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RESEARCH ARTICLE

Rapid Confirmation Analysis of Multiple Antibiotic Residues in Honey by LC-
MS/MS

Nurullah OZDEMIR™

"Department of Pharmacology and Toxicology, Faculty of Veterinary Medicine, Tekirdag Namik Kemal University, Tekirdag, Tiirkiye

ABSTRACT

Honey is a natural product containing high levels of sugar, amino acids, minerals, enzymes and vitamins and has
been used as food and medicine for thousands of years. In terms of public health, honey should not contain any
chemicals that may pose a health risk. Both pesticides used in agricultural areas around the apiary and drugs used
in the treatment of bee diseases cause residue problems in honey. In the study, it was aimed to develop a method
for rapid confirmation analysis of multiple antibiotic residues in honey samples using a two-stage liquid-liquid
extraction method. With the developed method, sulphonamide (n:11), fluoroquinolone (n:2), phenicol (n:2)
tetracycline (n:2) and macrolide (n:2) were used in honey samples. Screening and confirmation analyses can be
performed for 19 antibiotic residues in 5 different antibiotic groups. The detection limits of the method are between
5.29 and 10.58 pg.kg!, the accuracy values are between 86.9% and 119%, the coefficient of variation is between
1.26% and 16.33% and recovery is between 84% and 117.23%.

Keywords: Antibiotic, Confirmation, Honey, LC-MS/MS, Residue

kkk

Balda Coklu Antibiyotik Kalintilarinin LC-MS/MS ile Hizli Dogrulama Analizi
oz

Bal, yiksek oranda seker, aminoasit, mineral madde, enzim ve vitamin iceren, binlerce yildir gida ve ilag olarak
kullantlan dogal bir driindir. Halk saghgt acisindan, balda saglik riski olusturabilecek herhangi bir kimyasal
maddenin bulunmamast gerekir. Gerek arilik ¢evresindeki tarimsal alanlarda kullanilan pestisitler, gerekse art
hastaliklarinin tedavisinde kullanilan ilaglar, bal da kalintt sorunlarinin yasanmasina neden olmaktadir. Calismada,
iki farkls likit-likit ekstraksiyon metodu kullanilarak bal 6rneklerinde ¢oklu antibiyotik kalintilarinin hizli dogrulama
analizleri icin metot gelistirilmesi amaclanmistir. Gelistirilen metotla, bal &rneklerinde, sulfonamid (n:11),
flourokinolon (n:2), fenikol (n:2) tetrasiklin (n:2) ve makrolid (n:2) olmak tizere 5 farklt antibiyotik grubunda 19
adet antibiyotik kalintisi i¢cin tarama ve dogrulama analizleri yapilabilir. Metodun tespit limitleri 5,29 ile 10,58 ng.kg-
1, dogruluk degetleri %86,9 ile %119 varyasyon katsayt degetleri %1,26 ile %16,33 ve geri kazanim oranlart %85,4
ile %117,23 arasindadir.

Anahtar kelimeler: Antibiyotik, Bal, Dogrulama, Kalinti, LC-MS/MS
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GIRIS

Bal, yiiksek oranda seker, aminoasit, mineral madde,
enzim ve vitamin iceren, binlerce yildir gida ve ilag
olarak kullanilan dogal bir driindir (Ball, 2007). Halk
saghgl acisindan, balda saglk riski olusturabilecek
herhangi bir kimyasal maddenin bulunmamasi gerekir.
Gerek arilik cevresindeki tatimsal alanlarda kullanilan
pestisitler, gerekse art hastaliklarinin  tedavisinde
kullanilan ilaclar, bal da kalinti sorunlarinin
yasanmasina neden olmaktadir (Lambert ve ark., 2013)

Balarisi kolonileri de diger canlilarda oldugu gibi
bakteri, viriis, protozoa ve paraziter etkenler tarafindan
etkilenebilmektedirler (Chantawannakul ve ark., 2016).

Ozellikle  bakteriyel ~ kaynakli  enfeksiyonlarin
tedavisinde kloramfenikol, nitrofuranlar,
nitroimidazoller, tetrasiklinler, sulfonamidler,

strepromsinin, fumagillin ve florokinolon grubu
antibiyotikler kullanilabilmektedir. Bu tir ilaclarla
tedavi edilen ar1 kolonilerinden elde edilen ballarda,
kalintt problemi ile karsilasabilmektedir (Chiesa ve atk.,
2016). Tetrasiklinlerin yar1 Omodrleri, tetrasiklinin
tirevine, dozuna veya uygulama sekline baglt olarak 9
gin ile 8 hafta arasinda oldugu saptanmistir
(Reybroeck ve ark., 2012). Stabilitelerinin yiiksek
olmast nedeniyle streptomisin, silfonamidler ve
linkomisin i¢in, 10 ay sonra bile mg/kg seviyelerinde
kalintilart tespit edilmistir. Benzer bulgular, yiiksek
konsantrasyonlarin  tespit edildigi  fluorokinolon
kalintilart icin de gbzlenmistir (Varenina ve ark., 2023).

Bu durum 6zellikle dis piyasaya ihrag edilen ballarda
olduk¢a Onem arz etmektedir. Yapilan analizlerde
balda herhangi bir ila¢ kalintistnin tespit edilmesi ve bu
durumun sirekli olmast durumunda, tlkemizin dis
ticaretinde itibar kayb1 yasanmasina neden olmaktadir.

AB tarafindan yayinlanan 37/2010 yonetmeliginde
antibiyotikler dahil olmak tizere tim veteriner tibbi
trtinlerin hayvansal gida maddelerindeki maksimum
kalinti limitleri listelenmistir. Bu yonetmelige gore
balda herhangi bir antibiyotik kalintist icin limit
belirlenmemistir (CR, 2010). Baz1 tlkelerde (Japonya,
Avusturalya ve Kanada) balda oksitetrasiklin icin 300
ng.kg-1 Maksimum Kalint Limiti (MRL) belitlenmistir
(Moretti ve ark., 2017). Avrupa birligi, Ortak Referans
Laboratuvart (CRL) tarafindan yayinlanan teknik
kilavuzda balda Onerilen konsantrasyonlar (RC'ler)
tetrasiklinler (20 pg.ket), stlfonamidler (50 pg.kg?),
streptomisin (40 ug.kg!) ve makrolidler (tylosin ve
eritromisin, 20 pg.kg!) verilmistir. Bununla birlikte, bu
RClerin gercek bir yasal dayanagi bulunmamaktadir
(CRL, 2007)

Tarim ve Orman Bakanlig1 tarafindan AB direktiflerine
uygun olarak yayinlanan Turk Gida Kodeksine gore
hayvansal gidalarda bazi maddeler icin maksimum

kalintt limitleri belirlenmis, bunlarin disinda herhangi
bir ila¢ kalintis1 bulunmasina izin verilmemistir (Resmi
Gazete, 2017). Ulkemizde iiretilen ballarin  bu
yonetmelikte belirlenen limitlere uygun olarak
uretilmesi gerekir. Tartm ve Orman Bakanhi@
tarafindan yillik olarak yayinlanan Kalinti Izleme
Genelgesi kapsaminda tim illerde tretilen ballarda
kalintt analizleri gerceklestirilmektedir. Kalintt tespit
edilen 6rneklerin alindigi direticiler, izlemeye alinmakta,
tekrar kalintt  tespit edildiginde yasal islemler
uygulanmaktadir.

Balda antibiyotik kalint1 analizlerinde likit-likit
ektraksiyon (LLE) (Chen ve atk., 2009), kat1 faz
ekstraksiyon (Solid Phase Extraction, SPE) (Xu ve ark.,
2016) ve QuChERS (Quick, Easy, Cheap, Effective,
Rugged, Safe) (Yang ve ark., 2022) gibi metotlar
kullanilmaktadir. Tarama amacli olarak FELISA
(Mahmoudi ve ark., 2014), Charm II (Salter, 2003),
Chemiluminescence (Wutz ve ark., 2011) gibi testler
kullanilirken, dogrulama amagh olarak ultraviole (UV)
(Barganska ve ark., 2011), floresans (FD) (Peres ve
ark., 2010), kitle spektrometri (MS) (Lopez ve ark.,
2008) gibi detektorler tercih edilmektedir. Bu cihazlar
igerisinde en hassas duyarliliga sahip olan ve dogrulama
analizlerinde tercih edilen cihaz LLC-MS/MS cihazidir.

Calismamizin amact, iki likit-likit ekstraksiyon metodu
kullanilarak  bal OSrneklerinde  ¢oklu  antibiyotik
kalintilarinin  hizlt dogrulama analizleri icin metot
gelistirmektir. Gelistirilen metot, hizli ve ekonomik,
aynt zamanda ¢oklu antibiyotik kalintist dogrulama
metodu olarak kullandabilir.

MATERYAL ve METOT

Standart maddeler

Calismada kullanilan standart maddeler ve saflik
yizdeleri tablo 1’de gosterilmistir. Tum standart
maddelerin saflik yiizdeleri %93 in tzerindedir ve
Sigma-Aldrich firmasindan temin edilmistir.

Cozeltiler

Mobil faz A: Diyonize su; %0,01 formik asit (FA), 1
mM okzalik asit (OA), 1 mM amonyum format
Mobil Faz B: Asetonitril %0,02 Formik asit

Mobil faz gradiant akis program tablo 2 ‘de oldugu
gibidir.

Stok standart ¢o6zeltisi (Sg): Her bir standart
maddeden ayri ayrt olmak tizere, 10 mllik balon
jojelere 10 mg tartiddi ve tzeri 10 ml ¢izgisine kadar
metanolle tamamlandi. Buttun stok standart ¢ozeltiler -
18°C’de muhafaza edildi.
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Tablo 1. Antibiyotik Standartlari ve Saflik Ytzdeleri
Table 1. Antibiotic Standards and Purities (%)

No | ANTIBIYOTIK ADI | SAFLIK % ngI
1 |Dapson 299.5 Sigma-Aldrich
2 | Enrofloksasin =99.8 Sigma-Aldrich
3 | Eritromisin 293,0 Sigma-Aldrich
4 | Florfenikol 299,5 Sigma-Aldrich
5 | Kloramfenikol 2999 Sigma-Aldrich
6 | Norfloksasin 299,8 Sigma-Aldrich
7 | Oksitetrasiklin 2949 Sigma-Aldrich
8 | Sulfakloropiridazin | 299,7 Sigma-Aldrich
9 | Sulfadiazin 299.8 Sigma-Aldrich
10 | Sulfadimetoksin 299,7 Sigma-Aldrich
11 | Sulfadoksin 298,0 Sigma-Aldrich
12 | Sulfamerazin >98,0 Sigma-Aldrich
13 | Sulfametazin 299,6 Sigma-Aldrich
14 | Sulfametoksazol 2999 Sigma-Aldrich
15 | Sulfapiridin 2980 Sigma-Aldrich
16 | Sulfaktinoksalin 2978 Sigma-Aldrich
17 | Sulfatiazol >98,0 Sigma-Aldrich
18 | Tetrasiklin 295,0 Sigma-Aldrich
19 | Tilozin >95.5 Sigma-Aldrich

S, standart galigma ¢6zeltisi (100 pg/ml):

Her bir standart stok ¢ozeltiden 0,1 ml 10 mI’lik balona
alinarak metanolle 10 ml’ye tamamlandi. Analizlere
kadar buzdolabinda +4 °C’de muhafaza edildi.
Hazitlanan bu ¢ozeld, MS detektorde referans
standartlari tanimlamak icin kullanilmustir.
Orneklerin Ektraksiyonu

Asidik ekstraksiyon

Bal 6rnegi 40 °C de 1sitilarak hazir hale getirildi. 1 g bal
tartilarak 50 ml lik polipropilen tipe alindt. 3 g NaCl,
3,75 ml Mcllvaine Buffer (pH 3) ve 75 ml 0,1 M etilen
diamin tetraasetik asit (EDTA) eklenip karistirildi.
Karisimin tzerine 10 ml asetonitril eklenip 5 dk
vortekslendi. Ardindan 60 °C de 20 dk ultrasonik

banyoda tutuldu.

Tablo 2. Mobil faz gradiant akis programi

Table 2. Mobile phase gradient flow program
Akis siiresi Mobil Faz A Mobil Faz B
0-5 90 10
5-7 85 15
7-11 80 20
11-15 60 40
15-16 40 60
16-20 90 10

4000 rpm de 30 dk santrifijj edildi. Ust fazdan 9 ml
alinip azot altinda uguruldu. 500 pl mobil faz A/B (80-
20 v/v) karigimi ile ¢ozduruldu. 0,2 um filtrelerden
gecirilerek viale alindi.

Bazik ekstraksiyon

Bal 6rnegi, 40°C de 1sitilarak hazir hale getirildi. 2 g bal
tartilarak 50 mI'lik polipropilen tipe alindi. 2 g NaCl ve
2 ml IM KH2PO4 (pH=8) ve 3,75 ml 0,1 M EDTA
eklendi ve iyice vortekslendi. Karisimin tzerine 10 ml
asetonitril eklenip tekrar vorteksle karistirildi. Daha
sonra 60°C de 20 dk ultrasonik banyoda tutuldu. 4000
rpm de 30 dk santrifiij edildi. Ust fazdan 9 ml alinarak
azot altinda ucuruldu. 500 pl mobil faz A/B (80-20
v/v) karisimt ile ¢ozdirildi. 0,2 um’lik filtreden
gecirilerek viale alindi.

MS/MS Sartlart

Kitle spektrofotometri dedektdrii olarak AB Sciex
3200 QTRAP (AB Sciex, Foster City, USA) kullanildr.
UHPLC, kitle spektrofotometri dedektérine bagh
olarak c¢alismaktadir. Analitik ayirim icin  Agilent
Poroshell 120 SB, C18, 2,7 um, 100x3,0 mm. kolonu
kullanildi. Akis hiz1 0,3 ml/dk olarak ayarlandi.
Iyonizasyon, pozitif ve negatif iyon modunda ve
elektrosprey ionizasyon (ESI) modili kullanilarak
gerceklestirildi. Tarama tipi, MRM (Multiple Reaction
Monitoring) olarak ayarlandi. Kapillar voltaj 4500 V,
azot gazinin kullanddigr curtain gas (30 psi), collision
gas (medium) ve Ton Source gas (50 psi) olarak
ayarlandi. TurbolonSprey modilinin sicakligi 500
°C’de sabitlendi. Analite bagimli parametreler; DP
(declustering potansiyeli), CE (carpisma enerjisi) ve
CXP (hiicre ¢ikis potansiyeli) icin her bir standart
maddenin 0,1 mg/kg iceren calisma standart ¢Ozeltisi
kullanildi. Her bir analite ait MS/MS dedektor
parametreleri Tablo 3’te gosterilmistir.

BULGULAR

Metot validasyonu i¢in segicilik /hassasiyet, dogrusallik,
tespit limiti (Limit of Detection, LOD), 6l¢im limiti
(Limit of Quantitation, LOQ), dogruluk ve geri
kazanim parametreleri hesaplandt.
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Tablo 3. MS/MS dedekt6r parametreleri
Table 3. MS/MS detector parameters

Analitler Q1 (Da) | Q3 (Da) | DP (volts) | EP (volts) | CEP (volts) | CE (volts) | CXP (volts)

156,00% 81,000 5,000 14,000 17,000 4,000

Dapson 29410
108,00 81,000 5,000 14,000 29,000 4,000
316,30* 61,000 10,000 26,000 21,000 6,000

Enrofloksasin 360,12
245,20 61,000 10,000 26,000 29,000 4,000
158,30 56,00 5,50 28,000 35,000 4,000

Eritromisin 734,38
83,10 56,00 5,50 28,000 69,000 4,000
230,10%* 31,000 7,500 14,000 15,000 4,000

Flotfenikol 248,05
130,10 31,000 7,500 14,000 33,000 4,000
257,20 45,000 4,500 22,000 10,000 2,000

Kloramfenikol 320,88
237,10 45,000 4,500 22,000 26,000 8,000
302,20* 56,000 7,500 24,000 27,000 6,000

Norfloksasin 320,14
230,90 56,000 7,500 24,000 51,000 4,000
426,10* 46,000 6,000 22,000 21,000 6,000

Oksitetrasiklin 461,04
201,20 46,000 6,000 22,000 49,000 4,000
156,20* 71,000 8,000 16,000 17,000 4,000

Sulfakloropiridazin 285,10
108,10 71,000 8,000 16,000 33,000 4,000
156,10%* 51,000 7,000 14,000 19,000 4,000

Sulfadiazin 251,06
108,10 51,000 7,000 14,000 31,000 4,000
156,20* 61,000 8,500 16,000 23,000 4,000

Sulfadimetoksin 311,07
108,20 61,000 8,500 16,000 35,000 4,000
156,10%* 51,000 5,500 18,000 23,000 4,000

Sulfadoksin 311,06
108,20 51,000 5,500 18,000 33,000 4,000
108,00* 46,000 8,500 14,000 33,000 4,000

Sulfamerazin 265,07
156,00 46,000 8,500 14,000 21,000 4,000
124,10% 41,000 5,000 18,000 33,000 4,000

Sulfametazin 279,07
186,20 41,000 5,000 18,000 19,000 6,000
156,10% 46,000 5,500 14,000 19,000 4,000

Sulfametoksazol 254,09
108,10 46,000 5,500 14,000 33,000 4,000
156,10%* 51,000 5,000 14,000 21,000 4,000

Sulfapiridin 250,13
108,10 51,000 5,000 14,000 33,000 4,000
156,10%* 51,000 4,500 16,000 21,000 4,000

Sulfaktinoksalin 301,03
92,10 51,000 4,500 16,000 39,000 4,000
156,10% 46,000 6,500 14,000 17,000 4,000

Sulfatiazol 255,98
108,20 46,000 6,500 14,000 31,000 4,000
410,00* 71,000 10,000 20,000 21,000 6,000

Tetrasiklin 445,10
154,10 71,000 10,000 20,000 33,000 4,000
o 174,20* 91,000 10,000 40,000 49,000 6,000

Tilozin 916,34
101,20 91,000 10,000 40,000 65,000 4,000

*Konfirmasyon iyonu

DP: Declustering Potential, EP: Entrance Potential, CEP: Cell Exit Potential, CE: Collision Energy, CXP: Collision Cell Exit Potential
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Spesifiklik/segicilik (Specificity): Bos numuneler,
farkli standart maddeler yuklenerek analiz edildi;
alikonma stirelerinde herhangi bir girisim gézlenmedi.
Analiz yonteminin segicilik/duyathlik acisindan uygun
oldugu sonucuna varildr.

Dogrusallik (Linearity): Dort farkli konsantrasyon
kullanilarak yapilan alt1 paralel analiz sonucunda her bir
standart madde icin kalibrasyon egrileri olusturuldu.
Her standart maddenin kalibrasyon egrisindeki 12
degeri 0,9954-0,9999 arasinda bulundu (Tablo 4).
Tespit limiti (LOD) ve 6l¢iim limiti (LOQ): Tespit
limitini ve 6lcim limitini belitflemek i¢in 5 pg.kg!
konsantrasyonu  kullanilarak 10  paralel  analiz

yaptmistir, Elde edilen sonuglar Tablo 4'de
gOsterilmigtir. Oksitetrasiklinde 5 ugkgt
konsantrasyonlar tespit edilemediginden tespit limiti
olarak ikinci konsantrasyon noktast olan 10 pgkg!
konsantrasyondan elde edilen veriler kullanilmustir.
Dogruluk: Dogruluk verileri, linearite ve geri kazanim
calismalarindan elde edilen verilerle hesaplanmistir ve
Tablo 4de gosterilmistir.

Geri Kazanim: Geri kazanimi belitlemek icin 5, 10, 20
ve 40 upgkg! konsantrasyonlar kullanilarak bos
orneklere yitkleme yapilarak analizler gerceklestirildi.
Elde edilen sonuglar Tablo 4'de gosterilmistit.

Tablo 4. Bal 6rneklerinde tespit limiti, hesaplama limiti, linearite, dogruluk ve geri kazanim oranlari
Table 4. Detection limit, quantification limit, linearity, accuracy and recovery in honey samples

T,esl?lf Hes?pl'a'ma . . Yiikleme Olgiim . Geri
Analitler Limiti Limiti Linearite miktart (ort) RSD Dogruluk Kazanim
(LOD) (Lo S (ngkg?) | (ngkg?) " " %
(ngkg?) | (ngkg?)
5 5,1 6,73 109 102,1
Dapson 614 8.54 09973 10 10,28 11,04 91,6 102,78
? ’ ’ 20 18,76 8,92 96,2 93,78
40 37,80 7,18 103 94,5
5 523 6,28 93,7 104,64
. 10 9,90 8,04 112 98,96
Enrofloksasin 6,22 8,52 0,9954
20 18,35 6,94 92,4 91,76
40 38,74 5,73 101 96,86
5 6,31 10,18 103 106,28
. . 10 9,31 11,07 97,1 93,06
Eritromisin 8,24 12,74 0,9997
20 19,53 9,78 98,6 97,63
40 36,16 6,43 101 93,39
5 5,86 6,41 102 117,23
Florfenikol 6,99 9,62 0,9954 10 9,76 13,35 oL3 97,58
20 22,17 11,00 110 110,85
40 40,67 8,22 97,1 101,68
5 5,04 2,59 92,3 100,71
. 10 11,08 6,10 109 110,83
Kloramfenikol 543 6,34 0,9982
20 20,38 5,04 100 101,86
40 40,04 3,71 98,7 100,11
5 5,42 6,84 97,8 108,3
Notfloksasin 6,52 9,12 0,9998 10 10,18 287 101 101,83
? ’ ’ 20 21,98 6,11 102 109,92
40 39,70 3,45 99,0 99,25
10 10,58 12,98 92,1 105,83
Oksitetrasiklin 10,58 24,32 0,9987 20 21,19 7,37 101 105,94
40 43,38 14,71 101 108,46
5 5,23 8,73 94,1 104,5
Sulfakloropiridazin 6,59 9,79 0,9988 10 10,22 7,78 107 102,2
20 20,08 3,94 115 100,42
40 40,53 5,48 99,0 101,32
5 6,89 15,34 119 107,9
. 10 12,2 15,37 87,0 102
Sulfadiazin 6,89 17,47 0,9999
20 17,83 10,36 86,9 89,17
40 35,47 15,53 107 88,66
5 4,80 4,68 102 95,93
Sulfadimetoksin 5,47 7,04 0,9990 10 10,12 297 101 101,16
? ’ ? 20 20,03 241 95,1 100,13
40 39,60 3,42 102 99
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5 494 145 97.4 98,73
10 10,06 2,48 107 100,66
Sulfadoksin 5,15 5,65 0,9982 . 2 22
20 2023 324 94.6 101,14
40 37,89 2,71 101 94,71
5 488 7.15 93,9 97,63
, 10 991 418 105 99.12
Sulfamerazin 5,93 8,37 0,9988
20 20,4 4,10 102 102
40 41,05 5.26 98,1 102,63
5 427 9.8 95.6 85,4
_ 10 10,40 7.28 107 103,99
Sulfametazin 5,46 8,23 0,9991
20 20,93 352 98,0 104,67
40 38,75 2,76 99.9 96,88
5 444 6,33 96,4 88,87
10 9,20 5,90 104 91,95
Sulfametoksazol 5,29 7,26 0,9995
20 19,50 6,13 86,9 97,50
40 40,84 480 99.4 102,11
5 521 521 101 104,13
Sulfapiridi 6.02 700 0.999 10 9,94 5,20 99,0 99,38
Hapiadin ’ . : 20 2023 135 100 101,17
40 39,57 126 100 98,02
5 532 5.64 105 106,43
10 10,38 1,87 94,5 103,83
Sulfaktiinoksalin 6,22 8,32 0,9993 4 : . 2
20 20,18 392 99.5 100,89
40 38,88 2,79 101 9721
5 5.14 718 104 102,87
_ 10 10,02 6,62 99.0 100,17
Sulfatiazol 625 8,84 0,9994
20 19,46 3.02 943 97,28
40 38,58 457 103 96,46
5 530 16,33 958 105,96
. 10 9.18 10,20 105 91,78
Tetrasiklin 7,89 13,94 0,9994
20 17.20 531 72,6 86
40 36,32 697 993 90,79
5 479 6,58 97.6 95.85
o 10 10,05 5.95 101 100,51
Tilozin 5,74 7.94 0,9997
20 20,01 3.86 102 100,07
40 39,77 317 99.0 99.43
TARTISMA Analitlerin  geri kazanim oranlart %85 ile %111

Kivrak ve ark tarafindan bal 6rneklerinde 23 adet
veteriner tibbi Urlin eszamanli olarak belirlemesi
amaciyla ultrasonik ekstraksiyon yontemi ile UPLC—
ESI-MS/MS cihazt kullanilarak hizli bir yontem
gelistirmiglerdir.  Geligtirilen yontemde ¢ farkh
antibiyotik grubu (fenikol, sulfonamid ve tetrasiklin)
kullanilmus, tespit limiti 0,14 ile 0,54 pg.kg! arasinda
belirlenmistir, bizim gelistirdigimiz metotta beg farkli
antibiyotik ~ grubundan  (fenikol,  sulfonamid,
florokinolon, aminoglikosid, makrolid ve tetrasiklin)
19 veteriner tubbi tirtin icin tespit limitleri 5,29 ile 10,58
ug.kg! arasindadir. Tespit limiti degerlerinin bizim
degerlere gbre daha digtik olmasi, kullanilan cihazin
farkli olmasindan kaynaklandigi distintlmektedir
(Kivrak ve ark., 2010).

Havari ve ark. tarafindan balda coklu antibiyotik
kalintilarinin (stilfonamidler, tetrasiklinler, makrolidler,
linkozamidler ve aminoglikozitler) tayini i¢in yeni, basit
ve hizli bir LC-MS/MS yontemi gelistirilmistir.

arasinda degismektedir. Karar limiti (CC,) ve saptama
limiti (CCg) 6 ile 9 pgkg! arasinda degismektedir.
Streptomisin 13 pg.kg! ve neomisin 25 pg.kg! biraz
daha yiksek limit tespit edilmistir. Bizim metotta elde
edilen tespit limitleri 5,29 ile 10,58 nug.kg! arasindadir.
Tespit limitleri arasinda 6nemli bir farkin olmadig
gorilmektedir. Geri kazanim oranlart %854 ile
%117,23 arasinda degerler, aynt calismanin geri
kazanim degerleri ile paralel oldugu gérilmektedir
(Havari ve ark., 2017).

Louppis ve ark. tarafindan gelistirilen metot, LC-
MS/MS kullanarak baldaki antibakteriyel kalintilarin
saptanmast ve miktarinin belirlenmesi i¢in hizli ve basit
bir yontemdir. Ekstraksiyon  yontemi  bizim
calismamiza benzer sekilde iki asamalidir. Gelistirilen
metot, otuz altt farkli antibiyotik ve dort farklt aileden
(stlfonamidler, tetrasiklinler, amfenikoller,
florokinolonlar) ve bazt bireysel antibiyotikler
(penisilin G, trimetoprim ve tiamulin) icindir. Karar
limitleri (CCy) 0,1 ile 9,2 pg.kg!, tespit limitleri (CCg)
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0,3 ila 27,6 pgkgl, geri kazanim oranlart %065,0 ile
%116,1 arasindadir. Metot performans parametreleri
ile calismamizin parametreleri ile arasinda 6nemli bir
fark olmadigr gérilmektedir (Louppis ve ark., 2017).

Lopez ve ark. tarafindan balda tetrasiklinler
(klortetrasiklin,  doksisiklin,  oksitetrasiklin ~ ve

tetrasiklin), florokinolonlar (siprofloksasin,
danofloksasin, difloksasin, enrofloksasin ~ ve
sarafloksasin), makrolidler (tilozin), linkozamidler
(lincomycin), aminoglikositler (streptomisin),
stlfonamidlerin (sulfathiazol), fenikoller

(kloramfenikol) ve fumagillin kalintilarinin tayini ve
dogrulanmast i¢in sivi kromatografi tandem kiitle
spektrometresi (LC-MS/MS) kullanilarak ¢oklu bir
yontem gelistirilmistir. Eritromisin  (makrolid) ve
monensin (iyonofor) saptanabilir ve dogrulanabilir
ancak miktar1 6l¢iilemez. Metodun dogruluk (accuracy)
degerleri %065 ila %104 arasinda ve varyasyon katsay1
degetleri (RSD) %17'den dustiktir. Calismamizdaki
dogruluk degerleri %86,9 ile %119 arasinda, varyasyon
katsayr degetleri %1,26 ile %16,33 oldugu ve bu
calismaya benzer sekilde %17 den kii¢ik oldugu
gorilmektedir (Lopez ve ark., 2008).

Vidal ve ark. tarafindan balda farkli veteriner ilag
kalintilarinin (makrolidler, tetrasiklinler, kinolonlar ve
siilfonamidler) ultra performanslt sivi kromatografisi
kutle spektrometrisi (UPLC-MS/MS) ile es zamanli
analizi i¢in bir yontem gelistirilmis ve dogrulanmistir.
Ekstraksiyon yonteminde bizim metottan farkli olarak
katt faz ckstraksiyon yontemi kullanmuglardir.
Metodun ortalama geri kazanim degetleri, g
konsantrasyon seviyesinde (10, 50 ve 100 pg.kg 1), %70
ile %120, varyasyon katsayt degerleri %20'den az ve
Sleim limitleri (LOQ'lar) 4 ng.kg! 'dan disik olarak
elde edilmistir. Geri kazanim oranlar ve varyasyon
katsayr degerleri bizim metot verileri ile benzerlik
gostermekte, Slcim limitleri ise daha dustik oldugu
gorilmektedir. Bu ¢alismada kullanilan cihazin, bizim
calismamizda kullanilan cihazdan daha hassas oldugu
distnilmektedir (Vidal ve ark., 2009).

Wutz ve ark tarafindan otomatik bir akis enjeksiyon
sistemi ile birlikte yeniden Uretilebilir antijen
mikrodizilerini kullanarak bal 6rneklerinde antibiyotik
tirevlerinin tanimlanmast ve miktarinin belirlenmesi
icin metot gelistirmislerdir. Metot, mikrodizinin
ylzeyine bagli monoklonal antikorlar kullanan dolaylt
bir rekabet¢i immiinoanaliz formatina dayanmaktadir.
Gelistirilen metodun, geri kazanimlar oranlan
enrofloksasin (%92 £ %0), silfametazin (%130 £
%21), stlfadiazin (%89 * %20) ve streptomisin (%093
T %4) yeterli oldugu goésterilmistir. Bu calismada
gelistirilen  chemiluminescence  metodu,  bizim
gelistirdigimiz metottan farklt bir metottur (Wutz ve
ark., 2011).

SONUC

Sonug olarak, iki farkl likit-likit ekstraksiyon metodu
kullanilarak gelistirilen LC-MS/MS dogrulama analiz
metodu, bal  Orneklerinde  ¢oklu  antibiyotik
kalintilarinin ~ tespit  edilmesinde  kullaniabilir.
Gelistitilen metot, diger katt faz ekstraksiyon
metotlarina gére daha hizli ve ekonomik, ayni zamanda
altt farkli gruptan antibiyotikleri iceren dogrulama
metodu olarak tarama ve dogrulama analizlerinde
kullandabilir.

Cikar Catigmasi: Yazarlar bu yazt icin gergek,
potansiyel veya algilanan ctkar catismasi olmadigint
beyan etmiglerdir.

Etik Izin: Bu calisma “Hayvan Deneyleri Etik
Kurullarinin = Calisma  Usul ve Esaslarina Dair
Yoénetmelik” Madde 8 (k) geregi HADYEK iznine tabi
degildir.

Finansal Destek: --

Yazarlarin  Katki  Orani:  Nurullah  Ozdemir,
calismanin proje fikrine, tasarimina ve yuritilmesine
katkida bulundu, verilerin toplanmasina katkida
bulundu, verileri analiz etti, taslagl tasarlad: ve yazdu,
makaleyi elestirel olarak inceledi. Yazar, son halini alan
metni okudu ve onayladt.
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ABSTRACT

Buffaloes, known to be resistant to environmental conditions and diseases, host many parasites. The study aimed
to investigate the parasites of water buffaloes in Samsun by fecal examination methods. A total of 988 fecal samples
(432 adult buffalo and 556 calves) were examined parasitological. End of the study, 7 different helminth eggs (2
trematodes, 1 cestoda, and 4 nematodes) and Eimeria sp. oocysts were found in 70.9% of calves and 43.9% of
adults. The common helminth eggs were trichostrongylid type, Fasciola sp., and Moniezia sp., while Eimeria sp.
oocysts were recorded in 80% of 125 buffalo farms. There were no lungworm larvae in the samples. End of the
study, at least one type of parasite was found in more than 90% of the buffalo farms. Although parasitic diseases
are considered insignificant since intensive breeding has not yet been fully implemented in the buffalo sector in
Turkey, it should need to control programs in the future.

Keywords: Fecal examination, Parasite, Water Buffalo, Samsun
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Samsun Yoresi Mandalarinda (Bubalus bubalis) Digki Bakisi ile Tespit Edilen Parazitler

(074

Mandalar cevre sartlarina uyumlu, hastahklara dayanikli hayvanlar olarak bilinseler de birgok parazite konaklik
yaparlar. Bu arastirmada Samsun ve il¢elerinde yetistiriciligi yapilan mandalarda bulunan parazitlerin, diskt bakist
yontemi ile arastirilmast amaglanmustir. Arastirma kapsaminda 556’st malak, 432’si ergin mandalara ait olmak tizere
toplam 988 diski 6rnegi parazitolojik yénden incelenmistir. Inceleme sonunda 394 (%70,9) malak, 190 (%043,9)
manda diskisinda 2 trematod (Fasciola sp. ve parafistomatid tip), 1 sestod (Morniezia sp.) ve 4 nematod (Rhabtidid
tip, trikostrongil tip, Capillaria sp., Trichuris sp.) olmak tizere 7 farklt helmint yumurtass, ayrica Ezmeria sp. ookistlerine
rastlanmistir. Diskilarda en stk rastlanan helmint yumurtalar trikostrongil tip, Fasciola sp. ve Moniezia sp. olurken,
Eimeria sp. ookisti incelenen 125 isletmenin %80’inde kaydedilmigtir. Akciger kilkurdu larvalarmna ise
rastlanmamistir. Arastirma sonunda, incelenen manda ciftliklerinin %90’ nindan fazlasinda en az bir tir parazite
rastlanmistir. TUrkiye’de mandacilik sektoriinde entansif yetistiricilige tam olarak gecilmediginden parazit hastaliklart
g6z ardi edilse de, ileride bu hastaliklarla diizenli miicadele edilmesi gerekecegi unutulmamalidir.

Anahtar kelimeler: Digki bakisi, Manda, Parazit, Samsun
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GIRIS

Dinyada manda varliginin biytik cogunlugu Asya
kitasinda, geleneksel aile isletmelerinde bulunur.
Ulkemizde de manda yetistiriciligi benzer sekilde
geleneksel olarak yapilmaktadir. Yirminci yiizyilin
ikinci yarisindan itibaren diinyada gelisen teknoloji,
ulasim imkanlarinin  kolaylasmasi, insan sayisindaki
artts gibi faktorle gida sektérinde birgcok alanda tiretim
artmistir. Manda yetistiriciligi de benzer sekilde
gelismis, manda Urlnlerinin Uretimi hizla artmis,
entansif tesislere donusmustiir. Bunun bir sonucu
olarak da diinya genelinde manda sayist son 50 senede
iki katina ¢ikmustir. Ancak bu oran Tirkiye’de
neredeyse onda birine dismis, dinya manda
varhigindaki oranimiz  %0,1’in  altna  gerilemistir
(Yimaz ve Kara 2019). Devlet destegi altinda,
2010’dan sonra “Halk Elinde Manda Islah1” projesi ile
bir artis gézlenmistir. Ancak son yillarda dretim
maliyetleri artmis ve 2022 yili itibari ile boélgemizdeki
manda varhginda ciddi bir dusiis oldugu tarafimizca
gbzlenmistir. Bununla birlikte Tirkiye cografi yapisi,
gelenegi, kultirt ve manda yetistiriciligindeki tarihsel
tecriibesi ile biytk bir potansiyele sahiptir. Hayvancilik
alanindaki gelismeler ile birlikte manda yetistiriciligi
tekrar artacak ve Urlnleri diinya piyasasindaki yerini
alacaktir.

Mandalar  zor c¢evre sartlarina  uyum
saglayabilen, hastaliklara dayanikli hayvanlar olarak
bilinseler de bircok parazite ev sahipligi yaparlar.
Thurkiye’de yapilan arastirmalara bakildiginda (T'ablo 1)
4 trematod, 5 sestod ve 17 nematod olmak uzere,
mandalarda toplam 26 farkli helmint, 12 tir koksidiyoz
etkeni bildirilmistir.

Bu arastirmada, Samsun’da mandalarda
bulunan parazitleri tespit edilmesi amaglanmustir.

MATERYAL ve METOT

Aragtirma kapsaminda incelenen digkilarin bir kismini,
Samsun ve yoresinde malaklarda toksokariazisin
varligini, yayiisint ve molekiiler karakterizasyonun
arastirildigt ~ TAGEM  projesi  (Proje  No:
TAGEM/HSGYAD/B/20/A5/ P1/1926)
kapsaminda toplanan digkilar olusturmaktadir. Bu
nedenle bulgularda Toxocara vitulornm  sonuglar
verilmemistit. Samsun’u temsilen manda
yetistiriciliginin 6n planda oldugu Bafra, Vezirkdpra,
Carsamba, Ondokuzmayis ve Ladik ilcelerinden
ornekler toplanmistir.

Calisma materyalini, 2018 Mart-2022 Nisan tarihleri
arasinda, Samsun iline bagh 125 isletmeden toplanan,
432’si ergin manda (1 yasindan buyikler), 556’1
malaklara (6 ayliga kadar) ait olmak tizere toplam 988
diski 6rnegi olusturmustur. Tlgelere gore Grnek alinan
isletme ve toplanan diski sayilari Tablo 2’de verilmistir.
Digkilar manda isletmelerinde  6rnek  alinacak
bolmelerde ergin hayvan sayist temel alinarak rastgele
Ornekleme yontemi ile yerden alinmustir. Malak
diskilart  ise annesinden ayri olarak tutuldugu
bolmelerden, mimkiin ise malak sayist kadar
toplanmustir. Toplanan diskilar tzerine basilmamus,
fiziksel yapist bozulmamis ve en taze olanlar arasindan
secilmistir. Yerden diskt alinirken, diskinin otrtasindan
el ayasinin icini dolduracak kadar ornek alinmustir.
Eldiven digki icinde kalacak sekilde ters cevrilerek
ctkarilmis ve ayrt bir poset icerisine konulmustur. Her
isletmede 6rnek alinan bélme bilgileri ve kagar 6rnek
alindigt ayrt olarak kaydedilmistir. Tim OSrnekler
laboratuvara getirilmis ve miimkiin oldugunca ayn1 giin
icerisinde  incelenmistir.  Ayni  glin  igerisinde
incelenemeyen  Ornekler  +4°C’de  bir  gece
bekletildikten sonra ertesi giin incelenmistir. Toplanan
diskilarda farkli helmint tirleri bulunma ihtimali g6z
6ntinde bulundurularak trematod yumurtalarini tespit
etmek icin sedimentasyon; sestod ve nematod
yumurtalart ile protozoon ookist ve kistlerini tespit
etmek icin flotasyon; akciger kil kurdu (Dictyocantus
viviparus) larva varliginin arastirilmast icin ise Baerman
Wetzell yontemi kullanilmustir (Tinar ve ark. 2011).
Akciger kil kurdu larvalarina, parazitin biyolojik
dongiisi nedeniyle yalnizca ergin manda diskilarinda
bakilmistir. Istk  mikroskobu altinda incelenen
orneklerde tespit edilen helmint yumurtalarinin
teshisleri, morfolojik yapilart géz 6niine alinarak ilgili
literatiir (Tinar ve ark. 2011) esliginde yapilmugtir.
Yogun Eimeria sp. ookisti bulunan digkilardan rastgele
secilen bazt 6rnekler sporlandirilmig, enfeksiyondan
sorumlu turlerin teshisleri 15tk mikroskobu altinda
morfolojik kriterleri temel alinarak yapilmistir (Dubey
2020). Tum sonugclar kaydedilmistir.
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Tablo 1. Turkiye’de mandalarda bildirilen helmint tirleri ve yayiliglart
Table 1. Helmints of buffalos and their prevalences in Turkey

Parazit Tiri Yayilis Kaynak Parazit Turi Yayilis Kaynak
©  Calicophoron danbnei 31-32,4  Cetindag ve Doganay ~ Paramphistomatidae 0,2*%-5  Giizel ve Kozan 2013
s Paramphistomnm cervi 2,2 1996; Ates ve Umur  Fasciola sp. 6,6
g 2021 Fasciola hepatica 5
-
B Fusiola gigantica + Umur ve ark., 2018
©  Cysticercus bovis 0,6 Ozer 1987 Avitellina centripunctata + Merdivenci 1983
§ Kist hidatid 10 Guizel ve Kozan 2013 Moniezia benedeni 33 Umur ve Gicik, 1995
Moniezia expansa 1,6
Alveolar kist + Merdivenci 1983
S Bunostomum phlebotomum 4 Cetindag ve Doganay  Paracooperia nodulosa Cetindag ve Doganay
& Capillaria bovis 20 1996  Setaria cervi 17 1996
g Chabertia ovina 1 Ostertagia ostertagi 10
Z Gongylonema pulchrum 28 Trichuris discolor 1
Haemanchus contortus 3 Trichuris ovis 1
Oesophagostomum radiatum 23 3
Oesophagostomum venulosum 4
Setaria labiotapapillosa 2 Giiralp&Dogru 1968
Trikostrongil tip 1,2¢ Guzel & Kozan 2013 Thelazia rhodesi 1,2 Giralp ve Oguz, 1970
Mecistocirens digitatus + Merdivenci 1983 Toxocara vitulornm 3% Celik ve ark., 2022
N Eimeria sp. 75-95,4 Nalbantoglu ve ark.  E.canadensis 5,1-20 Nalbantoglu ve ark.
N E.ankarensis 9,9-16,7 2008; Sayin 1968  E.gylindrica 4,6-10,3 2008; Sayin 1968
'._g“ E.alabamensis 10,3-11,5 E.elipsoidalis 28,2-53
‘5 E.auburnensis 438-449 E.subspherica 15,3-16,7
% E.bovis 34,4-449 E.zuernii 48,8-55,1
@ E.brasilinsis 1,638
E.wyomingensis 0,7 Sayin 1968
E.bareillyi 2-5,1 Nalbantoglu ve ark.  Lsospora sp. 46,2 Nalbantoglu ve ark.
2008; Sayin 1973 2008
* Diski bakt sonuglart; + olgu bildirimi
Tablo 2. llcelere gére diskt toplanan isletme ve incelenen diskt sayilart
Table 2. Numbers of examined samples and buffalo farms according to district
flceler Malak Manda Toplam
§ Isletme Digkt Isletme Digkt Isletme Digkt
Bafra 33 281 24 300 57 581
Carsamba 13 81 6 46 19 127
Vezitkopria 18 60 10 55 28 115
Ondokuzmayis 11 84 3 9 14 93
Ladik 5 50 2 22 7 72
Toplam 80 556 45 432 125 988
BULGULAR malaklarda  %46,7-75,8, mandalarda %22,7-60,9

Disks bakist yapilan 556 malaktan 394 (%70,9)’tinde,
432 ergin mandadan 190 (%43,9)’inda cesitli parazit
yumurta ve ookistlerine rastlanmistir. Morfolojik
yapilarina goére 2 trematod, 1 sestod ve 4 nematod
olmak tizere 7 farklt helmint yumurtasi, ayrica Edmeria
sp. ookistlerine rastlanmisttr. Manda ve malak
diskilarinda  tespit edilen helmint yumurtalart ve
Eimeria sp. ookistlerinin, isletme ve digki sayisina gére
yayilis oranlar asagida Tablo 3’de, bulunan helmint
yumurtalart Resim 1°de gosterilmistir. Diskt 6rnegi
alnan 5 ilgenin timiinde c¢esitli helmint yumurta ve
FEimeria ookistine rastlanmis, enfekte digki oran

arasinda degismistir. {lgelere gore teshis edilen parazit
cinsleri/tirleri, yayilis oranlart Tablo 4’de verilmistir.
Pozitif 6rneklerde miks enfeksiyonlara da
rastlanmustir. Parazitolojik inceleme sonucunda, 423
diskida tek tiir/cins parazit teshis edilitken, 131 diskida
2, 29 diskida 3 ve 1 diskida 4 farkhl tip parazit
bulunmustur (Tablo 5). E#meria sp. ookisti pozitif olan
bazi diskilar sporlandirilmis ve mikroskobik inceleme
sonucunda 6 farklt Eimeria tirh tespit edilmistir. Bu
tirler; E. ankarensis, E. barieli, E. bovis, E. ellipsoidalis, E.
subspherica ve E. zuernii olarak kaydedilmistir. Bulunan
Eimeria sp. ookistleri Resim 2’de gosterilmistir.
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Tablo 3. Malak ve mandalarda buldugumuz parazitler ve yayilis oranlart (%)
Table 3. Parasites detected in calves and buffaloes and their prevalence (%o)

Parazit tiirii . Malak " Manda

Isletme Diska Isletme Disks
Fasciola sp. - - 11 (%24,4) 42 (%9,7)
Paramfistomatid tip - - 9 (%20) 29 (%0,7)
Moniezia sp. 10 (%12,5) 41 (%7,4) 4 (%8,9) 7 (%1,6)
Rabditid tip 5 (%06,6) 12 (%2,2) 1 (%2,2) 1 (%0,2)
Trikostrongil tip 30 (%37,5) 111 (%19,9) 24 (%53,3) 53 (%12,3)
Capillaria sp. 2 (%2,5) 3 (%0,5) - -
Trichuris sp. 6 (%7,5) 6 (%1,0) - -
Eimeria sp. 64 (%80,0) 333 (%59,9) 30 (%066,7) 107 (%24,8)

e 20 B 4

Resim 1: Diskt bakisinda bulunan helmint yumurtalar: (Bar 50 um). A. Capillaria sp., B. Fasciola sp. (f) ve
paramfistomatid tip (p), C. Moniezia sp., D. Rabditid tip, E. Trikostrongil tip, F. Trichuris sp.

Figure 1: Helminth eggs detected by fecal examination (Bar 50 um). A. Capillaria sp., B. Fasciola sp. (f) &
paramphistomatid type (p), C. Moniezia sp., D. Rabditid type, E. Trichostrongylid type, F. Trichuris sp.
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Tablo 4. licelere gore diskt bakisinda bulunan parazitler ve yayilis oranlart (%)
Table 4. Parasites in examined samples and their prevalence (%) by districts

Parazit tiirii Bafra Cargsamba Ladik Ond(guma Vezirkoprii
Mal* Man* Mal Man Mal Man Mal Man Mal Man
Fasciola sp. - 8,0 - 239 - - - - - 12,7
Paramfistomatid tip - 6,3 - - - - - - - 182
Monzezia sp. 8,9 1,7 - - - - 19,0 11,1 - 1,8
Trikostrogil tip 22.8 13,0 18,5 15,2 2 4.5 238 111 18,3 9,1
Rabditid tip - - 9,9 - 2 - - - 5 1,8
Capillaria sp. 0,4 - - - 4 - - - - -
Trichuris sp. 1,1 - 1,2 - 2 - 1,2 - - -
Eimeria sp. 733 253 66,7 304 62 18,2 393 444 15 16,7

Enfekte digki 75,8 44,7 75,3 60,9 74 22,7 65,5 55,6 46,7 47,3
*Mal: Malak; Man: Manda

Tablo 5. Enfekte diskilarda (n=584) tek ve miks enfeksiyon oranlar
Table 5. Single and mixed infection rates in infected samples (n=584)

Parazit %  Parazit %
Eimeria sp. 53,4 Eimeria sp. + Paramfistomatid tip 0,5
Trikostrongil tip 9,2 Trikostrongil tip + Paramfistomatid tip 0,5
Fasciola sp. 53 Eimeria sp. + Trichuris sp. 0,3
Paramfistomatid 2,2 Eimeria sp. + Capillaria sp. 0,3
Moniezia sp. 1,5 Trikostrongil tip + Rabditid tip 0,2
Rabditid tip 0,3 Eimeria sp.+ Trikostrongil tip +Moniezia 3,3
Trichuris sp. 0,2 Eimeria sp.+ Trikostrongil tip + Rabditid tip 0,5
Capillaria sp. 0,2 Eimeria sp.+ Trikostrongil tip + Paramfistomatid tip 0,3
Eimeria + Trikostrongil tip 13,5 Trikostrongil tip + Paramfistomatid tip + Fasciola sp. 0,3
Eimeria + Moniezia 3,1 Eimeria sp. + Paramfistomatid tip +Fasciola sp. 0,2
Eimeria + Rabditid tip 1,2 Eimeria sp. + Trikostrongil tip + Trichuris sp. 0,2
Fasciola + Paramfistomatid tip 1,0 Eimeria sp.+ Moniezia sp. + Trichuris sp. 0,2
Trikostrongil tip + Fasciola sp. 0,9  Eimeria sp.+Trikostrongil tip+Moniezia sp.+Trichuris sp. 0,2
Trikostrongil tip + Moniezia sp. 0,9
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-
Resim 2: Diski bakisinda bulunan Eimeria titleri (Bar 10 um). A. E. ankarensis, B. E. barieli, C. E. bovis, D. E.

ellipsoidalis, B. E. subspherica, F. E. zuernii
Figure 2: Eimeria species detected by fecal examination (Bar 10 um). A. E. ankarensis, B. E. barieli, C. E. bovis, D. E.
ellipsoidalis, B. E. subspherica, F. E. zuernii

TARTISMA

Diinya genelinde ¢alismalara bakildiginda mandalarda
gastrointestinal ~ parazitlere  siklikla  rastlandig
gorilmektedir. Bu arastirmalarin buytk c¢ogunlugu
manda poptlasyonunun fazla oldugu Uzakdogu
tlkelerindendir. Banglades’te %61,0-84,9 (Biswas ve
ark., 2014; Mamun ve ark., 2011), Laosta %18
(Gueguen ve ark., 2016), Hindistan’da %055,6-64,7
(Nath ve ark., 2016; Patel ve ark., 2015), Pakistan’da
%39,8-79,5 (Raza ve ark., 2012), Cin’de nekropsi
yaptlan 359 bufalonun 9%061,8’inde gastrointestinal
parazitlere rastlanmustir (Liu ve ark., 2009). Avrupa’da
yapilan arastirmalarda bu oran Polonya’da %44
(Kobak ve Pilarchzyk 2012), Ttalya’da %33’ tizerinde
(Condoleo ve ark., 2007), Afrika kitasinda Misir’da
%10’un altunda (Aboulaila ve ark. 2022) bulunmustur.
Turkiye’de  ise  mandalardaki  gastrointestinal
helmintlerin tespitine yonelik yapilan iki calismada
Afyon’da 517 manda digkisimin 41 (%7,9)’inde,
Samsun’da il mezbahasinda kesilen 100 mandanin 78
(%78)inde cesitli helmintlere rastlanmistir (Cetindag
ve Doganay 1996; Giizel ve Kozan 2013). Ulkemizde

mandalarda koksidiyoz etkenleri ise %75,0-95,4
oranlari arasinda kaydedilmistir (Nalbantoglu ve ark.
2008; Sayin 1968). Bu arastirmada digki bakisi yapilan
988 malak/manda diskisindan 272 (%27,5)’sinde ¢esitli
helmint yumurtalarina, 440 (%44,5)inda Ezmeria sp.
ookistine  rastlanmistir.  Helmint  sonuglarina
bakildiginda, bizim bulgularimiz Cetindag ve Doganay
(1996)’1n yaptigi ¢alisma ile aynt ilde yapilmis olmasina
ragmen daha distk ctkmustir. Ancak bu arastirmada
diski materyali incelendiginden, sonuglarin disik
ctkmast normal olarak degerlendirilmelidir. Bununla
birlikte Afyon’da yapilan digki bak: arastirmasina gore
yuksek  ctkmistir.  Burada  mandalarin  farklt
cografyalarda bulunmasi, farkli otlaklarda beslenmeleri
gibi  etkenlerin  bu  farkin  olusmasinda  rol
oynayabilecegi degerlendirilebilir. Koksidiyoz
etkenlerinin sonuglart ise bu arastirmada daha digstuk
bulunmustur. Bunda arastirmalarin  farkli yillarda
yapilmasinin, antikoksidiyal ila¢ kullanma durumunun,
farkh  cografyalardan  6rnek  alinmasmin  rol
oynayabilecegi distiniilmektedir.

Ruminantlarin ~ 6nemli  patojenleri  olan
distomatoz etkenlerden Fasciola ve
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Paramphistomatidae tiirlerine diinyada ve tlkemizde
yaygin olarak rastlanmaktadir. Ozellikle F. giganticanin
mandalarda 6lime neden oldugu olgular bdlgemizde
bildirilmistir (Umur ve ark. 2018). Uzakdogu’da
mandalarda yayilislarinin % 40%n  tzerine ¢tktigt
(Biswas ve ark. 2014; Gueguen ve ark. 2016; Liu ve ark.
2009), Avrupa’da ise %1,3-7,1 arasinda degistigi
gorilmektedir (Condoleo ve ark. 2007, Kobak ve
Pilarczyk  2012). Guizel ve Kozan (2013)
Afyonkarahisar’da yaptiklart calismada, 517 manda
diskisinin 19’unda (%06,6) Fasciola sp., 1’inde (%0,2)
paramfistomatid  tip  yumurtaya  rastladiklarin
kadetmislerdir. Ates ve Umur (2021), Samsun’da
yaptiklart tez calismasinda mandalarda
paramfistomatid tiir olarak  Calicophoron  danbneyi
bulundugunu, yayilisinin nekropsi sonuglarina goére
%32,4 oldugunu bildirmistir. Bu ¢alismada Avrupa’da
yapilan diskt baki ¢alisma sonuglarina benzer sekilde,
Fasciola sp. yumurtast %09,7, paramfistomatid tip
yumurta %0,7 oranlarinda kaydedilmis, trematod
yumurtalarina  yalniz  ergin @ manda  digkidarinda
rastlanmustir. Yalniz ergin manda sonuglarina gére ise
fasiolozisin  %20’lerin Gzerine ¢iktifl, bolgemizde
Umur ve ark. (2018) belirttigi sekilde manda
yetistiriciligini olumsuz etkileyen bir sorun oldugu
gortlmistiir. Diger arastirma Afyon’da yapilmustir
(Giizel ve Kozan 2013). Bu aragtirmanin yapildigs il
olan Samsun, Afyon’a gére daha fazla yagmur alir ve
daha fazla sulak alana sahiptir. Bunun bir sonucu
olarak da, distomatoz etkenlerin arakonaklart olan
salyangozlarin yasam alanlart Samsun ve civarinda ¢ok
daha genistir. Arakonak poptlasyonun fazla olmast
parazitin habitatta yasama sansini ve etkenlerin
ruminantlara bulagsma ihtimalini artirmaktadir. Bu
durumun enfeksiyon sonuglarini  pozitif yonde
etkileyecegi kanaatindeyiz.

Sestoda takiminda bulunan parazitlerden
mandalarda genellikle Moniezia tirlerine
rastlanmaktadir. Bu cins alttnda bulunan M. expansa ve
M. beneden: Ttrkiye’de mandalarda bildirilmistir (Umur
ve Gictk 1995). Bu iki tiire dinya genelinde mandalarda
Uzakdogu’da %0,4-1,9 (Nath ve ark. 2016; Thakre ve
ark. 2019), Avrupa’da %0,2-2,4 (Condoleo ve ark.
2007; Kobak wve Pilarczyk 2012) oranlarinda
rastlanirken, Tirkiye’de nekropsi bakisina gére ergin
mandalarda %1,6-3,3 arasinda kaydedilmistir (Umur ve
Gictk 1995). Bu calisgmada parazite ergin mandalarda
benzer sekilde %1,6 oraninda rastlanirken, malaklarda
daha vyiksek bir oranda (%7,4) bulunmustur.
Moneziozis ruminantlarda genel olarak bir yasina kadar
hayvanlarda gorildigi icin (Tinar ve ark., 2011)
malaklarda daha yiiksek ¢tkmasi beklenen bir sonugtur.
Moniezia  tirleri  Ozellikle gelisme  donemindeki
ruminantlarda buyime geriliklerine neden olmakta,
ayrica hastaliklara karst direnci azaltmaktadir. Bu
nedenle, moneziozisin manda yetistiriciligi acisindan
bélgemizde 6nemli problemlere neden olabilecegi g6z
6niinde bulundurulmalidir.

Incelenen diskilarda nematoda takimindan 4
farklt yumurta tipi tespit edilmistir. Bunlar arasinda

trikostrongil tip yumurtalarin daha fazla oldugu
gorilmustir. Genel olarak ruminant yetistiriciligi
acisindan ¢ok 6nemli olan bu nematodlar yavrularda
gelisim geriliklerine, erginlerde verim distkligiine
neden olurlar. Bunun yaninda Ostertagia ve Haemonchus
tirleri ciddi klinik semptomlara, hatta Oliimlere de
neden olmaktadir (Tinar ve ark. 2011). Bu sebeple,
trikostrongil tip yumurtalarin, &zellikle hayvanlarin
otladigt  alanlardaki  kontaminasyon  yogunlugu
yetistiricilik ~ acisindan  buyik Onem arz eder.
Mandalarda Trikostrongil tip yumurtalar Uzakdogu’da
%20’lerin tzerinde (Jyoti ve ark. 2012; Nath ve ark.
2016), Avrupa’da %5,4-10 gibi daha dusiik oranlarda
(Condoleo ve ark. 2007; Kobak ve Pilarchzyk 2012),
Thurkiye’de ise diskt bakisinda % 1,2 oraninda (Giizel
ve Kozan 2013) bildirilmistir. Nekropsi bulgularinda
Cin’de yapilan bir calismada H. contortus % 61,8 gibi cok
yiksek bir oranda kaydedilmis (Liu ve ark. 2009),
Turkiye’de mandalarda H. contortus %3, O. ostertagi %1
(Getindag ve Doganay 1996) oranlarinda bulunmustur.
Bu arastirmada trikostrongil tip yumurtalara isletme
bazinda bakildiginda % 37,5-53,3 gibi yiiksek oranlarda
rastlanmustir. Bu durum calismalarin farklt zamanlarda
yapilmasindan  kaynaklanabilir. Bununla birlikte
sonuglar mandalarin otladigl alanlarda ve malaklarin
tutuldugu bolmelerde trikostrongil tip yumurta
kontaminasyonun olduke¢a fazla oldugunu
gostermektedir. Bu nedenle, manda yetistiriciliginde bu
parazitlere 6zellikle dikkat edilmesi gerekmektedir.
Diskt 6rneklerinde tespit edilen diger nematod
yumurtalart Trichuris sp., Capillaria sp. ve rabditid tip
olmustur. Cetindag ve Doganay (1996) yaptiklar
nekropsi incelemesinde Capillaria  bovisi %20 gibi
olduke¢a yitksek bir oranda bildirmisler, ancak bu
arastirma benzer cografyada yapilmasina ragmen ayni
parazit bu ¢alismada %00,3 oraninda bulunmustur. Ayni
arastirmada T. ovis’t %3, T. discoloru %1 oranlarinda
bildirilmis (Cetindag ve Doganay 1996), bu ¢alismada
da benzer bir sonu¢ alinmustir. Diskt 6rnekleri
rektumdan alinmadig1 icin tespit edilen rabditid tip
yumurtalar Strongyloides sp. olarak kaydedilmemistir.
Bununla bitlikte Tirkiye’de yapidan caligmalara
bakidiginda, manda diskisinda Strongyloides sp. ya da
rabditid tip yumurta kaydi olmadigs i¢in, bu bulgumuz
Turkiye’de ilk bildirim olarak sunulmaktadir.
Koksidiyozis  yetistiricilik — acisindan  ¢ok
6nemli  bir  problemdir. Tirkiye’de  yapilan
arastirmalarda mandacilik agisindan 6nemi de ortaya
konmus, cogunlugu sigirlarin koksidiyoz etkeni olarak
bilinen 12 farkl tiir teshis edilmis, genel yayilist %75
olarak kaydedilmistir (Nalbantoglu ve ark. 2008; Sayin
1968, 1973). Bu arastirmada, 6zellikle malaklarda,
yayilist bazt ilgelerde %70’in tzerine ¢tkmus, isletme
bazinda bakildiginda ise bu oran %80’leri gecmistir.
Bilindigi tizere bircok isletmede malaklarin dogumu ve
ilk aylart hala sulak alanlarda, yani insan kontrolii
disinda olmaktadir. Bu durum koksidiyoz acisindan
esasen avantajlt bir durumdur, ¢linkii kapali alanda
yapilan yetistiricilikte ookist birikimi arttigindan,
enfekte yavrularda agir klinik bulgularin goriilme
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ihtimali de artmaktadir. Dolayistyla mandaciligin
gelismesi ve entansif yetistiricilige gecilmesi ile birlikte
malaklarin kapali alanlarda dogurtulma ve buyutilme
oranlart artacak, bu hayvanlar daha yiiksek oranlarda
ookist alimit ile karst karstya kalacaktir. Bu acidan
degerlendirildiginde, buzag: yetistiriciliginde oldugu
kadar 6nemli gbrillmeyen koksidiyoz, mandacilikta da
¢ok 6nemli paraziter bir enfeksiyon olarak karsimiza
cikacaktir.

SONUC

Sonug olarak, Turkiye’de manda varliginin en fazla
oldugu il olan Samsun’da yapilan diski baki calismasina
gore, incelenen digki 6rneklerinde 7 farkli tip helmint
yumurtasina ve 6 farkll tir Ezweria ookistine
rastlanmustir.  Tlrkiye’de yapilmis  calismalar  ile
karsilastirildiginda parazit tiir gesitliliginin korundugu,
yayilis oranlarinin ise genel olarak arttig1 gorilmustiir.
lleride Tirkiye’de mandacilik tam olarak entansif
yetistiricilige déndiginde, mandalar daha kisith
alanlarda yetistirilecek ve bu parazitlerin oranlar ve
hayvanlara olan olumsuz etkileri artacaktir. Bu nedenle,
manda yetistiriciliginde dizenli parazit kontrolinin
yapilmasi ve mevsimsel kontrol-miicadele
yontemlerinin - belitlenmesi  biyitk  6nem  arz
etmektedir.
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ABSTRACT

The effect of adding herbal extract to rations of quails raised at different stocking densities on performance, meat
quality and some oxidative stress parameters was investigated. A total of 585 5-day-old mixed-sex Japanese quail chicks
(Coturnix coturnix japonica) were used. A 3x2 experimental design was implemented, and the effects of stocking
density (100 cm? /animal and 200 ¢cm? /animal) and the herbal extract (0, 100 and 200 mg/kg) were examined by
creating 5 replicates in 6 different experimental groups. Quail chick starter (24% CP and 2900 kcal/kg ME) and grower
(22% CP and 2900 kcal/kg ME) rations were given to birds as ad libitum. The performance data were determined on a
weekly basis, such as body weight (BW), body weight gain (BWG), feed consumption (FC) and feed conversion ratio
(FCR), while meat quality, carcass yield and oxidative stress patameters (MDA, SOD, corticosterone, H/L ratio) were
determined from samples taken by slaughtering on the 35th day of the experiment. The results; High stocking density
(HSD), decreased BW on day 14 (64,15 vs 62,41 g; P<0,027), day 21 (111,02 vs 107,84 g; P<0,018) weighings.
Decrease in FC was occured between days 14-21 (104,39 vs 99,17 g; P<0,006), 28-35 (165,9 vs 145,83 g; P<0,002), and
depression in FCR at days 21-28 (2,19 vs 2,55 g; P<0,031), 28-35 (2,29 vs 3,29 g; P<0,002) and 14-35 (2,10 and 2,64g;
P<0,001) was measured. HSD increased the cooking loss significantly (P<0,003); while herbal extract additive
increased (P<0,031) only the meat color L* value and had no effect on other parameters.

