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ABSTRACT

Although coagulase negative staphylococci are opportunistic pathogens, they are also isolated from various disease
cases in dogs. Methicillin resistant staphylococci also show resistance to other $-lactam group antibiotics, which limits
treatment options. In this study, determination of methicillin resistance in coagulase negative Staphylococcus spp. isolates
isolated from vatious samples taken from healthy and sick dogs was aimed. Agar dilution method was used for the
determination of methicillin resistance in the isolates. Eighty nine (20.74%) strains were isolated from the total 429
samples by conventional bacteriological methods. Methicillin resistance was found in 19.10% of the isolates. The mecA
gene was determined in 11 (64.70%) of the methicillin resistant isolates by PCR. In conclusion, in this study, it was
concluded that methicillin resistance should be considered in the treatment of infections in dogs that caused by
coagulase negative Staphylococcus spp. isolates, known as opportunistic pathogens.

Keywords: Coagulase Negative Staphylococens spp., Dog, MecA, Methicillin resistance
Kok

Kopeklerden Elde Edilen Koagulaz Negatif Stafilokok Izolatlarinda Metisilin Direncinin Aragtirilmasi

(074

Koagulaz negatif stafilokoklar, firsat¢t patojen olmalarinin yant sira képeklerde gesitli hastalik olgularindan da izole
edilmektedir. Metisilin direncli stafilokoklar diger 8-laktam grubu antibiyotiklere karst da direng gostermekte ve bu
durum tedavi seceneklerini kisitlamaktadir. Bu ¢alismada, sagliklt gbriinen ve hasta oldugu belitlenen kopeklerden
alinan gesitli 6rneklerden izole edilen koagulaz negatif Szaphylococcus spp. izolatlarinda metisilin direncinin belirlenmesi
amaglandi. Izolatlarda metisilin direnci agar diliisyon yontemiyle belirlendi. Toplam 429 6rnekten konvansiyonel
bakteriyolojik yéntemlerle 89 (%20.74) adet koagulaz negatif Staphylococcus spp. izole edildi. Izolatlarin %19.10°u
metisiline direngli bulundu. Metisilin direncli izolatlarin 11 (%64.70)’inde PCR ile mecA geni tespit edildi. Sonug olarak,
bu ¢alismada firsatgt patojenler olarak bilinen koagulaz negatif Staphylococcus spp. izolatlarinin képeklerde neden
olabilecegi enfeksiyonlarin tedavisinde metisilin direncine dikkat edilmesi gerektigi kanaatine varildi.

Anahtar Kelimeler: Koagulaz Negatif Staphylococcus spp., Kopek, MeeA, Metisilin Direnci
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GIRIS

Stafilokoklar, insan ve hayvanlarin deri ve mukoz
membranlart ile gastrointestinal sistemlerinin dogal
florasinda  bulunmaktadir (Misic ve ark. 2015,
Bierowiec ve ark. 2016). Ozellikle burun boslugu
mukozasinda yer alan etkenlerin, hayvanlar ve insanlar
arasinda bulasmada krittk 6neme sahip oldugu
vurgulanmaktadir (Quinn ve ark. 2011).

Koagulaz enzimi stafilokok tilrlerinin  viriilens
Ozelliklerinin belirlenmesinde 6nemli bir kriter olarak
kabul edilmekte ve stafilokok tiitleri, koagulaz negatif
stafilokok (IKNS) ve koagulaz pozitif stafilokok (KPS)
olarak 2 ana gruba ayrilmaktadir (Quinn ve ark. 2011).
KNS izolatlarinin hastalik yapma yeteneklerinin sinirli
oldugu dusintlse de, képeklerde yara enfeksiyonu,
otitis eksterna, apse, pyoderma ve konjuktivitis
vakalarindan izole edilmektedir (Kloos ve Bannerman
1995, Litster ve ark. 2007, Hariharan ve ark. 2009,
Suter ve ark. 2017).

Metisilin, bakterilerde hiicre duvar sentezi igin gerekli
olan penisilin baglayan proteinleri (PBP) bloke ederek
etkisini gostermektedir. Metisilin direnci stafilokok
izolatlarinda en stk rastlanan diren¢ mekanizmast
olup, hem halk saghigini hem de hayvan saghgint
olumsuz yonde etkilemektedir (Chah ve ark. 2014,
Samanta ve Bandyopadhyay 2020). KNS izolatlarinda
metisilin direncinin fenotipik olarak, sefoksitin (30 pg)
diskinin kullanildigr disk difiizyon testi ya da oksasilin
minimial inhibitor konsantrasyon (MIK) degeri
belirlenerek tespit edilmesi gerektigi belirtilmektedir
(CLSI 2018).

Metisilin ~ direncli  stafilakoklar ~ beta  laktam
antibiyotiklerin daha az afinite duydugu PBP2a’y1
sentezleyerek  direng  gelistirmiglerdir  (Lim  ve
Strynadka 2002). PBP2a mecd geni tarafindan
kodlanmaktadir ve bu genin Staphylococcus scinri ve
Staphylococens fleuretti izolatlarindan Staphylococens anrens
izolatlarina horizontal olarak aktarildigi bildirilmistir
(Tsubakishita ve ark. 2010). MecA disinda fem, aux ve
hmt gibi faktérler de metisilin ya da diger beta laktam
antibiyotiklerin varliginda huicre duvart sentezini
bloke ederek dirence neden olabilmektedir (De
Lencastre ve ark. 1999). Ayrica PBP2a’da meydana
gelen nokta mutasyonlar da metisilin direncinden
sorumlu tutulan diger mekanizmalardan biridir (Ba ve
ark. 2013). Yapilan cesitli arastirmalarda da saglikl
gorinen ya da klinik olarak hasta oldugu belirlenen
kopeklerden mecA geni pozitif metisilin - direncli
stafilokok suslarinin izole ve identifiye edildigi ve bu
izolatlarin halk saglhigl acgisindan risk tegkil ettigi
bildirilmistir (Aslantas ve ark. 2013, Gandolfi-
Decristopharis ve ark. 2013, Elnageh ve ark. 2020,
Khanal ve ark. 2021).

Bu calismada saghkli gortiinen ve/veya klinik olarak
hasta oldugu tespit edilen képeklerden alinan cesitli
orneklerden izole edilen KNS suslarinda metisilin
direncinin fenotipik ve genotipik karakterizasyonu
amaclandi.

MATERYAL ve METOT

Materyal

Bu calisgmada, Van ve yoresinde klinik olarak saglikli
gorinen kopeklerden alman 402 adet Ornek
(idrar=114, vaginal svap==81, rektal svap=115, burun
svab1=57 ve kulak svab1=35) ile konjuktivitis ve otitis
belirtileri gosteren kopeklerden alinan 20 adet gbz
svabi ve 7 adet kulak svabi 6rnekleri kullanildi.

Metot

Izolasyon ve Identifikasyon: Svap &rnekleri direkt
olarak, idrar 6rnekleri ise Papini ve ark. (2006)’nin
bildirdigi yonteme gore santrifiij edildikten sonra %5-
7 oraninda defibrine koyun kani katilmis Columbia
blood agar (Oxoid, CM 03331, Ingiltere) ve Mannitol
Salt  Agar (Oxoid, CMS85, Ingiltere) besiyerine
ckilerek, aerobik ortamda 37°C’de 24 saat inktibasyon
periyoduna  birakildi. Besiyerlerinde ~ olusan
kolonilerden saf kiiltiirler elde edildi. Saf kiltiirlerden
alinan koloniler, Gram boyama, katalaz ve oksidaz
reaksiyonu ile Mannitol Salt Agar besiyerinde tUreme
sonugclarina gore degerlendirildi (Quinn ve ark. 2011).
Stafilokok olarak belirlenen izolatlarin koagulaz
reaksiyonunun belitlenmesinde tiip koagulaz testi
uyguland: (Carter 1984).

Metisiline Karst Duyarliigin  Belirlenmesi:
Arastirmada incelenen KNS izolatlarinin metisiline
karst duyarhhigt agar diliisyon yontemiyle belitlendi
(CLSI 2018). Testte oxacillin sodium salt (28211-1G,
Sigma, China) kullanildi. Antimikrobiyal madde steril
distile su ile sulandiriarak, Mueller Hinton Agar
(Merck  1.05437, Almanya) Dbesiyerinde 0.125
ug/mlden 512 pg/ml’ye kadar diltisyonlart hazirlandi.
Taze kiltitlerden elde edilen izolatlar, steril fizyolojik
tuzlu suda 0.5 MacFarland yogunluguna esit olacak
sckilde stispanse edildi. Hazirlanan stspansiyondan
T’er pl alinarak antibiyotik diliisyonlarinin ilave
edildigi besiyerlerine ayrt ayri inokile edildi. Teste
referans sus olarak Staphylococcus aurens ATCC® 29213
kullanddi.

MecA Geninin Belitlenmesi:

Metisiline karst direngli oldugu belitlenen izolatlarda
mecA geninin varlig gen spesifik primerlerin (Zhang ve
ark. 2005) kullanddigt PCR ile arastirildi. PCR
islemlerinde kullanilan genomik DNA, ticari genomik
DNA izolasyon kiti (GeneAll, ExgeneTM Clinic SV
Mini, 108.101, Korea) kullanilarak elde edildi.
Amplifikasyon protokolinde 94°C’de 10 dk 6n
denatiirasyon asamasint takiben toplam 35 siklusluk
PCR isleminde 94°C’de 1 dk denatiirasyon, 53°C’de 1
dk baglanma ve 72°Cde 1 dk uzama asamalart
uygulandi. Final uzamasi 72°C’de 10 dk olarak ayarlandi.
PCR sonucu elde edilen amplikonlar %1.5’lik agaroz
jelde elektroforeze tabi tutuldu. Amplikonlar DNA
marker ile karsilagtirlarak UV transliminatérde
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incelendi ve 147 bp’lik bant olusturanlar wecA pozitif
olarak kabul edildi.

BULGULAR

Calismada  incelenen  toplam 429  Ornekten
bakteriyolojik konvansiyonel yontemlerle 89 (%20.74)
adet koagulaz negatif Staphylococcns spp. izolatt elde
edildi. Tdrar 6rneklerinden 7 (%6.14), vaginal svap
orneklerinden 5 (%6.17), rektal svap 6rneklerinden 4
(%3.47), burun svabi 6rneklerinden 43 (%75), kulak
svabi  Orneklerinden 25 (%59), g6z svabhi
orneklerinden ise 5 (%25) adet koagulaz negatif
Staphylococens spp. susu izole edildi.

Incelenen 89 adet KNS susunda belirlenen oksasilin
MIK degerleri Tablo 1de gosterildi. Yapilan
degerlendirmede oksasilin icin MIKsy degeri 0.25

ug/ml, MiKoy degeri ise 512 pg/ml olarak tespit
edildi. MIK degerleri dikkate alindiginda 89 izolatin
17 (%19.10)’si metisiline (oksasilin) diren¢li bulundu.
Metisilin - direngli izolatlarin c¢ogunlugu (%58.82)
burun svabt Orneklerinden elde edildi. Saglikh
gorinen ya da hastalik olgusu tespit edilen
kopeklerden alinan 6rneklerden metisilin - direncli
KNS izolasyon oranlarinda istatistiksel olarak anlamlt
bir iligki tespit edilmedi (p>0.05).

Metisiline karsi fenotipik olarak diren¢ tespit edilen
izolatlarda metisilin  direncinden sorumlu  mecA
geninin varligi PCR ile arastirldi. Metisiline direncli
oldugu belirlenen 17 izolatin 11 (%064.70)’inde mecA
geni belirlendi (Tablo 2).

Tablo 1. Koagulaz negatif Staphylococcus spp. izolatlarnda (n=89) oksasilin MIK degerinin dagilimi.

Table 1. Distribution of oxacillin MIC value in coagulase negative Staphylococcus spp. isolates (n=89).

Antibivotik MIK (ug/ml)

1b1yotl

4 0.125 0.25 0.50 1 2 8 16 32 64 128 256 512 >512
(0).4 41 31 I 4 1 0 0 0 0 1 0 1 9 1

Ox: Oksasilin

Altt Cizili Deger: MH(sp
Koyu Renkli Deger: MIKoo

Tablo 2. Metisilin (oksasilin) direngli izolatlarda mecA gen porzitifliginin dagilima.

Table 2. Distribution of mecA gene positivity in methicillin (oxacillin) resistant isolates.

Izolat No Kaynak MIK (ug/ml) mecA
4 Burun Svabi 512 +
5 Burun Svabt 0.50 -
6 Burun Svabi 512 +
8 Burun Svabi 512 +
9 Burun Svabi 0.50 -
27 G6z Svabt (Konjuktivitis) >512 +
28 Kulak Svabi (Otitis) 0.50 -
35 Idrar 256 +
38 Vaginal Svap 0.50 +
55 Kulak Svabi 512 +
56 Kulak Svabi 512 -
66 Kulak Svabi 64 -
70 Burun Svabi 512 +
77 Burun Svabi 512 +
81 Burun Svabi 512 +
83 Burun Svabt 1 -
86 Burun Svabi 512 +
TARTISMA membranlarinin dogal florasinda bulunabildigi gibi

Beseri  hekimlikte nazokomiyal enfeksiyonlardan
siklikla izole edildigi bildirilen metisilin direncli
stafilokok  tiirleri, saglikli  hayvanlarin  mukoz

hastalik  olgularindan da izole ve identifiye
edilmektedir (Yigit ve ark. 2008, Koéck ve ark. 2010,
Dantes ve ark. 2013). KPS suslarinin KNS suslarina
gore virtilenslerinin daha yiiksek oldugu
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dusuntlmektedir. Ancak hem beseri hekimlikte, hem
de veteriner hekimlikte KINS suslarinin neden oldugu
enfeksiyonlarin oranlart giin gectikge artmaktadir.
KNS izolatlar1, antimikrobiyal direng¢ gelisiminde rol
oynayan genleri suslar arasinda aktarma 6zelligine de
sahiptir (Nemeghaire ve ark. 2014, Suepaul ve ark.
2021).

Cesitli aragtirmalarda insanlarin sosyal hayatlarinda
yakin  temas  halinde  olduklart  képeklerin,
antimikrobiyal maddelere karst direncli olan bakteriyel
etkenleri tastyict  konumunda olduklarina  dikkat
cekilmektedir (Aslantas ve ark. 2013, Chah ve atk.
2014, Siugzdaite ve Gabinaitiene 2017, Teixeira ve
ark. 2019, Elnageh ve ark. 2020).

Aslantas ve ark. (2013) saghkh képeklerden aldiklart
162 nazal svap Orneginin %15.43’inde metisilin
direncli KNS susunun izole edildigini bildirmislerdir.
Benzer bagka bir calismada da bu oran %16.7 olarak
rapor edilmistir (Gomez-Sanz ve ark. 2019). Pet
hayvanlarinda farkhi klinik olgulardan alinan svap
orneklerinden  %20.51 oraninda metisilin  direncli
KNS izole edildigi bildirilmistir (G6é¢men ve ark.
2020). Evcil memeli hayvanlardan alinan ¢esitli klinik
orneklerin ise %23.88’inde metisilin direncli KNS
izole ve identifiye edildigi belirtilmistir (G6¢men ve
ark., 2018). Khanal ve ark. (2021) képek nazal svap
orneklerinden metisilin - direncli KNS  susunun
izolasyon oranmin %23.6, Elnageh ve ark. (2020) ise
%18.75 oldugunu rapor etmislerdir. Buna karsin
Abdel-Moein ve Zaher (2020) kopeklerden aldiklari
nazal svap 6rneklerinden sinirl sayida (%3.2) metisilin
direncli KNS izole ettiklerini  bildirmislerdir.
Kopeklerden alinan inguinal svap, kulak svabi, rektal
svap Ornekleri ile pyoderma ve otitis externa
vakalarinda metisilin diren¢li KNS izolasyon oraninin
ise  %06-14 arasinda  degistigi  bildirilmektedir
(Gandolfi-Decristopharis ve ark. 2013, Chah ve ark.
2014, Siugzdaite ve Gabinaitiene 2017, Teixeira ve
ark. 2019).

Yapilan degerlendirmede saglikli  ve/veya hasta
oldugu belirlenen  kopeklerden — alinan  cesitli
orneklerde metisilin diren¢li KINS izolasyon oraninin
%3-25 arasinda degistigi belirlendi. Sunulan bu
calismada da saglikli goriinen ve/veya klinik olarak
hastalik tespit edilen kdpeklerden alinan 6rneklerden
metisilin direngli KNS izolasyon oraninin %3.96
oldugu belirlendi. Elde edilen verinin Abdel-Moein ve
Zaher (2020)’in bildirdigi sonuglarla uyumlu oldugu,
diger ¢alismalarda bildirilen izolasyon oranina gore ise
distik oldugu gorildi. Bu duruma kullanilan test
yontemlerindeki farkliliklarin ya da 6rnekleme yapilan
kopeklerde daha 6nceden uygulanan antibiyotik tedavi
protokollerinin neden olabilecegi diistintldi.

Metisilin - direncli stafilokok izolatlarinin diger B-
laktam grubu antimikrobiyal maddelere karst da

direngli olarak rapor edilmesi gerektigi Onemle
vurgulanmaktadir. Bunun yani sira izolatlarda direng
mekanizmasinin aciklanmasinda mecA gen
pozitifliginin  arastirlmast  gerektigi, mecC  geninin
neden oldugu metisilin direnclilik oraninin olduk¢a
nadir olarak karsilasildigt belirtilmektedir (CLSI 2018).
Kopeklerden alinan 6rneklerden izole edilen metisilin
direngli stafilakok suglarinda mecd gen varliginin
arastirldigt  calismalarin cogunda  izolatlarin
tamaminda ilgili genin pozitif oldugu rapor edilmistir
(Aslantas ve ark. 2013, Gandolfi-Decristopharis ve
ark. 2013, Chah ve ark. 2014, Teixeira ve ark. 2019,
Khanal ve ark. 2021). Elnageh ve ark. (2020) ise
metisilin direncli KNS izolatlarinin %11.11’inde mecA
geni tespit ettiklerini bildirirken, Abdel-Moein ve
Zaher (2020) izole ettikleri 1 adet metisilin direncli
KNS  izolatmin  mecd  negatift  oldugunu
belitlemislerdir. Bu calismada ise 17 adet metisilin
direncli KINS izolatinin ¢ogunda (%64.70) mecA geni
PCR ile pozitif bulundu. Geri kalan 6 (%35.30)
izolatta  metisilin  direncinden  diger  direng
mekanizmalarinin  sorumlu olabilecegi (Ba ve ark.

2013, CLSI 2018) diisiiniildi.
SONUC

Sonug olarak bu ¢alismada metisilin direncli koagulaz
negatif Staphylococcus spp. izolatlarinin képeklerde hem
dogal floradan hem de enfeksiyon olgularindan izole
edilebilecegi  belitflendi. KNS izolatlarinda  mecA
geninin rol oynadig metisilin direncine dikkat
edilmesi gerektigi belitlenirken, suslarin  hayvan
saghiginin yant sira halk saghgt acicindan da 6nem arz
edebilecegi  gorildii.  Tleriki  calismalarda  pet
hayvanlarinda &zellikle hastalik olgularindan  izole
edilecek suslarda metisilin direngliliginin
belitflenmesinin  epidemiyolojik  ¢aligmalara  katks
saglayacagl kanaatine varildi.

Finansal destek: Bu calisma hicbir kurum ya da
kurulus tarafinda maddi olarak desteklenmemistit.

Etik izin: Bu calisma “Hayvan Deneyleri Etik
Kurullarinin = Calisma  Usul ve Esaslarina  Dair
Yonetmelik” Madde 8 (k) geregi HADYEK iznine
tabi degildir (Calisma, Van Yiiziincii Yil Universitesi
Hayvan Deneyleri Yerel Etik Kurulu'nun 31.03.2022
tarih ve 2022/03-28 nolu karari ile onaylandi).

Cikar catigmasi: Yazarlar bu yazt igin gercek,
potansiyel veya algilanan c¢tkar catigmasi olmadigini
beyan etmislerdir.

Yazarlarin Katki Orant: OG:%50, IHE:%15,
Z1:%15, MY: %10, BK:%5, RC:%5
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ABSTRACT

This study aimed to investigate the helminth egg contamination of raw vegetables grown in Afyonkarahisar. The
material of the study consisted of 508 randomly selected vegetable samples, including lettuce, parsley, catrot,
green onion, spinach, cress, arugula, mint, dill, and purslane, which were collected from the field between
October 2018 and September 2019. According to the relevant literature, the sediments obtained after the proper
washing procedure were examined under a light microscope for helminth eggs. According to the results,
Taenia/ Echinococens eggs were found in 2 (0.39%) vegetable samples, including 1 lettuce and 1 dill. Toxocara spp.
eggs were found in 2 (0.39%) vegetable samples, including 1 lettuce and 1 mint. Toxascaris leonina eggs were found
in 1 (0.2%) rocket sample, and hookworm/strongylid eggs were found in 58 samples (11.42%), including 4
lettuce, 6 parsley, 3 carrots, 18 green onions, 2 spinach, 9 cresses, 4 garden rocket, 6 mint, and 6 purslanes.
Moreovet, Dicrocoelinm spp. eggs were detected in 2 (3,63%) carrots and 1 (2,04%) rocket, Moniezia spp. eggs were
detected 2 (3.63% ) carrots, Fasciola spp.eggs were detected in 1 (2.08%) green onion. This study concluded that
some vegetables sold and consumed raw in Afyonkarahisar bazaars are contaminated with helminth eggs, which
are a risk to public health. It was agreed that these vegetables should be thoroughly washed and consumed in
accordance with hygiene standards, otherwise serious health problems may arise.

Keywords: Afyonkarahisar, Contamination, Helminth egg, Public health, Raw vegetables
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Afyonkarahisar'da Cig Sebzelerde Helmint Kontaminasyonunun Tespiti

(074

Bu calisma ile Afyonkarahisar'da yetistirilen ¢ig sebzelerin helmint yumurta kontaminasyonunun aragtirilmast
amaclanmistir. Calismanin materyalini Ekim 2018-Eylil 2019 tarihleri arasinda tarladan toplandigr haliyle semt
pazatlarinda satisa sunulan marul, maydanoz, havug, yesil sogan, 1spanak, tere, roka, nane, dereotu ve semizotu
olmak iizere rastgele secilmis toplam 508 sebze 6rnegi olusturmustur. Ilgili literatiirler dogrultusunda uygun
yikama prosedirinden sonra elde edilen sedimentler, 15tk mikroskobunda helmint yumurtalart yoniinden
incelenmigtir. Buna gore, 1 marul, 1 dereotu olmak tizere 2 (%0.39) sebze 6rneginde Taenia/Echinococcus
yumurtast, 1 marul, 1 nane olmak tizere 2 (%0.39) sebze 6rneginde Toxvocara spp., 1 (%0.2) roka 6rneginde
Toxascaris leonina yumurtast, 4 marul, 6 maydanoz, 3 havug, 18 sogan, 2 1spanak, 9 tere, 4 roka, 6 nane, 6 semizotu
olmak tzere 58 Ornekte (%11.42) kancalt kurt/strongylid tip yumurta bulunmustur. Ayrica 2 (3.63% ) havug, 1
(2.04%) roka Orneginde Dicrocoelinm spp., 2 (3.63% ) havug 6rneginde Moniezia spp., 1 (2.08%) yesil sogan
orneginde Fasciola spp. yumurtasi tespit edilmistir. Bu ¢alismada Afyonkarahisar il pazarlarinda ¢ig olarak satillan
ve tlketilen bazt sebzelerin halk saghgr icin risk olusturan olan helmint yumurtalari ile kontamine oldugu
sonucuna vardmistur. Bu sebzelerin yeteri kadar yikanmast ve hijyen kurallarina uyularak titketilmesi
gerekmektedir; aksi takdirde ciddi saglik sorunlart ortaya cikabilecegi sonucuna varilmistir.
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INTRODUCTION

Fresh vegetables and fruits are vital components of a
healthy and nutritious human diet. Vegetables and
fruits have been reported to reduce the risk of
developing diabetes, atherosclerosis, stroke and
certain types of cancer if consumed regularly and are
rich in vitamins, fibre, and minerals (Van Duyn and
Pivonka 2000).

Heat-treatment of vegetables, like many other foods,
gradually loses nutrients that are beneficial to human
health, such as vitamins and minerals. Such loss is
dependent on the amount and duration of heat
exposure. Therefore, consuming vegetables raw for a
healthy life has become more popular recently. Water
and fertilizer sources, human and animal movement
in areas where vegetables are grown are critical due to
many  pathogenic  microorganisms  that can
contaminate vegetables and pose problems for public
health.

According to the World Health Ozganization,
parasites are ranked sixth among the most pathogenic
factors causing infectious diseases in humans (WHO
2019). Vegetables consumed without following
appropriate washing protocols are considered a
critical source for the transmission of parasitic
diseases to humans. It is reported that intestinal
parasitic outbreaks in developed or developing
countries may be related to the consump-tion of
contaminated vegetables (Slifko et al. 2000).

Intestinal parasites can be transmitted via the faecal-
oral route by consuming of contaminated food and
water with the infective forms of the parasites.
Faeces, irrigation water or sewage, are all possible
sources of parasitic contamination (Al-Binali et al.
2006, Newell et al. 2010). Epidemiological studies
show that vegetables are contaminated with parasite
eggs, larvae and cyst forms due to irrigating
vegetables with untreated wastewater in epidemic
areas, and humans are infected after consuming raw
contaminated vegetables (KKozan et al. 2005, Ahmed
and Karanis 2018).

Ascaris lumbricoides, Enterobius vermicnlaris, Trichuris spp.,
Toxocara spp., Trichostrongylidae and hookworm
infections were observed in  humans after
consumption of inade-quately washed vegetables and

fruits as salads in catering establishments such as
schools, hospitals, restaurants, and hotels (Vazquez et
al. 1997, Mesquita et al. 1999, Coelho et al. 2001,
Takayanagui et al. 2001).

This study was conducted in Afyonkarahisar, which is
located on lands of Aegean region of Turkey. The
primary source of income in Afyonkarahisar is
agriculture and animal husbandry. Agriculture is
mainly based on the cultivation of cereals like wheat,
barley and sunflower. Poppy and sugar beet have an
important place among the industrial crops. Legumes
cultivation also plays an important role. Locally
grown vegetables and fruits are offered for sale
throughout the year in the district bazaars. No reports
of parasite contamination of vegetables were detected
following the literature search, including the
“Afyonkarahisar” term. This study aimed to examine
helminth contamination of vegetables grown in
Afyonkarahisar, which are brought to the district
bazaars and sold for raw consumption without any
post-harvesting processing procedures.

MATERIALS and METHODS

Study Region

This study was conducted in Afyonkarahisar, which is
located on lands of Aegean region of Turkey.
Afyonkarahisar is located on the 38°45'25" north
latitude and 30°53'87" cast longitude (Figure 1). It has
a hot and dry climate in the summer, while cold and
snowy in winter. It is warm and rainy in the spring
and autumn, and the precipitation is mainly in the
form of rain. The average annual rainfall of
Afyonkarahisar is 444 mm, and the annual
temperature is 11 °C. The livelihood of
Afyonkarahisar, in general, is based on agriculture and
livestock. Therefore, domestic vegetables and fruits
are sold in the district bazaars. Agriculture is primarily
of smallholder type in the lowlands, which are located
near the mountains. Alongside seasonal vegetable
production, fruit production is also carried out to a
large extent. Vegetable production is predominate in
areas where irrigated farming is carried out.
(Anonymus, 2019).
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Figure 1: Study Region (Sarugsik 2021)

Sample Collection

A total of 508 samples consisting of lettuce, parsley,
carrot, green onion, spinach, cress, arugula, dill, mint
and purslane was collected from the established
district bazaars every week between October 2018
and September 2019 on different days in
Afyonkarahisar city centre and brought to the
laboratory. These vegetables are mostly consumed
raw as a salad.

Sample Preparation
Examination

200 g of each vegetable was weighed in a plastic bag
and washed with 2 1 of physiological saline (0.95%
NaCl) solution. The washing water was subjected to
sedimentation for 24 h, and the upper layer of liquid
was discharged, and the sediment centrifuged for 15
min at 2000 rpm. The supernatant was removed, and
a drop of physiological saline containing lugol was
added to the remaining sediment. The concentration
of helminth eggs in the residue was investigated using
the technique of Téléman Rivas modified by
Bailenger (1962). Samples taken from the mixture
were examined for contamination of helminth eggs
using 10x and 40x magnification. Helminth eggs were
detected according to laboratory manual (Bailenger
1962, Soulsby 1982, Ayres and Mara 1996,
Hernandez-Chavarria and Avendafio 2001).

and Helminthological

Statistical Analysis
The chi-square test was used to compare the rates of
egg types detected in the vegetable samples, and
PASW Statistics 18.0.0 program was used in statistical
analysis (SPSS 2009).

