklenmemis olup galismanin giderleri yazarlarin kendi
bitcesi tarafindan karsilanmistir.

Benzerlik Orani

Makalenin benzerlik oraninin sisteme yliklenen raporda
belirtildigi gibi % 1 oldugunu beyan ederiz.

Tesekkiir

Bu calismada orneklerin eldesinde emegi gecgen
veteriner hekim Zekeriya OCAL’a ayrica desteklerinden
dolayl Cankiri Karatekin Universitesi Merkezi Laboratuvar
(CANKAM) calisanlarina sonsuz tesekkiirlerimi sunarim.
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Ozet: Bisfenol A (BPA), gida kaplarinda, dis macunlarinda, tibbi
ekipmanlarda, mutfak esyalarinda, su borularinda ve elektronik aletlerde
yaygin olarak kullanilan endokrin bozucu kimyasal bir maddedir. BPA
insanlara ve diger canlilara kontamine gida ve igeceklerle bulagsmaktadir.
Cevresel kirleticilerin gogunda oldugu gibi BPA kontaminasyonu en fazla gol,
nehir ve denizlerde meydana gelmektedir. Bu ortamlardaki BPA miktarini
tespit etmek igin biyoindikator olarak deniz canlilari kullanilmaktadir. Bu
calismada iskenderun Kérfezi'nden yakalanan ahtapotlarda BPA kirlilik
seviyesini belirlemek ve tiketen insanlar igin risk dizeyini ortaya koymak
amaglanmistir. Bu kapsamda Hatay ili iskenderun Kérfezi'nden elde edilen
40 adet ahtapot numunesinin kas ve deri dokularinda Yiiksek Performansh
Sivi Kromatografi (HPLC) ile BPA miktari Olglldi. Tim ahtapot
numunelerinde BPA diizeyi 0.349-80.313 ng/g araliginda bulunmustur.
Ahtapot numunelerinde tespit edilen bu BPA diizeyleri iskenderun
Kérfezinden galisilan balik 6rneklerinden daha yiiksek seviyede olmakla
birlikte Tirk Gida Kodeksinde BPA igin belirlenen spesifik migrasyon
limitinin altinda oldugu bulunmustur. BPA dizeylerinin sucul ortamdaki
canlilarda belirli araliklarla izlenmesi hem ¢evre hem de halk saghg
acisindan énemlidir.

Anahtar Kelimeler: Ahtapot, BPA, HPLC, iskenderun Kérfezi.

Bisphenol A Levels in Octopus Caught From Iskenderun Bay

Abstract: Bisphenol A (BPA) is an endocrine-disrupting chemical commonly
used in food containers, toothpaste, medical equipment, kitchenware,
water pipes, and electronic appliances. BPA is transmitted to humans and
other living things through contaminated food and drink. As with most
environmental pollutants, BPA contamination occurs mainly in lakes, rivers,
and seas. Sea creatures are used as bioindicators to determine the amount
of BPA in these environments. This study aimed to assess the level of BPA
pollution in octopuses caught from Iskenderun Bay and to reveal the risk
level for people consuming it. In this context, the amount of BPA was
measured by High-Performance Liquid Chromatography (HPLC) in the
muscle and skin tissues of 40 octopus samples obtained from the
Iskenderun Bay of Hatay province. BPA level was found in the 0.349-80.313
ng/g range in all octopus samples. These BPA levels detected in the octopus
samples were higher than the fish samples studied from Iskenderun Bay.
However they were below the specific migration limit determined for BPA
in the Turkish Food Codex. Regular monitoring of aquatic organisms' BPA
levels is vital for the environment and public health.

Keywords: BPA, HPLC, Iskenderun Bay, Octopus.
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Giris

Bisfenol A (BPA, 2,2-bis (4-hidroksifenil) propan) genel olarak
endustriyel imalatta kullanilan sentetik endokrin bozucular
arasinda bulunan bir kimyasaldir. BPA -40 °C ile +145 °C
arasinda bozulmayan yapidadir. Polikarbonat plastiklerde,
polimer olmayan plastiklerde ve epoksi reginelerde katki
maddesi olarak bulunur ve polikarbonat gida kaplari, metal
kutularda, dis macunlari, koruyucu kaplamalar, tibbi
ekipmanlarda, mutfak esyalari, su borulari, kagit Grlinleri ve
glnlik hayatta kullandigimiz birgok Grlinin imalatinda
kullanilir (Barboza ve ark., 2020; Calafat ve ark., 2005; EFSA,
2021; Kang ve ark., 2006). 1953’de Polivinil klortrin (PVC)
kullanimin  yayginlasmasiyla birlikte BPA’nin  {retimi
artmistir. Uretimde kullanilan BPA miktari 1980’de 1.000.000
ton iken, 2019 yilinda 8.000.000 tona ulasmistir (EFSA, 2021).

BPA'nin c¢evresel maruziyetinde hava ve topragin
vaninda su temasi da olduk¢a 6nemlidir. BPA Uretiminin
oldugu fabrikalarda meydana gelen atik sular aritilmadan
nehirlere, gollere ve denizlere desarj olmasi sonucu su
kaynaklarinin kirlenmesine neden olmaktadir (Firhacker ve
ark., 2000; Korner ve ark., 2000; Staples ve ark., 1998). Gida
degeri olan tuzlu ve tath su canhlari besin zinciri yoluyla
insanlarda BPA maruziyetine sebep olmaktadir. BPA'nin
ayrismasl (pargalanmasi) tatl suya kiyasla tuzlu suda daha
uzun sire aldigi icin (yaklasik bir ay) tuzlu suda yasayan
canlilarda BPA kontaminasyonunun daha fazla olmasi
beklenir (Santhi ve ark., 2012). BPA maruziyeti insanlar basta
olmak Uzere tiim canlilarda endokrin sistemde bozulmalara,
epigenetik modifikasyonlara ve karsinojeniteye sebep
olabilecegi belirtilmistir (Cuomo ve ark., 2017).

Kafadan bacaklilar alt sinifinda yer alan ahtapot, icerdigi
omega 3 ve omega 6 gibi doymamis yag asitlerinden dolayi
insanlar igin dnemli bir besin kaynagidir. Yapilan ¢alismalarda
ahtapotlarin toplam yag asitlerinin %42’sini omega 3 yag
asitlerinin (eikosapentaenoik asit) olusturdugu bildirilmistir
(Oliveria ve ark., 2019; Zlatanos ve Sagredos, 1993).
Ulkemizde &zellikle Akdeniz bélgesinde ekonomik &neme
sahip bir deniz canlisi oldugu belirtilmistir (Sinanoglu ve
Meimaroglu, 1998). iskenderun Kérfezi endiistri ve tarimsal
faaliyetlerin yogun oldugu bir bolgedir. Sanayi kuruluslari,
tarimsal faaliyetler ve gemi trafiginden dolayi gevresel kirliligi
artmaktadir. Denizde yasayan pek cok canli Kkirliliklerin
belirlenmesi icin biyoindikator olarak kullaniimaktadir.
Yapilan bir¢ok calismada farkli deniz canlilarinda BPA diizeyi
arastirilmasina karsin ahtapotlarda yapilan herhangi bir
¢alisma bulunamamistir. Ahtapotlar gida degeri tasimasi
sebebiyle kirlilige maruz kaldiklarinda besin zincirinin en Gst
halkasi olan insan saghgi igin biylk risk olusturmaktadir. Bu
arastirmada hem gida degeri olmasi hem de iskenderun
Korfezi'nde BPA Kkirliliginin goOstergesi olarak avlanan
ahtapotlarda BPA diizeyinin arastiriimasi amaglanmistir.

Materyal ve Metot

Ahtapot oOrnekleri: Calismada 1000-1300 gr canh
agirhgina sahip toplam 40 adet ahtapot (Octobus vulgaris)
kullanildi. Ahtapot 6rnekleri 2019 yili av sezonunda, Hatay ili,
iskenderun Kérfezi’'nde (Boylam: 36* 12’ 16” E, Dogu, Enlem:

36* 39’ 54’ N, Kuzey) yakalanan ahtapotlardan temin edildi.
Temin edilen ahtapotlar soguk zincir altinda, Hatay Mustafa
Kemal Universitesi Veteriner Fakiiltesi laboratuvarlarina
tasinarak analiz zamanina kadar -40 °C’'de muhafaza edildi.
Analizler ahtapot 6rneklerinin toplanmasindan sonra 3 ay
icinde gerceklestirildi. Bu c¢alisma Hatay Mustafa Kemal
Universitesi Hayvan Deneyleri Yerel Etik Kurulu, Etik Kurul
onayl (16/01/2020 ve 2020/01-04) alinarak
gerceklestirilmistir.

BPA analizi: Ahtapot 6rneklerinden BPA analizi, Kang ve
Kondo tarafindan (2003) st ve st triinlerinde BPA analizi
icin kullanilan metot modifiye edilerek, yliksek basingli sivi
kromatografisi (HPLC)-FLD (Floresans detektor, RF-20AXL,
Shimadzu, Kyoto, Japan) yardimiyla gerceklestirildi. Analiz
icin ahtapotlarin kas+deri (6zellikle yenilebilir) dokular
kullanildi. Kas+deri dokulari 10 000 rpm’da 10 dakika
homojenize (Heidolph Silent Crusher M, Germany) edildi.
Homojenize edilen ahtapot orneklerinden hassas terazi
(Radwag AS 220 R2, Poland) yardimiyla 5 g tartildi. Tartilan
ornekler Gizerine 30 ml hekzan (Sigma 650552, Germany) ve
30 ml asetonitril (Merck 100030, Germany) eklendi. Karisim
celik blender’e (Waring 8011EB) yerlestirildi ve 4 dakika
suresince yuksek devirde karistirildi. Karigim filtre kagidi
kullanilarak (Whatman No 4, Germany) slziildu ve siiziintl
ayirma hunisine alinarak hekzan fazi ile asetonitril fazi
ayrilana kadar beklendi. Altta kalan asetonitril fazi cam balon
jojeye alindi ve Ustte kalan hekzan fazi uzaklastirildi. Cam
balon joje igerisindeki asetonitril faza evaporatorde (IKA RV
05 Basic 1B, Germany) buharlastirma islemi uygulandi ve
altta kalan kalinti 6 ml ultra saf su ile ¢6zdiraldi.

Kati faz ekstraksiyon kartusu (Sep-pak C18 Kkartus,
Waters, Milford, MA USA) 10 ml metanol (Merck 106018,
Germany) ardindan 10 ml ultra saf su gegirilerek sartlandi.
Sartlanma esnasinda vakum manifoltu (Lubitech BF-2500,
China) kullanildi. Ardindan saf su ile ¢ézdirilmis olan 6 ml
ekstraksiyon ¢ozeltisi kartustan gecirildi ve kartustan 20 ml
%5 metanol iceren saf su gegirilerek yikama yapildi. Kartusta
sivi kalmamasi icin hava gegirilerek temizlendi. Daha sonra
ellisyon agamasiigin, kartusun alt kismina 5 mI’lik falkon tiipu
yerlestirildi. Kartus icerisinden 3 ml metanol gegirilerek
elisyon yapildi ve cihaza 20 uL enjekte edildi. BPA'nin
kromatografik ayriminda Inertsil ODS-3 kolon kullanildi.
Mobil faz olarak %45 asetonitril ve %55 ultra saf su kullanildi
ve dakikada 1 ml olacak sekilde cihaza génderildi. Emisyon
dalga boyu 308 nm (Aex) ve eksitasyon dalga boyu 224 nm’ye
(Aex) ayarlandi.

Metot validasyonunu belirlemek igin dogrusallik,
ozglnluk, geri kazanim, tespit siniri ve kesinlik performans
kriterleri olarak kullanildi.  Yagh dana etine farkh
konsantrasyonlarda BPA eklenerek kalibrasyon standartlari
(0.5, 1, 2.5, 5 ve 10 ng/g) elde edildi. Dogrusallik icin
kalibrasyon standartlari araligindaki kalibrasyon egrilerinin
korelasyon katsayilari kullanilarak kalibrasyon egrileri
cizdirildi. Ozgiinliigiin degerlendiriimesinde, BPA icermeyen
yagh dana kiymasinda, BPA'nin alikonma araliginda, diger
maddelerden kaynaklanan piklerin girisim yapip yapmamasi
degerlendirildi. Geri kazanimin belirlenmesi igin iki farkh
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kalibrasyon standardinin (2 ve 6 ng/g) her bir diizeyi icin
10’ar kez tekrarh o6lglim yapildi. Tespit limiti (LOD) ve
hesaplanabilir limiti (LOQ) belirlemek igin BPA'nin en diisuk
standart sollsyonlari BPA icermeyen plazma orneklerine
ilave edilerek kromatogram uzerinde S/G orani 3 olan
konsantrasyon LOD, S/G orani 6 olan konsantrasyon LOQ
olarak tespit edilmistir. Tekrar edilebilirligin belirlenmesi igin
diistik (2 ng/g) ve yiiksek (6 ng/g) kalibrasyon standartlari her
glin 6 defa olmak tzere 6 farkh giin tekrarlandi.

Orneklerin degerlendirilmesi: BPA icin 17 Temmuz
2013 tarihli Resmi Gazete’de yayimlanan Tirk Gida Kodeksi
Gidaile Temas Eden Plastik Madde ve Malzemeler Tebliginde
(No: 2013/34), ‘madde veya malzemeden gidaya veya gida
benzerine gegen belirli bir maddenin izin verilen maksimum
miktar’’ olarak tanimlanan Spesifik Migrasyon Limiti (SML)
600 ng/g olarak belirtilmistir (TGK, 2013). Ahtapot
numunelerindeki BPA diizeyi halk saghgi agisindan Spesifik
Migrasyon Limitini asip agmamasina gore degerlendirilmistir.

Bulgular

Metot Validasyon Bulgulari: BPA'nin alikonma zamani
6 dakika olarak belirlendi (Sekil 1). BPA'nin 0.5, 1, 2.5, 5ve 10
ng/g arasindaki kalibrasyon standartlari igin, kalibrasyon
egrisi lineerdi (R%2> 0.9975). Yagl dana etinden BPA’nin geri
kazanimi %86,6-105.4 araliginda tespit edildi. BPA’nin LOD
ve LOQ degerleri sirasiyla 0.28 ng/g ve 0.92 ng/g olarak
belirlendi. Metodun giin ici tekrarlanabilirlik varyasyon
katsayisi %5,6, ginler arasi tekrarlanabilirlik varyason
katsayisi % 8.0 ve glinler arasi ve gin ici tekrar Uretilebilirlik
varyasyon katsayisi %9,8 olarak tespit edilmistir.
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Sekil 1. BPA kromatogram gorintisu.

Ahtapot Orneklerinde Sonuglar: iskenderun
Korfezi’'nden yakalanan 40 adet ahtapot 6rneginde ortalama
BPA diizeyi 15.841+3.00 ng/g (0.349-80.313 ng/g) olarak
tespit edilmistir (Tablo 1). Ahtapot 6rneklerinde tespit edilen
BPA duzeylerinin Turk Gida Kodeksinde tanimlanan Spesifik
Migrasyon Limitinin (600 ng/g) altinda oldugu belirlendi.

Tartisma ve Sonug
BPA Gireme bozukluklari, diyabet, otizm, kronik solunum

hastaliklari, norolojik bozukluklar, davranis bozukluklari,
kardiyovaskdler hastaliklar, renal hastaliklar, meme kanseri

Tablo 1. Ahtapot 6rneklerindeki BPA dlzeyleri (ng/g).

Ahtapot BPA  Ahtapot BPA Ahtapot BPA Ahtapot BPA

sayisi diizeyleri sayisi duzeyleri sayisi  diizeyleri sayisi diizeyleri

1 67.712 11 8.384 21 5.624 31 2.723
2 22.378 12 13.214 22 6.538 32 8.254
3 80.313 13 19.826 23 4.325 33 9.605
4 11.338 14 8.964 24 5.906 34 9.256
5 63.851 15 16.325 25 19.106 35 4.386
6 33.510 16 4.129 26 19.745 36 0.828
7 23.590 17 13.865 27 57.762 37 2.049
8 14.716 18 14.674 28 0.349 38 4.993
9 13.837 19 2.357 29 11.744 39 7.924
10 7.169 20 7.206 30 3.304 40 1.856

ve dis gelisimi bozukluklari gibi cesitli saghk sorunlariyla
iliskilendirilmistir. Bu nedenle BPA gibi endokrin bozucu
ozelliklere sahip maddelerden kaynaklanan olumsuz etkilere
karsi kamuoyunun saglik endiseleri son zamanlarda énemli
oranda artmistir. Epoksi reginelerin Gretiminde, polikarbonat
plastiklerde, oyuncaklarda, metal kutularda, icme
kaplarinda, su borularinda, spor icin kullanilan glvenlik
ekipmanlarinda, gozlik camlarinda, tibbi ekipmanlarda, dis
dolgularinda, mikrodalga firin kaplarinda, kullandigimiz
elektronik aletlerde, icecek ve yiyecek kaplarinda bulunan
BPA’nin, hava, su ve gidalara migrasyonu sonucu insan ve
diger canhlarin maruz kalmasi kaginilmazdir. BPA’ya
maruziyet diger yollara kiyasla en sik kontamine olmus
gidalarla gergeklesir. BPA kirliliginin en yogun gozlendigi
yerler antropojenik etkiler nedeniyle tath ve tuzlu su
kaynaklandir (Kang ve ark., 2006; Michalowicz, 2014).
Avrupa Gida Givenligi Otoritesi (EFSA, 2021) raporuna goére
insan beslenmesinin bir pargasi olan balik ve deniz Grtnleri,
en yliksek BPA kontaminasyon kaynaklarindan birisidir. Bu
nedenle gida degeri olan ve suda yasayan canhllarda BPA
dizeyi tespitinin yapilmasi énem arz etmektedir. Analizi
yapilan 40 adet ahtapot Orneginin tamaminda farkl
dizeylerde BPA tespit edilmistir. HPLC ile yapilan analiz
sonucunda ahtapotlarin yenilebilir dokularindaki ortalama
BPA diizeyi 15.841+3.00 ng/g (0.349-80.313 ng/g) olarak
belirlenmistir. Yapilan literatir taramasinda daha o6nce
ahtapotlarda BPA tespitine yo6nelik herhangi bir calisma
bulunamamistir. Bu nedenle bu arastirma sonuglari diger
deniz canlilarinda BPA diizeyi ile ilgili yapilan ¢alismalar ile
karsilagtiriimstir.