Key words: Herbal extract, meat quality, quail, stocking density
Hokk

Farkli Yerlesim Sikliginda Yetistirilen Bildircinlarin Rasyonlarina Bitkisel Ekstrakt Karigimi
Katilmasinin Performans, Et Kalitesi ve Bazi Oksidatif Stres Parametreleri Uzerine Etkisi

(074

Calismada farkli yerlesim sikliginda yetigtirilen bildircinlarin rasyonlarina bitkisel ekstrakt katilmasinin performans, et
kalitesi ve bazi oksidatif stres parametreleri tizerine etkisi incelenmistir. Calismada 585 adet 5 gunlik yasta karisik
cinsiyetteki Japon bildircin civeivi (Coturnix coturnix japonica) kullanilmigtir. 3x2 deneme diizeni olusturulmus olup
yetlesim sikligi (100 cm? /hayvan ve 200 cm? /hayvan) ve bitkisel ekstrakt karisiminmn (0, 100 ve 200 mg/kg) etkileri
incelenmistir. Etlik bildircin civeivi buytitme (%24 HP ve 2900 kcal/kg ME) ve gelistirme (%22 HP ve 2900 kcal/kg
ME) rasyonlari hayvanlarin tiiketimine ad libitum olarak sunulmustur. Arastirmada performans verileri canlt agirlik
(CA), canl agirhk artist (CAA), yem titketimi (YT) ve yemden yararlanma orant (YYO) haftalik olarak belitlenirken,
denemenin 35. giniinde kesim islemi uygulanarak alinan 6rneklerde et kalitesi, karkas verimi ve oksidatif stres
parametreleri (MDA, SOD, kortikosteron, H/L orani) incelenmistir. Sonu¢ olarak; aragtirmada yliksek yerlesim sikligi
olusturulan gruplarda 14. (64,15 ve 62,41 g; P<0,027) ve 21. giin (111,02 ve 107,84 g; P<0,018) yapilan tartimlarda CA
baskilanirken, calismanmn 14-21. giinleri arasinda (104,39 ve 99,17 g; P<0,000) ve 28-35.gtinleri arasinda (165,9 ve
145,83 g; P<0,002) YT’de azalma, 21-28.glinleri arasinda (2,19 ve 2,55 g; P<0,031), 28-35.glnleri arasinda (2,29 ve 3,29
g; P<0,002), 14-35. glnleri arasinda (2,10 ve 2,64 g; P<0,001) YYO olumsuz etkilenmistir. Calismada yerlesim sikligt
yiksek pisirme kaybint arttirdigr (P<<0,003) saptanirken; bitkisel ekstrakt katkisinin ise sadece et rengi L* degeri
arttirdigt (P<0,031) ve diger parametreler tizerine etkisinin olmadigt belirlenmistir.

Anahtar kelimeler: Bildircin, bitkisel ekstrakt, et kalitesi, yerlesim stkligt
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GIRIS

Insanlarin beslenmesinde protein hem saglik hem de
biyime acisindan 6nemli bir yere sahiptir. Bu amagla
hayvansal proteinin Uretimini artirmak icin bir taraftan
eldeki kaynaklar kullanilirken, bir taraftan da alternatif
hayvansal protein kaynaklarinin arastirmasi devam
etmektedir. Tiketicilerin beslenme aliskanliklarindaki
degisiklikler, besleyici ve lezzetli olan etlere ilginin
artmastnt sagladigt gibi; bildircin, stilin veya devekusu
gibi kanatl eti tiiketiminde de artisa neden olmaktadr.
Bildircin Uzak Dogu ve Asya tlkelerinde yumurta
Uretimi icin yetistirilirken, Avrupa ve Amerika gibi
tlkelerde ise et tretimi i¢in yetistirilmektedir. Bildircin
tlkemizde ise son 15 yidir 6nem kazanip kanath
hayvan yetistiriciliginde yer edinmeye baslamustir
(Mlynek ve ark., 2016). Bu baglamda Ozellikle son
yillarda kanatli hayvan yetistiriciligi konusunda
bildircin  ile yapilan ¢alismalarin  sayist  hizla
artmaktadir (Nazligil ve ark., 2001; Kilic 2005;
Yurdakul 2006). Bu amagla, bildircinlarda  farkl
dénemlerde  (baslangi¢,  biylitme)  performans
verilerinin  iyilestirilmesi  yonelik  aragtirmalar
yapilmaya devam etmektedir (Inci ve ark., 2015).

Bu kapsamda rasyonlara bitkisel eckstrakt ilavesi
yapimakta ve olumlu yonde etkiler alindig
bildirilmektedir. Bitkisel ekstraktlar &zellikle yemin
duyusal ~ Ozelliklerini  iyilegtiren, hayvanlarin
performanslarint oldugu kadar bu hayvanlardan elde
edilen trtinlerin kalitesini de gelistiren, antimikrobiyel,
antioksidan, antistres, biiyimeyi uyarict gibi etkileri
olan, yemin lezzet ile aromasint artiran ve sindirim
kanalr islevlerine olumlu yonde etkileyen bitkilerden
elde edilen bir yem katki maddesidir (Lange 2005;
Tipu ve ark., 20006). Ayrica bitkisel ekstraktlar
kurutulan bitkilerden, 6zel ekstraksiyon yontemi ve
ayristirma islemleri yapildiktan sonra elde edilen bitki
Ozleridir (Cetin 2012).  Ekstraktlarin bakteriostatik
etkileri ~ ve  bagistklik  sistemini  giiglendirici
Ozelliklerinden  dolayt  son  yillarda  kanath
isletmelerinde kullanimlart yayginlasmistir (Kahraman
2009). Ayrica kanatli yetistiriciliginde hayvanlar bircok
stres faktorii (yerlesim sikligt, sicaklik stresi gibi) ile
karsilastigindan  dolayt  organ ve hicrelerindeki
fizyolojik stresi 6nlemek amaciyla bitkisel ekstraktlar
kullanllmaktadir.  Ayrica  bitkisel ~ ekstraktlarin
bilesimlerinde yer alan fenolik bilesiklerle oksidatif
stabiliteyi arttirdift ve stresin olumsuz etkilerini
onledigi bildirilmektedir (Basmacioglu ve ark., 2004).
Sindirim  sistemindeki = enzimlerin  maksimum
aktiviteleri icin gerekli olan pH’y1 dengeleme acisindan
da bitkisel ekstraktlarin  6nemli g6revleri vardir
(Windisch, 2008).

Bitkisel ekstraktlarin kanatl rasyonlarinda kullanimina
bakigimizda  karma  yemlerine erken  gelisim
dénemlerinde ilave edilmesi daha iyidir. Bunu sebebi
kuluckadan c¢ikan civeivlerin  bagisiklik  sistemleri
yeterince  gelismedigi icin erken donemde iyl
beslenmesi oldukca 6nemlidir. Bu nedenle rasyona
bitkisel ekstraktlarin katkist YT nin tesvik edilmesi

hem de sinditim enzimlerinin aktive olmasi acisindan
onemlidir  (Kahraman, 2009). Bitki tirlerinin
yapilarindaki aktif bilesenlerin  ¢esitliligi, bitkisel
ekstraktlarin aynt zamanda sindirim kanalina olan
etkileri acisindan da bazi ayricaliklart beraberinde
getirir. Pek c¢ogu tikirtk salgisini uyarir. Zerdegal,
arnavut biberi, zencefil, anason, nane, sogan ve
kimyon gibi bitkisel ekstraktlar lipitlerin sinditim ve
emiliminde yarari olan safra asitlerinin karacigerde
sentez ve salimimint arttirirken, pankreas enzimlerini
(lipazlar, amilazlar gibi) uyarir ve ayni zamanda, mide
mukozasinda yer alan  sindirim  enzimlerinin
aktivitesini de arttirir (Adiyaman ve Ayhan, 2010).
Bununla beraber bazi bitkisel ekstraktlar ise (sarimsak,
kekik, biberiye, karanfil ve tarcin gibi) E.Coli,
Salmonella, Clostridium gibi patojen
mikroorganizmalarin gelisimini durdurarak
performans verileri Uzerine olumlu etkileri oldugu
belirlenmistir ve bu sebeplerle kanatli rasyonlarina
ilave edilmektedir (Karasu ve Oztiirk, 2014 ).
Kanatlilarda stres faktorlerine baktigimizda ise en
onemlilerinden bir tanesi yiksek yerlesim sikligidir.
Genellikle yerlesim sikliginin artirtlmast ile buyime
oranindaki azalmanin sebebi sicaklik stresinin bir
sonucu olarak bitylimenin baskilanmasidir (Yadgari ve
ark., 2006). Yerlesim siklig1t ne kadar fazla olursa, et
Uretimi o kadar azalir, bacak rahatsizliklari o kadar
artar ve kanibalizme sebep olur (Arslan, 2012). Birim
alana konulan hayvan sayisinin fazla olmast hastalik ve
stres riskini de artirdign icin CA, CAA, YT wve
YYO’ninda gerilemeye ve et kalitesinde dustslere
neden olmaktadir. Birim alana konulan hayvan
sayisini azalttifimizda ise isletme agisindan ekonomik
kayba sebep olmaktadir. Yerlesim sikliginin fazla
olusu c¢evre sicakliginin artisina, hava akiminin
azalmasina, viicut i1sisinin disartya  ¢tkmamasina,
havalandirmanin kot olmasina, amonyagin artmasina
buna baglt YT nin azalmast ayni zamanda yem ve suya
erisimin  zorlagmasina ve dolayisiyla performans
verilerinin digmesine neden olmaktadir (Seven ve
ark., 2013). Ay zamanda kafes ici altlik kalitesinin
bozulmasina, buna bagli havalandirma problemine,
O6lim orant ve yaralanma artisina, kotd tiylenme,
gogiste kabarcitk  (breastblister) ve karinda su
toplamast gibi olaylarda artisa sebep olmaktadir
(Arslan, 2012). Bddircin yetistiriciliginde birim alana
konulacak hayvan sayist belitlenitken en ekonomik
olant tercih etmek gerekir. Birim alana konulan
hayvan sayist ne fazla ne de az olmalidir. Bu sebeple
kafeslere konulacak hayvan sayisinin belirlenirken
genel kriter, kafeslerin dogal havalandirmali ya da
cevre kontrollii olmasina baglt olarak sirasiyla 25 kg
CA/m? ve 35 kg CA/m? scklinde olabilir ya da
yumurtlama déneminde bir bildircin icin 130-150 cm?
taban alani olarak belirlenebilir (Yadgari ve ark,,
20006). Bitkisel ekstraktlar stres faktorlerini baglt bu
olumsuzluklarina  ortadan  kaldirmak  amaciyla
rasyonlara ilave edilmektedir.
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Calismada etlik bildirein yetistiriciliginde uygulanan
yerlesim sikliginin olast olumsuz etkileri ve bunlar
ortadan kaldirmak icin rasyona ilave edilen bitkisel
ekstraktin biiylime performans, karkas Ozellikleri, et
kalitesi ve bazi kan parametreleri tzerine etkisinin
belirlenmesi amaglandi.

MATERYAL ve METOT

Bu calismada 585 adet 5 glinliik yasta Japon bildircin
civeivi (Coturnix cotnrnix japonica) kullanildi ve civeivler
Ozel bir Uretim firmasindan temin edilip, Adnan
Menderes Universitesi, Veteriner Fakiiltesi Kanatl
Aragtirma  Birimi'ne getirildi ve deneme burda
gerceklestirildi. Arastirmada 5-14. giin civciv biylitme
ve 15-35. glin civciv gelistirme rasyonu verildi Bu
rasyonlar  izonitrojenik  ve  izokalorik  olarak
hazirlanmis olup ve strastyla %24 ve %22 HP ile 2900
kcal/kg ME icermektedir (NRC, 1994). Arastirma
3x2 deneme deseninde olusturulmus olup, iki farkls
yetlesim sikligi (100 cm?2/hayvan ve 200 cm?/hayvan)
altinda yetistirilen bildircinlarin rasyonlarina ti¢ farkl
dizeyde (0, 100 ve 200 mg/kg) bitkisel ekstrakt
karisimu ilavesinin etkileri incelendi. Bitkisel ekstrakt
karisimi olarak Impextraco (Belgika) firmasina ait E
Life (%32,5 bitkisel ekstrakt karisimi, %67,5 sefiyolit)
adindaki ticari {irin katildi. Uriinde yer alan bitkisel
ekstraktlarin karisimi enginar, zeytin, kirmizi sogan,
bogirtlen, domates, karpuz, nar, kekik, biberiye ve
zencefilden elde edilmistir. 100 cm?/hay deneme
grubu icin her birinde 26 hayvan bulunan 5 tekrar
grubu, 200 cm?/hay deneme grubu icin her birinde 13
hayvan bulunan 5 tekrar grubu olusturuldu. Arastirma
icin 5 giinlitk yasta saglanan toplam 585 adet bildircin
14 ginlik oluncaya kadar denemenin adaptasyon
kafeslerinde kontrol grubu (temel diyet) rasyonlart ile
beslendi ve hayvanlar 14 giinlik olduklarinda yetlesim
sikhgr  yiksek olan kafes boélmelerine alindi.
Aragtirmanin =~ 14,  glUniinden  itibaren deneme
rasyonlari verilmeye ve yerlesim sikligt uygulanmaya
baslandi. Civcivler boyutlart 25x44x30 c¢cm olan ve
icinde deneme stresince ayni konumda ve sayida
sitict,  yemlik, suluk bulunan civciv  biylitme
kafeslerinde  barindirildi.  Hayvanlarin  yemleme
islemleri her bir kafes bélmesindeki plastik yemliklerle
saglanmus ve su ise damlalikli sulama sistemi ile ad
libitum olarak verildi. Aydinlatma giinde 24 saat
devamli  olacak  sekilde ampullerle saglandr
Calismanin ilk ginlerinde ortam sicaklign 35-37°C
olarak saglandi ve daha sonra sicaklik azaltilarak
calismanin 14-35. ginler arasinda 25-27°C’ye kadar
distrildi. Deneme sitresince 6lum orant %1’in
alunda tespit edildi. Hayvan Deneyleri Yerel Etik
Kurulu’nun 26.02.2019 tatih ve 2019/023 sayili onayt
ile gergeklestirildi.

Performans Verilerinin Belitrlenmesi

14. giinden baglayarak 21, 28 ve 35. glnlerde her
grubun alt gruplart ayri ayn tartumlar yapilarak

ortalama CA belirlendi ve yapilan haftalik tartimlar
arast farkin o gruptaki hayvan sayisina bolumi ile
CAA’t hesaplandi. YT, YYO ise haftalik olarak
yemliklerde kalan yem miktari, o hafta icinde her alt
gruba verilen toplam yem miktarindan cikartilip o
hafta icerisinde tiikettigi yem miktar1 bulundu. Bu
miktar o haftada 6len hayvanlar géz Oniine alinarak
mevcut hayvan sayisina boliintip alt grup ortalamast
olarak hayvan bagina YT’leri hesaplandi. YYO ise iki
tartim arahiginda tlkettikleri ortalama yem miktari,
yine bu iki tartim arahginda belirlenen ortalama CAA
bélinerek hesaplandi.

Et Kalite Ozelliklerinin Belirlenmesi

Denemenin 35. glntinde deneme gruplarindaki her
bir tekrardan 4’er hayvan (her bir deneme grubundan
20, toplam 120 adet) belirlenerek dekapitasyon islemi
uygulanarak kesildi ve 6rnek (gégis eti) alindi Gogiis
eti +4 °C’de 24 saat bekletildikten sonra, kaynayan su
banyosunda i¢ isdart 75 °C olana kadar pisirildi.
Pisirme sonrast et 6rnekleri akan su altinda sogutulup,
posetlerinden cikarilarak kagit bir havluyla kurutulup
tekrar tartildi. Pisirme kaybi, et Srneklerinin pisirme
oncesi ve sonrasi agirhiklar arasindaki farkin baglangic
agirhigina orant olarak hesaplandi (Honikel 1998).

Etin pH (kesimden sonra 15 dk ve +4 °C’de 24 saat
bekletildikten sonra) Sl¢timleri sol gbgiisteki ti¢ farkl
bélgeden cam elektrotlu bir pH metre kullanilarak
bulundu ve bu degetlerin ortalamasi alinarak etlerin
pH degeri hesaplandi.

Et rengi kesimden 24 saat sonra soguk karkaslardan
ayrilan derisiz gogus etleri Gizerinde Sl¢tildi. Et rengi
Oleimi icin L*, a* ve b* koordinat sistemine gore
Olcim yapan Minolta CR400 renk Olgiim cihazt
kullanildr.

Kan Parametrelerinin Belitrlenmesi

Kan parametrelerini incelemek amaciyla her bir
tekrardan  ikiser hayvandan (her bir deneme
grubundan 10, toplam 60 adet) kan 6rnegi topland.
Biyokimyasal kan parametrelerinin belirlenmesi icin
tiplere alinan kan Ornekleri santrififje edilerek
serumlart  c¢ikartiip,  serum MDA dizeyinin
Olcimiinde Yoshioka ve ark. (1979 nin bildirdigi
yontemden yararlanildi. Kan kortikosteron dizeyleri
ticari kitler (Cayman Chemical Company, Amerika
Birlesik Devletleri) kullamilarak spektrofotometrik
(Hitachi Ltd., Tokyo Seri No: 1238-23) olarak, SOD
dizeyleri ise Wheeler ve ark. (1990) bildirdigi yontem
kullanilarak belirlendi.

Heterofil/Lenfosit orant belitlenmesi icin hayvanlarin
kesimi sirasinda EDTA’lt tiiplere 10°ar ml kan alinarak
plazmanin ayrilmast igin 3000 devirde 10 dakika
santrifuj edildi ve stirme frotisi yapilarak Pappenheim
panoptik boyama yontemi (May Grunwald-Giemsa)
ile boyandiktan sonra her bir 6rnekte 100 l6kosit
sayilarak heterofil/lenfosit orant belitlendi (Gross ve
ark., 1983).
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Istatistik Analizler

Arastirmada elde edilen verilerden CA, CAA, YT,
YYO, karkas randimani, et kalitesi 6zellikleri (pH, et
rengi degerleri (L*, a* ve b*), pisirme kayb1) ve kan
parametreleri icin GLM (General Linear Model)
prosediirii kullanilarak SPSS 22 (Inc., Chicago, 11,
USA) paket programi istatistik analizleri yapildi.
Farklarin 6nem kontroli icin ise Duncan Testi
uygulandi (Ozdamar, 1999).

BULGULAR

Denemenin 14 ve 21. ginlerinde 100 cm?/hayvan
olan grupta CA degetleri sirastyla 62,41 g ve 107,84 ¢
iken, 200 cm?/hayvan olan grupta ise 64,15 g ve
111,02 g olarak saptandi. Bu veriler CA’in yerlesim
sikhiginin yitksek oldugu gruplarda 6nemli dizeyde
(p<0,05) azaldigini géstermektedir. Denemenin 28. ve
35. glinlerinde ise CA degetlerinin azalmasina karsilik
bu farkin istatistik olarak énemli olmadig1 belirlendi.
CA degerlerine iligkin veriler Tablo 1’de sunuldu.
Calismada yerlesim sikiligt  ve bitkisel —ekstrakt
ilavesinin CAA degerleri tizerine ise istatistiksel acidan
6nemli bir etkisinin olmadig1 saptandu.

Tablo 1. Yerlesim stklip1 ve bitkisel ekstrakt ilavesinin Canli Agitlik (CA) ortalamalari Gizerine etkisi
Table 1. The effect of stockig density and herbal extract supplementation on Body Weight (BW) averages

Gruplar n  14. giin (g) 21. giin (g) 28. giin (g) 35. giin (g)
Yetlesim Siklig1

100 cm?/hayvan 15 6241 107,84 147 34 172,66

200 cm?2/hayvan 15 64,15 111,02 150,67 173,54
SEM 0,523 0,883 1,416 2156

P degeri 0,027 0,018 0,110 0,777
Bitkisel Ekstrakt

0 mg/kg 10 6320 108,56 146,20 169,68

100 mg/kg 10 6324 109,43 148,86 174,60

200 mg/kg 10 6341 110,30 151,97 175,02
SEM 0,641 1,082 1,734 2,641

P degeri 0,971 0,532 0,083 0,300
Yerlesim  sikhigt  denemenin  14-21. ve 28-35. istatistiksel acidan 6nemli (p<<0,01) diizeyde farklilik

gunlerinde 100 cm?/hayvan olan grupta YT degerleri
sirastyla 99,17 g; 145,83 g iken; 200 cm?/hayvan olan
grupta ise strastyla 104,39 g; 165,90 g olarak saptand.
Calismada yerlesim siklign artikca YT nin azaldig
tespit edildi. Yerlesim sikhigmnin YT tzerine etkisi ele
alindiginda ¢alismanin 14-21. ve 28-35. giinlerinde

oldugu bulundu. Arastirmanin 21-28. gunlerinde ise
tam tersi bir etki gosterdigi 100 cm?/hayvan olan
grupta YT degeri 98,69 g iken; 200 cm?/hayvan olan
grupta 80,42 g olarak Sl¢culip farkin istatistiksel acidan
o6nemli olmadigi saptanmis olup, YT degerlerine
iliskin veriler Tablo 2’de verildi.

Tablo 2. Yerlesim sikhif1 ve bitkisel ekstrakt ilavesinin Yem Ttketimi (YT) ortalamalart tizerine etkisi
Table 2. The effect of stocking density and herbal extract supplementation on Feed Consumption (FC) averages

Gruplar n 14-21. gtinler 21-28.  giinler 28-35. giinler 14- 35. Giinler
(2 (2 (€] (2

Yerlesim Siklig:

100 cm?2/hayvan 15 99,17 98,69 145,83 343,707

200 cm?2/hayvan 15 104,39 86,42 165,90 356,727

SEM 1,222 4,381 4,083 6,576

P degeri 0,006 0,059 0,002 0,174

Bitkisel Ekstrakt

0 mg/kg 10 99,51 94,90 149,39 343,814

100 mg/kg 10 101,39 91,11 157,17 349,684

200 mg/kg 10 104,43 91,67 161,04 357,152

SEM 1,497 5,366 5,000 8,054

P degeri 0,084 0,866 0,264 0,512
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YYO izerine olan etkilerine baktigimizda 100
cm?/hayvan olan grupta YYO strastyla ¢alisgmanin 21-
28 ve 28-35. glnlerinde sirastyla 2,55 ve 3,29 iken; 200
cm?/hayvan olan grupta ise 2,19 ve 2,29 olarak
saptandi.  Calismanin 21-28. (p<0,05) ve 28-35.
(p<0,01) ginlerde YYO olumsuz yonde etkilendigi ve

farkin istatistiksel agidan Gnemli oldugu belirlendi.
Yerlesim sikhiginin YYO agisindan ise ¢alismanin 14-
21. glnlerinde 6nemli bir etki gdstermemis olup
Tablo 3’te sunuldu.

Tablo 3. Yerlesim siklig1 ve bitkisel ekstrakt ilavesinin Yemden Yararlanma Orant (YYO) tizerine etkisi
Table 3. The effect of stocking density and herbal extract supplementation on Feed Ultilization Rate (GFR)

Gruplar n 14-21. giinler 21-28. giinler 28-35. giinler 14- 35. giinler
(g yem / g CAA) (gyem /g CAA)  (gyem /g CAA) (g yem / g CAA)
Yerlesim Siklig1
100 cm?/hayvan 15 2,18 2,55 3,29 2,64
200 cm?/hayvan 15 2,23 2,19 2,29 2,30
SEM 0,028 0,109 0,202 0,073
P degeri 0,235 0,031 0,002 0,001
Bitkisel Ekstrakt
0 mg/kg 10 2,19 2,53 2,97 2,35
100 mg/kg 10 2,20 2,32 2,84 2,35
200 mg/kg 10 2,23 2,27 2,57 2,42
SEM 0,034 0,134 0,247 0,089
P degeri 0,689 0,370 0,512 0,799

Arastirmanin - 35, giintinde  kesilen bildircinlarda,
kesimden 15 dk sonra yapilan 6lctimde et pH’sinin
etkilemedigi ancak 24 saat sonra yapilan OSl¢imde
o6nemli dizeyde (p<0,05) bir farklilk olusturdugu
saptandi. Et pH’sinin 15 dk sonra yapilan l¢timiinde
hem vyerlesim sikligindan hem de bitkisel ekstrakt
lavesinden etkilenmedigi goérildi. Ancak 24 saat
sonra yapilan 6l¢imde 100 cm?/hayvan olan grupta et
pH’st 5,8 iken; 200 c¢m?/hayvan olan grupta ise 5,9
olarak Olgulip, istatistiksel olarak farkin 6nemli
(p<0,05) oldugu tespit edildi. Et pH’sinin 24 saat
sonra yaptlan Olciminde  bitkisel — ekstraktin
istatistiksel olarak 6nemli diizeyde (p<<0,001) bir
farklilik olusturdugu saptandi. Bitkisel ekstrakt ilave
edilen gruplarda (0, 100, 200 mg/kg) et pH’st sirastyla
6,0, 5,8 ve 5,8 olarak bulundu ve istatistiksel olarak
onemlilik tespit edildi. Bitkisel ekstrakt ve yerlesim
siklig1 etmenleri arasindaki etkilesimde de benzer

etkiler goézlendi. 15 dk sonra yapilan 6&l¢imde et
pH’sinin etkilenmedigi, ancak 24 saat sonra yapilan
Ol¢imde istatistiksel olarak farkin 6nemli (p<<0,001)
oldugu saptandi. Et rengi parametreleri acisindan ise
yerlesim sikliginin g6gis etinde L*, a* ve b* renk
degerleri ctkileri  degetlendirildiginde
istatistiksel olarak 6nemli bir farklilk olmadigt
saptandi. Denemede bitkisel ekstraktin sadece gogis
etinde L* degeri tzerine etki gbsterdigi belirlenip,
istatistiksel acgidan farkin 6nemli dizeyde (p<0,05)
oldugu saptandi. Bitkisel ekstrakt 0 mg/kg olan
grupta L* degeri 6,0 iken; 100 mg/kg ve 200 mg/kg
olan gruplarda 5,8 olarak belirlendi. G6giis etinde b*
ve a* degerleri Uzerinde ise bitkisel ekstraktin etki
gostermedigi ortaya konuldu. Elde edilen verilerin
bazilarindan sagliklt sonu¢ alinamadigt icin istatistik
dist brrakilmustir. Et kalitesine iliskin parametreler
Tablo 4 verildi.

uzerine
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Tablo 4. Yerlesim siklig1 ve bitkisel ekstrakt ilavesinin et pH’s1, g6giis eti rengi ve pisitme kaybt degetleri tizerine

etkileri

Table 4. The effects of stocking density and herbal extract supplementation on meat pH, breast meat color and

cooking loss values

Et pH degeri (%)

Et rengi degerleri (%)

Pigsirme

Gruplar n 15 dk 24 saat Parlakhik (L*) Kirmuzilik (a*)  Sarilik (b*) kaybi (%)
Yerlesim Siklig1

100 cm?/hayvan 60 6,6 5,8a 54 9,4 12 26,10a
200 cm?/hayvan 57 6,6 5,9b 53 11 11 27,66b
SEM 0,030 0,027 0,360 0,302 0,222 2,59

P degeri 0,332 0,026 0,476 0,741 0,375 0,003
Bitkisel Ekstrakt

0 mg/kg 39 6,6 6,0a 52b 9,2 11 26,81
100 mg/kg 38 65 5,8b 54a 9,5 12 26,63
200 mg/kg 40 6,6 5,8b 54a 9,6 12 27,21
SEM 0,037 0,033 0,435 0,364 0,268 3,601

P degeri 0,317 0,001 0,031 0,717 0,588 0,643

a, b: Aynt stitunda farklt harf ile gésterilen ortalamalar arast fark

Kan parametrelerine iligkin veriler Tablo 5te
sunulmus olup yerlesim sikliginin serum MDA ve
kortikosteron degerleri tizerine Onemli bir etki
olusturmadigi, SOD degeri tzerine etkileri ise 100
cm?/hayvan olan grupta 0,09 IU/ml iken; 200
cm?/hayvan olan grupta 0,10 IU/ml olarak belitlendi
ve farkin istatistiksel olarak énemli oldugu (p<<0,05)

tespit edildi. Bitkisel ekstrakt ilavesinin serum MDA,
SOD, kortikostreon degetleri ve H/L orani tizerine
bir etki olusturmadigs saptandi. Yerlesim sikligt olan
gruplarda kan H/L orami agisindan da  farkin
istatistiksel olarak 6nemli (p<<0,05) oldugu belirlendi.

Tablo 5. Yerlesim siklig1 ve bitkisel ekstrakt ilavesinin serum MDA, SOD ve kortikosteron degerleri ve H/L orant

uzerine etkisi

Table 5. The effect of the frequency of stocking density and herbal extract supplementation on serum, SOD and

corticosterone values and H/L ratio

Gruplar n MDA (nmol/ml) SOD (IU/ml) Kortikosteron (ng/ml) H/L Orani (%)
Yetlesim Siklig1

100 cm2/hayvan 30 0,57 0,092 0,26 0,23a
200 cm2/hayvan 30 0,63 0,10b 0,29 0,24b
SEM 0,568 0,003 0,015 0,012
P degeri 0,472 0,020 0,153 0,048
Bitkisel Ekstrakt

0 mg/kg 20 0,50 0,09 0,29 0,27
100 mg/kg 20 0,70 0,10 0,28 0,21
200 mg/kg 20 0,60 0,10 0,26 0,24
SEM 0,751 0,004 0,019 0,015
P degeri 0,509 0,370 0,538 0,549

a, b: Ayni stitunda farklt harf ile gésterilen ortalamalar arasi fark

TARTISMA

Yerlesim sikliginin fazla olmasi hastalik ve stres riskini
de artirdigr icin CA, CAA, YT ve YYO’ninda
gerilemeye ve et kalitesinde disuslere neden
olmaktadir. Calismanin bulgularina benzer olarak
Mahrose ve ark. (2019) farkli yerlesim sikliginda

yetistitilen (75 cm?/bildircin ve 100 cm?/bildircin)
Japon bildircinlarinda yerlesim sikliginin artmasi ile
CA’mn ve YT'nin (p<0,01) azaldigini ve istatistiksel
olarak 6nemli oldugu saptamuslardir. Seven ve ark.
(2013) Japon bildircinlarinda farkl yerlesim sikliginin
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(80 cm?/bildircin, 160 cm?/bildircin)  etkisinin
incelendigi c¢alismada CA’in ve CAA’nmn (p<0,01)
olumsuz etkilendigi tespit etmislerdir. Japon bildircini
rasyonlarina farklt yerlesim sikhiginda (100 ve 150
cm?/bildircin) zeytin yapragi ekstraktt (0, 200, 400
ppm) ilavesi yapilmis ve yerlesim sikliginin artisina
baglt olarak CA ve YT’nin azaldifi saptanmistir.
Yiksek yetrlesim sikligt ve 400 ppm zeytin yapragt
ekstraktt ilave edilen gruplarda, CAA’nin arttigi ortaya
konmustur (Bahsi ve ark. 2016). Sur Aslan ve ark.
(2014) farkl yetlesim sikliginin (80, 160 cm?/bildircin)
ik iki  hafta bddircinlarin  CA  ortalamasini
etkilemedigini, ancak benzer olarak 3.-6. haftalar
arasinda yerlesim sikligt arttkga CA’tin  azaldigini
(P<0,01) saptamuslardir. Yapilan diger bir ¢alismada
Japon bildircinlarinda farkll yerlesim sikliginin (150,
200, 250, 300 cm?/ hayvan) buyime ve katkas
Ozellikleri  Uzerine  etkisi  arastirilmustir. 250
cm?/hayvan olan gruplarda CA, CAA, YYO’nin daha
yiksek oldugu sonucuna varlmistir (Das ve ark.
2017).

Kanatlldarda yerlesim  sikligi  6nemli bir —stres
faktoridir ve bu amagcla rasyonlara bitkisel ekstrakt
lavesi yapilmaktadir. Bitkisel ekstrakt ile yapilan
calismalara baktigimizda ise Olmez ve ark. (2021)
Japon bidiranlarinda (Coturnix coturnix japonica)
yarpuzun (Mentha pulegium L.) performans ve et
kalitesine etkisi tzerine, toplam 150 adet 1 giinlik
yasta Japon bildircin civeivi kullanmig ve Gg¢ farklh
diizeyde yarpuz iceren (%0; 0,1 ve 0,2) deneme
gruplart olusturmustur. Deneme sonunda CA ve CAA
agisindan  degerlendirildiginde ~ gruplar  arasinda
farkliligin 6nemli oldugu, gégiis eti renk degerleri (¥,
a* ve b*) ile pH degerinin ise etkilenmedigi
saptanmustir. Diger bir ¢alismada Reda ve ark.
(2021)’de yapmis oldugu bir calismada bildircinlarda
meyan koékinin (Glycyrrhiza glabra) performans
verileri (CA, CAA, YT, YYO) tlzerine -etkilerini
arastirmiglardir. Kontrol grubu, 250, 500, 750 ve 1000
mg/kg meyan koku seklinde ilave edilerek toplam 5
grup olusturulmustur. 750 ve 1000 mg/kg meyan
kokii ilave edilen gruplarda performans verilerinin en
iyi oldugu saptanmustir. Das ve ark. (2020)’de yapmis
oldugu calismada bildircin rasyonlarina nane yagt
lavesinin besi performanst, et kalitesi, karkas
kompozisyonu tizerine etkisi incelenmistir. Bu amagla
10 glnliik yasta 40 adet Japon bildircint kullanilmis ve
deneme 35 gilin strdirilmustir. Arastirma gruplar,
her birinde 10 biddircin  bulunan 4  gruptan
olusturulmustut. Bidircinlar  icin  hazirlanan
rasyonlarda, kontrol grubunda herhangi bir katki
kullanilmazken, diger gruplarin yemlerine %0,1, %00.2
ve %0.3 nane yag: ilave edilmistir. Deneme boyunca
performans parametreleri (CA, CAA, YT, YYO),
karkas kompozisyonu ve et kalitesi parametrelerini
(etin rengi ve pH’s1) etkilemedigi ve istatistiksel olarak
gruplar arasinda fark olmadigi gézlenmistir. Naimati
(2019’nin  kinoa tohumu (Chenopodium quinoa
Willd) ekstraktinin bildircin rasyonlarina ilavesinin (0;

0,1; 0,2 ve 0,4 g/ kg) CA ve CAA’n1 gruplar arasinda
degistirmedigi saptanmistir.

Bilbil ve ark. (2015) yapmis oldugu calismada,
rasyona adacayt ve defne ilavesi yapimis ve
calismanin bulgularina benzer olarak CA bakimindan
olusan farkin istatistiksel olarak Onemli dizeyde
olmadigt ortaya konmustur. Calisma bulgularina
benzer sonuglarin elde edildigi bir diger ¢alismada
(Iflazoglu ve ark. 2015) soguk stresi altinda Japon
bildircinlarinin rasyonlarina ¢éven otu ekstraktt (0, 50
ve 100 ppm) eklenmistir. Denemede performans
verileri  acisindan  istatistiksel  farkin  olmadig
saptanmustir. Diger bir calismada (Ozcan, 2016) da
Japon bildircinlarina farkli diizeylerde Panax ginseng
(sarmagikgiller) kok —ekstrakt eklenmis ve CA
parametresi Uzerine bu bitki ekstraktinin calismayla
benzer sekilde etki olusturmadigi saptanmistir.
Calismadanyine farkli olarak bildircin rasyonlarina
Macleaya cordota ve magnolia agact ekstrakt karisimi
(Filopower); ilave edilmesinin (0, 100, 150 ve 200
g/ton) etkilerinin incelendigi ¢alismada, 100 g/ton
diizeyinde ilavenin 0-7., 14-21. ve 21-28. giinlerde
daha yitksek CAA sagladig tespit edilmistir (Cetin ve
ark. 2019). Bidircin rasyonlarina biberiye ucucu yagt
(0, 200, 250 mg/kg) ilave edilerek yapilan ¢alismada
YT ve YYO gibi performans verilerini etkilemedigi
saptanmistir (Cetin ve ark. 2017). Kocaoglu ve ark.
(2010ynin  yapmis oldugu c¢alismada da, bildircin
rasyonlarina farkli dizeylerde (%0,5; 1; 2 ve 4)
sarimsak tozu ilavesi yapildiginda, YYO bakimindan
farkin  istatistiksel ~ olarak = Gnemli  olmadig
bulunmustur. Aynt sekilde Kaya ve Turgut (2012)
bildircinlarda adagayi, kekik ve nane ekstraktlart ile
yaptigt calismada YYO izerine Onemli bir etki
olusturmadigs saptanmuslardir.

Diger parametreler agsindan  degerlendirdigimizde
Jobe ve ark (2019)min etlik piliclerde yaptg
calismada rasyona bitkisel ekstrakt karisimi (dut
yapragl, japon hanimeli, goldthread iceren tibbi
bitkiler) ilavesinin kesim sontrasinda ve kesimden 72
saat sonraki pH O&lcimlerinde istatistiksel agidan
o6nemli fark (p<<0,05) oldugunu tespit etmislerdir.
Yapilan calisgmanin  bulgularindan  farkli  olarak
bildircin rasyonlarina kekik ucucu yagi ilavesinin (0,
150, 300) kesim sonrast 0., 3., 6., ve 9. glnlerde
yapilan Slcimlerde pH ve gégis eti renk degetlerinde
istatistiksel olarak bir farklilk olmadigi saptanmustir
(Gumts ve ark. 2017). Birictk ve ark. (2012)
bildircinlarin - rasyonlarina  mersin - yagt  ilave
edilmesinin pH degerinde farklilik olusturmadigini
saptamuglardir. Yapilan calisma bulgular: ile benzer
olarak Onel ve Aksu (2019) yaptigi calismada farkl
yetlesim sikliginda (90 ve 160 cm? /bidircin), farkls
diizeylerde zahter ugucu yagiyla (0, 200, 400 ve 600
mg/kg) ile beslenen Japon bildircinlarinda et rengi
degerlerinin  (L*, a* ve b*) yetlesim sikligindan
etkilenmedigi ve istatistiksel olarak farkin 6nemli
olmadigint tespit etmistir. Aksu ve ark. (2014) yapmis
oldugu calismada bildircin  rasyonlarina  bitkisel
ekstrakt ve esans yaglart (kekik, nane ve anason)
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ilavesinin 24. ve 906. saatlerde gogis et renk degerleri
L*, a* ve b* uzerine o6nemli etkisi olmadigint
saptamuglardir. Yapilan c¢alisma bulgularindan farkl
olarak Tugiyenti ve ark. (2019) yapmis oldugu
calismada farkli dizeyde avakoda tohumu tozunun
(%3, 6, 9) disi bildircinlarda et kalitesi Uzerine
etkilerini incelemisgler ve pisirme kaybinin azaldigini
bunun istatistiksel olarak 6nemli (P<0,05) oldugunu
tespit etmislerdir.

Kanda yapilan parametreler acisindan
degerlendirdigimiz de ise Onel ve Aksu (2019) yaptigi
calismada Japon bildircinlarinda  farkli  yerlesim
sikliginda (90 ve 160 cm?/bildircin) rasyonlara farkl
dizeylerde zahter ugucu yagt (0, 200, 400 ve 600
mg/kg) ilave etmisler ve serum MDA degerinin
kontrol grubunda en digik bulmusglar ve istatistiksel
olarak farkin énemli (p<<0,01) oldugu saptamuglardr.
Diger bir c¢alismada (Sur Aslan ve ark. 2014)
bildircinlarda farkli yerlesim sikliginda (80 ve 160
cm?/bildircin) rasyonlarina farkli diizeylerde propolis
(0,5, 1 ve 1,5 g/kg) eklemisler ve serum MDA degeri
yerlesim sitkligt olan grupta en yuksek (p<0,01)
oldugunu tespit etmislerdir. Benzer olarak Tatlt Seven
ve ark. (2015) yapmis olduklart calismada farklt
yetlesim sikliginda (80 ve 160 cm?/bildircin) rasyona
ar1 poleni ilavesinin Japon bildircinlarinda  serum
MDA degerinin yerlesim sikligi olan grupta en yiiksek
(p<0,01)  oldugunu  saptamuslardir.  Bildircin
rasyonlarina biberiye ucucu yagi ilave (0, 200 ve 250
mg/kg) edildiginde plazma MDA diizeyinde 6nemli
dizeyde (p<0,01) farkhilik olusturdugu, ancak SOD
degerinin ise etkilenmedigi ortaya konulmustur (Cetin
ve ark. 2017). Yapilan calisma bulgularindan farklt
olarak Aksu ve ark. (2014) bildircinlarda gbgis etinde
kesimden 24 saat sonra yapilan Ol¢imde MDA
degerinin bitkisel ekstrakt eklenen grupta dustk
(P<0,05) oldugunu saptamislardir. Diger  bir
calismada (Konca ve ark. 2015) ise bidircin
rasyonlarina farklt diizeylerde semizotu tohumu
ilavesi yapilmis ve kanda MDA ve SOD degerlerinin
semizotu tohumu miktart arttk¢a arttugint farkin
istatistiksel agidan 6nemli (P<0,01) oldugunu tespit
etmislerdir.

SONUC

Sonug olarak, yerlesim sikliginin disik olmasinin
performans verileri lizerine olumsuz yonde etki
olusturdugu, ancak Ozellikle performans tzerine
olusan bu olumsuz etkinin giderilmesinde bitkisel
ekstrakt katkisinin yapilmasinin herhangi bir olumlu
etkisi olmadigt sonucuna varilmistir. Bunun sebebi
kullanilan bitkisel ekstraktin elde edildigi bitkilerin ve
bitki kistmlarinin uygun olmamasi, uygun yontemlerle
elde edilmemesi ve rasyona ilave edilen diizeyin
yetersizliginden  dolayt  olabilecegi  distntlebilir.
Ayrica aragtirmada kullanidan etlik bildircin hattinin
genetik olarak stres faktorlerine direngli olmasindan
dolay1 yiksek yerlesim sikhigr olusturulan bélmelerde
strese adaptasyon sekillenmis ve bir diren¢ olusmus

olabilir. Bu sebepten yerlesim sikliginin  tam
olusturulamamasina baglh bitkisel ektstrat katkisinin
da tam olarak etkisi gézlenmemis olabilir.

Bildircin yetistiriciliginde birim alandan daha fazla
yararlanmak amacl yapilan yetistiricilik anlayist, yaygin
olarak yerlesim sikligina bagli hem fiziksel hem de
fizyolojik olarak stresin olusmasina neden olmaktadir.
Bu anlamda  gelisen  strese  bagh  verim
performansindaki ve verim kalitesindeki dusiisiin
6nlenmesinde beslenme 6nemli bir konudur. Bildircin
yetistiriciliginde yerlesim sikliginin olusturdugu stresin
olumsuz etkilenin azaltlmasinda farkli bitkisel
ekstrakt katkilarinin gerek performans, gerekse triin
kalitesi tizerine etkilerinin irdelenmesi ve olast olumlu
etkiler elde edilmesi durumunda saha sartlarinda bu
drinlerin kullaniminin etlik bildircin dretimi yapan
isletmelere yol gOstermesi agisindan yardimct olacagt
actktir.

Cikar catigmasi: Bu calismada c¢ikar catismast
bulunmamaktadit.
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ABSTRACT

Zoonotic diseases have significant implications for public health, and veterinary professionals are essential in their
prevention and control. This study aimed to evaluate the level of zoonotic disease awareness among final-year
veterinary students and explore their perspectives on protection against these diseases. A survey was administered
to 128 final-year veterinary students, and the data were analyzed to investigate the associations between
demographic factors and cumulative scores, which were based on six statements related to zoonosis awareness.
The results showed a moderate level of awareness among the participants. No significant differences in
cumulative scores were observed with respect to age (P = 0.769), gender (P = 0.342), geographical region of
residence (P = 0.565), living area (P = 0.748), and grade point average (P = 0.468). However, students who
owned or took care of companion animals (4 [1-0]) exhibited higher cumulative scores compared to those who
did not own companion animals (3 [1-6]; P = 0.011). Further research is needed to explore the undetlying factors
and develop educational interventions that promote zoonotic disease awareness among veterinary students.

Key Words: animal, education, questionnaire, survey, zoonosis
ksksk

Veteriner Fakiiltesi Son Sinif Ogrencilerinin Zoonoz Hastaliklar Konusundaki Farkindalik Diizeylerinin
Degerlendirilmesi

oz
Zoonotik hastaliklarin halk saghg tizerinde 6nemli etkileri vardir ve veteriner hekimler bu hastaliklarin 6nlenmesi
ve kontroliinde ¢ok 6nemli rol tstlenmislerdir. Bu calisma, son siif veteriner fakiltesi 6grencilerinin zoonoz
hastaliklar konusundaki farkindalik dtzeylerini degerlendirmek ve bu hastaliklardan korunma konusundaki bakis
actlarini aragtirmak amaciyla yapilmustir. 128 son sinif veteriner fakiiltesi 6grencisine bir anket uygulandi ve
zoonoz farkindaligiyla ilgili alt ifadeye dayanan demografik faktdrler ile kiimilatif puanlar arasindaki iliskileri
arastirmak icin veriler analiz edildi. Sonuglar, katithmecilar arasinda orta diizeyde bir farkindalik oldugunu gosterdi.
Yas (P = 0.769), cinsiyet (P = 0.342), yasanidan cografi bolge (P = 0.565), yasanilan bélge (P = 0.748) ve not
ortalamasina gore kiimiilatif puanlarda anlamli bir fark gézlenmedi (P= 0.468). Ancak, evcil hayvanlara sahip olan
veya onlara bakan 6grenciler (4 [1-6]), evcil hayvanlara sahip olmayanlara kiyasla (3 [1-6]; P = 0.011) daha yiiksek
kiimulatif puanlar sergiledi. Altta yatan faktorleri arastirmak ve veteriner fakiltesi 6grencileri arasinda zoonotik
hastalik farkindaligini tesvik eden egitimsel faaliyetleri gelistirmek i¢in daha fazla arastirmaya ihtiya¢ vardir.
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INTRODUCTION

Zoonotic diseases, which are infectious diseases that
can be transmitted between animals and humans,
have significant implications for global public health
(Rahman et al. 2020; Kheirallah et al. 2021). Zoonotic
diseases have gained increasing attention in recent
years due to their potential to cause outbreaks,
pandemics, and significant morbidity and mortality in
both animals and humans (Baker et al. 2022).
Veterinary professionals play a crucial role in the
prevention, diagnosis, and control of these diseases,
making it imperative to assess their level of awareness
and knowledge (Pappaioanou 2004; Lorusso et al.
2020).

The undergraduate veterinary education program in
Turkiye typically spans five years. The veterinary
curriculum in Tirkiye covers a wide range of subjects
including basic sciences (such as anatomy, physiology,
and biochemistry), preclinical science (such as
microbiology, virology, and pathology) food hygiene
and technology (such as dairy hygiene and
technology, and public health), clinical sciences (such
as medicine, and surgery), and animal husbandry and
animal nutrition (such as animal feding and genetics).
The practical training and clinical rotations
commence in the sixth semester and reach their
culmination in the final semester with an internship,
during which students primarily undergo practical
education within clinics, farms, and research facilities
(Ozen and Ozen 20006). Evaluating the knowledge
and preparedness of veterinary students before
graduation may  provide a  comprehensive
understanding of their educational needs and
potential gaps in training (Sander and Miller 2021;
Routh et al. 2022).

Considering the findings of Kutlu et al. (2014), which
identify direct contact with excretions from infected
animals and inhalation of airborne droplets as primary
modes of transmission for zoonotic diseases,
veterinary students face an increased risk of

contracting these diseases due to their regular
exposure to infected animals during their education.
Therefore, the primary objective of this study was to
assess the level of awareness among final-year
students concerning zoonotic diseases, as well as to
examine students’ perspectives on protection from
such diseases.

MATERIAL and METHODS

This study received approval from the Ethical
Committee for Social Science at Burdur Mehmet Akif
Ersoy University (2023/380). A voluntary survey was
conducted among final-year students enrolled in the
Faculty of Veterinary Medicine Burdur Mehmet Akif
Ersoy University.

The questionnaire underwent a pre-testing phase
among a group of twenty selected veterinary students
from the previous year, and necessary adjustments
were made accordingly. The resulting sample
consisted of 128 final-year students who had
completed and undertaken all the theoretical courses.
The questionnaire spanned one side of A4 paper, and
participants were required to respond to the questions
by circling one of the available answer options.

The questionnaire comprised three parts, consisting
of a total of 12 questions. The first section covered
student demographics, including gender, age,
geographical region of residence, urban or rural living
area, ownership or caretaking of companion animals,
and grade point average. The second section
evaluated students’ comprehension of the definition
of zoonotic disease through a single statement.
Additionally, students’ viewpoints on protection from
zoonotic diseases were assessed using five statements
through three-point Likert scale questions (Table 1).
Each correct response related to questions was given
a score of one point, and the cumulative score was
calculated out of a total of 6 points.
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Table 1. Questionnaire on the definition of zoonotic diseases and awareness of prevention among final year

veterinary students

Gender

Age

Geographical region of residence

Living area

Ownership or caretaking of
companion animal

Grade point average

Which sentence provides the most
accurate understanding of the
definition of zoonotic diseases?

Male Female
16-20 21-25 25-30 30>
Mediterranean Black Sea Eastern Anatolia ~ Marmara Region
Region Region Region
Aegean Southeastern Anatolia Central Anatolia
Region Region Region
Rural Urban
Yes No
AA (90-00) BA (85-89) BB (80-84) CB (75-79)
CC (70-74) DC (65-69) DD (60-64) FD (01-59)

Zoonotic diseases have
only the potential to be
transmitted from
animals to humans

Zoonotic diseases can be
transmitted both from humans to
animals and from animals to humans

Zoonotic diseases have
only the potential to be
transmitted from
humans to animals

Prior to making contact with the Washing hands with

animal water and soap or
disinfectants

After coming into contact with the Washing hands with

animal water and soap or
disinfectants

Using examination gloves before Yes

making contact with the animal

Wearing a mask before Yes

approaching animals

Wearing an apron or upper and Yes

lower suit before handling animals
that come to the clinic

Washing hands with water No washing

Washing hands with water No washing
Sometimes No
Sometimes No
Sometimes No

Statistical Analysis

The data were analyzed using MedCalc (Version
13.2.2; MedCalc, Ostend, Belgium). The normal
distribution of the data was assessed using the
Shapiro-Wilk test. The cumulative scotes of students
based on gender, living area, and ownership or
caretaking of companion animals were compared
using the Mann-Whitney U test. The cumulative
scores of students based on age, geographical region
of residence, and grade point average were compared
using the Kruskal-Wallis test. Data were expressed as
median (range). Statistical significance was set at p <
0.05.

RESULTS

A total of 71 students (60.2%) were male, while 47
students (39.8%) were female. The majority of these
students (n=110; 93.2%) fell into the 21-25 age range.
In terms of geographical distribution, the
Mediterranean region had the highest number of

students (44 students, 37.3%), followed by the
Aegean region with 34 students (28.8%). Out of the
total, 29 students (24.6%) resided in rural areas, while
89 students (75.4%) lived in urban areas. Among the
students, 69 (58.5%) owned or took care of a
companion animal, while 49 (41.5%) did not have any
companion animals. The most common grade point
average among the students was BB (n=37, 31.4%),
followed by CB (n=31, 26.3%) (Table 2).

No significant differences in cumulative scores were
observed with respect to age ([P = 0.769),
geographical region of residence (P = 0.565), and
grade point average (P = 0.468). Similarly, no
significant differences in cumulative scores were
found based on gender (P = 0.342) and living area (P
= 0.748). However, students who owned or took care
of companion animals (4 [1-6]) exhibited higher
cumulative scores compared to those who did not
own companion animals (3 [1-6]; P = 0.011) (Table
2).
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Table 2. Demographic distribution of 128 final year veterinary students responding to the questionnaire on
zoonotic disease awareness and prevention.

n (%) Cumulative score p
Gender Median (Min-Max)
Female 47 (39.8%) 4 (1-6) 0.342
Male 71 (60.2%) 4 (1-0)
Age

16-20 1 (0.8%) 3 (3-3)

21-25 110 (93.2%) 4 (1-6) 0.769
26-30 6 (5.1%) 3.5 (3-6)

30> 1 (0.8%) 3(1-3)

Geographical region of residence

Mediterranean Region 44 (37.3%) 4 (1-6)

Black Sea Region 8 (6.8%) 3 (2-6)

Eastern Anatolia Region 2 (1.7%) 3(3-3)

Marmara Region 13 (11%) 4 (3-5) 0.565
Aegean Region 34 (28.8%) 4 (1-6)

Southeastern Anatolia Region 2 (1.7%) 4.5 (3-6)

Central Anatolia Region 15 (12.7%) 4 (1-6)

Living area
Rural 29 (24.6%) 4 (1-6) 0.748
Urban 89 (75.4%) 4 (1-6)
Ownership of companion animal
Yes 69 (58.5%) 4 (1-6) 0.011
No 49 (41.5%) 3 (1-6)
Grade point average

AA (90-00) 9 (7.6%) 3 (1-6)

BA (85-89) 16 (13.6%) 3.5 (1-6)

BB (80-84) 37 (31.4%) 4 (2-6)

CB (75-79) 31 (26.3%) 4 (1-5) 0.468
CC (70-74) 12 (10.2%) 4 (1-6)

DC (65-69) 9 (7.6%) 4 (3-6)

DD (60-64) 4 (3.4%) 3.5 (2-5)

n: Number of students
DISCUSSION

This study offered valuable insights into zoonotic
disease awareness among final year veterinary
students, representing one of the pioneering studies
conducted in Tirkiye on this topic. The findings
revealed a moderate level of awareness among
participants, contributing to the existing literature and
providing an understanding of the current state of
zoonotic  disease knowledge among veterinary
students in Tturkiye.

Regarding the relationship between the demographic
factors and cumulative scores, our analysis revealed
no significant differences based on age, gender,
geographical region, grade point average, or living
area. These findings suggest that these variables may
not directly influence the overall knowledge and
understanding of zoonotic diseases among veterinary
students in our sample. However, it is worth noting
that students who owned or took care of companion
animals had significantly higher cumulative scores
compared to those who did not have pets. This
finding indicates a potential positive association
between pet ownership and enhanced awareness of
zoonotic diseases. Additionally, companion animal
ownership may positively influence academic

performance by contributing to reduced stress levels,
increased emotional well-being, and improved focus,
leading to enhanced academic performance (Pendry
et al. 2023). Pets are known to provide comfort,
companionship, and stress relief, which can positively
impact students’ overall well-being and potentially
translate  into  improved academic  outcomes
(Grajfoner et al. 2017).

While this survey on zoonotic diseases awareness and
prevention among students provides valuable
insights, there are certain limitations that should be
considered when interpreting the results. The survey
relies on self-reported data provided by the students,
which may be subject to recall bias or social
desirability bias. Participants may have provided
responses that they perceived as socially acceptable or
may not accurately recall their behaviors or
knowledge related to zoonotic diseases and
prevention. The questionnaire utilized multiple-
choice questions and predefined answer options.
While this allows for standardized data collection, it
limits the participants’ ability to provide nuanced
responses or express their level of understanding in
more detail. This may result in oversimplification of
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certain aspects of zoonotic diseases awareness and
prevention. The survey did not include follow-up
questions to explore participants’ reasoning behind
their responses or to gain further insights into their
knowledge or practices. This restricts the depth of
understanding regarding the factors influencing
awareness and behaviors related to zoonotic diseases
among the student population.

CONCLUSION

In conclusion, this study suggests a potential
association between pet ownership and enhanced
awareness of zoonotic disease protection among
veterinary students. The higher cumulative scores
among students who owned or cared for companion
animals may indicate a greater understanding of
zoonotic diseases and their prevention measures.
Further research is needed to explore the underlying
factors contributing to this relationship and to
develop educational interventions that promote
zoonotic disease awareness among all veterinary
students, regardless of pet ownership status.
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ABSTRACT

In this study, the antibacterial effects of distinct concentrations of Origanum majorana L. and Artemisia dracunculus L.
extracts added to the formulation of hamburger patties on four different foodborne pathogenic microorganism
named Gram positive (Staphylococcus anrens, Listeria monocytegenes) and Gram negative (Salmonella Typhinurinm,
Escherichia coli), which are the most ones isolated from hamburger patties, were researched. Besides, the use of
natural preservatives in conjunction with the additional extracts was also explored to see if the microbiological
reliability of hamburger patties could be guaranteed. According to the findings of the research, Origanum majorana
L. and Artemisia dracunculus L. extracts were found to have strong antibacterial effects on Gr (+) and Gr (-)
pathogenic bacteria inoculated into hamburger patties, and it was discovered that they inhibited at various rates.
The antibacterial impact found by the study turned out to be greater on Gr (+) bacteria as compared to Gr (-)
bacteria. It was also verified that 2% Artemisia dracuncnlus L. extract provided the highest antibacterial effect on
Listeria monocytegenes with a decrease of 3.38 log cfu/g. Furthermore, it became apparent that the antibacterial
impact grew in direct proportion to the concentration applied to the extracts employed, and that the antibacterial
effect generated by the Artemisia dracunculus L. extract was stronger and more potent than the Origanum majorana
L. extract.

Keywords: Antibacterial effect, extract, Listeria monocytogenes, pathogen, tarragon
sokok

Degisik Konsantrasyonlarda ilave Edilen Artemisia dracunculus L. ve Origanum majorana L.
Ekstraktlarinin, Hamburger Kéftesinde Bulunmasi1 Muhtemel Baz1 Gida Kaynakli Patojen Bakteriler
Uzerine Etkileri

oz

Bu aragtirmada hamburger koftesi formiilasyonuna dahil edilen farkli konsantrasyonlarda mercank&sk (Origanum
majorana L.) ve tathun (Artemisia dracunculus L.) ekstraktlarinin, hamburger kéftelerinden en ¢ok izole edilen, gida
kaynakli dort farklt Gram pozitif (Staphylococcus anrens, Listeria monocytegenes) ve Gram negatit (Salmonella
Typhimurium, Escherichia coli), patojen bakteri tizerindeki antibakteriyel etkilerinin incelenmesi amaglanmustir. Ayrica
ilgili bitki ekstraktlarinin, hamburger koftelerinde dogal koruyucular olarak kullanilabilirligi de aragtirilmustir.
Arastirma sonucunda, mercankdsk ve tarhun ekstraktlarinin hamburger kéftelerine inokiile edilen Gr (+) ve Gr (-
) patojen mikroorganizmalar tzerinde giicli antibakteriyel etki gostererek farkli oranlarda inhibisyonuna neden
oldugu tespit edilmistir. Calisma ile ortaya konulan antibakteriyel aktivitenin Gr (-) bakterilere kiyasla Gr (+)
bakteriler tizerinde daha yiiksek oldugu belirlenmis olup, en ylksek antibakteriyel etkiyi Listeria monocytegenes
tzerinde, 3.38 log kob/g dusus ile %2lik Artemisia dracunculns 1.. ekstraktinin sagladigt belitlenmistir. Kullanilan
ekstraktlarda uygulanan konsantrasyonun artigina paralel olarak, antibakteriyel etkinin artis gésterdigi, ek olarak
tathun ekstraktinin sagladigt antibakteriyel etkinin, Origanunm majorana L. ekstraktina kiyasla daha yiksek ve etkili
oldugu da ayrica saptanmistur.

Anahtar Kelimeler: Antibakteriyel etki, ekstrakt, Listeria monocytogenes, patojen, tarhun
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INTRODUCTION

Hamburger is a meat product that can be produced
by adding beef fat, seasonings, and salt to fresh or
frozen ground beef and is mostly consumed by
grilling (Guner and Atasever 2010). In accordance
with Turkish Standards, hamburger is defined as a
mixture and is prepared in phases. In the very initial
step of butchery, the body meats of veal, sheep, and
lamb are removed from the bones, cartilage, tendons,
lymph nodes, fascia, and nerves. Then, the meat is
ground with the addition of breadcrumbs, starch,
potato flour, soy proteins, edible soybean flour,
flavorings, and additions, along with kidney oil,
tallow, tail fat, and edible salt. After being reduced to
minced beef, it is then mixed to ensure an equitable
distribution (Anonymous 2002).

Ready-to-eat products that have been preserved
in the cold for a long period are the ones that pose
the most microbiological risks. This risk is fairly
considerable because hamburger patties are a quick-
consumption product. When foods are maintained at
improper temperatures for an extended period of
time, they become particularly suited for microbial
growth, especially infections. Examples of such foods
include hamburger patties. They may therefore result
in microorganism-related issues, particularly food
poisoning (Kocan and Halkman 2006; Sevik et al.
2021).

A perennial shrub, Tarragon (Artemisia dracunculus L.)
is one of the species in the Asteraceae family (Ceylan
1996). The Northern Hemisphere is home to a large
population of A. dracunculus L., whose native country
is assumed to be Siberia. Tarragon, whose leaves are
2-8 cm long and 2-10 mm wide, can reach 120-150
cm in length (Raghavan 2007). The composition of
the essential oil extracted from the leaves of Tarragon
has been broken down into more than thirty
constituents, and anethole (81.0%), B-ocimene
(9.6%), limonene (3.1%) and methyleugenol (1.8%)
were listed as the primary components of these oils
(Kordali et al. 2005).

When combined with mint and anise, Tarragon
results in a pleasing aroma. In addition to being used
dried with its stems and leaves, Tarragon L. can also
be crushed or ground after drying. According to
repotts, A. dracunculus L. is appetizing and facilitates
digestion by increasing digestive secretions, relieves
stomach and intestinal gases, and is diuretic. Studies
have shown that Tarragon L. is anthelmintic,
antibacterial, effective against cramps, and helpful for
stomach ailments. Plus, it is utilized in combinations
for the treatment of anemia and digestive disorders as
well as in antirheumatic mixtures (Azirak 2007).

A member of the Labiatae family, the semi-shrub
plant Matjoram (Origanum majorana 1..) belongs to the
Origanum genus. It is a common spice that comes
from the Mediterranean region and is used all around
Europe. Other Greek islands, particularly Crete, as

well as the south and west of Turkey are also home to
a plethora of its growth (Raghavan 2007).

The chemical composition of the essential oil of
Marjoram mainly consists of carvacrol (%o 50-82), y-
terpinene (% 0.09- 7), linalool (% 0.04-1.9), thymol
(% 0-1.9) and p-cymene (% 0.01-10.9) (Azirak 2007).
Marjoram, which has been found to have potent
antioxidant and antibacterial activities, additionally
has been associated with sedative, cardiovascular,
antiseptic, stimulant, and anthelmintic characteristics.
(Wetter 2010; Azrak 2007; Raghavan 2007).

The aim of this study is to figure out the antibacterial
effects of O. majorana L. and A. dracunculus L. extracts,
which were included in the formulation of hamburger
patties, on four different foodborne pathogenic
bacteria, most of which were obtained from
hamburger patties. It was also looked into whether
natural preservatives could be used along with the
additional extracts to guarantee the hamburger
patties’ microbiological dependability.

MATERIAL and METHOD

Material

The meat manufacturer in Afyonkarahisar provided
the minced meat that was put to use for the
production of the hamburger patties that were used in
the study. The beef was the ingredient used to make
the minced meat, which had a 12% fat level overall.
All ingredients (breadcrumbs and onions) were
purchased at a chain market, and all spices (including
Tarragon and Marjoram), which were used in the
preparation of hamburger patties) were purchased
from a herbalist working in the province of
Afyonkarahisar.

