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OZET

Bu galismada COVID-19 pandemisi siirecinin bitkisel iiriin (tibbi ve aromatik bitkiler
kullanilarak elde edilen kozmetik ve temizlik dig1 drinler) kullanimma etkisi
degerlendirilmistir. Bu amagla 6 Ocak- 6 Subat 2021 tarihleri arasinda 22 sorudan olusan
bir anket ¢alismasi yapilmistir. Anketler Google Form programi kullanilarak uygulanmastir.
Caligma, Tiirkiye’ nin yedi bolgesi dikkate alinarak, 442 kisinin katilimi ile tamamlanmaistir.
Katilimeilarin %10.4°i pandemi siireci ile bitkisel iiriin kullanmaya basladigini, %30.4’i de
pandemi siireci ile birlikte kullanim miktarimi arttirdigint belirtmistir. Sonuglar, bitkisel
iiriinlerin daha ¢ok bagisiklik giigclendirmek amaciyla (%42.5) kullanildigin1 ve gogunlukla
aktarlardan temin edildigini (%47) gostermektedir. T1bbi ve aromatik bitkilerin, katilimeilar
tarafindan daha c¢ok bitki ¢ay1 seklinde tiiketildigi (%31.6) ve katilimcilarin 6nemli bir
kismmin (%37.3) satin aldiklar {riinlerin organik sertifikasinin olmasma dikkat ettigi
gorilmistir. Katilimcilarin COVID-19 Pandemisi siiresince bitkisel tirtin kullanimi {izerine
yas, cinsiyet, cocuk varligi ve COVID-19 gegirip gegirmemis olmalarinin etkisinin 6nemli
oldugu goriilmiistiir (p<0.05).
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ABSTRACT

In this study, the effect of the COVID-19 pandemic process on the use of herbal products (HP)
(except cosmetics and cleaning products obtained using medicinal and aromatic plants (MAP)) was
evaluated. For this purpose, a survey consisting of 22 questions was conducted between January 6 and
February 6, 2021. Surveys were applied using the Google Form program. The study, taking into
account Turkey's seven regions, has been completed with the participation of 442 people. 10.4% of
the participants stated that they started using HP with the pandemic process, and 30.4% increased the
amount of use with the pandemic process. The results show that HP are mostly used to empowered
immunity (42.5%) and are mostly obtained from herbalists (47%). It was observed that MAPS were
mostly consumed by the participants in the form of herbal tea (31.6%) and a significant portion of the
participants (37.3%) paid attention to the organic certification of the products they purchased. It was
observed that the effect of age, gender, presence of children, and whether or not they had COVID-19
on the use of HP during the COVID-19 Pandemic was significant (p <0.05).
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GiRisS

Yeni Koronaviris (COVID-19), ilk olarak Cin’in Vuhan Eyaleti’nde 2019 Aralik ayi sonlarinda solunum yolu
belirtileri gelisen bir grup hastada yapilan arastirmalar sonucunda 13 Ocak 2020°de tanimlanan bir viriistiir. Hastaligin
diinyada hizla yayilim géstermesi sonucunda Diinya Saghk Orgiitii tarafindan 11 Mart 2020 tarihinde pandemi ilan

edilmistir. Pandeminin ilan edildigi tarih, iilkemizde ilk vakanin gorildiigi tarih ile aymdir (T.C. Saglik Bakanligt
2021).

Tibbi ve aromatik bitkilerin (TAB) kullanimi, insanligin ilk dénemlerine kadar uzanmaktadir. Tarih boyunca hastalik,
rahatsizlik ve yaralarin tedavilerinde dogal kaynaklar kullanilmistir. Buna bagli olarak geleneksel ilag kullanim
giiniimiize kadar gelmistir. Oyle ki diinya niifusunun %80’e yakii tedavilerinde halen bu geleneksel yontemleri
benimseyip, tercih etmektedir. Ozellikle diinyanin gelismis iilkelerinde endiistriyel olarak farkli formlarda iiretilen
bitkisel ilaglar, bu alanda yeni bir canlanmaya neden olmustur. Bu yeni sire¢ ile bitkisel drlinlerin fitoterapi, hayvan
hastaliklari, aromaterapi, nutrasotikler ve kozmesotik gibi pek cok alanda kullanimi baglamistir. Bitkisel irtinler
yenilik¢i ve katma degeri yliksek uygulamalarla, fonksiyonel gidalarda, hayvan beslemede, bitki korumada ve diger
pek cok alanda kullanilmaya baslanmistir. Uretimdeki bu yeni yaklagimlar, kullanim miktarmin artmasi, TAB ve
tirtinlerinin kalite, giivenlik ve etkinligi ile ilgili aragtirmalara odaklanilmasini da beraberinde getirmistir (Mathe 2015).

Ozellikle son 20 yilda bitkisel iiriinlere olan egilim ve bu tarz iiriinlerin tiiketimi yiiksek bir hizla artmistir. Ancak artan
tilketim miktar1 genellikle kullanicilarin inisiyatifinde oldugu i¢in bir takim yan etkiler meydana gelmistir. Bitkisel
Urtin kullanimi ile meydana gelen yan etkilerin kullanilan bitkisel materyalden mi yoksa kullanan kisinin davranigindan
mi1 meydana geldigi objektif olarak degerlendirilmelidir. Ciinkii materyalin bitki olmasi, tiiketicilerde kullanilabilecek
miktarin siirsiz olabilecegi diislincesini olusturmaktadir. Bu yanlis davranig olduk¢a yaygin olmakla beraber
televizyon, internet ya da farkli kanallarla yapilan programlar da bu davranisi beslemektedir. Diger taraftan bitkisel
tirlinlere artan talep dogrultusunda sektdre giren tedarikgilerin konu ile ilgili yetersizlikleri ya da niyet farkliliklar
piyasadaki iiriinlerin giivenilirligini tartismaya agmaktadir. Yani hem kullanilan {irlinlerin amacina hizmet edebilecek
sekilde tiretilmesi/hazirlanmasi hem de tiiketici bilinci birlikte ele alinmalidir.

TAB ve iirlinlerine artan ilgi ve talebin artmasi ile ciddi bir piyasa olusmustur. 2000 yilinda tibbi bitkiler ve {irtinlerinin
uluslararasi ticareti 60 milyar dolar iken, 2050 yilinda bu miktarin 5 trilyon dolar olmast bekleniyor (Anonymous
2020).

Degisen diinya sartlari, tiiketici talepleri, Tiirkiye’nin bitkisel zenginligi ve bitkisel gegmisi bu alani iilkemiz i¢in daha
onemli bir hale getirmektedir. Son donemlerde bitkisel {iriinlere artan talebin degigsen sartlardan nasil etkilendigi,
slirecin yonetilmesi ve gelistirilmesi adima 6nemlidir. Tim diinyayr etkisi altima alan COVID-19 pandemisi,
aligkanliklari, talepleri ve pek ¢ok sistemi (alig-veris, egitim, is, beslenme vb) degistiren bir siire¢ olmustur. Bu siireg
beslenme aligkanliklarinda ve takviye iiriin tercihlerinde degisikliklere yol agarak bitkisel {iiriinlere olan ilgiyi
arttirmistir.

COVID-19 pandemisi, tiim diinyayr etkisi altina almustir. Siirecin ne zaman bitecegi ya da ne tiir degisikliklere
ugrayacagina dair net bilgiler bulunmamaktadir. Bu siirecin farkli alanlara etkileri, alinmasi gereken onlemler ya da
yapilmast gereken degisiklikler ile ilgili diizenleme yapabilmek adina aragtirmalar yapilmaya baslanmistir
(Alaeddinoglu ve Rol 2020; Dogan ve Dogan 2020; Karatas 2020; Sekeroglu ve Gezici 2020; Ustiin ve Ozgiftgi 2020).
Bu ¢alismada COVID-19 pandemisi siirecinin bitkisel iiriin (tibbi ve aromatik bitkiler kullanilarak elde edilen kozmetik
ve temizlik digi iiriinler) kullanimina etkisi degerlendirilmek istenmistir. Heniliz benzer bir ¢alismanin yapilmamis
olmasi nedeniyle elde edilecek verilerin COVID-19 pandemisinin bitkisel iiriin kullanimina etkileri ile ilgili hem genel
bir bilgi verecegi hem de yapilabilecek diger ¢alismalar i¢in ipucu niteliginde olacagi diislinilmiistiir

MATERYAL VE METOT

Bu ¢alismada anket formu, 6 Ocak-6 Subat 2021 tarihleri arasinda, Tiirkiye’nin 7 bolgesi dikkate alinarak katilimcilara
gonderilmistir. Calismada bolgelere gore bitkisel iiriin kullanimu ile ilgili bir degerlendirme yapilmasi amaclanmadigi
i¢in katilimcilardan bulunduklar1 bolge ya da sehirlere ait bilgi istenmemistir. Belirli bir bolge ya da sehirde yigilma
olmamasina dikkat edilerek uygulama gergeklestirilmistir. Anket, Google Forms yolu ile uygulanmistir. Calisma, 442
kisinin katilimi ile tamamlanmustir. Ankete katilmay kabul eden katilimeilar “Onam Formu”’nu okuyup onaylamistir.

Verilerin degerlendirilmesi Windows ortaminda IBM SPSS Statistic (Statistical Package for Social Sciences) veriyon
22.0 paket programi kullanilarak yapilmistir. Levene testi ile verilerin normal dagilim gosterip gostermedigi
belirlenmistir. Gruplar arasindaki farkliliklarin bitkisel {irlin kullanimina etkilerinin degerlendirilmesinde Ki kare testi
yapilmis, “hiicrelerin sadece %?20’sinden azinda frekans degerleri 5’ten daha diisiik deger alabilir” kural
saglanamadigi i¢in Fisher-Freeman-Halton Exact testi uygulanmistir.%99 giiven araliginda, Montecarlo similasyonu
kullanilmistir. Sonuglar p<0.05 anlamlilik diizeyinde degerlendirilmistir.
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BULGULAR

Katilimeilarin %39.4’{inii 31-40 yas, %33’iinii 18-30 yas, %22.2’sini ise 41-50 yas, kalan %5.5’1lik kismin1 ise 51-yas
ve Ustlii olusturmaktadir. Katilimeilarin biiyiik bir kismimi {iniversite (%66.5) ve lisansiisti mezunlar1 (%24.7)
olusturmaktadir. Arastirmaya katilanlarin %72.2°si kadin, %27.8’i erkektir (Sekil la, b, c). Ankete katilanlarin
%61.31 hastaliklarimin tedavisinde dnceligi bitkisel iiriinlere verdigini belirtmistir (Sekil 2).

Katihmcilarinyas dagihimi Katihimcilaninegitim durumu Katilimcilarin cinsiyet dagilimi
%07
= 18-30 yas
%5% 05 %1.4 0 %68
" n 31-40 yas -F' u ilkokul -
‘ = Ortaokul
41-50 yas = Kadin
Lise
= 51-60 yas . = Erkek
= Universite
= 61 yas ve Ustl = Lisanslstl
a b C

Sekil 1 (a, b, ¢) . Katilimcilarin genel demografik durumu (yas, egitim, cinsiyet).

Hastaliklanimin tedavisinde énceligim bitkisel iriin
kullanmaktir.

= Evet

= Hayir

\

Sekil 2. Katilimcilarin hastaliklariin tedavilerinde 6nceligi bitkisel iiriinlere verme oranlari.

“T1bbi bitkiler ile ilgili bilginiz var m1?”” sorusuna katilimcilarin %46.6°s1 (206 kisi) evet derken, “Aromatik bitkiler ile
ilgili bilginiz var m1?” sorusuna ise %52.3’1 (231 kisi) evet demistir. Ancak tibbi bitkiler ile ilgili bilgisinin oldugunu
belirten 206 kisiden 108’1 brokolinin tibbi amagla kullanilabilen bir bitki olmadigi segenegini isaretlemistir. Aromatik
bitkiler ile ilgili bilgisi oldugunu belirten 231 kisiden 226°s1 nane bitkisinin aromatik amagla kullanildig1 segenegini
isaretlemistir (Cizelge 1).

Cizelge 1. Katilimcilarin TAB bitkileri ile ilgili bilgi durumlar.
T1bbi bitkilerle ilgili bilginiz var mi1?

Evet Hayir Toplam
Brokoli tibbi amagla kullanilan bir Evet 98 98 196
bitkidir. Hayir 108 138 246
Toplam 206 236 442

Aromatik bitkilerle ilgili bilginiz var m1?

Evet Hayir Toplam
Nane, aromatik amagla kullanilan bir ~ Evet 226 186 412
bitkidir. Hayir 5 25 30
Toplam 231 211 442

Katilimeilarin %34.2°si COVID-19 pandemisi siirecinin bitkisel tiriin kullanim aligkanligini degistirmedigini, pandemi
oncesinde kullandig1 sekliyle devam ettigini belirtmistir. %30.5°1 pandemi siireci ile kullandig1 bitkisel iirlin miktarim
arttirmistir. Pandemi siireci ile bitkisel {irlin kullanmaya baglayanlar ise %10.4’likk kism1 olugturmustur. %24.7°lik kisim
ise pandemi dncesinde ve pandemi siiresince bitkisel {iriin kullanmadigini belirtmistir (Cizelge 2).
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Cizelge 2. COVID-19 pandemisi siiresince katilimcilarin bitkisel iirtin kullanim durumlar.

n %
Daha 6nce kullanmiyordum, pandemi siirecinde kullanmaya basladim. 46 104
Daha o6nce de kullantyordum, pandemi siireci ile kullanim miktarini arttirdim. 135 30.5
Daha o6nce de kullanmiyordum simdi de kullanmiyorum. 109 24.7
Zaten kullaniyordum, ayni sekilde devam ediyorum. 151 34.2
Daha 6nce kullantyordum, pandemi siireci ile biraktim. 1 2
Toplam 442 100

Sonuglar, katilimcilarin bitkisel iiriinleri tavsiye iizerine (261 defa-%30.5) ve daha 6nce kullananlarin yorumlarina (273
defa-%31.9) bakarak tercih ettikleri gostermektedir. Uriiniin markas1 ve tiikketim formu da kullanimi etkileyen
faktorlerdendir (Cizelge 3).

Cizelge 3. Katilimcilarin “Bitkisel tiriin kullaniminiz daha ¢ok hangi aragtan etkilenir? ” sorusuna cevaplari.

n %
Tavsiye eden kisi benim i¢in 6nemlidir. 261 30.5
Uriiniin markas1 tercihimi etkiler. 179 20.9
Uriintin tiiketim formu tercihimi etkiler. 144 16.8
Kullanan kisilerin yorumlari tercihimi etkiler. 273 31.9
Toplam 857 100

Birden fazla segenek isaretlendigi i¢in n sayisi 6rneklem sayisinin iizerindedir.

“COVID-19 pandemisi basladigindan bu yana bitkisel {iriinleri hangi amagla kullandiniz?”” sorusuna katilimcilar birden
fazla secenek isaretleyerek cevap vermislerdir. “Bagisikligimi giiclendirmek amaci ile” secenegi en ¢ok isaretlenen
secenek (333 defa-%42.5) olurken, “Soguk alginligina kars1” secenegi ise ikinci sirada yer almistir (222 defa-%28.4).
“Sakinlestirici amagli” secenegi 79 defa (%10.1), “Agr kesici amagli” secenegi 44 defa(%5.6), “Uykusuzluk
problemine kars1” secenegi ise 32 defa (%4.1) isaretlenmistir. 70 katilimer ise “Bitkisel {iriin kullanmadim” segenegini
isaretlemistir. Bagisikligini giiglendirmek igin bitkisel tiriin kullanan katilimcilarin %41.4°i 31-40 yas, %31.5’1 18-30
yas, %21.3’1 ise 41-50 yas araliginda bulunmaktadir. Bagisikligim giiclendirmek amaciyla bitkisel iiriin kullandigini
belirten katilimeilarin %74.8°1 kadindir. Soguk alginligina kars bitkisel iiriin kullanan katilimcilarin %43.2°si 31-40 yas,
%32.9’u 18-30 yas, %21.2’si ise 41-50 yas arasindaki katilimeilardan olusmaktadir. Soguk alginligina kars: bitkisel {rlin
kullandigini belirten katilimcilarin %74.3’{ kadindir. Uykusuzluk problemine karsi, agri kesici ve sakinlestirici amaglt
bitkisel {irtin kullanimi daha ¢ok 18-40 yas grubunda yogunluk gostermistir (Cizelge 4).

