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Ratlarda intrabdominal Adezyonlarin Uzerine Trombositten Zengin Plazma’nin EtKisi

Mustafa KOML*® jlyas AKAY'® Eren POLAT!® ilknur CALIK2
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Cerrahi alanindaki teknolojik gelismelere ragmen intraabdominal adezyonlar; kisirlik, abdominaopelvik agr1
ve bagirsak tikanikliklarinin en 6nemli nedenlerinden biridir. Bu ¢alismada; trombositten zengin plazma
(PRP)’nin intraabdominal adezyonlarin énlenmesindeki etkinliginin ortaya konulmasi amaclandi. Calismada
4 aylik 25 adet erkek Spraque Dawley 1rki rat kullanildi. Ratlar her grupta 10 rat olmak iizere iki esit gruba
ayrildi. Bes rat ise donor olarak kullanildi. Bu ratlardan elde edilen kanlardan RRP hazirlandi. Genel anestezi
altinda operasyonlar klasik cerrahi kurallar altinda iliosekal bolge acgiga ¢ikarildi ve 1 cm?’lik bir bolge
travmatize edildi. Birinci grup kontrol olarak degerlendirildi ve herhangi bir kimyasal uygulanmadi. ikinci
gruptaki ratlara PRP 0.4 ml dozunda lokal olarak uygulandi. Postoperatif 14. giinde relaparatomi yapildi.
Sonuclar makroskopik ve histopatolojik olarak degerlendirildi. PRP grubunun adezyon derecesi ve fibrozis
dereceleri kontrol grubu ile karsilastirildiginda istatistiksel olarak anlamli oldugu saptand: (p<0.05). PRP ve
kontrol gruplar: arasinda inflamasyon derecesi bakimindan anlamli bir farkin olmadig1 gézlendi (p>0.05).
Sonuc olarak, PRP’nin intraabdominal adezyonlari 6nlemede daha etkili oldugu saptandi.

Anahtar Kelimeler: intraabdominal adezyon, PRP, Sican.

ABSTRACT

Effect of Platelet Rich Plasma on Intraabdominal Adhesions in Rats

Despite the development of surgical technologies, intraabdominal adhesions are one of the most important
problems for infertility, abdominopelvic pain, and intestinal obstruction. This study was aimed the efficiency
of PRP (Platelet Rich Plasma) on preventing postoperative intraabdominal adhesions. In this study, 25 male
Sprak Dawley breed rats of 4 months old were used. They were divided into 2 groups equally. Five rats were
used as donor and obtained PRP. Following general anesthesia and under routine procedures, all groups were
traumatized 1 cm? area on the ileocecal region while group 1 was served as control with no chemical, the
group 2 was locally applied PRP. Relaparatomy was made on the 14 days after surgery The results were
evaluated macroscopically and histopathologically. Adhesion and fibrosis scores of PRP group were observed
to have significantly decreased compared to the control (p<0.05). There was no significant difference in
inflamation between the PRP and control groups (p>0.05). In conclusion, it was determined that PRP was
nore effective on the preventive of intraabdominal adhesions.

Keywords: Intraabdominal adhesion, PRP, Rat.

GiRiS

Zaman icerisinde gelisen cerrahi tekniklere ragmen
intraabdominal

vakalarin %60-94’iinde adezyon olusur fakat bu oranin
sadece %24-32’si klinik semptom gosterir. Bu oranlar
intraabdominal adezyonlarin ekonomik boyutunu

adezyonlar ~ hala en  Gnemli gostermesi bakimindan olduk¢a onemlidir (Boland ve

komplikasyonlardan biridir. Abdominal operasyonlari
takiben en c¢ok karsilasilan komplikasyonlar olan
intraabdominal adezyonlar bagirsak ve {retrada
tikanikliklara, karin agrilarina ve kadinlarda infertilitelere
neden olmaktadir. Giinimiizde postoperatif
intraabdominal adezyonlarin  olusumunu 6nlemek
amaciyla yaygin olarak uygulanan laparoskopik cerrahiye
ragmen basta bati ilkelerinde olmak iizere bagirsak
tikaniklig1 olgularinin en dnemli sebebi intraabdominal
adezyonlardir.  Abdominal operasyonlar1  takiben

Weigel 2006; Kamel 2010; Ward ve Panintch 2011;
Beyene ve ark. 2015; Tang ve ark. 2020; Ghobrial ve ark.
2023).

intraabdominal adezyonlarin say1 ve derecesinin
azaltilmas1 i¢in yapilmasi gerekenler; minimal cerrahi
teknigin  uygulanmasi, dokularin mekanik olarak
ayrilmas1 ve adezyon olusumunu Onleyici ilaglarin
kullanilmas seklinde ¢ baslikta toplanmaktadir (Boland
ve Weigel 2006; Trew 2006; Arung ve ark. 2011;

= *Corresponding author: mkom@firat.edu.tr
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Schniiriger ve ark. 2011; Ward ve Panintch 2011; Beyene
ve ark. 2015; De Pascale ve ark. 2015; Kéom 2015).
Giinlimiizde, trombositlerin sadece basit bir hemostaz
gorevi ile kalmayip baska bir¢ok fonksiyonlara sahip
oldugu bilinmektedir. Hiicre diferansiyasyonu saglayan
biiytime faktorlerini iceren trombositler; salindig1 zaman
hiicre mitozu, hasarli bélgeye diger hiicrelerin gd¢iiniin
saglamasi ve kollajen yapiminin artmasina neden olurlar.
PRP, 1990'li yillardan itibaren klinik spor hekimligi,
oftalmoloji, nérosirurji, tiroloji, kozmetik, ortopedi ve
maksillofasiyal cerrahi, dis hekimligi, plastik cerrahi,
beyin cerrahisi, ¢ene cerrahisi ve yumusak doku
cerrahisinde yaygin bir klinik kullanimi alanina sahiptir
(Fresno ve ark. 2010; Arnoczky ve Shebani-Rad 2013;
Marques ve ark. 2015; Alves ve Grimalt 2018; Abdullah ve
ark. 2019; Le ve ark. 2019; Zhang ve ark. 2019; Tang ve
ark. 2020; Akbarzadeh ve ark. 2021; Collins ve Alexander
2021; Nikolovska ve ark. 2021; Oneto ve Etulain 2021).

Bu c¢alismada; ratlarda intraabdominal adezyonlar
onlemesinde PRP’nin etkinliginin ortaya konulmasi
amaglandi.

MATERYAL VE METOT

Etik Onay ve Deneklerin Hazirlanmasi

Bu cahgmanin deneysel asamalari, Firat Universitesi
Hayvan Deneyleri Etik Kurulu’'nun 16/02/2022 tarih,
2022/03 oturum ve 6931 sayil onayr ile Firat
Universitesi Deneysel Arastirmalar Merkezi'nde (FUDAM)
gergeklestirildi. Tiim operasyonlar FUDAM kosullarinda
yapildl. Deneyde 4 aylik yasinda toplam 25 adet inbreed
Spraque Dawley ratlar1 kullanildi. Ratlar her grupta 10
adet olacak sekilde 2 gruba ayrildi. Kalan 5 rat ise donor
olarak PRP’ler elde edildi. Ratlar standart kafeslerde ve
oda sicakliginda muhafaza edildi.

Anestezi Protokolii

Genel anestezi icin 8 saat dncesinden ag birakilan ratlara
ilk 6nce 20 mg/kg xylazine hydrochloride (Basilazin® %2,
20 mg/ml, Bavet, istanbul) ve 5 dk. sonra 40 mg/kg
ketamine hydrochloride (Alfamine® %10, 100 mg/ml,
Alfasan, [zmir) intramuskiiler uygulandi.

PRP’nin Hazirlanmasi

Calismada elde edilen PRP‘ler Abdullah ve ark. (2019)
tanimladig1 kriterlere gore hazirlandi. Calismanin 2.
grubuna uygulanacak olan PRP’ler; genel anestezi
uygulanmis ratlardan intrakardiak olarak alinan
kanlardan elde edildi. {lk énce antikoagulantli tiiplere
alman kanlar 3000 rpm’de 10 dakika santrifiij edilerek
eritrositlerin tiiplin alt kisminda toplanmasi saglanarak
kan elemanlarina ayristirildi. Bu yoéntemle PRP ve
Trombositten Fakir Plazma (PPP), kirmizi kan
hiicrelerinden ayrilarak tiipiin en iist kisminda toplandi.
Ust kisimdaki plazma pipet yardimiyla alinarak bagska
steril tiiplere konuldu. fkinci asamada 4000 rpm 7
dakikalik ikinci kez santrifiij islemi yapildi. PRP ve
PPP’lerde ayristirildi. Farkl tiiplere alinarak operasyonda
kullanima hazir hale getirildi. Calismamizda PRP igin
herhangi bir aktivatér kullanilmadi. PRP’ler cerrahi islem
oncesi hazirlandigindan, operasyon siiresinde herhangi
bir uzama ve zaman kaybi yasanmadi.

Deney Gruplari ve Operasyon Teknigi

Anestezinin ardindan operasyon boélgesi tiras ve
dezenfekte edildi. Operasyon masasina sirtiistii yatirilan
ratlarda median hat boyunca 2 cm’lik bir laparatomi

02

yapilarak iliosekal bélge aciga cikarildi. {liosekal bolgede
1x1 cm’lik bir alan dis fir¢as1 ile noktasal kanamalar
goriiliinceye kadar travmatize edildi (Ké6m 2013).

Kontrol grubuna (1. grup) travmatize edilen alana
herhangi bir medikal tedavi uygulanmadi. PRP
grubundaki (2. grup) ratlara operasyondan Onceden
hazirlanan PRP’ler 0.4 cc dozunda travmatize edilen
bolgeye lokal olarak verildi.

Daha sonra bagirsaklar anatomik pozisyonuna uygun
olarak karin bosluguna yerlestirildi. Karin kaslar1 4/0
polyglactin 910 (Vicryl, Ethicon, istanbul) ile siirekli
dikislerle, deri ise 3/0 polyglactin 910 (Vicryl, Ethicon,
Istanbul) ile basit ayr1 dikisler kapatildi. ~ Deney
sonrasinda tiim ratlara 0.1mg/100g seftiofur hidroklorid
(50 mg/ml, Ceftipure, Alke ilag, Istanbul) antibiyotik ve
500 mg/kg meloksikam (5 mg/1ml, Bavet Meloksikam,
Istanbul) analjezik tek doz olarak uygulandi. Tiim cerrahi
operasyonlar ayni kisi tarafindan cerrahi teknigine uygun
olarak yapildi.

Deneyin Sonlandirilmasi

Ratlar postoperatif 14. giinde CO2 solutarak dtenazi edildi.
Ratlar, her iki kosta yaylarinin alt kismindan ters U
insizyonu ile karin boslugu ortaya ¢ikarildi. Makroskopik
degerlendirmeler, gruplar hakkinda bilgisi olmayan bir
baska hekim tarafindan yapildi.

Makroskopik Degerlendirmeler

Karin  boslugunda meydana gelen adezyonlarin
makroskobik degerlendirmeleri Nair ve ark. (1974)
tarafindan belirlenen derecelendirme kriterleri dikkate
aliarak yapildi (Tablo 1).

Histopatolojik Degerlendirmeler

Makroskopik sonuglar kaydedildikten sonra alinan doku
ornekleri histopatolojik degerlendirmelerin yapilmasi
amaciyla Firat Universitesi Tip Fakiiltesi Patoloji Anabilim
Dal'na gonderildi. Alinan doku ornekleri %10’luk
formaldehitte tespit edildikten sonra parafin bloklara
yerlestirildi. Doku o6rnekleri 3-5 mikron kalinlikta
kesildikten sonra kesitler Hematoksilen & Eozin (HE) ve
Masson’s Trichrome (MT) boyalar1 ile boyanarak,
Histopatolojik  yonden fibrozis ve inflamasyon
degerlendirme bulgular1 Hooker ve ark. (1999) tarafindan
belirlenen derecelendirme Kkriterlerine goére yapildi
(Tablo 1).

istatistiksel Analiz

Verilerin istatiksel analizleri SPSS (22.0 Versiyon)
programi kullanilarak yapildi. Gruplarin adezyon
derecesi, fibrozis ve inflamasyon dereceleri arasindaki
dagilm ve sapma oranlar1 dikkate alinarak, gruplar
arasindaki aritmetik ortalamalar arasindaki farkin
onemlilik analizi Mann Whitney U testi ile karsilastirildi.
Analizlerde p<0.05 istatistiksel olarak anlamli kabul
edildi.

BULGULAR
Postoperatif Bulgular

Postoperatif déonemde kontrol grubundaki ratlarin bir
tanesi 3. glinde iki tanesi ise 4. giinde o6ldi. PRP
grubundaki ratlarda herhangi bir o6lim olay1 ile
karsilagilmadi.  Kontrol grubundaki 6len ratlarin
nekropsilerinde asir1 serdzite ve apse olusumlari
gozlendi. Kontrol grubundaki eksik olan ratlar
tamamlandi. Calismadaki ratlarda operasyon yaralarina
ait herhangi bir komplikasyon ile karsilagilmadi.
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Tablo 1: Adezyonlarin makrokopik, fibrozis ve inflamasyon degerlendirme kriterleri.
Table 1: Evaluation criterias of macroscopic, fibrosis, and inflammation of adhesions.

Derece Makroskopik Fibrozis inflamasyon
Derecesi Derecesi Derecesi
0 Herhangi bir adezyon yok Yok Yok
1 Organlar kendi arasinda/organlar ile karin duvari arasinda Hafif Dev hiicre, plazma hiicresi,
yalniz bir adezyon bandi olusumu lenfosit
2 Organlar kendi arasinda/organlar ile karin duvari arasinda Orta Dev hiicre, plazma hiicresi,
iki adet adezyon bant olusumu eozinofil, notrofil
Organlar kendi arasinda/organlar ile karin duvari arasinda Cok sayida inflamatuvar hiicre
ikiden fazla bant olusumu veya karin duvarina adezyon Agir . !
3 N : mikroapseler
olmaksizin tiim barsaklarin kitle olusumu
4 Adezyon bantlarinin sayisi ve yayginligina bakilmadan bir
organin karin duvarina adezyon olusumu
Makroskopik Bulgular icin rutin HE boyamasinin iizerine MT boyamasi
Calismamizda kontrol grubundaki ratlar o6tenazi yapilmistir (Sekil 33, b).
edildikten  sonra  abdomen icerisinde  yapilan Fibrozis acisindan incelenmesi sonucunda; Kkontrol

incelemelerde; iki ratta 1. derece, iki ratta 2. derece ve bes
ratta ise 3. derece adezyon gozlendi (Sekil 1a, b, c).
Kontrol grubunda sadece bir ratta 4. derece adezyon
gozlendi (Sekil 1d), (Tablo 2). Kontrol grubundaki
ratlarda ileri derecede adezyon goriilmesi nedeniyle
yliksek adezyon evreleri kaydedildi.

PRP grubundaki ratlarin intraabdominal incelemelerinde
ise, bir ratta herhangi bir adezyon sekillenmedi. Dort ratta
1. derece, dort ratta 2. derece ve bir ratta ise 3. derece
adezyon gozlendi (Tablo 2). Gruplarin makroskobik
adezyon dereceleri Mann-Whitney U testi ile
karsilastirildiginda, kontrol grubundaki ratlarda PRP
grubundaki ratlara oranla adezyon siddetinin anlaml
olarak arttig1 saptandi (p=0.0334) (Tablo 3).

Histopatolojik Bulgular
Fibrozis Bulgulari

Fibrozis yoniinden yapilan degerlendirmelerde; fibroz
bagdoku artisi, hiicreden zengin ve gen¢ graniilasyon
dokusu o6zelliginde idi. Hafif ve orta dereceli fibrozisler ise
sirastyla “1. derece” ve “2. derece” olarak degerlendirildi
(Sekil 2a, b). Gruplar arasinda “3. derece” olarak
degerlendirilen fibrozis bagirsagin serozasinda yogun ve
kalin bir bagdoku olusturan lezyonlar icin agir olarak

grubunda 3 ratta 1. derece, 6 ratta 2. derece ve 1 ratta ise
3. derece gozlendi. PRP grubunda ise 2 ratta herhangi bir
fibrozis gozlenmedi. Bes ratta 1. derece, 3 ratta ise 2.
derece fibrozis lezyonu gozlendi (Tablo 2). Gruplar
arasindaki fibrozis dereceleri Mann-Whitney U testi ile
karsilastirildiginda kontrol grubunda, PRP grubuna gére
adezyonlarin anlamhi olarak arttif1 saptandi (p=0,0485),
(Tablo 3).

inflamasyon Bulgular:

Inflamasyon degerlendirmeleri
infiltrasyon yogunlugu ile esas alinarak
derecelendirilmesi  yapildi.  Hafif yangisal hiicre
infiltrasyonu “1. derece”, orta derecede olan1 “2. derece”
ve lezyonlarin ¢ok siddetli oldugu yangisal infiltrasyonlar
ise “3. derece” olarak degerlendirildi (Sekil 4a, b, c).

bakimindan yangisal

Inflamasyon bulgular1  degerlendirildiginde  kontrol
grubundaki 3 ratta 1, 5 ratta 2 ve 2 ratta ise 3. derece
inflamasyon gelistigi goriilmiistiir. PRP grubunda ise 2
ratta herhangi bir inflamasyon lezyonu izlenmedi. Bes
ratta 1. derece, 3 ratta ise 2. derece inflamasyon
sekillendigi tespit edilmistir (Tablo 2). Gruplar arasindaki
inflamasyon dereceleri Mann-Whitney U testi ile
karsilastirildiginda; kontrol grubunun PRP grubuna goére
inflamasyonu anlamli  derecede arttifi  saptandi

tanimlandi. (Sekil 2c¢). Tim fibrozis incelemeleri _
=0.1594), (Tablo 3).
fibroblast hiicre yogunlugunu daha iyi degerlendirmek (p ). (Tablo 3)
Tablo 2: Gruplarin adezyon, fibrozis ve inflamasyon say1 ve derece dagilimlari.
Table 2: The distributions of number and degree of macroscopic, fibrosis, and inflammation of groups.
Degerlendirme Gruplar
. . 0. derece 1. derece 2. derece 3. derece 4. derece
Kriterleri
Adezyon Kontrol - 2 2 5 1
PRP 1 4 4 1 -
Fibrozis Kontrol - 3 6 1 -
PRP 2 5 3 - -
infalamsyon Kontrol 3 6 1 i
y PRP - 6 4 - -
Tablo 3: Gruplarin makroskopik, fibrozis ve inflamasyonlarin istatistiksel analizleri.
Table 3: Statistical analysis of macroscopic, fibrosis, and inflammation of groups.
Gruplar
Degel_‘lendlr_me Kontrol PRP p degeri
Kriterleri
2.50+0.97 1.50+0.85
Adezyon 3.00 (1.00-4.00) 1.50 (0.00-4.00) 0.0334
. . 1.80+0.63 1.10+0.74
Fibrozis 2.00 (1.00-3.00) 1.00 (0.00-3.00) 0.0485
inflamasyon 1.80+0.63 1.40£0.52 0.1594

2.00 (1.00-3.00)

1.00 (0.00-3.00)

Veriler ortalama ve standart sapma ile ortanca deger minimum maksimum olarak sunulmustur. Gruplar Mann Whitney U testi ile karsilastirilmistir (p<0.05).
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Sekil 1: Kontrol grubundaki 1. derece (a), 2. derece (b), 3.
derece (c) ve 4. derece (d) adezyon goriiniimleri.

Figure 1: Adhesion appearance of 1st degree (a), 2nd
degree (b), 3th degree (c) ve 4th degree (d) in the control
groups.

. -

Sekil 2: PRP grubunda 1. derece (a), 2. derece (b); ve
kontrol grubunda 3. derece (c) fibrozis goriiniimleri
(oklar) HE X100.

Figure 2: Fibrosis appearance of 1st degree (a), 2nd degree
(b) in the PRP groups, and 3th degree (c) in the control
group, (arrow, HE X100).

Sekil 3: Kontrol grubunda fibréz dokuda artis goriiniimi,
(MT X100) (a); PRP grubunda fibréz dokuda azalmasi
goriiniimii (b), (MT X100).

Figure 3: Increase appearance of fibrosis in the control
group, (a), decrease appearance of fibrosis in the PRP
group, (b), (MTX100).

rian

Sekil 4: PRP grubunda 1. derece (a), 2. derece (b), ve 3.
derece (c) inflamasyon goriintimleri: (oklar, HE X100).

Figure 4: Inflammation appearance of 1st degree (a), 2nd
degree (b), and 3t degree (c) in the PRP group, (arrow,
HE X100).
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TARTISMA VE SONUC

Laparotomi operasyonlarini takiben ortaya ¢ikan en
o6nemli komplikasyonlardan biri olan intraabdominal
adezyonlar; pelvik agr, infertilite, ince bagirsak ve iireter
tikanikliklarinin 6nemli nedenlerinden biridir.
Intraabdominal adezyon gelisen hastalarin ilerleyen
zamanlarda yapilacak operasyonlarinda operasyon
sliresinin uzamasi, bagirsak ve diger intrabdominal
organlarin  yaralanma  risklerinin  artmasi  gibi
olumsuzluklara neden olmaktadir. (Boland ve Weigel
2006; Kamel 2010; Ward ve Panintch 2011; Beyene ve
ark. 2015; Tang ve ark. 2020; Ghobrial ve ark. 2023).
Zaman icerisinde farkli ve ileri cerrahi teknikler
gelismesine ragmen laparotomi sonrasinda hastalarin
biiyiik bir ¢ogunlugunda (%60-94) intraabdominal
adezyonlara rastlandig: fakat kiigiik bir kisminda (%24-
32) klinik semptomlarin goriildiigii bildirilmektedir. ince
bagirsak  obstruksiyonlarinin =~ %26-75’i,  disilerde
infertilitenin %15-24’i ve ileus olgularinin ise %2-5’i
intraabdominal adezyonlar kaynaklidir (Boland ve Weigel
2006; Trew 2006; Arung ve ark. 2011; Schniiriger ve ark.
2011; Tang ve ark. 2020; Ghobrial ve ark. 2023).

Intraabdominal adezyonlarin  énlenmesine  yénelik
yapilan calismalarda tavsan, rat, koyun ve atlar oldukca
sik kullanilmistir (Giinay ve ark. 2005; Alkan ve ark. 2007;
Yildiz ve ark. 2011; Kém 2013; De Pascale ve ark. 2015;
Kom 2015; Marques ve ark. 2015; Le ve ark. 2019; Turan
ve ark. 2020; Aluntas Ural ve ark. 2022). Yapilan bu
calismada kolay temin edilebilirligi, ekonomik olarak
uygun olmasi ve postoperatif takip sirasinda bakim ve
beslenmesinin kolay olmasi nedeniyle rat tercih edildi.
intraabdominal adezyon modeli olusturulurken periton
duvari, sekum ve ovaryum lezyonlarinin olusturulmasi en
¢ok tercih edilen tekniklerdir (Giinay ve ark. 2005; Alkan
ve ark. 2007; Schniiriger 2011; Yildiz ve ark. 2011; Kém
2013; De Pascale ve ark. 2015; Kaya ve ark. 2016;
Belebecha ve ark. 2020; Turan ve ark. 2020; Altintas Ural
ve ark. 2022). Moll ve ark. yaptiklar1 iki calismada;
koyunlarda (1992) periton ve uteruslari travmatize
ederek adezyon modeli olustururken, ponilerde (1991)
ise jejenum’un alt béliimiindeki serozal alani gazli bezle
sikarak olusturduklar: travmatik alan tizerine katgiit ile
seromiiskiiller dikis uygulamasi yaparak adezyon
modelleri olusturmay: tercih etmislerdir. Hay ve ark.
(2001) atlarda adezyonu jejenum'un c¢ift yonlii 3 basit
seromuskiiler dikis uygulamasi ile diger bdlgede ise
jejenual rezeksiyon ve ucuca anastomoz modeli ile
olusturmuslardir. Mueller ve ark. (2002) ise, atlarda
jejenum rezeksiyonu ve u¢-uca anastomoz uygulamasi ile
intraabdominal adezyon modelini olusturmuslardir.
Yapilan bu ¢alismada ise, adezyon modeli olusturmak icin
ileosekal bolgede 1 cm?lik alan dis fircas1 yardimiyla
bolgesel kanamalar goriilene kadar travmatize edildi.
Kontrol grubundaki adezyon derecelerinin yiiksekligi,
olusturdugumuz adezyon modelinin yeterli oldugunu
gostermektedir.

Adezyonlarin siniflandirilmas i¢in farkli derecelendirme
kriteleri uygulanmaktadir (Giinay ve ark. 2005;
Schniiriger 2011; Yildiz ve ark. 2011; Kém 2013; Abegao
ve ark. 2015; De Pascale ve ark. 2015; Kaya ve ark. 2016).
Calismamizda makroskopik adezyon diizeyinin
skorlamasi icin Nair ve ark. (1974) kullandiklar1 adezyon
skoru kriterlerinden, histopatolojik incelemeler igin ise
Hooker ve ark. (1999) kullandigi fibrozis ve inflamasyon
skoru kriterlerinden yararlanildi. Bu ydntemler
uygulamalarinin kolaylig1 ve kullandigimiz modellemeye
uygunlugu sebebiyle tercih edildi.
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Postoperatif intraabdominal adezyonlarin miktar1 ve
siddetinin azaltilmasi igin minimum invaziv cerrahi
teknikler uygulanmali, dokular fiziksel ya da solid
bariyerler ile mekanik olarak ayrilmali veya adezyon
olusumunu o6nleyen ilaglar kullanilmalidir (Boland ve
Weigel 2006; Kamel 2010; Ward ve Panintch 2011; Yildiz
ve ark. 2011; Beyene ve ark. 2015; Tang ve ark. 2020;
Ghobrial ve ark. 2023). Adezyonlarin dnlenmesinde
profilaksinin onemi bliytiktir. Intraabdominal
adezyonlarin medikal olarak 6nlenmesi veya azaltilmasi
konusunda farkli etki mekanizmalarina sahip ¢ok farkl
ilaglarin  kullanildign ¢alismalar ge¢misten giliniimiize
kadar yapilmaktadir (Trew 2006; Kamel 2010; Arung ve
ark. 2011; Tang ve ark. 2020; Ghobrial ve ark. 2023). Bu
calismada, PRP’nin ratlarda olusturulan postoperatif
intraabdominal adezyonlarin o6nlenmesi {izerine olan
etkinligini ortaya koymak amaclandi.

PRP, otolog kan dokusundan elde edilen ve icerisinde 3-5
kat daha yiiksek diizeyde trombosit, biliyime ve
pthtilasma faktorleri bulunduran hiicresel plazma
elemanidir. Yapisindaki trombositlerin graniillerinde
depolanmis olan biiylime faktorleri (FGF, VEGF, PDGF,
TGF f1-2 gibi) farklh uyarimlar vasitasiyla salinarak
aktive olmaktadir. PRP uygulamalariyla bir¢ok biiyiime
faktoriiniin belirlenen bolgelere uygulanmasi ve ayni
anda kombine etki gostermesi hedeflenmektedir. PRP’'nin
icerigi tam olarak anlasilmamis olmasina ragmen Kklinik
uygulamalarda rekombinant teknolojisine oranla daha iyi
sonuglar elde edilmesi, ekonomik olmasi, kolay
kullanilmasi, kanamanin kontrol edilmesi, kemik ve
yumusak doku iyilesmesini hizlandirmasi {imit verici
gelismelerdir (Arnoczky ve Shebani-Rad 2013; Marques
ve ark. 2015; Abdullah ve ark. 2019; Le ve ark. 2019;
Zhang ve ark. 2019; Collins ve Alexander 2021; Oneto ve
Etulain 2021). PRP farkl santrifiijleme yontemleri ve
ticari hazirlama Kkitleri ile elde edilebilmektedir. Son
yillardaki yeni teknolojik gelismeler ile birlikte bircok
ticari cihaz ve ekipmanlar santrifiij teknolojisinde
kullanilarak PRP hazirlanabilmektedir. Ancak maliyet
agisindan cihazlarin ¢ok pahali olmasi sebebiyle PRP’ler
hem ticari kitler yardimiyla hem de santrifiij cihazlar
yardimiyla arastirmacilar tarafindan hazirlamaktalardir
(Fresno ve ark. 2010; Alves ve Grimalt 2018; Smith ve ark.
2019; Akbarzadeh ve ark. 2021; Collins ve Alexander
2021; Nikolovska ve ark. 2021; Ghobrial ve ark. 2023). Bu
calismada, otolog kan dokusundan PRP hazirlama
olanaksizlig1 sebebiyle 5 adet rattan intrakardiak olarak
alinan kanlardan laboratuvar kosullarinda 34-45 dakika
icerisinde elde edilen PRP’ler hazir oldugu andan itibaren
kisa siire icerisinde operasyonla olusturulan bagirsak
defektli bolgesine lokal olarak uygulandi.

PRP’nin yara, eklem ve kemik dokusu iizerine etkilerini
inceleyen cesitli deneysel calismalar yapilmis olmasina
ragmen tam bir fikir birligi bulunmamaktadir (Fresno ve
ark. 2010; Abegao ve ark. 2015; Marques ve ark. 2015;
Kaya ve ark. 2016; Alves ve Grimalt 2018; Abdullah ve
ark. 2019; Daradka ve ark. 2019; Belebecha ve ark. 2020;
Karakas ve ark. 2020; Turan ve ark. 2020). Frenso ve ark.
(2010), domuzlarda PRP’nin bagirsak anastomozlari
lizerine etkisini arastirdiklar1 ¢alismalarinda; 72. saat ve
7. glinlerdeki incelemelerinde PRP'nin granulasyon
dokusu ve fibrozisi arttirdigl, bagirsak patlama giiclini
etkilemedigini ifade etmislerdir. Yilmaz ve ark. (2012),
farkli surfaktan maddelerin (poractant ve beractant)
intraabdominal adezyon formasyonu {lzerine etkisini
arastirdiklar1 ¢alismalarinda surfaktan uygulanan her iki
gruptan elde edilen adezyon derecelerinin kontrol
grubuna goére daha diisiik oldugunu fakat bu sonucun

istatistiksel olarak anlamli olmadigini rapor etmislerdir.
Kaya ve ark. (2016), laparotomi operasyonlarinda
PRP'nin  kullaniminin  intraabdominal adezyonlarin
onlenmesi tlizerine etkinligini arastirdiklar1 ¢alismada
PRP, kontrol ve sham gruplar1 arasinda adezyon derecesi
ve histopatolojik degerlendirmeler agisindan istatistiksel
olarak anlaml bir farklilk olmadigim, fibrozis
bakimindan ise PRP grubunun kontrol grubuna oranda
anlamli derecede diisiik oldugunu belirtmislerdir.
Makarchian ve ark. (2017) ratlarda peritoneal adezyon
formasyonunun dnlenmesi lizerine heparin, PRP, glimiis
nanopartikiileri kullandiklar1 ¢alismada tek basina PRP
uygulanan grupta adezyon olusumunun 6nlemesinin daha
iyi oldugunu bildirmislerdir. Daradka ve ark. (2019),
tavsanlarda bagirsak anastomozunda uyguladiklari
stiturlart polyglactin 910, normal vicryl, sodyum asetat
kaplamali vicryl ve PRP kaplamali vicryl ile uygulamis ve
PRP kaplamali vicryl ile uygulanan dikislerin daha az
inflamasyona, daha yogun bir anjiogenezis ve kollajen
depozisyonu sebep oldugunu ifade etmislerdir. Oztan ve
ark. (2019) ise, 6zefagus yaniklarinda, PRP tedavisinin
mukozal iyilesme, oksidatif stres ve skatriks dokunun
azaltilmasi bakimindan olumlu etkisi oldugu bildirilmistir.
Belebecha ve ark. (2020), tavsanlarda PRP kaplamali ve
kaplamasiz polipropilen mesh uygulamalarinin, adezyon
parametreleri  bakimindan  herhangi bir farkin
olusturmadigini, postoperatif 60. giindeki takip sonunda
PRP kaplamali polipropilen mesh uygulamalarinin
myeloperoxidase ve N-acetylglucosaminidase
aktivitelerinin diisiirdiigiint belirtmislerdir. Turan ve ark.
(2020), tavsanlarda  olusturduklart  postoperatif
intraabdominal adezyon modelinde; adezyon ve fibrozis
dereceleri arasinda PRP ve kontrol grubu arasinda
istatistiksel olarak anlamli bir farklihigin olmadigini,
inflamasyon ve anjiogenezis bakimindan ise anlamh
farklilik oldugunu belirtmislerdir. Altintas Ural ve ark.
(2022), abdominal adezyon modeli olusturduklari
calismalarinda saf zeytinyagi ile PRP’yi karsilastirmis ve
PRP’'nin fibroblastlar ile inflamatuvar hiicrelerin
¢ogalmasin1 engelleyerek ve mezotelyal hiicrelerin
¢ogalmasin1  tesvik ederek bagirsak  yapismasini
azaltabilecegini belirtmislerdir. Yapilan bu ¢alismada ise,
adezyon ve fibrozis dereceleri agisindan PRP ve kontrol
gruplarindaki ratlar arasinda istatistiksel olarak anlaml
farklilik oldugu saptandi (p<0.05). Kontrol grubundaki
tlim ratlarda degisik derecelerde adezyon olusumunun
varligl gozlendi. Inflamasyon derecesi bakimindan ise
gruplar arasinda istatistiksel olarak anlamli bir farklilik
tespit edilemedi (p>0.05).

Sonug olarak; son yillarda bir¢ok patolojik durumda genis
bir uygulama alani bulan ve yaygin olarak kullanilan
PRP’nin intraabdominal adezyonlarin 6nlemesi {lizerine
etkinligini ortaya koymak amaci ile yapilan bu ¢alismada;
PRP’nin abdominal adezyonlar1 énlemesinde etkili oldugu
gozlendi. Tim veriler degerlendirildiginde, PRP’nin
abdominal adezyon onleyici etkilerinin daha detayh
olarak incelenmesinin gerekliligi ortaya konuldu.

CIKAR CATISMASI

Yazarlar bu calisma igin herhangi bir ¢ikar c¢atismasi
olmadigini beyan ederler.

TESEKKUR VE BiLGILENDiRME

Bu arastrma Firat Universitesi Bilimsel Arastirma
Projeleri Koordinatérliigii tarafindan "VF.22.10" proje
numarasiyla desteklenmistir.
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ABSTRACT This study aimed to evaluate the perspectives of Ankara University Faculty of Veterinary Medicine students
towards distance education. Data were collected from 591 students with a 24-question survey. According to
the data, many students often encountered various technological problems and barriers due to lack of
infrastructure during the courses. On the other hand, students with comfortable living environments had a
more optimistic view of distance education. Having prior experience in distance education had a positive
effect on the class participation rate. The frequency of participation in the courses was higher and the
frequency of asking questions to the lecturers was lower in first graders. First graders mostly disagreed with
the view that distance education provides effective learning or stated that they were undecided. Third and
fourth year students did not consider distance education as disadvantageous. While it was seen that many
students prefer face-to-face education, the presence of a group of students who want to continue distance
education was also noteworthy. In conclusion, physical, technological and temporal flexibility can be seen as
one of the strengths of the distance education. The difficulty of accessing the course due to the lack of
technological infrastructure is seen as a major disadvantage of this method. Although it has seen that students
generally preferred face-to-face education, the existence of a group of students who wanted to continue
distance education and reported that the method has some advantages is also remarkable. It can be
considered that living in favorable conditions is positively related to students' ability to benefit from distance
education.

Keywords:Distance, Education, Students, Veterinary education.

0z Ankara Universitesi Veteriner Fakiiltesi Ogrencilerinin Uzaktan Egitim
Deneyimleri Uzerine Bir Degerlendirme

Bu calisma ile Ankara Universitesi Veteriner Fakiiltesi égrencilerinin uzaktan egitime karsi bakis acilarini
degerlendirmek amaclandi. Bu amagcla 24 soruluk anket formu ile 591 6grenciden veri toplandi. Verilere gore
bir¢ok dgrencinin dersler sirasinda altyapi eksikligi nedeniyle siklikla ¢esitli teknolojik sorunlar ve engellerle
karsilastig1 belirlendi. Ote yandan, rahat bir yasam alani olan égrenciler, uzaktan egitime karsi daha iyimser
bir bakis agisina sahipti. Uzaktan egitim deneyimine sahip olmak derse katilim oranini olumlu etkiledi. Birinci
siniflarda derslere katilm siklig1 daha ytiksek, 6gretim elemanlarina soru sorma sikligl ise daha diisiiktii.
Birinci sinif 6grencileri ¢ogunlukla uzaktan egitimin etkili 6grenme sagladigl goriisiine katilmadi veya
kararsiz olduklarim belirtti. Ugiincii ve dérdiincii simf égrencileri uzaktan egitimi dezavantajli olarak
degerlendirmedi. Bir¢ok 6grencinin yiiz yiize egitimi tercih ettigi goriiliirken, uzaktan egitime devam etmek
isteyen bir 6grenci grubunun varligl da belirlendi. Sonug olarak, fiziksel, teknolojik ve zamansal esneklik
uzaktan egitimin gii¢lii yonlerinden biri olarak goriilebilir. Teknolojik alt yap: eksikliginden dolay1 derslere
katilimin zor olmasi bu yéntem igin biiyiik bir dezavantaj olarak gériilmektedir. Ogrencilerin genel olarak yiiz
ylize egitimi tercih ettigi goriilse de uzaktan egitime devam etmek isteyen ve yontemin bazi avantajlara sahip
oldugunu bildiren bir grup 6grencinin varligi da dikkat cekicidir. Uygun kosullarda yasamanin 6grencilerin
uzaktan egitimden yararlanabilmesiyle pozitif iliskili oldugu diisiintilebilir.

Anahtar Kelimeler:Egitim, Uzaklik, Ogrenciler, Veterinerlik egitimi.
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INTRODUCTION

Distance education (DE) is defined as a process that
lecturer and the student are not in the same physical
environment and education activities are continued with
the help of technology. On the other hand, as a part of DE,
online teaching (OT) is the process of transferring the
knowledge from lecturers or sources to the students
synchronously or asynchronously (Oncu and Cakir 2011).
Besides, online learning (OL) is defined as access to
learning experiences by means of online or technological
sources (Moore et al. 2011). In the last decades, there has
been an increase in the number of studies on DE, OT, OL
and data related to definitions of the terms (Moore et al.
2011), curriculum changes (Sandhu and de Wolf 2020),
student satisfaction (Harvey et al. 2017; Abbasi et al. 2020;
Elshami et al. 2021; Kafes and Yildirnm 2021; Li et al
2021), learning flow (Kim et al. 2021), problems related to
technological infrastructure (Dost et al. 2020; Li et al.
2021; Parkes and Barrs 2021; Yeh and Tsai 2022), anxiety
and stress factors (Rutkowska et al. 2021; Basagaoglu
Demirekin and Buyukcavus 2022), perspectives of
lecturers and students (Abbasi et al. 2020; Di Giacomo and
Di Paolo 2021).

In the field of health sciences, in addition to medicine (Dost
et al. 2020; Ahmady et al. 2021), dentistry (Ertiirk
Avunduk and Delikan 2021; Gebril et al. 2021; Silva et al.
2021) and nursing (Kim et al. 2021), studies on distance or
online teaching/learning experiences of veterinary
students (Choudhary 2021; Koort and Avall-Jaiskeldinen
2021; Parkes and Barrs 2021; Mahdy and Sayed 2022)
gained momentum. In Tirkiye, studies on distance
education in veterinary medicine started to come to the
fore after the Covid-19 pandemic. In these studies, subjects
such as students' coping with pandemic stress (Celik et al.
2022), veterinary ethics in pandemic (Armutak 2021) and
students' perspectives on distance education (Ashm et al.
2023) were published.In addition to these publications in
the literature, the main purpose of this study is to reveal
the perspectives of students on the distance education
method, and distance learning experiences of students of
Ankara University Faculty of Veterinary Medicine from the
first to the fifth grades.

MATERIAL AND METHODS

Approval of the study was obtained from Ankara
University Ethics Committee (Date: 11.10.2021 Decision
No: 15/168).Keywords of the abstract of the study were
chosen from “The Medical Subject Headings” (MeSH).
Turkish keywords were selected from “Tiirkiye Bilim
Terimleri (TBT) version 2.0”. The selection of Turkish
keywords was prepared by TBT not for the purpose of
translating the words in the MeSH into Turkish, but to
create a standard equivalent for these words (Tirkiye
Bilim Terimleri 2020). Since the keywords in the abstracts
were chosen from the mentioned scientific platforms, it
was necessary to use them without any changes.

Pilot Study

The pilot study was conducted between October 12 and
October 15, 2021. The preliminary study was completed
with a group of 30 randomly selected students from
Ankara University Faculty of Veterinary Medicine (Fall
Semester of the 2020-2021 Academic Year). Thanks to the
pilot application, the ambiguities, question errors, and
incomprehensible questions in the survey were updated
and the survey (Table 1) was given its final form.
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Data from the pilot study were not used in the power
analysis. It was used only to check the applicability of the
questionnaire, the comprehensibility of the questions, and
whether the survey link works or not. Thanks to the pilot
study, the mistakes in the questions and the questions that
could not be understood were rearranged. At this stage,
expert opinions were received on assessment and
evaluation and data processing.

Design of the Study

The research has been designed as a cross-sectional study.
The population of the research consists of 1494 students
(258 first grade, 283 second grade, 255 third grade, 477
fourth grade, 221 fifth grade) who received distance
education via online teaching model at Ankara University
Faculty of Veterinary Medicine during the Covid-19
pandemic period. Sample of the study is 591 students.
Since it was aimed to reach the entire population in the
research, sample selection was not made. Being a student
in distance education period at Ankara University Faculty
of Veterinary Medicine is determined to be the only
criterion for participating voluntarily in the research. The
researcher who collected and analyzed the data from
students is not in the institution to which the students are
affiliated but in the academic staff of a different university.
Considering the position of this author, it has aimed to
avoid any interaction, conflict of interest, or bias between
the students and the data collector. Two weeks after the
questionnaire link was sent to all students, they were
reminded by a reminder note to participate in the
questionnaire in two weeks. At the same time, informed
consent was given to the all participants. The study was
terminated when all volunteers who agreed to participate
in the study were reached. Research design does not
require keeping the purpose of the study secret.

Data Collection Tool and Collection of Data

After a comprehensive literature review (Armstrong-
Mensah et al. 2020; Can and Koroglu 2020; Di Pietro et al.
2020; Gengoglu and Ciftci 2020) a questionnaire (survey)
suitable for this study was created. A survey consisting of
24 questions (Table 1), which was created through Google
Forms, and was finalized in the pilot study, was used as a
data collection tool. All students studying at Ankara
University’s Faculty of Veterinary Medicine were invited to
participate in the study by sending a survey participation
link via their contact addresses (e-mail and phone). The
data collection process took place between 18 October and
18 November 2021. Responses from students were stored
anonymously in electronic media via Google Forms.

Statistical Analysis

Descriptive statistics were shown as frequency and
percentage for qualitative data. Pearson Chi-Square or
Fisher's Exact Test was used considering the distribution
of expected values to cells to compare the distributions of
categorical variables between groups. All statistical
analyses were performed using SPSS 14.1. The statistical
significance level was considered as p<0.05.

RESULTS

Among the invited students, 601 of them accessed the
Survey Form via the shared link. 98.3% (n=591) of the
students agreed to participate in the study, and 1.7%
(n=10) did not want to be included in the study and sent
the form without answering the questions.Thus, the
sample of the study consisted of 591 students: 55.8%
female (n=330) and 44.2% male (n=261) (Table 1). In
terms of the veterinary undergraduate program language,
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85.1% (n=503) of the participants were in Turkish, and
14.9% (n=88) were in the English program. 34.9% were
first grade (n=206), 15.9% were second grade (n=94),
23.4% were third grade (n=138), 20.3% were fourth grade
(n=120) and 5.6% were fifth (last) grade (n=33) (Table 1).

In Table 2, the survey questions were associated with the
place where students live during their university
education. Accordingly, it was seen that the majority of
those who reported the inadequacy of the comfort and
technological standards of the environment they lived in
were students living in dormitories or guesthouses, and
those who reported that conditions are sufficient were
mostly those who stayed in family/relative house
(p<0.001). It was observed that the frequency of asking
questions to the lecturers was lower (p=0.044) and the
technological difficulties experienced during distance
education were higher (p<0.001) among the students
living in the dormitories. The students living at the family
house were least likely to reported that they never/rarely
participated in the courses (p=0.003). Those who stated
that DE did not provide effective learning were the
students living in the dormitories (p=0.021). Again,
compared to DE, those who preferred face-to-face
education were students living in dormitories at a slightly
higher rate (p=0.003). The majority of those who stated
that DE has disadvantages (p=0.030) but not advantages
(p=0.032) consist of students living in dormitories. Hence,
more than half of the students who stated that they did not
want to continue DE after resuming face-to-face education
were formed by the ones living in dormitories (p=0.004).

In Table 3, the comfort and technological standards of the
environment in which the students live and the
distribution of their answers to the questions were related.
Accordingly, the frequency of participation in the courses
and the frequency of asking questions were higher, and the
frequency of technological problems were lower for the
students who stated that the environment they lived in is
comfortable and have high technological standards
(p=0.004, p<0.001, and p<0.001, respectively). Therefore,
these students mostly stated that DE provides effective
learning, has advantages, does not have disadvantages, and
prefer DE over face-to-face education (p<0.001, p<0.001,
p<0.001, respectively). Similarly, the students in this group
thought that DE is definitely applicable or partially
applicable in practical courses (p=0.001). As a result,
students who stated that the environment they lived in is
comfortable and the technological standards are high,
mostly stated that they wanted to continue DE after
switching to face-to-face education again p<0.001).

Table 4 shows the relationship between whether DE
provides effective learning and the other answers of the
students. Accordingly, students who thought that DE did
not provide effective learning stated that the comfort of
the environment they lived in was inadequate, and the
frequency of participation in the courses and asking
questions was less (p<0.001, p=0.001, p<0.001,
respectively). These students also stated that the
effectiveness of the course duration was less, and they
experienced more technological problems during the

courses (p<0.001). Based on these data, students who
thought that DE did not provide effective learning mostly
preferred face-to-face education and stated that it was not
appropriate to use DE in practical courses (p<0.001). It
was observed that almost all of these students thought that
DE was not advantageous but disadvantageous (p<0.001,
p<0.001, respectively). Similarly, students in this group
reported negative opinions about the safety of remote

exams (p<0.001). As a result, they mostly did not want to
continue DE after switching to face-to-face education
(p<0.001).

In Table 5, students’ preferences between DE and face-to-
face education were examined. Correspondingly, although
face-to-face education is mostly preferred, it was seen that
the rate of preference for DE was slightly higher (p<0.001)
and the frequency of participation in distance courses was
higher (p=0.036) for students whose environment was
comfortable. It was observed that the students who
preferred face-to-face education asked the lecturers fewer
questions during the online courses (p<0.001). In addition,
students who had technological problems during DE
preferred face-to-face education (p<0.001). Accordingly,
students who preferred face-to-face education mostly
reported that DE did not provide effective learning and
was disadvantageous (p<0.001 and p<0.001). In parallel,
the group preferring face-to-face education reported that
DE should not be used in applied courses, exams of the DE
courses should be face-to-face, and online exams were not
held securely (p<0.001, p=0.005 and p<0.001,
respectively). Unsurprisingly, students who preferred face-
to-face education stated that they did not or sometimes
wanted to continue DE in the future (p<0.001).

In Table 6, the distribution of the answers given by the
students to the survey is correlated with the grade they are
enrolled in. According to Table 6, the frequency of
participation in the courses is higher and the frequency of
asking questions to the lecturers is lower in first graders
(p<0.001 and p=0.008, respectively). Among all grades,
first graders are less likely to attend courses due to
technological glitches (p<0.001). First graders mostly
disagree with the view that DE provides effective learning
or state that they are undecided (p<0.001).

Accordingly, they mostly prefer the face-to-face education
method, reporting that DE has advantages as well as
disadvantages (p<0.001, p=0.001, p<0.001, respectively).
On the other hand, third and fourth graders state that DE is
not disadvantageous. Similarly, first graders view the use
of DE in applied courses negatively, while third and fourth
graders view it positively (p=0.018). It is mostly the first
and third graders who want the exams of the DE courses to
be online and the rate of undecided freshmen is quite high
(p=0.002). Similarly, first-year students report that
distance exams are not safe and consist the majority group
among undecided participants (p<0.001). Parallel to these
results, first graders mostly do not or sometimes want to
continue DE, and fourth graders mostly want continue DE
after resuming face-to-face education (p<0.001).

Table 7 showed the relationship between veterinary
students' experience of DE prior to the COVID-19
pandemic and their answers to the survey questions.
Accordingly, the frequency of asking questions during the
courses of the students who received DE before the
pandemic was higher than those who did not (p=0.005). In
addition, students with DE experience stated that they
encountered fewer technological difficulties during the
courses compared to those who did not have DE
experience (p=0.021). The majority of the students
without DE experience stated that DE did not provide
effective learning (p=0.005), and they preferred face-to-
face education over DE (p=0.019). Accordingly, the
students who thought that DE is disadvantageous were
those who had no previous experience in DE (p<0.001). In
addition, those who stated that DE should not be applied in
applied courses or that it is partially applicable were also
students who did not have prior DE experience (p=0.007).
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Table 1: Frequency and percentage of all questions in the survey.

Do you experience technological/technical
problems (disconnection, system not working,

Questions n (%)
Gender

Female 330 (55.8)
Male 261 (44.2)
Which undergraduate program are you enrolled

in veterinary school?

Turkish undergraduate program 503 (85.1)
English undergraduate program 88 (14.9)
Grade

1 206 (34.9)
2 94 (15.9)
3 138 (23.4)
4 120 (20.3)
5 33 (5.6)
Where do you currently live for your university

education?

Family / relative house 177 (29.9)
Student house 164 (27.7)
Dormitory/qguesthouse etc. 250 (42.3)
Did you receive online/distance education before

the Covid-19 pandemic?

Yes 207 (35.0)
No 384 (65.0)
Do you think you have the technological

knowledge required for distance education?

Yes 389 (65.8)
No 38 (6.4)
Partially 164 (27.7)
What devices do you use in distance education?

Personal computer 517 (87.5)
Personal phone 448 (75.8)
Personal tablet 81 (13.7)
Someone else's/public computer 94 (15.9)
Someone else's/public phone 17 (2.9)
Someone else's/public tablet 10 (1.7)
How would you evaluate the comfort and

technological standards of your living

environment in terms of following distance

education?

Very inadequate 32(5.4)
Inadequate 88 (14.9)
Average 209 (35.4)
Adequate 178 (30.1)
Very adequate 84 (14.2)
How would you evaluate the frequency of your
instant/online participation in the online course?

Never 6 (1.0)
Rarely 40 (6.8)
Sometimes 95 (16.1)
Often 282 (47.7)
Always 168 (28.4)
How would you evaluate the frequency of asking

questions to the lecturer during the online

course?

Never 107 (18.1)
Rarely 257 (43.5)
Sometimes 164 (27.7)
Often 41 (6.9)
Always 22 (3.7)
How would you evaluate the frequency of asking

questions of the lecturer during the online

course?

Never 9 (1.5)
Rarely 148 (25.0)
Sometimes 301 (50.9)
Often 110 (18.6)
Always 23 (3.9)
What is your opinion on the effective use of the

duration of the course given by distance

education?

Never 42(7.1)
Rarely 93 (15.7)
Sometimes 160 (27.1)
Often 236 (39.9)
Always 60 (10.2)
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storage problems, etc) during distance

education?

Never 28 (4.7)
Rarely 100 (16.9)
Sometimes 227 (38.4)
Often 171 (28.9)
Always 65 (11.0)
Have any lecturers reported that they could not

attend the distance education course due to
technological/technical difficulties?

Yes 344 (58.2)
No 247 (41.8)
Do you think distance education provides

effective learning?

Yes 121 (20.5)
No 327 (55.3)
Undecided 143 (24.2)
How often do you watch the recorded videos of a

course you took with distance education?

Never 54 (9.1)
1 time 222 (37.6)
2 times 176 (29.8)
3 times 79 (13.4)
4 times 11 (1.9)
5 times or more 49 (8.3)
When you compare distance education and face-

to-face education methods, which one do you

prefer?

Face-to-face education method 408 (69.0)
Online learning method 112 (19.0)
Undecided 71 (12.0)
Do you think distance education has some

advantages?

Yes 403 (68.2)
No 121 (20.5)
Undecided 67 (11.3)
Do you think distance education has some
disadvantages?

Yes 515 (87.1)
No 44 (7.4)
Undecided 32 (54)
How would you evaluate the use of distance

education in practical courses?

Definitely applicable 41 (6.9)
Definitely not applicable 399 (67.5)
Partially applicable 141 (23.9)
Undecided 10 (1.7)
Which method do you think should be used for

the assessment and evaluation of the course you

take with distance education?

Face-to-face assessment 81 (13.7)
Online assessment 468 (79.2)
Undecided 42 (7.1)
Which assessment method do you prefer in

distance education?

Open-ended questions exam 21 (3.6)
Multiple choice exam 312 (52.8)
Oral exam 2(0.3)
Homework presentation 140 (23.7)
Hybrid assessment including a combination of one or

more of the open-ended questions exam, multiple 116 (19.6)
choice exam, oral exam, and homework presentation

Do you think that online/remote exams are held

securely (students answer questions by being

honest)?

Yes 161 (27.2)
No 283 (47.9)
Partially 147 (24.9)
Would you like to continue distance education

after switching to face-to-face education again?

Yes 138 (23.4)
No 204 (34.5)
Sometimes 231(39.1)
Undecided 18 (3.0)
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Table 2: Distribution of answers to living places.