Baliklar Uzerinde yapilan galismalarda BPA dizeyleri
Ulkelere ve balik tirlerine gore olduk¢a degiskenlik
gostermistir. BPA diizeyi; Avrupa ve Kuzey Afrika'dan
toplanan c¢ipura orneklerinde 171 pg/g, alabalk
orneklerinde 130+10 pg/g, hake baligi 6rneklerinde 634
pg/g (Azzouz ve ark., 2019), Hollanda da nehir ve kanallardan
yakalanan balik numunelerinde 1-5 ng/g ve nehirlerin denize
dokuldugi yerde yakalanan balik kas numunelerinde 0-11
ng/g (Belfroid ve ark., 2002), italya’nin Tiren denizinde
yakalanan baliklarin kas dokusunda 0.15-5 ng/g (Mita ve ark.,
2011), Tayvan’nin Dan-Shui nehrinden toplanan baliklarin
kas dokusunda 33.6168.5 ng/g ve karaciger dokusunda
3281647 ng/g (Chen ve ark. 2014), Malezya’nin farkli
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bolgelerinden elde edilen baliklarda 0.023£015-0.322+0.094
ng/g (ismail ve ark., 2018) ve {ilkemiz iskenderun Kérfezi'nde
yakalanan patlakg6z mercan baligi, cipura baligi, levrek bahgi
ve kefal baliginda sirasiyla 0.50+0.25 ng/g, 0.44+0.25 ng/g,
0.22+0.13 ng/g ve 0.33%0.19 ng/g olarak tespit edilmistir
(Gunay, 2020). Baliklarda tespit edilen BPA dizeyi
incelendiginde, Tayvan’dan elde edilen baliklar hari¢ bizim
ahtapotlarda tespit ettigimiz BPA dizeyinin
(ortalama:15.841 ng/g) altinda oldugu belirlendi. BPA’nin
cOkelti halinde deniz dibinde (sediment) bir aydan daha uzun
sire bozulmadan kalabildigi bildirilmistir (Peng ve ark.,
2007). Ahtapotlar denizin tabaninda veya tabana yakin
yerlerde yasar. Genel olarak BPA diizeyinin ahtapotlarda
baliklardan yiliksek olmasinin nedeni denizin tabaninda
yasamalarina bagh olarak daha ¢ok BPA’ya maruz
kalmalarindan olabilir. Daha 6nce Wei ve ark. (2011)
tarafindan Cin’de yapilan bir calismada dipten beslenen
¢amur baliklarinda BPA konsantrasyonunun daha yilksek
bulunmasi da disiincemizi desteklemektedir.

Diger deniz canlilarinda BPA diizeyi ile ilgili calismalar
incelendiginde; Portekizden toplanan kalamarda 22+1 pg/g,
ispanyadan toplanan pismis yengeclerde 4.6+0.3 pg/g,
istiridyelerde  32+2 pg/g (Belfroid ve ark., 2002),
Yunanistan’in Ege kiyisindan toplanan midyelerde 0-626.3
ng/g (Gatidou ve ark., 2010), Kuzey Adriyatik Denizindeki
ciftliklerden toplanan midyelerde <0.03-0.55 pg/g ve acik
denizden  toplanan  midyelerde  <0.03-0.46 pg/g
(Cerkvenik-Flajs ve ark., 2018) ve Basra Korfezi’'nden avlanan
karides ve kum yengecinde sirasiyla 9.50+4.45 ve 6.02+0.68
ng/g (Akhbarizadeh ve ark., 2020) diizeyinde BPA olgtldugi
belirtilmistir. Midyede tespit edilen BPA diizeyleri bolgelere
gore onemli farkhhklar gostermektedir. Ege denizinden
toplanan midyelerde tespit edilen en yiiksek BPA diizeyi (O-
626.3 ng/g) ahtapotlarda tespit edilen diizeyin (0.349-80.313
ng/g) oldukca Uzerinde idi. Bunun muhtemel nedeni
midyelerinde deniz dibinde yasamasi olabilir. Deniz
canlilarinda BPA duzeyinin farkhhk gostermesinin nedeni
Ulkeler arasinda aritilmamis endistriyel ve evsel atiklarin,
dizenli depolama atiklarinin ve atmosferik kirlenmelerin
yagmur suyu ile denizlere tasinmasindaki farkhliklardan
kaynaklanabilir.

Tirk Gida Kodeksine gore gidayla temas eden
maddelerden kaynaklanabilen spesifik migrasyon degeri 600
ng/g olarak belirtilmistir (TGK, 2013). Bu arastirmada
ahtapotlarda elde edilen BPA diizeyleri 0.349-80.313 ng/g
arasinda degisiyordu. Bu sonuglar iskenderun kérfezinde
yakalanan ahtapotlarda insan sagligl tzerine zararli olacak
dizeyde BPA olmadigini gdstermektedir. Ayni zamanda
denizlerde gida olarak tiiketimi olan canlilari biyoindikator
olarak ekosistemin kirliligini 6lgmek icin kullanilabilir. Bu
calisma sonuglari iskenderun Kérfezi'ndeki BPA diizeyini gida
kodeksinde belirtilen degerlerin altinda gostermektir. Ancak
bolgeler arasindaki farkliliklar ve sanayi atiklarinin artmasinin
BPA diizeyini artiracagl unutulmamaldir.

Sonu¢ olarak iskenderun  kérfezinde yakalan
ahtapotlarda BPA diizeyinin gidalarda belirtilen maksimum
kalinti limitinin altinda oldugu goérildi. Bu sonuglar
iskenderun kérfezindeki BPA diizeyinin insan saghgina zarar
vermeyecek diizeyde oldugunu gostermektedir. Ancak

sanayi gelisimin artmasi ve bolgeler arasinda gevre kirliligin
farklilik gosterebileceginden dolayi bu tarz ¢alismalarin farkl
bolgelerde ve farkli deniz canlilarinda belirli araliklarda tekrar
edilmesi gerekmektedir.
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Abstract: This study aims to determine the effects of regular treadmill
exercise on some blood parameters in rats with an experimental diabetes
model. In the study, 36 Wistar Albino rats were divided into four groups
Control (C), Exercise (E), Diabetes (D), and Diabetes+Exercise (DE). A single
dose of 60 mg/kg STZ solution was injected intraperitoneally (i.p) into the D
and DE groups to create a diabetes model. After diabetes induction, E and
DE groups were given running exercises at 20 m/min and 45 minutes daily
for four weeks. According to the data obtained, while lipid profile (TC, LDL,
TG) and liver enzyme (ALT, AST) levels increased significantly in group D
compared to group C, HDL and TP levels were found to decrease. However,
a decrease was observed in parameters other than HDL and TP in the DE
group. It was also observed that the mineral and vitamin (Vit D, Ca, Mg, and
Zn) levels decreased in the D group compared to the C group, while these
values tended to increase in the DE group. As a result, the experiment
shows that a four week regular exercise program in rats with diabetes has
a therapeutic, preventive, and protective effect on lipoprotein levels, liver
enzyme markers, and micronutrient levels.

Keywords: Diabetes Mellitus, Exercise, Lipid profile, Liver enzymes,
Micronutrients.

Diabetes Mellitus'ta Diizenli Kosu Bandi Egzersizinin Bazi
Kan Parametreleri Uzerindeki Etkisi

Ozet: Bu calisma, deneysel diyabet modeli olusturulan sicanlarda diizenli
kosu bandi egzersizinin bazi kan parametreleri Uzerindeki etkilerini
belirlemeyi amaglamaktadir. Calismada 36 adet Wistar Albino rat Kontrol
(K), Egzersiz (E), Diyabet (D) ve Diyabet+Egzersiz (DE) olmak tizere dort
gruba ayrildi. D ve DE gruplarina diyabet modeli olusturmak igin tek doz 60
mg/kg STZ sollisyonu intraperitoneal (i.p) olarak enjekte edildi. Diyabet
induksiyonu sonrasi, E ve DE gruplarina dért hafta boyunca, 20 m/dk hizda
ve ginlik 45 dk. kosu egzersizi yaptirildi. Elde edilen verilere gore, K
grubuna goére D grubunda lipid profil (TK, LDL, TG) seviyeleri ile karaciger
enzim (ALT, AST) diizeyleri 6nemli olgiide artis gosterirken, HDL ve TP
dizeylerinin azaldig tespit edildi. Ancak DE grubunda HDL ve TP disindaki
parametrelerde bir disls gozlendi. Yine K grubuna oranla D grubunda
mineral ve vitamin (Vit D, kalsiyum, magnezyum ve ¢inko) seviyelerinin
azaldigi gozlenirken, DE grubunda bu degerlerin artma egiliminde oldugu
belirlendi. Sonug olarak, deneysel diyabetli siganlarda doért haftalik dizenli
egzersiz programinin lipoprotein seviyeleri, karaciger enzim belirtegleri ve
mikro besin seviyeleri tzerinde terapotik, onleyici ve koruyucu bir etkiye
sahip oldugunu gostermektedir.

Anahtar Kelimeler: Diabetes Mellitus, Egzersiz, Karaciger enzimleri, Lipid
profili, Mikro besinler.
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Introduction

Diabetes Mellitus (DM) is a significant public health problem
with an increasing prevalence worldwide and is among the
primary causes of morbidity and mortality. DM,
characterized by chronic hyperglycemia, is a metabolic
disease mainly caused by the inability of pancreatic  cells to
produce sufficient insulin hormone, resulting in impaired
insulin secretion, the resistance of peripheral tissues to
insulin, or both (Kilincarslan and Donmez, 2019).

The liver plays a vital role in lipid metabolism by
mediating lipid metabolite production, storage, and
transport (Hatipoglu and Kahraman, 2021). Cholesterol plays
an essential role in the pathogenesis of diabetes because of
its effect on the structure and function of the pancreatic -
cell membrane (Perego et al., 2019). An increase in total
cholesterol, triglycerides, and LDL levels in DM and a
decrease in HDL levels cause dyslipidemia (Jialal and Singh,
2019). In addition, hyperlipidemia leads to liver enzyme
abnormalities (Kathak et al., 2022).

Chronic hyperglycemia, which is the main symptom of
DM, causes serious changes in the condition of micronutrient
elements (vitamins, minerals, and trace elements) in the
body. Micronutrients increase the efficiency and sensitivity
of insulin by providing hormonal control with the activation
of insulin receptor sites and acting as cofactors or
components for enzyme systems involved in glucose
metabolism. It also shows an antioxidant effect preventing
tissue oxidation (Gurblz and Celik, 2019). Many trace
elements are involved in the organism at physiological and
biochemical levels. Changes in element levels vary
depending on the type, duration, intensity of exercise, and
nutritional behavior (Pourvaghar and Shahsavar, 2010).

Regular exercise central to improving glucose
homeostasis by increasing glucose uptake by tissues by
increasing insulin sensitivity and response in insulin-
dependent tissues such as adipocytes and myocytes
(Yaribeygi et al., 2019). With the exercise protocols applied,
blood cholesterol and triglyceride plasma levels decrease; it
decreases fatty acid oxidation in pancreatic B cells by
expressing lipogenesis enzymes in the liver by reducing LDL
and increasing HDL levels. This therapeutic efficacy of
exercise on the organism is offered as a treatment option for
lowering metabolic and cardiovascular risk factors (Balducci
et al., 2014; O’hagan et al., 2013).

This study aims to determine the effect of regular
aerobic exercise training on serum lipid parameters, liver
enzyme levels, and some micronutrient levels in rats with an
experimental diabetes model.

Materials and Methods

Animal Study Design: In the study, 36 Wistar Albino rats
with similar live weights and six weeks old were used. The
subjects were obtained from Selcuk University Experimental
Medicine Application and Research Center (SUDAM). Selcuk
University Faculty of Veterinary Medicine Experimental
Animal Production and Research Center Ethics Committee

(SUVDAMEK) approved the research plan and project with
the number 2023-50. Subjects in the SUDAM unit were
housed in plastic cages at 23+2 °C room temperature and
50+£10% humidified environment with 12/12 night/day light
cycles. Standard rat chow and daily fresh water were given
ad libitum to the subjects during the study. Animals were
divided into Control (C), Exercise (E), Diabetic (D), and
Diabetic+Exercise (DE) groups.

Experimental Diabetes Procedure: A single dose of 60
mg/kg STZ (Sigma S0130-1G) solution was dissolved in 0.1 M
citrate buffer (pH 4.5) and injected intraperitoneally (i.p) to
form a diabetes model in the D and DE groups. After fasting
for 72 hours, blood glucose was monitored from the tail with
a blood glucose meter (plusMED). Subjects with blood
glucose above 250 mg/dl were considered diabetic (D6nmez
et al., 2020).

Running Exercise Protocol: Subjects started the
treadmill exercise program after diabetes induction. The
groups (E and DE) who were taken to the SUDAM
experimental treadmill exercise practiced for two days at a
speed of 15m/min and for 15 minutes as a process of
adaptation to the exercise. They then started the
experimental phase for 45 minutes daily at 20 m/min for four
weeks (Ugurlu et al., 2022). After the four-week trial, enough
blood was taken from the subjects under anesthesia
(thiopental anesthesia, 40 mg/kg) by heart puncture and into
anticoagulant tubes.

Hematological Analysis: In the serums obtained from
the blood samples taken at the end of the trial total
cholesterol (TC), high-density lipoprotein (HDL), low-density
lipoprotein (LDL), triglyceride (TG), total protein (TP), alanine
aminotransferase test (ALT), aspartate aminotransferase
test (AST), vitamin D (vit D), calcium (Ca), magnesium (Mg)
and zinc (Zn) the levels were determined by
chemiluminescent method on the Abbott C8000 device in
accordance with the commercial kit (Abbott) protocol.

Statistical Analysis: Statistical analysis of the data
obtained at the end of the experimental study and the
determination of the importance of the differences between
groups were carried out by using the SPSS 26.0 package
program and by using Duncan's Multiple Range tests in the
analysis of variance (p<0.05).

Results

The data obtained at the end of the experimental study
are presented below in Table 1 and 2.

Discussion

Type 2 DM, associated with hyperglycemia and
hyperinsulinemia, causes diabetic dyslipidemia by causing
some disorders in the production and metabolism of plasma
lipoproteins (Tangvarasittichai, 2015). Evidence from
existing studies highlights a strong association between
hyperlipidemia and diabetes. Many studies on this subject
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Table 1. The effect of exercise training on lipid profiles and liver enzyme levels in experimental diabetic rats.

C (n=6) E (n=10) D (n=10) D+E (n=10)
TC (mg/dl) 95,00+0,97° 91,4240,85° 140,20+1,35° 105,70+1,862°
HDL (mg/dl) 39,83+1,33° 48,63+1,48? 24,60+1,07° 34,4241,21%
LDL (mg/dl) 53,30+1,21° 40,21+0,88¢ 116,72+2,14° 72,12+1,39%
TG (mg/dl) 66,34+0,63" 61,50+0,62° 109,90+6,18° 95,53+1,02%
TP (g/L) 68,65+0,26" 70,92+0,31° 57,22+0,44° 61,52+0,34
ALT (U/L) 53,15+1,18¢ 60,51+0,52° 111,60+1,722 89,35+2,49%
AST (U/L) 84,90+1,38¢ 89,80+0,56° 144,84+0,73? 112,70+0,98%
Vit D (ng/ml) 3,77+0,17° 3,98+0,20° 1,90+0,17° 2,57+0,11%°

a, b, c; The difference between the mean values shown with different letters for the same parameter on the same line is

significant. (p<0.05).

Table 2. The effect of exercise training on Ca, Mg and Zn levels in experimental diabetic rats.

C (n=6) E (n=10) D (n=10) D+E (n=10)
Ca (mg/dl) 10,64+0,21° 11,04+0,71° 6,80+0,09° 7,41+0,08%
Mg (mg/dl) 2,8240,04° 3,000,182 1,52+0,09° 1,90+0,04%"
Zn (ug/dl) 81,79+0,95? 83,46+1,80? 47,25+0,55° 54,20+1,23%*

a, b, c; The difference between the mean values shown with different letters for the same parameter in the same line is

significant (p<0.05).

indicate that TC, TG, and LDL levels in diabetics show a
significant increase compared to the control, but HDL levels
decrease (Abdella Baragob et al., 2014; Amaechi et al., 2015;
Hadi et al., 2023). In our findings, significantly increased lipid
profiles (TC, TG, LDL) and decreased HDL levels were
observed in the experimental diabetes group compared to
the control group (Table 1). The lipoprotein lipase (LPL)
enzyme, which provides lipoprotein regulators and
hydrolysis of triglycerides, is activated by insulin. However,
hyperlipidemia occurs due to the inability to activate the LPL
enzyme due to insulin resistance in diabetic conditions. In
addition, insufficient insulin secretion and/or insulin
deficiency activates the hormone-sensitive lipase enzyme,
increasing the transport of free fatty acids from adipose
tissue and causing an increase in lipoprotein levels (TC, TG,
and LDL) and a decrease in HDL (Makinde et al., 2020).
Disturbances in lipoprotein levels in DM also affect liver
metabolism, causing hepatic dysfunction. ALT and AST,
produced by the liver are specific markers used to determine
liver damage (Kalas et al., 2021). Studies have reported that
ALT and AST levels are significantly increased in diabetic
subjects compared to the control group (Hadi et al., 2023;
Kilicarslan and Dénmez, 2016; Yazdi et al., 2019). Our results
determined that liver enzymes (ALT, AST) were significantly
increased in the diabetes group compared to the control
group (Table 1). Chronically high glucose levels in DM

increase hepatic enzyme levels due to oxidative stress and
subsequent carbohydrate, protein, and lipid metabolism
dysfunction. Therefore, the increase in enzyme levels causes
cellular damage and destruction of liver tissue (Ahangarpour
et al,, 2018; Mohamed et al., 2016).

Although there are studies that report that total protein
levels increase in diabetes (Malawadi & Adiga, 2016; Riaz et
al., 2018), some studies indicate a decrease in these protein
levels (Analike et al., 2019; Makinde et al., 2020). When the
data obtained from the study were examined, it was
determined that the total protein levels decreased
significantly in the diabetes group compared to the control
group (Table 1). In conclusion, it can be said that total
proteins, which provide hemostasis and coagulation and play
an important role in immunity, have a specific role in the
pathology and complications of diabetes. In addition, a
marked decrease in total protein levels indicates diabetes-
induced liver tissue damage. Therefore, hyperglycemia
associated with diabetes causes the breakdown of structural
proteins by increasing the conversion of amino acids to
glucose, negatively affecting the synthesis of total proteins
such as albumin and globulin (Ekperikpe et al., 2019; Goboza
et al., 2019).

In many studies, it has been reported that lipid profiles,
including TC, TG, and LDL, decreased in the exercise-applied
diabetes group compared to diabetic subjects, while HDL
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levels increased significantly (Aly et al.,, 2016; Eldin et al.,
2021; Mohammad et al., 2019). This study observed an
increase in HDL levels and a decrease in lipid profile
parameters (TC, TG, LDL) in diabetic rats who underwent
running exercise compared to the diabetes group (Table
1). Some researchers report that exercise can increase LPL
enzyme activation and decrease hepatic triglyceride lipase
(Liu & Wang, 2014). In conclusion, increased LPL activation
with exercise causes an increase in the metabolism of
lipoproteins, resulting in a decrease in LDL levels.

Mohammed et al. (2019) reported that ALT and AST
levels of the moderate-intensity exercise program applied to
diabetic subjects decreased significantly compared to
diabetic subjects, but liver enzymes approached control after
high-intensity exercise. Again, in studies on individuals with
type 2 DM and on experimental animals, it has been
reported that exercise reduces ALT and AST values (Akbari et
al., 2020; RamzanPour et al., 2014). The data obtained from
the study are compatible with these studies (Table 1),
suggesting that regular and long-term exercise programs can
minimize damage to various tissues and organs, such as the
liver, skeletal muscle, and heart, and have a protective
effect.

It is among the reports that physical exercise causes
temporary increases in liver enzyme levels (Pettersson et al.,
2008; Sjogren, 2007). There has been reported to be an
increase in liver enzyme levels after various exercise
protocols and competitions applied in both experimental
animals and athletes in different branches (Kaynar et al.,
2016; Lenaerts et al., 2005; Qureshi et al., 2022). Studies
reported in the literature are similar to our findings (Table 1).
In some studies, while no change is observed in the liver
enzyme levels of exercise (Blrger-Mendonga et al., 2008;
Lippi et al., 2011), it is stated that long-term aerobic exercise
reduces these enzymes (Khaoshbaten et al., 2013; Yao et al.,
2018). As a matter of fact, exercise duration and intensity
may reveal different results in liver enzyme levels.