Bitkisel uruin temininde daha ¢ok aktar segenegi isaretlenmistir (340 defa-%47). Daha sonra sirasi ile eczane (183 defa-
%25.3), semt pazar1 (119 defa-%16.4), internet (56 defa-%7.7) ve network marketing (26 defa-%3,6) segenekleri
isaretlenmistir (Cizelge 5).

Bitkisel tiriinlerde kullanim sekli olarak daha ¢ok bitki ¢aymin tercih edildigi goriilmiistiir (261 defa-%31.6) . Bitki
cayimi takiben kurutulmus (242 defa-%29.3) ve taze (201 defa-%24.4) bitki segenekleri isaretlenmistir. Tablet ya da
kapsul (82 defa-%9.9) ve surup (39 defa-%4.7) secenekleri ise daha sonra gelmektedir (Cizelge 6).

Calismada TAB ve driinlerinin kullaniminin yaninda tiiketicilerin talepleri ya da egilimleri de degerlendirilmek
istenmistir. Bu amagla bitkisel iiriinlerin tiretim sekilleri ile ilgili bir soru sorulmus ve katilimeilara birden fazla segenegi
isaretleyebilme hakki verilmistir. “Organik sertifikali tirinleri satin alirnm” segenegi 244 defa (%37.3) isaretlenirken,
“lyi tarim uygulamalarinin kullanildigi {irtinleri almay1 tercih ederim” secenegi 189 defa (%28.9) isaretlenmistir. Bu
sonuclar tiiketici bilincinin tibbi aromatik bitkiler ve iiriinlerinin kullaniminda 6énemli bir noktada oldugu konusunda
fikir vermektedir. Bitkisel {iiretimde siirdiiriilebilir yontemlerin kullanilmasi, tiiketici taleplerinin karsilanmasi
bakimindan 6nemli goriilmistiir. Ayrica bu triinleri satin alirken “Tirkiye’de iiretilmis olmasma dikkat ederim”
secenegi 123 defa (%18.8) isaretlenmistir. (Cizelge 7). Katilimecilarin %66.3’ TAB bitkilerinin yetistiriciligini merak
ettiklerini belirtmistir (Sekil 3).

Katilimcilarin COVID-19 Pandemisi siiresince bitkisel iiriin kullanimi iizerine yas, cinsiyet, cocuk varligi ve COVID-
19 gegirip gecirmemis olmalarinin etkisinin 6nemli oldugu goriilmiistiir (p<0.05). Bitkisel iiriinleri daha once
kullanmadigini, pandemi siirecinde bagladigini belirten 18 katilimci 18-30 yas araliginda, 15 katilimci 31-40 yas
araliginda, 12 katilimer 41-50 yas araliinda ve 1 katilimer ise 51-60 yas araligindadir. Yas azaldik¢a pandemi
stirecinde bitkisel {iriin kullanmaya baslayanlarin sayisi artmustir.
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Tibbi ve aromatik bitkilerin yetistiriciliini merak
edivorum.

= Evet

= Hawr

Sekil 3. TAB yetistiriciligini merak eden katilimcilarin orani.

Pandemi 6ncesinde ve pandemi siirecinde bitkisel iiriin kullanmadigini belirten 39 katilimer 18-30 yas, 35 katilime1 31-
40 yas, 32 katilime1 41-50 yas, 1 katilimer 51-60 yag ve 2 katilimei ise 61 yas ve ilizerindedir. Daha ¢ok geng-orta yas
katilimeilar halihazirda kullandig: bitkisel iiriin miktarin1 pandemi siirecinde arttirmistir. Daha 6nce bitkisel {iriin
kullanip pandemi siirecinde kullanim miktarimi arttirdigini isaretleyen katilimcilarin biiyiik kismi (60 kisi) 31-40 yas
araligindadir. “Zaten kullaniyordum, ayni sekilde devam ediyorum” segenegini isaretleyen 64 katilimer 31-40 yas, 48
katilimer 18-30 yas, 30 katilimer ise 41-50 yas araligindadir. Genel olarak yas arttikga bitkisel tiriin kullanimina ilgi
azalmistir. Kadm katilimeilarin ¢ogu (119 kisi) “zaten kullantyordum, ayni sekilde devam ediyorum” se¢enegini
isaretlerken, 106 kadin katilime1 da pandemi siirecinde bitkisel iiriin kullanim miktarlarini arttirdigini isaretlemistir. Bu
cevaplar dogrultusunda arastirmaya katilan kadin katilimcilarin bitkisel irtin kullanimina daha ilgili olduklar1
sOylenebilir. Sonuglara bakildiginda c¢ocuklu katilimcilarin bitkisel iiriin  kullammina daha meyilli oldugu
goriilmektedir. Ankete katilan katilimcilarin biiyiik bir kismi (390 kisi) “COVID-19 gegirdiniz mi?” sorusuna “Hayir”
cevabini vermistir. COVID-19 gegirmemis olan 109 kisinin pandemi siirecinde bitkisel {iriin kullanmayi arttirdigi, 146
kisinin de bitkisel {irlinleri zaten kullandiklarini ve pandemi siiresince ayni sekilde devam ettiklerini belirttigi
gorilmiistiir. Egitim, gelir durumu, medeni durum, kronik bir rahatsizligin olup olmamasi ve sigara aligkanliginin
pandemi siiresince bitkisel iiriin kullanimina 6nemli bir etkisi bulunmamistir (p>0. 05) (Cizelge 8).

Cizelge 4. Katilimcilarin COVID-19 pandemisi basladigindan bu yana bitkisel iiriin kullanma amag¢larimin yas ve
cinsiyete gére dagilimi.

Bagisiklig: Soguk Yasadigium Agn Sakinlest  Sigaray1  Bitkisel Top

mi alginhigm  uykusuzluk kesici irici birakma tirtin lam
giiclendirme a karst problemine amacli amach amacli  kullanma
k amaciyla karsi dim
105 73 13 18 30 3 27
18-30 %631.5 2632.9 %640.6 2640.9 9638 %100 2638.6 146
138 96 12 16 34 0 21
31- y
31-40 %41.4 %43.2 9637.5 %36.4 %043.0 200.0 %30.0 174
ey 71 47 6 8 14 0 17
5 41-5
= 4150 9021.3 %021.2 %18.8 %18.2 %17.7 200.0 %024.3 8
71 6 1 2 1 0 3
- 22
31-60 9021.3 %2.7 %3.1 %4.5 %1.3 200.0 %4.3 -
61 yas 0 0 0 0 0 0 2 \
ve Tistil %00.0 200.0 200.0 200.0 260.0 200.0 902.9 -
Toplam 333 222 32 44 79 3 70
%042.5 %028.4 %04.1 905.6 %010.1 200.4 208.9
+ Kadn 249 165 26 39 67 0 42 319
2z %74.8 %74.3 %81.3 %88.6 %084.8 200.0 %60.0  °
.2 Erkek 84 57 6 5 12 3 28 123
~ 9025.2 %025.7 %18.7 %11.4 %015.2 %100.0 %040.0 -
Toplam 333 222 32 44 79 3 70
%042.5 %028.4 %04.1 905.6 %010.1 %00.4 908.9
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Cizelge 5. Katilimcilarin “Bitkisel iirtinleri daha ¢ok nerelerden satin almayi tercih ediyorsunuz?” sorusuna
cevaplari.

n %
Aktar 340 47,0
Eczane 183 25,3
Semt pazar1 119 16,4
internet 56 7,7
Network marketing (Ag 26 3,6
pazarlama)
Toplam 724 100

Cizelge 6. Katilimcilarin “Bitkisel tiriinleri daha ¢ok ne sekilde kullanmay tercih edersiniz?” sorusuna cevaplart.

n %
Bitki cay1 261 31.6
Kurutulmus bitki 242 29.3
Taze bitki 201 24.4
Tablet ya da kapsil 82 9.9
Surup 39 4.7
Toplam 825 100

Birden fazla segenek isaretlendigi i¢in n sayisi 6rneklem sayisinin iizerindedir.

Cizelge 7. Katilimcilarin “Kullandigimiz bitkisel iiriinlerin nerede ve ne sekilde iiretildigi sizin icin énemli midir?”
sorusuna cevaplari

n %
Evet, organik sertifikali iiriinleri satin alirim. 244 37.3
Evet, Tiirkiye’de iiretilmis olmasina dikkat ederim. 123 18.8
Evet, yurt disinda tiretilmis olmasina dikkat ederim. 9 14
Evet, iyi tarim uygulamalarmin kullanildig iiriinleri almayi tercih ederim. 189 28.9
Hayir, isime yarayacagini diisiindiigiim herhangi bir tiriinii alirim. 90 13.7
Toplam 655 100

Birden fazla segenek isaretlendigi i¢in n sayis1 6rneklem sayisinin iizerindedir.
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Cizelge 8. Katilimcilarin bazi demografik ozelliklerinin COVID-19 siirecinde bitkisel iiriin kullanimina etkileri.

= < g
= .9 PR | 20 o S
235 v E8E w28 28 53
g2 s T 25 TE85E B = 8
S 2Zz 8822, 822 =% 8357
SESE sE<ZEET =EZ 5Z =E2 =
AEEE SEE8E: AE2 S AEE & -y
18-30 yas 18 41 39 48 0 146
o~ 31-40 vas 15 60 35 64 0 174
= 41-50 yas 12 24 32 30 0 98 0.018%*
51-60 yas 1 10 1 9 1 22
61 yas ve {istll 0 0 2 0 0 2
f1kokul 3 1 0 2 0 6
=  Ortaokul 0 2 0 1 0 3
:,EJ Lise 3 7 8 12 0 30 0,234
H Universite 31 93 79 90 1 294
Lisansiistii 9 32 22 46 0 109
S Kadm 34 106 59 119 1 319
)
Z 0.000%*
&) Erkek 12 29 50 32 0 123
2000 TL ve alt1 13 21 13 23 0 70
_,H £ 2001-3500 TL 3 21 13 32 0 69
g £ 3501-5000TL 6 30 16 16 0 68 0,078
A 5001TL-7000TL 14 36 36 45 1 132
TO01TL ve {istll 10 27 31 35 0
2§ Evli 31 o4 78 89 1 293
S 5 0.158
= O Bekar 15 41 31 62 0 149
g Var 29 83 65 69 1 247
50 0,026%*
5 Yok 17 52 44 82 0 195
=
= Var 10 22 14 25 1 72
= £ 0.218
S5 Yok 36 113 95 126 0 370
M o2
2 Gegirdim 10 26 11 5 0 52
= 0.000%*
S Gecirmedim 36 109 98 146 1 390
gb Kullaniyorum 14 30 30 36 0 110 0.696
@A Kullanmiyorum 32 105 79 115 1 332

** n< 0.01 seviyesinde dnemli *p<0.05 seviyesinde dnemli
TARTISMA VE SONUC

Katilimeilarin tibbi ve aromatik bitkiler ile ilgili genel bilgilerini degerlendirmek amaci ile sorulan sorular ve yanitlar
Cizelge 1’de verilmistir. Cizelgede goriildiigii iizere tibbi bitkiler ile ilgili bilgisinin oldugunu belirten 206 kisiden
108’1 brokolinin tibbi amagla kullanilabilen bir bitki olmadig1 secenegini isaretlemistir. Aromatik bitkiler ile ilgili
bilgisi oldugunu belirten 231 kigiden 226°s1 nane bitkisinin aromatik amagla kullanildig1 se¢enegini isaretlemistir. Bu
sorularda giindemde yogun olarak yer alan ve pek ¢ok kisinin tanidigr iki bitki sorulmustur. Bu basit ¢apraz dogrulama
ile katilimeilarin tibbi bitki kavrami ile ilgili bazi bilgi eksikliklerinin oldugunu sdylenebilir. Tibbi bitkiler, sahip
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olduklar1 etken maddeler ile hastaliklarin tedavisine yardimc1 olmakla birlikte, saglikli bir yasam icin gerekli olan besin
maddelerini igeren bitkileri de kapsamaktadir. Bu nedenle tiim bitkiler i¢in bir takim tibbi 6zelliklere sahiplerdir
diyebiliriz. Giinliik hayatta kullandigimiz her bitkisel {irlin (sebzeler, meyveler, tahillar vb) viicut sisteminin ihtiyag
duydugu iceriklere degisen miktarlarda sahiptir. Bu nedenle beslenme, pek cok hastaligin 6nlenmesinde ya da ortaya
¢itkmasinda 6nemli bir rol oynamaktadir.

Calisma sonuclarina gore bitkisel iiriin kullaniminda tavsiye eden kisilerin ve {iriinii daha once kullananlarin
yorumlarimin oldukga etkili oldugu goriilmektedir (Cizelge 3). Bitkisel iiriin kullanimint tavsiye eden pek ¢ok kisi
olabilir (doktor, eczaci, hemsire, aktar, es-dost vb.). Bu g¢alismada tavsiye eden kisiler ile ilgili detaylandirma
yapilmamistir. Ancak “kullanan kisilerin yorumlari”nin etkisinin “tavsiye eden kisiler’den daha yiiksek oldugu
goriilmiistiir. Bu da bitkisel {iriin kullanirken bir uzmandan tavsiye almak yerine daha ¢ok kullanici yorumlarina gére
hareket edildigini gostermektedir. Buradaki en biiyiik etkenin bitkisel tirlinlere bakis agis1 oldugu diistiniilmektedir. Bu
rtinlerin kullaniminda genellikle “bir uzman goriisiine gerek olmadig1” fikri ile hareket edilmektedir. Bitkisel
Urdnlerin kullaniminda konu uzmani doktor ya da eczacilardan tavsiye almak gerekir. Bu tavsiyelerin kullanan kisiye
gore degisebilecegi unutulmamalidir. Dolayisi ile her bir bireyin, uzmanlardan kendisi ile ilgili tavsiyeyi almas1 gerekir
cunkd bitkisel Grtnlerin etkileri kisiden kisiye farkli etkiler gosterebilmektedir. Sifa beklentili bitkisel {iriin
kullaniminda, genel bilgiler istenmeyen sonuglarin ortaya g¢ikmasina neden olabilir. Siklikla kullanilan bitkisel
iiriinlerin ilaclarla olan etkilesimi ve eczacilarin farkindaliginin arastirildigr bir ¢aligmada, ankete katilan eczacilarin
yarisindan fazlasinin ¢aligmada kullanilan bitkisel {irlinlerin ilaglarla olan etkilesimi hakkinda bilgi sahibi olmadig1
gorilmiistiir (Baypinar 2019). Bu sonug, bitkisel iriinlerin yogun bir sekilde pazara siiriildiigii boyle bir donemde
sasirtict olmamustir. Bitkisel tiriinlerin etken maddeleri ¢ok genis kapsamli bir konu olmakla beraber, kullanimi i¢in
oneride bulunmak driinii kullanmak isteyen kisi ile ilgili ¢oklu bakis acisi (kronik rahatsizlik varligi/yoklugu,
kullanilan ilaglar, ailenin hastaliklarla ilgili dykiisii vb.) gerektirebilir. Diger taraftan beseri ilaglarinda olduk¢a yogun
bir cesitlilikte ve siirekli giincellenen bir piyasaya sahip oldugu diisiiniiliirse bu konunun tiim eczacilar tarafindan
bilinmesi elbette zor olacaktir. Trabzon’da yapilmis olan bir diger ¢calismada, aile hekimleri ve eczacilarin bitkisel iiriin
kullanimina yaklasimlar1 incelenmistir (Renda ve ark. 2018). Katilimcilardan doktorlarin %50.4°1, eczacilarin ise
%94.6’s1 tibbi bitkiler ve bitkisel iiriinler konusunda daha 6nceden bilgi edindiklerini ifade etmistir. Eczacilarin bitkisel
iriinler ile ilgili meslek i¢i egitim, lisasniistii egitim programlarindan ve kitaplardan doktorlara gore daha yiiksek
oranda faydalandigi saptanmistir. Katilimeilarin %70.2°si yeterli damigmanlik hizmeti veremediklerini ifade
etmislerdir. Her gecen giin sayis1 artan kanser hastalar1 ve diger kronik hastaliklar1 bulunan kisilerin bu tiir bitkisel
{irinlerin kullamminda mutlaka doktorlari ile iletisim halinde olmalar1 gerekmektedir. Ornegin soya iiriinlerinin meme
kanseri riskini azalttig1 ancak meme kanseri gecirenlerin ise tiikketmemesi gerektigi bilinmektedir (Sezgin 2017). Soya
ile ilgili eksik ya da yanlis bir bilgi, fayda gormek amaciyla bu {iriini kullanmak isteyen kisileri bambagka sonuglara
ulastirabilir. Pandemi siireciyle giindeme gelen kisitlama ya da yasaklar evde kalma siiresini ve kisilerin medya iletisim
araclart ile iliskisini arttirmistir (Anonim 2021). Bu donemde yogun olarak yayimlanan saglik konulu programlarin
bitkisel {irlin kullanimint arttirict yonde etki ettigi diisiniilmektedir. Bitkisel tiriin kullanim ile ilgili tavsiye ya da
kullanic1 yorumlarinin pek ¢ogu medya araciligi ile potansiyel kullanicilara iletilmigtir. Saglik konulu yaynlarla,
bitkisel Uriin satin alma niyeti arasinda pozitif bir iligki oldugu bilinmektedir (Yilmaz 2013) ancak bitkisel {iriinlerin
kisiye 6zel kullanimlarla faydali olabilecegi de unutulmamalidir.