Where do you currently live for your university education? p
Family/ relative Student house Dormitory/
house guesthouse etc.
Very inadequate / Inadequate 18 (15.0) 18 (15.0) 84 (70.0)
Hov!r would you evaluate the cognfort a!nd techn.ologlcal standards of your living Average 56 (26.8) 48 (23.0) 105 (50.2) <0.0011
environment in terms of following online learning?
Adequate/ Very adequate 103 (39.3) 98 (37.4) 61 (23.3)
Never/ Rarely 7 (15.2) 18 (39.1) 21 (45.7)
How would you evaluate the frequency of your instant/online participation in Sometimes 24 (25.3) 38 (40.0) 33 (34.7) 0.0031
the online course? ' ’ ) :
Often / Always 146 (32.4) 108 (24.0) 196 (43.6)
Never/ Rarely 98 (26.9) 99 (27.2) 17 (45.9)
How would you evaluate the frequency of asking questions to the lecturer Sometimes 56 (34.1) 42 (25.6) 66 (40.2) 0.0441
during the online course? ’ : ’ :
Often / Always 23 (36.5) 23 (36.5) 17 (27.0)
Never/ Rarely 40 (25.5) 40 (25.5) 77 (49.0)
How would you evaluate the frequency of asking questions of the lecturer Sometimes 97 (32.2) 75 (24.9) 129 (42.9) 0.0261
during the online course? ' : : '
Often / Always 40 (30.1) 49 (36.8) 44 (33.1)
Never/ Rarely 49 (36.3) 34 (25.2) 52 (38.5)
What is your opinion on the effective use of the duration of the course given by . 1
distance education? Sometimes 38(23.8) 49 (30.6) 73 (45.6) 0.233
Often / Always 90 (30.4) 81 (27.4) 125 (42.2)
Never/ Rarely 56 (43.8) 43 (33.6) 29 (22.7)
Do you experience technological/technical problems (disconnection, system . 1
not working, storage problems, etc.) during distance education? Sometimes 67 (29:5) 65 (28) 95 (41.9) <0.001
Often / Always 54 (22.9) 56 (23.7) 126 (53.4)
Have any lecturers reported that they could not attend the distance education ~ Yes 102 (29.7) 109 (31.7) 133(38.7) 0.0271
course due to technological/technical difficulties? No 75 (30.4) 55 (22.3) 117 (47.4) '
Yes 39 (32.2) 41 (33.9) 41 (33.9)
Do you think distance education provides effective learning? No 88 (26.9) 81(24.8) 158 (48.3) 0.0211
Undecided 50 (35.0) 42 (29.4) 51 (35.7)
Never 18 (33.3) 17 (31.5) 19 (35.2)
1 time 58 (26.1) 55 (24.8) 109 (49.1)
2 times 56 (31.8) 49 (27.8) 71 (40.3) 0.1662
3 times 25 (31.6) 20 (25.3) 34 (43.0) '
How often do you watch the recorded videos of a course you took with distance 4 times 5 (455) 2(182) 4(364)
education? 5 times or more 15 (30.6) 21 (42.9) 13 (26.5)
Face-to-face education 117 (28.7) 98 (24.0) 193 (47.3)
When you compare online learning and face-to-face education methods, which Online learnin 37 (33.0) 43 (38.4) 32 (28.6) 0.0031
one do you prefer? 9 ' ’ ’ :
Undecided 23 (32.4) 23 (32.4) 25 (35.2)
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Table 2 (continued): Distribution of answers to living places.

Yes 129 (32.0) 120 (29.8) 154 (38.2)
Do you think distance education has some advantages? No 27 (22.3) 31 (25.6) 63 (52.1) 0.0321
Undecided 21(31.3) 13 (19.4) 33(49.3)
Yes 156 (30.3) 134 (26.0) 225 (43.7)
Do you think distance education has some disadvantages? No 8(18.2) 19 (43.2) 17 (38.6) 0.030!
Undecided 13 (40.6) 11 (34.4) 8(25.0)
Definitely applicable 11 (26.8) 14 (34.1) 16 (39.0)
Definitely not applicable 117 (29.3) 104 (26.1) 178 (44.6)
How would you evaluate the use of distance education in practical courses? 0.6462
Partially applicable 45 (31.9) 44 (31.2) 52 (36.9)
Undecided 4 (40.0) 2(20.0) 4 (40.0)
Face-to-face assessment 26 (32.1) 14 (17.3) 41 (50.6)
Which method do you tl}mk .should be use(.l for the assessment and evaluation Online assessment 142 (30.3) 136 (29.1) 190 (40.6) 01141
of the course you take with distance education?
Undecided 9(21.4) 14 (33.3) 19 (45.2)
Open-ended questions exam 2(9.5) 4 (19.0) 15(71.4)
Multiple choice exam 97 (31.1) 68 (21.8) 147 (47.1)
Oral exam 1(50.0) 1 (50.0) -
Which assessment method do you prefer in distance education? Homework presentation 35 (25.0) 60 (42.9) 45 (32.1) <0.0012
Hybrid assessment including a combination of one
or more of the open-ended questions exam, multiple 42 (362) 31 (26.7) 43 (37.1)
choice exam, oral exam, and homework
presentation
Yes 43 (26.7) 51 (31.7) 67 (41.6)
Do you think tl'lat online/remote exams are held securely (students answer No 88 (31.1) 75 (26.5) 120 (42.4) 0.7261
questions by being honest)?
Undecided 46 (31.3) 38 (25.9) 63 (42.9)
Yes 49 (35.5) 46 (33.3) 43 (31.2)
Would you like to continue distance education after switching to face-to-face ~NO 51(25.0) 45(22.1) 108 (52.9) 0.0042
education again? Sometimes 71 (30.7) 70 (30.3) 80 (39.0) ’
Undecided 6(33.3) 3(16.7) 9 (50.0)

1: Pearson Chi-Square

2; Fisher’s Exact Test
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Table 3: Distribution of answers to technological infrastructure and comfort.

How would you evaluate the comfort and technological standards of your living

environment in terms of following distance education? P
Very inadequate/ Adequate/
inadequate Average Very adequate

Never/ Rarely 10 (21.7) 17 (37.0) 19 (41.3)
How' \./vou'ld you evallfate the frequency of your instant/online Sometimes 29 (30.5) 40 (42.1) 26 (27.4) 0.0041
participation in the online course?

Often / Always 81 (18.0) 152 (33.8) 217 (48.2)

Never/ Rarely 84 (23.1) 143 (39.3) 137 (37.6)
How would you evaluzfte the frequency of asking questions to the Sometimes 30 (18.3) 56 (34.1) 78 (47.6) <0.0011
lecturer during the online course?

Often / Always 6(9.5) 10 (15.9) 47 (74.6)

Never/ Rarely 44 (28.0) 69 (43.9) 44 (28.0)
How would you evaluE}te the frequency of asking questions of the Sometimes 61(20.3) 102 (33.9) 138 (45.8) <0.0011
lecturer during the online course?

Often / Always 15 (11.3) 38 (28.6) 80 (60.2)

Never/ Rarely 37 (27.4) 56 (41.5) 42 (31.1)
What is your opinion on the e_ffectlve use of the duration of the Sometimes 41 (25.6) 64 (40.0) 55 (34.4) <0.0011
course given by distance education?

Often / Always 42 (14.2) 89 (30.1) 165 (55.7)

Never/ Rarely 5(3.9) 13 (10.2) 110 (85.9)

Do you experience technological /technical problems
(disconnection, system not working, storage problems, etc.) during Sometimes 22 (9.7) 93 (41.0) 112 (49.3) <0.0011
distance education?

Often / Always 93 (39.4) 103 (43.6) 40 (16.9)
Have any lecturers reported that they could not attend the distance ves 80(23.3) 129(375) 135(392) 0.0091
education course due to technological/ technical difficulties? '
No 40 (16.2) 80 (32.4) 127 (51.4)
Yes 11 (9.1) 19 (15.7) 91 (75.2)
. . . . . <o 1
Do you think distance education provides effective learning? No 94 (28.7) 127 (38.8) 106 (32.4) <0.001
Undecided 15 (10.5) 63 (44.1) 65 (45.5)
Never 20 (37.0) 12 (22.2) 22 (40.7)
1 time 51 (23.0) 84 (37.8) 87 (39.2)
How often do you watch the recorded videos of a course you took 2 tz:mes 31(17.6) 64 (36.4) 81 (46.0) <0.0012
with distance education? 3 times 10 (12.7) 33(41.8) 36 (45.6) :
4 times 3(27.3) 1(9.1) 7 (63.6)

5 times or more 5(10.2) 15 (30.6) 29 (59.2)
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Table 3 (continued): Distribution of answers to technological infrastructure and comfort.

Face-to-face education method 100 (24.5) 161 (39.5) 147 (36.0)
When you compare distance education and face-to-face education Online learning method 8(7.1) 20 (17.9) 84 (75.0) <0.0011
methods, which one do you prefer? '
Undecided 12 (16.9) 28 (39.4) 31 (43.7)
Yes 63 (15.6) 130(32.3) 210(52.1)
Do you think distance education has some advantages? No 44 (364) 45(372) 32(264) <0.0011
Undecided 13 (19.4) 34 (50.7) 20 (29.9)
Yes 113 (21.9) 197 (38.3) 205 (39.8)
Do you think distance education has some disadvantages? No 4(9.1) 6 (13.6) 34 (77.3) <0.0011
Undecided 3(9.4) 6 (18.8) 23 (71.9)
Definitely applicable 8(19.5) 5(12.2) 28 (68.3)
How would you evaluate the use of distance education in practical Definitely not applicable 90(22.6) 154(386) 155(388) 0.0012
courses? Partially applicable 21 (14.9) 43 (30.5) 77 (54.6) :
Undecided 1(10.0) 7 (70.0) 2(20.0)
Which method d think should b d for th d Face-to-face assessment 17 (21.0) 37 (45.7) 27 (33.3)
ich method do you think should be used for the assessment an . 1
evaluation of the course you take with distance education? Online assessment 98 (209) 149(31.8) 221(47.2) 0.006
Undecided 5(11.9) 23 (54.8) 14 (33.3)
Open-ended questions exam 9 (42.9) 8(38.1) 4 (19.0)
Multiple choice exam 63 (20.2) 97 (31.1) 152 (48.7)
Oral exam - - 2 (100.0)
Which assessment method do you prefer in distance education? Homework presentation 34 (24.3) 51 (36.4) 55(39.3) 0.0032
Hybrid assessment including a
combination of one or more of
the open-ended questions
exam, multiple choice exam, 14(12.1) 53 (45.7) 49 (42.2)
oral exam, and homework
presentation
Yes 34 (21.1) 41 (25.5) 86 (53.4)
Do you think that online/remote exams are held securely (students No 61 (21.6) 110 (38.9) 112 (39.6) <0.0011
answer questions by being honest)? '
Undecided 25(17.0) 58 (39.5) 64 (43.5)
Yes 14 (10.1) 27 (19.6) 97 (70.3)
Would you like to continue distance education after switching to No 67(32.8) 83 (40.7) 54 (26.5) <0.0012
face-to-face education again? Sometimes 34 (14.7) 91 (39.4) 106 (45.9) )
Undecided 5(27.8) 8 (44.4) 5(27.8)

1: Pearson Chi-Square

2: Fisher’s Exact Test
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Table 4: Distribution of answers to effectiveness of distance education.

Do you think distance education provides effective learning?

Yes No Undecided

Very inadequate / Inadequate 11 (9.2) 94 (78.3) 15 (12.5)
How would you evaluate the comfort and technological standards of your 1
living environment in terms of following distance education? Average 1901 127(60.8) 63 (301) <0.001

Adequate/ Very adequate 91 (34.7) 106 (40.5) 65 (24.8)

Never/ Rarely 3 (6.5) 34 (73.9) 9 (19.6)
How would you evaluate the frequency of your instant/online participation  gymetimes 9 (9.5) 63 (66.3) 23 (24.2) 0.0011
in the online course? !

Often / Always 109 (24.2) 230 (51.1) 111 (24.7)

Never/ Rarely 36 (9.9) 249 (68.4) 79 (21.7)
How would you evaluate the frequency of asking questions to the lecturer  ¢,;etimes 44 (26.8) 69 (42.1) 51 (31.1) <0.0011
during the online course? '

Often / Always 41 (65.1) 9 (14.3) 13 (20.6)

Never/ Rarely 14 (8.9) 116 (73.9) 27 (17.2)
EOVY would you evaluate the frequency of asking questions of the lecturer Sometimes 51 (16.9) 165 (54.8) 85 (28.2) <0.0011

uring the online course?

Often / Always 56 (42.1) 46 (34.6) 31(23.3)

Never/ Rarely 5(3.7) 108 (80.0) 22 (16.3)
r/ha_t Is your opinion on the effective use of the duration of the course given Sometimes 12 (7.5) 106 (66.3) 42 (26.3) <0.0011

y distance education?

Often / Always 104 (35.1) 113 (38.2) 79 (26.7)

Never/ Rarely 59 (46.1) 40 (31.3) 29 (22.7)
Do you experience technological/technical problems (disconnection, system . 1
not working, storage problems, etc.) during distance education? Sometimes 44 (194) 116 (51.1) 67 (29.5) <0.001

Often / Always 18 (7.6) 171 (72.5) 47 (19.9)
Have any lecturers reported that they could not attend the distance Yes 51(14.8) 208 (60.5) 85 (24.7) <0.0011
education course due to technological /technical difficulties? '

No 70 (28.3) 119 (48.2) 58 (23.5)

Never 7 (13.0) 41 (75.9) 6 (11.1)

1 time 31 (14.0) 139 (62.6) 52 (23.4)
How often do you watch the recorded videos of a course you took with 2 times 35099) 8 (46:3) S0 (1) <0.0012
distance education? 3 times 19 (24.1) 41(51.9) 19 (24.1) ’

4 times 5 (45.5) 3(27.3) 3(27.3)

5 times or more 24 (49.0) 3(36.7) 7 (14.3)
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Table 4 (continued): Distribution of answers to effectiveness of distance education.

Face-to-face education method 14 (3.4) 306 (75.0) 88 (21.6)
Wh.en you compare distance education and face-to-face education methods, Online learning method 88 (78.6) 2(1.8) 22 (19.6) <0.0011
which one do you prefer?
Undecided 19 (26.8) 19 (26.8) 33 (46.5)
Yes 120 (29.8) 161 (40.0) 122 (30.3)
Do you think distance education has some advantages? No - 114 (94.2) 7 (5.8) <0.0012
Undecided 1(1.5) 52 (77.6) 14 (20.9)
Yes 60 (11.7) 321 (62.3) 134 (26.0)
Do you think distance education has some disadvantages? No 41(93.2) 3(6.8) - <0.0012
Undecided 20 (62.5) 3(9.4) 9(28.1)
Definitely applicable 34 (82.9) 6 (14.6) 1(2.4)
Definitely not applicable 35(8.8) 275 (68.9) 89 (22.3)
How would you evaluate the use of distance education in practical courses? <0.0012
Partially applicable 47 (33.3) 43 (30.5) 51 (36.2)
Undecided 5(50.0) 3(30.0) 2(20.0)
Face-to-face assessment 12 (14.8) 50 (61.7) 19 (23.5)
Which method do you think should be used for the assessment and . 1
evaluation of the course you take with distance education? Online assessment 105 (22.4) 252(538) 11(23.7) 0.172
Undecided 4(9.5) 25(59.5) 13 (31.0)
Open-ended questions exam 3(14.3) 16 (76.2) 2(9.5)
Multiple choice exam 73 (23.4) 166 (53.2) 73 (23.4)
Oral exam 1 (50.0) - 1(50.0)
Which assessment method do you prefer in distance education? 0.1912
Homework presentation 26 (18.6) 78 (55.7) 36 (25.7)
Hybrid assessment including a combination of one or
more of the open-ended questions exam, multiple 18 (15.5) 67 (57.8) 31(26.7)
choice exam, oral exam, and homework presentation
Yes 69 (42.9) 66 (41.0) 26 (16.1)
Do you think thfat online/remote exams are held securely (students answer No 25 (8.8) 197 (69.6) 61 (21.6) <0.0011
questions by being honest)?
Undecided 27 (18.4) 64 (43.5) 56 (38.1)
Yes 95 (68.8) 17 (12.3) 26 (18.8)
Would you like to continue distance education after switching to face-to- No 5(29) 175 (858) it <0.0012
face education again? Sometimes 20 (8.7) 123 (53.2) 88 (38.1)
Undecided 1(5.6) 12 (66.7) 5(27.8)

1: Pearson Chi-Square, 2: Fisher’s Exact Test.
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Table 5: Distribution of answers to the comparison of distance education and face-to-face education.

When you compare distance education and face-to-face education

methods, which one do you prefer? p
Face-to-face education Distance education Undecided
Very inadequate / Inadequate 100 (83.3) 8(6.7) 12 (10.0)
How would you evaluate the comfort and technological standards of your 1
living environment in terms of following distance education? Average 161(77.0) 20(9.6) 28(13.4) <0.001
Adequate/ Very adequate 147 (56.1) 84 (32.1) 31(11.8)
Never/ Rarely 34 (73.9) 5(10.9) 7 (15.2)
How would you evaluate the frequency of your instant/online Sometimes 72 (75.8) 9(9.5) 7(15.2) 0.0361
participation in the online course? ' ' ’ '
Often / Always 302 (67.1) 98 (21.8) 50 (11.1)
Never/ Rarely 287 (78.8) 30(8.2) 47 (12.9)
How would you evaluate the frequency of asking questions to the Sometimes 103 (62.8) 44 (26.8) 17 (10.4) <0.0011
lecturer during the online course? ' ' ’ :
Often / Always 18 (28.6) 38 (60.3) 7 (11.1)
Never/ Rarely 130 (82.8) 11 (7.0) 16 (10.2)
How would you evaluate the frequency of asking questions of the . 1
lecturer during the online course? Sometimes 214 (71.1) 48 (15.9) 39 (13.0) <0.001
Often / Always 64 (48.1) 53(39.8) 16 (12.0)
Never/ Rarely 118 (87.4) 5(3.7) 12 (8.9)
What is your opinion on the effective use of the duration of the course ; 1
given by distance education? Sometimes 131 (81.9) 9 (5.6) 20 (12.5) <0.001
Often / Always 159 (53.7) 98 (33.1) 39 (13.2)
Never/ Rarely 61 (47.7) 56 (43.8) 11 (8.6)
Do you experience technological/technical problems (disconnection, ; 1
system not working, storage problems, etc.) during distance education? Sometimes 156 (687) 36 (15.9) 35(154) <0.001
Often / Always 191 (80.9) 20 (8.5) 25 (10.6)
Have any lecturers reported that they could not attend the distance Yes 253 (73.5) 43 (12.5) 48 (14.0) <0.0011
education course due to technological/technical difficulties? No 155 (62.8) 69 (27.9) 23(9.3) :
Yes 14 (11.6) 88 (72.7) 19 (15.7)
Do you think distance education provides effective learning? No 306 (93.6) 2(0.6) 19 (5.8) <0.001*
Undecided 88 (61.5) 22 (15.4) 33(23.1)
Never 46 (85.2) 4(7.4) 4(7.4)
1 time 171 (77.0) 21(9.5) 30 (13.5)
How often do you watch the recorded videos of a course you took with im0 118 (67.0) 37 (21.0) 21 (11.9) <0.0012
distance education? 3 times 46 (58.2) 24 (30.4) 9 (11.4)
4 times 6 (54.5) 4 (36.4) 1(9.1)
5 times or more 21 (42.9) 22 (44.9) 1(9.1)
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Table 5 (continued): Distribution of answers to the comparison of distance education and face-to-face education.

Yes 224 (55.6) 111 (27.5) 68 (16.9)
Do you think distance education has some advantages? No 119 (98.3) - 2(1.7) <0.0012
Undecided 65 (97.0) 1(1.5) 1(1.5)
Yes 396 (76.9) 54 (10.5) 65 (12.6)
Do you think distance education has some disadvantages? No 3(6.8) 40 (90.9) 1(2.3) <0.0012
Undecided 9(28.1) 18 (56.3) 5(15.6)
Definitely applicable 6 (14.6) 31 (75.6) 4(9.8)
How would you evaluate the use of distance education in practical Definitely not applicable 338 (84.7) 28(7.0) 33(83) <0.0011
courses? Partially applicable 62 (44.0) 49 (34.8) 30 (21.3)
Undecided 2 (20.0) 4 (40.0) 4 (40.0)
Face-to-face assessment 67 (82.7) 7 (8.6) 7 (8.6)
Which method do you think should be used for the assessment and . 1
evaluation of the course you take with distance education? Online assessment 312 (66.7) 101(21.6) 55 (11.8) 0.005
Undecided 29 (69.0) 4(9.5) 9(21.4)
Open-ended questions exam 17 (81.0) 1(4.8) 3(14.39
Multiple choice exam 205 (65.7) 68 (21.8) 39 (12.5)
Oral exam 1 (50.0) 1 (50.0) -
Which assessment method do you prefer in distance education? Homework presentation 99 (70.7) 24 (17.1) 17 (12.1) 0.3912
Hybrid assessment including a combination of one
or more of the open-ended questions exam,
multiple choice exam, oral exam, and homework 86 (74.1) 18 (15.5) 12 (10.3)
presentation
Yes 75 (46.6) 64 (39.8) 22 (13.7)
Do you think that online/remote exams are held securely (students No 235 (83.0) 23 (8.1) 25 (8.8) <0.0011
answer questions by being honest)? ’ ’ : :
Undecided 98 (66.7) 25(17.0) 24 (16.3)
Yes 24 (17.4) 90 (65.2) 24 (17.4)
Would you like to continue distance education after switching to face-to- No 201 (98.5) 1(0.5) 2(10) <0.0012
face education again? Sometimes 169 (73.2) 20 (8.7) 42 (18.29
Undecided 14 (77.8) 1(5.6) 3(16.7)

1: Pearson Chi-Square

2: Fisher’s Exact Test
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Table 6: Distribution of answers to academic grades.

Academic grades p
1 2 3 4 5
Very inadequate / Inadequate 49 (40.8) 14 (11.7) 32 (26.7) 20 (16.7) 5(4.2)
How would you evaluate the comfort and technological
standards of your living environment in terms of Average 79 (37.8) 35 (16.7) 48 (23.0) 38(18.2) 9 (4.3) 0.1911
following distance education?
Adequate/ Very adequate 78 (29.8) 45 (17.2) 58 (22.1) 62 (23.7) 19 (7.3)
Never/ Rarely 9 (19.6) 8(17.4) 12 (26.1) 7(15.2) 10 (21.7)
How would you evaluate the frequency of your
instant/online participation in the distance education Sometimes 23 (24.2) 12 (12.6) 22 (23.2) 26 (27.4) 12 (12.6) <0.0012
course?
Often / Always 174 (38.7) 74 (16.4) 104 (23.1) 87 (19.3) 11 (2.4)
Never/ Rarely 136 (37.4) 60 (16.5) 83 (22.8) 67 (18.4) 18 (4.9)
How would you evaluate the frequency of asking . 2
questions to the lecturer during the distance course? Sometimes 62 (37.8) 21(128) 34 (20.7) 36 (22.0) 11(6.7) 0.008
Often / Always 8 (12.7) 13 (20.6) 21 (33.3) 17 (27.0) 4(63)
Never/ Rarely 65 (41.1) 22 (14.0) 31(19.7) 30 (19.1) 9 (5.7)
How would you evaluate the frequency of asking . 1
questions of the lecturer during the distance course? Sometimes 105 (34.9) 54 (179) 67(22:3) 57(18.9) 18(6.0) 0.173
Often / Always 36 (27.1) 18 (13.5) 40 (30.1) 33 (24.8) 6 (4.5)
Never/ Rarely 46 (34.1) 17 (12.6) 32 (23.7) 29 (21.5) 11 (8.1)
What is your opinion on the effective use of the duration . 1
of the course given by distance education? Sometimes 64 (40.0) 28 (17.5) 31 (19.4) 26 (16.3) 11 (6.9) 0.245
Often / Always 96 (32.4) 49 (16.6) 75 (25.3) 65 (22.0) 11 (3.7)
Never/ Rarely 41 (32.0) 18 (14.1) 32 (25.0) 31(24.2) 6 (4.7)
Do you experience technological/technical problems
(disconnection, system not working, storage problems, Sometimes 82 (36.1) 34 (15.0) 47 (20.7) 52 (22.9) 12 (5.3) 0.5241
etc.) during distance education?
Often / Always 83 (35.2) 42 (17.8) 59 (25.0) 37 (15.7) 15 (6.4)
Have any lecturers reported that they could not attend Yes 92 (26.7) 54 (15.7) 92 (26.7) 81 (23.5) 25(7.3)
the distance education course due to <0.0011
technological/technical difficulties? No 114 (46.2) 40 (16.2) 46 (18.6) 39(15.8) 8(3.2)
Yes 22 (18.2) 28 (23.1) 32 (26.4) 36 (29.8) 3(2.5)
ﬁzrzi"n‘:g?thmk distance education provides effective 139 (42.5) 44 (13.5) 70 (21.4) 53 (16.2) 21 (6.4) <0.0011
Undecided 45 (31.5) 22 (15.4) 36 (25.2) 31(21.7) 9 (6.3)
Never 19 (35.2) 5(9.3) 15 (27.8) 14 (25.9) 1(1.9)
1 time 93 (41.9) 35(15.8) 40 (18.0) 44 (19.8) 10 (4.5)
How often do you watch the recorded videos of a course 2 times 57 (32.4) 24 (13.6) 52(29.5) 33 (188) 10(5.7) 0.0412
you took with distance education? 3 times 23(29.1) 17 (21.5) 17 (21.5) 15 (19.0) 7 (8.9)
4 times 2(18.2) 6 (54.5) 2(18.2) 1(9.1) -
5 times or more 12 (24.5) 7 (14.3) 12 (24.5) 13 (26.5) 5(10.2)
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Table 6 (continued): Distribution of answers to academic grades.

Face-to-face education method 167 (40.9) 62 (15.2) 87 (21.3) 70 (17.2) 22 (54)
When you compare distance education and face-to-face . . 2
education methods, which one do you prefer? Distance education method 18 (16.1) 18 (16.1) 33 (29.5) 37 (33.0) 6 (5.4) <0.001
Undecided 21 (29.6) 14 (19.7) 18 (25.4) 113 (18.3) 5(7.0)
Yes 113 (28.0) 72 (17.9) 104 (25.8) 91 (22.6) 23 (5.7)
Do you think distance education has some advantages? No 59 (48.8) 12 (9.9) 22 (18.2) 21(17.4) 7 (5.8) 0.0012
Undecided 34 (50.7) 10 (14.9) 12 (17.9) 8(11.9) 3(4.5)
Yes 195 (37.9) 80 (15.5) 110 (21.4) 98 (19.0) 32 (6.2)
Do you think distance education has some 2
disadvantages? No 6 (13.6) 6 (13.6) 15 (34.1) 16 (36.4) 1(2.3) <0.001
Undecided 5(15.6) 8(25.0) 13 (40.6) 6(18.8) -
Definitely applicable 7 (17.1) 6 (14.6) 11 (26.8) 16 (39.0) 1(2.4)
How would you evaluate the use of distance education in Definitely not applicable 158 (39.6) 63 (15.8) 84(21.1) 72 (18.0) 22(5.5) 0.0182
applied courses? Partially applicable 36 (25.5) 24 (17.0) 40 (28.4) 31(22.0) 10 (7.1)
Undecided 5(50.0) 1(10.0) 3(30.0) 1(10.0) -
Face-to-face assessment 31 (38.3) 8(9.9) 11 (13.6) 20 (24.7) 11 (13.6)
Which method do you think should be used for the
assessment and evaluation of the course you take with  Online assessment 156 (33.3) 81 (17.3) 120 (25.6) 94 (20.1) 17 (3.6) 0.0022
distance education?
Undecided 19 (45.2) 5(11.9) 7 (16.7) 6(14.3) 5(11.9)
Open-ended questions exam 5(23.8) 7 (33.3) 5(23.8) 3(14.3) 1(4.8)
Multiple choice exam 123 (39.4) 51 (16.3) 73 (23.4) 58 (18.6) 7(2.2)
Oral exam - - - - 2 (100.0)
Which assessment method do you prefer in distance Homework presentation 41 (29.3) 18 (12.9) 33 (23.6) 38(27.1) 10 (7.1) 0.0012
education? Hybrid  assessment  including  a
combination of one or more of the open-
ended questions exam, multiple choice 37 (31.9) 18 (15.5) 27 (23.3) 21(18.1) 13 (11.2)
exam, oral exam, and homework
presentation
Yes 54 (33.5) 25 (15.5) 48 (29.8) 34 (21.1) -
Do you think that online/remote exams are held )
securely (students answer questions by being honest)? No 89 (31.4) 44 (15.5) 59 (208) 62 (21.9) 29 (10.2) <0.001
Undecided 63 (42.9) 25 (17.0) 31 (21.1) 24 (16.3) 4(27)
Yes 23 (16.7) 27 (19.6) 38 (27.5) 46 (33.3) 4(2.9)
Would you like to continue distance education after No 84 (41.2) 28(13.7) 41(20.1) 39(19.1) 12(5.9) <0.0012
switching to face-to-face education again? Sometimes 93 (40.3) 35 (15.2) 57 (24.7) 31 (13.4) 15 (6.5)
Undecided 6 (33.3) 4(22.2) 2 (11.1) 4(22.2) 2 (11.1)

1: Pearson Chi-Square, 2: Fisher’s Exact Test
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Table 7: Distribution of answers to prior experience of distance education.

Did you receive online/distance education before the

COVID-19 pandemic? p
Yes No
Very inadequate / Inadequate 37 (30.8) 83 (69.2)
1

How would you evaluate the comfort and technological standards of your living Average 64 (30.6) 145 (694) 0.047
environment in terms of following distance education? Adequate/ Very adequate 106 (40.5) 156 (59.5)

Never/ Rarely 17 (37.0) 29 (63.0)
H.ow would you evaluate the frequency of your instant/online participation in the Sometimes 31 (32.6) 64 (67.4) 0.8461
distance education course?

Often / Always 159 (35.3) 291 (64.7)

Never/ Rarely 112 (30.8) 252 (69.2)
H.ow would you evaluate the frequency of asking questions to the lecturer during the Sometimes 63 (38.4) 101 (61.6) 0.0051
distance course?

Often / Always 32 (50.8) 31 (49.2)

Never/ Rarely 58 (36.9) 99 (63.1)
H.ow would you evaluate the frequency of asking questions of the lecturer during the Sometimes 94 (31.2) 207 (68.8) 0.1051
distance course?

Often / Always 55 (41.4) 78 (58.6)

Never/ Rarely 48 (35.6) 87 (64.4)
What Is your opinion on the effective use of the duration of the course given by Sometimes 51 (31.9) 109 (68.1) 0.6091
distance education?

Often / Always 108 (36.5) 188 (63.5)

Never/ Rarely 58 (45.3) 70 (54.7)
Do you experience technologlcal/tfachm.cal problems. (disconnection, system not Sometimes 71 (31.3) 156 (68.7) 0.0211
working, storage problems, etc.) during distance education?

Often / Always 78 (33.1) 158 (66.9)
Have any lecturers reported that they could not attend the distance education course Yes 115 (33.4) 229 (66.6) 0.3371
due to technological/technical difficulties? No 92 (37.2) 155 (62.8) '

Yes 56 (46.3) 65 (53.7)
Do you think distance education provides effective learning? No 98 (30.0) 229 (70.0) 0.0051

Undecided 53(37.1) 90 (62.9)

Never 13 (24.1) 41 (75.9)

1 time 67 (30.2) 155 (69.8)
How often do you watch the recorded videos of a course you took with distance 2 times 66 (37.5) 110 (62.5) <0.0012
education? 3 times 25 (31.6) 54 (68.4)

4 times 8(72.7) 3(27.3)

5 times or more 28 (57.1) 21 (42.9)
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Table 7 (continued): Distribution of answers to prior experience of distance education.

Face-to-face education method 131 (32.1) 277 (67.9)
When you compare distance education and face-to-face education methods, which Distance education method 52 (46.4) 60 (53.6) 0.0191
one do you prefer?
Undecided 24 (33.8) 47 (66.2)
Yes 145 (36.0) 258 (64.0)
Do you think distance education has some advantages? No 44 (36.4) 77 (63.6) 0.3301
Undecided 18 (26.9) 49 (73.1)
Yes 161 (31.3) 345 (68.7)
Do you think distance education has some disadvantages? No 27 (61.4) 17 (38.6) <0.0011
Undecided 19 (59.4) 13 (40.6)
Definitely applicable 24 (58.5) 17 (41.5)
Definitely not applicable 127 (31.8) 272 (68.2)
How would you evaluate the use of distance education in applied courses? 0.0072
Partially applicable 53 (37.6) 88 (62.4)
Undecided 3(30.0) 7 (70.0)
Face-to-face assessment 34 (42.0) 47 (58.0)
Which method do you .thlnk should b.e used for the assessment and evaluation of the Online assessment 156 (33.3) 312 (66.7) 0.2401
course you take with distance education?
Undecided 17 (40.5) 25(59.5)
Open-ended questions exam 6 (28.6) 15 (71.4)
Multiple choice exam 98 (31.4) 214 (68.6)
Oral exam 2(100.0) -
. Lo s 2
Which assessment method do you prefer in distance education? Homework presentation 52 (37.1) 88 (62.9) 0.067
Hybrid assessment including a combination of one or
more of the open-ended questions exam, multiple 49 (42.2) 67 (57.8)
choice exam, oral exam, and homework presentation
Yes 61 (37.9) 100 (62.1)
Do you think .that online/remote exams are held securely (students answer No 87 (30.7) 196 (69.3) 0.1031
questions by being honest)?
Undecided 59 (40.1) 88 (59.9)
Yes 65 (47.1) 73 (52.9)
Would you like to continue distance education after switching to face-to-face NO 64 (31.4) 140 (68.6) 0.0091
education again? Sometimes 73 (31.6) 158 (68.4)
Undecided 5(27.8) 13(72.2)

1: Pearson Chi-Square

2; Fisher’s Exact Test
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DISCUSSION AND CONCLUSION

Distance education is a method that includes simultaneous
education that prioritizes student-teacher interaction and
a model that allows the students to access the educational
material at any time and place independently of the
educator and to review it as many times as they want (Tsai
et al. 2021; Wagner et al. 2021). Compared to the
traditional education method, DE is considered
advantageous for accessing information whenever and
wherever the students want. With distance education and
online teaching/learning model, flexibility is provided to
the lecturer and student regarding learning activities
(Houlden and Veletsianos 2019; Dost et al. 2020;
Veletsianos et al. 2021; Wagner et al. 2021). As mentioned
in a study (Parkes and Barrs 2021), not needing the time
allotted to travel to reach education, in other words, saving
time, can be considered as another advantage of DE. In
addition, for students whose preferred learning methods
are different from each other, training can be done by
listening, seeing, or repeating a lot in accordance with the
personal learning technique (Choudhary 2021). Thanks to
the online teaching and learning activities, communication
and professional cooperation development among
students are also observed in extracurricular processes
such as preparing homework and doing research. There is
evidence that online methods could also be a crucial tool in
education post-pandemic, according to positive feedbacks
from students and educators (Saadeh et al. 2021).
However, according to Liu et al. (2021), lack of adequate
teachers' feedback and less interaction among students are
considered cons of DE. The results of a study (Parkes and
Barrs 2021) also showed that students experience anxiety
due to lack of interaction. It has been reported (Di Giacomo
and Di Paolo 2021; Basagaoglu Demirekin and Buyukcavus
2022) that anxiety developing due to the pandemic
negatively affects the DE experiences of students. Dost et
al. (2020) emphasized that online teaching methods
should be included in traditional medicine education,
supporting this view. In Tables 2 and 3, the deficiencies in
the living environment, technological inadequacies and the
lack of verbal interaction between student and teacher
based on asking and answering questions are striking. On
the other hand, according to Table 6, a group of
participants (3rd and 4th grades) reported that they could
continue distance education in the future due to some
advantages. When all the pros and cons are evaluated, it
can be predicted that if the strengths of DE model are
preserved and its open aspects are improved, DE can be
one of the routine education models applied in veterinary
education in the future.

According to Table 1, 55.3% of students reported that
distance education does not provide effective learning.
However, students who want to benefit from online
learning of distance education somehow in their education
life constitute 62.5% of all participants (Table 1). There
are evidences in the literature (Dost et al. 2020; Ahmady et
al. 2021) that simulation-based methods are used for how
distance education can be made more efficient. Based on
the findings of the study and the relevant literature, it can
be predicted that adding simulation methods to the
distance education process can contribute to effective
learning by attracting the attention of some students.

In this study, it can be said that the majority of students
(69%) prefer face-to-face education (Table 1).

As seen in Table 5, face-to-face education and distance
education were compared and a statistically significant
difference was found between student answers in terms of
practical courses.Similarly, Aslim et al. (2023) have
reported that many students (77%) do not want to
continue practical courses remotely, and many students
have concerned that their professional development may
be adversely affected as the practical lessons are not held
face-to-face. When the data of these two studies are
evaluated together, it can be said that veterinary students
tend to prefer the traditional face-to-face education
model.Nevertheless, in a study (Ahmady et al. 2021)
investigating DE strategies in the field of medicine, it was
reported that simulation-based teaching and technology-
based teaching are frequently preferred techniques among
online methods during the pandemic period. In another
study (Dost et al. 2020), the potential of virtual
consultations to take place more frequently in medical
education was mentioned. As a solution proposal, it is
suggested that in the future, simulation-based teaching
and OSCEs for evaluation may be preferred in veterinary
training as well as in medical education to improve and
assess both clinical and communication skills, whether
online or face-to-face education.

In Table 4, the frequency of asking questions of students to
the teacher and/or the teacher to the students was asked
and it was associated with in-class communication and
interpersonal communication. A study (Di Giacomo and Di
Paolo 2021) revealed that one of the main concerns of
academics is the lack of interaction which can be
experienced during the online model. According to Mehall
(2020), students' interactions with each other and with the
institution often affect their education. Based on this data,
it can be argued that interpersonal interaction in online
education can an essential behavior both for students and
academics.

According to the Equivalency Theorem, which was brought
to the literature by Anderson (2003), the ability of
students to perform high-level learning activities in the DE
process is directly dependent on the interaction between
the student-teacher-content trio (Miyazoe and Anderson
2010). In other words, it has been reported that
communication among students or between teachers and
students is an important factor in student satisfaction
(Miyazoe and Anderson 2010; Eom and Ashill 2016;
Elshami et al. 2021). It is clearly seen that there is a
significant relationship between students' satisfaction
levels and their course success (Elshami et al. 2021). The
current study was not designed to reveal in detail the
relationship and communication levels between students
and teachers, but only gave information about asking
questions, which is one of the elements of interpersonal
communication. However, it can be said that further
studies are needed to determine whether the student-
teacher relationship affects the quality of distance
education at a veterinary faculty in Tiirkiye.

According to Table 4, it has been shown that the frequency
of asking questions by students and teachers is associated
with effective learning. Based on the studies (Dixson 2015;
Chan et al. 2021) it can be inferred that students'
motivation directly affects learning. Moreover, it is claimed
that the motivation of the lecturers depends on the
interaction with the students (Li et al. 2021). It can be said
that teachers' increasing in-class interaction can
contribute positively to effective learning. Furthermore, in
order to experience a beneficial learning process and
overcome the students’ hesitations, lecturers can be
suggested to carry out activities that break the ice, refresh
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the self-confidence and motivate the students at the
beginning of the courses.

Aslim et al. (2023) have reported that the ability of
accessing online material is an advantage. In our study,
students had the chance to watch recorded lectures
multiple times (Table 5). This is seen as an opportunity for
each student to reach their learning capacity and is
considered as flexible learning and temporal flexibility. In
other words, students can watch their course recordings
anywhere, anytime, and over and over with any device.
This can be considered as an indication of the flexibility of
online learning. On the other hand, the number of students
who evaluated the comfort of their place of residence as
average or below and, accordingly, the number of students
with low frequency of attendance cannot be ignored. This
situation can be considered as the disadvantages of online
education.

According to the Table 1, students participated in online
courses from different physical environments such as
family/relative house, student house or
dormitory/guesthouse, apart from school. The options of
different learning environments reported in Table 1, are
consistent with the statement of flexibility of DE reported
by Turan et al. (2022). This can be considered an
indication that distance education offers flexible learning
options regardless of a specific location. Similarly, with
reference to Table 1, students accessed the courses not
only with personal phones, computers or tablets, but also
with the electronic devices of others. There is evidence in
the literature (Turan et al. 2022) showing that distance
education is open to different options in terms of
technology. Therefore, the data shown in Table 1 can be
considered as an example of the technological flexibility of
distance education.

When Table 2 and Table 3 are evaluated together, it is
clearly revealed that students living in a comfortable area
benefit more from DE. According to Table 2, students living
in a comfortable environment preferred DE relatively
higher than others. Moreover, it has been seen that the
comfortable living environments in which the student
attends the courses affects the frequency of asking
questions in the lesson. It is known that ambient of the
learning environments such as silence, adequate lighting,
suitable furniture, learning devices, high-speed Internet
and wireless connection are directly related to DE (Ng
2021). With reference to both literature and results of the
current study, it can be argued that students with optimum
environmental conditions have the potential to benefit
more from distance education than others.

One of the most important conditions for students to see
DE as an effective learning method are that the
technological infrastructure is sufficient and the places
where they attend the courses are comfortable (Table 4).
There are various studies in the literature (Abbasi et al.
2020; Elshami et al. 2021; Parkes and Barrs 2021; Yeh and
Tsai 2022) reporting that a significant portion of students’
experience technological problems in online teaching. It
has been reported in some studies (Abbasi et al. 2020;
Elshami et al. 2021; Yeh and Tsai 2022) that technical
problems break the motivation of students, negatively
affect them, or cause them to experience dissatisfaction.
O’Doherty et al. (2018) showed that physical and
technological infrastructure problems, like poor internet
connection, are noted among the substantial obstacles for
DE. In order to solve these problems, optimizing the exam
phase or the resources to be used in the course for
students who will attend the course from places with
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insufficient internet access might be beneficial (Li et al.
2021). On the other hand, Abbasi et al. (2020) reported
that students' satisfaction with DE is higher in developed
countries. It is clearly seen that the data in the findings of
the study and the literature are compatible with each other
and establish a mutual relationship between distance
education and environmental factors. It is thought that
economically disadvantaged students may be more
motivated if universities or governments support students
in need in reaching both the optimum environmental
conditions mentioned by Ng (2021) and technological
tools.

There are many studies (Abbasi et al. 2020; Ahmed et al.
2020; Choudhary 2021; Ertirk Avunduk and Delikan
2021; Mehta et al. 2021) in the literature reporting that
the inadequacy of technological resources caused by
socioeconomic features negatively affects the effectiveness
of distance education. Table 2 and Table 3 may provide
some evidence that the ambience and technological
infrastructure of the living place have an impact on the
effectiveness of distance education. Indeed, students with
a sufficient and efficient internet connection and easy
access to technological devices such as personal phones,
computers, and tablets, which are used as DE tools, can
attend the courses given by DE more easily. However,
financially incompetent students or those residing in
places with weak internet infrastructure may cause
negative attitudes towards DE. Students who participated
in this study and had technological infrastructure
problems may also have encountered problems such as
disconnection during the lesson, microphone or camera
not working, insufficient internet quota, and inability to
access lecture recordings or other resource materials. The
fact that students living in dormitories, in other words,
students who wusually share the same room and
technological infrastructure with more than one person,
have some problems attending classes may have prepared
the ground for these students to consider DE as
disadvantageous. It is not surprising that students in this
group tend not to prefer DE in the future. It is thought that
for each student to benefit from the distance education, to
balance income inequality, in other words, to ensure
justice in education, educational institutions should
provide access to the appropriate technological
infrastructure at a minimum level. Therefore, it can be said
that if the aforementioned conditions of the students are
improved, the students can get the maximum benefit by
getting one step closer to the learning outcomes and
objectives of the course.

In this study, almost half of the students (47.9%) reported
that online exams were not conducted honestly (Table 1).
Similarly, in the literature (Hunt and Anderson 2022), a
case of dishonest academic conduct has been reported for
remotely conducted objective structured clinical
examinations (OSCEs), which aim acquisition and
measurement of clinical skills. In this context, it is believed
that it would be beneficial to make constructive criticisms
to the students about their academic honesty not only
during online education, but throughout their entire
education life, and to instill this doctrine within the hidden
curriculum. In addition of this view, further research is
needed to measure and improve students' academic
honesty.

Within the scope of this study, during DE, it is seen that the
frequency of the first graders asking questions is less than
the other grades (Table 6). One of the most important
success criteria of distance education is classroom
interaction (Flottemesch 2000), and it can be more
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effective than individual student participation in learning
satisfaction (Fulford and Zhang 1993). For this reason, the
fact that some students tend to ask fewer questions should
not be considered a problem as long as it does not disrupt
the interaction dynamic in the classroom. However, it may
be considered normal that students tend to ask fewer
questions and hesitate to actively participate in courses. In
addition, it is thought that this hesitation may have
occurred because first grade students who have just
started university encounter a different teaching style, DE,
in a different educational institution than high school. In
addition, as a negative outcome of the social distance rule
during the pandemic, the limited
communication/interaction of the students in the
classroom with each other and with the lecturers may
have caused them to exhibit shy attitudes and not have the
courage to ask questions.

It is clearly seen that some students (Abbasi et al. 2020,
Aslim et el. 2023) do not prefer DE especially in practical
courses. However, in this study, it is considered a
surprising result that third and fourth graders do not see
DE as disadvantageous (Table 6). As a matter of fact,
practical courses on clinical veterinary medicine gain
weight in the third and fourth grades of veterinary
faculties in Turkish. Therefore, in line with the mentioned
literature, it was expected in our study that students in
third and fourth grades would not prefer DE due to their
inability to practice.

As seen in Table 7, it was determined that students
without DE experience did not or sometimes wanted to
continue DE after switching to face-to-face education
(p=0.009). In addition, among those who were undecided
about continuing DE in the future, the rate of students who
have no previous DE experience was quite high (72.2%). It
has seen that having experience in DE positively affects
students' participation in the course (Table 7). Although
some of the first-year students had both online and face-
to-face education experience in the previous periods, they
only received distance education in their university
education due to the pandemic. This may have affected the
answers of first-year students to some of the survey
questions. This situation can be considered as a limitation
of the study. However, according to a study conducted
with medical students (Al-Balas et al. 2020), students with
previous distance education experience were significantly
more satisfied with DE than others. Secondly, the blended
method, in which both traditional and distance education
are planned jointly, could be used as a suitable method in
the future. When the aforementioned literature and the
results of this study are combined, it can be argued that
providing distance education in addition to traditional
education may be accepted by future’s veterinary students.

In conclusion, flexibility is one of the strengths of DE.
Although it has seen that students generally preferred
face-to-face education, the existence of a group of students
who wanted to continue distance education and reported
that the method has some advantages is also remarkable.
The difficulty of accessing the course due to the lack of
technological infrastructure is seen as a major
disadvantage. It can be considered that living in favorable
conditions is positively related to students' ability to
benefit from distance education.
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ABSTRACT Canine coronavirus (CCoV) infection in dogs is common all over the world and progresses with gastroenteritis
findings. Infection as a result of complications with secondary factors may result in death, especially in
puppies. The virus, which is excreted in the feces, spreads indirectly through the contamination of food,
water, and the environment. This study, it was aimed at revealing the CCoV infection and obtaining current
molecular information about the infection. In addition, molecular characterization of CCoV strains circulating
in the region was made based on the M (membrane protein) gene. The study material consisted of stool
samples from 12 dogs with gastroenteritis findings. The amplified PCR products were subjected to sequence
analysis and a phylogenetic tree was constructed by comparing them with different reference CCoV isolates
from GenBank. In the phylogenetic tree, 1 of the 5 positive samples was determined to be CCoV-I, and 4
samples were determined to be CCoV-Ila. It was determined that the strains obtained were 85.4 - 97.7%
similar among themselves and 82.7-98% similar to other strains obtained from GenBank. As a result of study,
current molecular information about CCoV circulating in the Balikesir region was obtained. With this study, it
is thought that new research on the existence and molecular epidemiology of CCoV infection in Tirkiye will
make important contributions to vaccine studies and the control of infection.

Keywords: Canine coronavirus, PCR, Phylogenetic analysis.

0z Canine Coronavirusun Tespiti ve Kismi Membran Gen Dizisi Temelli Molekiiler
Karakterizasyonu

Kopeklerin Koronavirus (CCoV) enfeksiyonu tiim diinyada yaygin olarak goriilmekte ve gastroenteritis
bulgular1 ile seyretmektedir. Sekonder etkenlerle komplikasyon sonucunda enfeksiyon, o6zellikle yavru
képeklerde 6liimle sonuglanabilir. Digki ile atilan virus, diskinin yeme, suya ve cevreye bulasmasiyla indirekt
olarak yayilir. Yapilan bu c¢alismada CCoV enfeksiyonunun ortaya konmasi, enfeksiyona iliskin giincel
molekiiler bilgilerin elde edilmesi amaclanmistir. Ayrica, bolgede dolasan CCoV suslarinin M (membran
proteini) genine dayali molekiiler karakterizasyonu da yapilmistir. Calisma materyalini, gastroenteritis
semptomlar1 gosteren 12 adet kopege ait gaita 6rnegi olusturdu. PCR firiinleri saflastirdiktan sonra sekans
analizine tabi tutuldu ve GenBank veri tabanindan saglanan farkl referans CCoV izolatlari ile karsilastirilarak
filogenetik agac olusturuldu. Filogenetik analiz sonucu 5 pozitif 6rnekten, 1 adedinin CCoV-I, 4 adet drnegin
ise CCoV-Ila oldugu tespit edildi. Elde edilen suslarin kendi aralarinda %85.4-%97.7 oraninda, GenBank veri
tabanindan elde edilen diger suslarla aralarinda %82,7-%98 oraninda benzerlik oldugu tespit edildi. Calisma
sonucunda, Balikesir bolgesinde sirkiile olan CcoV’'ye yonelik giincel molekiiler bilgiler elde edilmistir. Bu
calisma ile, Tiirkiye’de CCoV enfeksiyonunun varligina ve molekiiler epidemiyolojisine iliskin yapilacak yeni
arastirmalarin as1 calismalarina ve enfeksiyonun kontroliine 6nemli katkilar saglayacag: diisiintiilmektedir.

Anahtar Kelimeler: Filogenetik analiz, Képek koronavirus, PZR.

INTRODUCTION significant economic losses (Pratelli et al. 2001; Brownlie
and Whittaker 2017; He et al. 2020). Coronaviruses have
been classified into four groups (alphacoronaviruses,
betacoronaviruses, gamacoronaviruses and
deltacoronaviruses) in accordance with the virus
classification made by the ICTV (International Committee

Coronaviruses infect humans and many animal species
(cattle, dogs, cats, poultry, rabbits, mice, rats, and pigs)
with subclinical or moderate-to-severe infections in many
organs, notably the respiratory and gastrointestinal
systems, causing serious epidemics resulting in death and
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on Taxonomy of Viruses). Coronaviruses, having a large
(27-32 kb) genome in the order Nidovirales, have
diversified extensively, resulting from the high frequency
of RNA recombination due to RARp (RNA-dependent RNA
polymerase) (Singhal 2020).

Canine coronavirus (CCoV), first isolated in 1971, is a
prevalent infection characterized by gastroenteritis in
dogs (Binn et al. 1974). The clinical symptoms, which
often begin with mild enteritis, are exacerbated by the
addition of other pathogenic agents to the viral infection
and may end in death if mutant or virulent strains spread
to multiple organs (pantropic canine coronavirus). Canine
respiratory coronavirus (CRCoV) is frequently diagnosed
in dogs with respiratory symptoms and contributes to the
infectious respiratory disease complex in dogs (Decaro et
al. 2008). Although coronavirus infection with enteritis
can manifest in dogs of any age, puppies are more
commonly affected. Diarrhea, vomiting, dehydration,
hemorrhage, and weight loss are observed, especially in
infections with other pathogens (Pratelli et al. 1999;
Decaro and Lorusso 2020). Deaths usually take place
within 24-36 hours after the onset of infection due to
severe dehydration (Buonavoglia et al. 2006).

The virus is a member of the Alphacoronavirus genus and
contains single-stranded positive-polarity RNA (Lai et al.
2001, Haake et al. 2020). The virus has helical symmetry,
is surrounded by a membrane, and has a diameter of 60-
220 nm (Benetka et al. 2006). Genomic RNA has
infectious characteristics (de Vries et al. 1997). The
genome of the virus, whose replication cycle takes place
in the cytoplasm, encodes four structural proteins: E-
envelope, M-membrane, N-nucleocapsid, and S-spike
protein, and two non-structural proteins, NS2 and NS4.
Canine coronaviruses are divided into two subtypes,
CCoV-I and CCoV-II. In addition, CCoV-II is divided into
two genotypes, CCoV-lla and CCoV-IIb (Pratelli et al.
2003).

Studies on spike and membrane proteins have reported
that there may be recombinations between FCoV and
CCoV. Studies have shown that CCoV-lla may have
resulted from recombination with coronaviruses of cats,
and CCoV-IIb may have resulted from recombination with
coronaviruses of pigs (Herrewegh et al. 1998; Pratelli
2006; Decaro and Buonavoglia 2011).

The most important mode of transmission of the disease
is oral entry of the virus through stool-contaminated
materials (fecal-oral route transmission). The virus
excreted in feces spreads indirectly by contaminating
food, water, and the environment. Asymptomatic dogs
have been reported to spread the virus for a prolonged
period of time without displaying any clinical signs
(Yesilbag et al. 2004; Pratelli et al. 2022).

In this study, it was aimed to reveal the CCoV infection
and obtain current molecular information about the virus.
In addition, molecular characterization of CCoV strains
circulating in the region was made based on the M gene.

MATERIAL AND METHODS

Permissions required for this study were obtained from
Balikesir University Animal Experiments Local Ethics
Committee (Dated: 27/04/2023, Numbered: 2023/3-1).

