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Oz: Siit ve siit driinleri; sosyoekonomik ve uluslararasi ticaret agisindan kritik bir Sneme sahiptir. Siit tiiketimi, pestisit-
lerin yag dokuda yogunlasma ve siite gegme 6zellikleri nedeniyle diizenli olarak maruziyet agisindan ciddi halk saghgi
endisesi yaratmaktadir. Son zamanlarda artan kimyasal kontaminasyon endiseleri, tliketicilerin organik siite yonelik
taleplerinde artisa neden olmustur. Bu galisma kapsaminda, piyasada c¢esitli marketlerde satisa sunulan, farkli ticari
markalara ait 10 organik (pastorize), 20 klasik (UHT ve pastorize) yontemle uretilmis olmak Gzere toplam 30 isil islem
gérmuis sut érnegi 177 pestisit agisindan gaz kromatografisi/kiitle spektroskopisi (GC-MS/MS) kullanilarak analiz edil-
mistir. Analiz edilen sit érneklerinin higbirinde Turk Gida Kodeksi (TGK)'nin ilgili yénetmeligindeki maksimum kalinti
limitlerinin (0.01 mg/kg) Uzerinde bir pestisit kontaminasyonuna rastlanmamistir. Bununla birlikte galisma kapsamina
alinan lindane, heptachlor, fenamiphos ve aldrin pestisitlerine ait TGK limit degerlerinin, Codex Alimentarius (2019)
limit degerlerine gore oldukga yiiksek oldugu, benzer sekilde lindane, heptachlor, fenamiphos, aldrin, fipronil, endrin,
chlordane, hexachlorobenzene pestistlerine ait degerlerin ise Avrupa Birligi Komisyonu (EC, 2010) tarafindan belir-
lenen limitlerin ¢ok Uzerinde kaldigi gézlenmistir. Elde edilen sonuglar, TGK’nin ilgili yonetmeligindeki bazi pestisitlere
ait maksimum kalinti limit degerlerinin gtincellenmesi gerektigini, benzer sekilde ulusal referans laboratuvarlarin da alt
yap! ve metotlarini bu limit degerlere gore dizenlemesi gerektigini ortaya koymustur. Pestisit maruziyetleri agisindan
halk saghginin korunabilmesi igin iyi tarim uygulamalarinin ve pestisit takip sistemlerinin gelistiriimesi gerekmektedir.
Farkh Gretim metotlarinin kontaminasyon dizeylerine olan etkilerinin daha iyi anlasilabilmesi igin konuya iligkin daha
kapsamli galismalarin planlanmasina ihtiyag duyulmaktadir.

Anahtar kelimeler: Halk sagligi, kontaminasyon, pestisit, stt

Pesticide Contaminations in Organic Milk Samples in and Around istanbul

Abstract: Milk and milk products have critical importance in terms of socio-economic and international trade. Consider-
ing the ability of pesticides to concentrate in fat tissue and pass into milk, milk consumption cause serious public health
concerns as a source of regular pesticide exposure. Recently, increasing chemical contamination concerns have led to
an increase in consumer demand for organic milk. Within the scope of this study, a total of 30 heat-treated milk sam-
ples of different commercial brands, 10 organic (pasteurized) and 20 conventionally (UHT and pasteurized) produced
milk samples sold in markets, were analyzed using gas chromatography/mass spectrometry (GC-MS/MS) for 177 pes-
ticides. No pesticide contamination was found in any of the analyzed milk samples above the maximum residue limits
(0.01 mg/kg) of related Turkish Food Codex (TGK) regulations. However, it was determined that the TGK limit values of
some pesticides (lindane, heptachlor, fenamiphos, aldrin) included in the study were quite high compared to the limit
values of Codex Alimentarius (2019). Similarly, the values of some pesticides (lindane heptachlor, fenamiphos, aldrin,
fipronil, endrin, chlordane, hexachlorobenzene) in TGK were observed to be well above the limits determined by the
European Commission (EC, 2010). The results revealed the need of the maximum residue limit (MRL) values of some
pesticides in the related TGK regulations to be updated, and the infrastructure and methods of national reference labor-
atories to be revised accordingly. Good agricultural practices and pesticide tracking systems need to be implemented
to protect public health in terms of pesticide exposures. More comprehensive studies are needed in order to better
understand the effects of different production methods on pesticide contamination levels in milk and milk products.
Keywords: Contamination, milk, pesticide, public health

Giris fat, karbomat, senteteik pretiroit, trazin, dioksin ve

L ) klorofenoksi pestisitler olmak Uzere gesitli gruplara
Tarim alanlarinda 1940’larin bagindan beri yogun bir ayrilmakta bunlar arasinda organik klorlu pestisitler
sekilde kullanilan pestisitler organik klorlu, organofos- en agresif grup olarak bilinmektedir. Organik klorlu

pestisitlerin insan ve ¢evre saglgi icin ciddi sorunlara
yol actiginin belilenmesi sonucu 1960’ll yillarin so-
nunda pestisit kullanimina uluslararasi bir yasaklama
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Sitlerde pestisit kontaminasyonlari...

¢agrisi gindeme gelmistir. Bu yasaklama ¢agrisina
gelismis Ulkeler olumlu yanit verirken, gelismekte
olan Ulkelerde; kolay bulunmasi, ucuz olmasi ve ¢ok
etkili olmasi dolayisiyla s6z konusu kimyasal ajanla-
rin kullanimina devam edilmistir (Keswani ve ark.,
2022).

Pestisitler tim dunyada; insekt, rodent ve funguslar
kontrol altina alarak gida Uretimini artirmak amaciyla
cok yaygin bir sekilde kullaniimaktadir. Codex Ali-
mentarius’'un (CA) pestisit kalinti komitesi (CCPR),
sit ve sut Urdnlerindeki pestisit kalinti limitlerini 0.4 ila
2000pg/kg olarak bildirmektedir (CA, 2019). Bununla
birlikte sit ve st Grtnlerindeki kalinti diizeyleri pros-
es esnasinda azalip artabilmekte ve maruziyet
dizeyleri, hangi sut Grundnin tuketildigine bagh
olarak 6nemli 6lcude degisiklik gbsterebilmektedir
(Duan ve ark., 2018).

Pestisitler, insanlarda endokrin ve mitokondriyal fonk-
siyon bozukluklarina neden olmalarinin yani sira in-
san ve hayvanlarda Ureme sistemini de etkileyen
karsinojenik ve mutajenik bilesiklerdir. Bazi ¢alisma-
lar pestisit maruziyetinin obezite ve diyabete neden
oldugunu da belirtmektedir (Keswani ve ark., 2022).
Pestisitlerin kimyasal yapisi ve lipofilik karakterleri,
s6z konusu ajanlarin yag dokuda birikmesine dolayi-
siyla biyolojik sistemlerdeki dekompozisyon mekaniz-
malarina yuksek direng gostermelerine neden olmak-
tadir. Bu kimyasallar; ¢ok yavas bozulmalari, uzun
Omurlt ve kalici olmalari sebebiyle insan eliyle Ureti-
len en dayanikh kimyasallar arasinda sayilmaktadir
(Hasan ve ark., 2022).

Cocuklarda metabolizmanin ve immun sistemin tam
olarak gelismemis olmasi ve c¢ocuklarin sit ve sut
artnlerini en ¢ok tiiketen yas grubu olmalari dolayi-
siyla pestisit kontaminantlarina yetigkinlerden daha
duyarl olduklari bildirilmektedir (Tolentino ve ark.,
2014; Santos ve ark., 2015; Shakerian ve ark., 2020).

Pestisitlerin disuk dogum agirlikli gocuk dogumuna
motor ve norolojik gelisim geriliklerine neden oldugu
ve kanser riskini artirdidi bildiriimektedir. Pestisitlerin
genel olarak akut toksisite durumlarinda neden olduk-
lari semptomlar; halsizlik, kusma, ndbet ve diger si-
nirsel semptomlar, karaciger ve kromozomal hasar
olarak siralanmaktadir. Bazi pestisitler
(Organofosforlular), merkezi sinir sisteminde asetilko-
linesteraz enzim aktivitesini baskilayarak sinir iletileri-
ne engel olmakla birlikte organofosfat, karbamat ve
piretiroit gibi multiple pestisit maruziyetleri depresyon,
anksiyete, obsesif kompulsif bozukluklar gibi daha
derin ve endise verici rahatsizliklara neden olabil-
mektedir (Yuan ve ark., 2022). Bununla birlikte uzun
sureli disuk dizeydeki multiple pestisit maruziyetinin
ne gibi saglik sorunlari yaratacagina iliskin calismalar
oldukga sinirli sayidadir (Gomes ve ark., 2020).

Kontrolsliz pestisit kullanimi sonucu hayvan yemi,
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hava, toprak ve su yogun bir sekilde pestisitlerle kon-
tamine olabilmekte, sutl tiketilen hayvanlarin kaginil-
maz maruziyeti ile pestisitler hayvanin sutine gec-
mektedir (Yuan ve ark., 2022). Bilingli veya bilingsiz-
ce pestisite maruz kalan hayvanlara ait sutlerin ciddi
konsantrasyonlarda aktif pestisit barindirabilecegi
kaydedilmektedir (Fischer ve ark., 2011).

Gidalardaki maksimum kalinti veya tolerans limitleri
gidanin alinma sikligina, miktarina, kimyasalin toksi-
sitesine ve potansiyel maruz kalma yollarina bagh
olarak belirlenmektedir (US Environmental Protection
Agency, 2018). Bu sinirlar yetiskin ve c¢ocuklar ara-
sindaki beslenme farkhliklarini ve ihtiyaclarini dikkate
alsa da pestisit maruziyet yollari ve ilgili riskler hak-
kindaki bilgiler cok sinirli kalmaktadir. Gunluk hayatta
siklikla maruz kalinan pestisit kombinasyonlarinin
uzun sureli etkilerine iligkin bilgiler oldukc¢a sinirlidir
(Sheldon ve ark., 2012; Nicolopoulou-Stamati ve ark.,
2016). Bunun yani sira tuketicilerin igme siti yoluyla
pestisitlere maruz kalma riskleri ve bu maruziyetin
inorganik ve klasik ydntemlerle uretilen sitlerdeki
dizeyine iligkin veriler yetersiz oldugundan siit tiiketi-
mine iliskin pestisit maruziyet dizeyleri ve halk sagli-
g1 riskleri de tam olarak yorumlanamamaktadir.

Bu galismanin amaci, Istanbul ve gevrelerinde orga-
nik ve klasik yontemlerle Uretilen sutlerde pestisit
kalinti dizeylerini belirleyerek siitte pestisit diizeyleri-
ne iliskin literatlir verilerine katkida bulunmak ve bdl-
gedeki icme sutlerinin halk saghigr agisindan barindir-
dig1 pestisit risk potansiyelleri hakkinda gtincel veriler
ortaya koymaktir.

Gereg ve Yontem

Calisma kapsaminda Istanbul'da ticari olarak satisa
sunulan farkl firmalara ait 10 organik (pastdrize) ve
20 klasik (UHT ve pastoérize) sut olmak tzere toplam
30 sut érnegi (her biri 1 L) Ekim-Aralik 2021 aralidin-
da toplanmigtir. Marketlerden toplanan siit érnekleri
soguk zincir altinda Bursa Gida ve Yem Kontrol Mer-
kez Arastirma Enstitiisi Midurligi’'ne bagh laboratu-
vara getirilmis ve analiz yapilana kadar -18°C'de sak-
lanmistir.

Gereg ve Yontem
Ekstraksiyon prosediirii

Ornekler homojen hale getirildikten sonra 50 ml'lik
santrifij tipine 15’°er ml alinarak lzerine %1 asetik
asit iceren 15 ml asetonitril eklenmis ve galkalanmig-
tir. Daha sonra, lzerine 6 g susuz MgSO, ve 1.5
C,H3NaO; (Quechers kit 1) eklenerek 1 dk boyunca
tekrar calkalanmigtir. Elde edilen karisim 5000 rpm’
de 1dk santrifiijlenerek 6n ekstraksiyon asamasi ta-
mamlanmigtir. Dispersif kati-faz ekstraksiyon igin;
400 mg PSA, 400 mg C4s ve 1200 mg susuz MgSO4
iceren 15 ml'lik santrifij tipune (Quechers kit 2),
5000 rpm’ de 1 dk santrifiijlenerek Ustte toplanan
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asetonitril fazindan 8 mL eklenmistir. Yaklasik 30
saniye elle karistirildiktan sonra 5000 rpm’de 1 dk
santriflij islemine tabi tutulmus, elde edilen ekstraktan
GC-MS/MS analizi igin 0.5 ml kullaniimistir. Gaz ve
kromatografi ile analiz edilen pestisit sonuglari GC/
MS/MS analizine goére, drnekteki kalinti miktari, anali-
tik standardin konsantrasyonuna karsilik gelen pik
alanlarina gore cizilen kalibrasyon egrisine gére he-
saplanmistir.

Bulgular

Calismada toplam 30 igcme sitl 6rnegi 177 farkli pes-
tisit acisindan analiz edilmis ve 6rneklerin higbirinde
Turk Gida Kodeksi'nde (TGK) belirtilen maksimum
pestisit kalinti limitlerinin (0.01mg/kg) Ulzerinde bir
pestisit kontaminasyonuna rastlanmamistir.

Bununla birlikte galisma kapsamina alinan pestisitler-
den bazilarina (lindane, heptachlor, fenamiphos, ald-
rin) ait TGK limit degerlerinin, CA (2019) limit
degerlerine goére oldukca ylksek oldugu, benzer
sekilde bazi pestisitlere (lindane, heptachlor, fenami-
phos, aldrin, fipronil, endrin, chlordane ve hexachlo-
robenzene) ait degerlerin ise AB (EC, 2010) tarafin-
dan belirlenen limitlerin ¢ok Uzerinde oldudu belir-
lenmistir. Bahsi gegen pestisitlere iliskin CA (CA,
2019), AB (EC,2010) ve TGK limit degerleri Tablo
1'de 6zetlenmistir.
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azaltmak icin de kullanilabilmektedir (FAO, 2021).
Pestisit kullanimi ve hasat arasindaki zorunlu bekle-
me surelerine riayet edilmemesi durumunda bu kim-
yasallarin gidalarda yiksek miktarlarda bulunabilece-
gi, (Gomes ve ark., 2020) ayni durumun sitcu sigirla-
ra uygulanan ilacin vicuttan atilim surelerine riayet
edilmedigi durumlarda da goézlendidi belirtiimektedir
(Fischer ve ark., 2011).

Pestisitlere maruziyet genellikle oral, parenteral veya
deri yolu ile olmakta, etken emildikten ve metabolize
olduktan sonra site gecmektedir. Pestisitlerin ¢ogu
yagda ¢ozinir 6zellikte oldugundan siit, pestisit ka-
lintilarinin dagilabilmesi igin ideal bir matrikstir. Pesti-
sitlere kronik maruziyet sinir sistemi toksisitesi endok-
rin disregulasyonu ve birgok kanser tiru ile iligkilendi-
rilmektedir.

Gida glvenligini saglamak icin CA ve AB gibi bazi
uluslararasi ajanslar sutte maksimum kalinti duizeyleri
belirleme galismalari yaparak siki regilasyonlar orta-
ya koymuslardir. Turkiye’de 1985 yilindan itibaren
organik klorlu pestisit kullanimi  yasaklanmistir
(Acara, 2006)

Bu calismada analiz edilen suitlerden higbirinde
TGK’nin ilgili limit degerlerinin Uzerinde bir pestisit
kalintisina rastlanmamistir. Benzer sekilde Gilveng
(2008) tarafindan planlanan bir ¢alismada, Samsun

Tablo 1. TGK ile uyusmayan pestisit maksimum limit degerleri (mg/kg)

Pestisitler TGK CA EU
Lindane 0.01 0.001 0.01
Heptachlor 0.01 0.006 0.004
Chlordane - - 0.002
Hexachlorobenzene 0.01 - 0.005
Fenamiphos 0.01 0.005 0.005
Aldrin 0.01 0.006 0.006
Endrin 0.01 0.005 0.001
Fipronil 0.01 0.02 0.005

Codex Alimentarius MRL (2019), EU (2010), TGK (2016).

Tartisma ve Sonug

Sut ve sit drdnleri yeterli ve dengeli beslenmenin
yap! taslarindan biri olarak gortlmektedir. Turkiye'de
ise kisi bagl icme sutl tiketiminin Avrupa ve Amerika’
tiketim ortalamalarinin oldukga gerisindedir. Turki-
ye'de Uretilen igme siitlerinin %88.6’Unin UHT siit
oldugu belirtimekle birlikte son zamanlarda daha
maliyetli olan organik st taleplerinde gérilen artisin,
tiketicinin kimyasal kontaminantlara maruz kalma
konusundaki endiselerini yansittigi disuntlmektedir
(USK, 2021).

Pestisitler 6zellikle tarim amagh olmak Uzere Uretimi
artirmak ve artan gida ihtiyacini karsilamak amaciyla
¢ok yogun bir sekilde kullaniimaktadir (Sharma ve
ark., 2019). Pestisitler gida Uretimi, islenmesi, depo-
lanmasi, nakil ve dagitim asamalarinda kayiplari

ve gevrelerinden toplanan 100 ¢ig sit 6rneginde pes-
tisit kalintisina rastlanmadig bildirilmistir. Ote yandan
Turkiye’de Bulut ve ark. (2010) tarafindan yapilan bir
calismada toplam 50 inek sutu érneginin %80’i; HCH,
heptachlor, chlordane, endosulfan, endrin ve met-
hoxychlor ile kontamine bulunmus, 6rneklerden %
2'sinin endrin ve %24’Unun endosulfan kontaminas-
yon duzeylerinin CA (2019) degerlerinin Uzerinde
oldugu rapor edilmistir. Calisma kapsaminda incele-
nen 50 koyun sutu 6rneginden %90’ninin endrin veya
endosulfan ile kontamine bulundugu belirtilmigtir.

Sana ve ark. (2021) tarafindan yapilan bir calismada
inek ve manda sitlerinden siklikla HCH, DDT ve
Heptaklor kalintilarina rastlandigi bildirilmistir. Ugan-
da’da (Kampire ve ark., 2011) ve Etiyopya’da (Deti ve
ark., 2014) sitma vakalarinin ¢ok yodun bir sekilde
gorildigi bolgelerdeki ¢ig sutlerde, Dinya Saglik
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Orgiitil ile AB tarafindan tanimlanan maksimum ka-
Iinti limit (MRL) dizeylerinin (40 pg/kg) (EC, 2010)
yaklasik sekiz kat fazla (328.5 ug/kg) DDT bulundugu
bildirilmistir. Bunun da bu bdlgelerde sitma vektori-
ndn kontrolu igin siklikla ve yogun bir sekilde insekti-
sit olarak ylksek miktarda DDT kullanimina baglan-
mistir (Haylamicheal ve Dalvie 2009). Gutierrez ve
ark. (2013) tarafindan Meksika’'da ¢ig sutlerde yapi-
lan bir calismada sirasiyla heptaklorepoksit, endosul-
fan ve HCH kontaminasyonlarina rastlandigi, higbiri-
nin kodekste yer alan limitleri asmadidi belirtiimis ve
bu disulk konsantrasyonlardaki kalintilarin varligi, OC
pestisitlerin 30 yildan beri yasakli olmasina baglan-
mistir. Rusu ve ark. (2016) tarafindan Romanya’da
¢ig ve pastorize st 6rnekleriyle yapilan bir galismada
tim 6rneklerde HCH varligi belirlenirken DDT varligi-
na rastlanmadigi bildiriimistir. Ote yandan Tsakiris ve
ark. (2015) tarafindan Yunanistan’da yuritilen bir
calismada pastorize sitlerin %97.4'inde DDT'ye ait
en az bir izomer veya metabolit bulundugu kaydedil-
mis, her iki calismada elde edilen verilerin AB limitle-
rini agmadigi vurgulanmistir. Farkli bélgelerden rapor
edilen ¢alisma sonuglari, galisma bolgelerinde kulla-
nilan pestisitin miktarina ve gesidine bagl olarak de-
giskenlik gostermektedir (Regol ve ark., 2019).

Brezilya’da Santos ve ark. (2015) tarafindan yapilan
bir calismada 2010-2012 yillari arasinda ticari sut
orneklerinde organik klorlu pestisit varligi belirlenmis,
bunlardan %82.1’nin gama-HCH oldugu belirtilmistir.
Shahzadi (2013) tarafindan yapilan bir ¢alismada
farkli hayvan tirlerine ait st drneklerinin %50’sinin
basta deltametrin ve karbofuran olmak lizere cesitli
pestisit tirleriyle kontamine oldugu, en fazla kontami-
nasyon yukune koyun sutu &érneklerinde rastlandigi
belirtilmistir.

Sitte pestisit kalinti diizeylerini belirlemek igin duyarli
ve kesin sonug¢ veren analitik metodlarin kullaniimasi
gerekmektedir (Ramezani ve ark., 2022). Farkl Ulke-
lerde planlanan prevalans galismalarindan elde edi-
len farkh veriler, kullanilan farkli ekstraksiyon ve ana-
liz yéntemleriyle iligkilendirilebilir. Genellikle sut pro-
tein ve yag icerigi agisindan zengin oldugundan, sit-
te s6z konusu kimyasallarin analizi yaniltici sonuglar
ortaya koyabilmektedir. Dolayisiyla analiz éncesinde
bu yaniltici igerikleri siit matriksinden uzaklastirmak
icin cesitli 6n uygulama ve temizlik basamaklarinin
uygulanmasi tavsiye edilmektedir (Manav ve ark.,
2019). Yapilan bir calismada organik klorlu pestisitle-
rin sut ve sut yagindan ayrilarak tayini amaciyla yeni
bir sivi/sivi ekstraksiyon yontemi gelistirilmis, érnekler
GC-MS/MS ile analiz edilmig tespit sinirlari 0.36 ve
1.11ug/kg araliginda bulunmustur. Arastirmacilar 60’
UHT, 27’si pastorize sit 6rnedinden olusan toplam
87 1s1 islem gérmis st érneginde herhangi bir pesti-
sit  kalintisina  rastlamadiklarini  bildirmisleridir
(Karatas ve Coskun, 2018).

Sitte pestisit kontaminasyonlarina iligkin farkl galis-
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malardan bildirilen farkli sonuglar, sute uygulanan isi
islemine gbére de degisiklik arz edebilmektedir. Nite-
kim pastoérize sutlerde pestisit degradasyon oraninin
%8 ila 18 arasinda degisiklik gdsterdigi, kaynatma
islemiyle birlikte bu oranin %27-46'ya, sterilizasyon
islemi ile de %40-63’e kadar ulastigi bildiriimektedir
(Schopf ve ark, 2022). Benzer sekilde Heck ve ark.
(2007) tarafindan yapilan bir calismada ¢ig sttte top-
lam DDT dlzeylerinin pastorize ve UHT sutlere goére
anlamli derecede yiksek oldugu bildirilmektedir.

Isi igleminin pestisit kalintilarini azalttigi belirtilse de,
IsI islemi sonrasi pestisitlere ait spesifik izomer kon-
santrasyonlari ve bunlara iliskin saglik riskleri de tarti-
siimaktadir. Nitekim pastérize sltlerde rapor edilen
pestisit kontaminasyonlari, bazi ajanlarin isil isleme
direngli olduklarini da ortaya koymaktadir. Ote yan-
dan pestisit kalintilarinin, lipofilik yapilarindan dolays,
yagh sit ve sut Urlnlerinde (tereyagi, krema ve pey-
nir) yogunlastidi, bununla birlikte 6zellikle organofos-
forlu bilesiklerin proteinlere baglanma kapasitesinin
de bulundugu belirtimektedir (Chandra ve ark.,
2020).

Yapilan bir calismada ise, yer alti atik alanlarinin eski
ve yasaklanmig pestisit kalintilarini uzun stre muha-
faza ettigi ve ikincil bir yer alti kontaminasyonu ile
sonuglandidi vurgulanmaktadir. Nitekim Witczak ve
ark. (2019) tarafindan 2009-2013 yillari arasinda
Polonya’da organik kegi sutlerinde organik klorlu pes-
tistlerin arastinldidi bir arastirmada 6rneklerde 1982
yilindan beri kullaniminin yasak olmasina ragmen
4.85 mg/kg’ a kadar gama-HCH varliginin tespit edil-
digi kaydedilmistir. Yine organik sutlerde yapilan bir
calismada, heksaklorobenzen, p,p’- DDT ve onun
metaboliti olan p,p’-DDE’ ye yasaklh olmalarina rag-
men butin 6rneklerde rastlandigi belirtiimis, tim din-
yada organik giftliklerde pestisit kullanimina izin veril-
mese de hala tespit ediliyor olmalari bazi pestisitlerin
yarilanma émrinin uzun olmasina, dolayisiyla etken-
lerin organik sutlere kadar ulasmasina baglanmakta-
dir (Welsh ve ark., 2019).

Genel olarak; lipofilik olmalarindan dolayi organoklor-
lu pestisitlere maruziyet agisindan; sit yag oranlari
yuksek olan hayvan turlerine ait sutler (manda, ko-
yun) ve yagli sut drlnleri (tereyadi, krema ve peynir)
daha riskli, 1s1 islemi gérmis sitler ise daha guvenli
bulunmaktadir. St ve sit Urlnlerinin islenmesi sonu-
cu ortaya ¢ikan yeni toksik drinlerin halk saghgi aci-
sindan tegkil ettigi riskleri degderlendirebilmek igin
daha ¢ok ¢alismaya ihtiyag duyulmaktadir.

Her ne kadar bu galismada analiz edilen organik ve-
ya klasik UHT ve pastérize sltlerde TGK degerlerini
asan herhangi bir pestisit kontaminasyonuna rastlan-
mamis olsa da literatlr verileri siit ve sit Uriinlerinde
pestisit varligini ortaya koymaktadir. Pestisit maruzi-
yetlerinin degerlendiriimesi ve azaltiimasi agisindan;
pestisit satislarinin denetim altina alinmasi, ciftgilerin
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egitimi, pestisit kalinti izleme programlarinin uygulan-
masi ve iyi tarim uygulamalarinin hayata gecirilmesi
kritik Gneme sahiptir.

Bu calismadan elde edilen sonuglar, TGK’nin ilgili
yénetmeligindeki bazi pestisitlere ait maksimum ka-
linti limit degerlerinin guincellenmesi gerektigini, ben-
zer sekilde ulusal referans laboratuvarlarinin da alt
yap! ve metotlarini bu limit dederlere gére dizenle-
mesi gerektigini ortaya koymustur.
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Oz: Bu calismanin amaci, 3D lazer tarayici ve yazici kullanarak képek iskeletine ait bazi kemiklerin retilmesi ve 3D
kemiklerin egitimdeki etkinliginin arastiriimasidir. Bu amacla bir kdpek iskeletine ait scapula ve humerus 3D lazer tara-
yicl ile taranmig, 3D yazici kullanilarak 3D kemikler Uretilmistir. Sonrasinda 3D kemiklerin egitimdeki etkinliginin arasti-
rilmasi igin 6grenci gruplari tUzerinde pratik egitim ve ardindan sinav yapilmistir. Sonug olarak 3D kemiklerin, en az
gercek kemikler kadar egitimde basarili oldugu ortaya konulmustur.

Anahtar kelimeler: Anatomi, 3D, 3D modelleme, iskelet, kdpek

Investigation of the Production of Dog Scapula and Humerus 3D Prints and Their Effectiveness in Education
Abstract: The aim of this study is to produce some bones of the dog skeleton using a 3D laser scanner and a printer,
and to investigate the effectiveness of 3D bones in education. For this purpose, the scapula and humerus of a dog
skeleton were scanned with a 3D laser scanner, and 3D bones were produced using a 3D printer. Afterwards, practical
training and then an examination were conducted on student groups to investigate the effectiveness of 3D bones in

education. As a result, it has been shown that 3D bones are at least as successful in training as real bones.
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3D tarama teknolojisi; endiistri alaninda kullaniimakta
olup bilgisayar teknolojilerinin strekli gelismesi saye-
sinde insan vicudunu hizli bir sirede ve ylksek ¢o-
zunurltkle tarayabilir ve bilgisayara aktarabilir hale
gelmistir (Yiksel ve Bulut, 2019). Taranmak istenen
objenin 3D modelini elde edebilmek icin farkl acilar-
da birden fazla tarama gerekebilmektedir (Karasaka
ve Beg, 2021). Lazer tarayicilarin ¢calisma prensibi,
optik aynalar sayesinde, lazer isininin yatay ve disey
yonlerde ydnlendiriimesi ile modelin taramasina da-
yanir.

3D yazdirma teknolojisi ve 3D yazicilar, mimarlik, tip
ve daha birgok alanda siklikla kullaniimakta ve egitim
alaninda da giderek populerligi artmaktadir. 3D yazi-
cilarin en biyUk avantajlari ise maliyet ve zamandan
tasarruf saglamasinin yaninda ¢evre dostu olmasidir
(Kuzu Demir ve ark., 2016). 3D baski teknolojisi, bi-
yoteknoloji (insan dokusunun yenilenmesi), medikal
sektor (protez), gida (pasta), mimarlik (ev), endistri-
yel tasarim (araba) gibi birgok farkli dalda kullanim
alani bulmaktadir (Aydin ve Kiiglk, 2014). Teknoloji,
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birgcok alanda oldugu gibi, egitimde de o6grencilerin
derse olan ilgisini artirmak icin énemli bir role sahiptir
(Guler ve Erdem, 2014). Egitim basligi altinda 3D
yazicilar stratejik bir 6neme sahiptir. Yaraticiigi artir-
masindan dolay! teknik ve mekanik derslerde kullani-
mi yaygindir (Kékhan ve Ozcan, 2018). 3D teknoloji-
leri ayrica dis hekimliginde (Bulut, 2020), saglik egiti-
minde, klinik 6ncesi egitim ve uzmanlik egitiminde
kullaniimaktadir (Sezer ve Sahin, 2016).

Kompleks anatomik detaylar bilgisayar ekranindaki
3D gobrsellerden tam olarak anlasilmayabilmektedir.
Cogunlukla zorlu patolojik ve anatomik kosullarda, 3D
baski materyalleri 6grenmeyi kolaylastirdigi ve gelis-
tirdigi icin cerrahi uzmanlik egitiminde tercih edilmek-
tedir (Sezer ve Sahin, 2016). 3D baski materyalleri,
klinik dncesi saglik egditiminde, 6zellikle anatominin
daha kolay anlasiimasinda tercih edilir (Rengier ve
ark., 2010). 3D dijital objelerin elde edilmesi igin iki
ana yoéntem bulunmaktadir. Birincisi, istenilen objenin
3D ¢izim ve animasyon programlari ile sifirdan olus-
turulmasi, ikincisi ise, tarama yontemleri kullanilarak
cismin kopyalanmasi teknigidir. Tarama iglemi igin ¢
farkli cihaz ve teknik kullanilir: Bilgisayarli Tomografi
(BT), Magnetik Resonans (MR) ve Lazer tarayici.

3D baski, nadir érneklerin ¢ogaltiimasi ve buyik si-
niflara anatomik modellerin saglanmasi i¢in de bir
¢6zUm olabilir. Bu nedenle 3 boyutlu tarama ve yaz-
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dirma, kullanicilar igerik olugsturmaya tesvik ettigin-
den dolayl anatomi egitiminde 6nemli bir ilerlemedir
(Thomas ve ark., 2016).

3D baski kemik modellerinin &grenciler tarafindan
kabul edilebilirliginin ylksek oldugu ve bu nedenle
veteriner anatomi egitiminde 3D baski modellerinin
guvenilir bir alternatif oldugu bildiriimektedir (Li ve
ark., 2018).