Although studies examining the effect of exercise on
total proteins are limited, some studies indicate an increase
in total protein levels after exercise (Ahmadizad & El-Sayed,
2005; Gailitiniené et al., 2007). In the findings of the study,
an increase in total protein levels was observed in the
exercise group compared to the control group (Table 1).

Clinical studies report that micronutrient metabolism is
a prominent factor in diabetes pathogenesis and progression
(Khan and Awan, 2014; Mooren et al., 2011), leading to
abnormal micronutrient concentrations in rodent models of
diabetes (Ragbetli et al., 2014). Pittas et al. (2007) reported
that changes in vitamin D and calcium levels play a role in the
development of T2DM. Again, many studies in clinical and
experimental animal models report that vit D and calcium
levels are significantly reduced in subjects with DM
compared to controls (Aly et al., 2016; Butola et al., 2020;
Rana et al., 2016). Our results showed that diabetic rats had
significantly lower vitamin D and calcium levels than the
control (Tables 1 and 2). In conclusion, it can be said that the
primary mechanism of action of vitamin D on insulin
secretion and synthesis, calcium-dependent insulin

secretion, and changes in calcium concentrations affect the
secretion of f islets, leading to DM and related symptoms.

Data on low magnesium levels in the diabetic group in
both human and experimental studies are supported by our
results from the study (Table 2) (Dhavane and Dhavane,
2022; Gomez et al., 2017; Yang et al., 2011). Thus, although
the cause of hypomagnesemia, which is common in diabetes,
is not clear, it can be explained by increased urinary
magnesium losses due to glucosuria and osmotic diuresis. In
addition, hypomagnesemia resulting from chronic
hyperglycemia in diabetes may lead to vascular
complications of diabetes (Barbagallo and Dominguez,
2015). It has been reported that low plasma and serum zinc
levels are associated with decreased insulin sensitivity and
hyperglycemia (da Silva Bandeira et al.,, 2017). There are
studies reporting that serum zinc levels are significantly
reduced in experimental models and diabetic subjects
compared to control subjects (Duzguner and Kaya, 2007;
Gagandeep et al., 2015; Gomez et al., 2017; Kumar et al.,
2014). Our data showed that serum zinc levels were
significantly decreased in diabetic subjects compared to the
control (Table 2). As a result, it suggests that the zinc
deficiency observed in DM leads to a decreased zinc
concentrations due to increased urinary excretion of zinc by
transporting it to the kidney tubules.

Vitamin D and its receptors significantly affect muscle
tissue by improving muscle fiber and muscle strength by
providing the efficiency and transport of calcium, mediating
muscle contraction. It has been reported that magnesium
and zinc may have a significant effect on energy metabolism
and performance (Aly et al., 2016; Huskisson et al., 2007). In
the findings obtained from the study, the values of Vit D,
calcium, magnesium, and zinc tend to increase after running
exercise both in the exercise group and in diabetic rats
(Tables 1 and 2). Parallel to these results, some studies have
reported that these parameters increase after exercise (Aly
et al,, 2016; Baydil, 2013; Bicer et al., 2011).

Conclusion

The study suggests that a four-week regular exercise
program has a therapeutic, preventive, and protective effect
on lipoprotein levels, liver enzyme markers, and
micronutrient levels in rats with experimental diabetes.
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Ozet: Sunulan bu derlemenin amaci diagnostik mikrobiyoloji alaninda
yaygin olarak kullanilan Polimeraz Zincir Reaksiyonu (PZR) tipleri hakkinda
kisa bilgi verilmesidir. ilk olarak 1985 yilinda Kary Banks Mullis tarafindan
DNA arastirmasi igin kesfedilen PZR, belirli bir DNA segmentinin primerler
aracihgiyla enzimatik amplifikasyonunu saglayarak ¢ok sayida kopyasini
olusturan in vitro bir yontemdir. Ginimulzde PZR ve PZR tabanh tani
yontemlerine ilgi giderek artmakta ve PZR, insan ve hayvanlarin infeksiyoz
hastaliklarinin tanisinda ve epidemiyolojik arastirmalarda en yaygin
kullanilan molekiler tani yéntemi olarak gincelligini korumaktadir. Strekli
gincellenen ve yeni teknikler eklenen molekiler tani yontemleri rutin
tanida daha ekonomik, ulasilabilir ve uygulanabilir hale geldiginde tanisal
mikrobiyoloji alaninda bu tekniklerin kullanim sikligi ve cesitliligi ayni
oranda artacaktir.

Anahtar Kelimeler: Diagnostik mikrobiyoloji, Molekiiler tani, PZR, PZR
tipleri.

The Most Common Molecular Diagnostic Method in
Microbiology: Polymerase Chain Reaction

Abstract: This review briefly explains Polymerase Chain Reaction (PCR)
types commonly used in diagnostic microbiology. PCR, first discovered by
Kary Banks Mullis in 1985 for DNA search, is an in vitro method involving
the enzymatic amplification of a specific DNA segment by primers, creating
many copies. Today, interest in PCR and PCR-based diagnostic methods is
increasing, and PCR remains up-to-date as the most widely used molecular
diagnostic method in the diagnosis of infectious diseases of humans and
animals and epidemiological studies. When molecular diagnostic
procedures are constantly updated, new techniques are added, and
become more affordable, accessible, and applicable in routine diagnosis,
the frequency and equality of use of these techniques in diagnostic
microbiology will increase at the same rate.

Keywords: Diagnostic microbiology, Molecular diagnosis, PCR, PCR types.
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Her gecen giin yeni bir teknigin eklendigi molekiler tani
yontemleri; infeksiy6z hastaliklara tani konma hizini ve
dogruluk oranini artiran, biyoteknolojinin mikrobiyolojik
identifikasyon metotlarina sundugu givenilir yontemlerdir
(Gursoy ve Otlu, 2017). Molekiler tani yodntemlerinin
baslangici, Francis Crick ve James Dewey Watson tarafindan,
daha sonralari "Watson-Crick DNA modeli" olarak bilinecek
olan DNA ¢ift sarmalinin ilk aciklandigi 1953 vyilina
dayanmaktadir (Watson ve Crick, 1953). O dénemden 1985
yilina kadar olan silirecte biyoteknoloji alaninda pek ¢ok
degerli kesif yapilmis olmakla birlikte, molekiiler tani
yontemlerinin  gelistiriimesinde en 6nemli donem,
oligonikleotid sentezi ve proteinler Gizerine ¢alismalar yapan
Kary Banks Mullis tarafindan 1985 yilinda Polimeraz Zincir
Reaksiyonu'nun (PZR) kesfi olarak kabul edilmektedir (Mullis,
1990; Zhu ve ark., 2020). Kary Banks Mullis'e 1993 yilinda
Nobel Kimya Odili'nii kazandiran PZR tekniginin kesfini
takiben, diagnostik mikrobiyolojide yeni bir stirece girilmis,
mikroorganizmalarin fenotipik identifikasyon yontemlerinin
yerini ndkleik asit amplifikasyon teknikleri almaya
baslamistir. Glinimizde pek ¢ok alanda kullanilan PZR ve
PZR tabanli teknikler, insan ve hayvanlarin infeksiyoz
hastaliklarinin teshisi ve epidemiyolojik arastirmalarda da en
yaygin kullanilan molekiiler tani yontemleri olarak
glincelligini korumaktadir (Seker ve ark., 2019; Seker ve ark.,
2022; Seker ve Kus, 2019; Simsek ve ark., 2021; Zhu ve ark.,
2020).

Sunulan bu derlemede, diagnostik mikrobiyoloji
alaninda yaygin olarak kullanilan PZR tipleri hakkinda kisa
bilgi verilmesi amaglanmigtir.

Polimeraz Zincir Reaksiyonu (PZR): DNA'nin spesifik
olarak tespit edilmesi amaciyla ilk kez 1985 yilinda Kary
Banks Mullis tarafindan kesfedilen Polimeraz Zincir
Reaksiyonu (PZR); insan, hayvan ve bitki gibi organizmalara
ait nukleik asit yapilar Gizerindeki 6zglin bolgeleri, primerler
aracihgiyla ve i1siya dayanikh enzimler kullanilarak in vitro
ortamlarda cogaltilmasini saglayan glvenilir bir molekiler
tani yontemidir (Buckingham ve Flaws, 2007; Garibyan ve
Avashia, 2013; Green ve Sambrook, 2019a; Zhu ve ark.,
2020). Hedeflenen DNA veya Riboniikleik asit (RNA)
dizilerinin sayisal olarak artiriimasi esasina dayanan PZR’nin
en 6nemli avantaji, hedef genetik materyal ¢ok az sayida olsa
bile DNA veya RNA dizisinin ¢ogaltilarak milyonlarca
kopyasinin ¢ikarilmasina ve boylece istenilen dizinin
kolaylkla identifiye edilmesine olanak tanimasidir (Garibyan
ve Avashia, 2013; Green ve Sambrook, 2019a; Lorenz, 2012).

Klasik PZR isleminin agamalari

1-Niikleik asit eldesi: Nukleik materyallerin elde
edilmesi baslarda zaman alan ve toksik, tehlikeli reaktiflerin
kullaniimasini gerektiren bir islemdi. Hizh ve glivenilir ticari
ekstraksiyon kit tekniklerinin ortaya cikmasiyla, ilk teknikler
yerini buyuk olgude tarih kitaplarina birakti. Artik kan, serum,
tukarak, idrar, diski, beyin omurilik sivisi, dokular ve
hiicrelerden, daha kisa sirede vyiksek kaliteli nikleik
materyaller elde edilebilmektedir (Price ve ark., 2009).

2-PZR amplifikasyonu: Donglisel enzimatik reaksiyon
esasina dayali olan amplifikasyon islemi, her dongtide bir

onceki donginin amplifikasyon Urinlerini substrat olarak
kullanir. Klasik bir PZR’da, reaksiyon lg¢ basamaktan olusur:
denatiirasyon, baglanma ve uzama. Her bir dongiide bu Ug
asama farkli sicakliklarda gergeklestirilir (Tekin ve ark., 2020).
3-Elektroforez: Elektroforez, elektrik alaninda hareket
eden yukli molekilleri ayirmak icin kullanilan bir tekniktir.
Genellikle DNA, RNA veya protein gibi biyomolekillerin
ayirilmasi igin kullanihir (Kavsaoglu ve Mersinkaya, 2019). PZR
Urlinleri, agaroz jel elektroforezi veya poliakrilamid jel
elektroforezi ile gorintilenebilir. Bu goriintileme islemi,
etidyum bromid ve SYBR green gibi cesitli boyalarla
boyanarak veya radyoaktif veya nonradyoaktif maddelerle
isaretlenerek gerceklestirilebilir (Tekin ve ark., 2020).
Konvansiyonel PZR isleminde c¢ogaltiimak istenen
bolgenin iki ucuna 6zgl, bu bolgedeki baz dizilerini
tamamlayici olan bir ¢ift sentetik oligonlkleotid primer
kullanilarak, bu iki primerle sinirlandirilan genin enzimatik
olarak sentezlenmesi esasina dayanan PZR
amplifikasyonunun temel mekanizmasi; denatiirasyon,
primerlerin baglanmasi (annealing) ve uzama (extension,
polymerization) olmak lzere l¢ asamadan olusmaktadir.
Denatiirasyon, kalip DNA'nin 92-95 °C'de 1-2 dakika
tutulmasi ile ¢ift iplikcikli yapisini saglayan hidrojen
baglarinin kopmasi ve tek iplikgik olusturmak lzere DNA
sarmalinin agilmasini ifade etmektedir. Denatiirasyon
sureleri degisebilir. Bu siire, DNA'nin tam olarak tek zincirli
hale gelmesine yeterli olmalidir. Ancak, bazi spesifik
uygulamalar icin farkli sicakhk ve slreler gerekebilir. Bu
nedenle, denatiirasyon siiresi konusunda genel bir kural
yoktur ve kullanilacak kosullar deneysel olarak optimize
edilmelidir (Buckingham ve Flaws, 2007; Green ve Sambrook,
2019a; Wang ve ark., 2014). DNA tek iplik¢ik haline
donistikten sonra, oligoniikleotid primerler hedef DNA'da
kendilerine tamamlayici olduklari bdlgeler ile kurulan
hidrojen baglari araciligiyla birlesirler. Primer baglanmasi
(annealing) olarak isimlendirilen bu basamakta en verimli
sonucun alindigl baglanma sicakhgl genel olarak 50-65 2C
arasindadir. Primer baglanma sicakhgini hesaplayan basit
formil vardir. Tm = 4(G+C)+2(A+T) Bu formdl, adenin-timin ve
guanin-sitozin baz ciftleri arasindaki hidrojen bagi sayisinin
etkisini hesaba katmayan daha basit bir yaklasimdir. Bu
nedenle, T degeri deneysel olarak optimize edilmelidir
(Kahya ve ark., 2013). Baglanma islemi primerin uzunluguna
ve kompozisyonuna bagh olarak 30-60 saniyeden 5 dakikaya
kadar degisebilir. Uciincii asama olan polimerizasyon ise,
DNA'nin tek iplik¢igi tizerine baglanan primerlerin sentez icin
baslangic teskil ettigi DNA segmentinin kalan kisminin, isiya
dayanikli DNA polimeraz enzimi aracilig ile gift iplikgik haline
donistirilmesi asamasidir (Buckingham ve Flaws, 2007;
Green ve Sambrook, 2019a; Lorenz, 2012). DNA polimeraz
enzimi, 5'->3"' yéniinde aktivite gbstererek, uygun tampon ve
dort cesit (dATP, dGTP, dTTP, dCTP) deoksiribonlkleotid
trifosfat (dNTP) varliginda primerlerin 3' hidroksil uglarindan
baglanarak DNA’nin  karsit ipliginin uzamasini saglar.
Boylelikle, ortamdaki niikleotidleri kullanarak hedef DNA'nin
kopyasi olusturur. Polimerizasyon igin en uygun isi, Thermus
aquaticus'tan (Taq) elde edilen Tag DNA polimerazin
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aktivitesini en iyi gosterdigi i1si olan 65-72 °C olup, reaksiyon
sliresi 2-3 dakikadir. Bu asamada en yaygin kullanilan DNA
polimeraz enzimi Tag DNA polimeraz olmakla birlikte,
Thermus thermophilus'dan (Tth), hipertermofilik Pyrococcus
furiosus'tan (Pfu), termostabil Thermococcus
gorgonarius'tan (Tgo) ya da hipertermofilik Thermotoga
maritima'dan (Tma, Ultma™) elde edilen DNA polimerazlar
da kullanilabilir (Buckingham ve Flaws, 2007; Cadirci ve ark.,
2017, Kengen, 2017). Bir PZR doéngusuni olusturan
polimerizasyon asamasi (denatiirasyon, primer baglanmasi
ve uzama) ardi ardina 25-40 kez tekrarlanarak, baslangigtaki
hedef DNA segmentinin milyonlarca kopyasi elde edilmis
olur (Buckingham ve Flaws, 2007; Lorenz, 2012; Wang ve
ark., 2014).

PZR'nin kesfinden bugiine, biyoteknoloji alanindaki hizl
gelismelere bagh olarak c¢ok farkli PZR yontemleri
gelistirilmistir (Green ve Sambrook, 2019a).

1. DNA Dizisinin Sirasi Bilindiginde Kullanilan PZR
Metotlar

1.1. Konvansiyonel PZR (Conventional PCR): Yukarida
da bahsedildigi sekilde konvansiyonel PZR, kalip DNA, DNA
polimeraz enzimi, primerler, dNTP karisimi, tampon
¢Ozeltiler ve MgCl> gibi bilesenlerden olusan temel PZR
mekanizmasini  iceren ve DNA'nin denatiirasyonu,
primerlerin baglanmasi ve zincir uzamasi asamalarinin ardi
ardina 25-40 kez tekrarlanmasi sonrasi hedef DNA
segmentinin ¢ogaltilmasi esasina dayanan standart PZR
cesididir (Buckingham ve Flaws, 2007, Mohammed ve ark.,
2015; Porta ve Enners, 2012). Genelde tek hedef boélgenin
amplifiksyonunu saglayacak bir primer cifti kullanilarak
gerceklestirilen bu PZR, monopleks PZR veya single-step PZR
olarak da adlandirilir.

1.2. Geri Transkriptaz PZR (Reverse Transcriptase PCR,
RT-PCR): Reverz transkriptaz enzimi araciligiyla hedeflenen
RNA'nin tamamlayici DNA'ya (complementary DNA, cDNA)
cevrilmesi ve tamamlayici DNA'nin konvansiyonel PZR ile
¢ogaltilmasi esasina dayanan bir yontemdir. Bu yontem,
mRNA veya viral RNA varligi ve miktarlarinin belirlenmesi ile
RNA diizeyinde gen ekspresyonu calismalarinda ve cDNA
kiitiphanelerinin olusturulmasinda da kullanilabilen duyarl
bir PZR tipidir (Buckingham ve Flaws, 2007; Mo ve ark.,
2012).

1.3. Multipleks (Coklu) PZR (Multiplex PCR): Ayni
ornekte ¢oklu hedeflerin tek bir reaksiyon igerisinde es
zamanli tespiti amaciyla, reaksiyon karisimina farkli hedef
DNA sekanslarina spesifik birden fazla primer ¢iftinin ilave
edilmesiyle  gergeklestirilen ve temel mekanizmasi
konvansiyonel PZR'a ¢ok benzeyen bir yontemdir
(Buckingham ve Flaws, 2007).

1.4. immuno-PZR (Immuno-PCR, iPCR): Enzyme-Linked
Immunosorbent Assay (ELISA) ve PZR tekniklerinin
avantajlarini bir araya getiren ve antijen-antikor etkilesimini
gorsellestiren bu teknik, marker DNA'nin daha fazla
amplifikasyonu ile bir DNA-antikor konjugati kullanimi
esasina dayanir. Hem antikora hem de DNA'ya baglanabilme
ozelligi gosteren baglayici molekiller (linker) araciligiyla,
DNA'nin  spesifik olarak antijen-antikor kompleksine
baglanmasi ve baglanmis DNA'nin uygun primerler
kullanilarak PZR ile gogaltiimasi olarak tanimlanan yéntem,

ELISA gibi klasik antijen belirleme yontemlerine gore ¢ok
daha duyarli ve glvenilir bir antijen saptama yontemidir
(Ryazantsev ve ark., 2016).

1.5. Yuvalanmisg PZR (Nested PCR): PZR'nin sensitivite
ve spesifitesini artirmak icin tasarlanmis bu teknik, iki cift
amplifikasyon primeri ve iki ardisik PZR reaksiyonunun
kullanimini iceren bir PZR modifikasyonudur. PZR'nin 15-30
dongulik ilk turunda bir primer seti kullanilarak, ilk
amplifikasyonda hedef DNA’nin uzun bir dizisi gogaltilir. ilk
amplifikasyon sonucu elde edilen urinlerle kalip DNA olarak
kullanilir ve ikinci primer seti kullanilarak ikinci bir
amplifikasyon gerceklestirilir ve ilk amplifikasyon Grini olan
DNA’nin kiglik bir bolgesi cogaltilir (Hirschhorn ve ark.,
2022). ilk primer seti hedef DNA’nin dis ve biiyiik bélgesine
baglanirken, ikinci primer seti hedef DNA’dan Uretilen Griin
DNA’nin i¢ kismina baglanir (Carr ve ark., 2010). Bu
uygulamada  ¢ogaltilmasi  istenen  hedef DNA’nin,
konvansiyonel PZR sonucu elde edilen DNA’dan 10* kat daha
hassas oldugu, boylece istenmeyen dizi elde edilme
durumunun ortadan kalktigi belirtilmektedir (Sevindik,
2013).