0 25 50
RESULTS
Helminth egg contamination in the examined

vegetable samples is given in Table 1 and Figure 2. A
total of 508 different samples made up of lettuce,
parsley, carrot, green onion, spinach, cress, arugula,
dill, mint and purslane were sold to the public for
consumption in  different retail markets in
Afyonkarahisar and were analyzed for the presence of
helminth eggs and larvae. The study results showed
that 69 (13.58%) vegetables were contaminated with
helminth eggs. These include 10% of lettuce, 9.23%
of parsley, 12.71% of carrot, 39.58% of green onion,
4.4% of spinach, 16.07% of cress, 12.24% of rocket,
16.67% of mint, 2.32% of dill and 13.3% of purslane
(Table 1). In  green  onion samples,
Hookworm/Strongyle spp. eggs were significantly
more than Fasciola spp. eggs (P < 0.05). In mint
samples, Hookworm/Strongyle spp. eggs were
significantly more than Toxocara spp. eggs (P <
0.05).

Out of the 60 samples of lettuce, 65 parsley, 55
carrots, 48 green onion, 45 spinach, 56 cresses, 49
rocket, 42 mint, 43 dills, and 45 purslanes examined,
eggs of Hookworm/Strongyle spp. were detected in
6.67% of lettuce, 9.23% of parsley, 5.45% of carrot,
37.5% of green onion, 4.44% of spinach, 16.07% of
cress, 8.16% of rocket, 14.29% of mint and 13.3% of
purslane; Taeniid eggs in 1.66% and 2.32% of lettuce
and dill, respectively; Toxocara spp. eggs in 1.66%
and 2.38% of lettuce and mint, respectively; eggs of
Toxascaris leonina in 2.04% of rocket only;
Dicrocoelium spp. were detected in 3.63% and 2.04%
of carrot and rocket respectively; Fasciola spp. were
detected in 2.08% of green onion only and Moniezia
spp. were detected in 3.63% of carrot only.
Hookworm/Strongyle — spp. eggs contaminated
vegetables significantly more than the other helminth
parasites(P<0.05).
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Table 1. Distribution of helminth egg detected in the examined vegetable samples in district bazaars of

Afyonkarahisar.
Vegetables Number  Hookworm/ Taeniid Toocara Tox‘axmm Dicrocoelium  Fasciola Moniezia

of Strongyle eggs spp. leonina

Samples (%) €ggs Eoos egos Spp- €ggs Spp- €ggs  Spp- €ggs
Lettuce 60 4 (6.67%) 1(1.66% 1(1.66% 0 0 0 0
Parsley 65 6 (9.23) 0 0 0 0 0 0
Carrot 55 3 (5.457) 0 0 0 2 (3.63%) 0 2 (3.63%)
Green

a b

Onion 48 18 (37.59) 0 0 0 0 1(2.08% 0O
Spinach 45 2 (4.44) 0 0 0 0 0 0
Cress 56 9 (16.07) 0 0 0 0 0 0
Rocket 49 4 (8.167) 0 0 1(2.049) 1(2.049) 0 0
Mint 42 6 (14.299) 0 1(2.38%) 0 0 0 0
Dill 43 0 1232 0 0 0 0 0
Purslane 45 6 (13.3) 0 0 0 0 0 0
Total 508 58 (11.42%) 2(0.39%)  2(0.39%) 1(0.2Y) 3 (0.59P) 1(0.2Y) 2 (0.39%)

abDifferences between odds with different letters on the same line are significant (p<<0.05).

Count

Species
HookwormiStrongyle

- Taenia

Toxocara
Toxascaris leonina
Dicrocoelium
Fasdola

Monieza

Noeggs

o \.-'ege!ables.

Spinach

Figure 2: Distribution of helminth eggs in vegetable samples in district bazaars of Afyonkarahisar.

DISCUSSION

While 200-300 mm of the water required for
vegetable production is generally met by direct
precipitation, the rest is supplied from various water
sources, including rivers, streams, lakes, wells and
irrigation channels (Aras 2019). However, human or
animal waste may mix with water sources from time
to time. Animal fertilizers are also frequently used for
vegetable cultivation. Both animal manure and water
sources used for growing and irrigation of raw
consumed vegetables could mediate the transmission
of eggs belonging to various parasites of humans and
animals. Some parasites like Toxocara spp. and Taenia
spp. are zoonoses and pose significant risks to
humans.

Five hundred eight vegetable samples were collected
from the field and brought to the district bazaar
without any cleaning It was identified in this study
that 69 (13.19%) vegetable samples were
contaminated with various helminth eggs. Taenia /
Echinococens  spp., Toxocara spp. were found in
companion animals, and helminth eggs which were
seen in ruminant faeces like Fasciola spp., Dicrocoelinm
spp. and Moniezia spp. were detected in the studied
samples. It is thought that infected ruminant faeces,
which were not subjected to any decontamination
processes, were used as fertilizer. In the case of
insufficient water sources, the water required for
plant vegetation can be supplied from wastewater or
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streams which might be contaminated with
wastewater. Vegetables could be contaminated with
various helminth eggs after irrigation with waste or
untreated water, which is mixed with infected human
or animal faeces.

Taeniid eggs were detected on one lettuce and one
dill sample (0.39%) of the 508 vegetable samples, but
no statistical significance was determined (P <0.05).
Kozan et al. 2005 found Taeniid eggs in 3.45% of
unwashed vegetable samples, and Adanir and Tasct
2013 detected 2.7% of samples as contaminated. In
other countries, Adamu et al. 2012 found six of 1130
vegetable samples (0.5%), Fallah et al. 2012, 28 of 304
vegetable samples (9.2%), Adenusi et al. 2015, 12 of
960 vegetable samples (1.25%) and Fallah et al. 2016
22 of 453 wvegetable samples (4.806%) were
contaminated ~ with  Taenia/Echinococcus  eggs.
Cysticercosis is caused by the larval stages of the
parasite cestode Taenia solinm infecting both humans
and pigs. Ingestion of eggs which shed in the faeces
of a human tapeworm carrier causes infection. These
eggs are infectious and do not need a developmental
stage outside the host. Humans are typically exposed
to eggs by consuming of food or water contaminated
with faeces containing these eggs or proglottids or
through  person-to-person  transmission.  Taenia
saginata and Taenia solium are tapeworm located in the
small intestine of humans. When Taenia saginata eggs
are detected, it is thought that vegetables may have
been irrigated with water contaminated with infected
human faeces. However, it does not pose a risk to
human health. Since there is no pork consumption in
the region, T. saginata is ignored. While there is no
evidence that human faeces contaminates the
vegetable gardens, the presence of stray cats and dogs
is expected in the study area. It is quite likely that the
identified Taeniid type eggs belong to a tapeworm
from the Taenidae family, which is found in the small
intestine of cats and dogs: Echinococcus. The
definitive hosts for Echinococcus granulosus are usually
dogs, but many mammals and humans could be
intermediate hosts, especially domestic ruminants
(Eckert and Deplazes 2004). The infective eggs are
released after disruption of segments in the faeces of
dogs. Following consumption of contaminated water
and food by intermediate hosts, the larval form, called
a hydatid cyst, develops in various organs, especially
in the liver and lungs. This has the potential to cause
life-threatening disease. Therefore, the consuming of
raw vegetables contaminated with Echinococcus eggs
without proper washing increases the risk of
developing hydatid cysts in humans (Daryani et al.
2008, Fallah et al. 2016). It is not microscopically
possible to distinguish Echinococcus spp. based on egg
morphology from other species in the Taenidae
family. Therefore, it should not be ignored that these
eggs seen in vegetable samples may also belong to
important zoonotic Echinococcus spp. Ozkan et al. 2008
show that there were 2534 (13.13%) human cases in
the Marmara region; 2114 (16.94%), in the Aegean

region; 2578 (16.09%), Mediterranean region; 5404
(38.57%), in the Middle Anatolian region; 428
(5.70%), in the Black Sea region; 844 (6.80%), in the
eastern Anatolian region; and 887 (2.75%), in the
southeastern Anatolian tregion making a total of
14,789 cystic echinococcosis (CE) cases in Turkey.
One hundred forty-two human CE cases were
detected in Afyonkarahisar during 2001-2005 (Ozkan
et al. 2008). In the study on the sero-epidemiology of
the infection, Cetinkaya et al. detected CE 14.6% in
611 humans in Afyonkarahisar (Cetinkaya et al. 2005).
Ascarids arte the most common gastrointestinal
nematodes in cats and dogs. The embryo-developed
eggs are excreted in the faeces of infected animals.
They develop into an infective form that can survive
for a few weeks to a few months in environments
where temperature and humidity are favourable.
Infective eggs are heat resistant from -25 °C to 36 °C
and remain viable for at least one year (Overgaauw
1997). Oral intake of Toxocara spp. eggs is vital for
human health due to the development of visceral or
ocular larva migrans (Avcioglu et al. 2011). Therefore,
Toxocariasis is considered one of the most important
zoonoses in public health and economy (Macpherson
2013). Toxocara spp. eggs were found in 2 vegetable
samples (0.39%), including one lettuce and one mint,
and Toxascaris leonina egg was found in one rocket
(0.2%), but no statistically significant difference was
detected (P <0.05). In other studies, Kozan et al.
2005 reported that Toxocara spp. eggs were detected
in 1.48% of their examined vegetable samples, while
Avcioglu et al. 2011 detected in 1.0% of their
samples, and Adanir et al. 2013 in 2.7% of the
samples in Turkey. The percentage of vegetable
samples reported being contaminated with Toxocara
spp. eggs was 3% in Vietnam, 48.3% in Nigeria,
19.2% in Poland and 2.6% in Thailand, respectively
(Uga et al 2009, Klape¢ and Borecka 2012, Maikai et
al. 2013, Punsawad et al. 2019). Altndis et al 2004.
detected 5/4878 A. lumbricoides during 2000-2003 in
Afyonkarahisar, Ak et al. 2006 detected Ascaris
Ilumbricoides 4.8% in the Southeast Anatolian Region of
Turkey during 2001-2003, Ulukanlgl et al. 2003
detected 64% in shantytown schools, 45.3% in
apartment schools, 41.4% in rural schools in Sanlurfa
in 2000 (Ulukanligil et al. 2003, Altindis et al. 2004,
Ak et al. 2006). It is thought that differences between
the studies could be due to the variation in the
number of samples used in the study, and the
geographical conditions and the growing conditions
of these vegetables.

As for Taenia spp., it is not possible to distinguish
microscopically Toxocara canis and T. cati eggs.
Therefore, it can not be said that the eggs noticed in
vegetable samples are either 1. canis or T. cati eggs.
The distinction of Toxocara eggs could be performed
using molecular biological methods (Blaszkowska et
al. 2011).

Strongyle type eggs with a thin shell, and oval shape,
containing many blastomeres are produced by most
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nematodes in  the  Trichostrongylidae  and
Strongyloides family (Toparlak and Tizer 2000).
Except for some of the nematode species in these
families, distinguishing the identity of the species by
ege motphology alone is very difficult due to
similarity in size, shape, character and appearance
(Purwati et al. 2017). In this study, strongyle eggs
were detected in 58 (11.42%) of 508 vegetable
samples. These eggs could have included Ancylostoma
spp, which is very important in public health.
Considering the growing conditions of vegetables, it
is thought that these eggs on contaminated vegetables
may belong to various parasites in the
Trichostrongyloidea and Strongyloidea families. It
should not be ignored that vegetables could be
contaminated with strongyle type eggs of zoonotic
parasites due to using ruminant faeces as fertilizer
without any process and defecation of stray cats or
dogs in the areas where these vegetables are grown.
Carnivore sheded hookworm eggs could develop to
infective larvae within one week under optimum
conditions and maintain their infectivity for a long
time. After bare hand contact with vegetables
contaminated with these larvae, cutaneous larva
migrans can occur, caused by the larvae penetrating
the skin and migrating under the skin surface
(Toparlak and Ttzer 2000). Therefore, hands should
be washed well after touching vegetables with bare
hands, and hygiene rules should be followed.

CONCLUSSIONS

In conclussion, it was determined that some
vegetables collected from the field in Afyonkarahisar
and brought to the district bazaars without being
subjected to any cleaning process, and consumed raw,
were contaminated with different types of helminths.
It is thought that carnivore animals enter the areas
where these vegetables are grown, or that infected
human or animal faeces reach these areas directly and
via  contaminated irrigation  waters, causing
contamination in vegetables. If vegetables are not
propetly washed, it will be inevitable to be exposed to
significant zoonotic diseases in humans. For this
reason, the use of fertilizers should be in accordance
with guidelines, stray animals should be prevented
from entering these areas, raw consumed vegetables
should be washed propetly before consumption and
hygiene rules should be followed.
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ABSTRACT

The aim of the present study was to investigate the prevalence of Ewnferococcus spp., resistance profiles, and the
presence of the [“anA and 17anB resistance genes in the chicken meat samples that were collected from the Van
market, Turkey. A total of 100 chicken meat samples were used. Among the samples, 27 (27%) were Enterococcus
spp. positive. A total of 67 isolates were obtained from 27 chicken meat samples, which were positive for
Enterococcus spp. Among the 67 isolates, 53 (79.10%) were identified to be E. faecalis and 14 (20.90%) were
identified to be E. faecium. The analysis of antibiotic resistance revealed that 48 isolates (71.74%) exhibited
resistance to multiple antibiotics and 19 isolates (28.36%) were resistant to at least one antibiotic. At least 50% of
the E. faecalis and E. faecium strains were intermediately sensitive to ampicillin, penicillin, chloramphenicol,
vancomycin, and gentamicin. Moreover, the presence of the VanAd and 1VanB genes in 13 strains that were
phenotypically and intermediately resistant to vancomycin was examined by PCR test. The PCR analysis revealed
that no isolate had the 1an and 17anB genes. As a result, the detection of Enterococcus spp. in chicken meat is an
indication of not paying attention to hygienic conditions. At the same time, the existence of multiple antibiotic
resistance in isolates obtained from these foods also suggests that phenotypically determined resistances may
threaten public health.

Keywords: Chicken meat, Enterococcus spp. VV'anA, VVanB

kkk

Tavuk Etlerinde Enterococcus spp. Prevelansi, Direng Profilleri, VanA ve VanB Direng Genlerinin
Varlig1

oz
Turkiye’de Van ili piyasasindan toplanan tavuk eti 6rneklerinde Ewnterococcus spp. prevelanst ve antibiyotik
direncliligi ve VVanA ve VVanB direng genlerinin belitlenmesi amaglandi. Calismada 100 adet tavuk eti 6rnegi
kullanildi. Bunlarin 27’si (%027) Enterococens spp. pozitif bulundu. Enferococcus spp. igin pozitif olan 27 tavuk eti
Orneginden toplam 67 izolat elde edildi. Bunlardan 53’4 (%79.10) E. faecalis, 144 (%20.90) ise E. faecium olarak
tespit edildi. Antibiyotik direnclilikleri incelenen analizler sonucunda Enterococcus spp. izolatlarinin 48’sinin
(%71.64) iki veya daha fazla antibiyotige direncli oldugu, 19’sinin (%28.36) ise en az bir antibiyotige direncli
oldugu tespit edilmistir. E. faecalis ve E. faecinm suslarinin en az %50’si ampisilin, penisin, kloramfenol, vankomisin
ve gentamisine duyarlt ve orta diizeyde oldugu tespit edildi. Ayrica fenotipik olarak vankomisine direngli ve orta
diizeyde olan 13 izolatta IVanA ve 1VanB geni varligi PCR testi ile aragtirddi. PCR testi ile analizi yapilan izolatlarin
hicbirinde 1VanA ve VVanB geni tespit edilemedi. Sonug olarak, tavuk etlerinde Enterococcns spp. tespit edilmesi
hijyenik kosullara dikkat edilmediginin gostergesidir. Ayni zamanda bu gidalardan elde edilen izolatlarda ¢oklu
antibiyotik direngcliliginin var olmast ayrica fenotipik olarak belirlenen direngliliklerin halk saghgini tehdit
edebilecegini dustindirmektedir.
Anahtar Sozcikler: Enterococcus spp., Tavuk eti, VanA, 1VanB
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INTRODUCTION

Enterococens spp. are naturally found in the environment
and the normal intestinal microbiota of both animals
and humans. Due to fecal contamination, these species
can reach media such as soils, fertilizers of animal origin,
and sewer systems and, thus, contaminate waters and
vegetables. The species can invade the intestinal tracts
of domestic and wild animals. Thus, enterococcus can
be found in any type of food from vegetables to raw
meat and cheese due to cross-contamination between
food processing stages (Giraffa 2002, van Schaik and
Willems 2010, Boehm and Sassoubre 2014).

Enterococci were previously known as Lancefield D
group streptococci or fecal streptococci. Enterococcus spp.
are Gram-positive, oxidase and catalase negative,
facultative anaerobic and homofermentative bacteria
that produce lactic as the final product of glucose
fermentation. Most enterococci are grow at a NaCl
concentration of 06.5%, pH wvalue of 9.6, and
temperatures between 10 °C and 45 °C. At least 50
different Eunterococcus  species have been identified
(Foulquié-Moreno et al. 2006, Semedo-Lemsaddek et al.
2010 Lawlwy et al. 2012, Bonacina et al. 2017). The
most common Ewnterococcns spp. in human intestines are
Enterococcus faecalis and, to a lesser level, Ewnterococcus
faecinm whereas the most common species in foods and
animals are E. cecornm, E. faecalis, E. hirae, and E. faecinm
(Prieto et al. 20106).

Enterococci are accepted as the agents of a series of
clinical infections that are not food-borne such as
bacteriemia and endocarditis. Moreover, they are also of
importance in food microbiology. Enterococci are
important spoilage microorganisms, especially in meat
and dairy products, are known to have virulence factors,
their antibiotic resistance is known to be species-
specific, and most Enterococcns species are not fully
pathogenic (Lawlwy at al. 2012, Halkman 2019).

Certain desirable metabolic properties of enterococci
attach importance to their use in the production of
various foods. The role of enterococci in food-borne
diseases is debatable, but they can be regarded as
hospital pathogens and threats to public health due to
their antimicrobial resistance stemming from their
effective ability to transfer genetic material and the
emergence of virulence factors. Acquired infections,
vitrulence determinants, and antimicrobial-resistant
strains not only occur in hospitals, humans, and
veterinary clinics but also soils, waters, insects, plants
such as vegetables, and raw and fermented food
products due to environmental contamination (Semedo-
Lemsaddek et al. 2010, Lawlwy et al. 2012). Moreovet,
enterococci can decarboxylate amino acids and are
known to produce biogenic amines such phenylamine
and as tyramine (Nieto-Arribas et al. 2011, Vidal-Carou
etal. 2011).

E. faecalis and E. faecium are the most commonly isolated
species from meat and meat products while E.
gallinarnm, E. durans, E. mundtii, E. casseliflavus, and

E. hirae, ate more rarely isolated (Semedo-Lemsaddek et
al. 2010). The presence of such isolates in chicken meats
poses a threat to food safety and public health (Aslam et
al. 2012).

The vancomycin-resistant enterococcus strains pose
serious problems. The identified and characterized
vancomycin-resistant phenotypes are VanA, 1anB,
VanD, VanE, and VanG (Svec and Devriese 2015).
VanA and VanB are the most common resistance types
in clinical Enterococci (Coleri and Cokmius 2008). The
vancomycin-resistant strains of E. faecalis and, to a lesser
degtee, E. faecium are thought to be related to human
pathogenesis (Semedo-Lemsaddek et al. 2010).

The aim of this study is to isolate Enterococcus spp. from
chicken meat samples taken from the Van market in
Turkey, and to identify E. faecalis and E. faecium strains in
isolates. In addition, the determination of VanA and
VanB genes, which are known to be the most common
causes of resistance in isolates that are phenotypically
resistant to vancomycin.

MATERIAL AND METHODS

Bacterial Strains

E. faecalis (ATCC® 51299), E. faecium (ATCC® 6057),
E. faecinm (vanA+) and E. faecalis (vanB+) that were
procured from the Food Hygiene and Technology
Department of the Veterinary Faculty of Van Yuziinct
Y1l University were used as the reference strains.

Sample Collection
A total of 100 chicken meat samples comprising breasts
and drumsticks were used as the study material. The
samples were bought from the sales places under aseptic
conditions, brought to the laboratory at +4 °C, and
analyzed immediately.

Isolation of Enterococcus spp.

A total of 10 g sample was obtained from the chicken
meat samples that were collected under aseptic
conditions and brought to the laboratory in a cold chain.
Then, was homogenized with 90 ml sterile peptone
water for 2 minutes. A total of 0.1 ml homogenate was
inoculated into the Slanetz&Bartley Medium (LABM
LAB166, UK) using the spread plate method. The petri
dishes were firstly incubated at 37 °C for 4 h and then at
44 °C for 24-48 h under aerobic conditions. Then, the
colonies that were larger than 1-2 mm and with colors
ranging from pink-red to brown were identified as
Enterococcus spp. Five typical colonies that grew on the
SB medium were individually inoculated onto the %0.6
Yeast Extract (YE) (LABM, MC001, UK) containing
Tryptone Soya Agar (TSA) (LABM, LABO11, UK) and
biochemical assays were performed (Anonymous 2015,
Svec and Devriese 2015). The isolates that were
identified to be Enterococcus spp. were confirmed using
PCR.
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The Conformation of Enterococcus spp. and
Isolation of E. faecalis and E. faecium

A commercial kit (GeneAll, ExgeneTM Cell SV, South
Korea) was used for DNA extraction from the
Enterococcus spp. colonies that were isolated from the
chicken meat samples. The specific primer pair, namely
Entl and Ent2, that was developed by Ke et al. (1999)
for the tuf gene region was used for the confirmation of
the Enterococcus spp. isolates. The gene regions that were
developed by Jackson et al. (2011) were used for the
identification of E. faecalis and E. faecium using PCR

Table 1. Primers used in PCR analysis

Microorganism
Enterococcus spp.

Oligoniikleotid Sequence
Entl-TACTGACAAACCATTCATGATG
Ent2-AACTTCGTCACCAACGCGAAC

(Table 1). For the preparation of the PCR mixture, 10 ul
mastermix (A.B.TTM 2X PCR MasterMix, Turkey), 1.5
ul of each primer, and 5 pl genomic DNA were added
and the total volume was brought to 25 ul using PCR
water. Table 2 shows the PCR protocol that was
followed during the analysis. The amplicons were run
on 1.5% agarose gel (jelde (Vivantis, USA+Bioshop,
TAE Buffer 50X Liquid concentrate, Canada) and the
positive control bands were examined using an imaging
device.

bp Referans
112 Ke etal. (1999)

E. faecalis FL1-ACTTATGTGACTAACTTAACC 260
FL2- TAATGGTGAATCTTGGTTTGG Jackson et al. 2011)
E. faecinm FM1-GAAAAAACAATAGAAGAATTAT I :
FM2-TGCTTTTTTGAATTCTTCTTTA
Gene
vanA AT-ATGAATAGAATAAAAGTTGC
A2-TCACCCCTTTAACGCTAATA 1032 Saha etal. (2008)
vanB B1-GTGACAAACCGGAGGCGAGGA

B2-CCGCCATCCTCCTGCAAAAAA

Antibiotic Resistance

Antibiotic Resistance tests were tested by the standard
disk diffusion method of Kirbye-Bauer (Bauer et al,
1966) on Mueller Hinton Agar (Oxoid CM0337, UK.
Ampicillin (AMP, 10 pg, Liofilchem®, Italy), penicillin
(P, 10 U, Liofilchem®, Italy), erythromycin (E, 15 g,
Liofilchem®, Italy), chloramphenicol (C, 30 pg,
Liofilchem®, Italy), tetracycline (TE, 30 pg,
Liofilchem®, Ttaly), vancomycin (VA, 30 pug,
Liofilchem®, Italy), and gentamicin (CN, 120 g,
Liofilchem®, Italy) were used to determine the
antibiotic tesistance of the Eunferococcus isolates. The
results were evaluated according to the disk diffusion
method recommended by the Clinical and Laboratory
Standards Institute (CLSI 2018).

Table 2. PCR protocol applied in analyzes

433 Handwerger et al. (1992)

Identification of the VanA and VanB genes

The presence of the ["anA and 17anB resistance genes in
the phenotypically and intermediately strains that were
identified by applying the disc diffusion method to the
confirmed  Enterococcns spp. was investigated. The
specific primer pair that was developed by Handwerger
et al. (1992) and Saha et al. (2008) was used for this
purpose (Table 2). For the preparation of the PCR
mixture, 10 ul mastermix (A.B.T ™ 2X PCR MasterMix,
Turkey), 1.5 pl of each primer, and 5 pl genomic DNA
were added and the total volume was brought to 25 ul
using PCR water. Table 3 shows the PCR protocol that
was followed during the analysis.

Mi i Initial Denaturation Amplification Final Extension Cvel
croorganism (°C/min) (Denaturation/Annealing /Extension) (°C/min) yele

Enterococcus spp. 95/10 95 °C 45 sec/59 °C 45 sec/72 °C 45 sec 72/5 35

E. faccals 95/10 95 °C 45 sec/55 °C 60 sec/72 °C 60 sec 72/7 35

E. faecium

Gene

VanA 94/10 94 °C 45 sec/50 °C 45 sec/72 °C 60 sec 72/10 30

VanB 94/10 94 °C 45 sec/62 °C 45 sec/72 °C 60 sec 72/10 30

RESULTS

A total of 27 samples (27%) were determined to be
Enterococens spp. positive and a total of 67 Ewnterococcus
spp. isolates were obtained from the 27 samples.
Among the 67 isolates, 53 (79.10%) were identified to

be E. faecalis and 14 (20.90%) were identified to be E.
faecium (Figure 1). Table 3 shows the antibiotic
resistance percentages of the 67 Eunterococcus spp.
isolates.
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Table 3. Antibiotic resistance percentages of Enterococcus spp. isolates (%o)

E. faecalis
(53)

E. faecium

a4

Total (67)

n: number of positive isolates, AMP: Ampicillin, P: Penicillin, E: Erythromycin, C:

AMP (%)
S R
52 1

(98.11) (1.89)
13 1

(92.86) (7.14)
65 2

97.01) (2.99)

P (%)
s I R
50

- 3(5.67)

(94.33)

12 2

8571 | (1429
62

5 (7.46)

(92.54)

15
(28.30)

8
(57.14)

23
(34.33)

E (%)

I

16
(30.19)

1(7.14)

17
(25.37)

22
(41.51)

(35.72)

27
(40.30)

48
(90.57)

13
(92.86)

61
(91.04)

C (%)

3
(5.66)

3
(4.48)

2
G.77)

(7.14)

3
(4.48)

10
(18.87)

2
(14.29)

12
(17.91)

TE (%)

I

5 (9.43)

2
(14.29)

7
(10.45)

38
(71.70)

10
(71.42)

48
(71.64)

44
(83.01)

10
(71.43)

54
(80.60)

VA (%)

I

2
G.77)

1
(7.14)

3
(4.48)

;
13.22)

3
(21.43)

10
(14.92)

Chloramphenicol, TE: Tetracycline, VA: Vancomycin, CN: Gentamicin

CN (%)
s I R
51 2
9623) (377
14100 - -
65 2
©7.01)  (2.99)
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— — A s —— 360Dbp

AR ——— 112 bp

Figure 1: The agarose gel image of the amplicons that were identified in the Enterococcus spp. (112 bp), E. faecalis
(360 bp) and E. faecinm (215 bp) isolates using PCR (M: 100 bp DNA marker; 1: E. faecalis ATCC® 51299; 2-4:
Enterococcus spp. isolats; 5: E. faecalis ATCC® 51299; 6-8: E. faecalis isolats; 9: E. faecium ATCC® 6057; 10-12: E.

faecium isolates; 13: Negative control)

The analysis revealed that 48 isolates (71.74%) of the
Enterococcus spp. isolates were resistant to two or

more antibiotics while 19 isolates (28.36%) of the

Table 4. Number of E. faecalis and E. faecium isolates resistant to multiple antibiotics

Species (n)

E. faecalis
(53)

E. faecium
(14)

Number of isolates (%0)
1(1.89)

3 (5.60)
24 (45.28)
2 (3.77)
1(1.89)
1(1.89)
23.77)
3 (5.66)

2 (3.77)

4 (28.57)
1(7.14)
1(7.14)
1(7.14)
1(7.14)
1(7.14)

Multiple antibiotic resistance

C,TE
E,C,TE
E,TE

TE, VA

E, C, TE, VA
A, P, E, TE, VA
P, E, TE, VA
E, TE, VA

E, CN

E, TE

A, P, TE, VA
TE, VA

E,C, TE

P, TE, VA

E, TE, VA

isolates exhibited resistance to at least one antibiotic

(Table 4).

AMP: Ampicillin, P: Penicillin, E: Erythromycin, C: Chloramphenicol, TE: Tetracycline, VA: Vancomycin, CN:

Gentamicin
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The presence of [VanA and 1VanB genes in 13
phenotypically vancomycin resistant isolates was
investigated by PCR method. According to PCR
analysis, VanA and VanB genes were not detected in
any of the isolates.

DISCUSSION

While it is controversial that foodborne enterococci
are bacterial pathogens, they can setve as potential
virulence and antimicrobial resistance gene reservoirs
for host-adapted strains. Studies have revealed that
Enterococcus spp. contaminated retail meat products to
a great degree and the differences in the antimicrobial
resistance phenotypes were attributed to the
antimicrobials that were used in animal food
production environments (Hayes et al. 2003).

The consumption of chicken meat contaminated with
enterococci is dangerous for public health, and
especially the presence of strains with resistance genes
can play a role in the transfer of these genes to
consumers (Aslam et al. 2012).