Bu galismanin amaci; 3D lazer tarayici ve yazici kul-
lanarak kopek scapula ve humerus kemiklerinin elde
edilmesi, sonrasinda ise bu urlnlerin egitimdeki et-
kinliginin arastirimasidir. Bu ¢alismanin hipotezi; 3D
yazdirma teknolojilerini kullanarak Veteriner Hekimlik-
te daha hizli, modern ve etik osteolojik egitim mater-
yalleri ile yapilan uygulama egitiminin en az gergek
materyaller ile yapilan uygulama egitimi kadar basari-
Il oldugu seklindedir.

Gereg ve Yontem
Hayvan materyali

Bu galigmanin yapilabilmesi igin éncelikli olarak, ERU
Hayvan Deneyleri Yerel Etik Kurulundan onay alindi
(Etik Kurul Tarih - Karar No: 03.03.2022-22/051). Bu
galismada kullanilan hayvan materyali, Erciyes Uni-
versitesi Veteriner Hekimligi Fakultesi Anatomi Labo-
ratuvarinda, uygulama derslerinde kullanilan kdpek
iskeletidir.

Birlestiriimis kopek iskeletindeki sag ve sol tarafa ait
scapula ve humerus kemikleri 6zenli bir sekilde iske-
letten ayrildi ve temizlenerek taramaya hazir hale
getirildi.

Tarama

Bu galismada, Creality 3D scanner ve Shining EinS-
can SP 3D tarayici modeli kullanildi. Uygun ortam
kosullar saglandi (1sik vb.). Kdpek iskeletinde bulu-
nan iki scapula ve iki humerus olmak lizere toplam
dort kemik tarandi. Her kemik dogrudan tarayici tab-
lasina yerlestiriimedi. Tarayicinin okunmasini kolay-
lastirmak amaciyla, kemige uygun konum ve dogru
acl bulunabilmesi icin, kemikler 6zel aparatlar ile des-
teklendi. Her bir yiz taranip, farkh bir ylize gegildigin-
de mesh yapildi. Béylece bir bitin kemik modeli elde
edildi. Bitlin anatomik yapi ve ayrintilarin tarandigin-
dan emin olunana kadar ayni kemikler birka¢ kez
tarandi (Sekil 1). Elde edilen model ile orijinal kemikte
bulunan anatomik ayrintilar var/yok seklinde kiyas-
landi. Her bir ayrintinin tarandiyindan emin olundu-
gunda STL (Standard Triangle Language) dosyasina
kemiklerin isimleri belirtilerek kaydedildi.
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Sekil 1. Tarama iglemi.

Yazdirma

Calismada, Creality CR- 6 SE (Ender CR-6 Second
Edition, Type: FDM) yazici modeli kullanildi. Dilimle-
me ve g-code olusturma iglemleri igin Ultimaker Cura
(V 5.1.1) programi kullanildi. Modellerin orijinal boyut-
larinda herhangi bir degisiklik ve 6lgeklendirme yapil-
madan 1:1 oraninda modelleme yapilmistir. STL dos-
yasi seklinde kayith olan kemik modelleri yazici mo-
delleyicisinde yeterli hiz ve yeterli detayda model
verecek sekilde, kemiklerin anatomik 6zelliklerine
gére modellendi. Birgok farkli deneme yaparak yazi-
cinin bu boyutlarda en ideal kemikleri yazabilmesi
icin, optimum parametreler asagidaki tabloda (Tablo
1) belirtildigi sekilde tespit edildi.
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Tablo 1. Yazici parametreleri

imdat ORHAN

Katman Yiiksekligi
Dolgu Yogunlugu
Yazdirma Hizi

Destek Yapisi

Destek Ara Yiizi Sekli
Yazdirma Sicakligi

0.2
20.0
50
Normal
Izgara
200.0

Bu ¢alismanin ikinci bélimi olan élgme ve degerlen-
dirme asamasinda yapilacak sinavda, cartilago sca-
pula yapisi mevcut olmayan scapula ve humerus
kemigi kullanilacagi i¢in, laboratuvar ortaminda bulu-
nan masa ve 6grenci sayisina uygun olacak sekilde
3D yapay humerus ve cartilago’su olmayan scapula
yazdirildi (sad/sol) (Sekil 2).

Sekil 2. Sinav materyaline uygun scapula (sol/sag)
ve humerus (sag) modeli. (lateral gériiniim).

Sinav

Sinava tabii tutulan égrenciler, Erciyes Universtesi
Veteriner Hekimligi Fakiltesini yeni kazanmis ve
Anatomi dersini ilk kez alan égrencilerdir. Ogrencilere
calismaya baslamadan dénce bilgilendirme yapildi ve
onam formlari imzalatildi. Toplam birinci sinifa kayith
102 6grenci bu cgalismaya katildi. Sinav materyali
olarak kullanilacak scapula ve humerus kemikleri
teorik derste, her iki subeye de gruplara ayriimadan
anlatildi. Bu 6grenciler Universiteye giris basari puan-
larina gore dengeli olarak iki gruba ayrildi. Bu grup-
lardan birisi kontrol grubu, digeri deney grubu olarak
isimlendirildi. Birbirinden bagimsiz giriglere sahip
laboratuvarda deney ve kontrol grubu &grencilerin
birbirlerini ve calisma materyallerini gérmemesi 6zel-
likle saglandi. Kontrol grubunda bulunan 6grenciler,
gercek kemik olan scapula ve humerus ile galisti.
Deney grubu olan dgrenciler, 3D scapula ve humerus
ile galisti. Bu sirada kemikler Uzerindeki cikintilar
kontrollii bir sekilde yardimci egitmenler tarafindan,
bir saatlik pratik ders siresi boyunca her iki gruptaki
ogrencilere de anlatildi.

Bu surenin sonunda, zilli sinava gegildi (Sekil 3). Si-
nav igin kedi, kopek ve tavsan kemiklerinden olusan
sadece gercek kemikler kullanildi. Gergek kemikler

ile galisan (kontrol grubu) ve 3D kemikler ile ¢alisan
ogrencilere (deney grubu), iki farkli kemikten toplam-
da 10 soru soruldu. Scapula ve humerus kemikleri

icin sorular su sekilde dizayn edilmistir.

Soru Humerus igin Scapula igin
no sorular sorular

1 Bu kemigin adi Bu kemigin adi
nedir? nedir?

2 Bu kemik hangi Bu kemik hangi
hayvana aittir? hayvana aittir?

3 Bu kemidin yo6ni Bu kemigin yoni
nedir (sag/sol)? nedir (sag/sol)?

5 Kemik Uzerinde Kemik Uzerinde
kirmizi renk ile kirmizi renk ile
cevrelenmis deligin  boyanmis yapinin
adi nedir? adi nedir?

5 Kemik Uzerinde Kemik Uzerinde
mavi renk ile mavi renk ile bo-

boyanmis  yapinin
adi nedir?

yanmig yapinin adi
nedir?

Sekil 3. Sinav ortami.
Anket

Anket slirecinde; her iki gruptaki 6grenciler de karisik
olarak laboratuvara alindi ve calisma masalarinda
hem gergek kemikler, hem de 3D kemikler konularak
uygulama yapmalari saglandi. Sonrasinda égrencile-
re anketler dagitilarak, yanitlamalari igin sure tanindi.
Anketlerde ¢alisma konusu ile ilgili sorularin yanisira,
arastirma hakkinda bilgi iceren kisa bir bolim, uygu-
lama sonrasi kazanimlarla ilgili gorusler ve bilgilendi-
rilmis gondlli onam formlar da yer almaktadir.
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Veriler SPSS for Windows 22.0 istatistik paket prog-
rami araciligiyla ¢ézimlendi. Kategorik degdiskenler
sayl ve ylzde dagihmlariyla sunuldu. Sirekli degis-
kenlerin ortalama ve standart sapmasi hesaplandi.
Degiskenlerin normal dagihma uygunlugu Kolmogo-
rov-Smirnov testi ile yapilmig ve verilerin normal da-
gilim géstermedigi belirlenmistir (P<0.05). Istatistiksel
¢ozimlemede; Pearson Ki-kare Testi, Fisher'in Kesin
Testi, Mann-Whitney U Testi ve Spearman korelas-
yon analizi kullanildi. Istatistiksel anlamlilik diizeyi
P<0.05 olarak kabul edildi.

Bulgular

Kopek iskeletine ait sag ve sol scapula ve humerus
olmak Uzere toplam doért kemik basariyla tarandi.
Kdpek iskeletine ait sag ve sol scapula ve humerus
olmak uzere toplan dort kemik basariyla yazdirildi.
Kemikler tzerinde, yazicinin filament izlerinin oldugu
gbzlendi. Bu izlerin, kemiklerin normal anatomik yapi-
larini etkilemedigi, bu tip ylzey tirtiklar olusan kemik-
ler igin, torpuleme islemlerinin olumlu sonuglar verdigi
g6zlendi.

Kdpek iskeletine ait gercek kemikler, 3D dijital kemik-
ler ve 3D kemikler kendi iclerinde birbirleriyle kiyas-
landiginda, anatomik yapilar bakimindan birbirlerine
benzerlik oranlarinin ¢ok ylUksek oldugu géruldi

Sekil 4. Scapula iskeleti, dijital gériinim ve 3D yazici
modeli.: A. Gergek kemik, B. 3D dijital kemik, C. 3D
kemik.

p—— ]

—
Sekil 5. Humerus iskeleti, dijital gérinim ve 3D yazi-
ci modeli. A. Gergek kemik, B. 3D dijital kemik, C. 3D
kemik.
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(Sekil 4, 5). Bu benzerligin kiyaslamasi i¢cin Nomina
Anatomica’da bulunan yapilarin tek tek incelenerek
her ¢ materyalde de bu yapilarin varligi belirlendi.
Bu yéntemle inceleme yapildiginda birbirlerine ben-
zerlik oranlarinin %100 oldugdu belirlendi. Ogrencilere
uygulanan sinavlarin sonuglarina gére ve yapilan
anketlerin de sonuglari degerlendirildiginde, bu ben-
zerlik oraninin egitim kalitesini etkilemeyecek kadar
basarili oldugu tespit edildi.

Ogrencilerin sinav kagitlar tek bir egitmen tarafindan
degerlendirildi ve sinavdan alinan notlarin (Tablo 2,
Sekil 6) ortalamasi deney ve kontrol grubunda ayri
ayri hesaplandiginda su sonug elde edildi:

D
:61.96078 (Deney grubu)

1 61.37255 (Kontrol grubu)

Buradan edinilen sonuca goére, deney grubunun elde
ettigi basari, kontrol grubunun elde ettidi basaridan
daha fazladir. Iki grup arasinda sayisal olarak gok
biyuk fark olmamasi, 3D materyalleri ile yapilan uy-
gulama egitiminin en az gercek materyaller ile yapi-
lan uygulama egitimi kadar basarili oldugu hipotezi-
mizin dogrulugunu kanitlamaktadir.

Ogrencilere uygulanan anketlerin sonuglari Tablo 3'te
gosterilmigtir. Calismaya katilan 6grencilerden, 3D
kemiklerin en az gercek kemikler kadar 6gretici oldu-
gu konusunda, “Tamamen Katiliyorum” ve
“Katiliyorum” segimini yapan 06grenciler %57’lik bir
cogunluk  olusturmaktadir. Ayrica bu soruya
“Tamamen Katiliyorum” diyen &grencilerin sayisi
deney grubunda kontrol grubuna gére, anlamli olarak
daha fazla bulunmustur (P<0.05).
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Tablo 2. Deney ve kontrol grubunda elde edilen sinav sonucu
Alinan 10 25 30 35 40 45 50 55 60 65 70 75 80 85 90 Toplam

Not

Kisi 1 3 2 2 1 4 11 11

Sayisi

19 12 8 11 13 1 3 102

Smav Sonucu
100
90
20
70
60
50
40
30
20
10

&}
1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47 49 51

deney kontrol

Sekil 6. Deney ve kontrol grubunun basgari grafigi.

Bu calismaya katilan dgrencilerin yaklasik olarak %
60’1 3D kemiklerin hijyen konusunda kendilerini rahat
hissettirdigini bildirmislerdir. Ankette yer alan diger
tanimlayici sorulara verilen cevaplarda, iki grup ara-
sinda anlamli bir fark gérilmemistir (P>0.05, Tablo
3).

Tablo 3. Anket sorulari ve sonuglari.

Tartisma ve Sonug

Literatlrde bircok kaynakta belirtildigi gibi MR ve BT
tarama yéntemleri sagdlik alaninda, 6zellikle de canli-
nin i¢ yapilarinin gérintilenmesi amaciyla kullanilan
fakat ulasilabilirlik ve maliyet agisindan uygun olma-
yan tekniklerdir (Aydoddu ve ark., 2017; Bahar ve
ark., 2019; Yuksel, 2019). Bu calismada, lazer tara-
ma metodunun segilmesi, kemiklerin sadece dis yapi-
larinin kemik kopyalama agisindan yeterli olmasi
nedeniyledir. Sadece kdpek kemiklerinin Uretilmesi, i¢
yapilarinin bu calisma i¢in gerekli olmamasi, ylzey
tarama iglemini yeterli kilmigtir.

Daha 6nce Saritas ve ark. (2019) tarafindan yapilan
calismada, nesnenin her acidan gorinusunu elde
edebilmek icin, birgok agidan birden fazla tarama
yapllmasina ihtiya¢g duyuldugu belirtilmistir (Saritas
ve ark., 2019). Bu durum bu calismada da ortaya

Deney grubu Kontrol grubu P*
(n=51) (n=51)
n (%) n (%)
Kopek 3D kemikler, Tamamen Katiliyorum 8 (15.7) 1(2.0) <0.001
uygulama egitiminde en Katiliyorum 25 (49.0) 24 (47.1)
az gergek kemikler kadar Kararsizim 4 (7.8) 12 (23.5)
Ogreticiydi. Katilmiyorum 12 (23.5) 4(7.8)
Kesinlikle Katilmiyorum 2(3.9) 10 (19.6)
Gercek kemikler olmasa Tamamen Katiliyorum 7(13.7) 4 (7.8) 0.217
da aymi konuyu sadece Katiliyorum 14 (27.5) 12 (23.5)
kopek 3D kemikleriyle de  Kararsizim 16 (31.4) 15 (29.4)
ogrenebilirim. Katilmiyorum 11(21.6) 9 (17.6)
KesinlikleKatiimiyorum 3(5.9) 11 (21.6)
Kopek 3D kemiklerin Tamamen Katiliyorum 5(9.8) 3(5.9) 0.236
lizerindeki detaylar gayet Katiliyorum 17 (33.3) 19 (37.3)
basarihyd. Kararsizim 14 (27.5) 11 (21.6)
Katilmiyorum 12 (23.5) 8 (15.7)
Kesinlikle Katilmiyorum 3(5.9) 10 (19.6)
Kopek 3D kemiklerin Tamamen Katiliyorum 11 (21.6) 11 (21.6) 0.990
plastikten yapilmisg Katiliyorum 20 (39.2) 20 (37.3)
olm_aS| hijyen konusunda kararsizim 8 (15.7) 7 (13.7)
beni rahatlatti. Katilmiyorum 9(17.6) 11 (21.6)
KesinlikleKatiimiyorum 3(5.9) 3(5.9)
Kopek 3D kemik Tamamen Katiliyorum 7(13.7) 5(9.8) 0.584
uygulama materyallerinin  Katiliyorum 11 (21.6) 9 (17.6)
bir canliya ait olmadigini  K5rarsizim 13 (25.5) 12 (23.5)
';’;m‘:';lisiiftktﬁ'd"i"k olarak  ahimiyorum 11 (21.6) 18 (35.3)
) KesinlikleKatilmiyorum 9(17.6) 7(13.7)
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¢ikmistir. Tarayicinin sahip oldugu “auto align” 6zelli-
di sayesinde, nesnenin doner tabla tzerine farkh po-
zisyonlarda konuldugunda, kendisine referans olarak
belirledigi noktalardan eglestirme yaparak taranma-
mis ylzeylerin tamamlanmasini saglamaktadir.

FDM tipi yazicilarda kullanilan PLA flamentleri ile
uretilen materyaller sert olabilmektedir (Yavuz ve
Yiimaz, 2021). Bu sertlik aslinda kemik Uretimi igin
olmasini istedigimiz bir 6zelliktir. Sertlik ayni zaman-
da kemiklere saglamlik da katmistir. Sert olmasina
ragmen bir kemik kadar kirilgan olmadidi disundl-
mektedir.

3D yazicilarin ofis ortaminda, rahatlikla kullanilabilir
oldugu bilinmektedir (Celik ve ark., 2013). Calisma-
mizda da, ofis ortaminda tarama ve yazdirma iglem-
leri kolaylikla yapilmigtir. Anatomi laboratuvarlarinin
c¢alisma ortamlari disinildiginde, 3D kemiklerin
Uretim suregleri ve Urtnler agisindan hem saglik hem
de canli materyal kullanimindaki etik problemler ne-
deniyle tercih edilebilir oldugu distinilmektedir.

Literatlirde, kadavra ve deney hayvanlari Gzerindeki
uygulamalar yerine 3D plastik modeller ve bilgisayar
teknolojileri gibi araglarin kullaniminin, etik agidan
daha tercih edilebilir olmasindan bahsedilmektedir
(Balcombe, 2001). Bu cgalismada ise, Ogrencilere
yapilan ankette , “Képek 3D kemik uygulama mater-
yallerinin bir canliya ait olmadigini bilmek psikolojik
olarak rahat hissettirdi” ifadesine verilen olumlu go-
rus, yaklasik %32 olmustur. Bu oranin diisiik olmasi-
nin sebebinin, 6grencilerin hekimlik egitimine yeni
baslamis olmasi ve bu konunun énemini heniiz bilmi-
yor olduklarindan kaynaklandigi disiinulmektedir.

Thomas ve ark. (2016) yaptig1 ¢alismada kullandigi
kurbaga ve kopek baligi iskeletinin 3D dijital ve plas-
tik olarak elde etmis ve bunlarin birbirleri arasindaki
benzerlik oranlarini, bir tablo seklinde bazi anatomik
yapilarin varligi ve yoklugu Uzerine degerlendirmeler
yaparak belirlemistir. Yizdelik olarak bir benzerlik
degeri verilmeyen bu ¢alismada kurbaga iskeleti igin
48 yapidan 44’Gnin dijital iskelette var oldugunu bil-
dirmektedir. Bu ¢alismada kullanilan kurbaga kemik-
leri, mevcut ¢alismada kullandigimiz scapula ve hu-
merus kemiklerine gére daha kuguk ve daha fazla
anatomik detaya sahiptir. Bu nedenle Thomas ve ark.
(2016)'nin kullandi§i benzerlik degerlendirme ydnte-
mi mevcut ¢calismada kullaniimamigtir.

Li ve ark. (2018) tarafindan yapilan galismada yetig-
kin bir sigira ait femur, costae ve altinci cervical ver-
tebra kemikleri lazer tarayici ile taranmis ve 3D yazi-
cidan plastik kemikler de Uretilmigtir. Sonrasinda hem
dijital model hem de plastik kemik, gergek kemikler ile
kiyaslanmistir. Uygulamada bu plastik kemikleri kulla-
nan ogrencilere de anket yapilmistir. Egitimdeki ba-
sarisinin dlgimlenmedigi bu g¢alismada yapilan an-
ketlerin sonuglarinin mevcut ¢alismadaki ile benzer
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oldugu goérulmistir. Mevcut galismada farkli olarak
ogrencilere sinav yapilmis ve egitimdeki basarisi
olctlmeye galisiimigtir.

Yapilan bir c¢alisma sonucunda, plastik modellerin
diger egitim araglarina secenek olabilecegdi, fakat
kullanilabilirligi hakkinda, &égrencilerin “kararsiz” ol-
duklari ifade edilmigtir (Gultiken, 2012). Bu ¢alismada
yapilan ankette, “Gergek kemikler olmasa da, ayni
konuyu sadece képek 3D kemikleriyle de dgrenebili-
rim” ifadesine verilen olumlu yanit %36 iken, karar-
sizlar %30, olumsuz yanit verenler ise %34 olmustur.
Bu sonucun da, literatiirde yapilan ¢alismanin sonu-
cuna benzer sekilde 6grencilerin tek alternatif olarak
disunmelerinin “kararsiz” oldugu goérulmektedir. Bu-
na ragmen, yapilan sinav sonucunun, iki grup arasin-
da da esit olmasi, Ogreticilik bakimindan alternatif
olarak kullanilabilirligini ortaya koymaktadir. Bir baska
calismada (Ozen ve ark., 2009; Ozen ve Ozen,
2010), 6grencilerin hayvan kullaniminin sart oldugu-
nu beyan etmis olmalari, bu galismamizdaki sonuglar
ile kargilastinildiginda, ¢calismamiza katilan dgrencile-
rin daha ihml oldugunu géstermektedir.

Literatlrde, kalbin ylzey anatomisinin &gretiimesin-
de, 3D materyalin etkinliginin ortaya konuldugu calig-
mada, 3D modellerinin dgrencinin basarisinda her-
hangi bir dezavantaj olusturmadigi sonucuna varil-
mistir (Lim ve ark., 2016). Bu g¢alismada da, literatur
ile paralel olarak iki grup arasindaki basari durumu-
nun birbirinden farkli olmamasi, 3D materyallerin
Ogdreticilik agisindan negatif bir durum olusturmadigini
gOstermektedir.

Calisma yapilan iki 6grenci grubunun, sinav basarisi
arasinda sayisal olarak ¢ok buyik fark olmamasi,
hipotezimiz olan, 3D kemikler ile yapilan uygulama
egitiminin, en az gercek kemikler ile yapilan uygula-
ma egitimi kadar basaril oldugunu géstermistir.

Bu c¢alismaya katilan 6grencilerin yaklasik olarak %
60’1inin, 3D kemiklerin hijyen konusunda kendilerini
rahat hissettirmis olmasi, 3D kemiklerin biyogilivenlik
acisindan kullanici tercihi bir materyal oldugunu goés-
termektedir.

3D kemiklerin egditimdeki etkinliginin kanitlanmis oldu-
gu bu galisma siresince birebir deneyimlemis oldu-
gumuz avantajlar sunlardir:

Hayvan materyali olmadigi icin, etik agidan ve psiko-
lojik agidan higbir probleminin olmamasi,

Organik olmamasi ve bundan dolay! hijyenik ve sagli-
ga zararsiz olmasi,

Elde edilme yodnteminin, geleneksel metotlara gore
¢ok daha kolay olmasi,

Ozel saklama kosullar gerektirmemesi, her ortamda
rahatlkla ¢alisilabilir olmasi,
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Elde edilmis olan dijital kemiklerin, argivlenerek iste-
nilen zamanlarda, istenilen miktarlarda ve istenilen
boyutlarda 3D kemikler elde edilebilir olmasi.

Bu caligmada uretilen materyallerin sinirli kaldigi alan
kemiklerin igyapilandir. Lazer yizey tarayici ile tara-
ma yapildidi icin sadece kemiklerin ylUzeyleri taran-
mis, igyapilart degerlendiriimemistir. Bu materyaller
ile kemigin icyapisi konusunda bilgi sahibi olmak
muimkun degildir.

Sonug olarak; 3D teknolojiler kullanilarak elde edilmis
olan kemiklerin egitimdeki etkinligi agikga ortaya ko-
nulmustur. Ayrica kullanicilarin kisa sireli ve sinirh
miktarda materyal ile calismis olmalarina ragmen, 3D
kemiklerin tercih edilebilir oldugunu beyan etmeleri,
bu teknolojinin, anatomi laboratuvarlarindaki eksikleri
gidermede ¢ok faydali olacagini gostermektedir.

ilerleyen calismalarda, Uretilmis olan 3D kemiklere
dayaniklilik-cekme-germe testlerinin de yapilarak,
gercek kemikler ile aralarindaki farklilik ve benzerlik-
leri ortaya konulabilir. Ayrica yapilacak yeni ¢alisma-
larda, 3D kemiklerin agirliklarinin tartilarak, gercek
kemikler ile aralarindaki farklidin ortaya konulmasi,
3D kemiklerin hafif olmasi durumunda, agirhgin arti-
rilmasi i¢in dolgu miktarinda yapilacak degisiklikler ile
bu parametrelerin belirlenmesi saglanabilir. Sadece
kemiklerin disg ylzeylerinin taranarak, dis anatomik
yapilarinin olusturuldugu bu teknikte 3D kemiklere
uygulanacak intramedullar pin, levha, vida gibi cerra-
hi girisimlerde, gercek kemiklere kiyaslandiginda
mevcut durumlarini ortaya koyacak galismalar yapila-
bilir.
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Oz: Staphylococcus aureus ve Stafilokokal Enterotoksinler (SE), hastane ve toplum kaynakli hastaliklarla iligkili ciddi
bir halk saghgi sorunudur. Ozellikle siit hayvanlarindan gi§ site gegen S. aureus, insanlarda gida zehirlenmelerine yol
acmaktadir. Bu galismada, Kayseri bolgesinde satisa sunulan 500 ¢ig sut 6rnegindeki (inek siti=200; koyun s(itii=200;
manda suti= 100) S. aureus ve SE’lerin prevalans ve cesitliligi PCR ve ELISA yontemleri ile arastirildi. Analiz edilen
sit érneklerinin 380’inden (%76) koaglilaz pozitif S. aureus (KPS) izole edildi. PCR testi ile KPS izolatlarinin 136’s1 (%
35.7) S. aureus olarak identifiye edildi. Bu izolatlarin 52’si koyun, 48’i inek ve 36’si manda siitlerine ait idi. Belirlenen
136 izolatin m-PCR metodu ile incelenmesi sonucunda, 16 izolatin SE genlerinden en az birini igerdigi gdzlendi. Bu
genlerin 6’sinin sea, 1'inin seb, 4’Unln sec ve 5'inin sed geni oldugu belirlendi. ELISA testi sonucu, ¢ig sitlerdeki ente-
rotoksin dagihimlari ise; SEA: 2 inek, 1 koyun ve 1 manda; SEC: 2 manda ve 1 inek; SED: 1 inek ve 2 koyun seklinde
idi. Sonug olarak bu galisma, Kayseri bolgesinde satisa sunulan ¢ig sitlerde S. aureus ve SE’lerin varligini ortaya ko-
yarak, sitte gida glivenligi ve halk saghigi igin iyi Gretim uygulamalari (Good manufacturing practices; GMP), personel
hijyeni ve egitimi, ciftlik ve ekipmanlarin sanitasyonu, meme hijyeni ve sagligi ve tehlike analizleri ve kritik kontrol nok-
talari (Hazard Analysis and Critical Control Points; HACCP) uygulamalari ile kontaminasyon riskinin azaltiimasinin
Onemini gostermektedir.

Anahtar kelimeler: Cig sit, halk saghgi, S. aureus, stafilokokkal enterotoksinler

Investigation of the Presence of Staphylococcus aureus and Staphylococcal Enterotoxins in Raw Milk of
Various Animal Species

Abstract: Staphylococcus aureus and Staphylococcal Enterotoxins (SE) are a serious public health issue associated
with hospital- and community-acquired diseases. S. aureus, especially transmitted from dairy animals to raw milk,
causes food poisoning in humans. In this study, the prevalence and disruption of S. aureus and SEs in 500 raw milk
samples (cow milk= 200; sheep milk= 200; buffalo milk= 100), offered for sale in the Kayseri region, were investigated
by PCR and ELISA methods. Coagulase positive S. aureus (CoPS) was isolated from 380 (76%) of the analysed milk
samples. According to the PCR test, 136 (35.7%) of the CoPS isolates were identified as S. aureus, 52 of these iso-
lates belonged to sheep, 48 to cow and 36 to buffalo milk. Among the 136 isolates, 16 of them found to contain at least
one of the SE genes with the m-PCR method. It was determined that 6 of these genes were sea, 1 was seb, 4 was sec
and 5 was sed. According to the ELISA test, enterotoxin distributions in raw milks are SEA: 2 cow’s, 1 sheep and 1
buffalo; SEC: 2 buffalo’s and 1 cow; SED: 1 cow and 2 sheep. As a result, this study revealed the presence of S. aure-
us and SEs in raw milk sold in the Kayseri region and shows the importance of reducing the risk of contamination
through good manufacturing practices (GMP), personnel hygiene and training, sanitation of farms and equipment, ud-
der hygiene and health and Hazard Analysis and Critical Control Points (HACCP) applications for food safety and pub-
lic health in milk.

Key words: Public health, raw milk, S. aureus, staphylococcal enterotoxins

Girig

Gidalar, patojen zoonoz mikroorganizmalarin tasin-
masinda bilinen en énemli kaynaklardandir. Bu pato-
jenlerin yol actigi gida kaynakh enfeksiyonlar, 6nemli
bir halk sagligi riski olusturarak her yil global dlgekte
6nemli ekonomik kayiplara sebep olmaktadir (Garcia
ve ark., 2020). Insan diyetinde 6nemli bir yeri olan
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sut, zengin besin icerigi ve nétral pH’si sebebiyle
faydal ve patojen mikroorganizmalarin Uremesi ve
tasinmasinda énemli bir gidadir (Sudhanthiramani ve
ark., 2015). Bu baglamda ¢ig sttler, Brucella spp.,
Campylobacter spp., Escherichia coli, Listeria mo-
nocytogenes, Mycobacterium spp. ve Salmonella
spp., gibi patojenleri ve bakteriyel toksinleri tagiyarak
gida kaynakh hastaliklara sebep olmaktadir
(Dhanashekar ve ark., 2012). Bu patojenlerin arasin-
da, saglikli insan ve hayvanlarin mukoza ve deri flo-
rasinda bulunan gram-pozitif Staphylococcus aureus,
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salgiladiklari Stafilokokkal Enterotoksinler (SE) ile
dinya genelinde gida kaynakli gastroenteritisin ana
sebeplerinden biri olarak kabul edilmektedir (Oliveira
ve ark., 2018). Stafilokokkal gida zehirlenmelerinden
siklikla insan kaynakli S. aureus susglari sorumlu tu-
tulsa da ¢ig sut, ¢ig sut peynirleri, ¢ig veya pismis et
gibi hayvansal orijinli suglar da enterotoksijenik S.
aureus’lar icin dnemli bir kaynak olarak kabul edil-
mektedir (Zhang ve ark., 2022). Gidalarin toplanma,
isleme, tasinma, depolama, pisirme veya servis ve
muhafaza asamalarinda Staphylococcus turleri ile
kontamine olmasi veya toksin Uretmelerini destekle-
yecek ortamlarin olusmasi Stafilokokkal gida zehir-
lenmelerine yol agmaktadir (Hennekinne ve ark.,
2012). Bu toksinler arasinda klasik SE'ler olarak ka-
bul edilen SEA, SEB, SEC, SED ve SEE, et ve siit
urlinleri gibi protein agisindan zengin gidalarda, uy-
gun Ureme kosullarinda (10-46°C ve pH 5-9), entero-
toksijenik S. aureus suslarinin yiksek yogunluklarda
cogalmasindan sonra Uretilir (Sankomkai ve ark.,
2020). Bunlar arasinda, gida zehirlenmeleri olgularin-
da en ¢ok SEA enterotoksini gérilmekle birlikte bunu
sirasityla SED ve SEB izlemektedir (Liu ve ark.,,
2022). SE proteinleri, isi, dondurma, kurutma ve di-
stk pH gibi kriterlere ylksek direng gostermekte ve
gastrointestinal sistemde bulunan proteaz etkili en-
zimlere kargi kolayca hidrolize olmamalari onlari gida
glvenligi ve halk saghgdi agisindan dénemli bir risk
haline getirmektedir (Hennekinne ve ark., 2012; Liu
ve ark., 2022). SE’lerin tliketiminden sonra, gastroin-
testinal konjesyon ve 6dem, elektrolit metabolizma
bozukluklari, ishal, abdominal agri, vagus sinirinin
uyarimiyla kusma gibi semptomlar gézlenirken, daha
siddetli vakalarda tum vicut doku ve organlarinda
purulent enfeksiyon, pndmoni, sepsis ve toksik sok
sendromu sekillenebilmektedir (Hennekinne ve ark.,
2012). SE'lerin minimum enfektif dozu 1 pg'dir ve
gidalardaki S. aureus sayisi 10° cfu/ml veya g'nin
Uzerinde oldugunda goriindr hale gelmektedir. Ancak
100-200 ng SE'nin alinmasi duyarh hastalarda Stafi-
lokokal gida zehirlenmesine neden olabilmektedir
(Ahmed ve ark., 2019). Gidalardaki SE varliginin
tespitinde, immunoassay, immunodiflizyon, radyoim-
mun, lateks aglutinasyon ve cift jel difizyon yéntem-
leri kullanilmaktadir (Féraudet Tarisse ve ark., 2021).
Enterotoksin genlerinin varligi ise Polimeraz Zincir
Reaksiyonu (Polimerase Chain Reaction, PCR) yon-
temi veya ilmige Dayali izotermal Amplifikasyon
(Loop Mediated Isothermal Amplification, LAMP) yon-
temleri ile tespit edilmektedir (Goto ve ark., 2007; Yin
ve ark., 2016). Bu galismada, Kayseri bolgesindeki
farkli hayvan tirlerine ait ¢ig sitlerde enterotoksijenik
S. aureus varliginin arastiriimasi, ¢ig sutlerin klasik
SE ile kontaminasyon durumlarinin belilenmesi ve
elde edilen izolatlarda SE genlerin tespit edilmesi ve
dolayisiyla ¢ig sitin halk saghgi agisindan givenilirli-
ginin degerlendiriimesi amaclandi.
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Gereg ve Yontem
Siit érnekleri

Calisma kapsaminda, Mart 2015- Agustos 2016 tarih-
leri arasinda Kayseri ilinde satisa sunulan farkli hay-
van turlerine ait toplam 500 adet ¢ig sit (200 koyun
sutl, 100 manda st ve 200 inek sitl) toplandi. St
ornekleri steril posetler igerisine her biri 500 mL ola-
cak sekilde aseptik sartlarda alinarak soguk zincirde
laboratuvara getirildi ve 1-2 saat icinde S. aureus
varligi agisindan analiz edildi.