Samples

The study material consisted of fecal samples from 12
cross-breed dogs, aged between 1-6 months, exhibiting
symptoms of gastroenteritis, who attended local
veterinary clinics in Balikesir province. Stool samples

28

taken into stool containers were diluted 1/10 with PBS
and centrifuged (3000 rpm, 10 minutes). The supernatant
was taken into stock tubes and stored at -20 °C until
testing.

Viral RNA extraction, Reverse- Transcriptase
Polymerase Chain Reaction (RT-PCR)

Extraction of viral RNA from stool specimens was
performed with a nucleic acid isolation kit (Viral RNA,
DNA Preparation Kit, Jena Bioscience, Germany) in
accordance with the kit's procedure. The extracted viral
RNA was used as the template for complementary DNA
(cDNA) synthesis. Therefore, we used a kit (Thermo
Scientific RevertAid First Strand cDNA Synthesis Kit, USA)
containing the Reverse Transcriptase enzyme for cDNA
synthesis. The first mixture was prepared in a tube for
cDNA synthesis. For this purpose, 3 pL of distilled water,
0.5 pL of random hexamer primer, and 3 pL of RNA were
added to the tube and the tube was placed in the thermal
cycle. After the thermal cycle temperature was 70 °C, the
tubes, which were kept at this temperature for 5 minutes,
were taken and immediately placed on ice. The second
mixture was prepared in another tube containing 2.0 pL
of 5x reaction buffer, 1.0 uL of 10 mM dNTP mix and 0.5
uL of M-MuLV reverse transcriptase enzyme in 3.5 pL was
added to the tubes containing the first mixture and
incubated at 48 °C for 45 minutes. For the PCR reaction,
we used 3 ml (50 ng) cDNA. CCV1 (5°-TCC AGA TAT GTA
ATG TTC GG-3") and CCV2 (5°-TCT GTT GAG TAA TCA CCA
GCT-3") specific primers targeting the partial region (409
bp) of the Canine Coronavirus M (membrane protein)
gene were used for RT-PCR (Herrewegh et al. 1998). For
PCR amplification processes, a total of 30 pl PCR master
mix was formed with the cDNA (3 pl), Tris-HCI (pH 8.8-
75 mM), NH4(S04)2 (20 mM), MgClz (1.5 mM), primers (10
pmol), dNTP (0.2 mM) and Taq-DNA polymerase (0.5 U)
(Thermoscientific Taq DNA polimerase, USA). For the
PCR, after 35 cycles; denaturation (94 °C for 30 sec),
annealing (55 °C for 30 sec) and extension (72 °C for 1
min) final extension (72 °C for 10 min) was carried out.
RNase-free water was used as the negative control in RT-
PCR processes. The obtained PCR products were
subjected to gel electrophoresis. Amplified PCR products
were stained with gel red on a 2% agarose gel. Evaluation
of PCR products was completed using standard 100 bp
under UV light in a Gel Imaging Device.

Sequence Analysis

Amplified PCR products were purified and sequenced by
BMLabosis (Ankara, Tiirkiye). The alignment of the raw
data obtained with the Clustal W algorithm of the BioEdit
version 7.0.5 program has been completed (Hall 1999).
The NCBI (National Center for Biotechnology
Information) BLAST (Basic Length Alignment Search
Tool) search engine was used to compare the obtained
sequences with other similar data in the GenBank data
system. Phylogenetic analysis was done using MEGA v6.0
software. To this end, the neighbor-joining method with a
Kimura-2 parameter distance matrix model in the
programme MEGA version 11.0 was used. The bootstrap
value was calculated as 1000 replicates (Tamura et al.
2021).

RESULTS

CcoV nucleic acid was detected in five (41.6%) of the fecal
samples of 12 dogs tested for canine coronavirus. A
phylogenetic tree was created using the sequences
obtained from the studies and the sequences obtained
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from GenBank. The phylogenetic tree showed that one out
of five positive samples was CCoV-I, and four positive
samples were CCoV-Ila (Figure 1). When the similarity
rates were analyzed, it was found that the CCoV-Ila
strains identified in this study were 93.4-97.7% similar
among themselves and 82.7-98% similar to CCoV-IIs
identified from Tiirkiye and different countries. CCoV-Ila
strains identified in the study were found to be similar to

one CCoV-I strain at a rate of 85.4-88.1%. When the
CCoV-I strain identified in the study was compared with
CCoV-I strains identified from different countries, it was
found that the similarity rate varied between 94.6% and
95.7%. GenBank acceptance numbers of the samples
(TR/Bal/CCV10/1-OR862749; TR/Bal/CCV10/2-
OR862750; TR/Bal/H4-0R862747; TR/Bal/B10-
OR862748; TR/Bal/B5-0R862751) have been assigned.

45 MT156088/TR-Erz-B1-K11/2a-ent 7 7
MT156087/TR-Erz-B1-K22/2a-ent
AY 342160/CCoVIla/BGF 10/Enteric CCoV¥-llafent
3 D13096/CCoVIla/INSAVC/Enteric
MN913449/TR-Erz-B2-18/2a-ent 1
30 — MN913430/TR-Erz-B2-20/2a-pan T
16 & TR/Bal/CCV10/1
MK636865/TR/Ankara/Ccve/G2
40 L MW465348/TR/Konya/CCoV.4/2020
: & TR/Bal/CCV10/2
2 3 |— GU146061/CCoVIla/450/07/Pantropic CCoV-II
DQ112226/CCoVIla/CB/05/Pantropic
2 ETL MN913434/TR-Erz-B2-24/2a-pan CCoV-lla/pan
—— MN732564/TR/SivasCCoV-43
21 g MN732566/TR/Sivas CCoV-78
42 I:O TR/Bal/H4
u & TR/Bal/B10
=] 14 MN913439/TR-Erz-B3-4/2a-pan
52 MW465347/TR/Konya/CCoV.9/2020 1
- EU924790/CCoV1Ib/430/07 )
100 L— EU924791/CCoVIIb/119/08 Ceovilb i
—— @ TR/Bal/B5 7
- ——— AY548235/CCoV1/23/03
- HM450125/CCoVI/KCC22 CCoV-I
55 MK636864/TR/Ankara/Ccv2/G1
57 KP322087/CCoVl/dog123 i
—— DQ517438/TGEV
100 L—— JQ693056/TGEV/IKT3 :| TGEV
0.02

Figure 1: Phylogenetic tree constructed with nucleotide sequences based on CCoV partial M gene.

DISCUSSION AND CONCLUSION

Coronaviruses that cause infection in all species have a
wide host spectrum. In susceptible species, they cause
infections, sometimes subclinical and sometimes with
symptoms such as hepatitis, reproductive disorders,
encephalomyelitis, and nephritis, especially respiratory
and digestive system diseases, and may result in death
(Brownlie and Whittaker 2017; Radford et al. 2021).

Coronavirus infections can cause serious epidemics. The
coronaviruses, with a large RNA, are highly mutable and
can expand their host range due to this feature (Brownlie
and Whittaker 2017; Ozan and Tamer 2020; Lednicky et
al. 2022; Li et al. 2023). Given these characteristics, it is
important to conduct new studies on coronaviruses in all
species. This study aims to determine the presence of the
causative agent in Balikesir province and to reveal the
heterogeneity of the strains circulating in the region and
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the strains obtained in national and international studies
at the M gene level.

There are serological studies on the presence of canine
coronavirus in Tirkiye. Serological studies have shown
that the presence of CCoV Ab is 74.3%, 73.4%, 96.6%,
96.5%, and 75.2% (Yesilbag et al. 2004; Ataseven et al.
2005; Gur and Civelek 2007; Gur et al. 2008, Avc et al.
2016). These data reveal a high prevalence rate of
infection in Tiirkiye.

There are studies on M and S gene regions using the RT-
PCR technique in the diagnosis of CoV (Decaro et al. 2009;
d Alexandry et al. 2015). The M gene region is used to
determine the presence of infection since it is a protected
region. Although it is a protected region, it has been found
in studies that mutations in the M gene provide some
opportunities for the virus to escape from the host
immune system (Pratelli et al. 2003; Pratelli 2006).
Likewise, in this study, RT-PCR analysis was carried out
by using primers that focused on the CCoV M gene region.
Thus, it was aimed to identify the mutations in the M gene
and to compare the CCoV sequences obtained after
sequence analysis with different sequences. The study
showed that the CCoV-I and CCoV-II strains showed high
similarities with the types identified in Tiirkiye and in
other countries in previous years.

There are a limited number of studies on the virological
investigation and molecular characterization of canine
coronavirus in Tirkiye. In their study, Yesilbag et al,
(2007) identified the presence of CCoV nucleic acid in
fecal samples taken from unvaccinated dogs at the rate of
15.5% by RT-PCR. In the study, type-specific primers
were used, and five of the positive samples were
identified as CCoV-I. Another study found a CCoV Ag
positivity rate of 14.87% by ELISA in fecal samples
obtained from Adana province (Avci et al. 2016). Similar
to the present study, previous studies (Akkutay Yoldar et
al. 2020; Timurkan et al. 2021; Dogan and Kése 2022) on
the molecular characterization of the virus in Tiirkiye that
identified both CCoV-I and CCoV-II have indicated that
different types of the virus are circulating in Tiirkiye at
the same time. In this study, CCoV-I and CCoV-II strains
were identified in the sequences obtained after sequence
analysis, and the strains and vaccine strains in Tiirkiye in
past years had high similarities.

In reviews based on the PCR results of the presence of
CCoV nucleic acid worldwide, positivity rates ranging
from 15.5-57.3% have been reported in countries such as
Tiirkiye, Italy, Japan, the USA, England, Hungary, Greece,
and China (Soma et al. 2011; Dong et al. 2022). Various
inactivated and modified live vaccines are used in
vaccination programs undertaken in Tiirkiye and around
the world for protection against CCoV infection in dogs
(Pratelli et al. 2003). Although it has been reported that
the existing vaccines are safe and attenuate CCoV
replication in the intestinal system, it is not possible to
prepare them adequately since they are produced by
using classical virus types in vaccine production (Tizard
2020). Therefore, it is necessary to identify the circulating
field isolates and incorporate them into the vaccines.
Although vaccination practices vary worldwide, it is
necessary to consider the circulating virus strains in the
vaccine studies to be carried out, the high recombination
risks in coronaviruses, and even the possibility of
interspecies transmissions. It should be noted that CCoV
infections may lead to more severe symptoms and high
mortality when they are associated with other viral or
bacterial pathogens. The study provided up-to-date
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information about CCoV circulating in the Balikesir region
of Tirkiye. It is believed that further studies on the
presence and molecular epidemiology of canine
coronavirus infection in Tiirkiye would make significant
contributions to vaccine studies and the control of
infection.
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ABSTRACT Cryoprotectants are used to protect cells during freezing. The concentration, type, and freeze-thaw conditions
of these substances vary depending on the type of cell to be used. It is very important to determine the
appropriate cryopreservation method for the particular cell. This study aims to provide insights into the
optimal cryopreservation method for HeLa cells by comparing the performance of different cryoprotectants
and evaluating their effectiveness under various freezing and storage conditions. Cell suspensions were
frozen with a freezing media composed of cryoprotectant + fetal bovine serum + medium at a ratio of 5:10:85
(v:v:v) and stored under the following conditions: 3 months (-20 °C), 1 month (-80 °C), and 6 months (-80 °C).
Cell viability and recovery rates were analyzed immediately post-thaw and after 48 h using the trypan blue
dye exclusion assay. In 3 months (-20 °C), viability and recovery rates were higher in the methanol group.
Glycerol showed better performance in 1 month (-80 °C). DMSO was the most efficient in 6 months (-80 °C).
Methanol failed at -80 °C storage temperature. This study demonstrates the effect of these cryoprotectants in
HeLa cells on cell viability and cell recovery rates immediately after thawing and after 48 hours of cultivation.

Keywords: Cell culture techniques, Cell survival, Cryopreservation, Freezing, HeLa cells.

0z Dimetil Siilfoksit, Gliserol ve Metanol'iin HeLa Hiicrelerinin Coézdiirme Sonrasi
Hiicre Canlilig1 Uzerindeki Karsilagtirmal Etkinligi

Kriyoprotektanlar, hiicrelerin dondurma islemi sirasinda korunmasi i¢in kullanilir. Bu maddelerin,
konsantrasyonu, tipi ve dondurma-¢dzdiirme kosullari kullanilacak hiicre tipine gore degisir. Uygun
kriyoprezervasyon yonteminin hiicreye 6zel olarak belirlenmesi olduk¢a onemlidir. Bu calisma, farkl
kriyoprotektanlarin performansini karsilastirarak ve bunlarin cesitli dondurma ve saklama kosullar1 altinda
etkinligini degerlendirerek, HeLa hiicreleri i¢in en uygun kriyoprezervasyon yontemine iliskin bilgiler
saglanmasi amagclanmaktadir. Hiicre siispansiyonlar1 5:10:85 (v:v:v) oraninda kriyoprotektan + fetal sigir
serumu + medyumdan olusan bir dondurucu besiyerinde donduruldu ve 3 ay (-20 °C), 1 ay (-80 °C) ve 6 ay (-
80 °C) kosullarinda saklandi. Hiicre canlilig1 ve geri kazanim oranlari, ¢6ziilmeden hemen sonra ve ¢6ziilmeyi
takiben 48 saat sonra, tripan mavisi kullanilarak analiz edildi. Canlilik ve geri kazanim oranlari 3 ay -20 °C’de,
metanol grubunda daha yiiksekti. Gliserol grubunda ise canlilik ve geri kazanim oranlar1 1 ay -80 °C'de daha
iyi performans gosterdi. DMSO grubunda ise bu oranlar, 6 ay -80 °C’de en yiiksekti. Metanol grubu -80 °C’deki
depolama kosullarinda basarisiz oldu. Bu ¢alisma, HeLa hiicrelerindeki bu kriyoprotektanlarin, ¢6zdiirme
isleminden hemen sonra ve 48 saatlik kiiltivasyondan sonra hiicre canlilig1 ve hiicre geri kazanim oranlari
uzerindeki etkisini gostermektedir.

Anahtar Kelimeler: Dondurarak saklama, Donma, HeLa hiicreleri, Hiicre kiiltiirii teknikleri, Hiicre yasami.

INTRODUCTION these, cryoprotectants are considered indispensable for

L ) maintaining cell survival.
Cryopreservation is preserving cells at low temperatures

(-80 °C or -196 °C) for future use. This process should
ensure post-thaw cell viability (Gupta et al. 2017), which
could be affected by many variables, including
cryoprotectant type and concentration, media and
reagents’ quality, freezing/thawing speed, storage length,
and practitioner’s experience (Baust et al. 2017). Among

Cryoprotectants reduce ice crystal formation, which can
puncture cell membranes and damage internal structures.
They also help maintain cells’ structural integrity and
prevent cellular dehydration during freezing (Baust et al.
2011). Some cryoprotectant agents are dimethyl sulfoxide,
propylene glycol, ethylene glycol, methanol, amino acids
and oligosaccharides, amides, albumin, and
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polyvinylpyrrolidone (Elliott et al. 2017). Each has unique
features, advantages and disadvantages. These are
typically added to freezing media at concentrations
between 5-20%, with the remaining usually composed of
medium and fetal bovine serum (FBS) mixture (Baust et al.
2017). Although specific freezing/thawing protocols exist
for most cell lines, the optimal cryoprotectant
concentration that maximizes cell viability is still in
debate. Moreover, external factors, such as storage
temperature and length, impact cryoprotectants’ activity
(Gao et al. 2020). Therefore, investigations are needed to
understand their efficiency under different conditions.

Herein, DMSO, glycerol and methanol were tested for their
cryoprotective capabilities. HeLa cells were frozen with
each agent and kept at -80 °C for 1 and 6 months. Another
set of HeLa cells was kept at -20 °C for 3 months. Finally,
viability/recovery scores were compared at the 0th and
48t hours post-thaw. The purpose of this study is to
investigate and compare the cryoprotection efficacy of
three different cryoprotectants (dimethyl sulfoxide,
glycerol, and methanol) on the HeLa cell line. Additionally,
the study aims to investigate and identify the most
efficient cryopreservation methods tailored to maintain
the viability and functionality of HeLa cells under
cryogenic conditions.

MATERIAL AND METHODS

Reagents and culturing conditions

Cervical cancer cell line, HelLa, and Eagle’s Minimal
Essential Medium (EMEM, with I-glutamine) were from the
American Type Culture Collection (ATCC), USA. Heat-
inactivated FBS was obtained from Gibco, USA. Trypsin-
EDTA (0.05%), trypan blue (0.5%), sodium pyruvate,
penicillin-streptomycin, and non-essential amino acids
were from Biological Industries, USA. Analytical grade
DMSO, methanol, and glycerol were from Sigma-Aldrich,
Germany. Cells were cultured with EMEM media (10%
FBS, 1% penicillin-streptomycin, standard media) at 37 °C,
5% COz in a humidified incubator (EC 160, Niive, Tiirkiye).

Freezing

ATCC procedures were employed for the freezing and
thawing of HeLa cells (ATCC 2022). Cells were rinsed with
PBS and detached by trypsin-EDTA solution. After
centrifuging (1000 rpm, 10 mins), supernatant was
discarded, and cells were counted using a hemocytometer.
Finally, 2.5x105 live cells/mL in freezing media (Table 1)
were portioned into cryovials. Then cells were
equilibrated with freezing media for 15 mins. Cryovials
were placed in a pre-cooled cryorack half-filled with
ethanol. Cryorack was transferred into a polystyrene box
to allow slow cooling. Finally, cells were either kept at -80
°C for 1 and 6 months in a deep freezer (DF 490, Niive,
Tirkiye) or -20 °C for 3 months in a freezer (Bosch,
Germany). Some cryovials were lost due to operational
errors, and “N” numbers are shown in Table 2.

Table 1: Constituents of freezing media and culture

Thawing

Cryovials were immediately placed into a water bath
(NB20, Niive, Tirkiye) at 37 °C for 2 mins. Cells were
transferred into tubes containing 9 mL pre-warmed media
and centrifuged (125 g, 10 mins). The supernatant was
removed, and cells were resuspended in media. Cell
viability and recovery rates were determined post-thaw
0th and 48th hours.

Trypan blue assay and viability/recovery calculation

Trypan blue assay was performed according to the method
described by Murray and Gibson (2020). Briefly, 50 pL cell
suspension and 50 pL trypan blue (0.5%) were mixed and
vortexed. Then, 10 pL of the mixture was transferred to a
hemocytometer, and dead/alive cells were counted with a
light microscope (PrimoStar, Zeiss, Germany). The
recovery rate and cell viability were calculated using Eq. 1.

Eq. 1: Cell viability % and recovery % calculation formulas

Viability (%) = (Viable cell count)/ (Total post thaw cell
count) x100

Recovery (%) = (Viable cell count)/ (Total frozen cell
count) x100

There is no standardized test to evaluate the effects of
cryoprotectants on cell viability. However, two
parameters, recovery and viability, are usually measured
for the assessment (Weinberg et al. 2009). “Recovery”
refers to the cell count that successfully grows in a new
culture and considers the initial frozen cell count.
“Viability”, on the other hand, considers only post-thaw
cell counts and does not consider any cells that may have
been damaged during the freeze/thaw process. Therefore,
recovery rates are regarded as a more accurate indicator
of overall cell health, especially in evaluating
cryoprotectant potency. Indeed, using the viability scores
alone can lead to false positives (Murray and Gibson.
2020).

Statistical Analysis

The data were analyzed by GraphPad Prism 9.4 (San Diego,
California, USA). Parametric data were compared by one-
way ANOVA posthoc Tukey test with an alpha level of 0.05.
Non-parametric data were analyzed by Kruskal-Wallis
with Post-Hoc Mann-Whitney U tests using a Bonferroni-
adjusted alpha level of 0.017 (0.05/3). Results were
presented as mean+SEM.

Limitations

This study has some limitations. Cellular morphology and
oxidative stress parameters were not investigated. Storage
conditions were limited. Only one concentration of the
cryoprotectant and FBS was tested. Only one cell line was
tested.

Cryoprotectant Freezing media

DMSO 85% MEM + 10% FBS + 5% DMSO
Glycerol 85% MEM + 10% FBS + 5% Glycerin

Methanol 85% MEM + 10% FBS + 5% Methanol

33

RESULTS

This study tested the cryoprotective efficiency of DMSO,
glycerol, and methanol on HeLa cells. Experiments were
carried out at two different temperatures and three
different periods because storage length and temperature
are significant factors affecting long-term cell viability
(Gaoet al. 2020). Although liquid nitrogen (-196 °C) is
considered a well-settled approach for long-term
cryopreservation, many laboratories still store their cells
in a deep freezer at -80 °C. Therefore, we tested -80 °C
storage temperature at 1 and 6 months. We also
investigated whether cells may be viable after storing at -
20 °C at an ordinary freezer temperature (-20 °C).
Descriptive parameters are given in Table 2. Statistical
comparisons of viability and recovery values are shown in
Fig 1-3.
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Table 2: Descriptive parameters of the DMSO, glycerol, and methanol groups.

Group N POt Mean SEM. Min. Max. '%%U Mean SEM. Min. Max.
thaw thaw
DMSO 14 73.75 2.98 50 87.5 90.99 3.14 66.67 100
Viability Glycerol 14 70.74 12.5 100 76.66 8.49 0 100
§ $ Methanol 14 Oth 75.81 3.12 50 88.89 40.96 53 0 83.33
S o 48th
E P DMSO 14 54.85 7.63 8 120 52 7.62 16 128
Recovery  Glycerol 14 32.57 4.55 8 72 171.73 28.99 0 336
Methanol 14 36.57 4.64 8 64 17.6 2.83 0 40
DMSO 9 81.55 3,83 61.11 100 66.15 1.94 5797 73.02
Viability Glycerol 14 85.9 1.55 75 95 60.81 3.54 31.58 82.76
%]
§ $ Methanol 15 42.89 599 11.11 100 37.82 3.55 20 57.14
S o Oth 48th
E P DMSO 9 90.66 6.79 64 120 294.22 34.12 128 416
Recovery  Glycerol 14 108 12.68 48 232 124.57 18.18 40 280
Methanol 15 23.46 2.86 8 48 19.33 2.5 8 32
DMSO 13 80.2 2.86 50 94.74 47.58 3.99 25 66.67
Viability Glycerol 14 73.11 413 33.33 88.89 62.25 4,18 33.33 85.71
%]
é $ Methanol 12 81.86 1.71 7143 9091 81.7 2.21 70 91.67
o= Oth 4_8th
g9 DMSO 13 90.67 11.47 16 160 33.85 2.59 16 48
on
Recovery  Glycerol 14 38.29 4.83 8 80 54.29 7.17 16 96
Methanol 12 95.33 8.44 48 160 76 4.35 56 96
P> .999 P <.001
100+ P=.410 P =.526 100 P =.002 P =.052
3 months 5 5 B
-20 °C 3 T 3
: ; .
= 60 5\'; 60
z 2
§ 40— :3 40—
g g
< 20 £ 20
0-! 0-
MeOH-V Glycerol-V DMSO-V MeOH-V Glycerol-V DMSO-V
@ P <.001
>
1505 [% 100 P=.051 P=.048
= P <.001 P < .001 75‘
2 o
S 100 g
:
g s0- &
0_
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MeOH-R Glycerol-RDMSO-R

Figure 1: Comparison of DMSO, glycerol, and methanol groups stored at -20 °C for 3 months, A, B: Viability “V” (0, 48 h) C, D:
Recovery “R” (0, 48 h).
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Figure 2: Comparison of DMSO, glycerol, and methanol groups stored at -80 °C for 1 month, A, B: Viability “V” (0, 48 h) C, D:
Recovery “R” (0, 48 h).
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Figure 3: Comparison of DMSO, glycerol, and methanol groups stored at -80 °C for 6 months, A, B: Viability “V” (0, 48 h) C, D:
Recovery “R” (0, 48 h).
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Viability is the percentage of viable cells in a culture. The
post-thaw Oth-hour viability was measured immediately
after thawing. All cryoprotectants presented similar post-
thaw Oth-hour viability. However, the damaged cells may
lose their viability later in the culture; hence post-thaw
48th hour viability provides a better understanding of
cryopreservation success. The impacts of the tested agents
were significant at post-thaw 48t For 1 and 6 months (at
-80 °C), DMSO and glycerol provided better viability (Fig.
2-3), whereas for 3 months period, methanol was better
(Fig. 1).

Recovery is the ratio of viable cell count to the initial
frozen cell count. Therefore, it is considered a more
accurate representation of overall cell health. Recovery
results differed in storage conditions and measuring time
(0-48 hours). Some principal findings considering post-
thaw 48th-hour recoveries were as follows: For 1 month
period (at -80 °C), glycerol was better (Fig. 2); for 6
months period (at -80 °C), DMSO was better (Fig. 3); for 3
months period (at -20 °C) glycerol and methanol were
better (Fig. 1).

DISCUSSION AND CONCLUSION

As the temperature decreases during freezing, water
separates purely, and the remaining solutes cause osmotic
disturbance inside cells. Therefore, water passes through
the plasma membrane to the outside of the cells in order to
establish equilibrium (Baust et al. 2017). Free water
molecules inside/outside the cells attach via hydrogen
bonding and form ice crystals. When thawing, on the other
hand, the leaked water molecules (as well as ice crystals)
will rush into cells for the same reason. In both scenarios,
osmotic imbalance (shrinking and swelling) and ice
crystals cause considerable physical damage to the cells.
Therefore, cells primarily die through necrosis when
cryoprotectants are not used. Cryoprotectants inhibit ice
crystal forming by binding/surrounding free water
molecules and blocking their attachment. However,
because these agents are solutes that can enter and out the
cells, they may become another source of osmotic
imbalance. When cryoprotectants are used, particularly at
elevated levels, cells usually die through apoptosis
triggered by osmotic stress (Baust et al. 2000). For this
reason, the optimum cryoprotectant concentrations should
be determined.

Various cryoprotectant agents were proposed, such as
proline (Bryant et al. 2022), recombinant wheat proteins
(Chow-Shi-Yee et al. 2020), and dextran-based hydrogels
(Pereira et al. 2019); however, DMSO and glycerol are still
widely preferred owing to well-established protocols and
accessibility (Freshney 2015; Murray and Gibson 2022).
These agents could protect non-sensitive cells such as
HeLa without needing other supplies, but neuron-like
sensitive cells require supplements such as FBS, albumin,
sericin, and maltose (Gonzalez Porto et al. 2018; Yamatoya
etal. 2022). FBS is a requirement in most cryopreservation
protocols, yet it does not provide enough protection alone,
as FBS at 100% concentration fails to protect cells from
freezing damage (Fujisawa et al. 2019). On the other hand,
the combination of FBS with cryoprotectant agents yields
excellent viability (Reuther et al. 2006; Shinde et al. 2019).
Cells preserved up to 95% FBS (with 5-10% DMSO)
presented higher viability rates and maintained their
cellular function (e.g., colony formation, differentiation)
better than lower FBS levels (Stevenson et al. 2004;
Fujisawa et al. 2019; Sevim and Arat 2021). Therefore,
most laboratories utilize FBS in freezing media, usually at

10% concentration (Gomez-Lechon et al. 2006,
Myagmarjav and Liu 2022), although some others avoid
using FBS because of health concerns (Yamatoya et al.
2022). In this study, FBS concentration in freezing media
remained constant at 10%.

In one month -80 °C period (Fig. 2), glycerol was superior
to DMSO (p=0.003) in terms of recovery (post-thaw 48th),
while viability was the same. Due to its lower toxicity,
glycerol may allow cells to recover more quickly than
DMSO, which can induce oxidative stress and be toxic to
cells at concentrations >1% (Bumbat et al. 2020; Chow-
Shi-Yee et al. 2020; Tamagawa et al. 2022). In 6 months -
80 °C period, on the other hand, DMSO presented better
recovery than glycerol (p=0.002) (Fig. 3), while viability
was again the same. DMSO has higher intracellular
permeability than glycerol (Vian and Higgins 2014;
Myagmarjav and Liu 2022), and thus it may have protected
cells more efficiently in long-term preservation. Although
the glycerine and proline mixture was as effective as DMSO
on four different cell lines (Bryant et al. 2022),
cryopreservation with DMSO wusually yields better
outcomes. DMSO was effective in as low as 2%
concentration when cryopreserving adult stem cells, even
without FBS (Thirumala et al. 2010), while glycerol
requires further concentrations. Glycerol successfully
cryopreserved red blood cells at 15% (Poisson et al. 2019),
although it caused toxicity on granulocytes at 30%
concentration (Moss and Higgins 2016).

In summary, the study highlights that the choice of
cryoprotectant should be based on the specific storage
conditions and the intended duration of preservation.
Glycerol appears to excel in short-term storage at -80 °C,
while DMSO is more suitable for long-term storage at the
same temperature. Methanol may have better in
preserving cells for a limited time at -20 °C but is less
effective in other scenarios. The success of the
cryopreservation process is subject to variability,
contingent upon numerous factors encompassing the
conditions of cell culture, the composition of the growth
media, the concentration and duration of trypsin
application, the period during which cells are exposed to
the external environment, and the selection and
concentration of cryoprotective agents (Liu et al. 2021).
Furthermore, the specific cell type being preserved
constitutes a critical determinant influencing the outcomes
of cryopreservation endeavors. In light of these
multifaceted considerations, it is imperative that each step
of the cryopreservation procedure is executed with
meticulous care and precision, while the chosen freezing
protocol should be systematically optimized, bearing in
mind the distinct requisites associated with individual cell
types (Elliott et al. 2017; Murray and Gibson 2020).
Researchers may consider these findings when selecting
cryoprotectants for their HeLa cell preservation needs,
taking into account the desired storage duration and
temperature conditions.
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Obezite kedi ve kopekler icin gliniimiizde yaygin olarak seyreden hem metabolizma hem de beslenme
bozuklugudur. Obeziteyle baglantil olarak kedi ve kdpeklerde diabetes mellitus, kardiyovaskiiler sistemi
hastaliklari, kas-iskelet sistemi hastaliklari ve hatta morbidite gibi ciddi ve geri doéniisii olmayan sorunlar
gelisebilir. Bu ¢alismayla iilkemizde de kedi ve kopek obezitesi ile kedi-képek sahiplerinin bakim ve besleme
davranislar arasindaki bagintilarin verilerinin anket yoluyla elde edilmesi amaglanmistir. Calismaya katilim
saglayan 1135 katilimcidan elde edilen verilere dayanilarak iilkemizde kedilerin %42’sinin, képeklerin ise
%30’unun asir1 kilolu ve obez olduklari belirlenmistir. 1079 hayvan sahibinin obezitenin kedi ve kopekler i¢in
bir hastalik oldugunun farkinda oldugu belirlenmistir. Ayrica bu ¢alismayla tilkemizdeki kedi ve kopek
sahiplerinin %8’inin vejetaryen, %61’inin vegan oldugu da tespit edilmistir. Kedi ve kopeklerin vejetaryen
beslenmesini uygun bulmayan hayvan sahiplerinin oraninin %66, vegan beslenmesini uygun bulmayanlarin
oraninin ise %64 oldugu da 6nemli bir veri olarak calisma sonunda ortaya ¢ikmistir. Sonu¢ olarak bu
arastirmanin sonucunda elde edilen verilerin tilkemizde a¢ig1 bulunan kedi ve kdpek obezitesiyle ilgili
literatiire kaynak saglamasi ve kedi-kopek obezitesine yonelik calismalara az da olsa katki sunmasi umut
edilmektedir.

Anahtar Kelimeler: Besleme, Kedi, Képek, Obezite, Vegan, Vejetaryen.

ABSTRACT

Evaluation of Obesity in Cats and Dogs together with the Profiles of Pet Owners

Today, obesity is both a metabolism and a nutritional disorder that is common in cats and dogs. In connection
with obesity, serious and irreversible problems such as diabetes mellitus, cardiovascular system diseases,
musculoskeletal system diseases and even morbidity may develop in cats and dogs. The aim of the study was
to obtain the data of the correlations between cat and dog obesity and the care and feeding behaviors of cat
and dog owners in our country, by means of a questionnaire. Based on the data obtained from 1135
participants who participated in the study, it was determined that 42% of cats and 30% of dogs in our
country were overweight and obese. It was determined that 1079 pet owners were aware that obesity is a
disease for cats and dogs. In addition, this study found that 8% of cat and dog owners in our country are
vegetarian and 61% are vegan. As an important data, it was revealed at the end of the study that the rate of
pet owners who do not find vegetarian nutrition suitable for cats and dogs is 66%, and the rate of those who
do not find vegan nutrition appropriate is 64%. As a result, it is hoped that the data obtained from of this
research will provide a source for the literature on cat and dog obesity, which is lacking in our country, and
contribute a little to studies on cat and dog obesity.

Keywords: Cat, Dog, Obesity, Nutrition, Vegan, Vegetarian.

GIRIS

hayvanlarda oldugu gibi kedi ve kdpeklerde
evcillestirildikten sonra insanlarin onlara uygun goérdigi

Vahsi kedi ve kopekler dogada kendi besin maddesi
ihtiyaclarin1 peslerinde kostuklar1 avlarindan saglamaya
calisirlarken, viicutlarinin gereksinim duydugu enerjiyle
vicutlar1 arasinda bir denge saglamaya c¢alisiyorlardi.
Evcillestirilmeye ¢alisilan ve/veya evcillestirilmis diger

sartlarda yasamaya ve onlara uygun gordiikleri besin
maddeleriyle beslenmeye deyim yerindeyse insanoglunun
merhametine mahkiim olmuslardir.

Kedi-kopeklerin evcillestirilmeleriyle birlikte yasam
sekillerinde ve konforlarinda da olumlu ve olumsuz
gelismeler meydana gelmistir. Kedi ve kdpeklerin insanlar

= *Corresponding author: selcukaltacli@yyu.edu.tr
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tarafindan korunma altina alindiklar1 zamandan bu yana
vahsi yasamda kars1 karsiya olduklar: tehlikeler nispeten
azalmis, yeme icmeye erisimleri kolaylasmistir. Boyle
olunca hem kediler hem de kopeklerde beklenen yasam
stiresi uzarken, hareket alanlar1 Kisitlanmis, beslenme
sekilleri ve vahsi yasamda sergilemis olduklar1 davraniglar
degismistir. Nihayet bu hayvanlarin dogal ortamlarina
gore daha rahat bir yagsama alismalar1 sonucu, giiniimiiz
insanlarinin karsi karsiya kalmis oldugu diabetes mellitus,
kanser, obezite, Kkardiyovaskiiler  hastaliklar  vb.
rahatsizliklar kedi ve kopeklerde de goriilmeye baglamistir
(German 2006).

Glinimiiz kedi ve kopek metabolik ve beslenme
hastaliklarinin basinda obezite gelmektedir. Kisa ve basit
bir tanimi yapilacak olursa, obezite kisaca viicudun yag
depolama bolgelerinde asir1 yag birikmesi olarak
tanimlanmaktadir (Russell ve ark. 2000; German 2006;
Toll ve ark. 2010; Case ve ark. 2011; Eteke 2012; Larsen
ve Della Maggiore 2020). Biriken yag viicut agirligini
artirir; bu nedenle, asir1 viicut yagiyla asir1 kilo birbiriyle
ilisgki halindedir (Toll ve ark. 2010). ideal agirhklarinin
%10-19'undan fazla kiloya sahip olan kedi-kopekler fazla
kilolu, %20 veya daha fazla kiloya sahip olanlar ise obez
olarak degerlendirilirler (Case ve ark. 2011; Wortinger ve
Burns 2015). Eriskin kopeklerde adipoz hiicrelerde
depolanan ve bu hiicrelerin hacimce biliylimelerine neden
olan yag hipertrofik obezite olarak tanimlanirken, asiri
beslenen biiylime dénemindeki kopeklerin adipoz
hiicrelerinde yash hayvanlardan farkl olarak sayica artan
yag ise hiperplastik obezite olarak tanmimlanmaktadir
(Kahraman 2007).

Obezite gliniimizde kedi ve kopeklerin bir numaral
beslenme problemi haline gelmistir (Verbrugghe 2019).
Kedi-kdpek obezitesinin diinyada Kuzey Amerika’da
(6zellikle ABD’de) ve ileri sanayi iilkelerinde insan
obezitesine denk bir diizeyde bulundugu bildirilmektedir
(Wortinger ve Burns 2015). Kedilerin %63'liniin ve
kopeklerin %59'unun fazla kilolu veya obez olduklarin
bildiren ¢esitli arastirma sonuglar1 bulunmaktadir
(Courcier ve ark. 2010; Larsen ve Della Maggiore 2020).
Tiirkiye’de kedi kopek obezitesinin goriilme sikligina dair
bir bilgiye rastlanilmamistir.

Obezite pek ¢ok faktoriin bir araya gelerek etkili oldugu bir
durumdur. Bir¢ok risk faktori, enerji tiilketimini ve enerji
kullanimini  etkileyerek pozitif bir enerji dengesi
olusturmaktadir (German 2006; Laflamme 2006). Obezite
vakalariin yalnizca %3'tiniin hayvanlara 6zgii faktorlere
bagl olduguna inanilirken, %97'sinin beslenme faktdrleri,
fiziksel aktivite ve hayvan sahiplerinin tutumlar1 gibi
insana 6zgii faktorlerden kaynaklandigina inanilmaktadir
(Bland ve ark. 2010).

Kedi ve kopeklerde obeziteyle iliskili faktorler primer
obezite ve sekonder obezite diye iki kisma ayrilarak da
incelenebilir (Larsen ve Della Maggiore 2020).

Primer obezitenin olasi olusma nedenleri arasinda: Asiri
kalori tiiketimi (yogun enerji iceren gidalar, hayvanin
dogasina uygun olmayan yemleme uygulamalari, yetersiz
besleme uygulamalar;, ad libitum besleme), enerji
harcanmasinin azaltilmasi veya engellenmesi (yetersiz
hareketlilik ve egzersiz), biliylime orani, yas, hayvanin
kisirlagtirilmas1 durumu, hayvan sahibinin geliri, yas1 ve
viicut kompozisyonu, genetik yatkinlik (irk) sayilabilir
(Larsen ve Della Maggiore 2020)

Sekonder obezitenin olasi olusma nedenleri arasinda ise:
Hipertiroidizm, hiperadrenokortisizm, hiperinsiilinizm,
akromegali, hipotalamusun gorevini yerine getirmesinde

39

yetersizlik, glukokortikoid, progeatagen, fenobarbital ve
primidon gibi ila¢g uygulamalari sayilabilir.

Risk faktorlerinin bazilarini hayvana bagh faktorler ve
insana bagh faktorler baglklari altinda incelememiz
miimkiindiir (Bland ve ark. 2010).

Hayvana bagh faktorler arasinda irk ve yas, cinsiyet ve
kisirlagtirma sayilabilir. Obezitenin gelisimiyle ilgili olarak
bazi kedi ve kopek irklarinin yatkin = oldugu
bildirilmektedir (Verbrugghe 2019). Obezite gelisme riski
yliksek kedi irklar1 arasinda basta melez irklar olmak
lizere Manx, Ingiliz kisa tiiylii kedisi, Norve¢ orman kedisi,
Iran kedisi, evcil kisa, orta ve uzun tiiylii kedi irklari
bulunurken, képek irklar1 arasinda Labrador Retriever,
Golden Retriever, Rottweiler, Cocker Spaniel, Collie,
Dachshund, Cairn Terrier, Shetland Sheepdog, Beagle,
Cavalier King Charles Spaniel, Basset Hound gibi irklar
bulunmaktadir (Verbrugghe 2019; Larsen ve Della
Maggiore 2020).

Obezite prevalansi hayvanin yasinin ilerlemesiyle birlikte
artarken, ozellikle fiziksel aktivitenin azalmasina bagh
olarak ayni sekilde azalan enerji ihtiyaglar1 ve yasa bagh
viicut kompozisyonunda meydana gelen degisiklikler bazal
metabolizma hizinin diismesine neden olmaktadir
(Verbrugghe 2019). Obezite en ¢ok orta yash yetiskin
kopek ve kedilerde goriilmektedir (Case ve ark. 2011).
Eriskin kopek ve kedilerin %35-40"1 ve 7 yas ve lzeri
kopek ve kedilerin ise %50’den fazlasinin obez oldugu
tahmini yapilmaktadir (Case ve ark. 2011; Ergiin ve ark.
2013; Wortinger ve Burns 2015; Kii¢tik 2020).

Cocuk obezitesinde oldugu gibi, yavru kopeklik
donemindeki asir1 kilonun, kopekleri yetiskin obezitesine
yatkin hale getirdigi ve 9 ila 12 aylik obez disilerin, obez
olma olasiliginin 1.5 kat daha fazla oldugu, geng kedilerde
kisirlagtirmay1 takiben benzer bir kilo alimi olgusunun
meydana geldigi ve bu durumun hayvanlar1 obeziteye
yatkin hale getirdigi bildirilmektedir (Zoran 2010).

Evde bakilan kopek ve Kkedilerin bircogu sahipleri
tarafindan kisirlastirilmaktadir. Veteriner hekimler pet
hayvan sahiplerine hayvanlarim1 cinsel olgunluga
erismeden 6nce kisirlastirmalarini tavsiye etmekte, sonug
olarak bir¢ok kedi ve kopek 6 ay ile 1 yas arasinda
kisirlastirilmaktadir. Bu silire hayvanin aktivite diizeyinde
ve enerji ihtiyacindaki azalmaya sebep oldugu i¢in hayvan
sahipleri bu durumun farkina varmazlar ve hayvanlarini
kisirlastirmadan 6nceki mama miktariyla beslemeye
devam ederek asir1 kilo alimina sebep olurlar (Case ve ark.
2011). Kisirlastirma ve obezite arasinda énemli bir iliski
bulunmaktadir ve kisirlastirilan kedi ve kopeklerde asiri
kilolu olma durumunun giderek daha sik gorildigi
bildirilmistir (Case ve ark. 2011; Verbrugghe 2019).
Normal emsallerine gore kisirlastirilmis kdpeklerin 2.8 kat
(Robertson 2003), kisirlastirilmis kedilerin 3.6 kat
(Courcier ve ark. 2012) daha fazla kilolu olma olasiligl
bulunmaktadir.

Kedi ve kopek obezite olusumunda insana bagh faktorler
arasinda: Diyet ve besleme (Son derece lezzetli, enerji
acisindan  yogun  yiyecekler, ozellikle ozglirce
beslendiklerinde kedi ve kopekleri kilo alma riskine sokar)
(Verbrugghe 2019) ve fiziksel aktivite (0zellikle diisiik
fiziksel aktivite dilizeyleri enerji seviyesini azalttigl icin
egzersiz eksikligi de o©nemli bir risk faktéri olarak
tanimlanmistir) sayilabilir (Verbrugghe 2019).

Obezite sadece biliylik miktarlarda yag dokusunun
birikmesiyle degil, ayn1 zamanda viicutta meydana gelen
o6nemli metabolik ve hormonal degisikliklerle de alakalidir
(Zoran 2010). Obezitenin kanitlanmis olasi olumsuz
etkileri arasinda (Zoran 2010; Larsen ve Della Maggiore
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2020): yasam siiresinde kisalma, osteoartrit ve
intervertebral disk hastaligl dahil olmak iizere ortopedik
hastaliklarin siddetlenmesi, kardiyopulmoner
disfonksiyon, bozulmus akciger uyumu, Pickwickian
sendromu (obezite hipoventilasyon sendromu), egzersize
ve sicakliga karsi tahammiilsiizlik, insiilin direnci ve
diyabete yatkinlik, hiperlipidemi, hepatik lipidoz (kediler),
pankreatitise yatkin olma, kabizlikla ilgili problemler, kedi
alt triner sistem hastaligina yatkinlik, kisirlastirilmis disi
koépeklerde idrar kagirma egilimi, lireme problemlerine
yatkinlik, glic dogum (distosi), sebore, piyoderma gibi cilt
problemlerine yatkinlik, cerrahi ve anestezik risk artisi
gibi faktorleri saymak miimkiindir.

Tiiketilen enerji ile harcanan enerji arasindaki dengesizlik
ve bunun sonucu olarak siirekli bir enerji fazlaliginin
olmas1 obezitenin altinda yatan temel faktordir.
Ginlimizde evde Dbeslenen kedi ve kopekler
kisirlagtirilmaktadir. Kisirlastirmanin saglikla iliskili pek
¢ok faydalar1 bulunurken bazi 6nemli metabolik etkileri de
ortaya c¢ikmaktadir. Kisirlastirma metabolik hizda
azalmaya, yem tiiketiminde artmaya neden olmaktadir
(Ergiin ve ark. 2013).

Enerji tiketimi ayarlanmaz ise agirhk artisi, viicut
kondiisyon skorunda artis ve viicut yaglarinda artis
nedeniyle hayvanlarda asir1 kilo veya obeziteye neden
olmaktadir. Kisirlastirma ile her iki cinsiyette de obezite
gelisirr Bu durum kisirlastirmayr takiben enerji
harcanmasinin azalmasimin sonucu olabilir. Ancak bu
duruma daha c¢ok Ostrojen ya da testesteron hormon
kaybinin neden olduguna inanilmaktadir (Ergiin ve ark.
2013).

Kedi ve kopeklerin optimal viicut kondisyonunda olup
olmadiklarini  degerlendirmenin  ¢esitli ~ ydntemleri
bulunmaktadir (German 2006). Bu yéntemlerin baslicalari
arasinda kimyasal analizler, dansitometri, izotop
seyreltme, absorbsiyometri, ultrason, viicut agirhg
Olciimii, viicut kondisyon skoru, magnetik rezonans
goriintiileme, bilgisayarli tomografi sayilabilir. Kedi-kopek
kliniginde en sik kullanilan teknikler arasinda, viicut
agirhiginin 6lgiilmesi ve viicut kondisyon skorunun (VKS)
belirlenmesi bulunmaktadir (Larsen ve Della Maggiore
2020).

VKS, bir hayvanin viicut yaginin, hayvanin agirhigindan
bagimsiz olarak beden boyutunu hesaba katan 6znel bir
degerlendirmesidir (Wortinger ve Burns 2015). VKS'nin
belirlenmesi icin 5, 9, 6, 11 ve hatta 17 puanlik (Russell ve
ark. 2000) olcekler gelistirilmistir. En fazla kullanilan VKS
degerlendirme sistemlerinden 5 puanlik sistemde 1 zayif,
3 ideal ve 5 asir1 obez iken; 9 puanlik sistemde ise 1 zayif,
5 ideal ve 9 asir1 obez olarak degerlendirilmektedir.
(Bjornvad ve Buelund 2019).

Obezite tedavisinin kisa donemli hedefi, viicut yagi
depolarin1  azaltmaya yogunlasmak olmaldir. Bunu
saglamanin yolu negatif enerji dengesinin uyarilmasidir.
Negatif enerji dengesi; mama tiiketimini kisitlayarak
toplam enerji harcamasini aktif hale getirerek veya her
ikisini kombine halde kullanarak saglanabilir.

Tedavinin uzun doénemli hedefi hayvanin ideal viicut
agirhgina ve kondisyonuna ulasmasi ve bunu hayatinin
geri kalaninda korumasini saglamak olmalidir. Ancak
bunlarin stireklilik arz etmesini saglamak i¢in pet hayvan
sahibinin is birligi yapmasi (hayvan besleme konusunda
bilgisinin olmasi, uzmanin tavsiyelerine uymasi vb.),
hayvanina uygun bir egzersiz programi planlayarak bu
programi devam ettirmesi ve uygun bir diyet degisikliginin

olmas1 gerekmektedir. Diyet degisikligi ve egzersiz, kilo
kaybina neden olacak bir enerji agig1 olusturacaktir (Case
ve ark. 2011). Obeziteden koruma tedaviden daha kolay ve
onemlidir. Obeziteden korunma ic¢in dogru tiirde ve
miktarda gida alminin saglanmasi, canli agirhik
kontroliiniin yapilmasi, muayene ve hayvana egzersiz
yaptirma gibi o6nemli dort temel bashk sayilabilir
(Kahraman 2007).

Bu ¢alismayla 6zellikle son yillarda hem insanlarda hem de
kedi-kopeklerde trend haline gelen hastaliklardan biri olan
obezitenin {ilkemizde rastlanma sikliginin hayvan
sahiplerinin profilleriyle baglantisinin ne oldugu hakkinda
veriler elde etmek, elde edilecek verilerin daha sonra
obezite hakkinda yapilmasi disiiniilecek daha detayl
calismalara (hem kedi-kopek hem de insan arastirmalari)
altyapi olusturmasini saglamak, boylece kedi ve képeklerin
daha saglikli beslenmesine ve obezite gibi hastaliklarin en
azindan ortaya ¢ikma sikhigimin azaltilmasina katkida
bulunmak amaglanmistir.

MATERYAL VE METOT

Bu arastirma faaliyetinin etik kurul denetimine tabi
olmadig1 Van Yiiziincii Y1l Universitesi Hayvan Deneyleri
Etik Kurulunca belirtilmigtir. Tarih: 24/06/2021; Karar
No: 2021/06-08.

Anket calismasi gelisen teknolojiden de faydalanarak hem
insanlara daha rahat ulagsabilmek hem de kagit, miirekkep,
is giicti vb. 'den tasarruf etme adina online olarak ¢oktan
se¢cmeli siklardan, agik uglu sorulardan ve “evet” veya
“hayir” olarak belirtilebilecek sorulardan olusacak sekilde
yapimistir. Diinya {zerinde farkli online anket
programlar1 ve uygulamalari kullanilsa da diinya’da ve
Tiirkiye’de yaygin olarak kullanilan Google anket ¢alismasi
bu ¢alismaya uyarlandi.

Yapilan anket calismasinda isim, soy isim gibi kisisel
bilgiler kesinlikle istenilmemis ayrica cevap verilmek
istenmemesi gibi durumlar géz oniinde bulundurularak
coktan se¢meli sorularin siklar1 arasina “Belirtmek
‘istemiyorum” seklinde bir secenekte eklenmistir. Ankete
katilm i¢in bir zaman araligi (2 ay) belirlenmistir. Bu
siirenin bitiminden sonra ankete erisim sonlandirilarak
yeni verilerin girilmesi engellenmistir. Boylece anket
sorularina cevap vererek geri doéniis saglayan toplam
hayvan sever sayis1 1135 kisi olmustur.

istatistik Analiz

Elde edilen verilerin analizinde IBM SPSS Statistics
Versiyon 26 paket programindan yararlanilmistir.
Kategorik degiskenler icin ki-kare (x2) testi uygulanmistir.
Anlamhilik diizeyi %5 olarak alinmistir. Tanimlayici
istatistikler frekans ve % olarak verilmistir. Uygulanan
istatistik analizinin glivensiz olmasi durumunda diger ilgili
testlere basvurulmustur (MacDonald ve Gardner 2000).

BULGULAR

Ankete Katilan Kedi ve Koépek Sahiplerinin Katilim
Sagladiklari Sehirlerle ilgili Veriler

Ankete katihm saglayanlarin bulunduklar1 sehirlerin
dagilimlarim1 gosteren harita Sekil 1'de gosterilmistir.
Harita incelendiginde anket ¢alismasina en biiytik
katihmin Istanbul (447 kisi)’'dan oldugu, Istanbul'u
sirastyla 106 Kkisi ile izmir, 86 kisi ile Ankara ve 41 Kkisi ile
Van takip etmektedir.
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Sekil 1: Katilimcilarin bulunduklar: sehirleri goésteren harita.

Figure 1: Map showing the cities where the participants are located.

Kedi ve Kopek Sahiplerinin Vejetaryenlik/Veganlik,
Vejetaryen/Vegan Beslenme Hakkindaki Goriislerine
Yonelik Veriler

Hayvan sahiplerinin yasam tarzlari, hayata bakis agilari,
inanglar vb. nedenlerden dolayr giliniimizde sahip
olduklar1 kedi ve kopeklere hatta diger pet hayvanlarina
(6rnegin egzotik siis kuslar1) kendi yedikleri igtikleri
besinleri verme egiliminde olmalarindan dolay1 anket
calismasina konulan vejetaryen ve veganlikla alakal
sorularla hem insanlarin hem de kedi ve kdopeklerin
beslenmesi hakkinda bilgi edinilmesi amaglanmistir. Kedi
ve kopek sahiplerinin vegan ve/veya vejetaryen olup
olmadigin1  belirlemeye yonelik soruya verdikleri
cevaplarin dagihmi Tablo 1’de ve vejetaryen ve/veya
vegan beslenme hakkindaki diisiincelerini belirlemeye
yonelik sorulan anket sorusuna verilen cevaplarin dagilimi
ise Tablo 2’de goriilmektedir.

Vejetaryenlik ve veganlikla ilgili olarak kedi ve kopek
sahiplerinden 899 (%79) ‘unun vejetaryen olmadigi, 88
(%8)'inin olmay1 disindigi, 58 (%5)’'inin daha once
vejetaryen olmayr deneyip sonradan biraktigi, 90
(%8)1mnin ise vejetaryen oldugu tespit edilmistir.
Veganlikta ise bu oranlar daha diisik ¢ikmistir. Vegan
misiniz sorusuna evet cevabini verenlerin sayist 34 (%3),
hayir cevabini verenlerin sayisi ise 1008 (%89), vegan
olmay1 deneyip sonradan birakanlarin sayis1 32 (%3),
vegan olmayr diisiinenlerin sayisi ise 61 (%5) olarak
bulunmustur. Kedi ve kopeklerini vejetaryen veya vegan
olarak besleme konusunda ise kedi ve kdpek sahiplerinin
biiyiik ¢ogunlugu her iki beslenme seklini uygun
bulmamistir (Tablo 2).

Vejetaryen beslenmeyi uygun bulmayanlarin orani %66
(745 kisi) iken, vegan beslenmeyi uygun bulmayanlarin
orani ise %64 (726) iken, kedi ve kopeklerini her iki
beslenme sekli (vejetaryen/vegan) ile besleme konusunda
kararsiz kalanlarin orani %23 olmustur.
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Tablo 1: Kedi ve kdpek sahiplerinin vejetaryen ve vegan
olma durumlaru.

Table 1: Vegetarian and vegan status of cat and dog
owners.