Among the 100 chicken meat samples, 27% were
determined to be Enterococcus spp. positive, which is
close to the value of 28.6% that was reported by
Pesavento et al. (2014) and the value of 30% that was
reported by Onaran et al. (2019). Yiiksel et al. (2013),
Kilonzo-Nthenge et al. (2015), Donado-Godoy et al.
(2015), Senturk (2017), Kim et al. (2018), and
Sanlibaba et al. (2018) reported higher prevalence
values of 43%, 82.2%, 94%, 91.66%, 77.7%, and
79.50%, respectively, while Bayram et al. (2011) and
Gousia et al. (2015) reported lower prevalence values
of 12.5% and 21.7%, respectively. Enterococci are
sensitive to sanitation and can be eliminated when
effective cleaning procedures are applied. The
constant negligence of cleaning practices will allow
the growth of enterococci by causing the formation
of a mineral residue that protects organisms from
disinfectants  (Adams and Moss 2008). The
differences in the reported values are attributable to
the lack of adherence to hygienic conditions during
the production and storage of chicken meats.

E. faecalis and E. faecium are known to be the cause of
the majority of the human enterococcus infections of
hospital and food origin (Cetinkaya et al. 2000;
Lawlwy et al. 2012; Lebreton et al. 2013).

In the study, the most prevalent strain was E. faecalis
with a rate of 79.10% while the rest of the isolates
(20.90%) was identified to be E. faecinm. In agreement
with this study, many studies have reported E. faecinm
and E. faecalis to be the most identified species (Hayes
et al. 2003, Bayram et al. 2011, Kim et al. 2018,
Sanlibaba et al. 2018, Molechan et al. 2019, Manson et
al. 2019).

Robredo et al. (2000) reported that the dominant
species was E. durans, followed by E. faecalis and E.
faecium. This difference in our findings is attributable
to the differences in the analysis methods as well as to
regional differences.

At least 50% of the E. faecalis and E. faecium strains
showed intermediate resistance to ampicillin,
penicillin,  chloramphenicol, vancomycin, and
gentamicin. The antibiotic sensitivity of the . faecalis
and E. faecimm isolates differ depending on
geographical conditions. Various studies have been
conducted in Turkey (Kasimoglu-Dogru et al. 2010,
Onaran et al. 2019; Gokmen and Ektik, 2022),
Canada (Aslam et al. 2012), Amerika-Tennessee
(Kilonzo-Nthenge et al. 2015), Northwest Greece
(Gousia et al. 2015), Colombia (Donado-Godoy et al.
2015), and South Korea (Kim et al. 2018; Kim et al.
2019). In the present study, 40.3% of the isolates
were resistant to erythromycin and 71.64% of the
isolates exhibited resistance to tetracycline. Molechan
et al. (2019) determined that 76% of the chicken meat
samples were resistant to erythromycin while all
samples were resistant to tetracycline. Kim et al.
(2018) reported that most isolates were resistant to
erythromycin and tetracycline. In another study, 58%
of the E. faecalis isolates were determined to be
resistant to erythromycin while 71.4% were resistant
to tetracycline; 48.6% of the E. faecinm samples were
resistant to erythromycin while 40.5% were resistant
to tetracycline (Donado-Godoy et al. 2015). In
another study on poultry meat, the majority of the E.
faecalis and E. faecium isolates were determined to be
resistant to erythromycin and tetracycline (Gousia et
al. 2015). The results of this study agree with those
reported in previous studies.

Clinical  failures have been reported for
fluoroquinolone, erythromycin, tetracycline, and
chloramphenicol for the treatment of Enterococcus spp.
infections, which has been attributed to the
widespread resistance of enterococci to erythromycin,
clindamycin, and tetracyclines (Korten 2002;
Moellering 2005). Moreover, the difference in
findings of the studies on antibiotic resistance is
attributable to the unconscious and illegal use of
antibiotics in addition to geographical differences.
Enterococcus infections have been treated using
glycopeptide antibiotics, especially using vancomycin,
as they are approved for use in human treatment.
However, there has been a drastic upsurge in
vancomycin resistance with the widespread clinical
use of vancomyecin in hospitals (Kirst et al. 1998).

The concern about the increasing number of
vancomycin-resistant enterococcus strains have been
increasing (Lawlwy et al. 2012). The I“azA phenotype
is mostly found in E. faecalis and E. faecinm and shows
highly inducible resistance to vancomycin and
teicoplanin  while [“a#zB  shows intermediately
inducible resistance to vancomycin (Svec and
Devriese 2015). Furthermote, enterococci are known
to gain antibiotic resistance through genetic mobile
elements such as plasmids, integrongs, and
transposons, mutations, chromosomal, and exchange.
The species can develop acquired resistance to many
antibiotics through their various resistance properties
(Hegstad et al. 2010, Hollenbeck and Rice 2012).

386



As the best-identified resistance genes in enterococci,
the presence of the [“anA and [VanB genes was
examined in the present study. However, the [VanA
and [“anB genes were not detected in the
phenotypically and intermediately vancomycin-
resistant strains. Kasimoglu-Dogru et al. (2010) also
did not detect the IVanzA and 1VanB genes. In another
study, 93.5% of the E. faecium isolates that were
obtained from different foods and phenotypically
resistant to vancomycin had the VanA gene while
29% had the VanB23 gene; the researchers did not
detect VanA, VanB, or VanB23 in the E. faecalis
isolates (Gousia et al. 2015). Onaran et al. (2019)
identified the VanA gene in 16.7% of the Enterococcus
spp. isolates and the VanB gene in 8.3% of the
isolates. In addition to the IVanA and 1anB genes,
which are the best-identified vancomycin resistance
genes in enterococci, VanC, VanD, VanE, VanG,
Vanl., VanM, and 17anN resistances have also been
observed (Arthur and Courvalin 1993, Ahmed and
Baptiste 2018). Gokmen and Ektik (2022) found
31.5% VanA, 8.2% VanB and 23.3% 17anC2/C3
resistance genes in Enterococcus spp isolates. This
explains the phenotypical resistance to vancomycin
that was found in this study. Furthermore, the
differences in the findings of the studies are
attributable to differences in genetic mobile elements,
chromosomal exchange, and mutations.

The presence of Enterococcus spp. in the chicken meats
indicates the lack of adherence to hygienic conditions.
The multiple antibiotic resistance of the isolates will
complicate treatments and add to antibiotic
resistance. No vancomycin resistance genes were
detected in the study. The resistance in different
phenotypes and the detection of vancomycin-resistant
genes in enterococci that were isolated from foods in
different studies pose a threat to public health. To
prevent these undesired outcomes, inspections should
become firmer, the use of antibiotics should be
controlled, and strict policies should be employed.
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ABSTRACT

This study was carried out to determine the fattening performance of Herik lambs reared under in intensive
conditions. Twenty single male lambs, all with an mean body weight of 20.78 kg, were used in the study.
Concentrate was given ad libitum and alfalfa was given in the amount of 300 g/lamb/day. The lambs were
slaughtered when they reached the live weight of 40 kg. In this study, daily weight gain was generally tended to
increase between the initial day and 56 day while it tended to decrease from 56t day to the end of fattening.
During the fattening, the daily body weight gain and the feed efficiency were determined as 211 g and 9.668
respectively. Also, the temperature humidity index was determined above to accepted threshold value in
ruminants along fattening period. Consequently, daily live weight gain and feed efficiency of Herik lambs were
worse than those of Turkish native breeds at the slaughter weight of 40 kg.The unsatisfactory in fattening
performance of Herik lambs may be depend on exposed high temperature along fattening period and till now
lack of improvement studies on them. Thus, researchs should be done for fattening performance of Herik lambs
under different breeding conditions.

Keywords: Climatic conditions, fattening performance, lamb, intensive condition
*kkk

Entansif Kosullarda ve Is1 Stresi altinda Herik Kuzularin Besi Performansi

(074

Bu calisma, entansif sartlarda yetistirilen Herik kuzularinda besi performansini beliflenmek amactyla yapilmustir.
Arastirmada ortalama canli agirligt 20.78 kg olan 20 bas tekiz erkek kuzu kullandmistir. Kuzular ad libitum konsantre
yem ve giinde kuzu basina 300 gr kuru yonca otu ile beslenmislerdir. Kuzular 40 kg canli agitliga ulastiklarinda kesime
sevk edilmislerdir. Bu arastirmada, glinlitk canlt agirhik artisinin besinin ilk giini ile 56. glin arasinda artma egiliminde
oldugu 56. giinden besi sonuna kadar ise azalma egiliminde oldugu tespit edilmistir. Besi stiresince ortalama ginlik
canli agirlik artist 211 g ve yemden yararlanma orani 9.668 kg olarak belitlenmistir. Ayrica besi dénemi boyunca 1st nem
indeksinin, ruminantlar icin kabul edilen esik degerin tzerinde oldugu belitlenmistir. Sonug¢ olarak, 40 kg kesim
agithigindaki Herik kuzularinin giinlitk canli agirhk artist ve yemden yararlanma oraninin ayni agirhktaki yerli ik
kuzulardan daha disik oldugu bulunmustur. Herik kuzularinin besi performansin disik olmasi, besi dénemi
boyunca yiksek sicakliga maruz kalmasina ve bugiine kadar tizerinde 1slah ¢aligmalarinin yapilmamis olmasina bagh
olabilir. Bu nedenle, Herik kuzularinin farkli yetistirme kosullarinda besi performanst ile ilgili arastirmalar yapilmalidir.
Anahtar kelimeler: Besi performansi, entansif kosul, iklim kosullari, kuzu
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INTRODUCTION

Meat is an important protein source for human
nutrition. Protein is used for growth and
development in young people while it is used for the
execution of body functions in older people.
Livestock animals such as cattle, sheep, goat, pork
and broiler chicken are used for meat production.
Pork meat is not consumed because of cultural and
religious causes in Turkey. Poultry meat is an
affordable food source. However, B12 vitamin, iron
and zinc in broiler meat are lesser than those of cattle
and sheep meat. Cattle and sheep are generally used
for red meat production. In addition to being an
excellent source of protein, red meat is a nutrient that
provides important vitamins and minerals such as
B12 vitamin, iron and zinc (Williams 2007).

Sheep production has an important place in the
nutrition of household and in come source of rural
people in Turkey. In 2020, a total of 4 358 732 heads
of sheep have been slaughtered and approximately 95
thousand tons of red meat production which was
about 8.81% of the total red meat production in
Turkey (FAOSTAT 2022). These results show that,
researches should focus more on lamb meat
production in Turkey. In this respect, evaluation of
local sheep breeds is important in terms of fattening
performance characteristics.

Herik sheep is one of the local sheep breeds, raised in
the border area between Central Anatolia and Black
Sea Region, in Turkey. Herik sheep is thought to have
resulted from the irregular crossbreeding of the
Akkaraman breed, raised predominantly in Central
Anatolia, with the Karayaka breed, raised
predominantly in the Black Sea Region (Akcapinar
2000). Herik sheep has a fat-tail, wide at the base
narrows towards the end. (Yalgin 1986, Akcapinar
2000). It has a white or brown-black fleece and has
black or brown spotted around the eyes and mouth
and on the legs. Rams has horizontal spiral and strong
horns extending sideways, sheep has poor structure
horns. It is reported to be adult live weight 60 and 47
kg; wither height 65 and 61 cm; body length 67 and
62 cm. Also it is reported to be fleece weight 1.8-3.5
kg, lamb born weight 3.3-3.5 kg and the number of
lambs per parturition 1.1 (TAGEM 2009).

Climate conditions such as ambient temperature and
relative humidity are used for the identification of
thermal stress (Donelly 1984, Davis 2003). Relative
humidity affects the feeling degree of ambient
temperature. The common effect of ambient
temperature and relative humidity is expressed in a
single value which called “temperature-humidity
index (THI)” on production traits in livestock. In
measurement of thermal stress, usage of temperature-
humidity index is recommended (Armstrong 1994).
The threshold value of THI is known as 74 for
ruminants (Mader et al. 2000).

Recently years researchers have focused on
determining the slaughter and carcass characteristics

(Teke et al. 2017, Ugurlu et al. 2017, Teke et al. 2018)
and meat quality (Ugurlu et al. 2017) in Herik lambs.
However, there has no information about the
fattening performance of Herik lambs under the
intensive conditions. The current study aimed to
investigate the fattenning performance of Herik
lambs under the intensive conditions and to compare
their fattening performance with that of other
indigenous sheep breeds.

MATERIAL AND METHODS

Animals, housing, nutritional and climatic
conditions

The present study was approved by the Animal
Experiments Ethical Committee of Ondokuz Mayis
University (HADYEK 2014/37). The study was
conducted at a private farm, where the altitude is
approximately 171 m Samsun Province. Preparatory
work was performed before the planning of this study
and it was determined that the Herik lambs have two
types of tails, i.short round fat tail, ii. Long and semi-
fat tail. In this study twenty single male lambs, ten
with short-round fat tails and ten with long, semi-fat
tails, were randomly selected after weaning (90 days),
with an approximately initial live weight of 20 kg.

The stocking density at stockyard was 0.7 m2. In the
stockyard, 30 cm for concentrate feeder and 30 cm
for roughage feeder per lamb were allocated. All
lambs were vaccinated against clostridial disease and
they were treated with anthelmintics for parasitic
disease (Ake¢apinar 2000).

Nutrient content of concentrate mixture and alfalfa
hay were analyzed (AOAC 2000). As for, metabolic
energy was calculated for concentrate mixture (TSE
1991) and alfalfa hay (Kirchgessner and Kellner
1981). Before the fattening period, the amount of diet
offered to animals daily was 10% more than the
previous day’s consumption, the two weeks of dietary
adaptation was applied. All lambs were fed with ad
libitum  concentrate  mixture  consisting  of
approximately 2700 kcal/kg metabolic energy and
18% crude protein until lambs reached 30 kg live
weight and approximately 2500 kcal/kg metabolic
energy and 17% crude protein from 30 kg live weight
until to the end of fattening period. Alfalfa hay (300 g
lamb/day) and free access to water were also
supplied. Lambs were weighed individually on a
weekly basis, after fasting for 16 h with free access to
water and daily feed consumption was recorded
during the fattening period.

Climatic data such as maximum daily temperature,
minimum daily temperature and relative humidity was
provided by the General Directorate of Turkish State
Meteorological Service (MGM, 2022). Temperature-
humidity index (THI) was calculated with a formula
reported by Davis et al. (2003). THI=(0.8 x maximum
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ambient temperature)+[% relative humidity/100 x
(mean ambient temperature-14.4)]+46.4.
Descriptive statistics of live weight, average daily
weight gain, daily feed intake and feed conversion
ratio were determined for fattening performance
(SPSS, 1998).

RESULTS

Fattening performance

The results of average daily weight gain, daily
concentrate intake and feed conversation ratio are
shown in Table 1. In this study, the highest daily

Table 1. Fattening performance of the Herik lambs

weight gain (297 g) was determined between 43-49.
days of the fattening period while feed conversation
ratio of that period was determined to be 7.138. Daily
weight gain followed a fluctuating pattern between
the initial and 56% day, however it generally tended to
increase.. Also, it was seen that the daily weight gain
tended to decrease after 56t day until the end of
fattening (Figure 1). During the fattening period, the
daily weight gain and the daily average feed
consumption were determined as 211 g and 9.668
kg/day respectively.

Days n  BW (ko) ADWG (g) DFI (o) FE
Initial-7. 20 22.73+0.49 279+0.021 1422 5.096
8-14. 20 24.03+0.58 1950.027 1795 9.205
15-21. 20 24.96+0.59 13240.016 1958 14.833
22-28. 20 25.98+0.61 1460.014 1861 12.746
29-35. 20 27.94+0.71 27940.024 1780 6.378
36-42. 20 29.37+0.67 211+0.023 2170 10.284
43-49. 20 31.45%+0.66 29740.023 2120 7.138
50-56. 20 32.97+0.69 216%0.018 2549 11.800
57-63. 18 33.73%0.55 211+0.022 2227 10.554
64-70. 18 35.05%0.55 198+0.019 2704 13.656
71-77. 18 36.3620.58 20240.018 1883 9.321
78-84. 17 37.50%+0.53 192+0.023 2160 11.250
85-91. 15 38.52+0.54 20240.029 2068 10.237
92-98. 14 39.50+0.47 18120.026 2089 11.541
99-105. 14 40.38%0.54 1600.032 1820 11.375
Initial-35. - 20410.011 1763 8.642
Initial-70 - 21840.007 2043 9.371
Initial-105. - 211£0.006 2040 9.668

ADWG: Average Daily Weight Gain, BW: Body weight, DFI: Daily feed intake, FI: Feed efficiency
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Figure 1: Change of ADWG and THI during the fattening period
ADWG: Average Daily Weight Gain, THI: Temperature Humidity Index
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Climatic conditions

The results of climatic conditions, during the
fattening period are shown in Table 2. The average
ambient temperature and relative humidity at the
basin were 22 °C and 76% during the study period

July-2015 and 30-October- 2015. Thus, the ambient
temperature and relative humidity were high during
the first 70 days of the fattening period, However, the
ambient temperature and relative humidity decreased
after the 71+t day.

respectively. This study was conducted between 16-

Table 2. Climatic conditions during the fattening period

Days MADT (C) MIDT (C) RH (%) THI
Tnitial-7. 26.38+ 0.18 19.46%0.54 64.26+0.79 75.53+0.33
8-14. 28.45+0.24 21.44+0.33 66.88+2.11 78.7940.30
15-21. 29.82+0.78 23.10+0.36 66.06+1.23 79.6140.62
22-28. 29.51+0.27 22.52+0.23 64.04+1.04 79.7240.21
29-35. 29.31+0.22 23.6410.49 68.28+1.24 79.93+0.34
36-42. 27.75+0.50 21.54+0.75 62.04+2.19 76.070.93
43-49. 26.80+0.21 19.14+0.54 60.21+2.28 75284045
50-56. 27.30+0.88 19.94+0.35 66.98+2.87 75.78%1.09
57-63. 26.34+0.37 20.48+0.52 72.08+1.61 75.05+0.69
64-70. 26.60+0.45 19.8240.25 73.27+1.33 75.10+0.58
71-77. 26.26+0.27 19.10£0.20 72.05+0.71 74.69%0.55
78-84. 23.07+0.74 16.82+0.73 70.25+1.66 68.25+1.75
85-91. 20.74+1.19 14.75+1.16 71.10+3.20 65.11+1.60
92-98, 20.77+0.58 14.94+ 0.82 78.07+1.77 66.07+1.09
99-105. 19.15+1.90 13.0240.91 70.22+1.24 60.44+2.19

MADT: Maximum Daily Temperature (°C), MIDT: Minimum Daily Temparature (°C),

RH: Relative Humidity (%), THI: Temperature Humidity Index

DISCUSSION

In previous studies, slaughtering and carcass
characteristics (Teke et al. 2017, Ugurlu et al. 2017,
Teke et al. 2019) and meat quality traits (Ugurlu et al.
2017) of Herik lambs in intensive conditions were
published However, there is no information about
fattening performance of Herik lambs. Herik sheep is
considered to be produced from the irregular
crossbreeding of the Akkaraman, a fat-tailed breed,
and with the Karayaka, a long and thin-tailed breed
(Ake¢apinar 2000). For this reason, results obtained in
the current study were compared and interpreted with
previous results of Akkaraman, Karayaka and other
native breeds. Fattening performance was determined
with the use of average daily weight gain and feed
conversion rate. It was reported that slaughter weight
of lambs is generally range from 25 to 40 kg based on
market conditions (Diaz et al. 2002, Zapletal et al.
2010). In this study, the lambs were slaughtered when
they reached alive weight of 40 kg. In this study,
average daily weight gain and feed conversion rate
were determined to be 211 g and 9.668, respectively
for the entire fattening period (105 days) (Table 2).
Average daily weight gain and feed efficiency for
approximately slaughter weight of 40 kg was reported
to be 224 g and 5.77 for Akkaraman (Akmaz and
Sahin 2002), 214 g and 8.60 (Balc1 and Karakas 2007),
212 and 7.06 (Olfaz et al. 2005) for Karayaka, 218 g

and 6.16 for Awassi (Tekel et al. 2007), 227 g and
4.63, 241 g and 4.96 (Yakan and Unal, 2010) for Bafra
lambs. Daily live weight gain and feed efficiency of
Herik lambs were lower than the results of above
mentioned native breeds at the slaughter weight of 40
kg. Therefore, fattening performance of Herik lambs
were insufficient compared to other native breeds.
This situation of Herik lambs may be due to lack of
improvement studies on them. Also, daily weight gain
followed a fluctuating course from begining of
fattening until end of fattening. In parallel with this,
the daily ambient temperature and relative humidity
and temperature humidity index were generally above
to threshold value for thermal stress during fattening
period. The threshold temperature humidity index is
known as 74 for ruminants (Mader et al., 20006).
Therefore, one of the reasons for the lower daily
weight gain in the current study may be the
temperature humidity index above the threshold value
during fattening period.

CONCLUSION

Consequently, our study indicates that the fattening
performance of Herik male lambs was poor than that
of Turkish native breeds at the same slaughter weight.
Thus, it can be considered that fattening performance
of Herik lambs was unsatisfactory. However, THI
was generally above to threshold value along fattening
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period due to this study was conducted during the
summer and autumn months. Therefore, insufficient
of fattening performance in Herik lambs might be
attributed to the combined effects of the high
ambient temperature and relative humidity, namely
temperature humidity index, Also, researchers should
planed for fattening performance characteristics of
Herik lambs under different breeding conditions due
to scarce information about to fattening performance
of Herik lambs.
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ABSTRACT

Otitis is a multifactorial disease and various bacteria play role in its etiology. It is important to determine the etiologic
agents and perform antimicrobial susceptibility tests for the effective treatment of the disease. In this study, it was
aimed to isolate Staphylococcus species from ear samples taken from dogs with otitis externa and to determine their
vitro antimicrobial susceptibility to various antimicrobial agents. A total of 82 ear swap samples from 41 dogs, 13
(31.7%) females and 28 (68.3%) males, belonging to 12 different dog breeds, aged between 3 months and 10 years,
were used. While a bacterial agent was isolated from 30 (73.17%) dogs, there was no growth in 11 (26.83%).
Staphylococens species were isolated from 24 (80%) out of 30 culture positive dogs. From those 24 dogs, Staphylococcus
anreus from 7 (29.1%), S. schleiferi subsp. schleiferi from 6 (25%), coagulase negative staphylococcus (CNS) from 5
(20.8%), S. baemolyticus from 4 (16.6%) and S. epidermidis from 2 (8.3%) were isolated. In vitro antimicrobial susceptibility
of the isolates obtained in the study was evaluated, and it was determined that all S. aureus strains were susceptible to
cefoperazone/sulbactam and cephalothin, and 83.3% of S. schleiferi subsp. schleiferi strains were resistant to tobramycin.
Multi-antibiotic resistance was determined in 40% of Staphylococcus species, while methicillin resistance was found to be
44%. As a result of the study, i) S. schleiferi subsp. schleiferi may be the primary bacterial agents of otitis externa cases in
dogs, ii) dogs with otitis externa have the potential to transmit both multi-antibiotic resistant and methicillin resistant
Staphylococens species to humans, other animals and the environment.

Keywords: Dog, otitis, Staphylococcus spp., in vitro antibiogram
Hokk

Otitis Eksternali Képeklerden Izole Edilen Stafilokoklarin In Vitro Antibiyotik Duyarhliklar

(074

Multifaktdriyel bir hastalik olan otitisin etiyolojisinde, ¢esitli bakteriler de rol oynamaktadir. Hastaligin etkin tedavisinde
etiyolojinin bilinmesi ve antimikrobiyal duyarlidik testleri 6énem arz etmektedir. Bu calismada, otitis eksternalt
képeklerden alinan 6rneklerde stafilokok tiitlerinin izolasyonu ve izolatlarin gesitli antimikrobiyal maddelere 7z vitro
duyarliliklarinimn saptanmast amaglandi. Yaslart 3 ay ile 10 yil arasinda degisen, 12 farkli képek 1rkina ait 13’4 (%31.7)
disi, 28’1 (%068.3) erkek olmak tzere toplam 41 adet kdpekten alinan 82 adet kulak svap 6rnegi materyal olarak
kullanild. Képeklerin 30 (%73.17) adetinden bakteriyel bir etken izole edilitken, 11 (%26.83) adet képege ait
orneklerde ise tireme olmadi. Kiltiir pozitif 30 adet kdpegin 24 (%80) adetinden stafilokok cinsine ait bakteriler izole
edildi. Bu hayvanlarin 7 (%29.1) adetinden Staphylococcus anreus, 6 (%25) adetinden S. schleiferi subsp. schleiferi, 5 (%020.8)
adetinden koagulaz negatif stafilokoklar (KINS), 4 (%16.6) adetinden S. haemolyticns ve 2 (%8.3) adetinden ise S.
epidermidis izole edildi. Tzolatlarin antimikrobiyal duyarliliklart degerlendirildiginde, S. aurens suslarmnin tamaminin
sefoperazon/sulbaktam ve sefolatine karst duyath oldugu, S. schlesferi subsp. schleiferi suslarinin ise %83.3’tuniin
tobramisine direncli oldugu belirlendi. Tzolatlarinin %40’ inda ¢oklu antibiyotik direncliligi belirlenirken, %44’tinde ise
metisilin direnclili§i saptandt. Sonug olarak bu calismada, 1) S. schleiferi subsp. schleifer/nin képeklerdeki otitis eksterna
vakalarinin primer bakteriyel etkenlerinden biri olabilecegi, ii) otitis eksternali kdpeklerin insanlar, hayvanlar ve cevreye
gerek coklu antibiyotik direncli gerekse metisilin direngli stafilokok tiitlerini bulastirma potansiyeline sahip olabilecekleri
diisiiniildi.
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Dis kulak yolunun akut veya kronik yangist olarak
tamimlanan  otitis  eksterna, képeklerde  siklikla
karsilasilan bir hastaliktir. Hastaligin olusmasinda
gesitli  mikroorganizmalar, genetik faktorler ve
anatomik yapt rol oynamaktadir (August 1988,
Murphy 2001, Keskin ve ark. 2010). Multi-faktoriyel
bir etiyolojiye sahip olan hastalik, hayvant oldugu
kadar, bazi patojenleri bulastirmast bakimindan
hayvan sahiplerini, tedavide barindirdigr baz1 sorunlar
nedeniyle de veteriner hekimlik uygulamalarini
olumsuz etkilemektedir (Rosser 2004, Murugan ve
ark. 2016).

Kopeklerdeki  otitis  vakalarinin  etiyolojisinde
bakteriyel etkenler 6nemli rol oynamaktadir. Bu
amagcla, otitis ekternali kopeklerde  bakteriyel
etiyolojiyi ve etkenlerin iz vitro antimikrobiyal
duyarliliklarini belitflemek amactyla Turkiye ve diger
tlkelerde cesitli calismalar yapilmistir (August 1988,
Keskin ve ark. 1999, Tiirkyilmaz, 2008, Oztiirk ve
ark. 2016). Yapilan calismalarda, klinik olarak otitis
cksterna tanisi konulan képeklerden alinan Srneklerde
genellikle en yiksek oranda Staphylococcus cinsine ait
bakterilerin izole edildigi bildirilmistir (Murugan ve
ark. 2016, Oztiirk ve ark. 2016). Bununla birlikte
Streptococcus spp., Corynebacterinm spp., Psendomonas spp.,
Candida  spp., Protens spp. ve Enterobacteriacea
familyasinda bulunan bazi Gram negatif bakterilerin
de izole edildigi rapor edilmistir. Aragtirmalarda, elde
edilen izolatlarin gesitli antimikrobiyal maddelere kars
diren¢ profilleri de belitlenmis ve direnglilik
oranlarinin da farkli oldugu gozlenmistir (Ozer ve ark.
1997, Oliveira ve ark. 2006, Murugan ve ark. 2016,
Oztiirk ve ark. 2016).