Siit érneklerinde S. aureus izolasyonu

Sut 6rneklerinden S. aureus izolasyonu daha 6nce
ISO 6888-1 standart prosediriinde (ISO, 1999) ta-
nimlandigi gibi gergeklestirildi. Kisaca her bir sut or-
neginin 25 mL’si 225 mL steril tamponlanmis pepton-
lu su ile (Oxoid CM0509) ile homojenize edildikten
sonra on kat seri (107-10™) diliisyonlari hazirlandi.
Her bir dilisyon %5 yumurta sarisi ve tellurit (Merck,
Almanya) iceren Braid-Parker Agar Besiyeri (BPM;
Oxoid, ingiltere) Gizerine yayma plak yéntemi ile ekile-
rek 37°C'de 24 saat inkiibe edildi. inkiibasyon siiresi
sonrasinda, gri ve siyah renkli berrak bolgeyle cevre-
lenmis karakteristik koloniler stafilokok stpheli olarak
degerlendirildi. BPM'de Ureyen slpheli kolonilerden
besi secilerek kanli agara (Merck,Almanya) pasajlan-
di ve 37°C'de 24 saat inkibe edildi. Kanl agarda
biyuyen koloniler Gram boyama, koagiilaz, katalaz
ve oksidaz testlerine tabii tutuldu. Gram pozitif, kata-
laz pozitif, oksidazi negatif ve koagulaz pozitif olan
koloniler PCR ile test edildi.

DNA ekstraksiyonu

Fenotipik testler ile tespit edilen koagulaz pozitif Stafi-
lokok izolatlarinin (KPS) genomik DNA’si (gDNA),
izolatlarin Brain Heart Infusion Broth'ta (Merck, Al-
manya) 37°C'de18 saat boyunca inkiibasyonu sonu-
cu elde edilen taze kultlrlerinden InstaGene™ Matrix
kiti (BIO-RAD, ABD) kullanilarak uretici firma talimat-
larina gore ekstrakte edildi.

izolatlarda nuc geninin belirlenmesi

Calisma kapsaminda sut Orneklerinden elde edilen
KPS pozitif izolatlarinin DNA’s1, S. aureus 'un islya
direncli niikleaz genini kodlayan nuc(A) geninin belir-
lenmesi amaci ile Tablo 1'de belirtilen spesifik primer-
ler kullanilarak PCR analizine tabii tutuldu. PCR reak-
siyon karisimi toplam hacmi 50 uL olacak sekilde; 1 x
PCR tamponu (Thermo, ABD), 200 uM dNTP karisi-
mi (Thermo, ABD), 1.5 mM MgCl, (Thermo, ABD), 2
U Taq polimeraz, 30 pmol her bir primer ¢ifti (NUC-
F166 ve NUC-R565) ve 5 pL sablon DNA'dan olustu.
PCR kosullar: 94°C 5 dk Ik denatiirasyonu takiben,
30 siklustan olusan 94°C'de 1 dk denatiirasyon, 56°
C'de 1 dk primer baglanmasi, 68°C'de 1 dk uzama ve
daha sonra tek siklustan olusan 72°C'de 7dk son
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uzama asamalarinda gerceklestirildi (Cremonesi ve
ark., 2005).

S. aureus pozitif izolatlarda klasik S. aureus ente-
rotoksin genlerinin belirlenmesi

izolatlarda klasik SE genlerinin (sea, seb, sec, sed ve
see) varligi Ertas ve ark. (2010) tarafindan kullanilan
metoda gore multipleks PCR (m-PCR) ile belirlendi.
Kisaca, PCR reaksiyon karigimi, 2.5 uL sablon DNA,
1 x PCR tamponu, 1 U Taq polimeraz (Vivantis), 0.2
uM dNTP Karnigimlan (Vivantis), 4 mM MgCl,
(Vivantis) ve Tablo 1’de belirtilen analiz edilen toksin-
ler icin spesifik primerlerin (SA-U, SA-A, SA-B, SA-C/
ENT-C, SA-D) her birinden 25 pmol olacak sekilde
total 25 pL hacimde hazirlandi. PCR amplifikasyonu,
5 dakika boyunca 94°C'lik bir baslangi¢ denatlrasyo-
nunun ardindan, 94 °C’de 30 sn, 50°C ‘de 30 sn ve
72°C'de 30 sn’den olusan 35 siklus ve 72 °C'de 2 dk.
tek siklustan olusan son uzatma asamalarindan olus-
tu.
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roplakalar 37°C'de bir saat inkibe edildikten sonra
otomatik yikayicida yikama solusyonu kullanilarak 6
kez yikandi. Sonrasinda her bir kuyucuga 100’er pL
konjugat 1 ilave edilerek 37 °C'de 1 saat inkiibasyonu
takiben kuyucuklar 6 kez yikandi. Ardindan kuyucuk-
lara 100’er pyL konjugat 2 eklendi ve 30 dk bekletildik-
ten sonra tekrar 6 defa yikama islemi yapildi. Bu ig-
lemden sonra kuyucuklara 50’ser pL substrat/
kromojen ilave edildi ve nazik bir sekilde karigtirilarak
37°C'de karanhk ortamda 15 dk inklbe edildikten
sonra her bir kuyucuga 100 pL stop solusyonu ilave
edilerek ELISA otomatik okuyucuda (Thermo Scienti-
fic, Multiskan Spectrum, ABD) 450 nm dalga boyunda
orneklerin absorbanslari okutuldu. ELISA testi sonug-
lari Rida® Soft Win programi kullanilarak degerlendi-
rildi.

Tablo 1. Calismada kullanilan primer dizilimleri ve baz biyuklukleri

Hedef gen Primer adi Primer dizilimi (5’-3’) Baz biyiikliigu (bp)
nuc nuc-F AGTTCAGCAAATGCATCACA 400
nuc-R TAGCCAAGCCTTGACGAACT
- SA-U TGTATGTATGGAGGTGTAAC -
sea SA-A ATTAACCGAAGGTTCTGT 270
seb SA-B ATAGTGACGAGTTAGGTA 165
sec ENT-C AATTGTGTTTCTTTTATTTTCATAA 102
sed SA-D TTCGGGAAAATCACCCTTAA 306
see SA-E GCCAAAGCTGTCTGAG 213

Siit 6rneklerinde klasik S. aureus ve SE’lerin
varliginin ELISA testi ile belirlenmesi

Calisma kapsaminda toplanan sit Orneklerinde S.
aureus enterotoksinlerinin (SET A, B, C, D, E) varligi
ticari bir kit (Ridascreen® SET A, B, C, D, E, r-
biopharm, Aimanya) kullanilarak uretici firma talimat-
larina goére Enzim- Linked Immunosorbent Assay
(ELISA) metodu ile test edildi. Kisaca, ¢ig sut 6rnek-

Bulgular

Analiz edilen st drneklerinin 380 (%76)'i KPS pozitif
olarak belirlendi, KPS izolatlarinin130 (%34.2)'u inek
sutinden, 160 (%42.1)1 koyun sitinden ve 90 (%
23.6)'1 manda sutiinden izole edildi. St érneklerinde-
ki KPS sayilari 1x10%6.2x10® kob/mL arasinda idi.
izole edilen KPS izolatlarinin érneklere gére dagihimi
ve sayllari Tablo 2'de belirtilmistir.

Tablo 2. Calismada izole edilen Koagulaz Pozitif Stafilokoklarin érneklere gére dagilimi

Analiz edilen siit Analiz edilen

izole edilen KPS

Orneklerdeki KPS sayisi (kob/mL)

ornekleri ornek sayisi sayisi (%) <102 1x10%-1x10* 210°

Inek suta 200 130 (65) 40 (30.8) 60 (46.2) 30 (23.1)
Koyun siitii 200 160 (80) 75 (46.9) 65 (40.6) 20 (12.5)
Manda Sitii 100 90 (90) 35 (38.9) 38 (42.2) 17 (18.9)

Toplam 500 380 (76) 150 (38.5) 163 (42.9) 67 (17.6)

leri sogutmal santrifijde 3500 g’de 10°C’de, 10 dk
sureyle santrifiij edildikten sonra Ustteki krema taba-
kasi uzaklastirildi. Daha sonra st érnekleri distile su
ile 1:20 oraninda sulandirildiktan sonra filtre edildi.
Elde edilen filtratin 100 uL’si ELISA testinde kullanil-
di. ELISA testi igin, kit iceresinde bulunan mikropla-
kadaki A’dan G'ye kadar olan kuyucuklara 100’er pL
¢ig sut 6rneklerinden elde edilen filtrat, H kuyucuguna
ise 100 pL pozitif kontrol ilave edildi. Daha sonra mik-

Elde edilen KPS izolatlarinin 136’sinda (%35.7) nuc
geni tespit edildi ve S. aureus olarak identifiye edildi.
Bu izolatlarin 52 (%38.2)’si koyun sutiinden, 48 (%
35.2)'i inek sutiinden ve 36 (%26.4)'sI manda suitline
aitti. Ornek bazinda degerlendirildiginde; koyun inek
ve manda sutlerinin sirasiyla %26, %24 ve %36’sinin
S. aureus ile kontamine oldugu saptandi.
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S. aureus pozitif izolatlarin 10 (%7.3)'unda enterotok-
sin (SE) sentezleme yetenegi belirlendi. Bu SE'lerin 4
(%2.9)U SEA, 3 (%2.2)4 SEC ve 3 (%2.2)u SED idi.
Tip A enterotoksin 2 inek (%4.1), 1 (%1.9) koyun ve 1
(%2.7) manda sutiinde, SEC; 2 (%5.5) manda ve 1
(%2) inek sitiinde, SED ise 1 (%2) inek sutl, 2 (%
3.8) koyun sutliinde belirlendi. mPCR sonuglari ise
analiz edilen 136 S. aureus izolatinin 16 (%
11.7)'sinin SE geninden en az birini tagidigini goster-
di. Bu izolatlarin, 6 (%37.5)'si sea, 1 (%6.25)i seb, 4
(%25)'U sec ve 5 (%31.25)'i sed geni iceriyordu (Sekil
1).

Sekil 1. M: Merdiven (50-1000 bp), NK: Negatif Kont-
rol (Distile Su), PK1: Pozitif kontrol (Enterotoksin A:
ATCC 29231), PK2: Pozitif Kontrol (Enterotoksin B:
NCTC 10654), PK3: Pozitif Kontrol (Enterotoksin C:
NCTC 10655), PK4: Pozitif kontrol (Enterotoksin D:
NCTC 10652), 1-6: S. aureus enterotoksin A (270
bp), 7: S. aureus enterotoksin B (165 bp), 8-11: S.
aureus enterotoksin C (102 bp), 12-16: S. aureus
enterotoksin D (306 bp).

Analiz edilen inek, koyun ve manda suttine ait izolat-
larin sirasiyla 3 (%6.2)'0, 2 (%3.8)'si ve 1 (%2.7)'i
sea geni tasiyordu. seb geni 1 (%2) inek izolatlarin-
da, sec geni; 2 (%5.5) manda, 1(%2) inek ve bir (%
1.9) koyun sutlinde, sed geni ise 2 (%4) inek sitd, 2
(%3.8) koyun siiti ve 1 (%2.7) manda sitinde sap-
tandi (Tablo 3).
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Tartisma ve Sonug

Sit insan ve yeni dodan hayvanlar igin dnemli bir
besin kaynagdi olmakla birlikte ayni zamanda mikroor-
ganizmalarin bliyimesi ve gogalmasi iginde uygun bir
ortamdir (Sudhanthiramani ve ark., 2015). Uygun
kosullarda uretiimeyen ve pastérize edilmeyen sitle-
rin tiketilmesi sonucu olusabilecek saglik problemle-
rine ragmen, dogal islenmemis gidalara artan yéne-
lim, ¢i§ site olan talebi de arttirmistir (Yibar ve Ku-
¢k, 2019). Sut ve sut Urlnleri Gzerine yapilan galis-
malarda, Stafilokoklarin ¢ig sitte bulunan yaygin
firsatgi patojenler oldugu ve urettikleri enterotoksinler
nedeni ile 6nemli gida zehirlenmelerine neden olabi-
lecegi bildirilmigtir (Yildirim ve ark., 2019; Kou ve ark.
2021). Bu c¢alismada, Kayseri ilinde satisa sunulan
farkl hayvan tirlerine ait 500 ¢ig sut Orneginden
380’ninin KPS oldugu ve bunlardan %60,5’inin konta-
minasyon diizeyinin 1x10? ila 210° kob/mL arasinda
oldug@u belirlendi. Bu sonugclar Polonya, Portekiz, ital-
ya, Yeni Zelanda, Norveg, Hindistan ve Cin gibi bir-
¢ok Ulkede yapilan galismalarda belirlenen prevalans
(yaklasik %40-70) ile uyumlu idi (Bianchi ve ark.,
2014; Sudhanthiramani ve ark., 2015; 2016; Liu ve
ark., 2017; Ahmed ve ark., 2019; Kou ve ark., 2021;
Oliveira ve ark., 2022). Stafilokoklarin dogada yaygin
olarak bulunmasi ve mastitisin ana nedenlerinden biri
olmasi, ¢ig sutteki bu yuksek prevalansa neden olabi-
lir (Kaya ve ark., 2015; Ahmed ve ark., 2019). Hay-
vanlarda meme sagligi, sagim esnasindaki hijyen,
disik depolama sicakhgi gibi kontrol onlemleri ile
enterotoksijenik S. aureus’larin Gremesi engellenebilir
(Kaya ve ark., 2015; Ahmed ve ark., 2019; Oliveira ve
ark., 2022).

Bu calismada tespit edilen KPS izolatlarinin %35.7’si
S. aureus olarak identifiye edildi. Calisma kapsamin-
da incelenen izolatlar da en ylksek S. aureus preva-
lansi %38.2 ile koyun sitinde bulunurken bunu

Tablo 3. Stafilokokal enterotoksinlerin ve enterotoksin genlerinin analiz edilen izolatlara gére dagihmi

. S. aureus SE belirlenen Ornek sayisi (%) SE genlerinin Dagilimi (%)
Ornekler ozitif 6rnek
psayISI (%) SEA SEB SEC SED sea seb sec sed

inek siitii 48 (24) 2(4.1) ND 1(2) 1(2) 3(6.2) 1(2) 1(2) 2(4)
(n=200)

Koyun siitii 52 (26) 1(1.9) ND ND 2(3.8) 2(3.8) - 1(1.9) 2(3.8)
(n=200)

Manda Siiti 36 (36) 1(27) ND 2(5.5) ND 1(2.7) - 2(5.5) 1(2.7)
(n=100)
Toplam 136 (27.2) 4(229) ND 3(22) 322 6(16.6) 1(0.7) 4(29) 5(3.6)
(n=500)

ND: Belirlenemedi
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%35.2 ve %26.4 ile sirasiyla inek ve manda sutl
takip etti. Benzer gsekilde Sudhanthiramani ve ark.
(2015) tarafindan Hindistan’da ve Keyvan ve ark.
(2020) tarafindan Tirkiye'de, ¢ig sltte yapilan galig-
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malarda S. aureus varligi sirasiyla %39 ve %38.3
olarak bildiriimigtir. Bu galisma sonuglarindan farkl
olarak, %12.5’lik bir prevalansi ile Zeinhom ve Abed
(2020) %14’luk bir prevalans ile Ertas ve Gondilalan
(2010) ve yine %14’lik bir prevalans ile Omwenga ve
ark. (2019) sit 6rneklerinde nispeten daha dusik S.
aureus prevalansi, Bianchi ve ark. (2014) ve Kou ve
ark. (2021) ise daha yuksek S. aureus prevalansi
(sirasiyla %40 ve %43) bildirmiglerdir.

Zhang ve ark. (2022) tarafindan gergeklestirilen kire-
sel bir meta-analiz galismasina gore, S. aureus'un
prevalansi dinya genelinde inek, manda ve koyun
sutlinde sirasiyla %35, %33.4 ve %18.5 olarak rapor
edilmigtir. Bu bulgular, calismamizdaki prevalans
sonuglariyla uyumlu idi.

Ulkemizde cig siitlerde ilgili etkene iliskin yasal bir
sinir olmamasina ragmen (TGK, 2000), S. aureus’un
gidalarda >10° kob/mL kontaminasyon diizeyine
ulastiginda enterotoksin uretim olasihgini arttirarak
gida zehirlenmelerine neden olabilecegi bildirilmistir
(Rahimi ve ark., 2012; Ahmed ve ark., 2019). Calis-
ma kapsaminda incelenen S. aureus izolatlarinin %
7.3'0 klasik SE sentezleme yeteneg@ine sahipti. Bu
izolatlarin 4’4 SEA, 3’0 SEC ve 3'U SED sentezliyor-
du. Bu sonuglar Keyvan ve ark. (2020) tarafindan
yapilan bir calisma sonuglarina goére yuksek iken,
daha 6nce farkh llkelerde yapilan ¢aligsmalarda rapor
edilen enterotoksin prevalansindan (Asiimwe ve ark.,
2017; Ahmed ve ark., 2019) oldukga disik idi. Bu
calismalar ile uyumlu olarak en yaygin tespit edilen
enterotoksin SEA idi. Stafilokokal gida zehirlenmeleri
vakalarinin %95'inden klasik enterotoksinler sorumlu-
dur. Ozellikle SEA ve SED, zehirlenmelerden sorum-
lu baskin enterotoksinlerdir (Ahmed ve ark., 2019).
Enterotoksijenik S. aureus prevalansindaki farklilikla-
rin nedenleri daha 6nce bildirildigi gibi farkhi gidalarin
ve suglarin, farkli enterotoksinler tagimasi ve cografi
kosullar olabilir (Morandi ve ark., 2007; Asiimwe ve
ark., 2017). Ayrica bu calismada belirlenen klasik
enterotoksin prevalansi ile uyumlu olarak, S. aureus
izolatlarinin %11.7’sinin bu toksinlerin Uretiminden
sorumlu genleri iceriyordu. Bu genlerin dagilimi sirasi
ile 6'sI sea, 5'i sed, 4'U sec ve 1'i seb seklinde idi.
Yapilan literatiir taramasina gore enterotoksin genle-
rinin yayginhgi, Morandi ve ark. (2007), Omwenga ve
ark. (2019) ve Oliveira ve ark. (2022) tarafindan bildi-
rilen sonuclar (sirasiyla %67, %74.1 ve %46.8) ile
calismamiz sonuglarina goére oldukca yuksek iken,
Keyvan ve ark. (2020)'nin sonuglar (%16) ¢alisma-
miza benzer idi. Daha 6nce Normanno ve ark.’nin
(2005) bildirdigi gibi calismamizda da S. aureus'un
enterotoksijenik suslarinda en sik gbézlenen entero-
toksin geninin klasik sea geni oldugu gorilmugtr.
Benzer sekilde Morandi ve ark. (2007) yaptiklar ¢a-
lismada, sea ve sed genlerinin diger genlere oranla
daha yaygin oldugunu rapor etmislerdir. Bu galisma-
da klasik SE'leri kodlayan genlerin bir kisminin tespit
edilmesi, bakterinin uygun sicaklik ve kosullarda bu
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enterotoksinleri ¢ig sutte Ureterek gida zehirlenmele-
rine neden olabilecegini dusundirmektedir
(Omwenga ve ark., 2019).

Sonug olarak; ¢ig sutlerde enterotoksijenik S. au-
reus’un varligi, tuketicinin ¢ig site olan ilginin artmasi
ve bu sutlerden uretilen Grtnlerin tiketilmesi ile halk
saglig! agisindan ciddi bir tehdit olusturabilir. Ayrica
Ulkemizde ¢ig siltlerde S. aureus ve enterotoksinleri
ile ilgili yasal bir izleme programinin olmayigi bu pato-
jenin besin zinciri yoluyla yayllma riskini arttirmakta-
dir. Bu nedenle, Stafilokokal gida zehirlenmeleri ve
ekonomik kayiplarin éniine gegilebilmesi amaciyla,
¢ig sltlin toplama, tasima, depolama ve satis agsama-
larinda denetimlerinin yapilmasi igin yasal dizenle-
melerin gelistiriimesi, uygulanmasi gerekmektedir.
Ayrica sut igletmelerinde iyi hijyen uygulamalarinin
takip edilmesi ve personele sagim ve Kisisel hijyen
konusunda kapsamli editimlerin planlanarak periyodik
olarak verilmesi bu patojenin besin zincirinde ¢ogala-
rak yayillmasini sinirlandirabilir.
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Abstract: This study aimed to determine the thoughts and expectations of the students who took laboratory animal
breeding courses about clinical skill acquisition and their achievements and anxiety levels at the end of the application
with a survey study. One hundred thirtyeight students participated in the survey. The questionnaire method was applied
to the propositions and questions created using the State-Trait Anxiety Scale and the literature. A statistically significant
difference (P<0.05) was found between the students' total scores of opinions and expectations towards the practice
before and after the practice course. The total score of opinion and expectation towards the application after the appli-
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before the application lesson. State anxiety (P<0.05) and trait anxiety total score (P<0.01) were lower after the applica-
tion lesson than before the application lesson. It was concluded that the applied education made a difference in the
students' clinical skill acquisition and positively affected their mood.

Keywords: Clinic, emotion, laboratory animal, practice, student

Laboratuvar hayvani yetistiriciligi dersi alan 6grencilerin klinik beceri kazanimlarina yonelik diigiince ve
beklentileri ile uygulama sonunda kazanimlan ve kaygi diizeylerinin belirlenmesi

Oz: Bu galismada, laboratuvar hayvani yetistiriciligi dersi alan dgrencilerin klinik beceri kazanimina yénelik diisiince ve
beklentileri ile uygulama sonundaki basarilari ve kaygi dizeylerinin anket galismasi ile belirlenmesi amaglanmistir.
Ankete yiiz otuzsekiz égrenci katilmistir. Durumluk-Siirekli Kaygi Olgegi ve literatiir kullanilarak olusturulan énerme ve
sorulara anket yéntemi uygulanmistir. Ogrencilerin uygulama dersi dncesi ve sonrasinda uygulamaya iligkin gériis ve
beklentileri toplam puanlari arasinda istatistiksel olarak anlamli bir fark (P<0.05) bulunmustur. Uygulama dersi sonrasi
uygulamaya yoOnelik gorus ve beklenti toplam puani, uygulama dersi 6ncesi uygulamaya yonelik gorus ve beklenti top-
lam puanindan ylksek bulunmustur (P<0.01). Uygulama dersi sonrasinda durumluk kaygi (P<0.05) ve sirekli kaygi
toplam puani (P<0.01) 6ncesine gore daha dusik bulunmustur. Uygulanan egitimin 6grencilerin klinik beceri ka-
zanimlarinda fark yarattigi ve duygu durumlarini olumlu yénde etkiledigi sonucuna varilmistir.

Anahtar kelimeler: Duygu, klinik, laboratuvar hayvani, 6grenci, uygulama

human medicine research, production and breeding,
reliability and validity testing, and education. The
purpose of use in the field of education is to develop
basic and unique clinical skills for those who work or

Introduction

Clinical practice and theoretical knowledge constitute
an essential part of veterinary medicine education

and are inseparable. Veterinarian candidates are
offered the opportunity to reinforce the theoretical
knowledge they have acquired through the courses in
the education programs with clinical skills (Ozen and
Ozen, 2006). Clinical skill is the name given to all of
the procedures and interventions that a clinician vet-
erinarian will do in practice to her patients throughout
her/his professional life. Usage areas of laboratory
animals are; basic science research, veterinary and
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will work in areas where clinical skills are needed, as
well as ensuring that researchers understand the
physiology, anatomy, and manipulation of these ani-
mals and become competent in scientific studies with
animal experiments. However, no study was found
that followed and determined the development of
clinical skills of veterinary medicine students study-
ing. In studies (Ciftcili et al., 2006; Tosun et al., 2008;
Sabanciogullari et al., 2012) on the development of
practice skills of medical and nursing profession can-
didates, it has been determined that the practice pro-
gram contributes to the increase of professional com-

92


https://orcid.org/0000-0002-7156-4116
https://orcid.org/0000-0001-7749-705X

Determining the achievements of students...

petence of the students, making them feel safe and
ready for the profession. Clinical skill practice can
create anxiety in clinician veterinarian candidates for
the procedures and interventions to be performed in
practice. Anxiety is a feeling of worry about a non-
objective problem. In studies conducted with universi-
ty students studying in different fields in our country, it
has been determined that the high level of anxiety in
students is affected by many variables related to the
field of education as well as individual and environ-
mental factors (Bayar et al., 2009; Deveci et al.,
2012). Anxiety about the chosen department and
profession in biology and medicine students was as-
sociated with high anxiety levels (Cakmak ve Heve-
danli, 2005; Canbaz et al., 2007). Considering the
anxiety level of the students before the clinical prac-
tice may be a guiding finding for the educator in
terms of developing a sense of relaxation and confi-
dence in the students during the practice. Lack of
adequate training and self-control in this area can
threaten animal health in clinical and surgical treat-
ments and practices and affect the results of scientific
research and animal welfare. In order to prevent this
potential negatif effect, different applications are
made, and training using live animals in these appli-
cations have been the subject of discussions for a
long time (Hansen and Boss, 2002; Daly et al., 2014).
In a study of animal welfare, Platto et al. (2022) re-
ported that the attitudes towards animal welfare of
students who had previously participated in a labora-
tory study using an animal were positively affected.
Daly et al. (2014) reported that more than 90% of
students in the field of health should have an educa-
tion using live animals in the curriculum. Another ad-
vantage of using laboratory animals in student educa-
tion is that different animal species' physiological and
anatomical characteristics (Daly et al., 2014) provide
study diversity. In this study, it was aimed to deter-
mine the anxiety levels of students who took a labor-
atory animal breeding course, their achievements in
basic surgical techniques at the end of clinical prac-
tice, and the relationship between their feelings,
thoughts, and expectations for clinical practice and
their anxiety level.

Materials and Methods

This cross-sectional study was conducted at Erciyes
University, Faculty of Veterinary Medicine. The partic-
ipants of the study were second-year students taking
the Laboratory Animal Breeding course at Erciyes
University Faculty of Veterinary Medicine in the 2016-
2017 and 2017-2018 academic years. The study
aimed to reach the entire participant population
(n=138) without making a sample selection. Before
starting the research, permission was obtained from
The Erciyes University Clinical Research Ethics Com-
mittee (Decision no: 2017/ 81; Date: 03.02.2017).
The research data were obtained by the question-
naire applied and collected with the State-Trait Anxie-
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ty Scale and Form A: Student Introduction and Pre-
Application Questionnaire Form, and Form B: Post-
Application Questionnaire, which were created by the
researchers by using the literature.

Clinical practice method

All the students participating in the study were shown
the techniques of animal holding, blood collection,
injection, drug administration, oral gavage, anesthe-
sia, incision, suturing, abdominal dissection, and nec-
ropsy used in clinical practices. As animal material,
40 mice (BALB/c), 40 rats (Wistar albino), and 20
rabbits (New Zealand) were used.

Tools used

Form A: Student Introduction and Pre-Application
Questionnaire Form. This questionnaire consists of 8
questions with more than one proposition/question
content. The questionnaire includes questions to de-
termine the students' sociodemographic characteris-
tics, their views on the department they are studying,
their feelings and thoughts about clinical practice,
and their views and expectations about clinical prac-
tice. Before the practice lesson, the positive views
and expectations of the students were determined
with a question consisting of 8 positive propositions.
Responses to each suggestion were evaluated using
a five-point Likert method (1: totally agree- 5: strongly
disagree). In the analysis, "strongly agree" and
"agree" were grouped as "agree", "disagree" and
"strongly disagree" as "disagree".

Form B: Post Implementation Questionnaire Form.
This questionnaire consists of 3 questions with more
than one proposition/question content. The question-
naire includes questions to determine the student's
feelings during the clinical practice and their views on
their achievements after it. After the practical lesson,
the students' positive views and expectations about
the application were determined with a question con-
sisting of 8 positive propositions. Responses to each
suggestion were evaluated using a five-point Likert
(1: strongly agree - 5: strongly disagree) method.

State-Trait anxiety inventory: The state-trait anxiety
scale developed by Spielberg et al. (1983) was used
in the study. The scale was used to determine how
people felt at that moment with some expressions
they used to describe their feelings. The Turkish lan-
guage validity and reliability study of the scale used
in the study was carried out according to the state-
ment of Oner and Le Compte (1983). This inventory
includes two separate scales containing 40 items in
total. The State Anxiety Inventory is concerned with
identifying the emotions of the individuals participat-
ing in the research at a certain time and in specific
conditions and responding according to these emo-
tions. The Trait Anxiety Scale is intended to describe
the feelings of individuals in the general process.
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Both scales contain two types of statements with
twenty items. A high scale score indicates a high anx-
iety level (Oner and Le Compte, 1983). The data
were analyzed using the SPSS for Windows 22.0
(IBM 2013) statistical package program. Categorical
variables are presented with number and percentage
distributions. The mean and standard deviation of
continuous variables were calculated. The conformity
of the variables to the normal distribution was made
with the Kolmogorov-Smirnov test, and it was deter-
mined that the data showed normal distribution. In
statistical analysis, t test for independent groups,
(Homogeneity of variances was evaluated with
Levene test), and Pearson correlation analysis were
used. The statistical significance level was accepted
as P<0.05.

Results

The percentage values (%) of the opinions and
thoughts of the students about the department they
study are shown in Table 1.
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The male students constitute 65.2% of the partici-
pants and the females correspond to 34.8%. The
mean age was 20.17+2.18. Most of the students
(96.4%) who participated in the research stated that
they preferred the department for their goals and
were satisfied with their studies. Most students
(94.9%) stated that they consider it appropriate to do
veterinary medicine, and 96.4% of them think of do-
ing this profession after graduation (Table 1). The
relationship between pre-clinical students' feelings
and thoughts (MeantSD) about clinical practice and
their anxiety level is shown in Table 2.