1.6. Sicak baslangigh PZR (Hot-start PCR): Bu yontem,
PZR'nin ilk asamalarinda oda 1sisi veya daha dusik
sicakliklarda spesifik olmayan DNA amplifikasyonu nedeniyle
olusacak istenmeyen uriinlerin ve primer dimerlerin varhgini
azaltan, konvansiyonel PZR'nin modifiye edilmis bir seklidir.
Spesifik olmayan baglanmalari 6nlemek ve PZR'de verim
kaybini en aza indirmek icin, Tag DNA polimerazin
inaktivasyonu veya baglanmasinin inhibe edilmesi ve Tagq
polimerazin reaksiyona gec¢ eklenmesi gibi ek isitma ve
separasyon yontemleri kullanilir. Reaksiyon karisimlarinin
yuksek sicakliklarda tamamlanmasinin saglanmasi igin diistik
sicakliklarda Tag DNA polimeraz aktivitesini bloke eden
modifikasyonlar, modifiye edilmis dNTP'lerin kullanimini
veya temel reaktiflerden birinin denatiirasyondan sonra
eklenmesi gibi uygulamalar tercih edilir. Bu ek uygulamalar,
reaksiyon karisimindaki  spesifik enzimlerin  optimal
baglanma sicakligina ulasilana kadar inaktif kalmasini veya
inhibe edilmesini saglar (Hirschhorn ve ark., 2022).

1.7. Kademeli Sicaklik Diisiirme PZR (Touchdown PCR):
PZR'de sikga karsilasilan sorunlardan biri, diistk sicakliklarda
primerlerin daha az spesifik olarak baglanmasi ve non-
spesifik bant gérintisu ile PZR sonuglarini yaniltmasidir. Bu
sorunun ¢6zUmi amaciyla gelistirilen bu teknikte,
primerlerin  baglanmasi asamasi i¢in segilen sicaklik
baslangicta primerlerin hesaplanan erime sicakhgl (Tm)
degerinden 5°C-10°C daha yiliksege ayarlanir ve bu kosullar
altinda mikemmel primer-kalip hibritlerinin  olusumu
saglanir. Sonraki doéngllerde yani PZR'nin sonlarina
baglanma sicakligi, primerler icin hesaplanan T, degerinin
2°C-5°C altinda olacak sekilde kademeli olarak dustrilir.
Buradaki amag, PZR sonuna kadar hedef dizinin birkac
geometrik amplifikasyon donglistinden gececek olmasi ve bu
nedenle PZR'nin baskin Urind haline gelecek olmasidir.
PZR'nin erken asamalarinda karsilagilacak hatalari en aza
indirmek icin bu yéntemin her zaman bir sicak baslatma
protokollt ile birlikte gergeklestiriimesi 6nerilmektedir
(Green ve Sambrook, 2018).
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1.8. Kolorimetrik PZR (Colorimetric PCR): Kolorimetrik
PZR'da, belirli bir DNA dizisi ¢ogaltilir ve sonugta olusan
Grlnler bir renk 6lcitl ile tespit edilir. Bu yeni yaklasim RT-
PZR'nin spesifitesini ve ELISA'nin kullanim kolayligini bir
araya getirmektedir. Reaksiyonda heminin baglanmasi
lizerine peroksidazin katalitik aktivitesini taklit eden
DNAzimler gibi biyokatalizorlerin  kullanildigi ve bu
biyokatalizérler  tarafindan  olusturulan  kolorimetrik
tepkimelerin 6l¢lildigi bir PZR yontemidir. PZR hedef DNA
dizisini c¢ogalttikca, boya maddesi c¢ogaltiimis DNA'ya
baglanir ve DNA'nin gogaltilmis miktarina bagl olarak renk
degisir. Hedef genin gogaltildigl, reaksiyon tiiplerindeki renk
degisikligi ile anlasilir (Seok ve ark., 2014).

1.9. Dijital PZR (Digital PCR, dPCR): Uciincii nesil PZR
olarak da tanimlanan dijital PZR, DNA veya RNA
molekiillerinin, rastgele ¢ok sayida kiigiik hacimli bélmelere
(nanometre hassasiyetinde) ayrildigi ve amplifikasyon
sonrasinda her bolmedeki molekiillere ait absorbansin
hesaplandigi bir yontemdir (Mao ve ark., 2019). Konvansiyo-
nel PZR'nin biyoteknolojik olarak iyilestirilmis ve gelistirilmis
sekli olan dijital PZR ile konvansiyonel PZR arasindaki temel
fark, nikleik asit miktarlarini  6lgme  ydnteminde
yatmaktadir. Dijital PZR daha fazla sayida kopyasi olusmasi
nedeniyle daha yiksek spesifite ve sensitiviteye sahiptir
(Perkel, 2015). Bitki patojenleri, genetigi degistirilmis
organizmalar, direngli bakteriler, viruslar, nadir gorilen
mutasyonlarin tespitinde ve yeni nesil dizileme analizlerde
yaygin olarak kullanilmaktadir (Pavsic ve ark., 2016).

1.10. Gergek zamanh PZR (Real-Time PCR) veya
Kantitatif PZR (Quantitative PCR, qPCR): Bu teknik, PZR ile
¢ogaltilan DNA pargalarinin gogaltimini gérunir hale getiren
ve monitdrize edebilen floresan isaretli problar ve boyalarin
kullanildigi, floresanin olusan DNA ile dogru orantili olarak
arttigi, amplikon konsantrasyonundaki degisiklikleri gercek
zamanl olarak algilayabilen ve tespit edebilen PZR tabanl bir
tekniktir (Kralik ve Ricchi, 2017). Test, birbirlerinden
reaksiyon sayisi kapasiteleri, eksitasyon-emisyon dalga boyu
farkliliklari, hizlari ve kanal sayilari ile ayrilan ve farkhlik
gosteren Real-Time PZR cihazlarinda gergeklestirilir. Real-
Time PZR temelde; spesifik olmayan ¢ift iplikgikli DNA’nin
cogaltilmasinda kullanilan "SYBR Green I" tabanli gPCR ve
spesifik DNA bolgesinin ¢ogaltilmasi ve saptanmasinda
floresan isaretli problarin kullanildigi "TagMan®" tabanli
gPCR olarak ikiye ayrilir. SYBR Green | yonteminde
reaksiyonun basinda reaksiyon karisiminda cift iplikcikli DNA,
primerler ve SYBR Green | floresan boyasi bulunur. Primerler
baglanip uzama basladiginda SYBR Green | boyasi gift
iplikcikli DNA'ya baglanir ve floresan yayilim baslar. DNA
miktarindaki artisa paralel olarak, yayilan floresan sinyalin
Real-Time PZR cihazi monitoriinde okunan miktari da es
zamanli olarak artar. TagMan® prob ydnteminde ise,
¢ogaltiimak istenilen DNA’ya komplementer olan ve 5' ucu
"fluorophore (6-karboksifloresin, 6-FAM)" ve 3' ucu
"quencher (6-karboksitetrametil-rodamin, TAMRA)" floresan
boya ile isaretlenmis tek zincirli bir prob kullanihr.
Amplifikasyon sirasinda hedef nikleik asit dizisi izerinde
primer baglanma boélgeleri arasina TagMan® problar
baglanirlar. Primerlerin baglanmasinin ardindan yeni zincir
olusmaya baslar ve probun bagh oldugu bolgeye

ulasildiginda Tag DNA polimeraz enzimi 5'->3' nikleaz
aktivitesi ile FAM’1 probdan ayirir. Serbest hale gecen FAM
sinyal olusturur. DNA zincir sentezi uzamaya devam eder.
Her bir donglide Urin artisi oldukga, floresan da ona paralel
olarak artmaya devam eder (Cao ve Shockey, 2012; Kralik ve
Ricchi, 2017).

1.11. In situ PZR (In situ PCR): In situ PZR, lam Uzerine
fikze edilmis hiicre, doku veya doku parcalarindaki hedef
DNA veya RNA'nin kolorimetri veya floresan kullanilarak
belirlenmesinde kullanilan semikantitatif bir yontemdir.
Dokulardaki veya tek hiicrelerdeki transkript seviyelerinin
kesin olarak dlgimiinde, in situ PZR'nin RT-PZR gibi kantitatif
bir transkript saptama teknigi ile birlikte kullaniimasi
gerekmektedir (Bagasra, 2007).

1.12. COLD-PZR (COLD-PCR): COLD-PZR'nin temel
degerinden daha duslik olan kritik bir denatirasyon
sicakligina dayanir. Diistik denatilirasyon sicakligina dayah bu
teknik, mutasyon tipi ve konumundan bagimsiz olarak hem
bilinen hem de bilinmeyen azinlik alellerin birlikte
amplifikasyonu ile sonuglanan tek adimli bir amplifikasyon
yontemidir (Li ve Makrigiorgos, 2009; Phung ve ark., 2020).
COLD-PZR; diisiik diizeydeki somatik DNA mutasyonlarinin
belirlenmesinde ve mutasyon iceren bir DNA karisimindan
DNA parcalarinin ¢ogaltiimasinda yaygin kullanim alanina
sahiptir (Li ve Makrigiorgos, 2009).

2. DNA Dizisi Bilinmediginde Kullanilan PZR Metotlari

2.1. Polimorfik DNA'nin Rastgele Cogaltilmasi
(Random Amplified Polymorphic DNA, RAPD-PCR): RAPD-
PZR; ilgili tirin genomik DNA'sinin, 9-10 nikleotidli rastgele
segilmis tek primer esliginde ve disiik baglanma sicakhiginda
tesadifi olarak cogaltilmasi esasina dayanir. Bu teknigin
konvansiyonel PZR'den en énemli farki, hedef organizmanin
DNA dizisi hakkinda herhangi bir spesifik bilgi
gerektirmeksizin polimorfizmin belirlenmesini saglamaktir
(Buckingham ve Flaws, 2007; Oz Aydin, 2004). RAPD-PZR,
prokaryotik ve 0&karyotiklerin taksonomisinde, genetik
cesitlilik ¢alismalarinda, genom yapisinin arastirilmasinda,
evrimsel sorunlarin ¢6zlimlenmesinde, ebeveyn
belirlemede, genetik varyasyonun belirlenmesinde, baglanti
haritalarinin olusturulmasinda, 6zgiin bir gen lokusunun
belirlenmesinde, adli tipta, klinik tanida ve epidemiyoloji gibi
pek ¢ok alanda yaygin olarak kullaniimaktadir (Oz Aydin,
2004).

2.2. Asimetrik PZR (Asymmetric PCR): Asimetrik PZR;
sekanslama ve hibridizasyon problarinin  kullanimini
gerektiren durumlarda, DNA'nin ¢ift sarmalindan sadece
birinin amplifikasyonu saglayan bir PZR teknigidir.
Hedeflenen DNA sarmalinin sentezini desteklemek igin
molariteleri esit olmayan primerlerin eklenmesi disinda, tim
islem konvansiyonel PZR'ye benzerlik gosterir. Bu teknikte,
reaksiyonda kullanilacak primerlerden biri miktarca
digerinden yuksek tutularak, ¢ogunlukla o primerin
baglanacagl bolgenin gogaltilmasi saglanir (Nehdi ve ark.,
2020; Sanchez ve ark., 2004).

2.3. Ustel Sonrasi Dogrusal PZR (Linear-After-The-
Exponential (LATE)-PCR): LATE-PZR; Real-Time PZR temelli
bir amplifikasyon teknigidir. Asimetrik PZR arastirmacilar
tarafindan  optimizasyonu zor ve verimsiz oldugu
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dislinuldugi icin LATE-PZR teknigi gelistirilmistir. Asimetrik
PZR  tekniginde, bir primerin  konsantrasyonunun
sinirlandiriimasi, erime sicakhgini reaksiyon sicakligindan
daha dusik bir seviyeye cekerek verimi azaltabilir. Bu
nedenle, bu yontemde primerlerin optimize edilmesi
oldukga zordur. Ancak, LATE-PZR, yeni bir primer tasarimi
modeli sunarak, primer oranindan bagimsiz olarak simetrik
PZR deneyleri kadar verimli deneyler yapabilme imkani
saglar. Bu teknik, primerlerin belirli bir bolgesinin erken
asamalarinda hedefe 6zgli olmasini saglayarak, asimetrik
PZR'ye gore daha verimli ve dngorilebilir bir amplifikasyon
grafigi olusturur. Bu sayede, primerlerin konsantrasyon
oranlari ile ugrasmadan, daha az optimize edilmis
primerlerle bile yliksek verim elde etmek mimkindir. LATE-
PZR yonteminin, Ozellikle az miktardaki numunelerdeki
hedef sayilarin gergcek zamanli kantitatif analizi i¢in kullanigh
bir teknik oldugu, klinik teshis, biyosavunma, adli tip ve DNA
dizileme gibi alanlar igin verimliligi yiksek uygulamalara
uyarlanabilecegi vurgulanmaktadir (Pierce ve Wangh 2007;
Sanchez ve ark., 2004).

2.4. Demirlenmis PZR (Anchored PCR, A-PCR): Hedef
DNA'nin yalnizca bir ucundaki niikleotid sekansinin bilindigi
¢ift iplikgikli DNA fragmentlerine uygulanan, proteinin
yalnizca N-terminal sekansi bilindiginde bir genin tam sekans
amplifikasyonuna izin veren bir PZR modifikasyonudur.
Teknigin amaci, bilinen sekans bdlgesinden yararlanilarak
hedeflenen DNA sekansinin amplifikasyonudur. Amplifiye
edilecek DNA sekansi, bilinen bir diziye baglanir ve bilinen
dizi reaksiyonda ikinci primer olarak kullanilir (Zheng ve ark.,
2014).

2.5. Ters PZR (Inverse PCR, Inverted PCR, IPCR, Inside-
out PCR): Ters PZR, bilinen bir DNA dizisine yakin olarak
bulunan ve bilinmeyen bazlara sahip olan DNA
segmentlerinin  amplifikasyonunu amaglayan bir PZR
yontemidir. Bilinmeyen DNA bdlgesinin yakinindaki bilinen
konumu tanimlayarak, bilinen DNA bolgesini tamamlayici
primerlerin tasarlanmasi, bilinmeyen bélgenin amplifiye
edilmesine yardimci olur. Bu yéntemde, 6nce bilinen DNA
sekansi ve onun yan bolgesindeki baz siralari bilinmeyen
segmentler bir restriksiyon enzimi ile lineer olarak kesilir.
Ardindan restriksiyon fragmentleri ligasyonla sirkller hale
dénistirilir. Tekrar kesilerek lineer forma doénustirilir. iki
ucunda baz siralari bilinen sekanslar, ortada ise bilinmeyen
sekanslara sahip DNA segmenti tekrar restriksiyon enzimi ile
lineer olarak kesilir. Bilinen sekanslara komplementer olarak
tasarlanmig iki ayri primer yardimi ile amplifikasyon
gergeklestirilir (Green ve Sambrook, 2019b).

3. PZR Sonrasi Genotiplendirme ve Sekans Analiz
Yoéntemleri

3.1. Genotiplendirme Yontemleri: PZR sonrasi
amplifiye edilmis DNA Uriinlerinin genotiplendirmesi igin
bircok yontem bulunmaktadir. Bu yontemler; Elektroforez,
Restriksiyon Fraksiyon Uzunlugu Polimorfizmi, Tek niikleotid
Polimorfizmi, Allel Spesifik PZR, Yiksek Coziunrlikli Erime
(HRM) Analizi gibi benzer veya kigik farkhliklart bulunan
yontemler gelistirilmistir.

3.1.1. Jel Elektroforez Yontemi: Jel -elektroforez
yontemi; DNA, RNA veya protein gibi makromolekiillerin
boyutlarina ve elektriksel ylklerine gore ayrilmasi ve analizi

icin kullanilan bir yontemdir. DNA jel elektroforez islemi,
¢ogu zaman DNA'nin PZR ile ¢cogaltiimasindan sonra yapilir.
Ayrica; kiutle spektrometresi, DNA sekans analizi, blotlama
tekniklerinde, 6zelliklede southern blotlama tekniginde
kullanilir. Molekiler teknikler bakimindan en ¢ok kullanilani
darbeli alan jel elektroforezidir (Drabik ve ark., 2016).

3.1.2. Restriksiyon fraksiyon uzunlugu polimorfizmi
(RFLP) Yontemi: RFLP tekniginin ilk olarak bitkilerde, DNA
dizilerindeki varyasyonlari incelemek igin kullanilan basarih
bir yontem olarak ortaya c¢ikmistir. Bu yontemde, bir
organizmanin DNA'si belirli restriksiyon enzimleri ile kesilir
ve kesilen parcalar jel elektroforezi kullanilarak boyutlarina
gore ayristirihr. Bu parcalar, farkli uzunluklarda olabilir ve
farkli organizmalar arasinda degisebilir. Bu nedenle DNA'daki
genetik farkhihklarin  tespitinde kullanilabilirler. RFLP
teknikleri dogasi geregi zorlayici, zahmetli ve zaman alici
olmasindan dolayl yerini daha az karmasik, daha uygun
maliyetli PZR tabanli tekniklere birakmistir. Cesitli PZR
tabanli teknikler arasinda; basit dizi tekrarlari (Single
sequence repeat, SSR), rastgele cogaltilmis polimorfik
DNA'lar (RAPD), dizisi karakterize edilmis ¢ogaltiimis bolge
(Sequence Characterized Amplified Region, SCAR), bélinmis
¢ogaltilmis polimorfik DNA'lar gibi ¢esitli belirtegler,
¢ogaltilmis fraksiyon uzunlugu polimorfizmleri (AFLPs) ve
SSR'ler arasi (ISSR) analizi gibi benzer bir¢ok yontem
gelistirilmistir (Bhatia ve ark., 2013; Deschamps ve ark.,
2012).

3.1.3. Tek niikleotid Polimorfizmi (Single nucleotide
polymorphisms, SNP) Yontemi: Tek Nukleotid Polimorfizmi
(SNP), DNA dizisinde bir niikleotidin diger bir niikleotid ile
degistirilmesi sonucu olusan en kiiclik genetik varyasyon
tiradir. insan genomunun yani sira diger organizmalarin
genomlarinda da en yaygin genetik varyasyon tiradar.
SNP'ler, genetik materyalin genomik varyasyonlarini
olusturur ve bireyler arasindaki genetik farkhliklarin ana
nedenlerinden biridir. SNP'ler, hem kodlayictc hem de
kodlamayan bolgelerde ortaya ¢ikabilir ve gen ekspresyonu,
protein fonksiyonu ve hastalik duyarliligi gibi bircok biyolojik
islevi etkileyebilir. SNP'ler, genetik iliski c¢alismalarinda
genetik isaretleyiciler olarak kullanilabilir ve o6zellikle
karmasik hastaliklarin genetik temellerinin anlasiilmasinda
onemli bir aragtir. SNP'ler, ylksek hizli DNA dizileme,
mikroarrayler, PZR tabanli yontemler gibi cesitli teknikler
kullanilarak  tespit edilebilir. SNP analizi, genomik
galismalarin yani sira, kisisellestirilmis tip, farmakogenetik ve
arastirma alanlarindaki diger bircok uygulamada da yaygin
olarak kullanilmaktadir. Genomdaki frekanslarinin uygun
maliyetli ve paralel bir sekilde belirlenmesindeki goreceli
kolayligi nedeniyle en yaygin kullanilan genotiplendirme
yontemi olarak ortaya ¢ikmistir (Deschamps ve ark., 2012).