Extraction of spice extracts

A complete amount of 400 mL of 80% ethyl alcohol
was then poured into the dried spices of Tarragon
and Marjoram. soon after they had been weighed at
100 g each. The resulting mixes were shaken for 24
hours at 120 rpm using a shaker (Wise Shake®, SHO-
2D, Thailand). The mixes were filtered using
sterilized 22 mm (Whatman, UK) filter paper at the
conclusion of the experiment. The alcohol and
extract combination in the filtrate was then separated
from one another using a rotary evaporator at 60 °C
and 120 rpm (Heidolph Hei-VAP valuei Germany).
After that, the extracts were maintained in dark,
airtight containers at +4 °C (Akarca et al. 2019).

Bacteria strains used in the study

In the study, bacterial strains belonging to Esherichia
coli ATCC 8739, Listeria monocytogenes ATCC 51774,
Staphylococens  anrens ATCC 6538, and  Salmonella
Typhimurinm  ATCC 14028 species have been
employed.
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Production of hamburger patty
By modifying the formulation proposed by llhan
(2010), the production of the hamburger patties

utilized in the study was accomplished in accordance
with the formulation listed in Table 1.

Table 1. Hamburger Patties Formulation

Component Quantity (g)
Beef Meat 500
Onion (Grated) 49.3
Salt 14.1
Sweet Paprika Powder 1.8
Cayenne Pepper Powder 1.8
Balck Pepper 3.5
Breadcrumbs 46.9
Water 63.4

Preparation of inoculums

The pathogenic bacteria that were employed in the
study were grown on non-selective media and were
obtained from overnight cultures and single colonies
that were growing on their own with the use of sterile
loops. These were combined until uniform turbidity
was generated in tubes containing Ringer's solution
(Merck 1.15525, Germany). A densitometer (Biosan,
1B, Turkey) was used to adjust the density of the
produced inoculum suspension so that it satistied the
0.5 McFarland (8.17 log cfu/mL) standard (Akarca
and Sevik 2022). Then, 0.5 Mc Farland standard
pathogenic bacteria suspensions (6 log cfu/g) were
added into the patty dough separately and the mixture
was homogeneously mixed and finally, the hamburger
patties were shaped.

Microbiological analysis

Preparation of samples for microbiological
analysis

With the help of a sterilized spatula, taking 10 g of
homogenized hamburger patties samples were
weighed, and placed in stomacher bags. 90 mL of
0.1% buffered peptone water (Merck, 107,228,
Germany) was added to these and the stomacher (Bag
Mixer® 400 P-080921247) was homogenized for one
minute. One milliliter (mL) of each sample was drawn
out by means of automatic sterile pipettes
(Eppendorf, Research Plus), and 9 mL of sterile 0.1%
buffered peptone water kept in the tubes was added
on top of it, and 102 dilutions were prepared. By
continuing the process in this way, serial dilutions up
to 10-> were prepared (Halkman 2005).

Staphylococcus aureus species bacteria count

Using Baird-Parker Agar (Merck 1.05406, Germany)
as the medium, the spread plate method has been
employed for calculating the total count of S. awureus.
Egg yolk-tellurite emulsion (Merck 1.03755,
Germany) was added on the medium that has been
sterilized and cooled in an autoclave while stirring in a
magnetic stirrer and was later mixed well. Afterward,
the medium was poured into Petri dishes at a volume

of approximately 12 mL, allowed to disperse properly
and allowed to solidify. Then, 0.1 mL of prepared
dilutions were inoculated into Petri dishes with the
help of an automatic pipette (Eppendorf Research
Plus) in double parallel. Later, with the help of a
sterile drigalski spatula, the inoculated sample was
spread homogeneously in the Petri dish. The petri
dishes were inverted and incubated for 24-48 hours at
37°C under aerobic conditions in an incubator
(Incucell, MMM, Germany) after permitting the
sample to be absorbed by the medium. Black colonies
that developed during incubation were identified and
counted (ISO 1999).

The Petri dishes underwent a further 18 hours of
incubation following the labeling of the colonies.
After incubation, typical Staphylococcus colonies with
white precipitation rings and bright black colonies
that do not form zones were counted separately. A
coagulase test was subsequently utilized to identify
the count of S.aureus bacteria by counting the positive
colonies from five of each type of colony (Martins et
al. 2009).

E'scherichia coli species bacteria count

Using Violet Red Bile Agar (Merck 1.01406,
Germany) as the medium, the spread plate method
was employed for calculating the count of E. co/i .
After the medium has been prepared, poured into
petri dishes, and those dishes have solidified, 0.1 mL
was inoculated in pairs in parallel from the prepared
dilutions, and it was ensured that it spread
homogeneously with a drigalski spatula. After the
inoculate was absorbed by the medium, the medium
was added a second time but less (4-5 mlL) onto the
solidified medium and mixed. Then, the petri dishes
were inverted and left for incubation in an incubator
at 37°C for 24-48 hours. At the end of the incubation
period, pink colored colonies were marked and
counted (ISO 2001a; ISO 2001b).

Listeria monocytogenes species bacteria count
The spread plate method with Fraser Listeria selective

enrichment Broth (1.10398.0500) and Oxford Listetia
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selective Agar (Merck, 1.07004, Germany) was
implemented to acquire an L. monocytogenes type
bacteria count. The supplements (Fraser Listeria
Ammonium Iron (III) Supplement; Merck 1.00092,
Germany, and Fraser Listeria Selective Supplement;
Merck  1.00093, Germany) were added, and
everything was thoroughly mixed, after the Fraser
Listeria  selective enrichment Broth had been
sterilized in an autoclave and cooled to room
temperature. 10 g samples were taken from each
sample in sterile stomacher bags, and 90 mL of sterile
Fraser Listeria selective enrichment broth was added
to them and mixed in the stomacher and it was
ensured that they are homogenized. Then, these pre-
enrichment cultures were incubated for 24 hours in a
37C incubator (ISO 2017a; ISO 2017b).

At the end of the period, 1 mL each was taken from
the sample and Fraser broth mixtures with the help of
a sterile pipette and was transferred to tubes
containing 9 mL sterile Fraser broth. This process
was continued until 105 as the serial dilutions were
got ready. With the help of a sterile automatic pipette,
0.1 mL of the prepared dilutions were taken and
inoculated onto Oxford Listeria selective Agar
surfaces. The inoculation was then spread
homogeneously on the petri dish with a sterile
drigalski spatula. Then, the Petri dishes were
incubated at 37 C for 24-48 hours. At the end of the
period, colonies with rounded black zones on petri
dishes were counted (ISO 2017a; ISO 2017b).

The Count of Salmonella Typhimurium

The count of S.Dyphimurium was measured by
applying spread plate method using Nutrient Broth
(Merck, 105443, Germany), Rappaport Vassiliadis
Salmonella (RVS) Broth (Merck 107700, Germany)
and Brilliant Green Phenol Red ILactose Sucrose
(BPLS) Agar (Merck, 110747, Germany). Taking 10 g
of homogenized hamburger patties samples was taken
and placed in sterile stomacher bags, to which 90 mL
of Nuttient Broth was added and these were mixed in
the stomacher and homogenized. Then, these pre-
enrichment cultures were left for incubation for 24
hours in 37 ‘C incubator. At the end of the petiod, 1
mlL of each inoculate and nutrient broth mixture was
taken with the help of a sterile pipette and transferred
into tubes containing 9 ml of sterile RVS Broth.
Later, serial dilutions up to 10-> were prepared. After
the incubation of these dilutions at 37 C for 24 hours,
they were inoculated onto BPLS Agar surfaces with
the help of an automatic pipette and spread
homogeneously with the help of a drigalski spatula.
Following this procedure, the petri dishes were
inverted and incubated at 37 ‘C for 24 hours. At the
end of incubation, pink colonies with red zones
formed on the surface of the medium were counted
(ISO, 2017¢).

All microbiological analyzes were repeated at Ot 1st,
2nrdand 3t hours in the same way, and the counting

results were calculated as a standard weighted average
at consecutive dilutions, and the results are given as
"log cfu/g".

Experimental design and statistical analysis

The factorial structure of the research design, which
was totally random, is 4 x 4. Factors are time (zeroth,
1st, 2nd, and 3rd hours) and patty examples (control,
M1, M2, T1 and T2). Duncan's multiple range tests
(SPSS, version 23) were used to analyze factors to
find differences (P0.05) between samples over time.
Replications were used to totally randomize the
design.

RESULTS and DISCUSSION

The count of Staphylococcus aureus

The initial S. awurens measurements were reported to
range from 6.07 to 6.17 log cfu/g in hamburger
patties created through adding extracts of Tarragon
and Marjoram at various ratios (Table 2; p>0.05).
This amount increased by 0.32 log cfu/g in the
control sample after three hours (p>0.05). On the
other hand, it was shown that there was a decline in
the samples throughout this time to which spice
extract was added at various rates (p<<0.05). It was
figured out that the highest decrease was in the
samples to which 2% Tarragon extract was added
with a rate of 2.27 log cfu/g. This was followed by
the samples produced by adding 1% extracts of
Tarragon at 1.91 log cfu/g, Marjoram at 1.41 log
cfu/g, 2%, and by the samples produced with the
addition of 1% extracts of Marjoram at a ratio of 1.31
log cfu/g (Table 2).

Other samples were confirmed to be statistically
significant (p<0,05) aside from the control sample,
which displayed a time-dependent decline in the
quantity of S. auress bacteria inoculated into the
hamburger samples. The same time period also
revealed statistical significance for S. auress-inoculated
hamburger samples, and all time periods but the
zeroth hour (p<<0.05) displayed statistical significance
for the decline in bacterial counts.

Corresponding to the findings of this research, Sagdi¢
(2003) looked into the eftects of Origanum majorana L.
species used in food production on four different
food-borne pathogenic bacteria and assessed the
inhibition effect. The study found that S. aureus is the
bacteria that is most vulnerable to the Matjoram.
Shan et al (2007) investigated the antibacterial effect
of a total of 46 plant and spice extracts on 5
foodborne pathogenic bacteria (B. cerens, L.
monocytogenes, S. aurens, E. coli and S. Anatum). The
study results suggested that compared to Gr (-)
bacteria, Gr (+) bacteria are more sensitive and stated
that the most resistant bacteria are FE. /i and the
most sensitive bacteria is S. aurens. In addition to
that, in a study by Lacroix et al (2000), it was detected
that E. /i O157:H7, food pathogens of the spice
Marjoram., showed high antimicrobial activity against
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food pathogens such as L. wonocytegenes, S.
Typhimurium and S. aurens. In another study, in which
S. awrens was inoculated into feta cheese with

Marjoram. and Cinnamon extracts added, it has been
reported that Cinnamon and Marjoram extracts have
an inhibitory effect on S.aurens (Kahraman 2017).

Table 2. Time-dependent variation in inoculated Staphylococcus anrens counts (0/25g Log cfu/g)

Samples Initial microorganism load 0.Hour 1.Hour 2. Hour 3.Hour

Control <1 6.07£0.0142  6.92£0.03A2 6.7010.0242  6.39£0.0142
Tarragon 1% <1 6.14£0.0342  5.91£0.02AB:b 4.80£0.028>  4.23+0.03Bbc
Tarragon 2% <1 6.17£0.0142  5.7610.0378> 4.54£0.018>  3.90£0.05¢
Marjoram 1% <1 6.14£0.0242  6.08£0.0242 5.4940.03AB2b  4.831+0.038>
Marjoram 2% <1 6.17£0.0142  5.99%0.01ABb  5.36+0.03A82b  4,76+0.048>

A-C (—): Values shown with different letters on the same line differ from each other at the p<<0.05 level
a-c (}) : Values shown with different letters on the same column differ from each other at the p<0.05 level

The count of Escherichia coli

Introductory E. /i counts were observed to vary
between 6.47 and 6.50 log cfu/g in hamburger patties
that had Tarragon and Marjoram extracts added at
various rates (Table 3; p>0.05). Three hours later, it
was discovered that the quantity of E. ¢/ had
decreased in all samples. With the exception of the
control sample, it was found that this drop was
statistically ~ significantin ~ the  other  samples
(p<0.05). In a similar way, it was decided that the
decrease in bacterial counts in the hamburger patties
inoculated with E. ¢o/7 in the same period of time was
statistically significant in all other time periods except
the zeroth time (p<0.05). It was obtained that the
highest decrease was observed in hamburger patties
produced by adding 2% Tarragon extract at a rate of
2.85 log cfu/g. and this was followed by the samples
produced by adding 1% Tarragon extract at a rate of
2.09 log cfu/g, and the samples produced by adding
2% of Matjoram extract at a rate of 1.09 log cfu/g
(Table 3), respectively.

In a study, Ehrich et al. (1995) investigated the effects
of 38 kinds of spices against pathogenic bacteria such
as S. epidermidis, E. coli and some mold types. The
study results indicated that Tarragon and Marjoram.

spices were among the spices that displayed the most
antimicrobial effect among the extracts. Moreover, in
the study carried out by Piskin (2007), it was
maintained that the essential oil obtained from the
Marjoram plant showed the highest antimicrobial
effect against E. o/ with a concentration range of
0.4-0.0007 ul/ml. Turhan (2015) executed a study
investigating the antimicrobial effect of some spice
essential oils on E. coli and found that Marjoram
plant affirmed the highest antimicrobial effect on
E.coli and expressed that Marjoram plant formed the
largest inhibition zones. Turhan (2015) also revealed
in the same study that 5-10-15 pl. of Marjoram
essential oil completely inhibits bacterial growth.
Another study focused onthe sausage-infused
essential oil of Marjoram to find out how it affected
inhibition. In the investigation, bacteria from the
species B. subtilis, S. choleraensis, S. flexcneri, S. aureus,
and E. co/i were employed. According to the results of
the research, gram negative bacteria can be inhibited
much more easily by using Marjoram essential oil
(Busatta et al., 2008). The results of similar studies on
the subject are similar to the results obtained in this
study.

Table 3. Time-dependent variation in inoculated Escherichia coli counts (0/25g Log cfu/g)

Samples Initial microorganism load 0.Hour 1.Hour 2. Hour 3.Hour
Control <1 6.47£0.034  6.40£0.03%  6.20£0.0442  6.00£0.034A2
Tarragon 1% <1 6.47£0.0242  55240.0248>  4,68+0.038>  4.38+0.02B>
Tarragon 2% <1 6.51£0.0142  525%0.048>  4.27%0.048¢>  3,66+0.02¢¢
Marjoram 1% <1 6.51£0.04%  6.30£0.03%  6.08%0.0242  5.63£0.02B>
Marjoram 2% <1 6.50£0.0442  6.17£0.052B>  5,6840.038>  5.4140.038>

A-C (—): Values shown with different letters on the same line differ from each other at the p<0.05 level
a-c (}) : Values shown with different letters on the same column differ from each other at the p<0.05 level

The count of Salmonella Typhimurium

Through the application of two different ratios of
Marjoram and Tarragon. extract, it was conceivable to
acquire initial count of S. Typhimurinm bacteria type
inoculated into hamburger patties that differed
between 6.55 and 6.52 log cfu/g (Table 4; p>0,05).
All samples established a downward trend in .
Typhimurium bacteria throughout the course of the
three-hour storage period, and all samples other than
the control sample exhibited this decline to be

statistically significant (p<<0.05). Over and above, it
was revealed that the decrease in the count of bacteria
in the same time period of the samples inoculated
with S. Typhimurium type bacteria was also statistically
significant in all other time periods except the first
hour (p<0,05). It was resolved that the highest
decrease among the samples was in the samples
produced by adding 2% Tarragon extract with a value
of 2.66 log cfu/g (p<<0.05). It was specified that this
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sample was followed by the sample adding 1%
Tarragon extract with a value of 2.38 log cfu/g and
the other was produced by adding 2% of Marjoram
extract with a value of 1.74 log cfu/g, respectively
(p<0.05).

Consistent with the results of this research, Chaudhry
et al. (2007) investigated the antibacterial effect of
Origanum majorana L. (Marjoram) plant for Gram (-)
bacteria in research they performed in Pakistan. It has
been uttered that the chemical compounds such as
thymol and carvacrol in the content of this plant,
have antimicrobial effects on other Gr (-) bacteria
species, especially Salmonella supsp. and E. coli. In a
study undertaken by Ozcan and Erkmen (2001), the
effects of nine distinct plants on 11 wvarious
microorganisms, including S. Dyphimurium, were
analyzed. The researchers concluded that the

antimicrobial activity of the Marjoram plant is
extremely strong. Four different foodborne
pathogenic bacteria, including S. ‘Dyphimurium, L.
monocytogenes, Y. enterocolitica and B. Cerens, wete
addressed by Bonyadian and Moshtaghi (2008) in
order to assess the antibacterial effect of Tarragon
The most sensitive bacteria, according to the findings
of this study, is . Typhimurium.

Govaris et al. (2010) identified the antibacterial effect
of Marjoram essential oil by inoculating Salmonella
subsp. into minced meat produced from lamb and
after 12 days of storage, they found that 0.6%
Marjoram  essential  oil  exhibited a  strong
antimicrobial effect. According to Babacan et al.
(2012), Marjoram  extract  possesses  strong
antibacterial effect on Salmonella serotypes.

Table 4. Time-dependent variation in inoculated Salmonella Typhimurinm counts (0/25g Log cfu/g)

Samples Initial microorganism load 0.Hour 1.Hour 2. Hour 3.Hour
Control <1 6.55%0.0242  6.45%0.034  6.4410.03%  6.401+0.024
Tarragon 1% <1 6.52£0.0142  6.07£0.04b  4.921+0.028>  4.14B£0.03b¢
Tarragon 2% <1 6.51£0.0242  5.49%0.028>  4.80£0.05¢>  3.851+0.05P¢
Marjoram 1% <1 0.54%0.034  6.44£0.014  559%0.018>  5.11+0.068>
Marjoram 2% <1 6.52£0.0142  6.27£0.03ABb  52710.04Bb  4.78+0.02Cbc

A-D (—): Values shown with different letters on the same line differ from each other at the p<0.05 level
a-c (}) : Values shown with different letters on the same column differ from each other at the p<0.05 level

The count of Listeria monocytogenes

It was judged that the initial L. monocytogenes count in
hamburger patties produced by adding Tarrgon and
Marjoram extracts at differing ratios rank between
6.55 and 6.52 log cfu/g (Table 5; P>0.05). During the
three-hour study period, the count of L. monocytogenes
bacteria decreased in all samples. Whereas, this
decrease was found to be statistically significant in the
other samples except for the control sample (P<0.05).
In addition, it was decided that the decrease in the
count of bacteria occurring in the same time period in
hamburger patties inoculated with L. monocytogenes
bacteria was also statistically significant in all other
time periods except the first hour (P<0.05). It was
evaluated that the greatest decrease occurred in the
samples was in the samples produced by adding 2%
Tarragon extract at a rate of 3.38 log cfu/g. (P<0.05).
It was considered that this sample was followed by
the samples produced by adding 1% A. dracunculns L.
(Tarragon) extract at a rate of 2.59 log cfu/ g, the
samples produced by adding 2% O. majorana L.
(Matjoram) extract at a rate of 1.44 log cfu/g, and by
the samples produced by adding 1% Marjoram
extract, respectively (Table 5).

In a study conducted by Ting and Deibel (1992),
which examined the impact of various spices on the
reproduction of L. monocytegenes, it came to light that
the O. majorana L. plant is successful. Dadalioglu and
Evrendilek (2004) investigated the antimicrobial
effect of Marjoram on food-borne pathogenic
bacteria such as Salmonella subsp., E. coli, S. anrens and
L. monocytogenes. According to the study results,

Marjoram is an effective antibacterial. According to
Al-Joboury (2015), S. aureus, S. Typhimurium, E. coli, B.
abortus, and L. monocytogenes are just a few of the
foodborne pathogens that Marjoram extract is
effective against. What is more, Okmen et al. (2017)
reported that O. majorana L. extract has a strong
antibacterial effect on L. monocytogenes. The results
obtained from similar studies on the subject show
parallelism with the data obtained in this study.

The antibacterial effect exerted by the extracts of
Tarragon and Marjoram is likely due to the reaction
of these components with sulthydryl groups or as a
result of enzyme inhibition of oxidized compounds
through more nonspecific interactions with proteins.
Consequently, it damages the integrity of the cell wall
by affecting pH homeostasis and the balance of
inorganic ions (Lambert et al. 2001).

There are a couple of exceptions, yet studies have
demonstrated that Gr (+) bacteria are more
susceptible to plant extracts than Gr (-) bacteria (Burt
2004; Kalemba and Kunicka 2003). In addition to
the cell wall elements present in gram negative
bacteria, the inclusion of an extra layer of
lipopolysaccharide may result in the formation of an
intact plasma membrane that has a higher capacity for
buffering and hydrophobicity around the cell wall. As
a result, it can prevent simple phenolic compounds
from acting in a way that makes bacteria more
resistant to flavonoids and polyphenols (Yashaswini
and Arvind 2018; Du et al. 2011). These assertions
are supported by the findings of this investigation.
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Table 5. Time-dependent vatiation in inoculated Listeria monocytogenes counts (0/25¢ Log cfu/g)

Samples Initial microorganism load  0.Hour 1.Hour 2. Hour 3.Hour
Control <1 6.55£0.0242  6.50£0.024  6.50£0.03%  6.1520.014
Tarragon 1% <1 6.52£0.034  5.611£0.0448>  47410.068>  3.9310.02¢bc
Tarragon 2% <1 6.55%0.034  5.30%0.0628>  3.99+0.08%  3.17+0.058¢
Marjoram 1% <1 6.55£0.044  6.41£0.07%  6.17£0.04ABb  57910.038b
Marjoram 2% <1 6.5240.0242  6.11£0.054Bb  579+0.038b  5,08+0.02B>

A-C (—): Values shown with different letters on the same line differ from each other at the p<<0.05 level
a-c (}) : Values shown with different letters on the same column differ from each other at the p<0.05 level

CONCLUSION

The antimicrobial effects of O. majorana L.
(Marjoram) and A. dracunculus L. (Tarragon) extracts
added to hamburger patties on four different
foodborne pathogenic bactetia, Gt (+) (8. awurens, L.
monocytegenes) ve Gr () (8. Dyphimurinm, E. coli), were
investigated in this research. As a result, it was
concluded that Marjoram and Tarragon extracts
exhibited strong antibacterial effects on inoculated Gr
(+) and Gr (-) bacteria and caused inhibition at
different rates. It was ended that the antibacterial
effect revealed by the study was higher on Gr (+)
bacteria compared to Gr (-) bacteria, and it was
identified that 2% Tarragon extract supplied the
highest antibacterial effect on L. monocytogenes with a
decrease of 3.38 log cfu/g. It was ascertained that the
antibacterial effect enhanced concurrently with the
application of more extracts at a particular
concentration level. In addition, it has been
uncovered that compared to the Marjoram extract,
the antibacterial effect of Tarragon extract is higher
and more effective.

Consumer preferences have shifted as a consequence
of studies revealing that synthetic preservatives used
in food manufacturing around the world cause
serious medical conditions, particulatly cancer.
Manufacturers were forced to concentrate on
products generated with more natural ingredients as a
result. Furthermore, there have been more studies on
spices as a result of the identification of the protective
implications of spices in foods by demonstrating
antimicrobial activity.

The necessity of employing spices in foods becomes
evident when taking into account the adverse effects
of chemical and synthetic preservatives employed in
the food business on the human body. Spices are
capable of being used in place of non-organic
preservatives in foodstuffs. In this way, it has been
demonstrated by the studies that the consumption of
organic products can be increased and the public
health can be increased.

Consequently, the results of this study demonstrated
that the application of Matjoram and particularly
Tarragon plants can enhance the microbiological
quality of hamburger patties, which are popular both
internationally and in Turkey. It is believed that by
using this technique, food poisoning that can arise
from consumption of these patties can be decreased
while the safety of hamburger patties, which present a

risk to the public's health, can be organically
increased.
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ABSTRACT

The present study aimed to determine the morphological changes in rat kidneys exposed to PCB (Aroclor 1254) and to
reveal the effects of ALA on those changes. Rats were randomly divided into four groups: Control, ALA, PCB and
ALA+PCB. The applications of ALA and PCB continued for thirty days. At the end of the experiment, the tissue
samples were taken from the animals. Crossmon’s triple staining method was applied to kidney sections for
histopathological and histomorphometric examinations. In addition, the periodic acid-Schiff (PAS) reaction was
examined in tissue sections. Histopathologically, it was determined that glomerular degeneration and connective tissue
densities in the kidney significantly increased in PCB group compared to Control group. Besides, it was found that
glomerular degeneration intensity significantly decreased in ALA+PCB group compared to PCB group. It was detected
that the diameters of the renal corpuscle, proximal tubule, ascending limb of Henle’s loop and collecting duct in the
kidney significantly decreased in PCB group compared to Control group. However, these parameters significantly
increased in ALA+PCB group compared to PCB group. While the density of glomerular mesangial matrix and
glycogen density in proximal tubule epithelium significantly increased in PCB group compared to Control group, these
parameters significantly decreased in ALA+PCB group compared to PCB group. As a result, PCB may adversely affect
renal functions by causing disorders in kidney histology. In addition, the use of ALA against PCB exposure may
contribute to the preservation of kidney tissue.

Keywords: Alpha lipoic acid, Aroclor 1254, Histology, Kidney, Rat
okok

Siganlarda Poliklorlu Bifenil (Aroklor 1254) ile Olugturulan Nefrotoksisite Uzerine Alfa Lipoik Asitin
Etkisi

oz

Sunulan calisma, PCB (Aroklor 1254)’ye maruz birakilan sicanlarin bobreklerindeki morfolojik degisikliklerin
belitlenmesini ve bu degisiklikler tizerine ALA'nin etkilerinin ortaya ¢ikarilmasini amagladi. Siganlar kontrol, ALA,
PCB ve ALA+PCB olmak tizere rastgele dort gruba ayrildi. ALA ve PCB uygulamalari otuz giin boyunca devam
etti. Deney sonunda hayvanlardan doku Ornekleri alindt. Histopatolojik ve histomorfometrik incelemeler icin
bébrek kesitlerine Crossmon’un ti¢li boyama yontemi uygulandi. Ayrica doku kesitlerinde periyodik asit-Schiff
(PAS) reaksiyonu incelendi. Histopatolojik acidan, bébrekte glomeriiler dejenerasyon ile bag doku yogunluklarinin
kontrol grubuna gbére PCB grubunda anlaml bir sekilde arttg tespit edildi. Bununla birlikte, glomertler
dejenerasyon yogunlugunun PCB grubuna gére ALA+PCB grubunda anlamli bir sekilde azaldigi saptandi.
Bébrekte renal korpiiskiil, proksimal tiibil, ¢ikan henle ve toplayict kanal ¢aplarinin kontrol grubuna gére PCB
grubunda anlamli bir sekilde azaldig1 belirlendi. Ancak bu parametreler PCB grubuna gére ALA+PCB grubunda
anlamh bir gekilde arttti. Bobrekte glomertler mezengial matriks yogunlugu ile proksimal tibil epitelindeki
glikojen yogunlugu kontrol grubuna gore PCB grubunda anlamli bir sekilde artarken, bu parametreler PCB
grubuna gbére ALA+PCB grubunda anlamli bir sekilde azaldi. Sonuc olarak, PCB bobrek histolojisinde
bozukluklara neden olarak renal fonksiyonlari olumsuz etkileyebilir. Bununla birlikte, PCB maruziyetine karst
ALA kullanimi bébrek dokusunun korunmasina katk: saglayabilir.
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INTRODUCTION

Polychlorinated biphenyls (PCBs) are compounds
that are found in many industrial products and cause
environmental pollution (Aydin et al. 2007). PCBs are
frequently used in printing ink, pesticides, adhesives,
fluorescent lamps, machine oils and dental filling
materials (Lindell 2012). Exposure to PCBs occurs
through their transfer to air, soil and water systems
during production or usage (Bruner-Tran and Osteen
2010). The exposure through digestion usually carries
out with the consumption of contaminated fish
(Seyran and Erisir 2008). It has also been determined
that PCBs pass to the fetus via the placenta and to the
newborn via milk (Lilienthal et al. 2000). PCBs tend
to accumulate in adipose tissue due to their lipophilic
properties (Carpenter 2005). This is a clear indication
that the health of people exposed to PCBs is at risk
for a long time (Seyran and Erisir 2008). Besides, it
has been reported that PCBs have carcinogenic,
immunosuppressive, disrupting the functions of the
genital system and hormonal system, neurotoxic and
hepatotoxic effects (Oskam et al. 2004; Hsu et al
2007; Murugesan et al. 2007).

PCB exposure reduces kidney weight (Banudevi et al.
2006) and significantly increases serum urea,
creatinine and uric acid levels (Kutlu et al. 2007). In
addition, it has been found that PCBs cause
histopathological lesions such as apoptosis (Ghosh et
al. 2010) enlargement of tubular cells, vacuole
formation, necrosis (Raja et al. 2019), inflammation
(Sula et al. 2020), edema, congestion (Lu et al. 2009)
and corpuscular atrophy in kidney tissue (Kutlu et al.
2007). On the other hand, PCB decreases the
activities of antioxidant enzymes such as superoxide
dismutase (SOD), catalase (CAT), glutathione-S-
transferase (GST), glutathione peroxidase (GPx) and
glutathione reductase (GR) in kidney tissue, in
contrast, increases lipid peroxidation, hydrogen
peroxide and hydroxyl radical levels (Banudevi et al.
2000).

Alpha lipoic acid (ALA) is a fatty acid with strong
antioxidant activity. It is found in foods such as red
meat, broccoli, spinach, tomatoes and peas (Karaca
and Sozbilir 2007). Also, it is synthesized by lipoic
acid synthase in mitochondria intracellularly
(Padmalayam et al. 2009). The antioxidant effect of
ALA is not only through its suppression of free
radical formation but also indirectly through the reuse
of other cellular antioxidants (Guimaraes et al. 2007).
Due to the antioxidant role of ALA, its positive
effects have been observed in vatious pathological
conditions such as diabetes, atherosclerosis, neuron
degeneration, multiple sclerosis and joint diseases
(Singh and Jialal 2008).

Results of studies that use different experimental
models demonstrated that ALA decreased the plasma
urea level (Pradhan et al. 2013) and the degree of
polyuria by increasing the urine osmolality (Bae et al.
2009). Similarly, ALA significantly reduced

glomerular and vascular damage, leukocyte infiltration
(Mervaala et al. 2003), tubulointerstitial fibrosis
(Bhatti et al. 2005), basement membrane thickening
(Winiarska et al. 2008), tubular dilatation, mesangial
enlargement (Oksala et al. 2007), vacuolization (EI-
Sawalhi and Raafat 2007), collagen deposition
(Grdovi¢ et al. 2021), as well as the rates of
congestion and apoptosis in the kidney tissue (Cakir
et al. 2015). In addition, while the expression of Bcl-2
increased, the Bax (Gultekin et al. 2021) and caspase
3 expressions, which play a role in the apoptotic
process decreased with the use of ALA in the kidney
tissue (Oktan et al. 2021). On the other hand, ALA
caused a significant increase in GPx, CAT and GSH
levels, as well as a decrease in MPO activity and
MDA level in kidney tissue (Jamor et al. 2019).

The present study aimed to examine the
morphological changes in the kidneys of rats with
PCB toxicity and to reveal the effects of ALA on
those changes.

MATERIAL and METHODS

Animals

Thirty-two 3-month-old Wistar Albino adult male rats
were used in the study. The rats were obtained from
Aydin Adnan Menderes University Experimental
Animals Unit. The rats had ad libitum to water and
food in a controlled environment at a temperature of
22%+1 °C, following a 12-hour light/dark cycle. The
study was carried out with the permission of Aydin
Adnan Menderes University Animal Experiments
Local Ethics Committee (No: 64583101/2021/180).

Experimental Design

The rats were randomly divided into four groups;
Control (n=8), ALA (n=8), PCB (n=8) and
ALA+PCB (n=8). The control group received corn
oil at a dose of 2 mlkg! by oral gavage for 30 days.
ALA group was administered 25 mgkg! of ALA
(Sigma T5625, Schnelldorf, Germany) dissolving in 2
mlkg"! corn oil by oral gavage for 30 days. The PCB
group was supplemented with 5 mgkg! of PCB
(Sigma 48586, Schnelldotf, Germany) dissolved in 2
mlkg! corn oil by oral gavage for 30 days.
ALA+PCB group was treated with 25 mgkg! of
ALA dissolved in 1 mlkg! corn oil and one hour
later 5 mg.kg! of PCB dissolved in 1 ml.kg! corn oil
was applied by oral gavage for 30 days (Gules and
Eren 2016).

Sample Collection and Preparation

At the end of the experiment, the rats were
anesthetized by intraperitoneal (ip) administration of
80 mg.kg! of ketamine (Pfizer, Istanbul, Turkey) and
20 mgkg! of xylazine (Bayer, Istanbul, Turkey).
Then, a midline incision was made in the abdominal
wall of the animals that were killed by cervical
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dislocation. Kidney tissues were removed from the
abdomen. The right kidney tissue was fixed in 10%
buffered neutral formalin solution for 24 hours.
Following standard histological processing, the tissue
samples were embedded in paraffin and serial
sections were obtained at intervals of 100 um, each
being 5-6 pm thick.

Histomorphometric Analysis

Histomorphometric examinations were carried out on
tissue sections stained with Crossmon's triple staining
method. The diameters of the renal corpuscle,
proximal tubule, distal tubule, ascending limb of
Henle's loop and collecting duct were measured in the
sections. Histomorphometric measurements were
executed by making five different measurements on
five sections of each animal at 40x magnification. All
microscopic  processes were made by a light
microscope  (SOIF  BK5000-TR/L, Denmark)
equipped with an image analysis system (MShot
Digital Imaging System, China). In addition,
photographs were taken with a camera (MShot MD
50, China) from the necessary parts of the sections.

Histopathological and Histochemical Analyzes
The kidney sections were stained with Crossmon's
triple  staining method for histopathological
evaluation. Tissue sections were examined in terms of
glomerular degeneration and connective tissue
densities. In histopathological examination, scoring
was made for each parameter in three sections of
each animal. In the histochemical examination, the
sections were stained with the Periodic acid-Schiff
(PAS)  staining method to reveal neutral
mucosubstance and glycogen. As a result of the
staining, glomerular mesangial matrix density and
glycogen density in the proximal tubule epithelium
were evaluated. The densities of histochemical
parameters were determined in 10 different structures
of three sections belonging to each animal by scoring
for each parameter. The sections' histopathological
and histochemical evaluations were made semi-
quantitatively and scored between 0-3 (0 = none; 1 =
weak; 2 = moderate; 3 = severe)(Sirca et al. 2012).

Statistical Analysis

Data were analysed with SPSS 17.00 package
program. Whether there was a difference between the
groups was determined by one-way analysis of

variance (ANOVA). The post hoc Duncan test was
applied to detect which group or groups caused the
difference. Data are presented as mean F Standard
Error. Values with differences of p<0.01 (**) and
p<0.001 (***) were considered statistically significant
(Gules et al. 2022).

RESULTS

In the histomorphometric analysis performed on
kidney tissue; the diameters of the renal corpuscle,
proximal tubule, distal tubule, ascending limb of
Henle's loop and collecting duct were measured in the
Control and Experimental groups. The data are
shown in Table 1. It was determined that the
diameters of the renal corpuscle, proximal tubule,
ascending limb of Henle's loop and collecting duct in
the kidney significantly decreased in the PCB group
compared to the Control group. At the same time,
they significantly increased in the ALA+PCB group
compared to the PCB group (p<0.001). There was no
significant difference between the groups in terms of
distal tubule diameter (Figure 1 and Figure 2).

In the histopathological analysis of kidney tissues, the
Control and Experimental groups were examined in
terms of glomerular degeneration and connective
tissue densities. The obtained data are given in Table
2. It was detected that glomerular degeneration and
connective tissue densities significantly increased in
the PCB group compared to the Control group
(p<0.001). Also, it was found that glomerular
degeneration  significantly  decreased in  the
ALA+PCB group compared to the PCB group.
However, there was no significant difference in
connective tissue density between PCB and
ALA+PCB groups (Figure 3).

In the histochemical analysis carried out on kidney
tissue, the Control and Experimental groups were
examined in terms of glomerular mesangial matrix
density and glycogen density in the proximal tubule
epithelium. The obtained data are shown in Table 3.
It was determined that the PAS-positive reaction
densities in the glomerular mesangial matrix and
proximal tubule epithelium significantly increased in
the PCB group compared to the Control group, and
they significantly decreased in the ALA+PCB group
compared to the PCB group (p<0.01; p<0.001)
(Figure 4).

Table 1. Histomorphometric values that were obtained from the kidney tissues of Control and Experimental groups.

Diameter of renal Diameter of

Diameter of

Diameter of ascending Diameter of collecting

Groups n corpuscle proximal distal . '

(um) tubule (pm) tubule (pm) limb of Henle's loop (pm) duct (upm)
Control 8 93.59%0.592 34.08+0.252 26.11+0.21 32.17£0.292b 33.48+0.262
ALA 8 91.67+1.02# 33.80+0.33 26.1410.20 32.0910.27~b 32.67£0.242>
PCB 8 85.4520.62b 32.30%0.37b 26.4510.20 29.75%0.21¢ 30.27+0.22¢
élg‘AH) 8 93.01£0.62# 34.02+0.21» 26.94+0.39 31.48+0.20b 31.93%+0.23b

abe Different superscripts in the same column indicate the significant difference. NS: Non-significant, ***p<0.001

506



Figure 1: Microscopic appearances of of kidney tissues in Control (A), ALA (B), PCB (C) and ALA+PCB (D) groups. It is observed that the
diameters of the renal corpuscle (black lines) and proximal tubule (stars) decreased in the PCB group compared to the Control group, and
they increased in the ALA+PCB group compared to the PCB group. Crosmon's triple stain method. Bars: 20pum.

Figure 2: Microscopic views of kidney tissues in Control (A, E), ALA (B, ), PCB (C, G) and ALA+PCB (D, H) groups. It is seen that the
diameters of the ascending limb of Henle's loop (asterisks) and collecting duct (stars) decreased in the PCB group compared to the Control
group and they increased in the ALA+PCB group compared to the PCB group. Crosmon's triple stain method. Bars: 20um.
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Table 2. Density values of histopathological changes in kidney tissues of Control and Experimental groups.

Groups n Glomerular degeneration Amount of connective tissue
Control 8 0.10£0.04b« 0.74£0.04>

ALA 8 0.12£0.05b«¢ 0.66£0.08>

PCB 8 0.52£0.05¢ 1.14%0.052
ALA+PCB 8 0.27£0.03> 1.17£0.05

P ok ok

abe Different superscripts in the same column indicate the significant difference. ***p<0.001.

Figure 3: Microscopic appearances of kidney tissue sections in Control (A, B), ALA (C), PCB (D, E) and ALA+PCB (F) groups. It is
observed that glomerular degeneration (arrowhead) and connective tissue (arrows) densities increased in the PCB group compared to the
Control group, while glomerular degeneration decreased in the ALA+PCB group compared to the PCB group. Crosmon's triple staining
method. Bars: 20pum.

Table 3. Density of glomerular mesangial matrix and glycogen density in proximal tubule epithelium in kidney
tissues of Control and Experimental groups.

Glycogen density in proximal

Groups n Density of glomerular mesangial matrix tubule epithelium
Control 8 1.62£0.03b 1.53£0.03b
ALA 8 1.74£0.05b 1.61£0.03b
PCB 8 1.86£0.032 1.78£0.032
ALA+PCB 8 1.69£0.03b 1.50£0.03b

P *ok *okok

ab: Different superscripts in the same column indicate the significant difference. **p<0.01, ***p<0.001.
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Figure 4: PAS-positive reaction in kidney tissues of Control (A), ALA (B), PCB (C) and ALA+PCB (D) groups. It is noticed that the PAS-
positive reaction densities in the glomerular mesangial matrix (arrows) and proximal tubule epithelium (stars) increased in the PCB group
compared to the Control group, and they decreased in the ALA+PCB group compared to the PCB group. Periodic acid-Schiff staining

method. Bars: 20pum.

DISCUSSION

PCB (A1254) is a chemical that leads to
environmental pollution and causes corpuscular
atrophy in the rat kidney (Kutlu et al. 2007). Atrophy
also has been observed in the tubular and glomerular
cells in the kidneys of fishes living in PCB-
contaminated water (Sula et al. 2020). In the present
study, it was determined that the diameters of the
renal corpuscle, proximal tubule, ascending limb of
Henle's loop and collecting duct decteased in the
PCB group compared to the Control group. These
results suggest that PCB induces structural changes in
the kidney and negatively affects nephron functions.

PCB exposure causes disintegration, loss of nuclear
material, vacuole formation and necrosis in tubular
cells in the mouse kidney (Raja et al. 2019). It has also
been reported that edema in renal proximal tubule
cells and congestion in the kidney medulla were
observed in rats administered PCB (Lu et al. 2009). In
the kidneys of fish living in PCB-contaminated water;
peritubular fibrosis characterized by inflammation,
glomerular necrosis, thickening of the Bowman
capsule, hyaline degeneration in the interstitial tissue
and fibroblast infiltration have been detected (Sula et
al. 2020). On the other hand, it has been determined
that faster apoptotic cell death occurred depending
on the time when human kidney cells in the culture
medium were exposed to PCB (Ghosh et al. 2010).
When the histopathological data in our study was
examined, it was noted that glomerular degeneration
and connective tissue densities increased in the PCB
group compared to the Control group. The findings

in our study are similar to the literature, and it can be
thought that PCB damages kidney tissue histology
and thus it may play a role in the pathogenesis of
kidney diseases.

There are very limited data on how PCB affects the
PAS reaction in kidney tissue. In the study of Sonne
et al. (2008), it was reported that PCB exposure
caused  PAS-positive  glomerular ~ mesangial
accumulations and glomerular basement membrane
thickening in the fox kidney. Similatly, the present
study determined that the PAS-positive reaction
densities in the glomerular mesangial matrix and
proximal tubule epithelium increased in the PCB
group compared to the Control group. Mesangial cell
proliferation and increased PAS-positive reaction in
the mesangial matrix are associated  with
glomerulosclerosis (Tomooka et al. 1992). Based on
this data; it can considered that PCBs may contribute
to the pathogenesis of glomerulosclerosis and trigger
renal dysfunction.

ALA has a strong antioxidant effect which plays a
role in protecting cells from the effects of oxidative
stress. Studies showed that ALA significantly reduced
the rate of glomerulosclerosis, tubulointerstitial
fibrosis (Bhatti et al. 2005), tubular dilatation (Oksala
et al. 2007), vacuolization, degeneration (Morakinyo
et al. 2012), inflammation (Gultekin et al. 2021) and
apoptosis in the kidney (Oktan et al. 2021). In
addition, it has been demonstrated that ALA widened
the narrowed Bowmann capsule cavity (Gultekin et
al. 2021). In the current study, we found similar
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results. The diameters of the renal corpuscle,
proximal tubule, ascending limb of Henle's loop and
collecting duct, which decreased as a result of PCB
exposure, increased with the effect of ALA. Besides,
it was observed that glomerular degeneration caused
by PCBs was reduced by ALA application. Thus, it
was demonstrated for the first time that ALA
contributed to the preservation of histological
structure in the kidney during PCB exposure. In
contrast, ALA didn’t affect the connective tissue
density increased by PCB in the current study. The
study of Wongmekiat et al. (2013) showed that ALA
decreased the rate of fibrotic areas formed in the
kidney in obstructive nephropathy. The reason for
obtaining different results in our study may be due to
differences such as the applied experimental model,
application duration and application method. On the
other hand; in our study, it was determined that the
PAS-positive reaction densities which increased in the
glomerular mesangial matrix and proximal tubule
epithelium in the PCB group, decreased with the
effect of ALA. Similarly; in the study by Bhatti et al.
(2005), it was shown that the positive PAS reaction in
the mesangial matrix in the kidneys of rats with
experimental diabetes was alleviated by the effect of
ALA. As mentioned above, increased PAS-positive
reaction in the mesangial matrix are associated with
glomerulosclerosis (Tomooka et al. 1992). Based on
this information, ALA application against PCB
toxicity may reduce the risk of glomerulosclerosis.
Oxidative stress stimulates the development of
processes such as mutation, apoptosis, and aging in
the cell and ultimately causes tissue damage (Valko et
al. 2000). In the study of Banudevi et al. (2006), PCB
exposure reduced the activities of antioxidant
enzymes such as SOD, CAT, GPx and GR in kidney
tissue. On the contrary, it has been determined that
PCB triggered the formation of oxidative stress by
significantly increasing lipid peroxidation, hydrogen
peroxide and hydroxyl radical levels. Based on these
data, it can be stated that the reason for the disordets
in the kidney that caused due to PCB exposure in our
study may be oxidative stress that was occurred by
PCBs in the organism. On the other hand, ALA is a
free radical-scavenging antioxidant and protects the
organism from oxidative damage (Karaca and Sozbilir
2007). Studies have shown that ALA reduced
malondialdehyde (MDA) levels through increased
MPO activity in  kidney tissue of rats with
experimental ischemia reperfusion injury (El-Sawalhi
and Raafat 2007) and diabetes (Jamor et al. 2019);
while it significantly increased the decreased GPx,
CAT and GSH levels. Accordingly, the reason for the
improvement in kidney tissue disorders in our study
may be that ALA protects cells by suppressing the
oxidative stress triggered by PCBs.

CONCLUSION

In conclusion; PCB may negatively affect renal
physiology by causing morphological changes in
kidney tissue structure. Additionally, the use of ALA
against PCB exposure may contribute to the
protection of kidney histology. In addition, the
findings obtained in our study were presented for the
first time and they will serve as a reference for further
studies in the future.
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ABSTRACT

This study was performed in AKUREM (Afyon Kocatepe University Wildlife Rescue Rehabilitation Training
Practise and Research Centre) within Afyon Kocatepe University, in Tiirkiye between 2017-2022. In this period, 29
injured wild mammals belonging to the 11 species, and 11 individuals belonging to a reptile species (Testudo graeca),
a total of 40 animals were visually examined for ectoparasites. At least one ectoparasite species was detected in 39
of the examined animals, and 423 ectoparasites were collected from the infested animals. It has been observed that
infested animals were infested with 1-5 ectoparasite species. Of the 39 infested animals, 32 had ixodid ticks, eight
had fleas, four had fly larvae, and three had Hippoboscid flies. In this study, nine ixodid tick species (Dermacentor
marginatus, Haemaphysalis erinacer, Ha. parva, Hyalomma aegyptinm, Hy. marginatum marginatum, Hy. scupense, Ixodes spp,
Rhbipicephalus bursa, R. turanicus); five flea species (Archaeopsylla erinacei erinacei, Chaetopsylla globiceps, Ctenocephalides canis,
Ct. felis felis, Pulex irritans); adults of two fly species (Hippobosca equina, Psendolynchia canariensis); and larvae of two fly
species (Calliphora vicina, Lucilia sericata) were detected. Seven ectoparasite species, four tick and three flea species,
were found in red foxes. Six ectoparasite species were detected in red deer and feral horses. The infested animals
had 1-80 ectoparasites. Mean intensity was 11.43 (excluding fly larvae).

Keywords: Anatolian wild sheep, Crenocephalides felis felis, Hyalomma aegyptinm, Rhbipicephalus turanicus, Red deer, Lynx
bynx.

*kkk

Tirkiye’deki Bazi Yabani Memeli (Mammalia) ve Siiriingenlerde (Reptilia) Goériillen Ektoparazitler
Uzetine Bir Calisma
(074

Bu arastirma 2017-2022 tarihleri arasinda AKUREM (Afyon Kocatepe Universitesi Yaban Hayati Kurtarma,
Rehabilitasyon, Egitim, Uygulama ve Arastirma Merkezi)’de yapidmistir. Bu tarihler arasinda merkeze getirilen 11
tire ait 29 yabani memeli hayvan ile bir stringen (Kaplumbaga; Testudo graeca) tirtne ait 11, toplam 40 hayvan dis
parazit yoniinden makroskobik olarak muayene edilmistir. Incelenen hayvanlarin 39’unda en az bir ektoparazit tiirii
tespit edilmis ve enfeste hayvanlardan 423 adet ektoparazit toplanmistir. Enfeste hayvanlarin 1-5 ektoparazit tiiriiyle
enfeste oldugu gézlenmistir. Enfeste bulunan 39 hayvanin 32’sinde ixodid kene, sekizinde pire, dérdiinde sinek
larvalari, Gcinde ise Hippoboscid sinek saptanmustir. Bu arastirmada dokuz kene tirti: Dermacentor marginatus,
Haemaphysalis erinacei, Ha. parva, Hyalomma aegyptinm, Hy. marginatum marginatum, Hy. scupense, Ixodes spp, Rhipicephalus
bursa, R. turanicus; bes pire tirt: Archaeopsylla erinacei erinacei, Chaetopsylla globiceps, Ctenocephalides canis, Ct. felis felis, Pulex:
irritans); iki sinek turintn (Hippobosca equina, Psendolynchia canariensis) erginine ve iki sinek tirtintin de (Calljphora vicina,
Lucilia sericata) larvalarina (myiasis) rastlanmustir. Kizil tilkilerde dort kene ve g pire tird olmak lzere yedi
ektoparazit tird saptanmustir. Kizil geyik ve yilki atlarinda ise altigar ektoparazit tirti tespit edilmistir. Enfeste
bireylerdeki ektoparazit adedi 1-80 arast degismistir. Ortalama ektoparazit yogunlugu 11.43 olarak hesaplanmistir
(sinek larvalart haric).

Anahtar Kelimeler: Anadolu yaban koyunu, Crenocephalides felis felis, Hyalomma aegyptinm, Rhipicephalus turanicus,
Kizd geyik, Vagak
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GIRIS

Tirkiye’de yaklastk 170 memeli ve 120 siiriingen tiirii
bulunmaktadir  (Sekercioglu  ve  ark  2011).
Habitatlarinin daralmasi, atesli silahla yaralanmalar,
arac kazalari, elektrik soklari ve zehirlenmelere bagl
olarak Dbircok yaban hayvaninin nesilleri tehdit
altndadir. Yabani memeli hayvanlar ve striingenler,
yasam sartlarina bagli olarak, kontrol altinda bulunanlar
disinda, hastaliklar yéniinden muayene ve tedavi
edilememektedir. Buna bagli olarak, bu hayvanlar
bircok ektoparazit veya hastaligin evcil ve yabani
hayvanlara, ya da insanlara bulastirllmasinda rol
oynamaktadir (KociSova ve ark. 2006; Santos-Silva ve
ark. 2011; Dominguez-Penatiel ve ark. 2011; Estrada-
Pena 2015; Dik 2020; Dik ve ark. 2020).

Yapilan arastirmalarda (Dominguez 2003; Ruiz-Fons
ve ark. 2006; Galloway 2011; Santos-Silva ve ark. 2011)
yabani memelilerde ixodid kene, pire, bit ve akarlara
oldukea sik rastlanmaktadir.

Yaban hayvanlarinin elde edilebilmesinin ve/veya
aragtirma yapabilmenin gulgcliikleri nedeniyle Tturkiye
yabani memelilerin ve siiringenlerinin dig parazit
faunasi yeterince bilinmemektedir (Dik 2020, Dik ve
ark. 2012; Goz ve ark. 2016; Keskin ve ark. 2018,
2019). Ger¢i yilki atlarmin  (Dik ve ark. 2020),
bozaylarin  (Dik ve Orung-Kilic 2015), yabani
tavsanlarin (Aksin ve Aksin 2002, Dik ve Uslu 2007,
2008, 2018); tilkilerin (Aydin ve ark. 2011, Dingcer
1971; Eren ve ark. 2021), yer sincaplarinin (Uslu ve ark.
2008), karacalarin (Acicr ve ark. 2012), domuzlatin
(Girisgin ve ark. 2009), kirpilerin (Girisgin ve ark.
2015), kemirgenlerin (Agict ve ark. 2017; Dik ve ark.
2019, Keskin ve ark. 2017, Porsuklarin (Tasct ve ark.
2017; Umur ve ark. 2019), sansarlarin (Keskin ve Dik
2023) ve surtingenlerin (Aydin ve ark. 2002; Aysul ve
ark. 2010; Bakirct 2016) dis parazitleri tzerine bazi
calismalar yapilmis ve genellikle az sayilarda materyal
incelenmistir.

Bu arastirma aslinda Afyon Kocatepe Universitesi
Yaban Hayatt Kurtarma, Rehabilitasyon, Egitim,
Uygulama ve Arastirma Merkezi (AKUREM)e
getirilen  yabani memelilerdeki — ektoparazitlerin
belitlenmesi amactyla planlanmis, fakat AKUREM’e
¢ok sayida Kara kaplumbagasinin getirilmesi nedeniyle,
onlar da arastirmaya dahil edilmistir.

MATERYAL ve METOT

Bu ¢alisma Ocak 2017 - Agustos 2022 tarihleri arasinda
Eskisehir, Kitahya, Usak ve Denizli illerinden tedavi
amactyla AKUREM’e getirilen 11 tiire ait 29 yabani
memeli hayvan ile 11 Kara kaplumbagast (Testudo
graeca) uzerinde yapimustir (Tablo 1). Yarali olarak
getirilen yabani memeliler ve kaplumbagalar o birimde
gbnilli olarak galisan ve bu konuda egitilen Afyon
Kocatepe Universitesi Veteriner Fakiiltesi 6grencileri

tarafindan makroskobik olarak dis parazit yoniinden
muayene edilmis ve tespit edilen parazitler pensle
toplanarak, icinde %70 alkol bulunan tdplere
alinmistr.  Tuplerin - tizerlerine  hayvanin  tiird,
bulundugu yerin adi ve tarihini belirten etiketler
yapistirilmis,  ayrica  bitiin - veriler  bilgisayara
kaydedilmistir.

Toplanan ektoparazitler Selcuk Universitesi Veteriner
Fakdltesi Parazitoloji Anabilim Dali laboratuvarinda,
Nikon SMZ745T trinokiler stereo mikroskopta
incelenmistir. Kenelerin teshislerinde Karaer ve atk
1997; Apanaskevich ve Horak 2008; Apanaskevich ve
ark. 2009; Estrada-Pena ve ark. 2017, Hippoboscid
sineklerin erginlerinin teshislerinde ise Maa 1969 ve
Hutson 1984’den yararlanlmustir. Nimf dénemindeki
keneler cins seviyesinde teshis edilebilmistir. Pireler ve
myiasis olgularinda, sinek larvalart %70 alkolden %10
KOH  solisyonuna  aktardmis  ve  Ornekler
saydamlasincaya kadar 24 - 72 saat bekletilmistir. KOH
solisyonundan alinan o&rnekler birkag saat siireyle
distile suda bekletildikten sonra, birka¢ saat siireyle ve
strastyla %70 - %99’luk alkol serilerinden gegirilmis,
daha sonra kisa bir siire alkol fenolde tutulmus ve
Kanada Dbalsamla lam izerine yapistirilmistir.
Hazirlanan preparatlar t¢ hafta streyle etiivde, 55
°Cde bekletilerek kurutulmus ve ILeica DM750
trinokiiler 1stk mikroskobunda incelenerek teshis
edilmigtir.  Pirelerin  teshislerinde Dinger 1971,
Beaucournu ve Launay 1990’dan, sinek larvalarinin
teshislerinde ise Zumpt 1965; Szpila 2010 ve Thyssen
2010’dan yararlanimustir.

BULGULAR

Bu arastirmada incelenen hayvan tirleri ile tespit edilen
cktoparazit tirleri Tablo 1’de g0sterilmistir. Bu
tablodan da anlasilacagi tizere, ektoparazitlerle enfeste
40 hayvanin 3%unda en az bir ektoparazit tird
saptanmis, 6grenciler tarafindan yapilan ilk inceleme
sonucu enfeste oldugu digiinilen bir Kizil Tilki’den
alinan 6rnegin ise parazit olmadigi gbzlenmistir.

Incelenen 29 memeli hayvanin 24 (%82.76)’iinde
ixodid kene, sekizinde (%27.59) pire, dérdinde
(%13.79) Diptera larvasi, tglinde (%10.34) ise
Hippoboscid sinek saptanmistir. Kara
kaplumbagalarinin ~ sekizinde kene, Ug¢lnde ise
Calliphora ve Lucilia larvalarindan kaynaklanan myiasis
tespit edilmistir.

Enfeste hayvanlardan dokuz tire [(Dermacentor
marginatus (Sulzer) (19), Haemaphysalis erinacei (Pavesi)
(3238 79 1N), Haemaphysalis parva (Neumann) (83),
Hyalomma  aegyptinm  (Linnaeus) (973 369  26N),
Hyalomma marginatum marginatum Koch (293 49),
Hyalomma scupense Schulze (= Hy. detritum) (13), Ixodes
spp (IN), Rhbipicephalus bursa Canestrini and Fanzago,
(13 19Q), Rhipicephalus turanicns Pomerantzev (63 69),
Hyalomma spp (4N)] ait toplam 261 adet (1743 559
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32N) ixodid kene; bes pire tirtine [(Archaeopsylla erinacei
erinacei Bouché (208 279), Chaetopsylla  globiceps
(Taschenberg) (43 3%), Crenocephalides canis (Curtis)
(28 39), Ctenocephalides felis felis (Bouché) (43 139),
Pulex: irritans Linnaeus (123 199)] ait toplam 107 adet
(423 659) pire ve iki Hippoboscid tiiriiniin
[(Hippobosca equina Linnaeus (338 4%), Psendolynchia

canariensis Macquart) (13 39)] erginlerine ait 11 sinek
olmak iizere, toplam 379 ektoparazit toplanmustir. Iki
olguda ise Calliphorid sinek turtntn (Calliphora vicina
Robineau-Desvoidy, Lucilia sericata Meigen) larvalar
tespit edilmis, fakat toplanan larvalar sayilmadigt icin
bu rakama dahil edilmemistir.

Tablo 1. Incelenen yabani hayvan tiirleri ve saptanan ektoparazit tiirleri
Table 1. Examined wild animal species and detected ectoparasite species

No Incelenen Hayvan Tiirii (n)

Tespit edilen ektoparazit tiirii

1. Kizil Tilki (Vulpes vulpes) (8)

Chaetopsylla globiceps 3%, 43
Ctenocephalides canis 39, 23
Pulex irvitans 169, 83
Haemaphysalis parva 63
Haemaphysalis erinacei 69, 143
Hyalomma marginatum 1 Q, 78
Rbipicephalus turanicus 19

2. Kiz1l Geyik (Cervus elaphus) (8)

Dermacentor marginatus 1%
Haemaphysalis parva 23
Hyalomma marginatum 43
Rhipicephalus turanicns 29,13
Hippobosca equina 29,13

Psendolynchia canariensis 29

3. Vasak (Lynx Iynx) (2)

Ctenocephalides felis felis 139, 473
Haemaphysalis erinacei 184, 1IN
Pseudolynchia canariensis 29
Hippobosca equina 19

4. Kurt (Canis Iupus) (2)

Pulex irritans 49, 38
Lucilia sericata (1 adet 1.3)

5. At (Equus ferus caballus) (2)

Haemaphysalis erinacei 1%
Hyalomma marginatum 3%, 183
Hyalomma scupense 13
Rhipicephalus bursa 19,13
Rhbipicephalus turanicus 2%
Hippobosca equina 19, 28

6. Porsuk (Meles meles) (1)

Ixcodes spp. 1IN

7. Kirpi (Erinaceus concolor) (2)

Archaegpsylla erinacei erinacei 279, 203
9 adet sinek larvasi (L2)

8. Sincap (Sciuris vulgaris) (1)

Hyalomma spp. 1IN

Anadolu yaban Koyunu (Ovis gmelini

9. anatolica) (1) Rbipicephalus turanicus 13
10. Karaca (Capreolus capreolus) (1) Rhipicephalus turanicus 19, 43
11. Tavsan (Lepus europaeus) (1) Hyalomma spp 6 nimf

12. Kara Kaplumbagas1 (Testudo graeca) (11)

Hyalomma aegyptinm 369, 973, 26N
Calliphora vicina (cok sayida L2, 1.3)
Lucilia sericata (cok sayida 1.2, 1.3)
Teshis edilemeyen sinek larvast 34 adet

Enfeste hayvanlarin bir veya birden fazla tiirle enfeste
oldugu gbzlenmis, 32’sinde kene, sekizinde Dpire,
dordiinde sinek larvast (miyaz olgusu) ve Uglinde de
Hippoboscid ~ sineklere  rastlanmistir.  Enfeste

bireylerde saptanan ektoparazit tiri 1-5, toplanan
ektoparazit adedi 1-80 (¢ok sayida larvanin oldugu
miyaz olgularinda larva saymmi yapilmamustir) arasinda
degismistir. Genel olarak degerlendirildiginde, en fazla
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ektoparazit tiriine (yedi tiir) Kuzil tilki, altr tir ile Krzil
geyik ve yilki atlarinda rastlanmistir. Kizil tilkilerde dort
kene ve Ug pire tiriine rastlanirken, Kizil geyiklerde
dort kene ve iki hippoboscid sinek, atlarda ise bes kene
tird ve Hip. equina tespit edilmistir. Myiasisle enfeste
bir kara kaplumbagasi ile bir kirpiden toplanan ikinci

doéneme ait olup, iiclincii déneme gegmek {izere olan
sinek larvalari cins ve tir seviyesinde teshis
edilememistir. ~ Enfeste  hayvanlarin = ka¢  tiir
ektoparazitle  enfeste  olduklar1  Tablo  2’de
gosterilmistir.

Tablo 2. Incelenen hayvanlarin ektoparazitlerle enfestasyon durumlari
Table 2. Infestation status of examined animals with ectoparasites

Enfeste hayvan
Enfetasyon tipi Artropod tiirii
adedi (n)
Enfeste olmayan :
M
A. erinacei erinacei 1
D. marginatus 1
Hae. erinacei 1
Hyalomma spp. 2
Tek tiirle enfestasyon Fy. acgpprim ’
Hy. marginatum 2
27)
Ixcodes spp. 1
Lucilia spp. 1
P. irritans 2
Rb. turanicus 5
Teshis edilemeyen sinek larvasi (L2) 2
Hae. erinacei+Ch. globiceps 1
Hae. erinacei+Ct. felis felis 1
Hae. erinacei+P. irritans 1
Hae. erinacei+Rbh. turanicus 1
Iki tiitle enfestasyon (8) Hae. parva+Rh. turanicns 1
Hy. m. marginatum+Ixodes spp. 1
RA. turanicus+P. irritans 1
C. vicina~+1.. sericata 1
Ug tiirle enfestasyon Hip. equina+Hy. m. marginatum~P. canariensis 1
2) Hippobosca spp.+Hae. erinacei+P. canariensis 1
Hae. parva+Hae. erinacei+Ch. globiceps+Ct. canis+P. .
Bes tiirle enfestasyon irritans
2) Hip. equina+Hy. m. marginatum+Hy. scupense+Rbh. .
bursa+Rh. Turanicus
Toplam 40

516



Bu tablodan da anlasiacagi tzere incelenen
hayvanlarin ¢cogunlugunun (27 olgu) tek tiirle, sekizinin
iki, ikisinin tg, ikisinin ise bes ektoparazit tird ile
enfeste oldugu belirlenmistir. Incelenen 11 kara
kaplumbagasinin tamamu bir tiir ektoparazitle enfeste
bulunmustur.