About two-thirds of the students (68.1%) stated that
they felt ready for preclinical practice, 83.3% stated
that their theoretical knowledge was insufficient for
clinical practice, and 94.2% were not afraid of con-
tacting animals. When the relationship between the
emotions and thoughts of the students about the clini-
cal practice and their anxiety levels were examined
before the clinical practice, it was determined that the
state anxiety score was significantly higher only in the

Table 1. The percentage values (%) of the opinions and thoughts of the students about the department they

study

Opinions Yes n (%) No n (%)
Did you choose your department willingly? 133 (96.4) 5(3.6)
Are you satisfied with studying in your department? 133 (96.4) 5(3.6)
Do you feel suitable for this department? 131 (94.9) 7(5.1)
Have you received counseling/advice on your career choice? 62 (44.9) 76 (55.1)
Is there anyone in your family or close circle who is a veterinarian? 52 (37.7) 86 (62.3)
Do you intend to pursue this profession after graduation? 133 (96.4) 5(3.6)

Table 2. The relationship between pre-clinical students’ feelings and thoughts (Mean+SD) about clinical practice

and their anxiety level

Feelings and thoughts SATS TATS
n (%) MeantSD MeantSD
Do you feel ready for clinical practice? Yes 94 (68.1) 38.04+8.56 54.12+3.72
No 44(31.9)  40.50+13.73 54.20+5.39
Do you think your theoretical knowledge is sufficient for Yes 23(16.7)  35.43+7.86 55.393.40
clinical practice? No 115(83.3)  39.50£10.85 53.90+4.44
Are you afraid of handling/contacting animals? Yes 8(5.8) 51.87+21.30*  52.37+1.92
No 130 (94.2)  38.02+9.01 54.26+4.39
Is there an application that you are afraid of doing? Yes 40(29.0)  40.8713.11 53.52+3.82
No 98 (71.0)  37.98:9.18 54.40£4.48
Are you afraid of having a negative experience during the Yes 69 (50.0)  40.02+11.59 54.34+4.66
application? No 69 (50.0) 37.62£9.21 53.95+3.94

*P<0.05, T-test in independent groups. SATS: State anxiety total score, TATS: Trait anxiety total score

Table 3. The change of the percentage values (%) in students' feelings about clinical practice before and after

the practice

Feeling about clinical practice

Before n (%) After n (%)

Fear
Exictement
Anxiety
Comfort
Reluctance
Mixed feelings

17 (12.3) 15 (10.9)
98 (71.0) 80 (58.0)
51 (37.0) 40 (29.0)
31 (22.5) 49 (35.5)
6 (4.3) 9 (6.5)

33 (23.9) 36 (26.1)
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students who were afraid of dealing/contacting with
animals (P<0.05, Table 2). The change of the per-
centage values (%) in students' feelings about clinical
practice before and after the practice are shown in
Table 3.

The percentage values (%) of student's views and
expectations about the practice before the practice
lesson are shown in Table 4. It was observed that the
feelings of fear, excitement, and anxiety that existed
before the application decreased, and the proportion
of students with feelings of reluctance, comfort, and
mixed feelings increased. When the positive opinions
and expectations of the students about the practice
were evaluated before the practice lesson (8 items), it
was found that approximately three-quarters of the
students had positive expectations; 81.2% of them
agreed that this application would make it easier for
them to adapt to clinical science courses, 89.2% of
them agree that this application will provide clinical
practice skills, and 85.5% of them agree that this
application will create awareness about the use of
personal protective equipment (Table 4).

Erciyes Univ Vet Fak Derg 2024; 21(2): 92-98

The total score of the student's opinions and expecta-
tions towards the application before the practice les-
son was higher than that of the students' opinions
and expectations after the application lesson
(P<0.01). It was observed that the students' state
anxiety and trait anxiety total scores were lower after
the practice course than before the practice course
(respectively: P<0.05, P<0.01) (Table 5).

A low level of positive correlation was found between
the student's total score of opinions and expectations
about the practice before the practice lesson and the
state anxiety level before the practice (r= 0.25,
P<0.01). After the practice course, there was a low
level of positive correlation between the total score of
opinion and expectation towards the application and
the level of state anxiety (r= 0.41, P<0.01), and a low
level of negative correlation between the total score
of trait anxiety (r= -0.23, P< 0.01) was found (Data
not shown).

Table 4. The percentage values (%) of student's views and expectations about the practice before the practice

lesson

Propositions Agree (%) Undecid- Disa-
ed (%) gree

(%)

This practice will facilitate my adaptation to clinical science courses 112 (81.1) 22 (15.9) 4(2.8)

This practice will enable me to gain clinical practice skills 123 (89.2) 10 (7.2) 5(3.6)

This practice will contribute to the development of my basic intervention 123 (89.2) 10 (7.2) 5(3.6)

skills

This practice will enable me to feel my responsibilities as a physician 117 (84.8) 14 (10.1) 7 (5.1)

| have a lot to learn from this practice 107 (77.6) 26 (18.8) 5(3.6)

This application will create my awareness of the use of individual protective 118 (85.5) 17 (12.3) 3 (2.1)

equipment.

This application will give me the habit of using individual protective equip- 114 (82.6) 21 (15.2) 3(2.1)

ment.

This practice will encourage me to learn more 117 (84.8) 17 (12.3) 4 (2.8)

Changes (MeantSD) in the student's views and ex-
pectations about the practice before and after the
practice lesson, and the state and trait anxiety levels
are shown in Table 5.

Table 5. Changes (MeanzSD) in the student's views and expectations about the practice before and after the

practice lesson, and the state and trait anxiety levels

Factors MeantSD P*
Opinion and expectation score before the practice lesson 14.78+5.40 <0.01
Opinion and expectation score after the application lesson 15.05+4.99

State anxiety total score before the practice lesson 38.82+10.50 <0.05
Post-practice state anxiety total score 37.03+8.67

Trait anxiety total score before the practice lesson 54.15+4 .31 <0.01
Trait anxiety total score after the practice lesson 40.76+8.04

*T test in dependent groups
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Discussion and Conclusion

Dewhurst et al. (1994) had conducted a study on
learning intestinal epithelial absorption efficiency with
2".year students studying physiology. In the study,
they compared the effects of using rat intestines on
the learning levels of students with modeling in the
computer environment. It has been emphasized that
computer systems are more economical, protect ani-
mal welfare and create less stress for students.
Dewhurst et al. (1994) and Costa et al. (2019) had
reported that the e-learning platform could positively
affect students' practical learning and effectively re-
duce their pre-study anxiety in a study comparing e-
learning with face-to-face classroom applications in
laboratory animal science education. However, alt-
hough these alternative learning applications help
close a crucial theoretical gap in a way that protects
animal welfare, they will not be enough to meet all
the requirements in the development of clinical dex-
terity, which is essential in both research and medi-
cine. The results of our research reveal the ad-
vantages of practicing with animal models to consoli-
date the theoretical knowledge given in the lessons
and to overlap with the dynamics of practice, to cre-
ate the competence of the practitioners and the ability
to work away from the risk of emotional approach. To
confirm this determination, Guenther and Miller
(2011) had reported in their research that students
prefer the use of live animals in their education to
virtual methods, and with this method, students can
interact more. Elcoro and Trundle (2013) reported
that students found the learning method using live
animals more fun and exciting in an experiment they
conducted using virtual and live rats. They reported
that with this method, the concept of responsibility
towards laboratory animals was better understood,
the results obtained were more generalizable, and
the level of fear before the application was reduced.
Although there are answers that virtual applications
can replace the use of live animals in the perception
of animal behavior, 54.17% of the students participat-
ing in the research did not agree with the fact that
studies with virtual mice would give generalizable
results to human behavior and it was emphasized
that the use of live animals in other manipulative pro-
cesses could be more advantageous. The definition
of "active learning that encourages participation"”,
which is characterized in Cherney (2011) research, is
also emphasized in the study of Elcoro and Trundle
(2013). Again, Elcoro and Trundle (2013) state that it
is an active learning way for students to have direct
contact with objects relevant to the subject in the
laboratory environment. It is seen that these results
are in harmony with the data obtained from the
changes in the opinions and expectations of the stu-
dents determined in our research about the practice
before and after the practice lesson and the changes
in their state and trait anxiety levels. Similarly, the
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findings on the "reduction of fear level" seen in that
research (Elcoro and Trundle, 2013) again support
our results. In their study, Liddell et al. (2002) found
that students receiving education in the field of health
will increase their self-confidence with practices
aimed at increasing procedural skills in the early peri-
od, which may increase skill-based effectiveness in
the long term. In our study, the fact that students'
fear, anxiety, and excitement levels were lower and
comfort levels were higher after the intervention is in
line with these explanations. Likewise, the data on
students' opinions and expectations about the prac-
tice before and after the practicum course and the
change in continuity anxiety levels also supported
this approach. De Masi et al. (2016) reported that in
their training study to improve the surgical skills of
medical students using live animals, the student's
practical skills improved at the end of the applica-
tions, and the feeling of self-confidence required dur-
ing the operation changed positively. In our study,
students' opinions and expectations about the prac-
tice before and after the practice course, the change
in state and trait anxiety levels, and their gains from
the practices align with this study's results. Schoeb et
al. (2016) reported that students' theoretical
knowledge and self-confidence levels were signifi-
cantly affected by the practice in a realistic surgical
education study organized to evaluate preclinical
surgical skill development. The results obtained are
supportive when we look at the change in status be-
fore and after the application in our research. The
increase in the value of opinion and expectation and
the decrease in the value of trait anxiety status after
the practice lesson seem to be identical to the rele-
vant literature (Schoeb et al., 2016). In a study
(Redondo et al., 2010) in which the use of live ani-
mals in animal science education was investigated in
terms of students' attitudes and welfare perception, it
was reported that the teaching-learning process was
positively affected after training with live rabbits and
that this method was able to reach a level higher than
the previous level of knowledge. In our study, it has
seen that the students' "l agree" responses to the
propositions "l have a lot to learn from this applica-
tion" and "This application will encourage me to learn
more" were at a high level before the application and
that this expectation was realized positively and at a
statistically significant level after the application.
Kiglkaslan et al. (2019) had reported that written
print materials were more effective with the use of
animals in the learning skills of veterinary faculty stu-
dents. They concluded that in the training using plas-
tic modeling, there was difficulty in grasping the sys-
tems in which the internal organs were located, and
that the training in general with the animal use meth-
od was more successful than plastic models and in-
ternet-based training.

In this study, it has seen that the application made
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with the students taking laboratory animal husbandry
course positively affected the opinions and expecta-
tions of the students and that the application reduced
the state and trait anxiety levels, which may make the
education that the students will receive in this field
more useful. It was concluded that training in the field
of laboratory animal science that includes interven-
tional procedures using live animals could increase
clinical skill gains and positively affect emotional
states and that this training can be beneficial in
adapting to professional life more successfully. On
the other hand, it may be considered that the availa-
bility of interventional practice training, which is the
subject of our research, may be helpful to ensure
standardization in the curriculum of courses in the
field of laboratory animal science.
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Abstract: In this study, it was aimed to determine the effects of different starch sources on ruminal fermentation and in
situ digestibility characteristics and some blood parameters in cows. In the study, three different total mixed rations
(TMR) with similar energy, protein and starch contents were prepared and these TMR’s formed the groups of the ex-
periment. The main starch sources of the TMR’s were from the barley, wheat, and corn grains, respectively. The study
was carried out as two consecutive trails using 3 non-lactating Holstein female cattle with rumen cannulate within a 3 x
3 Latin square trial design. These TMRs were fed at ad libitum and then nutrient intakes, ruminal fermentation (pH,
acetic, propionic, butyric, and lactic acids), some serum (urea, glucose, total protein, albumin, triglyceride) and blood
gas parameters (pH, pCO,, pO,, HCO3, Na*, K*, Ca™, CI', anion gap, lactate) were determined. Also, in situ dry matter
and starch degradability were carried out in these animals. Nutrient intakes of cows fed different TMRs were similar
(P>0.05), except neutral detergent fiber (NDF) intake (P<0.05). Both ruminal fermentation, serum and blood gas pa-
rameters did not change among treatment groups (P>0.05). As a result, it was determined that there were no serious
changes in the ruminal fluid, serum, and blood gas parameter values of the subjects due to the content difference of
the trial TMR’s. On the other hand, it was determined that in situ dry matter (DM) and starch degradability of barley and
wheat were significantly different among cereal grains, ruminal DM and starch degradability of corn followed a slower,
stable, and gradual increase.

Keywords: Biochemistry, blood gas, degradability, rumen, starch

Sigirlarda Yiiksek Diizeyde Kullanilan Farkli Nisasta Kaynaklarinin Ruminal Fermentasyon Ozellikleri ve Bazi
Kan Parametreleri Uzerine Etkileri

Oz: Sunulan galismada, farkli nisasta kaynaklarinin sigirlarda ruminal fermantasyon ve in situ sindirilebilirlik dzellikleri
ile bazi kan parametreleri Uzerine etkilerinin belirlenmesi amaglanmistir. Arastirmada benzer ener;ji, protein ve nisasta
iceriklerine sahip Ug farkli karma rasyon hazirlanmis ve bunlar denemenin gruplarini olusturmustur. Karma rasyonlarin
ana nisasta kaynaklari sirasiyla arpa, bugday ve misir tanesi kokenlidir. Caligma, 3 x 3 Latin kare deneme tasariminda,
rumen kandlli, laktasyonda olmayan 3 Holstayn disi sigir kullanilarak ardisik iki deneme halinde gergeklestiriimistir. Bu
karma rasyonlarla ad libitum besleme yapilmis ve ardindan hayvanlarin besin alimlari, ruminal fermantasyon (pH, ase-
tik, propiyonik, butirik ve laktik asitler), bazi serum (lre, glikoz, toplam protein, albumin, trigliserit), kan gazi (pH, pCO,,
pO,, HCO3, Na*, K*, Ca*", CI', anyon gap, laktat) parametreleri. Ayrica nisasta kaynagdi yemlerin kuru madde ve nigas-
ta sindirilebilirligi de incelenmigtir. Farkli karma yemlerle beslenen sidirlarin nétral-deterjan lif (NDF) alimi (P<0.05)
digindaki diger besin madde tuketimi parametreleri benzer bulunmustur (P>0.05). Ruminal fermantasyon, serum ve
kan gazi parametreleri deneme gruplari arasinda degisim géstermemistir (P>0.05). Sonug olarak deneme rasyonlari-
nin igerik farkliligindan dolayi deneklerin rumen sivisi, serum ve kan gazi parametre deg@erlerinde ciddi bir degisiklik
olmadigi belirlenmistir. Diger yandan, arpa ve bugdayin kuru madde ve nisasta sindirilebilirliginin tahil taneleri arasinda
onemli derecede farkh oldugu, misirin rumen kuru madde ve nisasta sindirilebilirliginin daha yavas, istikrarli ve kade-
meli bir artis gosterdigi belirlenmisgtir.

Anahtar Kelimeler: Biyokimya, kan gazi, nisasta, rumen, sindirilebilirlik

Introduction

As it is known, one of the basic nutrient groups re-

Gelis Tarihi/Submission Date : 25.09.2023 quired by all living species is carbohydrates. Herbivo-
Kabul Tarihi/Accepted Date  : 13.03.2024 rous and omnivorous animals basically obtain their
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carbohydrate needs from the plants they consume.
Carbohydrates found in plants are classified as struc-
tural (cellulose, hemicellulose, etc.) and non-
structural (starch, glucose, etc. sugars) carbohy-
drates. Starch has a special importance in ruminant
nutrition because it is both the main metabolic energy
source and one of the main activators of the ruminal
fermentation mechanism (Giuberti et al., 2014).
Starch can undergo ruminal and/or intestinal diges-
tion much faster than structural carbohydrates
(Huntington et al., 2006). In parallel with the rapid
ruminal digestion of starch, an increase in the rate of
ruminal microbial fermentation is observed, and sub-
sequently the synthesis of organic fatty acids (and
especially propionic acid) accelerates (Ferraretto,
2017). If the amount of starch in the diet is increased
to a certain level, gradual increases are observed in
performance of the animals, while the probability of
encountering ruminal acidosis cases increases when
these limits are exceeded (Boerman et al., 2015;
Abdela, 2016). Studies have shown that the rate of
starch digestion and the probability of acidosis for-
mation related to it vary depending on the starch
source (cereal grain) type and feed processing tech-
niques. It has been determined that while the degra-
dation rates of barley and wheat are generally close
to each other and faster (29-34%/hour), and corn,
rice, potato and sorghum starches are also close to
each other but much slower (2-6/hour) (Monteils et
al., 2002; Wang et al., 2009; Mosavi et al., 2012).

In the diets of high-producing ruminants, high starch-
containing feedstuffs must be included to the diet to
meet the animal's energy needs. However, over 28%
starch in dairy cow diet causes a decrease in milk fat
and the risk of subclinical acidosis. One way to pre-
vent such problems, especially in dairy cows, is to
add feed sources high in starch to the diet with low
ruminal starch degradation.

When the chemical structure of starch is examined, it
is seen that it basically consists of two different glu-
cose polymers called amylose and amylopectin, and
it is a molecule with a granular structure in the part
called endosperm of the cereal seeds (Allen and Pi-
antoni, 2014). However, it has been determined that
starch molecules are not in a standard and stable
structure and have some physical and chemical
structure differences, depending on the source (plant
type) from which they are obtained. Therefore, the
differences in the endosperm structure of the seeds
according to the plant type, the difference in starch
amylose/amylopectin ratio, the granule structure size,
and the processing of feed by various physical-
chemical methods etc. also significantly change the
ruminal/intestinal digestibility values of starch struc-
tures (Gomez et al., 2016, Qi and Tester, 2016). The
granule size ranges from less than 1 ym to more than
100 pym, depending on the plant species from which
the starch is obtained (Fuentes et al., 2019), this va-
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lue is in the range of 1-20 ym in corn starch, while it
is in the range of 1-110 pym in potato starch, and ac-
cordingly, the ruminal digestibility of potato starch is
more difficult than corn starch (Monteils et al., 2002;
Singh et al.,, 2016). It has been determined that
wheat, barley, and oat starches can be digested mo-
re easily than corn due to the difference in seed en-
dosperm structure, and that digestibility increases by
processing the feeds such as grinding, gelatinization
and conservation (Allen and Piantoni, 2014).

Corn, wheat, and barley grains are the most com-
monly used feed materials in ruminant diets. When
the chemical compositions of corn, wheat and barley
grains added to the diets were examined, it was
found that they contained an average of 76.0%,
70.3% and 64.3% starch, respectively. It has been
determined that the ruminal total digestibility values
of these starches in dairy cows can vary between 72-
89.9%, 88.1-88.3% and 80.7-84.6%, respectively,
depending on the different feed processing tech-
niques (Gomez et al.,, 2016) and feeding manage-
ments.

Today, many studies have been conducted to explain
the relationships between starch and ruminal acido-
sis. In ruminants, it is of great importance to deter-
mine which cereal grain contains the starch type that
is less and difficult to ferment, which can enable them
to continue their normal digestive activities without
further reducing the ruminal acidity value, and there-
fore delays the formation of acidity, and to prepare
the appropriate diet ingredients. However, since
starch is an important content of plants and an im-
portant food source for animals, it is understood that
there is a need for further investigation in order to
fully understand its physiological, biochemical and
microbial functionality, efficiency and effects in the
organism, as well as its relationship with performanc-
es and diseases. To date, studies on starch degrada-
tion have mostly been conducted in ruminants con-
suming a low-starch diet. In the literature, data on
starch degradation in ruminants consuming a high-
starch diet is limited.

In this study, it was aimed to determine the effects of
different starch sources commonly used in ruminant
diets on ruminal fermentation and in situ digestibility
characteristics and some blood parameters related to
acidosis in cows.

Material and Methods

The study was carried out as two consecutive trails
using 3 non-lactating Holstein with rumen cannulate,
aged 6 years and an average live weight of 650 kg,
with the decision of the Ministry of Agriculture and
Forestry, International Center for Livestock Research
and Training directorate, Animal Experiments Local
Ethics Committee, numbered 156/18.
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In the study, nutrient contents of all feedstuffs used in
the experiment were determined in the laboratory of
animal nutrition. Based on the determined nutrient
contents of these feedstuffs, three different feed mix-
tures were formulated with similar energy, protein,
and starch contents. The first of these mixtures was
prepared in such a way that the main starch source
was from cracked barley (barley-based ration,
group’s named “B”), the second main starch source
was from cracked wheat (wheat-based ration, group’s
named “W”), and the third was from cracked corn
(corn-based ration, group’s named “C”). These three
different total mixed diets (TMR) consisted of approxi-
mately 70% concentrate and the remaining 30%
roughages (consisting of equal proportions of alfalfa
grass, wheat straw and corn silage). These TMRs
were fed to experimental animals as two meals at
09:00 AM and 08:00 PM.

In the feeding trial, which is the first trail, three differ-
ent TMRs mentioned above were given to the experi-
mental animals in three periods within a 3x3 Latin
square trial design. Animals were randomly assigned
to one of three experimental group. Before the exper-
iment, the animals were adapted to TMRs for 15
days, and in this process, the amount of concentrated
feed mixes consumed by the animals were gradually
increased to 70% of the total diet. At the beginning of
each period, the body weights of the experimental
animals were weighed. Each trial period was planned
to be 18 days in total. In the first 10 days, the deter-
mination of feed consumptions and the adaptation of
the experimental animals to the formulated diets, and
also in the next five days the amounts of feed con-
sumption were determined. On the 16th day, blood
samples were taken from the jugular vein to deter-
mine blood gases and some blood biochemical pa-
rameters. Also, on the 16" day of the experiment,
approximately 50 ml of rumen fluids were taken from
the rumen at 0-, 2-, 4-, 6-, 8- and 10- hours post-
feeding, through rumen cannulas, and the pH of the
rumen fluid was quickly determined using a portable
digital pH-meter. In addition, for volatile fatty acids
(VFAs) analysis, samples were taken from these ru-
minal fluids in 10 ml to plastic Falcon® tubes
(consisting of 9 ml of rumen fluid and 1 ml of HCI acid
diluted with 50/50 distilled water) and these tubes
were preserved in the cold chain and then, stored in
a deep freezer at -18°C. The probability of animals
experiencing ruminal acidosis during these last five
days of each period was also monitored.

As a part of the second trail, on the 17" and 18" days
of each period, incubation of feedstuffs in rumen was
performed by using Dacron sacs (R510) with pore
size of 40-50 p to determine the “in situ” degradability
rates of nutrient contents. In this Dacron bag trial,
barley, wheat, and corn samples were ground to pass
through a sieve with 2 mm pores. From these ground
feed samples, approximately 3 g were placed in Da-
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cron bags with 5x10 cm dimensions, and then incu-
bated in the rumen of cannulated cows for 0-, 2-, 4-,
8-, 12-, 24- and 48- hours. After the incubation, the
bags were washed with tap water until the washing
water became clear (approximately 15 minutes), and
then the bags were dried in the drying oven. Also,
after drying, Dacron bags were weighed to determine
the dry matter and starch degradability (Hassan and
Karsli, 2023).

The experimental diets were formulated to be isoca-
loric, isonitrogenous and contained 32% starch from
different starch sources, and dry matter (DM), organic
matter (OM), crude protein (CP), ash contents of di-
ets were determined according to Weende analysis
methods (AOAC, 2006); neutral detergent fiber (NDF)
and acid detergent fiber (ADF) contents according to
the method reported by Van Soest et al. (1991) and
starch contents were analyzed according to Ewers
polarimetric method (ISO, 1997). Botanical composi-
tions of TMRs are presented in Table 1; Nutrient con-
tents of feedstuffs used in TMRs and in situ digestion
experiment are presented in Table 2.

The biochemical parameters in the blood samples
were determined with a spectrophotometric autoana-
lyzer (Mindray BS-800M, Shenzhen, China), and
blood gases and ions were determined using the
RAPID lab® 1265 (Siemens Medical Diagnostics,
Bayer, Tarrytown, NY, USA) device. Volatile fatty
acids (acetic, butyric, propionic) and lactic acid con-
tents of rumen fluid samples were determined using
the Shimadzu Prominence LC 20AD HPLC
(Shimadzu Corp., Kyoto, Japan) device, by modifying
the method reported by Tjardes et al. (2000). Rumi-
nal fluid samples were thawed at room temperature
(22°C) before analysis, then mixed by vortexing and
the supernatant was clarified by centrifugation. 1 ml
of this liquid was filtered by syringe membrane filter
(ISOLAB Laborgerate GmbH, Eschau, Germany) with
a pore width of 0.45 pym, specially produced for HPLC
analyses. No internal standard was used. A correla-
tion graph was created by preparing 10-20-40-60-100
-200 ppm calibration solutions of acetic, propionic,
butyric, and lactic acids (Sigma Aldrich, St. Louis MO,
USA) as external standards. Organic acid levels were
determined using Inertsil ODS 3 HPLC analysis col-
umn (5 ym, 4.6 x 150 mm; GL Sciences Inc., Tokyo,
Japan), the filtrate injection volume was 10yl, the
mobile phase was 20 mM (NH4)H,PO,4 buffer solu-
tion, the flow rate was 1.5 mL/min, and the column
temperature was 30°C. The amount of these four
organic acids were determined in mmol/L units.

Preliminary tests were conducted to understand
whether parametric test assumptions (normality and
homogeneity) were met. Levene's test was performed
to determine whether the group variances were ho-
mogeneous and it was found that the group vari-
ances were homogeneous. For normality, the
Shapiro-Wilk test was performed. Box and Whisker
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charts were examined, then data were analyzed as
3x3 Latin square method. Statistical analyzes of the
data obtained in the experiment were carried out us-
ing the SPSS® 15.0 package program. The Duncan
test method was used for analysis of variance (one-
way ANOVA) to determine the data differences and
significance values between the experimental groups
and for pair wise comparisons of the means. P<0.05
was accepted as statistically significant. Average of
each parameter was expressed as X + SEM.

Table 1. Nutritional composition of TMR

Erciyes Univ Vet Fak Derg 2024; 21(2): 99-109

Results

In the experiment, nutrient intakes of cattle consum-
ing diets prepared with different cereal grains are
shown in Table 3. The consumptions of nutrients,
except NDF were similar in cows consuming diets
containing different cereal grains as a source of dif-
ferent starch (P>0.05). NDF consumption of cows
consuming a diet containing barley was found to be
lower than the others (P<0.05). In general, while in

Barley Mix Wheat Mix Corn Mix
Feed raw TMR o o TMR o o TMR, o o
materials (kg) %o % DM (kg) %o % DM (kg) %o % DM
Corn silage 12.5 43.3 19.15 12.5 43.40 18.95 12.5 43.33 18.93
Alfalfa 1.2 4.19 6.02 1 3.47 4.96 1.4 4.85 6.94
Wheat straw 1.2 4.19 6.17 1.4 4.86 7.13 1 3.47 5.09
Wheat bran - - - 1 3.47 5.09 0.7 2.43 3.56
Barley 8 27.93 39.86 - - - - - -
Wheat - - - 7 24.30 34.59 - - -
Corn - - - - - - 6.8 23.57 33.51
Rice 1 3.49 4.87 0.85 2.95 4.10 0.8 2,77 3.85
Sunflower
seed meal 2 6.98 10.02 2.3 7.99 11.40 2.8 9.71 13.87
Soybean meal 25 8.73 12.56 25 8.68 12.43 26 9.07 12.92
Limestone 0.25 0.87 1.35 0.25 0.87 1.34 0.25 0.87 1.34

* TMR, total mixed ration; DM, dry matter (kg).

Table 2. Nutrient contents of feedstuffs used in TMRs and in situ digestion experiment (analyzed and calculated)

Diet DM NE_ CP NDF ADF EE Ash Starch Ca P
Components (Mcal) (g/kg) (g/kg)
In Both Diets and In Situ Experiment (%, DM)~
Corn grain 92.14 2.14 8.53 9.35 1.92 3.85 1.33 74.08 0.3 3.2
Barley grain 92.13 2.00 12.22 20.42 6.25 2.61 3.31 56.81 0.6 3.9
Wheat grain 92.29 2.07 11.21 14.19 4.14 2.00 1.85 66.42 0.5 4.4
In Diets (%, DM)
Corn silage 30.34 1.40 7.80 4566 25.79 3.45 6.16 23.90 3 2.7
Alfalfa hay 92.71 0.99 17.47 4478 32.54 2.00 10.19 3.51 11.6 2.3
Wheat straw 95.16 0.82 2.80 81.59 48.29 1.16 4.10 - 1.7 0.5
Wheat bran 95.09 1.77 14.67 55.71 17.35 4.89 5.43 13.15 1.4 1.7
Rice grain
(dehulled) 91.03 2.19 9.39 20.67 6.33 1.23 0.54 87.46 0.5 2.1
Sunflower 9260 117 27.84 5311 3506 1.15  6.39 2.64 45 11.2
seed meal
i‘;‘;‘i’ea“ 9290 198 4793 1569 805  1.81 7.10 5.56 1.6 76
Calculated Nutrient Contents (%, DM)™~
Ration Mixes NE, CP NDF ADF Starch Starch Percent- Ca P
Origin age of
forage in
TMR
Wheat Mix Diet 1.65 16.56 33.45 17.63 32.83 69.02 31.95 0.65 0.51
Barley Mix Diet 1.64 16.72 33.08 17.31 32.57 68.57 32.25 0.66 0.44
Corn Mix Diet 1.65 16.49 3140 1712 34.39 71.18 31.87 0.69 0.48

* Values were calculated with the following equation: ME (Mcal/kg) = Digestible energy x 0.82; NE, (Mcal/kg) = 0.00245 x DE -
0.12; Ca and P values were calculated according to NRC (2001) feed data tables.
DM, dry matter (kg);NE,, net energy of lactation (Mcal/day); CP, crude protein (kg); NDF, neutral detergent fiber (kg); ADF,

acid detergent fiber (kg); Starch (kg).
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situ dry matter degradation was significantly higher
for barley and wheat compared with corn, starch
degradability values of different cereal grains were
significantly different among all three grains (P<0.05;
Table 4). Ruminal volatile fatty acids composition
ratios and pH values were similar (P>0.05), except 4-
hour post-feeding acetic acid values (Table 5). 4-hour
post-feeding acetic acid value was significantly higher
in cows fed barley-based diet compared with the oth-
er two groups (P<0.05). In general, serum and blood
gas biochemical parameter values were similar
(P>0.05) only serum urea level significantly increased
during trail period (P<0.05; Table 6).

Table 3. Nutrient intakes of cattle consuming diets prepared with different cereal grain

Mehmet DEMIRCI

Treatment Groups’ (X £ SEM)

Parameters” B w c P-value
DM (kg) 9.15 £0.66 9.83 £0.09 8.76 £1.10 0.600
NE, (Mcal/day) 15.00 +1.08 16.22 +0.48 14.45 +1.81 0.590
CP (kg) 1.53 £0.11 1.65 £0.10 1.44 £0.18 0.590
NDF (kg) 1.58 +0.11° 3.28+0.08° 2.78 £0.34° 0.030
ADF (kg) 1.58 £0.11 1.73 £0.08 1.50 £0.19 0.260
Starch (kg) 2.97 +0.21 3.23 £0.06 3.0140.38 0.760

" Determined on dry matter basis; B, group were fed with Barley starch; W, group were fed with wheat starch; C, group were

fed with corn starch; SEM, standard error of mean.

” DM, dry matter;NE,, net energy of lactation; CP, crude protein; NDF, neutral detergent fiber; ADF, acid detergent fiber.
b gignificant differences were found between values with different letters on the same line (P<0.05).