3.1.4. Allel Spesifik PZR (AS-PCR) Yontemi: Alele 6zgi
polimeraz zincir reaksiyonu (AS-PCR), PZR drinlerinin
etidyum bromiir boyali agaroz veya poliakrilamid jelde analiz
edilmesiyle insan DNA'sindaki herhangi bir nokta
mutasyonunun dogrudan tespit edilmesine izin veren bir PZR
uygulamasidir. AS-PCR, DNA sablonu ile uyumsuzluk
olusturan bir oligoniikleotid primerin Tag DNA polimeraz
tarafindan primer uzatmasina direngli olacagi icin calisir. Bu
nedenle, bilinen tim alellere 6zgi oligonikleotid primerler
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sentezlenebilir ve bilinmeyen genotipteki DNA'lardaki alelleri
tespit etmek icin kullanilabilir. AS-PCR, genetik ve bulasici
hastaliklarin teshisini iceren DNA tabanli teshis tekniklerinde
kullanilmaktadir (Ugozzoli ve Wallace, 1991).

3.1. 5. Yiiksek Coziiniirliikli Erime Analizi (High
Resolution Melting Analysis, HRM): Klinik uygulamalar igin
ilk olarak Carl Wittwer ve ark. (1997) tarafindan tanimlanan
ylksek ¢ozinurlikli erime (HRM) analizi, Real-Time PZR
yonteminin uygulamaya girmesiyle gelistirilmis otomatize bir
yontemdir. PZR isleminden sonra Real-Time PZR cihazinda
ayni tlpte otomatize ve programlamayla takip eden bir
prosedire sahip HRM ydnteminde, verilerin elde edilmesi
Real-Time PZR'den sonra  10-15 dakika icinde
gerceklesebilmekte ve bu veriler 2 saniyedeki 0,1-1 °C
sicaklik artisina karsilik olusan floresan sinyal siddeti
degisiminin  dlclilmesiyle elde edilmektedir. ilgili DNA
bolgesinin Real-Time PZR ile gogaltilmasini takiben, Real-
Time PZR isleminde artan sicaklik ve azalan floresan boya
miktarina bagh olarak, HRM egrileri adi verilen sigmoidal
erime egrileri olusturulur. HRM, erime sicakliklarindaki
farkhhklara dayali olarak diziler arasindaki ince farklari
algilayabilen, Real-Time PZR sonuglarini analiz etmek igin
verimli, dogru ve hizli bir tekniktir. Mikrobiyal
genotiplendirme amaciyla kullanilan bircok yéntem olmasina
kargin, HRM y&ntemi var olan yontemlere kiyasla daha hizli
ve kolay analiz olanagi saglamaktadir. HRM egrileri analiz
edilerek; tir tanimlama, hedef dizideki tek nikleotid
polimorfizmi (SNP) farklari, nokta mutasyonlar, spesifik
genotiplerin ozellikleri dahil olmak Gzere nikleik asit
dizilerindeki genetik varyasyonlarin belirlenmesi
mimkindir. Ayrica, HRM teknolojisi bakteri, virus ve
parazitlerdeki direng gelisiminden sorumlu spesifik
mutasyonlarin analizi igin de 6nemli bir yontemdir. Bununla
birlikte, ozellikle tiir, 6rnek sayisi ve filogenetik yakinlik
arttikga siniflandirma siirecinin zorlastigr bildirilmistir (Erali
ve ark., 2008; Ozkok ve Celik, 2022; Zhou ve ark., 2022).

3.2. Sekans Analizi: Watson ve Crick'in 1953'te DNA’nin
Unli ¢ boyutlu yapisini kesfetmeleriyle birlikte, DNA
replikasyon islemlerinin ve nikleik asitleri kodlayan
proteinlerin kesifleri basladi. Ancak protein zincirlerinin
sirasini anlamak icin gelistirilen stratejiler, DNA molekiliiniin
cok daha uzun ve birbirine daha ¢ok benzeyen, ayirt etmeyi
zorlastiran daha az birimden olusmasi nedeniyle nikleik asit
arastirmalarina kolayca uygulanabilecek gibi gériinmiiyordu.
Bu yiizden ilk sekans uygulamalarinda daha saf olarak
bulunan tek zincirli RNA lzerine odaklanildi. Robert Holley ve
meslektaslari 1965 yilinda Saccharomyces cerevisiae'den ilk
tam nikleik asit dizisini ¢cogaltmayi basardilar. Daha sonra
Frederick Sanger ve arkadaslari, DNA dizisinin sekansini
belirleyen bir teknik gelistirdiler (Heather ve Chain, 2016).

DNA dizileme, DNA molekuliindeki nikleotitlerin (A, T,
C, G) kompozisyonunu ve dizilis sirasini belirleme olarak
tanimlanmaktadir. Temelde biri klasik zincir sonlandirma
yontemine dayanan Maxam-Gilbert ve Sanger sekanslama
metodu, digeri ise ¢ok sayida DNA molekilinld hizli bir
sekilde isleyebilen Yeni Nesil Sekanslama (Next Generation
Sequencing, NGS) yontemi olmak (zere iki ana DNA dizileme
yontemi bulunmaktadir.

3.2.1. Sanger Sekanslama: Zincir sonlandirma dizileme
yontemi olarak da bilinen Sanger sekanslama, Sanger ve ark.
(1977) tarafindan gelistirilmis, glinimizde de yaygin olarak
kullanilan  bir yontemdir. Bu teknikte amag, DNA
fragmanlarinin jel tGzerindeki uzunluklarinin dikkate alinarak
DNA molekilinin baz kompozisyonunu ve dizilisini ortaya
citkarmaktir. Sanger metodunda, tek iplikgikli kalip DNA,
serbest OH grubu iceren tek yonli primer, DNA polimeraz,
DNA zincirlerinin monomerleri olan deoksiriboniikleotit
trifosfatlar (dNTPs) ve dideoksiribonukleotit trifosfatlar
(ddNTPs) kullanir. Bu yontemde, kalip DNA'ya tamamlayici
bir DNA primeri, DNA sentezi i¢in bir baslangi¢ noktasi olarak
kullanilir. Dort dNTP varliginda, polimeraz enzimi, kalip DNA
zincirine tamamlayict dNTP'yi ekleyerek primeri uzatir.
Nikleotit zincirine hangi nikleotidin dahil edildigini
belirlemek igin, sentez reaksiyonunu sonlandirmada farkli bir
floresan boya ya da radyoaktif ile isaretlenmis dort ddNTP
kullanihr. Bu ddNTP'ler, dNTP'lerle kiyaslandiginda DNA
zincirlerinin uzatilmasi icin gerekli olan 3' hidroksil
grubundan yoksundur ve bu nedenle bir sonraki dNTP'nin 5'
fosfati ile bir baglanti olusturamaz ve sonugta zincir
sonlandirici olarak gorev yaparlar. Reaksiyon dort ayri tlipte
gerceklestirilir. Her bir tiipte dNTP’lerin tamami, ¢ok diisik
konsantrasyonda da farkli bir ddNTP kullanilir. Her tiipte
gerceklesen PZR reaksiyonunda kullanilan dNTP’ler eklenip
reaksiyon devam ederken, 3' hidroksil grubundan yoksun
olan ddNTP’ler zincire eklendiginde reaksiyon durur. Bu
ddNTP’lerin  baglandigi farkli konumlarda reaksiyon
sonlandigi i¢in farkli uzunluklarda DNA fragmanlari olusur.
PZR  sonrasinda  olusan  reaksiyon  drinleri  jel
elektroforezinde goérintilenir (Heather ve Chain, 2016).
Nikleotid dizisi belirleme islemi, jel elektroforez sonrasi
daha kugcilik olan parcalarin daha uzun mesafeler kat ettigi
prensibine dayanir. Sanger yontemi otomatize edildikten
sonra yaklasik 30 yil boyunca altin standart olarak kabul
edilerek kullaniimistir. ilk nesil DNA dizileme cihazlari, biraz
daha kisa dizileme okumalari yapabilen 1 kilobazdan (kb)
daha kuglik pargalar dizileme kapasitesine sahiptir. Daha
uzun bélgelerin dizilenmesi icin ise insan Genom Projesi'nde
kullanilan "shotgun dizileme" yontemi kullanilir. Bu
yontemde oOncelikle hedeflenen bdlge pargalara ayrilir ve
dizileme sonrasinda bu pargalar bir araya getirilerek biitiin
bir DNA dizisi olusturulur (Darcan ve Tiirkyillmaz, 2018).

3.2.2. Maxam-Gilbert Sekanslama: Maxam ve Gilbert
tarafindan; Sanger sekanslama yontemiyle ayni yil gelistirilen
bir DNA dizileme yontemidir. DNA'nin kimyasal modifikasyo-
nuna dayanir ve belirli baz dizilerinden kesilerek daha sonra
toplanir. Bu yontemde, bir dizileme jelinden kirk klon analiz
edilebilir. Ancak, tehlikeli kimyasallar kullanilabildigi icin
Sanger yontemine gore daha az tercih edilen ve daha yavas
bir yonteme sahiptir. Maxam-Gilbert ve Sanger yontemleri
birinci nesil dizileme olarak adlandirilir. Son 20 yilda birgok
insan, hayvan ve bitki genomu galismasinda kullanilmistir. Bu
yontemlerin zahmetli olmasi ve ideal DNA dizileme
teknolojisi gereksinimleri nedeniyle, yeni nesil dizileme
yontemleri gelistirilmistir (Kekec ve ark., 2022).

3.2.3. Yeni Nesil Sekanslama (Next Generation
Sequencing, NGS): insan genom projesinin tamamlanmasiyla
birlikte DNA dizileme alaninda birgok platform gelistirilmistir.

1
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Yeni Nesil Sekanslama, milyonlarca ornegi farkl platformlar
kullanarak ayni anda sekanslamak icin kullanilan tekniklere
verilen bir isimdir. Yeni Nesil Sekanslama yéntemleri, diger
analiz  yontemlerinde fark edilemeyecek duzeydeki
mutasyonlari tespit edebilmesi nedeniyle siklkla kullanilan
bir yontemdir. Yeni Nesil Sekanslama’da birbirinden farkli ve
cesitli platformlar kullanilsa da akis semasi temelde ilk olarak
bir kiitiiphane hazirlanmasi, ardindan sekanslama yapilmasi
ve son olarak da elde edilen verilerin cesitli biyoinformatik
yontemlerle analiz edilmesi olmak (izere U¢ ana kisimdan
olusmaktadir. Teknolojinin ilerlemesiyle her biri kendi yeni
yontemlerini barindiran, avantajlari ve dezavantajlari
bulunan Yeni Nesil Sekanslama platformlari ortaya
cikmaktadir. Sekanslama yéntemi kullanilan platforma gére
degisiklik gostermekle beraber, giincel olarak en ¢ok tercih
edilen platformlara 6rnek olarak Roche 454, Solexa, lllumina,
Pirosekanslama, iyon Yari iletken dizileme ve SOLID
(Sequencing by Oligonucleotide Ligation and Detection)
verilebilir (Heather ve Chain, 2016, Luo ve ark., 2012;
Patrinos ve ark., 2016). Son nesil sekans yontemlerinden;
elektrik akisint  kullanarak sekanslari belirleyen yeni
gelistirilen Nanopore sekans teknolojisi, klasik florasan
okumalara alternatif bir segcenek sunar. Nanoporeler, her bir
bazin elektrik yukiuni belirlemek ve sekansi kaydederek
belirlemek icin kullanilir. Bu sayede, Nanopore sekanslama
yontemiyle daha uzun sekanslar okunabilmektedir (Wang ve
ark., 2021).

Sonug

Mikrobiyoloji alaninda kullanilan geleneksel teshis
yontemleri, yavas Ureyen ve teshisi uzun zaman alan
infeksiyoz etkenlerin ya da dogal konaklarinin disinda
tiretilmesi ¢cok zor olan ve bu nedenle izole edilemeyen
infeksiy6z ajanlarin tanisi gibi durumlarda sinirli bir kullanim
alanina  sahip  olabilmektedir. Bunun vyani  sira,
optimizasyonunun zaman almasi, optimizasyon igin
uzmanlasmis deneyimli personele ihtiya¢ duyulmasi, sarf
malzeme, alet ve ekipmanlarinin pahali olmasi gibi
dezavantajlarina ragmen giiniimizde PZR ve PZR tabanli
diagnostik teshis yontemlerine ilgi giderek artmakta ve PZR,
insan ve hayvanlarin infeksiy6z hastaliklarinin teshisi ve
epidemiyolojik arastirmalarda da en vyaygin kullanilan
molekiiler tani yontemi olarak gincelligini korumaktadir.
Siurekli olarak glincellenen ve yeni tekniklerin eklendigi
molekiler tani yontemleri daha ekonomik, daha ulagilabilir
ve rutin teshiste daha uygulanabilir oldugunda, bu
tekniklerin diagnostik mikrobiyoloji alaninda kullanim sikligi
ve gesitliligi de ayni oranda artacaktir.

Cikar ¢catismasi

Yazarlar bu makale igin gercek, potansiyel veya
algilanan cikar ¢atismasi olmadigini beyan etmislerdir.

Benzerlik Orani

Makalenin benzerlik oraninin, sisteme yilklenen
raporda belirtildigi gibi % 12 oldugunu beyan ederiz.

Etik izin

Bu calisma "Hayvan Deneyleri Etik Kurullarinin Calisma
Usul ve Esaslari Hakkinda Yonetmelik" Madde 8(k) uyarinca
HADYEK'in iznine tabi degildir.
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Giris

Kedi ve kopeklerde cerrahi sterilizasyon islemi en yaygin
olarak uygulanan cerrahi prosedir olarak kabul edilmektedir
(Howe, 2015; Kustritz, 2007). Ulkemizde 16 farkli veteriner
fakiltesi Dogum ve Jinekoloji kliniklerine getirilen hastalarin
genel analizleri incelendiginde yapilan
ovaryohisterektomi/ovarektomi operasyonlarinin orani en
diisiik %11,88 ile Atatiirk Universitesi'nde (Colak ve ark.,
2018) ve en vyiiksek %62,90 ile Ankara Universitesi’nde
(Bastan ve ark., 2018) bulunmustur.

Kedi ve kopeklerde cerrahi sterilizasyon, disilerde
ovaryohisterektomi, erkeklerde ise orsidektomi
operasyonlariile yapilmaktadir. Ayni amagla uygulanabilecek
diger cerrahi prosedirler histerektomi, vazektomi ve
ovarektomidir (AVMA, 2020). Disi kedi ve kopeklerde
bilateral ovarektomi (OV; ooferektomi veya her iki
ovaryumun uzaklastiriimasi) ve ovaryohisterektomi (OHE;
ooforohisterektomi veya ovaryumlarin ve uterusun
uzaklastirilmasi) reprodiksiyonun kontroll igin uygulanan
cerrahi prosediirler olarak bilinmektedir (Johnston ve ark.,
2001). Bilateral OV son vyillarda 6zellikle laparoskopik
uygulamalarin veteriner sahada da kullaniminin artmasiyla
daha da tercih edilen bir yontem olarak karsimiza
¢ikmaktadir (DeTora ve McCarthy, 2011; Tez ve Kanca, 2018).
Erkek kedi ve kopeklerde ise orsidektomi (orsidektomi ya da
kastrasyon) acik ya da kapali teknikle bir ya da her iki testisin
uzaklastirilmasi islemidir ve en c¢ok uygulanan cerrahi
sterilizasyon islemidir. Vazektomi ise sadece ductus
deferensin bir kisminin uzaklastiriimasi ile spermatozoalarin
tasinmasinin engellenmesi ve sekonder testikiler atrofi
olusturulmasi iglemidir. Ancak bu sirada steroidogenezis
saglanmadigi icin androjen bagimli hastaliklar ve istenmeyen
erkek sekslel davraniglar hala meydana gelebilmektedir
(AVMA, 2020; Johnston ve ark 2001).

Kedi ve kopeklerde opsiyonel gonadektomi daha ¢ok
disilerde ovaryohisterektomi erkeklerde ise kastrasyon
seklinde yapilmaktadir. “Bu opsiyonel cerrahi islemler
gerceklestirilmeli mi?” ve “Bu islemlerin yapilacagi optimal
yas nedir?” sorulari hasta sahipleri ve veteriner hekimlerin
en stk sordugu sorulardir (Bushby, 2020; Kustritz, 2007).

Kedi ve kopeklerde gonadektomi uygulamalarinin
birincil nedeni artan popilasyonunun kontroliidir (Howe,
2015; Johnston ve ark., 2001; Kustritz, 2007). Bunun disinda
disi kedi ve kopeklerde piyometra gibi reproduktif sistem
hastaliklari ve meme tiimor, erkeklerde ise benign prostat
hiperplazisi ve testis neoplazilerini engellemek amaciyla
yapilmaktadir (Howe, 2015). Ayrica disi hayvanlarda 6strus
siklusunda gorilen istenmeyen davranissal ve fizyolojik
degisikliklerin ve erkek hayvanlarda diger erkeklere agresyon
ve isaretleme gibi erkek davranislarinin 6nlenmesini de
saglamaktadir (Johnston ve ark., 2001). Gonadektomi
operasyonu yasam siresini erkek kopeklerde %13,8,
disilerde ise %26,3 oraninda uzatmaktadir (Hoffman ve ark.,
2013).

Tim bu nedenler kedi ve kdpeklerde gonadektomi igin
optimal yasin ne zaman oldugu sorusunu akillara
getirmektedir (Bushby, 2020). Su anda Amerika Birlesik
Devletleri'ndeki bircok veteriner hekim gonadektomi

operasyonunun kedi ve kopeklerde 6 ile 9 ay arasinda
gerceklestirmekle beraber bu yas araliginin optimal yas
oldugunu bildiren herhangi bir bilimsel ¢alisma da
bulunmamaktadir (Kustritz, 2007). Sunulan derlemenin
amaci prepubertal yasta yapilan gonadektomilerde dikkat
edilmesi gereken noktalara ve bu ydntemin yararlari ile
risklerini veteriner hekimlere aktarmak ve bu konuda bir
farkindahk olusturmaktir.

1. Kedi ve Képeklerde Pediatrik Fizyoloji

Kopek ve kedi yavrulari dogumdan sonraki 4 ila 5.
haftaya kadar yenidogan, bu dénemden 12. haftaya kadar ise
pediatrik olarak siniflandirilir. Yenidoganlarda anestezi ancak
konjenital anomalilerin acil olarak dizeltilmesi veya zorunlu
(istege bagli degil) teshis icin gerekebilir. Pediatrik hastalarin
anestezisi ise elektif erken ovaryohisterektomi veya
kastrasyon ve acil prosedirler igin yapilabilmektedir
(Lukasik, 2006).

Yenidoganlarin ve pediatrik hastalarin fizyolojisi yetiskin
kopeklere ve kedilere gore farkhhk gostermektedir. Bu
farkhhklarin, dengeli ve uygun doz iceren optimal anestezi
planlarini formile etmek icin anlasiimasi gerekir. Elektif
prosedirler ile ameliyat sonrasi ve acil durumlar igin
ameliyat 6ncesi analjezi anestezi deneyiminin ¢ok dnemli bir
pargasidir. Clinkii yenidogan ve pediatrik hastalarda agr,
eger uygun sekilde tedavi edilmezse, yasam boyu asiri
duyarhlik (allodini) gelisebilmektedir (Lukasik, 2006;
Mathews, 2005).