TARTISMA

Tirkiye’de, yaban hayvanina ulagsmanin veya caligma
yapmanin zorluklart nedeniyle ektoparazitler tizerine
yapilan arastirmalar genellikle ya bir hayvan tirinin ya
da sturlt sayidaki birka¢ hayvan tiriiniin az sayidaki
Ornekleri tzerinde yapilmistir (Dinger 1971; Aksin ve
Aksin 2002; Aydin ve ark. 2002; Dik ve Uslu 2007,
2008, 2018; Uslu ve Dik 2008; Girisgin ve ark. 2009,
2015, 2018; Aysul ve ark. 2010; Aydin ve ark. 2011;
Acict ve ark. 2012, 2017; Eren ve ark. 2012; Yilmaz ve
ark. 2013; Bakirct 2016; Goz ve ark. 2016; Keskin ve
ark. 2017, 2019; Tasct ve ark. 2017; Dik ve ark. 2019,
2020; Umur ve ark. 2019; Dik 2020). O arastirmalarda,
incelenen hayvanlardan genellikle kene ve pire kayitlart
yapilmus; bit, akar ve diger ektoparazitler ya hi¢
calislmamis, ya sirh  cabigilmis ya da  onlara
rastlanmamuistir.

Dominguez (2003) Ispanya’da inceledigi 17 tiire ait 103
yabani memeliden %060’inda kene, %51.4%inde pire,
%3.8’inde bit ve %3.8’inde de akar veya Hippoboscid
sinek tespit etmistit. Bu aragtirmada incelenen 29
memeli hayvanin 24’inde (%82.76) ixodid kene,
sekizinde (%27.59) pire, dérdinde (%13.79) Diptera
larvasy, tciinde (%10.34) ise Hippoboscid sinek
saptanmis, akar tespit edilememistir. Elde edilen
verilerin  Dominguez (2003)’in  bulgulariyla  aymu
paralelde oldugu gézlenmistir. Bununla birlikte,
muhtemelen incelenen hayvan tiirii ve érneginin daha
az sayida ve/veya bu ektoparazitlerin daha kiiciik
olmalarindan,  muhtemelen  incelemeyi  yapan
Ogrencilerin géziinden kacmis olmasindan dolayi, bu
calismada bit ve akar saptanamamustir.

Yabani memelilerde genellikle kenelere daha ¢ok
rastlanmaktadir. Ispanya’da Kizil geyik ve domuzlarin
keneleri tizerine yapilan bir ¢alismada, Kizil geyiklerde
10 ixodid kene tirt saptanmis, en yaygin tirlerin Hy.
marginatum marginatun, Rhbipicephalus (Boophilus) annulatus
(Say) ve Rb. bursa oldugu belirtilmistir (Ruiz-Fons ve
ark 2006). Tiurkiye’de, Erzurum’da incelenen Kizil
tilkilerde iki kene tlrl: Ixodes hexagonus Leach ve
Haemaphysalis numidiana Neumann saptanmistir (Aydin
ve ark 2011). Acict ve ark (2012) inceledikleri 17
Karacada Haemaphysalis concinna (Koch), Ha. punctata
(Canestrini ve Fanzago), I. ricinus, Rh. bursa ve Rbh.
turanicns tirlerine rastlamislardir. Girisgin ve ark (2015)
kirpilerde yaptiklart calismada Rbipicephalus sanguinens
Latreille, Hy. aegyptinm ve Hae. parva tespit etmisler,
diger bir calismalarinda ise (Girisgin ve ark 2018) Boz
Ayt (Ursus arctos)’da Hae. erinacei, Aslan (Panthera leo),
Kaplan (Panthera tigris), Cizgili Sirtlan (Hyaena hyaena)’da

ise Rh. sanguinens tespit etmislerdir. Keskin ve ark
(2018) cogunlugunu kemirici hayvanlarin olusturdugu
10 tare ait 19 yabani memeli hayvan incelemisler, Kizil
tilkilerde RA.  twranicus’a, Yabani tavsanlarda (L.
europaens) Rh. bursa~ve Hyalomma spp (nimf) 6rneklerine
rastlamiglardir. Konya y6resindeki Yaban tavsanlarinin
ektoparazitleri tizerine yapilan bagka bir calismada,
akar turlerinden Cheyletiella  parasitivorax (Mégnin),
Dermanyssus gallinae (De Geer) ve Neotrombicula (N.)
antumnalis (Shaw)’in yant sira, Dermacentor spp (N), Hae.
parva, Haemaphysalis spp (N), Ixodes spp (N) ve
Rbapicephalus spp (N) saptanmustir (Dik ve Uslu 2018).
Baska bir calismada ise, Avrasya porsugundan (Meles
meles) 1. ricinus ve Rh. sanguinens bildirilmistir (Umur ve
ark. 2019). Bu aragtirmada Dik ve Uslu (2018)’nun
yaban tavsanlarinda saptadiklart  akar  tirlerine
rastlanmamakla bitlikte; Hyalomma cinsine ait g,
Haemaphysalis ve Rbhbipicephalus cinslerine ait ikiser,
Dermacentorve Ixodes cinslerine ait birer tlr olmak tizere
dokuz kene tiri tespit edilmis, Ixodes cinsindeki 6rnek
nimf déneminde oldugu icin tiir teghisi yapilamamigtir.
Bu arastirmada RA. turanicus’un en yaygin kene tiri
oldugu gézlenmis ve daha 6nce Tirkiye’deki yabani
memelilerden kaydedilmeyen bu kene tirine Kizil
geyik, Kizil tilki, Yaban ati, Anadolu yaban koyunu ve
Karacada rastlanmis, Kizil geyiklerde en yaygin kene
tirinin  Rh.  turanicus  oldugu saptanmistr.  RA.
turanicns’n Uger farklt konakta saptanan Ha. erinace: ile
iki farkll konakta tespit edilen Hy. marginatum
marginatum takip etmis, diger tirler ise sadece birer
konakta gézlenmistir. Bu arastirmada, Kizil tilkilerde
Hae. parva, Hae. erinacei ve Rh. turanicus tespit edilmis,
Aydin ve ark. (2011) tarafindan kaydedilen I. hexagonus
ve Hae. numidiana’ya rastlanmamistir. Diger taraftan
Girisgin ve ark (2018) tarafindan Boz ayida saptanan
Hae. erinacerye bu arastirmada Kizil tilki, Yaban at1 ve
Vasakta rastlanmus; Aslan, Kaplan, Cizgili Sirtlanda
saptanan  Rh.  sanguinens’a ise bu  arastirmada
rastlanmamistir.

Pireler gecici ve kozmopolit artropodlar olup, sadece
ergin dénemlerinde konaklarindan kan emetler, konak
secmezler ve farklt konaklardan kan emebilitler.
Tirkiye’de 36 cinse ait 115 pire tiir veya alt tiirti (83 tiir,
32 alt tir) tespit edilmistir (Keskin ve ark. 2018).
Merdivenci (1965) tilkilerde, Chaetopsylla  globiceps,
Chaetopsylla homoea homoea Rotschild, Ct. canis, Ct. felis
felis ve P. irritans olmak tizere bes pire tiiri bildirmistir.
Ankara’da yapilan bir c¢alismada, Kizil tilkilerde
Archaeopsylla  erinacei  erinacei (Bouché), Ch. globiceps,
Chaetopsylla mirabilis lotf & Argyropulo, Chaetopsylla
rotschildi Kohaut, Crenophthalmus acuminatus loff &
Argyropulo, Ct. canis, Ct. felis felis, Paraceras melis melis
(Walker) ve P. zrritans olmak lzere dokuz pire tird
tespit edilmis ve tilkilerdeki en yaygin tiitlerin P. irvitans
ve Ch. globiceps oldugu bildirilmistir (Dinger 1971).
Daha 6nceki calismalarda Kizil tilkilerde P. irvitans, Ch.
Globiceps, Ct. canis ve Ct. felis felise (Aydin ve ark. 2011),
Avrasya porsugunda (Meles meles) Paraceras melis‘e
(Umur ve ark 2019), kirpilerde .A. erinacei erinacerye
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(Girisgin ve ark. 2015), Anadolu sincabinda Nosopsy/lus

fasciatus (Bosc d’Antic)’a (Girisgin ve ark. 2018), yaban
tavsanlarinda ise P. drritans ve N. fasciatus’a (Dik ve Uslu
2018) rastlanmustir. Bu arastirmada incelenen sckiz
Kizil tilkide Gg pire tirtine: Ch. globiceps, Ct. canis ve P.
irritans’a rastlanmig, en yaygin tirin P. Zrritans (dort
olgu) oldugu ve onu Ch. globiceps (iki olgu) takip ettigi
gozlenmistir. Kizil tilkilerin disinda, Kurt, Vasak ve
Kirpilerde pire enfestasyonu saptanmig, diger
konaklarda pire tespit edilememistirt. Enfeste
hayvanlardan en c¢ok A. erinacei erinacei (47 adet)
toplanmus, onu 24 6rnekle P. #rvitans ve 17 6rnekle Cr.
[felis felis izlemistir. A. erinacei erinacer’ye sadece kirpilerde,
Ch. globiceps ve Ct. canis’e sadece Kizil tilkilerde, C#. felis
felise sadece Vasakta, P. irritans’a ise Kuzil tilki ve Kurtta
rastlanmistir.

Gerek kan emici (Anoplura) ve gerekse cigneyici
(Amblycera, Lschnocera) bitlere yabani memelilerde
rastlanmakla bitlikte (Durden 1994; Gustafsson ve ark.
2018), Turkiye’de bu konuda ¢ok az kayit bulunmakta
(Girisgin ve ark. 2009; Acict ve ark. 2012; Tasct ve ark.
2017; Dik ve Uslu 2018; Dik ve ark. 2019, 2020; Dik
2020; Eren ve ark. 2021) olup, Turkiye’deki evcil ve
yabani memeli hayvanlarda 38 bit tiirii tespit edilmistir
(Dik 2020). Agict ve ark (2012) karacalardan Damalinia
meyeri (= Cervicola meyeri) (Taschenberg)’yi, Dik ve Uslu
(2018) ise yaban tavsanlarindan Haemodipsus yriocephalus
(Burmeister), H. setoni (BEwing) ve H. /leporis
(Blagoveshtchensky) kaydetmiglerdir. Dik (2020)
tarafindan yaymnlanan Turkiye evcil ve yabani memeli
bit faunast kitabinda sehven unutulan D. meyeri ile,
kitabin yayinlanmasindan sonra bildirilen Trichodectes
(Stachiella) retusa (Burmeister) (Keskin ve Dik 2023) ve
Felicola (Suricatoecus) vulpis (Denny) (Eren ve ark. 2021)
tirleriyle  birlikte Tiurkiye memeli hayvan bit
faunasindaki tir sayist 40’a ¢ikmustir. Bu arastirmada
incelenen  yabani  memeli  hayvanlarda  bit
saptanamamistir.

Turkiye Hippoboscidae faunast hemen hemen hic
calistimamistir. Her ne kadar bazi cins veya tiirlerle ilgili
kayitlar varsa da bu ¢alismalarda genellikle ya bir tiiriin
prevalanst c¢alistlmis ya bir olgu sunumu olarak
sunulmus (Erdem ve ark. 2019), ya da yapilan
arastirmada saptanan Hippoboscid tiiri ile ilgili veriler
(Acict ve ark. 2012; Dik ve ark. 2020) bildirilmistir.
Hippobosca equina tek tirnaklt hayvanlarin ektoparaziti
olmakla birlikte (Maa 1969; Hutson 1984), bu tiire
sigirlarda da rastlanmaktadir (Maa 1969; Hutson 1984;
Kowal ve ark. 2016). Maa (1969) bu tirin tek
tirnaklilarda parazitlendigini, sigirlarda da gorildigini
ve rastlansal olarak insan, kdpek, tavsan, deve ve bazi
kuslarda bulunabilecegini bildiritken, Kowal ve ark.
(2016) bu tirtin Avrupa’da tek trnakldarda ve
sigirlarda gorildigind, fakat primer konaginin Kizil
geyik oldugunu bildirmistir. Bu arastirmada, bu tiire bir
Yaban ati, bir Kizil geyik ve bir Vasakta rastlanmustur.
Vasak bu tirin dogal konagt olmadigi icin,
muhtemelen ayni barinaktaki diger hayvanlardan gelen

H. eguina 1ile rastlansal olarak enfeste oldugu
dustnilmektedir. Maa  (1969) P.  canariensisin
Columbidae  (Guvercingiller),  Accipitridae  ve
Falconidae (Gindiiz yirticilart) basta olmak tzere ¢ok
sayida kus tirinde gorildigint bildirmis, fakat
memeli hayvanlarda gorildiigine dair bir bilgi
vermemistir. Bu tire Turkiye’de, giivercin (Aydin
2009) ve Puhu (Bubo bubo)yda (Erdem ve ark 2019)
rastlandigt  bildirilmistir. Hippoboscid = sineklerden
Lipoptena cervi (Linneus) ise Karaca ve Kizil geyiklerden
kaydedilmistir (Acict ve ark 2012; Girisgin ve ark 2018).
Bu calismada, Kizil geyikte saptanan P. canariensis'in de,
muhtemelen aynt barmnakta, yan tarafta bulunan
kafeslerdeki kuglardan geyige gectigi disiiniilmektedir.
Cervidae ailesinde (geyikgiller) goriilen ve Tirkiye’de
Karaca ve Anadolu sincaplarinda varligt saptanan L.
cervi’ye ise bu arastirmada rastlanmamugtir.

Kara kaplumbagalarinda (Testudo graeca) ektoparazit
olarak genellikle Hyalomma aegyptinm‘a rastlanmaktadir
(Aysul ve ark. 2010; Bakirc1 2016; Yilmaz ve ark. 2013).
Kara kaplumbagalarina 6zgii  olan, fakat diger
hayvanlarda ve hatta insanlarda da parazitlenen bu
kene tiriine Trakya (Aysul ve ark. 2010) ve Bati
Anadolu’da (Bakircr 2016), Kara kaplumbagalarinda
yaygin olarak rastlanmistir. Bu aragtirmada incelenen
Kara kaplumbagalarindan sekizinde kene enfestasyonu
saptanmis ve toplanan butin kenelerin Hy. aegyptinm
oldugu gozlenmistir. Kara kaplumbagalarinin birisinde
Calliphora vicina'dan, digerinde ise Laucilia sericats’dan
kaynaklanan myiasis olgularina rastlanmis, bir myiasis
olgusunda ise elde edilen larvalar cins ve tir
seviyesinde tanimlanamamigtir.

SONUC

Sonug olarak bu arastirmada incelenen 11 tire ait 29
memeli hayvanin 281 ektoparazitlerle enfeste
bulunmustur. Enfeste memelilerin 24’lnde (%82.706)
ixodid kene, sckizinde (%27.59) pire, dordinde
(%13.79) Diptera larvasi, tgclinde (%10.34) ise
Hippoboscid sinek saptanmustir. Enfeste memelilerde
sekiz tir ixodid kene (D. marginatus, Hae. erinacei, Hae.
parva, Hy. marginatum, Hy. scupense, Ixodes spp, Rh. bursa,
Rb. turanicns); bes tir pire (A. erinacei erinacei, Ch.
Globiceps, Ct. canis, C1. felis felis, P. irritans) ve iki
Hippoboscid sinek tirts (Hippobosca equina, Pseudolynchia
canariensis) tespit edilmistir. Kara kaplumbagalarinin
sekizinde Hy. aegyptinn’dan  kaynaklanan kene
enfestasyonu, Uclinde ise travmatik  myiasise
rastlanmistir. Incelenen 40 hayvanin 39’u en az bir dis
parazitle enfeste bulunmus, enfeste 39 hayvanin
27sinin (%069.23) tek tar, sekizinin (%20.51) iki tir,
ikisinin (%5.13) g tir, ikisinin (%5.13) ise bes tir
ektoparazit tird ile enfeste oldugu gézlenmistir.
Thurkiye yaban memeli ve striingenlerinin i¢ ve dis
parazitlerinin ~ belirlenmesi  tizerine daha fazla
calismalarin  yapilmasi,  paraziter  faunalarinin
belitlenmesi ve bunlarin evcil memeliler ve/veya
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insanlar i¢in Onemlerinin vurgulanabilmesi amactyla
cok sayida arastirma planlanmasi gerekmektedir.

Cikar Catismas1: Yazarlar bu makalede herhangi bir
cikar catismast olmadigint beyan etmislerdir.

Yazarlarin Katki Oranlart: Yazarlar bu makaleye esit
oranda katki saglamiglardir.

Etik Izin: Bu calisma igin Afyon Kocatepe
Universitesi Hayvan Deneyleri Yerel Etik Kurulu
AKUHADYEK -67-23 sayst ile 12.09.2023 tarihinde
izin almistir.
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ABSTRACT

The vitrification method is a freezing method in which the cooling rate is very high and high concentration
permeable cryoprotectants are used. The vitrification method, which has a wide application area in embryo
freezing, was applied to the storage of goat semen and the effect of the vitrification method on semen quality was
determined. For this purpose, semen samples taken from 4 healthy goats via artificial vagina were divided into 4
equal groups. While the semen samples in Group 1 were frozen with the conventional method with Tris-sitrate
modified solution containing 20% egg yolk and 5% glycerol, the remaining sperm samples were frozen with 0.1
M (Group II), 0.25 M (Group III) and 0.5 M (Group IV) was diluted with Human Tubal Fluid diluent containing
sucrose and vitrification method was applied. Standard semen analysis (spermatozoa motility, plasma membrane
integrity, sperm morphology, chromatin integrity) was performed on all semen samples after conventional
freezing and vitrification. As a result, attempts to vitrify goat spermatozoa using non-permeable cryoprotectants
have resulted in very low viability. The physical and chemical changes occurring during vitrification negatively
affected the motility, viability and sperm morphology of spermatozoa.

Key Words: Goat, Semen, Sucrose, Vitrification
ksksk

Teke Spermasinin Vitrifikasyonu

(074

Vitrifikasyon metodu, sogutma hizinin ¢ok yiiksek oldugu, yitksek konsatrasyonlu permeable kriyoprotektanlarin
kullanildigi bir dondurma yéntemidir. Embriyo dondurulmasinda oldukga genis uygulama alant bulan vitrifikasyon
methodunun teke spermasinin saklanmasinda uygulanarak sperma kalitesi tizerine vitrifikasyon methodunun etkisi
belitlenmistir. Bu amagla 4 saglikli tekeden suni vajen yoluyla alinan sperma Srnekleri 4 esit gruba ayrilmistir.
Grup T’deki sperma Ornekleri %20 yumurta sarist ve %05 gliserol iceren Tris-Sitrat modifiye soliisyonu ile
konvansiyonel metodla dondurulurken, geri kalan sperma 6rnekleri ise 0.1 M (Grup 2), 0.25 M (Grup 3) ve 0.5 M
(Grup 4) stkroz iceren Human Tubal Fluid sulandiricist ile sulandirilip vitrifikasyon islemine tabi tutulmugtur.
Tim sperma Orneklerinde konvansiyonel dondurma ve vitrifikasyon islemi sonrast standart sperma analizi
(spermatozoa motilitesi, plasma membran biitinligi, spermatozoa morfolojisi, kromatin bitinligl) yapilmistir.
Sonug olarak, non-permeable kriyoprotektanlar kullaniarak teke spermatozoasmt vitrifiye etmek icin girisilen
deneyimler ¢ok dustik canhlikla sonuclanmustir. Vitrifikasyon sirasinda olusan fiziksel ve kimyasal degisiklikler,
spermatozoanin motilitesini, canliligini, spermatozoa morfolojisini olumsuz sekilde etkilemistir.

Anahtar Kelimeler: Sperma, Sitkroz, Teke, Vitrifikasyon
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GIRIS

Reprodiksiyon  teknolojisinden  bagimsiz  olarak,
kriyobiyoloji teknolojisi, yirminci yliz yilin baslarindan
beri gelismektedir. Bilindigi gibi kriyoprezervasyon
islemindeki amac, cok disuk bir sicaklikta canl bir
hiicrte veya dokunun minimum hasarla fonksiyon
kaybt olusturmaksizin uzun sireli saklanmasidir
(Tunali 2014). Kegilerde dondurulmus sperma ile
yapilan suni tohumlamalardan elde edilen fertilite
orant  biytikbas  hayvanlarda  yapilan  suni
tohumlamalara oranla daha dustuktir. Bunun
nedenlerinden biri de kullandan sperma dondurma
tekniklerinin yeterince gelistirilememis olmast olabilir
(Kulaksiz ~ ve  Daskin  2009). Konvansiyonel
kriyoprezervasyon  teknigi  klglkbas  hayvan
spermasinin  saklanmasinda  kapsamli  bir sekilde
uygulanmakta olsa da yavas dondurma sirasinda hiicre
ici veya hticre digt buz kristali olusumu ve ozmotik
degisikliklerin meydana gelebilecegi, bunun da agiri
hiicre biiziilmesine ve spermatozoa hasarina yol actig
bilinmektedir (Jiménez-Rabadan ve ark 2015). Hucre
ici buz kristali olusumunun, dondurma sirasinda
spermatozoa hiicresinde meydana gelen ana hasarin
nedenlerinden biri oldugu ve suni tohumlamadan
sonra ireme etkinligini azalttgr iyi bilinmektedir.
Ayrica  konvansiyonel dondurmada, lipit faz
gecisindeki  degisiklikler sonucu reaktif oksijen
tirlerinin Gretimi ile lipit peroksidasyonundaki artisa
baglt olarak hareketli spermlerin hiz ve yiizdesinde
azalma ve fertilizasyon potansiyelinde énemli kayiplar
meydana geldigi de rapor edilmistir (Barbosa ve ark.
2023; Gharajelar ve ark. 2016). Konvansiyonel yavas
dondurmaya alternatif olarak doku veya organlarda
buz kristal olusumunu engellemek icin yiksek
kriyoprotektan konsantrasyonu gerektiren
vitrifikasyon metodu gelistirilmistir (Jiménez-Rabadan
ve ark. 2015). Geleneksel dondurma islemlerinden
farkli  olarak  vitrifikasyon = metodu  yuksek
kriyoprotektan konsantrasyonu ile hizlt
dondurma/¢6zdurme hizint icerir ve bu iki faktorin
kombinasyonu ile viskozitesi hizla artan bir solusyon
icerisinde  buz kristali olusumu olmadan sulu
¢Ozeltilerin stvi halden camst hale dogrudan gecisini
icerir (Mukaida ve ark. 1998; Vajta ve Nagy 2000).
Buz kristal olusumunu engellemesi yaninda ayrica
maliyetinin  az olmasi, kisa strede ve kolay
uygulanabilir  olmast  ile  memeli  embriyo
dondurulmasinda  vitrifikasyon methodu olduke¢a
genis uygulama alani bulmustur ve basartyla
kullanilmaktadir.  Ancak  embriyo  vitrifikasyon
prosediiriiniin - spermatozoa  kriyoprezervasyonunda
dogrudan kullanimi, spermatozoanin toksik ve
ozmotik strese karst yitksek duyarhligt nedeniyle
uygun degildir (Le ve ark. 2019). Ayrica, embriyo ¢ok
hticreli bir yapiya sahiptir ve bu nedenle, embriyodaki
bazi hicreler kriyohasar nedeniyle hasar gérse bile,
kalan canli hiicreler yine de bu 6lu hiicrelerin yerini
almak  icin  cogalabilirler. ~ Spermatozoa  ise
transkripsiyon ve translasyon kabiliyetine sahip

olmayan tek hiicredir ve bu nedenle kriyohasardan
kurtulamaz (Lv ve ark. 2019). Vitrifikasyon
yonteminde ise yavas kademeli sogutma yonteminden
farklt olarak yliksek konsantrasyonda kriyoprotektan
ajanlar kullanilmakta (4-8 mol/lt), seeding ve yavas
sogutma islemi olmadan hiicreler ¢ok hizli bir sekilde
(15.000-30.000°C/dk) sogutulmaktadir (Fahy ve Rall
2007).  Bu  nedenle  yiksek  kriyoprotektan
konsantrasyonunun spermatozoa hicreleri tzetine
toksik etkisinden dolays, vitrifikasyon metodunun
erkek gametlerin dondurularak saklanmast i¢in uygun
bir method olmadigi géristi uzun yillardir popilerdi
(Lv ve ark. 2019; Sanchez ve ark. 2011). Aslinda,
spermatozoanin  vitrifikasyonu yeni bir kavram
olmamakla beraber spermanin basarili gsekilde ilk
vitrifiye  edilmesi 1938  yilinda  kurbagalarda
gerceklestirilmistir. Fakat sogutmanin kritik hizindan
dolayt memeli spermasini vitrifiye etmek icin girisilen
ilk deneyimler ya disik ya da sifir canhlikla
sonuclanmistir (Isachenko ve ark. 2012; Lv ve ark
2019; Sanchez ve ark. 2011). Hicreleri gevreleyen
medyum viskozitesi artirilarak, hiicre ici ve hiicre dist
kristal olusumunu engellemek igin karbonhidrat,
protein ve diger cktraseliller ajanlar kullaniarak ve
sogutma orant artirilarak solusyonlardan permeabl
kriyoprotektanlar  uzaklastirildiktan ~ sonra  insan
spermasinin vitrifiye edilmesinden sonra elde edilen
sonuglardan dolay1 son ¢alismalarda bu durum tersine
dénmiustir (Isachenko ve ark. 2012; Lv ve ark. 2019;
Sanchez ve ark. 2011). Kriyoprotektanlar materyalin
donma noktastnt azaltarak buz kristal olusumundan
ya da donma hasarindan spermatozoayt korumak icin
hizmet eden dusik molekiil agirlikli kimyasallardir
(Wetzels ve ark. 1996). Plazma membranlarina
penetre  olma  yeteneklerine gore iki  gesit
kriyoprotektan ~ vardir  ve  hicrelerin  ¢ogu
kriyoprotektan ajanlar kullanilmaksizin canlt kalamaz.
Dimetilasetamid, dimetilsiilfoksit, gliserol, glikol,
etilen  ve  methanol gibi  permeabl olan
kriyoprotektanlar hiicre membrani proteinini stabilize
ederek elektrolitlerin konsantrasyonunu azaltirlarken,
albiimin, dekstran, polietilen glikol, polivlinilprolidone
ve siikroz gibi non-permeabl kriyoprotektanlar ise,
dondurma sirasinda suyun hiicre icinden hiicre digt
ortama gecisini uyararak buz kristallerinin olusumunu
minimize ederek dis ortamin ozmolatitesinde bir
artisa neden olarak destekleyici rol oynarlar (Barbosa
ve ark. 2023). Isachenko ve ark. (2008) 30 pl insan
sperma damlaciklarint (30 ul) insan tubal sivist, %1
insan serumu ve non-permeabl kriyoprotektan olan
0.25 M siikroz ile seyreltilmesi sonrasi vitrifiye edilen
spermatozoonlarin ¢ézdiirme sonrast hayatta kaldigint
buldu. Daha sonra balik spermasinda da benzer
sonuglar rapor edildi (Merino ve ark. 2011). Bu
calismalar  sperma  vitrifikasyonunun = miimkiin
olabilecegini ima eden anlamli ve cesaret verici
calismalardt (Lv ve ark. 2019). Sikrozun vitrifikasyon
islemi sirasinda hiicresel strese karst ozmotik bir
tampon gorevi gdren potansiyel bir kriyoprotektan
oldugu ve kriyohasarlart azalttugi bir ¢ok arastirmada
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rapor edilmistir (Shah ve ark. 2019; Zakosek ve ark.
2020). Fakat spesifik olarak tekeler icin, spermayi
muhafaza etmek icin  alternatif  yOntemlerin
kullanimina iliskin ¢ok az bilgi mevcuttur. Bu amacgla,
calismamizda non-permeabl bir kriyoprotektan olan
stikrozun farkli dozlarinin spermaya eklenmesi ile teke
spermasinin vitrifikasyonu saglanarak sperma kalitesi

lizerine vitrifikasyon prosediiriiniin etkisi
belitlenmistir.
MATERYAL ve METOT

Calismada, Harran Universitesi Veteriner Fakiiltesi
aragtirma uygulama ciftliginde bakim beslemesi
yapilan 4 adet teke kullanildi. Calisma icin, 19.02.2015
tarih 2015/02 sayili izin belgesi, DOLLVET Hayvan
Deneyleri  Yerel Etik Kurulu'ndan —alinmistir.
Tekelerden haftada iki kez olmak tizere suni vajen
yontemi ile sperma alindt ve sperma hacmini artirmak
ve aralarindaki degiskenligi ortadan kaldirmak icin her
bir ejakiilat her seferinde pooling yapildi. Spermalar
kullanilincaya kadar 37°C’de su banyosunda bekletildi.
Tekelerden suni vajen kullanilarak alinan sperma
orneklerinde ejakulatlarin makroskobik ve
mikroskobik degerlendirilmeleri (miktar, motilite,
yogunluk, anormal spermatozoa orani, membran
butinligi) yapildiktan sonra sperma parametreleri;
%80’den  fazla progresif motilite gbsteren ve
yogunlugu 2.0X109 spermatozoa.ml-1, membran
butinligi >%70, toplam anormal spermatozoa orant
<15 olan ejakulatlar calismada kullanildi. Suni vajen
yoluyla alinan sperma 6rnekleri 4 esit gruba ayrildi ve
calisma altt tekrardan olusturuldu. Grup 1 (Kontrol
grubu)’deki sperma Ornekleri final konsantrasyonu
yaklasik 100X106 spermatozoa.ml-1 olacak seckilde
%20 yumurta sarist ve %5 gliserol iceren Tris-Sitrat
modifiye soliisyonu ile sulandirilip 0.25 lik payetlere
cekilerek konvansiyonel metodla dondurma islemi
gerceklestirildi (Omiir ve Coyan 2014). Geri kalan
sperma Ornekleri ise deney gruplarini olusturdu ve
vitrifikasyon islemine tabi tutuldu. Bu ydntem
Isachenko ve arkadaslart (2012) tarafindan belirlenen
metoda gore yapildi. Temel sulandirict olarak Human
Tubal Fluid (HTF) solusyonu kullanildi. Vitrifikasyon
isleminden 6nce sperma 6rnekleri, 0.1 M (Grup 2),
025 M (Grup 3) ve 05 M (Grup 4) farkh
konsantrasyonlarda stkroz ve %1 Bovine Serum
Albumin (BSA) iceren Human Tubal Fluid (HTF)
sulandiricist (vitrifikasyon solusyonu) ile 1:1 oraninda
sulandirildi. Her bir sperm 6rnegi santrifuj edildi ve
final konsantrasyonu 2X106 spermatozoa.ml-1 olacak
sekilde yeniden ayni vitrifikasyon solusyonu ile
restispanse edildi. Spermanin saklanmasi icin 50 ul'lik
(Gynemed GmbH, Lensahn, Germany) plastik
kapillerler kullanildi. Bu kapiller 10 ul’lik sperm
suspansiyonu ile dolduruldu. Aspirasyon islemi
tamamlandiktan sonra bu plastik kapillerler 0.25 ml’lik
payetler icine yerlestirildi. Payetin iki ucu emin bir
sekilde kapatildiktan sonra direk stvi azot icerisine
daldirddi. Cézdirme islemi yapilmadan 6nce en az 1

hafta siv1 azot icinde kalmalari saglandi. Cozdiirme
isleminde ise, kapillerler 0.25 mllik payetlerden
uzaklastirildi. Payetin Gst ucu kapillerin ucuna yakin
olabildigi kadar yakindan steril bir makasla kesildi ve
spermatozoa  suUspansiyonu  sperma  kalitesini
degerlendirmek i¢in kapillerden uzaklastirildr. Yaklagik
20 saniye 37°C’de 0.7 ml vitrifikasyon medyumu ile
sulandirilip santrifij edildi ve ¢ozdirilen payetlerden
spermatolojik  muayeneler i¢in  Ornekler aliip
incelendi. Konvansiyonel methodlla dondurulan
(Grup 1) sperma 6rnekleri ise 37°C’lik su banyosunda
30 saniye c¢ozdurilerek payetlerden spermatolojik
muayeneler i¢in 6rnekler alinip incelendi.

Spermatolojik Parametreler

Spermatozoa Motilitesi
Motilite muayenesi, 1sitma tablall faz-kontrast
mikroskopta (Olympus BX-51, Tokyo, Japan) yapildi.
Bu amagla lam tzerine Gi¢ ayri noktaya 5 ul sperma
konup tizeri lamelle kapatildi ve 20’lik objektifte
ylzde orani ile belitlendi.

Plasma Membran Biitiinlagi

Spermatozoon membrane butinligy, ¢ift filtreli
fluoresan mikroskopu (Olympus BX-51, Tokyo,
Japan) ve Propidium iodide (PI)/SYBR-14 viability
kiti (Invitrogen) kullantlarak belirlendi. Bunun icin
ependortf tiplerine final konsantrasyonu 1-5X106.ml-
1 spema konup tizerine 5 ul SYBR-14 eklenerek 10
dakika beklendi. Ardindan tzerine 5 ul PI eklenip
tekrar 10 dakika beklendi. Bu siire sonunda 3 pl 6rnek
lam tzerine konup tzeri lamel kapatilarak 100
spermatozoa sayildi. PI ile boyanip ve kirmizi floresan
yayanlar 614, SYBR-14 ile boyanan ve yesil floresan
renk verenler canlt olarak kabul edildi (Cebi Sen ve
ark. 2018).

Spermatozoa Morfolojisi

Spermatozoa morfolojisinin  degerlendirilmesinde
SpermBlue boyama metodu kullanildi. 10 ul sperma
orneginden smear yapilarak havada kurutuldu. Smear
vertikal olarak SpermBlue fiksatifinin icine daldirildi
ve oda 1sisinda 10 dakika beklendi ve 10-12 dakika
kadar da SpermBlue boyasina daldirildr.  Asirt
boyamanin alinmasim 6nlemek icin 3 saniye icinde
distile suya batirilip preparatlar havada kurutulduktan
sonra  immersiyon  yagl kullandarak 151k
mikroskobunda X400 buyitmede degerlendirildi.
Spermatozoa defeklerinin yiizdesi en az 100-300
spermatozoa sayilarak belirlendi (Van der Horst ve
Maree 2009).

Spermatozoon  Kromatin  Ayrilma  Testi
(Halosperm Test)
Spermatozoon DNA fragmentasyonun

degerlendirilmesi in vitro diognostik kit olan halomax
(DNA Halotech SL (Halomax, Spain) kitinin
protokiilene gére uygulanarak yapildi. Spermayi lam
tzerine fikse etmek icin agaroz mikro jel 6nce 5 dk
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90°C-100°C daha sonra ise 37°C’deki su banyosunda
5 dk bekletilerek 25 ul sperma 6rnegi ilave edilerek
karistirlldi. Karisimdan 15-20 pll’lik bir 6rnek slayt
tizerine konuldu ve icindeki agari katilastirmak icin +4
derecede 5 dakika buzdolabinda bekletildi. Asit
denaturasyon solisyonunu hazirlamak icin 10 ml
distile suya 80 pl. denatiire edici solisyon eklendi.
Slayt  buzdolabindan ¢tkarilirak  yatay konumda
denatiire edici soliisyonda 7 dakika ardindan da 10 ml
lizis solisyonunda 25 dakika inkiibasyona birakildi.
Lizis soliisyonundan arindirmak icin slayt distile suda
5 dakika boyunca bekletildi. Sonra sirastyla %70, %90
ve %100’lik etil alkol solisyonlarinda ikiser dakika
bekletilip oda 1sisinda kurutularak Diff-Quik boyast ile
boyand:t. Slaytlarda floresan atagmanlt faz-kontrast
mikroskop kullanilarak 100 spermatozoa sayildr.
Spermatozoon niikleusu etrafinda olusan halonun
genisligi Olciilerek spermatozoon DNA’sinin hasarls
olup olmadigt degerlendirildi. Spermatozoon etrafinda
biytk halo olusumu DNA fragmantasyonu icin
negatif olarak degerlendirilken, hi¢ halo olmamasi ya
da kiiciik bir halo gézitkmesi DNA fragmantasyonu
icin porzitif olarak degerlendirildi (Cebi Sen ve ark.
2018).

Istatistik

Istatistiksel analizler ‘SPSS statistic 26 paket programi’
ile yapimistir. Sonuglar ortalama standart sapma
olarak gosterilmistir. Gruplar arasindaki farkliliklarin
degerlendirilmesinde nonparametrik Kruskal Wallis H
testi kullandmistir.  Verilerin  degerlendirilmesinde
p<0,05 istatistiksel agidan anlaml kabul edilmistir.

BULGULAR

Deney gruplart kontrol grubu ile karsilastirildiginda
farkli konsantrasyonlarda (0.1 M, 0.25 M ve 0.5 M)

Tablo 1. Gruplara gbre sperm parametrelerinin karsilastirilmast

Table 1. Comparison of sperm parameters according to groups

stikroz igeren deneme gruplarindaki spermatozoa
motilitesindeki  azalma  kontrol grubuna  gére
(%065,83£3,8) 6nemli derecede azalmistir (p<<0,010).
Grup 2, Grup 3 ve Grup 4deki spermatozoa
motilitesindeki azalma benzer Ozellik gbstermekte
olup, aralarinda istatistiki fark yoktur. Membran
butinligi gruplar arasinda istatistiksel acidan anlaml
farkliik  gbstermistir  (p<,001). Kontrol grubu
(%70x1,4) ile karsdasturildiginda, farkli = sikroz
konsantrasyonuna bagli olarak en dusik plazma
membran bitinligh Grupta 2 (%2,0%,0)’de elde
edilitken, en ylksek plazma membran bitinlagi
Grupta 3 (%3,50%,6)’de elde edilmistir. Grup 4 ise,
Grup 2 ve Grup 3 ile benzerlik gdstermistir (Tablo 1).
Kontrol grubu (%20%£,0) ile vitrifikasyon gruplar
karsilastirlldiginda  tim  gruplardaki  spermatozoa
morfolojisindeki farkhiliklar 6nemli bulunmustur.
Calismanin sonucunda anormal spermatozoa orant
tim gruplarda artmustir. 0.1 M (Grup 2) stkroz
eklenmesi sonucu anormal spermatozoa orani
(%54,67£4,1) diger gruplara goére daha yiiksek
bulunmustur. 0.25 M (Grup 3) sitkroz eklenen grupta
anormal spermatozoa orant %34,0%2 iken, 0.5 M
(Grup 4) stikroz eklenen grupta %42,17£3,4 olarak
bulunmustur. Grup 4’iin anormal spermatozoa orant
Grup 3’ten ve Grup 2'den yiksek bulunmustur
(p<,001).

Spermatozoa DNA  fragmentasyon orani bulgular
gruplar arasinda istatistiksel acidan anlaml farklilik
gostermistir (p<,027). Grup 1 ve Grup 3in DNA
fragmentasyon orant benzer olmakla beraber sirasi ile
%4,67£1,9 ile %4,50%,6 olarak bulunmustur. Grup
2’nin DNA fragmentasyon orant %3,67%,8 olarak en
distik bulunurken, Grup 4’de 0.5 M stkroz eklenen
grupta %5,83%.8 ile en yiksek deger bulunmustur.

Grup 1 Grup 2 Grup 3 Grup 4
X *+*SD X *+SD X *SD X *+SD Test/p
KW:19,965
Motilite 165,8313,8 b1+.0 b2 17+ .4 b1.5+,6
p:,000
KW:20,168
Membran butinligu a70+1,4 2+,0 b3 50,6 be2 50+,6
Pp:,000
KW:22,060
Mortfoloji d20+£,0 15467141 €34+2 b4217+34
p:,000
DNA fragmentasyon orant ab4 67+1,9 b3 (74,8 ab4 50,6 a5.83+ .8 KW:9,155
p:,027

Sonuglar ortalamatstandart sapma olarak gosterilmistir (n=4). Ayt satirdaki farklt Gst simgeler arasinda fark vardir. Bonferoni dizeltmesi

yapilmistir (p<0,0125 anlamli kabul edilmistir).

Results are shown as meantstandard deviation (n=4). There is a difference between different superscripts on the same line. Bonferroni

correction was made (p<0,0125 was considered statistically significant).
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TARTISMA

Bu calismada teke spermasint vitrifiye etmek icin non-
permeabl bir kriyoprotektan olan stkrozun farklt
dozlar1 kullanilarak sperma kalitesi tzerine etkisi
belirlendi. Kriyo yontemlerin etkinliginin, permeable
ve permeable olmayan kriyoprotektanlarin kullanimi
ile yakindan iligkili oldugu bilinmektedir (Sanchez ve
ark. 2011). Embriyo ve oosit dondurulmasinda
kullanilan standart vitrifikasyon tekniginde yiksek
konsantrasyonlu permeable kriyopektanlarin zararh
osmotik etkilerinden dolays, direk olarak memeli
spermasini bagart ile dondurmak olast olmadigindan,
permeable kriyoprotektanlar olmadan spermanin stvi
nitrojene  dogrudan  daldirilmasiyla  spermanin
vitrifikasyonu saglanmustir (Isachenko ve ark. 2004b).
Bu amagla yumurta sarist  veya permeable
kriyoprotektanlar ~ kullanilmadan  non-permeable
kriyoprotektan ~ olarak  proteinler ve  seketler
kullanilarak spermanin vitrifikasyonu yapilabilecegi
rapor edilmistir (Jiménez-Rabadin ve ark. 2015).
Boylelikle yeni gelismekte olan bu method ile
kriyohasarlardan  hiicrelerin  korunmasina  olanak
saglanarak, toksik olan permeabl kriyopektanlarin
kullanimi  azaltilabilecektir.  Bu  amacgla  insan
spermasinin  stvt  nitrojene  dogrudan  daldirilarak
kriyoprezervasyon icin glikoz, stkroz ve trehaloz
kullanimi arastirilmis (Isachenko ve ark. 2004a; Liu ve
ark. 2016; Schulz ve ark. 2006) ve istatistiksel olarak
¢bzdirme sonrast en iyl spermatozoa motilitesi ve
canlihginin  sulandiriciya stikroz eklenmesi ile elde
edildigi rapor edilmistir. Arandoa ve ark. (2017)'nin
raporuna gore, sikrozun ko¢ spermasint vitrifiye
etmek i¢in potansiyel bir kriyoprotektan gérevi
gorebilecegi ve kriyohasarlart azaltabilecegi rapor
edilmistir. Koshimoto ve Mazur (2002) ise U¢ farklt
sckeri (monosakarit glikoz, disakkarit siikroz ve
trisakkarit rafinoz) arastirmis ve dondurma/c¢ozdiirme
sonrast kriyohasatlarina karst korumada sekerin
tiriinden daha c¢ok sekerin konsantrasyonuna baglt
oldugunu bildirilmislerdir. Mevcut olan bu veriler
1s1¢1nda var olan bu ¢alismada teke spermasint vitrifiye
etmek icin soguk sokunu azaltmak amaci ile seker
kokenli non-permeable bir kriyoprotektan olan
stkrozun tc¢ farkli dozu kullanildi. Kigiikbas hayvan
spermasinin vitrifikasyonu ile ilgili su ana kadar sinirh
sayida bilgi mevcuttur. Calismamizda vitrifiye teke
spermasindan  elde  edilen  sperma  kalitesi,
konvansiyonel dondurma protokolt kullanilarak elde
edilenden sperma Kkalitesinden oldukca dustik
bulunmustur. Sonuglarimizin aksine Pradiee ve ark.
(2017) 1Iber dag kecisinde epididimal spermayi,
Isachenko ve ark. (2004a, 2004b) ise permeable
kriyoprotektanlar kullanmadan memeli spermasini
bagarili bir sekilde vitrifiye etmeyi basarmuslardir.
Pradiee ve ark. (2017) ise 100 mM siikroz ekleyerek
konvansiyonel ~ ve  vitrifikasyon  yontemi  ile
dondurulan epidimal teke spermasindan ¢ézdirme
sonrast  konvansiyonel dondurma  yonteminde
%45,0£0,0 spermatozoa motilitesi elde ederlerken,

vitrifikasyon sonrast %33,9£6,2 olarak bildirmislerdir.
Vitritiye teke spermasindan elde ettikleri spermatozoa
motilite degetleri var olan ¢alismadan oldukga ylksek
olarak bulunmustur. Ayrica bizim c¢alismamizdan
farkli olarak kopeklerden ve baliklardan elde edilen
vitrifiye edilmis spermalarla da tatmin edici sonuglar
elde edilmistit (Metino ve ark. 2011, Sanchez ve ark.
2011). Vitrifiye edilmis kopek spermasindan elde
edilen spermatozoa motilitesi %42,5+23 olup var
olan c¢alismadan elde edilen degetlerden olduke¢a
yiksektir (Sanchez ve ark. 2011). Ayrica Isachenko
ve ark. (2008) tarafindan bildirilen degerlere (%045—
%57 hareketlilik) benzer olarak, Merino ve ark. (2011)
kriyoprotektanlar olmadan kiire yontemi kullanilarak
vitrifiye edilen ve 37°C'de ¢6zdirilen balik spermasi
numunelerinde  maksimum  %85,7  spermatozoa
motilitesi elde etmislerdir Var olan c¢alismada ise
vitrifikasyon sonrast en yiksek motilite degeri
%2174 olup 025 M sikroz eklendiginde
ulasilmistir. Vitrifiye cozdurilmus teke
numunelerinde elde edilen sperma motilitesi Arandoa
ve ark. (2017) tarafindan rapor edilenlerden daha
diisiik, Jiménez-Rabadin ve ark. (2015) tarafindan
rapor edilenlerden daha yiksek bulunmugtur.
Arandoa ve ark. (2017) tarafindan vitrifikasyon
sonrast kog¢ spermasinda en yiksek motilite (%8,4)
degerlerine %2 BSA ile sulandirilmis spermaya 0.4 M
stikroz eklendiginde ulasilmustir. Jiménez-Rabadan ve
ark. (2015) ise gliserol ve sikroz iceren payetlerde
vitrifiye edilen ko¢ spermatozoasinda %00%0,73
motilite bildirmislerdir. Arraztoa ve ark. (20106) ise %04
dimethylformamide ve %4 gliserol kullanarak kiire
yontemi ile vitrifiye edilen domuz spermasinda
vitrifikasyon sonrasinda hareketli spermatozoa elde
etmemislerdir. Kriyoprotektan olarak hucresel strese
karst ozmotik bir tampon goérevi goren sukroz
kullamildiginda, sperm hiicrelerinin  hareketliliginde
belirgin bir azalma olmaktadir ve bu kadar distk
motilitenin nedeni hala bilinmemektedir.
Disakkaritlerin ~ varliginda  glikoz  tasinmasinin
engellendigi iyi bilinmektedir. Daha ytksek molekuler
agithga ve daha distk gecirgenlige sahip olan siikroz
ve trehaloz gibi disakkaritlerin plazma zarlarin
kolayca gecemedikleri g6z Oniine alindiginda, bir
enerji  kaynagt olarak sinirli  kalabilmektedirler.
Disakkarit igeren sulandiricilardaki — spermatozoa,
glikoz veya fruktoz iceren sulandiricilara gore,
¢bzdirme  sonrast  hareketliligini  daha  huzh
kaybettiginden belki de monosakkaritler spermatozoa
tarafindan daha kolay metabolize edilebilmektedir
(Caturla-Sanchez ve ark. 2018). Ayrica vitrifikasyon
islemi sonrasit sperm hiicrelerinin hareketliligindeki
degisiklikler mitokondriyal membran potansiyelindeki
degisikliklere bagli olabilir (Barbosa ve ark. 2023).
Spermatozoalar sperm membran butinligine sahip
olduklart zaman motil ve canlt olarak kabul edilirler
(Le ve ark. 2019). Plazma zarindaki yag asitlerinin
peroksidasyonu da sperm morfolojisini bozar ve
sperm motilitesinde azalmaya yol acar (Tamburrino
ve ark 2023). Jiménez-Rabadan ve ark. (2015) ise
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vitrifiye kog¢ spermasinda spermatoza canliligint
%0,24+2.95 ile %1,29£295 (ortalamatSE) arasinda
oldugunu bildirmislerdir. Arraztoa ve ark. (20106)
tarafindan da dimetilsulfoksit ile vitrifiye edilen
domuz spermatozoasinda ¢6zim sonu canlilik orani
%0-2 arasinda olup benzer sonuglar elde etmislerdir.
Bizim ¢alismamizda da  vitrifiye edilen teke
spermasindaki basart orant ¢ok diisitk olmakla beraber
en iyi sonuc¢ kriyopektan olarak 0.25 M stkroz
¢ozeltisi  kullanildiginda  elde edilmistir.  Vitrifiye
¢ozdirilmis  teke spermasindan  elde  edilen
spermatozoa canliligl Jiménez-Rabadan ve ark. (2015)
ve Arraztoa ve ark. (2016) tarafindan rapor edilenlerle
benzerlik géstermekle beraber, Sanchez ve ark. (2011)
ise kopek spermasmnin vitrifikasyon icin  farklh
konsantrasyonlarda (0.1 M, 0.25 M ve 0.4 M) sikroz
lavesinden sonra spermatozoa canliligi bakimindan
gruplar arast bir fark bulmamuglardir ve elde edilen
degerler var olan c¢alismadan olduk¢a ylksek
bulunmustur (Sanchez ve ark 2011). Bununla birlikte
Araonda ve ark. (2017) sperma 6rneklerinin
vitrifikasyon isleminden 6nce 2 saat kadar 5°C'de
tutulmasinin sperm kalitesinin arttirilmasina yardimet
olabilecegini rapor etmislerdir. Vitrifikasyon islemi
Oncesinde sogutulmus sperma Orneklerine
kriyopektan  olarak 0.6 M  stkroz  ¢Ozeltisi
kullandiklarinda, gruplar arasmnda sperm membran
butinligi bakimindan 6nemli (p=<0,05) bir fark
bulunurken, elde edilen degetler var olan c¢alismadan
yiksek bulunmustur. Bu baglamda hiperozmotik
soliisyonlara  (vitrifikasyonda kullanilana  benzer)
maruz birakilan  spermanin, disiik  sicakliklarda
muhafaza  edildiginde  daha az  spermolize
ugrayabilecegi ileri strilmisdir (Gao ve ark. 1993).
Olamitibo ve ark. (2016) ise farkli tris bazh
sulandiricilara %20 oraninda avokado ¢ekirdegi
ckstratinin katidmast ile vitrifiye edilen Batt Afrika
Clicesi tekelerinden elde edilen spermatozoa kalitesini
suni tohumlama programit i¢in tatmin edici oldugunu
rapor etmislerdir. Spermatozoa motilitesi %35’den
fazla elde edilitken spermatozoa canliligt ise %55’ten
yukari degetler bulunmus olup, elde edilen degetler
var olan calismanin bulgularindan oldukea yiiksek
bulunmustur. Yazarlar avocado igeriginin hiicre
fonksiyonlarinda gerekli olan bazi mineralleri, lutein
ve antioksidanlart icermesinden dolay: vitrifasyondan
basarili  sonuglar  aldiklarint  ileri  stirmislerdir
(Olamitibo ve ark. 2016). Tavsan (Rosato ve ark.
2013) ve kanguru (McClean ve ark. 2008) spermalari
da vitrifiye edilmeye c¢alisilmis ancak ¢6zdirme
sonrast ¢ok az sayida hareketli ve canl hticre tespit
edilmistir. Ayrica var olan calismada Jiménez-Rabadan
ve ark. (2015)’nin belirttigi gibi sperm morfolojisi de
vitrifikasyon  isleminden  negatif  etkilenmigtir.
Vitrifikasyon sonrast en yitksek sperm morfolojisi 0.1
M sukroz eklenmesi ile elde edilitken en iyi sonug
0.25 M stikroz elde edilmesi ile bulunmustur. Arandoa
ve ark. (2017) ise farkll sikroz dozlarinin eklenmesi
ile vitrifikasyon sonrast gruplar arasinda morfolojisi
bakimindan herhangi bir fark tespit etmemislerdir.

Calismalar arast elde edilen spermatolojik farkliliklar
vitrifikasyon icin kullanilan kriyopektanlara 6zgi
ozmotik degisikliklerle actklanabilir (Agha-Rahimi ve
ark. 2014). Ayrica vitrifikasyondaki basari, yukarida
bahsedilen bulgular esiginde vitrifikasyona karsi
spermatozoa duyarliliginin olmasi tiire baglt olabilir ve
spermatozoon basinin boyutu veya sekli kriyodirencte
rol oynayabilir (Arandoa ve ark. 2017). Spermatozoon
basinin sekli ve boyutu, hiicrenin kriyosensivitesini
tanimlayan faktSrlerdendir. Bazi tiirlerde bagsin kigtk
boyutta olmast daha yiksek kriyodirene ile
iliskilendirilmistir (Jiménez-Rabadan ve ark. 2015). Bu
nedenle, insan spermatozoasinin vitrifikasyona karsi
daha yuksek kriyodirenci diger tirlere gbre daha
kiiciik ve yapisal olarak kompakt bir spermatozoon
basina sahip oldugundan, teke, tavsan ve domuz gibi
diger memeli tirlerinde gorilen ultra hizli sogumanin
neden oldugu kriyohasara karst daha az savunmasizdir
(Arraztoa ve ark 2016; Isachenko ve ark 2004b;
Nawroth ve ark. 2002). Olumlu sonu¢ almnamamast
sadece spermatozoanin yapisal bilesimine degil ayni
zamanda sperma alma yOntemi, vitrifikasyon
prosediriiniin sogutma ve ¢ozdiirme hizt gibi dikkate
alinmayan diger faktérlerden de kaynaklaniyor olabilir
(Rosato ve laffaldano ark. 2013). Hicre dist buz
olusumunun olmamastnin kosulu yiiksek hizdir, ancak
ortamin  yitksek viskozitesi ve non-permeable
kriyoprotektanlarin  optimal ~ konsantrasyonu  da
basaril vitrifikasyon icin 6nemli bir faktérdir (Agha-
Rahimi ve ark. 2014; Barbosa ve ark. 2023). Sogutma
ve ¢Ozdirme oranlari, sperm kriyohasarin boyutunu
belirlemede kritik faktorlerdir (Agha-Rahimi ve ark.
2014). Ashinda, sogutma ve ¢Ozdirme islemleri
strasindaki problem, hiicrelerin sogutma sirasinda iki
kez ve ¢6zdirme sirasinda bir kez ge¢mek zorunda
oldugu ara sicaklik (-10 ila -60 °C) ile yakindan iligkili
olan Slduriciliktir. Spermatozoa icin élimcil olan
st (-15 -5) aralig, vitirifikasyon metodu ile hizla
gecildiginden buz kristal olusum sansi azaltirken,
konvansiyonel dondurma yoénteminde hiicreler bu
oldirict 1stya dondurma ve ¢dzdirme stresince iki
kez maruz kalmaktadir (Antonov, A ve Ivanova 2023;
Peirouvi ve ark. 2007). Vitrifikasyon isleminde
kriyoprotektan madde antifriz gibi etki ederek donma
sistnt - distirmektedir.  Amac  sogutma  esnasinda
giderek yikselen viskozite artist ile buz cekirdegi
olusmast ve biiylimesinin 6nlenmesidir (Kervancioglu
2018).  Yumurta sarist  ise genellikle sperma
sulandiricilarina permeable olmayan  kriyokoruyucu
olarak dahil edilmektedir (Zakosek ve ark. 2020).
Maxwell ve Jonhson (1997) yumurta sarisiin
sulandirilmis  spermatozoaya katilarak bir miktar
koruma saglayabilecegini bildirmistir. Fakat teke
spermasinda bulunan seminal plazma ile yumurta
sartisinda  bulunan fosfolipaz A enzimi arasindaki
toksik  etkilesim  nedeniyle yumurta  satisinin
uzaklastirilmast  gereklidir. Ayrica yumurta sarisi
kullanilmasini sinirlayan ve farkhi aragtirma gruplar
arasinda farkli sonuglara yol agan asil nedenin
yumurta sarsindaki  tanimlanmamis  bilesenlerin
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oldugunun bilinmesidir.  Ayrica yumurta sarisi
hayvansal kokenli oldugundan potansiyel bakteriyel
kontaminasyonu ve hastalilk  bulastirma  riski
olabileceginden son yilarda hayvansal kaynakli
kriyoprotektanlarin  kullanimindan  kaginmak icin
cesitli calismalar yapilmaktadir (Arandoa ve ark.
2017). Vitrifikasyon yonteminin getirdigi faydalardan
biri de buz kristallerinin  olusumunu 6nlenmesi
yaninda yumurta sarisinin ve gliseroliin neden oldugu
olumsuz etkilerden kacinmaktr (Lv ve ark. 2019).
Gliserol  de  spermatozoanin  kriyotoleransint
artrmasina  ragmen, ayni zamanda spermatozoa
lzerinde potansiyel toksik ve ozmotik stres uretir
(Arandoa ve ark. 2017; Lv ve ark .2019). Jiménez-
Rabadan ve ark. (2015)’nin yaptigt bir ¢alismada kog
spermasini vitrifiye etmek icin 0.03 M siikroz-%3
gliserol ve 005 M  sikroz-%7  gliserol
kombinasyonlarina dayali sulandiricilara  yumurta
sartistnin  eklenmesi  ile  vitrifikasyon  yOntemine
spermatozoanin zayif tolerans gosterdigini belirterek
olumlu sonu¢ alamamuglardir. Fakat sikrozun kog
spermasini  vitrifiye etmek igin potansiyel bir
kriyoprotektan gérevi gorebilecegini rapor etmislerdir.
Domuzlarda da kriyoprotektan olarak  gliserol
kullanildiginda canlt hiicre elde edilmemesine ragmen,
gliserol  kullanimasi spermatozoanin  DNA
butinligini etkilememistir. Rosato ve laffaldano
(2013) tarafindan tavsan spermasinin
vitrifikasyonundan sonra saglam DNA'ya sahip
spermatozoa orant ortalama %94,5£1,4 olmakla
beraber domuz spermasmnmn vitrifikasyonu sonucu
elde edilen degerlere benzer sonuglar rapor
etmislerdir. Elde edilen degerler Isachenko ve atk.
(2004a,b), Jiménez-Rabadan ve ark. (2015) ve
Arandoa ve ark. (2017)’nin bulgular: ile de paralellik
gostermistir. Kopeklerde vitrifikasyon sulandiricisina
0.25 M siikroz eklenmesi ile vitrifikasyon sonrast
(%2,8£0,5) spermatozoa DNA fragmentasyon orani
kontrole (%5.610.6) goére 6nemli Slclide azalmakla
beraber daha disiik konsantrasyonlarda (0.1 M) veya
daha yiksek konsantrasyonlarda (0.4 M) siikroz
eklenmesinin vitrifikasyon sonrast DNA
fragmentasyon oranint onemli Olciide
degistirmemistir. ~ Satirapod  ve ark  (2012)'da
vitrifikasyonun hizli dondurmaya goére daha az
spermatozoa DNA hasarina neden oldugu yéntunde
benzer sonuglar bildirmiglerdir. Bu yazarlara gore,
kriyoprezervasyon sonrast meydana gelen DNA
hasarinin  buz kristali olusumuna bagh mekanik
yaralanmalardan ve oksidatif stres bagli olarak
meydana geldigi bildirilmistir (Agha-Rahimi ve ark
2014; Tamburrino ve ark. 2023). Var olan calismada
da DNA fragmentasyon orant en yiksek 0.5 M
stikroz eklenmesi ile gorilirken en disik DNA
fragmentasyon orani 0.1 M siikroz eklenmesi ile elde
edilmistir. Bircok yazar, DNA hasarinin, kullanilan
kriyoprotektanlarin ~ molekiler  agithg,  yapis,
konsantrasyonu, kimyasal Ozelliklert ve
kriyoprezervasyon protokoli ile iligkili olabilecegini
bildirmislerdir ve bu nedenle her sperma tiirii icin en

iyi eslesmeyi bulmak amaciyla farkli kombinasyonlar
kullanilarak tekrar test edilmelidir (Arandoa ve atk.
2017).

SONUC

Vitrifiye edilen teke spermasindan elde sonuglardan
suni tohumlamada kullanim i¢in yetersiz degerler elde
edilse de, non-permeable bir kriyoprotektan olan
sikrozun DNA butinligini etkili bir sekilde
koruyabilmesinden dolayt intrasitoplazmik sperm
enjeksiyonu  (ICSI) gibi teknolojik ydntemlerin
kullanimt ile bu handikapin tstesinden gelinebilinir.
Vitrifikasyon yontemi ile dondurulmus spermanin
canlili1 zayif veya tamamen kaybolmus olsa bile, ICSI
performanst  sirasinda  spermatozoa  kuyruklar
mikromanipulator ile kirildigindandan dolayt ICSI'nin
basarist i¢in spermatozoanin yapisal biitiinligi kritik
bir 6neme sahip degildir. Bu nedenle, kii¢iik ruminant
spermasinin vitrifikasyonu ile ilgili ¢alismalar halen
anlam tagtmaktadir. Vitrifikasyondan sonra en iyi
sperma  kalitesini elde etmek amaciyla sperma
vitrifikasyonu i¢in en iyi kriyopektan maddeyi ve
vitrifikasyon =~ metodunun  uygun  yOnetimini
aydinlatmak icin daha ileri calismalar yapilmalidir.
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ABSTRACT

The study aimed to compare the effects of strain and cage type on egg production, mortality and the rates of dirty eggs and
broken eggs in commercial flocks of laying hens. The study was conducted on four commercial flocks of layers in medium-
sized poultry farms in the city of Afyonkarahisar. Two white (Hy-Line and Super Nick) and two brown (Nick Brown) layer
flocks were housed in conventional cages and enrichable cages. The laying flocks were visited weekly, and the egg production
and the number of dead birds, dirty eggs, and broken eggs were collected on a daily basis from flock records between 19 and
56 weeks of age. Both strain and cage type had a significant effect on hen-day and hen-housed egg production. The brown
strains (2.74%) and hens housed in conventional cages (2.61%) had higher mean egg production. The effect of strain on
weekly mortality became insignificant after 32 weeks of age, while the highest mortality rates were observed in the enrichable
cages. The weekly rates of dirty eggs and broken eggs showed significant differences between the groups of strains and cage
type. The effects of strain x cage type interactions on egg production and on the rates of dirty eggs and broken eggs were
found to be significant. White and brown laying hens in conventional cages had higher egg production than the hens kept in
enrichable cages. In conclusion, brown strains had higher egg production than white strains and enrichable cages had lower
egg production and higher mortality, as well as dirty and broken eggs.