Kisilerin bitkisel iiriin kullanim1 ya da kullanma yatkinliklart ile ilgili yapilmis ¢alismalar mevcuttur (Kaner ve ark.
2017; Karatas ve ark. 2019; Ongan 2018). Farkli illerde yapilan bu calismalar (Izmir, Adana ve Kayseri), benzer
sonuglar ortaya koymustur. Katilimcilar bitkisel iirlinleri daha ¢ok aktarlardan almis, ¢ay olarak tiiketmeyi tercih etmis
ve hastaliklarinin tedavisinde 6nceligi bitkisel iirtinlere vermistir.

COVID-19 Pandemisi siiresince bitkisel iiriin kullanimi {izerine katilimcilarin yas, egitim, cinsiyet, gelir durumu,
medeni durumu, ¢ocuk varligi, COVID-19 gegirip gegirmemis olmalar1 ve sigara kullanim aligkanliklarinin etkisi
Cizelge 8’de verilmistir. Katilimcilarin COVID-19 Pandemisi siiresince bitkisel {iriin kullanimi tizerine yas, cinsiyet,
cocuk varligi ve COVID-19 gegirip gecirmemis olmalarinin etkisinin énemli oldugu goriilmiistiir (p<0.05). Egitim,
gelir durumu, medeni durum, kronik bir rahatsizligin olup olmamasi ve sigara aligkanliginin pandemi siiresince bitkisel
iiriin kullanimina 6nemli bir etkisi bulunmamigtir (p>0. 05) (Cizelge 8). Yilmaz (2013) yapmis oldugu calismada
kronik herhangi bir rahatsizligi bulunan bireylerin kronik hastaligi olmayan bireylere gére saglik amagl bitkisel {iriin
satin alma davranislarinin daha yiiksek oldugunu saptamistir. COVID- 19 pandemisi, kronik rahatsizlig1 olan ya da
olmayan herkeste mevcut bagisiklik sistemini giiclendirmeyi ortak amag¢ haline getirmistir. Caligmada, bu bakis
acisindan kaynakli sonuglar neticesinde kronik rahatsizligin var olup olmamasinin bitkisel {iriin kullanimina etkisinin
onemli ¢ikmadigr diisiiniilmektedir. Geng katilimcilarin bitkisel iiriin kullanimina daha meyilli oldugu goriilmiistiir.
Kadin katilimeilar, genel olarak erkeklere gére bitkisel iiriin kullanimina daha yatkin gériilmiistiir. Ozellikle pandemi
stirecinde bitkisel iirlin kullanim miktarim1 arttiran katilimeilarin (135 kisi) biiytik bir kismini kadinlar (106 kisi)
olusturmaktadir. Bitkisel iirtin miktarin1 pandemi siirecinde arttirdigi belirten katilimecilari (135 kisi) ¢ogunlugunu
cocuk sahibi katilimcilar (83 kisi) olusturmaktadir. Son doénemlerde pek ¢ok aile ¢ocuklarimin giinliikk besin
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takviyelerinde kullanmaktadir. Bu takviyelerin bitkisel kaynakli olmasi ise Onemli bir tercih sebebi olmaktadir.
COVID-19 pandemi siirecinde, ¢ocuklarda da bagisiklik sistemini giiglendirmek amaciyla ailelerin bu tarz iiriinlere
yoneldigi sdylenebilir. Ancak belirlenmis bir eksiklik olmadan yogun bir sekilde takviye {iriinlerin kullaniminin farkli
sorunlara yol acabilecegi unutulmamalidir. 390 katilimci COVID-19 gecirmedigini bildirmistir. Bahsi gegen bu
katilimcilarin halihazirda bitkisel {irtin kullandig1 ve pandemi siirecinde kullandig: bitkisel {iriin miktarin1 arttirdigi
goriilmektedir (Cizelge 8). Calismadan elde edilen bu sonuglardan hareketle bitkisel {irtin kullanimmin COVID-19’a
kars1 koruyucu bir etkisini oldugu séylemek yanlis olur. Boyle bir sonug i¢in farkli disiplinlerin bir araya gelmesi
gerekir. Ancak COVID-19 enfeksiyonunun tedavisinde fitoterap6tik diizeyde Allium cepa, Malus domestica, Solanum
lycopersicum, Fragaria, Allium sativum, Mentha piperita, Aloe vera, Salvia officinalis ve Melissa officinalis gibi
bitkilerin kullanilabildigi bilinmektedir (Ugar vd. 2020). Katilimcilarin uyguladig: diger pek ¢ok dnlem de (bagisiklig
giiclendirmek i¢in takviye alimi, maske, mesafe, temizlik vb.) COVID-19’a karst koruyucu olmus olabilir.

Anket sonuglar1 genel olarak bitkisel iiriin kullanma aligkanligimizin oldugunu gostermistir. Katilimcilarin {igte biri
pandemi siirecinde kullandiklar bitkisel iiriin miktarlarini arttirdiklarint belirtmistir. Bu olduk¢a dnemli bir orandir. Bu
miktarin artmasindaki baglica sebep bagisiklik sistemlerini giiclendirmek istemeleridir. COVID-19 pandemisinin
ortaya cikigt ve hayatimizda meydana getirdigi biiyiikk degisim pek ¢ogumuzda ozellikle saglikla ilgili panik
duygusunun yasanmasina neden olmustur. Bu panigin saglikli olmak admna atilacak adimlarda hatalara neden
olabilecegi diisliniilmektedir ¢iinkii pek ¢ok insan, mevcut saglik durumlarini goz ardi ederek kontrolsiiz bir sekilde
bitkisel {iriinlere yonelmistir. Bitkisel iirlinler ve onlarin etken maddeleri olduk¢a genis bir konudur. Bu konunun beseri
ilaglarla olan etkilesiminin tiim eczacilar tarafindan bilinmesi elbette zor olacaktir. Ancak bitkisel {irlin piyasasindaki
bu biiyiime dikkate alindiginda baz1 diizenlemeler zorunlu gériilmektedir. Ozellikle bitkisel destek iiriinlerinin satislari
eczanelerle simirlandirilabilir. Ayrica kronik rahatsizligi olanlar i¢in riskli etken maddelerin bulundugu tiriin gruplar
veya sadece etken maddeler kisilerin e-devlet ya da e-nabiz hesaplarina tamitilarak eczacilarin daha dogru tavsiyelerde
bulunmasi saglanabilir. Boylece daha saglikli yonlendirmeler yapilabilir.

Cok 6nemli bir tarim ge¢misi olan Tiirkiye, TAB bitkilerinin uygun bir sekilde yetistirilebilmesi i¢in gerekli tecriibe ve
ekolojik avantajlara sahiptir. Katilimcilarin biiytik bir kism1 (%66.3) TAB bitkilerinin yetistiriciligini merak ettigini
belirtmisgtir. COVID-19 pandemisi ile birlikte pek ¢ok insan koylerine, sehir disina ya da dogayla daha i¢ ice
kalabilecekleri yerlere yoneldi. Doganin ve yetistiriciligin keyfini fark edebilme firsati verdi. Bu yonelim ve
farkindalik ozellikle tarimsal iiretimin yayginlastirilmast ve daha bilingli bir sekilde yapilmasi agisindan onem
tagimaktadir. Farkindaligin bu denli yiiksek oldugu boyle bir donemde T.C. Tarim ve Orman Bakanligi, Tarim ve
Kirsal Kalkinmay1 Destekleme Kurumu ve Kalkinma Ajanslariin tarimsal iretimlere verilen destekleri daha yiiksek
sesle dile getirmeleri kuskusuz faydali olacaktir

ETIK BEYAN

“COVID-19 Pandemisi Siirecinin Tibbi ve Aromatik Bitki ya da Uriinlerinin Kullammma Etkilerinin
Degerlendirilmesi” baglikli ¢alismanin yazim siirecinde bilimsel kurallara, etik ve alint1 kurallarina uyulmus; toplanan
veriler iizerinde herhangi bir tahrifat yapilmamig ve bu calisma herhangi bagka bir akademik yayin ortamina
degerlendirme i¢in gonderilmemistir. Bu arastirma dokiiman analizi ve betimsel incelemeye dayali olarak yapildigindan
etik kurul karart zorunlulugu bulunmamaktadir.

Bu ¢alisma 15-17 Mart 2021 tarihinde diizenlenmis olan 5. Uluslararasi Bilimsel Calismalar Kongresi (UBCAK) nde
s0zlii olarak sunulmustur. Calismanin 6zeti, kongre 6zet kitap¢iginda yaymlanmistir.

CIKAR CATISMASI
Yazarlar herhangi bir ¢ikar ¢atigsmasi bildirmemistir.

YAZAR KATKISI
Tiim yazarlar esit katk1 saglamistir.
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OZET

Ekzopolisakkaritler (EPS) de laktik asit bakterilerinin (LAB) fermantasyon sonucu hiicre
disinda olusturduklar1 polisakkarit yapida maddelerdir. EPS’ler prebiyotik 0Ozellik
gosterdikleri gibi gida endiistrisinde jellestirici, emiilsifiye edici, stabilizatdr olarak da
kullanilmaktadirlar. Ayrica EPS’nin saglik {izerine bagisiklik sistemini gelistirici,
kolesterolii diisiiriicii, antiiilser ve antitimdr gibi olumlu etkilerinin oldugu belirtilmistir.
Genel olarak giivenilir kabul edilen (GRAS) ozellikte olmalar1 da ekzopolisakkaritlerin
O6nemini artirmaktadir. Bu ¢alismada, fermente sucuk {iretiminde hakim flora olan laktik
asit bakterilerinden EPS Ureten bakterileri turleri ve Urettikleri EPS miktar1 tespit edilmistir.
Bu amagla Kahramanmarag piyasasindaki kasaplarda tiretilen 10 farkli kasaptan elde edilen
sucuk orneklerinden LAB izole edilmis ve izole edilen laktik asit bakterilerinin {irettikleri
ekzopolisakkarit miktar1 fenol siilfiirik asit yontemi ile belirlenmistir. Daha sonra izole
edilen bakterilerin karakterizasyonu PCR ile yapilmigtir. Sonug olarak 10 farkli kasaptan
temin edilen sucuklarda Lactobacillus plantarum, Pediococcus acidilactici, Pediococcus
pentosaceus ve Bacillus subtilis bakterileri tespit edilmistir. Bu sucuklardan izole edilen
toplam 56 susun irettigi EPS miktarinin 20,19 ile 109,10 ppm arasinda degistigi tespit
edilmistir. Kullanilan 6rnekler icerisinde hem en diisiik hem de en yiiksek EPS iireten susun
L. plantarum oldugu belirlenmistir.
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GiRisS

Et ve et iiriinleri igerdigi elzem proteinler, yiiksek biyolojik deger ve kendine 6zgili lezzet bilesenlerini nedeniyle
beslenmede &nemli bir yer tutmaktadir (Piirgiiklii 2021). Ulkemizde etin yami sira et iiriinleri de olduk¢a ragbet
gormektedir. Tiiketici tarafindan en ¢ok tercih edilen et iirlinlerinin basinda ise sucuk gelmektedir. Sucugun yiiksek
oranda tercih edilmesi damak tadina uygunlugunun yaninda fermente bir iiriin olmasindan dolay: icerdigi faydali
mikroorganizmalarin fonksiyonel o6zelliklerinden de ileri gelmektedir. Tiirk Gida Kodeksi Et ve Et Uriinleri
Tebligi’nde (Teblig No:2012/74) fermente sucuk “Biiyiikbas ve kiigiikbag hayvan etlerinin ve yaglarinin kiyilarak
lezzet vericiler ile karistirildiktan sonra dogal veya yapay kiliflara doldurularak belirli kosullarda fermantasyon ve
kurutma islemleri uygulanarak nem orani %40 ve altina diisiiriilmiis, kesit ylizeyi mozaik goriiniimiinde olan 1s1l iglem
uygulanmamis fermente et triiniidiir” seklinde tanimlanmistir (Anonim 2012). Ticari olarak Uretilen sucuklarda
genellikle starter kiiltiir eklenerek iiretim yapilsa da geleneksel yontemde genellikle iiriiniin kendi yapisinda bulunan
mikroorganizmalar aktiflik gostermektedir. Geleneksel yolla iiretilen sucuklar ¢ogu iiriinde oldugu gibi duyusal
Ozellikleri nedeniyle daha ¢ok kabul gormektedir. Kahramanmaras kasaplarinda iretilen et sucuklari Tiirk Patent ve
Marka Kurumu tarafindan “Maras Et Sucugu” olarak 2019°dan baglamak iizere 10 yil siireyle tescillenmistir.

Mikroorganizmalarin varliginin ve fermantasyon kimyasinin 19. yilizyilda kesfedilmesiyle fermente iirinler hayatimiza
girmistir. Fermantasyon teknigi kullanilarak et {iriinleri, siit {irtinleri, tahil {riinleri, alkollii igecekler gibi birgok
fermente Grlin kuresel gapta Uretilmektedir (Akgul 2020). Sucuk da bu drlinlerden biridir. Sucuk fermantasyonunda
aktiflik gosteren mikroorganizma gruplari laktobasiller, stafilokoklar, mikrokoklar, kiif ve mayalardir (Leroy ve ark.
2006). Daha spesifik olarak ise sucuk fermantasyonunda baskin floranin laktik asit bakterileri oldugu (Lactobacillus
plantarum, L. curvatus, L. petosus, L. fermentum, L. brevis, Pediococcus pentosaceus, P. acidilactici, L. agilis, L.
carnis), baskin tiirlerin ise L. sakei ve L. curvatusare tiirleri oldugu bilinmektedir (Evren ve ark. 2011; Erten ve ark.
2014). Bu mikroorganizma gruplar1 sucugun kendine has aromasi, tadi, lezzeti ve tekstiirel 6zelliklerinden sorumludur.