Vejetaryen Vegan

N % N %

Evet 90 8 34 3

Hayir 899 79 1008 89

Olmay1 daha 6nce

denedim 58 5 32 3
basaramadim

_ Olmay 88 8 61 5
diisiiniiyorum

Tablo 2: Kedi ve kopek sahiplerinin hayvanlarin
vejetaryen veya vegan beslenmesi hakkindaki goriisleri.

Table 2: Views of cat and dog owners on vegetarian and
vegan nutrition of animals.

Vejetaryen Vegan
N % N %
Uygun 127 11 149 13
Uygun Degil 745 66 726 64
Kararsiz 263 23 260 23

Kedi VKS Degerlendirmesi

Calismaya dahil olan kedilerin VKS degerlerine iliskin bilgi
Tablo 3’de verilmistir.

Cinsiyet faktoriine gore degerlendirme yapildiginda ise
disi kedilerin %35 (159 disi)’inin, erkek kedilerin ise 206
(%48)’smin asin kilolu ve obez oldugu tespit edilmistir
(Tablo 4).
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Tablo 3: Kedilerde VKS degerleri.
Table 3: BCS values in cats.

N %
Skor 2 45 5
Skor 3 472 53
Skor 4 281 32
Skor 5 84 10

Tablo 4: Kedilerde normal kilo ile asir1 kilo/obezlik ile
cinsiyet iligkisi.

Table 4: The relationship between normal weight and
overweight/obesity and gender in cats.

Disi Erkek
N % N %
Normal kilolu 291 65 226 52
Tablo 5: Kopeklerde VKS degerleri.
Table 5: BCS values in dogs.
N %
Skor 2 32 13
Skor 3 145 57
Skor 4 66 26
Skor 5 10 4

Kopek VKS Degerlendirmesi

Calismaya dahil olan kopeklerin VKS degerlerine iliskin
bilgi Tablo 5’te verilmistir.

Cinsiyet faktoriine gore degerlendirme yapildiginda ise
disi kopeklerin %39 (42 disi)’'unun, erkek kopeklerin ise
%24 (34)'tintn asir1 kilolu ve obez oldugu tespit edilmistir
(Tablo 6).

Tablo 8: Normal kilolu kedi ve kdpeklerin beslenme sekilleri.

Table 8: Nutritional ways of normal weight cats and dogs.

Tablo 6: Kopeklerde normal kilo ile asir1 kilo/obezlik ile
cinsiyet iligkisi.

Table 6: The relationship between normal weight and
overweight/obesity and gender in dogs.

Disi Erkek
N % N %
Normal kilolu 67 61 110 76
Asiri kilolu/obez 42 39 34 24

Kisirlastirmanin Normal Kilolu ve Asir1 Kilolu/Obez
Kedi ve Kopekler Uzerindeki Etkisi ile ilgili Veriler

Tablo 7’ye bakildiginda asir1 kilolu/obez (VKS 4-5) olan
kedi ve kopeklerin, normal kilolu (VKS 2-3) kedi ve
kopeklere gore daha fazla kisirlastirilma oranlarina sahip
olduklar goriilecektir.

Tablo 7: Normal kilolu ve asir1 kilolu/obez kedi ve
kopeklerin kisirlagtirilma agisindan incelenmesi.

Table 7: Investigation of normal weight and
overweight/obese cats and dogs for neutering.
Normal Asir
kilolu Kilolu/obez p
N % N %
Kisirlastirllmis disi 205 30 165 37
Kisirlastirilmig 176 25 179 41
erkek
<.001
Klslrlastl.rlllmayan 159 23 40
disi
Kisirlastirilmayan 154 22 57 13
erkek

Normal Kilolu ve Asirt Kilolu/Obez Kedi ve Képek
Sahiplerinin Hayvanlarim1 Besleme Aliskanlhklar ile
ilgili Veriler

Calismaya katilan hayvan sahiplerinin hayvanlarini
besleme aliskanliklarini belirlemeye yonelik soruya vermis
olduklar1 yanitlar Tablo 8 ve Tablo 9’da verilmistir.

Evet Hayir
N % N %
Ad libitum beslenme 289 42 405 58
Masa artig1 verme 236 34 458 66
Odiil mamasi verme 526 76 168 24
Ek gidada 6giinlerde kisitlama 293 42 401 58
Dengeli besledigini diisiinme 292 42 402 58
Tablo 9: Asir1 kilolu/obez kedi ve kopeklerin beslenme sekilleri.
Table 9: Nutritional ways of overweight/obese cats and dogs.
Evet Hayir
N % N %
Ad libitum beslenme 251 57 190 43
Masa artig1 verme 172 39 269 61
Odiil mamas1 verme 305 69 136 31
Ek gidada 6giinlerde kisitlama 217 51 217 49
Dengeli besledigini diistinme 228 52 213 48
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Tablo 10: Normal kilolu kedi ve kdpek sahiplerinin mama secimi, igerik ve kalitesi ile baglantil hususlarla ilgili veriler.

Table 10: Data on issues related to food selection, content and quality of normal weight cat and dog owners.

Evet Hayir

N % N %

Mamanin igerigini kontrol etme 658 95 36 5
Enerji diizeyini kontrol etme 581 84 113 16
Protein diizeyini kontrol etme 620 89 74 11
GDO icermesi rahatsiz eder 575 83 119 17
Markanin 6nemi 581 84 113 16
Esansiyel aminoasit 280 40 414 60
Veteriner hekim tavsiyesi 609 88 85 12
Sahte mama 568 82 126 18
ilave vitamin- mineral takviyesi 386 56 308 44
flave supplement kullanimi 184 27 510 73
Diisiik enerjili gidalar1 bilme durumu 325 47 369 53

Tablo 11: Asir1 kilolu/obez kedi ve kopek sahiplerinin mama se¢imi, icerik ve kalitesi ile baglantili hususlarla ilgili veriler.

Table 11: Data on issues related to food selection, content and quality of overweight/obese cat and dog owners.

Evet Hayir

N % N %

Mamanin igerigini kontrol etme 419 95 22 5
Enerji diizeyini kontrol etme 359 81 82 19
Protein diizeyini kontrol etme 403 91 38 9
GDO igermesi rahatsiz eder 364 83 77 17
Markanin énemi 375 85 66 15
Esansiyel aminoasit 153 35 288 65
Veteriner hekim tavsiyesi 380 86 61 14
Sahte mama 359 81 82 19

flave vitamin- mineral takviyesi 223 51 218 49
flave supplement kullanimi 122 28 319 72
Diisiik enerjili gidalar1 bilme durumu 205 46 236 54

Normal Kilolu ve Asir1 Kilolu/Obez Kedi ve Kopek
Sahiplerinin Mama Secimleri, Mama icerik ve Kalitesi
ile Mamanin Fiyatiyla ilgili Veriler

Normal kilolu ve asir1 kilolu/obez kedi ve kdpek
sahiplerinin mama se¢imi, mama icerik ve kalitesinde
dikkat ettikleri hususlarla ile ilgili veriler Tablo 10 ve
Tablo 11’de gosterilmektedir.

Normal kilolu kedi ve kdpek sahiplerinin %44 (306)’1
hayvanlarina aldiklar1 mamaya ddedikleri ticretin 6nemli
oldugunu, %97 (670)'1 ayrica mama fiyatinin pahal
oldugunu belirtmislerdir (Tablo 12). Bu oranlar asiri
kilolu/obez hayvan sahipleri icin ise sirasiyla %51 (226)
ve %96 (425) seklinde gerceklesmistir (Tablo 13).

Kedi ve Kopek Sahiplerinin Asir1 Kilolu/Obez
Hayvanlarimin Tedavilerine Yaklasimlariyla flgili
Veriler

Kilolu ve obez hayvanlara cesitli tedavi yaklasimlariyla
ilgili veriler Tablo 14 ve Tablo 15'te verilmistir.
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Tablo 12: Normal kilolu kedi ve képek sahiplerinin mama

ticretleri hakkindaki diistinceleri ile ilgili veriler.

Table 12: Data on the opinions of normal weight cat and

dog owners about food prices.

Evet Hayir
N N %
Onemlidir 306 388 56
Ucuz 32 662 95
Pahali 670 24 3

Tablo 13: Asin kilolu/obez kedi ve képek sahiplerinin

mama iicretleri hakkindaki diistinceleri ile ilgili veriler.

Table 13: Data on the opinions of overweight/obese cat
and dog owners about food prices.

Evet Hayir
N N %
Onemlidir 226 215 49
Ucuz 13 428 97
Pahali 425 16 4
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Tablo 14: Asir kilolu/obez kedi ve kopeklerde cerrahi
uygulamalarina kedi ve kdpek sahiplerinin yaklasimlari.

Table 14: Approaches of cat and dog owners to surgical
applications in overweight/obese cats and dogs.

Kedi sahipleri Koépek sahipleri

N % N %
Evet 14 1 3 1

Hayir 319 36 94 37

Kararsiz 76 9 9 4
Veteriner

hekimin gerekli ;5 54 147 58

gordiigi

durumlar

Cerrahi uygulamalar kullanilarak obezite ile tedavi
yaklasimina olumlu bakan hayvan sahiplerinin oram %1
iken, veteriner hekimlerin 6ngérdiigii durumlarda operatif
yaklasimin kabul edilebilir oldugunu belirten kedi
sahiplerinin orant %54’e, kopek sahiplerinin orani ise
%58’e cikmaktadir.

Tablo 15. Kedi ve kopeklerde asir1 kilo ve obezite
durumunda ilag ile tedavi yontemine kedi ve kdpek
sahiplerinin yaklasimlari.

Table 15. Approaches of cat and dog owners to drug
treatment in case of overweight and obesity in cats and
dogs.

Kedi sahipleri Kopek sahipleri

N % N %

Evet 72 8 24 10

Hayir 207 23 64 25

Kararsiz 52 6 10 4
Veteriner

hekimin gereldi 55 63 155 61
gordigi
durumlar

Tedavinin ilag kullanilarak yapilmasina veteriner hekimin
gerekli gordiigli durumlarda olumlu bakanlarin orani kedi
sahiplerinde %63, kopek sahiplerinde ise %61 olmustur.

TARTISMA VE SONUC

Kedi ve kopeklerde obeziteyle ilgili diinya ¢apinda hem
klinikk hem de anket yoluyla yapilmis ¢alismalar
bulunmasina ve {llkemizde o6zellikle anket c¢alismalari
yoluyla kedi ve kopekleri konu edinen cgesitli anket
calismalar1 (Onur 2012; Demir ve Ugurlu Ko¢ 2014; Oguz
2016; Erten ve ark. 2019; Sarial Kubilay 2019; Tunca
2019; Alarslan ve ark. 2022) yapilmis olmasina ragmen,
obezite ve iliskili durumlar hakkinda veriler elde eden
calisma ve/veya c¢alismalara rastlanilmamistir. Yapilan bu
calismayla Tiirkiye’de obezitenin hayvan sahiplerinin
profilleri ile birlikte degerlendirilmesine yo6nelik kismen
de olsa veriler elde edilmeye ¢calisiimigtir.

Hayvan sahiplerinin profilleri kisminda
inceleyebilecegimiz bir baska faktoér vejetaryen/veganlik
konusudur. Gilinlimiizde insanlar arasinda artmaya
baslayan ve bir takim endiseler (yasam tarzi, inang, etik
degerler ve diinya goriisii) sonucu sekillenen
vejetaryen/veganlik ile ilgili sorulan sorularla diinyada iyi
bilinen ama mazisi Tiirkiye’de nispeten daha yeni olan
konu hakkinda bazi rakamsal veriler de elde edilmistir
(Tablo 1 ve 2). Anket ¢alismasina katilanlarin %79'u
vejetaryen olmadigini, %81 olmayr diisiindiglini, %5’i
daha once vejetaryenligi denedigini ama sonradan

biraktigini, %8’inin ise vejetaryen oldugu tespit edilmistir.
Veganlikta ise oranlar daha disik ¢kmstir.
Vejetaryenlerin ise %3’ti vegan oldugunu belirtmislerdir.
Hindistan niifusunun %35, Italya ve Almanya niifusunun
%9, Amerika niifusunun %4’ (%5 seklinde verilerin
oldugu da bildirilmektedir) vejetaryen iken, ayni tilke
nifusunun %?2’si vegandir (Tungay Son ve Bulut 2016).
Vejetaryen beslenmeyi uygun bulmayanlarin orani %66
(745 kisi) iken, vegan beslenmeyi uygun bulmayanlarin
orani ise %64 (726) ve her iki beslenme sekli
(vejetaryen/vegan) icin kararsizlarin orani %23 olmustur.
Avusturya, Almanya ve Isvicre’de 233 evcil hayvan
sahibiyle yapilan bir arastirmada katilimcilarin %901
vegan beslenmeye tesvik eden en biiyliik nedenlerin
duygusal olarak inandiklar1 ahlaki, etik ve hayvan refahi
endiseleri oldugunu ortaya koymustur (Semp 2014).

VKS (5’lik 6l¢ek) degerlendirmesine gore 365 kediden 281
(%32)'i VKS 4 (asir1 kilolu) diizeyinde iken, 84 (%10) kedi
VKS 5 (obez) diizeyinde, 76 kopekten 66 (%26)’sinin VKS
4 (asir1 kilolu), 10 (%4)unun bulundugu belirlenmistir
(Tablo 3 ve Tablo 5). Asir1 kilo/obezlik ile ilgili her iki tiire
ait veriler de ilgili tablolarda (Tablo 4 ve Tablo 6)
gosterilmistir. Yapilan ¢esitli aragtirmalar sonucu diinyada
obezite goriilme sikhig1 kedilerde %11.5-%63.0 arasinda,
kopeklerde ise %11.2 ile %59.4 olarak bildirilmistir
(Verbrugghe 2019; Larsen ve Della Maggiore 2020). Bu
calismadan elde edilen sonuclar Tiirkiye’de kedilerin
%42’sinin, kopeklerin ise %30’unun asir1 kilolu ve obez
olduklarin1 ve elde edilen verilerle birlikte Tiirkiye’'deki
kedi ve kopeklerin asir1 kilolu ve obez olma oranlarinin
diinya verilerinin smirlar1 igerisinde ve bu verilerle
uyumlu oldugunu gostermektedir. Brezilya’da kopekler
lizerine yapilan bir calismada obezite orani %48 olarak
tespit edilmistir (Porsani ve ark. 2020). Képekler tizerinde
10 farkli Avrupa iilkesinde yapilan bir arastirma da ise
asir1 kilolu ve obez kopeklerin orant %32 olarak tespit
edilmistir (Munoz-Prieto ve ark. 2018). 2017 yilinda 81
tilkeden yamit alimarak uygulanan Kkediler {izerine
hazirlanmis olan bir anket ¢alismasinda kedilerin obezite
oranlari uygulanan iki farkll degerlendirme ydnteminin
birinde %30.5 digerinde ise %32.5 olarak bulunmugtur
(Wall ve ark. 2019).

Calismada normal kedi ve kdpekler i¢in %55 olan toplam
kisirlagtirma oraninin, asiri kilolu/obez kedi ve kopekler
icin %78 gibi bir degere ulastig1 tespit edilmistir (Tablo 7).
Cinsiyete gore degerler ayr1 ayrn incelendiginde
kisirlagtirma oraninin asiri kilolu/obez kedi ve képeklerin
disileri i¢cin %37, her iki tiirlin erkekleri icin ise %41
oldugu goriilecektir. Normal kilolu disi kedi ve képeklerde
kisirlagtirma orani %30, normal kilolu erkek kedi ve
kopeklerde ise %25 olarak tespit edilmistir. Elde edilen
degerlerden de anlasilabilecegi tizere asir1 kilolu/obez
kedi ve kopeklerin kisirlastirma ytizdeleri normal kilolu
kedi ve kopeklere gore daha fazladir. Normal kilolu kedi ve
kopekler ile asir1 kilolu/obez kedi ve kopekler de
kisirlastirma uygulamasi istatistiksel olarak da oOnemli
bulunmustur (p<0.001). Kisirlastirma ve obezite arasinda
onemli bir iliski bulundugu bilinmektedir (Case ve ark.
2011; Verbrugghe 2019). Bilindigi iizere kisirlagtirma
sonrasinda kedi ve kdpeklerin enerji ihtiyaglar1 azalir ve
kilo almaya daha yatkin hale gelirler. Beagle irki kopekler
ile yapilan bir ¢alisma da kisirlastirma operasyonu
sonrasinda ad libitum beslenme yapilmis ve viicut
agirhiginin agir1 artigl goriilmistiir (Jeusette 2004).

Normal agirhiga sahip kedi ve kopeklerin sahiplerinin
%42’si, asir1 kilolu/obez kedi ve kopek sahiplerinin ise
%57’si hayvanlarm1  ad  libitum  beslediklerini
bildirmislerdir (Tablo 8 ve Tablo 9). Kedi ve kdpegini
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dengeli olarak besledigini diisiinenlerin oranlar1 normal
kilolu kedi ve kopek sahiplerinde %42 iken, asir1
kilolu/obez kedi ve kopek sahiplerinde ise %52 olarak
belirlenmistir. Kedi ve kopeklerine sofra artig1 verenlerin
ylzdeleri kilo problemi olmayan kedi ve kopeklerin
sahipleri icin %34 iken bu oran asir1 kilolu/obez olan kedi
ve kopeklerin sahipleri i¢in %39 olmustur (Tablo 8 ve
Tablo 9). Hayvanlarin o6niinde siirekli olarak mama
kabinda yiyecegin bulunmasinin bu farklarin ortaya
¢ikmasinda rol oynadig: diisiintiilmektedir.

Kedi ve kopekler icin mama (diyet) seciminde ise
mamanin tiiri, nereden alindigl, maddi karsiliginin 6nemli
olup olmamasi, icerigine dikkat edilip edilmemesi,
beslenme sekli ve takviye besin maddesi kullanimi gibi
bircok kriter goz oniinde bulundurularak normal kilolu
kedi ve kopekler ile asir1 kilolu/obez kedi ve képeklerin
degerlendirilmesi yapilmistir. Hayvan sahiplerinin gerek
kedi ve kopekleri i¢cin mama se¢imi yapmalarinda gerekse
asirt kilolu/obez hayvanlarinin tedavi stireglerindeki
yontemlerin kullanilmasinda veteriner hekime
giivenmeleri de oncelikli bir konudur. Mama seg¢iminde
normal kilolu kedi ve kopek sahipleri icin veteriner hekime
giiven duyma orani %88 iken (Tablo 10), asir1 kilolu/obez
kedi ve kopek sahipleri icin bu oran %86 seklinde
gerceklesmistir (Tablo 11). Normal kilolu kedi ve kopek
sahiplerinin %95’i (Tablo 10), asir1 kilolu/obez kedi ve
kopek sahiplerinin ise %95’i (Tablo 11) mamanin igerigini
kontrol ettiklerini belirtmislerdir.

Normal kilolu ve asiri/kilolu/obez kedi-kdpek hayvan
sahiplerinin mama fiyatlarini pahali bulma oranlar1 hemen
hemen aynidir (%97 ile %96) (Tablo 12 ve Tablo 13),
ayrica normal kiloya sahip kedi ve koépek sahiplerinin
%441, asir kilolu/obez kedi ve képek sahiplerinin %51’i
mamaya  verdikleri  paranin  6nemli  oldugunu
belirtmislerdir.

Asint kilolu/obez hayvanlarin tedavisinde ise veteriner
hekimlerin gerekli durumlarda cerrahi yoéntemlere
basvurmasina kedi sahiplerinin %54'1i, képek sahiplerinin
ise %581 olumlu bakmislardir (Tablo 14). Kedi ve kdpek
obezitesi tedavisinde kullanilan ilaglarin sayis1 ve etkileri
sinirlidir. Obez kopeklerde diisiik yag/ytiksek lif oranh bir
diyet ile birlikte obezite tedavisinde kullanilan bir ilacin
(mitratapidin etken maddeli) verildigi bir calismada (Pena
ve ark 2014), disiik yagh yiiksek lifli diyete ek olarak
mitrapid kullanimi, kopek obezitesinin tedavisi sirasinda
kilo vermeden bagska herhangi bir yararl etki saglamiyor
gibi goriindiigii, diger taraftan mitratapidin’in, obezite ile
iliskili patolojiler (kan basinci, lipidler ve hepatik
parametreler gibi) iizerinde belirli yararl etkiler sergiliyor
gibi oldugu bildirilmistir. Mevcut c¢alismada hayvan
sahiplerine ila¢ tedavisinin asir1 kilolu/obez kedi ve kopek
tedavisinde kullanilmasini nasil karsilayacaklar: sorulmus,
kedi sahiplerinin %63’ ve koépek sahiplerinin %61’i
veteriner hekimin tavsiyelerini onemsediklerini
bildirmistir (Tablo 15). Tiirkiye’de yapilan ve pet hayvan
sahiplerinin sosyo-demografik yapisi ve pet hayvancilifina
bakislarini irdeleyen bir ¢alismada pet hayvanlari igin
veteriner hekimlerden bilgi aldiklarini séyleyenlerin orani
Alanya’da %92.5 Mardin'de ise %93.5 diizeyinde
gerceklesmistir (Erten ve ark. 2019). Diinyada oldugu gibi
ilkemizde de konunun uzmanmna giivenin 6n planda
oldugu ortaya ¢ikmaktadir.

Mevcut arastirma ile Tiirkiye’de kedi ve kopek obezitesinin
gorlilme sikhiginin belirlenmesine yonelik ilk genis
kapsamli anket calismasi olmasi agisindan 6nemlidir.
Calisma genis kapsamli oldugundan burada elde edilen
verilerin  ancak  bir kisminin  degerlendirilmesi
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yapilabilmistir. Arastirmanin sonucunda elde edilen
verilerin 15181nda diinyanin pek ¢ok tilkesinde oldugu gibi
tilkemizde de kedi ve kopeklerin énemli bir oranda asiri
kilolu ve obez olduklari tespit edilmistir. Bu durumun
ortaya ¢ikmasinda hayvan sahiplerinin sosyo-ekonomik
durumlarinin, yasam tarzlarinin ve hayata bakis agilarinin
énemli bir rol oynadig1 diisiiniilmektedir. Insanlarda
oldugu gibi kedi ve kopeklerde de hareketsiz bir yasam
tarzinin (genellikle kii¢iik alanlarda, apartmanlarda dar bir
cevrede yasama gibi) bu dostlarimizin yasamlarinin
konforunu disiirdigi gercegi bir kez daha aciga
cikmaktadir. Bu arastirmayla birlikte kedi ve kopek
sahiplerinin hayvan bakim ve besleme ydnergeleri
hakkinda bilgi diizeylerinin arttirilmasi yaninda veteriner
hekimlerin de kendilerine giiven duyan hayvan
sahiplerinin ihtiyaglarini karsilayacak diizeyde bilgi ve
beceriyle donanimli olmasi gercegi de agiga cikmaktadir.

Kedi ve kdpek sahibi olan ve/veya onlarla ilgilenen her
insanin bakim ve beslenme ile ilgili bilgilerini ve
bilinglerini artirmak i¢in miimkiin oldugu kadar egitim
faaliyetlerine, seminerlere, konferanslara katilmalarinin,
internetin imkanlarini kullanarak bilgiye erismelerinin,
dergi, kitap vb. kaynaklardan faydalanmalarinin hem insan
sagligt hem de kedi ve kopeklerin sagliklari acisindan
onem arz ettigi disiinilmektedir. Sonug¢ olarak bu
arastirmanin sonucunda elde edilen veriler 1s181inda
hayvan sahiplerinin az da olsa kedi ve kopek beslemesi
hakkinda bilgilerinin oldugu ancak sahip olunan bilginin
kedi ve kopeklerin obeziteye yakalanma oranimi diinya
standartlarinin asagisinda olmasina yetmedigi, hayvan
sahiplerinin daha fazla teorik ve pratik bilgi sahibi olmasi
gerektigi ortaya ¢ikmistir. Dolayisiyla bu ¢alismayla
tilkemizde aci1g1 bulunan kedi ve kdpek obezitesiyle ilgili
literatiire kaynak saglanmasi, obezite ve baglantili
konularda ileride yapilmasi diisiiniilecek c¢alismalara
altyapr olusturulmasi bdylece hem Kkedi ve Kkdpek
obezitesine hem de insan sagligina yonelik calismalara az
da olsa katki sunulmasi umut edilmektedir.

CIKAR CATISMASI

Yazarlar bu calisma i¢in herhangi bir ¢ikar catismasi
olmadigini beyan ederler.
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Tablas1 Alinmis Cerezlik Aycicek Hasilin1 Farkh Katkilarla Silolamanin Silaj Kalitesi,

In-Vitro Sindirilebilirlikleri ve Enerji i¢erigine Etkisi
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Bu ¢alisma, tablasi alinmis ¢erezlik aycicegi hasilinin (TACAH) farkl katkilarla silolanmasinin, silaj kalitesi, in-
vitro sindirilebilirlik ve enerji igeriklerinin belirlenmesi amaciyla ytritiilmistiir. TACAH silajiik materyal
olarak parcalanarak, %5 melas ya da %4 arpa kirig1 ile karistirilmis ve bu gruplara 0 ya da 5 g/ton bakteriyel
inokulant+enzim karisimi (BI+E) ilave edilmistir. Béylece olusturulan 6 grup 5’er tekerriir seklinde 1 litrelik
cam kavanozlara silolanmistir. 70 giinliik inkubasyon siiresi sonunda silaj sivilarinin pH degerleri, NH3-N ve
orneklerinde ham besin madde analizleri, in-vitro
sindirilebilirlikleri ve enerji icerikleri ile silajlarin Fleig puanlar1 belirlenmistir. Sonug olarak silajlarin analiz
degerleri dikkate alindiginda, melas, arpa ve Bi+E karisimlarindan kaliteli silajlar elde edilmis ve kullanilan
Kkatkilar silaj kalitesini arttirmistir. Ozellikle, %4 arpa ve 5 g/ton BI+E ilavesiyle hazirlanan silaj KM, LA, pH,
Fleig puani, KMS, OMS, SE, ME ve NEL degerleri acisindan, diger silaj gruplarina nazaran daha iyi sonug
vermistir. Aycicegi hasilina sadece %5 melasin ilave edildigi gruptan da benzer sonuglar elde edilmistir.

The Effect of Ensiling of Headless Confectionary Sunflower Crop Mixed with Various

The aim of the study was to investigate silage quality, in vitro digestibility, and energy content of headless
confectionary sunflower (HCS) ensiled with different additives. HCS was shredded as silage material and
mixed with 5% molasses or 4% crushed barley, and these groups were supplemented with 0 or 5 g/ton
bacterial inoculant+enzyme mixture (BI+E). Thus, 6 groups were ensiled in 1-liter glass jars in 5 replicates. At
the end of the 70-day incubation period, pH values, NH3-N, and VFA concentrations of silage liquids were
measured. Crude nutrient analysis, in vitro digestibility, energy content, and Fleig scores of silage specimens
were determined. As a result, considering the analysis values of the silages, quality silages were obtained
from molasses, barley and BI+E mixtures and the additives used increased the silage quality. Especially, the
silage supplemented with 4% barley and 5 g/ton BI+E had better results than the other silage groups
regarding DM, LA, pH, Fleig score, DMD, OMD, DE, ME, and NEL values. Similar results were achieved in the
group, where only 5% molasses was added to the sunflower crop. Furthermore, the addition of bacterial

0z
UYA konsantrasyonlar1 belirlenmistir. Silaj
Ayrica, bakteriyel inokulant katkisi da silaj kalitesini olumlu yonde etkilemistir.
Anahtar Kelimeler: Aycicegi, Enerji, In-vitro, Kalite, Sindirim, Silaj.
ABSTRACT
Additives on Silage Quality, In-Vitro Digestibility, and Energy Content
inoculant also positively improved the silage quality.
Keywords: Digestion, Energy, In-vitro, Quality, Silage, Sunflower.
GIRiS

Tiirkiye’de iretilen

gelistirilmesi gerekmektedir (Kara ve ark. 2013).

Cok yonlii faydalar1 bulunan ve tilkemiz tarimi icin 6nemli

tim kaba yem kaynaklarindan
y y yem bitkilerinden biri de aycicek (Helianthus annuus L.)

saglanan kaliteli yemler mevcut ihtiyaci N . S
karsilayamadigindan, hayvanlarin  kaliteli kaba yem bltklsujl}r. AlternaElf _yem .bltkllerl nu;erlsmde .sayll%n
ihtiyact giderek arttign  bildirilmektedir. Gelecekte aygicegl, basta yag uretimi olmak iuzere cerezlik, sis

hayvanlar icin gerekli
yonelik c¢alismalar, kaliteli kaba yem agiginin hizhi bir
iretim programi ile kapatilmasi ana hedeflerden biri

bitkisi, silajlik, hayvan ve kusyemi olarak da kullanim alani
bulmaktadir (Meral 2019; Tiifek¢i 2023). Aycicek hasili
diinyanin bircok bdlgesinde silaj tUretimi amac ile
yetistirilmektedir. Ancak tlilkemizde silaj liretimi amaciyla

olan yemlerin Kkarsilanmasina

olmalidir. Bu hedefe ulasabilmek igin iiretimini ve
kalitesini arttirabilecegimiz yeni yem materyallerinin

yetistirilmesi pek yaygin degildir. Misir hasili gibi kolay
silolanabilmektedir. Aycicegi hasili tek bitki olarak

= *Corresponding author: syildiz@yyu.edu.tr
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silolanabilecegi gibi, zor silolanan bitkilere de katki
maddesi olabilmektedir (Tepeli 2014; Yildiz 2017; Yildiz
ve Erdogan 2018). Ayciceginden yem  olarak
yararlanmanin yollarindan biri de hasattan sonra kalan
bitki sap1 ve tohumlar: alinan tablalarinin silaj yapilarak
degerlendirilmesidir. Aycicek sap ve tablalarindan ve diger
bitkilerle karisimlarindan iyi kalitede silajlar elde
edilebilecegi (Konca 2015), yapilan besi ¢alismasinda
aycicek atik silajlarinin %50 oraninda yonca samaninin
yerine ikame edilebilecegi bildirilmektedir (Amini-
jabalkandi ve ark. 2007).

Silaj materyallerinin minimum besin kaybi ile muhafaza
edilmesi, silaj yapiminin temel amaglarindandir. Bu amaca
ulasmak icin, silaj katki maddeleri silajlarin besleyici
degerini artirmada ve silolama islemi sirasindaki bazi
riskleri azaltmada yillar icinde gelistirilerek
kullanilmislardir. Bir silaj katki maddesi gilivenilir, KM
kayiplarini azaltan, silajin hijyenik kalitesini ve aerobik
stabilitesini iyilestiren, ikincil fermantasyonu
sinirlandirabilen, silajim  besleyici degerini arttiran,
hayvanlarin  performansim1 arttirabilen, laktik asit
bakterilerinin biiyiimesi uyaran ve ireticilere katki
maddesinin maliyetinden daha fazla getiri saglayabilecek
ozelliklere sahip olmalhdir. Silaj fermantasyonun
uyarilmasi i¢in yaygin olarak tercih edilen melas, laktik
asit fermantasyonu icin hazir enerji saglamaktadir. Silajda
arzu edilen bir mikrobiyal floray1 olusturmak icin
bakteriyel inokulantlar da kullanilmaktadir. Bakteriyel
inokulantlar silajda olusan pH ve laktik asit seviyeleri
izerine olumlu etki yapmaktadir (Baytok ve ark. 2005;
Meeske 2005). Silaj katki maddesi olarak enzimler silajlara
tek baslarina ya da bakteriyel inokulant karisim halinde
kullanilabilmektedir. Enzimler bitki hiicre duvarlarini
kismen sindirerek kolay eriyebilir karbonhidratlar1 aciga
cikartarak pH'nin disiirilmesi i¢in LAB (Laktik asit
bakterileri) fermantasyonunu uyarmakta ve bitki hiicre
duvarinin kismi sindirimi nedeniyle sindirilebilirlik
oranini iyilestirmektedirler (Kung 2014).

Tiirkiye’de 2022 yili istatistiklerine gore, 804 565 dekar
(da) alanda cerezlik aycicegi ekimi yapilmis ve 200 000 ton
cerezlik aycicek danesi tiretilmistir (TUIK 2022). Aycicek
bitkisinin yiiksek verim veren bir bitki oldugu
diistiniildiigiinde, ¢ok biiyiikk bir yesil aksam da
iretilmektedir. Cerezlik aycicegi yetistiriciliginde, dane
kismin bulundugu tabla alinmakta, kalan yaprak ve goévde
kisimlar1 ya yakilmakta ya da ortalikta birakilarak gevre
kirliligi olusturmaktadir (Kaya 2023).

Yapilan bu ¢alismada, tablasi alinmis cerezlik aycicegi
hasilinin, farklh katki maddeleriyle karistirilmasiyla
hazirlanan silajlarin, en uygun silaj yapim seklinin tespiti
ve besin madde igeriklerinin, silaj kalitelerinin, in-vitro
sindirilebilirliklerinin ve enerji iceriklerinin belirlenmesi
amaglanmistir.

Nutrition UK Ltd), arpa kirmasi ve melas piyasadan temin
edilmistir.
Metot

Tablas1 alinmis gerezlik aycicek hasili, tablalar alindiktan
sonra bigilip silaj materyali seklinde par¢alanmis ve agirlik
esasina gore arpa kirig1 (A), melas (M) ve Bi+E karisimiyla
Tablo 1'de verildigi sekilde toplam 30 adet silaj 6rnegi, 1
litrelik cam Kkavanozlara sikistirllarak doldurulmustur.
Cam kavanozlarin kapaklari delinip ters ¢evrilmis ve 48
saat boyunca silo suyu drenaji saglanmistir (Karadagoglu
ve Ozdiiven 2019; Yildiz ve ark. 2022a; Yildiz ve ark.
2022b). Stre sonunda delinen kavanoz kapaklari, hava
almamast icin koli bandiyla tekrar kapatilmistir.
Kavanozlar 70 gilinlik inkubasyon siiresi sonrasinda
acilmistir.

Tablo 1: Denemede ¢alisma diizeni.
Table 1: Trial layout of the study.

Silaj Gruplar Tekerriir
1. Grup: Kontrol (Katkisiz-tablasi alinmis ¢erezlik 5
aycicegi hasili)

2. Grup-Kontrol + %5 Melas 5

3. Grup-Kontrol + %4 Arpa kirig1 5

4. Grup-Kontrol + 5 g/ton bakteriyel 5
inokulant+enzim

5. Grup-Kontrol + %5 Melas+ 5 g/ton bakteriyel 5
inokulant+enzim

6. Grup-Kontrol + %4 Arpa kirigi+ 5 g/ton 5

bakteriyel inokulant+enzim

Silajlarin  hazirlanmasinda kullanilan bakteri inokulant-
enzim karisimlarina ait igerikler Tablo 2'de verilmistir.

Tablo 2: Silaj yapiminda kullanilan bakteriyel
inokulant+enzim karigiminin bilesimi.

Table 2: Components of bacterial inoculant-enzyme
mixture used in silages.

icerik Miktar

MATERYAL VE METOT

Bu calisma icin, Van Yiiziincii Yil Universitesi Hayvan
Deneyleri Yerel Etik Kurulu 28/10/2021 tarih ve
2021/10-03 karar numarasi ile, yonetmeliginin ilgili
maddesi uyarinca "Calisma ve Arastirma Kesin Sonu¢ Onay
Belgeleri" alinmasina gerek bulunmadigina karar
vermistir.

Materyal

Calismada kullanilan tablasi alinmis gerezlik aycicegi hasili
Van ili Gevas ilgesinde bir yetistiriciden, bakteriyel
inokulant-enzim karisimi (Sil-All 4x4. Lallemand Animal
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Lactobacillus plantarum 1.00x10* CFU/kg

Pediococcus acidilactici 4.00x1013 CFU/kg
Pediococcus pentosaceus 4.00x10%3 CFU/kg

Propionibacterium acidipropionici 2.00x10'3 CFU/kg

Alpha-amylase,

Bacillus amyloliquefaciens 3600000 BAU/kg
Cellulase,

Trichoderma longibrachiatum 60000 CMCU/kg
Beta-glucanase, Aspergillus niger 1000000 IU/kg
Xylanase,

Trichoderma longibrachiatum 1500000 1U/kg
Organik seker, Kolloidal slica 566.3 g/kg

Silajlar agildiktan hemen sonra silaj sivilarmin pH
degerleri dijital pH metre ile belirlenmistir (Polan ve ark.
1968). Tim ornekler 65 °C'de 48 saat kurutulup,
laboratuvar  tipi degirmende 1mm  ebatlarinda
ogutiilmistiir. Silaj materyallerinin kuru madde (KM), ham
protein (HP) ve ham kil (HK) analizleri Weende analiz
yontemine gore (AOAC 1990), ham yag (HY) analizleri
Ankom ham yag cihazi ile belirlenmis (Ankom 2023), ADF
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ve NDF analizleri i¢cin Goering ve Van Soest, (1970)

tarafindan bildirilen ydntemler kullanilmistir. Silaj
stvilarinin Amonyak azotu (NH3-N) konsantrasyonlarinin
tespitinde distilasyon yonteminden yararlanilmistir

(Markham 1942). Silaj sivilarina ait asetik (AA),
propiyonik (PA), biitirik (BA) ve laktik asit (LA) miktarlari,
Agillent Hi-Plex organik asit kolonu ile HPLC cihazinda
tespit edilmistir (Suzuki ve Lund 1980). Silajlara ait Fleig
puanlar Kilig (1986)'1n bildirdigi asagida verilen esitlik ile
tespit edilmigtir.

Fleig Puan1=220+(2x%KM-15)-40xpH

Silaj  orneklerine ait in-vitro KM ve OM
sindirilebilirliklerinin ~ belirlenmesi Ankom Daisy II
Incubator (Ankom Technology 2052 O'Neil Road, Macedon
NY 14502) cihazt kullanilmis ve asagidaki formiil
kullanilmistir (Ankom 2002).

In-vitro sindirilebilirlik, % (IVS) =100-((W3-(W1xC1))
x100)/W2

W1: Kese agirligi, W2: Ornek miktari, W3: NDF analiz sonu
agirhigy, C1: Bos kese diizeltme katsayisi.

Silajlara ait enerji diizeyleri NRC (2001) ve Ishler ve ark.
(2000)'n1n bildirdigi esitlikle belirlenmistir.

SE, Sindirilebilir Enerji, Mcal/kg KM, (Ishler ve ark. 2000)
SE= %TSBM(OMS)*0,04409

TSBM: Toplam Sindirilebilir Besin Maddeleri (Organik
Madde Sindirilebilirligi)

ME, Metabolik Enerji, kcal/kg KM, (Ishler ve ark. 2000)
ME= SE*0,082

NEL, Net Enerji Laktasyon, Mcal/kg KM, (NRC 2001)

NEL= (% TSBM(OMS)*0,0245)-0,12

istatistiksel Analiz

istatistiksel analiz icin SPSS (Ver. 13) paket programi
kullanildi. Tim parametreler ortalama # standart sapma
olarak ifade edildi. Gruplarin istatistiksel analizleri,
gruplar arasindaki karsilastirmali analiz i¢in One-way
ANOVA ve ardindan Post-Hoc ¢oklu Kkarsilastirmalar
(Tukey testi) kullanildi. p<0.05 olan veriler anlamli kabul
edildi.

BULGULAR

Bu ¢alisma, tablasi alinmis cerezlik aycicegi hasilinin, farkl
katkilarin degisik oranlariyla karistirilmasiyla hazirlanan
silajlarin besin madde igeriklerinin, silaj kalitelerinin, in-
vitro sindirilebilirliklerinin ve enerji igeriklerinin tespit
edilmesi amaciyla yapilmistir. Tablasi alinmis g¢erezlik
aycicegi hasilinin silolama o6ncesi besin madde icerikleri
Tablo 3’te verilmistir.

Tablas1 alinmis cerezlik aycicegi hasilinin silolama 6ncesi
tespit edilen besin madde igerikleri incelendiginde, en
ylksek KM, HY, NDF ve ADF degerleri 6. grupta; en yiiksek
HK degeri 3. grupta; en yliksek HP degeri ise, 5. grupta
belirlenmistir.

Tablas1 alinmis gerezlik aycicegi hasili silajlarinda tespit
edilen besin madde igerikleri Tablo 4’te verilmistir. Tablasi
alinmis cerezlik aycicegi hasili silajlarinin besin madde
icerikleri incelendiginde, tiim silaj gruplarinda, besin
madde igerikleri i¢in gruplar arasindaki farklilik 6nemli
(p<0.05) bulunmustur. Calismada KM ve HY degerleri en
yliksek 6. grupta, HK, NDF ve ADF degerleri en yiiksek 1.
grupta (kontrol), HP degeri ise, en yiiksek 2. grupta tespit
edilmistir.

Tablo 3: Tablasi alinmis ¢erezlik aycicegi hasili ve farkl katki karisimlarinin silolama éncesi besin madde igerikleri (% KM).

Table 3: Pre-ensiling nutrient contents (DM, %) of headless confectionary sunflower with various additive mixtures.

Gruplar KM, % oM, % HK, % HP, % HY, % NDF, % ADF, %
1. Grup 22.75 85.90 14.10 7.83 2.87 47.04 35.70
2. Grup 25.54 87.97 12.03 8.22 2.83 48.97 36.30
3. Grup 24.54 84.54 15.46 8.41 2.84 45.68 34.01
4. Grup 21.76 88.92 11.08 8.04 3.67 45.65 31.27
5. Grup 23.22 85.32 14.68 9.96 297 42.70 31.67
6. Grup 25.57 86.03 13.97 7.80 3.67 49.22 37.49

KM: kuru madde OM: organik madde, HK: ham yag, HP: ham protein, HY: ham yag, NDF: nétral deterjan fiber, ADF: asit deterjan fiber.

Tablo 4: Tablas1 alinmis cerezlik aycicegi hasili ile farkli katki maddeleriyle hazirlanan silajlarinin besin madde igerikleri (%

KM).

Table 4: Nutrient contents (DM %) of silages prepared with headless confectionary sunflowers and different additives.
Gruplar N KM, % oM, % HK, % HP, % HY, % NDF, % ADF, %
1. Grup 5 23.89+0.30d 86.77+0.20¢ 13.23+0.202 7.62£0.19¢b¢ 4.45+0.33b 50.77+1.032 37.16x0.712
2. Grup 5 28.23£0.22a 88.26+0.18b 11.73+0.18° 9.43+0.182 4.66+0.28b 42.22+0.64¢ 30.31+0.46¢
3. Grup 5 25.69+0.21¢ 88.49+0.25b 11.51+0.25b 8.45+0.39> 3.33+0.42¢ 49.16+0.532> 34.36+0.66
4. Grup 5 25.80+0.31¢ 88.78+0.09° 11.22+0.09® 7.09+0.17¢ 4.36%0.22b 46.68+£1.05> 34.08+0.70°
5. Grup 5 27.97+0.42b 89.81+0.172 10.19+0.17¢ 8.20+0.24b 4.10+0.13bc 42.30+£1.28¢ 29.91+1.08¢
6. Grup 5 28.99+0.202 88.68+0.07b 11.32+0.07° 8.32+0.35P 5.64+0.162 39.30+0.544 28.87+0.28¢
p-degeri 0.000 0.000 0.000 0.000 0.000 0.000 0.000

abed: Ayni siitunda farkl harfleri tasiyan ortalamalar arasindaki farkhiliklar énemlidir (p<0.05). KM: kuru madde OM: organik madde, HK: ham yag, HP: ham

protein, HY: ham yag, NDF: notral deterjan fiber, ADF: asit deterjan fiber.
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Tablas1 alinmis ¢erezlik aycicegi hasih silajlarinin
fermantasyon kalitesi ve Fleig puanlar1 Tablo 5’te
verilmistir. Silajlarin fermantasyon degerleri, silajlarin
kalitelerinin belirlenmesinde dnemli kriterlerden birisidir.
Bu calismada, tiim silaj gruplarinda, fermantasyon
parametreleri icin gruplar arasindaki farkliik o6nemli
(p<0.05) bulunmustur. Calismada LA ve Fleig puani en
yiksek 6. grupta; pH degerleri ise en diisiik 6., 4. ve 5.
gruplarda tespit edilmistir. Silaj kalitesini olumsuz
etkileyen parametreler, 1. ve 3. gruplarda elde edilmistir.

Tablas1 alinmis gerezlik aycicegi hasili silajlariin in-vitro
KMS ve OMS ile enerji igerikleri Tablo 6’da verildigi
sekildedir. Tablast1 alinmis c¢erezlik aycicegi hasili
silajlarinin in vitro KMS ve OMS ile enerji igeriklerine
bakildiginda, tiim silaj gruplarinda, tiim sindirilebilirlikler
ile enerji icerikleri i¢in gruplar arasindaki farklilik 6nemli
(p<0.05) bulunmustur. Calismada KMS, OMS, SE, ME ve
NEL igerikleri en yiiksek 2. ve 6. Gruplarda, buna karsilik
en diisiik degerler ise 1. grupta tespit edilmistir.

Tablo 5: Tablas1 alinmis gerezlik aycicegi hasilimin farkli katkilarla hazirlanan silajlarin fermantasyon Kkalitesi ve Fleig

puanlari.

Tablo 5: Fermentation quality and Fleig scores of silages prepared with different additives and headless confectionary

sunflowers.
Gruplar N pH LA, % AA, % PA, % BA, % NH3-Nmg/dl  Fleig puani I\iiltnellfilk
LGrup 5  5.66%0.05  0.16:0.08  078£0.19  0.49:0.57°  12.48+0.92 93215442  26.38+1.6¢  Orta
2. Grup 5 4.52+0.02> 1.92+0.09" 0.43+0.36° 0.17+0.06° - 70.52+1.63> 80.74+1.12¢ Iyi
3. Grup 5 5.65+0.102 0.09+0.35¢ 0.47+0.61° 0.35+0.322 10.92+0.40 85.86+1.852 30.22+4.34 Orta
4. Grup 5 4.28+0.03¢ 2.45+0.082 0.27£0.17° 0.12+0.28 - 49.58+2.51¢  85.40£1.07°>¢  Pekiyi
5. Grup 5 4.32+0.05¢ 2.02+0.03b 0.17+0.05P 0.15+0.06° 0.72+0.19 58.83+£2.09>  88.13+2.342>  Pekiyi
6. Grup 5 4.25+0.01¢ 2.48+0.222 0.32+0.11° 0.13+0.04° - 66.56+0.45 92.99+0.64*  Pekiyi
p-degeri 0.000 0.000 0.003 0.000 0.000 0.000 0.000 0.000

abcd: Ayni stitunda farkl harfleri tasiyan ortalamalar arasindaki farklhiliklar 6nemlidir (p<0.05). pH: asitlik derecesi, LA: laktik asit, AA: asetik asit, PA: propiyonik
asit, BA: biitirik asit, NH3-N: amonyak azotu.

Tablo 6: Tablasi alinmis cerezlik aycicegi hasili ile farkli katki maddeleriyle hazirlanan silajlarinin in vitro KM ve OM
sindirilebilirlikleri (%) ve enerji icerikleri.

Table 6: In vitro DM and OM digestibility (%) and energy content of silages prepared with headless confectionary sunflowers

and different additives.

Gruplar N KMS, % OMS, % SE, Mcal/ kg KM ME, kcal/kg KM NEL, Mcal/kg KM
1. Grup 5 60.90+1.29¢ 48.75£0.65¢ 1.05+0.014 0.86x0.01¢ 0.47+0.014

2. Grup 5 71.99+0.902 58.06+0.66° 1.24+0.012» 1.02+0.012> 0.57+0.0120

3. Grup 5 64.21+0.69> 51.25%0.30¢ 1.13£0.01¢ 0.93%0.01¢ 0.510.01¢

4. Grup 5 65.82x0.72P 53.50+1.22¢ 1.14£0.01¢ 0.93%0.01¢ 0.510.01¢

5. Grup 5 66.20+1.01> 59.55+0.84° 1.23£0.02b 1.01£0.02b 0.56%0.01°

6. Grup 5 70.80+0.96° 62.14+0.50° 1.28+0.022 1.05£0.012 0.59+0.012
p-degeri 0.000 0.000 0.000 0.000 0.000

abede: Ayni siitunda farkl harfleri tagiyan ortalamalar arasindaki farkliiklar énemlidir (p<0.05). KMS: kuru madde sindirilebilirligi, OMS: organik madde
sindirilebilirligi, SE: sindirilebilir enerji, ME: metabolik enerji, NEL: net enerji laktasyon.

TARTISMA VE SONUC

Siirdiirtilebilir bir hayvancilik icin ¢6zlime kavusturulmasi
gerekli 6nemli sorunlarin basinda, kaliteli ve ucuz kaba
yem ihtiyacinin karsilanmasi gelmektedir. Hem ucuz hem
de insan tiiketiminde kullanilmayan alternatif kaba

yemlerin ruminant beslemede kullanilmasi oldukca
onemlidir. Bu ac¢idan bakildiginda, tasidigi {stiin
ozelliklerinden dolayi, aycicek bitkisi 6n plana

cikmaktadir. Bu c¢alisma, degisik katkilarla hazirlanan
tablas1 alinmis cerezlik aycicegi hasili silajlarinin besin

madde iceriklerinin, silaj kalitelerinin, in-vitro
sindirilebilirliklerinin ~ ve  enerji  igeriklerine  ait
parametrelerin  tespit edilmesi icin  yapilmistir.

Arastirmada, karisimlarin silolama 6ncesi besin madde
icerikleri Tablo 3’te verilmistir. Silolama oncesi tespit
edilen besin madde icerikleri incelendiginde, arpa ve
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melas katkisinin, karisimlarin KM diizeyini kontrol

grubuna kiyasla yiikselttigi belirlenmistir.

Tablas1 alinmis gerezlik aycicegi hasili silajlarinda tespit
edilen besin madde igerikleri Tablo 4’te verilmistir.
Silajlarin  besin madde igerikleri incelendiginde, silaj
gruplarinda, incelenen biitliin besin madde igerikleri igin
gruplar  arasindaki  farkliliklar  6nemli  (p<0.05)
bulunmustur. Calismada arpa ya da melas katkisinin,
silajlarin KM ve HP diizeyini arttirdigl belirlenmistir.
Ozellikle melas iceren gruplarin NDF ve ADF diizeylerinin
distiigi ~ gozlenmistir.  Benzer  etki, arpa ve
inokulant+enzim karisimi iceren grupta da tespit
edilmistir. Aycicegi kalintilarina peynir alti suyu tozu ve
iire ilavesiyle yapilan silajlarin, Mohabadi siit kecilerinde
potansiyel yem kaynagi olabilirligi iizerine yapilan bir
calismada (Gholami-Yangije ve ark. 2019), katkili aycicek
kalint1 silajlarinda, katkisiz silajlara gére HP degerlerinin
ylikseldigi, NDF ve ADF degerlerinin ise distiigi tespit
edilmistir. Bu degerlerin, yapilan bu ¢alisma ile benzerlik
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gosterdigi belirlenmistir. Ayrica arastiricilar, aycicegi
kalint1 silajlarmin  Mohabadi siit kecilerinde kabul
edilebilir bir yem kaynag olabilecegini bildirmislerdir.
Erdogan ve Demirel (2016) tarafindan yapilan bir
calismada, farkli vejetasyon dénemlerinde bigilen aycicek
hasillarina farkli oranlarda fibrolitik enzim ilavesiyle
hazirlanan silajlarda, katkilarin silaj KM degerini
ylukselttigi ve genel olarak degerlendirildiginde, enzim
takviyesinin aycicegi silajinin besleyici degeri ve silaj
ozellikleri {zerinde derin bir etkisinin olmadig:
belirlenmistir. Denek ve ark. (2004) tarafindan yapilan bir
arastirmada, iire+bugday kirmasi katkisinin silajlarin NDF
ve ADF degerlerini diisiirdiigii bildirilmistir. Yine aycicegi
hasilinin farkli katki maddeleriyle silolanmasiyla elde
edilen silajlarin kalitesinin incelendigi bir ¢alismada
(Laloglu 2015), aygicek silajlarina yapilan katkilar,
silajlarin HP degerlerini arttirmis; melashi gruplar ise,
enzim ve LAB iceren gruplara kiyasla NDF degerlerini
diisiiriirmiis, ancak ADF degerlerini etkilememistir.