Key Words: Cage type, Dirty and broken eggs, Egg production, Mortality, Strain
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Genotip ve Kafes Tipine Gore Ticari Yumurtac: Siiriilerde Tavuk Performansi ve

Oliim Oranlarinin Karsilagtirilmasi
0z

Bu arastirmada ticari yumurtaci tavuk strtlerinde genotip ve kafes tipinin yumurta verimi, 6lim orani ile kirli ve kirik
yumurta oranlart tzerine etkilerinin karslastirilmast amaclanmustir. Arastirma Afyonkarahisar'daki orta oOleekli kanatlt
isletmelerinde bulunan dért ticari yumurtact tavuk siriisiinde yiiritilmistir. Tki beyaz (Hy-line ve Super Nick) ve iki
kahverengi (Nick Brown) yumurtact siirii gelencksel ve zenginlestirilebilir kafeslerde barindirlmistir. Yumurtact siiriiler 19-56
haftalik yas doneminde haftalik olarak ziyaret edilmis ve giinliik yumurta tretimi, 6len tavuk sayisi ile kirli ve kirik yumurta
sayilari ciftlik kayitlarindan toplanmustir. Genotip ve kafes tipi tavuk-giin ve tavuk-kiimes (%) yumurta tretimini 6nemli
Slctide etkilemistir. Kahverengi genotiplerin (%2.74) ve gelencksel kafeslerde barindirlan tavuklarin (%2.61) ortalama
yumurta tretimi daha yitksek bulunmustur. En yiiksek 6lim oranlari zenginlestirilebilir kafeslerde gézlenirken 32 haftalik
yastan sonra genotipin haftalik 6lim oranlarina etkisi 6nemsiz hale gelmistir. Haftalik kirli ve kirtk yumurta oranlart genotip
ve kafes tipi gruplart arasinda 6nemli derecede farklilik géstermistir. Genotip x kafes tipi interaksiyonlarinin yumurta Gretimi,
kirli ve kirtk yumurta oranlarina etkisi 6nemli bulunmustur. Zenginlestirilebilir kafeslerde barmndirilanlara gére geleneksel
kafeslerdeki beyaz ve kahverengi yumurtact tavuklarin yumurta tretimi daha yitksek bulunmustur. Sonug olarak, kahverengi
genotiplerin beyaz genotiplere gére 6nemli derecede daha yitksek yumurta tdretimine sahip oldugu, zenginlestirilebilir
kafeslerde barindirlan tavuklarin yumurta Gretiminin daha disik, 6lim orant ile kirli ve kirtk yumurta oranlarinin daha
yuksek oldugu belirlenmistir.
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INTRODUCTION

Following the Brambell Committee Report in 1965,
which reported that intensive cage systems severely
restricted hen behaviour and compromised welfare,
research into alternative systems began to gather pace
(Singh et al. 2009). In this context, there has been a
growing momentum towards animal-friendly and
environmentally sustainable approaches, reaching far
beyond Europe. Concerns regarding the well-being of
laying hens have prompted a widespread industry
pursuit of improved housing systems (Tactacan et al.
2009). However, the results of research into animal
health and welfare (animal diseases, aggressive
pecking, biosecurity etc.), egg production (costs,
economic returns, high labour requirements etc.) and
the environmental impact of the industry (ammonia
emissions, pollution etc.) have increased the interest
in the alternative systems (Tactacan et al. 2009; Xin et
al. 2011; David et al. 2015). Furthermore, it remains a
controversial issue with no consensus among
researchers on the extent to which different housing
systems affect hen performance, including economic
parameters such as liveability, egg production and egg
quality (Fulton 2017). Efforts are ongoing to develop
better housing systems for hens (Tactacan et al
2009). The health and welfare of the birds should be
balanced with consumer preferences and the needs
and environmental impacts of the industry when
designing alternative housing systems for laying hens.
In addition, strain x environment interactions should
be considered when developing poultry housing
systems (Singh et al. 2009).

Intensive selection and crossbreeding of pure lines
has increased egg production while significantly
reducing mortality and the incidence of egg defects
through high standards of care and feeding. However,
dirty and broken or cracked defective eggs remain a
problem in commercial laying flocks used today,

affecting both the economic performance of the flock

and food quality, and posing a challenge to the egg
processing industry (Ledvinka et al. 2012; Wolc et al.
2012; Hamilton and Bryden 2021).

Research is being conducted on alternative housing
systems to conventional cages for laying hens,
including enrichable (Alig et al. 2023) and enriched
cages (Pavlik et al. 2008; Tactacan et al. 2009), and
free-range systems (Ledvinka et al. 2012; Freire and
Cowling 2013). The decision on which housing
system is best for laying hens is based on evaluations
of animal welfare status, economic factors, and food
safety indices (Ledvinka et al. 2012). Enrichable
colony cages are enriched cages that contain no
equipment other than feeders and drinkers (Heflin et
al. 2018; Ortiz et al. 2021; Alig et al. 2023). These
cages can be converted to enriched cages at any time
or used as a permanent housing system when there is
no market or regulatory pressure. However, there is
limited or no research on the effects of enrichable
cages on hen performance and mortality. In addition,
according to the results of controlled laboratory
studies, the results of research on commercial laying
hen flocks under on-farm conditions may be more
useful for sector-specific assessments and the
development of new strategies.

The aim of this study was to compare the effect of
strain and cage type on egg production, the rates of
dirty and broken eggs and mortality in commercial

layer flocks.

MATERIALS and METHODS

Information on Laying Hen Flocks and Bird
Management

The study was conducted on four commercial laying
hen flocks from 18 to 56 weeks of age. These flocks
belonged to medium-scale egg production farms
located in Susuz and Cukurkdy villages in the central
districts of Afyonkarahisar. Collaboration was

established with these farms after explaining the
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purpose, needs and implementation of the research.
The research began with four 18-week-old flocks
raised in rearing cages. Hy-Line W-80 (white) and
Nick Brown (brown) pullets were housed in
enrichable cages, while Super Nick (white) and Nick
Brown (brown) pullets were housed in conventional
cages. Table 1 provides information on housing
condition of the laying hens, cage characteristics, and
the commercial layer flocks used in the research. The
conventional cages housed 8 or 9 hens per cage in an
area of 3249 cm? while the enrichable cages housed
18 or 19 hens per cage in an area of 7200 cm? The
bird cages were with multiple tiers and levels. A linear
feeder was used in front of every cage and on each
level of the cages. In each cage, there were a
minimum of two nipple drinkers. In the four laying
houses, feeding, manure removal, egg collection, and
ventilation were fully automated for the commercial
flocks. In addition, the automatic ventilation system
included cooling pads.

The laying hens were fed with standard layer diets
prepared on the farms (15.8% protein, 2600 Kcal
metabolic energy in brown strain diets and 16-17%
protein, 2600-2840 Kcal metabolic energy in white
strain diets). Automatic feeders and drinkers provided
ad libitum access to feed and water for the hens. For
lighting, 9-watt LED lamps were used, providing a
photoperiod of 16.5 hours of light and 7.5 hours of
darkness. The structure of the cage systems and the
stocking densities within the cages were determined
by the farms according to their own commercial and
administrative policies. Farmers followed breeders'
recommendations and guidelines for bird care and
management (Hy-Line W-80 2016; Brown Nick 2016;
Super Nick 2017). Beak trimming in chicks was
performed by the Minimum Standards Related to the
Protection of Laying Hens Regulation (Anonymous
2014). White and brown layer birds were vaccinated
against potential disease risks including Newcastle

Disease (ND), Infectious Bursal Disease (IBD),

Infectious Coryza (IC), Avian Encephalomyelitis
(AE), Infectious Bronchitis (IB) Egg Drop Syndrome
(EDS) and Pox. The study received ethical approval
from the Local Animal Ethics Committee of Afyon
Kocatepe University on June 20, 2017, with reference

number AKUHADYEK-244-17.

Collection of the Research Data

Eggs laid in each strain and cage type group were
collected daily and the number of eggs, dead birds,
and broken and dirty eggs were recorded daily by the
farmers according to their routine flock management
programme. Fach flock was visited once at the
beginning of the placement and at least once a week
from 19 to 56 weeks of age period and data for this
study were collected from daily flock records
(Sherwin et al. 2010).

Hen-day egg production was calculated by dividing
the number of eggs laid each day by the number of
hens in the laying house on that day. Hen-housed egg
production was determined by dividing the number
of eggs laid each day by the total number of hens at
the beginning of the laying period. The weekly rates
of dirty and broken eggs were calculated by dividing
the weekly cumulative number of dirty and broken
eggs by the total number of eggs laid in that week. To
determine the weekly mortality rate, the cumulative
number of dead birds for each week was divided by
the total number of birds present in the laying house
at the beginning of that week (Yilmaz Dikmen et al.
2016).

Statical Analysis

Two-way analysis of variance (ANOVA) was used to
analyse the differences between the groups of strain
and cage type groups for daily egg production (hen-
day and hen-housed %), weekly rates of broken eggs,
dirty eggs and mortality (%). The data obtained from

the research were analyzed using the SPSS 21st
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version for Windows. A significance level of P<0.05

was used.

Table 1. Information on housing conditions of the laying hens, cage characteristics and commercial layer flocks

Traits Laying house 1 Laying house2 Laying house3 Laying house 4
Strain Hy-Line Nick Brown Super Nick Nick Brown
Egg shell colour White Brown White Brown
Type of colony cages Enrichable Enrichable Conventional Conventional
Cage dimensions (WX D X H cm) 120 x 60 x 60 120 x 60 x 60 57 x 57 x 45 57 x 57 x 45
Stocking density (birds/cage) 19 18 9 8
Poultry house floor area (m?) 700 800 540 600
Number of funs 14 14 8 6
Number of chimney 6 10 6 8
Number of windows 108 132 60 38
Numbers of lighting lamps 84 98 36 42

RESULTS

The results regarding the impact of strain and cage
type on hen-day and hen-housed egg production in
commercial layer flocks are presented in Table 2. The
effect of strain on egg production was significant
(P<0.05, P<0.01 and P<0.001) across all laying
periods starting from 25 weeks of age, with brown
strain hens showing higher egg production compared
to white strain hens. Hen-day egg production was not
influenced by cage type in periods 1 and 3, but in
periods 2 and 4, hens housed in enrichable cages
produced more eggs (P<0.01). Hen-housed egg
production was significantly affected by strain and
cage type up to 56 weeks of age (P<(0.05, P<0.001)
except for period 1. Brown strain hens had higher
hen-housed egg production than white strain laying
hens. The hen-housed egg production was higher in
the brown strains and conventional cage groups over
the entire laying period (19-56 weeks) (P<0.05).
Significant interactions between strain and cage type

were found for the hen-day and hen-housed egg
production (P<0.001) between 25-56 weeks of age.

The impact of strain and cage type on the weekly
mortality rates of commercial flocks of laying hens

are presented in Table 3. The mortality rate was

significantly influenced by strain and the strain x cage
type interaction only in laying periods 1 and 2
(P<0.001). However, the cage type affected mortality
in all periods up to 56 weeks of age (P<0.01, P<
0.001). Higher mortality rates were observed in
commercial brown layer flocks up to week 32. In
general, the effect of strain on mortality was
insignificant over the period 19-56  wecks.
Throughout the egg production period in which the
study was conducted, higher mortality was observed
in flocks housed in enrichable cages.

The results regarding the impact of strain and cage
type on weekly dirty and broken egg rates are given in
Table 4. The rate of dirty eggs was significantly
influenced by the strain in all periods up to 56 weeks
of age (P<0.05, P<0.001), and it was significantly
influenced by the cage type between 25 to 56 weeks
(P< 0.01 and P< 0.001). Broken egg rate was
significantly influenced by strain in periods 25-32, 45-
56 and 19-56 weeks of age (P< 0.001) and by cage
type in all laying periods after 25 weeks of age
(P<0.01, P<0.001). The strain x cage type interaction
was significant for dirty eggs at 25-32, 33-44, 45-56
and 19-56 weeks (P<0.001) and for broken eggs at
33-44, 45-56 and 19-56 weeks (P<0.05 and P<0.001).
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Table 2. The impact of strain and cage type on hen-day and hen-housed egg production (%) in commercial layer flocks

Laying periods
1 (224 wks) 2 (25-32 wks) 3 (33-44 wks) 4 (45-56 wks) 19-56 wks
HD HH HD HH HD HH HD HH HD HH

Strain Cage type n Mean Mean n Mean Mean n Mean Mean n Mean Mean n Mean Mean
White 80  44.008 43912 112 84.151 83.178 168 86.674 82.483 162 86.404 79.960 522 79.510 75.938
Brown 84  45.105 44827 112 91.730 89.789 169 88.165 84.098 177 89.158 82.547 542 82.553 78.681

Conventional 80  45.506 45383 112 86.318 85.349 169 87.379 85.280 161 87.081 83.631 522 80.642 78.672

Enrichable 84  43.678 43426 112 89.563 87.619 168 87.465 81.294 178 88.530 79.212 542 81.462 76.048
ANOVA
SEM 2.358 2.343 0.487 0.466 0.279 0.268 0.236 0.226 0.622 0.588
R2 0.004 0.005 0.382 0.382 0.100 0.222 0.174 0.333 0.008 0.012
P value
Strain 0.809- 0.839- 0.000™ 0.000™* 0.008™ 0.003™ 0.000™  0.000"* 0.014" 0.018"
Cage type 0.717- 0.694- 0.001* 0.016" 0.884- 0.000"* 0.001™ 0.000"* 0.494- 0.028"
zz:;ent;pe 0472 0459 0.000"  0.000"" 0.000"*  0.000" 0.000"*  0.000" 0193 0.095

*:P<0.05, #:P<0.01, ***:P<0.001, -: Non significant, HD: Hen-day egg production, HH: Hen-housed egg
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Table 3. The impact of strain and cage type on weekly mortality rate (%) in commercial layer flocks

Laying periods
1 (=24 wks) 2 (25-32 wks) 3 (33-44 wks) 4 (45-56 wks) 19-56 wks

Strain Cage type n Mean n Mean n Mean n Mean n Mean
White 12 0.063 16 0.174 24 0.384 24 0.235 76 0.242
Brown 12 0.182 16 0.271 24 0.236 24 0.240 76 0.236

Conventional 12 0.075 16 0.157 24 0.127 24 0.132 76 0.127

Enrichable 12 0.171 16 0.287 24 0.493 24 0.343 76 0.351
ANOVA
SEM 0.011 0.010 0.058 0.018 0.021
R? 0.763 0.810 0.221 0.464 0.166
P value
Strain 0.000%* 0.000" 0.210- 0.870- 0.891-
Cage type 0.000%* 0.000%* 0.003* 0.000"* 0.000™
Strain x Cage type 0.000" 0.000" 0.343 0.169- 0.596-

*:P<0.01, **:P<0.001, -: Non significant
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Table 4. The effects of strain and cage type on weekly dirty and broken egg rates (%) in commercial layer flocks

Laying periods
1 (=24 wks) 2 (25-32 wks) 3 (33-44 wks) 4 (45-56 wks) 19-56 wks

Dirty Broken Dirty Broken Dirty Broken Dirty  Broken Dirty Broken

Strain Cage type n Mean Mean n Mean Mean n Mean Mean n Mean Mean n Mean Mean

White 12 0.267 0.150 16 0.112 0.060 24 0.135 0.072 24 0.135 0.075 76 0.151 0.083

Brown 12 0.087 0.074 16 0.071 0.046 24 0.075 0.059 24 0.065 0.047 76 0.073 0.055

Conventional 12 0.187 0.123 16 0.061 0.033 24 0.083 0.052 24 0.076 0.046 76 0.093 0.057

Enrichable
12 0.168 0.101 16 0.122 0.072 24 0.126 0.079 24 0.123 0.077 76 0.131 0.080
ANOVA
SEM 0.036 0.024 0.002 0.001 0.005 0.004 0.004 0.001 0.007 0.004
R? 0.236 0.118 0.962 0.939 0.633 0.433 0.773 0.914 0.273 0.130
P valne

Strain 0.023" 0.133 0.000™  0.000™ 0.000" 0.109- 0.000" 0.000" 0.000" 0.001*
Cage type 0.799- 0.656° 0.000™  0.000™ 0.000"*  0.001* 0.000"* 0.000** 0.004* 0.008™
Strain x Cage type 0.883 0.919- 0.000" 0.657- 0.000"*  0.000" 0.000"* 0.000** 0.000" 0.036"

“P<0.05, ":P<0.01, *":P<0.001, * Non significant
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DISCUSSION

Except for the period up to 24 weeks of age, egg
production was influenced by strain. Brown strain
hens showed higher egg production compared to
white strain hens in the research. These results
support other findings that indicate the significant
impact of strain on egg production (Cunningham and
Ostrander 1982). Vits et al. (2005) reported higher
average hen-day egg production in brown hen strains
compared to white hen strains. However, Singh et al.
(2009), Riczu et al. (2004), Ershad (2005) and Stojci¢
et al. (2012) reported results contradicting this study,
stating that egg production was higher in white egg-
laying hens. This result may have been related to the
strain x cage type interaction detected in this study.
Because the brown strains had higher hen-day and
hen-housed egg production for both cage types.

In this study, hen-day egg production was high in
enrichable cages, but hen-housed egg production was
low in the enrichable cages. This may be related to
the mortality rate, as the mortality rate observed in
the enrichable cages was higher than the mortality
rate in the conventional cages. From 19 to 56 weeks,
the average hen-housed egg production of the hens in
conventional cages was 2.62% higher than

that of hens in the enrichable cages. Similarly,
Gerzilov et al. (2012) reported that hens in
conventional cages produced more eggs throughout
the entire production period. On the other hand,
Stojci¢ et al. (2012) and Gerzilov et al. (2012) found
that hens in enriched cages produced fewer eggs.

The interaction between strain and cage type affected
the hen-housed egg production, with both white and
brown strains showing lower egg production in
enrichable cages. This interaction shows that egg
production was affected in a correlated manner by
both strain and cage type. These results indicate that
egg production of both strains was negatively affected

by enrichable cage conditions. Similar results for egg

production between 20 and 30 wecks of age were
reported by Singh et al. (2009). Enriched cage systems
have been recommended as a balanced solution
combining egg-laying efficiency and improved animal
welfare (Gerzilov et al. 2012; Philippe et al. 2020).
However, the lack of equipment such as perches and
nests in the enrichable cages used in this study, as well
as the fact that the cage area per bird was not superior
to conventional cages, may have been reasons for the
lower egg production. This suggests that the
conditions in the enrichable cages may have been
more stressful for the birds and the interaction
between strain and environment may have had
negative effects (Pavlik et al. 2008). This argument is
consistent with Stoj¢i¢ et al. (2012), who reported that
birds kept in enriched cages, especially brown strains,
had a shorter time to first egg. In addition, the lack of
nests in enrichable cages and the possibility of laying
eggs on the floor of these larger colony cages in
crowded conditions may also have been a factor in
the consumption of eggs by hens (Ledvinka and
Klesalova 2012).

In enrichable cages, white strain hens produced fewer
eggs (1.45 and 0.81 % hen-day and hen-housed egg
production, respectively) compared to brown strains.
This means that enrichable cage conditions had a
negative effect on white hens. These results are
consistent with the report by Stoj¢i¢ et al. (2012), who
found that white hens in conventional cages had the
best hen-housed egg production. However, the
brown strain hens in enrichable cages had lower hen-
housed egg production than the brown hens in
conventional cages (4.55%), showing that the brown
strain hens were more negatively affected by being
housing in enrichable cages. In fact, the mortality rate
of brown hens in enrichable cages was higher than
that of brown hens in conventional cages (0.17 and
0.27 % more for periods 1 and 2). It may be that the
enrichable cage systems were more stressful for the

hens as Pavlik et al. (2008) found that hens housed in
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enriched cages had similar or higher corticosterone
levels than hens housed in standard conditions. They
concluded that keeping hens in conventional cage
systems was not stressful.

The impact of strain on mortality was only significant
up to 32 weeks, after which it became insignificant.
This result suggests that mortality rates were not
different between the two strains of hens in the later
stages of the laying cycle. These findings are
consistent with studies by Tactacan et al. (2009) and
Freire and Cowling (2013), who reported that
mortality rates in commercial laying genotypes were
similar regardless of cage design. However, weekly
mortality rates were significantly affected by cage type
across all laying periods in the study. Enrichable cages
had the highest mortality rates, which is consistent
with the egg production results and confirms the
negative conditions in enrichable cages. Similarly,
Gerzilov et al. (2012) reported higher mortality in
enriched cages compared to conventional cages.
Singh et al. (2009) also reported a significant effect
housing system on mortality. In the present study,
there was no significant strain x cage type effect on
mortality, as the strain x cage type interaction became
insignificant after 32 weeks of age. This result
suggests that the high mortality in enrichable cages
may have been influenced by factors other than
genetic makeup or cage design, such as diseases,
mineral deficiencies, fatty liver syndrome, prolapses
and aggressive pecking (Fulton 2017).

Dirty and broken egg rates were influenced by strain,
and Zita et al. (2009) repoted a similar strain effect. In
this study, white strain hens had higher dirty and
broken egg rates. The observed effects of the strain
may be a result of the selection that has been carried
out for higher egg production and better egg quality.
(Wolc et al. 2012). These results are in line with the
report of Campo et al. (2007) of higher broken egg
rates in white hens but in contrast to Vits et al.

(2005), who reported higher broken egg rates in

brown hens. In this study, dirty and broken egg rates
were influenced by cage type, in agreement with
similar reports made by Wall et al. (2002). Wall et al.
(2002) found that cracked eggs were generally more
common in enriched cages than conventional cages,
which may be related to the confined space in which
eggs were laid, leading to easier collisions between
eggs and potential damage to eggshells. However,
Tactacan et al. (2009) stated that cage type did not
affect the overall percentage of broken eggs. Dirty
and broken egg rates were higher in enrichable cages.
Similatly, compared to conventional cages, Tactacan
et al. (2009) reported lower dirty egg rates. This might
be due to the larger space in enrichable cages,
resulting in more crowded conditions within the
cages (Hamilton and Bryden 2021), or the presence of
stationary claw abrasives at the front of the cages
leading to the accumulating of droppings (Appleby et
al. 2002; Tactacan et al. 2009).

The rate of dirty egg was influenced by the strain x
cage type interaction from week 25 onwards, while
the rate of broken eggs was influenced by this
interaction from week 33 onwards. In white hens
housed in enrichable cages, both the dirty and broken
egg rates were higher (0.104% and 0.056%,
respectively). However, broken eggs were more
frequent (0.054 %) when brown hens were kept in the
enrichable cage and in conventional cages dirty eggs
were more frequent in the conventional cage (0.059
%).Vitz et al. (2005) reported that broken eggs were
higher in brown hens, while dirty eggs were higher in
white hens. The enrichable cages used in this study
did not include equipment such as perches and nests,
which are recommended for enhancing animal
welfare for enriched cage systems and they had a
different design from conventional cages in terms of
colony size, being larger with 18 to 19 hens per
colony compared to conventional cages. Indeed, Wall
and Tauson (2007) found that small groups of hens

housed in enriched colony cages exhibited similar
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production and mortality outcomes as those housed
in conventional cages Fulton (2017) noted that
increasing group size in poultry could have significant
effects on animals, social organizations, and welfare
of birds. As a result, the more crowded enrichable
cages without enrichment equipment were observed
to have lower egg production, higher mortality and

higher rates of dirty and broken eggs.

CONCLUSION

Hen-day and hen-housed egg production were
significantly affected by both strain and cage type.
Egg production was higher in conventional cages and
in brown egg strains. While the strain effect on
mortality became insignificant after 32 weeks, the
highest mortality rates were observed in enrichable
cages. There were significant differences in dirty and
broken egg rates among strain and cage types. The
rates of dirty and broken eggs were higher in
enrichable cages and for white strains. Egg
production, broken and dirty egg rates and mortality
were influenced by the strain x cage type interactions.
In conclusion, enrichable cages had lower egg
production, higher mortality, and higher dirty and

broken egg rates compared to conventional cages.
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ABSTRACT

In this study, the protective effects of high amounts of dietary calcium and vitamin D on fructose-induced lipogenesis were
investigated at molecular and biochemical levels. Control group (Con, n=8), High fructose diet group (F, n=8), High
fructose diet+75 mg CaCOj and 26.4 IU vitamin D3 group (FCaD1, n=8), High fructose diet+150 mg CaCOj; and 52.8 TU
vitamin D3 group (FCaD2, n=8) including experimental groups were fed for 28 days. The significant difference between the
living weights was determined firstly as 278.6415.612; 268.9412.802b; 257.93+4.86> and 257.38+3.42> ¢ in the Con, F,
FCaD1, FCaD2 groups, respectively, at the end of the first week (P<0.05). This difference was seen to persist during the 3rd
week of the trial. It was observed that this difference continued until the end of the 3rd week of the study. In the study,
plasma Triglyceride (TG) amount was found to be in the form of 36.25+2.76P; 99.13£15.63%; 98.50£18.00* and 79.88£9.33¢
mg.dl'! in Con, F, FCaD1 and FCaD2 groups, respectively (P<0.05). The SCD-1 gene's liver expression levels were assessed
as 11.831£2.08 (P<0.001); 5.31£1.40 (P<0.05) and 5.18%1.43 (P<0.05), respectively, compared to the Con group; SREBP-7¢
was determined as 2.11£0.37 (P<0.05); 3.41£1.20 (P<0.05) and 1.79+0.30 (P<0.05), respectively. In this study, it has been
shown through the SREBP-7¢ and SCD-7 genes that calcium-vitamin D supplementation can have positive effects in a short
time against lipogenesis induced by high fructose diet.

Keywords: Calcium, Fructose, Lipogenesis, Liver, Vitamin D

k3kk
Ratlarda Yiiksek Kalsiyum ve Vitamin D’nin Fruktozla Indiiklenmis Lipogenez
Yolag1 Uzerine Etkileri

0Oz

Bu calismada diyetle alinan yiiksek miktarlardaki kalsiyjum ve vitamin D’nin fruktozla indiklenmis lipogenez tzerine
olabilecek koruyucu etkileri molekiiler ve biyokimyasal diizeyde arastirilmistir. Kontrol grubu (Kon, n=8), Yiksek fruktozlu
diyet grubu (F, n=8), Yiksek fruktozlu diyet+75 mg CaCO; ve 26,4 IU vitamin D3 alan grup (FCaD1, n=8), Yiksek
fruktozlu diyet+150 mg CaCOs ve 52,8 IU vitamin D3 alan grup (FCaD2, n=8) olmak tizere 4 grup rat 28 giin boyunca
beslenmigtir. Canlt agithklar arasindaki anlamli farklilik ilk olarak 1. hafta sonunda Kon, F, FCaD1, FCaD2 gruplarinda
strasiyla 278,06415,61%; 268,94£2,80%; 257,93£4,86> ve 257,38%3,42 ¢ olarak tespit edilmistir (P<0,05). Bu farkliligin
caligmanin 3. haftasinin sonuna kadar devam ettigi gérilmistiir. Calismada plazma TG miktarinin Kon, F, FCaD1 ve FCaD2
gruplatinda sirastyla 36,25+2,76b; 99,13%15,63% 98,50£18,002 ve 79,88+9,332> mg.dl! seklinde oldugu gorilmistir (P<0,05).
Karacigerde SCD-7 geninin ekspresyon seviyeleri Kon grubuna gére sirastyla 11,83£2,08 (P<0,001); 5,31£1,40 (P<0,05) ve
5,18%1,43 (P<0,05) olarak, SREBP-7¢ geninin ekspresyon seviyeleri ise strastyla 2,11+0,37 (P<0,05); 3,41£1,20 (P<0,05) ve
1,79£0,30 (P<0,05) olarak tespit edilmistir. Yapilan bu calismada, ylksek fruktozlu diyet ile indiklenmis lipogeneze karst
kalsiyum-vitamin D takviyesinin kisa stirede olumlu etkilerinin olabilecegi SREBP-7¢ ve SCD-7 genleri tzerinden
gOsterilmistir.
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INTRODUCTION

There are many homeostasis systems in the body.
Energy metabolism is one of these systems. The liver
is a metabolic organ that controls the body’s energy
metabolism and plays a central role in metabolically
binding to various tissues, including skeletal muscle
and fat tissue, and energy metabolism is strictly
controlled in this organ. Due to imbalances in diet
and exercise conditions, disturbances in energy
metabolism can occur and homeostasis can be
disrupted. Disorders in energy metabolism can lead to
chronic diseases associated with obesity and even
cause the development of these diseases (Rui 2014).
Today, approximately 2 billion adults are reported to
be overweight, and about 650 million of these people
are expected to be obese (Marziou et al. 2020). Due
to the rising prevalence of obesity, the metabolic
disease known as the metabolic syndrome may
manifest (Eckel et al. 2005). Obesity can lead to non-
alcoholic fatty liver disease (NAFLD), one of the
characteristics of the metabolic syndrome (Marziou et
al. 2020).

The signs of NAFLD include by more than
5% accumulation of triglycerides (TG) in hepatocytes.
This is a result of the increased intake of fatty acids
by the liver. TGs can also be formed as a result of de
novo lipogenesis (DNL) (Agame-Lagunes et al. 2021).
DNL is one of the metabolic pathways that
synthesize fatty acids from excess carbohydrates
(Gathercole et al. 2013). Approximately 26% of liver
lipids in patients with NAFLD have been found to be
caused by DNL (Agame-Lagunes et al. 2021). In
researching metabolic disorders such as NAFLD and
developing treatment strategies, experimental animals
are often used as model organisms (Kleinert et al.
2018). The use of simple carbohydrates such as

fructose in animal models can induce DNL, and

changes in the body can be studied at molecular and

biochemical levels (Chiu et al. 2018; Ozkan and

Yakan, 2019). However, the consumption of fructose
can be a risk factor for the development of NAFLD
and may trigger fatty liver for an average of 1 week
when added to drinks that are consumed extensively
(Agame-Lagunes et al. 2021).

Despite various dietary strategies, it is
difficult for obese people to lose weight and then
maintain their weight. Obese people struggle to lose
weight and then keep it off despite trying a variety of
dietary approaches. When the distribution and
composition of dietary macronutrients
(carbohydrates, fats, and proteins) are altered, variable
amounts of weight loss and improvements in
metabolic syndrome characteristics can be achieved
(Abete et al. 2010). On the one hand, while attention
is paid to the effects of dietary macronutrient surplus
rates on body weight, studies have shown that
calcium in the diet can play a role in regulating body
fat and body weight (Melanson et al. 2003). In
addition to calcium, vitamin D, one of the fat-soluble
vitamins, is also a micronutrient extract with
significant effects on human health (Ning et al. 2015).
In addition to its well-known effects on calcium
metabolism and skeletal formation, vitamin D has
been shown to be active in the expression levels of
more than 200 genes in various metabolic pathways
(Yin et al. 2012). Epidemiological studies have also
shown that vitamin D deficiency is associated with
obesity (Mansouri et al. 2019).

Calcium is the 5" most abundant element
found in the skeleton in more than 99% of the body
of the vertebrate (Li et al. 2020). Calcium plays an
important role in many physiological processes. It is
also known that calcium plays a role in lipid and
glycogen metabolism and may be responsible for

balancing body weight (Li et al. 2018). Calcium may
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have an anti-obesity effect through the regulation of
adipogenesis. This adipogenesis is regulated by the
stimulation of mesenchymal stem cells and the
inhibition of preadipocytes in the differentiation
phase. Calcium can also have an effect by reducing
lipogenesis and increasing lipolysis. It can also have
an anti-obesity effect in such ways as promoting the
proliferation of preadipocytes and apoptosis,
increased activation of brown fat tissue and increased
thermogenesis by browning of white fatty tissue,
suppression of fat absorption and promotion of fecal
fat discharge, and modification of the composition
and diversity of the intestinal microbiome (Zhang et
al. 2019).

Studies examining the effects of both calcium
and vitamin D on body weight and/or abdominal fat
have been insufficient (Zarghani et al. 2016). In
general, however, the recommended anti-obesity
mechanisms of calcium and vitamin D include
regulation of adipocyte death, adipogenesis, and lipid
metabolism (Song and Sergeev 2012).

The active form of vitamin D increases the
absorption of calcium in the duodenum (Thacher and
Clarke 2011). Considering this effect of vitamin D on
calcium absorption, rats were given calcium and
vitamin D supplements together in this study.
Although the relationship between vitamin D and
body weight gain is still a matter of debate, a lack of
vitamin D is linked to both overall and abdominal
obesity according to a report by Mansouri et al.
(2019). Maia-Ceciliano et al. (2019) in a study feeding
adult male mice of the C57BL/6 breed with or
without a control diet containing vitamin D (10.000
IU.kg! vitamin Dj) or a high-fructose diet (474.3
g.kg! fructose), there was no significant difference in
body weight between the groups. In another study,
rats found that vitamin Ds; supplementation or
exposure to sunlight during pregnancy helped to
control weight and thus prevent pregnancy

complications associated with obesity (Kang et al.

2015). There are many studies on the anti-obesity and
anti-lipogenic effects of calcium or vitamin D
supplements alone. This study examined the
protective effects of high amounts of calcium and
vitamin D in the diet on fructose-induced lipogenesis.
From the transcription factors that play an important
role in the formation of hepatic lipogenesis in this
scope, the expression levels of SREBP-7¢, ACACA,
FASN and SCD-1 genes have been determined.

MATERIALS and METHODS

Experimental groups and applications

The study used male rats of Wistar albino race aged
8-10 weeks, weighing about 200-250 ¢ and the rats
were subjected to environmental conditions for a
week before the experimental protocol began. At the
beginning of the study, four groups were formed so
that there was no statistically significant difference in
the body weight of the rats (P>0.05). The groups
were formed as the control group (Con), the high
fructose diet group (F), the high fructose diet+75 mg
CaCOs; and the 26.4 1U vitamin Ds group (FCaD1),
the high fructose diet+150mg CaCO3, and the 52.8
IU Vitamin D3 Group (FCaD2). The animals were
housed in transparent polycarbonate cages with 4 rats
in each cage. Rats were also given food and water as
ad libitum, and their daily consumption was recorded.
During operation, the light in the environment is set
to be 12 hours light, 12 hours dark (07:00-19:00 light,
19:00-07:00 dark), moisture ratio 55%, and ambient
temperature 21+2 °C. However, the rats were
checked at least twice a day during the working
period.

Rats in the formed groups were given
different diets for 4 weeks. Rats in the groups F,
FCaD1 and FcaD2 were given 2600 kcalkg! of
metabolically energized pellets. Rats in group F were
given ad libitum water/fructose solution with 1 kcal

of metabolic energy per ml in addition to pellets. Rats
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in the FCaD1 and FCaD2 groups were given
different doses of calcium and vitamin D through
oral gavage in addition to the diet in the F group.
Oral gavage was administered to rats in the FCaD1
and FCaD2 groups daily at 8:00 a.m. until the end of
the feeding period. Fructose solutions were prepared
daily and offered for fresh consumption.

The daily amounts of energy that rats in the
experimental groups would receive were planned
similarly to the requirements (National Research
Council, 1995) (Table 1).

Weekly changes in body weight and amounts
of water/fructose solution consumed with feed were
recorded during the feeding period. At the end of the
feeding period, the rats were left hungry for 12 hours
but were able to reach the water ad libitum. Rats were
anesthetized (80 mg.kg! ketamine and 12 mgkg!
xylazine, IP) and euthanized by taking blood from the
heart. In order to inhibit the nuclease activity and
maintain the RNA quality by washing it with
nuclease-free water, the rat liver tissue was rapidly
removed and frozen in liquid nitrogen. After being
frozen, the tissues were kept at -86 °C for molecular

analysis.

Laboratory Analyses

Blood samples taken during euthanasia were
centrifugated at +4 °C at 3000xg for 10 minutes and
plasma was obtained. These plasmas were preserved
at —86 °C until biochemical parameters were
determined. Plasma High Density Lipoprotein
(HDL), Low Density Lipoprotein (LDL), total
cholesterol, triglycerides, and hunger blood glucose
parameters were determined using an autoanalyzer
(SIEMENS Advia 1800, Japan).

Total RNA isolation was done according to
the TRIzol method (Rio et al. 2010) and the purity
and concentration of the resulting RNAs were
measured in nucleic acid meter (Merinton, SMA-

1000). RNA quality was assessed with 100 V in

electrophoresis and 1% agarose gel in 25 minutes and
later, RNA integrity was checked rRNA subunits.
Examples suitable for purity (A260/280: 1.8-2.2),
concentration (>125 ngpl!) and agarose gel
electrophoresis were used. To prevent possible DNA
contamination in these examples, DNA digestion was
carried out using the DNase kit (DNase I, RNase
free, Thermo Scientific, Catalog No: EN0521, USA)
protocol, then RNA samples were converted to
cDNA with the Revertaid First Strand cDNA
Synthesis Kit (Thermo Science, Catalyst No: K1622,
USA). The final volume of the post-reaction samples
was completed at 200 pl with non-nuclease water and
stored at -20 °C until analysis.

Amplification of SREBP-7¢, ACACA,
FASN, and SCD-7 genes from ¢cDNA samples was
performed using real-time PCR (Rotor-Gene Q,
Qiagen, USA). For amplification, the SYBR Green kit
(Power SYBR Green PCR Master Mix, ThermoFisher
Scientific, Catalog No: 4367659, USA) was used. The
forward and reverse primary sequences of the genes
to be amplified are given in Table 2. Real-time PCR is
regulated to 15 seconds at 95 °C, 60 seconds at 60 °C
and 40 cycles after 10 minutes of denaturation.
Peptidyl prolyl isomerase A (PPLA) is used as a
housekeeping gene. The Ct values of the genes are
normalized according to the housekeeping gene and
are calculated as layer changes. The RT-qPCR
application is done as a duplicate. Post-reaction RT-
qPCR products were controlled to be amplified by
the correct gene by running at 100 V for 45 min in

1.5% agarose gel electrophoresis.

Statistical analysis

Variance analysis in repeated measurements was used
to evaluate the weekly changes in the body weight of
the rats. In cases where differences were detected,
Bonferroni correctional simple effect analysis was
used as a post-hoc test. The differences in

biochemical parameters between groups were
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assessed by Variance analysis. The Tukey test was
used as a post-hoc test for variables with differences.

All statistical calculations are performed using the

calculation of gene expression results, the 2-AAc
method was used and the results were given as fold

change (Livak and Schmitgen 2001). In all analyses,

IBM SPSS version 23.0 program. For the statistical P<0.05 was accepted as meaningful.
Table 1. Rations and applications in experimental groups
Tablo 1. Deneme gruplarinda rasyon ve uygulamalar
Experiment groups
Contents
Con F FCaD1 FCaD2
Feed 2600 kcal.kg! 2600 kcal.kg! 2600 kcal .kg! 2600 kcal.kg!
Water 0 kcal.ml! 1 kcal.ml"! 1 kcal.ml! 1 kcal.ml!
- - 75 mg CaCOs3 150 mg CaCOs3
Calcium
(30 mg Ca) (60 mg Ca)
Vitamin D3 - - 26410 528 1U
Table 2. Forward and reverse primer series of amplified genes
Tablo 2. Genlere ait forward ve reverse primer dizileri
*
Genes Accession no* Forward and Reverse Primer Sequence BE Reference
PPIA** NM_017101.1 F:5-CAGACAAAGTTCCAAAGACAGCA-3 117 Santos et al. 2016

R: 5-CACCCTGGCACATGAATCCT-3

F: 5-CAATCCTCGGCACATGGAGA-3

Gou etal. 2016

ACACA NM_022193.1 ¢ 5 GCTCAGCCAAGCGGATGTAGA3 149

F: 5. GCTGCTACAAACAGGACCATC.3 Mock et al. 2017
FASN NM_OT7332.1 ¢ 5 TCCACTGACTCTTCACAGACCA.3 8

F: 5. CCTTAACCCTGAGATCCCGTAGA.3 Yasari et al, 2010
SCD-1 NM_139192.2 ¢ 5 AGCCCATAAAAGATTICTGCAAA3 2
SREBPde  NM_0012767071 [ 3 -GCAACACTGGCAGAGATCTACGT-S | He et al. 2004

R: - TGGCGGGCACTACTTAGGAA-3’

*: NCBI GenBank accession number, **: Base pair, ***: Housekeeping gene

RESULTS

Energy Consumption and Living Weight Change
The feed, water and energy consumption of the
animals in the groups was measured over 4 weeks,
with live weights and daily. Significant differences in
living weight between the groups were first observed
at the end of week 1 (P<0.05), whereas the group's
live weight averages were initially approximately 220 g
(P>0.05). This difference was shown to persist at
different levels of significance until the end of the
third week of the study. At the end of the first week,

fewer body weight gains were observed in the FCaD1

and FCaD2 groups compared to the Con group
(P<0.05). At the end of week 2 of the study, a lower
body weight gain was observed in both the FCaD1
and FcaD2 groups compared to both the Con and F
groups (P<0.001). By the end of week 3 of the study,
a lower body weight gain was observed in the FCaD1
and FCaD2 groups compared to the Con group
(P<0.01). At week 4 of the study, there was no
significant difference in living weight between the
groups (Table 3).
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Biochemical parameters

Values for certain biochemical parameters in plasma
are shown in Table 4. There were no statistically
significant  results for plasma glucose, total
cholesterol, HDL and LDL among the groups. The
biochemical parameters studied in the study showed
that the plasma TG levels were 36.2512.76b;
99.13%15.63% 98.50£18.002; 79.8849.332 in the Con,
F, FCaD1 and FCaD2 groups, respectively, and that
the increases in plasma TG levels in the Con group
were statistically significant (P<0.05). Plasma TG

levels in the FCaD2 group are similar to those in the

Con groups (Table 4).

Gene Expression

RNA
(A260/280:1.87+0.01)

isolation samples with

and

sufficient

purity

concentration

(675.30£31.12 ng.plt) were used after integrity and

quality checks in agarose gel electrophoresis. Results
from the expression levels of ACACA, FASN, SCD-
1, SREBP-1¢ genes are shown in Table 5. According
to the control group, ACACA gene expression was
approximately twice as expressed in the I group,
about seven times in the FCaD1 group, and about
two and a half times (P<0.05). FASN gene
expression increased approximately twice in all trial
groups. However, a statistically significant increase
was observed only in the FCaD2 group (P<0.05).
SCD-1 gene expression was expressed approximately
12 times in group F (P<0.001) and in groups FCaD1
and FCA2 (P <0.05) about 5 times. The levels of
gene expression of SREBP-7¢ were expressed
approximately twice in group F; approx. 3.5 times in

group FCaD1; and more than 1.5 times (P<0.05) in
group FCaD2 (Figure 1).

Table 3. Living weight in groups, total energy intake, feed and water intake during the feeding period (X=£Sx)
Tablo 3. Gruplarda besleme siiresince canli agirlik, toplam enerji alimi, yem ve su tiketimi (X*Sx)

Feeding Traits Con F FCaD1 FCaD2 P
period

Beginning Live weight (g) 212.9314.06 217.78£2.62 218.79£2.56 222.11£4.36 0.334
Live weight (g) 278.6415.61» 268.94+2.80ab 257.93%4.86P 257.38 +£3.42b <0.05
Total consumed energy (kcal/rat/week) 563.65 632.65 586.24 558.64
Energy taken from food (kcal/rat/week) 563.65 371.77 331.68 319.64

First week Energy taken from water (kcal/rat/week) - 260.88 254.56 239.00
Weekly consumed feed (g/rat) 216.79 142.99 127.57 122.94
Weekly consumed water (ml/rat) 398.50 260.88 254.56 239.00
Live weight (g) 319.78+5.252 311.9014.362 292.06£5.16P 275.19£4.01b <0.001
Total consumed energy (kcal/rat/week) 637.26 646.28 587.25 552.11
Energy taken from food (kcal/rat/week) 637.26 356.15 333.81 308.00

Second week  Energy taken from water (kcal/rat/week) - 290.13 253.44 24411
Weekly consumed feed (g/rat) 245.10 136.98 128.39 118.46
Weekly consumed water (ml/rat) 431.13 290.13 253.44 244.11
Live weight (g) 352.7916.27» 344.35+4.292b 323.15£7.57b 322.93+7.53b <0.01
Total consumed energy (kcal/rat/week) 657.80 687.02 590.03 629.21
Enetgy taken from food (kcal/rat/week) 657.80 399.39 314.70 319.88

Third week Energy taken from water (kcal/rat/week) - 287.63 275.33 309.33
Weekly consumed feed (g/rat) 253.00 153.61 121.04 123.03
Weekly consumed water (ml/rat) 432.50 287.63 275.33 309.33
Live weight (g) 368.8917.56 376.4316,44 345.93110.84 356.9318.13 0.076
Total consumed energy (kcal/rat/week) 727.35 616.91 656.34 705.42
Energy taken from food (kcal/rat/week) 727.35 319.41 336.15 355.03

Fourth week  Energy taken from water (kcal/rat/week) - 297.50 320.19 350.39
Weekly consumed feed (g/rat) 279.75 122.85 129.29 136.55
Weekly consumed water (ml/rat) 496.27 297.50 320.19 350.39

»b: Different letters in the same rows indicate the difference between groups.
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Table 4. Biochemical parameters
Tablo 4. Biyokimyasal parametreler

Biochemical parameters Groups
Con F FCaD1 FCaD2 P
Glycose (mg/dL) 160.63£9.59 141.88£11.00 136.13£11.47 145.38+£11.94 0.453
T. Col (mg/dL) 47.8812.60 46.25%1.76 50.00%3.07 49.38%1.79 0.687
HDL (mg/dL) 34.69+2.57 32.22+1.22 33.80+1.48 33.29+1.31 0.787
LDL (mg/dL) 9.53%0.81 7.58%0.56 8.96£1.37 9.69%0.78 0.381
TG (mg/dL) 36.25%2.76b 99.13£15.63* 98.50£18.002 79.88+9.33ab <0.05

T. Col: Total Cholesterol
ab: Different letters in the same rows indicate the difference between groups.

Table 5. Fold changes in liver tissue of ACACA, FASN, SCD-1, SREBP-1c genes according to control group (X*Sx)
Tablo 5. Karaciger dokusunda kontrol grubuna gére ACACA, FASN, SCD-1, SREBP-1c¢ genlerinin kat degisimi (X+Sx)

F FCaD1 FCaD2
*Genes
Fold change P Fold change P Fold change P
ACACA 2.05+0.34 <0.05 7.00%£2.40 <0.05 2.47+0.53 <0.05
FASN 1.76x0.39 0.094 1.92+0.54 0.091 1.89%0.30 <0.05
SCD-1 11.83+2.08 <0.001 5.31%+1.40 <0.05 5.18%+1.43 <0.05
SREBP-1c 2.11+0.37 <0.05 3.41+1.20 <0.05 1.79£0.30 <0.05
* Gene expression levels are given as fold change according to control group.
SCD -1 ACACA
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*: P<0,05; **:P<0,001.
Figure 1. Levels of ACACA, FASN, SCD-1, SREBP-1¢ gene expression in liver tissue
Figiir 1. Karaciger dokusunda ACACA, FASN, SCD-1, SREBP-1¢ genlerinin ekspresyon seviyeleri

DISCUSSION

It is that high fructose corn syrup (HFCS) can lead to
excessive energy consumption, weight gain and an
increased prevalence of obesity (Melanson et al
2008). This finding can be attributed to the rapid
absorption of fructose by the liver and its entry into
the glycolysis  pathway after skipping the
phosphofructokinase regulatory step (Kawasaki et al.
2009). Bocarsly et al. (2010) in a study in which male
Sprague-Dawley rats were offered diets containing
8% HFECS or 10% sucrose for 8 weeks, even though
they consumed the same total calories, rats fed a diet
containing HFCS gained significantly more body
weight compared to rats fed the sugar diet. These
results suggest that excessive consumption of HFCS
may contribute to the incidence of obesity. During
this study, however, it was not observed that there
was any difference in living weight between the Con
and F groups. Depending on the duration of the rat’s
exposure to fructose (4 weeks), there is no significant
change in body weight in rats in group F. According
to calcium and vitamin D dosages, there were no
appreciable variations in body weight changes
between the FCaD1 and FCaD2 groups of rats in the
current investigation. According to Zarghani et al.
(2016), there were no discernible differences in body
weight and Body Mass Index (BMI) parameters
between the groups in a study in which male rats with
a starting weight of 216 g, fed a high-fat and high-
fructose diet for 60 days, were given 4 different doses
of calcium and vitamin D3 to supplement their diets
(suboptimal, normal, high, and very high calcium and
vitamin D3). When it comes to the lack of discernible
changes in the body weight of rats that are dose-

dependent (FCaD1 and FCaD2), Zarghani et al's

(2016) study and the current study are moving in the
same way. The rats in the FCaD1 and FCaD2 groups
gained less live body weight than the Con group

during the study's first week (P0.05), and this
difference persisted at various levels of significance
(P0.001 and PO0.01) during weeks 2 and 3.
Nevertheless, calcium and vitamin D
supplementation had no significant dose-dependent
effects on the rats' body weight. Accordingly, the
current study discovered that groups taking calcium
and vitamin D supplements without regard to dose
saw lower increases in live body weight than the Con
group.

During the study period, the highest energy
intake was found in group F in weeks 1, 2, and 3. The
feeling of saturation occurs as a result of the insulin
hormone triggering the release of leptin. Fructose
does not trigger the release of insulin and therefore
does not produce a feeling of satiety. In the F-group
fed fructose, it is believed that a feeling of satiety may
arise due to feed consumption (Ozkan 2018).
Therefore, in the light of literature scans and the
findings of this study, it is believed that the decrease
in insulin and leptin levels in the circulation after
fructose intake may result in less appetite suppression
and consequently increased energy intake (Bantle
2009; Ozkan 2018). The lowest energy intake in the
current study was observed in the FCaD2 group at
weeks 1 and 2 of the feeding period and in the
FCaD1 group on week 3. Calcium has been shown to
reduce the absorption of fatty acids by creating
intestinal calcium and fatty acid soaps and increase

the excretion of fecal fat, as well as decrease the
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energy taken due to these mechanisms that increase
the feeling of satiety (Teegarden 2005; Abete et al.
2010). Papakonstantinou et al. (2003) in a study in
male Wistar albino rats who were given a high
calcium diet (2.4% calcium) for 85 days that there was
no significant difference from the control group in
terms of energy consumption at the end of the
feeding period.

For 10 weceks, in the study in female Sprague-Dawley
rats fed normal or high energy density diets with
different rates of calcium (0.2% or 0.6% calcium or
1.8% calcium), rats fed high-energy diets (4.6 kcal.gt)
consumed significantly more energy than rats fed a
normal energy diet (3.8 kcalg!). However, the
researchers found that there were no significant
differences in energy consumption between groups
on diets that contained different amounts of calcium
(Zhang and Tordoff 2004). Siddiqui et al. (2008) in a
study in male Wistar albino rats, who were given a
high-fat or high-sugar diet containing calcium-vitamin
D (low-calcium (0.25%) and vitamin D (400 IU.kg")
or high calcium (1.5% and vitamin D (10 000 IU kg
diet) in different doses for 13 weeks, that the high-fat
diet group consumed more calories at the end of the
feeding period than the high glucose diet group, but
there were no significant differences in energy intake
between the groups on a calcium vitamin D diet in
various doses. The results of studies on the effect of
dietary calcium-vitamin D content on energy intake
may vary. In this study, Wistar albino rats were given
high-dose calcium and vitamin D supplements in
addition to a high-fructose diet for 28 days. When
examining the amount of energy consumed by the
rats, it was found that the rats who took calcium and
vitamin D supplements for the first 3 weeks
consumed less energy than the control group. The
scans of the literature and the results of this study are
thought to vary depending on the type of animal, the
duration of feeding the animal, and the differences in

the calcium-vitamin D doses supplemented with the

diet (Papakonstantinou et al. 2003; Zhang and
Tordoff 2004; Siddiqui et al. 2008).

High fructose intake has been shown to have
adverse effects on insulin  sensitivity/glucose
homeostasis (Tappy and Le 2010). As a result of
chronic exposutre to fructose, glucose regulation is
impaired and plasma glucose concentrations increase
(Ozkan 2018). In this study, rats on high-fructose
diets found no significant difference in plasma
glucose concentrations. Depending on the duration
of the rat’s exposure to fructose (4 weeks), it is
believed that glucose regulation in rats on a high-
fructose diet may not be sufficiently impaired. A
study found that the levels of plasma glucose
increased significantly when rats were given fructose
with their diet for a long period (3 months), which
was explained by the metabolic syndrome resulting
from chronic consumption of fructose (Ozkan 2018).
Sergeev and Song (2014) that in a study in which
four-week-old male C57BL/6] mice were given a 10-
week control diet (10% fatty), a high-fat diet (60%
fat), a high-calcium diet, a high-vitamin D diet, or
high-calcium+vitamin D diet with a high-fat diet,
fasting plasma glucose concentration was significantly
lower in mice fed a high-calcium and high-vitamin D
diet than in the high-fat diet group. In addition, these
researchers found that the concentration of fasting
plasma glucose in mice fed a high calcium+vitamin D
diet was at the level of the control group
concentration. In the current study, rats who
consumed different doses of calcium+vitamin D in
addition to a high fructose diet found no significant
changes in plasma glucose concentrations. This
finding is believed to be related to the time rats take
calcium+vitamin D supplements (4 weeks). It also
confirms that the metabolism of the energy taken
from fat and carbohydrates works through different
mechanisms of glucose regulation.

In a study conducted in male Wistar Albino

rats on a high-fat-fructose diet for 15 weeks, plasma
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levels of TG, total cholesterol and LDL increased
significantly compared to the control group, while
HDL decreased markedly (Aragno et al. 2009). In this
study, it is similar to the findings of Aragno et al.
(2009) that the TG levels of rats in groups F and
FCaD1 increased significantly compared to rats in the
Con group. This increase can be attributed to rats in
groups IF and FCaD1 on high fructose diets (Aragno
et al. 2009, Ozkan 2018). Some studies in rats have
shown that fructose is hyperlipidemic (Tappy and Le
2010; Ozkan 2018). However, in the current study, no
significant changes were observed in total cholesterol,
LDL and HDL levels. As with plasma glucose
concentrations, the findings of these biochemical
parameters are thought to be affected by the duration
of rats’ exposure to fructose. In a study in which male
rats fed a high-fat and high-fructose diet for 60 days
were supplemented with 4 different doses of calcium
+ vitamin Ds, they did not observe any significant
difference in serum TG, cholesterol and non-HDL
cholesterol levels between the groups. However, in
rats receiving high and very high doses of calcium-
vitamin D3 supplementation, a significant increase in
serum HDL cholesterol was observed compared to
the group receiving a normal dose of calcium-
vitamin D; (Zarghani et al. 2016). In this study, there
were no significant differences in the levels of TG,
cholesterol and LDL cholesterol in the rats in the
FCaD1 and FCaD2 groups compared to rats in group
F who were on a high fructose diet. Similar to the
study carried out by Zarghani et al. (20106) this study
found that calcium-vitamin D supplementation in
fructose diet had no effect on plasma TG, cholesterol
and LDL levels. In the current study, there was also
no significant difference in plasma HDL levels
between the groups.

Fructose supplementation to diet is a method
often used in animal models to experimentally induce
DNL (Chiu et al. 2018; Ozkan and Yakan 2019).
SREBP-1¢, which regulates hepatic lipid homeostasis,

has been shown to be a transcription regulator that
stimulates the expression of certain genes in DNL
such as ACC and FASN (Yin et al 2012). Dietary
calcium, a nutrient that does not provide energy, has
been shown to play an important role in regulating
energy and lipid metabolism (Jacqumain et al. 2003).
Also, higher vitamin D intake has been associated
with lower body fat and metabolic health (Zhu et al.
2013). In this study, expression levels were also
studied to study the effects of calcium and vitamin D
on fructose-induced metabolism due to the possible
lipogenic effects of ACACA, FASN, SCD-1 and
SREBP-1¢ genes.

High fructose intake has been shown to
increase hepatic expression of the ACACA gene
compared to high glucose intakes (Shimada et al.
2019). In this study, ACACA gene expression levels
were significantly increased in rats in groups I,
FCaD1 and FCaD2, who were fed high fructose and
calcium and vitamin D in different doses during the
4-week feeding period, compared with the Con
group. Studies in rats on high fructose diets have
shown increased levels of ACACA gene expression
(Softhic et al. 2016; Distefano 2020).

In a study of rats fed a high-fat diet, a
stronger increase in the expression levels of the
FASN gene was observed as a result of the addition
of fructose to the drinking water of rats compared to
a high fat diet (Softhic et al. 2016). Similatly, a study
in female Sprague-Dawley rats found that rats on
high-fructose diets significantly increased hepatic
expression of the F.ASN gene compared to rats fed a
high corn starch diet (DiStefano 2020). In this study,
a significant increase in the level of expression of the
FASN gene was observed only in the FCaD2 group.

Depending on the fructose diet, up-
regulation of ACACA, FASN and SREBP-7¢ has
been observed in many studies despite the use of
different experimental designs, animal models and

treatment protocols (Softhic et al. 2016; Maia-
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Ceciliano et al. 2019, DiStefano 2020). Despite these
findings, the molecular mechanisms affecting the
gene expression of fructose are not clearly known. It
has been shown that fructose can regulate a number
of genes involved in de novo lipogenesis through
transcriptomic and epigenetic mechanisms. Fructose
intake has also been shown to alter the levels of
specific microRNAs (miRNAs) that target molecules
involved in lipid metabolism and other biological
processes related to hepatic function (DiStefano
2020). It has been suggested that more work is
needed to illuminate the mechanisms by which
miRNAs play a role in the etiology of NAFLD caused
by fructose (Pan et al. 2021). It is believed that the
expression levels of the ACACA and FLASN genes in
the FCaD1 and FCaD2 groups may have increased
more than the I group in comparison with the Con
group because of the inadequate activity of the
factors suppressing SREBP-7¢, ACACA, and FASN
such as miR-33, and the unsufficient suppression of
the levels of expression of factors such as miR-122,
miR-370. It is believed that may have triggered
lipogenesis of fructose by affecting the mechanisms
that control, SREBP-7¢, ACACA and FAASN genes in
F, FCaD1, FCaD2 groups. Thus, it is believed that
changes in the levels of expression of ACACA and
FASN genes in the FCaD1 and FCaD2 groups may
be influenced by epigenetic mechanisms.

In the current study, the level of SCD-7 gene
expression in the liver of rats in group F increased
significantly. In addition, the increased level of
ACACA gene expression in the liver of rats in group
F suggests that the path through Adenosine
Monophosphate- Activated Protein Kinase (AMPK)
described in the literature may affect hepatic
lipogenesis. Das and Choudhuri (2020), in their study
on male Wistar albino rats, found that the lipogenic
pathway was suppressed by reactivation of AMPK as
a result of calcium supplementation given to rats on a

high-fat diet. Another study found that the expression

levels of the SCD-7 gene were suppressed by vitamin
D in both the liver and fat tissue of pregnant rats.
Depending on these findings, researchers report that
a decrease in body weight and fat accumulation
following treatment with vitamin D may be linked to
the modulation of genes associated with lipogenesis
(Kang et al. 2015). In this study, the FCaD1 and
FCaD2 groups that received calcium and vitamin D
supplementation also observed fewer increases in the
levels of SCD-7 gene expression in the liver than in
the F group compared to the Con group. It is
believed that calcium and vitamin D supplementation
may have suppressed the level of SCD-7 gene
expression, in line with some reports (Kang et al.
2015; Das and Choudhuri 2020). The level of SCD-7
gene expression in the FCaD2 group was observed to
be less elevated compared to the Con group than in
the FCaD1 group. Therefore, the current study found
that the level of SCD-7 gene expression was
influenced by the dose of calcium and vitamin D.

It has been shown that the effect of dietary
carbohydrates such as glucose, fructose and sucrose
on significantly increasing hepatic SCD-7 is
dependent on SREBP-7¢ as well as due to
independent mechanisms. (Flowers and Ntambi
2008). The activation of SREBP-7¢ plays an important
role in the progression of NAFLD caused by a high-
fat and fructose diet (Aragno et al. 2009). Fructose
has been shown to induce SREBP-7¢ and other
lipogenic genes more potently than glucose.
Increasing levels of expression of the SREP-7¢ gene
in the liver of rats on a high-fructose diet containing
67% carbohydrates (98% fructose) for 8 weeks have
been reported (DiStefano 2020). In this study, the
levels of SREBP-7¢ gene expression in rats from trial
groups F, FCaD1 and FCaD2 increased significantly
compared to the Con group. Inadequate calcium
intake during maternal pregnancy and lactation has
been shown to increase the expression of SREBP-7¢

in the liver or fat tissue of mouse offspring (Li et al.
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2018; Zhang et al. 2019). In one study, vitamin D
supplementation in mice on a high fructose diet
caused a decrease in the levels of expression of
lipogenic genes such as SREBP-7¢ in the liver (Maia-
Ceciliano et al. 2019). Vitamin D deficiency in rats
has been shown to increase hepatic lipogenesis with
fructose intake, while vitamin D supplementation can
weaken hepatic  steatosis by regulating lipid
metabolism through negative regulation of SREBP-7¢
and target genes (Maia-Ceciliano et al. 2019). Yin et
al. (2012) showed that vitamin Ds regulates lipid
metabolism by reducing hepatic steatosis in the liver
of male adult rats. The protective effect of vitamin D3
against hepatic steatosis has been achieved by
reducing the expression levels of SREBP-7¢ and the
target genes ACC and FASN. Although researchers
generally reported that both vitamin D deficiency and
fructose intake increased the expression of
lipogenesis-related genes in the liver, they reported
that the expression levels of these genes were mainly
affected by fructose intake (Maia-Ceciliano et al.
2019). In this study, SKREBP-7¢ gene expression levels
increased less in the FCaD2 group than in the Con
group. As with the SCD-7 gene expression level, the
SREBP-1¢ gene expression level was also affected by
calcium and vitamin D doses. However, increases in
the level of SREBP-1¢ expression in the liver in rats in
the FCaD1 group were observed to be greater than in
rats in the F group. This outcome observed in the
FCaD1 group is thought to have been shaped by
epigenetic mechanisms, as in the ACACA and FASN

genes.

CONCLUSION

The results showed that when the rats were exposed
to fructose for 28 days, there were no significant
changes in body weight. Regardless of calcium and
vitamin D doses, it was found that during the first

week of the study there was less live body weight gain

in rats in the FCaD1 and FCaD2 groups than in the
Con group, and this difference persisted during the
second and third weeks. Effects of short-term
calcium-vitamin D intake on energy intake with the
diet have shown that they can vary depending on the
type of animal, the duration of feeding, and the
differences in calcium and vitamin D  doses
supplemented by the diet. While the hyperlipidemic
effect of fructose has been observed to disappear due
to dietary doses of calcium and vitamin D, it has not
been found to affect plasma glucose, total cholesterol,
HDL and LDL levels. It is believed that changes in
the expression levels of ACACA and FASN genes
due to calcium-vitamin D supplementation in high-
fructose diets may be affected by epigenetic
mechanisms. The level of SREBP-7¢ and SCD-1 gene
expression varied depending on the dose of calcium
and vitamin D. It has been determined by the
changes in the expression levels of SREBP-1c and
SCD-1 genes that dietary treatment with calcium and
vitamin D supplementation may be a good option
against lipogenesis triggered by high fructose diet.
Some genes have shown that calcium and vitamin D
supplementation against lipogenesis induced by a high
fructose diet can have positive effects in a short time.
But it is believed that more and longer-term studies
are needed to clarify the mechanisms underlying

adequate intake of calcium and vitamin D for their

anti-obesity and anti-lipogenic effects.
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ABSTRACT

Phenolic compounds are bioactive constituents in honey and Momordica charantia, contributing to their potential
health benefits. Honey, a natural sweetener, contains phenolic acids, flavonoids, and other minor phenolic
contents, contributing to its antioxidant activity and potential therapeutic properties. In this study, the High-
Performance Liquid Chromatography (HPLC) technique was utilized to determine the phenolic content of
Momordica charantia Linn and honey. The analysis of Momordica charantia Linn demonstrated that it showed the
highest level of p-hydroxy benzoic acid, whereas the lowest quantity of p-coumaric acid was detected. Rutin was
identified as the primary constituent in the composition of honey, whereas o-coumaric acid was detected in the
lowest concentration. In conclusion, it can be concluded that Momordica charantia Linn and honey possess a
significant abundance of phenolic compounds.

Keywords: Bitter melon, honey, Momordica charantia Linn, phenolic compounds
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Bal ve Momordica charantia Linn'deki Fenolik Bilegiklerin Kargilagtirmali Analizi

(074

Fenolik bilesikler, hem balda hem de Momordica charantid da bulunan ve potansiyel saglik yararina katkida bulunan
biyoaktif bilesenlerdir. Dogal bir tatlandirici olan bal, antioksidan aktivitesine ve potansiyel tedavi edici
6zelliklerine katkida bulunan fenolik asitleri, flavonoidleri ve diger kigiik fenolik icerikleri icerir. Bu ¢aligmada
Momordica charantia Linn ve balin fenolik icerigini belirlemek icin Yiksek Performanslh Sivi Kromatografisi
(HPLC) tekniginden yararlandmistir. Momordica charantia Linn'in analizi, en yiksek dizeyde p-hidroksi benzoik asit
icerdigini, en diisik miktarda ise p-kumarik asitin tespit edildigini gOstermistir. Balin bilesiminde rutin birincil
bilesen olarak tanimlanirken, en disiik konsantrasyonda o-kumarik asit tespit edilmistir. Sonuc olarak Momordica
charantia Linn ve balin 6nemli miktarda fenolik bilesik igerdigi sonucuna varilabilir.