Yenidogan ve pediatrik hastalarinin ¢ogunun anestezi
rezerv kapasitesi sinirhdir. Daha az fonksiyonel kontraktil
dokuya, sinirh kardiyak rezerve ve disuk ventrikiler
kompliyansa sahiptirler ve bu nedenle atim hacmini (stroke
volim) arttirma kabiliyetleri azalmigtir. Sempatik sinir
sistemleri az gelistigi icin bu hastalarin vazomotor kontrolleri
zayif ve baroreseptor refleksleri azalmis olabilir. Bu nedenle
kan kaybini daha az tolere ederler ve kan basincini
koruyamayabilirler. Her ne kadar sivi yiiklemesine hizla tepki
vermeleri muhtemel olsa da pediatrik kedi ve kopekler,
yetiskinlere nazaran asiri sivi yliklemesine daha az
toleranshidir (Farry ve Goodwin, 2017).

Ayrica pediatrik hastalarda akciger rezervi de sinirlidir.
Yetiskinlerle karsilastirildiginda, dilin daha blyilk olmasi ve
hava yolundaki kikirdaklarin daha yumusak olmasi gibi
anatomik farklhiliklar pediatrik hastalari Gst hava yolu
obstriiksiyonlarina yatkin hale getirebilir. Bunlara ilave
olarak, gogus kafesi daha esnek, interkostal kaslar daha zayif,
akcigerler daha az uyumludur ve tim solunum islevi
yetiskinlerden daha kapsamlidir, bu nedenle bu durum hava
yolu kollapsini ve solunum vyorgunlugunu kolaylastirir.
Fonksiyonel rezidiel kapasite azdir, solunum
kemoreseptorleri olgunlasmamistir ve oksijen ihtiyaglari
azalmistir.  Tim bunlar nedeniyle gen¢ hayvanlar
perianestetik dénem siresince hizli desaturasyon ve
hipoksemi riski altindadirlar. Kopek ve kedi yavrulari
hipoksemi ve solunum yorgunluguna duyarli olduklari igin
anestezi periyodu boyunca oksijen takviyesi yapilmali ve
gerektiginde intermittent pozitif basingh ventilasyonun hizli
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bir sekilde baslayabilmesi icin solunum sistemi dikkatli bir
bicimde izlenmelidir (Farry ve Goodwin, 2017).

Cok genc hastalarda bobrek ve karaciger sistemleri
olgunlasmamistir. Sedasyon ve anestezi igin en oOnemli
hususlar, metabolizma hizi, biyotransformasyon ve ilaglarin
viicuttan atihmidir. Anestezi sirasinda asiri bir etki veya etki
siresinde uzama gozlemlenebilir. Pediatrik hastalar
hipoglisemiye egilimlidir ¢link( glikojen depolari minimaldir
ve glukoneogenezis yetenekleri zayiftir. Bu nedenle anestezi
sliresince kan sekerinin takibi ve glikoz iceren sivilarin
uygulanmasi faydali olmaktadir. Bobrek fonksiyonlari da
yetiskin kdpek ve kedilere kiyasla diisiktir, bu da onlarin
asiri sivi yiklenmesine ve hipotansiyona karsi toleranslarinin
daha disiik olmasiyla sonuglanmaktadir (Farry ve Goodwin
2017).

Pediatrik hastalarda termoregiilasyon azalmistir ve
viicut ylzey alanlar vicut agirliklarina ve asgari yag
rezervlerine gére daha genis oldugu igin, hipotermiye karsi
son derece savunmasiz olmaktadirlar (Farry ve Goodwin,
2017; Lukasik, 2006). Ek olarak, ¢ogu anestezik ajanin
termoregilator merkezi etkiledigi ve hipotermi olusturdugu
da bilinmektedir. Bu durum, azalan metabolizma hizi,
enfeksiyonlara  karsi artan  duyarlihk, miyokardiyal
depresyon, respiratorik depresyon ve ilag metabolizmasinda
gecikmeler gibi bircok zararh etki dogurabilir (Farry ve
Goodwin, 2017).

Deri yizey sicakligi ortam sicakligina bagh olarak
artmakta ve dusmektedir. Merkezi vicut sicakligi
hipotalamus tarafindan yakindan diizenlenir; ancak bu
diizenleme pediatrik hastalarda olgunlasmamistir ve
yetersizdir. Vicudu izole etmek ve is1 kaybini 6nlemek igin
tasarlanmis (i¢ doku katmani vardir ancak genel olarak,
pediatrik hastalarin ¢ogunda Ug¢ tabakanin da kalinhklarn
yetersizdir. Tim pediatrik hastalar ameliyat 6ncesi, anestezi
slresince ve ameliyat sonrasinda normotermik tutulmalidir
(Lukasik, 2006).

2. Prepubertal Gonadektomi

2.1. Operasyon Hazirligi

Diger operasyonlarda oldugu gibi prepubertal
gonadektomiler Oncesinde hastanin kapsamli
degerlendirilmesi son derece 6nemlidir. Hasta sahibinden
alinacak anamnez bilgileri, diyet ve barinma kosullarini (i¢
mekana karsi dis mekan), koruyucu saglik durumunu (6rn.
son agl! tarihi ve diski muayenesi, kedilerde 6nceki FeLV (kedi
[6semi virlisi) testi vb.) ve oOnceki anestezi epizotlarini
icerebilir. Obezite, diyabet, hipertiroidizm, renal yetmezlik,
hepatik lipidoz, hipertrofik kardiyomiyopati (HCM) ve astim
gibi tim anormallikler ayrica klinik olarak arastirilmahdir
(Reuss-Lamky, 2020).

Pediatrik hastalarin karacigerlerinde minimum sayida
glikojen depolari bulundugundan operasyon oncesi aglik
suresi minimum tutulmalidir. Midenin bosalmasi igin yaklasik
iki ila dort saatlik bir aglik suresi yeterlidir. Premedikasyon
verildiginde suyu da 6niinden kaldiriimahdir. Geng ve saghkli
hastalar icin laboratuvar testleri; hematokrit seviyesi
(sikistinlmis  eritrosit hacmi, packed cell volime, PCV),
toplam plazma solitleri (TPS), kan (re azotu (BUN) ve kan
sekerini icermelidir. Dengeli bir ilag kombinasyonu ile
premedikasyon en ¢ok arzu edilenidir. Farkli siniflardan

ilaglarin birlestirilmesi, tek tek ilag dozlarinin azaltilmasini
saglayacak ve istenmeyen yan etkilerini sinirlarken ayni
zamanda optimal stresin azalmasini ve preemptif analjeziyi
saglayacaktir (Lukasik, 2006).

Premedikasyondan sonra hastalar sessiz bir ortama
yerlestirilmeli ve maksimum ila¢ etkisi olusuncaya kadar
rahatsiz edilmemelidir. Ameliyat 6ncesi bekletme alanindaki
ortam sicakhigi nispeten sicak olmali veya sedasyondan sonra
hipotermi yaygin oldugu igin harici bir s kaynag
saglanmalidir. Sekillenebilecek istenmeyen Urinasyon veya
defekasyon gibi durumlar sonrasinda idrar veya diskinin
emilmesi icin hasta havlu veya kiyilmis kagit Gzerine
yerlestirilmelidir (Lukasik, 2006).

Gerekli tim ilag ve ekipmanlarin 6nceden hazir
bulundurulmasi énemlidir. Buna uygun solunum devresi,
dogru boyutta endotrakeal tip ve rezervuar torbasi,
gerekirse CO2 (karbondiyoksit) emicisinin degistirilmesi,
anestezi makinesinin sizinti kontrolii ve yeterli oksijen ve sivi
anestezik kaynagl saglanmasi dahildir. ilag uygulanmadan
once herhangi bir komplikasyona hazirlikli olmak basaril bir
anestezinin anahtaridir (Lukasik, 2006; Reuss-Lamky, 2020).

2.2. Genel Anestezi

Genel anestezi, hareketsizligi, kas gevsemesini, biling
kaybini ve agridan kurtulmayi saglayan geri dontsiimli bir
slrectir. Pediatrik hastalarda genel anestezinin indiiksiyonu
yliz maskesi ile inhalasyon anestezisi uygulamasi yerine
enjekte edilebilir ilaglar kullanilarak da en iyi sekilde
yapilabilir. Genel olarak, enjekte edilebilir indlksiyonlar
tercih edilir ¢inki daha hizli bir biling kaybina izin verir, hasta
daha az miicadele eder, hava yolunun daha erken kontroliini
saglar ve hasta ve personel i¢in daha az fiziksel yaralanma
tehlikesi olusturur. intravendz (1V) anestezi indiiksiyonu icin
bircok ilag mevcuttur. IV indiksiyonu icin popdler ilaglar
arasinda propofol, alfaksalon, etomidat ve midazolam ile
ketamin kombinasyonu bulunur (Lukasik, 2006).

Anestezi indiksiyonunu takiben hemen endotrakeal tlp
yerlestirilmelidir. Hastanin solunum hizi, kalp hizi ve ritmi,
mukozal membranlarinin rengi, kapillar dolgunluk zamani
(Capillary Refill Time; CRT), arteriyel kan basinci,
Elektrokardiyogrami (EKG), ETCO2 (endtidal karbondiyoksit)
ve sicakligl anestezi indiiksiyonundan hemen sonra takip
edilmeye baslanmali ve anestezi siiresince bes dakika aralikla
kontrol edilmelidir (Borstad, 2015; Lukasik, 2006; Reuss-
Lamky, 2020). Tablo 1-4’de kedi ve képeklerde operasyonda
tercih edilebilecek anestezi protokolleri belirtilmistir.

2.3. Operasyon Teknigi

Ovarektomi ya da ovaryohisterektomi operasyonu hem
klasik hem de laporoskopik yontemle kopeklerde sag veya
sol aghk cukurlugundan ve tercihen median hattan, kedilerde
ise genellikle sag veya sol aglk gukurlugundan yapilmakla
beraber median hattan da vyapilabilir (Erdem, 2022).
Pediatrik ovarektomi ve ovaryohisterektomide kullanilan
cerrahi teknikler yetiskin hayvanlarla genel olarak aynidir
(Ehrhardt, 2012; Kustritz, 2014; Lukasik, 2006). Ovarektomi
operasyonunda teknik ovaryohisterektomi ile benzerdir.
Bununla birlikte ovarektominin deri ensizyonu daha kiiglktlr
ve daha kranialden yapilmaktadir (Erdem, 2022). Genel
olarak ovarektomi operasyonlarinda operasyon ve anestezi
surelerinin daha kisa, ensizyon hattinin daha kiigik ve
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Tablo 1. Erkek képek yavrularinin kastrasyon operasyonlarinda kullanilan anestezi protokolleri (Borstad, 2015).

Yas Premedikasyon indiiksiyon (mg/kg) Devamlihk

(hafta) (mg/kg)

6-14 Atropin (0.04) IM Propofol (6.5) IM, premedikasyondan 15 Isoflurane (eger gerekirse)
Oxymorphone (0.22) IM  dakika sonra yavasca

6-14 Midazolam (0.22) IM Propofol (6.5) IM, premedikasyondan 15 Isoflurane (eger gerekirse)
Butorphanol (0.44) IM dakika sonra yavasca

<20 Glycopyrrolate (0.011) Pentothal (22) IV, etkisine gére doze edilmis Isoflurane veya Halothane
IM
Butorphanol (0.22) IM

20-24 Glycopyrrolate (0.011) Pentothal (22) IV, etkisine gére doze edilmis Isoflurane veya Halothane
IM

Butorphanol (0.22) IM
Acepromazine (0.026)
IM

Tablo 2. Disi kopek yavrularinin ovaryohisterektomi operasyonlarinda kullanilan anestezi protokolleri (Borstad, 2015).

Yas (hafta) Premedikasyon (mg/kg) indiiksiyon (mg/kg) Devamlilik

6-14 Atropin (0.04) IM Propofol (3.4) IM, premedikasyondan Isoflurane
Oxymorphone (0.11) IM 15 dakika sonra yavasca

6-14 Atropin (0.04) IM Isoflurane (maske ile) Isoflurane

Oxymorphone (0.11) IM
Tiletamine-Zolazepam (13.2) IM

6-14 Midazolam (0.22) IM Isoflurane Isoflurane
Butorphanol (0.44) IM

6-14 Tiletamine-Zolazepam (13.2) IM  Isoflurane Isoflurane

<20 Glycopyrrolate (0.011) IM Pentothal (22) IV, etkisine gore doze Isoflurane veya Halothane
Butorphanol (0.22) IM edilmis

20-24 Glycopyrrolate (0.011) IM Pentothal (22) IV, etkisine gore doze Isoflurane veya Halothane
Butorphanol (0.22) IM edilmis

Acepromazine (0.026) IM

Tablo 3. Kedi yavrularinda ovaryohisterektomi ve kastrasyon igin anestezi protokolleri (Borstad, 2015).

Yas (hafta) Premedikasyon/indiiksiyon (mg/kg) Devamlihk Prosediir
6-14 Tiletamine-Zolazepam (11) IM Isoflurane OHE-Kastrasyon
6-14 Atropin (0.04) IM Isoflurane OHE-Kastrasyon

Midazolam (0.11) IM
Ketamine (11) IM
Oxymorphone (0.07) IM

6-14 Midazolam (0.22) IM Isoflurane OHE-Kastrasyon
Ketamine (22) IM
6-14 Atropin (0.04) IM Isoflurane OHE-Kastrasyon

Midazolam (0.22) IM
Ketamine (11) IM
Butorphanol (0.44) IM
<24 Glycopyrrolate (0.011) IM Isoflurane OHE-Kastrasyon
Butorphanol (0.44) IM
Acepromazine (0.055) IM
Ketamine (11) IM

Tablo 4. Kedi ve kopek yavrularinin gonadektomi operasyonlari i¢in optimal anestezi protokolleri (Faggella ve Aronsohn 1994).

Tiir/Cinsiyet Optimal Anestezi Protokolii

Kopek, erkek Atropinden (0.04 mg/kg IM) 15 dakika sonra Propofol (6.5 mg/kg IV) ve oksimorfon (0.22 mg/kg IM).
Oksimorfon yerine Midazolam (0.22 mg/kg IM) ve butorfanol (0.44 mg/kg IM) kullanimi daha az sedasyon ama
daha iyi analjezi saglar.

Kopek, disi Atropinden (0.04 mg/kg IM) 15 dakika sonra Propofol (3.4 mg/kg IV) ve oksimorfon (0.11 mg/kg IM).
Anestezinin devami igin entlibasyon-inhalasyon.

Kedi, erkek Tiletamine-zolazepam (11 mg/kg IM)

Kedi, disi Midazolam (0.22 mg/kg IM) ve ketamin (11 mg/kg IM). Anestezinin devami icin entiibasyon-inhalasyon.
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abdominal travma  derecesinin  ovaryohisterektomi
uygulanan hayvanlara gore daha dislk olarak bulundugu
bildirilmektedir (Johnston ve ark., 2001). Ovarektomi ile
ovaryohisterektomi operasyonlarinin 6zellikle uzun dénem
kedi ve kopek saghgina olan etkileri karsilastirildiginda,
ovarektomi operasyonunun olumsuz bir etkisi olduguna dair
bir veri bulunmamaktadir (Howe, 1997; Howe, 2006; Erdem,
2022).

Erkek hayvanlarda genellikle iki testis de kopeklerde 12-
14. haftaya kadar ve kedilerde ise dogumda skrotuma iner.
Ancak kriptorsidi vakalarinda anestezi ve operasyon riskleri
daha fazla oldugu i¢in gecikmenin oldugu hastalarda
veteriner hekimler operasyonu erteleyebilmektedirler
(Kustritz 2014). Kedilerde kastrasyon (orsidektomi), yetiskin
hayvanlarda oldugu gibi gergeklestiriimektedir. Ancak
pediatrik hastalarda spermatik kordun kendi {izerine
baglanmasi 6nerilmemektedir, ¢linki spermatik kord kisa ve
dokular gevrek olabilir. Cok geng¢ kdpek yavrularinda ise
kastrasyon, kedilerde oldugu gibi, bilateral skrotal insizyon
ve bu insizyonlarin dikis uygulamasi yapmaksizin
kendiliginden iyilesmesi ile yapilabilir veya yetiskin
kdpeklerde oldugu gibi bu insizyonlar dikis uygulamasi ile
kapatilabilir (Ehrhardt, 2012; Kustritz, 2014).

Pediatrik hayvanlarda hematopoez, iki ila ti¢ aylik olana
kadar etkili bir sekilde baslamamakta, bu da pediatrik
hastanin hemorajiye dayanma kabiliyetini daha da
sinirlamaktadir. Kan kaybi, yeterli cerrahi hemostaz ile
onlenmeli veya doku hipoksisine bagh ciddi fizyolojik
sonuglar olusmadan agresif bir sekilde tedavi edilmelidir
(Lukasik, 2006).

Hipotermi sonrasinda viicut yiizey alaninin en az %60'I
harici bir 1s1 kaynagiyla temas etmedikge etkili bir yeniden
Isinma gerceklesemez. Hipotermiyi onlemek icin tercih
edilen yontemler arasinda ortam sicaklhiginin kontrol edilmesi
bulunur: oda sicakhgl en az 23-24°C olmalidir. Ayrica
hastalarin kabarcikli sargilarla, plastik sargilarla ya da isitilmis
battaniyelerle sarilmasi, kullanilan tim sollisyonlarin
isitilmasi, uygulanan tim intravendz sivilarin isitilmasi,
inspire edilen tim gazlarin yapay burun (HumidVent®,
Gibeck) kullanilarak isitilmasi ve nemlendirilmesi, isitmali bir
solunum devresi (Darvall Isitmali  Solunum Sistemi)
kullaniimasi, 40 ila 42 °C arasinda sicakliga sahip sicak su
battaniyelerinin kullanilmasi, basingli sicak hava degisim
battaniyesinin (Bair Hugger®) kullanilmasi, ameliyat sonrasi
hastalari kuru tutmak veya islaksa aktif olarak kurutmak (el
tipi fon makinesi) ya da sicak su siseleri (en fazla 42 °C)
hipoterminin  engellenmesi icin  yapilabilecek diger
girisimlerdir. Hipotermi gibi hipertermi olasiligl nedeniyle de
bir hastanin sicakliginin yakindan izlenmesi 6nemlidir
(Lukasik, 2006; Reuss-Lamky, 2010).

2.4. Postoperatif Bakim

Operasyonlar tercihen gaz anestezikleri ile yapilir ve bu
yontem pediatrik kopek ve kedilerde enjekte edilebilir
ilaglara tercih edilmektedir. En sik kullanilan gaz anestezikler
izofluran ve sevoflurandir. Tim inhalasyon anestezikleri bir
dereceye kadar vazodilatasyon, hipotansiyon, miyokardiyal
depresyon ve solunum depresyonuna neden olmaktadir.
Diger istenmeyen yan etkileri ise bulanti, kusma, ileus ve
kardiyak  aritmilerdir. Gaz  anestezikleri hepatik

metabolizmaya ¢ok az ugrarlar ve eliminasyonlari akciger
yoluyla yapilmaktadir ve bu nedenle anesteziden c¢ikis
genellikle inhalan uygulamasinin kesilmesinden sonra
oldukga hizhdir. Sevofluran ile tedavi edilen hastalar spontan
solunum sirasinda izofluran uygulanan hastalara kiyasla daha
az solunum depresyonu yasarlar (Lukasik, 2006).