Table 4. In situ dry matter and starch digestibility values of different cereal grains used in the experiment

Treatment Groups’ (%, X * SEM)

Incubation
Parameters gt
Time (h) B w c P-value
0 23.76 +2.34° 20.23 +1.87° 14.73 £2.18° 0.063
2 38.85+1.41° 40.22 +6.93°% 24.22 +1.59° 0.064
4 51.73 +2.69° 49.83 +4.10° 28.77 +1.81° <0.001
Dry Matter 8 64.02 +2.98° 59.18 +2.86° 36.78 +2.53° <0.001
12 78.47 +1.66° 77.50 £3.16° 47.93 +1.54° <0.001
24 82.55 +1.14° 85.85 +1.79° 66.27 +1.25° <0.001
48 85.78+0.28° 89.53 +0.40°% 89.59 +0.74° <0.001
0 32.54 £2.07° 25.27 +1.75° 22.43 +1.98° 0.025
2 53.79 +1.07° 49.13 +5.90° 28.84 +1.49° 0.006
4 64.90 +1.95% 60.18 £3.25°% 33.89 +1.68° <0.001
Starch 8 79.52 +1.70° 68.32 +2.15° 41.79 +2.33° <0.001
12 95.98 +0.31° 83.07 +2.38° 54.54 +1.34° <0.001
24 98.33 +0.112 93.40 +0.84° 74.38 +0.95° <0.001
48 99.59 +0.01° 98.63 +0.05° 97.59 +0.17° <0.001

* B, group were fed with barley starch; W, group were fed with wheat starch; C, group were fed with corn starch; SEM, stand-

ard error of mean. Determined on dry matter basis.

abe Significant differences were found between values with different letters on the same line (P<0.05).
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Table 5. Volatile fatty acids composition and pH values of rumen fluids obtained from cattle consuming diets
prepared with different cereal grain

Time Treatment Groups™ (Mmol/L, X * SEM)
Parameters
(Hour) B w c P-value
Acetic acid 79.21 £8.90 65.66 £6.77 62.85 +4.42 0.279
o Butyric acid 5.12 +0.78 4.24 +0.58 3.77 £0.09 0.303
(n =9) Propionic acid 46.64 £10.07 34.27 £5.97 32.06 £5.53 0.391
Lactic acid 12.85 +2.02 9.51 +1.84 9.42 +1.81 0.400
pH 7.00 £0.10 7.09 £0.09 7.04 £0.02 0.750
Acetic acid 65.68 £1.62 54.92 £3.92 60.74 £13.05 0.651
- Butyric acid 8.32 £1.10 6.46 £0.53 6.73 £1.28 0.430
(n =9) Propionic acid 38.98 +1.88 29.15 +5.84 35.04 £2.70 0.272
Lactic acid 12.14 £0.61 10.67 £1.32 11.93 +1.43 0.653
pH 6.52 +0.06 6.32 £0.38 6.66 +0.05 0.404
Acetic acid 96.60 +3.33° 69.16 £0.42° 69.48 +11.49° 0.049
" Butyric acid 9.09 +0.91 6.68 +0.62 6.21 £1.45 0.196
(n =9) Propionic acid 60.45 +5.31 38.16 £2.92 43.50 £11.60 0.174
Lactic acid 15.34 £0.42 10.87 +0.32 11.69 +2.68 0.184
pH 6.10 £0.14 6.30 £0.16 6.48 +0.11 0.207
Acetic acid 77.28 £5.24 59.64 +11.52 76.23 +13.34 0.466
ot Butyric acid 6.37 +0.31 5.11 £1.16 5.42 +0.70 0.547
(n =9) Propionic acid 44.20 +1.10 30.46 +8.22 44.29 +13.97 0.524
Lactic acid 12.02 +1.04 8.79 +2.09 12.42 £3.35 0.529
pH 6.34 £0.07 6.39 £0.06 6.54 £0.10 0.291
Acetic acid 74.21 £9.30 63.00 £9.78 82.64 +13.44 0.491
" Butyric acid 6.10 £0.12 5.01 £+0.94 5.80 0.79 0.569
(n =9) Propionic acid 39.24 +7.04 30.32 +4.95 46.59 £14.50 0.533
Lactic acid 12.02 +1.70 9.92 +1.56 12.91 +3.05 0.582
pH 6.76 +0.07 6.71 £0.05 6.72 £0.20 0.969
Acetic acid 83.38 £15.00 58.12 +4.69 81.08 +15.52 0.364
o Butyric acid 5.77 £0.39 4.23 +0.81 5.54 £1.08 0.407
(n =9) Propionic acid 49.76 +10.74 29.49 +5.35 44.09 +13.97 0.432
Lactic acid 14.42 +3.54 8.86 +1.83 12.09 +3.62 0.489
pH 6.84 +0.13 6.86 +0.07 6.85 +0.14 0.993

* B, group were fed with barley starch; W, group were fed with wheat starch; C, group were fed with corn starch; SEM, stand-
ard error of mean; n, number of samples.

b Significant differences were found between values with different letters on the same line (P<0.05).
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Table 6. Blood and blood gases biochemical parameters values

Mehmet DEMIRCI

Sampling

Treatment Groups’ (X £ SEM)

. Pre-trial
Parameters lee Values B w c P-value
(Hour) (n =6) (n =6) (n =6)
Blood Biochemical Parameters
Glucose (mg/ o 70.30 +1.33 72.67 £+1.75 72.83 +2.01 71.33 +1.50 0.616
dL) 6" - 67.83 +1.87 63.17 +2.74 65.33 +1.63 0.328
Total Protein o 7.40 +£0.19 7.57 +0.17 7.37 £0.20 7.36 £0.11 0.862
(g/dL) 6" - 6.88 +0.46 6.45 +0.68 6.88 +0.29 0.796
Triglyceride o 26.80 +3.40 20.00 +3.06 21.33 +1.67 21.33+1.76 0.359
(mg/dL) 6" - 17.67 +0.88 17.33 £3.28 17.33 £3.53 0.995
o 16.60 +0.40°  29.67 +3.182 32.00 £3.06  29.67 +4.63? 0.004
Urea (mg/dL) h
6 - 26.00 +4.16 27.00 +1.53 26.00 +5.51 0.980
. o 2.84 +0.08 2.93 +0.03 3.00 £0.10 2.97 +0.03 0.455
Albumin (g/dL) h
6 - 2.73 +0.09 2.67 +0.23 2.80 +0.15 0.859
Blood Gases Biochemical Parameters
H o 7.47 +0.01 7.45 +0.01 7.46 £0.01 7.41 £0.03 0.110
P 6™ - 7.44 +0.02 7.45 +0.01 7.44 +0.01 0.765
ot 37.66 +1.08 37.83+1.69 38.43 +0.62 40.73 +4.64 0.767
pCO, (mmHg) h
6 - 39.00 +2.31 40.07 +0.97 38.60 +0.50 0.776
o 28.64 +2.32 34.83 +1.06 36.97 £2.09 34.70 +4.25 0.157
pO2 (mmHg) h
6 - 33.43 +2.94 30.53 +1.62 31.73 £2.91 0.735
HCO; (mmol/ o 26.70 £0.74 25.77 +1.59 26.67 £0.15 25.23 +1.39 0.712
L) 6™ - 25.93 +0.84 27.30 +0.26 25.80 +0.46 0.205
. ot 135.90 +3.36  137.63+0.37  140.13+2.81  137.60 +1.31 0.759
Na™ (mmol/L) th
6 - 138.40 +0.55  140.20 +0.72  137.47 +1.04 0.123
. o 3.87 +0.08 4.06 +0.15 3.16 £+0.42 3.75+0.48 0.268
K™ (mmol/L) th
6 - 3.5110.30 3.58 +0.22 3.53 +0.26 0.982
- o 1.10 +£0.02 1.13 +0.04 1.04 +0.07 1.10 +0.06 0.572
Ca™ (mmol/L) th
6 - 1.07 +0.07 0.97 +0.08 1.06 +0.06 0.589
. ot 99.80 +2.65 100.67 +4.33  104.33 +0.88 99.67 +4.37 0.748
CI" (mmol/L) th
6 - 106.00 £2.52  103.33+1.45  105.00 +0.58 0.569
Anion Gap ot 13.30 +1.37 15.27 +3.56 12.30 +2.11 16.47 +2.92 0.637
(mmoliL) 6™ - 9.97 +1.88 13.13 £0.82 10.23 +0.82 0.230
Lactate o 1.31 +0.14 0.66 +0.10 0.81 +0.28 1.10 +0.45 0.276
(mmoliL) 6™ - 0.65 +0.14 0.93 +0.17 0.66 +0.15 0.421

* B, group were fed with barley starch; W, group were fed with wheat starch; C, group were fed with corn starch; SEM, stand-

ard error of mean; n, number of samples.

@b Significant differences were found between values with different letters on the same line (P<0.05).
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Discussion and Conclusion
Nutrient intakes

Nutrient intakes of cows consuming different starch-
based diets was similar, except NDF. Since the
chemical composition of the diets prepared in the
study were very similar to each other, it was not sur-
prising that the nutrient consumption of the cattle
consuming these diets was similar. It is thought that
the low NDF consumption in cattle consuming a diet
containing barley may be due to feed sorting in this
group. Mosavi et al. (2012) reported that the nutrient
intakes of dairy cows fed with diets containing barley,
corn, wheat and potato-based starch did not change,
which are in agreement with the results of the current
study. It has been reported that responses of lactat-
ing cows to different cereal grains in terms of nutrient
intakes depend on the level of dietary inclusion, the
basal ration, physical processing of the cereal grains,
the composition of a given batch of cereal grain, and
the level of dietary intake (Khorasani et al., 2001).
Since the characteristics of the diets were very simi-
lar in the present study, it was an expected result that
the nutrient consumptions were similar.

Ruminal digestibility

In the presented study, when the in situ dry matter
degradability values are examined, in situ DM degra-
dation was similar in barley and wheat, but the DM
degradation in both was significantly higher than that
of corn from the beginning to the end of incubation
times. This clearly shows that barley and wheat begin
to undergo rapid digestion as soon as they enter the
digestive system and reach an average of 84% within
the first 24 hours, while corn follows a slower and
stable digestion process within 48 hours (barley =
wheat > corn).

When the in situ starch degradability values are ex-
amined, it was seen that the starch degradability
rates of barley and wheat at the beginning are similar
until the 4™ hour, but after the 4th hour, it was ob-
served that the starch degradation of all three grass-
es differed significantly in the periods until the end of
incubation. Starch degradation was listed from fastest
to slowest in barley, wheat and comn. At 12" hour of
incubation, the degradation of barley starch was al-
most complete, while the degradation of wheat starch
reached 83%, but only half of the degradation of corn
starch was completed. Thus, when the time-
dependent starch digestion rates were examined, it
was seen that barley starch is digested faster than
wheat and wheat is digested faster than corn starch,
and that barley and wheat starch are almost com-
plete within the first 24 hours. However, it was deter-
mined that the corn starch structure followed a slower
and more stable digestion process within 48 hours
(barley > wheat > corn).
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In studies, it was reported that the ruminal fermenta-
tion or digestibility of corn starch is slower than other
vegetable starches and it passes into the intestines
without ruminal digestion at an average rate of 30%
(18-42%). However, it is also known that the increase
in the amount of starch intake with the diet increases
the amount of starch that escapes from ruminal fer-
mentation (Theurer, 1986; Mills et al., 1999). Similar
results were also obtained in the presented study.
Moreover, Overton et al. (1995) and Chibisa et al.
(2015) also reported similar findings. In an experi-
ment conducted by Hassan and Karsli (2023) in
sheep consuming a forage-based diet, it was ob-
served that the rumen starch degradation rates of
barley, wheat and corn and the starch degradation
values after 48 hours of incubation were higher than
the data obtained in the current study. This shows
that increasing the concentrated feed content of the
diet reduces the rate and level of starch degradation
in the rumen.

Ruminal fermentation

When the data obtained in the presented study were
evaluated, it was determined that there was no statis-
tically significant difference between the pH’s and the
acetic, butyric, propionic, lactic acids and total VFA
values of the rumen fluid samples taken post-feeding.
In the study, it is seen that ruminal pH values re-
mained at neutral (7.00-7.09) levels in all groups at
the beginning of the trial, only went down to the low-
est value (6.10-6.48) at the 6-hour post-feeding, and
then increased again and almost approached the
initial values (6.84-6.86) at the 10-hour post-feeding.
Ruminal pH values of cows fed corn-based diets
were numerically higher compare with other two
groups at 2- and 4-hours post-feeding, indicating a
slower ruminal starch fermentation in this group. Con-
sequently, it is seen that the pH values of the rumen
fluids obtained from the experimental animals during
the trial periods never fall below 6.00 to create sub
clinical acidosis as it was expected (Oetzel, 2004;
Khafipour et al., 2009; Morgante et al., 2009;
Danscher et al., 2015).

In studies, it has been reported that high starch diets
result in high ruminal VFA (acetic, propionic, butyric,
isobutyric and valeric acids) and lactic acid levels,
especially in animals with ruminal acidosis (Krause
and Otzel, 2006; Plaizier et al., 2008; Zhao et al.,
2018). However, based on the results obtained in the
presented study, it shows that the preparation of diets
with different starch structure does not cause any
effect on ruminal fermentation and organic acid for-
mation. The only difference was a significant increase
in the level of acetic acid in the barley group at the
4th hour of the digestion process, which can be con-
sidered as an indication of the higher fermentability of
barley starch. Although the starch levels of the diets
in the current study were prepared to be at the high-
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est levels of dairy cow diets, the expected risk of aci-
dosis was eliminated because the feed consumption
levels of the non-lactating dairy cattle used in the
study were very low. For this reason, neither the ex-
pected decrease in rumen pH nor the increase in
volatile fatty acids of the animals was observed. Only
some numerical changes could be seen between
groups.

Blood biochemistry

According to the data obtained on blood biochemis-
try, there was a significant change and increase in
blood urea levels in the later stages of feeding with
trial diets (independent of the content changes of all
three ration mixes) compared to the beginning of the
trial. It is thought that this change in urea is probably
due to the transition from pre-experimental roughage-
based diets to the experimental concentrated-based
diets and the increase in nitrogenous microbial fer-
mentation products.

In other blood parameters (glucose, total protein,
albumin, and triglyceride), it was determined that
there were no statistical differences depending on the
dietary content changes. However, it is noticed that
all these biochemical parameters examined show a
decreasing trend in the advancing process from the
first hour to the 6th hour of feeding, but it is under-
stood that this situation is the result of the normal
course of food digestion and metabolic process. Sil-
veira et al. (2007) reported that no significant differ-
ences were observed in blood glucose levels be-
tween groups in feeding with barley and corn starch-
based diets, and Cabrita et al. (2009) also reported
that similar results in cows fed wheat and corn starch
-based diets. Mosavi et al. (2012) found that no sig-
nificant differences were observed between the
groups in serum glucose, triglyceride, total cholester-
ol, LDL and HDL levels in cows fed barley, wheat,
and corn -based diets. Moreover, Zhao et al. (2018)
reported that no serious changes were observed in
blood glucose levels even in cases ruminal acidosis.

Regarding the blood gas biochemical parameters
(pH, pCO,, pO,, HCOs, Na*, K, Ca™, CI, Anion
Gap, and lactate) of the experimental animals, it was
determined that there were no statistically significant
differences among diets or sampling times (0- and 6-
hours post-feeding). However, if the data between 0-
and 6-hours post-feeding are evaluated, it is seen
that normal changes occur at certain rates depending
on possible metabolic processes. Morgante et al.
(2009) determined that among the blood gas parame-
ters pCO,, pO,, HCO3; and blood pH values were
44 .33, 39.76, 29.81, 7.42, respectively, in cattle con-
trol group with normal ruminal physiological values.
However, they also reported that these values can
change if there is a disorder such as ruminal acidosis
these values were determined as 50.11, 36.60,
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32.39, 7.41, respectively, in cattle with acidosis
groups. Moreover, when the literatures are examined,
it is seen that blood gas studies in cattle are quite
limited. In the present study, it is thought that there is
no statistically significant change were observed in
rumen fermentation parameters due to low feed in-
take, as it does not cause any significant change or
negatively effects in blood gas parameters of animals
fed with diets formulated with different cereal grain-
based with different starch types.

In conclusion, it was determined that feeding corn,
wheat, and barley -based diets can significantly
change in situ ruminal dry matter and starch digesti-
bility values in animals according to starch types in
these cereal grains, but it did not cause significant
changes on ruminal pH and fermentation products
(VFAs) and blood biochemical parameters with low
feed intake. According to the results obtained, it was
determined that feeding cows with corn-based diet
may create a more stable ruminal digestibility.
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Abstract: This study was carried out to determine the prevalence of cystic echinococcosis (CE) in cattle slaughtered in
the slaughterhouse of Kastamonu Municipality, where cattle breeding is common and to determine the economic loss
in the country's economy due to this disease. A total of 5511 bovine livers were examined postmortem for CE between
January and December 2021. Of the 5511 cattle, 3872 are male and 1639 are female. In the postmortem examination,
the livers of the animals were examined and the number of animals with CE was calculated to be 524 and the preva-
lence of the disease was 9.51%. In animals, the highest monthly prevalence was observed in July with 14.85% and the
lowest prevalence in December with 3.94%. CE was the lowest with 4.94% in winter and the highest with 13.68% in
summer. CE was found to be the lowest in male animals with 4.44% in winter and the highest prevalence in summer
with 12.70%. The prevalence of the disease in female animals was 6.79% in winter and 21.32% in summer. Livers with
CE were destroyed regardless of infection intensity. As a result of this study, with the destruction of 524 livers, 136240
TL (13859 USD) was lost to the Turkish economy. It has been stated that CE is common in Kastamonu as in Turkey
and causes great economic losses.

Keywords: Cattle, echinococcosis, economic loss, Kastamonu, zoonosis

Kastamonu Mezbahanesinde Kesilen Sigirlarda Cystic Echinococcosis’in Prevalansi ve Tiirkiye
Ekonomisindeki Onemi

Oz: Bu galisma, biiyiikbas hayvanciligin yaygin oldugu Kastamonu ilinde Belediyeye ait mezbahanede kesilen sigirlar-
da Kistik Echinococcosis’in prevalansinin aragtiriimasi ve bu hastalik nedeniyle tlke ekonomisindeki ekonomik kaybin
belirlenmesi amaciyla yapilmistir. Ocak-Aralik 2021 tarihlerinde toplam 5511 adet si§ir karacigeri kistik echinococcosis
yoninden postmortem olarak incelenmistir. 5511 sigirin 3872 tanesi erkek, 1639 tanesi ise digidir. Postmortem muaye-
nede hayvanlarin karacigerleri incelenmis kistik echinococcosisli hayvan sayisinin 524 oldugu ve hastaligin prevalansi-
nin %9.51 oldugu hesaplanmistir. Hayvanlarda aylik olarak en ylksek prevelans %14.85 ile Temmuz ayi, en dusuk
prevalans ise %3.94 ile Aralik ayi olarak gortlmustir. Kis mevsiminde %4.94 olarak en dusik, yaz mevsiminde %
13.68 oran ile en yiksek Kistik Echinococcosis belirlenmistir. Erkek hayvanlarda kis mevsiminde Kistik Echinococcosis
sayisinda %4.44 ile en dusuk, %12.70 ile ise yaz mevsiminde en yuksek prevalans tespit edilmistir. Hastaligin preva-
lansi disi hayvanlarda kis mevsiminde %6.79 olarak gorilmus, yaz mevsiminde ise %21.32 olarak belirlenmigtir. Kistik
echinococcosisli karacigerler enfeksiyon yogunluguna bakilmaksizin imha edilmistir. Bu galismanin sonucu olarak, 524
adet karacigerin imhasiyla beraber 136240 TL (13859 USD) Turkiye ekonomisinde kayip sekillenmigstir. Kistik echino-
coccosisin Turkiye genelindeki gibi Kastamonu ilinde de yaygin oldugu ve buyuk ekonomik kayiplara sebep oldugu
aciklanmigtir.

Anahtar kelimeler: Echinococcosis, ekonomik kayip, Kastamonu, sigir, zoonoz

Introduction countries, the increase in animal product production
is less than the increase in population. Regardless of
the level of development, ensuring the food security
of the society is one of the basic responsibilities of
every country. Animal husbandry is a sector that ma-
kes significant contributions to the country's economy
Gelis Tarihi/Submission Date :06.11.2023 and it is necessary to provide the highest level of
Kabul Tarihi/Accepted Date  : 14.03.2024 importance for food safety in our country. Ensuring
the continuity of food security is one of the cornersto-
* This aﬁigle was pr_esen_ted as an ora_l presentation at the_lnternatio— nes for the development of the country. It is known
nal Participation Microbiome Therapies Congress held in Istanbul e h . 4
between 19-21 May 2023 and the full text was published in the cong- that parasitic infections cause low yield in cattle bree-
ress proceedings book.

The amount of animal protein consumed per capita is
one of the most important criteria for the development
level of countries. In underdeveloped and developing
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ding (Uslu et al.,, 2021; Kicikyaglioglu and Uslu,
2022).

Echinococcus granulosus, which is the causative
agent of the disease, is a helminthozoonosis caused
by larval form of hydatid cyst, which lives in the small
intestines of dogs, wolves, jackals and other canidae
and develops in mammals such as sheep, goats,
cattle and humans as intermediate hosts (Umur and
Aslantas, 1993; Altintas, 1998; Senlik, 2012). In addi-
tion to the environment, host and intermediate host
factors, human habits also have a great impact on
the spread and interregional differences of CE (Yildiz
and Tuncer, 2005).

Symptoms of CE can cause serious losses in labor
and economy. It can also result in death in humans
and animals. The prevalence of CE in humans in
Turkey has been reported as 1/2.000 (Aci6z et al.,
2021). In addition to the economic loss in the destruc-
tion of livers infected with CE, the cost of treatments
applied in human medicine is also important as it
causes morbidity and mortality (Balkaya and Simsek,
2010).

Reasons such as illegal slaughtering of animals,
stray dogs, inadequate slaughterhouse conditions
and inability to destroy diseased organs play a role in
the spread of the disease. The spread of the disease
occurs through irregular parasitic applications of do-
mestic dogs and close contact with stray dogs
(Arslan and Umur, 1997).

Diagnosis is difficult as the disease does not show
significant symptoms in intermediate hosts such as
cattle, sheep and goats (Senlik, 2000). It has been
reported that using ultrasonography in diagnosis is
not cost effective and practical (Eckert and Deplazes,
2004). The definitive diagnosis of the disease is ma-
de through postmortem examination (Senlik, 2012).

Studies showing the prevalence of CE by months and
seasons are limited in our country and in the world
(Azami et al., 2013). It has not been determined that
any research has been carried out in Kastamonu
regarding CE. It is thought that this study conducted
in Kastamonu will contribute to the literature.

In the study we conducted in Kastamonu, where li-
vestock breeding is common, it was aimed to deter-
mine the damage to the country's economy by grou-
ping the prevalence of CE in cattle slaughtered in
abattoirs according to month, season and gender.
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Material and Method
Study area

According to the data of the Turkish Statistical Institu-
te, Kastamonu province has an important place in the
country's livestock with 276859 cattle in 2021 (TSI,
2021).

Study period and animals

The research was carried out in cattle slaughtered in
the slaughterhouse of Kastamonu Municipality
between January and December 2021.

In this study, postmortem examination of 5511 bovine
livers for CE was performed. After postmortem
examination, domestic and imported beef and dairy
cattle slaughtered were evaluated by classifying them
according to gender, month and season.

Postmortem examinations

In the study, CE in other organs was not included in
the evaluation since CE is mostly found in the liver
and the economic value of the liver is high.

During the examinations of the internal organs, the
liver was first examined macroscopically, then by
superficially stroking and applying pressure, the pre-
sence of hardness and swelling in the inner parts of
the liver, as well as the presence of a section with a
knife, the internal parts of the organ were examined
for CE. All infected livers were destroyed regardless
of the number of cysts and the degree of infection.

Calculation of economic losses

The damage caused to the national economy due to
the destruction of the liver infected with CE was de-
termined as 65 TL/kg on average and the average
liver weight of cattle was 4 kg over the offal prices in
2021. Since the entire liver is destroyed regardless of
the degree of infection, the economic loss caused by
CE in an animal was calculated as 65x4kg=260 TL
on average.

Total economic loss was calculated following, formu-
la; TEL = NLCE X CPL

TEL: Total economic loss (TL)

NLCE: Number of livers with CE

CPL: Current price of the liver

Data management and statistical analysis

Excel program was used in the documentation pro-
cess and the data were; The comparison of CE ac-
cording to months, seasons and genders was evalua-
ted by performing a Fisher’'s exact chi-square and
Bonferroni corrected Post Hoc tests in the
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"SPSS29.0 statistical program (IBM Corporation,
Armonk, New York, USA.)”. For the significance level
of the tests, P<0.001 was accepted. Categorized data
are shown with frequency and percentage values.

Results

In the study, 3872 of the 5511 cattle slaughtered in
Kastamonu Municipality slaughterhouse are male
and 1639 of them are females. Livers of slaughtered
animals were examined for CE in postmortem exami-
nation.

Table 1. Cystic echinococcosis numbers by months
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number of animals with CE was 524 and the
prevalence of the disease was 9.51%. The month
with the highest prevalence was found to be July with
14.85% and the lowest prevalence was determined
as December with 3.94%.

Table 2 shows the data on the number of cattle
slaughtered and the number of infected animals
according to the seasons. When the number of
infected animals was analyzed by months, a
statistically ~ significant difference was found
(P<0.001). Different letters next to the infection rates

Months Number of Slaughtered = Number of Infected Animals Infected Rate (%)
Cattle
January 192 8 4.17°
February 413 29 7.02°
March 302 33 10.93°
April 674 67 9.94°¢
May 262 35 13.36°
June 531 65 12.24%¢
July 680 101 14.85¢
August 514 70 13.62°
September 464 47 10.13%¢
October 343 21 6.12%°
November 426 20 4.69°
December 710 28 3.94°
Total 5511 551 9.51

The difference between groups with different letters in the same column is statistically significant (P<0.001).
@d: There is a statistical difference between different letters and letter groups.

Table 1 shows data on the number of cattle
slaughtered and the number of infected animals by
month. When the number of infected animals was
analyzed by months, a statistically significant
difference was found (P<0.001). Letters that differ
from each other are categories with statistically
significant differences. Significant for animals infected
between January (4.17), February (7.02), March
(10.93), April (9.94), May (13.36), June (12.24), July
(14.85), August (13.62) and September (10.13).
difference was found. However, there is no significant
difference between January and October (6.12),
November (4.69) and December (3.94). In the
postmortem examination, it was determined that the

Table 2. Cystic echinococcosis numbers by seasons

are the categories that have a statistical difference.
While there was no statistically significant difference
in the number of infected animals between January
(10.9) and February (13.7), a difference was found
between January and March (7.1) and April (4.9)
(P<0.001). The rates of seasonally infected cattle
with CE are indicated in the table as winter in
December-January-February, spring in March-April-
May, summer in June-July-August and autumn in
September-October- November. In the study, it was
observed that animals with CE were slaughtered at
the lowest rate as 4.94% in the winter season and at
the highest rate with 13.68% in the summer season

Seasons Number of Slaughtered Number of Infected Animals Infected Rate (%)
Cattle
Spring 1238 135 10.9°
Summer 1725 236 13.7°
Autumn 1233 88 7.1°
Winter 1315 65 4.9

The difference between groups with different letters in the same column is statistically significant (P<0.001).
ab: There is a statistical difference between different letters and letter groups.
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Table 3 shows data on the number of male cattle
slaughtered by season and the number of infected
male animals. When the number of infected animals
was analyzed by months, a statistically significant
difference was found (P<0.001). Different letters next
to the infection rates are the categories that have a
statistical difference. There was a significant
difference in the number of infected male animals
between spring (9.8) and summer (12.7) and winter
(4.4) in terms of infected male animals but there was
no significant difference between spring and autumn
(6.7) and winter (4.4) and autumn (6.7). The number
of male cattle with CE is the lowest with 4.4% in
winter and the highest prevalence with 12.7% in
summer.

Erciyes Univ Vet Fak Derg 2024; 21(2): 110-116

is calculated as 9.83 TL on average during the dates
of the study, it is seen that the economic damage to
the country is approximately 13859 USD.

Discussion and Conclusion

The CE, which has a high spread in Turkey, causes
serious economic losses as well as the damage it
causes to animal and human health (Dizli et al.,
2010). CE which has a high spread in Turkey, causes
serious economic losses as well as the damage it
causes to animal and human health (Duzlu et al.,
2010). The prevalence of CE in cattle was observed
at low rates of 0.002%-8.28% in countries such as
Nigeria, Brazil, China, Saudi Arabia and Iran (Onah

Table 3. Cystic echinococcosis numbers in male animals by seasons

Seasons Number of Slaughtered Number of Infected Animals Infected Rate (%)
Cattle
Spring 1080 106 9.8°
Summer 1528 194 12.7°
Autumn 1148 77 6.7%¢
Winter 1035 46 4.4°

The difference between groups with different letters in the same column is statistically significant (P<0.001).
&°: There is a statistical difference between different letters and letter groups.

Table 4 shows data on the number of female cattle
slaughtered by season and the number of infected
females. When the number of infected animals was
analyzed by months, a statistically significant
difference was found (P<0.001). Different letters next
to the infection rates are the categories that have a
statistical difference. There was a significant
difference in the number of infected female animals
between spring (18.4) and winter (6.8) in terms of
infected female animals but there was no significant
difference between spring and summer (21.3) and
autumn (12.9). While the prevalence was low in
female animals at 6.79% in winter, the prevalence
was calculated as 21.32% in summer.

et al., 1989; Artures et al. 1996; He and Wang, 2001;
Ibrahim 2010; Azami et al., 2013), and at rates of
11.3%-19.4% in countries such as Libya, India, Iran,
Kenya and Ethiopia (Sarma et al., 2000; Dalimi et al.,
2002; Njoroge et al., 2002; Tashani et al., 2002;
Kumsa 2019). While the prevalence is as low as
0.21%-9.4% in Turkey's Mugla, Kayseri, Sivas, Kars,
Eldzig, Konya and Ankara provinces (Oge et al.,
1998; Acioz et al., 2008; Dlzli et al., 2010; Demir
and Mor, 2011; Baspinar et al., 2014; Acioz et al.,
2021; Kucukyaghoglu and Uslu, 2022). It was deter-
mined at higher rates such as 11.6%-56.5% in the
Thrace region, Burdur, Kirikkale, Samsun, Afyonka-
rahisar, Kars, Sivas, Van and Erzurum provinces

Table 4. Cystic echinococcosis humbers in female animals according to seasons

Months Number of Slaughtered Number of Infected Infected Rate (%)
Cattle Animals
Spring 158 29 18.4°
Summer 197 42 21.3%
Autumn 85 1 12.9%°
Winter 280 19 6.8°

The difference between groups with different letters in the same column is statistically significant (P<0.005).
&¢: There is a statistical difference between different letters and letter groups.

Regardless of the density or type of cysts (small,
large, calcified) in the livers with infection in the
study, all of them were destroyed. A total of 524 livers
were destroyed and since the price of a cattle liver in
2021 was 260 TL, the total loss was calculated as
260x524=136 240 TL. When the USD exchange rate
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(Toparlak and Gul, 1989; Celep et al., 1990; Umur
and Aslantas, 1993; Yildiz and Tuncer, 2005; Ulutas
Esatgil and Tuzer, 2007; Koése and Kircali Sevimli,
2008; Balkaya and Simsek, 2010; Erol et al., 2021).
The result obtained in this study (9.51%) was found
to be close to the rates in Saudi Arabia (8.28%) and
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Ankara in Turkey (9.4%).