Istanbul’da yapilan bir calismada, 17 adeti otitis
cksternali, 8 adeti ise klinik olarak saglikli gérinen
kopeklerden  alinan  Orneklerin  bakteriyolojik
analizinde, otitisli képeklerden en yitksek oranda S.
anrens (%o41.1), Proteus spp. (Yo41.1) ve Pseudomonas
spp.  (%11.1); saglikli g6rinen hayvanlardan ise
koagulaz negatif stafilokoklarin (KNS) izole edildigi
bildirilmistir. Calismada sonug olarak, kopeklerdeki
otitis eksterna vakalarinin sagaliminda enrofloksasin,
flokonazol ve metilprednizolon kombinasyonunun
sistemik uygulanmasinin etkili bir tedavi segenegi
olabilecegi rapor edilmistir (Ozer ve ark. 1997).
Orztiirk ve ark. (2016), Burdur’da otitis eksternali 52
adet kopekten aldiklart toplam 58 adet kulak svap
orneginin  52’sinden (%89.66) kiltir pozitif sonug
aldiklarint bildirmislerdir. Orneklerden sirayla S. aureus
(%31.25), KNS (%14.006), Streptococens spp. (%012.5),
Corynebacterium spp. (%0.25), Protens spp. (%4.68),
Psendomonas — aeruginosa  (%3.13)  ve  Candida  spp.
(%28.13)  izole ettiklerini  rapor  etmislerdir.
Aragtiricilar S. anrens, Streptococens spp., Corynebacterinm

spp. ve KINS izolatlarinin tamaminin (%100), Protens
spp.  izolatlarnin  ise  %066.67'sinin  amok-
sisilin/klavulanik asite duyatrli oldugunu; izolatlarin
enrofloksasin, amoksisilin, oksitetrasiklin, gentamisin,
trimetoprim/sulfametoksazol ve eritromisine olan
duyarhliklariin  ise degisik oranlarda (%0-%100)
oldugunu rapor etmislerdir. P. aeruginosa izolatlarinin
tamaminin enrofloksasin ve gentamisine, %50’sinin
de oksitetrasikline duyarhh oldugu ifade edilmistir.
Hindistan’da yapilan bir calismada otitis eksternali 81
adet kopekten alinan kulak svap 6rneklerinin
bakteriyolojik analizinde; Staphylococcuns spp. (%048.6),
Psendomonas  spp. (%21.5), Proteus spp. (%14.95),
Escherichia coli (%8.41) ve Klebsiella spp. (%06.54) izole
edildigi bildirilmistir. Yapilan zz vitro antibiyogram
testinde, stafilokok cinsine ait bakterilerin %94.2’sinin
amoksisilin/klavulanik asite, %11.5’inin ise penisilin
G’ye duyarlt olduklart bildirilmistir (Murugan ve ark.
2016). Brezilya’da yapilan bir calismada, 62 adet
otitisli k6pege ait Srneklerin bakteriyolojik analizinde,
toplam 30 (%46.8) hayvandan ¢esitli Gram pozitif ve
Gram negatif bakterilerin izole edildigi bildirilmistir.
Hayvanlardan en yiiksek oranda S. ntermedins (%043.3),
S. aurens (%30) ve Pseudomonas spp.’nin (%13.3) izole
edildigi calismada, S. dntermedins ve S. aurensun
penisilin G, ampisilin, eritromisin, klindinamisin,
trimetoprim/sulfametoksazol, sefolatin, sefoksitin,
imipenem, oksasilin, amikasin, gentamisin, neomisin,
tetrasiklin, enrofloksasin, eritromisin, tetrasiklin,
kloramfenikol ve vankomisine degisik oranlarda
(%7.6-%100) direncli olduklart bildirilmistir (Oliveira
ve ark. 2000).

Bu calismada, klinik olarak otitis  eksterna
semptomlart gésteren képeklerden alinan kulak svap
orneklerinde stafilokok tirlerinin varligi ve gesitli
antibiyotiklere karst 7z witro duyarliliklarinin ortaya
konulmast amacland.

MATERYAL ve METOT

Materyal

Calismanin materyalini, Ocak 2021-Haziran 2022
tarihleri arasinda Balikesir Universitesi Veteriner
Fakultesi Hayvan Hastanesi’ne getirilen kopeklerden
alinan svap Ornekleri olusturdu. Kopekler klinik
olarak muayene edilip; kulak boélgesinde agri, kasinti
ve akinti semptomlart gésteren 41 adet hayvandan
materyal alind1. Farkli irklara ait, yaglart 3 ay ile 10 yil
arasinda degisen kopeklerin 13’4 (%31.7) disi, 281
(%68.3) ise erkekti (Tablo 1). Daha 6nceden c¢esitli
nedenlerle (iriner sistem enfeksiyonu ve otitis gibi)
antibiyotik tedavisi aldigr bildirilen 5 kdpekten, son
antibiyotik uygulamasini takiben yaklagik 20 giin sonra
ornekler alindi. Svap 6rnekleri her iki kulaktan ayr
ayrt almnarak (82 adet), mikrobiyolojik analiz icin
laboratuvara getirildi.
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Tablo 1. Ornek alinan kopeklerin ik, cinsiyet ve yaslart.
Table 1. Breed, gender and age of the dogs sampled.

Irk Disi Erkek Yag Toplam

Kopay 3 7 11 ay-7 yas® 10

Melez 2 6 3 ay-4 yas” 8

Golden Retriever - 5 9-10 yas* 5

Alman Coban Képegi 1 4 2-6.5 yas” 5

Kangal 2 2 1-6 yas” 4

Cane Corso Italiano 3 - 3-4 yas* 3

Terrier 1 - 5.5 yas 1

Cooker Spiniel - 1 2 yas 1

Dogo Argentin - 1 10 yas 1

Ingiliz Setter 1 - 5 yas 1

Pointer - 1 1 yas 1

Barak - 1 5 yas 1

Toplam 13 28 3 ay-10 y1l* 41

*Hayvanlarin yas aralig1

Izolasyon

Svap ornekleri %5-7 defibrine koyun kanh agara seftiofur (EFT, 30 pg, Oxoid) ve oksasilin (OX, 1 pg,
(1.10886, Merck, Darmstadt, Germany) ve Oxoid) diskleri kullanildi. Testin degerlendirilmesinde

MacConkey agara (Oxoid, CMO0007, Hampshire,

England) ekilerek, 37°C’de ve aerobik ortamda 1-3
gin inkibe edildi. Koloniler makroskopik ve
mikroskopik morfolojileri, katalaz, koagulaz, DNase
aktiviteleri (BD Difco, Sparks, USA), mannitol salt
agarda (LAB, 138736/149, Lancashire, UK) treme
yetenekleri ve gesitli biyokimyasal testlerle bitlikte,
hizli test kitiyle (Api Staph, BioMérieux SA, France)
identifiye edildi (Kloos ve Wolfshohl 1982, Quinn ve
ark. 2011).

Antimikrobiyal Duyarliik Testi

Calisma kapsaminda izole edilen stafilokok cinsine ait
bakterilerin cesitli antimikrobiyal maddelere karst
duyarliliklari, disk difiizyon yontemine goére yapildi
(Bauer ve ark. 19606). Testte; sefoperazon/sulbaktam
(CES, 75/30 pg, Bioanalyse), sefalotin (CF, 30 pg,

BBL), Kklortetrasiklin  (CT, 30 pg, Himedia),
amoksisilin/klavulanik asit (2/1) (30 pg, Oxoid),
tobramisin (NN, 10 ug, BBL),

neomisin/basitrasin/tetrasiklin (30 ng/10 1U/30 pg,
Mast Diagnostic), kloksasilin (OB, 5 pg, Oxoid),

CLSI (2013, 2018) kriterleri dikkate alindi. Testte
kontrol olarak, Balikesir Universitesi Veteriner
Fakiltesi Mikrobiyoloji  Anabilim Dali  Kiltir
Koleksiyonu’nda bulunan . azreus ATCC 25923 susu
kullandds.

BULGULAR

Izolasyon

Incelenen 41 adet kopegin 30’undan  (%73.17)
bakteriyel bir etken izole edilitken, 11’inde (%26.82)
ise her hangi bir Gireme olmadt. Bakteriler kopeklerin
22sinden (%73.3) saf kiltir, 8’sinden (%26.7) ise
kangtk kiltir olarak izole edildi. Kultir pozitif 30
kopegin 24’unden (%80) stafilokok cinsine ait
bakteriler, 6 (%20) képekten ise Corynebacterium spp.
(n: 3), Candida spp. (n: 3), E. coli (n: 2), Streptococcus
spp. (n: 1) ve Proteus spp. (n: 1) izole edildi. Stafilokok
cinsine ait bakterilerin identifikasyonlarinda en yiksek
oranda izole edilen tirin S. awrens (%29.1) oldugu

g6rildi (Tablo 2).

Tablo 2. Otitis eksternali képeklerden izole edilen stafilokok tiirleri.
Table 2. Staphylococcus species isoleted from dogs with otitis externa.

Bakteri n %
S. aureus 7 29.1
S. schleiferi subsp. schleiferi 6 25
KNS 5 20.8
S. haemolyticus 4 16.6
S. epidermidis 2 8.3
Toplam 24 100

n: Stafilokok cinsine ait bakterilerin izole edildigi kpek sayisi.
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Antimikrobiyal Duyarliik Testi

Toplam 9 farkli antibiyotigin test edildigi bu
calismada, en yuksek oranda duyarlilik
sefoperazon/sulbaktam ve sefalotine karst S. awrens
izolatlarinda, en yuksek direnglilik ise
sefoperazon/sulbaktama  karst . haemolyticus
izolatlarinda saptandi (Tablo 3). S. awreus izolatlarinin
%42.8’inde, S. schleiferi subsp. schleiferi izolatlarinin

%33.3’unde, KNS’larin %40’mda, S.  baemolyticns
izolatlarinin ise %75’inde ¢oklu antibiyotik direncliligi
saptandit. Metisilin direncliligi S. aurens izolatlarinda
%A42.8, 8. schleiferi subsp. schleiferi ve KINS izolatlarinda
%50, S. haemolyticus suslarinda %100 ve S. epidermidis
izolatlarinda ise %33.3 olarak belirlendi.

Tablo 3. Otitis eksternali kdpeklerden izole edilen stafilokoklatin in vifro antimikrobiyal duyarhiliklats.
Table 3. In vitro antimicrobial susceptibility of staphylococci isolated from dogs with otitis externa.

S. schleiferi

S. aureus subsp. KNS S. haemolyticus 8. epidermidis

Antibiyotik (n: 8) schleiferi (n: 5) (n: 4) (n: 2)
(n: 0)

S R S R S R S R S R

(n) M @ @ @ @ (@ M @ ()
CES 8 - 4 2 3 2 2 2 1 1
CF 8 - 5 1 4 1 1 3 1 1
CT 7 1 5 1 4 1 2 2 2 -
AMC 7 1 4 2 3 2 2 2 2 -
NN 5 3 2 4 3 2 2 2 2 -
NBT 5 3 1 5 3 2 3 1 1 1
OB 2 6 2 4 3 2 3 1 2 -
AFT 6 2 4 2 4 1 2 2 2 -
OX 5 3 4 2 3 2 2 2 1 1

n: Sus sayist, S: Duyarli, R: Direngli, CES: Sefoperazon/sulbaktam, CF: Sefalotin, CT: Klortetrasiklin, AMC:
Amoksisilin/klavulanik asit, NN: Tobramisin, NBT: Neomisin/basitrasin/tetrasiklin, OB: Kloksasilin, EFT:

Seftiofur, OX: Oksasilin.
TARTISMA

Otitis cksterna, kopeklerde 6zellikle de pet hayvan
kliniklerinde yaygin olarak karsilasilan 6nemli bir
saglik sorunu olarak gdorillmektedir. Multi-faktoriyel
bir etiyolojiye sahip olan otitis vakalarindan cesitli
bakteriyel etkenler izole edilmektedir (August 1988,
Tiirkyilmaz 2008, Murugan ve ark. 2016, Oztiirk ve
ark. 2016, Li ve ark. 2021).

Stafilokok cinsine ait bakteriler, canlidarin deri ve
mukoz membranlarinin normal florasinda bulunan
mikroorganizmalardir  (Bradley ve Nizet 2011).
Gergeklestirilen bu ¢aligmada; farkll ik, yas ve
cinsiyetteki 41 adet otitis eksternali kopekten alinan
ornekler bakteriyolojik yonden analiz edilmis ve
hayvanlardan strayla S. aurews, S. schleiferi subsp.
schlesferi, KNS, 8. baemolyticus ve S. epidermidis izole
edilmistit. Bu durum, stafilokok cinsine  ait
bakterilerin, képeklerdeki otitis eksterna vakalarinin

bakteriyel  etiyolojisindeki  rollerini  gGstermesi
bakimindan 6nem arz etmektedir.
Yaklastk 62 adet turin tanimlandigr stafilokok

cinsinde, en Onemli patojenin S. awrens oldugu
bildirilmektedir (Lowy 1988, Quinn ve ark. 2011,
Thomson ve  ark. 2022). S§.
hayvanlarda olduk¢a Onemli enfeksiyonlara neden
olmaktadir. Etken; inek, koyun, kegi, at, kedi, kdpek

aurens insan ve

ve diger hayvanlarda mastitis ve dermatitis bagta
olmak tizere cesitli irinli enfeksiyonlardan sorumlu
tutulmaktadir (Quinn ve ark. 2011, Osada ve ark.
2022).  Gerek Turkiye’de (Keskin ve ark. 1999,
Borum ve ark. 2014, Oztiirk ve ark. 2016) gerekse
farklt iilkelerde (Olivera ve ark. 2006, Bourély ve ark.
2019, Li ve ark. 2021), otitis eksternali kopeklerde
yapilan izolasyon c¢alismalarinda hayvanlardan yiiksek
oranlarda . aureus’un izole edildigi goérilmektedir.
Gergeklestitilen bu calismada da, stafilokok yontnden
kultir pozitif hayvanlardan en yiiksek oranda (%29.1)
S. awrensun izole edilmis olmasi, konuyla ilgili
calismalart desteklemektedir (Keskin ve ark. 1999,
Olivera ve ark. 2006, Borum ve ark. 2014, Oztiitk ve
ark. 2016, Bourély ve ark. 2019, Li ve ark. 2021).

S. schleiferi subsp. schleiferi ik kez 1988 yilinda insan
klinik 6rneklerinden izole edilmesini takiben (Freney
ve ark. 1988), glntimiizde insan ve hayvanlardaki
cesitli enfeksiyonlardan sorumlu tutulmaktadir (Lee
ve ark. 2019). Yapilan c¢alismalarda s6z konusu
bakterinin képeklerdeki otitis, deri ve yumusak doku
enfeksiyonlarindan degisik oranlarda izole edildigi
gorilmektedir. Kore’de yapilan bir ¢alismada, 38 adeti
otitis eksternali, 42 adeti ise klinik olarak saghkli
gbrinen kopeklerin her iki kulagindan alinan svap
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orneklerinin konvansiyonel bakteriyolojik yontemlerle
yapilan analizlerinde, otitis eksternali hayvanlardan en
yuksek oranda S. pseudintermedius ve S. schleiferi subsp.
schlesferi - 1zole edildigi rapor edilmistir (Lee ve ark.
2019). Gergeklestirilen bu calismada da, stafilokok
yoniinden kiiltiir pozitif otitis eksternali képeklerden
yiksek oranda (%25) S. scbleiferi subsp. schleifernin
izole edilmesi, s6z konusu bakterinin kopeklerdeki
otitis vakalarinin primer bakteriyel etkenlerinden biri
olabilecegini distindirmektedir. Diger yandan bir pet
hayvani olarak kopeklerin insanlarla yakin temasta
olmalar1 dikkate alindiginda, séz konusu bakterinin
halk sagligi bakimindan potansiyel zoonotik bir ajan
olabilecegi goristinin (Freney ve ark. 1988) 6nemli
oldugu degerlendirilmistir.

Antibiyotikler, bakteriyel enfeksiyonlarin tedavisinde
kullanilan terap6tik ajanlardir. Hayvanlarda gorilen
stafilokok enfeksiyonlarinin tedavi ve korunmasinda
cesitli antibakteriyaller kullanilmaktadir.
Antibiyotiklerin rastgele ve bilingsizce kullanilmasinin
bir¢cok olumsuz sonucu olabilecegi gibi, yitksek veya
dustik dozda gereginden daha uzun ya da daha kisa
siire kullanilmalar1 durumlarinda, antibiyotik direncligi
basta  olmak  lzere, ¢esiti = olumsuzluklar
yasanmaktadir (Brinkac ve ark. 2017, Okalin ve
Aksakal 2020, Li ve ark. 2021). Hayvanlarda gelisen
antibiyotik direncliligi, dogrudan ya da dolayl olarak
insan sagligini da etkilemektedir (Marshall ve Levy
2011). Bu durum, O6zellikle kedi ve kopek gibi
insanlarla yakin temas halindeki pet hayvanlart icin
Ozel bir 6nem arz etmektedir (Brinkac ve ark. 2017,
Li ve ark. 2021). Bu ¢alismada, Balikesir ve yoresinde
evde beslenen otitis eksternali kopeklerden izole
edilen stafilokoklarin iz vitro antibiyotik duyarliliklart
ortaya konuldu. Bu amagla, toplam 24 adet stafilokok
izolatr, 9 farkli antibiyotige karst test edildi. Bulgular
birlikte degerlendirildiginde antibiyotiklere karst en
yiksek (%100) duyarliik S. awrens  suslarinda
sefoperazon/sulbaktam ve sefolatine karsi, en yuksek
(%83.3) direnclilik ise S. scblesferi subsp. schleiferi
suslarinda tobramisine karst saptandi. Bakterilerin
antibiyotiklere olan direncliliklerinin  gerek cins
gerekse tir dizeyinde oldukca yitksek degerlerde
(%014.2-%83.3) oldugu gérildi (Tablo 3). Konuyla
ilgili diger calismalar incelendiginde, otitis ekternali
kopeklerden izole edilen stafilokok titlerinin 4# vitro
antibiyotik direncliliklerinin olduke¢a farklt diizeylerde
oldugu gorilmektedir (Olivera ve ark. 2006, Borum
ve ark. 2014, Murugan ve ark 2016, Oztiirk ve ark.
2016). Bu durum, test edilen suslarin genetik yapist,
bulundugu cografi bélge, daha 6nceden hayvanlara
antibiyotik ~ verilip  verilmemesi ve uygulanan
yontemlerin niteligi gibi bir¢ok faktore bagli olarak
degisebilmektedir.

Otitisli ~ kopeklerin ~ ¢oklu  antibiyotik  direncli
bakterilerin insanlara bulastirilmasinda rol
oynayabilecekleri bildirilmektedir (Bourély ve ark.,
2018). Bu calismada, S. aureus susglarinin %37.5’inin,
S. schleiferi subsp. schleiferi suglarinin %33.3’tntin, KNS
suslarinin %4071nin ve S, baemolyticns susglarinin ise

%75inin  ¢oklu antibiyotik direnci g0Osterdikleri
saptandi. Bu arastirmada, test edilen bakteri sayilart az
olmasina ragmen, coklu antibiyotik direncinin en
yiksek olarak S. baemolyticus'ta saptanmis olmast, soz
konusu  bakterinin  makrolidler,  tetrasiklinler,
aminoglikozitler, penisilinler ve sefalosporiler gibi
bircok antibiyotige genetik olarak direncli olmastyla
iliskili olabilir (Barros ve ark. 2012, Lee ve ark. 2019).

Stafilokok cinsine ait bakterilerde gorillen metisilin
direnci, daha ¢ok modifiye penisilin baglayan proteini
(PBP2a) kodlayan mecA geni ile iligkili olup;
penisilinler, sefalosporinler ve karbapenemler dahil
tim beta-laktam grubu antibiyotiklere karsi direnc
saglamaktadir (Weese ve van Duijkeren 2010).
Gergeklestirilen bu calismada, metisilin direngliligi S.
anrens suslarinda %37.5, S. schleiferi subsp. schleiferi
suslarinda %33.3, KNS suslarinda %40, S. haemolyticus
suslarinda %100 ve S. epidermidis suslarinda ise %50
olarak belitlendi. Bu bulgu, metisilin direncli
stafilokok turlerinin képekler araciligiyla insanlara
bulagsma olasiligi bakimindan énem arz etmektedir. Bu
nedenle, 6zellikle cocuk ve ileri yaslt bireylerle yakin
temas halinde olan k&peklerin, antibakteriyel tedavi
gerektiren hastaliklarinda, antibiyogram test sonucuna
gore tedaviye alinmalart halk saghgt bakimindan énem
arz etmektedir.

Bu calismada sonu¢ olarak, otitis eksternalt
kopeklerden en yiksek oranda . amrensun izole
edildigi, stafilokok cinsine ait bakterilerde ylksek
oranda ¢oklu antibiyotik ve metisilin direncliliginin
oldugu gérildi. Bu nedenle, enfekte képeklerin
insanlara ve cevreye coklu ve metisilin direngli
stafilokoklart bulastirma potansiyeline sahip olduklar
ve bu durumun, Kklinisyen veteriner hekimler
tarafindan dikkate alnarak, antibiyogram sonucu
belirlendikten sonra uygun doz ve siirede hayvanlara
antimikrobiyal tedavi uygulanmasinin, ‘tek tp saglik
konsepti’ bakimindan hem halk sagligt hem de hayvan
sagligt agisindan 6nem arz ettigi distnildda.

Etik Kurul Bilgileri: Bu ¢calisma “Hayvan Deneyleri
Etik Kurullariin Calisma Usul ve Esaslarina Dair
Yonetmelik” Madde 8 (k) geregi HADYEK iznine
tabi degildir.

Cikar Catismasi: Yazarlar bu yazi icin gercek,
potansiyel veya algilanan ctkar catismasi olmadigini
beyan etmislerdir.

Yazarlarin Katki Orani: Yazarlar makaleye esit
oranda katki saglamus olduklarint beyan etmislerdir.
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ABSTRACT

The aim of this study was to evaluate some blood gases, hemogram, and biochemical parameters in cats with
hemoplasmosis. Ten healthy and fifteen infected cats were enrolled in the study. 7 mL of blood sample was taken
once from all cats into tubes with and without anticoagulant. Blood gases, complete blood count, and
biochemical analyzes were performed from blood samples. While pH, HCO; and BE levels of cats with
hemoplasmosis were significantly lower than healthy cats, lactate levels were higher (p<< 0.05). WBC, Mon, Gra,
and RDW levels were found to be significantly higher than in healthy cats, while RBC, Hct, Hb, and PLT levels
were found to be lower (p< 0.05). AST, T.Bil, D.Bil, P, TG, LDH, TP, and CK levels were significantly higher
than healthy, while Alb and Ca levels and A:G ratio were found to be low (p< 0.05). As a result, it was
determined that metabolic acidosis, hyperlactatemia, anemia, hypertriglyceridemia, hypoalbuminemia,
hyperbilirubinemia developed in cats with hemoplasmosis. In addition, it can be concluded that the A:G ratio
should be considered in the diagnosis of infected cats and it should be evaluated together with other diagnostic
test results.

Keywords: A:G ratio, Biochemical parameters, Blood gas, Complete blood count, Hemoplasmosis

kkk

Hemoplazmozlu Kedilerde Baz1 Kan Gaz, Hemogram ve Biyokimyasal Parametrelerin
Degerlendirilmesi

oz

Sunulan ¢alisgmanin amact, hemoplazmozlu kedilerde bazt kan gazi, hemogram ve biyokimyasal parametrelerin
degerlendirilmesidir. Calismaya on saglikli ve on bes hemoplazmozlu kedi dahil edildi. Calismaya dahil edilen tim
kedilerden antikoagiilanl ve antikoagtilansiz tiiplere bir kez 7 mL kan alindi. Kan 6rneklerinden kan gazi, tam kan
sayimi ve biyokimyasal analizler yapildi. Hemoplazmozlu kedilerin pH, HCOj; ve BE diizeyleri saglikli kedilere
gore anlamlt olarak dustik iken, laktat dizeyleri yiksekti (p< 0.05). WBC, Mon, Gra ve RDW seviyeleri sagliklt
kedilere gore anlamli olarak yiiksek bulunurken, RBC, Hct, Hb ve PLT seviyeleri diisitk bulundu (p< 0.05). AST,
T.Bil, D.Bil, P, TG, LDH, TP ve CK duzeyleri saglikli bireylere gére anlamli olarak yiiksek bulunurken, Alb ve Ca
diizeyleri le A:G orami disiik bulundu (p< 0.05). Sonug olarak hemoplazmozlu kedilerde metabolik asidoz,
hiperlaktatemi, anemi, hipertrigliseridemi, hipoalbuminemi, hiperbilirubinemi gelistigi tespit edildi. Ayrica
hemoplazmozlu kedilerin tanisinda diisiik A:G oraninin dikkate alinmast ve diger tanisal test sonuglart ile birlikte
degerlendirilmesi gerektigi sonucuna varildr.
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INTRODUCTION

Hemotropic =~ Mycoplasma  spp. are gram-negative
microorganisms that do not have a cell wall, are small
(0.3-0.8 pm), are found on the surface of
erythrocytes, cause varying degrees of hemolytic
anemia in infected hosts, and cannot be cultured in
laboratory environments (Sykes 2010). Hemotropic
Mycoplasmas infect a wide variety of mammalian
species, including humans, and have a worldwide
distribution. Domestic and wild cats are one of the
animal groups most affected by hemoplasma
infections (Sykes and Tasker 2013, Aslan 2016). M.
haemofelis is the most pathogenic species that cause
hemoplasmosis in cats and causes the disease called
feline infectious anemia (Sykes 2010).

Infections originating from hemoplasmosis are
encountered more frequently in cases of various
stress factors such as pregnancy, malnutrition, and
lactation  or  co-infection, in  addition to
immunosuppression caused by various drugs used or
retrovirus infections (Aslan 20106). Although it is
known that blood-fed arthropods play an important
role in the transmission of the disease, the
transmission issue for Mycoplasmas is not fully
clarified. It has been reported in some studies that the
agent can be transmitted through blood transfusion,
vertically, and even through saliva/spittle when cats
bite each other (Woods et al. 2005, Willi et al. 2000,
Willi et al. 2007).

The severity of clinical findings associated with M.
haemofelis infection varies according to the period of
infection, the virulence of the organism, and the
severity of anemia. Lethargy, weakness, decreased
appetite, dehydration, weight loss, pallor of the
mucous membranes, and intermittent fever are
usually determined as clinical findings in cats with
hemoplasmosis (Tasker et al. 2018). As a result of
hypoxia developing in severely anemic patients,
dyspnea, tachypnea, tachycardia, heart murmur, and
gallop rhythm may develop (Evans and Gruffydd-
Jones 1984, Carney et al. 1993, Saki and Ozer 2011).
Hemoplasmas cause anemia through hemolysis and
sequestration. The binding of the organism to
erythrocytes directly damages the cell membrane,
resulting in a shortening of the erythrocyte lifespan.
Although intravascular hemolysis can occur with
direct damage to erythrocytes, most hemolysis is
thought to be extravascular. Cats that recover from
the infection remain chronically infected with
hemoplasmas for an indefinite period, which in some
cases can last a lifetime. If the cat’s carrier state is not
successful in clearing the infection, it can also follow
antibiotic treatment. Parasitemia is not seen on blood
smears during this period and such animals are
usually clinically normal, but infection can often be

detected by Polymerase Chain Reaction (Tasker
2000).

For the diagnosis of hemoplasmosis cases, many
studies have been encountered, which have been
evaluated on different laboratory parameters
(Kurtdede and Ural 2004, Akkan et al. 2005, Aslan et
al. 2010, Sykes and Tasker 2013, Weingart and Kohn
2015). Although the findings of these studies are
instructive, a definite conclusion has not been
reached yet. This research was aimed to evaluate
some blood gas, hemogram, and biochemical
parameters in cats diagnosed with hemoplasmosis. It
is aimed to contribute to a better understanding of
the clinical-pathological changes that occur in
hemoplasmosis cases and to expand the diagnostic
approaches.

MATERIALS and METHODS

Animals

The animal material of the study consisted of 25
owned cats, aged 1-5 years, of different breeds and
gender, 15 diagnosed with hemoplasmosis, and 10
healthy (bred to the clinic for general control without
vaccination, antiparasitic application, or any disease).
Cats with positive feline immunodeficiency virus
(FIV), and feline leukemia virus (FelV), feline
infectious peritonitis (FIP) as a result of the rapid test
kits (Asan Easy Test FIV Ab/FelLV Ag, and Asan
Feline Corona Viris (FCoV) Ab, ASANPharm,
Korea) and other diseases were not included in the
study. An informed consent form was received from
the patient owners stating that they had accepted all
the interventions to be performed before the
applications.

Collecting and analyzing the blood samples

7 mL blood samples were taken once from all cats
included in the study from the vena cephalica
antebrachium into tubes with and without
anticoagulant (1 mL into Ks-EDTA tubes for
complete blood count and 1 mL into heparin syringe
for blood gases analysis; 5ml for biochemical
analysis) tubes using an appropriate IV cannula.
Blood gases and complete blood count analyzes were
performed within 5 minutes following blood
collection. Blood power of hydrogen (pH), partial
pressure of carbon dioxide (pCOy), partial pressure of
oxygen (pO2), oxygen saturation (SO2), potassium
(K), sodium (Na), chlorine (CI), lactate (Lac), base
excess (BE), and bicarbonate (HCO3;) levels were
measured in a blood gas device (ABL 90 Flex Blood
Gas/Electrolyte Analyser, Model 5700 Radiometer,
ABD). White blood cell (WBC), Lymphocyte (Lym),
Monocyte (Mon), Granulocyte (Gra), red blood cell
(RBC), mean corpuscular  volume (MCV),
haematocrit (Hct), mean corpuscular hemoglobin
(MCH), mean corpuscular hemoglobin concentration

(MCHC), red cell distribution width (RDW),
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hemoglobin (Hb), and platelet (PLT) levels in blood
tubes with K3;-EDTA were determined in the
complete blood count device (MS4 CFE 279,
Haematology Analyser, France). Blood samples taken
into gel tubes were centrifuged at 5000 rpm for 5
minutes and serum samples were extracted. Then
blood urea nitrogen (BUN), creatinine (Cr), glucose
(Glu), alanine transaminase (ALT), aspartate
aminotransferase (AST), alkaline phosphatase (ALP),
amylase (AMY), cholesterol (Chol), triglyceride (TG),
creatine kinase (CK), lactate dehydrogenase (LDH),
gamma-glutamyl transferase (GGT) levels, total
bilirubin (T.Bil), direct bilirubin (D.Bil), calcium (Ca),
phosphorus (P), magnesium (Mg), total protein (ITP),
albumin (Alb), and albumin:globulin (A:G) ratio were
measured with an autoanalyzer (Biotecnica BT 3000
Plus, Italy).