Bu arastirmada, silajlarin pH degerleri 5.66-4.25 araliginda
tespit edilmistir. 4. ve 6. gruplarda elde edilen degerler,
optimum silaj pH degerleri olan 3.8-4.2 degerine yakin ve
pH degeri agisindan gruplar arasindaki farkliligin 6nemli
oldugu belirlenmistir (p<0.05). Calismada incelenen
parametreler acisindan (pH, LA, BA) kontrol grubunda,
silaj kalitesinin oldukca diisiik oldugu; ancak bu silaja %5
melas katkisinin yalmiz basma bile, silaj fermantasyon
ozelliklerini iyilestirdigi belirlenmistir. Ancak benzer etki,
kontrol silajina %4 arpa katkisi yapilan 3. gruptan elde
edilememistir. Calismada, silajlara  inokulant+enzim
katkisi, 4, 5 ve 6. gruplarda silaj fermantasyon kalitesini
yukseltmistir. ~ Nitekim, gruplarin Fleig puanlar
incelendiginde, inokulant+enzim katkisinin silaj
kalitelerini ytlikselttigi ve bu silajlarin “pekiyi” kalitede
oldugu belirlenmistir. NH3-N parametresi agisindan da
sadece melas ya da inokulant+enzim katkili gruplarda da
benzer olumlu etki gézlenmistir. Ozdiiven ve ark. (2017)
tarafindan yapilan bir ¢alismada, laktik asit bakteri
inokulantlar1 aygicegi silajinin fermantasyon ve aerobik
stabilitesi tizerine etkileri incelenmis, kullanilan LA bakteri
inokulantlar1 kontrol grubuna goére silajlarin pH ve NH3-N
degerlerini diisiirdiigi ve homofermantatif laktik asit
bakteri inokulantinin aygicegi silajlarinin fermantasyon
ozelliklerini iyilestirdigi tespit edilmistir. Bu sonuglar,
yapilan bu ¢alisma ile uyum gdstermektedir. Benzer bir
calismada, aycicek silajlarinin fermantasyon ve aerobik
stabilitesi belirlenmis, silaj pH’s1 3.84, LA ve AA degerleri
ise %1.51 ve %1.76 seklinde belirlemislerdir (Kog¢ ve ark.
2009). Bu degerler, pH ve LA agisindan, bu ¢alismada elde
edilen degerlerden diisiik, AA degeri bakimindan ytiksek
oldugu goriilmektedir. Bu arastiricilar aygicegi hasilina
bakteriyel inokulant ilavesi ile silajlarda fermentasyon
kalite kriterlerinin iyilestirildigini bildirmislerdir. Yapilan
bir calismada, farkl vejetasyon donemlerinde hasat edilen
aycicegi hasili silajlarina ait besin igerikleri ve
fermentasyon parametreleri ele alinmustir. Silajlarin
fermantasyon o6zellikleri incelenmis ve silaj pH degerinin
bu ¢alismada elde edilen degerlere benzer, LA, AA ve PA
degerinin yiiksek oldugu bildirilmistir. Arastiricilar, hasat
doneminin geciktirilmesiyle ve enzim ilavesiyle silaj
pH’sinin ytikseldigi, AA, PA ve BA degerlerinin diistiigi
bildirilmistir (Erdogan ve Demirel 2016). Ozdiiven ve ark.
(2009) aycicegi silajinda pH'nin 3.96 ile 4.22 arasinda, LA
konsantrasyonunun KM’de %5.96 ile 7.94 arasinda
degistigini ve LA Bi+E katkisiyla artis gésterdigini, NHz-N
diizeyinin ise, yine bu katkinin etkisiyle (65.46 g/kg TN)
diistiglinii tespit etmislerdir. Benzer sekilde, yapilan bu
caismada da  katkilar  fermantasyon  kalitesini

iyilestirmistir. Yapilan bir ¢alismada, aycicegi hasilinin
silolanmas1 sirasinda kullanilan homofermantatif LA
bakteri inokulantlari, silajlarda laktik asit {iretimine
katkida bulunmuslardir. Sonucta silajlarin pH’sy, asetik asit
ve NHs-N degerleri 6nemli bir sekilde diismiis, boylece silaj
kaliteleri iyilestirilmistir. Diger yandan heterofermantatif
LA bakteri inokulantlar silajlarin amonyak azotu, asetik
asit iceriklerini arttirirken, laktik asit/asetik asit oranini
azaltmistir (Tepeli 2014).

Bu c¢alismada, aycicek silajlarinin Fleig puani nitelik sinifi
4., 5. ve 6. gruplarda “pekiyi”; 2. grup aycicek silajinda “iyi”
ve kontrol ve 3. grupta “orta” olarak belirlenmistir.
Calismada elde edilen Fleig puanlari incelendiginde 4., 5.
ve 6. gruplarda BI+E Kkatkisi silaj fermantasyonunu
iyilestirmis ve nitelik siniflar1 pekiyi olmustur. Asayan ve
Karakozak (2012) tarafindan yapilan bir ¢alismada,
aycicegi, boriilce, sorgum ve soya bitkileri inokulantli ve
inokulantsiz olarak silajlar yapilmistir. Silaj
materyallerine inokulant katkisi olumlu sonug¢ vermis,
inokulanth silajlarda aygicegi ile borilce silajinin yem
niteligi bakimindan en iyi silaj ¢esidi olmustur. Ancak
inokulantsiz silajlarda boriilce silajinin  yem niteligi
bakimindan pekiyi degeri aldig1 belirlenmistir. Yapilan
baska bir ¢alismada (Karakozak ve Asayan 2010) fig, arpa
ve yulaf silajlart  ve bunlarin farkli oranlarda
karisimlarindan elde edilen silajlarin kalitesi {izerine
inokulant katkisiin etkisi arastirilmis ve kislik silajlarda
saf fig, yazlik silajlarda ise %30 misir + %70 soya silaji en
yliksek Fleig puani almis; inokulant katkilarinin silaj
kalitesini artirmis, yapilan bu ¢alisma sonuglariyla benzer
sekilde oldugu tespit edilmistir. Yildiz ve ark. (2022b)
tarafindan yapilan bir calismada aycicek hasilina seker
pancart katkisinin  Fleig puanlarim1 arttirdig;;, ayni
arastiricilarin yapmis oldugu baska bir calismada (Yildiz
ve ark. 2022a), lenoks hasillarina yapilan melas ve arpa
katkilarinin ~ silajlarin Fleig  puanlarimi  arttirdigl
belirlenmistir.

Bu arastirmada tablasi alinmis cerezlik aycicegi hasili
silajlarina ait in-vitro KMS ve OMS ile enerji parametreleri
incelenmis, KMS, OMS, SE, ME ve NEL degerleri icin
gruplar arasindaki farkin 6nemli (p<0.05) oldugu
belirlenmis ve tiim parametrelerde en yiiksek degerler 6.
grup olan arpa kirmasi ve BI+E katkili silajdan elde
edilmistir. Ancak, sadece melas katkil1 2. gruba ait degerler
de 6. grupla benzer bulunmustur. Kontrol grubuna goére
tiim silajlarda katki maddeleri silaj kalitesini arttirmis, bu
da silajlarin sindirilebilirligini iyilestirmistir (Tablo 6).
Aycicek hasilina melas, LAB ve enzim ilavesi ile silajlarin
kalitesi tizerine olan etkilerinin arastirildig: bir ¢alismada
(Konca ve ark. 2015), silajlarin KMS i¢in melash gruptan,
OMS i¢in LAB’li gruptan daha iyi sonug¢ alindig;; ME i¢in
LAB katkih gruptan daha iyi sonu¢ alindig1 tespit
edilmistir. Denek ve ark. (2004) tarafindan yapilan bir
arastirmada muisir, sorgum ve aycicegi hasillarina farkh
oranlarda yapilan katkilarda, kontrol grubuna gore
silajlara ire ve ilre+bugday katkilarinin in vitro
sindirilebilirligi diisiirdiigii, iire+melas katkisinin ise
arttirdig belirlenmistir. Bu ¢alismadaki melas katkisinin in
vitro sindirilebilirligi ylikseltmesi, yapilan bu c¢alisma ile
benzer bulunmustur.

Sonug olarak tablas1 alinmis cerezlik aycicegi hasili ile
melas, arpa ve Bi+E katkilariyla hazirlanmis olan silajlarin,
ham besin madde, silaj fermantasyon 6zellikleri, in-vitro
KM ve OM sindirilebilirligi ile enerji degerleri dikkate
alindiginda, melas, arpa ve BIi+E karisimlarindan kaliteli
silajlar elde edilmis ve bu katkilar silaj kalitesini
arttirmigtir. Ozellikle, %4 arpa ve 5 g/ton bakteriyel
inokulant+enzim ilavesiyle hazirlanan silaj KM, LA, pH,
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Fleig puani, KMS, OMS, SE, ME ve NEL degerleri agisindan,
diger silaj gruplarina nazaran daha iyi sonug¢ vermistir.
Aycicegi hasilina sadece %5 melasin ilave edildigi gruptan
da benzer sonuglar elde edilmistir. Ayrica, bakteriyel
inokulant ilavesi de silaj kalitesine olumlu katk
saglamistir.

CIKAR CATISMASI

Yazar bu calisma icin herhangi bir c¢ikar catismasi
olmadigini beyan eder.

YAZAR KATKILARI

Fikir/Kavram: SY
Denetleme/Danismanlik: SY
Veri Toplama ve/veya Isleme: SY
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Diabetes Mellitus, viicudun insiilin tiretememesinden veya insiilin etkisine karsi diren¢ten veya her ikisinden
kaynaklanan yiiksek kan sekeri seviyeleri ile karakterize edilen bir grup kronik metabolik rahatsizliktir.
Insiilin, viicut dokular1 ve organlari tarafindan glikoz iiretimini ve kullanimini diizenleyen ana hormondur.
Diyabet, karaciger de dahil olmak iizere viicuttaki tiim sistemleri etkiler. Streptozotosin, pankreas B-hiicre
yikimi gercgeklestiren bir antibiyotiktir ve deneysel diyabet olusturmak icin yaygin olarak kullanilir. Bu
calismada, sican karacigerinde sterptozotosin kaynakli diyabetin neden oldugu morfometrik degisikliklerin
hacim ve hiicre sayilarinin stereolojik yontemler kullanilarak hesaplanmasi amaglandi. Calismada eriskin 20
adet erkek sican kullanildi. Rastgele dort grup olusturuldu. Tim gruplarin kan glikoz degerleri 6l¢tildii.
Streptozotosinin farkl dozlar1 (55 mg/kg ve 65 mg/kg) verilerek diyabet indiiklendi. 48 saat sonra tekrar kan
glikoz degerleri 6l¢iildii. Dort hafta sonra kontrol ve denek gruplarina ait tiim siganlarin anestezi altinda
karaciger dokular ¢ikarilarak %10’luk formaldehitte tespit edildi. Tespit edilen karaciger dokular fiziksel
fraksiyonlama ile esit pargalara ayrildi. Dehidratasyon asamalarindan gegerek parafinde sabitlendi.
Histolojik kesitler hazirlandi. Hematoksilen-Eozin ile boyandi ve 151k mikroskobunda incelenerek
fotograflandi. Cavalieri Prensibi ile karacigerin total hacmi, disektér yonteminin tarafsiz sayim c¢ercgevesi ile
hepatosit sayilar1 hesaplandi. Diyabete bagh gruplarda, kontrol grubuna goére karaciger hacminde ve hiicre
sayisindaki artis anlamhiydi (p<0.05). Sonug olarak, streptozotosin enjeksiyonu ve bunun sonucunda ortaya
¢ikan diyabet, karaciger hacminde ve hepatosit sayilarinda artisa yol agmaktadir.

Anahtar Kelimeler: Diyabet, Karaciger, Si¢can, Streptozotosin.

ABSTRACT

Investigation of the Effects of Streptozotocin Applied in Different Doses on Rat
Liver with Stereological Methods

Diabetes mellitus is a group of chronic metabolic conditions, all of which are characterized by elevated blood
glucose levels resulting from the body's inability to produce insulin or resistance to insulin action, or both.
Insulin is the main hormone that regulates glucose production and use by body tissues and organs. Diabetes
affects all systems in the body, including the liver. Streptozotocin is an antibiotic that performs pancreatic 3-
cell destruction and is widely used to induce experimental diabetes. In this study; It was aimed to calculate
the volume and cell numbers of the morphometric changes caused by streptozotocin-induced diabetes in the
rat liver using stereological methods. Twenty adult male rats were used in the study. Four groups were
created randomly. Blood glucose values of all groups were measured. Diabetes was induced by administering
different doses of streptozotocin (55 mg/kg and 65 mg/kg). After 48 hours, blood glucose values were
measured again. Four weeks later, liver tissues of all rats from the control and experimental groups were
taken under anesthesia and fixed in 10% formaldehyde. The fixed liver tissues were divided into equal parts
by physical fractionation. It was fixed in paraffin after passing through dehydration stages. Histological
sections were prepared. It was stained with Hematoxylin-Eosin, examined under a light microscope and
photographed. The total volume of the liver was calculated using the Cavalieri Principle and the number of
hepatocytes was calculated with the unbiased counting frame of the dissector method. In the diabetes-related
groups, the increase in liver volume and cell number was significant compared to the control group (p<0.05).
As a result, streptozotocin injection and the resulting diabetes lead to an increase in liver volume and
hepatocyte numbers.

Keywords: Diabetes, Liver, Rat, Streptozotocin.
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GiRiS

Diabetes Mellitus (DM), diinya capinda goriilen bulasici
olmayan bir hastaliktir. DM, tip 1 (DM1) veya tip 2 (DM2)
olarak siniflandirilir. DM1, pankreasin insiilin hormonunu
iretmeyi birakmasi veya [ hiicrelerinin yok edilmesi
nedeniyle ortaya ¢ikar. DM2 en yaygin tiptir ve diyabet
vakalarinin yaklasik %90'm1 temsil eder. fleri yastaki
insanlarda ortaya c¢ikan bu tiirti, insiilin direnci ve insiilin
salgilanmasindaki eksiklikten dolay1 kan sekerinin
ylikselmesi ile kendini gosteren bir hastaliktir (Maitra ve
Abbas 2005; Piya ve ark. 2010; Magalhaes ve ark. 2019).
Bu metabolik hastalik, karaciger de dahil olmak iizere
viicuttaki tlim sistemleri etkiler. Esas olarak insiilin
direncinin neden oldugu hiperglisemi; lipidlerin,
karbonhidratlarin ve proteinlerin metabolizmasini etkiler
ve alkole baghh olmayan yagh karaciger hastaligina yol
acabilir, bu da alkole bagli olmayan steatohepatit, siroz ve
son olarak hepatoselliiler karsinomlara ilerleyebilir (Al-
Ani ve ark. 2009; Mohamed ve ark. 2016). Karacigerin yag
metabolizmasint  gergeklestirmesi i¢in  uygun  bir
konsantrasyonda insiilin gereklidir. Diisiik iiretim veya
yetersiz eksojen insiilin uygulamasi yoluyla kandaki
insiillin  konsantrasyonundaki herhangi bir degisiklik,
karacigerde yag birikmesine neden olur (Lucchesi ve ark.
2015). Epidemiyolojik arastirmalar, diinya ¢apinda 2019
yilinda yaklasik 463 milyon kisinin DM'den muzdarip
oldugunu ve bu saymin 2030 yilina kadar 578 milyona
cikacagini gostermistir (Saeedi ve ark. 2019).

Streptozotosin  (STZ) deneysel diyabet olusturan
kimyasaldir. Pankreas {3 hiicrelerinin yok edilmesine yol
acar ve yetersiz insiilin tretiminin dogrudan bir sonucu
olarak hiperglisemiye neden olur (Correia-Santos ve ark.
2012; Kohl ve ark. 2013). 1963'ten beri STZ'in
intraperitoneal (ip) veya intravenéz (iv) enjeksiyonun
yapudigst ~ DM1  hayvan modeli yaygin olarak
kullanilmaktadir (Wang-Fischer ve Garyantes 2018). STZ
tek doz ip olarak 100 mg/kg uygulamasiyla, insiilinden
bagimsiz diyabet ve 40-60 mg/kg iv olarak uygulanmasiyla
insiiline bagimh diyabet olusturur (Szkudelski 2001).

Steroloji metodu, hacim, ylizey alan1 ve uzunluk ile doku,
hiicre veya organel sayis1 hakkinda tarafsiz nicel
morfolojik veriler elde etmek i¢in kullanilir. Bunun i¢in de
biyolojik nesneler mikroskopta nicel bir hesaplama ile
matematiksel olarak tiiretilmis modelleri kullamir. Bu
metod ¢ok cesitli biyomedikal uygulamalarda kullanilir ve
sistematik, dnyargisiz doku drneklemesine izin verir (Unal
ve ark. 2002).

Bu c¢alismada; STZ ile olusturulan diyabetin sigan
karacigerinde olusturdugu morfometrik degisikliklerin
stereolojik yontemler kullanilarak hacim ve hiicre
sayilarinin hesaplanmasi amaglanmistir.

MATERYAL VE METOT

Bu aragtirma Van Yiiziinci Yil Universitesi Hayvan
Deneyleri Yerel Etik Kurulundan 25.03.2010 tarihinde
2010/03 sayili izin alinarak yapilmistir.

Deney Hayvanlari

Calisma icin kullanilan hayvanlar Van Yizinci Yil
Universitesi Deney Hayvanlar1 Uretim ve Arastirma
Merkezinden temin edildi. Agirhklar1 200 ila 300 g
arasinda degisen sekiz-on iki haftalik erkek siganlardan 20
adet kullanildi. Kafeslerde, ortalama 22 °C sicaklikta, 12
saatlik aydinhik/karanlik doéngiisii ile barindirildilar.
Serbest olarak filtrelenmis musluk suyu ve sican yemi ile
beslendiler.
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Deneyin Uygulanmasi

Hayvanlar randomize olarak her biri bes sigandan olusan
dort gruba ayrildi. Deneyden dnce tiim gruplarin aglik kan
glikoz degerleri alinarak kaydedildi. Denek gruplarina
sodyum sitrat tamponu (pH:4.5) icinde ¢ozlindiirilmiis
STZ (Sigma- Aldrich, USA) dozlar (55 mg/kg, 65 mg/kg)
hazirlandi.

Kontrol: Herhangi bir islem uygulanmadi.
Sham: 0.5 ml serum fizyolojk (SF)

Denek 1: 0.5 ml 55 mg/kg STZ (Szkudelski 2001; Al-Ani ve
ark. 2009)

Denek 2: 0.5 ml 65 mg/kg STZ (Szkudelski 2001; Al-Ani ve
ark. 2009)

STZ'nin ip enjeksiyonundan 48 saat sonra tiim hayvanlarin
aclik kan glikoz degerleri tekrar ol¢iildii. Glikoz degeri =
200 mg/dl olanlar diyabetik olarak kabul edildiler.

Dokularin Hazirlanmasi

Deney basladiktan dort hafta sonra tiim sicanlara anestezi
(ketalar, 50 mg/kg) altinda perfiizyon uygulanarak,
karacigerleri alindi. Karaciger dokular1 24 saat boyunca
%10’luk noétr tamponlu formaldehitte sabitlendi.

Stereolojik islemler

Tespit edilen karaciger dokular1 esit parcalara ayrildi.
(Sekil 1).

Sekil 1: Sican karacigerinin loblar1 ve fiziksel
fraksiyonlama.

Figure 1: Lobes of rat liver and physical fractionation.

Sistematik ve rastgele olarak secilen her bir karaciger
parcasi 1/12 oraninda érneklendi (f1). Orneklenen her bir
parca doku takip prosediirleri izlenerek parafin bloklara
gomiildii. Bloklanan dokularda mikrotom yardimiyla 5 pm
kalinliginda Kkesitler alinarak 1/400 (f2) oraninda ardisik
olarak ciftler halinde alindi. Alinan kesitler Hematoksilen-
Eozin boyasi ile boyand: ve mikroskop altinda fotograflari
cekildi. Karaciger dokusunun hacim 6l¢iimii i¢in Cavalieri
Prensibi (CP) metodu kullanilarak voliim hesaplandi.

V=txa/pxP (1)
V: Voliim, t: Kesit kalinligi, a/p: Nokta sayma tablosundaki

her noktanin temsil alanidir, P: Boliimlerin yilizey
alanlarina temas eden noktalarin toplam sayisi.

Total Voliim = Vi + V2 +..+ Vi (2) (Mazonakis ve ark.
2002).

Her kesit icin ayr1 ayri hesaplanan hacimler toplanarak
karacigerin total hacmi bulundu.

Isik  mikroskobunda 100’lik biyiitmede fotograflar
cekilerek sayisal yogunluk hesaplama formiilii yardimiyla
karaciger hiicreleri hesaplandi. Burada ise Alan Ornekleme
Payi, 1/800 (f3) oraninda yapildi (Gundersen 1986).
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Boylece elde edilen disektdr taneciklerinin sayist (Q-),
onceki taneciklerin ters orantisiyla ¢arpilarak toplam say1
(N) hesaplandi1 (Gundersen ve Jensen 1987; Unal ve ark.
2002).

istatistiksel Analiz

[statistik hesaplamalar SPSS (ver: 13) paket programinda
yapildi. [statistiksel anlamlilk diizeyi p<0.05 olarak
belirlendi. Tiim veriler minimum, maksimum, standart
sapma ve ortalama degerler olarak hesaplandi. Bu
degiskenler icin Normallik testi, Shapiro Wilk testi
kullanilarak yapild. Normallik varsayimi
saglanmadigindan, gruplarin karsilastirilmasinda Kruskal-
Wallis testi kullanildi. Farkli gruplari belirlemede, Dunn

testi kullanildi.

BULGULAR

STZ enjeksiyonundan 48 saat sonra denek gruplarinda
olciilen kan glikoz degerlerinde yiikselme goriildi (Sekil
2).

Histopatolojik Bulgular

Kontrol ve sham grubu siganlarinin HE ile boyanmis
karaciger boliimleri, hepatik lobiillerden olusan normal
hepatik yapiya sahipti. Buna karsilik STZ’in neden oldugu

diyabetik sigcanlarin Kkaraciger yapisinda portal triad
cevresinde inflamasyonun yani sira nekrotik degisiklikler
ve Kkaraciger parankiminde kan siniizoidlerinde hafif
genisleme goriildii. Ayrica hepatositlerde mikrovezikiiler
yaglanma belirgindi. Baz1 nukleuslar oldugundan biiytk,
deforme olmus, bazilarinin da ¢ekirdek zari1 smirlariin
diizensiz goriinimi hakimdi (Sekil 3).
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Sekil 2: Gruplarin ortalama glikoz diizeyleri (mg/dl).
Figure 2: Mean glucose levels of the groups (mg/dl).

Figure 3: A: Control, HEx10, B: Control, HEx100, C: Subject 2, HEx10, D: Subject 2, HEx100. microscopic images of groups.
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Stereolojik ve Istatistiki Bulgular

CP gore diyabet gruplarinin karaciger voliimii kontrol ve
sham gruplarina gore anlamh bir fark goésterdi (p<0.05)
(Tablo 1, Sekil 4).

Hacim (en)

106 -
104 +

Grupl
Kontrol Sham Denek-1 Denek-2 o

Sekil 4: CP ile karaciger hacimleri.
Figure 4: Liver volumes with CP.

Tablo 1: Hacim ve hiicre sayisinin gruplara gore istatistik analizi.

Tim gruplardaki hepatosit sayisina bakildiginda, gruplar
arasinda fark anlamhiydi (p<0.05) (Tablo 1). Diyabet grubu
hepatosit sayisinda artis goriildi (Sekil 5).

Hepatost sapat 2107

15 1

2

151

|4

03 +

04 : i i

Kontrol Sham Denek-1 Denek2  Oruplar

Sekil 5: Hepatositlerin sayisi.
Figure 5: The number of hepatocytes.

Table 1: Statistical analysis of volume and cell number according to groups.

Gruplar Say1 Ortalama Std. Sapma Min. Mak. p

Kontrol 5 9.49b 0.210 9E+012 1E+013

Karaciger hacmi Sham 5 9.45b 0.176 9E+012 1E+013 0.001
(cm3) Denek-1 5 10.212 0.274 1E+013 1E+013
Denek-2 5 10.29a 0.209 1E+013 1E+013
Kontrol 5 1.55¢ 0.092 1E+009 2E+009
Sham 5 1.60bc 0.144 1E+009 2E+009

Hepatosit Sayisi (109) 0.002
Denek 1 5 1.87a 0.097 2E+009 2E+009
Denek 2 5 1.71b 0.120 2E+009 2E+009

a, b, c: Gruplardaki harfler anlamhilik diizeyini géstermektedir (p<0.05).

TARTISMA VE SONUC

STZ ile indiiklenen DM, kemirgenlerin ¢ogu tiiriinde
kullanilabilen ¢ok uygun maliyetli ve hizli bir teknik
sunarak, DM’un arastirma alammmi bagka tiirli
erisilemeyecek bir dizi genotipik ve fenotipik secenege
acar. Siklikla tek bir ytiksek dozda STZ uygulanarak 48 saat
icinde tam [-hiicresi nekrozu ve Tip-1 diyabete, ¢oklu
diisik dozlu STZ yaklasimi ise pankreas adaciklarina
kismen zarar verdigi ve sonugta insiilin eksikligi ve
hiperglisemiyle sonuglanan f hiicresi aktivitesinin daha da
kaybolmasina neden olan inflamatuar bir siireci tetikledigi
bildirilmistir. Spesifik deneysel protokol i¢cin amaglanan
diyabetin tipine ve ciddiyetine bagl olarak literatiirde
birden fazla STZ dozlama yoéntemi mevcuttur (Alberti
2010; Deeds ve ark. 2011; Furman 2021). DM si¢anlarda
kan glikozu, su alimi, gida alimi ve glikat hemoglobinde
anlamli artig, plazma insiilini, toplam hemoglobin, viicut
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agirhgr ve karaciger glikojenin de belirgin azalma
goriildigli bidirilmistir (Punithavathi ve ark. 2008). 50
mg/kg STZ ile olusturulan DM grubu si¢an hepatositlerde
yaygin dejenerasyon ve nekroz ile periasiner boélgede
hepatositlerin sitoplazmasindaki degisiklikler
bildirilmektedir (Yaman ve Dogan 2016). 50 mg/kg STZ ile
diyabet olusturulan sican karacigerinde, nekroz, siddetli
inflamatuar hiicre infiltrasyonu, yag degisimi, siniizoidal
dilatasyon ve tikaniklik gibi bircok genis alan saptanmistir
(Balasubramanian ve ark. 2013). Alshathly (2019)'nin
yaptigt calismada da diyabetik sicanlarda kan
siniizoidlerinde hafif genisleme goriildiigii, santral damara
yakin hepatositlerde mikrostatlar gozlendigi, hepatosit
cekirdeklerinin deforme oldugu ve koyu lekelendigi ayrica
artan fibréz doku ile portal damarlar genisledigi ve hiicre
infiltratlar ile cevrelendigi bildirilmistir.

Bagska bir ¢alismada (STZ 40 mg/kg) diyabetik kontrol
sican  karacigerinde, hiicreler arasi1 siniizoidlerin
genislemesi ve merkezi damarda tikaniklik ile birlikte
deforme olmus hiicresel organizasyon, vakuolizasyon,
hipertrofik  hiicreler, iltithaplanma sergilenmistir
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(Chandirasegaran ve ark. 2018). 60 mg/kg STZ ile
indiiklenen ve kontrol grubuna kiyasla tedavi edilmemis
diyabetik farelerde hepatositler, merkezi damarlar,
siniizoidler, portal damarlar, hepatik arterler ve safra
kanallarimin hacimlerinin arttig1 ve dolayisiyla karacigerin
agirhginda ve hacminde artisa yol agan dnemli bir
hipertrofiye sahip oldugu tespit edilmistir (Zangeneh ve
ark. 2018). Zheng ve ark. (2021), 60 mg/kg STZ verdikleri
ve tedavi etmedikleri diyabetik sicanlarda Kkaraciger
agirhgt ve hacminin yam1 sira hepatositlerin  ve
siniizoidlerin toplam hacminin 6nemli o6l¢lide arttigim
saptamislardir. Ayrica patolojik olarak, hepatoseliiler
steatoz, lobiiler inflamasyon ve siroz dahil olmak tzere
degisen derecelerde periseliiler, perisiniizoidal ve
periporta fibrozis varligini teshis etmislerdir. STZ ile
indiiklenen diyabet modelinde si¢an kan ve karacigerinde
biyokimyasal = degisikliklere = neden  oldugu, bu
degisikliklerin insan karacigerindeki benzer
modifikasyonlar gibi steatozdan steatohepatite ve
karaciger  fibrozuna  kadar  degisebilen etkiler
gosterebildigi bildirilmistir (Bilal ve ark. 2016). Tek bir
doz STZ (150 mg/kg, ip) uygulandiginda karaciger
agirhginin  yiizdesinde artis, glikojen azalmasi, lipid
birikimi, inflamatuar hiicre infiltrasyonu ve kupffer hiicre
hiperplazisi goriilmistiir (Al-Ani ve ark. 2009).

Optik dissektdr sayma yontemi kullanilarak hepatositlerin
sayisinin  degerlendirildigi bir ¢alismada diyabetik
olmayan saghkli grup ile karsilastirildiginda diyabetik
kontrol grubunun hepatosit sayilarinda artis oldugu
saptanmistir. Bunun nedeni, daha yiiksek bir hepatosit
sayisinin diyabetik karacigerlerde asir1 glikoz {iretimine
neden olmasi ve fazla glikozun diger organlar tarafindan
verimsiz bir sekilde metabolize edilmesi olabilecegini
vurgulamislardir (Sipal ve ark. 2012). Ayni sekilde Unal ve
ark. (2011) diyabetik grupta hepatositlerin sayisinda
%271’lik bir artis tespit etmislerdir. Yine baska bir
calismada DM, hepatositlerin hem sayisinda hem de
hacminde artisa neden olmustur. Enerji dengesizligini
diizenlemek icin DM’un insiiline direngli durumlarda,
hepatik hiperplazi olarak bilinen bir durumda hepatosit
sayisinin arttifl iddia edilmistir. Artan hiicre sayisinin
sadece apoptoz yiiklii olabilen trofik faktdrii azaltmakla
kalmayip, ayn1 zamanda ana oksidan kaynaklar1 olan
mitokondri sayisinda da artisa neden oldugu
vurgulanmistir (Halici ve ark. 2009).

Sonu¢ olarak, streptozotosin enjeksiyonu ve bunun
sonucunda ortaya ¢ikan diyabet, karaciger hacminde ve
hepatosit sayilarinda artisa yol ag¢maktadir. Bu
degisiklikler diyabetli hastalarda karacigerde meydana
gelen degisikliklerin anlagilmasina yardimci olur.

YAZAR KATKILARI
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Elestirel inceleme: MCR, SY, YT

CIKAR CATISMASI

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

TESEKKUR VE BILGILENDIRME

Bu ¢alismada herhangi bir finansal destek alinmamistir. Bu
calisma Saadet YILDIZ isimli yazarin yiksek lisans
tezinden 6zetlenmistir.

Bu c¢alisma 5. Uluslararasi Tip Bilimleri ve Multidisipliner
Yaklagimlar isimli kongrede s6zlii sunu olarak sunulmus,
kongre kitabina 6zet metin olarak basilmistir (8-9 Ekim
2022. Online, istanbul, Tiirkiye. Ozet Kitab: ss: 486).
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ABSTRACT During placental development, autophagy has an important role at the molecular level, especially in cases
such as trophoblast cell proliferation and cell death. Abnormal placental development due to trophoblast
dysfunction causes serious gynaecological diseases and various fetal malformations. In the study conducted
to investigate autophagy on the 5t day of pregnancy, in the pregnant and non pregnant group uterus tissues,
uterine glands LC3 and Beclin 1 (+), in the evaluation of myometrium and perimetrium, weak (+) was
observed in myometrium cells in pregnancy, while (+) reaction could not be distinguished in perimetrium. In
this study, it was concluded that the immunohistochemical increase in LC3 and Beclin 1 intensity in the
uterus, especially in the endometrial areas in the first trimester of pregnancy compared to the control group
tissues is related to the physiology of pregnancy, homeostasis in pregnancy and hormonal mechanism.

Keywords: Autophagy, Beclinl, LC3, Pregnancy, Rat, Uterus.

0z Ratlarda Gebelikte Birinci Trimesterde Uterusta Otofajinin immunohistokimyasal
Olarak Arastirilmasi

Plasental gelisim sirasinda otofaji, 6zellikle trofoblast hiicre proliferasyonu ve hiicre 6liimii gibi durumlarda
molekiiler diizeyde énemli bir role sahiptir. Trofoblast disfonksiyonuna bagl anormal plasental gelisim, ciddi
jinekolojik hastaliklara ve cesitli fetal malformasyonlara neden olmaktadir. Gebeligin 5. giinlinde otofajiyi
arastirmak i¢in yapilan ¢alismada gebe ve gebe olmayan grupta uterus dokularinda, uterus bezlerinde LC3 ve
Beclin 1 (+), myometrium ve perimetriumun degerlendirilmesinde gebelikte myometrium hiicrelerinde zayif
(+) gozlenirken, perimetriumda (+) reaksiyon ayirt edilememistir. Bu ¢alismada, kontrol grubu dokularina
kiyasla gebeligin ilk trimesterinde uterusta, 6zellikle endometrial alanlarda LC3 ve Beclin 1 yogunlugundaki
immiinohistokimyasal artisin gebelik fizyolojisi, gebelikteki homeostaz ve hormonal mekanizma ile iligkili
oldugu sonucuna varilmistir.

Anahtar Kelimeler: Beclin1, Gebelik, LC3, Otofaji, Rat, Uterus.

INTRODUCTION such as hypoxia, energy depletion, endoplasmic reticulum

. . . stress, high temperature, hormonal stimulation, various
Autophagy means self-digestion, derived from the roots of pharmacological agents and innate immune signals, as well
auto (s_elf) and phagy (eat). Autophagy is the process (_)f as in diseases such as bacterial, viral and parasitic
catalyzing degraded parts, waste molecules and metabolic infections, acute pancreatitis, heart disease and protein
parts within the cell by lysosomes (Ozpolat and Benbrook aggregopathies. In contrast, autophagy suppression is
2015). Dysfunction of autophagy is an underlying frequently associated with some diseases, such as a subset
mechanism for neurodegenerative transmission, muscle of cancers, neurodegenerative diseases, infectious
diseases, cancer and heart diseases. During autophagy, diseases, and intestinal inflammation, and decline in
double-membrane  autophagosomes are formed to autophagy function is the most frequently observed
catabolize intracellular components, including organelles feature of aging (Eskelinen 2005).

such as mitochondria. Autophagosomes fuse with
lysosomes to form autolysosomes and are degraded by

lysosomal hydrolases (Rubinsztein et al. 2005; Deretic et . )
reticulum (ER) stress and chemotherapeutic agents

al. 2006; Munz 2006; Wileman 2006). . o
. . . . (Yoshida 2017). The continuity of basal autophagy and
Autophagy is activated by other physiological stresses cytoplasmic contents during the growth and development

It is emphasized that autophagy is especially stimulated by
starvation, electromagnetic radiation, stress, endoplasmic
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process is very important for the continuity of cell
physiology. It appears that autophagy is very important
during cell development (Al Rawi et al. 2011; Sato and Sato
2011).  After  fertilization,  autophagy  destroys
spermatozoon mitochondria together with the ubiquitin-
proteasome system, which leads to heteroplasmy (Song et
al. 2016). By focusing on maternal mRNA and proteins that
might be necessary for the zygotic process, autophagy
exhibits considerable activity after the two-cell late stage
(Stitzel and Seydoux 2007). According to Di Bartolomeo et
al. (2010), autophagy is also essential for the development
of pre-implantation embryos, cell differentiation, and
organogenesis. Autophagy helps mature erythrocytes get
rid of organelles like ribosomes and mitochondria that
aren't needed for cell activity (Mortensen et al. 2010).

Autophagy-related proteins (Atg proteins) were first
detected in studies conducted in yeast, and more than 30
Atg genes were found (Xie and Klionsky 2007). A portion
of these proteins aid in the development of
autophagosomes. Pre-autophagosomal structures (PAS)
are the structures in which autophagosomes develop.
There are four phases that form the autophagy
mechanism. 1. The mTor complex, which is the Atgl-
Atg13-Atgl7 kinase complex 2. Complex PIP3: Atg6 (Beclin
1) complex, which regulates the activity of Vps34 3.
Ubiquitin-like system 4. Atg9 and the cycle system After
these steps, autophagy in the cell; It progresses as
nucleation, membrane elongation, fusion with lysosome
and destruction (Arslan et al. 2011).

The mTor pathway is responsible for initiating autophagy
in response to starvation conditions in the cell
Accumulation of intracellular free radicals, lack of amino
acids and low amount of ATP inhibit the mTor pathway.
Following these events, Unc51-like kinase (ULK1) is
activated. Beclin 1 serves as a substrate of ULK1; On the
other hand, by attaching to Beclin 1, the anti-apoptotic
protein B-cell leukemia/lymphoma (Bcl-2) prevents
autophagy (Kim et al. 2002). In mammalian cells, Vps34
initiates autophagosome formation, and especially the
dissociation of Beclin 1 and Beclin 2 is the most
fundamental event for autophagic activity. The
Atg12/Atg5/Atgl6 complex and microtubule-associated
protein light chain 3 (LC3A/B-LC3I/II) protein complexes
control the elongation of autophagosomes (Mooren and
Kriiger 2015). The mTor mechanism in cells is regulated
by the Beclin 1, Beclin 2, LKB1-AMPK-mTor, P53, and
PI3K-Akt-mTor pathways (Chen et al. 2010). Each gene
plays a role in different steps of autophagy. LC3 is one of
these genes. LC3-1 is located in the cytoplasm and is 18
kDa, while LC3-II is located on the outer surface of the
autophagy membrane and is 16 kDa (Yang et al. 2005).
Beclin 1 is expressed in human tissues and located in the
endoplasmic reticulum, mitochondria and perinuclear
space. Moreover, double-membrane autophagosomes,
which are essential for autophagy, are formed by Beclin 1.
Human prostate, ovarian, and breast cancers are caused by
loss of Beclin 1 (Aita et al. 1999).

Autophagy has an important role at the molecular level
during placental development, especially in situations such
as proliferation of trophoblast cells and cell death (Gong
and Kim 2014). Abnormal placental developments due to
trophoblast dysfunction cause serious gynecological
diseases and various fetal malformations (Fisher 2015).

The aim of this study was to determine the distribution of
autophagy markers LC3 and Beclin 1 in the uterus on day 5
of gestation and to examine their development during
pregnancy.
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MATERIAL AND METHODS
Ethical Approval

Approval was obtained from Sivas Cumhuriyet University
Animal Experiments Local Ethics Committee with the
decision numbered 65202830-050.04.04-662 dated
16.06.2022; The study was conducted in accordance with
the ethics committee guidelines.

Establishment of
Experimental Protocol

Experimental Groups and

The animal material used in the study was 60-day-old
twelve female Wistar Albino Rats obtained from Sivas
Cumhuriyet University Experimental Animals and
Experimental Research Center. The rats were divided into
the nonpregnant (control) group and the pregnant group,
with 6 animals for each group. Animals in each cage were
housed under 12-hour light/12-hour dark cycle at a
temperature of 22+2 °C. Rats were given ad libitum access
to food and water.

The female animals in the group to be pregnant were kept
in separate cages for one night, with one male animal each
female (to increase the possibility of mating). Afterwards,
swabs taken from female animals were examined by
vaginal cytology method. Swab samples taken according to
this method were transferred to the slide and fixed in
methyl alcohol for 3 minutes. Air-dried slides were stained
with toluidine blue for 10 minutes. Animals with
spermatozoa in the examined preparations were accepted
on day O of pregnancy. The animals that reached the 5th
day of pregnancy and the control group animals were
decapitated and their uteruses were removed.

After being fixed in 10% neutral buffered formaldehyde
(Formaldehyde Merck: 103999; Distilled Water; NaH2P04.
H20; Na2HPO4 Sigma-Aldrrich) for 24 hours, the uteruses
went through routine tissue tracing stages and were
embedded in paraffin blocks (Paraplast Plus, Sigma:
P3683). Serial sections of 5u thickness were taken from
the prepared paraffin blocks with the help of a microtome
(Leica RM 2125).

Immunohistochemistry

The prepared sections were placed on adhesive slides and
the strept avidin-biotin complex (sABC) staining method
was applied to determine the distribution and density of
LC3 and Beclin-1 in the sections. After the sections were
deparaffinized in xylene (Xylene-Merck Millipore: 108661)
and dehydrated in alcohol series, the antigen retrieval
process was started. For antigen retrieval, the slides were
immersed in a 10-fold diluted citrate buffer (Citrate Buffer
Heat-Induced Epitope Retrieval pH: 6 Thermo Scientific:
AP- 9003-999) solution and boiled in a microwave oven at
800 watts for 20 minutes. After this process, the sections
were cooled for 20-30 minutes, washed in Phosphate
buffered saline (PBS Sigma: P4417) solution for 15
minutes, and then incubated in 3% hydrogen peroxide
(Hydrogen peroxide 30% Merck: 108597) solution in the
dark for 20 minutes to block endogenous peroxidase
activity. When the incubation was completed, the sections
were washed again with PBS solution for 15 minutes and
then treated with 0.2% Triton X 100-PBS solution for 15
minutes to help the primary antibody pass through the cell
membrane. After this stage, to prevent nonspecific
antibody binding, Ultra Vision Block (UltraVision™ - Ultra
V Block, Large Volume Detection System anti-Polyvalent,
HRP (Ready-To-Use) Thermo Scientific: TP-060-HL)
solution was dropped on the tissues and waited for 10
minutes, then diluted without washing. (Large Volume
UltrAb Diluent Plus Thermo Scientific: TA-125-UDX) was
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incubated with the primary antibody at 4 °C overnight. As
primary antibody, LC3 (Proteintech-14600-1-AP) was
applied at 1/100 dilution and beclin-1 (Afbiotech-AF5128)
was applied at 1/100 dilution. After the primary antibody
incubation, the sections were washed with PBS for 15
minutes and subjected to routine immunohistochemistry
and AEC chromogen (AEC Substrate System Thermo
Scientific: TA-060-HA) was used to demonstrate the
reaction. Sections counterstained with Gill's hematoxylin
were covered with water-based covering medium (Lab
Vision™ Vision Mount Thermo Scientific: TA-125-UG) and
examined under a microscope. In the negative control,
after protein blocking, PBS was used instead of primary
antibody and the tissues were incubated with this solution
overnight. Immunohistochemical staining results were
evaluated semiquantitatively and presented in tabular
form. The staining intensity was graded from 0 to 3 (0
being no staining, 1 being faint staining, 2 being moderate
staining, and 3 being high staining (Tatar et al. 2023).

RESULTS

The uteruses of the control group were taken and
evaluated on the 5% pregnancy day. LC3 and Beclin-1
stainings were evaluated in terms of staining intensity and
staining distribution. A semiquantitative evaluation was

made in tabular form by examining the endometrium,
myometrium and perimetrium sections of the uterus. The
lamina epithelialis and lamina propria in the
endometrium, smooth muscles in the myometrium and
perimetrium were evaluated without stratification. Lamina
epithelialis and subepithelial area, stratum functionalis
and stratum basalis in lamina propria and stratum
vascularis in myometrium were examined. Endometrial
epithelium was clearly distinguished in LC3 and Beclin 1
staining in the control group and tissues taken from the 5t
day of pregnancy. In the 5th day of pregnancy staining,
more intense staining was observed in the preparations
examined than in the control groups. Cells with LC3 and
Beclinl (+) reactions were identified in the decidual cells
found in the lamina propria (Figure 1). Uterine glands
distinguished in the control group and pregnant uterine
tissues were detected as having LC3 and Beclin 1 (+)
reactions in all groups. In the evaluation of the
myometrium and perimetrium, weak staining was
observed in the myometrium cells during pregnancy, while
a (+) reaction could not be distinguished in the
perimetrium.
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Figure 1: A: Uterus pregnancy day 5 Beclin 1 (Bar: 50 um). B: Uterus pregnancy day 5 LC3 (Bar: 20 pm). C: Uterus negative
control (Bar: 100 um). D: Uterus control Beclin 1 (Bar: 20 pm). E: Uterus control LC3 (Bar: 50 um). F: Uterus negative control

(Bar: 100 pm).

Table 1: Semiquantitative score table.

LC3 Control

LC3 Day 5. Beclinl Control Beclinl Day 5.

. L. Epithelialis ++ +4+4+ ++ 4+
Endometrium - -
L. Propria Gl. Uterina ++ ++ ++ +4++
Musculus +/- +/- +/- +/-
Myometrium
Vascularisation in St. Vasculare +/- +/- +/- +/-
Perimetrium - - - - R
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DISCUSSION AND CONCLUSION

Autophagy is the process by which autophagosomes and
lysosomes break down a portion of the cytoplasm to carry
out homeostatic tasks. Autophagy includes processes
whose stages have been recently investigated and the
molecular mechanisms in the stages have been tried to be
revealed (Chifenti et al. 2013). Autophagy involves a series
of interrelated products. LC3 is one of the proteins that has
two forms, conjugated and cytosolic, which are necessary
for the final autophagosome formation. Beclin-1, on the
other hand, regulates the autophagic mechanism with its
interactions and, unlike LC3, which is the final
autophagosome formation marker, is associated with
proteins that participate in the nucleation of the
autophagic vesicle in the early stages of autophagy, and
plays a role in many biological events such as stress
adaptation, endocytosis, development, tumor formation,
aging and cell death is another protein (Wirawan et al.
2012). In this study, it is thought that the selection of these
two proteins, which have very important roles in the
autophagic mechanism, will support the revealing of the
biological mechanism that occurs in the placenta, a
temporary organ structure that provides immune support
and is vital for the fetus in many mammalian species,
including humans. In humans, LC3 and Beclin 1 activities
were investigated in cells identified as
syncytiotrophoblasts, cytotrophoblasts, and stromal cells
in the first trimester of pregnancy, and the connection
between preeclampsia, intrauterine period, and autophagy
was revealed (Oh et al. 2008; Curtis et al. 2013). In this
study, uterine samples taken on the 5t day of pregnancy in
rats were examined, and LC3 and Beclin 1 activities were
investigated immunohistochemically and semiquantitative
evaluations were made. Chifenti et al.'s (Chifenti et al
2013) study revealed that autophagy increased compared
to the control group, in parallel with the results of Western
Blot studies in humans. The increase in autophagic
activation and the similarity of LC3 and Beclin 1 immune
localization reveal that autophagy may play a control role
in intrauterine development in the first trimester. Factors
such as trimesters of pregnancy and the age of the mother
may change autophagic needs during pregnancy.
Distribution variability between cytotrophoblasts and
syncytiotrophoblasts may also differ depending on the
gestational period of autophagy. It is thought that the
distribution of LC3 and Beclin 1 will vary according to the
gestational period, but may be higher in the first trimester,
early placentation, and the distribution of immune
reactions in the endometrial glands due to the more
effective microenvironmental factors.

In the third trimester of a typical pregnancy, Yang et al.
(2020) looked into the impact of nutritional support on the
levels of LC3 and Beclin 1. They found that although Beclin
1 did not change statistically, the amounts of LC3
increased with nutritional support.

LC3 (autophagy-related gene 8 (Atg-8)) and Beclin 1
expression and autophagosome formation have been
observed in Intrauterine Growth Retardation (IUGR)
patients, and it has been reported that the IUGR-causing
abnormal placentation is associated with cell homeostasis
imbalance (Hung et al. 2012; Gong and Kim 2014).

In placentas with fetal growth restriction, Beclin 1, Atg
family and LC3 expression are all determinant and
autophagy is increased in these individuals compared to
normal placentas (Wirawan et al. 2012). Autophagy was
found to be increased in placentas with IUGR compared to
normal placentas. The presence of placental dysfunction
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and abnormal fetal development in the same study
suggests that autophagy might be crucial in gynecological
diseases. Although the mechanisms of autophagy during
cellular proliferation and development are known, the role
of autophagy in the placenta has not been fully elucidated.
A study suggested that urotensin II (UT II) and LC3 release
from the placenta increases in hypoxic conditions and that
this situation stimulates placental autophagy (Gong and
Kim 2014; Pan et al. 2018). In another study, UT II was
found to be positively correlated with autophagy in the
placenta (Pan et al. 2018).

Chifenti et al. (2013) reported in their study that
autophagy is effective in the regulation of placental
function, continuity of pregnancy, and utero-placental
circulation. In this study, the distribution of LC3 and Beclin
1 autophagic markers supports the importance and
existence of autophagy in pregnancy starting from the first
trimester (Chifenti et al. 2013). Oh et al. (2008), according
to their study on pathologies such as preeclampsia, the
amount of LC3 and Beclin-1 in the first trimester of
preeclamptic pregnancy was determined to be higher than
in the first trimester of normal pregnancy.

Alleire et al. (2019) stated in a study that apoptosis and
autophagy work with synergistic metabolism, that these
two molecular systems are effective in homeostasis in the
placenta, that ULK1, Beclin-1, LC3, Parkin and PINK1 are
included in these mechanisms, and that their amounts may
change during pregnancy supports the results.

In conclusion, our study revealed an immunohistochemical
increase in LC3 and Beclin 1 density in the uterus,
particularly in the endometrial areas.
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ABSTRACT

This study was carried out to determine the slaughter and carcass traits of Gray Hungarian and German Mast
geese raised in private farm conditions in Kars province, and the effect of genotype and sex on these traits. A
total of 113 geese, 71 females (51 Gray Hungarian geese and 20 German Mast geese) and 42 males (28 Gray
Hungarian geese and 14 German Mast geese) were slaughtered at approximately 6 months of age. The mean
live weights of Gray Hungarian and German Mast geese before slaughter were 4291.96 and 3007.59 g,
respectively. Statistically significant differences were found between Gray Hungarian and German Mast geese
in slaughter and carcass traits except gizzard weight (p<0.001). No statistically significant difference was
detected between the two genotypes in terms of hot carcass weight, blood ratio, and feather ratio (p>0.050).
There was a statistically significant difference in gizzard weight between the sex groups of Gray Hungarian
geese (p<0.001). A statistically significant difference was found only in hot carcass yield among all traits
examined between the sex groups of German Mast geese (p<0.001). In conclusion, it was determined that
Gray Hungarian geese reared in commercial enterprise breeding conditions in Kars province were generally
superior to Mast geese in terms of slaughter and carcass traits. Apart from local goose breeds, it may be
suggested that breeders may prefer Gray Hungarian geese compared to German Mast geese to obtain heavy
carcasses at an earlier age.

Keywords: Carcass traits, Genotype, Goose, Sex, Slaughter weight.

0z

Gri Macar ve Alman Mast Kazlarinin Kesim ve Karkas Ozellikleri

Bu ¢alisma, Kars ilinde 6zel bir isletme kosullarinda yetistirilen Gri Macar ve Alman Mast kazlarinin kesim ve
karkas ozellikleri ile bu o6zellikler iizerine genotip ve cinsiyetin etkisini belirlemek amaciyla
gerceklestirilmistir. Arastirmada bu amagla yaklasik 6 aylik yasta 71’i disi (51 Gri Macar kazi, 20 Alman Mast
kaz1) ve 42’si erkek (28 Gri Macar kazi, 14 Alman Mast kazi) olmak tizere toplam 113 kaz kesilmistir. Elde
edilen bulgulara goére Gri Macar ve Alman Mast kazlarinda kesim dncesi canli agirlik ortalamalari sirasiyla
4291.96 ve 3007.59 g olarak belirlenmistir. Gri Macar ve Alman Mast kazlar1 arasinda tashk agirhg: harig¢
incelenen kesim ve karkas ozellikleri bakimindan istatistiksel olarak 6nemli farkhiliklar bulunmustur
(p<0.001). iki genotip arasinda sicak karkas randimani, kan orani ve tily oram bakimindan ise istatistiksel
olarak 6nemli bir farklilik (p>0.050) tespit edilmemistir. Gri Macar kazlar cinsiyet gruplar1 arasinda tashk
agirligl bakimindan istatistiksel olarak 6nemli bir farklilik oldugu saptanmistir (p<0.001). Alman Mast kazi
cinsiyet gruplarinda incelenen tiim 6zellikler icinde sadece sicak karkas randimani bakimindan istatistiksel
olarak o6nemli fark bulunmustur (p<0.001). Sonug¢ olarak, Kars ilinde 6zel bir isletme kosullarinda
yetistiriciligi yapilan Gri Macar kazlarinin genel olarak kesim karkas 6zellikleri bakimindan Mast kazlarina
gore daha iistiin oldugu belirlenmistir. Yerli kaz irklarina alternatif olarak daha erken yasta agir karkas elde
etmek isteyen yetistiricilere Alman Mast kazlarina gore Gri Macar kazi yetistiriciligi yapmalar1 6nerilebilecegi
distiniilmektedir.

Anahtar Kelimeler: Cinsiyet, Genotip, Karkas ézellikleri, Kaz, Kesim agirligu.

INTRODUCTION as an alternate food of animal origin. Today, many

Among poultry species, chicken farming is the main source

of commercial

however, production of goose meat playsan important role

different genotypes of geese are bred. Although the
production share of goose meat is lower than chicken, it
increases consumer demand due to the differences in the
taste and composition of the meat (Gumutka and Pottowicz

poultry meat production worldwide;
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2020; Razmaité 2022). In addition to meat, goose breeding
has a high commercial potential due to its products such as
fat, feather and fatty liver. Geographical and cultural
differences have led to significant commercial earnings
from geese breeding in some countries and regions. In
Tiirkiye, despite some regional, geographical, and cultural
advantages, commercial goose breeding is extremely
limited (Guemene et al. 2012; Kirmizibayrak 2018).

The geese population density in Tirkiye differs
significantly due to geography. In Tiirkiye, goose breeding
is most intensively practiced in Kars and Ardahan
provinces in Northeastern Anatolia and Mus province in
Eastern Anatolia Region. Although depends on year,
approximately 35% of Tiirkiye’s geese population is found
in Kars province (TUIK 2021). The fact that goose breeding
is the most common poultry farming in Kars and
surroundingregions is associated with the high habit of
consumption of geese meat, the traditional extensive
breeding conditions by the local community, and the low
cost of meat production. The goose meat obtained
primarily contributes to the nutrition of the people of the
region, thus supporting the regional and national economy
(Kirmizibayrak and Onk 2011; Saatc1 et al. 2021).

Goose farms in Kars and its surroundings generally include
local genotypes. Although low-capacity family farms
traditionally use natural incubation method, the number of
goose farms and the population of geese in Kars province
have increased in recent years (TUIK 2021). The rapid
increase in the demand for goose carcasses in the region
has increased the importance given to goose breeding, and
breeders have begun searching for alternative sources of
outside the region in order to increase goose meat
production. For this purpose, live goose or their carcasses
are brought to the region from other provinces such as
Sanlurfa, Diyarbakir, Mus, Yozgat, and Aksaray. In
addition, some breeders have started to breed foreign
genotype geese in order to obtain higher egg and meat
yields. Due to this demand, foreign genotype geese such as
Chinese, Hungarian, Linda, and Mast have been brought to
Kars in recent years. Some small-scale breeders have
improperly and randomly crossbred the local and foreign
goose genotypes (Boz et al. 2020; Kirmizibayrak 2020).

The studies on geese in Tiirkiye are generally conducted
with indigenous genotypes, and there is a limited number
of studies focusing on foreign goose genotypes. It is crucial
to examine the yield traits of geese with foreign genotypes
under breeding conditions similar to those for local
breeds. This study aimed to investigate the slaughter and
carcass traits of Gray Hungarian and German Mast breeds
raised in Kars, and the effect of genotype and sex on these
characteristics.