Laktik asit bakterileri, fermantasyon sistemleri, asit {iretimi aside tolerans gibi 6zellikleri ile diger mikroorganizmalarla
guclii bir sekilde miicadele edebilmektedir (Wright ve Axelsson 2019). Bu ozellikleri ile de fermente fiiriinlerin
cogunda fermantasyonu yoneten bakteriler olarak rol almaktadirlar. Bazi gidalarda dogal olarak bulunabildigi gibi bazi
gidalara starter kiiltiir olarak ayrica da eklenebilmektedirler. Laktik asit bakterileri fermantasyon sonucu olusturduklari
son {irlinlerin etkisiyle bulunduklari {iriine bir¢ok olumlu 6zelligin kazandirilmasinda 6ncii olurlar. Ayrica bakteriyosin
sentezi, antibiyotiklere direnclilik, ekzopolisakkarit {iretimi, bakteriyofaj direnglilik, bagisiklik sisteminin
gelistirilmesi, kolesteroliin diizenlenmesi, kansere neden olan maddelerin detoksikasyonu ve probiyotik 6zelliklerinin
olmasi hem saglik agisindan hem de raf 6mrii, mikrobiyel giivenlik, yap1 ve duyusal 6zellikler agisindan olumlu etkiler
saglamaktadirlar (Saglam ve Karahan 2017).

Laktik asit bakterilerinin irettiZi metabolitlerin gida endiistrisi i¢in en Onemli olanlarindan biri de
ekzopolisakkaritlerdir (EPS). Ekzopolisakkaritler fermente gidalarda endiistriyel olarak teknolojik ve saglik acisindan
bir¢ok dneme sahiptir. Son iriiniin kalite 6zelliklerinin artmasint ve yiiksek verimli olmasini saglamalarindan, ¢ok
diistik konsantrasyonlarda kullanildiklarinda bile viskoz ¢6zelti olusturmalarindan ve psddoplastik bir yapiya sahip
olmalarindan dolay1 da 6nemleri artmaktadir. Uygun miktarlarda alindiklarinda konakgiya saglik acisindan 6nemli
faydalar saglayan probiyotiklerden yaklasik olarak 30 Lactobacillus cinsi bakterisinin EPS iirettigi gozlemlenmistir
(Badel, Bernardi ve Michaud 2011). Laktik asit bakterilerinden gelen EPS’nin kivam verici, tekstiir diizenleyici,
prebiyotik olmasi nedeniyle sagliga faydali olmasi, liretiminin kolay maliyeti diisiiriicii etkisi olmasi ve en dnemlisi
‘GRAS’ statiisiinde olmasidir (Wang ve ark. 2014; Yilmaz ve ark. 2014).

Ekzopolisakkaritler yogurt, peynir, kefir, fermente sucuk, fermente Polyporus umbellatus mantar1 gibi iiriinlerin
fermantasyon agamasinda sentezlenmektedirler. Sentezlenen ekzopolisakkaritlerin Urlinlerin kalite 6zellikleri (izerinde
etkisi olup olmadigini tespit edebilmek i¢in tereyagi, kaymak, yogurt, ayran gibi siit {irlinleri basta olmak iizere, kek,
ekmek, sucuk gibi iriinler lizerinde g¢aligmalar yapilmis ve ekzopolisakkarit {ireten suslarin bu irinlerde kalite
Ozellikleri {izerinde olumlu etkileri oldugu tespit edilmistir. Konu ile ilgili yapilmig caligmalar Cizelge 1’de
Ozetlenmistir.
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Cizelge 1. Konu ile ilgili yapimus ¢calismalar.

Uriin

Amag

Sonug

Sucuk
(Dertli ve ark. 2016)

EPS’nin mikrobiyal, tekstirel,
fizikokimyasal ve mikroyapisal
zelliklere etkisi.

Bu calismayla EPS {iretiminin sucugun son
ozellikleri iizerinde Onemli etkileri oldugu
belirlenmistir.

Tereyag1 ve Kaymak
(Tosun 2016)

Tereyag1 ve kaymak tiretiminde EPS
kullaniminin etkisi.

EPS’nin, kaymak ve tereyaginda tekstiir
diizeltici ve aroma artirici dogal bir gida katki
maddesi olarak ticari olanlarinin yerine
kullanilabilecegini tespit etmistir.

Tulum Peyniri
(Ispirli 2016)

Tulum peyniri 6rneklerindeki LAB
trlerini izole ederek tanimlamak.

izole edilen suslar Lactobacillus plantarum, L.
paracasei, L. brevis, Weissella
paramesenteroides, Lactococcus garvieae ve L.
crustorum. EPS iiretim miktariin birbirine
yakin oldugunu belirtmistir.

Dondurma, Ayran,
Sucuk
(Yilmaz ve ark. 2014)

Farkli inkiibasyon kosullarinda
dondurma, ayran ve sucuk tretiminde
EPS iireten suslarin etkisi.

Ayran, dondurma ve sucuk Uretiminde EPS
ireten suslarin kullaniminmin driin 6zelliklerini
olumlu etkiledigini ortaya ¢ikarmiglardir

St ve St Urtinleri
(Pektas 2014)

St ve sut Urtnlerinden izole edilen 163
LAB’ sinin ekzopolisakkarit tiretme
yeteneklerini tespit etmek

Izolatlarin EPS degerlerini 46,65-53,17 ppm
arasinda bulmustur

Lab Suslari
(Midik 2011)

Suslarin, farkli fermantasyon
kosullarinda [pH (5.0, 6.0, 7.0), sicaklik
(20°, 30°, 37°C), inkibasyon slresi (48,
120, 192 saat) gelistirilmelerinin EPS
iiretim miktarlarina etkisini incelemek.

EPS iretimi i¢in en uygun degerlerin pH igin
6.0, sicaklik igin 30° C oldugunu belirtmistir.
Fakat en yiiksek EPS dretimi icin inkibasyon
stiresinin suslara gore farklilik gosterdigini tespit
etmistir.

Bu ¢alismada Kahramanmaras piyasasinda iiretilen sucuklardaki laktik asit bakterilerinin ydresel farkliliklardan dolay1
ekzopolisakkarit tiretim miktarinda bir farklilik olup olmadigi ve bu laktik asit bakterilerinin sucukta ekzopolisakkarit
iiretim yeteneklerinin aragtiritlmasi amaglanmustir.

MATERYAL VE METOT

Bu ¢alismada 2019 yili yaz aylarinda Kahramanmaras piyasasinda bulunan 10 farkli kasaptan temin edilen Maras et
sucugu kullanilmustir.

LAB’nin izolasyonu

Laboratuvara getirilen sucuk drneklerinden Sg tartilarak 45g fizyolojik tuzlu su igerisinde iyice ezildikten sonra sivi
kismindan 1mL almarak fizyolojik tuzlu su ile hazirlanmis olan diliisyon sivisiyla 10%ya kadar seyreltilmistir.
Hazirlanan diliisyonlardan laktik asit bakterilerinin izolasyonu i¢in MRS ve MI17 agar ve broth besiyerleri
kullanilmgtir. Once hazirlanan diliisyonlardan agara yayma yontemi ile ekim yapilmis ve 37°C’de 48 saat inkiibasyona
birakilmistir. Daha sonra olugan koloniler brotha alinarak zenginlestirme yapilmistir. Zenginlestirilen koloniler vortex
ile iyice karigtirildiktan sonra tek koloniye diigiirmek i¢in agara ¢izme yontemiyle ekim yapilarak aymi sartlarda
inkiibasyona birakilmustir. Inkiibasyon sonucunda olusan koloniler brotha alinarak zenginlestirme yapilmistir. Son
olarak zenginlestirilen koloniler yatik olarak hazirlanan agara alinarak aymi sartlarda inkiibasyona birakilmistir.
Inkiibasyon sonucunda elde edilen saf kolonilerin EPS tayinleri yapilmistir (Sengiil 2001).

EPS tayini

Elde edilen saf koloniler MRS ve M17 broth ortaminda 37+1°C’de 24 saat inkiibe edilerek iki kez ard arda
aktiflestirilmistir. Aktiflestirilen 6rneklerden 1 ml ependorf tiiplerine aktarilarak, 100°C’de 10-15 dk bekletildikten
sonra oda sicakligina gelinceye kadar sogutulmus ve 1 ml 6rnek {izerine %85°lik Trikloroasetik asit (TCA)’dan %0.17
oraninda ilave edilerek, 12000 rpm’de 25 dk santrifiij edilmistir. Slipernatant kismindan 0.5 ml alinarak diger bir
ependorf tiipiine konulmus iizerine esit hacimde etanol ilave edilmis, 12000 rpm’de 25 dk santrifiij edilmistir.
Siipernatant dokiilerek tekrar 0.5 mL etanol ilave edilmis ve ikinci etanol presipitasyonu igin 12000 rpm’de 25 dk
santrifiij yapilmistir. Pelletler 1 ml steril saf suda ¢oziildiikten sonra fenol siilfiirik asit metodu uygulanmistir (Torino
ve ark. 2001). Orneklerin iizerine nce 0,5 ml fenol ve daha sonra hizli bir sekilde 5 ml H,SOy ilave edilmis, 10 dakika
oda sicakliginda bekletildikten sonra vorteks ile iyice galkalanarak, 25-30°C’de 10-20 dakika bekletilmistir. Siire
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bitiminden sonra orneklerin OD degerleri 490 nm dalga boyunda iki paralelli olarak dl¢iilmiis ve absorbans degerleri
elde edilmigtir. EPS iiretim miktarlarini belirlemek i¢in 0-100 ppm arasinda degisen oranlarda glikoz kullanilarak fenol
stilfiirik asit metodu uygulanmis ve standart glikoz egrisi ¢ikarilmistir. Ardindan elde edilen absorbans degerleri elde
edilen kalibrasyon grafiginde yerine yazilarak 6rnekte bulunan EPS miktar1 ppm cinsinden belirlenmistir.

PCR ile tammlama yapilmasi

Bakteri 6rneklerinden DNA izolasyonu Luang In ve Deeseenthum’a gore yapilmistir (Luang In ve Deeseenthum 2016).
Izole edilen DNA’larin agaroz jel elektroforezi Devrim ve arkadaslarmin (2007) yontemine gore yapilmustir.
Calismada kullanilan 25 bakteri 6rnegi icin DNA Sekans Analizi uygulanarak niikleotid dizilimi ¢ikarilmigtir. Bu PCR
sonrasinda Manjula ve arkadaslarinin yontemi ile sefadex priifikasyonu yapilmistir (Manjula ve ark. 2011). Elde edilen
DNA nukletidlerinin NCBI Niikleotid BLAST ile tanimlamasi yapilmistir.

BULGULAR VE TARTISMA
izole Edilen Suslardan Elde Edilen Toplam EPS

Calismada Izole edilen toplam 56 susun EPS iiretim miktarlar1 belirlenmistir. Elde edilen degerler Cizelge 2.’de
gosterilmistir. Cizelgedeki harfler farkli kasaplari, sayilar ise suslarin elde edildikleri diliisyon oranini ifade etmektedir.

Cizelge 2. Elde edilen izolatlatin EPS iiretim miktart

No Ornek EPS miktar1 (ppm) No Ornek EPS m(l;(;x)l
1 A4l 28.27 29 C5 33.97
2 A42 44.36 30 C61 38.01
3 A43 43.40 31 C62 85.90
4 Ad4 31.47 32 C63 36.15
5 A45 45.00 33 Co4 45.64
6 A51 38.90 34 C66 44.49
7 A52 34.55 35 D4 43.66
8 B41 45.96 36 EG65 48.78
9 B42 63.01 37 F61 47.12
10 B43 36.86 38 F62 50.32
11 B44 42.56 39 G5 38.65
12 B45 109.10 40 HA41 34.74
13 B51 34.23 41 HA42 43.46
14 B52 35.06 42 HA43 54.29
15 B53 54.81 43 H51 52.95
16 B54 73.40 44 H52 32.69
17 B55 20.19 45 H53 24.42
18 B56 91.09 46 H61 33.08
19 B57 74.81 47 H62 30.00
20 B58 30.00 48 194 30.13
21 B59 40.26 49 195 25.04
22 B61 80.13 50 16 29.10
23 B62 36.60 51 J4 30.58
24 B63 43.53 52 J51 30.06
25 B64 70.26 53 J52 43.08
26 B65 58.08 54 J53 20.26
27 B66 52.24 55 J61 22.24
28 C4 51.09 56 J62 24.10

Degerler incelendiginde suslarin iirettigi EPS miktariin 20.19 ile 109.10 ppm arasinda degistigi goriilmektedir.
Literatiirde geleneksel yontemlerle iiretilmis sucuklarda EPS miktart ile ilgili bir ¢alismaya rastlanmamustir. Fakat EPS
iireten suslar eklenerek iiretilen sucuklarda EPS’in etkisinin arastirildigi bir ¢calismada elde edilen EPS miktar1 4.68
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ppm ile 15.97 ppm arasinda degismektedir (Yilmaz ve ark. 2014). Bu degerlere bakilarak geleneksel yontemlerle
iiretilen sucuklarda EPS iiretim miktarinin, EPS iireten sus eklenerek iiretilen sucuklardaki EPS iiretim miktarindan
yiiksek oldugu gorilmektedir. Ayrica EPS’in sucugun ozellikleri tizerine etkisinin de arastirildigi bu ¢alismada sucuk
iiretiminde EPS iireten sus kullanilmasinin sucuklarin sertlik, gamsilik ve ¢ignenebilirlik degerlerini dnemli derecede
artirdigt belirtilmektedir. Buradan ¢alismamizda kullanilan sucuklarin EPS {iretiminin daha yiiksek olmasindan dolay1
belirtilen 6zelliklerinin de daha yiiksek oldugu diisiiniilmektedir.

Demir ve ark. (2017), yaptiklar1 ¢alismada LAB’in yogurttaki EPS iiretim miktarlar1 5.89 ile 134.60 ppm arasinda
tespit etmislerdir. Zannini ve ark. (2016) ise ¢alismalarinda yogurtta LAB’ler tarafindan {iretilen EPS miktarinin 45-

350 ppm arasinda degistigi tespit etmislerdir. Feldmane ve ark. (2013) ise ii¢ farkli ticari EPS dreticisi kiiltiir
kullandiklari ¢aligmalarinda ise EPS miktarini yogurtta 144.08 ile 440.81 ppm arasinda degistigini rapor etmiglerdir.

Bu degerler géz oniinde bulunduruldugunda gelencksel yontemlerle iiretilen sucuklarda elde edilen EPS miktarinin
EPS {iretiminin olduk¢a dnemli oldugu yogurtta iiretilen EPS miktarina yakin degerlere sahip oldugu goriillmektedir.
Ayrica yogurtta EPS iireten sug ilavesi ile EPS {iretim miktarinin arttigi goriiliirken, sucukta bu durumun tersi
goriilmektedir. Bu farklilik geleneksel yontemlerle iiretilen sucuklarin fermantasyon sartlarinin EPS iiretimine daha
elverisli oldugu diislincesini ortaya ¢ikarmaktadir.

Bir¢ok calismada LAB tiirlerinden farkli miktarlarda EPS iiretilmis ve bugiine kadar tespit edilen EPS iiretim
miktarlar1 59-636 ppm arasinda degismistir (Pham ve ark., 2000; Zhang ve ark., 2016; Bai ve ark. 2016; Wang ve ark.
2017; Kim ve ark. 2017; Behera ve ark. 2018). Bu degerler elde ettigimiz degerlerle uyum gostermekle birlikte
calismamizda bu smirlardan daha diigiik miktarlarda EPS tretimi oldugu da goze carpmaktadir. Fakat yapilan
caligmalarda {iretilen ekzopolisakkaritlerin olduk¢a diisiik konsantrasyonlarda olsalar dahi yapiy1 gelistirici etki
gosterdikleri belirlendiginden diisiik konsantrasyonlarin da 6nem arz ettigi goriilmektedir (Soyugok ve ark. 2016).

Kilig ve Donmez, (2019) yaptiklar ¢alismada; gelistirdikleri bakterinin en diisiik sicaklikta (20°C), 189.8 ppm EPS
tirettigini belirlemislerdir. Sicakligi arttirdiklarinda ise mikroorganizma tarafindan olusturulan polimerin azaldigini
tespit etmislerdir. Sicaklik 30°C oldugunda ise iiretilen EPS bir miktar daha azalarak 186.7 ppm oldugunu
bulmuslardir. Ortamin sicakligi daha da arttirildiginda (40°C) bakterinin iirettigi EPS miktarini, 142.2 ppm olarak
tespit etmislerdir. Bu c¢alismaya bakilarak calismamizda tretilen EPS miktarmin diger caligmalarla sinir olarak
oOrtiismesini fakat alt sinira yakin degerler bulmamizi mikroorganizmalar1 37°C’de gelistirmemizden veya ¢alismalarin
ve sucuklarin tiretiminin yaz aylarinda yani nispeten yiiksek sicaklikta yapilmasina baglayabiliriz.