Diagnosis of Hemoplasmosis

Blood smears were prepared by taking one drop of
blood from each of the anticoagulant (K;-EDTA)
blood samples. The smears fixed with methyl alcohol
for 3-5 minutes were stained with Giemsa for 45
minutes. After the staining period was over, the
smeared samples were washed for a minimum of 1
minute under the tap water to prevent the formation
of stain residues and dried by placing them in an
upright position on a dry surface. The dried smears
were examined microscopically (Leica, Germany)
under the light microscope by scanning more than
100 areas for about 5 minutes with a 100x
magnification lens by dripping immersion oil. The
Haemoplasma bacterias that settled in blood cells
(erythrocyte) were determined (Figure 1).

Statistical analysis

SPSS 25 (IBM Corp. Released 2017. IBM SPSS
Statistics for Windows, Version 25.0. Armonk, NY:
IBM Corp.) statistical program was used to evaluate
the data. One-sample Kolmogorov-Smirnov test was
applied to evaluate the normal distribution
(parametric or nonparametric) preconditions of the
data. The Mann-Whitney U test was used to compare
the data with nonparametric distribution between
groups and presented as median (min/max). The
values of p< 0.05, p< 0.01, and p< 0.001 were
accepted for the significance level of the tests.

RESULTS

Venous blood gases parameters of cats with
hemoplasmosis and healthy cats are presented in
Table 1. While blood gas pH, BE, and HCOs levels
of cats with hemoplasmosis were significantly lower
than healthy cats, lactate concentration (Graphic 1A)
were higher (p< 0.05). Complete blood count results
of cats with hemoplasmosis and healthy cats are
presented in Table 2. WBC, Mon, Gra, and RDW
levels of cats with hemoplasmosis were found to be
significantly higher than healthy cats (p< 0.05). RBC,
Hct, Hb, and PLT levels were found to be
significantly lower (p< 0.05).

The results of serum biochemical analysis of cats with
hemoplasmosis and healthy cats are presented in
Table 3. AST, T.Bil, D.Bil, P, TG, LDH, TP, and CK
levels were found to be significantly higher in cats
with hemoplasmosis compared to healthy cats (p<
0.05). Alb and Ca levels from biochemical parameters
and the A:G ratio (Graphic 1B) were found to be low
(p<0.05).

Sekil 1. Saglikli ve hemoplazmozIlu kedilerin laktat konsantrasyonu (A) ve A:G orant (B).
Graphic 1. Lactate concentation (A) and A:G ratio (B) of healthy and hemoplasmosis cats.
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Tablo 1. Saglikli ve hemoplasmoz ile enfekte kedilerin vendz kan gaz sonuglart (median (min/max).
Table 1. Venous blood gases results of healthy and hemoplasmosis-infected cats (median (min/max).

Pa;:gggrs Control Group Hemoplasmosis Group P value
(min/max) (n=10) (n=15)
- 7.38 7.33 0016
P (7.33/7.41) (7.22/7.40) '
o - 34.7 31.7 080
mim .
PCO: ( 8) (29.50/40.20) (14.90/41.80)
0s (mmHe) 41.6 37.2 1592
mm .
L & (32.60/46.10) (26.30/57.80)
© . 61.15 54.2 L5
mm .
2( &) (44.50/71.10) (24.20/83.70)
K 1/L) +2 > 0.643
mmo. .
( (3.60/5.30) (2.80/4.60)
N . 156.5 156 507
a (ImMmo. .
( ) (151/158.00) (152.00/168.00)
o y 1215 123 ot
mmol/L .
( ) (118/125.00) (116.00/137.00)
. . 1.45 23 0,026
aC (ImMmo. .
( ) (1.10/2.00) (1.10/4.10)
4.8 9
BE (mmol/L) 0.004
(-8.30/-0.60) (-16.30/2.40)
HCO 1/L 20 1 0.004
mmo. .
3 ) (17.90/22.90) (11.30/26.50)

pH: Power of hydrogen, pCOz: partial pressure of carbon dioxide, pO2: partial pressure of oxygen, SO2:

oxygen saturation, K: potassium, Na: sodium, Cl: chlorine, Lac: lactate BE: base excess, HCOs3:

bicarbonate
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Tablo 2. Saglikli ve hemoplasmoz ile enfekte kedilerin tam kan sayimi sonuglari (median (min/max).
Table 2. Complete blood count results of healthy and hemoplasmosis-infected cats (median (min/max).

Parameters

Control Group

Hemoplasmosis Group

median (min/max) (n=10) (n=15) P value
10.7 39.9
WBC (x 109 cells/L) 0.000
(5.80/18.60) (10.93/125.10)
4.92 11.08
Lym (x 10 cells /L) 0.071
(2.23/33.80) (2.01/17.76)
0.94 2.26
Mon (x 10° cells/L) 0.016
(0.61/1.64) (0.48/6.13)
528 30.38
Gra (x 10° cells /L) 0.000
(2.58/11.27) (3.28/101.21)
105 55
RBC (x 103 cells/mL) 0.000
(7.26/12.30) (2.20/8.78)
49.4 43.4
MCYV (fL) 0.397
(45.80/53.20) (26.80/70.20)
46.5 20.7
Hect (%) 0.000
(35.40/52.50) (12.90/38.10)
12 13.6
MCH (pg) 0.723
(7.40/15.70) (0.60/17.30)
23.6 28.7
MCHC (g/dL) 0.285
(15.10/34.00) (1.20/37.20)
11.4 121
RDW (%) 0.031
(10.30/17.70) (10.80/19.60)
12 56
Hb (g/dL) 0.000
(8.40/16.60) (0.20/14.20)
137 78
PLT (x 10° cells/L) 0.000
(97.00/186.00) (10.00,/102.00)

WBC: white blood cell, Lym: lymphocyte, Mon: monocyte, Gra: Granulocyte, RBC: red blood cell,
MCV: mean corpuscular volume Hct: haematocrit, MCH: mean corpuscular hemoglobin, MCHC: mean
corpuscular hemoglobin concentration, RDW: red cell distribution width, Hb: Hemoglobin, PLT:

platelet
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Tablo 3. Saglikli ve hemoplasmoz ile enfekte kedilerin biyokimyasal analiz sonuglari (median (min/max).
Table 3. Serum biochemical analysis results of healthy and hemoplasmosis-infected cats (median (min/max).

Param‘e ters Control Group Hemoplasmosis Group
median (n=10) (n=15) P value
(min/max)
18.90 27.18
BUN (mg/dL) 0.055
(4.69/23.58) (8.70/90.17)
1.27 1.2
Cr (mg/dL) 0.935
(0.75/1.50) (0.39/5.10)
106.02 108.51
Glu (mg/dL) 0.978
(12.10/186.86) (14.00/167.00)
45.60 62
ALT (U/L) 0.103
(24.00/81.29) (21.09/279.99)
21.33 80.92
AST (U/L) 0.001
(15.33/87.00) (17.48/134.00)
41.73 33.72
ALP (U/L) 0.285
(24.62/113.00) (2.86/156.08)
1443.98 1551.83
AMY (U/L) 0.495
(904.00/2453.10) (204.77/2898.05)
193.47 173.76
Chol (mg/dL) 0.367
(82.00/279.46) (86.87/439.42)
43.84 73.41
TG (mg/dL) 0.012
(24.00/148.16) (44.75/488.00)
169.59 320.56
CK (U/L) 0.004
(61.97/324.07) (149.55/1544.00)
121.69 437.89
LDH (U/L) 0.000
(84.00/267.40) (111.49/2127.13)
3.02 3.75
GGT (U/L) 0.160
(1.43/3.36) (1.00/10.47)
0.38 1.62
T.Bil (mg/dL) 0.001
(0.10/1.35) (0.18/10.10)
0.26 1.18
D.Bil (mg/dL) 0.001
(0.10/1.35) (0.15/3.40)
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10.67 7.98
Ca (mg/dL) 0.026
(6.12/12.75) (6.10/14.10)
4.48 6.26
P (mg/dL) 0.014
(3.46/8.69) (2.55/12.39)
Mg (mg/dL) 1.83 1.71 0165
m .
gimg (1.55/2.07) (1.10/3.60)
7.19 8.6
TP (g/dL) 0.004
(5.90/7.92) (4.38/10.90)
3.63 2.56
Alb (g/dL) 0.000
(2.80/4.12) (1.40/3.30)
1.07 0.45
A:G ratio 0.000
(0.62/1.72) (0.20/0.65)

BUN: blood urea nitrogen, Cr: creatinine, Glu: glucose, ALT: alanine transaminase, AST: aspartate

aminotransferase, ALP: alkaline phosphatase, AMY: amylase, Chol: cholesterol, TG: triglyceride, CK: creatine

kinase, LDH: lactate dehydrogenase, GGT: gamma-glutamyl transferase, T.Bil: total bilirubin, D.Bil: direct

bilirubin, Ca: calcium, P: phosphorus, Mg: magnesium, TP: total protein, Alb: albumin, A:G ratio: albumin

globulin ratio
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Resim 1. Giemsa ile boyanmis kan frotisinde eritrositlerde Mycgplasma spp.'nin géruntimi. Siyah oklar, kirmizi kan
hiicrelerinin yiizeyinde bulunan etkenleri géstermektedir (x100).
Figure 1. Appearance of Mycoplasma spp. in the erythrocytes on a Giemsa-stained blood smear. The black arrows
indicate the organisms positioned on the surface of the red blood cells (x100).

DISCUSSION

In the present study, blood gas, complete blood
count, and biochemical analysis parameters were
evaluated in cats with hemoplasmosis, and it was
determined that metabolic acidosis, anemia, and
changes in biochemical parameters occurred in cats
with hemoplasmosis. It was evaluated that the A:G
ratio should be considered in the diagnosis of
hemoplasmosis.

To the authors' knowledge, no study has been found
evaluating blood gases in cats with hemoplasmosis. In
the present study, blood pH, BE, and HCOj3 levels of
cats with hemoplasmosis were significantly lower
than those of healthy cats, while lactate concentration
were found to be higher (p< 0.05). The findings show
that metabolic acidosis and hyperlactatemia develop
in cats with hemoplasmosis. Studies in anemic
patients infected with Plasmodium species have
reported that systemic hypoxia due to anemia may
lead to an increase in anaerobic glycolysis, higher
lactate production, and lactic acidosis (English et al.

1997, Dabadghao et al. 2015). It has also been
reported that malaria-infected erythrocytes produce
up to 100 times more lactate than uninfected
erythrocytes (Vander Jagt et al. 1990, Mchta et al.
2005). In our study, it was evaluated that
hyperlactatemia occurring in cats with hemoplasmosis
may be associated with decreased tissue perfusion due
to anemia and increased lactate production from
infected red blood cells.

Although it has been reported that the WBC and
granulocyte levels of cats with hemoplasmosis may be
normal, high, or low, it is stated that there is an
increase in monocyte levels (Kurtdede and Ural 2004,
Akkan et al. 2005, Aslan et al. 2010, Sykes 2010,
Evans and Gruffydd-Jones 1984, Carney et al. 1993,
Saki and Ozer 2011). Erythrophagocytosis by
monocytes or macrophages may be observed if blood
films are scanned at low magnification (Messick and
Harvey 2012). In the present study, the increase in
total  leukocyte  count,  granulocytosis, and
monocytosis in cats with hemoplasmosis was
interpreted as an indicator of active inflammation due
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to infection. The most common abnormality in whole
blood analysis of cats with hemoplasmosis 1is
regenerative  anemia. Regenerative anemia is
characterized by the presence of an adequate
reticulocyte response for the current degree of anemia
(Tasker 2006). Non-regenerative anemia can also be
seen in cases where sufficient time has not passed yet
for a regenerative response. In addition, the release of
uninfected red blood cells from the spleen can cause
a rapid increase in packed cell volume seen in some
infected cats (Sykes and Tasker 2013). In a study on
Van cats (Akkan et al. 2005), normochromic anemia
was determined in cats with haemobartonellosis, and
it was reported that Hct and Hb levels were low in a
Mycoplasma spp. positive Persian cat (Senthil et al.
2014). Alan et al. (2022) found that the platelet count
(PLT), platelet indices plateletcrit (PCT), RBC, Hct,
and Hb levels were lower in infected cats than in
healthy animals, and platelet volume (MPV) was
higher. In the present study, it was determined that
while the RBC, Hct, Hb, and PLT levels of cats with
hemoplasmosis were significantly lower, RDW levels
were significantly higher than healthy cats. It was
determined that regenerative anemia developed in
cats with hemoplasmosis, which resulted in similar
results to the studies conducted in our research
(Kurtdede and Ural 2004, Tasker 2006, Alan et al.
2022).

It has been reported that the main biochemical
changes in cats with hemoplasmosis are a moderate
increase in ALT and AST enzyme activities due to
hepatic hypoxia resulting from anemia and an
increase in  bilirubin  concentrations due to
extravascular and intravascular hemolysis (Tasker
2006, Fathi et al. 2009, Saqib et al. 2016, Weingart
and Kohn 2015). It has been reported that the
development of hepatic lipidosis together with
anorexia may contribute to the increase in liver
enzyme activities (Harvey 1998). Akkan et al. (2005)
reported that there was no significant difference in
ALT, AST, and bilirubin levels in their study of Van
cats, contrary to the researchers mentioned above.
Hypertriglyceridemia has been described in various
diseases with hemophagocytosis (Visser et al. 2013).
In humans, P. faliparum infection is characterized by
hypertriglyceridemia and hypocholesterolemia, and
hypocholesterolemia has been associated with
cholesterol depletion by the malaria parasite, whereas
hypertriglyceridemia has been associated —with
hemolysis of infected red blood cells (Bouyou-Akotet
et al. 2014). In the present study, serum AST enzyme
activity, bilirubin, and triglyceride concentrations were
found to be higher in cats with hemoplasmosis
compared to the control group. It was evaluated that
the high bilirubin and triglyceride concentrations were
caused by intravascular and extravascular hemolysis in
these patients, while the increase in AST activity was
interpreted to be due to hepatic lipidosis resulting
from anemia-induced hepatic hypoxia and anorexia.

(Harvey 1998, Fathi et al. 2009, Weingart and Kohn
2015, Saqib et al. 2016)

CK and LDH are intracellular enzymes widely used in
the detection of tissue damage (Kristjansson et al.
2016). CK is an enzyme that catalyzes the ATP-
dependent phosphorylation of creatine and is
important for energy buffering in tissues with variable
energy demands, particularly skeletal and cardiac
muscle (Wallimann et al. 1992). LDH is a widely
distributed enzyme in the cells of various living
systems where it is involved in carbohydrate
metabolism that catalyzes the interconversion of
lactate and pyruvate with NAD*. LDH levels in
blood serum are increased in various hematological
and neoplastic disorders as well as heart, liver, skeletal
muscle, and kidney diseases (Klein et al. 2020). LDH
together with AST have higher activity in erythrocytes
compared to plasma, and its levels increase in vivo or
in vitro hemolysis. AST, ALT, LDH, and CK levels
may increase in hemolysis cases (Terlizzi 2012). While
elevated CK and LDH levels in cattle with babesiosis
are associated with anoxia and muscle damage as a
result of perfusion disorder (Wright et al. 1981), it has
been reported that hemolysis is effective in addition
to muscle damage in plasmodium-infected humans
(Garba and Ubom 2005). Akkan et al. (2005) reported
that there was no significant difference in CK enzyme
activity in cats with hemoplasmosis compared to
healthy cats. In the present study, LDH and CK
levels were found to be higher in cats with
hemoplasmosis compared to healthy cats. It was
evaluated that high LDH and CK levels in our study
may be associated with hemolysis rather than muscle
damage (Garba and Ubom 2005, Terlizzi 2012).
When the mineral profile was evaluated in the present
study, the phosphorus levels of the cats with
hemoplasmosis were higher than the healthy cats,
while the calcium levels were found to be lower.
While high phosphorus levels in cats with
hemoplasmosis were considered to be associated with
intravascular hemolysis, low calcium levels were
interpreted as a result of decreased albumin
concentrations and decreased calcium binding to
albumin in infected cats (Martin et al. 2015, Sharp et
al. 2009).

Changes in albumin, total protein, and A:G ratio in
infectious diseases are generally associated with the
inflammatory response that develops during the
progress of the disease. Hyperglobulinemia and
hypoalbuminemia have been identified in studies in
cats with hemoplasmosis (Kurtdede and Ural 2004,
Weingart and Kohn 2015). In the present study, it
was determined that while TP levels of cats with
Hemoplasmosis were significantly higher compared
to healthy cats, Alb and A:G ratios were lower.
Although the findings were consistent with the
findings of other investigators, it was remarkable that
the A:G ratio was <0.6 in infected cats, except for
one case. Hyperglobulinemia and low A:G ratio have
been reported to be an important diagnostic

409



parameter in cats with FIP (Paltrinieri et al. 2002,
Addie et al. 2009, Pedersen et al. 2009, Riemer et al.
2016). A:G ratio less than 0.6 has been reported to be
an important diagnostic parameter in patients infected
with FIP (Hirschberger et al. 1995). The low A:G
ratio in cats with hemobartonellosis in our study is
similar to the studies in cats with FIP (Paltrinieri et al.
2002, Addie et al. 2009, Pedersen et al. 2009, Riemer
et al. 2016). Therefore, we think that hemoplasmosis
should be considered in addition to FIP in cats with a
low A:G ratio.

CONCLUSION

In this study, the small number of animals and the
lack of molecular confirmation of hemoplasmosis
were important limiting factors. Despite limitations,
our findings show that there are significant changes in
cats with hemoplasmosis, such as metabolic acidosis,
hyperlactatemia, anemia, hypertriglyceridemia,
hypoalbuminemia, and  hyperbilirubinemia. In
addition, it was concluded that low A:G ratio should
be considered in the diagnosis of cats with
hemoplasmosis and should be evaluated together
with other diagnostic test results.

Conflict of Interest: The authors declare that there
is no actual, potential or perceived conflict of interest
for this article.

Aqthorship Contributions: MI:%30, MKD:%20,
SSI: %20, CC:%15, MCK:%]15

Ethical Approval: This study was approved by
Selcuk University, Institutional Ethics Committee of
the Faculty of Veterinary Medicine (2022/45).

REFERENCES

Addie D, Belik S, Boucraut-Baralon C, Egberink H, Frymus
T, Gruffydd-Jones T, Hartmann K, Hosie MJ, Lloret
A, Lutz H, Marsilio F. Feline infectious peritonitis.
ABCD guidelines on prevention and management.
Journal of Feline Medicine & Sutgery. 2009; 11(7):594-
604.

Akkan HA, Karaca M, Titincii M, Ozdal N, Yiksek N,
Agaoglu Z, Deger S. Haemobartonellosis in Van cats.
Turkish Journal of Veterinary & Animal Sciences. 2005;
29(3):709-12.

Alan E, Bilgin Z, Koenhemsi L. Mycoplasma spp. ile Enfekte
Kedilerde Trombosit Sayist ve Trombosit Indekslerinin
Incelenmesi. Erciyes Universitesi Veteriner Fakiiltesi
Dergisi. 2022; 19(1):43-8.

Aslan O. Hemotropic mycoplasmas: From Haemobartonella to
Mycoplasma. Journal of Advances in VetBio Science and
Techniques. 2016; (1):31-40.

Aslan O, Iga A, GCam Y, Kibar M. Kayseri'de bir kedide
Haemobartonellozis  olgusu.  Erciyes  Universitesi
Veteriner Fakiiltesi Dergisi. 2010;7(2):131-5.

Bouyou-Akotet MK, Mawili MD, Guiyedi V, Pemba MM,
Maryvonne KM. Altered total cholesterol and

triglyceride levels during the course of Plasmodium
falciparum infection in children. Journal of Parasitology
and Vector Biology. 2014; 30;6(11):174-80.

Carney HC, England JJ. Feline hemobartonellosis. Veterinary
Clinics of North America: Small Animal Practice.
1993;23(1):79-90.

Dabadghao VS, Singh VB, Sharma D, Meena BL. A study of
serum lactate level in malaria and its correlation with
severity of disease. International Journal of Advanced
Medical and Health Research. 2015;2(1):28.

English M, Sauerwein R, Waruiru C, Mosobo M, Obiero J,
Lowe B, Marsh K. Acidosis in severe childhood malaria.
QJM: monthly journal of the Association of Physicians.
1997;90(4):263-70.

Evans R, Gruffydd-Jones T. Anaemia in cats. In Practice.
1984;6(6):168-77.

Fathi EA, Atyabi N, Sharifi YH, Nasiri SM. Immune-
mediated hemolytic anemia in cats referring to Veterinary
Teaching Hospital of Tehran (2006-2007).

Garba IH, Ubom GA. Total serum lactate dehydrogenase
activity in acute Plasmodium falciparum malaria infection.
Singapore medical journal. 2005 Nov 1;46(11):632.

Harvey JW. Haemobartonellosis, In: Infectious Diseases of the
Dog and Cat. Ed CE Greene, WB.Saunders, Philadelphia,
USA. 1998; pp 166-171.

Hirschberger J, Hartmann K, Wilhelm N, et al. Clinical
symptoms and diagnosis of feline infectious peritonitis.
Tierarztl Prax. 1995; 23: 92-99.

Klein R, Nagy O, To6thova C, Chovanova F. Clinical and
diagnostic significance of lactate dehydrogenase and its
isoenzymes in animals. Veterinary medicine international.
2020;15;2020.

Kristjansson RP, Oddsson A, Helgason H, Sveinbjornsson
G, Arnadottir GA, Jensson BO, Jonasdottir A,
Jonasdottir A, Bragi Walters G, Sulem G,
Oskarsdottir A. Common and rare variants associating
with serum levels of creatine kinase and lactate
dehydrogenase. Nature communications. 2016;7(1):1-8.

Kurtdede AR, Ural K. Haemobartonellosis of cats in Ankara,
Turkey. Acta Veterinaria Brno. 2004;73(4):507-12.

Martin, Linda G, Ashley E. Allen-Durrance, Chapter 53 -
Magnesium and Phosphate Disorders, Editor(s): Deborah
C. Silverstein, Kate Hopper, Small Animal Critical Care
Medicine (Second Edition), W.B. Saunders, 2015; pp.
281-288,

Mehta M, Sonawat HM, Sharma S. Malaria parasite-infected
erythrocytes inhibit glucose utilization in uninfected red
cells. FEBS letters. 2005;579(27):6151-8.

Messick JB, Harvey JW. Hemotropic mycoplasmosis
(hemobartonellosis). Infectious diseases of the dog and
cat. 2012;4:310-9.

Paltrinieri S, Comazzi S, Spagnolo V, Giordano A. Laboratory
changes consistent with feline infectious peritonitis in
cats from multicat environments. Journal of Veterinary
Medicine Series A. 2002 Dec;49(10):503-10.

Pedersen NC. A review of feline infectious peritonitis virus
infection: 1963-2008. Journal of feline medicine and
surgery. 2009;11(4):225-58.

Pedersen NC. A review of feline infectious peritonitis virus
infection: 1963-2008. Journal of feline medicine and
surgery. 2009;11(4):225-58.

Riemer F, Kuehner KA, Ritz S, Sauter-Louis C, Hartmann
K. Clinical and laboratory features of cats with feline
infectious peritonitis—a retrospective study of 231
confirmed cases (2000-2010). Journal of feline medicine
and surgery. 2016;18(4):348-56.

Saki CE, Ozer E. Haemobartonellosis. Firat Universitesi Saglik
Bilimleri Veteriner Dergisi. 2011;25(1):49-52.

410



Saqib M, Abbas G, Khan I, Mughal MN, Sial AU, Ijaz M,
Avais M. Hemato-Biochemical Analysis and Treatment
Response to Enrofloxacin in Cats Affected with Feline
Hemotropic Mycoplasma. Pakistan Journal of Zoology.
2016;48(5).

Senthil N, Nagarajan K, Padmanath K, Subapriya S,
Vairamuthu S, Tilagar MB, Thirunavukkarasu PS. A
rare case study on feline mycoplasmosis. Int | Adv Vet
Sci Technol. 2014;3(1):106-8.

Sharp CR, Kerl ME, Mann FA. A comparison of total calcium,
corrected calcium, and ionized calcium concentrations as
indicators of  calcium homeostasis among
hypoalbuminemic dogs requiring intensive care. Journal
of  Veterinary Emergency and  Critical  Care.
2009;19(6):571-8.

Sykes JE, Tasker S, 2013. Haemoplasma infections. In: Sykes JE
(Ed.) Canine and Feline Infectious Diseases. St Louis,
MO: Saunders Elsevier, 2014, pp 390-398.

Sykes JE. Feline hemotropic mycoplasmas. Journal of veterinary
emergency and critical care. 2010;20(1):62-9.

Tasker S. Current concepts in feline haemobattonellosis. In
Practice. 2006;28(3):136-41.

Tasker S, Hofmann-Lehmann R, Belak S, Frymus T, Addie
DD, Pennisi MG, Boucraut-Baralon C, Egberink H,
Hartmann K, Hosie MJ, Lloret A. Haemoplasmosis in
cats: European guidelines from the ABCD on prevention
and management. Journal of feline medicine and surgery.
2018;20(3):256-61.

Terlizzi RD. Hemolysis. Clinical Veterinary Advisor The Horse,
Editor(s): David A. Wilson, W.B. Saunders,2012; pp. 939.

Vander Jagt DL, Hunsaker LA, Campos NM, Baack BR. D-
lactate production in erythrocytes infected with
Plasmodium falcipatum. Molecular and biochemical
parasitology. 1990;42(2):277-84.

Visser BJ, Wieten RW, Nagel IM, Grobusch MP. Serum
lipids and lipoproteins in malaria-a systematic review and
meta-analysis. Malaria journal. 2013;12(1):1-6.

Wallimann T, Wyss M, Brdiczka D, Nicolay K, Eppenberger
HM. Intracellular compartmentation, structure and
function of creatine kinase isoenzymes in tissues with
high and
the'phosphocreatine circuit'for cellular energy
homeostasis. Biochemical Journal. 1992;281:21.

Weingart C, Kohn B. Haemotropic mycoplasmosis in cats:
current aspects regarding prevalence, clinical signs,

fluctuating energy demands:

diagnosis, therapy and prognosis. Kleintierpraxis.
2015;60(11):590-600.

Willi B, Boretti FS, Meli ML, Bernasconi MV, Casati S,
Hegglin D, Puorger M, Neimark H, Cattori V,
Wengi N, Reusch CE. Real-time PCR investigation of
potential vectors, reservoirs, and shedding patterns of
feline  hemotropic ~ mycoplasmas.  Applied  and
Environmental Microbiology. 2007 Jun 15;73(12):3798-
802.

Willi B, Tasker S, Boretti FS, Doherr MG, Cattori V, Meli
ML, Lobetti RG, Malik R, Reusch CE, Lutz H,
Hofmann-Lehmann R. Phylogenetic analysis of
“Candidatus Mycoplasma turicensis” isolates from pet
cats in the United Kingdom, Australia, and South Africa,
with analysis of risk factors for infection. Journal of
Clinical Microbiology. 2006;44(12):4430-5.

Woods JE, Brewer MM, Hawley JR, Wisnewski N, Lappin
MR. Evaluation of experimental transmission of
Candidatus Mycoplasma
Mycoplasma haemofelis by Ctenocephalides felis to cats.
American journal of veterinary research. 2005;66(6):1008-
12.

haemominutum and

Wright IG, McKenna RV, Goodger BV. AcuteBabesia bovis
infections: Plasma creatine kinase, lactate dehydrogenase
and creatinine levels and associated muscle damage.
Zeitschrift fur Parasitenkunde. 1981;64(3):297-302.

411



Kocatepe Veterinary Journal

Kocatepe Vet J. (2022) 15(4):412-422
DOI: 10.30607/kvy. 1157121

RESEARCH ARTICLE

Determination of In vitro Antioxidant Activities and Macro and Micro Elements
Level in Different Extracts of Cynara Scolymus L. leaf

Siimeyra AKKAYA ALBAYRAK", Baris DENK?, Biigra KARPUZ3, Esra KUPELI AKKOL#, Giilcan
AVCI2

"Turkish Medicine and Medical Devices Agency, Analysis and Control Laboratories Department, 06430, Ankara, Tiirkiye
? Afyon Kocatepe University, Faculty of Veterinary Medicine, Department of Biochemistry, 03200, Afyonkarabisar, Tiirkiye
> Baskent University, Faculty of Pharmacy, Department of Pharmacagnosy, 06790, Ankara, Tiirkiye
* Gazi University, Faculty of Pharmacy, Department of Pharmacognosy, 06330, Ankara, Tiirkiye

ABSTRACT

Globe Artichoke (Cynara scolymus 1..) belonging to the family of Astericaca, has antioxidant, hepatoprotective and
hypoglycemic activities, its leaves have traditionally been used for diuretic and choleretic purposes. Therefore the main
goal of this study is to determine the total phenolic content of artichoke leaf and its extracts with methanol, ethyl
acetate and n- hexane, some 7 vitro antioxidant activities, selected macro (Na, K, Ca, Mg, P) and micro (Zn, Cu, Mn,
Cr, Se, I) elements’ levels. Accordingly the total phenolic content values for the methanol, ethyl acetate and N-hexane
extracts found 5,375 mg, 0,917 mg, 0,167 mg Gallic acid (GAE)/g respectively. Methanol extract showed highest
DPPH free radical scavenging activity (87,73%), cthyl acetate extract possessed the highest Superoxide radical
scavenging activity (SRSA) (49,02 %) whereas N-hexane extract contained high level metal chelating ability ( 289,32uM
Fe). In terms of macro and micro elements (except I and Cr levels), the highest concentrations are recorded in its
leaves, which are considered as a natural mineral source. Accordingly, it is evaluated that artichoke leaves provide a
potential natural sources of K and Zn, while methanol and N-hexane extracts are good sources of P and Zn.