MATERIAL AND METHODS

This study was carried out after obtaining approval from
the Kafkas University’s Ethics Committee for Animal
Experiments (KAU-HADYEK). (Decision Number: KAU-
HADYEK/2023-023).

The animal material in the study consisted of 113 Gray
Hungarian and German Mast geese (71 females and 42
males), which were raised under private enterprise
conditions in the center of Kars province in Tiirkiye and
were approximately 6 months old at the time of slaughter.
The goose eggs were hatched inMay. Following hatching,
chicks were placed in growing cages and the temperature
inside the cages was set at 30+2 °C until 7 days of age. A
stove was used for heating. Thetemperature inside the
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poultryhouse was reduced to 25+2°C when the goslings
were 7 days old. Goslings were fed growth feed until two
weeks of age (Table 1). The goslings, which were removed
from the cages to the ground at the end of three weeks of
age, were fed with approximately 250-300 g feed per
animal during this period and the heating process inside
the poultryhouse was terminated. In addition, crushed
barley was given in addition to concentrate feed. In the
following weeks (week 4-6), the amount of feed given to
the goslings was increased, and 300-350 g feed was given
per goose.

Table 1: Nutrient contents of the growth feed used in the
study, %.

CP 22.0
CS 4.0
RO 3.2
CA 5.4
ME (Kcal/kg) 3000
Ca 0.9
Na 0.2
p 0.7
Lys 13
M 0.9

(CP: Crude protein, CC: Crude cellulose, RO: Raw oil CA: Crude ash, ME:
Metabolic energy, Ca: Calcium, Na: Sodium, P: Phosphorus, Lys: Lysine, M:
Methionine).

The farm management terminated the use of concentrate
feed from 6 weeks of age in order to reduce feed costs, and
the geese were fed only 400-450 g of crushed barley. Geese
grazed from 8 weeks of age until slaughter and the same
amount of barley was given to the geese after grazing. One
month before slaughter, the movement area of the geese
was restricted and they grazed close to their shelters, and
400-450 g of barley was given per goose. The geese were
slaughtered at the end of October. The geese were starved
for 12 hours before slaughter and only water was given
during this period. On the day of slaughter, the geese were
numbered and their live weights were determined. Blood,
head, wing, and foot weights were determined after
slaughter. The birds were plucked by a plucking machine
and the feather weight was calculated. After the abdomen
was opened, the sex of the birds was confirmed by
observing the presence of testes or ovaries. Hot carcass,
heart, liver, gizzard, and intestine weights of each carcass
were determined. Since the farm sold the carcasses with
the abdominal fat, the abdominal fat remained on the
carcass and could not be weighed separately. Different
parts of the carcasses were weighed using a digital scale
with a sensitivity of 0.01 g.

Statistical Analysis

Statistical analysis of the data was performed using the
software SPSS version 26. Normality of the data was
checked with the shapiro-wilk test. The t-test was used to
determine the statistical significance of the differences
between the means of the slaughter and carcass traits,
genotype groups, and sex groups.

RESULTS

The means and standard error values of slaughter and
carcass traits of geese with different genotypes and sexes
in this study and the statistical significance of the
differences between group means are given in Table 2 and
Table 3. There were statistically significant differences
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between Gray Hungarian and German Mast geese in
slaughter and carcass characteristics except gizzard
weight (p<0.001). The pre-slaughter live weight means of
Gray Hungarian and German Mast geese were 4291.96 and

3007.59 g, respectively, and statistically significant
differences were found between the genotype group
means and between the sex groups of the two genotypes
(p<0.001).

Table 2: Mean (X) and standard error (SX) values of slaughter and carcass traits.

Slal.lghter Genotype Male Gender Female G(ine{al
traits (g) e S p X+SX
X+SX X+SX
GHG 4411.39£192.57 4226.39£76.97 0.378 4291.96+84.27
Live weight GMG 3162.50+182.66 2899.15+111.95 0.203 3007.59+100.83
p 0.001 0.001 ; 0.001
GHG 2897.61+135.27 2816.00+59.21 0.584 2844.92+60.95
H"vtvg?rﬁi‘ss GMG 2241.21+108.49 1880.00£73.00 0.007 1994.88+73.36
& p 0.003 0.001 - 0.001
GHG 235.32+13.11 208.53% 9.34 0.096 218.03+7.70
Blood weight GMG 170.79+13.58 141.50+13.02 0.139 153.56+9.68
p 0.004 0.001 - 0.001
GHG 306.93+15.85 287.86+8.92 0.300 294.62+8.05
llﬁ:ltglftr GMG 235.21+20.44 200.95+14.73 0.172 215.06+12.24
p 0.010 0.001 - 0.001
GHG 159.71%4.31 151.39+2.45 0.074 154.34+2.23
Head weight GMG 130.57+3.72 126.70+4.56 0.542 128.29+3.06
p 0.001 0.001 - 0.001
GHG 104.96%6.61 101.25%2.23 0.598 102.57+2.73
Feet weight GMG 82.79+5.45 79.50+5.04 0.667 80.85+3.68
p 0.013 0.001 - 0.001
GHG 33.54+1.33 32.04+0.78 0.304 32.57+0.69
Heart weight GMG 28.07+1.40 26.20+0.68 0.197 26.97+0.71
p 0.014 0.001 - 0.001
GHG 79.32+3.87 73.25+1.73 0.160 75.41+1.78
Liver weight GMG 70.43+1.89 68.75+2.20 0.589 69.44+1.50
p 0.046 0.150 - 0.012
_ GHG 141.5044.26 130.84+2.65 0.028 134.6242.34
(j\‘;f;lrl:' GMG 138.21£7.03 127.45+4.21 0.173 131.88+3.86
p 0.676 0.498 - 0.532
_ GHG 262.29+10.10 255.94+5.09 0.578 258.19+4.84
"x:ls;;l':e GMG 218.50+17.36 206.45+10.21 0.529 211.41+9.23
p 0.025 0.001 - 0.001

(p: statistical significance value, X: arithmetic mean, Sx:standard error value, GHG: Gray Hungarian Geese, GMG: German Mast Geese)

Hot carcass weight means were 2897.61 and 2241.21 g for
males and 2816.00 and 1880.00 g for females of Gray
Hungarian and German Mast goose, respectively, and
statistically significant differences were found between the
same sex groups of both genotypes (p<0.001). Although
there was no statistical difference between the sex groups
of the Gray Hungarian genotype (p>0.05), it was found that
the hot carcass weight means of the German Mast goose
males was higher (p<0.001) than the females. The overall
means of hot carcass weight were 2844.92 g and 1994.88 g
in Gray Hungarian and German Mast geese, respectively,
and the difference between the group means was
statistically significant (p<0.001). Evaluation of the same
sexes between the two genotypes revealed that the

examined traits were superior in male geese and were
found to be consistent with the results of other studies
(Mazanowski et al. 2005; Saatci et al. 2009; Kirmizibayrak
and Onk 2011), in which genotype and sex had aneffect on
carcass weight.

Goose feather has high economic value. In addition to the
direct sale of goose feather, breeders use it to make quilts,
pillows, and mattresses. In this study, the mean feather
weight was 294.62 g of the Gray Hungarian geese and
215.06 g of the German Mast geese, and there was a
significant difference between the averages, and also the
feather weight of Gray Hungarian male and female geese
was higher than German Mast geese (p<0.001).
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Table 3: Ratios (X) and standard error (SX) values of slaughter and carcass traits examined in geese.

Gender

Carcass parts (%) Genotype Male Female G(inefal

R£S% R£S% P XK

GHG 65.63+0.75 66.62+0.65 0.343 66.27+0.50

Hot carcass yield GMG 72.05+x291 65.16+1.40 0.026 67.99+1.55
p 0.050 0.286 - 0.295

GHG 5.42+0.27 4.91+0.20 0.128 5.09+0.16

Blood rate GMG 5.62x0.51 4.85+0.35 0.211 5.17+0.30
p 0.712 0.883 - 0.808

GHG 6.99+0.23 6.87£0.22 0.717 6.91+0.16

Feather rate GMG 7.61+0.83 6.96+0.48 0.477 7.23+0.44
p 0.365 0.862 - 0.507

GHG 3.77+£0.17 3.62+0.07 0.425 3.68+0.08

Head rate GMG 4.34%0.30 4.47+0.20 0.729 4.42+0.17
p 0.080 0.001 - 0.001

GHG 2.42+0.14 2.41+0.05 0.941 2.42+0.06

Feet rate GMG 2.86+0.37 2.80+0.19 0.880 2.82+0.19
p 0.294 0.057 - 0.043

GHG 0.78+0.03 0.76+0.02 0.615 0.77+0.01

Heart rate GMG 0.92+0.07 0.92+0.03 0.983 0.92+0.03
p 0.060 0.001 - 0.001

GHG 1.85+0.09 1.76+0.06 0.414 1.79+0.05

Liver rate GMG 2.32+0.14 2.42+0.10 0.570 2.38+0.08
p 0.005 0.001 - 0.001

GHG 3.41+0.21 3.15+0.09 0.245 3.24+0.09

Gizzard rate GMG 4.45+0.20 4.50+0.20 0.871 4.48+0.14
p 0.001 0.001 - 0.001

GHG 6.11+£0.24 6.11+£0.12 0.991 6.11+£0.11

Intestine rate GMG 7.11£0.64 7.19+£0.33 0.904 7.16+0.32
p 0.158 0.005 - 0.004

(p:statistical significance value, X: arithmetic mean, SX: standard error value, GHG: Gray Hungarian Geese, GMG: German Mast Geese)

The mean values of blood, head, feet, heart, liver, and
intestine weight are given in Table 2. There was a
statistically significant difference between the same sex
groups of the two genotypes in terms of these traits
(p<0.001). The overall mean of gizzard weight in Gray
Hungarian and German Mast geese were determined as
134.62 and 131.88 g, respectively, and there was no
statistically significant difference between the genotype
groups for the same sex (p>0.050), whereas a statistically
significant difference was found between males and
females in favor of males in Gray Hungarian geese
(p<0.001).

Proportional (%) mean values and standard error values
of slaughter carcass traits in this study are given in Table
3. Hot carcass dressing percentagevalues were 66.27% and
67.99% in Gray Hungarian and German Mast geese,
respectively. In literature, carcass dressing percentage in
geese generally varies between 60-73% and increases with
age (Tilki et al. 2004; Kirmizibayrak and Onk 2011; Akbas
et al. 2020; Boz and Sarica 2021). The carcass yield of
approximately 67-68% obtained in the present study is
considered to be at an acceptable level considering the
nutritional conditions and age. There was no statistically
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significant difference (p>0.050) between the two
genotypes in blood and feather ratio. Statistically
significant differences (p<0.001) were found among the
other traits analyzed.

DISCUSSION AND CONCLUSION

Pre-slaughter live body weight means of the goose
genotypes examined in this study were compared with
other study findings. The values of the present study were
lower than those reported by Boz and Sarica (2021) for
Turkish indigenous geese in Yozgat province, Tilki et al.
(2004) for 8 months old Turkish indigenous geese,
Kirmizibayrak (2002) for 6-7 months old Turkish
indigenous geese, Uhlifovaet al. (2018) about 2 and 4
months old Eskildsen Schwer and Czech geese, Lewko et al.
(2022) on commercial hybrids of White Kotuda (W-31)
and Pomeranian and Kielecka geese, Biesiada-Drzazga
(2014) for in W11, W33 and W31 White Koluda geese,
Tilki et al. (2009) and Giiner et al. (2004). Pre-slaughter
body weight value for male geese reported by Sahin et al.
(2008) was similar to the value reported for Gray
Hungarian geese in the present study. The value reported
for female geese was higher than the pre-slaughter body



[Carcass characteristics in Geese]

Van Vet J, 2024, 35 (1) 64-69

weight of German Mast geese in this study. A study by
Akbas et al. (2020) reported similar values for Linda geese
as in the present study for German Mast geese, but lower
than those reported for Gray Hungarian geese. Yakan et al.
(2012) investigated geese slaughtered at the age of 8-9
months and the reported values were for Gray Hungarian
geese and higher for German Mast geese in this study. The
values reported by Boz (2019) were close to our results. It
can be concluded that the finding values of this study were
lower than the literature reports on local geese genotypes
in the region. This situationcan be explained by the fact
that the geese slaughtered in other studies were generally
at the age of 8-10 months, while the foreign genotype
geese in this study were slaughtered at earlier age of
approximately 6 months following the short fattening
period, and the nutritional conditions of the geese in the
enterprise were below the mark.

In the present study, hot carcass weight was higher in male
geese for both genotypes. The mean weight of hot carcass
obtained in this study was lower than those of Tilki et al.
(2004) and Celik and Bozkurt (2009). The mean weight of
hot carcass determined for Gray Hungarian geese in this
study was similar to those reported by Kirmizibayrak and
Onk (2011), Yakan et al. (2012), and Boz and Sarica
(2021); whereas lower for German Mast geese compared
to other studies.

The overall mean of feather weight determined as 294.62 g
in Gray Hungarian geese and 215.06 g in German Mast
geese werelower than those of native breeds reported by
Tilki and Inal (2004), similar to those of reported by Boz
(2019), and higher than those of reported by
Kirmizibayrak and Onk (2011). The mean blood weight in
Gray Hungarian and German Mast geese was lower than
the values in the study of Akbas et al. (2020),
Kirmizibayrak and Onk (2011), and Boz (2019), and
similar to the values reported by Tilki et al. (2004), Saatci
et al. (2009), and Kirmizibayrak and Kuru (2018). It is
suggested that these differences may be due to possible
differences in genotype, age, or duration of bleeding. The
mean weight of head and foot for German Mast geese was
similar to those determined by Kirmizibayrak and Kuru
(2018) and higher for Gray Hungarian geese. The mean
values for head and foot weights in this study were similar
to those reported by Boz (2019) and Kirmizibayrak and
Onk (2011), but higher than the mean values reported by
Boz and Sarica (2021).

We found the mean weight of liver and gizzard among
edible organs to be lower than those reported by Boz and
Sarica (2021) for geese in Yozgat province; heart weight
on the other hand was similar. The heart and gizzard
weights reported by Tilki et al. (2009) for domestic geese
were similar to the findings of this study, while liver
weight was higher than our findings. The mean heart and
liver weights obtained in this study were similar to those
reported by Yakan et al. (2012) and Tilki et al. (2004). The
mean gizzard weight in this study was lower than the
values reported by Akbas et al. (2020) and Tilki et al
(2004), while higher than the values reported by
Kirmizibayrak and Onk (2011), and similar to the values
reported by Sarica et al. (2015).

In conclusion, the traits of Gray Hungarian goose and
German Mast goose, which are preferred by breeders in
Kars province as an alternative to indigenous Turkish
breeds in goose meat production in Tiirkiye, were
compared under commercial enterprise conditions, and it
was concluded that Gray Hungarian goose was superior to
German Mast goose. It was also demonstrated that the

Gray Hungarian geese can reach the appropriate carcass
weight in a much shorter feeding period. In order to reveal
the better traits of foreign goose genotypes as an
alternativeto local indigenous genotypes, comparing their
performance with thesegenotypes under the same
conditions will provide more accurate information. The
results obtained in this study were significant as the study
was carried out under commercial enterprise conditions in
Kars province, where at least !/3 of Tiirkiye’s goose
population is raised and has a significant share in the
Turkish goose meat market.
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ABSTRACT

The red hawk (Buteo Rufinus) is a medium-sized bird of prey with wide wings, belonging to the order
Falconiformes and a member of the Accipitridae family. The Red hawk is a wild bird species and is easily
recognized by its black feathers and red color on its wing feathers. In poultry, the thoracic extremity is
developed as a wing. Techniques such as radiography, computed tomography and magnetic resonance
contribute significantly to the evaluation of biological data in endangered species and wildlife because they
provide the best view of anatomical structures and organs, are non-invasive, and allow sensitive diagnoses.
The aim of this study was to create 3D models of the humerus and antebrachium bones of the Red hawk, an
important bird of prey, with multi-detector computer tomography and to examine the bones mentioned
morphologically and morphometrically through the models obtained. Humerus and antebrachium bones of a
total of 6 dead adult Red hawks, 3 females and 3 males, were used as materials. When the morphometric
results were examined, the average humerus length, average ulna length and average radius length in Red
hawks were expressed in mm for the left and right extremities, regardless of gender. Moreover morphometric
measurements of the humerus, ulna and radius bones were compared statistically between the right and left
wings, and it was concluded that there was a significant difference between some values with a value of
p<0.05.

Keywords: Computed tomography, Red hawk, Humerus, Radius, Ulna.

0z

Kizil Sahinde (Buteo Rufinus) Humerus ve Antebrachium Kemiklerinin Bilgisayarh
tomografi (BT) ile U¢ Boyutlu Olarak incelenmesi

Kizil sahin (Buteo Rufinus) Falconiformes takiminda yer alan ve Accipitridae familyasinin bir tyesi olarak
bulunan orta boylu genis kanatlara sahip bir yirtici kustur. Kizil sahin yabani bir kanath tiirii olup kanat
teleklerindeki siyah renkli tiiyleri ve kizil rengiyle kolayca taninmaktadir. Kanatlilarda 6n veya torakal
extremite kanat halinde gelismistir. Kanat (Ossa membri thoracicci) ise sirasiyla scapula, clavicula, os
coracoides, humerus, antebrachium (ulna ve radius), carpus, metecarpus ve digiti’den meydana gelmektedir.
Radyografi, bilgisayarli tomografi ve manyetik rezonans gibi teknikler, anatomik yapilarin ve organlarin en iyi
goriinlimiinii saglamalari, invaziv olmamalar1 ve hassas teshislere imkan vermeleri nedeniyle nesli
tiikenmekte olan tiirlerin ve yaban hayatinda biyolojik verilerin degerlendirilmesine énemli derecede katki
saglamaktadir. Bu ¢alisma ile 6nemli bir yirtic1 kus olan Kizil sahinin humerus ve antebrachium kemiklerinin
multi dedektorlii bilgisayarl tomografi ile 3D modellerini olusturmak, ayrica elde edilen modeller aracilig ile
belirtilen kemiklerin morfolojik ve morfometrik olarak incelenmesi amaclanmistir. Materiyal olarak 3 adet
disi ve 3 adet erkek olmak iizere toplam 6 adet 6lmiis eriskin Kizil sahin’e ait humerus ve antebrachium
kemikleri kullanildi. Morfolojik olarak sonuglar incelendiginde, bilgisayarl tomografi ile elde edilen 3 boyutlu
goriintiilerin anatomik yapilar1 net bir sekilde ortaya koydugu sonucuna varilmistr. Morfometrik sonuglar
incelendiginde Kizil sahinlerde ortalama humerus uzunlugu, ortlama ulna uzunlugu ve ortalama radius
uzunlugu cinsiyet ayrim1 yapmaksizin sol ve sag extremite i¢cin mm seklinde belirtilmistir. Ayrica humerus,
ulna ve radius kemiklerinin morfometrik ol¢iimleri sag ve sol kanat arasinda istatistiksel olarak
karsilastirilmis ve bazi degerler arasinda p<0.05 degeri ile anlamli bir farkhilik oldugu sonucuna varilmistir.

Anahtar Kelimeler: Bilgisayarl tomografi, Humerus, Kizil sahin, Radius, Ulna.
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INTRODUCTION

A member of the order Falconiformes and a member of the
family Accipitridae, the Red hawk, is a medium-sized bird
of prey with broad wings (Orhan et al. 2002). The Red
hawk is a wild bird species and is easily identified by its
black feathers and red wing feathers. It can to fly
particularly fast is due to its morphologically well-
developed wings (Demirsoy 1992). For this reason, it is the
bird species with the best maneuverability among birds of
prey. In addition, the main characteristics of Red hawks
are the presence of a sharp, well-developed upper jaw, a
hook-shaped beak that widens downwards, and very
strong spurs (Demirsoy 1992).

In birds, the wing develops as a thoracic extremity. The
wing is connected to the body by a belt consisting of three
bones called ossa cinguli extremitatum thoracicarum
(scapula, clavicula and os coracoideus) (Giiltekin 1974;
Dursun 2008). Ossa membri thoracici consists of scapula,
clavicula, os coracoideus, humerus, antebrachium (ulna
and radius), carpus, metecarpus and digiti, respectively. An
important feature that distinguishes Red hawks from other
bird species is their wide wingspan (Giiltekin 1974;
Dursun 2008). For this reason, a significant part of the
stated wingspan consists of the long bones (humerus and
antebrachium) that form the wing structure of this bird
species.

Humerus: It is one of the long bones participating in the
wing structure. Since it is a long bone, it has a body consist
the trunk and two ends, proximal and distal (Giiltekin
1974; Dursun 2008). Antebrachium: This bone, consisting
of ulna and radius, is examined in three regiones, just like
the humerus. From these regione, the proximal end is
positioned backwards, the distal end is positioned
forward, and the bone body is positioned parallel to the
humerus (Giiltekin 1974; Dursun 2008).

Today, computer and 3D reconstruction technologies,
widely used in the medical field, are also rapidly gaining
ground in veterinary medicine. It is more useful than other
anatomical methods because it clearly details the complex
structure of the tissue to be imaged, especially through
images obtained by multidetector computed tomography
(MDCT) and magnetic resonance imaging (MRI), which are
radiological imaging techniques. Considering the results of
many studies, it can be said that radiological imaging
techniques create versatile images of tissues and organs
and that a three-dimensional model of any tissue can be
created using these images (D’Urso et al. 1999; Verhoff et
al. 2008; Demircioglu et al. 2020).

In the literature review, it was determined that fractures in
birds of prey mostly occur in the wings and less frequently
in the foot and spinal skeleton (Kibar and Bumin 2006;
Aslan et al. 2009). In line with the studies conducted in this
context, it has been reported that 53% of the fractures in
the wings occur in the humerus and 47% in the radius-
ulna (antebrahium) bones (Kibar and Bumin 2006).
Hence, many studies have been done on humerus and
antebrachium in poultry; chicken, domestic duck, pigeon
and quail (Yildiz et al. 1998), Turkey vulture (Novitskaya
et al. 2017), Griffon vulture and Greater flamingo (Frongia
et al 2021), Japanese quail (Demiraslan et al. 2014), Kars
goose (Dogan and Taker 2021), Herring gull (Larus
argentatus, Pontoppidan), Rock pigeon (Columba livia
Gmelin) and Willow ptarmigan (Lagopus
lagopus/Linnaeus) (Bonser 1995), Blue canary (Bhargavi
et al. 2017), Commercial broiler and Desi chicken (Vistro
etal. 2015).
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Especially considering this situation, it is important to
examine the humerus and antebrachium bones in birds of
prey from an anatomical perspective using radiological
imaging techniques. In this study, three-dimensional
examination of humerus and antebrachium bones in the
Red hawks (Buteo Rufinus) with computed tomography
(CT) was studied to examine the specified bones
morphologically and morphometrically through the
models obtained.

MATERIAL AND METHODS

Animals

This study was carried out with the decision of Van
Yuzuncu Yil University Animal Experiments Local Ethics
Committee dated 30/06/2022 and numbered 2022/06-03.
In the study, the humerus and antebrachium bones were
used of a total of 6 dead adult Red hawks (3 females and 3
males) brought to Van Yuzuncu Yil University Wild
Animals Protection and Rehabilitation Center at different
times by The Nature Conservation and National Parks Van.

CT and 3D Modeling Process

The bones used in the study were scanned with a 256-slice
computer tomography device (Philips Brilliance Ict).
MDCT device with reference to Prokop (Prokop 2003) for
computed tomography scanning; It was set as 80 kV, 200
MA, 639 mGY and cross-sectional thickness of 0.625 mm.
The scanned images were saved as DICOM and transferred
to the medical image processing program MIMICS 21.0
(The Materialize Group, Leuven, Belgium) for 3D modeling.

Process of Obtaining Morphometric Measurements
from 3D Images

Nomina Anatomica Avium (Baumel and Club 1993) was
taken as reference in morphological analyzes and in the
use of all anatomical words within the scope of the study.
Additionally, Von Den Driecsh (Von Den Driesch 1976) and
Atalar et al. (Atalar et al. 2007) were used as references in
determining morphometric measurement points. The
obtained 3D models and the morphometric measurement
points taken are given in Figures 1, 2 and 3.

Measurement parameters of humerus bone:

GL: Length of the humerus bone; SC: The smallest corpus
width of the humerus bone; Bp: Proximal width of the
humerus; Bd: Distal width of the humerus.

Measurement parameters of ulna bone:

UGL: Length of the ulna bone; USC: The smallest corpus
width of the ulna bone; UBp: Proximal width of Ulna; UBd:
Distal width of ulna.

Measurement parameters of radius bone:

RGL: Length of radius bone; RSC: The smallest corpus
width of the radius bone; RBp: Proximal width of the
radius; RBd: Distal width of radius.

Statistical Analysis

As descriptive statistics; average, standard deviation,
minimum and maximum values are expressed. While the
Mann-Whitney U test was used to compare whether there
were differences between genders for these
characteristics, the Wilcoxon test was used to compare the
Right-Left differences. In the calculations, the statistical
significance level was taken as 5% and the SPSS (21.0 ver.)
statistical package program was used.
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Figure 1: Anatomical points of the humerus; 1: crista
deltopectoralis, 2: tuberculum dorsale, 3: caput humeri, 4:
foramen pneumotricipitalis, 5: tuberculum ventrale, 6
condylus dorsale, 7: fossa olecrani, 8: condylus ventralis.
Morphometric measurements of the humerus; GL: Length
of the humerus bone, SC: The smallest corpus width of the
humerus bone, Bp: Proximal width of the humerus, Bd:
Distal width of the humerus.

Figure 2: Anatomical points of the ulna; 1: olecranon, 2:
crista intercotylaris, 3: cotyla dorsalia, 4: impressio
brachialis, 5: incisura tuberculum carpale, 6: sulcus
intercondylaris. Morphometric measurements of the ulna;
UGL: Length of the ulna bone, USC: The smallest corpus
width of the ulna bone, UBp: Proximal width of ulna, UBd:
Distal width of ulna.

Figure 3: Anatomical points of radius; 1: tuber bicipitalis
radialis, 2: sulcus tendinosa. Morphometric measurements
of radius; RGL: Length of radius bone, RSC: The smallest
corpus width of the radius bone, RBp: Proximal width of
the radius. RBd: Distal width of radius.

RESULTS

Morphological Findings: When the 3D model of the
humerus bone was examined morphologically, it was
determined that all anatomical formations on the bone
could be clearly seen. In this context, when the cranial
surface of the humerus was examined, the caput humeri
was clearly seen first in the proximal end. The presence of
tuberculum dorsale was detected just above this
anatomical structure, and tuberculum ventrale was
detected below it. In addition, the crista deltopectoralis,
which extends along the dorsal edge of the body of the
humerus, is one of the important structures seen. When
the caudal face is examined; In addition to the structures
on the cranial face, there is the foramen pneumotricipitalis,
which is very clearly visible. The tuberculum ventrale was
clearly seen just lateral to the before mentioned hole. Due
to straight the body of the humerus, it does not show any
anatomical features.

Similarly, when the extremitas distalis of the humerus is
examined, condylus dorsalis and ventralis are clearly seen
on the cranial face. Additionally, there is fossa olacrani
between the two condyles mentioned on this face. When
the caudal face is examined, the presence of a shallow
depression (fossa musculus brachialis) that allows the
radius to articulate is seen.

Antebrachium: It consists of two bones (radius and ulna)
parallel to the humerus, with the proximal end facing
backward and the distal end facing forward. It was
observed that it was located lateral to the ulna bone and
had a body approximately twice as thick as the radius. The
radius and ulna bones are tightly connected to each other,
creating a wide spatium between them. When the proximal
part of the wulna is examined; olecranon, crista
intercotylaris, cotyla dorsalia and impressionio brachialis
were clearly seen. Distal to the ulna are the incisura
tuberculum carpae and sulcus interconylaris, which serve
to articulate with the carpal bones.

The radius articulates proximally with the humerus and
ulna. In this region, the tuber bicipitalis radialis protrusion
can be seen just below the caput radiale. The distal part of
the radius is tightly connected with the ulna, which is
located in the proximal part. On the lateral side of the
distal region there is a groove called the sulcus tendinosa.

Morphometric Findings: According to morphometric
results of the humerus, the average left and right humerus
lengths (GL) in Red hawks that don't have gender
identification were 125.11 mm and 126.17 mm,
respectively, and the smallest corpus widths of the left and
right humerus were 9.83 mm and 10.07 mm.

In addition, it was concluded that the proximal extremities
width of the humerus of the left and right was 28.51 mm
and 29.34 mm, respectively, and the distal extremities
width of the humerus of the left and right was 21.61 mm
and 20.99 mm, respectively (Table 1). When all left and
right humerus morphometric measurement results were
compared between male and female genders, it was
determined that there was no difference in terms of
gender with a p>0.05 value (Table 1).
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In the morphometric examination of the ulna, it was
observed that the left and right average GL values were
140.01 mm and 139.89 mm, respectively, and the SC value
was 812 mm and 7.15 mm. In addition to these
measurements, it was concluded that the Bp values of the
left and right ulna were 10.23 mm and 10.21 mm,
respectively, and the Bd values of the left and right ulna
were 15.66 mm and 15.10 mm, respectively. According to
the statistical results, it was observed that all right and left
measurement parameters of the ulna did not show a
significant difference between male and female genders
with a value of p>0.05 (Table 1).

In the morphometric examination of the radius, the
average left and right GL values were 128.54 mm and
129.37 mm, respectively, the average left and right SC
values were 5.12 mm and 5.06 mm, the average left and
right Bp values were 10.12 mm and 10.21 mm respectively
determined. Additionally, left and right Bd values were
9.03 mm and 8.30 mm. It was revealed statistically
(p>0.05) that there was no difference between male and
female genders in all right and left measurement
parameters, as in the humerus and ulna bones (Table 1).

In addition, morphometric left or right-sided variations of
the humerus, ulna and radius bones were examined in Red

hawks, separately in male and female genders. In this
context, Bp and GL measurement parameters of the
humerus in tercel showed a positive difference on the right
side with a value of p=0.003 (Table 2). Similarly, when the
ulna was examined, the Bd and SC measurement
parameters of the ulna in tercel showed a positive
difference on the left side, with values of p=0.016 and
p=0.001, respectively (Table 2). When the Bd and GL
measurement parameters of the radius in males were
examined, it was determined that the Bd measurement
showed a positive difference in the left direction with the
value of p=0.003 and the GL measurement showed a
positive difference in the right direction with the value of
p=0.021 (Table 2).

When all measurement parameters of the humerus, ulna
and radius were compared in the right/left direction in
terms of female gender, all measurement parameters of
the humerus and radius did not show any difference with a
p>0.05 value (Table 2). However, contrary to the stated
situation, it was determined that the ulna showed a
positive difference in the left direction only with the SC
measurement parameter p=0.018 (Table 2).

Table 1: Statistical examination of gender characteristics of measurement subjects of humerus, ulna and radius bones.

Humerus Ulna Radius
Gender Mean value Star.lde.lrd p-value Mean value Star}dellrd p-value Mean value Star.lda.‘rd p-value
deviation deviation deviation
Male 28.61 452 10.25 .559 10.14 511
Left 0.493 0.918 0.924
Bp Female 28.29 .601 10.20 .233 10.10 197
Generally 28.51 472 10.23 446 10.12 406
Male 21.70 .393 15.75 726 9.05 325
Left 0.781 0.662 0.839
Bd Female 21.43 .523 15.48 452 8.99 162
Generally 21.61 409 15.66 614 9.03 263
Male 125.15 .295 140.24 .502 128.44 426
Left 0.796 0.138 0.401
GL Female 125.03 .862 139.55 .028 128.74 .035
Generally 125.11 452 140.01 .530 128.54 364
Male 9.73 491 8.04 .530 5.14 329
Left 0.498 0.580 0.828
SC Female 10.02 212 8.28 .063 5.09 .042
Generally 9.83 418 8.12 429 5.12 257
Male 29.57 436 10.78 .502 10.26 356
Right 0.102 0.601 0.623
Bp Female 28.88 .049 10.57 .084 10.12 127
Generally 29.34 492 10.71 406 10.21 291
Male 21.04 .665 15.21 .530 8.39 409
Right 0.781 0.446 0.437
Bd Female 20.89 176 14.87 .077 8.10 332
Generally 20.99 527 15.10 447 8.30 381
Male 126.33 467 139.88 .827 129.79 948
Right 0.244 0.982 0.162
GL Female 125.85 .042 139.90 325 128.53 445
Generally 126.17 439 139.89 .657 129.37 .892
Male 10.01 480 7.13 493 5.13 .382
Right 0.775 0.874 0.538
SC Female 10.18 954 7.19 .021 4,93 .148
Generally 10.07 572 7.15 .383 5.06 .320

GL: Length of bone; SC: The smallest corpus width of bone; Bp: Proximal width of bone; Bd: Distal width of bone. *p<0.05: Significance levels according to Mann-

Whitney U test.
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Table 2: Statistical analysis of measurement parameters of humerus, ulna and radius bones in terms of direction (right/left).

Humerus Ulna Radius
Gender Direction Mean value Stal.lda.lrd p-value Mean value Star}dallrd p-value Mean value Star}dzllrd p-value
deviation deviation deviation
Left/Bp 28.61 10.25 10.14
220 0.003* 419 0.085 196 0.293
Right/Bp 29.57 10.78 10.26
Left/Bd 21.70 15.75 9.05
428 0.055 218 0.016* 149 0.003*
Right/Bd 21.04 15.21 8.39
Male
Left/GL 125.15 140.24 128.44
258 0.003* 346 0.127 .605 0.021*
Right/GL 126.33 139.88 129.79
Left/SC 9.73 8.04 5.14
244 0.106 .069 0.001* 177 0.876
Right/SC 10.01 7.13 5.13
Left/Bp 28.29 10.20 10.10
551 0.372 148 0,178 325 0.945
Right/Bp 28.88 10.57 10.12
Left/Bd 21.43 15.48 8.99
346 0.273 374 0.263 494 0.239
Right/Bd 20.89 14.87 8.10
Female
Left/GL 125.03 139.55 128.74
.820 0.392 296 0.344 480 0.648
Right/GL 125.85 139.90 128.53
Left/SC 10.02 8.28 5.09
742 0.806 .042 0.018* 106 0.287
Right/SC 10.18 7.19 4.93

GL: Length of bone; SC: The smallest corpus width of bone; Bp: Proximal width of bone; Bd: Distal width of bone. *p<0.05: Significance levels according to

Wilcoxon test.

DISCUSSION AND CONCLUSION

The existence of many birds of prey, especially red hawks,
is necessary for the protection and continuity of natural
balance. However, the numbers of birds of prey are
decreasing due to the destruction of natural life, various
accidents and hunting (injuring with firearms) (Coles
1985; Umar 1999). In many countries, including Turkey,
legal regulations have been made regarding the hunting of
birds of prey (Bostan 2000). Considering the conditions
stated within the scope of the study, the materials used in
the research were obtained from dead animals in order to
prevent livestock losses and injuries.

In addition, it is thought that a total of six tissue samples
belonging to males and females in the study are sufficient
to explain the anatomy of the humerus and antebrachium
in the endangered Red hawk species.

Most of the injuries that occur in wild animals due to
various reasons are traumatic (Punch 2001; Deem et al.
2002; Buttle 2004). For this reason, radiological imaging
methods are the most useful methods that veterinary
clinicians can use in the diagnosis and treatment of injured
or traumatized animals in the wild (Valente 2007; Borges
etal. 2017). In addition, biochemical parameters cannot be
used much during the diagnosis of injured wild animals.
However, techniques such as radiography, computed
tomography and magnetic resonance contribute
significantly to the evaluation of biological data in
endangered species and wildlife because they provide the
best view of anatomical structures and organs, are non-
invasive, and allow sensitive diagnoses (isler 2018).

In accordance with general principles, the winged skeleton
is very similar to the skeletal system of mammals.
However, due to some ecological and biological factors, it

can be said that avian and mammalian skeletal systems
have many morphological features that differ from each
other (Giiltekin 1974).

In a study conducted on chickens, domestic ducks, pigeons
and quails, the humerus was examined morphologically. In
this context, it was reported that there was a caput humeri
at the proximal end, a tuberculum laterale at the
dorsolateral of the caput, and a crista tuberculi laterale
extending outwards and downwards from here (Yildiz et
al. 1998). It has also been stated that there is a tuberculum
mediale in the dorsomedial part of the caput and a
foramen pneumaticum, a large air hole, in the medial and
distal parts of this medial tuber (Yildiz et al. 1998). It has
been mentioned that there is a condylus ulnaris and a
smaller condylus radialis at the distal end (Yildiz et al.
1998). Similarly, the morphology of the antebrachium
bones (ulna and radius) has also been revealed (Yildiz et
al. 1998).

When the humerus, ulna and radius in red hawks were
examined morphologically, they showed complete
agreement with the study in question. Studies have shown
that the average length of the humerus has been reported;
72.5 mm in chickens, 46.1 mm in pigeons and 87.4 mm in
domestic ducks (Yildiz et al. 1998), 67.77+0.55 mm in
pheasants and 51.80+0.49 mm in partridges (Lok and
Yal¢in 2007), 172.5 mm in goose (Allison et al. 2006). In
addition, the average length of the humerus has been
reported 191.28+1.44 mm in male Kars goose, 175.02 mm,
in female Kars goose (Dursun 2008), 12.20 cm in Pariah
kite (Tiwari et al. 2011), 36.13+1.32 mm in Japanese quail
(Demiraslan et al. 2014), 106 mm in male ducks,
95.84+1.63 mm in female ducks (Cevik Demirkan 2002),
62.3+4.11 mm in Commercial chickens and 58.0+1.41 mm
in Desi chicken (Vistro et al. 2015).
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According to the results of our study, the average humeral
length in Red hawks was determined to be 125.11 mm in
the left extremity and 126.17 mm in the right extremity,
regardless of gender. In this context, it has been observed
that Red hawks have the longest humerus among domestic
and wild birds, other than geese species.

Humerus width is stated; 12.50+0.27 mm in male Kars
goose, 11.84+0.35 in female Kars goose (Dogan and Take1
2021), 230 cm in Pariah kite (Tiwari et al. 2011),
0.75+0.08 mm in Japanese quail (Demiraslan et al. 2014),
7.9+1.66 mm in Commercial broilers and 6.1+0.74 mm in
Desi chicken (Vistro et al. 2015). In line with the results of
our study, it was determined that the average humeral
width in Red hawks, regardless of gender, was 9.83 mm in
the left extremity and 10.07 mm in the right extremity. In
this context, it has been observed that red hawks have the
widest humerus among domestic and wild birds other
than the geese species. It has been stated that the average
ulna length in male domestic ducks is 100.1+3.0 mm
(Charuta et al. 2005).

In addition, the ulna length was reported as 61.53+0.50
mm in pheasants (Lok and Yalgin 2007), 29.4 mm in wild
quails, 29.7 mm in domestic quails (Yaman 1997), 13.60
cm in Pariah kite (Tiwari et al. 2011), 31.39£0.81 mm in
Japanese quail (Demiraslan et al. 2014). The average width
of the ulna has been reported 1.80 cm in the Pariah kite
(Tiwari et al. 2011), 9.40-0.24 mm in the male Kars goose,
and 8.72-0.32 mm in the female Kars goose (Dogan and
Tak¢r 2021), and 0.69-0.12 mm in Japanese quails
(Demiraslan et al. 2014).

The radius length was reported as 56.09+0.47 mm in
pheasants (Lok and Yal¢in 2007), 169.75+1.31 mm in male
Kars goose, 154.20+1.63 mm in female Kars goose (Dogan
and Tak¢1 2021), 91.0+13.59 mm in male Peking duck,
94.9+2.1 mm in female Peking duck (Charuta et al. 2005),
31.22#1.21 cm in Griffon vulture, 20.74+0.82 cm in
flamingo (Frongia et al. 2021), 13.20 cm in Pariah kite
(Tiwari et al. 2011) and 28.12+0.60 mm in Japanese quail
(Demiraslan et al. 2014). The average width of the radius
has been reported to be 1.10 cm in Pariah kite (Tiwari et al
2011), 6.28+0.28 mm in male Kars goose, 5.94+0.21 mm in
female Kars goose (Dogan and Takg¢1 2021), and 0.35+0.05
mm in Japanese quail (Demiraslan et al. 2014).

According to the research results, the average Ulna length
and width in the left extremity in Red hawks were
determined as 140.01 mm and 8.12 mm, respectively,
regardless of gender. The average length and width of the
right extremity were determined as 139.89 mm and 7.15
mm, respectively. In addition, the average length and
width of the left limb radius in Red hawks, regardless of
gender, were 128.54 mm and 5.12 mm, respectively.
Similarly, the average length of the right extremity radius
was determined as 129.37 mm and its width was 5.06 mm.

When all studies are evaluated collectively, it is clearly
seen that the ulna bone is thicker than the radius bone.
Many studies include the average widths of the extremitas
proximalis and extremitas distalis parts of the humerus,
ulna and radius bones. Within the scope of the study, the
average proximal and distal limb widths of Red hawks are
similar to the results of the above-mentioned studies
(Table 1 and 2).

In a study in which the front extremity bones of Red hawks
were dissected and measured using calipers, the humerus
It has been reported to be 10.5-11.7 cm in length, 0.75-
0.90 cm in width. The ulna has been reported to be 11.4-
13.2 cm in length, 0.56-0.78 cm in width and the radius has
been reported to be 10.8-12.3 cm in length, 0.35-0.44 cm
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in width (Atalar et al. 2007). When the results of this study
were compared with these results, it was seen that there
was complete agreement. For this reason, it can be said
that 3D images created by the computerized tomography
method are an alternative method that can be used in live
animals for  morphological and morphometric
measurements.

As a result, our study has shown that the anatomy of all
wild animals, especially endangered birds of prey, can be
examined with radiological imaging techniques such as
computed tomography. We also believe that the results of
this study will contribute greatly to the surgical treatment
and care processes for humerus and antebrachium injuries
in birds of prey.
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0z Arastirma buzagilara probiyotik (EM-Etkin Mikroorganizmalar) ve mannan-oligosakkarit (MOS)’in ayr1 ayr1
veya birlikte verilmesinin canli agirhik artisi1 (CAA), yem tiiketimi (YT), yemden yararlanma (YY) gibi biiyiime
parametreleri, viicut dlgiileri, hastalik ve yagama orani ile buzagi yetistirme maliyetlerine etkisini belirlemek
amaciyla yapilmistir. Calismada 76 bas (38 bas Holstein ve 38 bas Simmental, 38 adet erkek, 38 adet disi, 7+3
giinliik yasl, 38+2 kg CA) buzag, her grupta 19 buzag olacak sekilde bir kontrol ve 3 deneme grubu olmak
lizere 4 gruba ayrildi. Deneme grubunda bulunan buzagilara kontrol grubundan farkl olarak 10 ml EM, 5 g
MOS veya 10 ml EM+5 g MOS siite katilarak verildi. Calisma sonunda siit emme déneminde buzagilara EM,
MOS veya EM+MOS verilmesinin canli agirlik (CA), CAA, kuru madde tiiketimi (KMT), YY, viicut élgiileri ve
hastalik orani ile ekonomik gostergeleri (toplam maliyet, toplam gelir ve net kar) dnemli oranda etkilemedigi
belirlendi (p>0.05). Sonug olarak, tercih edilecek alternatif yem katki maddeleri hem hayvan performansini
iyilestirecek hem de isletme ekonomisine katki sunacak nitelikte olmaldir.

Anahtar Kelimeler: Buzagi, Kar, Performans, Prebiyotik, Probiyotik.

ABSTRACT

Effect of Probiotic and Mannan-Oligosaccharide Use on Performance, Disease,

Survival Rate and Profitability in Calves

The research was carried out to determine the effect of giving probiotics (EM-Effective Microorganisms) and
mannan-oligosaccharide (MOS) to calves, separately or together, on growth parameters such as live weight
gain (LWG), feed consumption (FC), feed efficiency (FE), body measurements, disease and survival rate with
calf breeding costs. In the study, 76 calves (38 Holsteins and 38 Simmentals, 38 males, 38 females, 7+3 days
old, 38+2 kg LW) were divided into 4 groups, including control group and 3 experimental groups, with 19
calves in each group. Unlike the control group, calves in the trial group were given 10 mL EM, 5 g MOS or 10
mL EM+5 g MOS by adding them to the milk. At the end of the study, it was determined that giving EM, MOS or
EM+MOS to calves during the pre-weaning period did not significantly affect live weight (LW), LWG, dry
matter consumption (DMC), FE, body measurements, disease rate and farm economy (total cost, total income
and net profit). As a result, alternative feed additives to be preferred should both improve animal
performance and contribute to the enterprise's economies.

Keywords: Calf, Performance, Prebiotic, Probiotic, Profit.

GIRIS

Siit sigircligl isletmelerinin tliretim ve ekonomik agidan
stirdiiriilebilirligi, buzagi saghg ve bakimi ile dogrudan
iligkilidir (Murray ve ark. 2016; Nor ve ark. 2012; Stanton
ve ark. 2012). Siitten kesim 6ncesi donem; buzagilarin en
hassas oldugu, hastalik ve oOliimlerin en yiliksek oldugu
donemdir. Buzagilarda ozellikle yasamin ilk aylarinda
ortaya c¢ikan gastrointestinal enfeksiyonlar; biiylimenin
gerilemesine, isletmede tedavi giderlerinin ve buzag: 6lim
oranlarinin artmasina, dolayisi ile isletme karlhiliginin

azalmasina neden olmaktadir. Ayrica isletmelerde buzagi
6limlerinin fazla olmasi, gelecekte hayvan popiilasyonunu
ve hayvansal tiretimi olumsuz etkileyeceginden iilkelerin
gida temininde zorluk yasamasina ve uzun vadede disa
bagimliligina yol acabilecektir. Bu nedenle, son yillarda
saglikli bir bagirsak mikrobiyomu, optimum biiylime
performansi, hayvansal iretiminin siirdiirtlebilirligi ile
karl bir isletmecilik i¢in buzag1 beslemede kullanilabilecek
probiyotikler, prebiyotikler ve bitki ekstraktlar1 gibi
alternatif yem katki maddelerinin arastirildigi ¢alismalar

= *Corresponding author: mehmetoflaz38@gmail.com
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onem kazanmistir (Ural ve ark. 2020; Zabransky ve ark.
2021).

Probiyotikler “canlilarin bagirsaklarina yerleserek cogalan,
sindirim kanalindan emilmeyen, patojen
mikroorganizmalara karsi etki gosteren, hayvanlarin yemi
degerlendirme kabiliyetini artiran, cogunlukla gram (+) ve
fakiiltatif anaerob olan, bir grup canli maya, mantar ve
bakteri veya bunlarin kiiltlirlerini iceren biyolojik iirtinler”
olarak adlandirilmaktadir (Kocaoglu Giiglii ve Kara 2009).
Yapilan bazi ¢alismalarda, probiyotiklerin buzag1 bagirsak
saglhigini olumlu yonde etkileyerek hastaliklarin siiresini,
siddetini ve olim oranim azalttigl, gilinlik CAA, YY,
konsantre ve kaba YT’'ni artirdig1 ve KM sindirilebilirligini
olumlu etkiledigi bildirilmistir (Daenicke ve Flachowsky
2001; Jatkauskas ve Vrotniakiene 2010; Jukna ve ark.
2003; Morrison ve ark. 2010; Riddel ve ark. 2010,
Timmerman ve ark. 2005; Ulger 2019).

Prebiyotikler ise, kalin bagirsakta dogal olarak bulunan
bakterilerin  hareketini ve sayisint  diizenleyerek
probiyotiklerin  etkinligini  artiran  kisa  zincirli
karbonhidratlar ~ olarak  tamimlanmaktadirlar. MOS
(mayalarin hiicre duvarin ekstrakti) gibi prebiyotik
kaynaklarinin Bacterioides, Bifidobacteria, Enterococcus,
Lactobacillus, ve Pediococcus’lar gibi yararli bakteriler
tarafindan sindirilebilmesi (Kocaoglu Giiglii ve Kara 2009;
Kuter ve ark. 2020), ayrica bagirsak epitellerine tutunarak
patojen bakterilerin kolonizasyonunu onlemesi
neticesinde bagirsak saglhgi ve sindirimi olumlu
etkilenmekte ve bu durum hayvanlarda biiyiime
performansini artirmaktadir. Ote yandan prebiyotiklerin,
bagirsakta ucucu yag asitleri miktarini artirmasi, bagirsak
pH’sin1 diisiirmesi ve patojenlerin bagirsak mukozasina
adhezyonlarini engellemesi suretiyle ishalin 6nlenmesinde
onemli rol oynadig1 bildirilmektedir (Morrison ve ark.
2010; Riddel ve ark. 2010). Simbiyotikler ise prebiyotik ve
probiyotiklerin kombinasyonlaridir.  Probiyotikler ve
prebiyotiklerin Dbirlikte kullanilmalar1 sonucu olusan
sinerjik etki canli probiyotik hiicre sayisinin daha fazla
olmasimi saglayarak yalmiz kullanilmalarina goére daha
etkili sonuglar vermektedir (Kuter ve ark. 2020).

Bu calismada da buzagilara EM ve MOS kaynaklarinin ayri
ayr1 veya birlikte verilmesinin CAA, YT, YY, cidago
ylksekligi (CY), sagr yiiksekligi (SY), beden derinligi (BD),
gogiis cevresi (GC), viicut uzunlugu (VU) ve sagri1 genisligi
(SG) gibi viicut odlgiileri, hastalik ve yasama orani ile buzagi
yetistirme maliyetleri {Uzerine etkisinin arastirilmasi
amaglanmistir.

MATERYAL VE METOT

Bu calisma, Erciyes Universitesi Hayvan Deneyleri Yerel
Etik Kurulu tarafindan onaylanmistir (Onay tarih ve
numarast: 06.07.2022 ve 22/158).

Arastirmanin materyalini 6zel bir entansif siit sigirciligl
isletmesinden temin edilen 76 bas (38 bas Holstein ve 38
bas Simmental, 38 erkek, 38 disi) buzag olusturdu.
Buzagilar, benzer bakim-besleme uygulanan siiriiniin 2. ve
3. laktasyondaki ineklerin buzagilarindan segildi.
Denemeye alinan tiim buzagilara; asilamalar, boynuz
koreltme, kolostral dénem beslemesi, altlik degisimi vb.
uygulamalar aym1 sekilde yapildi. Buzagilar deneme
sonuna kadar bireysel buzagi kuliibelerinde barindirildi.
Buzagilar yaslar (73 giinliik), canl agirhiklary, 38+2 kg)
benzer olacak sekilde bir kontrol ve lic deneme grubu; EM,
MOS ve EM+MOS olmak tizere her grupta 19 buzag olacak
sekilde toplam 4 gruba ayrildi. Tim buzagilar dogumdan
sonraki ilk 30 dakika icinde biberonla beslendi. Calismada
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tim buzagilara canh agirhiklarinin @ %8-10'u  kadar
kolostrum 3 6gilinde verildi. Arastirma boyunca (30 giin)
her buzagiya ortalama 5.8 It/glin tam yagh siit (38 °C)
biberonla verildi. Arastirma siiresince buzagilara pelet
formda buzagi baslangi¢c yemi (%90) ve yonca kuru otu
(%10) karisimi ile su ad-libitum seklinde verildi.
Arastirmadaki biitiin buzagilar bireysel bdlmelerde ve
rutin bakim besleme sartlarinda tutuldu. Kontrol
grubunda bulunan buzagilara katki maddesi icermeyen
yalnizca siit ve kati1 yem verilirken, deneme grubunda yer
alan buzagilar kontrol grubundan farkli olarak, EM
grubunda; buzag basina gilinlik 10 ml EM ve MOS
grubunda giinliik 5 g MOS ve EM+MOS grubunda ise 10 ml
EM ile 5 g MOS siite katilarak oral yolla i¢irildi. Buzagilarin
YT'ni belirlemek icin verilen yemler ve tiiketilmeyen
yemler giinlik tartildi. Toplam KMT, siitten alinan KM ve
kati yemden alinan KM (baslangi¢c yemi+yonca kurusu)
toplamindan hesaplandi. YY, tiiketilen toplam KM'nin (stit
KM+kati yem KM) buzaglarin toplam CAA’na
béliinmesiyle hesaplandi.

Arastirmada kullanilan EM (Agriton®, Okinova, Japonya),
Lactobacillus casei Lactobacillus delbrueckii, Lactobacillus
fermentum, Lactobacillus plantarum, ve Lactobacillus
rhamnous laktik asit bakterileri ve Saccharomyces
cerevisiae mayas1 icermektedir. Bu ticari katki maddesi
1*107 cfu/g mikroorganizma igerir ve pH degeri 3-
3.85'dir. Calismada kullanilan buzagi baslangi¢ yemi, yonca
otu ve siitiin kimyasal bilesimleri Tablo 1’de verilmistir.

Mos igeriginde aktif madde olarak (Nature Moss®); inaktif
maya ve maya hilicre duvari, katki maddesi olarak
saccharomyces cerevisiae bulunmaktadir.

Tablo 1: Baslangi¢ yemi, yonca otu ve siitiin kimyasal
bilesimleri.

Table 1: Chemical compositions of starter feed, alfalfa hay
and milk.

Buzag Yonca
Besin Bilesenleri Baslangi¢ Siit
; Samani
Yemi

KM, % 91.35 92.86 12.76
Ham protein, % 20.45 16.47 3.39
Ham Kkiil, % 7.71 11.52 -
Ham seliiloz, % 7.30 21.10 -
Yagsiz KM, % - - 8.83

Buzagilar arastirmanin basinda (0. giin) ve sonunda (30.
glin) 100 g hassasiyetli kantar ile tartildi ve CA’lar
kaydedildi. Arastirmanin basinda ve sonunda biitiin
buzagilarin her birinin CY, SY, BD, GC, VU ve SG bir mezura
ve bir 6lgim c¢ubugu kullanilarak beslenmeden o6nce
o6lciildii. Arastirma siiresince buzagilar hastalik belirtisi
(ishal, ates wvb.) agisindan go6zlemlendi ve goriilen
semptomlar, uygulanan tedaviler ve kullanilan ilaglar kayit
altina alindu.