Although CE is widely distributed in the world, CE
cases are more common especially in rural areas of
underdeveloped countries (Dar and Alkarmi, 1997).
The prevalence of CE, which is seen in almost every
region of the world, varies from country to country.
The climate of the region, ecological structure, animal
breeding methods, age and species of animals, tech-
niques used in researching their prevalence and data
collection etc. many biotic and abiotic factors such as
CE are thought to be effective in determining the pre-
valence (Senlik, 2000; Eckert et al., 2004; Duzli et
al., 2010; Almalki et al., 2017). The reasons for this
difference are as follows. In studies carried out to
date, it has been determined that butchers do not
have enough information about how CE disease oc-
curs (Aydin et al., 2015). In the study conducted in
Iran, they detected CE at the most 7.89% in the
spring and at least 4.6% in the winter season; (Azami
et al., 2013) in our study, the highest prevalence was
13.68% in summer and 4.94% in winter season. In
another study in Elazig, they reported highest preva-
lence in winter with 9.87% and the lowest prevalence
as 4.17% in spring (Baspinar et al. 2014). Studies
indicating the prevalence of CE by months and sea-
sons are limited. While it was reported that the preva-
lence of CE was higher in October in Algeria, the
highest rate of infection was observed in July in our
study (Ayad et al., 2019). Although the rates detected
in the winter months in our study are similar to the
rates in the winter months in Iran, we think that it is
not possible to draw a consistent conclusion accor-
ding to seasons and months because many factors
are effective in the spread of the disease.

In a study conducted in Aydin, the prevalence of CE
was reported to be 2.09% in males and 14.31% in
female cattle. In this study, it was determined that it
was 8.83% in males and 14.02% in female cattle.
Although the prevalence in female cattle was similar
to the study conducted in Aydin, it was observed that
the rate in males was 4 times on average
(Bagdathoglu, 2019). It is thought that the reason for
this difference is the number of slaughtered animals
and the excess of males in livestock.

It has been reported that CE causes economic dama-
ge of 4 billion USD worldwide (Uslu et al., 2021). In a
country-wide study, it was reported that the loss of
CE, which causes a decrease in meat, milk, fleece
and fertility in ruminants, to the country's economy in
2008 was 89.2 million USD (Sariézkan and Yalcin,
2009). In a study conducted in Erzurum, in the CE
examination of 1066 sheep and 530 cattle after sla-
ughter, the infection rate in cattle was reported as
46.41% and the economic loss was calculated as
2300 USD (Arslan and Umur, 1997). Although it is
seen that there are infected animals about 5 times as
many as our study, it is seen that the economic loss
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is below our study. In a study conducted in Konya,
the prevalence of hydatid cysts in cattle was reported
as 9.40% (Gicik et al., 2004). Although the rate of
9.40% in Konya is similar to the rate of 9.51% in our
study, it is different from our study when the CE infec-
tion values are examined by month. The prevalence
was highest in October (75.3%) and lowest in June
(15.1%). It has been calculated that the destruction of
the infected liver and lungs causes an annual econo-
mic loss of 52 264 USD (Dik et al., 1992). This value
shows that there is a high economic loss according to
our study. In the study conducted in the same region
in Konya in cattle, it was reported that the prevalence
of hydatid cyst was around 5.60% (Civi et al., 1995).
In a study conducted by Kiigiikyaglioglu and Uslu
(2022) on 49 545 cattle between 2018 and 2019 in
Konya, it was reported that the livers of 1947 (3.93%)
cattle were destroyed and an economic loss of
56 434 USD (384 400 TL) occurred. Although the
rate seems low according to our research, the total
value of the economic loss due to the excess amount
of animals examined was found to be higher than our
study (Kicikyaglioglu and Uslu, 2022). In the study
conducted to investigate the economic losses caused
by CE in ruminant animals in Burdur province, an
annual loss of 583 USD was observed with the dest-
ruction of the infected liver and lungs of 183 cattle out
of 1355 cattle (Umur and Aslantas 1993). Conside-
ring the ratio, 13.5% is higher than our study but it
remains low in terms of USD.

Hydatic cyst is a zoonotic disease that continues to
be an important problem in terms of public health in
many parts of the World and our region. Control and
prevention measures should be carried out together
to prevent the spread of the disease. For the control
of the disease, public awareness, control and treat-
ment of dogs, prevention of offal and raw meat con-
sumption by dogs, regular inspection and effective
control of slaughterhouses, cooperation with public
health authorities for the eradication of the disease
show the importance of working. For this purpose,
uncontrolled animal slaughter should not be done. In
addition, infected organs should be disposed of pro-
perly (burned in ovens, buried in deep pits) and never
fed to dogs. Considering the life cycle of the parasite,
the routine examination and treatment of stray dogs
by municipalities or private veterinary clinics is also
important for public health. Legal animal slaughter
should be adopted as a control measure and stray
dogs roaming around the slaughterhouse should be
removed if possible.

It has been observed that the dog population has
increased abnormally in our country in recent years
and it has been determined that the streets, walking
areas and parks are wandered by stray dogs. We
think that hydatidosis transmitted from these animals
will threaten public health more in the coming years
and cause much higher economic losses.
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Abstract: This study was designed to investigate associations between transfer of passive immunity, selected illness-
es (diarrhoea, pneumonia, and fatigue anorexia syndrome-FAS) and growth performance [body weight (BW) and aver-
age daily gain (ADG)] in preweaned lambs. A total of 347 lambs were blood sampled at 24+1 h of age after birth and
the serum IgG concentration for each lamb was measured after colostrum intake using a commercial ELISA kit. Lambs
were weighed on a scale immediately after birth (before colostrum intake) and reweighed on day 28 (end of neonatal
period) and day 84 (age of weaning). Lambs ADG was calculated from 0 to 28 d of life, from 29 to 84d of life, and from
0 to 84 d of life. Growth performance (BW and ADG) of lambs with diarrhoea and FAS in the neonatal period and with
pneumonia in the postneonatal period was significantly lower than that of healthy lambs of the same period (P<0.05).
BW of lambs with serum IgG concentration at 24™ hour after the birth (SIgGC-24)<600 mg/dL and <1000 mg/ml was
significantly lower on days 28 and 84 than that of lambs with SIgGC-24 >600 mg/dL and >1000 mg/ml (P<0.001). Simi-
larly, the ADG of lambs with SIgGC-24 <600 mg/dL and <1000 mg/ml was significantly lower on days from 0-28, 29-84
and 0-84 of age than those of lambs with SIgGC-24 >600 mg/dL and >1000 mg/ml (P<0.001). In conclusion, our find-
ings show that low serum IgG concentration in lambs, as well as the presence of pneumonia, diarrhea and FAS, reduc-
es growth performance in pre-weaning lambs.

Keywords: Growth, health, IgG cut off, lambs, performance

Siitten Kesilmis Kuzularda Biiyiime Performansi, Pasif Bagisiklik ve Saglik Arasindaki lligki

Oz: Bu galismanin amaci, siitten kesim dénemi kuzularda pasif bagisiklik transferi ile bazi hastaliklar (ishal, pnémoni,
fatigue anoreksi sendromu-FAS) ve biyume performansi [vicut agirligi (BW) ve ortalama gunluk agilik artisi (ADG)]
arasindaki iliskiyi arastirmaktir. Toplam olarak 347 kuzudan kolostrum alinimindan ya da dogumdan sonra 24+1 saat
kan ornekleri toplanmis ve her bir kuzu igin serum IgG konsantrasyonu ticari bir ELISA kiti kullanilarak olgulmustir.
Kuzular dogumdan hemen sonra (kolostrum alimindan 6nce) tartilmisg ve 28. giinde (neonatal dénemin sonunda) ve
84. giinde (sltten kesim yasi) tekrar tartilmigtir. Kuzularin ADG'si yagsamin 0 ila 28. glinleri arasinda, yagsamin 29 ila
84. glnleri arasinda ve yasamin 0 ila 84. gunleri arasinda hesaplanmigtir. Neonatal donemde ishalli ve FAS tanili ve
postneonatal dénemde pnémonili kuzularin buyime performansi (BW ve ADG) ayni donemdeki saglikh kuzulara gore
onemli dlgiide dusuk bulundu (P<0.05). Dogumdan sonraki 24. saatte serum IgG konsantrasyonu (SIgGC-24) <600
mg/dL ve <1000 mg/ml olan kuzularin canli agirliklari 28. ve 84. glnlerde SIgGC-24 >600 mg/dL ve >1000 mg/ml olan
kuzulardan énemli 6lglide daha diiglikti (P <0.001). Benzer sekilde, SIgGC-24 <600 mg/dL ve <1000 mg/ml olan kuzu-
larin gunlik canli agirhk artisinin 0-28, 29-84 ve 0-84 yas gunlerinde SIgGC-24 >600 mg/dL ve >1000 mg/ml olan
kuzulardan 6nemli 6lgide daha dusuktiu (P<0.001). Sonug olarak, bulgularimiz dusuk serum IgG konsantrasyonunu ile
birlikte pndmoni, ishal ve FAS bulunmasi kuzularda siitten kesim dncesi bliyiime performansini azaltmaktadir.

Anahtar kelimeler: Blyime performansi, IgG esik degerleri, kuzu, saglik

Introduction monia, and FAS in preweaning lambs cause signifi-

cant economic losses every year due to high mortali-
Neonatal diseases are the most common problem in ty rate, decreased growth performance and treatment
animal husbandry. Diseases such as diarrhea, pneu- expenses (Gokge et al., 2014; Kenyon et al., 2019).

Preweaning colostrum management is an important
predictor of lamb health and growth performance and
should be assessed regularly. The first step in in-
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creasing farm yield and profitability is to ensure ade-
quate passive ftransfer (Elsohaby et al., 2019).
Growth in the preweaning period is influenced by
many different factors, including passive colostral
immunity, disease, nutrition, management practices,
and environmental conditions.

The syndesmochorial structure of the ovine placenta
does not allow transfer of maternal immunoglobulins
to the fetus during pregnancy. Therefore, the lamb is
a gammaglobulinemic at birth and dependent on pas-
sive transfer of IgG from maternal colostrum within
the first hours of life. The transfer of maternal anti-
bodies is critical for protection of new born lambs as
their immune systems is not yet fully competent. The
passive transfer of colostral immunity occurs through
the absorbtion of colostral Ig by pinocytosis in the
small intestinal epithelium (Kozyr et al., 2019). New-
born lambs absorb colostral IgG during the first 24
hours after birth; after which the absorption capacity
decreases over time as the digestive system ma-
tures. Therefore, the 24th hour after birth is the best
time to determine the passive immune status in the
lamb sera (Alves et al., 2015). Studies suggest that
adequate 1gG absorption is associated with reduced
morbidity due to infection and therefore reduced use
of antibiotics, and improved growth performance
(Aydogdu et al., 2018; Agenbag et al., 2021; Johnson
et al., 2022). Thus, determination of serum IgG con-
centrations in new born lamb is essential in order to
take appropriate measures to reduce morbidity, mor-
tality and improve growth performance (Vatankhah,
2013; Santiago et al., 2020). However, to date, there
has been little research into developing strategies for
optimizing passive immunity transfer in lambs, espe-
cially in Turkey.

Low serum IgG concentration absorbed from colos-
trum is defined as failure of passive transfer (FPT)
(Tsiligianni et al., 2012; Hernandez-Castellano et al.,
2014; Gokee et al., 2021a). FPT has been associated
with many neonatal ruminant diseases, including the
respiratory system, diarrhea, septicemia, and om-
phalophlebitis (Herndon et al., 2011). FPT also in-
creases the duration of illness, contagiousness, or
pathogen shedding, and reduces growth in prewean-
ing lambs (first few months of life) (Massimini et al.,
2006; Andres et al., 2007; Turquino et al., 2011, At-
kinson et al., 2017, Bond, 2020). Recommended best
practices to prevent FPT include feeding a minimum
of 50 ml/kg of colostrum within 6 h of lambing in a
total of 150-290 ml/kg in 18-24 h, to have sufficient
passive immunity (Aydogdu et al., 2018).

There is no internationally accepted threshold value
for FPT in lambs. For this reason, studies to date
have generally used two different thresholds of IgG
<600 and <1000 mg/dl at 24 hours after birth, indicat-
ing inadequate passive transfer (Gilbert et al., 1988;
Britti et al., 2005; Gokge et al., 2019). Poor health
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and growth in young lambs can have lasting effects
on their development and future production. Improv-
ing growth performance also motivates producers.
The effect of diseases such as pneumonia and diar-
rhoea on the growth performance of lambs is not well
understood. This may be due to the length of time
required for disease detection, health examination
and observation.

This study was designed to determine the relation-
ship between the transfer of passive immunity (24" h
postpartum IgG concentration) and growth perfor-
mance (weight gain-WG and average daily gain-
ADG) in preweaned dairy lambs in relation to select-
ed diseases, as there seems to be a lack of
knowledge about it.

Materials and Methods

The study protocol was authorized by the Institutional
Ethics Committee for the Care and Use of Animals,
Kafkas University (KAU-HADYEK, 2008-23).

Animals

The details of the study design are given elsewhere
(Gokce et al., 2013). Briefly, a longitudinal observa-
tional study was designed in which 347 Akkaraman
crossbred lambs from two neighbouring farms with
similar management practices and feeding regimes
in Kars, Turkey, agreed to participate. All ewes
were housed as set out by management procedures
of the farms. Ewes were not given any drugs or
other substances during gestation or parturition.
Flock management was typical of the region, with
lambs being born in winter (December to February)
or spring (March to May) and was supervised by
stockmen during the entire lambing period and
lambs were allowed to suckle colostrum on their
own within 24 hours of birth. Lambs and their dams
were housed in individual pens for up to seven
days, after which the lambs were, then moved to
group pens, allowed to suckle twice a day (morning
and evening), fed hay only for three weeks after the
first week of life, and straw and commercial growth
feed (Bayramoglu AS, Tirkiye) in addition to hay for
three months. The lambs were intensively reared.

Daily weight gain

The study included only lambs that were regarded as
healthy after birth. Plastic ear tags were placed on
each ear of the lambs shortly after birth. The lambs
were weighed at birth before colostrum intake
(n=347) using a scale [CASIA DB2-150 kg (+30 g)]
and then let to naturally suckle their dams. The lambs
were not given any vaccinations, drugs or other sub-
stances during the study period. The lambs were
weighed again on day 28 (at the end of the neonatal
period, n=291) and day 84 (weaning time, n=290)
using the same scale. Lambs ADG was calculated
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from 0O to 28 d of life, from 29 to 84d of life, and from
0 to 84 d of life as previously reported (Elsohaby et
al., 2019).

Blood sampling

All lambs were blood sampled at 24+1 h after birth,
provided they had received colostrum, by jugular vein
puncture into an 85 mL clot-activated tube (BD
Vacutainer, BD, Franklin Lakes, NJ). Serum was ob-
tained following centrifugation at 4000 rpm for 30
minutes and stored at -20°C until analyses.

IgG assays

A commercially available ELISA test (Bio-X Competi-
tive ELISA Kit for Ovine blood serum IgG Assay-BIO
K 350, Bio-X Diagnostics, Belgium) was used to
measure serum IgG concentrations in lambs. The
test was performed and interpreted according to the
manufacturer's instructions.

Clinical examination

Routine clinical examinations of lambs were under-
took to determine clinical problems (diarrhea, pneu-
monia, suspected septicemia, fatigue-anorexia syn-
drome, other or unknown) in neonatal lambs based
on case definition as previously described (Gokge
and Erdogan, 2009). Lamb health was monitored on
daily visits during the neonatal period (0-28 days) and
every two days after neonatal period until weaning.

Statistical analysis

Data was entered on to a database (Microsoft ac-
cess). The distribution of the data was tested for con-
formity to a normal distribution by the Shapiro-Wilk
test. Mean + SE (standard error) values for serum
IgG concentrations and growth performance (ADG
and WG) was calculated. The results of clinical ex-
amination were categorized in term of health as
healthy and sick and life period as the neonatal (first
four weeks of life) and postneonatal (the period from
5 to 12 weeks after birth). An independent two-
sample t-test was used to compare SIgGC-24 and in
different categories of health status in both periods.
In addition, the same test was used to compare
growth performance (ADG and WG) and different
categories of health status such as diarrhea and
pneumonia in neonatal and postneonatal periods. An
independent two-sample t- test was used to compare
the growth performance (ADG and WG) of the lambs
in neonatal and postneonatal period according to the
post-colostral (24™ hour after birth) IgG cut-off point
(<600 versus >600 and <1000 versus >1000 mg/dl)
(Gilbert et al., 1988; Britti et al., 2005; Gokge et al.,
2019). Correlations between growth performance and
SlgGC-24 for selected diseases were determined
using Pearson correlation test. Lambs that died, sold
or not measured between the two periods were ex-
cluded from the growth performance analyses. P
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value <0.05 was considered as significant.
Results
Health status

The morbidity and mortality rates in the neonatal peri-
od were 17.3% (60/347) and 3.7% (13/347) respec-
tively. The proportions of diarrhoea, pneumonia, sus-
pected septicaemia and fatigue anorexia syndrome
(FAS) in neonatal lambs were 9.2% (32/347), 1.7%
(6/347), 3.2% (11/347) and 3.2% (11/347) respective-
ly. Of the deaths in this period, 10 lambs died of sus-
pected of septicemia and 9 in the first week of life.

The proportions of sick and dead lambs in the post
neonatal period were 32.4% (108/333) and 4.5%
(15/333) respectively. Most common postneonatal
health problems were diarrhoea (18.6%, 62/333),
pneumonia (7.5%, 25/333), suspected septicemia
(1.2%, 4/333) and others/unknown causes (5.1%,
17/333).

Growth performance and IgG concentrations

The serum IgG concentration at 24 hours after birth
(SIgGC-24) ranged from 8 to 5302 mg/mL
(21994£1160). The mean live body weight measured
at birth, 28 and 84 days after birth was 4.06+0.646 g
(2.260 to 5.900 g), 9.281+1.164 g (5.800 to 14.020 g)
and 20.789+4.057 g (11.850 to 29.800 g), respective-
ly. Mean ADG for 0-28, 29-84 and 0-84 days were
0.184+0.047 g/d (0.103 to 0.449 g/d), 0.210+0.044 g/
d (0.105 to 0.449g/d), and 0.247+0.048 g/d (0.141 to
0.355 g/d), respectively.

A comparison of growth performance in relation to
the health status of pre-weaned lambs is shown in
Table 1. Growth performance (BW and ADG) of
lambs with diarrhoea and FAS in the neonatal period
and with pneumonia in the postneonatal period was
significantly lower than that of healthy lambs of the
same period (P<0.05).

Changes in growth performance at different serum
IgG thresholds are shown in Figure 1. The BW of
lambs with SIgGC-24 <600 mg/dL was significantly
lower (P<0.001) at 28 and 84 days of age (5.91 kg
and 14.26 kg, respectively) than that of lambs with
SlgGC-24 >600 mg/dL (8.91 kg and 20.53 kg, re-
spectively) (Figure 1A). Similarly, lambs with SIgGC-
24 <600 mg/dL had significantly lower ADG from
days 0-28, 29-84 and 0-84 of age (0.07 g, 0.16 g and
0.17 g, respectively) than lambs with SIgGC-24 >600
mg/dL on the same days (0.18 g, 0.21 g and 0.24 g,
respectively) (P<0.001) (Figure 1B).

Lambs with SIgGC-24 <1000 mg/dL had significantly
lower BW on days 28 and 84 (7.14 kg and 16.19 kg,
respectively) than those with SIgGC-24 >1000 mg/
dLon the same days (8.98 kg and 20.72 kg, respec-
tively), (P<0.001) (Figure 1C). Similarly, lambs with
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Table 1. Growth performance of pre-weaned lambs in relation to health status

Period*

Neonatal (first 4 weeks after birth)

Postneonatal (5-12 weeks after birth)

Clinical ADG (g/day) BW (kg) ADG (g/day) BW (kg)
Diagnosis (Mean * SE) (Mean * SE) (Mean * SE) (Mean * SE)
Diarhoea 0.137£0.01 (n=30) 7.7£0.39 (n=30) 0.173+0.007 (n=60) 9.73+0.41 (n=60)
P<0.001 P=0.002 P<0.001 P<0.001
Pneumonia 0.113£0.03 (n=6) 6.77+0.89 (n=6) 0.182+0.009 (n=20) 10.22+0.55 (n=20)
P=0.126 P=0.126 P=0.018 P=0.018
FAS 0.133+0.02 (n=9) 7.03+0.76 (n=9) None None
P=0.048 P=0.049
Other None None 0.193+0.006 (n=12) 10.8410.35 (n=12)
P=0.326 P=0.359
Healthy (n) 0.178+0.003 9.09+0.11 0.28+0.003 12.15+£0.19
(n=272) (n=272) (n=213) (n=213)

Mean + SE (standart error), n= number of lambs, None: no cases, ADG=Average Daily Gain, BW=Body
Weight, FAS =Fatigue-Anorexia Syndrome (Mismothering, hypotermia and starvation), significantly different
from healthy lambs. * Exclusion of lambs unavailable (death, sale, not measured) between neonatal and post-

neonatal period accounts for the difference in numbers.

SIgGC-24 <1000 mg/dL was significantly lower the
ADG on days from 0-28, 29-84 and 0-84 age (0.13 g,
0.16 g and 0.19 g, respectively) than those with
SlgGC-24 >1000 mg/dL (0.18 g, 0.21 g and 0.25 g,
respectively), (P<0.001) (Figure 1D).
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Figure 1: Box plots illustrating variability in (A, C)
body weight (BW) at 28 days and weaning age; aver-
age daily gain (ADG) from 0 to 28, 29 to 84, and 0 to
84 days of life (B, D) in Akkaraman lambs with ade-
quate transfer of passive immunity (IgG>600 and
[gG>1000 mg/dL) and failure of transfer of passive
immunity (IgG<600 and IgG<1000 mg/dL).
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Discussion and Conclusion

Growth performance and morbidity rates have been
shown to be suitable indicators for assessing lamb
health and welfare at flock level. Growth performance
reflects appropriate nutrition and feeding strategies
for lambs, but it can be affected if lambs are sick or
stressed. Colostrum management is also an im-
portant predictor of health and growth performance
and should be assessed early in life. Passive transfer
of colostral immunity (PTCI) may better reflect health
and flock management, whereas FPT requires moni-
toring of individuals that may require additional treat-
ment and preventive measures (Gokge et al., 2019).
In addition to the implications for infections, lambs
with sufficient colostral immunoglobulins may develop
a more efficient metabolic system and achieve nor-
mal growth, in contrast to lambs with FPT who have
reduced feed intake (Massimini et al., 2007).

The present study evaluated passive immunity and
diseases on growth performance of pre-weaned
lambs. Studies to date have reported that there is no
single threshold value of IgG indicating FPT in lambs
(Gilbert et al., 1988; Britti et al., 2005; Gokge et al.,
2019). Therefore, two different previously suggested
values threshold (serum IgG <600 mg/mL and <1000
mg/mL) were used in our study.

Despite the ambiguity of the results, studies, espe-
cially in calves (Caldow et al., 1988), disclosed a pos-
itive association between sufficient colostral immunity
and growth performance (Atkinson et al., 2017; Al
and Sayed-Ahmed, 2020), while FPT together with
diseases reduced growth performance (Gokce et al.,
2013; Windeyer et al., 2014). This was the case in
our study where FPT and concurrent disease were
associated with poor growth performance in pre-
weaned lambs. Poor growth performance is to be
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expected as FPT causes an inability to overcome
infections (diarrhoea, pneumonia), resulting in dis-
ease onset, which consequently leads to reduced
intestinal nutrient utilization and feed intake, thus
depriving the animal of nutrients required for growth
and immunity. This may explain the reduced growth
performance of lambs with FPT compared to those
with adequate PTCI in our study. Similar associations
were reported by reseracher in calves and lambs
(Elsohaby et al., 2019; Pesca et al., 2020). Studies
also reported local protective action of colostrum in
the intestine (Nocek et al., 1984) and enhanced
growth through morphological changes and functional
maturation of the gastrointestinal tracts of neonates
(Gascoigne and Davies, 2019; Elsohaby et al., 2019;
Bond, 2020). Since colostrum is known to contain
many substances (lymphocytes, cytokines, lactofer-
rin, acute phase proteins, growth factors, fat, lactose,
vitamins, minerals, carnitine, antioxidant, enzymes,
etc.) in addition to immunoglobulins (Mastellone et
al., 2011; Hernandez-Castellano et al, 2014, Hede-
gaard and Heegaard, 2016; Ahmadi et al., 2016;
Gokge et al., 2021a; Gokge et al., 2021b; Agenbag et
al., 2021; Gokge et al., 2022), it is possible that colos-
trum could have influenced the growth response or
the immune and metabolic systems of the Akkara-
man lambs in this study

In conclusion, our results indicate that low serum IgG
concentration in lambs reduces growth performance
in preweaning lambs, as well as pneumonia, diar-
rhoea and FAS. It may also suggest that appropriate
colostrum management may help to maintain health
and growth performance, thus improving productivity
and profitability of preweaning lambs on sheep farms.
However, further studies are needed to better under-
stand the relationship between growth performance,
disease and FPT.
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Abstract: This study aimed to determine the development of research articles on ‘RNA-sequencing and gene expres-
sion’ in sheep between 2011-2023 in the Web of Science (WoS) database by scientific mapping method. In this regard,
205 articles were examined in the first search using the relevant keywords, and 124 articles suitable for analysis. They
were analysed with the Shiny web application of the Bibliometrix R package, and VOSviewer. The results determined
that the country with the most publications in the relevant field was China, the related institution with the most studies
was “The University of Edinburgh”, and the journal with the most publications was “PLoS One”. According to the key-
word analysis, the trend topics started from studies on granulosa cells and showed into research areas such as im-
mune response, growth, pathway and meat quality. In the abstract analysis, the word ‘transcriptome’ and words such
as mammary gland, muscle, fertility, Peripheral Blood Mononuclear Cells (PBMCs), lactation, fat storage were found
together, while the words forming the parasitic agents, drug resistance, miRNA studies were clustered in different
groups. The scarcity of the articles obtained in the analysed period reveals the openness of the study area. It can be
suggested that the researchers who will plan to work on this subject can plan studies on the identification of variants
belonging to different sheep breeds, resistance to antiparasitic drugs used in sheep, meat yield, disease resistance,
reproductive tissues and organs, as well as designing all these studies as study subjects based on climate change and
global warming factor.

Keywords: Bibliometric analysis, gene expression, RNA-sequencing, sheep

Koyun Tiiriinde RNA-Dizileme ve Gen ifadesi Uzerine Bibliyometrik Analiz ve Bilimsel Haritalama

Oz: Bu calismada, Web of Science (WoS) veri tabaninda 2011-2023 yillari arasinda koyunlarda 'RNA dizileme ve gen
ifadesi' konulu arastirma makalelerinin geligiminin bilimsel haritalama yontemi ile belirlenmesi amaglanmistir. Bu
kapsamda, ilgili anahtar kelimeler kullanilarak yapilan ilk taramada 205 makale incelenmis ve 124 makale analize uy-
gun bulunmustur. Bu makaleler Bibliometrix R paketinin Shiny web uygulamasi ve VOSviewer ile analiz edilmistir.
Sonuglar, ilgili alanda en ¢ok yayin yapilan Ulkenin Cin, en gok galisma yapilan ilgili kurumun "The University of Edin-
burgh", en gok yayin yapilan derginin ise "PLoS One" oldugunu ortaya koymustur. Anahtar kelime analizine gore trend
konulari granulloza hucreleri Gzerine yapilan ¢calismalardan baslayarak bagisiklik tepkisi, biyume, yolak ve et kalitesi
gibi arastirma alanlarina dogru ilerlemistir. Ozet analizinde 'transkriptom’ kelimesi ile meme bezi, kas, fertilite, PBMC,
laktasyon, yad depolama gibi kelimeler bir arada bulunurken, parazitik ajanlar, ilag direnci, miRNA c¢alismalarini
olusturan kelimeler farkl gruplarda kiimelenmistir. incelenen dénemde elde edilen makalelerin azhigi calisma alaninin
acikligini ortaya koymaktadir. Bu konuda g¢alisma planlayacak arastirmacilarin farkli koyun irklarina ait varyantlarin
belirlenmesi, koyunlarda kullanilan antiparaziter ilaglara direng, et verimi, hastaliklara direng, tireme doku ve organlari
gibi konularda galismalar planlayabilecekleri gibi tim bu galismalari iklim degisikligi ve kiresel isinma faktoriine dayali
calisma konulari olarak tasarlamalari 6nerilebilir.

Anahtar kelimeler: Bibliyometrik analiz, gen ifadesi, koyun, RNA-dizileme

Introduction analyses require better management and more re-

o ) ) . sources in the field of research and statistical meas-
Bibliometric analyses are important for providing @ yrement. (Salinas-Rios, 2022). With the advance-
comprehensive evaluation of the publications report-  ment of bioinformatics algorithms, technologies in the
ed in terms of institutions, authors, sources, citations, field of molecular genetics rapidly advancing and the
countries (quality, quantity and impact) used. Alt- decreasing costs of methods and curiosity in planning
hough there are other types of research, such as research in different species is increasing day by day.
meta-analyses and systematic reviews, bibliometric One of these methods is RNA-seq, transcriptome

analysis (Kukurba and Montgomery, 2015). There are
no bibliometric study compiling studies in the field of
gene-expression and RNA-seq in the sheep species.
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In the study planned for this purpose in the manual
search conducted with the keywords "RNA-seq and
gene expression" in sheep, the first identified study
was a composite transcriptome study using RNA-seq
analysis in sheep with a delayed bone healing model,
which serves as a model organism (Jager et al.,
2011). Because sheep is a model organism for hu-
mans, several studies including a study on polycystic
ovary syndrome in sheep by Sinha et al. (2020), a
study by Dou et al. (2020) analyzing transcriptional
regulation in visceral and subcutaneous fat tissues in
female sheep exposed to prenatal bisphenol-A. An-
other study by Quttainah et al. (2022) where RNA-
seq analysis was conducted to obtain transcriptomic
information following an experimental design created
in sheep related to heart failure observed in humans
have been conducted on sheep.In addition to these
studies on model organisms, studies related to meat
and fat metabolism development have also been
identified. Armstrong et al. (2018) conducted a study
in which gene expression profiles were analysed in 9
different muscle species to explain the high degree of
phenotypic differences observed in histochemical and
metabolic parameters related to meat quality among
different muscles. Bakhtiarizadeh et al. (2019) con-
ducted a study on fat-tail metabolism in fat-tail sheep.
Farhadi et al. (2023) reported the examination of
gene expression profiles of fat tissue in thin-tailed
and fat-tailed male sheep breeds using RNA-seq
analysis method. RNA-seq and gene expression
studies related to milk yield in sheep are as follows.
Wang et al. (2020) stated a mammary gland tran-
scriptome study in lactating and non-lactating Small-
tailed Han ewes; Farhadian et al. (2022) stated a
transcriptome analysis by RNA-seq method from milk
collected at two different stages of lactation in Ghezel
ewes. Sudarez-Vega et al. (2023) indicated study in
which the relationship between high and low feed
efficiency and milk yield was determined by milk so-
matic cell transcriptome. Some studies related to
fleece formation and molecular development in
sheep; Lv et al. (2022) stated a study in which miR-
NA and mRNA profiles of hair follicles in skin tissue
of Hu sheep were examined by RNA-seq method; Shi
et al. (2022) indicated a study in which signaling
pathways and key genes associated with wool densi-
ty in Hetian sheep were determined.