Keywords:Antioxidant activity, artichoke, Cynara scolymus L., leafextracts, minerals
Kook

Cynara scolymus L. Yapraginin Farkli Ekstraktlarda In vitro Aktioksidan Aktivitelerinin ve Makro ve
Mikro Element Seviyelerinin Belirlenmesi

(074

Papatyagiller familyasina ait olan Kiire enginarin (Cynara scolymus 1..) antioksidan, hepatoprotektif ve hipoglisemik
etkilere sahiptir, yapraklar geleneksel olarak idrar soktlrticii ve koleretik amaglarla kullanilmaktadir. Bu nedenle bu
calismanin temel amact enginar yapraginin ve yapragin metanolli, etil asetatl ve n-hekzanl ekstraktlarinin toplam
fenolik icerigini bazt i vitro antioksidan aktiviteleri, secilmis makro (Na, K, Ca, Mg, P) ve mikro (Zn, Cu, Mn, Ct, Se, I)
element diizeylerini, belirlemektir. Toplam fenolik icerik degerlerine gére metanol, etil asetatlt ve n-hekzan ekstraktlart
strastyla 5,375 mg, 0,917 mg, 0,167 mg Gallik asit (GAE)/g bulunmugtur. Metanol ekstraktt en yiiksek DPPH serbest
radikal stiptirme aktivitesi (%87,73) gOsterirken, etil asetat ekstrakti en yitksek siiperoksit radikal siipiirme aktivitesine
(%49,02) sahip iken n-hekzan ekstrakt: yiksek seviye metal selatlama kapasitesi (289,32 uM Fe) icermektedir. Makro ve
mikro elementler acistndan (I ve Cr seviyeleri haric) en yiiksek konsantrasyonlar dogal mineral kaynagt olarak kabul
edilen yapraklarinda kaydedilmigtir. Buna gbre enginar yapraklarinin potansiyel bir dogal K ve Zn kaynagt sagladig,
metanol ve n-hekzan ekstraktlarinin ise iyi P ve Zn kaynagi oldugu degerlendirilmektedir.
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INTRODUCTION

Artichoke (Cynara scolymus 1..) is a plant belonging to
the Asteraceae family that grows naturally in
Mediterranean region countries and is a cultured
variety of wild artichoke (Cymara cardunculus 1.).
Artichoke, whose head, flower and leaves can be
eaten, is traditionally used in hepatobiliary diseases,
indigestion (dyspepsia), obesity and hyperlipidemia. I
vitro and 7n wvivo studies have demonstrated that
artichoke and its leaves have antimicrobial (Vamanu
et al. 2011), antioxidant (Ben Salem et al. 2017a, Biel
et al. 2020), hypocholesterolemic (Mocelin et al. 2016,
Ocal et al. 2019), hypoglycemic (Ben Salem et al.
2017b), anticancer (Nadova et al. 2008, Sokkar et al.
2020), antifungal (Ben Salem at al.2017b),
hepatoprotective (Colak et al. 2016) and choleretic
Kraft (1997) effects. Artichoke head and leaves
mainly contain phenolic compounds such as
chologenic acid and cynarin, flavonoids such as
luteolin and apigenin, polyphenolic compounds,
carotenoids, inulin, fiber, vitamin C, E and
minerals(Ben Salem et al. 2015, Biel et al. 2020,
Salekzamani et al. 2019). Artichoke, which is a natural
source of antioxidants in this respect, has been used
in human and animal nutrition since ancient times,
and at the same time, artichoke and leaf extracts are
used in foods both as flavoring and to prolong the
shelf life of foods by preventing lipid and protein
oxidation(Biel et al. 2020). It is known that reactive
oxygen species (ROS) such as Oy, “OH, H2O2 which
are released as aresult of ongoing metabolic reactions
in the organism, induce/lead to oxidative stress that
causes endotoxic shock, neurogenerative disorders
and cancer (Ben Salem et al. 2015, Yazar et al.
2004).1t has been shown in many studies that besides
the cellular antioxidant mechanism, flavanoids,
phenolic compounds as catechins, anthocynanins
and the other minerals and vitamins that are naturally
found in the structure of many plants such as
artichoke, support the antioxidant defense system
against oxidative stress (Avci et al. 2021, Ben Salem et
al. 2017a, Biel et al. 2020, Erdogan et al. 2020). The
presence of micro elements such as Mn, Cu, Zn and
Se in plants as cofactors in the structure of enzymes
such as superoxide dismutase and glutathione
peroxidase in the antioxidant defense system
(Sobirova and Murodova 2021, Tokalioglu 2012) is
also important for the prevention of oxidative stress.

With the current increase in the use and consumption
of raw plant materials, it is very important to monitor
contaminants present in plants and set maximum
standards for their concentrations in order to ensure
safe use (Biel et al. 2020). Because of the bitter taste
of artichoke leaves, extracts and tinctures, prepared
with water ,are used rather than infusions, so
quantitative determination of antioxidant activity and
mineral concentrations in medicinal plants extracts
which are prepared in different solvent are important

in terms of determining their dosages and
pharmacological effectiveness in the treatment of
various diseases. Therefore, in this study, the total
phenolic substances, 7z wvitro antioxidant activities
(DPPH radical scavenging activities, Superoxide
radical scavenging activity, and metal chelating ability)
and macro and micro elements levels determined.

MATERIALS AND METHODS

Plant Material

Leaves of artichoke (Cynara scolymus L.) were bought
from an organic market in Ankara province, Turkey
in May 2021. The voucher specimen of the plant was
authenticated by Prof. Dr. EsraAkkol from Gazi
University, Department of Pharmacognosy, Faculty
of Pharmacy, Ankara, Turkey and the specimen was
deposited in the Herbarium of Faculty of Pharmacy,
Gazi University, Ankara, Turkey.

Total Phenolic Concentration (TPC)

The total phenolic substances of artichoke leaf
extracts were measured using Folin-Ciocalteu's
phenol reagent (FCR) according to procedure of
Singleton and Rossi (1965). The principle of this
method is based on the formation of a blue colored
compound as a result of the phenolic substances
reducing FCR.

The Gallic acid was used as standard solution. 0.5 mL
of test extracts solution was mixed with 0.5 mL. FCR
and incubated for 3 minutes. Then, 2% NaxCOs3 was
added and was stored at room temperature for 2 h.
After incubated, absorbance of reaction mixture was
measured at 760 nm against blank as distilled water.
The result was expressed as mg of Gallic acid
equivalents (GAE)/g of extract by using an equation
that was obtained from standard Gallic acid graph.
All the experiment was conducted in three replicates.

Determination of DPPH Radical Scavenging
Activity

The DPPH removal activity of artichoke leaf extracts
was determined by using the method of Blois (1958).
The method is based on the principle of removing
DPPH, which is a stable free radical and has a dark
purple color. When the DPPH radical is scavenged,
the color of the reaction mixture changes from purple
to yellow. Briefly, DPPH (2 mL, 0,1 mM) was added
to 0.5 mL artichoke leaf extracts. Each mixture was
kept in the dark for 30 min and the absorbance was
measured at 517 nm against a blank ethanol. The
solution without any extract and with DPPH and
ethanol was used as control. The experiment was
replicated in three independent assays. Ascorbic acid
was used as positive controls. Inhibition of DPPH
free radical in percentage was calculated by the
formula:
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DPPH radical scavenging activity (%)=(4 blank - A
sample/ A blank) X 100

Determination of Superoxide Radical Scavenging
Activity

The superoxide radical removal activity is based on
the principle that the superoxide radical produced by
the NADH (nicotinamide adenine dinucleotide)/PMS
(phenazinemethosulfate)/Ozcomplex  reduces nitro
blue tetrazolium (NBT) from vyellow to purple-
colored formazone (Nishimiki et al. 1972). The
decrease of the absorbance values indicates
consumption of superoxide radical anions.

According to method, 0.5 mL. NBT (156xM) and
NADH (468 xM) in the sodium phosphate buffer
20mM, pH 7.4) were added to different
concentrations of extract solutions (0.5 mL, 100-250-
500-1000 pg/mL) in phosphate buffer. The reaction
initiated by adding PMS (50pL, 60 uM) to the mixture
and incubated at room temperature for 5 minutes.
Then, the absorbance was measured at 560 nm
against the corresponding distilled water as control.
Inhibition of superoxide radical in percentage was
calculated by the formula:

Inbibition % = (A control - A sample/ A control) X
100

Determination of Metal Binding Activity

Iron (II) ions of chelating activity of artichoke leaf
extracts was performed according to the Carter
(1971) and Dinis et al. (1994).

Table 1. ICP-MS Instrumental conditions

The principle of this method is based on the
inhibition of the formationof ferrous iron-ferrozine
complex of chelating agents in the test tube. The
decreasing of red colour was determined by the
decrease absorbance of the ferrous iron-ferrozine
complex at 562 nm.

1 mL sample, 3.7 mL deionized water and 100 pL
FeCly solutions (2 mM, dissolved in distilled water)
were then mixed thoroughly and incubated for 30
min. Then ferrozine (5 mM, 0.1 mL) was added to the
mixture. After 10 min, absorbances of the test tubes
and EDTA as standarts (50-250 pg/mL)were
measured spectrophotometrically at 562 nm. The
blank contains only distilled water except that FeCl,
and ferrozine. The metal binding activity was
calculated with this formula:

Metal binding (WM Fe) =[(A sample-A blank)/(A
standart-A blank)]x 100

Mineral Composition

The elemental composition of mineral substances of
the extracts have been analyzed using the ICP-MS
device  (inductively  coupled  plasma  mass
spectrometer) Perkin Elmer NexION 300. The ICP-
MS operating conditions are shown in Table 1.

Auxiliary gasflow rate (I./min) 1.4
Plasma (Ar) gas flow rate (L/min) 18
Analog HV (V) -1975
Pulse HV (V) 950
RF power output (W) 1600
Sample uptake rate (uL./min) 300
Dwell time (sec) 50
Sample run time (min/sample) 1,5
Nember of replicates 3

Dry plant powdered sample and its extracts were
digested by microwave digestion system. 0.25 g
sample extract was taken in a PTFE teflon vessel.
After adding 5 ml of conc HNOj and 5 ml distilled
water, the vessel was kept standing for a while at
room temperature. Decomposition of the samples

was carried out in a microwave system (CEM MARS,
Italy, A five-step programme (see Table 2) was
applied to the samples. There were no undissolved
parts in vessels.
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Table 2. Parameters for microwave digestion

Step Effect, W
Step 1 250

Step 2 (4]

Step 3 250

Step 4 400

Step S5 650

After the digestion process the solution was filtered
with a membrane filter (pore size 0,45 um) which was
subjected as the analysis solution to determine the
total concentrations of diverse elements in globe
artichoke leaf and its extracts by ICP-MS. The
resulting solutions were quantitatively transferred into
a volumetric flask and made up to 25 mL with
doubled distilled water then used for direct injection
into the spray chamber of device or diluted with
doubled distilled water again. The internal standard
elements (Ge, In and Re) were added for correcting
matrix effect. Calibration was performed by external
standards where the method of standard additions
was used.

Statistical analysis

The data obtained in the research were analyzed with
the SPSS 22.0 for Windows program. The statistical
differences among groups were analysed through One
way ANOVA. Least significant difference test (LSD)

Time,Min

1

was used as a posthoc test. Statistical significance of
all data was determined as P <0.05.

RESULTS

Antioxidant activity results of artichoke leaves
extracts in methanol, ethyl acetate and N-hexane
solvents are showed in Table 3.

In this study, the total phenolic content values for the
methanol, ethyl acetate and N-hexane extracts found
5,375 mg, 0,917 mg, 0,167 mg Gallic acid (GAE)/g
respectively (Figl).

Methanol extract showed highest DPPH free radical
scavenging activity (87,73%) (Fig 2, ethyl acetate
extract possessed the highest Superoxide radical
scavenging activity (SRSA) (49,02 %) ( Fig 3) whereas
ethyl acetate extract contained high level metal
chelating ability (289,32uM Fe) (Fig 4).

Table 3. Total phenolic substances concentration and invitro antioxidant activities of the extracts obtained from

artichoke leaves.

Extracts Total phenolic DPPH radical Superoxide radical Metal binding
substances removal activity | removal activity (%) activity(uM Fe)
(mgGAE/g (%)
extract)

Methanol 5,735 87,73 44,15 133,01

Ethyl acetate 0,917 44,15 49,02 151,46

N-hexane 0,167 14,53 30,22 289,32
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Figure 1: Total phenolic substances concentration (mg GAE/g) of the extracts obtained from artichoke leaves. Result
represents means of triplicates of different concentrations analyzed.
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Figure 2: DPPH radical scavenging activities of the extracts of artichoke leaves and ascorbic acid. Result represents means of
triplicates of different concentrations analyzed.
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Figure 3: Superoxide radical removal activity (inhibition %) of the extracts obtained from artichoke leaves. Result represents
means of triplicates of different concentrations analyzed.
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Figure 4: Metal binding activity of iron (II) ions(uM) of the extracts obtained from artichoke leaves. Result represents means of

triplicates of different concentrations analyzed.

The macro element levels are statistically higher in the
artichoke leaf compared to all other extracts, with the
highest K and the lowest Na levels.

Among the extracts, it is seen that the methanol
extract’s macro minerals have the lowest level
compared to the other extracts and P concentration

(127.0312.98 mg/g) is highest among macro
minerals. As Mg is highest in ethyl acetate extract, Na,
K and Ca levels are highest compared to other
extracts. While P is found at the highest level in the
N-hexane extract, it is determined as the extract
containing the most macro minerals (Table 4).

Table 4. Levels of minerals in powdered leaf and organic solvents.

Ethyl P
Macro Artichoke Leaf | Methanol acetate N-hexane
elements(mg/100g) | X*S X*S8 X*S8 X*S8
Na (Sodium) 84.58+3.09 3.7340.114 14.0040.20> | 9.83+0.14c | ***
K (Potassium) 238.95+5.84 4.9140.204 36.09£0.20> | 15.24£025¢ | *x*
Ca (Calcium) 125.0042.58 16244083 | 57.9140.61> | 23.44+032¢ |
Mg (Magnesium) 175.68+18.60: 33.5840.44c 99.17+1.36> | 91.884+0.77> | ***
P (Phosphor) 189.14+3.67 127.03+2.98> | 47.3+0.88¢ 186.8610.962 | ***
Micro elements
(mg/100g)
Fe (Iron) 5.2540.45 1.5740.91¢ Not detected | 2.22+0.41> | ***
Zn (Zinc) 5.7140.23 1.78+0.68¢ 0.4440.184 3.6610.460 |
Cu (Copper) 1.52+0.30 0.92+0.32 0.72+0.32¢ 0.28+0.08¢ | ***
Mn (Mangan) 2.18+ 0.362 0.1940.034 0.70%0.20¢ 21140130 |
Cr (Chromium) 0.1240.03: 0.0540.01¢ 0.08+ 0.00> | 0.11£0.08: | ***
Se (Selenium) 0.1240.03¢ 0.02£0.00b 0.01£0.022> | 0.006+0.00 | *
I (Todine) 0.04£0.004 0.03£0.01¢ 0.06£0.00> | 0.21£0.01= | *

X*S: mean *std deviation, a,b,c,d: Different letters in the same row represent the statistically significant

difference between the mean values (p< 0,05). *: p < 0,05

When all groups were examined in terms of
microelements the microelements in the artichoke
leaf (except I and Cr levels) were statistically at the
highest level compared to all other extracts.

Accordingly, Zn and Fe levels were the highest in
artichoke leaves and the lowest I was found. Fe and
Zn were found to be highest in methanol extract,

xRk p < 0,001

while ethyl acetate extract contained high levels of Cu
and Mn, but it was determined as the extract
containing the lowest level of micro minerals. While
Fe, Zn and Mn levels were determined the highest in
the N-hexane extract, it was also seen that it
contained the micro minerals at the highest level
compared to the other extracts (Table 2).
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DISCUSSION

The interest in artichoke, a natural antioxidant, as well
as its extracts is due to their versatile therapeutic
effect (Biel et al. 2020). Oxidative stress is
characterized by insufficient enzymatic (SOD, CAT,
GPx and GSH) and non-enzymatic (Vitamin E,
Vitamin C, carotenoids, flavonoids, polyphenols and
others) antioxidant capacity due to excessive increase
in reactive oxygen species (ROS), so shifting the
balance towards oxidants (Salekzamani et al. 2019).
While increasing oxidative stress has been reported to
play a role in many disease such as aging, diabetes
mellitus, hypertension, cardiovascular  diseases,
cancer, Parkinson’s and Alzheimer’s diseases (Valko
et al. 2007), plants with strong antioxidant activity
such as artichoke contain polyphenols, vitamins and
minerals have a role in reducing the risk of disease
that develop due to oxidative stress by inhibiting ROS
production and reducing radicals (Salekzamani et al.
2019). Indeed Demir and Agaoglu (2021) have
reported in many studies caffeoylquinic acid
derivatives, luteolin and apigenin glucosides found in
C. scolymus L. showed strong antioxidant properties.
Phenolic compounds in plants are natural sources
that show their antioxidant activities by binding free
radicals or chelating with metals in proportion to the
number and structure of —OH groups in the phenol
ring (Falowo et al. 2014).

In addition, phenolic compounds have the ability to
delay, slow or prevent oxidation at low
concentrations and remain in a stable form when
converted to free radicals (Kalogianni et al. 2020).

In studies carried out, Wand et al. (2003) report the
total phenolic content (TPC) in Green Globe leaves
as  8760-9561 mg CAE (Chlorogenic acid
equivalents)/100 ¢ DM and Salata and Gruszecki
(2010) report 3168 mg caffeic acid equivalent/100 g
DM. In our study the total phenolic content values,
based on standard of Gallic acid, In the methanol,
ethyl acetate and N-hexane extracts found 5,375 mg,
0,917 mg, 0,167 mg Gallic acid (GAE)/g,
respectively. So, the reason why a value higher than
the one reported by Biel et al. (2020) as 2795 mg
CAE/100 ¢ DM was found in the methanol extract
of the leaf and may be due to the different standards
used in the tests. Although not found enough studies
on the total phenolic content of ethyl acetate and N-
hexane extracts, it is seen that the highest phenolic
content is in the methanol extract.

Considering the versatile mechanisms of antioxidant
compounds, the need for wvarious types of
measurements to determine their activities has arisen
(Biel et al. 2020). DPPH, widely used in the
determination of the free radical scavenging activities
of antioxidants, is a stable free radical (DPPHe)
(Chen et al. 2007, Wojdylo et al. 2007), and when this
purple-colored substance interacts with antioxidants,
it transforms into a yellow-colored reduced form of
DPPH (DPPH-H). Therefore, the lower the

measured absorbance, the higher the free radical
scavenging activity of the antioxidant (Chen et al.
2007).

Accordingly, DPPH radical removal activity being the
highest in methanol extract (87.73% inhibition) in this
study can be explained by the fact that the total
amount of phenolic substances in this extract is
higher than the others. These results are also
compatible with the observation that the antioxidant
properties of plant extracts originate in polyphenols,
which donate hydrogen atoms or electrons, have the
ability to neutralize free radicals (such as DPPH)
(Sahoo et al. 2013). Thus, it is obvious that this
activity is weakened due to the reduction in total
phenolic content in ethyl acetate and N-hexane
extracts. Biel et al. (2020) reported this activity in
artichoke methanol extract at approximately 44%
inhibition according to the trolox standard and the
difference in the results of this study may be due to
the evaluation based on the ascorbic acid standard.
When the solvents used in the extracts in the study
are evaluated in terms of their polarity, the most non-
polar solvent to the least is listed as n-hexane>ethyl
acetate>methanol. Accordingly, it has been reported
that the solvents used in the extraction affect the
radical scavenging activity and this activity is higher in
polar extracts (Hayouni et al. 2007,0zcan et al. 2007).
In their study, Erdogan et al. (2020) reported that the
methanolic extract of olive leaf (Olka enropaea 1..) is
more effective in terms of total phenolic substance
content, the ferric thiocyanate method in the linoleic
acid system, and reducing capacity with antioxidant
activity compared to other extracts (ethyl acetate and
n-hexane). As a matter of fact, Miliauskas et al. (2004)
reported that the DPPH radical scavenging activity
among plant extracts is the most effective in
methanol extract compared to other extracts (acetone
and ethyl acetate), while Shon et al. (2003) reported
that hot water and methanol extracts are better than
butanol, ethyl acetate, and chloroform extracts. Avci
et al. (2021), on the other hand, stated that the
different results found 7 vifro antioxidant activities in
black cumin (Nige/la sativa L.) essential oil obtained by
water distillation may be due to the differences in the
solvent and extraction methods used. Accordingly,
apart from these observations, different species of the
same  plant, different agricultural  practices,
geographical conditions (daylight, climate), harvest
time, and storage conditions are the factors affecting
the phenolic content of plants (Heimler et al. 2007)
—the reason for the differences in our results can be
explained by considering these factors.

SOD, which forms the first line of defense against the
harmful effects of superoxide radicals released in
different parts of the «cell, is one of the
metalloenzymes that converts the superoxide radical
into H2O; and O (Halliwell et al. 2000). Generally,
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SOD has three different isoenzymes in higher plants,
namely Mn-SOD, Fe-SOD, and CuZn-SOD
Fridovlich (1986), which are found in different
organelles of the cell such as mitochondria,
peroxisome, and chloroplasts (Palma et al 2006). In
this study, the superoxide radical removal activity was
listed as ethyl acetate> methanol> N-hexane, and no
other study was found on the subject. In a study
using similar solvents, Erdogan et al. (2020) reported
that the superoxide radical removal activity in olive
leaf extracts was determined as ethyl acetate>
methanol> N-hexane, which is similar in terms of
extracts in the study.

In this study, the metal binding activity was the
highest in the N-hexane extract (289.32 uM Fe), and
the others were listed as ethyl acetate>methanol —
there was not enough study on this subject as well. In
studies on lipid peroxidation, Fe is used as an ion
catalyst. Fe, a transition metal, acts as a catalyzer of
lipid peroxidation due to its biological importance
and ability to react directly with oxygen or with lipid
peroxides promoting the reaction to form species that
can initiate peroxidative events (Dinis et al. 1994).
The antioxidant defense system is generally based on
both dietary vitamins and minerals and the presence
of essential amino acids required for the synthesis of
antioxidant proteins, such as glutathione and albumin
(Evans and Halliwell, 2001). It is known that minerals
in the structure of tissues are involved in the
regulation of acid-base balance and osmotic pressure,
the functioning of hormones and enzymes,
transcription, and energy metabolism (Connie 2011).
As a matter of fact, Ca and K are essential elements
for plants, and Mg is a chlorophyll component in
plants as well as a cofactor of enzymes in reactions
where ATP is used (Evans and Halliwell 2001, Silvaet
al. 2016). In this study, the macro element levels were
listed as K > P > Mg > Ca > Na in the artichoke leaf,
and the highest K (238.95 mg/100g DM) and the
lowest Na (845.8 mg/100g DM) levels were detected.
At the same time, it is noteworthy that the macro
element levels are higher in the artichoke leaf than in
all other extracts, and the Na mineral is at the lowest
(37.3-845.8 mg/100g DM) level in all the extracts. In
this study, the macro minerals in the methanol extract
were lined at the level of P > Mg > Ca > K > Na,
and the high P level was found as considerably lower
than the values of 890-980 mg P/100g DM in the
methanol extract of the leaf and 414 mg P/100g DM
in the artichoke leaf (127.0 mg/100g DM) as reported
by (Biel et al. 2020, Colla et al. 2013) respectively.
Although there is no study comparing different
extracts in terms of minerals, Biel et al. (2020)
reported the macro element levels in the methanol
extract of artichoke leaves in order of K > P > Ca >
Mg > Na, and this high level in K (506.3 mg/100g
DM) is due to the fact that it is the most absorbed
mineral during the growth cycle of the plant.This
observation was found to be consistent with the
finding of this study that the most abundant mineral

in the artichoke leaf was K (238.9 mg/100g DM),
which is much higher than the K found in the
methanol extract (4.9 mg/100g DM).

The macro minerals were found as Mg > Ca > P > K
> Na in the ethyl acetate extract, and as P > Mg > Ca
> K > Na in the N-hexane extract. Although there is
no comparable study for these two extracts, in this
study, Ca (125.0-16.24 mg/100g DM) and Mg (175.6-
33.5 mg/100g DM) valuesfound in attichoke leaves
and all its extracts were lower than the values
reported by Biel et al. (2020) and Orlovskaya et al.
(2007) in leaf methanol extract and leaf. According to
the results of this study, while artichoke leaf is a
source of K, methanol and n-hexane extracts can be
good sources of P. In a study on various medicinal
plants (Cynara scolymints L.,
Harpagophytumprocumbens D.C., Maytenusilifolia
(March) ex Reiss.), including artichokes, Ca, K, Mg,
and Na levels were found to be high, according to
which such plants can be a natural source in the
treatment of diseases related to the deficiency of
these elements (Tannus et al. 2021).

Trace elements not only play an important role in the
formation of active chemical ingredients in medicinal
plants but also are responsible for their medicinal and
toxic effects (Tokalioglu 2012). While trace elements
act as cofactors of enzymes for their conversion to
products in enzymatic reactions, some of them are
responsible for taking or giving electrons in redox
reactions which are important in the production and
use of metabolic energy (Al-Fartusie and Mohssan
2017). Zn, which is a cofactor of more than 200
enzymes in the central nervous system, immune,
skeletal and reproductive systems, is included in the
structure of SOD (CuZnSOD) together with Cu. Cu
is also required for ceruloplasmin, which transfers
iron to transferrin, and deficiencies in Cu affect the
activity of SOD more than Zn (Roohani et al.
2013).While Cu acts as a cofactor in the structure of
many enzymes such as cytochrome ¢ oxidase,
tyrosinase, and  dopamine  beta-hydroxylase,
contrarily, excess Cu causes peroxidative damage in
membrane lipids. Indeed, in the presence of reducing
agents such as superoxide radical, ascorbic acid, and
glutation, Cu*? is reduced to Cu™!, which can catalyze
the formation of hydroxyl radicals from hydrogen
peroxide, and these radicals cause the oxidation of
biological molecules (Gaetke and Chow 2003). Zn
prevents the peroxidation of membrane lipids and has
a stabilizing effect on membranes, possibly by
replacing bound transition metal ions (Evans and
Halliwell 2001). In this study, when microelements
were examined in terms of all groups, the highest
level of microelements was determined in artichoke
leaf compared to all other extracts (except I and Cr
levels). When the microelements in the artichoke leaf
were evaluated, the order of Zn > Fe >Mn> Cu > Cr
=Se > I was seen, with the highest level being Zn
(5.71 mg/100g DM) and the lowest level I (0.004
mg/100g DM). Colla et al. (2013) reported the Zn
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level (2.07-2.35 mg/100 ¢ DM) in attichoke leaves,
and in this study, Zn levels were found higher than in
the relevant report.

Biel et al. (2020) reported the micro-minerals in the
methanol extract of the leaf in the order of Zn > Fe
> Cr >Mn, and the Zn and Fe levels are 2.10
mg/100g DM and 1.6 mg/100g DM. In the same
study, it was stated that Cd, Pb, and Ni levels could
not be determined. In this study, the ordering of
micro minerals in Methanol as Zn > Fe > Cu >Mn>
Cr > Se > 1 was found to be consistent with the
reports, but the Zn level (1.78 mg/100g DM) was
found to be lower than the previous reports yet
consistent with the Fe level. Zn > Fe >Mn> Cu > Cr
> 1 > Se sequence was seen in the N-hexane extract,
and the Zn level was found higher at 3.66 mg /100g
DM. In the study, while Fe remained below the
detection level in the ethyl acetate extract, the
minerals were listed as Cu >Mn> Zn >Cr > 1 > Se.
When evaluated in terms of extracts, the ethyl acetate
was the extract containing the lowest level of micro
minerals and Se was found at the lowest level in all
the extracts (Table 2).

The Mn level was found to be between 2.18-0.19
mg/100g DM in all groups, and Mn, which is the
cofactor of the enzymes involved in the biosynthesis
of fatty acids and cholesterol, is an essential element
in the structure of mitochondrial Mn-SOD (Evans
and Halliwell, 2001). While this element helps
regulate oxidative phosphorylation,
mucopolysaccharide and cholesterol metabolism, and
the urea cycle, the excessive amounts are toxic to the
organism and cause neurological effects (Rehnberg et
al. 1982). Cr is the most important factor that
increases insulin activity in the organism and enables
the use of glucose by activating the
phosphoglucomutase enzyme. The literature suggests
that its use is especially beneficial against type-2
diabetes and insulin resistance. And in its deficiency,
glucose tolerance decreases, which can lead to
cardiovascular diseases and diabetes (Hua et al 2012,
Tokalioglu 2012). In this study, Cr levels were found
to be between 0.12-0.05 mg/100gDM in all groups
and were higher than the reports of Biel et al. (2020)
in leaf methanol extract and Tannus et al. (2021) in
artichoke.