Ameliyat sonrasi donemde hastalarin desteklenmesi ve
izlenmesi gerekir. Bu dénemde gerekli analjezi saglamak da
hayati 6nem tasimaktadir. Pediatrik hastalara analjeziklerin
uygulanmasi siklikla goz ardi edilmektedir veya uygun
dozlarda verilmemektedir. Analjezik protokoller, cerrahi
prosedirin invazivligine ve ameliyat sonrasi beklenen agr
derecesine gore tasarlanmalidir. Analjezikler en az 48 ila 72
saat slreyle uygulanmalidir (Lukasik, 2006). Pediatrik terimi
genellikle yasamin ilk 6 ayini ifade etmektedir. Bu zaman
cercevesinde meydana gelen 6nemli fizyolojik degisiklikler
nedeniyle, bu inceleme igin bagka bir sinir tanimlanmaktadir:
neonatal (0-2 hafta), infant sitten kesim (6-12 hafta) ve
juvenil (3-6 ay). Bu ayrim, genel olarak bu olgunlasma
donemleri sirasinda meydana gelen metabolik
degisikliklerden haberdar olunmasini  saglamak igin
yapilmistir. U¢-6 aylik dénem arasindaki hayvanlarda,
analjeziyi saglamak igin yetiskin doz rejimlerine ihtiyag
duyuluyor gibi gériinmektedir (Mathews, 2005).

3. Prepubertal Gonadektominin Yararlari

Gonadektomilerin birincil toplumsal yarari o6zellikle
sahipsiz  hayvanlarin  nifus  kontrolidir.  Pediatrik
gonadektomi, biylk o6lgide nifus kontroli nedenleriyle
veteriner uygulamalarindan daha yaygin olarak insancil
kuruluslar aracihgiyla gerceklestirilmektedir.
Sahiplendirilmeden once yapilan gonadektomi,
sahiplendirilen hayvanlarin istenmeyen yavrularinin hayvan
barinaklari doldurmasini azaltmakta ve bu hayvanlarin
sahiplendirilme olasiliklarinin  artmasini  saglamaktadir
(Kustritz, 2014). Ayrica erken yasta gonedektomi icin gecerli
olan bircok medikal ve davranissal fayda bulunmaktadir.
Bunlar Tablo 5'te kisaca 6zetlenmektedir (RSPCA, 2010).
Geng hastalarda anatomik yapilar daha az gelistigi icin
operasyon daha hizli ve kolaydir. Ensize edilen daha az yag ve
diger dokular oldugu igin vyaratilan doku travmasi da
kiicuktlr. Genellikle cerrahi ensizyon bolgesi daha kiiglktir
ve kanama ya yoktur ya da minimaldir. Hayvanlarin ameliyat
icin hazirlanmasi daha az zaman alir, bu da genel anestezi
altinda daha az zaman anlamina gelir. Anesteziden uyanma
ve yara iyilesme siiresi 5nemli 6lgtide kisadir. Hem operasyon
ve hem de anestezi siirelerin anlamli derecede kisa olmasi
nedeniyle ameliyat sirasinda komplikasyon insidensi de
disiktir. Ayrica geng hastalarda nispeten ¢ok daha distk
dozdaki anestezik ajanlarla istenen anestezi saglanabildigi
icin anestezi maliyeti de daha az olmaktadir (RPSCA, 2010).
Ayrica pubertas 6ncesinde yapilan gonadektomilerin genel
olarak kabul edilen yukarida saydiklarimiza ek bazi
avantajlari  da  bulunmaktadir. Pubertasa ulagsmamig
hayvanlara uygulanan gonadektomi, ilk &strus siklusunda
daha cok disi kedilerde gebelikle ilgili tim riskleri tamamen
ortadan kaldirir. Disi hastalar gonadektomi sirasinda kesin
olarak gebe ya da Ostrusta olamayacagindan yapilan
operasyon ¢ok daha basit bir islem haline gelir. Pubertas
oncesi yapilan gonadektomi, disi kedi ve kdpeklerde malign
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Tablo 5. Genel olarak gonadektominin medikal ve davranigsal faydalari (RSPCA, 2010).

Tiir Fayda

Erkek Képek e Prostatit’in 6nlenmesi

e Bening prostat hiperplazisinin 6nlenmesi

o Disi kopekleri bulmak igin dolasmanin/dolasmaya ilginin azalmasi

o Testisler ve aniste gorllen belirli hernia ve tiimor turlerinin dnlenmesi
o istenmeyen tirmanma hareketinin azaltiimasi

o Diger erkek kopeklere yonelik saldirgan davranislarin azaltiimasi

o [drarla isaretlemenin azaltiimasi

Disi Kopek

e Meme timorinin 6nlenmesi (6zellikle ilk Gstrustan 6nce yapildiginda)

e Piyometra ve ovaryum timoru gibi gesitli genital sistem hastaliklarinin onlenmesi

o istenmeyen gebeliklerin dnlenmesi
o Yalanci gebelik davraniglarinin 6nlenmesi

Erkek Kedi o Testis kanserinin 6nlenmesi

e Disi kedi bulmak icin dolasma/dolasmaya olan ilginin azalmasi: bu esnasinda olusabilecek

istenmeyen durumlarin 6nlenmesi

e Diger erkek kedilerle kavganin azalmasi: kavga yaralanmalari ve Feline Immunodeficiency Virus
(FIV) gibi kavga sirasinda bulasabilecek hastalik riskinin azalmasi

e idrarla isaretlemede (piiskiirtme) azalma

o Saldirganlikta azalma
e insanlara karsi sevgi artisi
o Tirler arasi saldirganhkta azalma

Disi Kedi e Meme tiimorinin onlenmesi

e Ovaryum tiimori genital sistem hastaliklarinin dnlenmesi
¢ istenmeyen/plansiz gebeliklerin 6nlenmesi
o Huzursuzluk ve yiksek sesle uluma benzeri ses ¢ikartma gibi rahatsiz edici “Ostrus” davraniglarinin

onlenmesi
e insanlara karsi sevgi artisi
o Tirler arasi saldirganhkta azalma

meme timori insidansini 6nemli 6lglide azaltir (RPSCA,
2010). Ozellikle 5.5 aydan daha erken bir zamanda yapilan
gonadektomilerin kedilerde saldirganlik, cinsel davranislar,
idrar puskirtme ve hiperaktivitede azalma (Spain ve ark.,
2004a), kopeklerde ise ayrilik ankisiyetesi, kagma
davranislari, korku durumunda azalma (Spain ve ark., 2004b)
gibi davranissal faydalari oldugu da dustnilmektedir.

4. Prepubertal Gonadektominin Olasi Riskleri

Bircok arastirmaci, pediatrik kisirlastirmayla ilgili
endiselerini dile getirmislerdir. Endiseler, potansiyel uzun
vadeli fizyolojik etkilere veya anestezik riske odaklanmistir.

4.1. Anestezi ve cerrahi

Guvenli erken dénem gonadektomi; pediatrik anestezi
ve cerrahide uygun egitim gerektirir ve kullanilan
preoperatif, operatif ve postoperatif protokollerin
saglanabilmesi icin uygun kaynaklara ve ekipmana erisime
dayanir. Bu onlemlerin mevcut olmasi kosuluyla, erken
donem  gonadektomilerde  anestezi komplikasyonu
insidansinin geleneksel yas gonadektomininkine benzer
oldugunu gorilmektedir (Bushby ve Griffin, 2011; Howe,
1997; Howe, 2006; Looney ve ark., 2008; RPSCA, 2010).

4.2. Obezite

Obezite birgok faktorin etkiledigi bir sorundur (Bushby
ve Griffin, 2011). Diyet, egzersiz ve genetik gibi birgcok durum
obeziteye sebep oldugu igin kisirlastirmanin obezite Gizerinde
etkisini tam olarak kesinlestirmek mimkiin degildir (Yates ve
Leedham, 2019). Bu nedenle, bu noktada, veteriner hekimin
uygun bir viicut kondisyonunun korunmasini saglamak igin
uygun bir diyet ve yeterli egzersiz firsatlarini saglamanin

o6nemini hasta sahiplerine iyi anlatmasi gerekmektedir (Rowe
ve ark., 2017).

4.3. Yetersiz Gelisim (Blyiime)

ilk olarak akla gelen yetersiz gelisim endisesinin yanhs
oldugu kanitlanmistir (Bushby ve Griffin, 2011). Hormonal
etkinin ortadan kalkmasi aslinda biyime plaklarinin geg
kapanmasina neden olmaktadir. Bu nedenle pediatrik
kisirlastirma uygulanan kopeklerin uzun kemikleri, 6 ayliktan
sonra kisirlastirilan hayvanlara gore biraz daha uzundur;
bliyume orantisiz degildir ve biylume egrisi aynidir (Salmeri
ve ark., 1991). Ancak yapilan bazi retrospektif calismalar bazi
kopek irklarinda (Golden Retrievers, Labrador vs) pubertas
oncesi yapilan gonadektomilerin her ikisi de agirlikli olarak
blylk cins kopeklerde gorilen kalga displazisi ve kraniyal
¢apraz bag hastaliklarinin (yirtilma ve yaralanma) gelisimi igin
mevcut riskleri 1.5 ila 2 kat artiran bir faktor olabilecegini
bildirmektedir. Bu nedenle 0&zellikle bu tiir hastaliklara
yatkinliklari oldugu bilinen buyuk ve dev irk képeklerde
gonadektomilerin ~ blylime  plaklarinin ~ kapanmasini
bekledikten sonra yapilmasinin bu tir olasi ortopedik riskleri
en aza indirdigi belirtilmektedir (De La Riva ve ark., 2013; Van
Hagen ve ark., 2005).

4.4. Disi Hayvanlarda Vaginitis ve Perivulvar Dermatitis

Prepubertal kedi ve kopeklerde vaginitis riski yetiskin
hayvanlarla benzer bulunmustur (Bushby ve Griffin, 2011).
Ozellikle disi kdpeklerde goriilen perivulvar dermatitisin
insidansinin ise ovaryohisterektomi ile iliskisi olsa da
kisirlastirma yast ile iliskili oldugu diisinilmemektedir. Ancak
ozellikle obezitenin perivulvar dermatitisleri daha da
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kotilestirdigi bilinen bir gercgektir (Salmeri ve ark., 1991;
Spain ve ark., 2004a; Spain ve ark., 2004b).

4.5, Kedilerde Uriner Tikanikliklar

Pediatrik  kastrasyonun erkek kedilerde penis
Gretrasinin  g¢apini  azaltacagi ve dolayisiyla driner
obstriksiyona yol agacagl diusinlilmustir. Ancak yapilan
calismalar erkeklerde kisirlastirma yasinin Gretranin gapini
etkilemedigini gostermektedir (Bushby ve Griffin, 2011; Root
ve ark., 1996).

4.6.Uriner inkontinens

Kiguk hayvan hekimliginde yaygin olarak karsilasilan bir
problem olan driner inkontinens, konjenital anatomik
anormallikler, idrar retensiyonu ve tasma inkontinansi veya
ozellikle ostrojen eksikligi ile sekillenebilen sfinkter
yetersizliginden kaynaklanabilir. Uriner inkontinensin ne
zaman basladigl ve bir kopegin mesanesini bosaltma
yetenegi, altta yatan nedeni belirlemede 6nemlidir. Davranis
degisiklikleri de idrar kagirmada dénemli faktérlerdir. Uriner
sfinkter mekanizmasindaki yetersizlige bagh Uriner
inkontinens ozellikle viicut agihgr 15 kg'in Gzerinde olan
irklarda (Old English Sheepdog, Doberman Pinscher, Boxer,
German Shepherd ve Weimeraner) daha fazla gérilmekte ve
yapilan gonadektomiler de insidansi artirmaktadir (Howe,
2015; Byron, 2018).

4.7. Neoplazik Hastaliklar

Yapilan retrospektif calismalarda kisirlastirilan erkek ve
disi kopeklerde bazi neoplazi tirlerinin (osteosarkoma,
hemanjiosarkoma, lenfoma, transisyonel hiicre karsinomasi,
prostatik tliimorler ve mast hiicre timoérleri) daha yaygin
oldugu bildirilmektedir (Cooley ve ark., 2002; Cornell ve ark.,
2000). Ancak yapilan gonadektomilerin neoplazi gelisme riski
Uzerindeki etkisi dusliniildigliinde dikkate alinmasi gereken
cok sayida faktor vardir. Belirli bir hastaligin morbidite ve
mortalitesini ve bu hastaligin popiilasyondaki prevalansini,
hayvanin cinsiyeti, yasi, cinsi ve ¢evresi ile baglantili olarak
dikkatlice degerlendirmek 6nemlidir. Belirli neoplazi
tiplerinin daha yuksek insidansinin ise kisirlastiriimis
hayvanlarda kismen daha uzun yasam siliresine
atfedilebilecegi de dikkate alinmalidir (Yates ve Leedham,
2019).

Sonug

Geng hastalarda anestezi ve cerrahi islemin siiresinin
daha az ve komplikasyon risklerinin de daha diistik olmasi ve
ozellikle istenmeyen gebelikler, meme tlimori, piyometra,
bening prostat hipertrofisi gibi bircok reprodiktif durumun
engellenmesi ve tabi ki veteriner hekimler i¢in teknigin daha
kolay ve islemin maliyetinin daha disik olmasi kedi ve
kopeklerde  daha erken vyasta  gonadektomilerin
uygulanmasini  artirmistir.  Genel olarak, standart
asilamalardan iki ila Gi¢ hafta sonra, yavrular 4 veya 5 aylikken
yapilan girisimler, hayvanlarin pubertas oncesi
kisirlastirilmalarini  saglarken asilama vyoluyla bagisikhk
gelistirmeleri icin de zaman tanimaktadir. Ozellikle de
Gilkemizde giderek artan ve toplumsal bir sorun haline de
gelen sokak hayvani popilasyonunun gercekten kontrol
altina alinmasinda pubertas 6ncesi yapilan gonadektomilerin
cok biyik katki saglayabilecegi diistinilmektedir.

Cikar ¢catismasi

Yazarlar bu yazi icin gercek, potansiyel veya algilanan
cikar catismasi olmadigini beyan etmislerdir.

Benzerlik Orani

Makalenin benzerlik oraninin sisteme yliklenen raporda
belirtildigi gibi % 1 oldugunu beyan ederiz.
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HARRAN UNIiVERSITESI VETERINER FAKULTESiI DERGISi YAYIN KURALLARI *

1- Harran Universitesi Veteriner Fakiiltesi Dergisi (Harran Univ Vet Fak Derg), zellikle Veteriner
Hekimligi bilim alani ile ilgili olmak lizere insan ve hayvan saghgini kapsayan Tiirkce ve ingilizce olarak
hazirlanmis orijinal klinik ve deneysel arastirmalar, olgu sunumlari, derlemeler (¢cagrih veya sorumlu
yazara ait derleme konusu ile ilgili en az 3 arastirma makalesinin referans listesinde olmasi gereklidir),
kisa bilimsel makale ve editére mektuplar yayinlayan hakemli bir dergidir. Dergide ingilizce
hazirlanmis makalelerin yayimlanmasina dncelik verilir. Dergi 6 ayda bir, yilda 2 sayi olarak yayinlanir.
Yayinlanan makalelerden (lcret alinmamaktadir.

2- Dergiye kabul edilen yayinlar baska bir yerde yayinlanmamis olmalidir. Es zamanl olarak
incelenmek Uzere baska dergilere génderilmis olmamalidir. Yayinlanan makalelerden dogacak her
tarlh hukuki ve cezai sorumluluk yazarlara aittir. Yazarlara yayin hakki bedeli 6denmez. Gonderilen
makaleler ve ekleri makale yayinlansin veya yayinlanmasin geri iade edilmez.

3- Daha 6nce kongrelerde teblig edilmis ve 6zeti yayimlanmis ¢alismalar, bu durum kapak sayfasinda
belirtiimek Gzere kabul edilir. Bununla birlikte yayin, tezden Uretilmis ise ve destekleyen kurulus var
ise yayinda belirtilmelidir.

4- Dergi Editorliglne ulasan makale, dergi editérligiince 6n degerlendirmeye tabi tutulur. Editorlik,
on degerlendirme sonucuna gére makaleyi reddetme veya hakem degerlendirmesine tabi tutmadan
once dizeltme isteme hakkina sahiptir.

5- Makaleler degerlendirme icin en az iki hakeme gonderilir. Makale kabul siirecinde, iki hakemin
gorislerinin farkh olmasi durumunda editor, Uglincl bir hakemin veya danisma kurulunun gorisini
alarak karar verir.

6- Harran Universitesi Veteriner Fakiiltesi Dergisi, etik ilkelere saygi cercevesinde, TUBITAK ULAKBIM
tarafindan Turkiye'de tim dniversitelerin kullanimina agmis oldugu "ithenticate" intihal tespit
programi araciligiyla génderilen tim makale, olgu sunumu ve derlemelerin 6n degerlendirmesinin
yapilmasi ve sonuglarin gonderilmesi gerekmektedir. Bu 6n degerlendirme sonuglarina gére, makale,
olgu sunumu veya derlemelerin baska kaynaklarla benzerlik oraninin %15’i (6zet, abstract ve
kaynaklar hari¢) asmamasi gerekmektedir. ‘"ithenticate" programi araciligi ile yapilacak
ondegerlendirmede benzerlik oraninin %15 degerini asmasi durumunda yayimlanmak (zere
dergimize gonderilen makale, olgu sunumu veya derlemeler degerlendiriimeye alinmayacaktir.

7- Gonderilen herhangi bir makalenin (tiim makale kategorileri igin) referanslarinin en az % 20'sinin
son bes yilda yayinlanan referanslari icermesi gerekir. Anonim kaynaklar asgari dlizeyde tutulmalidir.

8- Makale yayina kabul edildigi takdirde her tirli yayin hakkinin devredildigine dair beyanlari
kapsayan Telif Hakki Devir Sozlesmesinin tim vyazarlar tarafindan imzalanarak basimdan &nce
elektronik olarak dergi editorliigine gonderilmesi gerekmektedir. Telif Hakki Devir Sozlesmesi
gonderilmeyen makaleler yayimlamaya kabul edilmis olsalar bile basiimazlar.

9- Harran Universitesi Veteriner Fakiiltesi Dergisi'ne gonderilecek makale, olgu sunumu, derleme vb.
calismalar, https://dergipark.org.tr/tr/pub/huvfd adresinden gonderildiginde degerlendirme siirecine
alinmaktadir.

10- Harran Universitesi Veteriner Fakiiltesi Dergisi'ne génderilecek makale, olgu sunumu, derleme vb.

¢alismalar MS Word formatinda, tim fotograflar (resimler) en az 300 dpi ¢ozlnrlikte, TIFF veya
JPEG formatinda kaydedilmis olmalidir.


https://dergipark.org.tr/tr/pub/huvfd

YAZIM KURALLARI

Yazilar, MS Word formatinda, Times New Roman yaz tipinde, 12 punto, cift satir aralikh ve her
kenardan 2.5 cm bosluk birakilarak hazirlanmalidir. Makaleye satir numaralari (makalenin 2.
sayfasindan baslamak Uzere siirekli olacak sekilde) eklenmelidir. Bu sekildeki yazilar, sekil ve tablolar
dahil olmak Uzere orijinal bilimsel arastirmalar ve derlemelerde 15, kisa bilimsel makale ve olgu
sunumlarinda 5 sayfayl gegmemelidir.