Ekonomik Analizler

Ekonomik analizde; buzag1 besleme, tedavi ve kontrol
harcamalar1 dikkate alinirken diger masraf unsurlar (su,
elektrik gibi) biitiin gruplarda esit oldugundan toplam
maliyet hesaplamasina dahil edilmemistir. Arastirmada
kullanilan buzagi baslangi¢ yeminin fiyat1 8.5 TL/kg, yonca
kuru ot fiyat1 6 TL/ kg, siit fiyat1 13.2 TL/It, MOS fiyat1 70
TL/kg, EM fiyati 240 TL/It olarak alindi. Toplam gelir
hesaplamasinda buzag: fiyat1 300 TL/kg CA olarak kabul
edilmistir.
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Karhlik, toplam gelirden toplam maliyetin ¢ikarilmasiyla
hesaplanmistir. Buzagi beslemede EM ve MOS kullaniminin
etkilerini belirlemek i¢in kismi biitge analizi yapilmistir.
Kismi biitce analizi ile isletme/iiretim sistemlerinde
yapilacak herhangi bir degisikligin, ytritiilmekte olan
faaliyete pozitif veya negatif etkisi belirlenmektedir. Kismi
biitce analizindeki “Azalan Maliyetler” ve “ilave Gelir
Artig1” yiriitiilen faaliyete pozitif yonde katki saglarken;
“llave Maliyetler” ve “Azalan Gelir” ise olumsuz etki
olusturmaktadir. Kismi biitce analizinde net gelirin
hesaplanmas1 asagidaki Dbelirtilen formil yardimiyla
yapilmaktadir;

Net Gelir=(ilave gelir artisi+Azalan maliyetler)-(Azalan
gelir + Ilave maliyetler)

istatistiksel Analiz

Calismada, buzagilarin CA, viicut élgiileri, kat1 ve sivi KM
tiiketim miktarlar1 ve ekonomik analiz sonuglarina ait
veriler One-Way ANOVA testi kullanilarak analiz
edilmigtir. Hastalik oranlar1 ki-kare testi (SPSS ver. 22.0)
ile degerlendirilmistir. Gruplar arasindaki farklar
belirlemek i¢in Duncan'in ¢oklu aralik testi uygulanmistir.
Veriler ortalama#standart hata (X+Sx) seklinde verildi.

BULGULAR

Arastirma gruplarma ait CA, CAA, KMT ve YY degerleri
Tablo 2'de verilmistir. Calismada buzagilara EM ve MOS’un
ayr1 ayr1 veya birlikte verilmesinin CA, CAA YT, KMT ve YY
etkilemedigi belirlenmistir (p>0.05). Ancak tiim deneme
gruplarinda YT ve CAA kontrol grubuna gore rakamsal
olarak artig gostermistir. En iyi YY EM grubunda, en iyi CA
ve CAA'T EM+MOS verilen grupta bulunmustur (Tablo 2).
Arastirmada kontrol ve deneme gruplarinda elde edilen
viicut dlciileri Tablo 3’te verilmistir. Calismada, kontrol ve
deneme gruplarinda yer alan buzagilara ait viicut 6lgiileri
arasinda 6énemli bir farklilik bulunmamistir (p>0.05; Tablo
3). Calisma boyunca buzagilarda goriilen hastalik oranlari
Tablo 4'te verilmistir. Gruplar arasinda hastalik oranlari
acisindan istatistiksel bir farklilik bulunmamistir. Ancak
hastalik goriilme orami en yiiksek kontrol grubunda, en
diisiik ise EM+MOS grubunda tespit edilmistir (p>0.05;
Tablo 4). Calismada boyunca (30 giin) kontrol ve deneme
gruplar1 icin hesaplanan masraf unsurlar1 (beslenme,
tedavi ve hastalik kontrol harcamalari) Tablo 5’te
verilmistir. Calismadaki kontrol ve deneme gruplari
arasinda beslenme masraflar1 bakimindan istatistiksel
farklilk 6nemli bulunmustur. MOS grubunda beslenme
masraflar1 kontrol grubuna benzer ancak EM ve EM+MOS
grubunda kontrol grubundan o6nemli oranda yiiksek
bulunmustur (p<0.05). Ote yandan tedavi giderleri ve
toplam maliyet yoniinden kontrol ve deneme gruplari
arasinda istatistiksel bir farklihk goériilmemistir (p>0.05;
Tablo 5).

Buzagilarda EM ve MOS kullaniminin isletmenin ekonomik
gostergelerine (toplam maliyet, toplam gelir ve net kar)
etkisi Tablo 6’da verilmistir. Calismada yer alan kontrol ve
deneme gruplar1 arasinda toplam maliyet, toplam gelir ve
net kar bakimindan istatistiksel farklihk tespit
edilmemistir (p>0.05). Ancak toplam gelir yoniinden EM
ve EM+MOS grubu kontrol grubuna gore sirasiyla buzagi
bas1 %2.0 ile %3.5 daha fazla gelir saglarken, net kar
bakimindan yine EM ve EM+MOS grubu kontrol grubuna
gore sirasiyla buzagl bas1 %2.2 ila %4.0 daha fazla kar
saglamistir (Tablo 6).

TARTISMA VE SONUC

Buzagilarda yasamin ilk aylar1 (6zellikle neonatal donem)
buzagilarin gelecekteki performansi ile isletmenin liretim
ve karliligi i¢in kritik 6neme sahiptir. Sigir yetistiriciliginde
hayatta kalabilen ve iretime katilabilen buzagilar
gelecegin et, sit, damizlik hayvan kaynaklar1 olup,
isletmelerin ~ ekonomik  olarak  strdirilebilirligini
saglamaktadir. Geng¢ hayvanlarin hizhh bir gsekilde
biiytimeleri ve saglikli olmalar1 ekonomik agidan 6nemli
olup, bu sindirim sisteminin gelisimi ile yakindan
iliskilidir. Yeni dogan buzagilarin siklikla dogum, asilama,
siitten kesim, boynuz kesme, nakil gibi stres faktoérlerine
maruz kalmalari ishal vakalarinin ve ekonomik kayiplarin
artmasina ayrica  blylmenin azalmasina neden
olmaktadir. Bu nedenle siitten kesim oncesinde
buzagilarin probiyotik ve prebiyotik gibi katkilar
almalarinin = rumen  ekosisteminin  optimizasyonu,
rekabetci baskilama ve rekabetgi dislama gibi
mekanizmalarla dengeli bir bagirsak mikrobiyotasi, giiclii
ve etkin bir sindirim sistemi ile iyi isleyen bir bagisiklik
tepkisi  olusturarak buzagilarin  yasamlarmin  ilk
doénemlerinde sekillenebilecek ishal vakalarinin
azalmasina ve biliylime performansinin iyilesmesine
yardimci olabilecekleri ileri siiriilmektedir (Wu ve ark.
2021). Mevcut calismada da EM ve MOS kullaniminin
neonatal donemdeki (ilk 30 giin) buzagilarin performans,
hastalik (ishal goriilme orani), yasama giicii ve karliliga
olan etkisi incelenmistir. Buzagilara verilen EM ve MOS
ayr1 ayri veya birlikte verilmesinin CA, CAA YT, KMT, YY ve
viicut Olglilerine etkisi istatistiki 0nemde olmamakla
birlikte, deneme gruplarinda YT, CAA ve YYin kontrol
grubuna gore rakamsal olarak daha yiiksek oldugu, en iyi
YY'nin 10 ml/giin/buzagi EM verilen grupta, en iyi CA ve
CAA'In da 10 ml/giin/buzagt EM 5 g/giin/buzagi MOS
verilen grupta oldugu tespit edilmistir. Elde edilen
bulgular probiyotiklerin ve prebiyotiklerin performansi
(Biytikkilic Beyzi 2012; Kiigiikoflaz ve ark. 2022; Terre ve
ark. 2007; Té6th ve ark. 2020; Uzmay ve ark. 2011) énemli
oranda etkilemedigini bildiren c¢alisma sonuglar1 ile
uyumlu bulunmustur. Yine mevcut ¢alismay1 destekler
nitelikte olan, diger ¢alismalarda oldugu gibi Silva ve ark.
(2012) mevcut calismaya benzer dozda kullandiklar
prebiyotigin (MOS) buzagilarda performans1 O6nemli
oranda etkilememesi de mevcut ¢alisma sonuglarini
desteklemektedir. Ote yandan probiyotik  ve
prebiyotiklerin buzagilarda CA (Dar ve ark. 2022), CAA
(Dar ve ark. 2022; Ghosh ve Mehla 2012), YT (Ghosh ve
Mehla 2012; Heinrichs ve ark. 2003; Ruppert ve ark.
2023), YY (Dar ve ark. 2022; Ghosh ve Mehla, 2012), VU
(Dar ve ark. 2022; Nehru ve ark. 2017; Noori ve ark. 2016),
GC (Nehru ve ark. 2017; Windschitl 1991), CY
(Bayatkouhsar ve ark. 2013; Diler ve Aydin 2009; Nehru ve
ark. 2017; Noori ve ark. 2016) olumlu y6nde etkiledigini
bildiren ¢alismalar da bulunmaktadir. Szewczuk ve ark.
(2017) mevcut calismaya benzer dozda kullandiklar
probiyotigin, buzagilarda ©nemli oranda CA ve CAA
sagladigin1  bildirmislerdir. Syomiti ve ark. (2014)
probiyotik (EM) kullandiklar1 buzagilarda KMT’nin kontrol
grubundaki buzagilara gore Onemli oranda yiiksek
oldugunu, ancak gruplar arasinda CAA yonilinden 6nemli
bir farkliligin goriilmedigini bildirmislerdir.
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Tablo 2: Buzagilara EM, MOS ve EM+MOS verilmesinin CA ve CAA, YT, KMT, YY tizerine etkisi.
Table 2: Effect of giving EM, MOS and EM+MOS on LW and LWG, FC, DMC, FE to calves.

Kontrol EM MOS EM+MOS

Parametre (x£5:) (x£5y) (x£S) (x£5:) P

Deneme basi CA, kg 38.9+1.1 38.8+1.5 38.4+1.2 39.3x1.1 0.990
Deneme sonu CA, kg 50.9+1.4 51.9+1.4 50.6+x1.4 52.6x1.1 0.699
CAA, g/buzagi/giin 395.4+22.7 432.3£28.9 407.4x16.2 445.1+27.7 0.463
YT, g 245.9+15.0 253.9+23.4 250.0+£15.7 250.5+18.9 0.987
KMT, g/giin 223.7+13.6 231.1£21.2 227.5+£14.2 227.9+17.1 0.987
YY, gKM/gCAA 0.58+0.03 0.55+0.04 0.57+0.03 0.57+0.07 0.845

Tablo 3: Buzagilara EM, MOS ve EM+MOS verilmesinin viicut 6l¢iilerine etkisi.
Table 3: Effect of giving EM, MOS and EM+MOS on body measurements to calves.

Parametre Kontrol EM MOS EM+MOS

(x£Sx) (x£Sx) (x+Sx) (x£Sx) P
0. Giin CY 76.5+0.7 76.8+0.7 76.6+0.9 77.2+0.8 0918
30. Giin CY 80.7+0.8 81.3+0.8 81.1£1.0 81.3+0.8 0.960
CYA 4.2+0.6 4.5+0.5 4.5+0.6 4.1+0.5 0.921
0. Giin SY 80.4+0.8 80.7+0.8 80.4+0.8 80.6+0.8 0.992
30. Giin SY 85.0+0.7 85.5+0.8 85.1+1.1 85.5+0.8 0.968
SYA 4.6x0.5 4.8+0.5 4.7+0.6 4.9+0.6 0.980
0. Giin VU 69.4£0.8 68.1+0.9 68.3+0.9 70.1+0.7 0.264
30. Giin VU 73.2+0.8 72.7+0.7 72.4+0.8 73.9+0.6 0.520
VUA 3.8+0.4 4.6x0.4 4.1+0.3 3.820.6 0.447
0. Giin BD 34.2+0.4 33.5+0.4 33.6+0.5 34.1£0.3 0.706
30. Giin BD 37.7+0.4 37.6x0.4 37.3x0.4 37.4+0.4 0.855
BDA 3.5+0.4 4.1+0.4 3.7£0.4 3.3+0.5 0.359
0. Giin GC 77.1+0.7 76.2+0.9 75.4+£0.8 76.9+0.8 0.461
30. Giin GC 85.0+0.8 85.2+0.8 83.8+0.87 85.4+0.8 0.536
GCA 7.9+0.5 9.00£0.5 8.4+0.6 8.5+0.5 0.469
0. Giin SG 22.6x0.2 22.3x0.4 22.5+0.3 22.7+0.3 0.783
30. Giin SG 24.3+0.3 24.6+0.2 24.1+0.3 24.6%0.2 0.500
SGA 1.7+0.2 2.320.2 1.6+0.3 1.9+£0.3 0.257

Tablo 4: Buzagilara EM, MOS ve EM + MOS verilmesinin hastalik oranlarina etkisi.
Table 4: Effect of giving EM, MOS and EM + MOS on disease rates to calves.

Hastalik Kontrol (%) EM (%) MOS (%) EM+MOS (%) Toplam (%)
Pozitif 13 (32.5) 9 (22.5) 10 (25.0) 8(20.0) 40 (100)
Negatif 6 (16.7) 10 (27.8) 9 (25.0) 11 (30.6) 36 (100)

istatistiksel Degerler N=76; X2=2.96; Sd=3; p=0.399
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Tablo 5: Buzagilara EM, MOS ve EM+MOS verilmesinin beslenme, tedavi ve kontrol masraflarina etkisi.

Table 5: Effect of giving EM, MOS and EM+MOS on nutrition, treatment and control expenditure to calves.

Masraf Unsurlar1/Grup Kontrol EM MOS EM+MOS
(x£Sx) (x£Sx) (xSx) (x£Sx) P
1. Besleme 2357.6+3.7a 2431.5+5.8b 2369.2+3.92 2441.3+4.7v 0.001
St 2296.8 2296.8 2296.8 2296.8
Yem 60.8 62.7 61.9 62.0
Katki Maddesi 0.0 72.0 10.5 82.5
2. Tedavi 230.0+45.8 169.3+49.8 191.5+£53.0 174.0+£75.7 0.875
llag 109.2 109.0 118.2 86.5
Iscilik 358 179 21.7 25.9
Veteriner 85.0 42.4 51.6 61.6
3. Kontrol harcamalari 210.7 210.7 210.7 210.7
Toplam Maliyet 2798.3+47.4 2811.5+52.1 2771.4+54.8 2826.0:74.6 0.923
(1+2+3)
Tablo 6: Buzagilara EM, MOS ve EM+MOS verilmesinin isletme ekonomisine etkisi (x+Sx).
Table 6: Effect of giving EM, MOS and EM+MOS on enterprises economics to calves.
Gruplar Toplam Maliyet Toplam Gelir Net Kar
Kontrol 2798.3+47.4 15257.4+429.0 12459.0£419.0
EM 2811.5£52.1 15554.2+430.6 12742.4+431.3
MOs 2771.4+54.8 15178.4+423.9 12407.1+431.2
EM+MOS 2826.0+74.6 15784.7+322.8 12958.7+£322.4
p 0.923 0.699 0.748

Buzagilar, cevresel degisikliklere ve patojenik bakteri
kolonizasyonuna karsi hassasiyetleri nedeniyle yiiksek
morbidite ve mortalite oranina sahip olabilir. Tirkiye'de
sit ve besi sigir1 isletmelerinde buzagl hastaliklar
neredeyse her isletmede goriilmekte olup bu
hastaliklarinda yaklasik %5-20’si oliimle
sonuglanmaktadir. Aile tipi isletmelerde buzag o6lim
oranlar %50’ye ¢ikmakta ve 6nemli ekonomik kayiplara
neden olmaktadir (Demir ve ark. 2019; Kiiciikoflaz ve
Sari6zkan 2023). Buzagi hastalik ve oliimlerinin baslica
sebeplerinden biri sindirim sorunlaridir (sirasiyla %51 ve
%32). Bu nedenle, buzaginin erken yasaminda GIS
performansin iyilestirmeye ve ishali azaltmaya yonelik
stratejilerin uygulanmasi1 ¢ok Onemlidir. Calismada,
dogum sonrasi buzagilara icirilen probiyotik, prebiyotik
ve simbiyotiklerin hastalik oranin1 azaltma egilimde
oldugu en yiiksek hastalik oranin kontrol grubunda en
diisiik hastalik oraninin ise EM+MOS verilen grupta
oldugu tespit edilmistir. Bu bulgu arastiricilarin daha
once yaptiklar1 arastirma sonuglarini desteklemektedir
(Ktigiikoflaz ve ark. 2022). Syomiti ve ark. (2014)
probiyotik (EM) kullandiklar1 buzagilarda hastalik
vakalarinin probiyotik kullanilmayan buzagilara gore
o6nemli oranda diisiik oldugunu bildirmislerdir. Aldana ve
ark. (2009) yine mevcut c¢alismaya benzer miktarda
kullandiklar1 probiyotigin buzagilarda hastalik vakalarini
%40 oraninda azalttigim bildirmislerdir. Calismada,
toplam maliyet yoniinden kontrol ve deneme gruplari

arasinda istatistiksel bir farklilik belirlenmemis olsa da,
kullanilan katkilarin beslenme maliyetine etkisi katkilarin
fiyati ile orantili olarak degisiklik gostermistir. MOS
grubunda beslenme masraflart kontrol grubuna benzer
ancak EM ve EM+MOS grubunda kontrol grubundan
énemli oranda yiiksek bulunmugtur. Ote yandan kontrol
grubunda hastalik oraninin (%32) deneme gruplarina
(%20-25) gore yiiksek olmasina bagh olarak en yiiksek
tedavi masraflar1 kontrol grubunda belirlenmistir.
Calisma sonuglar1  probiyotik ve prebiyotiklerin
buzagilarda karlilig1 (Dar ve ark. 2022; Ghosh ve Mehla
2012) olumlu ydnde etkiledigini bildiren ¢alismalarin
aksine buzagilara siitten kesim Oncesi donemde
probiyotik ve/veya prebiyotik verilmesinin isletme
karlihginda istatistiksel olarak 6nemli bir farkliliga neden
olmadigin1 gostermistir. Ancak EM ve EM+MOS grubu
kontrol grubuna gore sirasiyla %2.0 ila %3.5 daha fazla
gelir, %2.2 ila %4.0 daha fazla kar saglamistir. Elde edilen
bulgular Uzmay ve ark. (2011) ile Kara ve ark. (2015)'nin
calisma bulgularini desteklemektedir. Syomiti ve ark.
(2014) tarafindan yapilan c¢alismaya gore kullanilan
probiyotigin hastalik vakalarin1 azaltmasindan dolay1
isletmelere ekonomik anlamda katki sagladigim
bildirmislerdir. Arastiricilarin daha 6nce yaptiklari
calisma sonuglarina gore, probiyotik (EM) kullanilan
grubun kontrol grubuna goére %2 daha karli oldugu ve
mevcut calisma bulgularini destekledigi goriilmektedir
(Kiictikoflaz ve ark. 2022).

81



[Mehmet KUGUKOFLAZ ve ark.]

Van Vet ], 2024, 35 (1) 77-82

Sonug¢ olarak, hayvan yetistiriciligi yapan isletmelerde
kullanilacak olan alternatif yem katki maddelerinin ticari
pazarlama politikalarindan etkilenmeden, bilimsel
temellere dayanilarak, isletme ve {ilke ekonomilerinin
cikarlar1 gozetilerek tercih edilmesinin faydali olacag
diisiiniilmektedir.
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YAZAR KATKILARI

Fikir/Kavram: MK, SS, BKG
Denetleme/Danigsmanlik: MK, BKG, SS
Veri Toplama ve/veya Isleme: MK, VO
Analiz ve/veya Yorum: MK, BKG
Makalenin Yazimi: MK, BKG, SS, VO
Elestirel inceleme: MK, BKG, SS

KAYNAKLAR

Aldana C, Cabra S, Ospina CA, Carvajal F, Rodriguez F (2009). Effect of
a probiotic compound in rumen development, diarrhea incidence and
weight gain in young Holstein calves. Int J Agric Biol Eng, 3 (9), 489-
492.

Bayatkouhsar ], Tahmasebi AM, Naserian AA, Mokarram RR,
Valizadeh R (2013). Effects of supplementation of lactic acid
bacteria on growth performance, blood metabolites and fecal coliform
and lactobacilli of young dairy calves. Anim Feed Sci Technol, 186 (1-
2),1-11.

Biiyiikkili¢ Beyzi S (2012). Buzagilarda Yem Katki Maddesi Olarak
Probiyotigin Performans ve Digki Karakteristikleri Uzerine Etkileri.
Yiiksek Lisans Tezi, Ankara Universitesi, Saglik Bilimleri Enstitiisii,
Ankara, Tirkiye.

Daenicke R, Flachowsky G (2001). Efficacy of the probiotic toyocerin on
the performance of raising calves. In Vitamine und Zusatzstoffe in der
Erndhrung von Mensch und Tier. 8. Symposium, Germany.

Dar AH, Singh SK, Rahman JU, Ahmad SF (2022). The effects of
probiotic  Lactobacillus acidophilus and/or prebiotic mannan-
oligosaccharides on growth performance, nutrient utilization, blood
metabolites, faecal bacteria, and economics of crossbred calves. Iran |
Vet Res, 23 (4), 322.

Diler A, Aydin R (2009). Rasyona probiyotikd" enzim kombinasyonu
ilavesinin Isvicre Esmeri irki buzagilarda biiyiime performansi ve
yemden yararlanma ve saglik iizerine etkileri. Hay Uret, 50 (2), 22-28.

Ghosh S, Mehla RK (2012). Influence of dietary supplementation of
prebiotics (mannan-oligosaccharide) on the performance of
crossbred calves. Trop Anim Health Prod, 44, 617-622.

Giiclii BK, Kara K (2009). Ruminant beslemede alternatif yem katki
maddelerinin kullanimi: 1. probiyotik, prebiyotik ve enzim. Erciyes
Univ Vet Fak Derg, 6 (1), 65-75.

Heinrichs AJ, Jones CM, Heinrichs BS (2003). Effects of mannan-
oligosaccharide or antibiotics in neonatal diets on health and growth
of dairy calves. J Dairy Sci, 86 (12), 4064-4069.

Jatkauskas J, Vrotniakiene V (2010). Effects of probiotic dietary
supplementation on diarrhoea patterns, faecal microbiota and
performance of early weaned calves. Vet Med, 55 (10), 494-503.

Jukna C, Jukna V, Simkus A (2003). The Effect of some probiotic
preparations on calves' growth. Bulg ] Vet Med. 6, 2.

Kara C, Cihan H, Temizel M ve ark. (2015). Effects of supplemental
mannan-oligosaccharides on  growth  performance, faecal
characteristics and health in dairy calves. AJAS, 28 (11), 1599.

Kuter E, Giimiis H, Karakas Oguz F (2020). Probiyotik ve prebiyotiklerin
bagirsak saghgr iizerine etkileri. Hayvan Beslemede Bagirsak
Sagliginin Onemi. 1. Basku. Tiirkiye Klinikleri, Ankara.

Kiiciikoflaz M, Ozbek V, Sari6zkan S, Kocaoglu Giiclii B, Kara K (2022).
Growth performance, ruminal volatile fatty acids, health status and
profitability in calves fed with milk supplemented with probiotics.
Kafkas Univ Vet Fak Derg, 28 (3), 421-430.

82

Kiiciikoflaz M, Sariézkan S (2023). Entansif sit sigirciiginda buzagi
hastaliklar1 ve oliimlerine bagl ekonomik kayiplarin belirlenmesi.
Erciyes Univ Vet Fak Derg, 20 (2), 94-103.

Morrison SJ, Dawson S, Carson AF (2010). The effects of mannan-
oligosaccharide and Streptococcus faecium addition to milk replacer
on calf health and performance. Livest Sci, 131 (2-3), 292-296.

Murray CF, Fick L], Pajor EA ve ark. (2016). Calf management practices
and associations with herd-level morbidity and mortality on beef
cow-calf operations. Animal, 10 (3), 468-477.

Nehru Arun P, Sunandhadevi S, Rama T, Muniyappan N (2017). Effect
of probiotic supplementation on growth performance of crossbred
calves in an organized cattle farm. ] Anim Health Prod, 5 (3), 89-91.

Noori M, Alikhani M, Jahanian R (2016). Effect of partial substitution of
milk with probiotic yogurt of different pH on performance, body
conformation and blood biochemical parameters of Holstein calves. J
Appl Anim Res, 44 (1), 221-229.

Nor NM, Steeneveld W, Mourits MCM, Hogeveen H (2012). Estimating
the costs of rearing young dairy cattle in the Netherlands using a
simulation model that accounts for uncertainty related to diseases.
Prev Vet Med, 106 (3-4), 214-224.

Riddell ]JB, Gallegos AJ, Harmon DL, McLeod KR (2010). Addition of a
Bacillus based probiotic to the diet of preruminant calves: Influence
on growth, health, and blood parameters. Int ] Appl Res Vet Med, 8 (1),
78-85.

Ruppert LD, McCoy GC, Bower NR, Hotjens MF (2023). Probiotic
suplemented calf diets. Erisim Tarihi: 03 Ekim 2023. Erisim Adresi:
http//www.Traill.Uiuc.edu/dairynet.

Silva JTD, Bittar CMM, Ferreira LS (2012). Evaluation of mannan-
oligosaccharides offered in milk replacers or calf starters and their
effect on performance and rumen development of dairy calves. Rev
Bras de Zootec, 41, 746-752.

Stanton AL, Kelton DF, LeBlanc SJ, Wormuth J, Leslie KE (2012). The
effect of respiratory disease and a preventative antibiotic treatment
on growth, survival, age at first calving, and milk production of dairy
heifers. J Dairy Sci, 95 (9), 4950-4960.

Syomiti M, Bauni M, Kariuki IW, Gachuri C, Mutua S, Malala D (2014).
Evaluation of early calves’ weaning diet as milk replacer for
smallholder dairy production systems in Kenya. Afr Crop Sci J, 22,
951-957.

Szewczuk M, Nowik P, Olejnik K, Jedrych L, Kruszynski W (2017).
Influence of the EMTM series probiotic agents on the results of
rearing of Polish Holstein-Friesian calves. Acta Sci Pol Zootech, 14 (4),
141-150.

Terre M, Calvo MA, Adelantado C, Kocher A, Bach A (2007). Effects of
mannan oligosaccharides on performance and microorganism fecal
counts of calves following an enhanced-growth feeding program.
Anim Feed Sci Technol, 137 (1-2), 115-125.

Timmerman HM, Mulder L, Everts H ve ark. (2005). Health and growth
of veal calves fed milk replacers with or without probiotics. / Dairy
Sci, 88 (6), 2154-2165.

Téth S, Kovacs M, Bota B ve ark. (2020). Effect of mannan-
oligosaccharide (MOS) and inulin supplementation on the
performance and certain physiological parameters of calves reared on
milk replacer. ] Appl Anim Res, 48 (1), 228-234.

Ural K, Giiltekin M, Erdogan H ve ark. (2020). Kisa dénem degismeli
takvim probiyotik sagaltimiyla atopik dermatitli kdpeklerde kasinti
giderilebilir mi? Tiirkiye Klinikleri ] Vet Sci, 11 (1), 1-8.

Uzmay C, Kilic A, Kaya I ve ark. (2011). Effect of mannan

oligosaccharide addition to whole milk on growth and health of
Holstein calves. Arch Anim Breed, 54 (2), 127-136.

Ulger i (2019). Effects of pre-weaning probiotic treatments on growth
performance and biochemical blood parameters of Holstein calves.
Indian ] Anim Res, 53 (5), 644-647.

Windschitl PM (1991). Effect of probiotic supplementation on growth
rate, rumen metabolism, and nutrient digestibility in holstein heifer
calves. Asian-Australas ] Anim Sci, 4 (4), 341-351.

Wu Y, Wang L, Luo R ve ark. (2021). Effect of a multispecies probiotic
mixture on the growth and incidence of diarrhea, immune function,
and fecal microbiota of pre-weaning dairy calves. Front Microbio, 12,
681014.

Zabransky L, Poborska A, Mala G ve ark. (2021). Probiotic and
prebiotic feed additives in calf nutrition. J Cent Eur Agric, 22 (1), 14-
18.



Van Vet ], 2024, 35 (1) 83-88

Van Veterinary Journal V"“.‘&J&ﬁf\‘l"“"

https://dergipark.org.tr/tr/pub/vanvetj

Cite this article as: Budak D (2024). Effects of Nano Selenium on Some Metabolic and Rumen Parameters in Dorper ——!
Sheep. Van Vet J, 35 (1), 83-88. DOI: https://doi.org/10.36483 /vanvetj.1404029 g

ISSN: 2149-3359 Original Article e-ISSN: 2149-8644

Effects of Nano Selenium on Some Metabolic and Rumen Parameters in Dorper Sheep

Duygu BUDAK*

Aksaray University, Faculty of Veterinary Medicine, Department of Animal Nutrition and Nutritional Disease, 68100, Aksaray, Tiirkiye
Received: 12.12.2023 Accepted: 16.02.2024

ABSTRACT The aim of the study was to investigate the effects of nano selenium (N-Se) supplementation on some
metabolik parameters and rumen fermentation in sheep. In the study, twenty female Dorper sheep, average
60.1+0.44 kg of body weight were used and blood samples and rumen fluid were taken at the end of trial. The
animals were randomly divided into two trial groups (n=10). The control animals received the basal ration
without Se supplementation, containing a native Se content of 0.06 mg/kg DM. The other sheep were fed the
same basal ration supplemented with 3 g/head/day N-Se. Trial were 66 days with 10 days of adaptation to
feed and 56 days of feeding period. Serum total protein (p=0.514) and albumin (p=0.126) levels did not
change by feeding N-Se. Serum T-cholesterol, triglycerides, AST (p=0.001) and ALT (p=0.030) levels were
decreased in the N-Se-treated group when compared with the control. Supplementation of N-Se did not effect
ruminal pH values (p=0.792), the molar concentration of acetic acid (p=0.133) and butyric acid (p=0.089), but
the ammonia concentration (p=0.001) was decreased, and total VFA concentration (p=0.003) was increased.
The ratio of acetate to propionate decreased due to the increasing of propionate concentration (p=0.034). The
obtained results indicated that N-Se supplementation positively improved ruminal fermentation and
metabolic status. It was concluded that N-Se can be used as an alternatively available selenium source in
sheep.

Keywords: Dorper sheep, Nanomineral, Nano selenium, Rumen.

0z Dorper Koyunlarinda Bazi Metabolik ve Rumen Parametreleri Uzerine Nano
Selenyumun Etkileri

Calismanin amaci koyunlarda nano selenyum (N-Se) ilavesinin bazi metabolik parametreler ve rumen
fermantasyonu tlizerindeki etkilerini arastirmaktir. Calismada canli agirliklari ortalama 60.1+0.44 kg olan 20
adet disi Dorper koyunu ve bu koyunlardan deneme sonunda alinan kan érnekleri ve rumen sivisi kullanildi.
Hayvanlar rastgele iki deneme grubuna (n=10) ayrildi. Kontrol hayvanlari, Se takviyesi olmadan, 0,06 mg/kg
DM'lik dogal Se igerigi iceren temel rasyonla, diger koyunlar, 3 g/bas/glin N-Se ilaveli temel rasyonla
beslendi. Deneme, 10 giin yeme adaptasyon ve 56 giin besi dénemi olmak tizere 66 giin siirdiirtildii. Serum
toplam protein (p=0.514) ve alblimin (p=0.126) dilizeyleri N-Se takviyesiyle degismedi. Serum T-kolesterol,
trigliseritler, AST (p=0.001) ve ALT (p=0.030) seviyeleri, N-Se ilave edilen grupta kontrol grubu ile
karsilastirildiginda azaldi. N-Se ilavesi ruminal pH degerlerini (p=0.792), asetik asit (p=0.133) ve biitirik
asidin molar konsantrasyonunu (p=0.089) etkilemezken, amonyak konsantrasyonu (p=0.001) azald1 ve
toplam VFA konsantrasyonu (p=0.003) artti. Asetatin propiyonata orani, propiyonat konsantrasyonunun
artmasina bagl olarak azaldi (p=0.034). Elde edilen sonuglar, N-Se takviyesinin rumen fermantasyonunu ve
metabolik durumu olumlu yénde iyilestirdigini gosterdi. N-Se'nin koyunlarda alternatif bir selenyum kaynagi
olarak kullanilabilecegi sonucuna varildi.

Anahtar Kelimeler: Dorper koyunu, Nanomineral, Nano selenyum, Rumen.

INTRODUCTION that the practise of nanominerals in the immunity,
) ) production, and reproduction is promising (Amini and
Recently, nanominerals have been used especially as feed Pirhajati 2018; Osama et al. 2020; Abdelnour et al. 2021;

supplementation to have several benefits on health and to
fulfill livestock from the mineral requirements.
Researchers try to insert nanominerals using their benefits
to aim towards the better health, nutrition and
performance of animals. So far, researches have shown

Delir et al. 2022). The nanoparticle form of minerals is to
induce changes in the main material’s fundamental
physical and chemical structure (Singh and Prasad 2017).
These are stated to be use the features of quite small
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doses, better bioavailability in metabolism, absorption,
and stable connect with other compounds (Abd El-Hack et
al. 2017; Uniyal et al. 2017). Nanominerals can act as
functional into the animal body by increasing the surface
area with Dbiological connect, allowing nutritional
compounds to remain in the gastrointestinal tract longer,
permeating deeply into the mucosal area. They can enable
to fast transportation of nutritional compounds to target
tissue and organs (Fesseha et al. 2020; Reddy et al. 2020).
So they minimize feces excretion, and can also be used as
reducers of environmental pollution (Abdelnour et al
2021).

The vital trace element selenium is required for diverse
physiological and biological processes, especially including
skeletal muscles and liver function (Perrone et al. 2016). In
addition, selenium is a trace mineral widely used to
regulate animal metabolism and some positive effects on
rumen fermentation such as total volatile fatty acids (VFA),
molar ratio of propionate, acetate-propionate ratio,
ruminal ammonia (NHs3-N), pH, and enzymatic activity
(Hendawy et al. 2022). In recent years, attention in nano
selenium (N-Se), a form of selenium with much smaller
particle size, compared to the most common dietary
supplements of selenium known organic
(selenomethionine, dimethylselenide, selenocystine, Se-
methylselenocysteine) or inorganic (selenite, selenate,
selenide, elemental selenium) forms has been increasing
due to its beneficial effects on health and productivity
(Chhabria and Desai 2016; Skalickova et al. 2017;
Hendawy et al. 2022; Aljaf and Bolshakova 2023). It has
higher bioavailability, catalytic activity, absorption ability,
much lower toxicity related to various important
characteristics such as particule size, different shape,
chemical structure, and surface charge (Hosnedlova et al.
2018; Badgar and Prokisch 2020). Se nanoparticles as an
immunostimulator have fascinated great attention due to
their unique antimicrobial-antiviral-antioxidant activity,
remarkable anticancer activity, in prevention of induced
reproductive toxicity and metabolic disorders (Hosnedlova
et al. 2018). Studies have been demonstrated on the
impact of utilizing N-Se on blood parameters, immune
system, renal and liver functions, and liver enzyme levels
(Mahmoud et al. 2016; Qin et al. 2016; Surai and Kochish
2020; Bolshakova and Aljaf 2022;). According to the
studies, N-Se may help in lowering the levels of liver
enzymes like aspartate- aminotransferase (AST) and
alanine-aminotransferase (ALT), which are signs of liver
damage by increasing the activity of antioxidant enzymes
(Shi et al. 2011b; Verstegen and Giinther 2023). Moreover,
it has been stated that N-Se possesses anti-inflammatory
properties, which may aid minimize liver inflammation
and improve liver function (Abdou and Sayed 2019; Aljaf
and Bolshakova 2023). Supplementing with N-Se may also
help to improve lipid profile in terms of cholesterol and
triglycerides that could increase the risk of cardiovascular
disease when their levels are high (Safdari-Rostamabad et
al. 2017). It has been expressed that N-Se has antioxidant
activity that may aid in the prevention of lipid
peroxidation (Qin et al. 2016). Furthermore, according to
Safdari-Rostamabad et al. (2017) N-Se effects the
expression of genes associated with lipid metabolism,
which may increase the lipid-lowering role of the matter.
Information about the effects of N-Se on protein
metabolism is quite limited. It is demonstrated that
supplementing with N-Se may improve blood levels of
proteins, especially albumin the protein most commonly
produced by the liver. Albumin is necessary for moving
various substances through the blood, like hormones and
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medications. An improvement in liver function and protein
metabolism may be demonstrated by an increase in
albumin levels after taking N-Se supplements (Aljaf and
Bolshakova 2023). Shi et al. (2011b) stated that nano-Se
addition fed (0.3 mg/kg body weight for 12 weeks) male
goats Se content in blood, serum, and tissues was
improved.

However, the metabolic effects of N-Se on liver function
and enzyme levels, may differ depending on daily uptake,
solubility, length of addition, other dietary components,
age and health status. Additionally, it has been emphasized
that the degree of effect of N-Se depends on the size, and
the bioactivity and toxicity of selenium nanoparticles may
be higher at 36 nm compared to 80 nm and above
(Skalickova et al. 2017).

In feeding trials in small ruminants, it was stated that N-Se
has a positive effect on rumen development, feed
evaluation rate and nutrient digestibility (Shi et al. 2011a;
Xun et al. 2012; Skalickova et al. 2017). This effect has
been associated to their ability to modificate rumen
fermentation, especially fiber digestion in ruminant
(Badgar and Prokisch 2020). In some studies, on sheep, it
has been suggested that the acetic acid profile in the
rumen shifts towards propionic acid with nano selenium
supplementation (Shi et al. 2011a; Xun et al. 2012). Most of
the propionic acid produced and absorbed by fermentation
in the rumen is converted to glucose in the liver and used
as an energy source. It was reported that ammonia
nitrogen concentration decreased with increasing
propionic acid and total VFA in sheep fed N-Se, while
ruminal pH level was maintained at optimum limits for
cellulolytic activity. It is stated that this situation in the
rumen may be due to the rapid absorption and high
bioavailability of N-Se (Xun et al. 2012).

To completely perceive the mechanisms and used dosages
of nano-selenium for the metabolic and ruminal effects,
more research is required. The study aimed to evaluate the
effect of N-Se on some metabolic and rumen parameters in
sheep.

MATERIAL AND METHODS

This study was carried out with the decision of the local
ethics committee of animal experiments in Aksaray
University with the date 12.09.2023 and number E-
60580050-125.04-11124714.

Twenty healthy female Dorper sheep (60.1+0.44 kg body
weight) were randomly divided to one of the two
experimental groups (n=10). The animals in the control
group (CON) were fed the basal ration (including 0.06 mg
Se/kg dry matter) without any supplementation. Basal
ration contained a Se concentration, which was lower than
the level (2-5 mg/kg diet dry matter) daily intake for
sheep (NRC 2007). The animals in experimental second
group were taken basal ration added with 3 mg/head/day
N-Se. The N-Se was weighed every morning using a
precision scale and mixed manually on the concentrated
feed into the individual feeder. The basal ration included
concentrate feed and, third mowed alfalfa hay as roughage
material (Table 1). The animals were consumed 1500 g
dust form concentrate and 300 g 3-5 cm size chopped
alfalfa hay, in separate feeders at 08:00-18:00, daily. This
feeding level fulfilled the nutritional requirement of 60 kg
body weight sheep (NRC 2007). The animals were hosted
in individual compartments (1.5 m x 1.7 m), had unlimited
access to clean water throughout the trial. The experiment
lasted for 66 days and consisted of lasting 56 experimental
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days, including 10 days of adaptation. The concentrate
feed was supplied from a commercial feed factory. N-Se
(26.80-84.78 nm particule size) biologically synthesized
from Vitis vinefera (grape) extract was obtained from
Bogazici University Department of Chemistry Laboratory
(Figure 1).

Procedures suggested by Association of Official Analytical
Chemists (AOAC 1997) were used to determine the values
of crude nutrient matters. The amounts acid detergent
fibre (ADF) and neutral detergent fibre (NDF) in the feeds
were determined according to Van Soest (1994).
Metabolizable energy (ME) level was determined
according to the method proposed by Turkish Standards
Institution (TSI 1991) (Table 1).

Table 1: Chemical compositions of concentrate feed and
alfalfa hay used in this study.

Chemical

composition Concentrate feed Alfalfa hay
Dry matter, % 88.73 91.20
Organic mattera, % 80.49 83.22
Crude protein, % 13.75 11.29
Crude cellulose, % 10.14 38.12
Ether extract, % 2.37 0.96
Crude ash, % 8.24 7.98
NNEb, % 54.23 32.85
ADF, % 22.12 33.25
NDF, % 41.04 61.35
HCLe, % 18.92 28.10
Se, mg/kg DM 0.06 -
ME, Mcal/ kg DM 2.57 1.34

aJt was measured as the difference between dry matter and the crude ash.
bNon-nitrogen extract (NNE=DM- (CP+CA+EE+CC)). cHemicellulose
(HCL=NDF-ADF).
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Figure 1: Scanning electron microscopy image of the
synthesized N-Se.

The blood samples were taken from the jugular vein of all
animals into the hollow tubes (10 mL-Becton Dickinson
and Company, New Jersey, USA), without anticoagulant.
The samples were collected three hours after the morning
feeding on the last day of trial, and they were centrifuged
at 3000 rpm/15 min. Afterwards, they were taken to
eppendorf tubes and analyzed. Total protein, albumin,
total cholesterol (T-cholesterol), triglycerides, AST and
ALT levels were determined in serum samples. They were
detected using the commercial kits (Randox, UK) and a
spectrophotometer (Randox Daytona plus RX 4040, UK)
colorimetrically. Selenium (Se) was measured using by
plasma mass spectrometry (ICP-MS, Thermo-X Series).

At the last day of fattening, samples of rumen liquid were
collected by stomach tube at the same time, blood samples
was taken from each animal. After the feeding, feeders
were emptied, and all animals were obtained to drink
clean water. The pH of the rumen fluid was measured
immediately by using automatic pH meter (ADWA AD12).
Three sample bottles were used for the rumen fluid of each
sheep. Later, they were transported in dry ice to the
laboratory.

Gas chromatography was used to detect VFA, acetic,
propionic and butyric acids. For this, standards were
prepared with 10 mmol / L VFA mixture and 1 pl rumen
fluid drawn into 10 pl injector were transfused into
chromatography apparatus (Shimadzu GC-2010). The
samples were centrifuged at 4000 rpm/15 min. The tubes
which 1 ml supernatant and 0.2 ml 25% metaphosphoric
acid were added, and then were kept on ice for 30 minutes
to precipitate the proteins, later centrifuged again.

Concentration of NH3-N was measured by using
indophenol blue method with spectrophotometer. The
samples centrifuged at 14000 rpm/15 min, phenol sodium
and ammonia were oxidised in sodium nitroprusside. An
intense blue color was created, indicating NH3-N
concentration.

Statistical Analysis

Data were summarized as meanzstandard error of mean
(SEM) for continuous variables, frequencies (percentiles)
for categorical variables. Student’s t test or Mann Whitney
U test was used for independent group comparisons,
depending on the distributional properties of the data
(Shapiro Wilk and Kolmogorov Smirnov tests were applied
according to groups). Chi-square test was used for
proportions and its counterpart Fisher’s Exact test was
used when the data were sparse. All analyses were
performed IBM SPSS Statistics for Windows, Version 20.0.
A p value <0.05 was considered as statistically significant.

RESULTS

Table 2 showed the effect of N-Se indicates no significant
effect on serum total protein (p=0.514) and albumin
(p=0.126) levels. The level of serum T-cholesterol showed
a significant decrease from 52.19 to 47.46 mg/dL in the N-
Se-treated group when compared with the CON (p=0.001).
Additionally, the levels of serum triglycerides were also
decreased from 33.34 to 31.01mg/dL (p=0.001). So, it was
observed that the lipid profile was decreased using N-Se.
The effect of N-Se showed significant alteration in the liver
enzymes; the level of serum AST (p=0.001) and ALT
(p=0.030) levels were decreased significantly in the N-Se
group compared to CON.
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Table 2: Effects of N-Se supplementation on metabolic
parameters in sheep.

Item Treatments!

SEM2  p values3
CON N-Se

Total protein, ¢ o140 6136 0186 0514

(8/dL)
Albumin
’ 2.982 2.958 0.031 0.126
(8/dL)
T-cholesterol
’ 52.19 4746 2911 0.001
(mg/dL)
Triglycerides,
33.34 31.01 2.762 0.001
(mg/dL)
AST, (IU/L) 12441 119.11 4.838 0.001
ALT, (IU/L) 18.49 17.09 1.072 0.030

1Control (CON) sheep were fed a basal diet; N-Se sheep were fed the same
basal diet supplemented with nano selenium (N-Se). 2SEM: Standard error
of mean. 3P values: p<0.05 was considered as statistically significant.

The ruminal pH, NH3-N and VFA are listed in Table 3.
Supplementation of N-Se did not affect ruminal pH values
(p=0.792), but the ammonia levels from 10.64 to 8.25
mmol/L (p=0.001), while total VFA levels increased from
6045 to 6535 mmol/L (p=0.003). The molar
concentrations of propionic acid (p=0.017) were increased
by N-Se supplementation. The molar concentration of
acetic acid (p=0.133) and butyric acid (p=0.089) was
similar between the two groups. Ratio of acetate to
propionate was decreased with N-Se supplementation
(p=0.034).

Table 3. Effects of N-Se supplementation on rumen
parameters in sheep.

Item Treatments? p
— SEM
CON N-Se values
Ruminal pH 6.75 6.73 0.04 0.792
NH3-N, mmol/L 11.25 9.64 0.40 0.001

Total VFA, mmol/L  60.45 6535 1.74  0.003
VFA, mol/100 mol

Acetic acid 5486 5554 1.69 0.133
Propionic acid 2437 2717 043 0.017
Butyric acid 1096 11.08 0.82 0.089
A: P2 2.25 2.04 0.05 0.034

1Control (CON) sheep were fed a basal diet; N-Se sheep were fed the same
basal diet supplemented with nano selenium (N-Se). 2A:P; Acetic acid:
propionic acid. 2SEM: Standard error of mean. 3P values: p<0.05 was
considered as statistically significant.

DISCUSSION AND CONCLUSION

Metabolic Parameters

Blood metabolites may be beneficial in reporting animal
health status, may aid in the identification of various
metabolic disorders and, these are important indicators
for the metabolic activity (Halawa et al. 2023).

Serum total protein levels were quantitatively higher with
N-Se supplementation, but this was insignificant. Being
supplemented with 3 mg/kg/day N-Se had no appreciable
impact on the serum total protein and albumin levels,
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which agreed with other some studies (Najaf Nejad et al.
2016; Salam et al. 2021; Bolshakova and Aljaf 2022). These
results also agreed with Halawa et al. (2023), who showed
an unaffecting in serum total protein and albumin, on
Ossimi ewes supplementing with 1 mg/kg BW/day N-Se
during post-partum. Albumin is a plasma protein with the
highest level of concentration and moves various
substances in the body (Bolshakova and Aljaf 2022).
According to Aljaf and Bolshakova (2023), the drop in
albumin level raise the possibility that taking N-Se
supplements might affect how proteins are metabolized.
On the other hand, Mahmoud et al. (2013) associated the
significant increases in serum total protein to the
improvement in protein anabolism and reduction of
protein catabolism with Se.

In this study, the levels of serum T-cholesterol and
triglycerides were decrease with N-Se supplementation.
Drop in total cholesterol and triglycerides may indicate the
positive role of N-Se on lipid profile and energy
metabolism (Ibrahim and Mohamed 2018). Physiological
status of animal may also affect to the levels of
triglycerides and total cholesterol, and lower their levels
are related with an increased energy requirement (Halawa
et al. 2023). Halawa et al. (2023) indicated that the
triglycerides in N-Se supplemented group showed
fluctuated levels on ewes during postpartum periods
characterized by significant decrease at day 45 and
increase at day 60 of postpartum. The findings of this
investigation agreed with those of some other studies
regarding the serum T-cholesterol level of N-Se
(Bolshakova and Aljaf 2022). However, unlike this study,
according to Bolshakova and Aljaf (2022), triglycerides
showed no significantly changed in the 0.5 mg/kg N-Se fed
lambs. In addition, according to some reports, the amount
of organic or inorganic Se supplementation had no
appreciable impact on the serum cholesterol and
triglycerides of sheep (Novoselec et al. 2022).

AST and ALT levels were significantly reduced on Dorper
sheep supplementing with N-Se compared to the CON.
These results disagreed with Qin et al. (2016), who
showed an raising in ALT, but decreasing AST levels by
using N-Se. However, it was consistent with the research
results of Halawa et al. (2023), who reported that AST and
ALT decreased in the N-Se group. According to Aljaf and
Bolshakova (2023), the drop in AST level may be a sign
that liver function has possibly improved. It is stated that
also dairy cows' serum AST activity were significantly
decreased by 3 ppm N-Se administration (Najaf Nejad et al.
2016). Salam et al. (2021), in a study using N-Se
supplementation at 0.1 and 0.2 mg/kg levels in sheep
diets, emphasized that serum AST levels may also raise as
the amount of N-Se in the diet increases. So, results of this
study indicate that the dosage and particule size of the N-
Se utilized had no impact on female Dorper sheep liver
tissue damage, and positively affected liver function.

In addition, Ibrahim and Mohamed (2018) concluded that
dietary supplementation of 0.30 mg/kg DM N-Se was more
effective than organic and inorganic sources of Se to
improve feeding values and some serum metabolic indices
of male lambs. Similarly, Khalil et al. (2023) reported that
fed the 1.2 mg/kg DM N-Se was more effective than
inorganic form as sodium selenite in improving the
productive performance of both ewes and their lambs, but
did not affect total protein, albumin, triglycerides,
cholesterol, AST and ALT levels (except Se concentrations)
compared to the control group. According to the
researchers, because of increases in the activity of serum
antioxidant enzyme and blood Se concentration of ewes
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fed N-Se compared to the control may confirm the
bioavailability of N-Se is higher than inorganic Se. Mousaie
et al. (2014) also reported improvements in the general
health status and of sheep fed N-Se more than 1 mg/ kg
DM without adverse effects on the blood metabolites.

Rumen Parameters

In this study, the ruminal pH values (pH 6.75-6.73) were
within the normal range for healty rumen function,
because this value lower than 5.5 or higher than 7.0 are
accepted abnormal (Hosnedlova et al. 2018). Ruminal pH
within optimum limits is an important indicator for
cellulolytic bacterial activity (Shi et al. 2011a).

Overally, VFAs from carbohydrates account for
approximately 70% of the total energy absorbed by
ruminants, therefore, VFA concentrations are important
fermentation signaling mechanism in ruminants (Tian et
al. 2022). According to Tian et al. (2022); the observed
increase in total VFA is likely related to N-Se increasing the
relative abundance of rumen microorganisms that
primarily degrade carbohydrates, and more propionate is
required to provide energy for ruminants. In this study,
supplementation with N-Se modified the rumen
fermantation in terms of ammonia and total VFA. It was
determined that while the NH3-N concentration decreased,
the total VFA concentration increased. It may be related to
increased propionate concentration. These positive effects
on rumen fermentation could be relatabled to the
improved absorption bioavailability, the raised surface
area/volume ratio, nano-size, fast and specific action, and
catalytic effectiveness (Adegbeye et al. 2019). Similar to
these results, Shi et al. (2011a) (0.3, 3 and 6 g elemental N-
Se/kg DM instead of non-supplemented basal diet) and
Xun et al. (2012) (4 g nano-Se/kg DM instead of Se-yeast)
reported that N-Se addition significantly decreased NH3-N
concentration, and total VFA concentration increased. In
contrast to the findings of this study, Xun et al. (2012) also
found that ruminal pH and molar concentration of
propionic acid were significantly reduced. Shi et al.
(2011a), confirmed that growing rumen microbial
population by N-Se addition would increase the NH3-N
utilization. They also reported that, this was connected
with urinary purine involutions which were increased
with N-Se addition. N-Se supplementation in Dorper sheep
modified rumen fermentation template by shifting to
propionic acid, and the increased molar propionic acid
ratio resulted in the reduction in the ratio of acetic acid to
propionic acid. This finding is consistent with the result of
Shi et al. (2011a) who emphasized that this rate was
decreased with increasing N-Se addition in sheep.

In addition, in a study conducted on lactating goats
reported that similarly with this study's results, oral
administration of organic Se with vitamin E (100
mg/goat/day) supported positively the rumen
fermentation, enhanced total VFA production especially
propionic acid, and reduced NH3-N concentration
compared to the control (Morsy et al. 2019).

In conclusion, in the present study, dietary N-Se
supplementation (3 mg/kg DM) effectively reduced serum
T-cholesterol, triglycerides, AST and ALT levels in Dorper
sheep. It maintained ruminal pH at optimum levels,
decreased ammonia nitrogen. These effects were probably
due to modifications in the total VFA profile in response to
N-Se. In conclusion, the results of the current study
indicated that the N-Se supplementation was not only
found to positively affect metabolic profile (in terms of T-
cholesterol, triglycerides, AST and ALT) both also provide
modification on some rumen fermentation parameters.