Se, which presents itself in the structure of
glutathione peroxidase in the organism, also acts as an
antioxidant against different abiotic stresses in plants,
including salinity, drought, overtemperature, and
toxic metals/metalloids stresses (Hasanuzzaman et
al.- 2020). In this study, Se levels were found to be
between 0.12-0.006 mg/100g DM in all groups, and it
was found to be lower than the 0.37 mg/100g DM
level reported by Tannus et al. (2021) in artichokes.
Also, I levels were found to be between 0.21-0.03
mg/100g DM in all groups, and no compatable study
was found for artichoke.

CONCLUSION

The results of this study show that the herbal
extraction methods and the solvents affect the total
phenolic substance content, antioxidant activity, and
mineral levels. While methanol and ethyl acetate
extracts stand out in terms of antioxidant activity and
total phenolic substances, it is obvious that artichoke
leaf and N-hexane extract are more valuable in terms
of mineral source. Accordingly, the conclusion is that
the leaf can be a good source of K and Zn, while
methanol and N-hexane extracts can be a good
source of P and Zn.
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ABSTRACT

The aim of this study was to investigate the effects of supplemental rumen protected lysine and methionine on some
blood metabolic parameters in prepubertal Holstein heifers. Forty, healthy, 9-month-old heifers were divided into two
groups as control (C) and treatment (T). C heifers were fed a standard diet which has been prepared according to NRC
(2001), whereas T heifers were fed a lysine (7.1% of MP) and methionine (2.4% of MP) enriched (Lysigem and
Methipear], Kemin Ind., Belgium) diet. Blood samples were taken from all heifers at the beginning of the study, on the
day of artificial insemination and on the day of pregnancy detection. All blood samples were analyzed for glucose (GLU),
beta-hydroxybutyric acid (BHBA), non-esterified fatty acids (NEFA), total cholesterol (TCHOL), triglycerides, total
protein (TP) and blood urea nitrogen (BUN). It was determined that the levels of GLU, NEFA and BHBA, which are
blood metabolism parameters, changed statistically (p<<0.001) in the periods when prepubertal, insemination and
pregnancy were detected, while the levels of TKOL, TRIG and BUN did not change significantly. Moreover, increasing
lysine and methionine content of the prepubertal diet caused an increase in serum TCHOL concentration (p<0.005)
whereas decreased serum TP concentration (p<<0.05)

Keywords: Heifer, Holstein, prepubertal, serum metabolites
Kook

Holgtayn Itki Diivelerde Pubertas Oncesinde Rasyona Rumen Korumali Lizin Ve Metiyonin Tlavesinin
Bazi Kan Metabolizma Parametreleri Uzerine Etkileri

(074
Bu calismada Holstayn irki diivelerde yasamin 9. ayindan baslanarak gebeligin belitlendigi zamana kadar rasyona rumen
korumalt lizin ve metiyonin ilavesinin bazi kan metabolizma parametreleri tizerine etkileri incelenmistir. Bu amagla 40 adet
saglikl ve 9 aylik yast doldurmus (9-10 ay aras1) Holstayn 1rki diiveler rastgele érnekleme metodu ile K (Kontrol) ve U
(Uygulama) olmak tzere 2 gruba ayrilmustir. Kontrol grubundaki diveler NRC (2001)’e gbre hazirlanmis standart bir
rasyonla, uygulama grubundaki diiveler ise rumen korumalt amino asitler kullanilarak (Lysigem ve Methipearl, Kemin Ind.,
Belgium) lizin (MP’nin %7.11) ve metiyonin (MP’in %2.4’4) diizeyleri artirilmis bir rasyonla ad-libitum olarak beslenmistir.
Tim divelerden ¢alisma baglangicinda, tohumlama zamaninda ve gebeligin tespit edildigi giin vena coccygea yolu ile kan
numunesi alinmugtir. Alnan kan numuneleri ilgili kitler kullanilarak glukoz (GLU), betahidroksibitirat (BHBA),
esterlesmemis yag asitleri (NEFA), total kolesterol (TK), trigliserit (T'G), total protein (IP) ve kan iire nitrojeni (BUN)
analizleri yapilmistir. Calismada kan metabolizma parametrelerinden GLU, NEFA ve BHBA diizeylerinin prepubertas,
tohumlama ve gebelik tespit edilen dénemlerde istatiksel olarak anlamli sekilde degistigi (p<<0.0001), TK, TP ve BUN
diizeylerinin ise anlamli sekilde degismedigi (p>0.5) tespit edilmistir. Ayrica rumen korumal lizin ve metiyonin kullamilarak
rasyonun metabolik lizin ve metiyonin diizeyinin artirilmasinin tohumlama zamaninda kanda TK seviyesini artirdifi
(p<0.005), TP seviyesini ise dustirdigi belitlenmistir (p<0.05).
Anahtar Kelimeler: Duve, Holstayn, prepubertal, serum metabolitleri
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GIRIS

Ginimiizde genetik ilerlemeler ve yillardir siiregelen
1slah calismalari sayesinde 6zellikle siitct karakterdeki
divelerin =~ biyiime ve  gelisimleri ¢ok  hizh
sekillenmektedir. Bu sayede duvelerin  sirilye
ekonomik olarak kazan¢ saglamadiklari stirec kisa
stirmekte ve dogumla birlikte onlardan en hizli sekilde
gelir elde edilmeye baslanmaktadir. Ancak bu hizh
biyiime ve gelisme biitiin yonleri ile avantajli degildir.
Ozellikle pubertas o6ncesi biiyiime hizt ile ilk
tohumlama vyasi, ik dogum yapma yast ve ilk
laktasyondaki siit verimi arasinda negatif bir iligki
vardir (Swanson 1960, Gardner ve ark. 1977, Little ve
Kay 1979, Foldager ve Serjsen 1987). Yani bir bagka
deyisle, buylime hizint artirmak diivelerden elde edilen
hayat boyu verimliligi olumsuz yonde etkilemektedir
(Van Amburgh ve ark. 1998).

Holstayn 1kt stit¢ti diivelerin ilk dogum yast ve canlt
agithiginin  ideal kogullarda olmast  yasam boyu
verimliligi etkiledigi icin siit isletmeleri acisitndan hem
verim hem de karlilik acisindan c¢ok 6nemlidir
(Brickell ve ark. 2009). Keown ve Everett (1986)’nin
bildirdigine gbre divelerde ideal ilk dogum yas1 24 ay,
canlt agiligs ise 544-567 kg’dir. Ideal ilk dogum yasint
yakalayabilmek icin diveler 13 aylik yastan itibaren
sekstiel olgunluga gelerek tohumlanma programina
alinmal ve 15 aylik yasta gebe kalmalart saglanmalidir
(Place ve ark. 1998). Biylime hiz1 direkt olarak glinlitk
canlt agirlik artisgt (GCAA) ile iligkilidir. Buna gére
Ozellikle sekstiel olgunluk c¢agina yaklasilirken yetersiz
beslenme nedeniyle divelerde pubertasin baglamasi
gecikmekte ayrica iskelet sisteminin gelisimi de
olumsuz yonde etkilenmektedir. Ayrica prepubertas
dénemde yetersiz beslenen diivelerde giic dogum riski
de artmakta ve boylelikle hem buzaginin yasama sansi
diismekte hem de diivenin yasam boyu dél verimi ve
saglik parametreleri olumsuz yonde etkilenmektedir
(Ettema ve Santos 2004).

Sitcii  duvelerde  pubertasa  ulasma  yasinin
hedeflendigi gibi 12-13 ay olmasinda GCAA’nin rold
elbette ki ¢cok buyiiktir. Ancak son yillarda metabolik
durumun da pubertasin baglamasinda etkili oldugunu
bildiren galismalarin sayist giinden gline artmaktadir
(Anderson ve ark. 2015, Funston ve ark. 2012, Perry
ve ark. 2012).

Biytme ile iliski icerisinde bircok metabolik ve
endokrin parametre bulunmaktadir (Brickell ve ark.
2009). Kanda sirkiile eden bu metabolitlerden glikoz
ve Ure gibi enetji ve protein metabolizmast hakkinda
bilgi veren parametreler ayni zamanda biyime ve
gelisme adina da fikir sahibi olunmasint saglar (Smith
ve ark., 2002). Kan tre seviyesi 6zellikle rasyondaki
protein/enetji oranindan etkilenir (Hossein-Zadeh ve
Ardalan, 2011). Kan glikoz seviyesi hayvanlarda enerji
metabolizmasinin 6nemli indikatStlerinden birisi olup
yetersiz  sindirilebilit  karbonhidratca  beslenme,
yetersiz yem titketimi ve giiniin belirli saatlerinde yem
bulamama ve buna bagl a¢ kalma durumlarinda kan
glikoz seviyesi duser (Chelikani ve ark. 2004).

Pubertas Oncesinde kan glikoz seviyesinin dusiik
olmasinin (Greenwood ve ark. 2002, Smith ve ark.
2002, Terre ve ark. 2006) da ytksek olmasinin (Taylor
ve ark. 2004, Swali ve ark. 2008) da zararli oldugunu
bilditen cesitli calismalar mevcuttur. Buna gére
diivelerde pubertas Oncesi ve sonrast kan glikoz
seviyesinin hangi diizeylerde olmasi gerektigini tam
anlamiyla ortaya koymak icin hala ¢alismalara ve yeni
bilgilere ihtiya¢ duyulmaktadir (Brickell ve ark. 2009).
Total kolesterol, steroid hormonlarin yapisina giren
bir molekil oldugu icin kolesteroliin kandaki seviyesi
dol verimi ile ilgili parametreler ile yakindan iliskilidir
(Anderson ve ark. 2015). Basta progesteron hormonu
ve Ostrojen olmak Uzere esey hormonlarinin
tretilebilmesi icin siit sigirlarinda kanda kolesterol
seviyesi kritik esik olan 70 mg/dI’nin altina inmemesi
istenir. Kan kolesterol seviyesi ile pubertastaki siitcii
divelerin fertilite parametrelerinin iliskili oldugunu
bildiren ¢alismalar mevcuttur (Talavera ve ark. 1985).
NEFA (Estetlesmemis Yag Asitleri, Non Esterified
Fatty Acids) viicutta depo olarak bulunan yag doku
(Adipoz doku) mobilize olurken kana gectigi form
olup Beta-hidroksibitirik Asit (BHBA) ile sigirlarda
negatif enerji dengesinin en Snemli indikatSrlerini
olustururlar (Ospina ve ark. 2010). NEFA’lar kan yolu
ile metabolize edilecegi yer olan karacigere ulasir,
karacigerde bir kismi okside olur, bir kismi tekrar
esterlestirilerek trigliseritlere déniistirilerek ya VLDL
(Gok Ddustik Dansiteli Lipid, Very Low Density Lipid)
scklinde kana tekrar gonderilir ya da karacier
dokusunda birikir (Drackley ve ark. 2001). BHBA
(Beta-hidroksibitirik Asit) ise NEFA’nin karacigerde
karnitin palmitoltranferaz-1 aktivitesi ile ortaya ¢ikan
oksidasyon triinlerinden birisidir. Dolayisiyla kandaki
BHBA diizeyi ile NEFA seviyesi arasinda ¢ok yakin
bir Iliski vardir (Anderson ve ark. 2015). Ayrica
BHBA kandaki baskin keton cismi oldugu icin
Ozellikle negatif enerji dengesinin hakim oldugu
donemlerde  ketozisin  izlenmesi acisindan  da
6nemlidir. Dolaystyla tim bu kan parametreleri ile
vicuttaki enetji-protein metabolizmasinin  durumu
arasinda yakin bir iliski olup, metabolik faaliyetler bu
parametrelerin analizi ile takip edilebilir.

Lizin ve metiyonin tim hayvanlarda oldugu gibi
ruminantlar icin de esansiyel amino asitler arasinda
degerlendirilir. Bu iki amino asit karacigerde I-karnitin
biyosentezindeki reaksiyonlara katildigindan dolay1
enerji  metabolizmasint  ilgilendiren  metabolik
parametreleri etkilemektedir (Civelek ve ark. 2013).
Ayrica metiyonin karaciferde metil vericisi olarak
gorev alarak ruminantlarda enerji ve protein
metabolizmasina ekstra bir sekilde katkida bulunur
(Pinotti ve ark., 2002). Bu bilgileri destekler sekilde
Kréber ve ark. (2009) sit sigirlarinin rasyonlarina
eklenen rumen korumali lizin ve metiyoninin kanda
GLU, NEFA, asetoasetik asit ve kolesterol
seviyelerinde metabolizma i¢in olumlu olarak
degerlendirilebilecek  degisimlere  sebep oldugun

424



bildirmektedir. Ancak enerji metabolizmasi ve
kandaki metabolik parametreler ile bu kadar yakin
iliski icerisinde olan bu iki amino asitin rasyona
eklenmesinin  pubertas 6ncesi  siitgii  diivelerde
metabolik parametrelere olan etkisini detayll bir
sekilde ortaya koyan bir calismaya rastlanmamustir.
Yapilan bu ¢alismada da Holstayn irk: stit¢t diivelerin
pubertas Oncesi rasyonlarinda lizin ve metiyonin
dizeyinin artirtlmasinin farkli dénemlerde kandaki
glukoz, beta-hidroksibiitirat, esterlesmemis yag
asitleri, total kolesterol, trigliserit, total protein ve kan
dre nitrojeni gibi O6nemli metabolik parametreler
tzerine etkisinin belirlenmesi hedeflenmistir.

MATERYAL ve METOT

Bu calisma Canakkale ilinin Goékeali Kéyti'nde faaliyet
gosteren Kaanlar Damuzlik Siit Sigirt Isletmesi’nde
yuritilmustir. Bu ¢alismada Holstayn 1rki diivelerde,
yasamin 9. ayindan itibaren gebeligin belirlendigi
zamana kadar rasyona rumen korumali lizin ve
metiyonin  ilavesinin = bazt  kan  metabolizma
parametreleri tizerine etkileri incelenmistir. Bu amagla
40 adet saglikli ve 9 aylik yast doldurmus Holstayn 1rki
ditve rastgele 6rnekleme metodu ile Kontrol (K) ve
Uygulama (U) olmak tizere 2 gruba ayrilmistr.
Kontrol grubundaki diiveler ¢alisma boyunca “Stit
Sigitlarinin Besin Madde Thtiyact” (NRC, 2001) adli
referans kaynakta tavsiye edilen enerji, protein,
vitamin igeren bir rasyonla ad-libitum olarak
beslenmistir. Uygulama grubundaki diiveler ise besin
madde diizeyi benzer ancak lizin dizeyi metabolik
proteinin  %7.1'1 lizin, %Z2.4’4 metiyonin olacak
sekilde rumen korumalt amino asitler (LysiGEM ve
MetiPEARL, Kemin Industries) eklenmis bir rasyonla
beslenmistir. Her iki grubun rasyonlart ile ilgili ayrintilt
bilgiler Tablo 1., 2. ve 3’te aynntii bir sekilde
goOsterilmistir.

Calismanin  baslangicinda  tim  hammaddelerden
alinan 6rneklere, ¢calisma boyunca ise haftada bir defa
alinan TMR 6rneklerine kuru madde (KM), ham
protein (HP), ham yag (HY), ham kil (AOAC, 1990),
NDF ve ADF (Van Soest ve ark.,1981) analizleri
yapimistir. TMR formiilasyonlart haftalik olarak bu
analizler dogrultusunda kalibre edilmistir. Ayrica ad-
libitum  beslemeyi saglayabilmek adina TMR
formiilasyonlar1 ginliik olarak her sabah 10.00’da
hayvanlarin  ihtiyacinin =~ %125t olacak  sekilde
hazirlanmis olup, artan yemler taze yem dokilmeden
once yine gunlik olarak toplanmistir. Artan yemler
giinliik olarak tartilarak yem titketimi takip edilmistir.

Calisma  basindan itibaren isletmedeki veteriner
hekimin giinlitk kontrold altinda olan duveler 14 aylik
yasa ulasmalarindan sonra takibe alinarak dogal
kizginlik gosterenler suni tohumlama ydntemi ile
tohumlanmustir. Tohumlamayt takip eden 25. giinde
yine isletmedeki sorumlu veteriner hekim tarafindan
ultrasonografik yontemle gebelik muayenesi yapilarak
gebe hayvanlar kayit altina alinmis ve calisma onlar
icin sonlandirilmistir.  Tohumlama sonrast  gebe
kalmayan hayvanlarda ise kizginlik takibine devam
edilmis ve bir sonraki kizginlikta yine aynt islemler
tekrarlanmistir.  Calisma boyunca hangi divenin
hayatinin kaginct glintinde gebe kaldigi da yine kayit
altina alinmistir.

Tim divelerden calisma baslangicinda, tohumlama
zamaninda ve gebeligin tespit edildigi glin vena
coccygea yolu ile kan numunesi alinmigtir. Alinan kan
numuneleri oda sicakliginda 10.000 r.p.m.’de 10
dakika boyunca santrifiij edilerek serumlari elde
edilmis, serum numuneleri ise analizin gerceklestigi
gine kadar -21 °C’de dondurulmustur. Tim serum
orneklerine  isletmenin  laboratuvarinda  bulunan
Cobass C111 marka ve model otomatik analizor
yardimt ile ve ilgili kitler kullanilarak glukoz (GLU),
betahidroksibiitirat (BHBA), estetlesmemis  yag
asitleri (NEFA), total kolesterol (TK), trigliserit (TG),
total protein (TP) ve kan dtre nitrojeni (BUN)
analizleri yapilmustir.

Serum glukoz, NEFA, BHBA, total kolesterol, total
protein ve BUN duzeylerine iliskin istatiksel
analizlerde grup, dénem ve grup x doénem
ctkilesimlerinin ana etki kaynagi olarak yer aldig
tekrarlamalt Slgimlerde varyans analizi kullanilmis
olup, BHBA diizeyine ait veriler {izerinde
gerceklestirilen homojenite testi bulgular1
dogrultusunda veriler logaritmik transformasyona tabi
tutulmuslardir.  Grup  ortalamalart  arasindaki
farkliliklarin  tespitinde Tukey Coklu karsilastirma
testinden yararlamlmustir. Tim istatistik analizlerde
SAS, wversiyon 9 (1999) paket programindan
yararlanidmustir.

Tablo 1. Caligmada kullanilan TMR bilegimi
Table 1. Feedstuff content of TMR

Hammaddeler % Kuru Madde
Misir Silaji 23.93
Yonca Kuru Otu 23.84
Bugday Samani 20.47
Konsantre Yem Karmast 31.76
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Tablo 2. Konsantre yem karmasi bilesimi ve besin madde kompozisyonu
Table 2. Feedstuff content and nutrient composition of the Grain Mix

Hammaddeler (%) Kontrol Uygulama
Bugday Kepegi (Ince 63.) 50.0 50.0
Mistr, Ogiitiilmiis 27.0 27.0
DDGS, (Mistr) 15.0 15.0
Maya Artiklart 5.0 3.5
Mermer Tozu 2.0 2.0
Vitamin-Mineral Karmasi 1.0 1.0
LysiGEM (KEMIN IND.) 0.0 1.1
Metipearl (KEMIN IND.) 0.0 0.4
Besin Madde Kompozisyonu (%) Kontrol Uygulama
Ham Protein 15.32 15.46
Metabolik Enetji (Mcal/kg) 2.67 2.69
Ham Selilloz 7.91 7.86
Nisasta 31.41 31.38
NFC 39.36 38.74
Kalsiyum 1.02 1.01
Fosfor 0.89 0.88

Tablo 3. Calismada kullanilan TMR besin madde kompozisyonu

Table 3. Nutrient Composition of TMR

Besin maddeleri Kontrol Uygulama
Ham Protein (% Kuru Madde) 11.48 11.49
Metabolik Enetji (Mcal/Giin) 17.47 17.65
NDF (% Kuru Madde) 48.24 48.19
ADF (% Kuru Madde) 30.35 30.28
NSC (% Kuru Madde) 21.41 21.53
Kalsiyum 0.79 0.79
Fosfor 0.46 0.46
Lizin %MP* 5.35 7.21
Metiyonin %MP* 2.11 2.68

NDF: Notral Deterjan Lif; ADF; Asit Deterjan Lif; NSC; Yapisal Olmayan Karbonhidratlar
* Calismadaki rasyonlarin lizin ve metiyonin dizeyleri CNCPS (Cornell Net Carbohydrate and Protein System)
versiyon; 6.55 isletim sistemine sahip NDS (Nutritional Dynamic System) adli rasyon programi yardimiyla hesaplandi.

BULGULAR

Yapilan bu calismada prepubertal dénemdeki (9-13
aylik yasta) Holstayn 1rkt diivelere lizin ve metiyonince
zenginlestirilmis rasyon ile beslenmesi divelerde
kandaki ana metabolizma parametreleri olan GLU,
NEFA, BHBA, TK, TP ve BUN seviyelerine olan
etkisi incelenmistir. Calismada pubertas Oncesi ve
sonrasinda metabolizma ve verimlilik acisindan en
kritik dénemler olan pubertastan 1-2 ay 6nce

(calismanin  basinda), tohumlama zamaninda ve
gebeligin tespit edildigi giinde tim hayvanlara kanda
metabolizma analizi yapilmistir. Elde edilen verilere
yapilan istatistik analizi neticesinde her iki grupta da
kanda GLU, NEFA ve BHBA seviyelerinin zamana
baglt olarak degisim gosterdigi (p<0.05) TK, TP ve
BUN degerlerinin  ise zamana baglt degisim
gbstermedigi belitlenmistir (Tablo 4).
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Tablo 4. Gruplarda dlgiilen serum parametreleri tizerine dikkate alinan etki kaynaklarinin istatistik 6nem

seviyeleri

Table 4. Statistical importance level of source of influence on serum parameters in groups

Etki kaynag Grup Dénem Grup x dénem
Glukoz 0.2888 <.0001 0.1238
NEFA 0.9629 <.0001 0.7466
BHBA 0.2457 <.0001 0.2341
Total kolesterol 0.6224 0.1607 0.0040
Total protein 0.2693 0.8635 0.0381
BUN 0.4148 0.2628 0.3734

Buna gére kan parametrelerinin zamana baglt degisimi
tek tek incelenecek olunursa, glukoz seviyesinin
tohumlama zamaninda distigi ancak gebelik tespit
edildigi giin tekrar yikseldigi, NEFA ve BHBA
seviyesinin ise tohumlama zamaninda ylkseldigi
ancak gebelik tespitinde dustiigh saptanmustir (Tablo
5). Zamana bagli TK, TP ve BUN seviyelerinin ise
her ne kadar rakamsal farkliliklar gOsterse de
istatistiksel olarak anlamli bir degisiklik géstermedigi
belitlenmistir. Bu kan parametrelerinin gruplar arast
farkldiklan incelendiginde ise glukoz, NEFA, BHBA
ve BUN degerleri agisindan gruplar arasinda istatistiki
acidan anlaml bir degisiklik olmadigr ancak TK ve TP
agistndan  anlamh  bir fark  (p<0.05) oldugu
belitlenmistir  (Tablo 6). Buna gbre tohumlama
zamaninda kanda TK seviyesinin kontrol grubunda

o6nemli dizeyde dustik diizeyde oldugu (p<0.05), TP
seviyesinin ise yine tohumlama zamaninda uygulama
grubunda 6nemli diizeyde dusitk oldugu (p<0.05)
tespit edilmigtir. Bu iki parametre acgisindan kan
Ornegi alinan diger dénemler olan pubertas Oncesi ve
gebelik tespit edildigi glinlerde gruplar arasinda fark
tespit edilmemistir. Tki parametrede (TK ve TP) de
elde edilen farkliligin sadece tohumlama zamaninda
olmasi, Holstayn 1kt siitcti divelerin pubertas éncesi
beslenmesinde rasyonlarindaki metiyonin ve lizin
diizeyini artirmanin hayvanlarda pubertas sonrasi
tohumlama déneminde  yag  ve protein
metabolizmasinda birtakim etkileri olabilecegi izlenimi
dogurmaktadur.

Tablo 5. Gruplarda 6lgiilen serum parametrelerinin déneme ve gruplara gére degisimi
Table 5. Alteration of serum parameters according to period and groups.

Dénem GLU NEFA BHBA* TK TP BUN
(mg/dl) (mmol/1) (mmol/1) mg/dl) mg/dl) mg/dl)
Deneme bast 56.01 0.29 0.52 68.60 6.92 9.53
Tohum. Zam. 50.51 0.45 0.58 63.02 6.95 9.80
Gebelik 54.97 0.36 0.52 063.69 6.98 10.24
SHO* 0.666 0.018 0.003 2.225 0.087 0.003
P <.0001 <.0001 <.0001 0.1607 0.8635 0.2628
Grup
Kontrol 53.42 0.368 0.54 65.74 7.05 10.00
Uygulama 54.24 0.367 0.55 64.67 6.92 9.71
SHO* 0.544 0.015 0.003 1.816 0.081 0.249
P 0.2888 0.9629 0.2457 0.6224 0.2693 0.4148

GLU; glukoz, NEFA; Estetlesmemis Yag Asitleri, BHBA; Betahidroksibiitirik Asit, Total Kolesterol; TI, Total Protein; BUN, Kan Ure
Nitrojen; SHO; Standart Hata Ortalamast; P: Istatistiki Onem Diizeyi
*BHBA verileri normal dagihim gostermediginden log 10 tabaninda transforme edildi. Tablodaki degerler transforme degetlerdir.
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Tablo 6. Gruplarda 6lgiilen serum parametreleri grup x donem interaksiyonun etkisi
Table.6. Effect of group x period interaction on serum metabolites

Parametre Dénem KONTROL UYGULAMA
Deneme bast 72174 65.02abe
(TK) Tohumlama zamani 57.40bc 68.642
Gebelik 67.65:¢ 59.73¢
SHO: 3.146, P: 0.004
Deneme bast 6.922b 7.102
(TP) Tohumlama zaman1 7.162 6.74b
Gebelik 7.062b 6.912b

SHO: 0.124, P: 0.0381

SHO: Standart Hata Ortalamast; P: Tstatistiki Onem Diizeyi

*Harfler dikey olarak grup ici zamana bagl degisimi ifade etmektedir.

TARTISMA

Yapilan bu c¢alismada prepubertal dénemdeki
Holstayn 1wrki  diivelere lizin  ve metiyonince
zenginlestirilmis rasyon ile beslenmesi diivelerde kan
glukoz, NEFA, BHBA, BUN seviyelerini
degistirmemis, ancak total kolesterol seviyesini
artirmig, total protein seviyesini ise diigtirmiistir.
Kandaki NEFA, BHBA ve glukoz degetleri,
hayvanlarin enerji metabolizma durumlari ile ilgili bilgi
veren en degerli parametrelerdir. Siddetli negatif enetji
dengesindeki sigirlarda kan NEFA ve BHBA seviyesi
yikselmekte (Anderson ve ark. 2015), glukoz seviyesi
ise digmektedir (Bauman ve Curie 1980). Ayrica
arastirmactlar - siddetli diizeyde bir negatif enerji
dengesinden bahsedilebilmesi icin kanda NEFA
seviyesinin 0.8 mmol/I'nin tzerinde (Roberts ve ark.
2012), BHBA seviyesinin 1 mmol/I'nin tzerinde
(Duffield 2000), glukoz seviyesinin ise 40 mg/dI’nin
alunda  (Gordon, 2013) olmasi  gerektigini
bildirmektedirler. Ancak yapilan bu calismada gerek
uygulama grubu gerekse kontrol  grubundaki
hayvanlarda kan alinan hicbir doénemde (pre-
postpubertal) bu U¢ parametre de bahsedilen
seviyelere gelmemistir. Sadece tohumlama zamaninda
glukoz seviyesi 50 mg/dl seviyesine yaklagmistir.
Dolayistyla yapilan bu galismada hayvanlar siddetli bir
negatif enerji dengesine maruz kalmamuglardir.
Tlaveten, kanda GLU, NEFA ve BHBA seviyeleti her
iki grupta da zamana baglt bir degisim gOstermis olup
GLU  seviyesi tohumlama zamaninda dusmis
(p<0.0001), aksine NEFA ve BHBA seviyeleri ise
yikselmistir (p<<0.0001). Bu bulgular negatif enetji
dengesini ifade eder (Gross ve ark., 2011).