Tusar (2021) yaptigt ¢alismada farkli besiyerlerinde, farkli karbon kaynaklari (fruktoz, galaktoz, glikoz, ksiloz, laktoz,
maltoz, siikkroz) ve farkli oranlarda maya 6ziitii (%0.05, %0.1, %0.15 ve %0.2) kullanarak gesitli bakterilerin EPS
iretimini gézlemlemistir. Buna gore B. licheniformis 2CS bakterisi i¢in elde edilen en iyi sonu¢ %0.2- siikroz 121
mg/mL, B. zhangzhounesis 2CA bakterisi igin en iyi sonu¢ %0.15-sikroz 45 mg/mL, B. licheniformis 2CS bakterisi
icin elde edilen en iyi sonuglar %0.15- sikroz 12.1 mg/mL, %0.15- fruktoz 12.1 mg/mL, B. licheniformis 3CA2
bakterisi icin en iyi sonug %0.15- siikroz 32.4 mg/mL EPS tespit edilmistir.

Sonug olarak literatiirde rastlanan deger araliklar1 ¢alismamizla ortiismektedir ve bu da Maras et sucuklarinda bulunan
LAB suslarinin EPS iiretim yetenegine sahip oldugunu kanitlamaktadir. Bu bilgi gelecekte geleneksel sucuklarin kalite
kriterlerinin optimize edilmesi iizerine yapilacak ¢alismalarda kullanilabilir.

EPS Ureten Suslarin Tanimlanmasi

LAB’nin endiistrideki kullanimlar1 disiiniildiigiinde, arastirmalarin en 6nemli kisminin kullanilabilecek olan LAB
suslarmin se¢imi oldugu goriilmektedir. Bu sebeple, herhangi bir susun spesifik ve belirgin olarak ayrimini saglayan
giivenilir yontemlerin uygulanmasi ¢ok 6nemlidir (Kiran ve Osmanagaoglu, 2011). Bu ¢alismada da izole edilen
LAB’nin 25 tanesinin tanimlamalari bu yontemlerden biri olan polimeraz zincir reaksiyonu (PCR) ile yapilmustir.
Burada tanimlamasi yapilacak suslar hem yiiksek miktarda EPS iireten suslardan hem de diisiik miktarda EPS Ureten
suslardan secilmis ve her ornekten en az bir susun tanimlanmasina dikkat edilmistir. Burada amag¢ EPS iireten sus
cesitliligini gérmek ve her numunede ortak olan bir sus olup olmadigini belirlemektir. Bu amagla PCR fiiriinler agaroz
jelde yuratulerek elektroforez islemi yapilmistir.
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Cizelge 3. PCR tamimlama sonucu ve EPS iiretim miktarlar

No izolat Tammlama Sonucu Dogruluk EPS Miktar:

Kodu Yizdesi (ppm)
1 A42 Bacillus subtilis 98% 44.36
2 Ad4 Lactobacillus plantarum 98% 31.47
3 A52 L. plantarum 96% 34.55
4 B45 L. plantarum 97% 109.1
5 B55 L. plantarum 96% 20.19
6 B56 Tanimlanamadi 91.09
7 B63 L. plantarum 97% 43.53
8 B64 B. subtilis 97% 70.26
9 B66 L. plantarum 97% 52.24
10 C4 Pediococcus acidilactici 99% 51.09
11 C62 P. acidilactici 96% 85.90
12 C63 Tanimlanamadi 36.15
13 E65 L. plantarum 96% 48.78
14 F62 P. acidilactici 97% 50.32
15 Gb L. plantarum 87% 38.65
16 D4 Tanimlanamadi 43.33
17 H43 B. subtilis 97% 54.29
18 H52 P. pentosaceus 97% 32.69
19 H53 L. plantarum 97% 24.42
20 H62 L. plantarum 90% 30.00
21 14 L. plantarum 97% 30.13
22 15 L. plantarum 97% 25.04
23 J51 L. plantarum 98% 30.06
24 J53 L. plantarum 98% 20.26
25 J61 L. plantarum 97% 22.24

Elde edilen sonuglara bakildiginda tanimlanan 25 tiiriin 15 tanesinin L. plantarum (Toplam 560.66 ppm EPS), 3
tanesinin P. acidilactici (Toplam 187.31 ppm EPS), 3 tanesinin B.subtilis (Toplam 168.91 ppm EPS), 1 tanesinin ise P.
pentosaceus (Toplam 32.69 ppm EPS) oldugu tespit edilmistir. 3 tane sus ise tanimlanamamustir.

Bilindigi gibi et endiistrisinde starter kiiltiir olarak Laktik asit bakterilerinden L. plantarum, P. acidilactici, L. curvatus,
L. pentosus, L. sakei, P. pentosaceus suslar1 kullanilmaktadir. Bu ¢alismada kullanilan sucuklar geleneksel yontemlerle
iiretildiginden fermantasyonun gergeklesmesinde herhangi bir starter kiiltiir eklemesi yapilmadan etin kendi
florasindaki suglar hakim flora olmaktadir. Elde ettigimiz sonuglar incelendiginde 7 6rnekte L. plantarum susu baskin
sus olarak goriiliirken, 3 6rnekte P. acidilactici susu baskin olarak goriilmektedir. Bu sonuglara gore geleneksel yollarla
tiretilen sucuklarda starter kiiltiir gorevi goren suslarin daha ¢ok L. plantarum ve P. acidilactici oldugu sdylenebilir. Bu
starter kiiltiirlerin laktik asit iireterek wriin giivenligini saglamalarinin yaninda tat ve aroma basta olmak iizere iiriiniin
duyusal 6zelliklerinin gelismesinde de 6nemli bir rolii vardir. Bu nedenle pek ¢ok iilkede starter kiiltiir liretiminde
geleneksel iiriinlerden izole edilen ve tanimlanan suslar kullanilmakta ve halen de bu yondeki arastirmalara devam
edilmektedir (Kamiloglu 2016). Calismamizda geleneksel sucuklardan izole edilip tanimlanan suslar da bu yodnde
yapilacak arastirmalara katki saglayabilir.

Fermente et iirlinlerinde, laktobasiller i¢erisinde giivenilirligi, farkli sekerleri kullanabilme yetenekleri, ¢esitli ortamlara
kolay adapte olabilmesi, sahip oldugu prebiyotik 6zellik ve ayrica EPS iiretme yeteneklerinden dolay: L. plantarum
tiri 6n plana gikmaktadir (de Vries ve ark. 2006). Sonuglarda da gorildiigii gibi en yiiksek EPS Uretimi yapan B45
koduna sahip susun tanimlanmasi sonucu L. plantarum tiiriine ait oldugu belirlenmistir. L. plantarum suslarinin {irettigi
ortalama EPS miktarinin kasaplara gore degisimi farklilik gostermektedir. Bu bilgiler 1s18inda geleneksel sucuklarin
iretiminde belli bir prosediir izlenmediginden fermantasyon sartlarinin degiskenlik gosterdigi gbéz Oniinde
bulundurularak ayni susun farkli fermantasyon sartlarinda iirettigi EPS miktarimin dikkate deger oranda degiskenlik
gosterdigi sonucuna ulagilabilir.
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Sekil 1. L. plantarum susunun farkli kasaplardan elde edilen sucuklardaki ortalama EPS iiretimi (ppm)

Uzerinde calisilan tiim sucuklardan izole edilip tanimlamasi yapilan L. plantarum suslarinin EPS iiretimlerine
bakildiginda ise miktarm 20.19 ppm ile 109.10 ppm arasinda degistigi goriilmektedir. Literatirde L. plantarum
susunun {rettigi EPS miktarlarina bakildiginda; Zehir, (2017), tarhanadan izole ettigi L. plantarum suslarinin EPS
iiretim miktarlarinin 521-1166 ppm aralifinda degistigini tespit etmistir. Yilmaz, (2018) ise yaptig1 calismada yine
tarhanadan izole edilen L. plantarum suslarinin biyoreaktor ortaminda iirettigi EPS miktarinin 178 ppm ile 377 ppm
araliginda degistigini tespit etmistir. Geleneksel peynirlerden izole edilen suslarin EPS iiretim veriminin arastirildigi
bagka bir calismada ise EPS {iretimi en yiiksek susun L. plantarum, en disiik susun ise Enterecoccus cinsine ait oldugu
bulunmustur. Burada EPS iiretim miktarinin ise 57.67 ppm ile 337.19 ppm arasinda degistigi tespit edilmistir (Ugurlu
2017). Farkli bir ¢aligmada ise eksi hamurdan izole edilen L. plantarum (40 adet) tiirinlin ekzopolisakkarit dretim
miktarlar1 tespit edilmis ve EPS iiretim miktarinin 75.973 ppm ile 411.575 ppm arasinda degistigi tespit edilmistir
(Kara 2017). Ahi, (2011) caligmasinda L. plantarum susunun 110 ppm EPS {irettigini tespit etmistir. Bu ¢aligmalar elde
ettigimiz sonuglarla kiyaslandiginda geleneksel peynir ve eksi hamurda L. plantarum tarafindan iretilen EPS
miktarinin Ortiigtiigli, tarhanada ise elde edilen minimum EPS miktarindan dahi diisik EPS elde ettigimiz

goriilmektedir. Bu durum ayn1 susun farkli gidalarda farkli EPS iiretim kabiliyetine sahip oldugunu gostermektedir.

Bununla birlikte bu ¢alisma literatiirle uyum gosterdiginden L. plantarum susunun EPS iiretim kabiliyetinin ylksek
oldugunu destekleyen bir ¢aligma olmustur.

L. plantarum susundan sonra en yiiksek EPS fiiretimini goésteren susun ise P. acidilactici oldugu ve ftrettigi EPS
miktarinin 50.32 ppm ile 85.90 ppm arasinda degistigi goriilmistiir. Literatirde laktik asit bakterilerinin EPS
tretimlerinin arastirildig bir caligmada P. acidilactici susunun 155.15 ppm tiretim gosterdigi goriilmistiir (Ahi 2011).
Bagska bir ¢alismada ise ayn1 susun 203.29+1.65 ppm EPS iirettigi tespit edilmistir (Akepaer 2015). Literatiir ile ¢ok
yakin bir uyum gostermese de bu susun ¢aligmamizdaki 2 farkli sucukta izole edilen tek LAB oldugu ve sucuktaki EPS

iiretim kabiliyetinin yiiksek oldugu goriilmektedir.

Izole edilen bir diger sus olan P. pentosaceus susunun ise 179.55 ppm ile 241.00 arasinda EPS iiretimi gosterdigi
belirlenmistir (Ahi 2011; Akepaer 2015). Sucuktaki EPS {iretim miktar1 ise 32.69 ppm olarak bulunmustur. Bu sugun
hem sucuk iiretiminde starter kiiltlir olarak kullanilmasindan hem de tek susun irettigi EPS miktarinin iyi derecede
olmasindan tanimlamasi yapilmayan diger 56 sus igerisinde de yer alabilecegi diistiniilmektedir.

B. subtilis’in giiniimiizde endiistriyel uygulamalarda siklikla kullanilmakta olan bir sug olmasinin yani sira koruyucu ve
prebiyotik ozellikleri de bulunmaktadir (Rasmussen ve ark. 2009). Fan ve ark. (2013), yaptiklar1 ¢alismada; balik
bagirsagindan izole ettikleri B. subtilis susunun patojenlerin gelisimini inhibe etti§i ve yapay bagirsak ortamlart
icindeki olumsuz kosullara direngli oldugunu saptamislardir (Gao ve ark. 2011). Bilinen 100 Bacillus spp. arasinda
patojen olmayan suslardan olan B. subtilis’in prebiyotik olarak insan tiiketimi i¢in uygun oldugu belirtilmistir (Urdaci
ve ark. 2004; Nithya ve Halami 2013). Baz1 arastirmacilar Bacillus tiirleri tarafindan oldukga viskoz ve Ustiin
pseudoplastik 6zelliklere sahip EPS’lerin iiretildigini tespit etmiglerdir. Arastirmacilar yaptiklar1 bir ¢aligmada, sudan
izole edilen Bacillus susunun (B3-15) ortamda %0.6 glikoz varliginda 165 ppm EPS {irettigini bildirmiglerdir (Kusakl
2011). Bu ¢aligmada da sucuk 6rneklerinin 3 tanesinde B. subtilis susu tanimlanmig ve EPS iiretimlerinin 44,36 ppm ile
70,26 ppm arasinda degistigi tespit edilmistir. Literatiirle kiyaslandiginda diisiik bir konsantrasyon gibi goriinse de
sucuk orneklerinde elde edilen yiiksek konsantrasyonlardan birine sahip oldugu goze ¢arpmaktadir. Bu bilgiler 1s18inda
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B. subtilis’in sucukta kullaniminin faydali olacagi ve bu yizden iirettigi EPS miktarimin da kayda deger oldugu
distiniilmektedir.

SONUC VE ONERILER

Bu ¢alismada, sucuk yapilirken kullanilan etin dogal florasina ait olan LAB izole edilmis, bir kismi tanimlanmis ve bu
bakterilerin ¢esitliligi ve EPS {iretim kabiliyetleri belirlenmistir. Yapilan calisma sonucunda en yiiksek EPS {iretimine
sahip olan bakterinin B numunesinden alinan L. plantarum tiiriine ait oldugu tespit edilmis ve genel EPS Uretiminin
literatiirdeki diger gidalarla benzerlik gosterdigi tespit edilmistir. Ayrica toplamda 4 farkl: tiir tespit edilmis ve en fazla
sus ¢esidi H kasabindan elde edilen sucukta (3 tiir) gozlemlenmistir. Burada farkli farkli olarak B. subtilis susu goze
carpmaktadir, sucuk tiretiminde 6zellikle kullanilan bir sus olmamasina ragmen dikkate deger oranda EPS {ireten ve
koruyucu, prebiyotik gibi farkli 6zellikleri de olan bu susun et {irlinlerinde kullanimi {izerine arastirmalar yapilabilir.
Calismamizda geleneksel yontemlerle iiretilen sucuklardaki LAB’lerin dikkate deger oranda EPS {irettigi gorilmistiir.
Bu calisma gelecekte EPS iiretiminin sucuktaki etkilerini belirlemek {izerine veya geleneksel yontemlerle iiretilen
sucuklarin kalite &zelliklerinin optimizasyonu iizerine yapilabilecek caligmalara 1sik tutacak niteliktedir. Ayrica
aragtirmalar igerisinde her susun iiriine farkli 6zellikler kattig1 ve farkli islevlerde kullanilabilecek EPS iiretebildikleri
fark edilmistir. Buna bagl olarak ¢alismamizda izole edilen suslarin trettikleri EPS tiirleri ve bunlarin sucugun ve
diger et {rlinlerinin kaliteleri iizerine etkileri arastirilabilir ya da calismamizda kullanilan bazi sucuklarda sus
cesitliliginin fazla olmasi etkileyen faktdrler iizerine de ¢alismalar yapilabilir. Tim bu sebeplerle sonu¢ kisminda
Onerilen c¢aligmalarin yapilmasmin EPS kullanimi {izerine yeni uygulamalarin ortaya c¢ikmasini saglayacagi
diisiiniilmektedir.

TESEKKUR

Bu calisma, KSU Arastirma Projeleri Yonetim Birimince 2019/4-9 YLS no’lu yiiksek lisans projesi olarak
desteklenmistir.