Anahtar Kelimeler: Bal, fenolik bilesikler, kudret natt, Momordica charantia 1inn
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INTRODUCTION

The Momordica charantia plant, known as bitter melon
or bitter gourd, is a flowering plant species belonging
to Cucurbitaceae (Giuliani et al. 2016). This plant is
widely used in traditional medicine. Due to its
possible biological effects, the number of studies
assessing its pharmacological activities has increased
recently (Pundir and Chandel 2021). One of the
components contributing to the health beneficial
effects of M. charantia is phenolic compounds
(Haque et al. 2011). Phenolic compounds are a class
of secondary metabolites abundant in vatious plant
species and known for their remarkable antioxidant
and various other bioactive properties, including
antibacterial activity (Qader et al. 2011). Numerous
studies have examined its polyphenolic composition
and potential biological properties for human well-
being. Various extraction methods have been
developed to obtain high amounts of polyphenolic
compounds. Previous studies have shown that some
extraction methods applied to bitter melon
significantly increase the amount of phenolic
compounds in the extract and, therefore, the
antioxidant capacity (Ng and Kuppusamy 2019). The
relationship between the phenolic content and
antioxidant activity of extracts from M. charantia
Linn suggests that phenolic compounds probably
have a significant impact on its capacity to scavenge
free radicals and reduce oxidative stress (KKubola and
Sitiamornpun 2008; Qader et al. 2011). Numerous
researches have provided evidence suggesting that it
has antimicrobial activity (Sood et al. 2012). In
addition to its antimicrobial properties, M. charantia
Linn has been reported to have antidiabetic, wound-
healing, and immunomodulatory activities (Prasad et
al. 2006; Meng et al. 2012; Tan et al. 2010).
Additionally, the number of studies examining the
effects of bitter melon on cancer has started to
increase recently (Yasui et al. 2005; Semiz and Sen
2007; Dia and Krishnan 2010).

Honey, a naturally occurring sweet substance, has
gained extensive usage as a dietary commodity due to
its potential for promoting health and well-being.
Current research has emphasized honey's impact on
cognitive function, specifically exploring its ability to
enhance memory, defend against neurological

damage, alleviate stress, and reduce pain sensitivity
(Zamri et al. 2023). Furthermore, it has been found
that honey has a regulatory influence on the
microbiota in the human gastrointestinal tract,
facilitating the proliferation of advantageous bacteria
while inhibiting the growth of potentially harmful
microorganisms (Jiang et al. 2020). The antioxidant
properties of honey are ascribed to the existence of
phenolic  compounds,  which  facilitate  the
neutralization of detrimental free radicals and the
alleviation of oxidative damage (Moniruzzaman et al.
2013). Furthermore, honey has been found to exhibit
immunomodulatory effects, particularly in the context
of skin disordersResearch studies have demonstrated
that honey possesses the ability to inhibit the
proliferation of bacteria that are of significance in the
field of dermatology, as well as influence
immunological factors associated with the skin's
immune system (McLoone et al. 2015). This study
aims to provide an analysis of the phenolics found in
honey and Momordica charantia, with a particular focus
on their varied health benefits and potential
therapeutic applications.

MATERIALS and METHODS

Providing materials

The honey and Momordica charantia were bought at a
local market in the Burdur Province of Turkey.
Twenty-three standard phenolics (Table 1) were
obtained from Sigma-Aldrich, Inc. (St. Louis, MO) to
serve as standards in the HPLC analysis of individual
phenolics.

Phenolic content analysis

The phenolic contents of Momwrdica charantia Linn and
honey were evaluated using high-performance liquid
chromatography (HPLC, Shimadzu, Japan) with the
conditions specified in Table 2 (Horax et al., 2010).
The bitter melon fruits and honey samples were
subjected to HPLC analysis following the methods
described by Horax et al. (2010) and Estevinho et al.
(2008).
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Table 1. Phenolic contents of Momordica charantia Linn and honey.

Phenolic compounds Momordica charantia Linn Honey
Gallic Acid 1.9 *
Protocatechic Acid * *
Catechin * *
p-hydroxy benzoic acid 6.7 *
Chlorogenic acid 0.8 2.6
Caffeic acid 0.2 0.5
Epicatechin * *
Syringic Acid, 0.3 0.2
Vanilin * *
p-coumaric acid, 0.05 0.3
Ferulic acid, * 0.5
Sinapinic acid, * *
Benzoic acid, * 0.7
o-coumaric acid, * 0.1
Rutin * 9.7
Hesperidin * 0.2
Rosmarinic acid, * *
Eriodictiol * *
Cinnamic acid 0.1 0.2
Quercetin 0.5 1.8
Luteolin 0.3 1.3
Kamferol 1.1 1.1
Apigenin * *

*"Non detected"

Table 2. The high-performance liquid chromatography (HPLC) parameters used for the analysis of phenolic content.

Condition

Settings

Dedector

SPD-M 10A vp DAD dedector (Amax=278nm)

Auto sampler SIL-10AD vp
System controller SCL-10Avp
Pump: LC-10ADvp
Degasser DGU- 14A
Column oven: CTO-10Avp

Column

Agilent Eclipse XDB-C18 (250 X 4.60 mm) 5-micron

Column temperature

300C

Mobile phase

A: 3% acetic acid, B: methanol

Injection Volume

20 ul

Flow Rate

0.8 ml.min-!
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RESULTS

The phenolic composition of bitter melon and honey
is presented in Table 1. The analysis of Momordica
charantia Linn revealed that it had the highest
concentration of p-hydroxy benzoic acid, while the
lowest quantity of p-coumaric acid was detected. The

2009 [EE]

predominant component in honey composition was
rutin, while o-coumaric acid was found in the lowest
concentration. Figure 1 indicates the chromatogram
of standards, and Figure 2 shows the chromatogram
of Momordica charantia Linn and honey.
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Figure 1: The chromatogram of standards

Honey

AL
Y BrrAn (1.00)

1b ’ ’ 20 ! . ) ' 30 ’
Momordica charantia Linn

40 S50

1L
ZFBnmanm (1.00)

400 450 50,0
1: Gallic acid, 2: Protocatechic acid, 3: Catechin, 4: p-hydroxy benzoic acid, 5: Chlorogenic acid, 6: Caffeic acid, 7: Epicatechin, 8: Syringic acid, 9: Vanilin, 10: p-
coumaric acid, 11: Ferulic acid, 12: Sinapinic acid, 13: Benzoic acid, 14: o-coumaric acid, 15: Rutin, 16: Hesperidin, 17: Rosmarinic acid, 18: Eriodictiol, 19:

550 600 650 700 750 800

850

Figure 2: The chromatogram of Momordica charantia Linn and honey

a0 7o =) Frvies

rmin

559



DISCUSSION

Phenolic compounds are a class of bioactive
chemicals  renowned for their antioxidative
characteristics and prospective contributions to
human health. Momordica charantia Linn, commonly
called bitter melon or bitter gourd, has been the
subject of much research due to its abundance of
phenolic compounds and the subsequent health
benefits they may provide. Numerous evaluations
have been reported to investigate the phenolic
compounds present in Momordica charantia Linn by
utilizing High-Performance Liquid Chromatography
(HPLC). (Sagor et al. 2015; Huang et al. 2015; Kenny
et al. 2013; Tan et al. 2014; Busuioc et al. 2020).
Numerous phenolic compounds, including p-hydroxy
benzoic acid, chlorogenic acid, caffeic acid, syringic
acid, p-coumaric acid, sinapinic acid, cinnamic acid,
quercetin, luteolin, and kamferol, have been identified
in Momordica charantia through these investigations.
For instance, Sagor et al. (2015) analyzed the phenolic
compounds in Momordica charantia Linn and found
abundant quantities of ellagic acid and myricetin. In
their study, Huang et al. (2015) analyzed the chemical
composition of Momordica charantia Linn leaves and
detected ten phenolic compounds. A study has
demonstrated the occurrence of diverse phenolics,
like quinic acid, quinic acid, and catechin, in
Momordica charantia (Kenny et al. 2013). These studies
propose scientific evidence for phenolic chemicals in
Momordica  charantia. 'The antioxidant activity of
phenolic compounds has been demonstrated,
indicating its potential to reduce oxidative stress and
prevent the development of many diseases (Sagor et
al. 2015). The capacity of phenolic compounds to
eliminate free radicals and prevent oxidative damage
is responsible for their antioxidant action (Garcia et
al. 2020). Furthermore, it has been documented that
phenolic compounds possess anti-inflaimmatory,
antibacterial, and anticancer characteristics (Owusu et
al. 2021; Muronga et al. 2021).

Honey includes many phenolic compounds
(Estevinho et al. 2008). Chlorogenic acid, a common
phenolic molecule, is abundantly present in coffee
beans and is recognized for its notable antioxidant
properties (Nardini et al. 2002). It can also be found
in honey and has been demonstrated to have
advantageous impacts on human well-being (Sato et
al. 2011). Cafteic acid, a chlorogenic acid derivative, is
a phenolic molecule detected in honey and has
demonstrated a higher level of antioxidant activity
than chlorogenic acid (Sato et al. 2011). These
substances have been documented to demonstrate
antioxidant and antibacterial properties and possess
antioxidant capacity (Estevinho et al. 2008; Huang et
al. 2012). Additionally, it has been documented that
quercetin and luteolin possess antioxidant and
antibacterial properties (Sarker and Oba 2019). In
general, the existence of these phenolic chemicals

inside honey contributes to enhancing its antioxidant
and antibacterial characteristics. The antioxidant
potential of honey is dependent on the quantity of
phenolic compounds, whereas black honey often
exhibits more activity compared to clear honey
(Estevinho et al. 2008). These substances also
contribute to the biological activity exhibited by
honey, including its antibacterial and wound-healing

qualities (Wadi 2022).
CONCLUSION

In conclusion, Momordica charantia Linn is a plant
species that contains various phenolic compounds.
Phenolic compounds in  Momordica charantia are
responsible for their antioxidant properties and
potential health benefits. In this study, various
phenolic components were detected in honey. These
substances are responsible for honey's antioxidant,
antibacterial, and other biological actions. Additional
investigation is requited to comprehensively
comprehend the mechanisms of action and potential
health advantages associated with the phenolic
chemicals in honey and Momordica charantza.
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ABSTRACT

The aim of this study was to evaluate the demografic characterictics and compare results with the literatiire, referring
the cases of intoxication admitted to the Usak University Medical Faculty Education and Research Hospital. 1027
cases with the diagnosis of intoxication between the years 2015-2017 were evaluated in the terms of age, gender,
the month they applied, season, place of residence, type of poisoning, type of medication, treatment methods,
duration of hospital stay whether or not antidots were used. In this study, 1027 patients with the diagnosis of
intoxication were examined. Of the 1027 patients, 583 were female (56,8%) and 444 were were male (43,2%). The
most common cases of poisoning were found in the 21-30 age group. Most cases of poisoning occured in spring.
The months with the highest number of intoxications are May and April. In May, 10.9% and in April, 9.4%
respectively. Of the 1027 cases, 673 were referred from the city center (65,5%), 205 from the village (20%) and 149
from the district (14,5%). Most applications were observed between 19.00-24.00. 58,4% of poisonings were caused
by drugs. 40% of the cases were accidents and 60% were suicides. 61,9% of all suicide cases were female and 38,1%
were male. As a result, in young children and the eldetly, accidental poisoning is observed, but at young ages,
especially suicidal drugs are seen. In order to prevent and treat intoxication, it is important to define the
epidemiological data of each community by making such studies in societies.

Keywords: Antidote, emergency department, intoxication, treatment
*okok

Acil Servise Gelen Zehitlenme Vakalarinin Degerlendirilmesi

(074
Usak Universitesi Tip Fakiiltesi Egitim Arastirma Hastanesi Acil Servisine basvuran zehirlenme olgulart ile ilgili
demografik 6zellikleri degerlendirmek ve literatiirle karsilastirmak amaciyla yapilan bu ¢alismada 2015-2017 yillart
arasinda zehirlenme tanistyla basvuran 1027 olgu yas, cinsiyet, bagvurduklar ay, mevsim, yerlesim yerleri, zehirlenme
tipi, alinan ila¢ tlrd, uygulanan tedavi yontemleri, hastanede yatis siireleri, antidot kullanip kullanilmadigi gibi
demografik 6zellikleri bakimindan degerlendirildi. Calismada zchirlenme tatusiyla basvuru yapan 1027 hasta
incelenmistir. Hastalarin 583’4 kadin (%56,8), 444’tniin (%43,2) erkek hasta olmustur. En sik zehirlenme vakasina
21-30 yas arasindaki bireylede rastlandi. Zehirlenme vakalari en ¢ok ilkbahar mevsiminde gorilmustir. En fazla
gorildigi aylar Mayis ve Nisan aylanidir. Mayis ayinda %10,9, nisan ayinda %9,4 oraninda basvuru olmustur.
Vakalarin 673’0 il merkezinden (%65,5), 205 hasta kéyden (%20) ve 149 hasta ilceden (%14,5) bagvurmustur. En
cok basvurunun 19.00-24.00 saatleri arasinda oldugu gérilmiistiir. Zehirlenmelerin %58,4i ilag kaynakliydt. Ilag
kaynakli zehirlenmelerin %401 kaza, %60’ intihar amach kullanima bagli idi. Ttlm intihar olgularinin %61,9’u kadin
ve %38,11 erkektir. Sonug olarak bu retrospektif galisma Turkiye’deki zehirlenme vakalariyla ilgili yapilan diger
calismalarla benzer bulgular géstermektedir. Kii¢lik ¢ocuklarda ve yaslilarda genel olarak kaza ile zehirlenme
gorilirken, geng yaslarda 6zellikle intihar amagl ilag alimi sonucunda zehirlenmeler gorillmektedir. Zehirlenmelerin
onlenmesi ve tedavisi i¢in toplumlarda bu tarz calismalarin yapilarak her toplumun epidemiyolojik verilerinin
tantmlanmast 6nem tasimaktadir.
Anahtar Kelimeler: Acil servis, antidot, tedavi, zehirlenme
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GIRIS

Zehitlenmeler, basta gelismekte olan tlkelerde olmak
tizere biyik bir halk saghg: sorunu haline gelmistir.
Son yillarda tarim, saglik ve endistriyel teknoloji
alanindaki buytk gelismeler nedeniyle yeni zehitlerin
ortaya ¢tkmasiyla da akut zehitlenme profilinde 6nemli
degisiklikler olmustur (Jailkhani ve ark. 2014).
Gelismekte olan  Ulkelerdeki  erigskin  bireylere
bakildiginda kaza veya intihar amaciyla olan akut
zehirlenmelerin orant 10000°de 2-93 civarindadir. Son
yillarda 6zellikle Batt Avrupa ve Giiney Amerika’da ilag
kullanimina bagl zehirlenmelerdeki artis nedeniyle bu
oran giin gectikce arttif1 gorillmektedir. Zehirlenmeler,
mesleki maruziyet sonucu veya devamli ila¢ kullanimini
gerektiten durumlarda, ilacin yan etkilerine bagh
olarakta gelisebilir. ABD’de 2002 yilinda, zehirlenme
merkezlerine 2 milyondan fazla zehirlenme nedeniyle
bagvuru yapildig bildirilmistir. Ulkemizde ise yilda 150
bin zehirlenme vakast ile acil servislere bagvuru
yapildigr tahmin edilmektedir (Erdogan ve ark. 2013).
Thrkiye’de yapilan epidemiyolojik ¢alismalara gére, acil
servise bagvurularin timud degerlendirildiginde % 0,7-
5,011 zehirlenme vakalarnin  olusturdugu ortaya
koyulmustur. Ozellikle 6 yas altindaki cocuklarda kaza
ile zehitlenmeletle daha sik katsilagilitken, ruhsal
degisimin olustugu ergenlik déneminde intihar amach
zehirlenmeletle de daha fazla karsilasilmaktadir (Deniz
ve ark. 2009). Cocuklarda kazara zehirlenmelerin
nedeni ise genelde ¢ocuklarin yeni seyler kesfetmeye
calismalart  veya  yetiskinleri  takip  etmeye
calismalarindan kaynaklanmaktadir (Sawalha ve ark.
2010).

Zehirlenme  olgular, klinik  olarak  ndrolojik
semptomlardan (suur degisiklikleri, nébet, koma),
gastrointestinal sistem semptomlar (bulanti, kusma,
karin agrist, ishal) ve kalp semptomlarina (aritmi, gogiis
agrist, kardiyak arrest) kadar degisken klinik 6zelliklere
sahip olabilit. Bu semptom ve bulgular toksik
maddenin yapist, etkinli§i ve miidahaleye baslanma
stiresiyle degisebilir (Kadiroglu ve ark. 2013). Ilaglara
baglt zehitlenmelerde 6lim kismen daha distk iken,
genellikle intihar amaciyla kullanilan  pestisitlerde
olimler artmakta ve yilda 300000 kisinin diinyada bu
nedenle 6ldigi tahmin edilmektedir (Gunnell and
Eddleston 2003).

Acil durum birimletine en stk bagvuru intihar ve kaza
sonucu gorilen zehirlenmeler nedeniyle olmaktadir.
ABD’de zehitlenme orani 2011 yilinda 479/100000
iken, zehirlenmeye bagl 6lim orant ise 2010 yilinda
17/100000 olarak bildirilmistir (Koylu ve ark. 2014).
Tiurkiye’de karsilagilan akut zehirlenme etkenlerinden
en stk gorilenleri; beseri ilaglar (antiepileptik,
antidepresan, antihipertansif, analjezik, antihistaminik
vb.), tarim ilaglari, evde kullanidan cesitli kimyasallar,
zehirli gazlar, bitki ve besinlerin icindeki zehirli
maddeler (mantarlar), yilan, akrep ve Oriimcek gibi
cesitli zehirli hayvanlarin  1sirma ve  sokmalaridir
(Tuncok ve Kalyoncu 2007).

Ilag kaynakli zehirlenemler; zehirlenme sebepleri
arasinda ilk swrayt  ilacla zehirlenme almaktadir.
Ozellikle — parasetamol,  salisilat ~ ve  trisiklik
antidepresanlar  ile  zehitlenme  olduk¢a stk
gorilmektedir. TUm dinyada 1950’den bu yana
kullanilan parasetamol, fenasetinin bir metabolitidit.
Sik kullanilmastyla bitlikte, yiiksek doz alimlarin olmasi
fazlaca zehirlenmesi ile karsilasiimaktadir. Ozellikle
zehirlenmesinin fazlaca gorillmesinin sebeplerinden
biri karaciger tizerine olan etkilerindedir (KKaraman ve
ark. 20106). Salisilat ve triksiklik anti depresanlarla
zehirlenmeleri de acil servislerde stk karsilasilan ilag
zehirlenmelerinden biridir. Genel olarak akut alimlarda
gorilmekte ancak sik kullanilan ilaglar olduklart icin
kronik alimlarda da tekratlayan dozlara baglt olarakta
gorilebilmektedir. Triksiklik anti depresanlarin 10
mg kg ! dan daha yitksek dozda alinmasi 6lime neden
olabilecek zehirlenmeye neden olurken, 1 g veya daha
Ustiinde alimlarda ise genellikle 6lim gorilir (Sen ve
Orak 2015).

Gida kaynakli zehirlenmeler; mantar zehirlenmeleride
diinyanin bir¢ok yerinde yaygin olarak géralir. Dogada
yaklastk olarak 5000 mantar tird bulunmaktadir
(Ecevit ve ark. 2004). Ozellikle Tiirkiye’de yagislt gecen
bahar aylart, %090’dan fazla 6lime neden olan Amanita
tird mantarlar gibi normalde Uremeyen zehirli
mantarlarin  dremesine neden olmaktadir. Mantar
zehirlenmelerinin  erken belirtilerinde karin  agris,
bulanti, kusma, ishal, tagikardi, hiperglisemi,
hipotansiyon ve elektrolit dengesizligidir (Kol ve ark.
2004). Zehirlenme semptomlari ortaya ¢iktiginda hasta
hemen vyatiridlmali ve mimkiinse erken tedavi
yaklasiminin belirlenmesinde 6nemli olan serum alfa
amanitin diizeyine bakilmahdir. Erken tedavide asil
ama¢ mide ve barsaklarda bulunan toksinlerin
emilmeden vicuttan uzaklastirilmasidir (Ergiven ve
ark. 2004).

Kimyasal maddeler ile zehirlenme; zchirlenmelerin
nedenlerinden biriside karbon monoksit (CO) gazidir.
Karbon kaynakh yakitlarin iyi yanmamasi sonucu
ortaya ¢tkan CO, motorlu arag eksoz gazlar,
yanginlardan kaynaklanan dumanlar, gaz giiciiyle
calisan motorlar, orman yanginlart ve metilen kloriir
iceren boyalardaki CO, akut ve kronik zehirlenmelere
neden olmaktadir (Kandis ve ark. 2009). Isinmada
kullanilan yakitlarin uygun niteliklerde olmamast ve
halkin zehirlenme hakkinda yeterli bilince sahip
olmamast nedeniyle karbonmonoksit zehirlenmeleri
daha cok kis mevsiminde gérilmektedir (Ginis ve ark.
2014). Karbonmonoksit, hemoglobine (Hb) hizlica
baglanarak, Hb’deki oksijen ile kolayca yer degistirerek,
karboksihemoglobin (COHb) olusturur ve oksijen
dokulara sunulamaz béylece doku hipoksisine sebep
olur. Acil servise basvuru nedenlerinden biriside
metanol zehirlenmesidir. Yasa dist yollarla metanolden
tretilmis alkollerin titketilmesine baglt kazara veya
metanolin intthar amaciyla alinmasinda da gorilebilir.
Metanol, alkol dehidrogenaz tarafindan formaldehite
cevrilerek, daha sonra formik asite dontsir.

564



Zchirlenmenin nedeni olusan formaldehid ve formik
asittir. Zehirlenme sonucunda; karnin tst bolgesinde
agri, ishal, ciddi kusmalar, gérme bozukluklari, bas
agrisi, fotofobi, beyin 6demi, kardiyak ve solunum
yetersizligi, koma ve 6lim gelisir (Baydin ve ark. 2010).
Tarim ilaglar (pestisidler) kaynaklt zehirlenmeler; acil
servise zehirlenme nedeniyle basvuran hastalar
arasinda, pestisitten zehirlenmelerin orani yiiksektir.
Intihar amacli kullanilmanin yaklagitk %30u olimle
sonuclanmaktadir. Ozellikle gelismekte olan tilkelerde
en sik zehitlenme nedenlerinden birisidir (Gliven
2004). Amerika Zehir Kontrol Merkezleri Bitligi’nin
2007 raporuna gore zehirlenme vakalarnm %3,9’unu
pestisit zehirlenmesi olusturmaktadir. Ayrica bu oran
19 yas tlzeri hastalarda 9%5,2’ye ¢ikmaktadir.
Ulkemizde ise 0-14 yas grubunda Slime yol agan
sebepler arasinda zehirlenmeler, % 0,2 oran ile 20.
strada bulunmaktadir. Saglik Bakanligi Hifzissthha
Merkez Bagkanligr Zehir Arastirma  Midirligi
kayitlarina goére biitiin zehirlenme vakalari arasinda
pestisitlerin ticlinci sirada yer aldigi goriilmektedir.
Dokuz Eyliil Universitesi Tip Fakiiltesi Tlag ve Zehir
Danisma Merkezi 1993-2001 tarihleri arasindaki
kayitlarina gore ise; tarim ilaclari ile zehirlenme %8 ile
ikinci sirada yer almaktadir (Tomruk ve ark. 2009).
Ozellikle  organofosforlu  insektisitler ~ kaynakli
zehirlenmelerde parasempatomimetik belirtiler, ¢izgili
kas belirtileri ve merkezi sinir sistem belirtileri ortaya
cikar. Akut zehirlenmede 5 dakika ile 24 saat arasinda
tasikardi, bradikardi, aritmiler, ileti anormallikleri,
solunum felci ve 6lim gorilir (Kogak ve ark. 2005).
Acil servise gelen hastalardan 6ncelikle ¢ok iyi
anamnez alinmasi gerekir. Eger zehirlenen ¢ocuk veya
bilinci kapali hasta ise yakinlarindan ayrintli bilgi
alinmaya calisgtimalidir. Bu maddenin ne zaman hangi
yolla alindigi, alinma miktari, icerigin ve tiriin ne
oldugu, hastanin 6nceden bagka bir hastaligimin olup
olmadigl, devamli kullandig1 ilaglarin olup olmadigy,
daha 6ncede zehitlenip zehirlenmedigi, zehirlendi ise
sebebini (intthar amacl veya kaza), gelen hasta ile
birlikte zehitlenen bagka kisi olup olmadifi, madde
bagimlisi veya psikiyatrik Sykiisiiniin olup olmadigy ile
ilgili sorular sorulmahidir (Gurpinar ve Asirdizer 2006;
Keskin ve ark. 2001).

Yapilan calisma;  2015-2017 yillar1 arasindaki Usak
Universitesi Tip Fakiiltesi Egitim Arastirma Hastanesi
Acil Servisine zehitlenme 6n tanist ile bagvuran
hastalarin zehirlenme tipi, nedeni, yas, cinsiyet ve diger
demografik 6zelliklerini belirlemesi amacland.

MATERYAL ve METOT

Bu calisma, 2015-2017 tarihleri arasindaki Usak
Universitesi Ttp Fakiiltesi Egitim Arastirma Hastanesi
Acil Servisine zehirlenme tanisi ile bagvuran 1027
olguya ait, acil servis hasta muayene kartlarinin

incelenmesi ile elde edilen demografik bilgilerden
yararlanilarak gerceklestirildi. Zehirlenme tanisi almis
olan tim hastalar, agagida belirtilen cesitli demografik
ozelliklerine gore retrospektif olarak incelendi.

1. Yas.

Cinsiyet.

Bagvurduklar1 ay.

Bagvurduklart mevsim.

Basvurduklari saat.

Orijin, kaza, intihar.

Yetlesim yertleri, il, ilce, koy.

Hastanin hangi tiir zehir ile zehirlendigi,
mantar, CO, insektisit, ila¢, kimyasallar, alkol,
korozif maddeler.

9. Hastanin hangi tir ilaglarla zehirlendigi,
analjezik, antibiyotik, antidepresan,
antipsikotikler, anksiyolitik, antiepileptikler,
antihipertansifler, antiastmatikler, vitaminler,
gastrointestinal ilaglar, hormonal ilaglar, isim
belirtilmemis ilaglar, birden fazla cesit ilag ve
digerleri olarak gruplandirilds.

10. Hastaya hangi tedavilerin uygulandig1, gastrik
lavaj, gastrik lavajla birlikte aktif kémir
uygulanmasi, aktif kémur, oksijen tedavisi,
medikal tedavi.

11. Antidot kullanilmast veya kullanidlmamasi.

12. Hastanin prognozu, ayaktan taburcu, serviste
yatts, yogun bakimda yatis, baska hastaneye
sevk, acil serviste olum.

Elde edilen degisenlerin analizinde frekans ve yiizde
analizi kullanllmistir. Buna ek olarak kategorik
degiskenlerin birbiri ile iligkilerinin incelenmesinde ki-
kare analizinden yararlanilmustir. Yapilan bu analizler
SPSS 22.0 (SPSS Software, IBM, ABD) programi
yardimiyla gerceklestirilmistir ve sonuclar literatiirle
uyumlu sekilde yorumlanmugtir.

S A A

BULGULAR

Yapilan galismanin evrenini; Usak Universitesi Egitim
Arastirma  Hastanesi Acil Servisine 15.11.2015-
15.11.2017 tarihleri arasinda basvuru yapan toplam
535911 hasta arasinda zehirlenme tanisi ile bagvuran
1027 kisi olusturmaktadir. Bu 1027 hastanin 583’0
(%56,8)  kadin, 444’6 (%43,2) erkek oldugu tespit
edilmistir.

Ilag zehirlenmelerinin yas gruplarina gére dagihiminin
gosterildigi Tablo 1’e gbre, en fazla zehirlenme 21-30
yas araliginda goOrilmektedir. Bu yas araligindaki
bireyler genellikle yeni evlenmis ya da evlenme ¢aginda
bulunmalarindan dolayt ailevi sorunlarin yasanmasi,
yeni mezun olup is bulmada zorluklarin yasanmasi bu
yas araliginda daha fazla intihara bagli zehirlenmeye
neden oldugu séylenebilir.
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Tablo 1. Yas Gruplarina Gére Olgu Sayilart
Table 1. Number of Cases by Age Groups

Yas Gruplari Olgu Sayis1 Yiizde (%)
0-10 10 1,0

11-20 276 26,9

21-30 278 27,1

31-40 205 20,0

41-50 126 123

>50 132 12,9

Toplam 1027 100

Zehirlenme olgulari nedeniyle bagvurunun, en ¢ok
mayts (%10,9) ve nisan (%9,4) ayinda oldugu, eyliil
(%5,9) ayinda ise azalis oldugu gérilmistir.
Zehirlenme olgulart mevsimlere gore incelendiginde
ise en cok ilkbahar (%28,8), en az sonbahar (%21,5)
mevsiminde oldugu goérilmiistir.

Yerlesim yerine gore olgu sayilart incelendiginde
zehirlenme belirtisi ile acil servise basvuran en ¢ok

Tablo 2. Acil Servise Basvuru Saatlerine G6re Olgu Sayilart
Table 2. Number of Cases According to Hours of Emergency Department Admission

hasta 673 (%065,5) ile il merkezinden, 149 hasta ilceden
ve 205 hasta ise kéyden oldugu belitrlenmistit.
Calismamizda acil servise bagvuru saatlerine gore olgu
sayilar1 incelendiginde ise en ¢ok basvuru, tim
basvurularin %36,4 orant ile saat 19.00-24.00 saatleri
arasinda yapilmistir. En az bagvuru ise 07.00-12.00
saatleri arasindadir (Tablo 2).

Bagvuru Saatleri Olgu Sayis1 Yiizde (%)
1-6 250 243
7-12 156 15,2
1318 247 24,1
19-24 374 36,4
Total 1027 100

Calismamizda, yas ve zehirlenme tiiriine gbre yapilan
karsilastirmada istatistiksel olarak anlamlt farlilik
bulunmustur (p<0,05). Buna gére ilag zehirlenmesi ile
en ¢ok 11-20 ve 21-30 yas arahgindaki hastalar

Tablo 3.Yas Gruplarina Gére Zehirlenme Etkenleri
Table 3. Poisoning Factors by Age Groups

hastanenin acil servisine bagvurmustur. Yas gruplarina
gbre zehirlenme etkenleri incelendiginde ila¢ ile
zehirlenme %58,4 ile ilk sirayt olusturmaktadir (Tablo
3).

Yas Gruplar
Olgu
(Erarppli 0-10 11-20 21-30 31-40 41-50 e e
Sayt [% |Sayt |[% |Sayt |% | Sayi | % Sayt[%  |Sayt |%  [Sayi | %
Mantar o |o |11 |4 |21 |76 |20 |98 |22 |175 |32 242 |106 1103
co 5 50 |24 |87 |22 |79 |35 [171 |15 |119 |20 |22 |130 (127
Insektisit 0 0 1 4 0 0 1 los |1 |os |° 38 |8 0,8
flag 1 10 [205 [743 |184 |662 | 119 |58 61 |484 |30 |227 [600 |584
Kimyasallar 4 40 |27 |98 |30 |108 |17 |83 |20 [159 |27 20,5 125|122
Alkol 0 0 6 22 |9 32 16 |29 |4 |32 |7 53 |32 3,1
Korozif 0 0 2 07 (12 |43 |7 |34 |3 |24 |2 15 |26 25
Toplam 10 100 |276 |[100 |278 [100 |205 [100 |126 [100 |132 |100 1027 1100
x2=175,809
p=0,001

566



Zehirlenmelerde kullanilan ilag¢ tiitleri incelendiginde; belirlenirken, Hastalarin %51,3’iniin ise hangi ilagla
en cok %15 orani ile birden fazla ila¢ tird ile zehirlendigi bilinmemektedir (Tablo 4).
zehirlenmeler ve %13,3 ile analjeziklerle zehirlenmeler

Tablo 4. Zechitlenmelerde Kullanilan Tlac Tirleri
Table 4. Types of Drugs Used in Poisoning

Kullanilan Ilag Tiirii Kisi Sayis1  Yiizde (%)

Analjezik 80 13,3

Antidepresan 20 33

Antibiyotik 11 1,8

Anksiyolitik 12 2,0

Antiastmatik 1 0,2

Antiepileptik 9 1,5

Antipsikotik 13 2,2

Antihipertansif 5 0,8

Antispazmodik 7 1,2

Hormon 6 1,0

Belirtilmemis 308 51,3

Birden Fazla Ila¢ 90 15,0

Digerleri 29 4.8

Gastrointestinal 6 1,0

Vitamin 3 0,5

Toplam 600 100
Zehirlenme olgulari otjinlerine gére incelendiginde acil otjinlerine goére yapilan karsilastirmada istatistiksel
servise basvuran hastalarin = 411 (%40)’1 kaza, 616 olarak anlamli farkliik bulunmustur (p<<0,05). Intihar
(%060)'s1 intihar nedeniyle gelmislerdir. Yas gruplari ve olgularina bakildiginda tim intiharlarin  %33,6st

oraninda en fazla 11-20 yas araligt oldugu tespit
edilmistir (Tablo 5).

Tablo 5. Yas Gruplarina Goére Orjin Dagilimlart
Table 5. Origin Distribution by Age Groups

Yas Gruplar
Olgu
Gruplart | ¢ 49 11-20 21-30 31-40 41-50 =0 R
Sayt [% [Sayi [% [Sayi [% |Say [% |Sayi [% [Say [% | Sap %
Kaza |10 [100 |69 |25 |90 324 |83 |405 |61 |484 |98 |742 [411 40
intihar |0 0 |207 |75 [188 |67.6 |122 |595 |65 |516|3* 258 |6l0 60
x2=1153818
p=0,001
Cinsiyetler ve orjinlerine gore yapilan karsilastirmada (p<0,05). Buna gore kadinlarda zehirlenme orani ve
ise istatistiksel olarak anlamli farklidik bulunmustur intihar etme orant daha yiiksek bulunmustur (Tablo 6).

Tablo 6. Cinsiyete Gore Orjin Dagilimi
Table 6. Origin Distribution by Gender

Osjin
Cinsiyet Kaza intihar Toplam
Kadin 202 381 583
Frkek 209 235 444
[Toplam 411 616 1027
2 16,207
0,001
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Orjin  ve zehirlenme etkenlerine gbre yapian karbonmonoksit zehirlenmelerinin hepsi kaza ile
karsilastirmada istatistiksel olarak anlamli farklilik olmustur. Ila¢ zehirlenmelerinin  584’ti  (%97,33)
bulunmustur (p<0,05). Buna gbre, mantar ve intihar nedeniyle olmaktadir (Tablo 7).

Tablo 7. Orjinlerine Gore Zehirlenme Etkenlerinin Dagilimi
Table 7. Distribution of Poisoning Agents by Origin

» Zehirlenme Etkeni
Otjin
Mantar | CO | Insektisit | Ilag | Kimyasallar | Alkol | Korozif | Toplam

Kaza 106 130 6 16 106 28 19 411

Intihar 0 0 2 584 19 4 7 616

Toplam 106 130 8 600 125 32 26 1027

12 852,859

P 0,001
Antidot kullanimi ve zchirlenme etkenlerine gore servise bagvuran 1027 hastadan 133’linde antidot
yapilan karsilastirmada istatistiksel olarak anlamli kullanilmig, 894’tinde antidot kullanidmamistir (Tablo
farklilk bulunmustur (p<<0,05). Zchirlenme ile acil 8).

Tablo 8. Antidot Kullanimi ve Zehitlenme Etkeninin Karsilagtirilmast
Table 8. Comparison of Antidote Use and Poisoning Agent

Zehirlenme Etkeni
Orjin
Mantar CO | Insektisit Ilag Kimyasallar Alkol Korozif Toplam
Antidot
kullandds 10 95 3 11 5 8 1 133
Antidot
kullanlmads 96 35 5 589 120 24 25 894
Toplam 106 130 8 600 125 32 26 1027
» 503,029
p 0,001
Zehirlenme ile acil setvise bagvuran 1027 hasta hastaneye sevk olmug, 2’si acil serviste hayatin
incelendiginde 699’u ayaktan taburcu, 167’si servise kaybetmistir (Tablo 9).

yatmis, 146’s1 yogun bakima yatmis, 13’0 bagka

Tablo 9. Zehirlenme Ile Acil Servise Bagvuran Hastalarin Prognozlar
Table 9. Prognosis of Patients Presenting to the Emergency Department with Poisoning

Prognoz Tiirii Olgu Sayis1 Yiizde
Ayaktan 699 68,1
Servise Yatis 167 16,3
Yogun Bakimda Yatis 146 142
Baska Yere Sevk 13 1,3
Acil Serviste Oliim 2 0,2
Toplam 1027 100
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Acil servise zehirlenme tanist ile bagvuran hastalarin,
%40,9 'una medikal tedavi uygulanmustir. (Tablo 10).

Tablo 10. Zehitlenen Hastaya Uygulanan Tedaviler
Table 10. Treatments For Poisoned Patients

Tedavi Olgu Sayis1  Yiizde
Gastrik Lavaj 187 18,2

GastrikLavaj+Aktf komiir 174 16,9

Aktif Komir 46 4.5

Oksijen 200 19,5

Medikal Tedavi 420 40,9

Toplam 1027 100

Olgu gruplari ve hastanede yatis siirelerine gére yapilan incelendiginde  alkol  zehirlenmelerinin ~ %100’4,

karsilastirmada istatistiksel olarak anlamli farklilik
bulunmustur (p<<0,05). Buna gore insektisitlerle
zehirlenen hastalarin blytk kismu hastanede yatis
gerceklestirmistir. Zehirlenme nedeni ile acil servise
basvuran hastalar hastanede yatis sirelerine gore

hastanede yatmayip acil servisten taburcu olmustur.
Ilag zehirlenmesiyle basvurup hastanede yatan 243
hastadan 115’1 2-4 giin arast hastanede yatmustir (T'ablo
11).

Tablo 11. Zehirlenme Nedeni ile Bagvuran Hastalarin Hastanede Yatis Streleri
Table 11. Hospitalization Periods of Patients Admitted with Poisoning

Hastanede Yatis Siiresi

Olgu =
. . 5 giin ve daha

Gruplar Yatmadi 1 giin 2-4 giin farla Toplam

Say1 % Say1 Y% Say1 Y% Say1 % Sayi | %
Mantar 69 65,1 |14 13,2 20 18,9 3 2,8 106 100
co 125 96,2 |2 1,5 2 1,5 1 0,8 130 100
Insektisit 1 125 |2 25 4 50 1 12,5 8 100
ilag 357 59,5 |98 16,3 115 19,2 30 5 600 100
Kimyasallar 105 84 3 2,4 15 12 2 1,6 125 100
Alkol 32 100 |0 0 0 0 0 0 32 100
Korozif 25 96,2 |0 0 0 0 1 38 26 100
Toplam 714 69,5 | 119 11,6 156 15,2 38 3,7 1027 100
%2 =126,464
p=0,001

TARTISMA

Teknolojinin hizla ilerlemesi ve endustrilesme ile
birlikte ¢ok sayida ilag ve kimyasal madde yasamimiza
girmistir.  Bunlarin  yanlis  ve  koétd  amacla
kullanilmasiyla ortaya cikan zehirlenmelerin, tedavi
gerektiren acil durumlar 6nem kazanmistir (Yilmaz ve
ark. 2000).

Tum acil servislerde zehirlenme vakalari, acil tibbin
biutiiniinde 6nemli bir bélimini olusturan hayati
o6nem arz eden ve acil midahale gerektiren olgulardir.
Amerika kitasinda zehirlenme sikayeti ile hastaneye
bagvuru orant yilda 3 milyon civarinda iken Tturkiye’de
Refik Saydam Hifzissithha Enstitiist Ulusal

Zehir Merkezi’'ne bagvuranlarin orant ise yilda 14400
kisi oldugu bildirilmistir (Zeren ve ark. 2012).

Usak Universitesi Tip PFakiiltesi Egitim Arastirma
Hastanesi Acil Servisine basvuran, takip ve tedavisi
yapilan zehirlenme olgulart ile ilgili sonuglart
degerlendirmek ve durum tespiti etmek amact ile
yapilan bu ¢alisgmada; 2015-2017 yillart arasinda 2 yillik
siirede acil servis poliklinigine toplam 535911 hasta
basvurmus ve bunlardan 1027 (%0,19) hastaya
zehitlenme tanist konmustur. Ulkemizde yapilan diger
calismalarda bu oranlar degisiklik gostermektedir.
Kirikkale’deki yapilan bir ¢alismada bu oran %1,78
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(Deniz ve ark. 2009), Siileyman Demirel Universitesi
Tip Fakiltesi Acil Tip Anabilim Dal’nda yapilan
calismada %1,70 (Cetin ve ark. 2004), Yizinci Yil
Universitesi Tip Fakiiltesi Hastanesi'nde yapilan bir
calismada %0,85 (Kat1 ve ark. 2004) ve Gaziosmanpaga
Universitesi Tip Fakiiltesi’ndeki ¢alismalarda ise %0,38
oraninda bulunmustur (Ayan ve ark. 2012). Yeni
Zelanda’da 1996 yilinda yapilan bir ¢alisgmada ise bu
oran %1,10 olarak bulunmustur (Weir ve Ardagh
1998).

Calismamizda acil servise zchirlenme tanisiyla
basvuran hastalarin kadin erkek oranmt 1,33/1 dir.
Yapilan arastirmalarda bu oran 0,62/1 ile 2,54/1
arasinda degismektedir. Keles ve ark. (2003) Ankara’da
yaptgt bir calismada bu orant 2,54/1, Zeten ve ark.
(2012) ise Mustafa Kemal Universitesi Hastanesi Acil
Servisi’'nde yaptgt calismada 2,26/1, Vapur (2010)
Edirne 1li Devlet Hastaneleri Acil Servisi’ne basvuran
zehirlenme olgularini inceledigi ¢alismada bu oran
1,14/1, Tountas ve ark. (2001) bu orant 1,92/1,
Nepalde Singh ve Aacharya (2006) 1,30/1, Giney
Hindistanin Karnataka Bolgesinde 2003  yilindaki
calismada 0,62/1 (Jaiprakash ve ark. 2011) ve 2004-
2009 ydlar1 arasinda Cin’de yapilan bir calismada
1,04/1 oraninda bulunmustur (Chen ve ark. 2010).
Zehirlenme vakalarini yas gruplarina goére oldukca
degistigi belirlendi. Calismamizda en ¢ok zehirlenme
vakasi sirastyla 21-30 (%27,1), 11-20 (%26,90), 31-40
(%19,96), 50 (%12,85), 41-50 (%12,26) ve 0-10
(%00,97) yaslar1 arasinda goraldigi tespit edildi. Daha
6nceden yapilan arastirmalarda benzer yag gruplarinda
zehirlenme vakalarin  daha stk gorildigi  ifade
edilmigtir. Erdogan ve ark. (2013) ’nin Zile’de yaptig:
calismada en cok 11-25 yas araliginda %58,4, Ayan ve
ark. (2012) 'nin Gaziosmanpasa’da yaptgi calismada en
¢cok 16-25 yas araliginda %48,9, Kaya ve ark.
(2006)’n1n Dicle Universitesi Tip Fakiiltesi'nde yaptigt
calismada 15-20 yas araliginda %527, 21-30 yas
araliginda ise %32,7 oraninda belirlenmistir. Srivastava
ve ark. (2005)’nin New Delhi’de yaptigt calismada en
yiksek 14-40 yas, Bari ve ark. (2014)'lar1 Banglades’te
en ¢ok zehirlenen grubu 21-30 yas (%041,6), Jailkhani
ve ark. (2014)’nin 21-30 yas arasinda %38,8 ve Kumar
ve ark. (2010)’mn Guney Hindistan’da 21-30 yas
grubunda %40 oraninda  zehirlenme  oldugu
bildirilmistir. Ozellikle bu yas grubunda intihatlarin
fazla gérilmesinin nedeni ekonomik, ailesel, duygusal
ve duygu durum  bozuldugundan = oldugu
diustuntlmektedit.

Calismamizda  zehirlenmeler  etkenlerine — gore
karsilastirildiginda %58,4 zehirlenme orant ile ilaglar
birinci sirada gelmektedir. Sonra strasiyla; CO
zehirlenmeleri (%12), kimyasallar (%12,2), mantar
(%10,3), alkol (%3,1), korozif maddeler (%2,5) ve
insektisitlerle (%0,8) zehirlenmeler takip etmektedir.
Zehirlenme nedenlerinden yitksek oranda olan ilaglarla
zehitlenmede; %715°lik bir zehirlenme oraninda birden
fazla ilag kullanarak zehirlenmeler oldugu goriilmiistiir.
Yesil ve ark. (2008)'lart Marmara Tip Fakiltesi Acil
Servisi’nde yaptiklari calismada zehirlenme nedeni

olarak swrasiyla ilag (%49), besin (%42,8) ve alkol
(%8,2) ile zehirlenmer oldugu belitletilmistir. Yimaz
ve ark. (2013)’nin Sivas Numune Hastanesi Acil
Servisi’nde yaptigi calismada; 1894 kayutta sirastyla; ilag
(%36,9), karbonmonoksit (%16,6), art sokmast
(%16,0), korozif madde (%14,1), alkol (%9,3), besin
(%03,4), akrep sokmast (%1,3), bécek sokmast (%0,4),
organofosfat (%0,4), uyusturucu (%0,3), yllan sokmasi
(%00,3), boya (%0,2), fare zehiri (%0,1) ve tiner (%0,1)
ile zehirlenme nedeniyle acil servise bagvurdugu
gorilmustir. Ayan ve ark. (2012) “nin Gaziosmanpasa
Universitesi Tip Fakiiltesi Hastanesi Acil Servisi'nde
yaptiklart ¢alismada, en fazla ilaglardan (%47), daha
sonra strastyla; karbonmonoksit (%22,2), tarim ilact ve
besin (%8,3), koroziv madde (%06,1), mantar ve alkol
(%3,9) den zehirlendikleri tespit etmislerdir. Kadiroglu
ve ark. (2013), Dicle Universitesi Tip Fakiiltesi yogun
bakim initesinde akut ila¢ zehirlenmesiyle yatirilan
hastalarda yaptiklart calismada ilag zehirlenmelerinin
(%51,2) daha fazla oldugu gorilmustir. Singh ve
Aacharya (2006)’nin, Nepal’de 2005 yilinda bir hastane
acil servisinde vyaptiklart calismada, zehirlenme
nedenleri olarak insektisitler (%63), rodentisitler
(%11), analjezikler (%7) ve anksiyolitikler (%5)
oldugunu bildirmistir.

Guntimiizde  6zellikle  genglerde  rastladigimiz
intiharlar, gelismis ve gelismekte olan bircok tlkede
trafik kazalarindan sonra ilk siralarda gelen OSlim
nedenlerinden birisi haline gelmistir. Bu durum, 6nemli
bir halk ve ruh saglgi sorunu ile de bas basa
kalindigininda gostergesidir. Calismamiza gore en ¢ok
intihar  (%59,9) ve kaza (%40) ile zehirlenme
belitlenmistir.  Intthar en  cok ilacla  olan
zehirlenmelerde  gbrilmistir  (%97,3).  Kecidren
Egitim ve Arastirma Hastanesi'ndeki 2008-2011
tarihleri arasindaki zehirlenme vakalari
incelemelerinde, olgularin %87’sinin intihar oldugunu,
bunlarinda  9%70,2’sinin  birden fazla ila¢ alimi,
%29,8’inin tek ila¢ alimlarindan kaynaklandigini tespit
edilmistir (Ozayar ve ark. 2011). Baska bir calismada,
0-10 yasindaki c¢ocuklarin zehitlenme nedenlerinin
tamami yanlighkla ilag alimindan, 11 yas ve uzeri
eriskinlerin %81,2 (128 vakanin 104’1) oraninda intihar
nedeniyle zehirlendiklerini tespit edilmistir (Zeren ve
ark. 2012). Ege Universitesi Tip Fakiiltesi'ndeki
calismada %82’si intihar amactyla, %11,3’0 yanlishikla
flac veya madde alimi nedeniyle zehirlendiklerini
belirlemislerdir (Kiyan ve ark. 2009). Osmangazi
Universitesi Tip Fakiiltesi Hastanesi Cocuk Acil
Poliklinigi'nde 323 hastanin = %13,9’nun  intihar
amactyla %85,8’inin, ise kaza sonucu zchirlendikleri
belitlenmistir (Ontiirk ve Ugar 2003). New Delhi’de
yaptigt t¢ yilik calismada zehirlenmelerin %53 intn
intihar, %47’sinin kaza ile oldugu g6rilmustir
(Srivastava ve ark. 2005). Nepal’de 2005 yilinda bir
hastane acil servisinde yaptiklart 6 aylik bir ¢alismada
zehirlenmelerin %98’1 intihar, %2’si kazara olmustur
(Singh  ve  Aacharya  2006).  Hindistan’da
zehirlenmelerin %069,9’u intihar (Jailkhani ve ark. 2014)
ve Giney Hindistanin Karnataka Bolgesi’nde
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zehirlenmelerin %944 intihar, %06’st kaza oldugu
belirlenmistir (Jaiprakash ve ark. 2011).

Calismamizda acil servise zehitlenme nedeni ile
basvuran 1027 hasta prognozlarina gére incelendiginde
%068,1’1 ayaktan taburcu olmug, %16,3’0 servise
yatrilmis, %14,2’si yogun bakimda yatmus, %1,3’d
baska bir hastaneye sevk olmus ve %0,2’sinde acil
serviste 6lum gorilmistir. Acil serviste uygulanan
tedaviler incelendiginde %40,9’unda medikal tedavi,
%18,2’sinde gastrik lavaj, %16,9’unda gastrik lavaj ve
aktif kémir birlikte uygulanmis, %.4,5’inde sadece
aktif koémur ve % 19,5’ine oksijen tedavisi
uygulanmustir. Mustafa Kemal Universitesi Hastanesi
Acil Servisinde 134 zehitlenme vakalarinda, 21
hastanin (%15,6) yogun bakima alindig1, 75 hastanin
(%506) acil serviste yatirlarak tedavi edildigi ve 38
hastanin (%28,4) ise acil serviste 4-6 saatlik takip ve
tedavi ile taburcu edildigi bildirilmistir. Tedavide,
hastalarin 123 (%91,8) tnin midelerinin ytkanmast,
antidot ve aktif kdmiir uygulamasi yapilmis, 5 hastaya
(%3,7) ise mide yikamast ve aktif kémiir uygulamasi
yapilmstir (Zeren ve ark. 2012). Sileyman Demirel
Universitesi Tip Fakiiltesi Acil Servisinde yapilan
calismada calismada, 100 zehirlenme olgusundan 87’si
yogun bakimda yatmus, 13 hasta ise acil serviste takip
ve tedavi edilerek taburcu edilmistir (Cetin ve atk.
2004). Ankara’da ¢ocuk acil servisine zchitrlenme
olgusu ile gelen 255 hasta tizerinde yaptiklari ¢alismada,
hastalarin %48,6’sina oksijen inhalasyonu, %25,1’ine
aktif karbon ve gastrik lavaj verilmesi, %19,2’sine
hidrasyon ve %3,5ine de antidot uygulamasi
yapidigint bildirmistir (Kendirci ve ark. 2011). Cin’de
2004-2009 yillart arasinda yapilan bir ¢alismada acil
tedavi sonrast hastalarin  %069,54’0  takip edilmis,
%30,39’u hastaneye yatirilmis, %0,14 oraninda Slim
gorilmiustir (Chen ve ark. 2010).

SONUC

Bu  calismada, 15.11.2015-15.11.2017  tarihleri
arasindaki 2 yil icinde Usak Universitesi T1p Fakiiltesi
Egitim Aragtirma Hastanesi Acil Servisine zehirlenme
tanist ile bagvuran 1027 olgu degerlendirilmistir.
Hastalarin  demografik  6zellikleri  degerlendirilerek
ulasilan bulgularla literatlrler karsilastirdmistir. Bu
retrospektif ¢alisma ile Tiirkiye genelindeki zehirlenme
olgulart ile bizim 2 yillik zehirlenme hasta grubumuzun
buytk oranda uyumluluk gésterdigine ulagilmustir.
Calismamizda  zehirlenmeler  etkenlerine — gore
karsilastirildiginda birinci sirada 600 olgu ve %58,4
zehirlenme orani ile ilaglar yer almaktadir. Yas ve
cinsiyet dagilimina bakidiginda karsilasilan vakalarda
biytk kismin gen¢ ve bayan populasyon oldugu
gorildi. Zehirlenmeler en ¢ok ilkbahar mevsiminde ve
acil servise bagvurularin en ¢ok 19.00-24.00 saatleri
arasinda yapildigt gorildi.

Coklu ila¢ zehirlenmelerinin fazla olmasinin nedeni,
hasta yakinlarinin genellikle hastanin aldig ilag sayisint
ve cesidini tam olarak bilememesi veya daha fazla
olarak  ifade  etmesinden  kaynaklanabilecegi

distinilmektedir. Ayrica hastalarin  dikkat ¢ekmek
amaciyla atmadigt halde ilaclari kullanmis olabilir.
Zehirlenme olgulart incelendiginde %40t kaza, %060’
intihar nedeniyle oldugu belitlenmistir.

Tum intihar olgularinin %61,9’u kadin ve %38,1’in ise
erkek oldugu ve intihar en ¢ok 11-20 yas araliginda
gorildi. Intihar oraninin en cok kadin ve geng kisilerde
gorilmesinin nedeninin toplumsal diizenin kadinlar
tzerinde daha ¢ok baski kurmasi, gen¢ populasyonda
ekonomik sorunlar, issizlik, depresyon, sinav stresi,
aile ici siddete maruz kalma gibi nedenlerle bas
edememenin bu yaglardaki insanlari intihar amach
zehirlenme girisimlerine yonelttigi diistinilebilir.

Acil  servise bagvuran  hastalarin  tedaviletine
bakidiginda coguna medikal tedavi uygulanmis olup,
gastrik lavaj ve aktif kémir uygulamalart da sik
kullanilmistir. Zehirlenme c¢esidine gbre antidot ve
oksijen tedavileri de kullanilmistir.

Sonug olarak kazara veya intihar amacli madde alimi ile
acil servise gelen hastalar oldukea sik karsilagiimakta
olan bir hasta grubunu olusturmaktadir. Kazara olan
zehirlenmelerle 6zellikle cocuklarda ve 50 yas tizerinde
stk karsilasgiimaktadir. Kazara zehirlenmelerle ilgili
ailelerin  bilgilendirilip bu tir zehirlenmelere kars
cocuklarint  egitmeleri saglanip zehirlenme orani
azaltlmalidir. Yaglilarda kazara zehirlenmelere neden
olan etkenlere karst 6nlemler alinmalidir. Intihar amach
zehitlenmelerin -~ ¢ok  gOrildigd  yas  arahif
sosyoekonomik ve sosyokdlturel acidan
degerlendirilmeli, bunlarin azaltlmast icin neler
yapilabilecegine bakidmalidir. Hastalarin ilaclara nasil
ulastiklariyla ilgili calismalar yapilmalidir. Ozellikle
flacla  zehirlenmelerde stk kullanildigt  griilen
antibiyotikler, analjezikler, antidepresanlar gibi ilaglarin
regetesiz satilmamast ve bunlarla ilgili denetimlerin
diizenli olarak yapilmasi gerekmektedir.

Cikar gatigmasi: Bu yazi icin gercek, potansiyel veya
algilanan ¢tkar catismasi olmadigini beyan ederiz.

Yazarlarin Katki Orani: Yazarlar makaleye esit
oranda katki saglamuslardir.

Etik izin: Bu calisma “Hayvan Deneyleri Etik
Kurullarinin = Calisma Usul ve Esaslarina Dair
Yénetmelik” Madde 8 (k) geregi HADYEK iznine tabi
degildir. "AKU Saglik Bilimleri Bilimsel Arastirma
Yayin Etik Kurulu"nun 2018/05 karar no'su ile ¢alisma
onay! altnmustir.

Tesekkiir: Afyon Kocatepe Universitesi Bilimsel
Aragtirma Projeleri Koordinasyon Birimi tarafindan
calismamiza 18.SAG.Bil.31 proje numarast ile
desteklerinden dolay1 tesekkiir ederiz.

Agiklama: Bu makale birinci yazarin, ikinci yazar
danismanliginda hazirladigr yiksek lisans tezinden
tretilmistir. Bu ¢alisma 1. Uluslararast Farmakoloji ve
Toksikoloji  kongresinde  sozIi  bildiri  olarak
sunulmustur(Kayseri, 04-07 Eylil, 2019).
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ABSTRACT

Inadequate cleaning and disinfection processes in the food industry are major causes of foodborne infections.
Therefore, an effective cleaning process is essential for food production areas. Traditional disinfectants in the food
industry have side effects like corrosion, irritation, toxicity, and residue problems. Therefore, electrolyzed water has
become increasingly popular as an effective disinfectant in the food industry. Neutral electrolyzed water (NEW)
contains hypochlorous acid and hypochlorite to inactivate pathogens effectively and has been proven to be stable.
Listeria monocytogenes, a common foodborne pathogen, can be found throughout the food production chain at different
points and conditions. This study examined the antimicrobial effect of NEW on L. monocytogenes at different
concentrations, exposure times, and in vitro conditions. To assess the effectiveness of NEW, 0.1 %, 5 %, 10 %, 50 %,
and 90 % concentrations were prepared, and the inactivation treatment was carried out for 30, 60, 90, and 120 min at
room temperature. The results showed that at concentrations of 10 %, 50 %, and 90 %, the disinfectant significantly
reduced the number of L. monocytogenes to undetectable levels within 30 minutes. However, about 1 log10 reduction was
achieved at 0.1 % concentration in all applied times. This study reveals that NEW is highly effective for inactivating L.
monocytogenes and should be used more in the food industry. In conclusion that NEW is a safe, environmentally friendly,
and not harmful to food quality alternative to traditional disinfectants in the food industry, and recommended its
increased use.

Keywords: Antimicrobial activity, Listeria monocytogenes, neutral electrolyzed water
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Notral Elektrolize Suyun Listeria monocytogenes’e Karg1 Antibakteriyel Etkinligi

(074

Gida kaynakli enfeksiyonlarin baglica nedenleri arasinda gida endistrisindeki yetersiz temizlik ve dezenfeksiyon
islemleri yer almaktadir. Bu nedenle, gida treten isyetlerinde yerinde etkin temizlik cok 6nemlidir. Gida endistrisinde
kullanilan gelencksel dezenfektanlarin tahris meydana getirme, korozyon, toksisite ve kalintt olusturma gibi yan etkileri
bulunmaktadir. Bu nedenle elektrolize su, gida endiistrisinde etkin bir dezenfektan olarak popilerlik kazanmustir.
Nétral elektrolize su (NES), patojenleri etkili bir sekilde inaktive etmek icin hipokloréz asit ile hipoklorit icermekte
olup, ayrica NES’in kararli oldugu da kamtlanmustir. Gida kaynaklt yaygin bir patojen olan Listeria monocytogenes, gida
Uretim zinciri boyunca farklt noktalarda ve kosullarda bulunmaktadir. Bu ¢alismada, NES'in farklt konsantrasyonlarda,
farklt stirelerde ve in vitro kosullarda L. monocytogenes tizerindeki antimikrobiyal etkisi incelenmigtir. NES'in etkinligini
degetlendirmek icin %00.1, %5, %10, %50 ve %90'lik konsantrasyonlar hazirlanarak inaktivasyon islemi oda sicakliginda
30, 60, 90, 120 dakikalk siirelerde gergeklestirilmistir. Elde edilen sonuglar, dezenfektanin %10, %50 ve %90
konsantrasyonlarinin L. monocytogenes sayisint 30 dakika icinde tespit edilemeyen seviyelere distrdigini géstermistir.
Buna karsin, %0.1 konsantrasyonda ise tim uygulanan siirelerde yalnizca 1 logl0 azalma saglanmistir. Bu calisma,
NES'in L. monocytogenes'i inaktive etmek icin oldukea etkili oldugunu ve gida endistrisinde daha fazla kullanilmast
gerektigini ortaya koymaktadir. Sonui¢ olarak, NES' in gida endustrisindeki geleneksel dezenfektanlara karst giivenli,
cevre dostu ve gida kalitesine zarar vermeyen bir alternatif oldugu saptanmis olup, kullaniminin artirlmasini tavsiye
edilmektedir.
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INTRODUCTION

Foodborne illnesses are a major concern in the food
industry. One of the main causes of foodborne
infections is inadequate cleaning and disinfection in
the food industry, thus proper cleaning is essential.
Disinfection procedutes aim to eliminate pathogens
and spoilage microorganisms (Misirli and Aydin 2011;
Pedreira et al. 2021; Yuan et al. 2021).

Disinfectants used in the food industry (chlorine
compounds, organic acids, quaternary ammonium
compounds,  hydrogen  peroxide,  peroxides,
amphoteric compounds, etc.) can have high costs and
side effects such as corrosive defects, irritation,
toxicity, and residue problems (Misirtlh and Aydin
2011; Deshmukh et al. 2019; Catrascosa et al. 2021;
Yuan et al. 2021).

In recent years, electrolyzed water (EW) has been
increasingly used as an effective disinfectant in the
food industry (Zhao et al. 2021). EW is produced by
the electrolysis of diluted salt solution (tap water and
NaCl solution) in an electrolytic cell. The electrolytic
cell has two sides (anode and cathode) separated by a
diaphragm (Chen and Wang, 2022). Acid-electrolyzed
water (AEW) produced at the anode side has low pH
and high oxidation-reduction potential (Xuan and
Ling 2019; Iram et al. 2021). AEW has a strong
bactericidal effect but can be corrosive to processing
equipment and irritating to hands (Iram et al. 2021;
Jee and Ha 2021). Alkaline electrolyzed water
(AIEW), ot basic electrolyzed water (BEW) generated
on the cathode side, has a high pH value and a low
redox potential (Xuan and Ling 2019). It is
commonly used as a pre-treating and cleaning agent
(Xie et al. 2012).

Neutral electrolyzed water (NEW) can be produced
by using several methods. One of them is (1) mixing
acidic and basic electrolyzed water and others, (2)
using the electrolytic system with no separation
membrane, and (3) redirecting the AEW to the
cathode side (Ding and Liao 2019; Xuan and Ling
2019; Iram et al. 2021).

The pH of NEW is neutral and contains two
important components to Inactivate pathogens:
hypochlorous acid (HOCI), the most -effective
chlorine compound, and hypochlorite (ClO). (Cui et
al. 2009; Shiroodi et al. 2021). NEW is more stable
than other electrolyzed water solutions because of
reduced chlorine loss (Deza et al. 2005). Compared
with other traditional agents, it has some advantages:
strong bactericidal and antimicrobial effects, harmless
to humans and the environment, low cost, easy to
use, non-corrosive, and non-irritating structure (Chen
and Wang 2022).

Many studies have shown the effectiveness of NEW
against various foodborne pathogens and other
microbiological contaminants on food contact
surfaces (Al-Qadiri et al. 2019; Possas et al. 2021; Jee
and Ha 2023) and foods (Medina-Gudifio et al. 2020;

Sheng et al. 2020; Torres-Rosales at al. 2020; Hamidi
et al. 2021).