Birimler ve 6lctler icin Uluslararasi Standart birimleri (SI-sistem) kullaniimalidir.

Arastirma Makaleleri: Orijinal arastirma makaleleri asagidaki ana konu siralamasina gore dizilmelidir:
Baslik, Yazar adlari (Sorumlu yazar (*) ile isaretlenmeli), Yazar adresleri, Yazar ORCID numaralari, Ozet
ve Anahtar kelimeler (3 - 6 kelime), ingilizce baslik, Abstract ve Keywords ile Giris, Materyal ve Metot,
Bulgular, Tartisma ve Sonug, Tesekkiir veya Bilgilendirme ile Kaynaklar. Her bir Tablo ve Sekil ayri
sayfalarda yer almalidir.

YAZIM DUZENI

Ozet: Orijinal arastirma makalelerinde 250, diger makale tiirlerinde 200 kelimeyi gecmeyecek sekilde
hazirlanmalidir.

Anahtar Kelimeler: En fazla 6 tane olmak Uzere her iki dildeki 6zetin altinda alfabetik sirayla
verilmelidir. Anahtar kelimeler, Tlrkiye Bilim Terimleri arasindan segilmelidir. Anahtar kelimelerin
seciminde Turkiye Bilim Terimleri internet adresinden (http://www.bilimterimleri.com)
yararlanilmahdir.

Giris: Sonuglarin anlasilabilmesi ve yorumlanabilmesi icin o konu ile ilgili yapilmis olan ¢alismalar
hakkinda bilgilere yer verilmelidir. Giris'te ¢alismanin hipotezi belirtilmelidir. Calismanin amaci bu
bollimin en sonunda acik olarak yazilmahdir.

Materyal ve Metot: Bu bélimde deneysel calismalar diger arastirmacilar tarafindan tekrarlanabilecek
yeterlilikteki detayi ile verilmelidir. Uluslararasi indeksli dergilerde yayinlanmis bir makalede
actklanan bir teknik kullanildiginda, metodun ¢ok kisa agiklanmasi ve ilgili orijinal makaleye atif
yapilmasi gereklidir. Makalede etik kurul izini ve/veya yasal/6zel izin alinmasinin gerekip gerekmedigi
bu béliimde belirtilmelidir. Materyal olarak hayvan kullanilan orijinal arastirma makalelerinde (klinik,
deneysel, saha calismalari vb.); etik kurul onayi alinmis olmalidir. Etik kurul onay/izin belgesinin
“alindig etik kurulun ismini, sayisini ve tarihini” iceren agiklayici bilgiler materyal ve metot bélimiine
yazilmahdir. Yayin kurulu etik kurul onay belgesini isteme hakkina sahiptir.

Bulgular: Arastirma bulgulari agik ve anlagilabilir sekilde verilmelidir. Bulgular, gerektiginde tablo ve
sekillerle desteklenmeli ve kisa olarak sunulmalidir.

Tartisma ve Sonug: Bulgular gereksiz ayrintiya girmeden literatirler 1siginda tartisilmali ve bulgularin
onemi vurgulanmalidir. Sonug ya da 6neri ciimlesi ile bitirilmelidir.

Tegekkiir: Calisma veya makaleye kisisel katki ve parasal destek burada belirtilmelidir.


http://www.bilimterimleri.com/
http://www.bilimterimleri.com/

Derleme: Derginin yayin alanlarindaki konularda yenilikleri iceren, glincel kaynaklardan yararlanilarak
hazirlanmis makaleler olup, yazarlarin konu ile dogrudan iliskili en az 3 adet ¢alismalarinin olmasi ve
bunlarin derleme icinde kullanilmasi durumunda yayinlanmak Gzere kabul edilebilecektir. Sorumlu
yazar, derlemesini gonderirken konu ile ilgili makalelerinin de kiinye bilgilerini dergi editorligiine
gondermelidir (makale kiinyeleri, makale metninin en son sayfasinda sunulmalidir). Harran
Universitesi Veteriner Fakdiltesi Dergisi’/nde degerlendirmeye alinan ve yayinlanan derlemeler ¢agril
derlemelerden olusmaktadir. Derlemelerde; Ozet, Giris, Sonuc ve Kaynaklar béliimleri bulunmalidir.

Olgu Sunumu: Yazarlarin, karsilastiklari yeni veya ender gozlemlenen olgularin ele alindigi, bilimsel
degere sahip bilgileri iceren eserlerdir. En fazla 15 kaynak kullanilmal ve bu kaynaklarin giincel
olmasina 6zen gosterilmelidir. Olgu sunumlari; Ozet, Giris, Olgu tanimi, Tartisma ve Sonug ile
Kaynaklar bolimlerinden olusmalidir.

Kisa Bilimsel Makale: Kisa bilimsel makalelerde dar kapsamli olarak ele alinmis, yeni bilgi ve bulgular
sunulmalidir. Arastirma makalesi formatinda hazirlanmali ve en fazla 5 sayfa olmaldir. En fazla 2
tablo veya sekil icermelidir.

Kaynaklar

Metin icinde atif yapilirken;

1. Yazar veya yazarlarin soyadindan sonra parantez icinde kaynagin yayin yili belirtilmelidir;
Adams (1998) tarafindan; Wilkie ve Whittaker (1997) tarafindan; Doyle ve ark. (2007)
tarafindan....

2. Cumlenin sonunda atif yapildiginda ise yazar ismi ve yayin yili parantez icinde belirtilmelidir;
... bildirilmistir (Adams, 1998); .... bildirilmistir (Wilkie ve Whittaker, 1997); ..... bildirilmistir
(Doyle ve ark., 2007).

3. Birden ¢ok kaynaga atif yapilmasi durumunda once alfabetik sonra kronolojik siralama
yaptimalidir;

.... bildirilmistir (Adams, 1998; Adams, 2008; Doyle ve ark., 2007; Wilkie ve Whittaker, 2006).

4. Ayniyazarin ayni yil yayinlari s6z konusu ise her biri “a” harfinden baslayarak kiictk harflerle
isaretlenmelidir;

.... (Adams, 2005a; Adams, 2005b;...).

Kaynak listesi asagidaki sekilde hazirlanmalidir:

1. Kaynak listesi yazar soyadina gore alfabetik olarak siralanmalidir.

2. Kaynaklarda yer alacak dergi adlari ISI web of Science’a gore kisaltilmali ve italik yazilmahdir.
3. Kaynaklarin yazin sekli asagidaki sekilde olmalidir.

Makale; Sullivan JC, Sasser JM, Pollock JS, 2007: Sexual dimorphism in oxidant status in
spontaneously hypertensive rats. Am J Phsiol Integr Comp Physiol, 292 (1), 64-68.

Kitap; Cadenas E, Packer L, 2001: Handbook of Antioxidants. 2nd ed., Marcel Dekker Inc., New York,
USA.

Kitaptan bir boliim: Bahk J, Marth EH (1990). Listeriosis and Listeria monocytogenes In: Foodborne
Diseases, Cliver DO (Ed), 248-256, Academic Press, San Diego. Web sayfasi: Anonim (1)
http://www.emea.europa.eu, Erisim tarihi; 01.04.2010.



Tez: Er A, 2009: Makrolid grubu antibiyotiklerin endotoksemide sitokin diizeylerine etkisi. Doktora
tezi, SU Saglik Bilimleri Enstitiisii, Konya.

Bilimsel toplantida sunulan bildiri: Allen WR, Wilsher S, Morris L, Crowhurst JS, Hillyer MH, Neal HN,
2006: Re-establishment of oviducal patency and fertility in infertile mares. In: Proceedings of the
Ninth International Symposium on Equine Reproduction, Kerkrade, Holland, pp. 27-28.

Tablo ve Sekiller: Her bir tablo ve sekil ayri sayfalara yerlestirilmelidir. Kullanim sirasina gore
numaralandirilmali, kisa basliklarla ifade edilmeli ve metin iginde tablo numarasi verilerek atifta
bulunulmalidir. Tablo basliklari makalenin yazim dilinde tablonun {ist bolimtine yazilmalidir. Tabloda
kullanilan kisaltmalar ve gerekli agiklamalar tablo altinda verilmelidir. Sekil bashklari makalenin yazim
dilinde seklin alt bolimiine yazilmahdir.



10

HARRAN UNIVERSITY VETERINARY FACULTY JOURNAL PUBLICATION RULES *

Journal of Harran University Veterinary Faculty is a refereed journal that publishes original
clinical and experimental research in Turkish and English, covering human and animal health,
especially in the field of Veterinary Science, case reports, reviews (at least 3 on the subject of
compilation of the invited or responsible author) the research paper must be on the reference
list), short scientific articles and letters to the editor. Publishing articles in English is given
priority in the journal. The journal is published electronically every 6 months and 2 issues a
year. There are no fees for published articles.

Publications accepted to the journal should not have been published elsewhere. It should not
have been submitted to other journals for review simultaneously. All legal and criminal liability
arising from the published articles belong to the authors. Authors are not paid the right to
publish. Submitted articles and their attachments are not returned, whether the article is
published or not.

The works that have been previously communicated in congresses and published with a
summary are accepted to be stated on the cover page. However, if the publication is produced
from the thesis and there is a supporting organization, it should be stated in the publication.
The article that reaches the Journal Editor is subjected to preliminary evaluation by the journal
editor. Editing has the right to reject the article according to the preliminary evaluation result
or to request correction before subjection to the reviewer.

Articles are sent to at least two referees for evaluation. In the article acceptance process, if
the opinions of the two referees differ, the editor decides by taking the opinion of a third
referee or advisory board.

TUBITAK ULAKBIM respect for ethical principles, which opened to the use of all universities in
Turkey "iThenticate" sent through plagiarism detection program, the whole article, must be
made of the case report and review of the preliminary assessment and the delivery of results.
According to these preliminary evaluation results, the similarity rate of articles, case reports
or reviews with other references should not exceed 15% (excluding abstract, abstract and
references). Articles, case reports or reviews sent to our journal for publication will not be
evaluated if the similarity rate exceeds 15% in the evaluation made through the "ithenticate"
program.

At least 20% of references to any submitted article (for all article categories) must include
references published in the last five years. Anonymous references should be kept to a
minimum.

If the article is accepted for publication, the Copyright Transfer Agreement, which includes the
declaration that any right of publication has been transferred, must be signed by all authors
and sent to the journal editor before printing. Articles without Copyright Transfer Agreement
are not published even if they are accepted to publish.

An article, case report, review etc. to be sent to Harran University Veterinary Faculty Journal.
When the works are sent to https://dergipark.org.tr/tr/pub/huvfd, they are taken into the
evaluation process.

An article, case report, review etc. to be sent to Harran University Veterinary Faculty Journal.
Works must be saved in MS Word format, all photographs (pictures) at least 300 dpi resolution,
in TIFF or JPEG format.




WRITING RULES

Manuscripts should be prepared in MS Word format, Times New Roman font, with 12 font size,
double line spacing and 2.5 cm space on each side. Line numbers (continually starting from page 2
of the article) should be added to the article. Articles of this type should not exceed 15 pages in
original scientific research and reviews, including figures and tables, and 5 pages in short scientific
articles and case reports.

International Standard Units (SI-system) should be used for units and dimensions.

Research Articles: Original research articles should be arranged in the order of the following main
topics: Title, Author names (must be marked with the responsible author (*)), Author addresses,
Author ORCID numbers, Abstract and Keywords (3 - 6 words), English title, Abstract and
Introduction to Keywords, Material and Method, Results, Discussion and Conclusion, Thanks or
Information and References. Each Table and Figure should be on separate pages.

STYLE AND FORMAT

Abstract: It should be prepared not to exceed 250 words in original research articles and 200 words
in other types of articles.

Keywords: It should be given in alphabetical order below the summary in both languages,
maximum 6. Keywords should be selected from Turkey Science Terms. Turkey Science Terms in the
selection of keywords from the internet address ( ) should be
utilized.

Introduction: In order for the results to be understood and interpreted, information about the
studies done on that subject should be included. In the introduction, the hypothesis of the study
should be specified. The purpose of the study should be clearly written at the end of this section.

Material and Method: Experimental studies should be given in this section with sufficient detail
that can be repeated by other researchers. When using a technique described in an article
published in international indexed journals, it is necessary to describe the method very briefly and
to cite the relevant original article. In the article, it should be stated in this section whether the
ethical committee permission and / or legal / special permission should be obtained. In original
research articles using animals as materials (clinical, experimental, field studies, etc.); ethics
committee approval must have been obtained. Explanatory information including the name,
number and date of the ethics committee's ethics committee approval / permit document should
be written in the material and method section. The editorial board has the right to request the
ethics committee approval document.

Results: Research findings should be given clearly and understandably. Findings should be
supported with tables and figures when necessary and presented briefly.

Discussion and Conclusion: Findings should be discussed in the light of the literature before going
into unnecessary detail and the importance of the findings should be emphasized. It should be
finished with a conclusion or suggestion sentence.

Acknowledgment: Personal contribution and monetary support to the study or article should be
stated here.



Compilation: These are articles that contain innovations on the subjects of the journal's
publications and are prepared by using current references. If the authors have at least 3 works
directly related to the subject and they can be accepted for publication. When submitting his
review, the responsible author should send the imprint information of the articles related to the
subject to the editor of the journal (article tags must be presented on the last page of the article
text). Reviews compiled and published in Harran University Veterinary Faculty Journal are invited
reviews. in the compilation; Summary, Introduction, Conclusion and References sections should
be available.

Case Report: These are the works that contain information of scientific value that the authors
discuss the new or rare cases that they encounter. Maximum 15 references should be used and
care should be taken to keep these references up to date. Case reports; It should consist of
Summary, Introduction, Case description, Discussion and Conclusion and References sections.

Short Scientific Article: In short scientific articles, it should be handled narrowly and new
information and findings should be presented. It should be prepared in the form of a research
paper and should not exceed 5 pages. Must contain no more than 2 tables or figures.

References:
While citing in the text;

1. The publication year of the reference should be specified in parentheses after the surname of
the author or authors; By Adams (1998); By Wilkie and Whittaker (1997); Doyle et al. (2007) by....

2. When cited at the end of the sentence, the name of the author and the year of publication must
be indicated in parentheses; ... have been reported (Adams, 1998); .... has been reported (Wilkie
and Whittaker, 1997); ..... has been reported (Doyle et al., 2007).

3. In case of reference to more than one reference, first alphabetical and chronological order
should be done;

.... reported (Adams, 1998; Adams, 2008; Doyle et al., 2007; Wilkie & Whittaker, 2006).

4. If the same author has publications in the same year, each should be marked in lowercase
letters, starting with the letter "a";

.... (Adams, 2005a; Adams, 2005b;...).
The list of references should be prepared as follows:
1. Reference list should be listed alphabetically by author surname.

2. The names of the journals in the references should be shortened according to the ISI web of
Science and should be written in italics.

3. Type of references should be as follows.

Journal article; Sullivan JC, Sasser JM, Pollock JS, 2007: Sexual dimorphism in oxidant status in
spontaneously hypertensive rats. Am J Phsiol Integr Comp Physiol, 292 (1), 64-68.

Book; Cadenas E, Packer L, 2001: Handbook of Antioxidants. 2nd ed., Marcel Dekker Inc., New York,
USA.



Chapter in a book: Bahk J, Marth EH (1990). Listeriosis and Listeria monocytogenes In: Foodborne
Diseases, Cliver DO (Ed), 248-256, Academic Press, San Diego. Web page: Anonymous (1)
http://www.emea.europa.eu, Access date; 01.04.2010.

Thesis: Er A, 2009: Effect of macrolide antibiotics on cytokine levels in endotoxemia. PhD thesis,
SU Health Sciences Institute, Konya.

Paper presented at the scientific meeting: Allen WR, Wilsher S, Morris L, Crowhurst JS, Hillyer MH,
Neal HN, 2006: Re-establishment of oviducal patency and fertility in infertile mares. In:
Proceedings of the Ninth International Symposium on Equine Reproduction, Kerkrade, Holland, pp.
27-28.

Tables and Figures: Each table and figure should be placed on separate pages. It should be
numbered according to the order of use, expressed in short titles, and should be cited by giving
the table number in the text. Table titles should be written in the writing language of the article in
the upper part of the table. Abbreviations and necessary explanations used in the table should be
given under the table. Figure titles should be written at the bottom of the figure in the writing
language of the article.



HARRAN UNIVERSITESI VETERINER FAKULTESI DERGISI

TELIF HAKKI DEVIR FORMU

Harran Universitesi

Veteriner Fakiiltesi Dergisi Editorliigiine

Biz asagida adi, soyadi ve imzalari bulunan yazarlar, tarafimizdan yaziimis,

isimli makalenin icerigi, sonuglari ve yorumlari konusunda, Harran Universitesi Veteriner Fakiiltesi
Dergisi'nin hicbir sorumluluk tasimadigini kabul ederiz. Sundugumuz makalenin orijinal oldugunu,
herhangi bir baska dergiye yayinlanmak lizere gonderilmedigini, daha dnce yayinlanmadigini beyan
ederiz. Makalenin telif hakkindan feragat etmeyi kabul ederek sorumlulugu Gstlenir ve imza ederiz.
Makalenin telif hakki Harran Universitesi Veteriner Fakiiltesi Dergisi’ne devredilerek yayinlanmasi
konusunda yetkili kilinmustir.

Bununla birlikte yazarlarin asagidaki haklari sakhdir:

1. Telif Hakki disinda kalan patent v.b. bitiin tescil edilmis haklar.

2. Yazarin gelecekteki kitaplar ve dersler gibi ¢alismalarinda; makalenin tiimi ya da bir bélimini
Ucret 6demeksizin kullanma hakki.

3. Makaleyi ticari amaglarla kullanmamak kosulu ile cogaltma hakki.

Yazarin Adi ve Soyadi Tarih Imza

Sorumlu yazarin adi/yazisma adresi:

Telefon: ..cccveveccieeeieeeceeee, FaX: voeeeeieeeiiee e E-mail: e

(Makale basvurusu ile bu formu biitiin yazarlar tarafindan imzalanmis olarak “http://dergipark.qov.tr/huvfd” adresinden yiikleyiniz.)

Harran Universitesi Veteriner Fakiiltesi Dergisi Yayin Kurulu 63200 Sanhurfa
Tel: 0414 318 39 24, E-mail: harranvet@gmail.com
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COPYRIGHT TRANSFER FORM

We grant that Harran University Journal of the Faculty of Veterinary Medicine has no responsibility

fort he content, results and conclusions of the manuscript entitled,

We state that the submitted manuscript is original, has not been published or is not being considered
for publishing elsewhere. We grant to disclaim the copyright and sign this form by undertaking all
responsibility. Hereby Harran University Journal of the Faculty of Veterinary Medicine has been

authorized for publishing by transferring the copyright of the manuscript.

However the following rights of the author(s) are reserved:

1. All other rights such as patent right.

2. The rights for using the manuscript as a whole or a part in their future Works such as boks or
lecturers without paying any charge.

3. The rights for reproducing the manuscript for purpose other than commercial use.

Name and Surname of the Author ate Signature

Address of the Corresponding Author:

(Upload the form to “http.//dergipark.qov.tr/huvfd” after filling it.)

Harran Universitesi Veteriner Fakiiltesi Dergisi Yayin Kurulu 63200 Sanlurfa
Tel: 0414 318 39 24, E-mail: harranvet@gmail.com
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