ETiK BEYAN

“Maras Et Sucugunda Ekzopolisakkarit Ureten Mikroorganizmalarin Tespiti” bashkli ¢aligmamin yazim siirecinde
bilimsel kurallara, etik ve alint1 kurallarina uyulmus; toplanan veriler {izerinde herhangi bir tahrifat yapilmamis ve bu
calisma herhangi bagka bir akademik yayin ortamina degerlendirme icin gdnderilmemistir. Bu aragtirma dokiiman
analizi ve betimsel incelemeye dayali olarak yapildigindan etik kurul karar1 zorunlulugu bulunmamaktadir.
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OZET MAKALE BiLGIiSi

Calisma silajlik musir bitkisine farkli dozlardaki sivi ve kati kimyasal giibre formlarinin Arastirma Makalesi

verim ve Kalite 6zelliklerine etkisini belirlemek amaciyla gergeklestirilmistir. Arastirma, Gelis : 19.11.2021

2020 tarihinde Adana Dogu Akdeniz Tarimsal Arastirma Enstitiisi Midiirligi arastirma Kabul: 14.03.2022
alaninda, Tesadiif Bloklar Deneme Desenine gore ii¢ tekerriirlii yiiriitiilmiistiir. Caligmada )

“Albayrak” mustr esidi kullanilmustir. Kontrol ile birlikte 3-24-12 kompoze giibre, 15-15- Anahtar kelimeler:

15 kompoze giibre, DAP giibresi ve bunlarin kati-sivi formdaki dozlari kullanilmistir. ADF, Flieg Puani, NDF,
Arastirmada tepe piiskiilii ¢ikarma giin stireleri 60.33-65.00 giin, bitki boyu 240.33-288.33 Siv1 giibre, Zea Mays L.

cm, bitki bagina diisen yaprak sayis1 14.33-17.00 adet bitki, yaprak oram %16.00-17.99,
kogan oranit %35.45-44.47, sap ¢ap1 18.51-27.80 mm, kogan sayis1 1.00-2.00 adet, yesil ot
verimi 4823.80-8740.95 kg da?® ve kuru ot verimini 1328.03-2343.83 kg da! arasinda
degistigi tespit edilmistir. Silajlarin ham protein oran1 %6.68-8.99, NDF oranlart %36.82-
43.33, ADF oranlar1 %22.14-25.96, pH degerleri 3.73-4.01 ve flieg puanlar1 81.41-94.75
arasinda degistigi saptanmistir. Aragtirma sonuglarina gore, Adana kosullarinda silajlik
musir yetistiriciliginde silaj verimi, verim 6geleri ve ham protein degerine olumlu etkisi
bakimindan ekim ile birlikte 15-15-15 s1v1 giibre polifosfat giibre formundan 5 kg dal, Ust
glbre olarak ise 17 kg da? stvi UAN giibre (%32 N) uygulamasinin birlikte kullanilmas:

Onerilebilir.

The Effect of Different Doses of Liquid and Solid Chemical Fertilizer Forms on Agricultural
Properties and Silage Quality in Corn Plant

ABSTRACT ARTICLE INFO
This study was to determine the effects of different doses of liquid and solid chemical fertilizer forms Research article

on the yield and quality characteristics of the silage corn plant. The research was carried out in Received: 19.11.2021
Randomized Complete Block Design with three replications in the research area of Adana Eastern Accepted: 14.03.2022

Mediterranean Agricultural Research Institute in 2020. “Albayrak™ corn variety was used in the study.

Together with the control, 3-24-12 compound fertilizer, 15-15-15 compound fertilizer, DAP fertilizer Keywords_: -
and their doses in solid-liquid form were used. In the study, tassel removal days are 60.33-65.00 days, ADF, Flieg score, Liquid
plant height is 240.33-288.33 cm, the number of leaves per plant is 14.33-17.00 pieces plant?, leaf fertilizers, NDF, Zea
ratio is 16.00-17.99 %, cob ratio 35.45-44.47 %, stem diameter 18.51-27.80 mm, number of cobs mays L.

1.00-2.00, green herbage yield 4823.80-8740.95 kg da! and It was determined that the hay yield
varied between 1328.03-2343.83 kg da’. It was found that the ranged of crude protein ratio of silages
is 6.68-8.99%, NDF ratio 36.82-43.33%, ADF ratio 22.14-25.96%, pH values 3.73-4.01 and flieg
scores 81.41-94.75. According to the results of the research, 5 kg da 15-15-15 liquid fertilizer
polyphosphate and 17 kg da! liquid UAN fertilizer (32% N) application can be recommended in
terms of its positive effect on silage yield, yield elements and crude protein value in silage corn
cultivation in Adana conditions.

To Cite: Akbay F, Ozer ME, EROL A, Uslu OS 2022. Misir Bitkisinde Farkli Dozlarda Sivi ve Kati Kimyasal
Giibre Formlarmin Tarimsal Ozelliklere ve Silaj Kalitesi Uzerine Etkisi. MJAVL Sciences. 12 (1)
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GIRIS

Diinya’da bugdaygiller familyasi arasinda bugday ve celtikten sonra {iretim alan1 bakimindan en fazla yetistirilen (C4
bitkisi) misir bitkisidir (Vartanli 2006). Genis bir {iretime sahip olan musir bitkisi kullanim amaci bakimindan endiistri
bitkilerin ¢ogunu geride birakmis durumdadir. insan beslenmesi, yesil-kuru ot olarak veya silaj yapimi sonrasinda
hayvan beslenmesinde, nisasta ya da nigasta bazli iiriinlerde ve yag iiretiminde degerlendirilmesiyle birlikte bircok
iiriine hammadde kaynagi olmaktadir (Oktem ve Toprak 2013). Misir silaji tiim hayvanlarin beslenmesinde rahatca
kullanilabilmesi, birim alandan yiiksek yesil ot verimi elde edilmesi, beslenme degeri ve lezzetliliginin yiiksek olmasi
nedeniyle Diinya’da hem kesif hem de kaba yem ihtiyacim1 karsilanmasi hususunda en ¢ok tercih edilen (riin
olmaktadir (Acikgoz 2001).

Yiiksek verime sahip olan ve bugdaygiller familyasi igerisinde yer alan misir bitkisinin giibrelere tepkisini belirlemek
verim ve kalite bakimindan 6nem arz etmektedir. Gtibre bitkilerinin her gelisme déneminde etkili olmakla birlikte
zamaninda ve uygun form ve miktarlarda verilen giibreler ile birim alandan alinan {iriin miktar1 ve yemin kalitesi
artmaktadir. Bu nedenle giibrenin formu ve dozunun dogru olarak belirlenmesi gerekmektedir (Celebi ve ark., 2010).
Glintimiize kadar yapilmis ¢ogu calismada azotlu giibreler, bitki siklig1 ve hasat donemleriyle verim ve kalite {izerine
etkisi incelenip, tarimsal karaktere olan etkisi ortaya konulmustur (Celebi ve ark., 2010; Ko¢ ve Caligkan 2016;
Sartyerli ve Soylu 2016; Akdeniz ve Ozarslan 2018). Fakat giibrelerin kat1 ve s1vi formlarinin karsilastirilmast ile ilgili
cok az literatiir bulgusuna ulasilmistir. Diinya’da kullanim sirasina goére ilk sirayi kati giibreler alsa da, tarimi ileri
tilkelerde 6rnegin ABD’de yaklasik % 40 oraninda sivi giibre kullanilmaktadir. Hem ABD hem de birgcok Avrupa
tilkesinde tretim maliyetindeki diigiikliikkten dolay1 sivi giibrelerin kullanimi gittikge artmaktadir. Tiirkiye’de ise sivi
giibre kavrami ¢ok yeni duyulmaya baglanmis olup, arastirma ve deneyim heniiz istenilen seviyede degildir (Eraslan ve
ark. 2010).

Bu nedenle bu arastirma, Adana ilinde, silajlik misir bitkisinde sivi ve kati formdaki taban ve {ist giibrelerin farkl
dozlarinin musir silajinda  verim, verim oOgeleri ve kalite Ozelliklerine etkisinin belirlenmesi amaciyla
gerceklestirilmistir.

MATERYAL VE METOT

Bu aragtirma, Adana Dogu Akdeniz Tarimsal Arastirma Enstitiisii Miidiirliigiiniin Dogankent lokasyonundaki deneme
alanlarinda 2020 yili yazlik yetistirme sezonunda yiriitiilmiistiir. Deneme alani topraklari; hafif alkali pH’ da, tuzsuz,
killi-tinl1 ve ¢ok kiregli yapidadir. Organik madde orta seviyededir. Demir (5.70 mg kg™?), bakir (1.12 mg kg™), mangan
(4.70 mg kg1) ve potasyum (84.06 kg da?) acisindan yeterli, fosfor (5.12 kg da?) ve ¢inko (0.17 mg kg!) bakimindan
ise diisiik igeriklidir.

Denemenin yiritiildigi Adana ili 2020 yilina ait sicaklik, nispi nem ve yagis miktarlart Cizelge 1°de verilmistir.
Toplam diisen yagis miktar1 131.90 mm ve ortalama nispi nem %81.69 oraninda gergeklesmistir. En yiiksek sicaklik
Temmuz ayinda ortalama 28.29 °C ve en diigsiik sicaklik Nisan ayinda ortalama 17.15 °C olarak gergeklesmistir.
Deneme alaninin uzun yillara gére daha sicak, nispi nem degerinin daha yiiksek ve toplam diisen yagis miktarinin
daha fazla oldugu gorulmektedir.

Cizelge 1. Adana Meteoroloji Bélge Miidiirligii Iklim Verileri

Hava Sicakhigi Nispi Nem Yagis
Aylar Giin Sayisi (°C) (%) (mm)
Uzun Uzun Uzun
2020 Yillar 2020 Yillar 2020 Yillar
Nisan 8 17.15 17.3 85.8 67.8 49.0 48.2
Mayis 31 22.32 21.3 73.5 68.2 80.6 43.1
Haziran 30 24.12 25.6 81.8 66.7 2.30 22.0
Temmuz 26 28.29 28.2 85.6 69.7 0.0 10.2
Toplam Ortalama 95 22.97 23.1 81.7 68.1 131.9 123.5

Arastirmada materyal olarak Albayrak musir ¢esidi kullanilmistir. Calismada kontrol, 13-24-12 kompoze giibre, 15-15-
15 kompoze giibre ve DAP (18-46-0) giibresi kullanilmistir. Cizelge 2’de ekimle birlikte atilacak miktar (kg da™) ve
ekimden 37. giin sonra yaklasik olarak bitkiler 30-40 cm bitki boyuna ulastig1 donemde {ist giibre olarak N-P,0s-K,0
(kg dal) atilacak miktar (kg dal) ayrintili bir sekilde gdsterilmistir. Taban giibrelemesinde 5 kg P,Os da? diisecek
sekilde giibre miktarlar1 ayarlanmugtir. Ust giibre olarak kullanilan UAN-32 giibresi %32 azot oranina sahip siv1 formda
bir glibredir. Nitrat, amonyak ve {ire formlarinin kombinasyonu ile olusmugtur. Bu nedenle bitkide yanma ve kuruma
olusturmadan hizli ve etkili bir giibreleme saglamaktadir. Yapraktan veya damla sulama ile uygulanmaktadir (Anonim
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2021). UAN uygulamalarinda ise birim alana diisecek azot miktar; her calisma konusuna taban giibrelemesiyle birlikte
totalde 22 kg N da™! diisecek sekilde hesaplanmustir.

Cizelge 2. Giibre formlari ve uygulama miktarlar

Konular ve Gubreler Ekimle (kg dal) 37.gun (kg N da?)
Negatif Kontrol (Sifir Giibre) 0 0

13-24-12 Kompoze Gubre Denemesi

1)13-24-12 %10 SO3, %1 Fe ve %1 Zn 2.7N-5P,05-2.5K,0 19.3 N (kat1 Ure)

2)13-24-12 %10 SO3, %1 Fe ve %1 Zn
3) Siv1 giibre
4) Siv1 glibre polifosfat

2.7TN-5P,05-2.5K,0
2.7TN-5P,05-2.5K,0
2.7N-5P,05-2.5K,0

19.3 N (SiviUAN)
19.3 N (SiviUAN)
19.3 N (SiviUAN)

15-15-15 Kompoze Giibre Denemesi

5)15-15-15 5N-5P205-5K;0 17 N (kat1 Ure)

6)15-15-15 5N-5P,05-5K;0 17 N (Sivi UAN)
7) Siv1 giibre 5N-5P,05-5K,0 17 N (Sivi UAN)
8) S1v1 giibre polifosfat 5N-5P,05-5K,0 17 N (S1ivi UAN)

DAP Gubresi Denemesi

9) DAP 1.9N-5P,05 20.1 N (kat1 Ure)

10) DAP 1.9N-5P,0s 20.1 N (Sivi UAN)
11) Siv1 giibre 1.9N-5P,0s 20.1 N (Sivi UAN)
12) Siv1 giibre polifosfat 1.9N-5P,05 20.1 N (Sivi UAN)

Calismada ana iriin kosullarinda yiiriitilmek {izere tesadiif bloklar1 deneme desenine gore 3 tekerriirlii olarak
kurulmustur. Ekimler her parsel 4’er sira olmak tizere, sira arasi 70 cm, sira {izeri 18 cm, parsellerin boyutlart ise 2.8 X
5 = 14 m? olacak ve her sirada bulunmas: gerekli bitki sayis1 28 adet olarak planlanmistir. Uygulamalarin birbirine
karigmasini dnlemek amaciyla parseller arasinda 1.4 m ve bloklar arasinda 3 m mesafe birakilmistir. Arastirma
alaninda Mart ay1 baslarinda derin siirlim yapilmis olup, daha sonra ekimde sira aras1 70 cm ve is genisligi 2.8 m olan 4
sirali kati ve sivi giibre uygulayabilen hassas pnomatik ekim makinesi kullanilarak 23.04.2020 tarihinde ekim
yapilmistir. Deneme yeri topraginin elverisli fosfor ve azot miktarlarina gére misir bitkisine toplam olarak 5 kg P»0s
da! fosfor, 22 kg N da* azot ve 0, 2,5 ve 5 kg K;O da! dozlarinda potasyum uygulanmistir. Denemelerde azot, fosfor
ve potasyum kaynagi olarak Tiirkiye’de musir tariminda yaygin olarak kullanilmalari nedeniyle kimyasal kati giibre
olarak 13.24.12+10 SOs+1 Fe+1 Zn, 15.15.15 kompoze ve DAP giibreleri kullanilmistir. Sivi giibre olarak da soz
konusu kat1 giibreler ile ayni besin elementlerini ve 2 farkli fosfor kaynagi (ortofosfat ve polifosfat) igerecek sekilde
kullanilmustir. Yetistirme doneminde bitkinin ihtiyag duydugu su miktari; damla sulama seklinde verilmistir. Deneme
alaninda goriilen yabanci otlarla miicadele el gapasi ile kontrol altina alinmustir.

Sonuglarinin saglikli bigimde elde edilebilmesi igin parsellerin en distaki birer sirast ve parsel baslarindan 0,5’er m si
kenar tesiri olarak ¢ikarildiktan sonra ortadaki 2 sira 1.4 m x 4 m = 5.62’lik alanda dl¢iimler gergeklestirilmistir. Yesil
ot verimi gbzlemleri icin orta 2 sira hasat edilmistir. Her parselden yaklasik olarak 500 gr bitki 6rnegi 70°C'de 48 saat
bekletilip tartildiktan sonra kuru madde oranlari belirlenmistir (Bulgurlu ve Ergiil 1978). Kuru ot verimi ise kuru
madde oran1 ve yesil ot veriminin ¢arpilmastyla elde edilmistir. Ayrica, tepe piiskiilii ¢ikarma siiresi, bitki boyu, yaprak
orani, sap orani, kocan orani, sap ¢api, bitkideki kogan sayis1 6zellikleri incelenmistir (Anonim 2018). Yaklasik olarak
500 gr yesil ot 6rnekleri 6zel silaj plastik torbalara konularak vakum makinasiyla igerisindeki hava %99.9 oraninda
almip agz1 otomatik olarak yapistirilmustir. Silaj &rnekleri 60 giin siire sonunda agilmustir. Orneklerin ham protein,
NDF ve ADF oranlar1 C-0904FE-Hay and Fresh Forage kalibrasyonu kullanilarak The Foss XDS NIRS (Near Infrared
Reflectance Spectroscopy) analiz cihaziyla saptanmistir. pH metrede her silaj kabinin pH’s1 belirlenmistir. Fleig Puani
=220+ (2 X % Kuru madde - 15) — 40 x pH esitligi ile hesaplanmustir (Kilig 1984).