A study by Li et al. (2020) investigated the lung tissue
response to experimental Mycoplasma pneumonia
infection in Argali hybrid sheep at the transcriptome
level. A transcriptomic meta-analysis on unannotated
long non-coding RNAs associated with immune re-
sponse in sheep was performed by Bilbao-Arribas
and Jugo (2022). A study by Kyselova et al. (2023);
examined the Caseous Lymphadenitis immune re-
sponse in sheep at the whole blood transcriptome
level. Another study also investigated the Caseous
Lymphadenitis immune response in sheep at the
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whole blood transcriptome level (Lins et al., 2023)
and reported the RNA-seq analysis of abomasal tis-
sues against Haemonchus contortus resistance in
Santa Ines and lle de France breed dairy lambs.

When previous studies are examined, it has been
reported that many studies have been carried out in
the field investigated with the reproductive system in
sheep. Many studies on the reproductive system of
sheep have been carried out. The effect of poor ma-
ternal nutrition during the gestational period on pre-
natal muscle development and growth was deter-
mined by RNA-seq analysis in a study performed by
Gauvin et al. (2020). Chang et al. (2022) reported a
study investigating the FecB genotype associated
with fertility in small-tailed Han sheep and transcrip-
tome analysis in thyroid tissue related to different
genotypes; Chen et al. (2022) reported a study in
which miRNA-mRNA analysis of adrenal glands play-
ing a role in the reproductive system in sheep was
determined by RNA-seq method. Sadeghi et al.
(2022) investigated the IncRNA-miRNA, mRNA and
ceRNA network in Romanov and Baluchi sheep in
good and poor genetic value animals to understand
the molecular mechanisms responsible for fertility in
sheep. Li et al. (2022) investigated the effect of high
altitude on alternative splicing and gene expression
of ovarian follicle development in Tibetan sheep. In a
study of Liu et al. (2023) reproductive system-related
genes were identified in 10 different tissues in Xing-
gao sheep The effect of melatonin on the morula
stage of sheep vitrified embryos was examined at the
transcriptome level in a study conducted by Ji et al.
(2023). In general, the reviewed literatures were de-
termined as studies in the fields of model organism,
meat, milk, wool production, reproductive system,
and immune system.

Through bibliometric analyses, important trends in
the research area have been reported in literature,
journals, authors, keyword analyses, and institutions.
Especially with the use of integrated software with
Scopus and Web of Science (WoS) databases, these
analyses can be conducted. The bibliometric devel-
opment of gene expression and RNA-seq studies in
sheep species is not known. Therefore, in this study,
it was aimed to identify RNA-seq and gene expres-
sion studies in sheep species in the WoS database
between 2011-2024 and to analyse these studies by
bibliometric analyses on the basis of citation, author,
institution, country and keyword.

Material and Methods
Database creation and bibliometric analyses

The Web of Science database search included litera-
ture from 01.01.2011 to 01.01.2024. The search
question used to analyze the scientific publications
was designed as follows: (All Fields (AF) = ("ovine"
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OR "sheep" OR "lamb") AND AF= ("gene expression"
AND "RNA-seq"). All records and reference infor-
mation of the identified literatures were converted into
a Plain Text File (.txt). Bibliometric analyses were
performed using the R-based Bibliometrix package
Biblioshiny version 4.1.4 (Aria and Cuccurullo, 2017)
and VOSviewer software, version 1.6.20 (van Eck
and Waltman, 2010). The WoS search query identi-
fied 205 literatures on ‘RNA-seq and gene expres-
sion’ in sheep from 2011-2023. Relevant literatures
were analysed for title and abstract content. After
eliminating irrelevant literatures (RNA-seq studies on
bacteria causing disease in sheep, RNA-seq studies
on viruses, goat-related RNA-seq studies not directly
related to sheep), a total of 124 studies were ana-
lysed. In the Bibliometrix package, articles were fil-
tered by year and language and analyses were initiat-
ed on 124 final articles (articles, papers: early ac-
cess). Among the analyses performed, annual scien-
tific production of countries and institutions, biblio-
graphic merging with sources, Most Cited Articles
and Most Influential Authors, trending topics and
common word analyses constituted the main data
information.

Results
Quantitative analysis of publication

The main data information analyzed in the Biblio-
metrix program is presented in Table 1.

Table 1. Main data information
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3

o

cm m 0 = I I I I | |
2011 2012 2013 2014 2

015 2016 2017 2018 2079 2020 2021 2022 2023

Figure 1: Annually number of publications on gene
expression and RNA-seq studies in sheep.

Analysis of countries and institutions

According to the results of the analysis of the publica-
tion production of RNA-seq and gene expression
research in sheep, there was an increase in countries
such as Australia, the United Kingdom, Spain, the
USA, and China since 2014, with China being at the
highest level in this increase. Considering the most
appropriate links identified by the authors of the rele-
vant articles, the University of Edinburgh had the
highest number of articles (n=22) which was closely
followed by ICAR-Indian Veterinary Research (15
articles) and ICAR-Indian Council of Agricultural Re-
search (13 articles). Figure 2 shows a three-domain
plot using the Sankey plot describing the interaction

Main information about data

Timespan 2011:2023
Sources (Journals, Books, etc) 58
Documents 124
Annual Growth Rate % 27.23
Document Average Age 4.6
Average citations per doc 12.79
References 6795
Document contents

Keywords Plus (ID) 648
Author's Keywords (DE) 344
Authors

Authors 767
Authors of single-authored docs 0
Authors collaboration

Single-authored docs 0
Co-Authors per Doc 7.94
International co-authorships % 32.26

The graph of the annual increase of the studies from
January 2011 to January 2024 is shown in Figure 1.
It has been observed that the number of studies has
started to increase since 2014. In particular, it was
determined that the number of studies produced in
2020 reached the highest level in the examined re-
search area.

between institutions, countries and journals. The find-
ings indicated that the United Kingdom, India, China,
and France were the dominant countries in terms of
countries, institutions and resources.
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Figure 2: Three-field plot showing the network be-
tween institutions (left), countries (middle), and jour-
nals (right).

Bibliographic coupling with sources

A total of 62 sources were generated from research
articles, and the full counting method was applied
with @ minimum threshold of 5. Only 6 sources met
these criteria. For each of the 6 sources, the total
strength of bibliographic coupling links with other
sources was calculated (Table 2). The analysis re-
vealed 10 links and total link strength of 530, forming
1 cluster with 5 items. The cluster comprised 5 ele-
ments. The source with the highest total link strength
was "Scientific Reports", followed by "PLoS One".

Erciyes Univ Vet Fak Derg 2024; 21(2): 123-131

The Bradford area reported PLoS One, Scientific
Reports, BMC Genomics, Frontiers in Genetics, was
identified as the area where the distribution of articles
across journals was analyzed and showed the inau-
gural academic articles relevant to the area under
investigation.

Highly cited articles and most influential authors

Table 4 presents the top 5 most cited research arti-
cles. "A high-resolution atlas of gene expression in
the domestic sheep (Ovis aries)" performed by Clark
et al. (2017). Published in 2017 was the most cited
article with 90 citations in 5 years in the field of RNA-
seq and gene expression in sheep.

Table 2. The top most 10 strong bibliographic coupling with sources

Rank Sources Clusters Links Total link strength Documents Citations
1 PLoS One 1 4 215 11 180
2 Scientific Reports 1 4 257 9 259
3 Frontiers in Genetics 1 4 219 7 53
4 BMC Genomics 1 4 215 7 209
5 Genes 1 4 154 7 51
Among the top 10 journals, "PLoS One" ranked first
as the journal with the highest number of published
articles. As indicated in Table 4, the number of publi-
cations in Frontiers in Veterinary Science, which has
the highest Journal Impact Factor (JIF), is still low
(Table 3).
Table 3: Top 10 journals with the most papers
Rank Journals Documents JIF Percentile JIF Quartile
1 PLoS One 11 88.39 Q2
2 Scientific Reports 9 70.5 Q2
3 Animals 7 81.5 Q1
4 BMC Genomics 7 70.6 Q2
5 Frontiers in Genetics 7 65.2 Q2
6 Genes 7 61.7 Q2
7 Frontiers in Veterinary Science 4 92.0 Q1
8 Biology of Reproduction 3 66.1 Q2
9 Frontiers in Immunology 3 78.6 Q1
10 Functional & Integrative Genomics 3 471 Q3

JIF: Journal Impact Factor
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Table 4. Highly cited articles
. Total TC Normal-
Rank  Title Paper Citations per Year ized TC
1 A high resolution atlas of gene expressionin Clark et al. 90 11.25 4
the domestic sheep (Ovis aries). (2017) )
Effects of early feeding on the host rumen Wang et al
2 transcriptome and bacterial diversity in (2016) 75 8.33 2.76
lambs.
Genome-wide transcriptome analysis of
3 mRNAs and microRNAs in Dorset and Miao et al. 60 6 172
Small Tail Han sheep to explore the regula- (2016) )
tion of fecundity.
Composite transcriptome assembly of RNA- Jager et al
4 seq data in a sheep model for delayed bone (2011) 55 3.92 1
healing.
Genome-wide mRNA-seq profiling reveals
5 predominant down-regulation of lipid meta- Miao et al. 54 54 155
bolic processes in adipose tissues of Small (2015) ) )
Tail Han than Dorset sheep.
TC: Total citations
In Figure 3, the most prolific authors in the field of Keyword analysis

gene-expression and RNA-seq studies are shown
based on the number of publications attributed to
each author. The size of the circles in the visualiza-
tion indicates the number of publications authored by
a person in a given year, while the density of the cir-
cles represents the number of citations received by
the author in the same year. As the number of publi-
cations and citations increased, the size and density
of the circles increased proportionally. In particular,
authors such as Arranz JJ, Guteierrez-GIL B, and
Suarez-Vega A (Suarez-Vega et al., 2018; Chitneedi
et al., 2020; Suarez-Vega et al., 2023) were found to
have continuity in their publications from 2015 until
2023. Authors such as Bush SJ, Clark EL, Hume DA
and Mcculloch MEB (Clark et al., 2017; Bush et al.,
2017; 2018; 2019; 2020; Salavati et al., 2019) were
found to be active in terms of publications and cita-
tions in 2017 and 2020.

Authors' Production over Time
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Figure 3. Production of the most productive authors
over time.

Keyword analysis is crucial for gaining insight into
key issues, focus areas, and trends in a research
field. Such analyses enable researchers to quickly
grasp the most discussed topics and key concepts.
The word cloud highlighted the words "rna-seq",
"growth", "and expression" but also different terms as
identified in Figure 4.
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Figure 4. Keyword analysis results for the research
area.

127



Bibliometric analysis and science mapping on RNA-seq...

Trend Topics

meat quality - .

[}
s 00

Term
[ ]
[ T X XN

[ X J

2014
0

220

a2

Vear

Figure 5. Trend topics across years for RNA-seq and
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[ )
OQ. , e
R
S AR
© o]
. [ )
.0

Figure 6. The result of a network of keywords that
coword in the field of gene-expression and RNA-seq
studies in sheep.

Discussion and Conclusion

Bibliometric analyses are studies in which scientific
articles are evaluated both mathematically and statis-
tically. The first study was reportedly conducted by
Alan Pitchard in 1969 (Salinas-Rios, 2022). These
analyzes are carried out in many fields of science,
but with the development of algorithms, it can be
used more effectively in recent years. When the in-
creasing graph of the studies conducted in the inves-
tigated field according to years was examined, there
was an increase in the studies since 2011 and this
increase reached the highest level in 2020. In 2021, it
was determined that the decrease in 2023 was tem-
porary and an increase was observed again in 2023.
The top 10 journals with the highest number of publi-
cations in the field of RNA-seq and gene expression
in sheep species were determined as WoS catego-
ries; Multidisciplinary Sciences, Agriculture, Dairy &
Animals Science, Genetics & Heredity, Veterinary
Science, Reproductive Biology, Immunology. The
reported research areas can be defined as the inter-
section of RNA-seq and gene expression studies in
sheep.
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According to Bradford's law, the top three journals
with the most publications were "PLoS One", Fron-
tiers in Genetics", "Animals", while the three most
cited journals were "Bioinformatics"”, "Nucleic Acid
Research" and "PLoS One". Clark et al. (2017) was
the most cited author in the related research field with
90 citations during the analysis period. When the
subject of the study was examined, it was confirmed
that a high-resolution gene expression atlas of do-
mestic sheep was created and the researchers bene-
fited from this article as a reference source. It was
determined that the authors who produced continu-
ous publications over time were Arranz JJ, Guterrez-
Gil B and Suarez-Vega A (Suarez-Vega et al., 2018;
Chitneedi et al.,, 2020; Suarez-Vega et al.,, 2023;
Alonso-Garcia et al., 2023). In addition, Bush SJ,
Clarck EL, Hume DA and McCulluch MEB (Clark et
al., 2017; Bush et al, 2017; 2018; 2019; 2020;
Salavati et al., 2019; 2020; Tsang et al., 2020) were
determined as the authors working together with the
highest number of local citations. When the fields of
study of the most cited researchers were examined, it
was determined that they were on early fat storage in
sheep, perirenal fat transcriptome (Suarez-Vega et
al., 2018; Alonso-Garcia et al., 2023), resistance to
gastrointestinal nematodes (Chitneedi et al., 2020),
milk transcriptome (Suarez-Vega et al., 2023). Other
highly cited researchers worked on IncRNAs (Bush et
al., 2018), gastrointestinal tract transcriptome at dif-
ferent developmental stages (Bush et al., 2019), spe-
cies-specific mammalian macrophage response to
Lipopolysaccharide (Bush et al., 2020). It was deter-
mined that the identified authors have been studying
and publishing in the relevant research field for many
years. According to the keyword analyses, the words
"rna-seq", ‘"transcriptome", "sheep", "mammary
gland”, " IncRNA ", "prolificacy" and "gene expres-
sion" were highlighted . The United Kingdom, China
and India were the top three countries where the
most articles were published whereas the top three
institutions were University of Edinburgh, Indian Vet-
erinary Research Institute and Indian Council of Agri-
cultural Research (ICAR).

According to the trend subject analyses, it was deter-
mined that in the first years, granulosa cell studies
were emphasized in the abstract, while in the follow-
ing years, immune response, pathway, receptor,
growth, and meat quality studies came to the fore. It
can be recommended that researchers should design
their researches in this respect.

Seven different clusters were determined according
to the results of keyword analysis in sheep species.
These clusters were identified as miRNA, fasciola,
drug resistance, maternal nutrition, adipose storage,
prolificacy, Corynebacterium pseudotuberculosis,
IncRNA, ovary, mammary gland, lactation. In addition
to the areas where keywords are specified, studies
should be planned by identifying keywords that are
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not included in the clusters. Studies planned in the
reported areas can provide researchers with the op-
portunity for discussion. Keywords can also shed light
on the future in studies to be planned in unreported
areas. The results of analyses indicated that the stud-
ies conducted in the field of RNA-seq and gene ex-
pression in sheep species since 2011 are still in the
development stage. It is necessary to carry out gene
expression studies specific to different breeds, in
different tissues, in different disease or application
situations, such as the studies reported by Li et al.
(2020) or Li et al. (2022) in the manual review. Espe-
cially in cattle species, studies measuring the re-
sponses to heat stress have started to be carried out.
Research on this subject can also be planned in
sheep species (Khan et al.,, 2020; Czech et al,
2022). Results were also obtained regarding the jour-
nals in which the planned studies could be published
on Q1 and Q2 WOS cathegories.

This is the first bibliometric analysis planned in the
field of RNA-seq and gene expression in sheep with
the obtained results, predictions are provided for re-
searchers to plan their studies in this field and they
can carry out their planned studies with which institu-
tions and organizations. However, the scarcity of the
articles obtained in the analysed period reveals the
openness of the study area. It can be suggested that
the researchers who will plan to work on this subject
can plan studies on the identification of variants be-
longing to different sheep breeds, resistance to an-
tiparasitic drugs used in sheep, meat yield, disease
resistance, reproductive tissues and organs, as well
as designing all these studies as study subjects
based on climate change and global warming factor.
In the light of the present study, it can be recom-
mended that researchers who plan to work in this
field should direct their studies and plan their experi-
mental designs in the field of RNA-seq and gene ex-
pression in sheep by examining the reported anal-
yses.
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Abstract: Macro plastics are defined as plastics that are larger than 20 cm. Plastics that measure between 5-20 cm
are referred to as mesoplastics, while those between 1-5 mm are known as large microplastics. Plastics that measure
between 1-1000 ym are called small micro plastics, and those that are smaller than 1000 um are referred to as nano-
plastics. Microplastics are particles that result from the degradation of plastic products or are specifically produced in
the form of small pieces. They are considered to be less than 5 um in size. Micro plastics have come to the fore in re-
cent years and are pollutants of major concern to the environment. Plastic materials are commonly used on farms, but
they can have negative effects on farm animals. Ruminants such as cattle, sheep and goats require cellulolytic micro-
organisms for fiber digestion in their diet. The micro biota of the digestive system varies according to dietary habits.
The digestive system and other organs can be adversely affected by sudden changes and damage to the micro biota.
The ingestion of large plastic materials causes rumen complications such as rumen atony, indigestion and tympani in
livestock. Ingested plastic fragments degrade in the digestive tract, increasing the number of small particles likely to be
ingested. In a recent study, the presence of low-density micro plastics in sheep feces suggests that animals can ingest
micro and macro plastics from their environment and feed. The increase in demand for the consumption of plastics
worldwide is increasing the production of plastics. This situation causes the presence of micro plastics to increase rap-
idly day by day. Even if the production of plastics decreases, the continuous degradation of plastic waste in the earth
will continue the formation of micro plastics and cause environmental pollution. The effects of microplastics in our coun-
try should be investigated by conducting detailed studies from the perspective of veterinary medicine.

Keywords: Animal nutrition, micro plastic, sustainability

Mikroplastiklerin Hayvan Sagligi ve Beslenme Uzerine Etkileri

Oz: Makroplastikler >20 cm altinda kalan plastiklerdir. 5-20 cm arasinda kalan plastikler mesoplastikler, 1-5 mm
arasinda olanlar buyuk mikroplastiklerdir. 1-1000 um yer alan plastikler kiiguk mikroplastikler; <1000 ym altinda kalan
mikroplastikler nanoplastikler olarak adlandirilirlar. Mikroplastikler, plastik Griinlerin pargalanmasiyla olusan veya 6zel-
likle kiiguk parcalar seklinde uretilen, boyutu 5 pm'den daha kuguk kabul edilen pargaciklardir. Son yillarda gindeme
gelmis olup; gevre igin buyuk éneme sahip kirleticilerdir. Plastik malzemeler ciftliklerde de siklikla kullanilan Grinlerdir.
Bu malzemelerin giftlik hayvanlari Gzerinde olumsuz etkileri olabilir. Sigir, koyun, kegi gibi ruminantlar tikettikleri yem-
lerdeki lif sindirimi igin selllolitik mikroorganizmalara ihtiyag duyarlar. Sindirim sistemi mikrobiyotasi beslenme
aligkanligina gore degisiklik gosterir. Mikrobiyotada meydana gelen ani degisimler ve hasarlar sindirim sistemi ve diger
organlari olumsuz etkileyebilir. BlyUk ebatlardaki plastik materyallerin yutulmasi besi hayvanlarinda rumen atonisi,
hazimsizlik ve timpani gibi rumen komplikasyonlarina neden olur. Yutulan plastik pargalari sindirim sisteminde pargala-
narak emilme olasiligi yiksek olan kiiglik pargaciklarin sayisini arttirir. Yapilan galigmalarda koyun diskisinda diisiik
yogunluklu mikroplastik varhdinin tespit edilmesi c¢iftik hayvanlarinin c¢evrelerinden ve yemlerinden mikro ve
makroplastikleri alabileceklerini gdostermektedir. Dinya genelinde plastik tiketimine olan talebin artmasi plastik Gretimi-
ni de arttirmaktadir. Bu durum mikroplastik varliginin her gegen gun hizla artmasina neden olmaktadir. Plastik tretimi
azalsa dahi yeryliziinde var olan plastik atiklarin devamli pargalanmasi sonucu mikroplastik olusumu devam edecek ve
cevresel kontaminasyona sebep olacaktir. Mikroplastiklerin Ulkemizdeki etkileri veteriner hekimligi acisindan detayl
galismalar yapilarak aragtiriimalidir.

Anahtar kelimeler: Hayvan besleme, mikroplastik, strdurdlebilirlik

) N - Introduction
Gelig Tarihi/Submission Date :15.01.2024

Kabul TarihiAccepted Date  : 20.03.2024 The production of plastics has become an environ-
*This study was presented as a poster at the IV International Animal mental hazard due to the discovery of synthetic poly-
Nutrition Congress. 29 February, 29— March, 3, 2024, Antalya- mers (Hidalgo-Ruz et al., 2012). The most commonly
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used synthetic plastics include polyethylene (low and
high density), polystyrene, polyvinyl chloride, polypro-
pylene, and polyethylene terephthalate. Polymers are
used in the textile, fiber and synthetic leather indus-
tries; packaging and wrapping materials, toys; build-
ing and construction materials, drainage pipes; elec-
tronics, automotive, aircraft, and railway industries;
dental and prosthetic materials, lenses; medical and
disposable materials (Bansal and Singh, 2022). Micro
plastics are present in various cosmetic products,
including face wash gels, creams, and makeup (Auta
et al.,, 2017). Plastics are synthetic polymers com-
posed of long chains of carbon, hydrogen, oxygen,
and chlorine atoms. They are in high demand and
production due to their durability, lightness, low cost,
and versatility (Bansal and Singh, 2022). Micro plas-
tics are particles that are produced by the degrada-
tion of plastic products or in the form of particularly
small pieces, considered to be smaller than 5 ym in
size. They have been on the agenda in recent years.
They are pollutants of great importance to the envi-
ronment (Rainieri and Barranco, 2018). The environ-
mental impact of micro plastics is influenced by sev-
eral factors. Micro plastics of different sizes and poly-

Table 1. Synthetic polymers commonly used
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Classification of micro plastics

Micro plastics are classified based on their size, mor-
phology, density and material composition (Amelia et
al., 2021). Macro plastics are plastics below >20 cm.
Plastics between 5-20 cm are meso plastics, and
plastics between 1-5 mm are large micro plastics.
Plastics between 1-1000 ym are called small micro
plastics; micro plastics <1000 ym are called nano-
plastics (Hanvey et al., 2017). According to another
classification method, micro plastics are classified as
primary and secondary micro plastics. Industrially
produced as microbeads of different sizes, primary
micro plastics are used in personal care products or
as raw materials for the manufacture of various prod-
ucts. Plastics can degrade and break down in the
environment due to exposure to oxygen, heat and
radiation. These micro plastics formed as a result of
physical and chemical decomposition are secondary
micro plastics (Barnes et al., 2009; Rillig, 2012; An-
drady, 2017). The main synthetic polymers commonly
used today are given in the table (Bansal and Singh,
2022).

Polyester

Polyethylene (PE)
Polyethyleneterephthalate (PET)
Polypropylene (PP)

Polystyrene (PS)

Polyvinyl chloride (PVC)

Alkyd, polyurethane (PUR)

Nylon (polyamide) (PA)
Polymethyl methacrylate (PMMA)
Polyacrylonitrile (PAN)

Polyvinyl alcohol (PVA)

Poly acrylonitrile butadiene styrene (PABS)

High-density polyethylene (HDPE)
Polycarbonate (PC)

Cellulose acetate

Cellulose nitrate

Polylactic acid (PLA)

Melamine

Polybutylene succinate (PBS)
Polyhydroxyalkanoates
Polyethylene silfonlar (PES)
Styrene-butadiene rubber (SBR)
Polyvinyl acetate (PVA)

mers have different sorption and desorption times.
Additionally, the concentration of micro plastics in soil
is an important factor (Wang et al., 2019). Microplas-
tics in soil can impede the absorption of water and
nutrients by plants. These micro plastics negatively
affect the biochemical structure of plant tissues, the
root structure of the plant and the microorganism
activity of the soil in which the plant grows (De Souza
Machado et al., 2019). Micro plastics inhibit the
growth and reproduction of microorganisms in soil
and pose a threat to the soil biome by disrupting mi-
crobial diversity (Wang et al., 2019). The most fre-
quently isolated polymers from water samples are
polyethylene, polypropylene, polystyrene, and poly-
carbonates. Polystyrene polymers can cause oxida-
tive stress by producing free oxygen radicals. Addi-
tionally, they have genotoxic effects on aquatic or-
ganisms by inhibiting DNA repair (Koelmans et al.,
2019).
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According to their morphology, microplastics are clas-
sified as fibers, fragments, beads, and fiims (Amelia
et al., 2021).

Transmission pathways

Plastics can enter the soil in different ways. These
ways include agricultural interventions, the usage of
sewage and sludge in agricultural lands, and indis-
criminate disposal of plastics into the environment
(Rodriguez-Seijo et al., 2019). Studies show that mi-
cro plastics have been found in sewage treatment
plants. Micro plastics of low density and small size in
soil and water can be transported by wind and depos-
ited back into soil and water through precipitation
events (Lee et al., 2022). Plastics used in agriculture
can also accumulate agrochemicals, making them a
source of primary pollutants. Micro plastics can also
accumulate pesticides. This creates a larger environ-
mental problem. In a study of earthworms, it was
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reported that they ingest micro plastics through the
digestive tract or the skin and carry them deep into
the soil through their movements (Rodriguez-Seijo et
al., 2019). Exposure to plastics is more likely in urban
center and areas with factories producing synthetic
polymers. Plastic pellets can leak into the environ-
ment during production, transportation, recycling, or
use (Andrady, 2017). According to Prata et al. (2022),
mammals are primarily exposed through respiration
and diet. Micro plastics are often found in the fiber
structure of the atmosphere. Textile products are
dispersed into the environment under the influence of
the atmosphere and human activities. Micro plastics
in the atmosphere have the biggest role in the pollu-
tion of the water environment. Accordingly, the routes
of exposure to micro plastics have expanded from
contaminated food and beverages in the food chain
to inhalation (D'Angelo and Meccariello, 2021). Micro-
plastics are taken into the gastrointestinal tract by
drinking contaminated water or using such water to
wash food, and by consuming fish living in the sea
and oceans. Aquatic animals also ingest micro or
nanoplastics through their gills (Bansal and Singh,
2022). Plastic materials are commonly used in farms
for feed transport pipes, taps, drinkers, and plastic
bottles for disinfectants or medicines. However, over-
time, these plastics break down due to chemical,
physical, and biological reactions, forming micro plas-
tics. As a result, microplastics can be transported in
these ways and be a source of microbial contamina-
tion for livestock and poultry. Additionally, microplas-
tics from the environment can enter manure during
the composting process. Composting animal manure
is a common method, but it can also pose a threat to
the ecological system due to the presence of micro
plastics. A study reported that microplastic contami-
nation, including PP, PE, and PR fibers and frag-
ments, occurred in farm and poultry enterprises. This
provides evidence that the direct application of ma-
nure can potentially contaminate soil with micro plas-
tics (Wu et al., 2021). Micro plastics and nanoplastics
not only act as environmental pollutants but also
pose a hazard by interacting with toxic metals such
as cadmium and mercury (Yong et al., 2020).

Importance of micro plastics in animal nutrition

Micro plastics are present in both land and water
ecosystems (Akcay et al., 2020). Exposure to micro
plastics is significant for poultry and other livestock in
land ecosystems. It is not yet clear whether plastic
species are included in the food chain after they are
broken down into micro plastics. However, it has
been observed that microplastics enter the food chain
when animals consume feed and food contaminated
with micro plastics. Microplastics that enter the aquat-
ic ecosystem accumulate in the intestines of animals
living in this ecosystem. It has been reported that
these microplastics will not have a direct impact on
human health since the intestines of aquatic animals
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offered for human consumption are removed before
consumption. However, as the removed intestines
are added to animal feed, animal health and indirectly
human health are affected. (Atakan et al., 2021). A
study was conducted on chickens and the area
where they were raised to determine the transfer of
low-density polyethylene (LDPE) plastic residues.
The study examined the feces, gizzards, soil, and
earthworms in which the chickens live, as well as the
feed they eat. While 0.87+1.9 particles/g micro plas-
tics were found in soil samples, 1.8428.8 particles/g
micro plastics were found in earthworms, 82.3+129.8
particles/g in chicken feces, and 10.2+13.8 particles/g
in chicken gizzards. No micro plastics were found in
the feed (Huerta et al., 2017). Ruminants, such as
cattle, sheep, and goats, require cellulolytic microor-
ganisms to digest the fiber in their feed. The micro
biota of the digestive system varies depending on
dietary habits. Sudden changes or damage to the
micro biota can have adverse effects on the digestive
system and other organs. Ingestion of large plastic
materials can cause rumen complications, such as
rumen atony, indigestion, and tympani, in livestock
(Ramachandraiah et al., 2022). Ingested plastic frag-
ments break down in the digestive tract, increasing
the number of small particles that are likely to be ab-
sorbed. According to a study by Beriot et al. (2021),
the presence of low-density micro plastics in sheep
feces suggests that livestock may ingest micro and
macro plastics from their environment and feed. Mi-
cro plastics are anthropogenic pollutants found in
soil, oceans, air and biota, especially in urban envi-
ronments (Prata et al., 2021). In a study conducted
on dogs and cats living in Porto, micro plastics were
detected in postmortem kidney, lung, ileum, liver, and
blood samples using Nile Red Staining and Micro-
Raman Spectroscopy methods (Prata et al., 2022).
Micro plastics can carry pathogenic microorganisms
and alter the microbial diversity of the environment.
Micro plastics carry antimicrobial resistance genes,
which can persist due to their effects on the carbon
cycle and metabolism of micro biota (Wu et al., 2021;
Eckert et al., 2017). Additionally, micro plastics dam-
age gastrointestinal villi, leading to reduced nutrient
absorption and feed intake in animals (Wu et al.,,
2021). According to Wang et al. (2019), micro plas-
tics ingested by animals cannot be digested and can
cause obstructions in the gastrointestinal tract. In a
study by Lei et al. (2018), polystyrene nano- and mi-
cro plastics were found to damage cholinergic and
GABAergic neurons. In studies on fish, it was ob-
served histopathologically that micro plastics accu-
mulate in the intestines, gills and livers of larvae and
adult fish (Lu et al., 2016). The main pathological
symptoms of micro plastic and nanoplastic toxicity in
the intestine are disruption of epithelial integrity, in-
flammation, oxidative stress, changes in intestinal
biomarkers and disruption of intestinal biota (Chen et
al., 2018). When fish ingest micro plastics, changes
in liver metabolites and liver enzymes can occur. In
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some cases, micro plastics have also been found in
the brains of fish, where significantly inhibited acetyl
cholinesterase activity has been observed (Ding et
al.,, 2018). Barboza et al. (2019) observed that wild
fish consumed by humans, which had microplastics
in their intestines and other tissues, had significantly
higher levels of lipid peroxidation and acetylcholines-
terase in their brains, gills, and dorsal muscles com-
pared to fish without micro plastics. In a study on
mice, micro plastics and nanoplastics were detected
in the intestine, liver, and kidney. The distribution of
microplastics in tissues is influenced by particle size.
A study found that micro plastics with a diameter of
20 pym were evenly distributed among all tissues,
whereas those with a diameter of 5 ym accumulated
more in the intestine. The data indicate that micro
plastics accumulate not only in the digestive system
but also in other tissues through the circulatory sys-
tem. In mice exposed to micro plastics, researchers
observed a decrease in ATP concentration and an
increase in LDH activity in the liver, as well as dis-
rupted lipid metabolism (Deng et al., 2017). High con-
centrations of micro plastics and nanoplastics are
cytotoxic, and cell death can occur through necrotic
plasma membrane rupture or programmed cell death.
Plastic-associated surfactants can disrupt the lipid
layer of the plasma membrane at high concentra-
tions. They can also inhibit cellular signaling process-
es that rely on cellular surface structures, such as
proteoglycans, extracellular matrix components, and
ligand-receptor interactions, even at moderate con-
centrations. As a result, cellular physiology may be
affected to varying degrees. Nanoplastics are taken
up by endocytosis, which depends on the cell type,
and nanoplastics released into the cytosol can affect
key organelles such as mitochondria or the nucleus,
as well as cellular events such as mitotic spindle for-
mation during cell division and chromosome migra-
tion. Micro plastics and nanoplastics can disrupt
transport events along the exocytosis pathway within
cells, which may hinder the expression of vital signal-
ing receptors or membrane transporters. Additionally,
the accumulation of nanoplastics in endosomes or
lysosomes can lead to the degradation of these orga-
nelles, ultimately inhibiting macrophage and au-
tophagic cell death (Yong et al., 2020). A study con-
ducted on female mice exposed to micro plastics
found that these animals experienced tissue damage,
impaired immune response, decreased live births in
offspring, changes in sex ratio, decreased body
weight, and changes in lymphocyte composition in
the spleen (Park et al., 2020). Additionally, micro
plastics have been observed to cause inflammation in
male reproductive cells and abnormal spermatozoon
formation (D'Angelo and Meccariello, 2021). A study
conducted by Hou et al. (2020) found that adding
different doses of micro plastics to the drinking water
of male mice reduced the number of live spermato-
zoa in the epididymis and caused morphologically
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abnormal spermatozoa.