Further investigation is needed to study the mode of action
of N-Se supplemented with various particule size and
usage doses on blood metabolites and rumen parameters.
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Ultrasonografi sigirlarda meme ve meme baslarinin incelenmesinde kullanilabilecek noninvazif bir tekniktir.
Bu ¢alismanin amaci meme basi kanali olarak bilinen duktus papillaris (Dp) uzunlugunun 1rk, parite, mastitis,
gebelik ve sagim sekli gibi bazi maternal faktorlerle iligkisini arastirmaktir. Calismanin hayvan materyalini
farkli 1irk (Holstein, Simmental, Montofon) ve yasta, klinik olarak saglikli toplam 50 inek olusturdu. Bu
kapsamda ineklerde 1rk, parite, mastitis, gebelik ve sagim sekli verileri ultrasonografik 6lctimler esliginde
degerlendirildi. Elle sagim ile tim meme baslarinda sagimin kolaylig1 veya zorlugu tecriibesi olan ayn kisi
tarafindan test edildi. Memenin genel klinik muayenesi ve temizligi yapildiktan sonra Dp uzunluklari
ultrasonografi (5-7.5 MHz lineer prob) ile 6l¢iilerek kaydedildi. Sonug olarak, tiim hayvanlarda ortalama Dp
uzunluklarinin 6n meme baslarinda 9.80+2.08 mm (sag) ve 9.90+2.03 mm (sol) ve arka meme baslarinda
10.22+1.91 mm (sag) ve 10.29+1.92 (sol) mm oldugunu tespit edildi. Meme baslarindaki Dp uzunluklarinda
istatistiksel anlamda bir fark bulunmadi (p>0.05). Ayrica Dp ile irk, parite, mastitis, gebelik ve sagimin
kolaylig1 veya zorlugu arasinda anlaml bir farklilik tespit edilmedi (p>0.05).

Anahtar Kelimeler: Ductus papillaris, Meme bezi, Sigir, Ultrasonografi.

ABSTRACT

Ultrasonographic Evaluation of the Teat Canal in Dairy Cows

Ultrasonography is a noninvasive technique that can be used to examine the udder and teats in cattle. The aim
of this study is to investigate the relationship between the length of the ductus papillaris (Dp), known as the
teat canal, and some maternal factors such as race, parity, mastitis, pregnancy and milking method. The
animal material of the study consisted of a total of 50 clinically healthy cows of different breeds (Holstein,
Simmental, Montofon) and ages. Within this scope, data on breeds, parity, mastitis, pregnancy, and milking
method were evaluated. All teats were tested by the same person who had experience with the ease or
difficulty of hand milking. After a general clinical examination and cleaning of the udder, Dp lengths were
measured and recorded using ultrasonography (5-7.5 MHz linear probe). As a result, the average Dp lengths
in all animals were determined to be 9.80+2.08 mm (right) and 9.90+2.03 mm (left) in the front teats, and
10.22+1.91 mm (right) and 10.29£1.92 mm (left) in the rear teats. There was no statistically significant
difference between Dp lengths at the teat ends (p>0.05). Furthermore, significant difference was not found
between Dp and breed, parity, mastitis status, pregnancy and ease or difficulty of milking (p>0.05).

Keywords: Cow, Ductus papillaris, Teat gland, Ultrasonography.

GiRiS

Son yillarda mastitis kontrol

programlarinin yaygin (Cheng ve Han 2020). Ductus papillaris (Dp) yoluyla meme

kullanilmasina ve aragtirmalara ragmen mastitis, hala bezme. giren p:ilt.()].en bakterilerin .nedevn oldugu
diinya caginda siit ineklerinin en yaygmn ve maliyetli enfeksiyonlar mastitisin en yaygin nedeni oldugundan, Dp
ve c¢evre dokularinin bitiinligiiniin  slrdiirilmesi

hastalig1 olarak kabul edilmektedir (Ruegg ve Petersson-

enfeksiyona karsi diren¢ acgisindan kritik éneme sahiptir

Wolfe 2018). Mastitise bagh tahmin edilen ekononomik
kayip, yillik gelirin %5-7’si kadardir (Mekonnen ve ark.
2019; To6th ve ark. 2023). Ekonomik kaybin %701 ise
mastitis nedeniyle sit  verimindeki diisiisten
kaynaklanmaktadir (Ozyurtlu 2011). Mastitisin isgiicii ve
tedavi masraflari, diisiik laktasyon, erken kesime gitme,
siit miktar1 ve kalitesi lizerinde olumsuz etkisi vardir

(Mein 2012). Ayrica mastitis olusumunda siit kanali
yoluyla bulasmanin rolii olduk¢a biiyiiktiir. Ozellikle siit
kanaliyla bulasmada Dp enfeksiydz ajanlarin meme
dokusuna girisini engelleyen savunma sistemine sahiptir.
Ciinkii Dp meme ile dis ortam arasindaki baglantiy1
saglayan bariyer gorevi tistlenmektedir.

= *Corresponding author: mehmetyildiz@yyu.edu.tr
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Dolayisiyla Dp patojen mikroorganizmalara karsi ilk dogal
savunma bariyerini olusturmaktadir. Ayrica yapisinda
bulunan keratin ve farkli mekanik 6zellikler ciddi sekilde
koruyucu rol oynamaktadir (Davidov ve ark. 2011; Zigo ve
ark. 2021).

Ultrasonografi sigirlarda meme, meme basi ve kanallarinin
incelenmesinde ve goriintillenmesinde kullanilabilen non-
invazif bir yontemdir (Sendag ve Din¢ 1999). Kanal
uzunlugu giinlimiizde net olarak ortaya konulmasina
ragmen bu uzunlugu etkileyen maternal faktorler
hakkinda olduke¢a sinirh bilgiler bulunmaktadir (Paulrud
2005; Melvin ve ark. 2019). Ayrica kanal uzunlugunun
doguma, 1irk ve laktasyonun doénemine bagh olarak
degisebilecegi ifade edilmektedir (McDonald 1973). Dp ne
kadar kiiciik olursa, memenin enfeksiyon riskinin de o
derece fazla olacagi bildirilmektedir (Grindal ve ark.
1991).

Kanal uzunlugunun net olarak ortaya konulmasina ragmen
uzunlukta goriilen farkhiliklarin nedenleri tam olarak
aciklanmamistir. Sunulan bu ¢calismanin amaci; farkl inek
irklarinda, parite, mastitis, gebelik ve sagim sekli ile Dp
uzunlugu arasinda herhangi bir iliskinin olup olmadig: ve
Dp uzunlugunun pratikte mastitis riski acisindan 6nemini
arastirmaktir.

MATERYAL VE METOT

Bu ¢alisma, Van Yiiziincii Y1l Universitesi Hayvan Deneyleri
Yerel Etik Kurulu tarafindan onaylanmistir (Onay tarih ve
numarast: 05/05/2016 ve 2016/04).

Calisma hayvan materyalini, farkli 1rk ve yaslardaki
(5.38+1.5) 50 bas siit inegi olusturdu. Oncelikle bu
hayvanlara ait, anamnez bilgileri hasta sahibinden alindi.
Bu kapsamda hayvanin 1rki, paritesi, mastitis, gebelik ve
sagim sekli gibi bilgiler kaydedildi. Klinik mastitis olan
hayvanlar calismaya alinmadi. CMT uygulanarak subklinik
mastitis teshis edilen hayvanlar ise mastitis grubuna dahil
edildi. Sonrasinda, aym kisi tarafindan sagimin nasil
oldugu (zor veya kolay) tespit edildi. Daha sonra memenin
genel temizligi yapilarak, her meme basinda Dp’lerin
ultrason ile ve uzunluk él¢iimleri yapild: (Sekil 1).

Olciimler Sendag ve Ding¢’in (1999) tanimlamis oldugu
yontemlere gore gerceklestirildi. Meme baslarinin
ultrasonografik muayeneleri i¢cin 5-7.5 MHz linear proba
sahip real-time ultrason cihazi (Honda HS-1500) kullanildi.

HONDA ELECTRONICS HS-1500VET B YYu VETvI:’eK DOGUM VE JINEKOLOJI KLINIGI

15/09/2015 - : ‘o
15:27 =

1D =
AGE:
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1:HLY-375M
50mnm 7.5MHz

G: B5 D:75 R: B0
Sekil 1: Meme basi kanalina ait ultrasonografi.

Figure 1: Ultrasonography of the teat canal.

istatistiksel Analiz

Sirekli  degiskenler i¢in  tanimlayic1  istatistikler,
Ortalamatstandart sapma degerler tercih edilmistir.
Siirekli degiskenler icin grup sayisi iki parametreden
olusan gruplarin karsilastirilmasinda “Bagimsiz érneklem
t-testi”, ikiden fazla ise Kkarsilastirmada “Tek Yonli
Varyans Analizi” kullanilmistir. Varyans analizini takiben,
farkli gruplar1 belirlemede “Duncan Coklu Karsilastirma
Testine” basvurulmustur. Hesaplamalarda istatistik
anlamlilik diizeyi p<0.05 olarak alinmis ve hesaplamalar
icin SPSS (ver: 20) istatistik programi kullanilmistir.

BULGULAR

Ductus papillarisin ultrasonografisi hiperekojen linear bir
cizgi seklinde belirlendi. Yapilan 6lctimlerde, ortalama Dp
uzunluklarinin 6n meme baslarinda 9.80+ 2.08 mm (sag)
ve 9.90+2.03 mm (sol), arka meme baslarinda ise 10.22 +
1.91 mm (sag) ve 10.29 + 1.92 (sol) mm oldugu saptandi.
Dp uzunluklariin toplamda sag 6n, sag arka, sol 6n ve sol
arka uzunluklar1 arasinda farkliliklar: istatistiksel agcidan
o6nemsizdi (p>0.05).

Elde edilen Dp’uzunluklar: ve hayvanlara ait irk (Holstein,
Montofon ve Simental), parite (1, 2, 3 ve 4), mastitis
(mastitis var, mastitis yok), gebelik durumu (gebe, gebe
degil) ve sagim sekli (elle sagim, makinali sagim) arasinda
anlamh farklhilik tespit edilmedi (p>0.05) (Tablo 1).

Tablo 1: Duktus papillaris uzunluklarinin gesitli parametreler {izerine etkisi.

Table 1: Effect of ductus papillaris lengths on various parameters.

Duktus Papillaris Uzunluklari

Parametreler N Sag on Sag arka Sol 6n Sol arka
(Ort#Ss) (OrtzSs) (OrtzSs) (OrtzSs)
Holstein 4 10.00+1.06 8.60+1.48 9.05+1.68 9.53+0.53
e Montofon 18 10.12+1.71 10.10£2.00 9.97+1.85 9.87+1.54
= Simental 28 9.57+2.40 10.53+£1.83 9.96+2.21 10.71+2.21
p 0.679 0.158 0.693 0.254
1 8 8.96+3.05 10.93+1.71 9.70£1.35 11.30+£1.93
o 2 14 9.67£1.99 9.71+£1.89 9.64+2.32 9.69+1.31
]
5 3 12 9.70£2.29 10.09+2.17 10.19£2.40 10.55+2.87
= 4 16 10.40£1.33 10.40+1.8 9.99+1.88 10.19+1.51
p 0.458 0.519 0.911 0.293
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Tablo 1 (devami): Duktus papillaris uzunluklarinin gesitli parametreler lizerine etkisi.

Table 1 (continued): Effect of ductus papillaris lengths on various parameters.

@ Mastitis yok 47 9.88+1.98 10.28+1.86 9.97+2.02 10.35+1.89
'g Mastitis var 3 8.50+3.64 9.27+2.81 8.80+2.23 9.63+2.85
= p 0.269 0.377 0.339 0.537

x Gebe degil 23 9.61+2.41 10.63+2.18 9.98+2.19 10.32+2.11
g Gebe 27 9.96+1.79 9.87+1.61 9.83+1.92 10.30£1.80
© p 0.554 0.165 0.789 0.964

% Elle 42 9.93+2.04 10.16+2.01 9.92+2.12 10.09+1.83
n

£ Makinali 8 9.10£2.29 10.53+1.33 9.79£1.57 11.42+2.18
’Ev” p 0.304 0.629 0.869 0.073

Irk ve parite parametrelerinin istatistiginde ANOVA, mastitis, gebelik ve sagim sekline ait parametrelerin istatistiginde Bagimsiz érneklem t-testi kullanilmigtir.

Ort: Ortalama, Ss: Standart Sapma.

TARTISMA VE SONUC

Meme sagliginda oncelik, meme bezi kanal sistemi giris
kapisini olusturan Dp olmalidir. Ciinkii hem ¢evresel hem
de kontagiy06z patojenler, laktojen bulasmada temel olarak
bu yolu kullanmaktadirlar. Dolayisiyla Dp, mastitisin
onlenmesinde o6nemli bir yap1 olarak karsimiza
cikmaktadir (Lacy-Hulbert ve Hillerton 1995; Seyfried
1997; Martin ve ark. 2018). Dp, yaklasik 10 mm uzunlukta
olmasina ragmen, yarim asirdan fazla bir siiredir
arastiricilarin ilgi odagi olmustur. Ancak boyle bir birikime
ragmen, Dp bircok yontiyle hala arastirmalara agik kapi
barindirmaktadir.

Dp’'in  uzunlugu glinimiizde net olarak ortaya
konulmustur. Bir¢ok literatiirde bu uzunlugun 8.6-24 mm
arasinda oldugu bildirilmektedir (Paulrud ve Rasmussen
2004; Klein ve ark. 2005; Melvin ve ark. 2019). Ancak
kanal uzunlugunun her 1irk i¢in tanimlanmadigl da
literatiirlerdeki bir eksiklik olarak dikkat cekmektedir. Dp
uzunluklarinda, yapilan ¢alismalarda ifade edilen, yaklasik
16 mm’lik farkliligin nedenini, irklar arasindaki farkliliklar,
ayrica maternal bazi degiskenler olusturabilir. Mevcut
calismamizda Holstein, Simental ve Montofon 1rklarinda,
Dp wuzunlugu ile 1rk arasinda, anlamh bir iligskiye
rastlanmadi. Calismamiz kanal uzunluguna irkin etkisinin
olmayacagini diisiindiirebilir. Bu goriisiimiiz, yapilan bir
calisma ile agiklanabilir. Calismaya gore, Dp uzunlugu ile
meme bas1 uzunlugu arasindaki pozitif bir korelasyondan
bahsedilmektedir (Hebel 1978). Dp uzunlugundaki
degisken, hayvanin irkina gore degil de, meme basi
uzunluguna gore sekillenmektedir. Bu durum ayni irk
icerisinde, farkli meme basi uzunluguna sahip ineklerde,
farkli Dp uzunluklarinin ortaya ¢ikmasinin nedenine de
aciklik getirebilmektedir. Dolayisiyla Dp uzunlugu, dolayl
olarak, meme basi uzunlugu hakkinda da bilgi sahibi
olunmasina olanak saglayabilecektir.

Mevcut calisma laktasyon sayisi ve ddneminin Dp
uzunlugunu etkilemedigini ortaya koymaktadir. Ancak bu
konuda, elde ettigimiz bu sonuglardan, tamamiyla farkl
gorlsler de mevcuttur. McDonald (1973), kanal
uzunlugunun 1rk, parite ve laktasyon sayisina gore
degisebilecegini gostermektedir. Melvin ve ark. (2019)
yaptiklar1 calismada makinali sagim yapilan ineklerde
pariteninin artmasinin Dp uzunlugunun artmasina neden
oldugunu vurgulamaktadir. Benzer bir goriis, Celik ve ark.
(2008) tarafindan desteklemektedir. Celik ve ark. (2008)
geng hayvanlarda Dp’in yash hayvanlara gére daha kisa

oldugunu belirtmektedirler. Hatta ayni arastiricilar, siit
veriminin kanal uzunlugu daha kisa olan gen¢ hayvanlarda
daha yiiksek oldugunu vurgulamaktadirlar. Bu farkl
goriislerin temelini arastiricilarin ¢alistiklar1 hayvan irki
ve siit verimleri olusturabilir. Bilindigi iizere Dp elastiki-
kassel bir yapilya sahiptir. Sagimdan o6nce memede
birikmis olan siit miktarinin Dp uyguladig1 basinca bagh
olarak kanalin esneyerek uzamasi miimkiin gériilmektedir.
Ancak calismada kullanilan hayvanlarin hemen hepsi
sagimdan sonra geldiginden dolayi, Dp’in sagim 6ncesi ve
sonrasindaki uzunluk farkliliklar1 gézlenemedi. Celik ve
ark. (2008) geng¢ hayvanlarda siit miktarinin daha fazla
ancak kanal uzunlugunun da daha kisa oldugunu
belirtmektedir. Bu goriis, sunulan fikri desteklemektedir.
Clinki siit miktari, yaptig1 basingla, zamana bagh olarak
kanal biiyimesine neden olabilecektir. Celik ve ark.
(2008)’1 yash hayvanlarda Dp uzunlugunun daha fazla
oldugunu belirtmesi ayni sekilde konuyu izah edecek
nitelikte  goriilmektedir. Sunulan ¢alismamiz, Dp
uzunluguna yas, laktasyon say1 ve doneminin, 6zellikle
sagim Oncesi-sonrasini dikkate alinarak, etkisinin mutlaka
arastirilmasi gerekliligini savunacaktir. Yine farkl irktan
ama ayni yasta ve laktasyon dénemindeki hayvanlarda Dp
uzunlugundaki olabilecek degisim cevaplandirilmasi
gerekli olan bir soru olarak varligini stirdiirmektedir.

Calismamizda, elde edilen bulgular 1s1ginda, saglikli Dp
uzunlugunun memenin dogal savunmasinda bir avantaj ya
da dezavantaj olusturamayacagi goristinii
desteklemektedir. Mastitis tiim meme baslarinda meydana
gelebilmektedir. Ancak mastitisin 6zellikle arka meme
baslarinda daha siklikla meydana geldigi de kanitlanmistir.
Arka meme baslarindaki bu ytliksek mastitis insidensi, Dp
uzunlugu ile agiklanmamaktadir. Benzer bir c¢alisma
Querengésser ve Geishauser (1999) meme basindan siit
akis1  bozukluklarinin genelde daha wuzun Dp’lerde
gozleyebildiklerini, ancak kisa Dp’lerde de benzeri
lezyonlarin siklikla olusabildigini belirtmektedirler. Arka
meme bagslarindaki enfeksiyon riski aslinda, arka meme
baslarindaki diski  kontaminasyonunun daha fazla
olmasiyla dogru orantilidir. Yani laktojen yolla olusan
mastitis, ahirdaki bakteri oraninin meme basina ve
buradan da Dp’e yayilarak artmasiyla meydana gelebilir.
Boyle bir patogenez igerisinde arka meme baslarinin diski
ile kontamine olmasi, kanal uzunlugundan bagimsiz,
oldukca etkili olacaktir. Bir baska ¢alismada Dp
uzunlugunun mastitise bagh degismedigini
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bildirmektedirler (Téth ve ark. 2023). ileride yapilacak
calismalarda daha ¢ok sayida hayvan materyali ile,
mastitisli ve saglikli memeye sahip olan hayvanlara ait Dp
uzunluklarinin kiyaslanmasi bu konuya aciklik getirtebilir.

Sunulan ¢alisma sonuglarina gére Dp uzunlugunun gebe ve
gebe olmayan ineklerde degismedigi saptanmistir. Bu
konuyla ilgili c¢alismalara literatiir arastirmalarinda
rastlanilmamistir. Elde edilen sonuglar ileride yapilacak
calismalara i¢in degerli olabilir.

Calisma verilerimize gore sagimin elle veya makinayla
yapilmasinin Dp uzunlugunu etkilemedigi tespit edilmistir.
Yani kanal uzunlugu sagim seklinden etkilenmemistir.
Bilindigi tizere Dp elastiki-kassel bir yapiya sahiptir. Kanal
uzunlugu sagim sirasinda kisa siireligine degisebilir. Ancak
mevcut elastiki kassal yapisindan dolay1 Dp sagim sonrasi
eski uzunlugunu koruyacagini diisiinmekteyiz. Strapak ve
ark. (2017) yaptiklar1 ¢calismalarinda meme basi kanalinin
sagimdan hemen sonra uzadigini tespit etmislerdir.
Arastirmacilar ayni ¢alismada meme basi kanalinin sagim
oncesi konumuna ulasmasi i¢in 120 dakikanin gecmesi
gerektigini vurgulamaktadir. Bir baska calismada ise
makinali sagim ile meme basi kanal uzunlugunun eski
haline dénmesinin meme basi kanalinin sekline bagh
olarak degistigi bildirilmektedir. Dp’nin sivri meme ucu
sekline sahip meme uglarinda 7 saat iginde ve diiz meme
ucu sekline sahip meme uglarinda 1 saat icinde 6n sagim
degerlerine geri dondiigi bildirilmektedir (Wieland ve ark.
2018). Sunulan ¢alismada klinige getirilen tiim ineklerin
sabahin erken saatlerinde sagim yapildig1 bilgisi
bulunmaktaydi. Yani sagimin {izerinden gecen zaman
araliginin  fazla olmasi Dp wuzunluklarinda farklilig
baskilamis olabilir. Sagimdan kisa bir siire sonra belirli
araliklarla Dp uzunlugunun o6l¢lilmesiyle sagim tekniginin
Dp uzunlugu iizerine etkisini arastirilabilir. Bildigimiz
kadariyla boyle bir ¢calisma yapilmamistir.

Sunulan ¢alismada Dp wuzunluklarinin arka meme
baslarinda, onlere goére sayisal olarak daha uzun oldugu
dikkat cekiciydi. Ancak bu fark istatistiksel acidan anlaml
degildi. Ozellikle arka meme baslarindaki kanal uzunlugu
farkliligy, literatiirlerde de bildirilmektedir (Weiss ve ark.
2004; Paulrud ve ark. 2005). Arka meme baglar1 kanal
uzunluklarinin 6énlere goére %5-10 oraninda daha uzun
oldugunu ifade edilmektedir (Paulrud ve ark. 2005). Ayrica
arka meme loblarinda siit iiretimi 6n meme loblarina gore
daha fazladir (Alagam, 1984). Arka meme basi kanal
uzunluklarinin, 6nlere gore, daha uzun olmasi, arka meme
loblardaki siit verimine bagh olabilir. Uzunluk farklihginin,
stit veriminden degil, arka meme baslarinin 6nlere gore
daha  gelismis  olmasindan  (Habermehl  1996)
kaynaklanabilir. Dolayisiyla laktasyonun heniiz
baslamadig1 diivelerde 6n ve arka meme basi kanal
uzunluklarindaki farklilik bu sorunun cevaplandirilmasina
katki saglayabilir.

Sunulan ¢alisma Dp uzunlugunun meme saghigl acisindan
pratikte 6nemli olmadigini ortaya koymaktadir. Yani kanal
uzunlugu, mastitis riski agisindan, bir avantaj ya da
dezavantaj olarak gorilmemektedir. Laktasyondaki
saglikl siit ineklerinde Dp uzunlugunun genetik standart
bir uzunluga sahip oldugu, bu anatomik yapinin ilerleyen
laktasyonlarda, ¢ok az miktarda uzama yetenegine
ragmen, temelde degismedigi belirlendi.
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ABSTRACT

Mice are an important research tool for genetic and molecular biology, allowing researchers to explore a variety of
human illness models. Egg yolk is a common component of semen extenders for domestic animals and low-density
lipoproteins (LDL) from egg yolk have some cryoprotective properties. This study aimed to investigate sperm
quality characteristics and nuclear DNA integrity after post-thawing in an extender (18% raffinose + 3% skim milk)
supplemented with different concentrations of LDL (2.5%, 5.0%, 7.5%, or 10%) in mice. 18% Raffinose+3% skim
milk extender was used as a control group without LDL. CD-1 mice were used in the study, and semen was collected
from the cauda epididymis and diluted with the extender. The straws were then frozen and thawed to evaluate
progressive motility, viability, plasma membrane (HOST), acrosome, and nuclear DNA integrity parameters. Fresh
sperm had the highest progressive motility, viability, plasma membrane integrity, and longevity (endurance) of
progressive motility for 4 h in HTF solution. The greatest spermatologic results, including nuclear DNA integrity,
were determined in fresh sperm (p<0.05). The greatest post-thaw progressive motility (56.7+£1.3%), viability
(11.6£2.9%), membrane integrity (63.0£2.7%), and longevity at the end of the 4 h (31.3+2.1%) were found in the
group with supplementation of 2.5% LDL compared with the control group. The lowest progressive motility,
viability, and plasma membrane integrity were determined in the 10% LDL group (p<0.05). The cryopreservation
process increased the rates of fragmented DNA in all tested LDL and control groups compared with fresh sperm
(p<0.05). There was no statistical difference between the control and experimental groups in terms of nuclear DNA
damage after freezing and thawing (p<0.05). It was concluded that the addition of 2.5% LDL to the extender
improved the spermatological quality parameters after freezing and could be used in the freezing and preservation
of mouse sperm as it showed a higher protective effect against cold shock.

Keywords: Low-density lipoprotein, Mouse sperm, Sperm analysis.
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Farelerde Sperma Sulandiricisina Diisiik Yogunluklu Lipoprotein ilayesinin
Dondurma Coézdiirme Sonrasi Sperm Kalitesi ve Niikleer DNA Biitiinliigii Uzerine
Etkileri

Fareler genetik ve molekiiler biyoloji i¢cin énemli bir arastirma aracidir ve arastirmacilarin gesitli insan hastalig
modellerini kesfetmesine olanak tanir. Yumurta sarisy, evcil hayvanlara yonelik sperma sulandiricilarinin yaygin bir
bilesenidir ve yumurta sarisindan elde edilen diisiik yogunluklu lipoproteinlerin (LDL) baz1 kriyoprotektif
ozellikleri vardir. Bu ¢alisma, farede farkll konsantrasyonlarda LDL (%2.5, %5.0, %7.5, %10) ilaveli sperma
sulandiricisinda (%18 rafinoz + %3 yagsiz siit) dondurma sonrasi sperm kalite 6zelliklerini ve niikleer DNA
biitiinligiinii aragtirmay1 amagladi. LDL igermeyen kontrol grubu olarak %18 Raffinoz+%3 yagsiz siit sulandiricisi
kullanildi. Calismada CD-1 fareler kullanild1 ve kauda epididimisten sperma toplandi ve sperma sulandiricisi ile
sulandirildi, payetlere cekilerek motilite, canliik, plazma zar1 (HOST), akrozom ve niikleer DNA biitiinligi
parametreleri dondurma sonrasi degerlendirildi. Nativ sperma, HTF ¢6zeltisinde 4 saat boyunca en yiiksek motilite,
canlilik, plazma zar biitiinliigline ve dayaniklilifa sahip bulundu. Niikleer DNA biitiinliigii taze spermada en ytiksek
belirlendi (p<0.05). Cozdiirme sonrasi en yiiksek motilite (%56.7£1.3), canhlik (%11.6+2.9), membran biitiinligi
(%63.0£2.7) ve yasam stiresi (%31.3+2.1) %2.5 LDL takviyeli grupta, en diisiik progresif motilite, canlilik ve plazma
membran biitlinliigi ise %10 LDL grubunda belirlendi (p<0.05). Kriyoprezervasyon islemi, taze sperm ile
karsilastirildiginda tiim LDL ve kontrol gruplarinda par¢alanmig DNA oranlarin arttirdi (p<0.05). Kontrol ve deney
gruplar1 arasinda donma ve ¢ozdiirme sonrasi niikleer DNA hasar1 agisindan istatistiksel fark yoktu (p<0.05).
Sulandiriciya %2.5 LDL ilavesinin dondurma sonrasi spermatolojik kalite parametrelerini iyilestirdigi ve fare
sperminin dondurulmasi ve korunmasinda daha yiiksek oranda soguk sokuna kars1 koruyucu etki gosterdigi i¢in
kullanilabilecegi sonucuna varild.

Anahtar Kelimeler: Diisiik yogunluklu lipoprotein, Fare spermi, Sperm analizi.
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INTRODUCTION

Today, the mouse is used for many studies on mammalian
genetics and early development. Mice with transgenes,
disrupted genes, or mutant genes are routinely produced,
resulting in many useful genomes that must be preserved.
To avoid the unintended loss of this unique material,
efficient and trustworthy technologies for gamete and
embryo cryopreservation are required.

Cryopreservation of mouse spermatozoa has been
achieved. Using raffinose and skim milk for cryoprotection,
Nakagata has successfully cryopreserved spermatozoa
from a range of strains and transgenic stocks (Nakagata
2000). Mouse spermatozoa are highly sensitive to several
types of mechanical stress, free oxygen radicals, osmotic
changes, and different temperatures (Ward et al. 2003;
Yildiz et al. 2007). The most commonly described adverse
effect of post-thawing on mouse sperm is the dramatic
decrease in sperm motility, plasma membrane integrity,
and fertility (Therien et al. 1999; Yildiz et al. 2010). Long-
term storage of sperm is a valuable technique for the
preservation of genetic resources. Egg yolk is a common
component of semen cryopreservation extenders used in
domestic animals. However, the use of egg yolk has
negative effects, such as representing a potential risk of
bacterial contamination for artificial insemination, and the
high-density lipoproteins in egg yolk decrease the quality
of semen by causing an efflux of cholesterol from the
sperm plasma membrane and resulting in a change in
fluidity that increases the sensitivity to cold shock (Ward
et al. 2003). Aiming to overcome these risks, various
studies have demonstrated the possibility of removing
some parts of egg yolk by centrifugation. LDL which is an
egg yolk component, increases sperm resistance against
cold shock, resulting in improved sperm motility. Some of
the egg yolk ingredients could impair spermatozoa
respiration and motility. Alternatively, it has been shown
that centrifuged chicken egg yolk or purified low-density
lipoproteins (LDL) from egg yolk can improve the quality
of semen (Ward et al. 2003). Egg yolks can be fractionated
by centrifugation. Egg yolk plasma consists of 85% LDL
whereas its granules consist of 12% LDL. However, egg
yolk composition is not uniform and could vary depending
on the avian species (Takeo and Nakagata 2010; Yildiz et
al. 2013). Many studies have observed that the LDL from
egg yolk has cryoprotective properties. The LDL can form
an interfacial film during the freezing-thawing process by
adhering to the cell membrane, protecting the membrane
phospholipid integrity and replacing membrane
phospholipids that are lost during the cryopreservation
process, or by interacting with or binding harmful proteins
present in seminal plasma during cryopreservation (Hu et
al. 2011; Yildiz et al. 2013; Varela et al. 2020).

The freezing-thawing process induces thermal, osmotic,
and oxidative stresses on the sperm including DNA
damage, and reduces their functionality and fertilization
rate (Yildiz et al. 2007; Tonieto et al. 2010). In previous
studies, 4-12% LDL in semen extenders for different
species could achieve better results than traditional egg
yolk. It was demonstrated that LDL addition to extenders
is a promising alternative to the conventional use of egg
yolk (Tonieto et al. 2010; Mahiddine and Kim 2021).

In previous studies, the addition of LDL to
cryopreservation extenders was studied in boars (Jiang et
al. 2006; Yamauchi et al. 2009; Wang et al. 2014), bulls
(Moussa et al. 2002; Amirat et al. 2004; Hu et al. 2011),
dogs (Junior et al. 2009; Bencharif et al. 2010), rabbits
(Iaffaldano et al. 2014), rams (Therien et al. 1999) and
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horses (Moreno et al. 2013). To the best of our knowledge,
this is the first research report related to low-density
lipoprotein on sperm cryopreservation in mice.

The objective of the current study was to evaluate the
sperm quality parameters and nuclear DNA integrity after
thawing in extenders supplemented with different
concentrations of low-density lipoproteins (2.5%, 5.0%,
7.5%, and 10%) in mouse sperm.

MATERIAL AND METHODS

The study was carried out by obtaining permission from
Hatay Mustafa Kemal University Animal Experiments Local
Ethics Committee dated 21/05/2019 and numbered
20879420-825, and the study was conducted in
accordance with the ethics committee rules. All chemicals
used in this study were supplied by Sigma-Aldrich
Chemical Company (St. Louis, MO, USA).

Animals

The mouse strains of 36 CD-1 breeds used in the study
were obtained from the Kobay Laboratories (Ankara,
Tiirkiye). During the experiment time, the mice were
housed by the experimental animal unit of Hatay Mustafa
Kemal University. Light control (12 h light and 12 h dark)
was provided. Feed and water were provided ad libitum.
All mice used in this study were cared for according to the
criteria stipulated in the "Guidelines for the Care and Use
of Laboratory Animals" determined by the National
Academy of Sciences and published by the National
Institutes of Health. Male mice 12-14 weeks old used in the
study were sacrificed by the cervical dislocation method
under Kketamine/xylazine anesthesia, and the cauda
epididymis, which was removed from the adipose tissue by
surgical method, was dissected.

Extraction of low-density lipoprotein (LDL)

LDL is obtained from egg yolks according to Moussa et al.
(2002). The yolk was centrifuged at 10000 g for 45 min at
4 °C after dilution (1:1) with 0.17M NaCl. The supernatant
was collected and centrifuged again at 10000 g x 45 mins
at 4 °C. After centrifugation, plasma was mixed with %40
(w/v) ammonium sulfate ((NH4)2SO4) (Sigma 1.01217,
Darmstadt, Germany) at pH 8.7 to precipitate subunits at 4
°C. Ammonium sulfate was added to the plasma at a ratio
of approximately 1:1 until precipitation was observed.
Centrifugation at 10000 g for 45 mins at 4 °C was practiced
separating the supernatant from the sediment.

The supernatant was then dialyzed (Sigma Aldrich D6066,
Darmstadt, Germany) against distilled water to eliminate
ammonium sulfate for 12 h at 4 °C with the distilled water
changed every 2 h. After ammonium sulfate elimination,
the substance was centrifuged at 10000 g for 45 min, and
the LDL-rich supernatant was collected, aliquoted, and
stored at -80 °C for further use. The extracted LDL was
used as dried.

Preparation of sperm extenders

In this study, low-density lipoproteins (LDL) (2.5%, 5.0%,
7.5%, and 10%) were added to the mouse sperm extender,
which is a combination of 18% raffinose (Biobasic-R]392)
+ 3% skimmed milk powder (Monn-bio) (Moustacas et al.
2011). Spermatozoa in the epididymal tissue were diluted
separately with the diluents in the control and study
groups and then incubated at 37 °C for 10 min. Epididymal
spermatozoa samples were adjusted to a final
concentration of 1-3 x 107 /ml spermatozoa. The freezing
extender (18% raffinose + 3% skimmed milk powder
without LDL) was used as a control group. The chemicals
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were dissolved in 100 ml of distilled water and cooled and
centrifuged at 14000g for 10 min. After centrifugation, the
supernatant was collected and passed through filters with
0.22-pym pores. Sperm extenders were prepared
individually by adding low-density lipoprotein (LDL) at the
determined rates (2.5%, 5.0%, 7.5%, and 10%). After the
freezing-thawing process, the sperm samples were
transferred into an HTF solution for evaluation. The HTF
solution was prepared according to Quinn et al. (1985).
The formulation of human tubal fluid (HTF medium) was
101.6 NaCl, 4.69 KCl, 0.20 MgS047H20, 0.37 KH2PO4, 2.04
CaCl22H20, 25 NaHCOs, 2.78 glucose, 0.33 Na pyruvate,
214 Na lactate, 100 U/ml penicillin, 50 pg/ml
streptomycin SO4,0.001% (wt/vol).

Sperm collection, freezing, and thawing procedures

Sperm collection from the cauda epididymides of mice was
performed according to Takeo and Nakagata (2018). The
left and right caudal epididymis were aseptically dissected
and placed in the same petri dish (Isolab 60x15mm)
containing the extender preheated to 37 °C in an
incubator. Under a stereomicroscope, Cauda epididymides
were minced using a scalpel and scissors. Spermatozoa
were allowed to exit into the extender for 10 min in the
incubator. All experimental groups were frozen and
thawed using the Nakagata (2000) protocol. Sperm
samples were also examined before being processed as
fresh sperm. Samples with a motility of less than 50%
were not frozen. Briefly, 0.25 ml straws, the ends of which
were closed with a press, were frozen in liquid nitrogen
(LNz) vapor for 10 min on the shelves. The level of the
straws in the styrofoam was 3.5 cm, and the straws were
placed on a shelf approximately 6 cm above the liquid
nitrogen level. At the end of 10 min, the straws were taken
from the shelf and immersed directly in LNa.
Subsequently, the straws were transferred to nitrogen
tanks until use. The frozen samples for thawing were
quickly transferred to a 37 °C water bath for 30 sec.

Sperm analysis

Thawed straws were transferred into a microfuge (Isolab)
tube containing HTF medium (1:4) and kept in a 37 °C
carbon dioxide incubator. Spermatological analyses of
thawed sperm samples, which were kept in the incubator
for 10 min, were performed.

Assessment of progressive motility

The examinations were performed after taking 10 pl of
semen samples, diluting the HTF solution with an
additional 1/10 ratio, and allowing it to equilibrate for 10
min. Progressive motility determination of sperm samples
was performed using a Makler counting chamber (Sefi-
Medical Instruments, Haifa, Israel). Briefly, 10pl of semen
diluted with HTF prepared after incubation was taken on a
Makler slide and evaluated at 200x magnification under a
phase-contrast microscope (Olympus CX21, Japan). At
least 200 spermatozoa were counted from motile
spermatozoa that moved forward in the slide area, as
strong, smooth linear spermatozoa, and non-motile
spermatozoa. In the study groups, progressive motility will
be evaluated for 4 hours and recorded as the longevity of
progressive motility.

Assessment of the dead spermatozoa

Dead examination of the sperm was performed using the
eosin staining method (WHO 1999). Briefly, 5 pL of eosin
solution and 5 pL of sperm sample were mixed on a
microscope slide, smeared, and quickly (2 seconds) dried
in a preheated area at 60 °C. The prepared samples of 300
cells were counted at 400x magnification under a phase-

contrast microscope (Olympus CX21, Japan). In the
evaluation, while dead spermatozoa were dyed, live
spermatozoa did not receive the dye.

Assessment of plasma membrane integrity (Hypo
Osmotic Swelling Test/ HOST)

The HOS test method was used to evaluate membrane
function integrity (Jeyendran 1984). The HOS test was
evaluated by mixing 30 pL of sperm sample with 300 pL of
HOST solution with an osmolarity of 100 mOsm (1.351 g
fructose + 0.735 g sodium citrate per 100 mL of distilled
water) and incubating at 37 °C for 60 min. Viable
spermatozoa with active membrane function were
identified as swollen and with a curled tail.

Assessment of acrosome integrity

Analysis of acrosome integrity was performed as indicated
by Somfai et al (2002). Hancock solution was used for
fixation and determination of acrosome damage. It was
ensured that 1 ml of Hancock solution and 20 pl of semen
were detected in the Eppendorf tube. 50 pl of this mixture
was taken on a slide, covered with a coverslip, and
examined with a 100x objective with oil immersion. The
percentage of spermatozoa with acrosome damage was
determined and counted in 200 spermatozoa in total.

Assessment of the fragmented DNA rates

In this study, the TUNEL assay method was used to
determine the DNA damage in spermatozoa. For the
TUNEL assay, a commercial kit (ApopTag Fluorescein in
Situ Detection Kit, Sigma, S7110) was used, and the sperm
suspension was prepared and evaluated according to the
manufacturer’s instructions. However, some parts of the
protocol have been modified as follows; to separate the
spermatozoa from the extender, it was washed by
centrifugation (twice at 500 g, in 1 mL of PBS containing
0.01% polyvinyl-alcohol (PVA). The semen pellet formed
after centrifugation was incubated for 40 min in PBS
containing 0.1% Triton X-100 to ensure cell permeability.
After each treatment to the sperm suspensions, they were
washed once in PBS at 500 g for 10 min in centrifugation.
TDT enzyme was added as stated in the kit protocol after
incubating at room temperature for 10 sec with an
equilibration buffer. Incubation was followed for 60 min at
37 °C in a dark chamber. In the next step of the process,
STOP solution was added to complete the activation of the
TDT enzyme. Subsequently, the sperm suspension was
washed twice in PBS. The DNA of the cells was determined
by peroxidase-dependent anti-digoxigenin antibody (ADG)
after 30 min of incubation in a moist and dark room.
Sperm samples were incubated for 1 h with propidium
iodide (PI) for counterstaining. Finally, the slides were
smeared from the suspension, and all samples were
examined under a fluorescent microscope to calculate the
percentage of TUNEL-positive sperm (Sharma et al. 2013;
Evenson 2016).

Statistical Analysis

All values found at the end of the study were analyzed in
SPSS (SPSS 22) using ANOVA. The comparison of LDL
groups with the control group was made using Dunnett's
test. Data are expressed as mean+SEM. Statistical
significance was adjusted at p<0.05.

RESULTS

Spermatological values determined in fresh sperm and
after freezing-thawing of mouse sperm with different
concentrations of low-density lipoproteins (LDL) are given
in Tables 1 and 2.
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1) Progressive motility: As can be observed in Table 1,
fresh sperm progressive motility, 72.4+3.7%, was found to
be the highest when compared to the other cryopreserved
groups; Control, 2.5% LDL, 5.0% LDL, 7.5% LDL, and 10%
LDL, as 43.3£2.6%, 56.7+1.3%, 40.7£1.9%, 27.5+1.7%, and
12.5£2.9%, respectively (p<0.05). After freezing and
thawing, the progressive motility rate in the group
containing 2.5% LDL was higher than that in the control
and other study groups (p<0.05). However, when
compared with the progressive motility rate of fresh
sperm, the 2.5% LDL group was found to be lower than
that of fresh sperm (p<0.05). The progressive motility rate
of the group with 10% LDL was found to be the lowest
among all study groups (p<0.05).

2) Longevity of progressive motility: When the
progressive motility results up to 4 h in HTF medium after
thawing were examined, it was found that the progressive
motility rates of fresh sperm at the 1st, 2nd, 3rd, and 4th
hours were 69.6£3.4%, 63.2+2.7%, 53.243.4%, and
45.4+2.8% respectively, as shown in Table 2, and the
results were higher compared with the other research
groups (p<0.05). Considering the cryopreserved groups,
the progressive motility rates of 2.5% LDL, 52.7+2.4%,
47.1+£3.6%, 40.9%+1.8%, and 31.3+2.1%, respectively,
were found to be higher than the control and other study
groups during 4 h. At the same time, the lowest longevity
of progressive motility rates was found in the 10% LDL
group up to 4 h (p<0.05).

3) Dead spermatozoa rate: Considering the rates of dead
spermatozoa, the fresh sperm group had the lowest rate of
dead sperm compared with the other cryopreserved study
groups, which are Control, 2.5% LDL, 5.0% LDL, 7.5% LDL,
and 10% LDL, 18.6£1.7%, 11.6x2.9%, 24.2+1.4%,
19.6£1.5%, 56.4+1.3%, respectively (p<0.05). When
comparing values between cryopreserved LDL and control
groups after freezing-thawing, 2.5% LDL had the lowest
dead spermatozoa rate whereas 10% LDL had the highest
percentage of dead sperm (p<0.05).

4) Plasma membrane integrity (HOST): Contemplating
the values of the HOS Test showing membrane integrity,
curled-tailed sperm rates of fresh sperm were the highest
(78.1+3.9%) compared with other studied groups;
48.9+3.1%, 63.0+2.7%, 41.1+1.9%, 33.7+2.6%, 14.3+1.8%,

respectively  (p<0.05). After freezing-thawing, the
integrated membrane rate was found to be higher in the
group containing 2.5% LDL than in the other study groups
(p<0.05).

5) Abnormal acrosome: Considering the acrosome
integrity rates, there was no statistical difference between
fresh sperm and all other frozen and thawed study groups
in terms of acrosome damage, as shown in Table 1
(p>0.05). While the lowest sperm acrosome damage rate
was found in fresh sperm (0.8£#1.3%), the highest
acrosome damage was found at 6.4+1.3% in the 7.5% LDL
group after freezing and thawing.

6) DNA fragmentation rate: Fragmented DNA values of
mouse sperm detected by the TUNEL assay after freezing-
thawing with different concentrations of low-density
lipoproteins are given in Figure 1. The cryopreservation
process in our studies also significantly increased the rate
of abnormal sperm DNA in all cryopreserved groups
compared with the rate in fresh control in mouse sperm
(p<0.05). There were no statistical differences in the rate
of nuclear DNA integrity in the comparison with the
control and by adding different concentrations of LDL in
2.5%, 5.0%, 7.5%, and 10% groups, respectively (p>0.05).
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Figure 1: Fragmented DNA rates detected after freezing-
thawing of mouse sperm with different concentrations of
low-density lipoproteins (n:6). p<0.05: Different letters on
bars are statistically significant.

Table 1: Spermatological values determined after freezing-thawing of mouse sperm with different concentrations of LDL

(n:6).
Progressive motility Dead sperm Plasma membrane integrity Abnormal acrosome

Study Groups (%) (%) (%) (%)

Fresh Sperm 72.4%3.72 1.6£1.92 78.1£3.92 0.8+1.32
Control (RSM) 43.3+2.6b 18.6+1.7¢ 48.9+3.1¢ 5.4+1.9b

RSM + 2.5% LDL 56.7+1.3¢ 11.6+£2.9b 63.0+2.7b 4.7+1.8b

RSM + 5.0% LDL 40.7+1.9> 24.2+1.4c 41.1+1.9«d 5.2+2.4b

RSM + 7.5% LDL 27.5%1.7d 19.6+1.5¢ 33.7+2.6d 6.4+1.3b

RSM +10% LDL 12.5+2.9¢ 56.4+1.3d 14.3+1.8e 4.9+3.2b

ap<0.05: Different letters on the same column are statistically significant.
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Table 2: Longevity of progressive motility values determined after freezing-thawing of mouse sperm with different

concentrations of LDL in HTF (n:6)

Longevity of progressive motility (%)

Study Groups (hours)
1 3 4

Fresh Sperm 69.6+3.42 63.2+2.72 53.2+3.4a 45.4+2.8a
Control (RSM) 41.4+1.90 23.042.7b 20.1+£2.5b 11.6£3.2b
RSM + 2.5% LDL 52.742.4¢ 47.1+£3.6¢ 40.9£1.8¢ 31.3%2.1c
RSM + 5.0% LDL 38.8+3.2b 26.2+1.7b 23.6x2.8b 10.3+3.3b
RSM + 7.5% LDL 24.6+1.84 20.4+1.9v 18.8+3.2b 9.2+1.3b
RSM +10% LDL 10.7+2.6¢ 8.9+1.6d 7.3+£2.1d 2.6+3.3d

p<0.05: Different letters on the same column are statistically significant.

DISCUSSION AND CONCLUSION

Most mammalian species require cryoprotectants during
the freezing and thawing processes, and egg yolk is one of
the most commonly used substances (Scott and Baynes
1980). A resistance component that serves to protect
sperm from the effects of cold shock and storage factors
that aid in retaining sperm motility and viability are
responsible for egg yolk's favorable effect on sperm
cryopreservation (Jamieson and Leung 1991). Despite the
advantages of egg yolk in extenders, the rising interest in
international semen transit legislation has raised
questions about egg yolk use among authorities involved
in biosecurity issues. Inconsistent composition, egg yolk
granules that impair sperm motility, cryoprotectant
antagonists, and other negative aspects of egg yolk have
also been described, according to certain sources (Ansari
et al. 2010). Furthermore, high-density lipoproteins in egg
yolks decrease the quality of semen by causing an efflux of
cholesterol from the sperm plasma membrane and
resulting in a change in fluidity that increases the
sensitivity to cold shock (Amirat et al. 2005; Yildiz et al.
2013). However, low-density lipoproteins (LDL) may
adhere to the sperm cell membrane and form an interfacial
film during the freezing process (Anton et al. 2003;
Bergeron et al. 2004). Phospholipids released from LDL
can form a protective film at the surface of the sperm
membranes, which prevents the efflux of phospholipids
and cholesterol (Hu et al. 2006). In addition, LDL forms a
complex with seminal plasma proteins (BSP-A1/A2, BSP-
A3, and BSP-30-kDa), which interacts with the sperm
membranes, resulting in a reduced efflux of phospholipids
and cholesterol and increased sperm protection against
cold shock-induced damage (Bergeron et al. 2004; Takeo
and Nakagata 2018). Despite the stated positive and
negative effects of egg yolk, in this study, after freezing and
thawing, the progressive motility, live sperm rate,
membrane integrity, and longevity of progressive motility
rates in the group containing 2.5% LDL were found to be
better than the other tested groups and control (p<0.05).
In other words, when we looked at the sperm viability
markers together (table 1), 2.5% LDL was well protected
and improved post-thawed spermatologic parameters
compared with the other studied groups (5.0%, 7.5%, and
10%) and control during the cryopreservation process
(p<0.05). The ideal amount of supplemented LDLin the
extender is critical for obtaining better cryo survival. In
previous studies, optimal rates of LDL addition to
cryopreservation extenders against cold shock were 4-6%

(Yamauchi et al. 2009), 9.0% (Jiang et al. 2006), and 0.09
g/ml (Wang et al. 2014) in boars, 8.0% in bulls (Moussa et
al. 2002; Amirat et al. 2004; Hu et al. 2011); 8.0% in
Mithun bulls (Patil et al. 2020); 12% (Dalal et al. 2020) and
10% in buffaloes (Akhter et al. 2011), 6% and 6.0%, 8.0%,
or 10% in dogs (Junior et al. 2009; Bencharif et al. 2010),
20% in peccaries (Souza et al. 2015); 10% in rabbits
(Taffaldano et al. 2014); 4.0% in roosters (Shahverdi et al.
2015), 8.0% in rams (Tonieto et al. 2010), and 2.0% in
horses (Moreno et al. 2013). We found that 2.5% LDL had
greater cryosurvival results compared with control group
in the mice. In addition, according to Bencharif et al.
(2010) differences in the optimal LDL concentrations used
for the cryopreservation of semen from various animal
species, including the collared peccaries, could be due to
variations in the biochemical composition of the sperm
plasma membrane. Therefore, it can be assumed that the
success rates of cryosurvival are LDL dose and spacious-
dependent. In addition, for useful effects of LDL, has also
been reported that LDL supplementation to extender can
increase the amount of cellular total antioxidants against
reactive oxygen radicals. Perumal et al. (2016) noted that
the use of 8.0% LDL for the freezing of semen from Mithun
(Bos frontalis) produced a post-thawing increase in total
antioxidants, as well as a reduction in the lipid
peroxidation of semen, as we found affirmative effects of
2.5% LDL on general viability parameters (Table 1).

Supplementation of 7.5% LDL and 10% LDL to extender
caused the lowest sperm quality parameters after thawing
(Table 1). Excess of the optimal LDL concentration
decreased sperm quality after cryopreservation in both
groups. Similar studies have reported that a high level of
LDL leads to LDL aggregation, resulting in the depression
of LDL functions (Moussa et al. 2002). The excessive
concentration of LDL causes high fluidity of the plasma
membrane and reduces osmotic pressure when LDL
concentration increases. It could also be that LDL
inactivation of the effect of aggregated LDL and sperm cells
more vulnerable to membrane damage, these detrimental
effects lead to a decrease in sperm quality after
cryopreservation (Moussa et al. 2002; Hu et al. 2011;
Perumal et al. 2016).

The EY-based extender might be responsible for
capacitation-like changes during cryopreservation because
of its calcium ingredients, progesterone, and HDL
components. To overcome this problem, the LDL extracted
from EY showed a better post-thaw semen quality than the
LDL cryopreserved in the EY-based extender (Moussa et al.
2002; Witte et al. 2009). LDL has a protective effect against
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sperm cryopreservation. Thereafter, many studies have
reported that the LDL-based extender improved the post-
thaw sperm motility and fertility in different species
(Amirat et al. 2004; Li et al. 2006; Moustacas et al. 2011;
Patil et al. 2020). Dalal et al. (2020) indicated that a 12%
LDL concentration increases sperm quality for the
cryopreservation of buffalo sperm. Dong et al. (2011) LDL
did not offer any additional benefits in terms of post-thaw
motility compared with 20% egg yolk in monkeys. This
finding does not agree with our study. An increase in LDL
concentration in the extender above 10% leads to a
decrease in sperm quality after cryopreservation (Moussa
et al. 2002). This result is in agreement with our study.

Considering the acrosome integrity rates, there were no
statistical differences among the study groups in terms of
acrosome damage, as shown in Table 1 (p>0.05).
However, there were statistical differences between fresh
sperm and other tested LDL groups and the control
(p<0.05). The protective properties of egg yolk, low-
density lipoprotein (LDL), and skim milk against the
effects of cold shock on plasma and acrosomal membranes
during cryopreservation have been  previously
documented (Therien et al. 1999; Bencharif et al. 2008; Hu
et al. 2011) and also stated that extenders based on LDL
gave higher proportions of acrosome and plasma-intact
sperm, repairing acrosomal membrane phospholipids,
after post-thawed.

The paternal genetic contribution to healthy offspring
depends critically on the integrity of mammalian sperm
DNA. The accurate transmission of paternal genetic
information depends on the integrity of the sperm DNA.

Prerequisites for fertilization include the normal
stabilization and decondensation of sperm chromatin in
the nucleus after sperm penetration into the cytoplasm of
the oocyte (Flaherty et al. 1995). The effects of
cryopreservation on the integrity of the sperm nucleus are
not well understood. However, it has been reported that
the freezing and thawing steps of the cryopreservation
process can lead to an increase in inappropriate chromatin
condensation in the sperm of boars (Fraser and Strzezek
2004), horses (Li et al. 2006), rams (Peris et al. 2004), and
humans (Royere et al. 1988; Donnelly et al. 2001;
Hammadeh et al. 2001) and Chohan et al. (2004) recently
reported that after the freeze-thaw process in human
sperm, normal chromatin packaging is drastically reduced.
Likewise, the cryopreservation process in our studies also
significantly increased the rate of abnormal sperm DNA in
all control and LDL cryopreserved groups compared with
the rate of fresh sperm in mouse sperm (p<0.05) (Figure
1).

The results indicate that an extender supplemented with
2.5% LDL provides greater beneficial effects on
progressive motility, cell viability, and membrane integrity
during cryopreservation in the mouse sperm. A freezing
extender supplemented with 2.5% LDL is suitable for
mouse sperm cryopreservation.

This study is summarized from ibrahim EROL's master's
thesis titled "Fare Spermasimmn Dondurulmasi Uzerine
Diistik Yogunluklu Lipoproteinlerin Etkisi", supervised by
Prof. Dr. Cengiz YILDIZ.
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