Istatistik analiz

Arastirma sonucunda tarla denemeleri ve laboratuvar analizlerinden elde edilen verilere JMP7 istatistik paket programi
kullanilarak tesadiif bloklar1 deneme desenine gdre varyans analizi uygulanmistir ve analiz sonuglarina gore
istatistiksel olarak onemli ¢ikan ortalamalar arasi farkliliklarin karsilastirilmasinda LSD ¢oklu karsilagtirma testi
kullanilmustir.
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BULGULAR ve TARTISMA

Farkli dozlardaki sivi ve kat1 kimyasal giibre formlarinin silajlik misirda tepe piiskiilii ¢cikarma siiresi, bitki boyu,
yaprak sayisi, kogan orani ve sap orani degerleri arasinda olusan farklilik istatistiki agidan onemli iken(P<0.01;
P<0.05), yaprak orani degerleri arasinda olusan farkliligin istatistiki acidan Onemsiz oldugu Cizelge 3’de
gorilmektedir.

Gtibre formlar1 ve dozlarina gore tepe piiskiilii ¢ikarma siiresinin 60.33-65.00 giin arasinda degistigi, en kisa tepe
puskil ¢ikarma giin siiresinin kontrol grubundan (60.33 giin) elde edildigi Cizelge 3’de goriilmektedir. Yine aym
cizelgeden tepe piiskiilii ¢ikarma siiresine en geg¢ 65.00 giin ile 8 nolu giibre uygulamast olurken, bunu 64.67 giin ile 12
nolu giibre uygulamasi ve 64.33 giin ile 4 nolu giibre uygulamasinin izledigi goriilmektedir. Kontrol grubunda herhangi
bir besin elementi olmamasi bitkinin erken gelismesine neden olmus ve diger giibre ve doz uygulamalarina kiyasla en
kisa tepe piiskiilii ¢ikarma giin siiresine ulagildig: tespit edilmistir. Giirel (2007), Kastamonu ekolojik kosullarinda 17
farkli silajlik misirin verim ve kalite &zelliklerini inceledikleri ¢alismada tepe piiskiilii ¢ikarma siiresinin 64-73 glin
arasinda degistigini bildirmislerdir. Uyanik (2019), musir (Zea mays L.) yetistiriciliginde farkli bir ticari mikrobiyal
glibre olan BM-Coton-Plus ile NPK kompoze giibresi uygulamanin sonucunda tepe piskiilii ¢ikarma siiresinin 77-82
giin arasinda degistigini bildirmislerdir. Arastirmacilarin ¢alismalarinda musir bitkisinin tepe piskiilii ¢itkarma gun
stireleri daha uzun oldugu goriilmektedir. Caligmalar arasinda olusan bu farklilik; arastirmanin gergeklestigi bolgenin
iklim ve toprak 6zelligi, uygulan kiiltiirel islemler ve kullanilan ¢esit farkliliklarindan kaynaklandig: diisiiniilmektedir.

Caligmada musir bitki boylar1 240.33-288.33 cm arasinda degistigi, en diisiikk bitki boyu kontrol grubundan elde
edildigi, en yiiksek bitki boyunun ise 5 nolu (ekimle birlikte 15-15-15 giibre formundan 5 kg da* ile Gst giibre olarak
kat iire giibre formundan 17 kg da™) giibre uygulamasindan elde edildigi goriilmektedir. Arastirmada musir bitkilerin
azotlu giibre uygulamalarina olumlu tepkiler verdigi ve hi¢ giibre uygulanmamis parsellere gore bitki boylarmin daha
yiiksek oldugu saptanmstir. Bulgularimiz Kusaksiz ve Yener (2003), Celebi ve ark. (2010), Bhatt (2012), Safdarian ve
ark. (2014) ve Carpici ve ark. (2017) tarafindan gerceklesen galismalarda ile benzerlik gostermektedir. Bunun yani sira
Keskin ve ark. (2005), P-3335, P-3394, Arifiye ve Frassino musir gesitleri tizerine 0, 8, 16 ve 24 kg da! azot dozlarinin
agronomik oOzellikleri iizerine etkileri inceledikleri c¢alismada bitki boyu 223.8-261.9 cm arasinda degistigini
bildirmislerdir. Uyanik (2019) musir (Zea mays L.) yetistiriciliginde farkli bir ticari mikrobiyal giibre olan BM-Coton-
Plus ile NPK kompoze giibresi uygulanmada bitki boyunun 261.8-292.9 cm arasinda degistigini bildirmislerdir.
Bulgularimiz arastirmacilarin bitki boyu verileriyle kismen uyumludur.

Arastirmada yaprak sayilari arasinda olusan farkliligin 6nemli oldugu, en yiiksek yaprak sayisinin 5 nolu giibre
uygulamasinda 17.00 adet olarak elde edildigi, bu degeri istatistiki olarak fark olmayan 9 nolu giibre uygulamasinin
(16.67 adet) izledigi, en diisiik yaprak sayisinin ise kontrol grubunda 14.33 adet olarak elde edildigi saptanmigtir. En
yiiksek bitki boyuna sahip olan uygulama dozunda en fazla yaprak sayist de elde edilmistir. Nitekim bitki boyu ile
yaprak sayis1 arasinda dogrusal bir iliski oldugu bildirilmektedir (Tan 2010). Saruhan ve Sireli (2005) ve Safdarian ve
ark. (2014) tarafindan gerceklesen caligmalarda musir bitkisinde azot dozlarina bagli olarak yaprak sayisinin arttigi
bildirilmiglerdir. Caligmada giibre uygulanan parsellerden kontrole kiyasla daha fazla sayida yaprak elde edildigi ve 5
nolu glibre (ekimle birlikte 15-15-15 glibre formundan 5 kg da? ile Ust glbre olarak kat: iire giibre formundan 17 kg da
1) uygulamasinin 6n plana ¢iktigi goriilmektedir. Bu baglamda bulgularimiz aragtirmacilarin bildirisiyle uyumludur.
Bitkideki yaprak sayisin1 Bulut ve ark. (2008) 11.3-11.8 adet; Giines ve Oner (2019) 11.67-13.63 adet ve Ucar (2019)
15.90-16.47 adet arasinda degistigini tespit etmislerdir. Bulgularimiz Ugar (2019)’un tespit ettigi degerlerle uyumlu
iken, diger arastirmacilar tarafindan belirtilen degerlerden yiiksek ¢ikmistir. Yaprak sayilart bolgenin yetistigi iklim ve
toprak 6zelliklerinin yani sira giibre uygulamalari ve sulama kosullarindan énemli derecede etkilenmektedir. Bulgular
arasinda olusan farklilik bu nedenlere bagl olarak agiklanabilmektedir.

Calismada yaprak orani %16.00-17.99 arasinda degistigi ve ortalama yaprak oraninin %16.94 olarak kaydedildigi
goriilmektedir. Uygulanan giibre formlar1 ve dozlarina gore yaprak oranlar1 arasinda istatistiki olarak bir farklilik
olugmadig1 saptanmistir. Fakat Karagoz ve ark. (2019), Kayseri sartlarinda farkli azotlu giibre tipleri ve dozlarinin
silajlik misirda etkilerini inceledikleri ¢aligmada yaprak oraninin %19.01-22.73 arasinda degistigini, en fazla yaprak
sayisina azotlu giibre ¢esidi olarak iire ve azot dozu olarak 7 ve 22,5 dozlarinda ulagtiklarini bildirmiglerdir. Ugar
(2019), Kayseri ili Yildirnm Beyazit yerleskesi kosullarinda Dekalb DKC7211 silajiik musir ¢esidi ile farkli giibre
kaynaklar1 (amonyum siilfat, disinyandiamid, 3,4-dimetil pirazol fosfat, ve 3,5 dimetilpirazolyum gliseroborat
nitrifikasyon) kullandiklar1 ¢aliymada yaprak oranimi %23.26-24.03 arasinda degistigini ve istatistiki olarak yaprak
oranlarmin etkilendigini bildirmistir. Caligmalar arasinda olusan farklilik giibre ¢esidi ve doz farkliligindan
kaynaklandig diistiniilmektedir.

Farkl giibre formlar1 ve dozlarina gore kocan oraninin %35.45-44.47 arasinda degistigi, en diisiik kocan orani kontrol
grubundan elde edildigi, diger uygulamalar ayn1 grupta yer alarak kocan oranmi arttirtigi saptanmistir. Kogan oram
veya verimi silajlik misirda 6nemli bir parametredir. Nitekim silajlik misirda yesil aksam veriminin %50’si ve besleme
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degerinin %70’1 koganlardan elde edilmektedir (Avcioglu ve ark. 2009). Calismada sap oraninin %38.95-46.55
arasinda degistigi ve ortalama sap orani %40.94 olarak elde edildigi Cizelge 3’te goriilmektedir. Ayn1 ¢izelgeden en
yiiksek sap orani kontrol grubundan elde edilirken, en diisiik sap oraninin 12 nolu giibre uygulamasinda saptanmustir.
Arastirmada giibre uygulamalariyla birlikte sap oraninda azalmalar olustugu gozlenmektedir. Celebi ve ark. (2010),
calismamiza benzer sekilde artan azot dozlarina bagli olarak sap oraninin azaldigimi ve kogan oraninin arttiini
bildirmislerdir. Benzer sekilde Karagéz ve ark. (2019), Kayseri sartlarinda farkli azotlu giibre tipleri ve dozlarmin
silajlik misirda ot verimi iizerine etkilerini inceledikleri ¢alismada sap oraninin %35.01-43.85 arasinda degistigini, sap
orani giibre ¢esitlerinin istatistiki olarak etkilemedigini, buna karsilik azot dozlarinin istatistiki olarak dnemli derecede
etkiledigini, artan azot dozlariyla sap oraninin azaldigint ve kogan oraninin arttigini bildirmislerdir. Buna karsilik Ugar
(2019), Kayseri sartlarinda farkli azotlu giibre tiplerinin silajlik misirda verim ve kalite 6zelliklerini inceledikleri
calismada sap oraninin %37.87-40.17 arasinda degistigini ve sap oraninin azot giibre formlarindan etkilenmedigini
bildirmistir.

Cizelge 3. Farkli dozlardaki sivi ve kati kimyasal giibre formlarimin silajltk miswr bitkisine ait tepe piiskiilii ¢ikarma
stiresi, bitki boyu, yaprak sayisi, yaprak orani, kogcan orani, sap orani degerleri

Tepe Puskulu Bitki Yaprak Yaprak Kocan Sap Oram
Cikarma Boyu (cm) Sayis1 (adet) Oram (%) Oram (%) p(% )

Suresi (Gun)
Kontrol 60.33 f! 240.33d 14.33 f 17.99 35.45b 46.55a
1 63.67 cde 283.33 ab 16.33 abc 16.38 41.45a 42.17b
2 63.00 e 275.00 abc 16.00 abcd 17.38 40.79 a 41.83b
3 64.00 bcd 271.00 abc 15.33 cdef 17.49 41.20a 41.31b
4 64.33 abc 278.33 ab 16.00 abcd 17.03 4241 a 40.60 bc
5 63.33 de 288.33a 17.00 a 16.48 4292 a 40.58 be
6 63.33 de 261.67 bed 15.67 bcde 15.86 4412 a 40.56 bc
7 63.67 cde 275.00 abc 15.00 def 16.91 4291a 40.50 bc
8 65.00 a 266.67 abc 15.33 cdef 16.84 42.66 a 40.18 bc
9 63.33 de 273.33 abc 16.67 ab 17.10 42.82a 40.08 bc
10 63.33 de 254.67 cd 14.67 ef 18.58 43.17a 40.02 bc
11 63.67 cde 283.33 ab 14.67 ef 16.00 4447 a 39.53 be
12 64.67 ab 278.67 ab 16.33 abc 16.12 43.30a 38.25¢
Ort. 63.52 271.52 15.64 16.94 42.13 40.94
LSD 0.95** 22.74% 1.15** od? 2.92* 2.92*
Ccv 1.89 4.97 4.36 11.26 5.53 4.22

1) Ayni siitun igerisinde benzer harf ile gosterilen ortalamalar arasinda LSD testine gore P <0.05 hata sinirlari igerisinde istatiksel olarak dnemli bir
farklilik yoktur. 2) 6d: 6nemli degil

Farkli dozlardaki sivi ve kat1 kimyasal giibre formlarinin silajlik misirda sap ¢api, kogan sayisi, kogan yiiksekligi, yesil
ot verimi ve kuru ot verimleri arasinda olusan farkliligin istatistiki agidan énemli oldugu (P<0.01;P<0.05), fakat kuru
madde oranlar1 arasinda olugan farkliligin istatistiki agidan 6nemsiz oldugu Cizelge 4’de goriilmektedir.

Arastirmadan elde edilen bulgulara gore sap ¢apinin 18.51-27.80 mm arasinda degistigi, en yiiksek sap ¢ap1 degeri
27.80 mm ile 3 nolu gubre uygulanan parsellerden elde edildigi, bu degeri istatistiki olarak ayni grupta yer alan 4
(23.66 mm) ve 7 nolu (23.72 mm) giibre uygulamalarinin izledigi goriilmektedir. Calismada en diisiik sap ¢ap degeri
18.51 mm ile kontrol grubunda saptanmistir. Daha dnceki ¢aligmalarda sap ¢apini; Yozgath (2017), Yozgat sartlarinda
17.21-23.23 cm; Giines ve Oner (2019), Ordu ekolojik kosullarda 23.44-27.84 mm ve Ozaslan (2019), Manisa
sartlarinda 2.4-2.7 cm arasinda degistigini rapor etmislerdir. Bulgularimiz arastirmacilar tarafindan saptanan degerlerle
kismen uyumludur.

Silajlik misir bitkisine silaj kalitesi ve beslenme verimi kogan sayisina bagli oldugu bilinmektedir. Bu baglama hasat
zamani bitkinin yiksek sayida kogan baglamis olmasi istenilmektedir. Caligmada kogan sayisimin 1.00-2.00 adet
arasinda degistigi, uygulamalar arasinda en yiiksek kogan sayisinin 1, 4, 5, 8 11 ve 12 nolu giibre uygulamalarindan
elde edildigi, en diisiik kogan sayisinin ise kontrol, 2 ve 7 nolu giibre uygulamasinda elde edildigi saptanmustir. Ozaslan
(2019), Manisa sahil ekolojik kosullarinda yiiriitillen ¢aligmada farkli musir ¢esidi (C-955, TK-6063 ve Kolosseus)
farkli azot dozlarmin (0, 4, 8, 12, 16, 20 ve 24 kg N da™!) etkisini inceledigi calismada kogan sayisimn 1-1.3 adet

arasinda degistigini bildirmislerdir. Bulgularimiz arastirmacilarin bulgulartyla uyumludur.

Calismada kocgan yiiksekliginin 115.00-150.67 cm arasinda degistigi, en yiiksek kocan yiiksekligine 5 nolu giibre
uygulanan parsellerden ortalama 150.67 cm olarak elde edildigi, bu degeri 147.67 cm ile 12 nolu giibre uygulamasinin
izledigi gorilmektedir. En diisiik kogan yliksekligi ise kontrol grubunda saptanmistir. Yozgath (2017) tarafindan
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gerceklesen caligmada farkli misir ¢esitlerinin ilk kogan yiiksekligini 0.88-1.62 m arasinda degistigini bildirmistir.
Bulgularimiz Yozgatli (2017)’in sonuglartyla uyumludur.