The negative effects of microplastics were observed
in many systems of the organism, particularly the
digestive system. In order to prevent this situation, it
is necessary to be familiar with the methods of analy-
sis that can detect the presence of microplastics in
any substance that is contaminated with microplas-
tics.

Microplastic analysis methods
Collection of samples

Micro plastic samples are collected using selective,
bulk, and reduced volume sampling methods. Selec-
tive sampling is used when plastic debris is visible to
the naked eye. This method is easy and straightfor-
ward. However, this method has the disadvantage of
only detecting larger micro plastics and being unable
to detect them when mixed with other substances.
Bulk sampling is a method of sampling without reduc-
ing the volume of the material to be sampled. Howev-
er, this method negatively affects the representative-
ness of the entire sample as it only allows for a small
sample to be collected. This method ensures better
representativeness of the entire sample. On the other
hand, reduced volume sampling involves rapid filtra-
tion to reduce the volume of the sample, with a small
portion retained for analysis. Esmeray and Armutcu
(2020) found that rapid filtration leads to the discard-
ing of a large portion of the sample and a significant
loss of micro plastics.

Preparation of samples
Density separation

The density of plastic varies depending on the type of
polymer and manufacturing process. Density values
can range from 0.8 to 1.4 cubic centimeters. In order
to determine the density of the plastic in the sample,
saturated solutions are used; such as sodium chlo-
ride (NaCl), sodium iodide, zinc chloride and sodium
polytungstate solutions. The sample is mixed with a
saturated solution and shaken to separate light parti-
cles from heavy particles. The sediment settles to the
bottom while the low-density plastic fragments remain
on the surface. The supernatant, which contains the
low-density plastic fragments, is extracted. Saturated
sodium chloride solution is commonly used to raise
the density of the sample for density separation pur-
poses. NaCl solution can be used to extract micro
plastics of low density such as polyethylene, polypro-
pylene, and polystyrene. However, it is not effective
for separating micro plastics with higher density such
as polyvinylchloride and polyethylene terephthalate
(Hidalgo-Ruz, 2012; Esmeray and Armutcu, 2020).
To separate high density micro plastics, it is recom-
mended to use higher density salt solutions such as
sodium iodide (Nal), zinc chloride (ZnCl), or sodium
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polytungstate (SPT) (Esmeray and Armutcu, 2020).
Elimination

Micro plastics can be separated from samples by
using sieves of different sizes. The remaining sam-
ples are collected after sieving. This process catego-
rizes micro plastics according to their size (Hidalgo-
Ruz, 2012), reducing the sample volume for extrac-
tion (Esmeray and Armutcu, 2020).

Digestion

Micro plastics are persistent and widespread pollu-
tants, which raises concerns about their negative
effects. To conduct laboratory toxicity experiments
and biomonitoring, it is necessary to remove micro
plastics from biological samples using easy and effi-
cient digestion procedures. These procedures typical-
ly involve the use of alkaline and acid agents, as well
as enzymes (Prata et al., 2021). Samples collected
from the environment may contain a variety of organ-
ic matter and should be treated accordingly. This
process presents challenges in identifying and cate-
gorizing micro plastics. The digestion process aims to
remove the mixed organic matter in the collected
samples (Wang and Wang, 2018). In the case of wa-
ter and sediment samples, a mixture of 30% hydro-
gen peroxide (H,0,) and sulfuric acid (H,SO,) is used
(Imhof et al., 2012). Organic material is digested us-
ing nitric acid (HNO3, 22.5 M), hydrogen peroxide
(H20,, 32.6 M) and sodium hydroxide (NaOH, 52.5
M) (Claessens et al., 2013). Cleaning the sample with
distilled water and ultrasonic cleaning can prevent
surface adhesions of the plastic material.

Filtering

In the filtration method, liquid samples containing
plastic fragments are passed through filters using a
vacuum. The filters separate micro plastics from lig-
uids by allowing only liquid substances to pass
through. The size of the filter papers used varies be-
tween 1-1.6 ym or 0.45-20 ym (Hidalgo-Ruz et al.,
2012; Wang and Wang, 2018). The liquid samples
used can quickly clog the filter media because they
are full of microscopic particles or debris. Various
auxiliary measures can mitigate this issue. These
include reducing the solution volume, settling the
liquids for a longer time to facilitate the separation of
heavier solid particles from the supernatant, perform-
ing a pre-filtration step using a filter with a larger pore
size, or adding chemicals such as ferrous sulfate to
the liquid to flocculate the solid fraction (Wang and
Wang, 2018). To remove micro plastics from the
aqueous supernatant, tweezers can be used after
density separation with fresh water before filtration.
Alternatively, for larger particles, water samples can
be sieved through a 500 ym pore size sieve (Hidalgo-
Ruz et al., 2012). The commonly used filters include
glass fibers, nitro-cellulose, polycarbonate mem-
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branes, zooplankton, and isoporous filters (Wang and
Wang, 2018).

Diagnosis and identification

In order to identify micro plastics, a visual inspection
of the concentrated sample residue is required. This
can be done with the naked eye or through a micro-
scope. To avoid misidentification of micro plastics,
plastic particle selection should be standardized
(Hidalgo-Ruz et al., 2012). Once the samples collect-
ed from the field are prepared in the laboratory, vari-
ous approaches can be used to identify microplastics.
For this purpose, the analysis of mesoplastics, micro-
plastics, and nanoplastics is conducted using optical,
spectroscopic, or thermo-analytical techniques. Spec-
troscopic and imaging techniques are used to visual-
ize mesoplastics, microspectroscopy and fluores-
cence techniques are used to visualize microplastics,
and electron microscopy is used to visualize nano-
plastics (Esmeray and Armutcu, 2020; Wang and
Wang, 2018).

Optical techniques

Optical identification is a technique performed with
the naked eye or with an optical microscope. This is
the most commonly used technique. Shapes and
colors are used to determine whether the material
examined is micro plastic or not. Microplastic parti-
cles are not organic or cellular, and if they are in the
form of fibers, they have consistent thickness and
color along the entire length. The particles are clear
and uniformly colored. To confirm transparent and
white particles, high magnification or fluorescence
microscopy is necessary. This method can be expen-
sive but is suitable for high volume samples where
analytical instruments are not available. It is im-
portant to note that weathered microplastics may
undergo changes in morphology. Errors in identifica-
tion can be introduced by the researcher making the
identification, the sample matrix, the particle shape
and size, or the microscope used, so it is important to
be objective and accurate in the identification pro-
cess. In some suspicious cases, spectroscopy and
analytical techniques should be employed (Wang and
Wang, 2018).

Scanning electron microscopy (SEM)

The SEM method involves exposing the sample sur-
face to a high intensity electron beam. This produces
high-resolution images of the sample, which are
scanned in a raster scanning model. The method
allows for the display of surface details of the exam-
ined sample at high magnification ratios, making it
possible to determine the organic-inorganic impurities
of the material. SEM has been successfully used to
study the surface properties of micro plastics. Howev-
er, this technique requires significant time and effort
for sample preparation, making it unsuitable for pro-
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cessing large numbers of samples (Wang and Wang,
2018).

Fourier transform infrared spectroscopy (FTIR)

The principle of FTIR analysis is based on three dif-
ferent modes of operation. Fourier Transform Infrared
Spectroscopy (FTIR) is a method of analysis that
operates in three different modes: transmission, re-
flection, and attenuated total reflection (ATR). It is
important to note that FTIR analysis is based on ob-
jective measurements and not subjective evaluations.
To hold the samples in place during the scanning
process, a water-resistant and mechanically stable
filter substrate with pores to allow filtration of aque-
ous samples is used. The filter material must also
give a minimal spectral response. The transmission
mode of analysis involves the beam passing through
the sample and being collected. However, this mode
is not suitable for colored materials due to their high
absorption of the beam, resulting in weak or no beam
reaching the detector. Reflection mode, on the other
hand, is not affected by this issue. In reflection mode,
the incident beam is reflected off the IR reflective
substrate and passes through the sample. Attenuated
total reflection involves using an ATR crystal, a high
refractive index material, which is placed in optical
contact and beamed onto the surface. ATR-FTIR is a
fast method that requires minimal sample prepara-
tion. However, the crystal material can degrade over
time due to surface scratching or cracking. It is im-
portant to ensure that the crystal material used is
covered by the particle under investigation, as small-
sized fragments in the crystal may not produce the
desired spectrum (Xu et al., 2019).

Raman spectroscopy

Raman spectra are recorded by a Raman micro-
scope system with a laser wavelength of 633 nm and
50x magnification (Imhof et al., 2012). This method is
frequently used and reliable for the determination of
microplastics. A laser beam is applied to the sample,
and the molecular and atomic structure of the sample
causes the beams to give light frequencies in the
form of absorption, scattering or reflection, known as
Raman shift. Different spectra are produced for each
of the polymers under investigation. Raman spectros-
copy is advantageous for analyzing a large number of
samples of microplastics, providing non-destructive
chemical characterization. It has the advantage of
high spatial resolution, wide spectral range, narrow
spectral bands, and lower sensitivity to water interfer-
ence. This method enables the detection of micro-
plastics as small as 1 ym. Chemicals associated with
microplastics, such as dyestuffs, can harm the accu-
racy of the analysis (Wang and Wang, 2018).
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Pyrolysis gas chromatography-mass spectrome-
try (PYR-GC-MS)

Pyrolysis Gas Chromatography-Mass Spectrometry
analyses the thermal degradation products of micro-
plastics. It provides a chemical analysis of microplas-
tics. In this method, solid polymers are processed
with a minimal amount of sample. Unlike the FTIR
method, this method provides detailed information on
the chemical and organic composition of polymers at
the same time. This method is insensitive to contami-
nation of the sample being analyzed with contami-
nants. Small amounts of sample are used for meas-
urement. One single particle is analyzed per cycle.
Each measurement takes 30-100 minutes. There is
limited applicability for analyzing large sample vol-
umes. Since micro plastic particles are manually
placed in the pyrolysis tube, particles large enough to
be manually manipulated (>100 ym) are suitable for
analysis. Thermo-analytical methods are destructive,
provide only chemical characterization, and do not
provide detailed information on the morphology of
microplastics. Therefore, they should be used in addi-
tion to spectroscopic methods (Wang and Wang,
2018).

Conclusion

As the demand for plastic consumption increases
worldwide, so does the production of plastic. This
situation causes the presence of microplastics to
increase rapidly day by day. Even if the production of
plastics decreases, the formation of microplastics will
continue as a result of the continuous degradation of
plastic waste in the earth and will cause environmen-
tal pollution (Caglayan and Aytan, 2021). Plastic pol-
lution has become a global issue. Plastics not only
pollute the soil and water but also indirectly pollute
the products made from these sources. Alternatives
to the use of plastic products in agriculture and ani-
mal husbandry should be developed, or disposal
methods and protocols should be established after
the use of these products. A review of the literature
reveals a lack of information on microplastics in feed
and their effects on livestock. In vivo and in vitro stud-
ies on this topic will contribute to the prevention of
plastic pollution, which has become a major problem
today.
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Oz: Bu olgunun materyalini, Erciyes Universitesi Veteriner Egitim, Aragtirma ve Uygulama Hastanesi'ne lateral pozis-
yonda, titreme sikayeti ile getirilen disi bir tavsan olusturdu. Anamnezde, tavsanin iki ay arayla iki dogum yaptigi ve
ikinci dogumundan 20 glin sonra sik sik nefes aldigi ve kasiima sikayetinin basladigi 6grenildi. Tavsanin klinik muaye-
nesinde, generalize tetanik kasilmalar, tasipne, tasikardi ve 36.6°C vicut sicakhdi belirlendi. Biyokimyasal analizde
hipokalsemi (4.05 mg/dl) tespit edildi. Emziren bir tavsanda vakaya, anamnez, klinik muayene ve laboratuvar bulgulari-
nin sonucunda hipokalsemi teshisi konularak 0.5 ml %10 kalsiyum glukonat damar igi uygulandi. Tedaviden yaklasik
bir saat sonra tavsanin klinik semptomlarinin diizeldigi ve tetanik kasilmalarin kayboldugu gézlendi. Literattr taramala-
rinda tavsanlarda hipokalsemi ile ilgili fazla kaynaga rastlanmamistir. Tetanik kasiima, tasikardi ve hipotermi gorilmesi
nedeniyle olgunun sunulmasinin énemli oldugu disundldd.

Anahtar kelimeler: Eklampsi, hipokalsemi, tavsan

A Case of Hypocalcemia in a Rabbit

Abstract: This case report describes a female rabbit presented to the Erciyes University Veterinary Training, Re-
search, and Application Hospital in lateral recumbency with a complaint of muscle tremors. Upon obtaining the history,
it was revealed that the rabbit had given birth twice within a two-month interval, and approximately 20 days after the
second birth, she began experiencing frequent breathing and muscle Tremors. Clinical examination revealed general-
ized tetanic contractions, tachypnea, tachycardia, and a body temperature of 36.6°C. Biochemical analysis revealed
hypocalcemia (4.05 mg/dl). Based on the history, clinical examination, and laboratory findings, the case was diagnosed
as hypocalcemia in a lactating rabbit, and 0.5 ml of 10% calcium gluconate was administered intravenously. Approxi-
mately one hour after treatment, the rabbit's clinical symptoms improved, and the tetanic contractions disappeared. A
literature review did not yield many sources regarding hypocalcemia in rabbits. Given the presence of tetanic contrac-
tions, tachycardia, and hypothermia, the presentation of this case is considered important.

Keywords: Eclampsia, hypocalcemia, rabbit

Girig toksemisi, laktasyon, diyetle yetersiz kalsiyum ve D

) ) . ) L vitamini alimi, paratiroidektomi ve dengesiz beslenme
Hipokalsemi, yani serum kalsiyum seviyesi dusuklu-

gu, hayvanlarda gebeligin son asamalarinda, dogum
oncesi donemde veya artan kalsiyum gereksinimleri-
nin bir sonucu olarak emzirme déneminde olusabilir.
Bu durum, cesitli klinik belirtilerle ortaya cikabilir ve
hemen ele alinmazsa hastanin yasami igin bir risk
olusturabilir (Goldfarb ve Negrea, 2012).

Tavsanlarda hipokalsemi (kalsiyum eksikligi) nadiren
gbzlenmekte olup, yetersiz diyet alimina bagli hipoal-
buminemi, metabolik anormallikler, endokrin denge-
sizlikler vb. cok sayida faktérden kaynaklanabilir.
Gebelik ve emzirme ddéneminde artan kalsiyum ge-
reksinimi, disi tavsanlarda siklikla gozlemlenen bir
olgudur. Yetersiz kalsiyum alimi veya yararlanimi,
hipokalsemiye yol agan, olumsuz bir kalsiyum denge-
sine neden olabilir. Tavsanlarda hipokalsemi; gebelik
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gibi Ca:P oranindaki bozulmaya neden olan cesitli
faktorlerden kaynaklanabilir (Donnelly, 2003; Melillo,
2007).

Hipokalseminin ilk belirtileri, semptom yoklugundan
anoreksiya, yluzl ovusturma, sinirlilik, kas segdirmesi
(kulak ve yiz) ve sert bir yuriiyls gibi spesifik olma-
yan belirtilere kadar degisebilir. Siddetli vakalarda,
tetani ve nobetlere yol agan néromiskiler disfonksi-
yonlar meydana gelebilir. Hipokalseminin teshisi,
kandaki kalsiyum, fosfor, magnezyum ve glikoz di-
zeylerinin dlgtimesini igerir (Barlet, 1980). Hipokalse-
mi, serum Kkalsiyum seviyeleri 12 mg/dL'nin altina
disen tavsanlarda teshis edilir (Melillo, 2007).

Bu vaka raporunun amaci, tavsanlarda hipokalsemi
ile ilgili fazla veri olmamasi ve klinik olarak tetanik
kasilma ve tasikardiye ragmen hipotermi gérilen bir
vakanin klinik agidan énemli olmasidir.
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Olgu

Bu olgunun materyalini, Erciyes Universitesi Veteri-
ner Fakultesi Egitim Arastirma ve Uygulama Hasta-
nesi i¢c Hastaliklari Anabilim Dali klinigine titreme,
hizli solunum ve ishal sikayetleri ile getirilen 10 aylik,
disi, 1.33 kg agirhigindaki tavsan olusturdu. Alinan
anamnezde tavsanin iki ay o6nce ilk dogumunu, 20
gln énce ikinci dogumunu yaptidi, ilk dogumundan
bes, ikinci dogumundan dért yavrusu oldugu, tim
yavrularin ise saglikh oldugu ve hayvanin daha 6énce
herhangi bir hastalik gegirmedigi bilgisi alindi. Hayva-
nin yulaf, elma, havug, yonca ve marul ile beslendigi
ve su tuketiminin fazla oldugu 6grenildi.

Klinik muayenede tavsanin lateral pozisyonda yattigi,
salya artigl, tetanik kasilmalari oldugu ve etrafa ilgisi-
nin olmadigi gézlendi. Vicut sicakhgr 36.6 °C, solu-
num sayisi 148/dk tespit edildi, nabiz tasikardi sebe-
biyle sayillamadi (Sekil 1). Natif diski muayenesinde
her hangi bir paraziter patojene rastlanmadi.

Tavsanin serum kalsiyum degerlerine bakildi. Serum
kalsiyum seviyesi 4.05 mg/dl olarak tespit edildi.

Sekil 1: A-Tedavi 6ncesi, B-Tedavi sonrasi.

Yapilan klinik ve laboratuvar muayeneler sonucunda
tavsana laktasyon doneminde gelisen hipokalsemi
teshisi konuldu. Tedavisinde 0.5 ml askorbik asit
(Vitce®, Sanovel), 0.5 ml B kompleks vitaminleri
(Armavit-B®, Arma), 0.5 ml %10 kalsiyum glukonat
(Cal-Mix®, Bavet) ve %0.9 izotonik uygulandi. Uygu-
lamalardan yaklasik bir saat sonra tavsanda titreme-
lerin durdugu, lateral pozisyondan sternal pozisyona
gectigi, solunumunun dizenlendigi ve etrafa ilgisinin
oldugu belirlendi.

Hastaya giinde bir damla olacak sekilde 50000 I.U.
vitamin D (Devit-3®, Deva) Onerildi. Hastanin emzir-
mesi kesildi ve beslenme plani degistirildi. Emzirme
doéneminde dengeli ve yasa uygun beslenmenin yani
sira yem katki maddelerinin kullaniimasi tavsiye edil-
di.

Ug giin sonra kontrole gelen tavsanin alinan anam-
nezinde istahin ve hareketlerin normale déndigu
bildirildi. Tekrarlanan serum kalsiyum analizinde kal-
siyum degerinin 15.99 oldugu belirlendi
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Tartisma ve Sonug

Hipokalsemi, yuksek mortalite sergileyen ve tavsan-
larda kandaki total kalsiyum dizeyinin 12.00 mg/
dL'nin altina dismesi ile karakterize akut bir durum-
dur (Melillo, 2007). Bu durum genellikle gebelik sira-
sinda veya laktasyonun ilk U¢ haftasinda géralir. Bu
olgu ise dogumdan Ug¢ hafta sonra gerceklesmistir.
Hipokalsemi, artan kalsiyum gereksinimleri sonucu,
gebeligin son dénemlerinde, 6zellikle dogum o6ncesi
dénemde veya laktasyon sirasinda meydana gelebi-
lir. Hipokalsemi ile gebelik toksemisi arasinda potan-
siyel bir iligki vardir. Dugtk kalsiyum alimi ve yuksek
fosfor alimi buna katkida bulunan faktorlerdir. Tav-
sanlarda, diger memelilerden %30-50 daha yulksek
serum kalsiyum konsantrasyonu saglayan kalsiyum
metabolizmasi bulunur (Donnelly, 2003).

Hipokalsemi sigirlarda peripartal dénemde gérulmesi
nedeniyle sit hummasi olarak adlandinlirken
(Ibrahim ve Kirmani, 2021), kdpeklerde eklamsia ola-
rak bilinmektedir (Singh ve ark., 2017). Eklampsi,
koépeklerde ve daha az él¢lude kedilerde gorilen hipo-
kalsemi kaynakl kritik ve yagsami tehdit eden bir duru-
mu temsil eder. Eklampsi gelisimine katkida bulunan
faktorler arasinda yetersiz besin alimi, digik serum
albumin seviyeleri, artmig laktasyon ve paratiroid bez
disfonksiyonu bulunmaktadir. Disi kdpeklerde puer-
peral tetaninin patogenezinin 6nemli bir yonu, ozellik-
le laktasyon déneminde yiiksek kalsiyum kaybindan
kaynaklanan kalsiyumun htcre digi sivi girisi ve ¢ikis
hizlar arasindaki dengesizligi icermek gibi gorun-
mektedir (Pathan ve ark., 2011). Eklampsi, kan kalsi-
yum seviyesinin azalmasi ile karakterize ciddi bir tibbi
durumu temsil eder. Etkilenen kdpeklerde, sinir sinyal
iletimi ve kas iglevi Uzerinde dinamik bir etki yaratir,
sonug olarak huzursuzluk ve sinirlilik hali goralir.
Durum ilerledikge, etkilenen disi kopekler yirime
yeteneklerini kaybedebilir, uzuvlari sertlesebilir, kas
titremeleri, g6z segirmeleri g6zlenebilir ve solunum
hizi da genellikle artar (Pathan ve ark., 2011). inek-
lerde hipokalsemide ise hafif bir hastalik durumunda,
istah kaybi, yemlerin tekrar yutulmasi (ruminasyon)
ve digkilama sureglerinde zorlanma (defekasyon) gibi
belirtiler ortaya ¢ikar. Bu duruma Apetit-Ruminasyon-
Defekasyon (ARD) sendromu denir. Sorun daha ciddi
hale geldikge, ayakta durma guigligu yasanir ve vi-
cut uzuvlarinin u¢ kisimlari sogumaya baslar. Hipo-
kalsemi (kalsiyum eksikligi) ilerledikce, ayakta dura-
mayan hayvanlarda biling kaybi yasanir ve mide bo-
salma yetenegdini kaybetme sonucu karin siskinligi
(timpani) meydana gelir. Agoni, kalsiyum eksikliginin
dogrudan etkisinden ziyade, timpani sonucu olusan
solunum zorlugundan kaynaklanir (Salmanoglu ve
Salmanoglu, 1998). Dogum sonrasi tavsanlarda hipo-
kalsemi, ekstraselller kalsiyum girisi ile artan emzir-
meden kaynaklanan verim arasindaki dengenin bo-
zulmasiyla olusur (Donnelly, 2003). Bu vakada gézle-
nen sinirsel belirtilerin, solunum gugligu, salivasyon
artisi, nébetler ve yan yatma gibi klinik bulgularin,
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kalsiyum kaybi nedeniyle sinir membranlari boyunca
artan iyon gecirgenligi ve ardigik ndromuskuler tetani-
nin olugmasi ile iligkili oldugu digtunulmastar.

Hipokalseminin tetani, nébet ve deliryum dahil olmak
Uzere birgok yaygin nérolojik belirtisi vardir. Bu da
hipokalseminin merkezi sinir sisteminde uyarilabilirligi
artirmada rol oynadidi bildirilmektedir (Han ve ark.,
2015). Sunulan vakada gorilen hipokalsemik tetani
bu literatirle uyumludur.

Hipokalsemi hem ST segment modifikasyonuna hem
de QT araliginin uzamasina neden olabilir ve siddetli
oldugunda hayati tehdit eden ventrikiler aritmilere
yatkinlik yaratabilir (Cecchi ve ark., 2015). Sunulan
vakada literattirle uyumlu olarak tagikardi belirlenmis-
tir.

Hipokalsemik tetanisiye benzer nérolojik semptomla-
rin paraziter enfeksiyonlar (Ensefalitozoonozis, Bayli-
sascaris procyonis infestasyonu (serebrospinal ne-
matodiazis), toksoplasmozis, sarkosistis), bakteriyel
enfeksiyonlar (Listeriozis, Francisella tularensis),
toksikasyonlar (Kursun, toksik bitkiler, rodentisidler ve
herbisidler), gebelik toksemisi, hipoksi, neoplazi,
elektrolit anormallikleri, epilepsi (6zellikle beyaz kurk-
|G ve mavi gézlu tavsanlarda), kardiyovaskiler hasta-
lik (6rn. arterioskleroz), kuduz ve bazi hastaliklarin
son asamalarinda da (6rn. viral hemorajik hastalik,
karaciger yetmezIligi, septisemi, bdbrek yetmezligi,
bagirsak tikanikligi ve ileus) gorildigi gbéz 6niinde
bulundurulmalidir (Keeble ve ark., 2016). Bu olguya
anamnez, klinik muayene, laboratuvar bulgulari ve
kalsiyum tedavisi ile kisa strede hayvanin vital bulgu-
larinin normale dénmesi nedeniyle hipokalsemi teshi-
si konuldu.

Kdépek ve kedilerde sikgca 40.5°C'yi asan bir vicut
sicakhgi gérilirken, 41.6°C gibi ylksek sicakliklar da
yaygindir. Bu sicaklik artisi genellikle kas aktivitesin-
deki artigla iligkilidir (Pathan ve ark., 2011). ineklerde
hipokalsemi olgularinda hipotermi  gorilmektedir
(Salmanoglu ve Salmanoglu, 1998). Sunulan vaka
raporunda kopeklerde goriilen eklampside oldugu
gibi tetanik kasilmalar gérilmesine ragmen ineklerde
oldugu gibi hipotermi belirlenmistir. Zhang ve ark.
(2009) yaptiklari calismada adenozin 5'-monofosfat
(AMF) duzeyi ile hipokalsemi ve hipotermi arasinda
iliski oldugunu gostermiglerdir (Zhang ve ark., 2009).
AMF’nin artisi hipokalsemi ve hipotermi olusumunu
tetiklemektedir. Sunulan g¢alismada hipokalsemide
artan kas aktivitesi nedeniyle arttigi dustnilen
AMF’nin hipotermi olusum mekanizmasinda etkili
olabilecegi dustniIimustur.

Sonug¢ olarak, tavsanda belirlenen hipokalsemide
klinik olarak kopeklerde gézlenen eklampsia puerpa-
ralis gibi tetanik kasilma ve tagikardiye ragmen inek-
lerde gbzlenen hipokalsemiye benzer sekilde hipoter-
minin gézlenmesi nedeniyle sunulan vakanin literati-
re katki saglayacagdi disunulmuistir. Sunulan vaka

Alfatih Mohammed Ahmed ABOZAID

raporunda tavsanda teshis edilen hipokalsemide dog-
ru teshis koymak ve uygun tedaviyi derhal uygulamak
¢ok dnemlidir. Bu nedenle tavsanlarda tetanik kasil-
malarla seyreden zehirlenmeler, bakteriyel, viral ve
paraziter enfeksiyonlar vb vakalarla ayirt edici olarak
akla hipokalseminin gelmesi 6nemlidir.
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Sayin Editér,
Yayinlanmasi dilegiyle Erciyes Universitesi Veteriner Fakiiltesi Dergisi’ne génderdigimiz makalenin yazarlari olarak;

Derginizde yayimlanmak tizere yollamis oldugumuz makalenin orijinal oldugunu; bilimsel ve etik sorumlulugunun bize ait
oldugunu,

2-  Makalenin; daha 6nce yayimlanmadigini, derginizdeki degerlendirme siirecinde baska bir yayin organina yayimlanmak lizere
gonderilmedigini ve génderilmeyecegini,
3-  Makalenin; kisilik ve telif haklarina aykiri kanun disi maddeler icermedigini,
4-  Gerekli goriilen diizeltmelerle birlikte her tiirli yayin hakkini, yazinin yayimlandig) giinden itibaren Erciyes Universitesi
Veteriner Fakdiltesi Dergisi’ne ait oldugunu kabul ve beyan ederiz.
Dear Editor,

Here we affirm and warranty as the Author(s) of this manuscript submitted to Journal of Faculty of Veterinary Medicine, Erciyes
University that;

The manuscript /We submitted to the Bulletin is original and responsibilities belong to us ethically and scientifically,

The manuscript has not been previously published, being considered for publication by any other journal and will not be
submitted to any other journal for such review while under evaluation by this bulletin,

The manuscript contains no unlawful statements and does not contain any materials that violate any personal or proprietary
rights.

The Journal of Faculty of Veterinary Medicine, Erciyes University reserves all rights with due corrections from the date it has
been published onwards.

Yazar/ Yazarlarin Adi
Author’s/Authors’ Printed Name

Imza/Signature:..........coeeen.

mza/Signature:..........cceee

Jmza/Signature:.........cceeene

Jmza/Signature:..........cc.o.e.

mza/Signature:........cccccoeen

Not/Note: Formu asagidaki adrese,e-mail ya da posta yolu ile génderiniz veya elden teslim ediniz./ Please send this form to the address
below by e-mail, post or deliver personally.

Erciyes Universitesi Veteriner Fakiiltesi Dergisi / Journal of Faculty of Veterinary Medicine, Erciyes University

Erciyes Universitesi Veteriner Fakiiltesi Dergisi Editorliigii, 38039, Melikgazi-KAYSERI / TURKIYE
Tel/Phone: 0352 339 94 84 Faks/Fax: 0352 337 27 40  e-posta/e-mail: ercvet@gmail.com




|

O O0Oo0ooaoO

O o0ooao

Oo0oo0oooooooooooao

SON KONTROL LISTESI

Makalenizi géndermeden 6nce litfen bu bélimdeki maddelerle karsilastirma yapiniz ve eksiklikleri

gideriniz.

Eksiksiz doldurulmus ve butlin yazarlarca imzalanmis “Telif Hakki Devri Formu”
(http://ercvet.gmail.com adresinden ulasabilirsiniz) makale ile birlikte génderildi.

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

Yazilar 10 punto (Arial) ile yazildi.

Satir numaralari verildi.

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

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

Turkge baslk yazildi.

Tarkce 6zet yazildi.

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

ingilizce baslk yazildi.

ingilizce 6zet yazild.

ingilizce anahtar kelimeler verildi.

Sekillerin orijinal halleri eklendi.

Metin icinde sekiller ardisik numaralandi.

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

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

Kaynaklar yazim kurallarina uygun yazildi.

Yazisma adresi verildi.



FINAL CHECKLIST

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

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

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

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

Lines have been numbered.

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

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

English title has been given.

English summary has been given.

English keywords have been given alphabetically.

Turkish title has been given.

Turkish summary has been given.

Turkish keywords have been given alphabetically.

Orijinal figures have been enclosed.

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

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

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

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

References has been typed according to instructions.

Corresponding address has been given.
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