Listeria monocytogenes can be found at different contact
surfaces and conditions in the food production chain
(Coban et al. 2019; Kara and Aslan 2021). It leads to
major foodborne outbreaks and listeriosis with high
mortality rates (20-30 %) (Martinez-Suarez et al. 2016;
Sahin and Ayyddiz 2020). Listeriosis leads to severe
sepsis, meningitis, meningoencephalitis, abortions,
stillbirth, and death (Pogreba-Brown et al., 2022).
Since L. monocytogenes is considered one of the most
important foodborne pathogens in the food industry,
this current study aimed to investigate the in vitro
effect of different concentrations of NEW at
different periods on the viability of L. monocytogenes.

MATERIALS and METHODS

Bacterial strains and preparation of inoculum
NEW was obtained from commercial EW systems
(Danish Clean Water, T-20 Series, Denmark). pH
values and free active chlorine values of NEW were
8.5 and 499.42 mg -1, respectively. Concentrations of
0.1 %, 5 %, 10 %, 50 %, and 90 % of NEW were
prepared using sterile deionized water immediately
prior to challenge testing to demonstrate the
minimum effective dose for L. mwnocytogenes. Sterile
tap water was used as a control.

L. monocytogenes ATCC 19115 reference strain was
used in this study's inactivation test (assay). L.
monocytogenes was cultured on Tryptic Soy Agar (TSA;
Oxoid, CM0131, Basingstoke, UK) plates at 37 °C for
24 h. After incubation, the bacterial cultures were
transferred to a sterile tube containing 9 ml of sterile
saline (0.9 % NaCl), and the suspensions were
adjusted to a 0.5 McFarland (McF) of (approx. 1.5 x
108 CFU/ml). 1 ml suspensions were cultured on
TSA plates at 37 °C for 24 h to verify the McF value.

In vitro microbial challenge (assay)

One ml of each bacterial suspension was added to the
test solution containing a 9 ml mixture of NEW and
deionized water. In addition, as a control group, 1 ml
of each bacterial suspension was added to 9 ml of
sterile tap water. All tubes were vortexed and left at
room temperature (21-22 °C) for 10, 30, 60, and 90
min inactivation treatment. At the end of the
treatment period, 1 ml of each sample was transferred
to 9 ml of neutralizing solution (Phosphate buffered
saline, Oxoid, BR0014G) and left at room
temperature for 5 min to stop the activity of NEW.
0.1 % peptone water (Oxoid, LP0049) was used for
serial dilutions. Each serial dilution representing the
test group was plated onto TSA plates and incubated
at 37 °C for 24 h. Colonies on TSA plates were
counted. All the experiments were performed in
duplicate (TSE EN 1276, 2019).
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1 ml of each bacterial suspension was added to the
test solution containing a 9 ml mixture of NEW and
deionized water. At the end of the treatment, 1 ml of
each mixture sample was transferred to a tube
containing 9 ml of neutralizing solution, then
vortexed and incubated for 5 min at room
temperature to stop the activity of NEW.

Statistical analyses

In calculating the study's sample size, Power was
determined by taking at least 80 % and a Type-1 error
of 5 % for each variable. Shapiro-Wilk (n<50) and
Skewness-Kurtosis tests were used to check whether
the continuous measurements in the study were
normally distributed, and Parametric tests were
applied because the measurements were normally
distributed. "ANOVA" was wused in "petiods
(minutes)" and "between groups" comparisons, with
"two-factor, one-factor repeated" measurements. The
“Bonferroni posthoc test” was used to determine the
periods and groups that account for the difference.
The statistical significance level was assumed to be
p<0.05 in the calculations, and the SPSS (IBM SPSS
for Windows, ver.206) statistical package program was
used for the analyses.

RESULTS

Our study examined the antimicrobial effect of NEW
on L. monoeytogenes, an important foodborne pathogen.
The effectiveness of the disinfectant was measured at
different dosages and exposure times.

Disinfectant concentrations of 0.1 % (4.99 mgl-1), 5
% (24.97 mgl-1), 10 % (49.94 mgl-1), 50 % (249.71
mgl-1), and 90 % (449.48 mg.l-1) were used to assess
the efficacy of NEW on L. wmonocytogenes. The
effectiveness of the disinfectant is affected by the
level of free active chlorine. The level of free active
chlorine in NEW used in our study is 499.42 mg.l-1.
The free active chlorine level at each dilution level
was calculated separately, and the disinfection efficacy
was determined. The effect of NEW at different
concentrations and times on the surviving population

Table 1. Sutviving population (log10 CFU/ml) of L. monocytogenes

of L. monocytogenes is shown in Table 1. Table 1 shows
two-way comparison results of the concentration
measurements "according to Group and Period
(minutes)".

According to the results of the study, a concentration
of 0.1 % was not effective; a decrease of around 1
logl0 CFU/ml was achieved in all minutes. The
disinfectant was observed to have a strong effect at
the 90t and 120t min at 5 % concentration. No
statistically significant difference between the minute
measurement periods was observed in the 0.1%
concentration group (p=0.102). As a result; There
was no significant change in the time-dependent
measurements in this group. Similar; No statistically
significant difference was observed between the
minute measurement periods in the 5% concentration
and control groups (p=0.113 and p=0.128) There was
no significant change in the time-dependent measures
in these groups.

At concentrations of 10 %, 50 %, and 90 %, the
number of L. monocytogenes decreased to undetectable
limits — as determined by plating procedures — at any
time, including 30 min of exposure to NEW. In the
control samples, no significant reduction in bacterial
counts was achieved after 30, 60, 90, and 120 min.

In the 30t 60th, and 90th minute of the concentration
measurement; A statistically significant difference
between the groups was observed (p=0.001).The
groups that make up the differences are indicated
with lowercase letters. In this period, the control
group was found to be different from all other groups
with the highest value. Despite that, In the 120%
minute period, No statistically significant difference
was obsetved "according to the groups" (p=0.056).

In the current study, the efficacy of disinfectant
containing 24.97 mgl-1 was determined at 90 min,
but when the chlorine level was 49.94 mgl-1, it
decreased to 30 min. With increasing disinfectant
concentration, it was observed that NEW strongly
affected L. monocytogenes even in the short period of
contact time. According to our results, NEW was
effective for the concentrations and petiods.

30 60 90 120
Time (min) *hp,
*Med+SD MedtSD Med+SD MediSD
0.1 % 6.98+.01 b 6.67+.04 b 7.15+.02 b 7.22%+.00 102
5% 3.16+.01 ¢ 1.95+.00 ¢ *ND ¢ ND 113
10 % ND d ND d ND ¢ ND
Concentrations %
50 % ND d ND d ND ¢ ND
90 % ND d ND d ND ¢ ND
Control 7.23+.02a 7.38+.01a 74101 a 7.30%.00 128
#p. .001 .001 .001 056

*ND: Not detected of viable L. monocytogenes on TSA plates

*Med, median; SD*, standard deviation (The significance level of the difference between the concentration groups in the same period (a,b,c: shows different

groups according to Bonferroni Post Hoc test)
**k The significance level of the difference between petiods in the same concentration group
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DISCUSSION

Listeria spp., which can cause meningitis, miscarriage,
and death, is an important microorganism for the
food industry. L. monocytogenes can be found in food
and the environment, especially in the food industry
(Buchanan et al. 2004; Kara and Aslan 2021; Sepin
and Pamuk 2021). A good cleaning and disinfection
process should be done to protect from Listeria spp.
in terms of food and public health (Pedreira et al.
2021). NEW is at the forefront of new-generation
disinfectants due to their strong bactericidal effect as
well as not harming the environment, people, and
animals (Al-Qadiri et al. 2019; Chen and Wang 2022).
NEW is an efficient disinfectant in the food industry
(Huang et al. 2008; Cui et al. 2009).

NEW has been widely used in studies on the
inactivation of L. monocytogenes in various foods and
surfaces. Ovissipour et al. (2018) reported that AEW
and NEW inactivation of L. monocytogenes in salmon
fillets were mote effective, even at different
temperatures. NEW had less effect on salmon protein
quality than AEW. The number of surviving L.
monocytogenes  in - tomatoes washed with NEW
containing 89 mg.l-1 chlorine was reduced to <1 log
CFU after 5 min (Deza et al. 2003). Rivera-Garcia et
al. (2019) analyzed the efficacy of NEW for L.
monocytogenes on the eggshell surfaces and reported
that a reduction of 2.18 log10 CFU/egg was achieved,
and no color change was observed in the eggshells.
The number of surviving L. monocytogenes on
disinfected surfaces (glass and stainless steel surfaces)
using NEW with an active chlorine concentration of
63 mg.l-Twas determined to be 0.18-0.19 log CFU
ml~! in the study by Deza et al. (2005). Using NEW
(64.92 mgl-1), a reduction in L. monocytogenes biofilms
on glass and stainless steel surfaces was determined,
and L. monocytogenes decreased to undetectable levels
in 10 min (Arevalos-Sanchez et al. 2012). Possas et al.
(2021) found a reduction from 1.55 to 5.22 log
CFU/cm? was achieved on stainless steel coupons.
These results were consistent with present studies
reporting that NEWs could be used as an effective
disinfectant to inactivate L. monocytogenes in the food
industry. Although a large number of studies have
been conducted with NEW, many of these studies
aimed to determine the efficacy of NEW iz wivo.
However, our results are consistent with those
studies, despite the fact that the studies were
conducted in vivo makes it difficult to compare their
efficacy. Although our study conducted in vitro offers
an advantage in terms of the direct contact of the
disinfectant with bacteria but also represents a
disadvantage since any bacteria present must be
destroyed. In washing studies, effectiveness is
expected to be lower as the number of bacteria to be
controlled spreads to the surface.

In a study with acidic (pH 2.3) and basic (pH 11.5)
electrolyzed water, AEW was found to be effective in
inactivating L. monocytogenes, while BEW was not

found to be ineffective. AEW applications detected 4
log bacteria for 15 min at 4 °C, although no bacteria
were detected for 10 min at 25 °C (Fabrizio and
Cutter 2003). Ovissipour et al. (2015) analyzed the
effectiveness of acidic and alkaline electrolyzed water
in cell suspensions for 2, 4, and 6 min at room
temperature. According to this study, acidic EW is
more effective than alkaline EW in inactivating pure
cell suspensions of L. monocytogenes. In another study,
EW with an available chlorine concentration of 5-10
mg.l-land a pH of 6 achieved a reduction of 5-6 log
CFU/ml after 30, 60, and 90 sec (Rahman et al.
2012). Although the AEW effects are high, the use of
NEW in the food industry is recommended due to
the disadvantages (corrosion on surfaces, irritation on
mucous membranes, etc.) of acidic electrolyzed watet.
In the current study, NEW was effective at all
disinfectant concentrations and time periods by
completely inactivating L. monocytogenes, while L.
monocytogenes numbers survived without reduction in
tap water control groups. In the present study, a
concentration of 0.1 % NEW was ineffective in
reducing L. monocytogenes, while concentrations of 10
%, 50 %, and 90 % reduced it to undetectable limits.
The results of this study are consistent with previous
studies  confirming that NEW has potent
antimicrobial activity against L. monocytogenes in vitro
(as a pure culture). Deza et al. (2005) found that in
pure cultures of L. monocytogenes, about 7 logs were
reduced after 5 min exposure to NEW. In another
study, L. monocytogenes was exposed to NEW (pH 6.8
and CI 46 mg.l-1) for 30 seconds and under in vitro
conditions. After treatment, a 6.1 logl0 CFU/ml
reduction was determined (Rivera-Garcia et al. 2019).
Hamidi et al. (2021) reported that L. monocytogenes
were completely inactivated by NEW in pure culture
at concentrations of 50, 100, and 200 pg/ml and in 2
min contact time. Another in vitro assay reported that
L. monocytogenes levels decreased to less than 3 log
CFU/ml (Torres-Rosales et al. 2020). In vitro studies
demonstrated that NEW could reduce the bacterial
load and  exerts a bactericidal effect on L.
monocytogenes.

The effectiveness of the NEW disinfectant varies
depending on contact time and concentration. In the
current study, the effectiveness of a 25 ug/kg
disinfectant was determined after 90 min, but it
decreased to 30 min with a chlorine level of 50 pg/kg.
These results are consistent with previous studies that
reported that disinfectant efficacy increased with
increasing application time and concentration (Sheng
et al., 2020; Hamidi et al., 2021).

CONCLUSIONS

In conclusion, this study found that neutral
electrolyzed water is highly effective in the
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conditional inactivation of L. monocytogenes in vitro. In
addition, the antimicrobial activity of NEW against L.
monocytogenes increases as the concentration and
application time increase. L. wmonocytogenes, an
important food industry, and public health pathogen,
can be easily inactivated by NEW disinfectant applied
at appropriate concentrations and contact times. The
use of NEW, which is easy to use and, does not cause
harm to the environment, people, and food quality,
unlike traditional disinfectants in the food industry,
should be increased. The efficacy of NEW against
other microorganisms should be evaluated in new
studies, particularly in the in vitro setting. In this way,
the effectiveness of the disinfectant can be proven by
further studies.
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ABSTRACT

Horse herpesvirus infections are significant from a clinical, financial, and epidemiological standpoint. EHV-1 and
EHV-4 are two of the ones that contribute to outbreaks. In this study, blood samples taken from 138 horses with
or without symptoms in Kars region were examined for EHV-1 and EHV-4. EHV-1 was detected in 40 (29%)
blood samples, EHV-4 was detected in 49 (35,5%) blood samples and both agents were detected in 24 (17,4%)
blood samples by Real-Time PCR technique. The results suggest that, in addition to care-feeding and
environmental factors, the strategic location of the Kars region should be considered in the fight against the viral
agents infections.

Key words: Blood, EHV-1, EHV-4, Horse, Real-Time PCR

kkk

Kars Bolgesindeki Atlarda Real-Time PCR ile Equine Herpesvirus-1 ve Equine
Herpesvirus-4 Enfeksiyonlarinin Aragtirilmasi

oz

Atlarda herpesvirus enfeksiyonlart klinik, ekonomik ve epidemiyolojik acidan énemli bir yere sahiptir. Bunlarin
icerisinde EHV-1 ve EHV-4 salginlara neden olan etkenler arasindadir. Bu calismada Kars bolgesinde semptom
gOsteren veya gostermeyen 138 adet attan alinan kan 6rnekleri EHV-1 ve EHV-4 yoéniinden incelenmis olup
EHV-1 40 (%29) adet kan 6rneginde, EHV-4 ise 49 (%35,5) adet kan 6rneginde, 24 (%17,4) adet kan 6rneginde
ise her iki etken Real-Time PCR teknigi ile tespit edilmistir. Elde edilen bulgular neticesinde bakim-besleme, iklim
kosullar1 yaninda Kars bélgesinin konum agisindan stratejik bir yerde bulunmast EHV-1 ve EHV-4 enfeksiyonlart
ile muicadelede dikkat edilmesi gereken bir husus olarak ortaya ¢ikmaktadir.
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INTRODUCTION

Equine herpesvirus types 1 (EHV-1) and 4 (EHV-4)
are the most prevalent types, and they can infect
horses, donkeys and mules (Crabb et al., 1991). EHV-
1 and EHV-4 are DNA viruses that are a part of the
subfamily _Aphaberpesvirinae. (Patel and Heldens,
2005).

Equestrian herpesvirus-related illnesses cause
the worldwide equine sector to suffer considerable
financial losses. Nine distinct varieties of equid
herpesviruses (EHV-1 to EHV-9) have been found
via investigations to far (Davison et al., 2009,
Abdelgawad et al, 2016). In horses, the most
significant pathogens in terms of clinical care,
economics, and epidemiology are EHV-1 and EHV-4
(Patel and Heldens, 2005), both of which have the
potential to spark severe outbreaks of respiratory
diseases (Allen and Bryans 1986).

Despite being assumed to have less
economical and veterinarian impact than EHV-1 and
EHV-4 (Borchers et al.,, 1997), EHV-2 and EHV-3-
related illnesses are more common (Palif et al., 1978,
Browning and Studdert, 1987, Blanchard et al., 1992).
According to reports, EHV-4 is only found in the
lymph nodes that drain the lungs and respiratory
epithelium. EHV-1, however, can result in systemic
infections (Patel and Edington, 1983). EHV-1 and
EHV-4 have latent infection potential, just like other
herpesviruses. A key element in the transmission of
illness to vulnerable animals is repeated viral shedding
via asymptomatic carriers at irregular intervals (Patel
and Heldens, 2004).

In EHV-1 and EHV-4, the glycoprotein B
(gB) gene's nucleotide sequence was identified (Riggio
et al., 1989, Whalley et al., 1989). The only gene in the
Herpesviridae family that has not undergone mutation
is one that is essential for viral replication (Wagner et

al., 1992). Therefore, it is unlikely that the sequence

will vary across isolates of the identical EHV type.
While there is significant conservation in the first 500
nucleotides of the coding sequences of EHV-1¢B and
EHV-4gB, it was discovered that some sequence
sections are specific to each EHV type (Wagner et al.,
1992).

The most widely used method to detect
equine herpesviruses by laboratory diagnosis is virus
isolation in cell culture. The vitus's stability is
essential to the success of EHV isolation.
Herpesviruses are unstable and generally undetectable
in clinical specimens that have not been refrigerated

or otherwise mishandled (Wagner et al., 1992).

MATERIALS and METHODS

This study was carried out in Samsun Veterinary
Control Institute with the permission of Kafkas
University Animal Experiments Local FEthics
Committee with the letter dated 29.08.2022 and
numbered 2022/137.

Blood was drawn into tubes containing
EDTA from 138 unvaccinated symptomatic and
asymptomatic equids up to the age of 2 years from
the Kars region. The samples were randomly selected
from privately owned unregistered horses in different
regions of Kars in 2022. The buffy coat fraction from
the centrifuged blood samples was removed using a
capillary pipette after a ten-minute spin at 1500 g.
Multiplex Real-Time PCR was utilized to recognize
the DNA of EHV-1 and EHV-4 in buffy coat cells.
Nucleic acid of all samples were initially extracted for
this purpose using the Roche High Pure Viral Nucleic
Acid Kit (Lot: 53059300). Afterwards, Real-Time
PCR operations were applied using SsoAdvanced
Universal Inhibitor-Tolerant SYBR Green Supermix
(Cat:172-5017).  EHV-1 and EHV-4  were
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distinguished using PCR primers based on a
difference in sequence between the two EHV species.
It was decided to use the nucleotide sequence of the
glycoprotein B (gB) genes from the viral agents
(Riggio et al, 1989, Whalley et al, 1989). The
Henpesviridae family's most conserved gene, gB, is
necessary for viral replication (Wagner et al., 1992).
To find nucleic acids of the viral agents in the
samples, real-time PCR was used. For this purpose,
primers (Table 1) were used (Wagner et al., 1992).
The following combination was made according to
the manufacturer's instructions, with a final reaction

volume of 20 pl: 5 pl template DNA, 4 ul nuclease-

free water, 0.5 pl of forward and reverse primer
solution in 10 M, and 10 pl 2X SsoAdvanced
SYBR® supermix  (Bio-Rad
Laboratories, USA) for Real-Time PCR testing. Using
a CFX96 Touch Real-Time PCR Detection System
(USA: Bio-Rad Laboratoties), a 98 °C activation

universal Green

phase for three minutes was followed by 40 cycles of
denaturation for fifteen seconds at 98 °C and
annealing and elongation for thirty seconds at 60 °C.
The melting curve was created using dwell times of 5
seconds at temperatures ranging from 65 °C to 95 °C.
The mixtures prepared in different tubes for both

agents were subjected to the same reaction.

Table 1. Primer sequences, target regions and sizes used in Real-Time PCR tests

Tablo 1. Real-Time PCR testlerinde kullanilan primer dizileri, hedef bolgeler ve buytklikleri

Primer Index (5’----- 3) Target region Size(bp) Reference
EHV-1F TACTCCCACTTCCATGTCAACG Glycoprotein B (gB) 135 Wagner et al., 1992
EHV-1R GCAGGTGTAAAAGTCTCCATCC

EHV-4F CGTGTTCTCGCTTCTATACACC 326

EHV-4R GTAAAAGTCTCCATCCTCTGCG

RESULTS

In this study, PCR tests were performed on DNA
extracts obtained from blood samples collected from
138 horses in the Kars region (Figure 1, 2, and 3). As
a result of PCR, EHV-1 was detected in 40 (29%)

horse blood samples and EHV-4 was detected in 49
(35.5%) horse blood samples. There were 24 samples
(17.4%) which EHV-1 and EHV-4 were both found
(Table 2).

Table 2. Number of EHV-1, EHV-4 and mixed infections (EHV-1 and EHV-4) as a result of Real-Time PCR
Tablo 2. Real-Time PCR sonucunda EHV-1, EHV-4 ve miks enfeksiyonlarin (EHV-1 ve EHV-4) sayist

Virus Positive Negative
EHV-1 40 (29%) 98 (71%)
EHV-4 49 (35,5 %) 89 (64,5%)

Mixed infection

(EHV-1 and EHV-4)

24 (17,4%)
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Figure 1, 2, 3. Real-Time PCR image of EHV-1 and EHV-4
Sekil 1,2,3. EHV-1 ve EHV-4"in Real-Time PCR gérintist

DISCUSSION
EHV-1 and EHV-4 have an endemic feature in the
equine population in the world (Allen and Bryans,
1986, Allen et al., 1999). Many nations throughout the
wortld have reported widespread the agents infections
(Canada, New South Wales, Australia, India,
Kyrgyzstan and Sweden). Seroprevalence rates for
EHV-1 and EHV-4 are reported to be 8-85.2% and
about over 90%, respectively, worldwide (Keane et
al., 1988, Crabb and Studdert, 1993, Gilkerson et al.,
1999, Nordengrahn et al., 1999, Singh et al., 1999,
Avci et al, 2014). It has been emphasized that
especially serotypes EHV-1 and EHV-4 are more
important in herpesvirus infections in horses than
other serotypes in terms of the frequency of
occurrence, severity and effects of the infections they

cause (Tekelioglu, 2016). EHV-4, on the other hand,

causes sporadic cases in horses, upper respiratory
tract infections in all seasons and rarely abortions
(1%). Clinically, the disease caused by EHV-4 cannot
be distinguished from infections caused by EHV-1.
Latent infections, usually due to EHV-4, have been
reported in horses. Contamination occurs by the
ingestion of the agent, which infected hotses emit as
an aerosol through nasal discharge and respiratory
tract, from the respiratory system by susceptible
hotses. In addition, contaminated feeders, drinkers,
farm equipment, waste fetal membranes and
personnel clothing are other important sources of
contamination (Tekelioglu and Akay, 2003, Tekelioglu
et al., 2006, Anonymous, 2022).

Various diagnostic methods can be used in
the diagnosis of EHV-1 infection. The important

point to be considered here is the cross-reactions that
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will occur with EHV-4. Conventional serological
testing is unable to distinguish between the viral
agents because of substantial antigenic cross-reaction
with EHV-4, prior immunization, cross-reactivity of
antibodies and maternal antibodies against the viral
agents (Yasunaga et al., 1998, Carvalho et al., 2000,
Allen et al., 2004, Harless and Pusterla 2006, Diallo et
al, 2007, Sellon and Long 2007). Type-specific
diagnostic techniques should be utilized for this, and
the PCR is the most sensitive of them all. (Teatle et
al, 2003). Standard virological methods are
considered the "gold standard", but examining large
numbers of specimens in particular is both
cumbersome and time consuming.  Utilizing
molecular diagnostic methods currently necessitates
the laboratory detection of various animal viruses
(Carvalho et al., 2000, Milic et al., 2010, Nisavic et al.,
2010, Ohta et al, 2011, Nisavic et al, 2016).
Additionally, taking into account the test's sensitivity,
PCR is an appropriate screening method for detecting
latent EHV-1 and EHV-4 infections in horses (Welch
et al., 1992, Kirisawa et al., 1993, Borchers et al.,
1997, Allen, 2006, Pusterla et al., 2012). The signal
intensities and quantification findings are unaffected
by changes within the sequence covered by the
primers, making Real-Time PCR technology a precise,
straightforward, sensitive, rapid, and quantitative tool
for identifying infectious illnesses (Hussey et al., 2000,
Watzinger et al., 20006, Diallo et al., 2007, Slater, 2007,
Pusterla et al.,, 2009, Milic et al., 2010). The OIE
Reference Laboratories use g-Real-Time PCR tests
that seek for heterologous sequences of important
glycoprotein genes to discriminate between EHV-1
and EHV-4 among herpesvirus strains (OIE, 2015). .
Using primers that focused on the glycoprotein B
(gB) gene region, known as the conserved area in
Herpesviridae,  multiplex  Real-Time PCR  was
performed to precisely identify the EHV-1 and EHV-

4 agents in our investigation.

In this investigation, blood samples from 138
horses in the Kars region were drawn, and EHV-1
and EHV-4 were found in 40 (29%) and 49 (35.5%)
respectively. Both virus agents were detected in 24
blood samples (17.4%). Kars is located in the east of
Turkey and has a strategic position in terms of
bordering Armenia and very close to Iran. It is also
very close to Igdir and Ardahan, where horse
breeding is intense. Considering the animal
movements with these regions, the prevalence rates in
this study are similar to other studies. Yildirim et al.
(2015) used an ELISA test to serologically investigate
blood samples obtained from 423 horses in the Kars
and Ardahan areas for the viral agents. Antibodies to
EHV-1 and EHV-4 were detected in 222 (52.48%)
and 354 (83.69%) equine blood samples, respectively.
In addition, antibodies to both viruses were detected
in 210 (49.65%) blood samples. The reason for the
lower prevalence in our study is that detection of
EHV-1 and EHV-2 agents from blood samples by
PCR is only possible in animals in the acute infection
period. Considering that the detection of viral agents
in blood samples is only in the viremia phase, the
rates we obtained can be considered high. Because it
is the first molecular epidemiological study carried
out in the Kars area, this work is significant.

As a result of their serological study on
EHV-1 and EHV-4 in working horses in eastern
Turkey, Ataseven et al. (2010) detected that the
region's high seroprevalence rates were relatively high
for the atea's number of horses per household (=10
heads), stressful working conditions, new herds in the
area, changing climatic conditions, and illegal border
trade. The researchers pointed out that illicit border
trafficking of horses from Turkey to Iran was another
reason for the high seroprevalence found. Equine
herpesvirus disease development is correlated with
elements including climatic conditions, population
density, management practices, transportation, and

other diseases (OIE, 2015). In a study conducted with
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Real-Time PCR from 200 horse blood in Iran, EHV-
4 was found at a rate of 88% and EHV-1 could not
be detected (Sarani et al., 2013). Molecular studies on
EHV-1 in Iran have reported positivity between 0%
and 13.2% (Afshin et al., 2020, Sarani et al., 2013,
Taktaz et al, 2015). No studies were found on EHV-1
and EHV-4 in Armenia. In our investigation, the
prevalence rate of EHV-4 was found to be higher
than that of EHV-1, which indicates that the factor of

EHV-4 is more common in horses.

CONCLUSION

As a result, serological and molecular studies have
demonstrated that EHV-1 and EHV-4 cases are
widespread in horses, and new strategies need to be
developed in the fight against these infections.
Uncontrolled animal movements, unsuitable breeding
conditions, vaccination procedures and climatic
conditions are important for Equine Herpesviruses
and strategic decisions should be made on these
issues. For the eradication of these diseases, breeders
should be informed about the course and control of
these diseases. The epidemiological data obtained will

shed light on the fight against Herpesviridae.
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ABSTRACT

Negative energy balance (NEB) is a physiological state that arises during the transition from pregnancy to lactation in dairy cows. This
transition period is associated with a decline in dry matter intake and an increased demand for energy sources for milk production. Ketosis,
a metabolic disorder, often emerges shortly after calving and is characterized by reduced glucose levels, depleted liver glycogen, and
elevated ketone body concentrations. The study aimed to investigate the impacts of ketosis on milk yield, reproductive parameters, and
postpartum metabolic diseases in cows with subclinical and clinical ketosis. The study involved 267 healthy pregnant Holstein dairy cows
in the second and third lactation periods. Groups were formed based on postpartum third-day beta-hydroxybutyric acid (BHBA) levels.
The groups included control (BHBA < 1.2 mmol/dL; n=101), subclinical ketosis (BHBA = 1.2-2.4 mmol/dL; n=90), and clinical ketosis
(BHBA > 2.4 mmol/dL; n=76) groups. Results indicated that higher body condition scores (BCS) during calving were associated with an
increased risk of postpartum ketosis (p<0.001). Subclinical ketosis led to a higher number of inseminations per pregnancy (p<0.01),
extended service periods (p<0.001), and decreased pregnancy rates at first insemination (p>0.05). It was observed that the clinical ketosis
group had a longer time to reach peak milk yield (p<<0.001) and a higher peak milk yield (p<<0.01). The incidence of septic metritis was
found to be higher in cows with clinical ketosis (p<0.01). Consequently, the study revealed that ketosis has negative effects on
reproductive parameters and the incidence of metabolic diseases. Additionally, the importance of BCS in assessing and managing the risk
of ketosis in dairy cows during the transition period was emphasized. It is believed that further evaluation of the study with more animal
material and additional parameters could yield more meaningful results.

Key Words: cattle, feeding, mastitis, metritis negative energy balance
*okok

Siitgii Sigirlarda Klinik ve Subklinik Ketozis ile Tligkili Ureme Performansi, Siit Verim Parametreleri ve
Bazi Postpartum Hastaliklar
oz

Negatif enerji dengesi (NED), siit sigirlarinda gebelikten laktasyona gegis sirasinda ortaya cikan fizyolojik bir durumdur. Bu gecis dénemi,
kuru madde alimindaki azalma ve stit Gretimi icin artan enetji ihtiyaci ile iligkilidir. Ketozis, stklikla dogumdan hemen sonra ortaya ¢tkan bir
metabolik bozukluktur ve disik glukoz seviyeleri, azalmis karaciger glikojeni ve artan keton cisimcikleri konsantrasyonlart ile
karakterizedir. Bu calisma, subklinik ve klinik ketozise sahip ineklerde ketozisin siit verimine, {ireme parametrelerine ve postpartum
metabolik hastaliklara etkilerini arastirmayr amaclamistir. Calisma, ikinci ve tg¢lincti laktasyon dénemlerindeki 267 saglikli, gebe Holstein
ineklerini kapsamaktadir. Gruplar, dogum sonrast Uglinci gin beta-hydroxybutyric acid (BHBA) seviyelerine gére olusturuldu. Gruplar,
kontrol (BHBA < 1.2 mmol/dL; n=101), subklinik ketozis (BHBA = 1.2-2.4 mmol/dL; n=90) ve klinik ketozis (BHBA > 2.4 mmol/dL;
n=76) gruplarindan olusmaktadir. Sonuglar, dogum sirasinda daha yiiksek viicut kondisyon skorlarinin (VKS) dogum sonrast ketozis riski
ile iliskilendirildigini gdstermistir (p<<0.001). Subklinik ketozis, gebelik basina daha fazla tohumlama (p<<0.01), servis periyodunun uzamast
(p<0.001) ve ilk tohumlama gebelik oranlarinda disiise (p>0.05) yol agcmustir. Klinik ketozis grubunun pik siit verimine ulasma siiresinin
daha uzun oldugu (p<0.001) ve daha yiksek pik siit verimine (p<<0.01) sahip oldugu gértldi. Klinik ketozis olan ineklerde septik metritis
insidansinin (p<0.01) daha yiksek oldugu tespit edildi. Sonu¢ olarak, ¢alismada ketozisin, treme parametreleri ve metabolik hastalik
insidanst tzerinde olumsuz etkilere sahip oldugunu gérildid. Ayrica, siit sigirlarin gecis déneminde ketozis riskini degerlendirmede ve
yonetmede VKS’nin énemi vurgulandi. Calismanin daha fazla hayvan materyali ve daha fazla parametre ile degerlendirmesinin daha anlaml
sonuglar verebilecegi distinilmektedir.

Anahtar Kelimeler: sigir, besleme, mastitis, metritis, negatif enetji dengesi

To cite this article: Cambay AO. Bozkurt G. Reproductive Performance, Milk Yield Parameters, and Some Postpartum Diseases That Are Associated with Clinical And
Subclinical Ketosis in Dairy Cows. Kocatepe Vet |. (2023):16(4):588-596

Submission: 14.09.2023  Accepted: 11.12.2023 Published Online: 14.12.2023

ORCID ID; AOC: 0009-0007-9002-9825, GB: 0000-0003-1837-4492

*Cortresponding author e-mail: gbozkurt@mehmetakif.edu.tr

588



INTRODUCTION

Negative energy balance (NEB) is a physiological
condition that occurs during the transition from
pregnancy to lactation in dairy cattle. Dry matter
consumption decreases by more than 30% in the last
3 weeks of pregnancy (Hayirli et al, 2002). The
transition from late pregnancy to early lactation is a
risky period for dairy cattle, during which many
infectious and metabolic diseases can occur
(Compton et al, 2014; Ingvartsen et al, 2003).
During this period, the demand for energy sources
such as glucose, amino acids, and fatty acids for milk
production is 2-5 times higher than the pre-calving
period requirements (Bell, 1995). Cows are in NEB
when the energy from the diet cannot provide
enough energy for high milk production (Grummer,
1995).

Ketosis is a metabolic disease in cattle that often
begins in the first few days after birth and seriously
affects animals for up to 2 weeks (Suthar et al., 2013).
NEB is characterized by decreased glucose levels,
reduced liver glycogen stores, fatty degeneration in
the liver, and an increased concentration of ketone
bodies in the blood, urine, milk, and respiratory air
(Bremmer, 2002). Ruminants are susceptible to
ketosis, and this susceptibility can be exacerbated in
cows due to their increased glucose requirement
(Drackley et al., 2001). From the start of the lactation
period, until the cow reaches peak milk yield, there is
a physiological loss in the cow's body condition. This
loss is accompanied by an increase in beta-
hydroxybutyric acid (BHBA) levels (Le Blanc, 2010).
Ketosis is classified in different ways and the one of
classification is related to BHBA concentrations. It is
classified as subclinical and clinical ketosis, depending
on the level of BHBA in the blood and the presence
or absence of clinical signs of disease. Subclinical
ketosis is defined as an increase in ketone bodies in
the blood. The obvious finding of the disease is the
presence of ketone bodies in the blood, urine, or
milk. The serum BHBA values (1200-1400 pmol/L)
are generally used for the diagnosis of subclinical
ketosis (Suthar et al, 2013). Clinical ketosis is
characterized by the presence of clinical symptoms
such as hyperketonemia, hypoglycemia and decreased
appetite, weight loss, and decreased milk vyield.
Clinical ketosis is usually determined at higher BHBA
concentrations in the blood (Gordon et al., 2013).
This study aimed to determine the potential adverse
effects of disease-related ketosis on some milk yield
and reproductive parameters and the incidence of
postpartum metabolic diseases in cows with
subclinical and clinical ketosis.

MATERIALS AND METHODS

Animal Material and Feeding Management

The study includes a total of 267 pregnant Holstein
dairy cows in their second and third lactation periods.
The animals had an average weight of 746£71 kg, and
their average daily milk yields ranged from 38 to 40 L.
Throughout the lactation period, the cows' milk yield
was recorded as 11,000-12,000 kg. The animals are
grouped based on the number of milking days,
reproductive statuses, and milk yields. The cows are
milked three times a day. The animals included in the
study were fed two different rations during the dry
period. These rations were the far-off dry period
ration consumed from 39-60 days before calving and
the close-up dry period ration consumed before
calving. The animals had ad libitum feeding. The
compositions of the late dry and close dry period
rations are presented in Table 1. Following calving,
two different rations were used during the ecarly
lactation (days 1-21) and mid-late lactation (days 22-
305) periods (Table 2).

Study Groups

The study consisted of three different groups; control
(BHBA < 1.2 mmol/dL; n=101), subclinical ketosis
(BHBA = 1.2-2.4 mmol/dL; n=90), and clinical
ketosis (BHBA > 2.4 mmol/dL; n=76). The body
temperatures of the animals included in the study
groups were monitored for the first 3 days after
calving. During this period, cows with diseases such
as mastitis or retained placenta were not included in
the groups. All the animals in the study were in
second and third lactation petiods.

Determination of BHBA Levels and Body
Condition Scores

Blood samples were collected from the jugular vein
from the all animals. Blood BHBA levels were
measured on postpartum days 3, 7, and 21. In the
formation of groups, postpartum 3rd day BHBA
levels were taken as criteria (Suthar et al., 2013). The
measurements of BHBA levels were conducted using
Centrivet GK blood ketone strips rapid test kit
(mmol/dL. Catalog  No:  1150872301).  The
determination of body condition scores (BCS) in the
study groups was done considering the same days (55
days before calving — dry period and 73 days after
calving — first insemination time). The method of
Wildman et al. (1982) was used as a reference for BCS
determination.

Treatment

No treatment was administered to cows in the
subclinical ketosis group. However, cows showing
clinical ketosis (BHBA > 2.4 mmol/dL) based on the
BHBA result obtained on the 7th day were recorded
and excluded from the study, and treatment was
applied. Cows in the clinical ketosis group were
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subjected to a ketosis treatment protocol. For this
purpose, intravenous administration of 500-1000 cc
of 30% dextrose (DekstroVIP®, % 30, Polifarma)
and glucocorticoid (Devamed®, Topkim) were
applied (Gordon et al., 2013). Animals that did not
recover and had mixed infections were removed from
the groups and transferred to the routine
management treatment protocol.

Synchronization = Protocol and Pregnancy
Examination

A voluntary waiting period of 73 days was determined
on the farm. During this period, no artificial
insemination was applied to the animals. The
synchronization protocol started on postpartum days
53-55. The double-ovsynch synchronization protocol
was applied. For synchronization, 0.075 mg of
cloprostenol (Dalmazin®, Fatro-Giinesli A.S.) and
0.0262 mg/ml of Lecitelin (Dalmarelin®, Fatro-
Gilnesli A.S.) were used. The first pregnancy
examination for all study groups was conducted
through ultrasonography (Hasvet 838, Tirkiye) on
days 3413 after insemination. The second pregnancy
examination was performed on days 6313 of
pregnancy.

Reproductive and Milk Yield Parameters

The number of inseminations per pregnancy, service
period, and conception rate in the first insemination
were recorded in the herd management program
(Delpro™, Unided Kingdom). The 305-day milk
yield, time to reach peak milk yield and peak milk
yield of cows in the study group were recorded. Data
collection was carried out through a parallel milking
system (DeLaval) during milking and obtained based
on three milkings per day from the program.

Detection of Postpartum Diseases

Postpartum routine controls were conducted every
morning during milking (mammary and milk
examination). During the controls, body temperature,
fecal examination, and lochia discharge were
evaluated. Additionally, feed consumption and
rumination were observed. Suspected animals were
brought to the clinic for treatments and diagnoses
were confirmed. Left displaced abomasum (LDA)
was determined by abdominal ping sound with a
stethoscope (Nichaus, 2008). Septic metritis was
characterized by vaginal examination revealing dark-
colored, malodorous discharge ranging from dark
brown to reddish, containing small fetal membranes
(Azawi, 2008). Hypocalcemia was diagnosed through
clinical examination (Quader et al., 2017). Similarly,
animals diagnosed with mastitis through clinical
examination, mammary examination, and somatic cell
count (California mastitis test) were recorded (Ruegg
and Reinemann., 2002; Sargeant et al., 2001).

Statistical Analyses

SPSS 25.0 software package was used for statistical
analysis of the data in the study. A mixed model was
constructed to examine the effect of ketosis on milk
and reproductive parameters, considering the impact
of body condition scores. The Bonferroni test was
applied to assess the significance of the difference
between groups. The chi-square test was used to
determine the difference in the incidence rates of
metabolic diseases among study groups. Statistical
significance was accepted as p<0.05. Results were
presented as mean T standard error.

Ethics Approval

All procedures were approved by the Animal Ethics
Committee (AEC) at Burdur Mehmet Akif
University, Turkiye (No: 113/1147)

RESULTS

BHBA Levels and Body Condition Score

Mean BHBA levels were determined as 0.8410.07
mmol/L in the control group, 1.4710.09 mmol/L in
the subclinical ketosis group, and 3.15£0.54 mmol/L
in the clinical ketosis group on the postpartum 3rd
day. Seventh and 21st day blood BHBA levels are
shown in Table 3.

It was observed that the control group had a BCS of
3.4310.06, while the subclinical and clinical ketosis
groups had BCS values of 3.57+0.07 and 3.69£0.07,
respectively (p<<0.001). It was determined that the
clinical ketosis group had the highest BCS during the
dry period. The changes in BCS during the dry period
and at the time of first insemination among the study
groups are shown in Table 4.

Some Reproductive Parameters

The number of inseminations per pregnancy was
determined as 2.47%1.22 for the control group,
3.43+1.22 for the subclinical ketosis group, and
2.99+1.23 for the clinical ketosis group. A statistically
significant difference was found among the groups,
with the subclinical ketosis group having a higher
number of inseminations per pregnancy compared to
the other groups (p<<0.01). When evaluated in terms
of the service period, the values for the control,
subclinical, and ketosis groups were determined as
124.77+7.56, 160.51+8.01, and 176.7619.35 days,
respectively. A shortened service period was observed
in the control group (p<0.001). In the study, it was
determined that 39.6% of the cows in the control
group, and 27.78% and 37.88% of the cows in the
subclinical and clinical ketosis groups, respectively,
became pregnant at the first insemination (Table 5).
There was no statistically significant difference among
the groups in terms of pregnancy rate at the first
insemination (p>0.05).

Milk Yield Parameters
The time to reach peak milk yield was found to be
60.04%2.66 days for the control group, 67.88%2.76
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days for the subclinical ketosis group, and 82.41+3.09
days for the clinical ketosis group. There was a
statistically significant difference among the groups,
indicating that healthy cows reached peak milk yield
more quickly, while cows in the ketosis group took
longer to reach it (p<<0.001). In terms of peak milk
yield, the averages for the control, subclinical, and
clinical ~ketosis groups were determined as
57.44%£1.77, 58.17£1.78, and 60.79%1.83 liters,
respectively. The difference among the groups was
statistically significant, with the highest peak milk
yield observed in the clinical ketosis group (p<<0.01).
There was no statistically significant difference among
the study groups in terms of the 305-day milk yield
averages (p>0.05). Milk yield parameters based on

groups are presented in Table 6.

Table 1. The ration of dry period

The Rates of Some Diseases

The rates of septic metritis in the control, subclinical
ketosis, and clinical ketosis groups were found to be
5.94%, 11.11%, and 25.76%, respectively. It was
observed that the rates of septic metritis were higher
in cows with clinical ketosis (p<<0.01). The incidence
of hypocalcemia was 0.99% in the control group,
1.11% in the subclinical ketosis group, and 4.55% in
the clinical ketosis group. There was no significant
difference in the frequency of hypocalcemia among
the study groups (p>0.05). The rates of LDA were
2.97% in the control group, 10% in the subclinical
ketosis group, and 13.64% in the clinical ketosis
group. It was determined that the rate of LDA was
lower in the control group compared to the other
groups (p<0.05). The proportions of cows with septic
metritis, clinical hypocalcemia, mastitis, and LDA
based on the study groups are shown in Table 7.

. Far of Dry Period Close up Dry Period
Ration (ke /?;W) (kI; / cgvv)
Alfalfa Hay 1.00 0
Wheat Straw 8.00 5.00
Corn Silage 13.00 8.00
Grass Silage 3.75 4.75
Canola Meal 1.90 1.80
Premix 0.01 0.02
Zeolite 0.02 0.02
Urea 0.07 0
Marble Dust 0.25 0.32
Magnesium Oxide 0.04 0.03
Dicalcium Phosphate (DCP) 0.10 0
Ammonium Chloride 0 0.25
High Moisture Corn 0 3.90
Orange Pulp 0 2.00
Calculated Nutrient Values Values Values
Crude Protein, % 11.57 12.90
Dry Matter Intake, kg/day 15.72 12.75
Roughage Ratio in Diet, % 88.66 100
Concentrate Ratio in Diet, % 11.34 0
Soluble Protein, % 5.67 7.83
Soluble Crude Fiber, % 9.25 4.43
Neutral Detergent Fiber (NDF), % 53.58 44.90
Non-Fiber Carbohydrates (NFC), % 25.81 31.23
Sugar, % 3.02 2.50
Starch, % 9.83 20.53
Calcium (Ca), % 1.19 0.99
Phosphorus (P), % 0.30 0.32
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Magnesium (Mg), %
Sodium (Na), %
Chloride (Cl), %

Dietary Cation-Anion Difference
(DCAD), mEq/100g

0.51
0.09
0.54

16.8

0.42
0.07
1.53

19.50

Table 2. The ration of lactation period

Early Lactation

Mid and late lactation

Ration (kg/cow) (kg/cow)
Alfalfa Hay 5.00 4.60
Cottonseed 1.45 1.50
Cracked Corn 1.00 1.15
Soybean Meal 0.75 1.00
Corn Gluten Meal 0.60 0.85
Sodium Bicarbonate 0.35 0.40
Bypass Fat 0.45 0.35
Canola Meal 1.25 1.70
Premix 0.35 0.35
Matrble Dust 0.30 -
High-Moisture Corn 3.50 7.00
Corn Silage 13.25 29.50
Corn Distillers Dried Grains with i 0.80
Solubles (DDGS) ’
Potato Pulp - 2.00
Orange Pulp - 4.00
Water 3.50 4.00
Molasses 0.60 0.50
Calculated Nutrient Values Values Values
Dry Matter Intake kg/day 17.89 27.03
Crude Protein % 17.35 16.25
Soluble Protein % 8.40 7.60
NDF (Neutral Detergent Fiber) % 29.49 27.53
ADF (Acid Detergent Fiber) % 21.21 18.6
Sugar % 5.33 4.50
Starch % 21.25 27.75
NFC (Non-Fiber Carbohydrate) % 38.96 45.02
Soluble Fiber % 8.98 8.74
Fat % 5.57 4.92
NEL (Net Energy for Lactation),

V- /(12 &y ) 1.97 1.66
Calcium % 1.07 0.48
Phosphorus % 0.39 0.36
Magnesium % 0.52 0.38
Sodium % 0.71 0.52
Chlorine % 0.47 0.37
DCAD (Dietary Cation-Anion 4175 26.03

Difference) mEq/100g

592



Table 3. BHBA levels according to days (mmol/L)

Control Subclinical ketosis Clinical ketosis
3 day 0.84x0.07 1.47%0.09 3.1510.54
7" day 0.821+0.01 1.01£0.25 1.27+0.14
21* day 0.85x0.05 0.88%0.04 0.96x0.09

Table 4. Body condition scores according to groups

Control Subclinical ketosis  Clinical ketosis P value
Dry period 3.43+0.06° 3.57+0.07° 3.69£0.07* Fokek
First insemination 2.9010.06 2.87£0.06 2.8510.06 -
Difference 0.53%+0.07¢ 0.71£0.08" 0.84%0.08" Fkek
a, b, c: There is a statistically significant difference between different letters on the same row.
*#%; (9<0.001).
Tablo 5. Some reproductive parameters

Control Subclinical ketosis Clinical ketosis P value
NOIP 2.47+1.22° 3.43+1.22* 2.99+1.23% Fk
SP (day) 124.77+7.56" 160.51+8.01° 176.7619.35 ioio
FSCR (%) 39.60 27.78 37.88 .
NOIP: Number of inseminations per pregnancy SP: Service period FSCR: First-service conception rate
a, b, c: There is a statistically significant difference between different letters on the same row
#, p<0,01; ¥ p<0,001
Tablo 6. Some milk yield parameters

Control Subclinical ketosis Clinical ketosis P value

TPMY (day) 60.04£2.66° 67.88+2.76° 82.41+3.09" ok
PMY (Liter) 57.44+1.77° 58.17+1.78" 60.79+1.83* *k
LMY (Liter) 12772.271602.6 13104.76+605.53 12686.36£616.12 -

TPMY: Time to peak milk yield PMY: Peak milk yield LMY: Lactation milk yield
a, b, c: There is a statistically significant difference between different letters on the same row

#k; p<0,01; #0% p<0,001
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Tablo 7. Incidence of some postpartum diseases according to groups (%o)

Control Subclinical ketosis Clinical ketosis P value
Septic metritis 5.94° 25.76° *k
Clinical Hypocalcemia 0.90 4.55 -
Mastitis (10-30 days) 3.55° 6.14* *
LDA 2.97° 13.64" *

LDA: Left displaced abomasum

a, b, c: There is a statistically significant difference between different letters on the same row

# p<0,05; **: p<0,01; #* p<0,001

DISCUSSION

Ketosis is one of the most important metabolic
diseases with a high prevalence in dairy cattle. Its
prevalence was evaluated between DIM 2-21 days in
studies conducted in different countries and different
incidences were determined for subclinical ketosis
and clinical ketosis (Lei and Simoes., 2021). Suthar et
al. (2013) observed that the average prevalence of
subclinical ketosis (BHBA =1.2 mmol/L) within ten
European countries was 21.8% (ranging between 11.2
and 36.6%) between the 2nd and 15th day of
lactation. In this respect, cattle with ketosis should be
rapidly identified and treated.

Ketosis is directly related to BCS. Gillund et al. (2001)
investigated the likelihood of ketosis between cows
with a BCS = 3.5 or higher and cows with a BCS
score of 3.25 or lower during calving on 732 dairy
cows. According to the obtained results, cows with a
BCS = 3.5 during calving were approximately 2.5
times more likely to develop ketosis compared to
cows with a BCS score of 3.25 or lower. Additionally,
cows experiencing significant BCS losses in the
postpartum period were determined to have only half
the probability of conceiving at the first insemination
compared to cows with moderate BCS losses.
Schrijver (2018) indicated that cows with high body
condition scores during the dry period have a higher
risk of elevated BHBA concentrations and developing
ketosis in the postpartum period. Cows entering the
dry period with high BCS were found to experience
greater body condition losses in the first 8 weeks.
Singh and Bhakat (2022) found in their study that
overfed cows during the dry period became
excessively conditioned at calving and experienced
more severe NEB during the transition period. The
presented study findings are consistent with previous
reports. The current study demonstrates that cows
with high BCS during calving are at a higher risk of
postpartum ketosis. Cows with high body condition
scores, when faced with increased energy
requirements postpartum, start utilizing their energy
reserves. This situation can contribute to the

development of ketosis by causing energy imbalance
and accumulation of ketone bodies. Furthermore, the
fact that ketosis groups are the ones with more severe
BCS loss in the study supports this statement.

Ketosis results from the occurrence of an energy
deficit due to severe NEB, negatively affecting certain
reproductive performance parameters. Numerous
studies have shown a relationship between
reproductive traits, including the time from NEB to
first luteal activity, the first conception interval, the
time from calving to first ovulation, and the time
from calving to conception (Gillund et al, 2001;
Walsh et al., 2007). Duffield (2000) stated that cows
with subclinical ketosis performed more insemination
per pregnancy. Suthar et al. (2013) reported that
BHBA concentrations exceeding thresholds of 1.1
and 1.6 mmol/L during the first 2 weeks postpartum
reduced pregnancy probability. Additionally, it was
found that the number of inseminations per
pregnancy increased ketosis in Holstein cows with
ketosis (Mellado et al., 2018). Raboisson et al. (2014)
reported that both clinical and subclinical ketosis
extended the first estrus interval and led to decreased
pregnancy rates. In the current study, a statistically
significant difference was observed in terms of
number of inseminations per pregnancy between the
control group and the subclinical ketosis group
(p<0.001). Conversely, such a difference was not
found between the clinical ketosis and control groups.
However, when evaluated proportionally, similarly to
other studies, the number of inseminations per
pregnancy increased by approximately 29% and 13%
in the subclinical and clinical ketosis groups,
respectively. The higher number of inseminations per
pregnancy in the subclinical ketosis group may be
attributed to the direct treatment of animals with the
clinical form. Allowing animals in the subclinical
ketosis group to undergo their physiological process
may have an effect in this regard. Furthermore, as
consistent with other studies, the pregnancy rate at
first insemination decreased and the service petiod
(P<0.001) extended in these animals. The extended
service period in the current study may be due to the
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disruption of the initial ovulation process at the start
of lactation due to increased NEB in cows. Another
reason for the longer service period duration on the
farm compared to the reviewed literature could be the
higher average milk yield on this farm (Gorelik et al.,
2021; Sehested et al., 2009)

The relationship between milk yield and ketosis
generally varies according to the lactation period and
parity (Ospina et al,, 2010). Duffield et al. (2009)
reported in their study on 1010 dairy cows that cows
with subclinical ketosis during the postpartum period
experienced a daily milk yield loss of 1.88 kg, whereas
cows with clinical ketosis had a loss of 3.3 kg. Ospina
et al. (2010) reported a reduction of 358 kg in the
305-day milk yield. McArt et al. (2012) stated that
cows with a BHBA value of 1.2 mmol/L expetienced
a 0.5 L reduction in daily milk yield for every 0.1
mmol/L.  increase in BHBA on the 30th day
postpartum. In this study, multiparous cows in their
2nd and 3rd lactation were used, and no differences
were found among the groups in terms of the 305-
day milk yield. The generally higher milk yield in cows
with ketosis could contribute to greater increases in
peak milk yield. The increase in milk yield at the
beginning of the postpartum period and subsequently
in peak yield might lead to higher fat mobilization and
hence an increased risk of ketosis. Furthermore, since
ketosis generally decreases after a maximum of 2
weeks, it can be among the reasons that the peak milk
yield of high-yielding cows might not be significantly
affected once peak production is achieved.
Additionally, based on the results of this study, the
extension of peak day duration due to NEB might
lead to an increased peak milk yield in cows with
ketosis.

Various studies indicate a relationship between
ketosis and various diseases. The findings from these
studies suggest that ketosis may be associated with
LDA, metritis, and other diseases, which can have
negative effects on reproductive efficiency (LeBlanc
et al.,, 2005; Suthar et al., 2013; Seifi et al., 2011).
Ospina et al. (2010), observed that there was a 1.8%
increase in the incidence of LDA in animals with
BHBA levels 21.2 mg/dL. Furthermore, LeBlanc et
al. (2005), it was seen that cows with serum BHBA
levels 21200 pmol/L had a higher risk of LDA.
These findings indicate a relationship between ketosis
and the development of LDA. Cows with BHBA
levels exceeding 1.2 to 1.4 mmol/L during the first 2
weeks postpartum were found to have higher
likelihood of developing LDA compared to the
control group (Suthar et al., 2013). Seifi et al. (2011)
reported a higher risk of LDA in cows with ketosis in
a weekly follow-up of 849 cows from 16 farms after
calving. Similar results were obtained in the current
study. Suthar et al. (2013) also noted in a study that
subclinical ketosis was associated with metritis.
Ospina et al. (2010) found an increased incidence of
metritis in animals with BHBA levels 21.2 mg/dL.
Similar results were obtained in the current study.

Ketosis increases the risk of septic metritis. In cows
with ketosis, the increase in NEB levels can lead to
immune deficiencies due to lymphocyte dysfunction
(Schulz et al., 2015), which in turn can contribute to
increased disease incidences.

CONCLUSION

In conclusion, it has been determined that both
subclinical and clinical ketosis can lead to
reproductive issues, potential problems in milk yield
parameters, and associations with other metabolic
diseases. This situation may also contribute to an
increased frequency of metabolic disorders. This
study has concluded that subclinical and clinical
ketosis can lead to wvarious negative effects.
Furthermore, it emphasizes the importance of body
condition score as a significant parameter in assessing
and managing the risk of ketosis.
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ABSTRACT

The aim of this study is to determine the effects of the co-administration of boron (B) and vitamin C on blood
triglyceride, cholesterol, HDL and LDL levels and hematological parameters. In the study, four study groups
created with 32 Wistar Albino male rats weighing 250-300 g. The experimental groups were shaped as Control,
Boron, Vitamin C and Vitamin C + Boron. Vitamin C and boron were administered 200 mg.kg.-'of vitamin C
orally, and boron at an amount of 5 mg.kg! intraperitoneally, respectively in the rats of the Vitamin C and Boron
gorups. The rats in theVitamin C+Boron group were given at 200 mg.kg.-! of vitamin C orally, and 5 mg.kg.-lof
boron intraperitoneally. At the end of the trial, which was for total of 35 days, triglyceride, cholesterol, HDL and
LDL levels and hematological parameters were measured in blood samples taken from the heart under anesthesia.
It observed that the applications of vitamin C and boron had no effects on the plasma levels of triglycerides,
cholesterol, HDL and LDL. Both vitamin C and boron applications had no effect on the erythrocyte count,
hematocrit value and hemoglobin levels, however the combination of vitamin C and boron supplementation
decreased the leukocyte count, and there was an increase on the platelet count. In conclusion, the combination of
vitamin C and boron with antioxidant properties did not change plasma lipid levels, but it affected blood
leukocyte and platelet counts.

Keywords: Boron,, HDL, Hematological parameters, Rat, Vitamin C
ksksk

Siganlarda Bor ve Vitamin C Takviyesinin Hematolojik ve Lipid Parametrelerine

Etkileri
oz

Bu calismanin amact, bor (B) ve vitamin C'nin bitlikte uygulanmasinin kandaki trigliserit, kolesterol, HDL ve
LDL nin seviyeleri ile hematolojik parametrelerine etkisini belirlemektir. Caligmada, 32 adet 250-300 gr agirliginda
Wistar Albino cinsi erkek sican alinarak 4 adet ¢alisma grubu olusturulmugtur. Calisma gruplarnt Kontrol, B,
Vitamin C ve Vitamin C + B olarak sekillendi. Vitamin C ve B grubu siganlara sirasiyla 200 mg.kg."! C vitamini
oral, bor 5 mg.kg.! intraperitoneal olarak verildi. Vitamin C+B grubundaki sicanlara C vitamini oral yoldan 200
mg.kg. !, intraperitoneal olarak 5 mgkg.! B verildi. Toplam 35 gin stiren deneme sonunda anestezi altinda
kalpten alinan kan Orneklerinde; trigliserid, kolesterol, HDL ve LDL dizeyleri ile hematolojik parametreler
Olctldii. Yapilan uygulamalarin trigliserid, kolesterol, HDL ve LDL’nin seviyelerine etki etmedigi tespit edildi.
Hem vitamin C hem de B uygulamalarinin eritrosit sayisi, hematokrit deger ve hemoglobin diizeylerine etkisinin
olmadigy, vitamin C'nin B ile takviyesinin birlikte kullanilmasinin 16kosit sayisint diigiirdigi ve trombosit sayisint
ise artirdigt bulundu. Sonug olarak, antioksidan 6zelliklere sahip vitamin C ve B’un birlikte kullanilmalari serum
lipid diizeylerini degistirmedigi ancak kan 16kosit ve trombosit sayisini etkiledigi gozlendi.

Anahtar Kelimeler: Bor, HDL, Hematolojik Parametreler, Sican, Vitamin C.
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GIRIS

Kanin yapisindaki degisimleri yansitan parametreler
insan ve hayvanlarin  genel saglik durumunu
yansitmast nedeniyle rutin olarak incelenen degetleri
olusturmaktadir. Bu sayede beslenme ve patolojik
bozukluklara bagli olarak bu parametrelerin fizyolojik
sinirlarda  meydana gelen degisimler, organ ve
dokularin fizyolojik mekanizmalarinda yol actiklart
farkliliklart yansitabilmektedir (Etim ve ark. 2014). Bu
parametreler icin insan ve farkli hayvan tirlerine
yonelik referans degerler elde edilmis olmast nedeniyle
Ozellikle beslenmenin yol actigt degisiklikler kolaylikla
izlenebilmektedir (Oyawoye ve Ogunkunle, 2004).
Ayrica, referans degerleri bilinen hematolojik ve
biyokimyasal = parametrelerin  incelenmesi, gida
takviyesi olarak kullandan maddelerin  viicudun
metabolik mekanizmalarinda yol agtiklari degisimlerin
tespit edilmesinde ve olusturduklart yan etkilerin
izlenmesinde de ¢ok stk basvurulan yontemi
olusturmaktadir. Bu  sayede, kullanilan  gida
takviyelerinin ~ fizyolojik  olaylarda rol oynayan
mekanizmalardaki degisimlerin altinda yatan nedenler
aciklanabilmektedir.

Insanlar ve hayvanlar giinlitk olarak su ve
gida alimi yoluyla bor (B) tiketebilmekte, ancak
ginlik alim seviyesi belirsizligini korumaktadir.
Gunltik B alimi; bitkiler, hayvanlar ve insanlar icin
gerekli olmakla birlikte, bu elementin organizmada
olusturdugu biyolojik etkileri hakkindaki bilgiler hala
sinirhidir. Fizyolojik ve metabolik faaliyetlerde 6nemli
rollere sahip oldugunun gosterilmesinden sonra (Bita
ve ark. 2022), olumlu etkileri yaninda B takviyesine
baglt cesitli yan etkilerinin olup olmadigt da
arastirdmaktadir. B takviyesinin  kullanim  sahasi
genisledikece, B ile birlikte diger ek gida maddelerinin
birlikte  kullanimlarina  baglh  yan  etki ve
komplikasyonlara iliskin yapilacak ¢alismalar, B
kullaniminin

takviyelerinin yayginlastirilmast

bakimindan 6nemli olacaktir.

B takviyelerinin; enzimatik  aktiviteyi, steroid
hormonlar ile kalsiyum (Ca*?) ve magnezyum (Mg*?)
gibi diger mikro besinlerin metabolizmast ve
aktivitesini etkiledigi iyi belgelenmistir (Bello ve ark.
2018). Bu nedenle, B takviyelerinin artrit, metabolik
hastaliklar, merkezi sinir sistemi bozukluklart ve ¢esitli
bulasict hastaliklar icin terap6tik araclar  olarak
kullanilabilecegi  ileri  stirilmektedir (Kabu ve
Akosman. 2013). B takviyesi yapilan yemle beslenen
sicanlarin  kaninda vitamin C dizeylerinin arttigt
gbzlenmis  ancak  altinda  yatan  mekanizma
aciklanmamustir (Ince ve ark. 2010). Bu nedenle,
vitamin C dizeyine etkisi oldugu bilinen B’la birlikte
vitamin C uygulamasinin hematolojik ve lipid
parametrelerine olast etkilerinin  ortaya konmast
6nemli olmaktadir.

Kan, besinleri ve diger maddeleri viicudun
farkli bolgelerine tagidigindan, diyet alimi hayvanlarin
kan bilesimini etkileyen ana faktdr olarak kabul
edilmistir (Oyawoye ve Ogunkunle. 2004). Sonug
olarak, beslenme i¢in titketilen diyetin igerigi gibi kan
etkileyen her sey, bir insan ve hayvanin sagligini
kesinlikle etkileyecektir. Diyetle glnlitk alinmasi
gereken maddelerden bazilart  da  mineral ve
vitaminlerdir. Nitekim, Giannetto ve arkadaglar
(2021); atlarda bor, nikel, arsenik ve antimona
minerallerinin ~ hematolojik ~ parametreler — gibi
biyobelirteclerle  korelasyonunu  degerlendirdikleri
calismada, hematolojik parametreler tizerinde 6nemli
bir etkiye neden olabilen ve kan biyobelirteclerini
temsil edebilecek tek elementin B oldugunu ileri
sirmislerdir. Daha 6nce yapilan c¢aligmalarda bor
(Durmus ve ark. 2018; Kaya ve Macit 2020) ve
vitamin C (Basegmez ve Eryavuz. 2021) takviyelerinin
hematolojik  ve biyokimyasal degerlere etkileri
gosterilse  de, bu katki maddelerinin  birlikte
kullantmina  bagh  sekillenen  biyolojik  etkiler

giniimiizde halen ortaya konulmamistir. Bu nedenle,
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calisgma, B ve vitamin C'nin bitlikte kullanilmasinin
tek basina kullandmalarina gére hematolojik ve lipid
profilinde bir ustinlige ya da farkliliga yol acip

acmadiginin ortaya ctkartilmast amactyla yapildi.