Tohumlama déneminde gelisen negatif enerji
dengesinin ana sebebi hayvanda meydana gelen
hormonal degisim olabilir. Cinkid tek mideli

hayvanlarda oldugu gibi (Butera ve Beikirch, 1989)
gevis getiten hayvanlarda da kanda Sstrojen
hormonunun artis1 ile yem titketimi arasinda negatif
bir korelasyon oldugu bildirilmektedir (Forbes, 1986;
Grummer ve ark., 1990). Ayrica kizginliktaki sigirlarin
yemlikte daha az sire durdugunu (Hurnik ve ark
1975) daha az yem tiikettigini (Reith ve ark. 2014) ve
yetersiz kuru madde aldigini (Diskin ve Sreenan 2000)
bildiren c¢alismalar da bulunmaktadir. Dolayistyla
tohumlama déneminde kanda artan  &strojen
hormonunun etkisi ile yem tiketimi diserek
calismadaki hayvanlarin hafif diizeyde negatif enerji
dengesinin etkisi altina girmelerine neden olmus
olabilir. Ancak asil sebebin daha detaylt bir sekilde
aciklanabilmesi i¢in gerek pubertas 6ncesi ve sonrasi
dénemde divelerde enerji metabolizmasini  daha
detayli ele alan c¢alismalara gerckse metabolik
parametrelerin  ¢esitlendirilerek benzer ¢alismalar
yapilmasina ihtiya¢ duyulmaktadir

Calismada gruplar arasinda fark gorilen parametreler
ise kanda TK ve TP’dir. Kanda TK diizeyi uygulama
grubunda tohumlama doneminde daha yiiksek
bulunmugtur (P<0.05). Kanda kolesterol seviyesi ile
lizin ve metiyonin arasindaki baglantiyr kapsamlt bir
sekilde agtklayan arastirmalardan birisi de Bouyeh ve
Gevorgyan  (2011)’a  aittir. Arastrmaciar  broiler
piliclerde NRC (1994)’te bildirilen seviyelerden daha
yiksek diizeyde lizin ve metiyonin iceren bir rasyonla
besleme durumunda kanda kolesterol seviyesinde
6nemli bir artis oldugunu tespit etmislerdir. Bunun en
onemli sebeplerinden birisi olarak da bu iki amino
asitin L-karnitinin 6n maddesi olarak kullanilmasint ve
buna baglt olarak L-karnitin sentezindeki artis1
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gostermislerdir.  Aragtirmacilara  gbére  L-karnitin
sentezinin artig1 ile kaslarda ve karacigerde karnitin
konsantrasyonu artar, buna bagli olarak karnitin
asctiltransferaz aktivitesi yukselir ve asetil-CoA’nin
mitokondiriden sitozole gecisi artar. Asetil-CoA ise
kolesterol sentezinde, kolesteroldeki tiim karbon
atomlarnin  ana  kaynagimu  olusturur.  Boylece
karacigerde kolesterol sentezi artar ve kandaki seviyesi
yukselir. Arastirmacilar bunu destekler sekilde ytiksek
oranda lizin ve metiyonin ile besledikleri piliclerin
kanlarinda  trigliserit  seviyesinin de  azaldigini
belirtmislerdir. Dolayistyla karacigerde trigliseritlerden
kolesterol ~ sentezleme  reaksiyonunun  artmis
olabilmesi s6z konusudut. Benzer bir sekilde Giroux
ve ark. (1999) da yiksek dizeyde lizin ve metiyonin
ile beslenen tavsanlarda kan kolesterol seviyesinin
yikseldigini bildirmislerdir. Bu ¢alismalarla benzer
sekilde yapilan bu calismada pubertas dénemindeki
sitei  sigirlarda  rasyonun metiyonin  ve lizince
zenginlestirilmesi ile kanda kolesterol seviyenin
yikselmesi o6nemli bir bulgudur. Cinkid steroid
hormonlarin yapisina giren bir molekil oldugu icin
kolesterolin kandaki seviyesi dél verimi ile ilgili
parametreler ile yakindan iliskilidir (Anderson ve ark.
2015). Basta progesteron hormonu ve Ostrojen olmak
lzete esey hormonlarinin Uretilebilmesi i¢in  stt
sigirlarinda kanda kolesterol seviyesi kritik esik olan
70 mg/dl’nin altina inmemesi istenir (Talavera ve ark.
1985). Bu hipotezi kuvvetlendirecek  sekilde
(Anderson ve ark. 2015) yaptiklart bir ¢alismaya gore
Holstayn 1kt siit¢ii  diivelerin - rasyonunda  enerji
diizeyi sabit tutulmak kaydiyla DDGS (Kurutulmus,
Damitidmis Tahd Kispesi, Dried Distilled Grain
Soluble) eklenerek yag orant artirddiginda  kan
kolesterol ~ seviyesi yiikselmistir. Arastirmactlarin
bildirdigine gbre kanda kolesterol seviyesinin
yikselmesi hem 260 gunlik yastan daha erken
dénemde (sayisal olarak, p>0.05) hem de 300 kg canlt
agithigin alundaki ditvelerde (istatiksel olarak, p<0.05)
ovaryumlarda siklik aktivitenin baglamasina katkida
bulunmakta, pubertasa erisme ¢agini da istatistiki
olarak distrmektedit.

Pubertasa ulasma ¢ag1 6ncesinde yliksek oranda lizin
ve metiyonin iceren bir rasyonla beslenen duvelerde
kanda seviyesi degisen diger bir parametre de TP’dir.
Uygulama  grubundaki  dtvelerde  tohumlama
déneminde kanda TP seviyesi yitkselmistir (p<<0.05).
Kan total proteinin rasyona baglt en 6nemli kaynaklar
rumen fermentasyonundan korunarak ince bagirsaga
ulagan protein ve rumende mikrobiyal fermentasyonla
amonyaga kadar parcalanan azot kaynaklarinin
kullanilmasi ile sentezlenen mikrobiyal proteindir.
Ancak mikrobiyal protein sentezi sirasinda rasyondaki
azotun bir kismt rumen duvarindan emilmek suretiyle
mikrobiyal protein sentezinde kullanllamamakta
oldugu icin rasyondaki protein diizeyi ile kandaki TP
diizeyi arasinda direkt olarak bir iliski kurabilmek
imkansizdir (Tomlinson ve ark 1997). Rumende
mikrobiyal protein sentezinden kagarak rumen
duvarindan emilen ve karacigere gelen azot kaynaklar

burada treye donudstirtlir ve kan dolagimina
gonderilir.  Dolayisiyla  rasyondaki  proteinin = bir
yararlanimi ve kan TP Uzerine etkisi ele alinirken
kandaki BUN seviyesi de mutlak suretle dikkate
alinmalidir. Kanda TP diizeyinin disitk olmasinin bir
diger nedeni de anabolizma reaksiyonlart olabilir.
Biylime ve gelisme c¢agindaki hayvanlarin kan total
protein diizeyi ayni tiiriin eriskin bireylerine gére daha
distik bulunmaktadir (Doornenbal ve ark. 1988).
Bunun temel sebebi olarak kas yapimindaki artis
gosterilmektedir. Yapilan bu calismada tohumlama
zamaninda her iki grupta benzer kan BUN seviyesi
olmasina karsin uygulama grubunda TP seviyesinin
distik olmasi, uygulama grubundaki hayvanlarda daha
fazla kas dokusu uretilmesine baglt olabilir. Daha net
bir actklama yapilabilmesi icin gruplardaki hayvanlarin
ginlik canli agirllk  artist  verilerine  ihtiyag
duyulmaktadir.

SONUC

Bu calismada prepubertastan itibaren Holstayn irki
sttcti karakterdeki diivelerin rasyonlarmmin lizin ve
metiyonince zenginlestirilmesinin  kandaki major
enerji parametreleri olan NEFA, BHBA ve glukoz
tzerine Onemli bir etkisinin bulunmadigl, ancak
onemli bir d6l verimi parametresi olan kolesterol
seviyesini artirdid1, total protein seviyesini ise azalttigi
belirlenmistir. BUN seviyesi sabit oldugu icin total
protein seviyesindeki azalma anabolik reaksiyonlarin
artugl izlenimi olusturmustur. Ayrica calisgmanin
o6nemli sonuclarindan birisi de sttgli divelerin
pubertas cagina ulastiklarinda hafif dizeyde de olsa
negatif enerji dengesinin etkisi altina girdikleri, gebe
kaldiklarinda bu etkinin ortadan kalkmast durumudur.
Buna sebep olan etkenlerin daha detaylt bir sekilde
ortaya  koyulabilmesi,  tohumlama  cagindaki
hayvanlarda kan kolesterol seviyesinin yukselip
protein seviyesinin diismesinin hayvanlarda saglk ve
dol verimi parametreleri Uzerine ne sekilde ve
diizeyde etki edecegini belitleyebilmek adina daha
kapsamli calismalarin yapilmasina ihtiyag
duyulmaktadir.

Cikar catigmasi: Yazarlar bu yazt icin gercek,
potansiyel veya algilanan c¢tkar catismasi olmadigini
beyan etmislerdir.

Yazarlarin Katki Orani: Yazarlar makaleye esit
oranda katki saglamis olduklarini beyan etmislerdir.

Etik izin: Bu ¢alisma COMU HADYEK 2021/03-07
numara ve 06.04.2021 tarih ile izin almistir.

Tesekkiir: Bu calismada desteklerini veren Sn. Suat

Sartibrahimoglu ve Kaanlar Tarim ve Hayvancilik
Isletmesi’ne tesekkiirlerimizi sunariz.
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ABSTRACT

This research was conducted to examine consumers’ perceptions of the West Aegean region regarding animal
welfare. The Animal Welfare Perception Scale consisted of 5 extents and a total of 52 items, including housing,
feeding, personnel, health, and other conditions. The participants comprised 415 consumers over 18 years of age
in Izmir and Aydin City centers and districts. The animal welfare perception scale was applied to consumers who
decided to participate in the study face-to-face. It was founded that the West Aegean region's consumers
perceived animal welfare positively and associated the animal welfare concept with animal health, ethical values,
natural food, and food safety and quality. These findings revealed that the consumers' knowledge, opinion and
awareness were in parallel with the basic welfare needs of the animals. However, the consumers had insufficient
knowledge about animal welfare and the effects of animal breeding methods practiced in intensive production
systems on farm animal welfare. One-third of consumers declared they wanted to buy products produced under
animal welfare standards and were willing to pay more. The perception of animal welfare was influenced by
consumers' gender, educational background, companion animal ownership, food-label reading behaviour, and
willingness to pay. It was concluded that the West Aegean region's consumers perceive animal welfare as very
important, and the proportions of consumers who demand welfare-friendly products and are willing to pay more
could be increased with increased knowledge of animal welfare.

Key Words: Animal welfare, Consumer, Perception, Turkiye, West Aegean Region
*okok

Bat1 Ege Bolgesi’ndeki Tiiketicilerin Hayvan Refah1 Algisi

(074

Bu aragtirma Bati Ege bolgesindeki tiiketicilerin hayvan refahina iliskin algisinin incelenmesi amactyla yapilmugtir.
Hayvan Refahi Algt Olgegi barindirma, besleme, personel, hayvan saghg ve diger sartlart iceren 5 boyut ve toplam
52 adet maddeden olusmustur. Arastirmanin evrenini [zmir ve Aydin Il Merkezleri ile baglt ilgelerde bulunan ve
18 yas tizerindeki toplam 415 tiiketici olusturmustur. Arastirmaya katilmay: kabul eden tiiketicilere Hayvan Refahi
Algt Olgegi yiiz yiize uygulanmistir. Bati Ege bolgesi tiiketicilerinin hayvan refahint pozitif algiladiklart ve hayvan
refaht kavramini hayvan saghgi, etik degetrler, dogal gida ve gida givenligi ve kalitesi ile iligkilendirdikleri
belirlenmistir. Bu bulgular tiiketicilerin bilgi, disiince ve farkindalik durumlarinin hayvanlarin temel refah
gereksinimleri ile paralellik gosterdigini ortaya koymustur. Bununla bitlikte, titketicilerin hayvan refalt ve yogun
tretim sistemlerinde uygulanan hayvan slaht yontemlerinin ¢iftlik hayvanlarinin refahina etkisi konularindaki
bilgisinin yetersiz oldugu goriilmistir. Tiketicilerin tgte birisi hayvan refahi standartlart altinda Gretilen Griinleri
satin almak istedigini ve daha fazla 6demeye goniilli oldugunu beyan etmistir. Hayvan refahi algisi, tiiketicilerin
cinsiyeti, egitim seviyesi, evcil hayvan sahipligi, gida etiketi okuma davranist ve 6deme istekliligi ile etkilenmisgtir.
Bat1 Ege bolgesi tiiketicilerinin hayvan refahini ¢ok 6nemli olarak algiladiklart ve hayvan refaht bilgisi arttikca
refah-dostu Urlnlere talep yapan ve yiksek 6édemeye gonilli olan tiketicilerin oraninin artabilecegi sonucuna
vartlmistir.
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INTRODUCTION

Food safety is a high topic on the global policy
agenda, and the impact of animal welfare on the food
chain is increasing. The most important reasons for
this trend are that intensive production systems cause
high stress on animals (Blokhuis et al. 2008, Oltenacu
and Broom 2010), healthier and quality foods are
obtained from farm animals raised under high welfare
standards, and increased consumer concern about
healthy food (Blokhuis et al. 2008).

As a general concept, animal welfare is the ability of
an animal to adapt to its environment without being
forced (Broom 1991). According to other definition
of animal welfare provided by the World
Organization for Animal Health (OIE), an animal is
in a good state of welfare if it is healthy, comfortable,
well-fed, safe, able to express innate behaviours, and
does not experience negative feelings such as pain,
fear, and distress (Vapnek and Chapman 2010).
Animal welfare reflects the animal's physical and
mental health and well-being (Alonso et al. 2020). In
this context, the World Organization for Animal
Health (OIE) has been conducting policies that take
into account the critical relationship between animal
health and animal welfare since 2003. This actions has
encouraged risk managers and legislators in the food
chain to integrate animal health, animal welfare and
food safety a legal framework in an integrative way
(Blokhuis et al. 2008, Fernandes et al. 2021).
Nowadays, efforts to develop sustainable animal
production strategies and environment-friendly and
animal-friendly production policies are rising. Food
producers and public authorities adopt the application
of high animal welfare standards in order to reduce
the loss of confidence in intensive production
systems and eliminate consumer concerns, and
establish a traceability policy to withdraw related
products from the market when necessary (Henry et
al. 2018, Garnett et al. 2013, Pettitt 2001). In this
context, legal infrastructure and sectoral practices
related to animal welfare assurance schemes and
animal-friendly food certifications in the food
industry are being completed rapidly (Pettitt 2001).
To prevent consumer concerns from causing a
consumption crisis, food manufacturers began to take
the management initiative in the food chain to ensure
high standards that could be proven through auditing
and thus gain a commercial advantage (Blokhuis et al.
2008, Pettitt 2001).

In the last 30 years, global health risks such as BSE, A
(H7N9), Salmonella, and the horsemeat scandal have
drawn attention to food quality and safety and have
caused loss of confidence of consumers in the food
supply (Pettitt 2001). Many consumers, who attach
importance to various quality parameters of food, are
increasingly giving importance to animal welfare
quality parameters. They believe that animal-friendly
food products are healthier, better quality,

tastier, cleaner, traditional, and eco-friendly (Alonso
et al., 2020). This approach reveals that consumers
are also interested in the welfare of animals. They
want to ensure that the food products satisty all the
criteria covered by good animal welfare (Blokhuis et
al. 2008, Miranda-de la Lama et al. 2019). To measure
and assess the welfare of animals on the farm level
and to manage potential risks to meet societal
concerns and market demands, efforts are ongoing to
develop practical welfare improvement strategies and
reliable on-farm monitoring systems. It is crucial to
determine what information consumers want about
final products because there is a need to establish an
intensive dialogue with all segments of society on
animal welfare issues and develop effective
communication strategies to communicate animal
welfare standards to the public (Blokhuis et al. 2003).
However, it is also seen that consumers' knowledge
of animal welfare is relatively low, their concerns are
not evenly distributed across all livestock species, and
there is no clear consistency in their willingness to pay
more for higher animal welfare (Alonso et al. 2020).
In these circumstances, information on consumers'
opinions on animal welfare is needed so that
consumers' concerns about farm animal welfare do
not drive them not to purchase products produced in
intensive production systems and so that farmers and
the food chain's actors can construct informed
decisions. Many studies examining the opinions,
concerns, preferences, and perceptions of consumers
regarding animal welfare were conducted in the EU
(Nocella et al. 2010), Japan (Derstappen and
Christoph-Schulz 2022, Kitano et al. 2022), USA
(McKendree et al. 2014), Poland, Italy, and South
Korea (Derstappen and Christoph-Schulz 2022) and
China (Carnovale et al. 2021). In Turkiye, conducting
negotiations with the EU for full membership, EU
legislation related to animal welfare at the farm level
and during transport has already been transposed.
Still, there is an urgent need to analyze consumer
approaches that will set light on developing strategic
policies regarding animal welfare in the food sector.
There are very few studies on the opinions,
perceptions, and attitudes of Turkish farmers and
consumers regarding animal welfare (Celik and
Bozkurt 2016, Kilic and Bozkurt 2020, Sarial and
Bozkurt 2020). However, it was reported that
consumer perception could be affected by
demographics and the residential region of consumers
(Dimitri and Dettmann, 2012).

Studies examining the effect of geographic regions on
animal welfare perception are pretty limited. Results
regarding the consumers' animal welfare perception
living in the West Aegean region (Izmir, Aydin,
Mugla), one of the regions with the highest
population and animal food consumption could
provide valuable information on sustainable animal
production models to be developed in Ttrkiye. This
research was conducted to
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examine consumer perceptions about animal welfare
in the West Aegean region of Turkiye.

MATERIAL AND METHOD

The research data were collected using the field
survey method. For this purpose, a questionnaire
consisting of two parts was used. In the first part of
the questionnaire, there were questions that
demonstrated the consumers' demographic and
individual characteristics that may affect their animal
welfare perceptions. In this part, questions were
asked to the consumers regarding the status of having
a child and companion animal ownership, monthly
income, occupation, residential area, animal welfare
knowledge, the habit of food-label reading, and
frequency of animal food consumption. They were
subsequently asked how much more they are willing
to pay to purchase food produced under high animal
welfare  standards. The second part of the
questionnaire  involved the Animal Welfare
Perception Scale on factors affecting animal welfare
developed by Kili¢c and Bozkurt (2014).

The Animal Welfare Perception Scale consists of 5
extents and 52 items in total: housing conditions (11
items), feeding conditions (6 items), personnel
conditions (7 items), health conditions (15 items), and
other conditions (13 items). Consumers marked their
opinions on the effect of each of these extents on
animal welfare by choosing among the options (1: No
impact at all, 2: Slight impacts, 3: Moderate impacts,
4: Strong impacts, 5: Extreme impacts) prepared with
the 5-point Likert system. The research population
consisted of consumers over the age of 18 in Izmir
and Aydin city centers and their districts. After the
content and purpose of the research were explained,
face to face, the animal welfare perception scale was
applied to the consumers who agreed to participate in
the research. In the study, sampling was used due to
limitations such as time and cost. The following
formula was used, employing the stratified sampling
method to represent groups of different ages,
education, marital status, and gender. The formula
(IN>10.000) suggested by Sekaran (2003), for
quantitative research and infinite universes was used
to calculate the minimum sample size.

n=S2. 7«2/ d2

In the formula;

S (standard deviation) = 1,

Zo2= 1.96 (corresponding theoretical value for
significance level o = 0.05)

D= 0.1 (effect size) were used as parameters, and the
minimum sample size was calculated as 384.
Considering that some questionnaires may be
excluded due to incomplete, inaccurate, or low
reliability, 550 questionnaires were printed, 415 were
evaluated as reliable, and statistical analyses were
made on 415 questionnaires in the research. The
Animal Ethics Committee of Afyon Kocatepe

University approved this study with decision number
AKUHADYEK-87-18.

Statistical Analysis

The demographic characteristics were presented with
frequency, and the scale items were described with
frequency percentage distributions, arithmetic mean,
and standard deviation wvalues. In addition,
Cronbach's alpha coefficients for the petception scale
and its sub-extents were calculated for the reliability
analysis of the characteristics. After that, t-tests for
two groups (independent samples) and One-way-
ANOVA were used for more than two groups to
compare consumers' perceptions toward animal
welfare according to individual characteristics. The
data obtained from the consumers were analyzed with
the SPSS 21st version package program. 0.05 was
taken for the significance level (Ural and Kili¢ 2013).

RESULTS

Descriptive  statistics of consumers' perceptions
regarding the impact of housing conditions on animal
welfare are given in Table 1. Consumers exhibited the
lowest participation in items "Barn emergency
planning for animals to provision against disasters" (
x=3.80), "Barn lighting" (Xx=3.96), and "Barn floor
surfaces' characteristics”" (X=3.99) related to the
impact of housing conditions on animal welfare. The
highest participations of consumers for this sub-
extent were in items "Barn temperature" (x=4.50),
"Barn ventilation system and indoor air quality"(X
=4.44), "Barn humidity" (x=4.44), and "Barn
cleaning" (x =4.41).

The results on consumers' perception of the impact
of feeding conditions on animal welfare are given in
Table 2. The consumers participated at the lowest
rates for the items "Eatly weaning of young animals”
(x=4.03), "The physical conditions provided to the
animals  during feeding" (x=4.13), and "The
characteristics of the vegetation in the pasture" (X
=4.13). The items with the highest participation rate
wete respectively, "The size of the pastute whete the
animals are grazed" (x=4.38) and "The feed
characteristics that animals are fed" (X =4.32).

The descriptive statistics on consumers' perception of
the impact of personnel conditions on animal welfare
are shown in Table 3. The highest participation rates
of the consumers were related to the items "The
behaviours of animal carers or farmers toward
animals" (X =4.38) and "Personnel's happiness and
job satisfaction" (x=4.21), and the lowest
participation rates were determined for the item "
Gender of the personnel" (x=2.71) and "Education
level of the animal carers or farmers" (X =3.35).

The obtained results on the effects of health
conditions on animal welfare are provided in Table 4.
The participants scored the highest on the items
"Pain and suffering of animals due to their illness" (x
=4.42), "Stress and exhaustion in the animals" (X
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=4.40), "The happiness of the animals" (Xx=4.38),
"Slaughtering conditions in the abattoit" (x=4.37),
and "Violence against animals" (x=4.34). Their
lowest scotes were for the items "Cutting ears, tails,
claws, nails, beaks, wings and fingers of animals" (X
=3.68), "Castration (for cat, dog, horse, bull, etc.)" (X
=3.68) and "Culling (killing) sick animals)" (x=3.81).

The descriptive statistics on the effects of other
conditions on animal welfare are delivered in Table 5.
The highest consumer participation rates were for the
items "Climatic conditions" (x=4.41), "Touching
animals (stroking, hugging)" (x=4.31), "Conditions
that frighten animals" (X=4.23), and "The state of
animal feels safe" (x=4.20). In contrast, the items
"Abandoning animals on the streets (cats, dogs,
etc.)"(x=3.73) and "Giving names to animals" (X
=3.95) rececived the lowest scores from the
consumers.

The Cronbach's Alpha coefficient for the animal
welfare perception scale was determined as 0.988.
The Cronbach's Alpha coefficients of the housing,
feeding, personnel, health, and other conditions sub-
extents of the scale were 0.954; 0.955; 0.853; 0.966
and 0.957 respectively (Table 6). The findings on the
effects of consumers’ demographic and individual
characteristics on their animal welfare perception are
shown in Table 7. The consumers' perception of
animal welfare was affected (p<<0.05) by gender,
educational ~ background, = companion  animal
ownership, food-label reading behaviour, and
willingness to pay more for animal-friendly foods.
However, age, marital status, number of children,
occupation, monthly income, residential area, animal
welfare knowledge, and frequency of animal food
consumption did not significantly affect consumers'
animal welfare perception.

DISCUSSION

According to the consumers who participated in the
survey, the climatic conditions (temperature,
humidity, air quality), equipment, farm cleanliness,
and housing density (ctowded housing of the animals)
affect the welfare of the animals. In light of these
findings, it was seen that consumers have a
perception that housing conditions affect animal
welfare. According to them, the comfort inside the
farm (cleanliness, quality air, comfort-enhancing
equipment, adequate resting area) had the most
potential to affect the welfare of the animals. This
view is accurate because housing comfort straight
affects animal welfare (Grandin 2017, Kaplan et al.
2018).The consumers thought that the floor
characteristics of the animal barn, the lighting inside
the barn, the noise, or the measures to be taken to
protect the barn against natural disasters would affect
the animal welfare relatively less. However, unsuitable
or wet floors may cause animals to slide,
inappropriate lighting may cause developmental delay

and reproductive problems, or natural disasters may
cause the death of animals (Waiblinger 2009).
Consumers in the study thought that animal welfare
was most affected by nutritional conditions (quality of
feed, water and equipment, grazing capacity, and eatly
weaning). In other words, consumers were aware that
good animal feeding would support the health and
well-being of the animals and positively affect the
quantity and quality of animal products. This result
was not surprising because the relationship between
feeding and health, fitness, and positive emotions
involves a fundamental biological dialectic. Broom
(2010) reported that low welfare decreases animal
health and vitality. Napolitano et al. (2008) reported
that lambs weaned at an early age and separated from
their mothers experience nutritional deficiencies,
adversely affecting their development. Various
functions of these lambs are significantly damaged. In
addition, consumers agreed with the judgment that
grazing animals on large pastures would improve
animal welfare. However, only pasture-based feeding
may not meet the daily nutritional needs of especially
high-yielding farm animals (Knaus 2016). These
findings showed that consumers think traditional and
natural animal husbandry conditions increase animal
welfare more than intensive animal production
systems (mainly carried out in closed barns). They
may have thought that keeping animals in captivity
would negatively affect their health and emotions.
The reason for their high participation in the
judgment regarding the grazing impact may be based
on their view that the quality of the air and rest in the
barn are poor and adversely affects animal welfare.
These findings show that consumers perceive that
animals grazing on large pastures will be happier and
healthier if fed with natural and quality plants, breathe
fresh air, and are not restricted. Spooner et al. (2014)
reported that the citizens in their research mostly
associate animal welfare with a positive emotional
state and access to natural living conditions. Also,
Clark et al. (2016) reported that people think that
naturalness and humane treatment of animals is
central to good animal welfare. Similar results are also
seen in consumer perception and attitude towards
organic products where pasture grazing is mandatory.
Miele (2010) stated that it is widely believed that
organic production systems provide positive animal
welfare. Sutherland et al. (2013) stated that one of the
most important reasons for the worldwide demand
for food products grown under organic principles is
the high level of welfare provided to farm animals in
this method of production. Soroka and
Wojciechowska-Solis  (2019) also determined that
Polish consumers think organic foods contain fewer
harmful substances and are healthier.
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Table 1. Descriptive statistics related to housing condition extent of the animal welfare perception scale

Effect level (%)

Ttems 1 2 3 4 5 X SD
The barn dimensions and the living area allocated per animal in the barn (sufficient or crowded, etc.) 53 55 125 94 673 428 1.19
Barn cleaning 53 55 3.6 142 714 441 113
Barn ventilation system and indoor air quality 5.3 55 36 111 745 444 1.14
Barn temperature 5.3 55 3.6 5.3 80.3 450 1.14
Barn humidity 5.3 55 36 113 743 444 114
Barn equipment 53 55 3.6 280 576 427 111
Barn lighting 5.5 89 142 26.5 449 396 1.20
Barn isolation 5.5 53 178 23.1 483 4.03 1.17
The noise level in the barn 5.5 8.9 142 227 48.7 4.00 1.22
Barn floor surfaces’ characteristics 8.9 84 147 111 569 399 1.36
Barn emergency planning for animals to provision against disasters(warning system, alarm, evacuation, etc.) 8.9 84 219 152 456 380 1.33
Table 2. Descriptive statistics related to feeding condition extent of the animal welfare perception scale
Effect level (%)

Ttems 1 2 3 4 5 X SD
The feed characteristics that animals are fed 5.5 53 125 48 719 432 1.21
The drinking water characteristics that animals are given 5.5 5.3 3.6 258 59.8 429 1.12
The physical conditions provided to the animals during feeding 89 55 89 166 0601 413 130
The size of the pasture where the animals are grazed 5.5 5.3 3.6 16.6 690 438 1.14
The characteristics of the vegetation in the pasture 5.3 5.5 125 241 526 413 1.16
Early weaning of young animals 55 53 161 270 461 403 1.16
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Table 3. Descriptive statistics related to personnel condition extent of the animal welfare perception scale

Effect level (%)

Ttems 1 2 3 4 5 X SD
The behaviours of animal carers or farmers toward animals 5.5 53 0.0 241 651 4.38 1.11
Education levels of the animal carers or farmers 17.1 13.0 183 20.7 309  3.35 1.46
Animal welfare knowledge of the animal carers or farmers 14.5 53 123 292 387 373 1.40
Animal breeding experience of the animal carers or farmers 8.9 55 11.8 222 516 4.02 1.29
Gender of the personnel 43.1 5.5 125 152 237 271 1.67
Personnel’s motivation level (living and working conditions, salaries, insurances, etc.) 8.9 55 11.8 169 569  4.07 1.31
Personnel’s happiness and job satisfaction 5.3 55 161 92 639 421 1.21
Table 4. Descriptive statistics related to animal health condition extent of the animal welfare perception scale
Effect level (%)

Ttems 1 2 3 4 5 X SD
Providing regular veterinary care to animals 5.5 89 118 142 596 413 1.25
Types and ways of the treatments applied to sick animals 55 8.9 89 142 625 419 1.24
The minerals and vitamins are given to animals on a veterinarian’s advice 5.5 53 154 7.7 66.1 423 1.21
Pain and suffering of animals due to