MATERYAL ve METOD

Bu calismada hayvan materyalini Kobay A.S."den
temin edilen 250-300 gr agithiginda 32 adet yetiskin
Wistar Albino cinsi erkek sicanlar olusturdu. Calisma
boyunca hayvanlara yapilacak tim mudahaleler Hatay
Mustafa Kemal Universitesi Deney Hayvanlari Yerel
Etk  Kurulu  tarafindan  bildirilen  kurallar
dogrultusunda 24.06.2020 tarihli toplantisinda almig
oldugu  2020/04.32 numarali onay karariyla
gerceklestirildi. Hayvanlarin bakimi Hatay Mustafa
Kemal Universitesi Deney Hayvanlari Uygulama ve
Aragtirma  Merkezinde gerceklestirildi.  Sicanlarin
beslenmesinde standart sican yemi ve icme suyu ad
libitum olarak verildi. Calismada kullanilacak Vitamin
C, 0,9'luk izotonik sodyum kloriir soliisyonu ile
karistirllip  igerisinde  partikiil kalmayacak sekilde
¢ozdiruldiikten sonra, gastrik gavaj ile oral olarak
verildi. Verilme miktarlart daha 6nce yapilan
calismalar (Farombi ve ark. 2008) esas alinarak
belitlendi. L (+) ascorbic acid (vitamin C) ticari
mustahzart seklinde (Dasitgroup, Carlo
ErbaReagents, Fransa) temin edildi. Yine ¢alisgmada
kullanilacak olan bor daha 6nce yapilan ¢alismalardaki
(Ince ve ark. 2014) miktarlar referans alnarak
belirlenmistir. B kaynagt olarak serum fizyolojik
(0,9°1luk izotonik sodyum kloriir) icinde ¢ozdirtlerek
hazirlanan B 5 mgkg.'dozlarda intraperitonal (i.p.)
yolla uygulandi. Her iki Grtin de 35 glin boyunca taze
olarak hazirlanip hayvanlara ginlik olarak verildi.
Kontrol grubuna ve deney gruplarina benzer stresi
olusturmak amactyla %0,9’luk sodyum kloriir hem
gavaj hem de intraperitoneal enjeksiyon yoluyla

uyguland.

Deney agsamast 35 giin olarak belitlenen
calismada, hayvanlar 4 grup olacak sekilde rastgele
secildi. Calisgmada gruplara uygulanan yontem ve
deney gruplari Tablo 1’ de belirtildigi sekilde yapildr.

Deneyin 35. glntntide 10 mg ksilazin ve 80
mg ketamin ile anestezi altina alinmis hayvanlardan
3’er ml kalpten punksiyon yoluyla kan alinarak serum
ayristirma tiiplerine aktarildi, alinan kan 6rneklerinin
serumlart sogutmalt santrifijjde (HettichUniversal 320
R) 3000 rpm’de 10 dakika santrifiij edilerek ayristirildr.
Ayristirlan serumlar zaman kaybetmeden 1,5 mllik
ependorf tlplerine alinarak -80 C de biyokimyasal
asamaya kadar bekletildi. Hayvanlar ise cervical
dislocation yontemi ile (siganlarin boyun kismi,
servikal omurganin hizli ve etkili bir sekilde kirilarak
gerceklestirilen Gtenazi yontemi) 6tenazi edildi. Alinan
kan 6rneklerinin Hatay Mustafa Kemal Universitesi
Veteriner Saghk Uygulama ve Arastirma Merkezi'nde
bulunan kan sayim cihazinda (Mindray BC2800 VET,
Cin) Ol¢tmleri yapilarak; (Trig), (HDL), (LDL),
(Kolesterol), (Hematolojik) degerleri belitlendi.

Calismanin  6rneklem  buyuklagd, —ilgili
gruplardaki hematolojik ve lipid profiline ait
farkldiklarinin

parametreler arasindaki

degerlendirilecegi deneme deseninde tip 1 hata
olasithgi (o) = 0,05, gic (1-f) = 0,80 kriterleri
kullanlarak ve f (etki buyukligi) = 0,65 kabul
edilmek tzere, toplamda minimum 32 erkek sicanin
calismada yer almasimnin uygun olacagt hesaplandr
Gii¢ analizinin yapilmasinda G*Power Version 3.1.9.2
istatistik programindan yararlanildi. Elde edilen tim
degiskenler Onemlilik testlerine gegilmeden Once
parametrik test varsayimlart acisindan degerlendirildi.
Normallik  yoniinden  Shapiro  Wilk testi ile,
varyanslarin homojenligi yoniinden ise Levene testi ile
incelendi. Parametrik test varsayimlarina uymayan
degiskenlerden trigliserit, HDL ve HCT’nin gruplar
arasindaki farkliliklarinin degerlendirilmesi Kruskal-
Wallis testi ile yapildi. Kalan degiskenler parametrik

test varsayimlarina uydugu i¢in, gruplar aras
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farkliliklarinin istatistiksel acidan kontrolii tek yonli
varyans analizi (ANOVA) ile yapidi. Gruplar arast
farkliligin  anlamlh bulundugu degiskenler icin ileri

asama (post-hoc) testi olarak Duncan testi'nden

yaratlanildi. Degiskenler "ortalama + standart hata"
olarak sunuldu. Istatistiksel anlamllik icin p <0,05
kabul edildi. Tuim istatistiksel analizlerde IBM SPSS

28 istatistik paket programindan yararlanildi.

Tablo 1. Gruplar, gruplardaki hayvan sayilari ve uygulama Yontemleri.

Table 1.Groups, numbers of animals is groups and the application method

Gruplar Gruptaki Hayvan Sayis1 Uygulama Yéntemi
Kontrol 8 Ad libitum beslenme yapildi.
Vitamin C 8 Vitamin C (200 mg.kg.!) oral beslenme
Bor 8 Bor (5 mg.kg.") i.p. uygulama
Vit.C+Bor 8 Vitamin C (200 mg.kg. ") oral beslenme
+
Bor (5 mg.kg. ") i.p. uygulama
BULGULAR

Calismada tim gruplarda elde edilen trigliserit, HDL,
LDL ve kolestrol parametrelerine yonelik veriler
Tablo 2°de, hemogram parametrelerine iliskin veriler
ise Tablo 3’te verildi. Calismada trigliserit, HDL, LDL
ve kolesterol seviyelerinde; gruplar arasinda bir
farklilk tespit edilmedi (p>0,05) (Tablo 2). Bununla
birlikte, vitamin C ve Bun birlikte uygulandig

sicanlarda diger uygulama gruplarindaki siganlara gére

istatistiksel anlamda 6nemli diizeyde (p<<0,05) l6kosit
sayist ve ortalama alyuvar hacmi (MCV) duzeylerinin
azaldig1 ve trombosit sayisinin ise arttif tespit edildi
(Tablo 3). Yalniz vitamin C uygulanan sicanlarin
yalniz B uygulanan sicanlara gbre O6nemli diizeyde
(p<0,05) dustik l6kosit sayisina sahip olduklar
bulundu (Tablo3).

Tablo 2. Erkek sicanlarda 200 mg.kg.! vitamin c¢ takviyesinin ve 5 mg.kg.-! bor uygulamasinin Trigliserit, HDL, LDL

ve Kolesterol parametrelerine etkisi (n=8, mean®SE)

Table 2. Effects of 200 mg.kg. ! vitamin ¢ supplementation and mg.kg."! boron administration on Trigiliseride,

HDL, LDL and Cholesterol parameters in male rats (n=8, meantSE)

Parametreler Kontrol Vitamin C Bor Vit. C + Bor
Trigliserit mg/dL 49,62%7,85 53,37£6,95 51,12£5,51 46,12+3,18
HDL mg/dL 27,4012,34 24,111,560 25,78+1,69 24,37+1,01
LDL mg/dL 6,55%0,68 6,25%0,45 6,01+0,34 5,61+0,54
Kolestrol mg/dL 37,00£2,72 34,50%+1,85 33,87+1,58 33,50£1,77
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Tablo 3. Erkek sicanlarda 200 mgkg.! vitamin C takviyesinin ve 5 mgkg.! bor uygulamasinin hemogram

parametrelerine etkisi (n=8, meantSE)

Table 3. Effect of 200 mg.kg.! Vitamin C supplementation and 5 mg.kg."! Boron administration on hemogram

parameters in male rats (n=8, mean * SE)

Parametreler Kontrol Vitamin C Bor Vit.C+Bor
Lokosit (x103) 7,3910,29% 6,9310,52b 8,590,482 6,8710,69°
Eritrosit (x10%) 7,37£0,09 7,47£0,02 6,44£0,88 7,74£0,14
Hemoglobin (g/dl) 13,96£0,13 13,9240,21 13,581+0,23 11,83+1,53
Hematokrit (%0) 42,15%0,54 43,18%0,87 36,38%4,99 85,25145,25
MCV () 55,24+0,342 56,45£0,682 56,03£0,64* 52,4810,58P
MCH (pg) 18,34£0,29 18,87+0,25 20,65%+1,98 17,7910,12
MCHC (g/dl) 33,710,24 33,231+0,19 36,69£3,59 33,66%0,10
Trombosit (x103) 794,25124,07> 712,75+27,12b 704,62+10,87> 959,13+23,092

a,b: Aynit satirda farklt harf tastyan degetler arasindaki farklilik istatistiksel anlamda 6nemlidir (p<0,05).
MCYV: Ortalama Eritrosit Hacmi, MCH: Her Bir Kirmiz1 Kan Hucresindeki Ortalama Hemoglobin, MCHC: Belli Bir Miktar Kirmiz1 Kan

Hucresindeki Hemoglobin Yogunlugu,

TARTISMA

Degisik gida takviyelerinin hematolojik degerlerde
meydana getirdigi degisimler, saglikli yasamin kontrol
programlart icerisinde ve gevre ile beslemenin kan
yapan organlara etkisinin gosterilmesinde gereklidir.
Ayrica kullanilan gida takviyelerinin istenmeyen veya
beklenmeyen  yan  etkilerinin - belitlenmesinde
basvurulan  parametreler arasinda  yer  almast
bakimindan da 6nemlidir (Durmus ve ark. 2018).
Calismada;  serum  biyokimyasal —parametrelerini
etkilemede 5 mgkg'B ilavesinin yeterli oldugu
yontndeki bildirim (Eren ve Uyanik. 2007) dikkate
alinarak beslenme ve bakim sartlart ayni olan eriskin
erkek Wistar Albino cinsi siganlara 5 mgkg.!
diizeyinde B ip yolla, 200 mg.kg. ! diizeyinde vitamin
C oral yolla takviye edilmistir. Alimdan kaynaklanan
minimum 6ldiriict borik asit dozunun 640 mg.kg.-
Lgiin. ! oldugu bildirilmistir (Stokinger 1981).

Calismada uygulamalarin  serum  trigliserit, total
kolesterol ile yitksek yogunluklu lipoprotein (HDL) ve
dustik yogunluklu lipoprotein (LDL) duzeylerine

etkisinin olmadi@1 gézlendi. Bu bulgu, sican icme

sularina (Naghii ve Samman. 1993) ve yemlerine
(Naghii ve Samman. 1997) bor takviyesinin serum
total kolesterol dizeyine etkimedigi ve trigliserit
diizeyini azaltti§1 yoniindeki bildirimle trigliserit harig
uyumluydu. Benzer sekilde, domuzlarda (Armstrong
ve Spears. 2001) ve yumurtact tavuklar (Mizrak ve
Ceylan. 2009) ile etlik piliclerde (Simsek, 2011) yapilan
degisik  duzeylerde bor takviyesi ile besleme
calismalarinda da kan lipid dizeylerinde bor
takviyesinin herhangi bir degisime yol a¢madig
gozlenmistir. Bununla bitlikte, degisik diizeylerde bor
takviye edilmis yemletle beslenen domuz (Armstrong
ve ark. 2000) ve etlik piliclerde (Kurtoglu ve ark.
2005) serum total kolesterol ile trigliserit diizeylerinin
artugl, yumurtact tavuklarda (Olgun 2011) ise tam
tersi azaldi@ bulunmustur. Calismada elde edilen
bulgular ile diger c¢alismalar arasinda gbzlenen
bulgular arasindaki farkliliklarin nedeni, denemelerde
kullanilan hayvan tiird ile takviye edilen B’un kaynagt
(Ince ve ark. 2010), diizeyi (Kaya ve Macit. 2018) ve
stresi (Basoglu ve ark. 2000) ile iligkili olabilir.
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Nitekim, Eren ve Uyanik (2007)’1n, degisik dizeylerde
©, 5, 10, 50, 100, 200 ve 400 mg.kg-1) B takviyesi
yapilan yemlerle beslenen yumurtact tavuklarda
yaptiklart caligmalarinda; tim B takviyesinin total
kolesterol diizeylerini azalttigi, bunun yaninda serum
trigliserid duzeylerinin 5 mgkg.-1 B ilave edilen
sicanlar hari¢ diger tim gruplardaki sicanlarda azaldig:
(p<0.05) tespit edilmistir.

Kolesterolin  vicuttaki  steroid — yapidaki
hormonlarin ana kaynagint olusturmasi bildirimi
(Noyan 1989) ile B'un etkeklerde plazma testosteron
konsantrasyonlarini artirma egiliminde olan plazma
estradiol duzeylerini artirabilecegi veya ek bir
mekanizma cinsiyet steroidlerinin konsantrasyonunu
degistirerek  dogurganligs  bozabilecegi  yontindeki
bildirim (Bello ve ark. 2018) dikkate alinirsa, bu
calisgmada kullanilan  diizeydeki B'un kan lipid
profilinde bir degisiklige yol ag¢mayacagl, vitamin
D3, testosteron ve 6strojen de dahil olmak {zere
bir¢cok steroid hormonun iretimini etkilemeyecegi
(Bita ve ark. 2022) ileri strilebilir. Bu; cesitli
kolesterol kaynakli hormonal etkiler tzerindeki bazi
etkilesimlerin, B ve Ostrojen kombinasyonunun
kalsiyum, fosfor, magnezyum ve diger minerallerin
emilimini  artirabilmesi  acisindan  minerallerin
diizenlenmesinde de rol oynayabildigi bildirimi (Sheng
ve ark. 2001) agsindan  Snemli  olabilecegi
gorinmektedir.

Hicrelerde antioksidan etkisi iyi bilinen
vitamin C’nin, adrenal steroidogenez (Patak ve ark.
2004) ve katekolamin sentezlenmesi (Patak ve ark.
2004; Harrison ve May 2009) dahil memelilerin
fizyolojik  sistemleri tzerinde etkisinin = oldugu
bilinmektedir. Calismada; vitamin C takviyelerinin
serum trigliserit, kolesterol, HDL ve LDL diizeylerine
etkisinin olmamasi, vitamin C takviyesinin lipit profili
tzerinde anlamli bir etkisinin olmadigi bununla
birlikte, baslangicta dislipidemi veya dustik C vitamini

olan alt popilasyonlarda takviyeyi takiben kan

lipitlerinde  6nemli dustsler oldugu yontundeki
bildirimi (Ashor ve ark. 2016) desteklemektedir.
Diizensiz ve dengesiz beslenmeye bagl dislipidemi
problemlerindeki artisin yol actigt saglik sorunlarindan
dolayt (O'Malley ve atk. 2020), giinlik beslenmeye
takviye yapilabilecek gida takviyeleri icinde B’un da
yer alabilmesi ancak kan lipid parametrelerindeki
degisimlere B takviyesinin etkisinin ortaya konmastyla
mumkindir. Lipit parametrelerinden total kolesterol,
LDL ve HDL dutzeylerindeki degisimlere bakarak,
gida takviyesi ya da ila¢ calismalarinin tamaminda
saglik acisindan risk tahmini yapilabilmekte ve klinik
yararlar degerlendirilebilmektedir (Cortes ve ark.
2014). Calismamn bulgular; B ve vitamin C'nin
calismada kullanilan diizeyleri ve uygulama strelerinde
gerek tek baslarina gerekse birlikte takviyelerinin lipit
parametrelerinden total kolesterol, LDL ve HDL
diizeylerinde herhangi bir degisime yol a¢madigini
gostermektedir. Bu bulgular, her iki katki maddesinin
birlikte takviye olarak kullanilmasinin vicut lipit
metabolizmasina olumsuz bir etkisinin olmadigina ve
dislipedemi problemlerine yol a¢mayacagina isaret
etmektedir.

Plazma stvist ve eritrosit, [6kosit ve trombosit
htcrelerinin olusturdugu kan, viicutta tim doku ve
organlar ile temas halinde olmasindan dolayi, doku ya
da  organlarda  meydana  gelen  degisimleri
yansitmaktadir (Etim ve ark. 2014). Bu nedenle,
hematolojik degetler, insan ve hayvanlardaki besin
eksikligi,  toksisite ~ ve  saghk  durumlarinin
incelenmesinde karstlastirma icin bir standart olarak
hizmet edebilmektedir (Oyawoye ve Ogunkunle.
2004). Kan hiucreleri yasam stireleri kisa olmast
nedeniyle,  hematopoetik  organlarda  strekli
tretilmeleri gerekmektedir (Noyan 1989). Bu nedenle,
takviye ~ gida  olarak  kullanilan ~ maddelerin,
hematopoetik organlarda kan hicrelerinin tretimine

olumsuz etki dogurmamast gerekmektedir. B icin

hematopoez ve bagisiklik sistemi tzerindeki etkilerini
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gOsteren  bazt  deneysel kanitlar  bulunmaktadir
(Newkirk ve ark. 2014; Durmus ve ark. 2018).
Calismada hem vitamin C hem de B uygulamalarinin
eritrosit sayisy, hematokrit deger ve hemoglobin
diizeylerine etkisinin olmadigl, vitamin Cnin B ile
takviyesinin birlikte kullanilmasinin 16kosit sayisini
diglirdigii ve trombosit sayisint ise artirdir gézlendi.
Bu bulgular, B wve vitamin Chnin bitlikte
kullanidmasinin  hematolojik parametrelerin  normal
degerleri arasinda olumsuz bir etkiye sahip
olmadiklarint gostermektedir. Bununla birlikte, kritik
hastalarda takviye olarak kullanilmalarinda 6zellikle
l6kosit sayisini  diisirmesi ve trombosit sayisini
artirmast nedeniyle dikkatli olunmasi gerekebilir.
Calismada, eritrositlerin - boyutlar1  hakkinda bilgi
vererek aneminin ayirict tamusinda yardimet  bir
gosterge olan MCV dizeylerinin, vitamin C ve B’un
tek  baglarina takviyelerine gore birlikte
kullanlmalarina  baglt  olarak azaldigt  bulundu.
Bununla birlikte, ¢alismada tim uygulamalarda MCV
ile elde edilen degerlerin siganlar igin normal kabul
edilen referans degerler (46-65 fl) arasinda yer aldig
gozlendi (Kaya ve Cenesiz 2010).

Degisik  duizeylerde B minerali verilen
sicanlarda B’un uygulama doz miktar1 arttikca, 16kosit
sayisinda azalma oldugu tespit edildi (Durmus ve ark.
2018). Bu azalmanin sicanlarin gelismesinde borik
asidin yan etki gOstermedigi ifade edilen (Farfan-
Garcia ve ark. 2016) diizeyin (17,5 mgkg.-1.gtin.-1)
tzerindeki diizeyde (20 mgkg.-1) ilavede istatistiksel
anlamda 6nemli oldugunun gézlenmesi (Durmus ve
ark. 2018), bu c¢alismada kullanilan B dizeyinin (5
mg.kg.-1 giin) 16kosit sayisint etkileyecek dizeyin (20
mgkg.-1gliin) altinda olmasindan  kaynaklanabilir.
Nitekim si¢anlarda 5-10 mgkg.-1 giin doz dizeyi
(Durmus ve ark. 2018) ile 15 mgkg.-lgin doz
dizeyinde B oral olarak verildiginde 16kosit sayisinin
etkilenmedigi bildirilmektedir (Yildirim ve ark. 2017).
Bununla birlikte, calismada, vitamin C ile bitlikte B

takviyesinin  16kosit  sayisint  distirmis  olmast,

antioksidan 6zellik tastyan iki takviye gida maddesinin
birlikte kullanimasinin savunma hiicreleri tzerine
etkisinin olabilecegini géstermektedir. Bu ¢alismada
elde edilen eritrosit sayisy, hemoglobin miktar,
hematokrit deger ile MCV, MCH, MCHC ve
trombosit sayist; sicanlarda bildirilen normal (sirastyla
5-10x106/mm3, 11-18 g dl.-1, %36-57,46-65 fl, 11,9-
19,0 pg, 25,9-35,1 g. dl.-1 ve 500-1300x103/mm3)
degerlere (Kaya ve Cenesiz, 2010b) yakin ya da

arasinda bulunmustur.

SONUC

Tim dokularla temas halinde olmast ve dokularda
meydana gelen degisimlerin kan degerlerine de
yansimast nedeniyle 6nemli bir biyolojik substrat olan
kandaki hematolojik ve serum lipid parametrelerini
inceledigimiz bu c¢alismada, antioksidan &zelliklere
sahip vitamin C ve B’un birlikte kullanilmalarinin
calismada incelenen parametreler tizerine belirgin bir
etkiye sahip olmadiklari gézlendi. Bununla birlikte,
calismada kullanilan diizeyde vitamin C ve B’un gerek
yalniz gerekse birlikte takviyelerinin, kalp ve damar
hastaliklarinda rolii olan kandaki kolesterol seviyesini
azaltmada etkilerinin olmadigr gorildd. Bu bulgular;
bircok biyokimyasal reaksiyonda koenzim olarak islev
goren ve vicuttaki ana metabolik streglerin fizyolojik
isleyisine yardimct olan vitamin C ile B’un birlikte
kullanilabileceklerini gostermektedir. B takviyelerinin
saglik alaninda gittikce artan kullanimi  dikkate
alindiginda, B’un degisik vitaminlerle birlikte
kullanilmasinin  akademik literatiire kaydettirilmesi
bakimindan bu ¢alismanin bulgulart 6nemlidir. B'un
distik dizeylerinin  bile bazt biyolojik islevlere
miidahale edebilmesi, vitaminlerle birlikte tedavide
kullanilmasindaki secenck bakimimndan
degerlendirilmesinde  hekimlere ve  arastiricilara
onemli bilgiler sunacaktir. Bu nedenle, calismada elde
edilen bulgularin; insan ve hayvanlarda B takviyelerine

baglt sorunlar ve alinmast gereken dnlemler ile insan
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ve hayvan saghigina etkilerini inceleyen calismalara

katki sunacagi kanaatine varidmistir.

Agiklama: Bu c¢alismanin verileri ilk yazarin doktora
tez calismasindan alinmistir

Cikar catismast: Yazarlar bu makalede herhangi bir
cikar catismast olmadigint beyan etmislerdir.

Finansal Destek: Afyon Kocatepe Universitesi
Bilimsel Aragtirma
(20.SAG.BIL.38) tarafindan desteklenmistir.

Etik Izin: Calisma, Hatay Mustafa Kemal

Projelert Komisyonu
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ABSTRACT

Escherichia coli is a gram-negative, facultative anaerobic, motile, non-spore-forming rod-shaped bacterium belonging to the
Enterobacteriaceae family. Pathogenic E. o/ are divided into two groups: extraintestinal and intestinal. Intestinal Escherichia coli
pathotypes: enterotoxigenic E. co/i (ETEC), enteropathogenic E. co/i (EPEC), Vero- or Shiga-toxin-producing E. co/i (VIEC
or STEC), enterohemorrhagic E. co/i (EHEC), enteroaggregative E. co/i (EAEC), enteroinvasive E. co/i (EIEC) and diffusely
adherent E. co/i (DAEC). Extraintestinal pathogenic E. co/: These can be listed as septicemic pathogenic E. co/, uropathogenic
E. colz, avian pathogenic E. coi, breast pathogenic E. co/i and those that cause uterine infections, endometrial pathogenic E. co/i.
Enterotoxigenic Escherichia coli (ETEC) is the most common cause of neonatal diarrhea in calves and is a bacterial disease that
colonizes the small intestine, produces enterotoxin, and occurs among calves during the neonatal period. The aim of this study
is to determine the E.co/i isolates that cause neonatal calf diarrhea in the Aksaray region between January, February and March
2021. To be used in the study, internal organ samples (liver, heart, lung and mesenteric lymph node) of neonatal calves that
died due to diarrhea were taken from 20 different cattle farms in the Aksaray region. One calf that died in each farm was
included in the sampling, and a total of 20 calves were sampled. E.co/i was isolated in 12 (60%) of the internal organ samples
covering these three months. According to the antibiogram results of the samples, 50% of the isolates were converted to
Amoxicillin and Erythromycin, 33.3% to Tetracycline, 58.3% to Trimethoprim-sulfamethoxazole, 66.6% to Streptomycin, 75%
to Flofenicol, Gentamicin and Enrofloxacin, % 83.3 of them were found to be sensitive to Cefloxacin and Cefloxacinium.

Keywords: Antibiogram, diarrhea, E.co/, neonatal calf
$okk

Aksaray li Buzag1 Ishallerinde Escherichia colive Escherichia coli Bakterisinin Son Ug Ayhik
Antibiyogram Sonuglari

(074
Escherichia coli, Enterobacteriaceae ailesinde yer alan gram negatif, fakiltatif anaerob, hareketli, spor olusturmayan ¢omak
seklinde bir bakteridir. Patojenik E. co/i ekstraintestinal ve intestinal olmak tizere iki gruba ayrilir. Intestinal Escherichia coli
patotipleri: enterotoksijenik E. co/i (ETEC), enteropatojenik E. co/i (EPEC), Vero- veya Shiga-toksin treten E. co/f (VIEC veya
STEC), enterohemorajik E. co/i (EHEC), enteroagregatif E. co/i (EAEC), enteroinvaziv E. co/i (EIEC) ve diffuz aderent E. coli
(DAEC)’dir. Ekstraintestinal patojenik E. co/i ise; septisemik patojenik E. co/i, Gropatojenik E. co/, avian patojenik E. coli, meme
patojenik E. co/i ve uterus enfeksiyonlarina neden olanlar, endometriyal patojenik E. co/i olarak siralabilir. Enterotoksijenik
Escherichia coli (ETEC), buzagilarda neonatal ishalin en yaygin nedenidir ve ince bagirsakta kolonize olan, enterotoksin treten,
neonatal dénemde buzagilar arasinda ortaya ¢ikan bakteriyel bir hastaliktir. Bu ¢alismanin amaci 2021 yiinin ocak, subat ve
mart aylari arasinda, Aksaray bolgesinde bulunan neonatal buzagi ishaline sebep olan E.co/i izolatlarint belitlemektir. Caligmada
kullanilmak tizere, Aksaray bolgesindeki 20 farkli sigir isletmesinde ishal kaynakli 6len neonatal dénemdeki buzagilarin i¢ organ
ornekleri (karaciger, kalp, akciger ve mezenterik lenf digimu) alinmistir. Herbir isletmede 6len bir buzagi 6rneklemeye dahil
edilerek, toplam 20 adet buzagidan 6rnek alinmustir. Bu U¢ ayt kapsayan i¢c organ Orneklerinin 12'sinde (%60) E.co/i izole
edilmistir. Orneklerin antibiyogram sonuglarina gére izolatlarin %50'sinin  Amoksisilin ve Eritromisine, %33,3"iniin
Tetrasikline, %58,3"in Trimetoprim-stlfametoksazole, %066,6'sinin Streptomisine, %75'Inin Flofenikol, Gentamisin ve
Enrofloksasine, %83,3"initin Sefloksasin ve Sefloksasinyuma duyarlt oldugu tespit edildi.
Anahtar Kelimeler: Antibiyogram, E.co/, ishal, neonatal buzagi
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INTRODUCTION

Escherichia coli is a gram-negative, facultative anaerobic,
motile, non-spore-forming rod-shaped bacterium
belonging to the Enterobacteriaceae family (Ewers et
al., 2004). Pathogenic E. w/ are divided into two
groups, extraintestinal and intestinal, according to the
type of disease they cause and their virulence
properties (Omerovic et al. 2017).

Basic features of intestinal Escherichia coli pathotypes:
E. coli strains that cause intestinal infections are
generally called 'Diartheal E. /i (DEC)', meaning
diarrhea. Intestinal pathotypes: enterotoxigenic E. co/i
(ETEC), enteropathogenic E. c/i (EPEC), Vero- or
Shiga-toxin-producing E. w/ (VIEC or STEC),
enterohemorrhagic E. cw/i (EHEC), enteroaggregative
E. wli (EAEC), enteroinvasive E. /i (EIEC) and
diffusely adherent E. ¢/ (DAEC). Extraintestinal
pathogenic E. co/i: These can be listed as septicemic
pathogenic E. /i, uropathogenic FE. col, avian
pathogenic E. co/i, breast pathogenic E. /i and those
that cause uterine infections, endometrial pathogenic
E. coli (Cartlon et al. 2010).

Calf diarrhea, one of the most critical problems in calf
breeding worldwide and in our country, causes
economic losses. Although the future of dairy farms
depends on many situations, it depends on the calves
and heifers taking their place on the farm and their
participation in productivity. Globally, calf deaths
caused by enterotoxigenic E.co/i (ETEC) appear to be
among the primary causes of death in farms' free calves
(El-Seedy et al. 2010). Statistically, this means that an
average of 4 calves live healthy on the farm per year.
In other words, it is very important to take the
necessaty precautions to renew 1/4 of the herd every
year (Bhat et al. 2012). Because of that, calf loss is a
severe economic loss. Calf loss in the world means
productivity and economic loss. Calf diarrhea is a cause
of high morbidity and mortality worldwide (Wudu
2008). It has been reported that 75% of calf losses
before the weaning period are due to diarrhea (Uhde
et al. 2008; Bartels et al. 2010).

In the etiology of diarrhea in calves; Bacterial agents
such as Escherichia colz, Salmonella spp., Clostridinm
perfringens, Campylobacter jejuni, Chlamydia spp., viral
agents such as Rotavirus (gromp A), Coronavirus,
Adenovirus, Parvovirus, Astrovirus, Calicivirus, Bovine 1V iral
Diarrhea (B1'D), and parasitic agents such as Coccidia,
Cryptosporidium, Giardia, Neoascaris vitulorum are present
(Snodgrass et al. 1986). Hygiene, intensive housing of
calves, colostrum management, attention to litter
systems may be significant in preventing multiple
infectious agents (Larson and Tyler 2005). Studies
show that an agent that initiates infection makes the
animal vulnerable to the effects of other pathogens.
According to many studies, the most common cause
of calf diarrhea is shown as Rotavirus, but it is reported
that it is seen at a higher rate, especially in dairy farms
and calves suckling from the mother. The second
common factor is Cryptosporidium, but it is more

common in fattening enterprises than dairy
enterprises, and Coronavirus is reported to be the third
common cause. It is stated that the factors that cause
calf diarrhea can be determined quickly and minimized
with effective treatment (Snodgrass et al. 19806).
Calves with diarrhea are sick at 0-4 weeks of age,
especially at 0-2 weeks; It is reported that 80% of them
have an infectious cause, 50% of the positive ones have
more than one factor, and 31% of them have two
factors (Cho et al. 2014). The defense mechanisms of
newborn calves against pathogenic factors are not
developed. Since there is no antibody transmission
from mother to fetus due to the presence of
syndesmochorial placenta structure in cattle and the
antibodies are too large, calves are born
agammaglobulinemic when they are born, and they are
not protected against pathogenic factors until they
receive a sufficient amount of colostrum (Aldridge et
al. 1992; Reber et al. 2006). Immunity generated by the
ingestion of colostrum by calves is known as passive
immunity. Passive immunity ends with the destruction
of maternal antibodies, which lasts for 3-4 weeks (Neto
et al. 2004).

E. coli is the most important bacterial cause of diarrhea
in calves. The environmental conditions of the calf, the
type of the causative agent, and the immune status of
the calf play an essential role in the formation of
infection. In etiology, mainly septicemic and
enterotoxigenic (ETEC) (F4, I5 (= K99), F6, F41
antigens) O8, 09, 078, 045, O117, and O35
serotypes and lesser enterohemorrhagic (O157:H7)
and necrotoxigenic E. co/i are effective. Insufficient,
poor quality or no colostrum in the first hours of birth,
poor maternal care in the dry period and late separation
of them, lack of vitamin A, not paying attention to the
cleanliness of the shelters, feeding with milk with
mastitis, not paying attention to udder hygiene are the
preparatory factors. It is one of the most important
diseases of calves worldwide (Radostits et al. 2007).
Neonatal calves are susceptible to E. w/h (K99)
infection in the first four days after birth, and watery
diarrhea may occur when infected (Foster and Smith
2009).

The outer part of the small intestine, which has a low
pH, provides the necessary environment for ETEC
invasion. In addition, loss of infected cells, villous
atrophy, and damage to the lamina propria are
observed in the small intestine. The bacteria reveals
the K99* antigen for attachment (Francis 1989; Figure
1). In a study, 37 E. cw/i isolated from calves with
diarthea K99 (18.9%), F41 (18.9%), heat-stable
enterotoxin a  (STA) (18.9%), Shiga toxin 1
(Stx1;13.5%), Shiga toxin 2 (Stx2;5.4%) and intimin
(8.1%) genes have been reported to be detected by
multiplex PCR (Ok et al. 2009). Although it is generally
seen up to two weeks of age, it is more effective in
calves less than five days old, and infected animals are
also a source of infection. Morbidity varies between
30-70%, mortality is between 50-60% in the first three
days of calves, and this rate decreases to 5-10% in 8-
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day-old calves. The incubation period is 1-3 days
(Radostits et al. 2007).

Enterotoxin production is one of the essential factors
that determine pathogenicity in E. o/ strains. ETECs
produce mainly two types of enterotoxins:
thermolabile toxin (LT), which becomes inactive at
600C for 30 minutes, and thermostable toxin (ST),
which can withstand 1000C for 15 minutes.
Enterotoxin type differs according to animal species.
While more LT is synthesized in strains that spread in
calves and cattle, ST synthesis varies according to
species (Debroy and Maddox 2001; Hossain et al.
2007; Rigobelo et al. 2006). Enteropathogenic (EPEC)
E. cli is reported to cause diarrhea due to the
destruction of microvilli and the release of verotoxin
after it invades the small and large intestines
(Pospischil 1989). When calves are born in heavily
contaminated environmental conditions, virulent
pathogens may settle in the distal part of the intestines
and cause disease before normal adult intestinal flora
is formed (Fecteau et al. 2009). Although bacteria
survive and are ingested in the small intestines, they
must interact with the fimbriae on the microvilli of the
small intestine through fimbrial antigens, defined as "K
antigens", in order to become biologically active. K-
antigens in the capsule of gram (-) bacteria are
characterized by the presence of LPS with O antigens
on the cell wall, and they do this with their flagella with
H antigens (Foster and Smith 2009; Hunt 2010).

The presence of uncontrollable inflimmation in
infected extravascular tissues plays a role in the
pathogenesis of sepsis and septic shock (Buttenschoen
etal. 2010). Dehydration with electrolyte loss due to E.
coli, sepsis due to elevated LPS, and related changes are
observed in calf diarrhea (Bicknell and Noon 1993;
Roberts et al. 2011).

Septicemia or coli-septicemia in newborn
(neonatal) calves progresses rapidly in the first 2-6 days
of their lives and often results in death (Fecteau et al.
2009). Diarrhea of newborn calves due to E. w/i is a
disease characterized by diarrhea that is usually
mucous, watery, yellow, grayish or green, sometimes
bloody, and, if left untreated, progressive dehydration,
resulting in increased electrolyte loss and death
(Bicknell and Noon 1993; Figure 2). In the very early
stages of the disease, clinical symptoms are not evident
and exhibit similar symptoms to other disease
symptoms (Fecteau et al. 2009). Hyperdynamic and
hypodynamic phase changes are observed depending
on the increase in LPS. The absence of the sucking
reflex is a mental state picture that mainly occurs
between moderate depression and coma, and it is also
reported as non-specific clinical findings (Roberts et al.
2011).

In cases of diarrhea, significant fluid-electrolyte losses
occur in animals. As a result of diarrhea, a significant
amount of Na+, K+, Cl- and HCO3- is lost in the
feces. While this causes a decrease in blood pH, plasma
HCO3-value, Na and Cl concentrations in calves, it
causes an increase in the base deficit and plasma K

concentration. In calves with diarrhea, blood volume
decreases due to excessive extracellular fluid loss, it
affects the urinary excretion of K, and the excretion of
H ions decreases due to disruptions in renal functions
and acid-base balance. In addition, metabolic acidosis
occurs due to the rapid increase in H+ ions in the
blood. In calf diarrhea, H+ ions, which increase
excessively in the plasma, pass into the intracellular
fluid, causing K+ ions, 98% of which ate in the cell, to
pass into the extracellular fluid. As a result,
hyperkalemia occurs (Ozkan 2017).

Depending on the systemic inflaimmatory response
syndrome (SIRS) that occurs with sepsis, one or
multiple organ failures and changes in clinical and
laboratory findings due to this occur (Nguyen et al.
2007).  Diarrhea, mental changes, stagnation,
hyperemia of mucous membranes, low blood pressure,
increase in heart rate, coldness in extremities, loss of
appetite, hypovolemia, decrease in urine output, high
fever (sometimes low fever), increase in respiratory
rate (Jacobi 2002; Cunnington and Nadel 2008;
Fecteau et al. 2009), abnormal changes in coagulation,
leukocytosis/leukopenia, thrombocytopenia, elevated
(sometimes  decreased)  blood  sugar  and
hyperlactatemia Nguyen et al. (2007), disseminated
intravascular coagulation (YDP) and multi-organ
failure (CSF) Zeerleder et al. (2005) symptoms are
observed.

Shock consists of 4 different mechanisms that cause
clinical manifestations of acute circulatory failure (Weil
and Henning 1979). Decreases in venous recycling
(internal or external fluid losses) resulting from
decreased circulating volume is the first mechanism.
The second is severe arrhythmias (such as ventricular
tachycardia or severe AV blocks) or decreased heart
contraction  (infarction,  ischemia,  myopathy,
myocarditis). The third mechanism is obstruction due
to pneumothorax, pulmonary embolism, or cardiac
tamponade. Finally, the fourth reason is unstable tissue
perfusion due to loss of vascular rhythm (as a result of
anaphylaxis, sepsis, or spinal injury) (Vincent and de
Backer 2013).

Several mechanisms have been proposed for the
development of multi-organ failure. These are: tissue
or cell hypoxia, stimulation of tissue apoptosis,
translocation of microorganisms ot their compounds
from the gastrointestinal tract, immune system
disorders and mitochondrial dysfunction (Osterbur et
al. 2014). Presumably, MODS develops due to
decreased oxygen availability and use, changes in
cellular metabolism, and cardiovascular dysfunction
leading to tissue hypoxia. Tissue hypoxia occurs due to
metabolic acidosis and decreased oxygen ratio (Evans
and Smithies 1999). Pulmonary dysfunction is a picture
of persistent hypoxemia due to increased permeability
of pulmonary vessels, pulmonary epithelial damage,
development of micro-thrombosis, pulmonary edema,
and a decrease in surfactant production (Ware and
Matthay 2000). In addition, the development of
oliguria and azotemia shapes renal dysfunction. Acute
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renal failure develops due to deterioration of renal
blood flow resulting from microvascular alternation
with the development of hypotension (Evans and
Smithies 1999). Gastrointestinal dysfunction primarily
presents with ileus, but the loss of the normal barrier
function of the gastrointestinal mucosa may also occur.
In addition, losses in the mucosal barrier together with
bacterial translocation or absorption of endotoxin
contribute to the pathogenesis of MODS (Rombeau
and Takala 1997).

Commonly occurring central nervous —system
dysfunction may be characterized by depression.
However, due to severe damage to neurons, septic

Healthy
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encephalopathy may also occur (Papadopoulos et al.
2000).

Since there are many serotypes of E. e/ infection, the
agent's identification is important in selecting the
vaccine to protect from the disease. In cases of calf
diarrhea, the Latex Agglutination Test is frequently
used to identify E. coli K99* (Cho et al. 2010). PCR
testing helps identify complex to isolate viruses in cell
cultures or bacteria that take a long time to grow. In
addition to the above-mentioned diagnostic methods,
the diagnosis of enteropathogens can also be made
with immunochromatographic test kits (Citil et al.
2004).

Diarrhea

Figure 1: Diagram of distribution and concentration of E.co/i bacteria in the healthy intestinal tract and diarrheal intestinal tract of a calf. It
shows that the number of E.co/i in the large intestine of diarrhea and healthy calves are similar, but it increases the number of E.co/ in the small
intestines of diarrheal calves, especially in the distal jejunum and ileum (Constable, P.D. 2009).

Sekil 1: Saglikh ve ishalli buzagilarin bagirsak sisteminde E.coli bakterisinin dagihmi ve konsantrasyonunun diyagrami. Ishalli ve saglkl
buzagilarin kalin bagirsaginda E.co/i sayisinin benzer oldugunu ancak ishalli buzagilarin ince bagirsaklarinda, 6zellikle distal jejunum ve ileumda

E.coli sayisini arttirdigini gostermektedir (Constable, P.D. 2009).
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Figure 2: Changes in the percentage of dehydration, taking into account the clinical symptoms and health of calves (Wattiaux 2005).
Sekil 2: Buzagilarin klinik semptomlart dikkate alinarak dehidrasyon ylizdesindeki degisiklikler gosterilmistir (Wattiaux 2005).
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MATERIALS and METHODS

This study is not subject to the permission of
HADYEK in accordance with the “Regulation on
Working Procedures and Principles of Animal
Experiments Ethics Committees” 8 (k).

Samples

To be used in the study, internal organ samples (liver,
heart, lung and mesenteric lymph node) were taken
from neonatal calves that died due to diarrhea in 20
different cattle enterprises in the Aksaray region
between January, February and March 2021. One calf
that died in each farm was included in the sampling,
and samples were taken from a total of 20 calves.
Before death, the animals were found to show
different symptoms of E. cw/i infections. Dominant
clinical findings; septicemia, enteritis, dehydration,
weakness, acidosis. All samples were transferred to the
laboratory in an icebox with minimal delay for
bacteriological examination to detect E.co/ isolates.

Cultivation

Samples collected for the isolation of the E.cofk
pathogen were inoculated into 5% sheep blood agar
(Oxoid) and MacConkey Agar (Oxoid) and incubated
at 37°C for 18-24 hours. Lactose fermenter (pink)
colonies were streaked on eosin methylene blue agar

and confirmed as E. coli using standard biochemical
tests according to Collee et al. (1996).

Antibacterial Susceptibility Test

The standard disc diffusion method determined the
antibiotic susceptibility of isolated strains (CLSI 2012).
Isolates incubated in tryptic soy broth (TSB, Oxoid) at
37°C for 18-24 hours were seeded on Mueller-Hinton
Agar (Oxoid), and antibacterial susceptibility test discs
were placed 3 cm apart and incubated at 37°C for 24
hours. For this purpose, Amoxicillin (25 png),
Enrofloxacin (5 ng), Trimethoprim-sulfamethoxazole
(1.5 pg-23.5 pg), Gentamicin (10 ng), Tetracycline (30
ug), Streptomycin (10 pg), Erythromycin (15 pg),
Florfenicol (30 pg), Ciprofloxacin (5 pg) and
Cefquinome (30 ng) antibiotic discs (Oxoid) were
used.

RESULTS

E. coli was isolated from 12 (60%) of a total of 20
internal organ samples. As a result of the antibacterial
susceptibility test, 50% of the isolates were Amoxicillin
and Erythromycin, 33.3% Tetracycline, 58.3%
Trimethoprim-sulfamethoxazole, 66.6%
Streptomycin, 75% Florfenicol, Gentamicin and
Enrofloxacin, and 83.3% were found to be sensitive to
Cefquinome and Ciprofloxacin (Figure 3).

Antibiotic S I R
Amoxicillin (25 pg) 6 2 4
Enrofloxacin (5 ug) 9 1 2
Trimethoprim- sulfamethoxazole (25 ug) 7 2 3
Gentamicin (10 pg) 9 1 2
Tetracycline (30 pg) - -+ e
Streptomycin (10 pg) 8 2 2
Erythromycin (15 pg) 6 3 3
Florfenicol (30 pg) 9 2 1
Ciprofloxacin (5 pg) 10 1 1
Cefquinome (30 pg) 10 1 1

S: sensitive; I: moderately sensitive; R: resistant

Figure 3: Antibacterial resistance in all E. co/ strains isolated from calves

Sekil 3: Buzagilardan izole edilen tiim E. coli suslarindaki antibakteriyel direng
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DISCUSSION

Neonatal calf diarrhea remains one of the most
important problems facing livestock farming, causing
major economic losses (Garcia et al. 2000). Calf
diarrhea; It still causes significant economic losses in
our country due to reasons such as growth retardation,
deaths and treatment costs. Today, it continues to be a
cause of high morbidity and mortality globally (Wudu
et al. 2008; El-Seedy et al. 2016). Calf diarrhea is
difficult to control effectively. Because the prevention
and control of calf diarthea depends on multiple
factors such as the environment, pathogenic
microorganisms and the disease-causing power of the
factors, nutrition and passive transfer (Waltner-Toews
et al. 1986; Baliket 2012; Cho and Yoon 2014).
Identification of the likely causative pathogen in
diarrheal outbreaks is important to enable targeted
preventive measures such as vaccination and the
identification of possible risk factors or sources of
infection (Izzo et al. 2011). It has been reported that
75% of calf losses before weaning and 26% in the
neonatal period are due to diarrhea (Uhde et al. 2008;
Bartels et al. 2010; Cho and Yoon 2014). E. co/i are the
most common pathogens screened in calves under 2
months of age (Achd et al. 2004). Their prevalence
varies depending on the geographical location of
farms, farm management practices, and herd size (Cho
and Yoon 2014).

In this study, internal organ samples taken from calves
that died due to diarrhea during the neonatal period in
20 different farms were used. E. co/i was isolated from
12 (60%) of a total of 20 internal organ samples. In
internal organ samples of other calves, bacterial
infections such as Clostridium and Campylobacter species
(Myers et al. 1984), which require specific or enriched
culture media, can be attributed to fatal diarrhea caused
by bacterial infections that cannot develop in culture
media (Cho et al., 2010). At the same time, since the
washout period of antibiotics used for treatment in
calves with diarrhea was not taken into account,
residues of antibiotics were associated with false
negative results in microbiological cultures.

The prevalence of the E. e/ isolate in our current
study was similar to that reported by Awad et al. (1979)
80% and Haggag and Khaliel (2002) 82% show
compatibility with their studies; The prevalence rates
obtained in other studies are respectively compared to
Azzam et al. (2006) 5%, El-Shehedi et al. (2013)
35.83%, Osman et al. (2013) 63.6% and Hassan (2014)
50%, which were found to be lower compared to our
study. These differences in prevalence rates of E. co/iin
calves with diarrhea may be attributable to geographic
locations and management practices, with ETEC
infection occurring primarily through ingestion of
contaminated food or water, ETEC infection being
among the primary pathogens in the neonatal period,
hygienic measures, as well as hygienic measures (Cho
and Yoon 2014).Despite the increasing availability of

vaccines against other E.co/-associated pathogens and
the continued emphasis on optimizing colostral
transfer of passive immunity, improved treatment
protocols for calf diarrhea are required.

The main factor in the treatment of calves with
diarrthea during the neonatal period is the
administration of intravenous fluids and oral
electrolyte solutions. In addition, the effectiveness of
antimicrobial drugs in the treatment of calf diarrhea is
controversial. Calves with diarrhea are more likely to
fail or partially fail the passive transfer pass. Therefore,
it should not be forgotten that diatrhea is more likely
to be bacteremic and antimicrobial agents may be
indicated for treatment. The active ingredients of
antibiotics used in treatment should be made more
specific through laboratory diagnosis and antibiogram
tests (Berge et al. 2005).

According to the results of antibiogram tests
performed against different E.co/i serogroups and
untyped groups, it was determined that E.co/7 showed
different degrees of sensitivity to antibiotics. While
mostly E.co/i isolates show high resistance to the
majority of antimicrobials, only; showed high
sensitivity to marbofloxacin, spectinomycin and
neomycin. The reason for this is that most of the
animals are probably unconsciously treated with
antimicrobial drugs, resulting in the development of
high resistance (Berge et al. 2005; Duse et al. 2015).
In our study, an antibiogram test was performed to
determine whether the antibiotics used against the
E.coli agent in the Aksaray region were sensitive. It
determined the antibiotic susceptibility of strains
isolated by the standard disc diffusion method (CLSI
2012). The isolates, which were incubated in tryptic soy
medium (TSB, Oxoid) at 37°C for 18-24 hours, were
planted on Mueller-Hinton Agar (Oxoid) and
antibacterial susceptibility test discs were placed at 3
cm intervals and incubated at 37°C for 24 hours.
According to the antibiogram results of the samples,
50% of E.coli isolates were treated with Amoxicillin
and Erythromycin; 33.3% Tetracycline; 58.3% to
Trimethoprim-sulfamethoxazole; 66.6% to
Streptomycin; 75% to Flofenicol, Gentamicin and
Enrofloxacin; 83.3% of them were determined to be
sensitive to Cefloxacin and Cefloxacinium.

CONCLUSION

Every year in the Aksaray region, many calves die
during the neonatal period due to E. co/7 and calf losses
cause serious damage to the country's economy. In
addition, antibiotics that atre still used unconsciously
today and their treatment costs continue to cause
problems that cannot be ignored. Determining the
enteropathogen that causes calf diarrhea and choosing
the right antibiotic in treatments through antibiogram
testing against this pathogenic agent have an important
place in treatments. In this way, it is believed that
preventing antibiotic resistance, avoiding unnecessary
antibiotic use and reducing mortality rates with correct
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treatment will also contribute to the country's
economy. 20 calves were used in our study, and studies
with more animals are needed to evaluate the
prevalence rates of E.c/iisolates in the Aksaray region
and to determine the resistance and sensitivity to
commonly used antibiotics.
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CASE REPORT

A case of surgical treatment of Type 2 Atresia Ani and Rectovaginal Fistula in a
Kitten

Melek Ece ARINIR", Emine Esma CERKEZ?, Zihni MUTLU®

""?“Department of Veterinary Surgery, Faculty of Veterinary Medicine, Istanbul University-Cerrahpasa,
Istanbul, Ttrkiye

ABSTRACT

Congenital type 2 atresia ani, accompanied by a rectovaginal fistula, is a rare condition in cats that forms an
abnormal connection between the rectum and vagina. This case presentation involves a 4-week-old female British
Shorthair kitten brought to Istanbul University Cerrahpasa Faculty of Veterinary Medicine Hospital Surgical
Clinics with complaints of congenital type 2 atresia ani and the accompanying rectovaginal fistula. The owners of
the kitten sought veterinary care due to difficulties with defecation since birth. Upon clinical examination, the
absence of an anal opening and contamination of the vulvar cavity with feces were observed. Contrast X-ray
confirming that the anus was closed and surgery was decided. During the surgery, anal sphincters were preserved,
and a "+" shaped incision was made in the anus to reach the rectum. The rectum was separated from the vaginal
connection, and the fistula was closed. The kitten recovered smoothly and, during a one-year follow-up, was able
to defecate normally by going to the litter box on its own. This case presentation highlights the importance of
surgical interventions in the diagnosis and treatment of atresia ani and rectovaginal fistula.

Keywords: Atresia ani, Congenital anomaly, Kitten, Pseudohermaphroditism, Rectovaginal fistula

kkk
Bir Yavru Kedide Tip 2 Atresia Ani ve Rectovajinal Fistiiliin Cerrahi Tedavisi Olgusu
oz

Rektovajinal fistiiliin eslik ettigi konjenital tip 2 atresia ani, kedilerde rektum ve vajina arasinda anormal bir
baglantt olusturan nadir bir durumdur. Bu olgu sunumunda konjenital tip 2 atresia ani ve eslik eden rektovajinal
fistiil sikayeti ile Istanbul Universitesi Cerrahpasa Veteriner Fakiiltesi Hastanesi Cerrahi Klinikleri'ne getirilen 4
haftalik disi British Shorthair yavru kedi olgusunu icermektedir. Yavru kedinin sahipleri, dogumdan itibaren
diskilama giicligh nedeniyle klinigimize bagvurdu. Klinik muayenede anal acikligin olmadigt ve vulvar kavitenin
diskr ile kontamine oldugu gérildi. Aniisin kapalt oldugunu teyit eden kontrastlt grafi cekildi ve ameliyat karari
verildi. Ameliyat sirasinda anal sfinkterler korundu ve rektuma ulagmak icin aniiste "+" seklinde bir kesi yapildu.
Rektum vajinal baglantidan ayrild: ve fistil kapatildi. Yavru kedi sorunsuz bir sekilde iyilesti ve bir yillik takipte
kendi bagina kum kabina giderek normal bir sekilde diskidadigi gorildi. Bu olgu sunumu, atresia ani ve
rektovajinal fistilin tant ve tedavisinde cerrahi girisimlerin dnemini vurgulamaktadir.
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INTRODUCTION

Congenital anorectal malformations are infrequent in
young dogs and cats. The most prevalent type is
anorectal atresia, which may also be linked to
rectovaginal ~ or  rectourethral  fistula.  These
malformations  arise  during the embryonic
development of the cloacal region (Kurt et al., 2022;
Pourrseza et al., 2023). Four types of anorectal atresia
have been documented. Type 1 is characterized by
congenital anal stenosis and represents the mildest
form. Type 2 is referred to as imperforate anus,
where the rectum may form a blind pouch and the
anus remains undeveloped. In Type 3, the proximal
rectum culminates in a cranial blind pouch, and the
anus is undeveloped. Type 4 involves the proximal
rectum terminating in a cranial blind pouch, but the
anus forms normally (Aslan et al., 2009; Tomsa et al.,
2011). Occasionally, rectovaginal fistula can develop
in dogs and, rarely, in cats with Type 2 anorectal
atresia, as well as in cats with Type 3 anorectal atresia
(Jardel et al.,, 2013; Choi et al., 2022; Pourrseza et al.,
2023).

Symptoms observed in cases of anorectal atresia vary
depending on its severity and may include abdominal
pain, abdominal distension, tenesmus, reduced
defecation, cystitis, and growth retardation (Tomsa et
al., 2011). Additionally, in females with concurrent
rectovaginal fistula, feces might be expelled through
the vulva (Ellison et al., 2012). In the early stages, the
condition may go unnoticed due to the mother cat's
regular cleaning of the kitten's perineum (Kurt and
Turan, 2021). However, the transition from a liquid
diet provided by the mothet's milk to a solid diet after
weaning can exacerbate clinical symptoms. While
liquid diets facilitate the passage of stools, a switch to
solid food may lead to constipation and tenesmus
(Rahal et al., 2007). Consequently, anorectal atresia
often remains undetected until tenesmus and
abdominal distension become prominent or until the
patient is weaned off milk (Ellison et al., 2012).
According to veterinary literature, female animals are
the most commonly affected by anorectal atresia
(Ellison et al, 2012). Anesthesia and surgery can
become more challenging depending on the overall
condition, age, and size of the patient. Due to the low
incidence of anorectal atresia in cats, there are only a
few reported cases in the literature. Some affected
cats are euthanized eatly based on the belief that
surgical correction would not yield significant benefits
(Choi et al.,, 2022). Consequently, the true prevalence
remains unknown, as euthanasia is often performed
on many animals (Mahler and Williams, 2005). The
primary goals of surgery are to restore anorectal
continuity, preserve the external anal sphincter,
restore normal colon function, and eliminate the
rectum-vagina connection (Pourrseza et al., 2023).
However, further publications are needed to assist in
surgical planning, provide recommendations, and
predict the disease prognosis (Ellison et al., 2012;

Choi et al,, 2022). Vaginography and fistulography
examinations can aid in a detailed diagnosis by
administering contrast material through the vagina or
fistula pathway (Choi et al., 2022)

The perineal approach is utilized for the surgical
correction of type 1, type 2, and type 3 anorectal
atresia. Surgical intervention should be performed
before the development of conditions such as
megacolon, urinary tract infections, and chronic
abdominal distension (tension, swelling). Despite the
possibility of surgical treatment for anorectal atresia,
the prognosis is generally unfavorable due to the
young age, small size, and typically poor body
condition of affected animals, leading to a higher
mortality rate (Kim et al., 2013).

CASE REPORT

An informative note was provided regarding a 4-
week-old, 500-gram female Scottish Fold kitten case
brought to Istanbul University-Cerrahpasa Hospital
Clinic. In the medical history, it was mentioned that
the kitten is smaller compared to its siblings, the anus
is contaminated with feces, and there is abdominal
swelling. During the clinical examination, it was
observed that the anus is completely closed (Figure
1), and the feces are coming from the vagina.
Additionally, a pseudoscrotum-like structure was
detected around the vulva. The patient's anal reflex
was found to be normal.

Figure 1: The image shows a penis and scrotum-like
structure under the vulva.
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When iohexol (Omnipaque, Nycomed Ireland Ltd,
Cork, Ireland), a contrast agent for radiographic
examination, was administered through the rectum
with an injector, it was observed that the contrast
agent progressed through the rectum (Figure 2.). The
patient was diagnosed with type 2 anorectal atresia
and rectovaginal fistula. Accordingly, blood analysis
was conducted, and an operation plan was made.

Figure 2: X-ray image after contrast agent
administration.

The patient was induced under anesthesia with 6-8
mg/kg propofol (Propofol-PF 1%, Polifarma,
Istanbul, Turkey). Intubation was performed using a
size 2 cuffed endotracheal tube. Subsequently,
anesthesia was maintained with 100% oxygen and
isoflurane (Forane, Abbott, Latina, Italy). The patient
received an intravenous dose of 30 mg/kg ceftriaxone
(Novosef, Sanofi, Istanbul, Turkey) and a
subcutaneous dose of 0.2 mg/kg meloxicam (Melox,
Nobel Limited, Istanbul, Turkey). During the
operation, a continuous intravenous infusion of 10

ml/kg/h of 0.9% NaCl solution (Poliflex Polifarma,
Istanbul, Turkey) was administered.

The patient was placed in a sternal position on the
surgical table. A support was placed underneath to
slightly elevate the anus. The patient's urinary tract
was catheterised. After ensuring asepsis and antisepsis
of the surgical site, a plus-shaped incision was made
around the anus to reach the rectum. During the
dissection, extra care was taken to preserve the
external anal sphincter and the anal sacs. The rectum
and rectovaginal fistula were identified. The
connection between the rectum and vagina was
separated, and a 4/0 polydioxanone suture(Neoxone,
Setpa, Izmir, Turkey) was used to suture the upper
wall of the vagina. The rectum was pulled outward
and detached from its connection with the vagina.
The fistula was sutured separately with simple
interrupted stitches. Subsequently, the rectum was
approximated to the anal region using a 4/0
polypropylene suture (Neoplene, Setpa, Izmir,

Turkey) (Figure 3.)

After surgery, the patient was recommended a soft
diet and advised to avoid milk. Oral amoxicillin
(Amoklavin, Deva, Istanbul, Turkey), was prescribed
at a dose of 12.5 mg/kg for one week. Daily cleaning
with hypochlorous acid (Crystalin, NHP, Izmir,
Turkey) was recommended. Regular communication
was established to obtain updates on the patient's
bowel movements and to gather consistent
information.

At the patient's follow-up visit after 4 days, it was
learned from the provided history that the patient had
experienced fecal incontinence. Subsequent follow-up
was conducted over the phone, and it was revealed
that after 1 month, the patient was able to control
their bowel movements and used her litter box for
defecation (Figure 4.)

Figure 3: Urinary catheter is shown with arrow. The i 1mage includes step-by-step surgery images.

616



-
Figure 4: Self-defecation of the patient in the litter box one month after the operation.

DISCUSSION

Atresia ani is a result of a defect that occurs during
the embryonic differentiation of the cloaca and has
been reported to be present in all domestic animals
(Adewunmi et al, 2007). The rectovaginal fistula
serves as a common opening for both the urogenital
system and the gastrointestinal tract (Rahal et al.,
2007). With the exception of type 1 anorectal atresia,
surgery remains the sole treatment option for this
condition. However, surgical intervention can be
challenging due to the young age and generally poor
physical condition of the patients, leading to potential
functional complications (Mahler and Williams,
2005). Anatomic typing should be performed to
customize the treatment approach for each case
(Pourrseza et al., 2023). It has been reported that
untreated cases of type 2 anorectal atresia with
rectovaginal  fistula may lead to secondary
complications such as megacolon, upper urinary tract
infections, and kidney damage. Therefore, surgical
treatment is necessary to correct this congenital
anomaly (Jardel et al., 2013).

Postoperative  complications  following  surgical
correction, regardless of the anatomical type, may
involve fecal incontinence due to the congenital
absence of the anal sphincter or damage to its
innervation during dissection (Pourrseza et al., 2023).
Additionally, excessive tissue damage during surgery
can result in the formation of scar tissue and
narrowing of the passage (Choi et al, 2022).
Furthermore, wound dehiscence and infection are

potential complications that can be observed after the
operation (Jardel et al, 2013). In our case, wound
dehiscence was observed one week after the surgery,
and successful healing was achieved with area
cleaning and routine wound treatment.

In the treatment of rectovaginal fistula and anorectal
atresia, two commonly used surgical techniques atre
reported in the literature. In one approach, the fistula
is isolated, transected, and the trectal and wvulvar
defects are closed separately, followed by anal
reconstruction. The other technique involves excising
the affected segment by cutting from the cranial end
of the fistulous opening, and then suturing the distal
part of the rectum to the anus (Rahal et al., 2007).
Experimental treatments for induced rectovaginal
fistula have involved closure along its length with
multiple purse-string sutures and the use of adhesive
material (Rahal et al., 2007). Additionally, Jardel et al.
conducted a study where they reported that the use of
fistula flap in the surgical treatment of rectovaginal a
fistula was curative.

Beneficially, patients with congenital anomalies such
as anorectal atresia should be thoroughly investigated
for any associated abnormalities. The literature
reports cases where hydrocephalus, sacrococcygeal
dysgenesis, and tail agenesis have been observed
concurrently with anorectal atresia (Sedigh et al,
2010; Jardel et al., 2013). In our case, we observed the
presence of a scrotal-like structure in the perineal
region. It was learned that the patient was able to go
to the sand and defecate on her own and did not
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experience any difficulties in her one-year follow-up
by phone after the operation.

Hermafroditism is a condition where individuals
possess both female and male reproductive organs,
and concurrently, structures characteristic of both
genders are found in the genital tracts and external
genital organs. Pseudohermaphroditism, also known
as false hermafroditism, describes situations where
the phenotypic gender characteristics do not align
with the actual reproductive organs an individual
possesses (Baki Acar, 2016). In our case presentation,
the cat exhibited a structure resembling a clitoris and
a vagina, yet two structures akin to testes were also
observed. Due to the cat's age at the time of surgery
and the limited information obtained during the
recovery process, a definitive diagnosis could not be
made, leading to the assumption that the case might
be an instance of pseudohermaphroditism. Following
a recent phone conversation, based on limited
photographs and information provided, it was
determined that the cat currently has two testicular
sacs; one containing a testis while the other is empty
(Figure 5). In line with recommendations from a
previously published similar study, a histopathological
examination of the gonads and an analysis of the
chromosomal structure were suggested (Vallefuoco et
al., 2013). However, the financial constraints of the
pet owner prevented these examinations from being
conducted.

Figure 5: Recent testicular images obtained from the
pet owner.

CONCLUSION

As a result, atresia ani is a rare condition in cats and
can be successfully treated with surgical intervention.
In this case, it was observed that the patient was able
to defecate on their own without damaging the anal
sphincter, thus proving the success of the surgical
intervention.
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