Calismada yesil ot verimi 4823.80-8740.95 kg da arasinda degistigi, ortalama yesil ot veriminin 7779.56 kg da™
kaydedildigi, en yiiksek yesil ot verimi ayn1 gruba giren 8 ve 5 nolu giibre uygulamalarindan elde edildigi, en diisiik
yesil ot veriminin ise 4823.80 kg da ile kontrol uygulamasindan elde edildigi goriilmektedir. Baz1 arastirmacilarin
ifade ettigi gibi aragtirmada da kontrole kiyasla giibre uygulamalariyla yesil ot verimi artmistir (Patricio ve ark. 2004;
Yilmaz, 2005; Karasu ve ark. 2009; Celebi ve ark. 2010). Caligmamizda musir yesil ot verimi bakimindan ekimle
birlikte s1v1 giibre polifosfat giibre formundan 5 kg da™® ile iist giibre olarak sivi UAN giibre formundan 17 kg da™ ve
ekimle birlikte 15-15-15 kompoze glbre formundan 5 kg da ile iist giibre olarak kati iire giibre formundan 17 kg da*
doz kombinasyonlari 6n plana ¢ikmustir. Yesil ot verimi ile ilgili literatiir bulgular incelendiginde Giirel (2007),
Kastamonu sartlarinda 6618-9525 kg da*; Yildiz ve ark. (2017), Odemis ve Kiraz sartlarinda 10632-13477 kg da’;
Ugar (2019), Kayseri sartlarinda 8099-8348 kg da ve Giines ve Oner (2019), Ordu sartlarinda 6736.33-9476.72 kg da-
! arasinda degistigini bildirmislerdir. Bulgularimiz Yildiz ve ark. (2017) tarafindan tespit edilen degerlerden diisiik
cikarken, diger arastirmacilar tarafindan saptanan degerler ile kismen uyumludur. Caligmalar arasindan olusan bu
farklilik ekolojik kosullar, kullanilan musir ¢esidi, giibre formu ve dozlardan kaynaklanmaktadir.

Calismada kuru ot oranlar1 %34.84-43.99 arasinda degistigi, ortalama olarak %39.40 olarak elde edildigi, kuru ot
oranlar1 arasinda istatistiki olarak bir farklilik olusmadig goriilmektedir. Kuru ot oranlarimi Giirel (2007), % 30.8-37.9
ve Ucar (2019), % 26.57-27.49 arasinda degistigini bildirmistir. Bulgularimiz Ugar (2019) tarafindan bildirilen
degerlerden yiiksek ¢ikarken Giirel (2007) tarafindan bildirilen degerlerle uyumludur. Kuru madde orani ekolojik
kosullar ve uygulanan giibre formlarina gére de degisebilmektedir. Caligmalar arasindaki farklilik bu nedenlere bagli
olarak agiklanabilir.

Farkl1 kimyasal giibre formlar1 ve dozlarma gore kuru ot verimi 1328.03-2343.83 kg da™* arasinda degistigi, en yiiksek
kuru ot veriminin 8 nolu gubre uygulanan parsellerden elde edildigi, en diisiik kuru ot veriminin ise kontrol grubundan
elde edildigi goriilmektedir. Arastirmada ekimle birlikte sivi giibre polifosfat giibre formundan 5 kg da ile Ust glibre
olarak stvi UAN giibre formundan 17 kg da? birlikte kullanimmin diger giibre form ve dozlarina gore musir kuru ot
verimi arttirdig1 saptanmustir. Kuru ot verimini; Keskin ve ark. (2005) 1206.7-1926.2 kg da, Yilmaz (2005) 1495.7-
1619.5 kg da!,Girel (2007) 2211-3459 kg da!, Bulut ve ark. (2008) 1376.3-1774.4 kg da™?, Yildiz ve ark. (2017) 2479-
3608 kg da™ ve Ozaslan (2019) 2607-3174.7 kg da™* arasinda degistigini bildirmislerdir. Bulgularimiz Yildiz ve ark.
(2017) ve Ozaslan (2019) tarafindan bildirilen degerlerden diisiik ¢ikmustir. Diger arastirmacilarinin bulgulariyla
kismen uyumludur.

Cizelge 4. Farkli dozlardaki sivi ve kati kimyasal giibre formlarimin silajlik misir bitkisine ait sap ¢api, ko¢an sayist,
kogan yiiksekligi, yesil ot verimi, kuru madde orant ve kuru ot verimi degerleri

Sap cap1 Kocan Sayisi Kogan Yesi_l . Kuru I
(mm) (adet) yiiksekligi ot verimi madde Kuru ot verimi
(cm) (kg dal) oram (%) (kg dah)
Kontrol 18.51 ¢! 1.00c 115.00 e 4823.80 c 41.10 1328.03 ¢
1 20.23 bc 2.00a 136.67 abcd 7591.43ab  36.26 2018.61 ab
2 20.76 be 1.00c 121.33 de 8352.38ab  41.79 1991.43 ab
3 27.80a 1.33 bc 131.67 bcde 7041.90 b 41.17 1854.19 b
4 23.66 ab 2.00a 133.33 abcd 734476ab  36.26 1873.88 b
5 22.02 bc 2.00a 150.67 a 8613.33 a 34.84 2089.14 ab
6 18.87 ¢ 1.33 bc 128.33 cde 8045.71ab  41.97 2256.79 ab
7 23.72 ab 1.00c 120.00 de 8389.52ab  40.44 2146.85 ab
8 20.88 bc 2.00a 125.00 de 8740.95 a 37.59 2343.83a
9 21.37bc 1.33 bc 135.00 abcd 8152.38ab  35.51 2236.84 ab
10 20.79 bc 1.67 ab 126.67 cde 8076.19ab  38.58 2101.39 ab
11 23.37b 2.00a 143.33 abc 7968.57ab  43.99 2040.86 ab
12 21.84 bc 2.00a 147.67 ab 7993.33ab  42.68 2067.59 ab
Ort 21.83 1.59 131.90 7779.56 39.40 2026.88
LSD 4.20* 0.54* 17.65** 1471.98**  od? 420.70**
CcVv 11.41 17.14 7.94 11.22 14.54 12.31

1)Aynu siitun igerisinde benzer harf ile gosterilen ortalamalar arasinda LSD testine gore P <0.05 hata sinirlari igerisinde istatiksel olarak dnemli bir
farklilik yoktur. 2) 6d: 6nemli degil
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Farkli dozlardaki sivi ve kat1 kimyasal giibre formlarmin silajlik misirda ham protein oranlar1 arasinda olusan
farkliligin istatistiki agidan 6nemli oldugu (P<0.01), diger yem kalite degerleri arasinda olusan farklilifin ise istatistiki
acidan 6nemsiz oldugu Cizelge 5’de goriilmektedir.

Giibre formlarina ve dozlarina gére ham protein oranlarinin %6.68-8.99 arasinda degistigi, ekimle birlikte siv1 giibre
polifosfat glibre formundan 5 kg da ile iist giibre olarak sivi UAN giibre formundan 17 kg da* doz kombinasyonuyla
en yiikksek ham protein oraninin elde edildigi, en diisiik ham protein oraninin ise kontrol grubundan elde edildigi
goriilmektedir. Caligmada farkli dozlardaki sivi ve kati giibre formlarinin kontrole gére misir ham protein oranlarini
arttigt ve sivi giibre polifosfatin daha yararli oldugu saptanmistir. Bulgumuza benzer bir sekilde bazi arastirmacilar
azotlu giibrelerin ham protein oraninda artig sagladigini bildirmislerdir (Cox ve Cherney 2001; Patricio ve ark. 2004;
Safdarian ve ark. 2014; Carpict ve ark. 2017). Silajlik misir ham protein orani ile ilgili literatiir incelendiginde;
Yozgath (2017) % 7.09-9.53,Y1ldiz ve ark. (2017) % 6.16-8.61, Karagdz ve ark. (2019) %6.88-8.13, Akman (2019)
%5.01-9.48 ve Deniz (2020) %8.08-9.41 arasinda degistigini rapor etmislerdir. Bulgularimiz arastirmacilarin tespit
ettigi degerler ile uyumludur.

Oztiirk ve ark. (2020), NDF igeriginin hayvanlar tarafindan yem tiiketiminin bir gdstergesi oldugunu bildirmislerdir.
Diger bir yandan Keles ve Cibik (2004), kaliteli bir kaba yemin NDF igeriginin %40 ve bu degerin altinda olmasi
gerektigini bildirmislerdir. Calismada NDF oranlarinin %36.82-43.33 arasinda degistigi ve NDF igeriklerinin istenilen
diizeye yakin oldugu sdylenebilir. NDF oranlarinin giibre form ve dozlarindan istatistiki olarak etkilenmedigi ve
kontrole kiyasla benzer sonuglar elde edildigi saptanmistir. Buna karsilik Safdarian ve ark. (2014), Kog¢ ve Caligkan
(2016) ve Carpict ve ark., (2017) azot uygulamasiyla NDF oranlarinin azaldigint bildirmistir. Silajlik misir NDF
oranlar ile ilgili literatiir ¢alismalar1 incelendiginde; Yozgatl (2017) % 53.45-62.16, Giines ve Oner (2019) %50.57-
57.43, Karagdz ve ark. (2019) %43.98-50.08, Ucar (2019) % 52.10-52.88, Akman (2019) %42.40-56.00 ve Deniz
(2020) ise %15.91-28.72 arasinda degistigini rapor etmislerdir. Calismalar arasinda olusan farklilik kiilttirel islemler,
uygulanan farkli giibre ve doz, ekolojik sartlar ve kullanilan gesit farkliligindan kaynaklandigi diistinilmektedir.

Kaliteli bir kaba yemin ADF igeriginin yaklasik %30 ve bu degerin altinda olmasi istenilen bir durum olarak
tamimlanmaktadir (Keles ve Cibik 2004). Diger bir ifadeyle ADF oraninin artmastyla otun sindirilebilirligi
giiclesmektedir. Calismada ADF oranlart %22.14-25.96 arasinda degistigi ve ADF igeriklerinin istenilen diizeyde
oldugu soylenebilir. Arastirmada ADF oranlarinin farkli giibre form ve dozlarindan istatistiki olarak etkilenmedigi ve
kontrole kiyasla benzer sonuglar elde edildigi saptanmistir. ADF oranlarin1 Karagoz ve ark. (2019) %18.69-23.82, Ucar
(2019) % 34.94-36.52, Akman (2019) %29.00-39.17 ve Deniz (2020) %3.40-11.96 arasinda degistigini bildirmislerdir.
ADF oranlar1 arasinda olusan bu farkligin nedeni ekolojilerin, yetistirme tekniklerinin ve farkli gesitlerden
kaynaklandig diisiiniilmektedir.

Silo yemlerinin pH degeri silaj kalitesini belirleyen en 6nemli &zelliktir. lyi kalitede silo yeminin pH’1 3.8-4.0
civarinda olmalidir (Uslu ve Kaya 2020). Aragtirmada silo pH degerlerinin 3.73-4.01 arasinda degistigi, iyi kalitede bir
silo yemi elde edildigi goriilmektedir. Ayrica ¢aligmada giibre formlar1 ve dozlarina gére pH degerinin etkilenmedigi
tespit edilmistir. Buna karsilik Kog ve Caligkan (2016), silajlik musir gesitleri ile farkli azot dozlarinin verime olan
etkisi incelenen ¢aligmada artan azot dozuna bagl olarak pH degerinin diistiigiinii rapor etmistir. Bulgular arasinda
olusan bu farklilik misir gesit farkliligi ve uygulanan giibre form ve dozlarindan kaynaklandig: diisiiniilmektedir.

Silo yeminin pH ve kuru madde igerigi degerlerinden yararlanilarak flieg puani hesaplanmakta ve kalite
simiflandirilmast yapilmaktadir. Flieg puanlama sistemine gore 81-100 puan:l.sinif, 61-80 puan:2.sinif, 41-60
puan:3.sinif, 21-40 puan 4.smif ve 20-0 puan ise 5.simnifta yer aldigi bilinmektedir. Caligmada silolarin flieg puani
81.41-94.75 arasinda degistigi ve silo kalitesi bakimindan ¢ok iyi bir silo yeminin elde edildigi (1.sinif) sdylenebilir.
Ayrica caligmada flieg puani agisindan giibre formlar1 ve dozlari arasinda istatistiki olarak 6nemli bir farklilik
olugsmadigi ve benzer sonuglar elde edildigi saptanmistir. Ko¢ ve Caligkan (2016), silajlik misir ve farkli azot
kaynaklarimin kullanildigr ¢aligmada azot artisina bagh olarak flieg puaninin arttifini bildirmiglerdir. Ugar (2019),
silajlik misir ¢esidi ile farkli glibre kaynaklarini arastirdig1 calismada flieg puaninin 81.80-86.37 arasinda degistigini
bildirmistir. Bulgularimiz Ugar (2019)’un bulgulariyla uyumludur.
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Cizelge 5. Farkl: dozlardaki sivi ve kati kimyasal giibre formlarimn silajlik miswr bitkisine ait ham protein, NDF, ADF,
Ph degeri ve Flieg Puani degerleri

Ham Protein

(%) NDF (%0) ADF (%) pH degeri Flieg puam
Kontrol 6.68 ! 42.82 25.44 3.82 92.53
1 7.65cde 40.28 24.05 3.88 88.12
2 8.39 abc 38.10 22.14 3.74 88.39
3 8.07abcd 36.82 22.53 3.96 84.10
4 8.55 abc 38.78 23.38 3.73 91.93
5 8.22 abcd 42.56 25.15 3.69 90.61
6 8.10 abcd 41.38 24.25 3.78 94.75
7 8.7l ab 43.33 25.38 3.79 89.43
8 8.99a 40.39 25.03 3.90 87.86
9 7.23 de 41.93 25.10 3.90 89.21
10 7.90 bed 41.84 25.96 3.72 93.14
11 8.22 abcd 41.84 23.75 3.82 88.35
12 8.20 abcd 41.59 23.77 4.01 81.41
Ort 8.07 40.90 24.30 3.83 89.22
LSD 0.99** 0d? od od od
CcVv 7.31 12.67 11.52 4.18 7.65

1)Ayn siitun igerisinde benzer harf ile gosterilen ortalamalar arasinda LSD testine gore P <0.05 hata sinirlari igerisinde istatiksel olarak énemli bir
farklilik yoktur. 2) 6d: 6nemli degil

SONUC VE ONERILER

Arastirmada elde edilen bulgulara gére Adana kosullarinda farkli dozlardaki kati ve sivi giibre formlarmin misir
silajinda verim, baz1 verim dgeleri ve kalite dzelliklerine etkisi dnemli bulunmustur. Incelenen &zellikler bakimindan
giibre uygulamalarinin tepe piiskiilii ¢ikarma giin siiresi, bitki boyu, bitki basina yaprak sayisi, kogan orani, sap ¢api,
kocan sayisi, kocan yiiksekligi, yesil ot verimi, kuru ot verimi ve protein orani iizerine etkisi istatistiki olarak 6nemli
diizeyde etkiledigi tespit edilmistir. Fakat calismada incelenen yaprak orani, kuru ot orani, NDF, ADF, pH ve flieg
puani degerleri giibre uygulamalarindan istatistiki olarak etkilenmedigi saptanmistir. Arastirmada en diisiik bitki boyu,
bitki basina yaprak sayisi, kogan orani, sap ¢api, kocan sayisi, kogan yiiksekligi, yesil ot verimi, kuru ot verimi ve ham
protein orant degeri kontrol uygulamasinda saptanmistir. Calismada en yiiksek bitki boyu, yaprak sayisi, kogan
yiiksekligi, yesil ot verimi ve kuru ot verimi ekimle birlikte 15-15-15 giibre formundan 5 kg da? ile Ust glibre olarak
olarak kati iire giibre formundan 17 kg da ve ekimle birlikte 15-15-15 siv1 giibre polifosfat giibre formundan 5 kg da™
ile iist giibre olarak sivi UAN (%32 N) giibre formundan 17 kg da? dozu ile olusturulan kombinasyonlarda
saptanmustir. Arastirma sonuglarma gore Adana kosullarinda silaj musir yetistiriciliginde silo verim 6geleri ve protein
degerine olumlu etkisi bakimidan 15-15-15 siv1 giibre polifosfat giibre formundan 5 kg da* ile iist giibre olarak sivi
UAN gubre formundan 17 kg da? doz kombinasyon uygulamasi onerilebilir. Farkli dozlardaki sivi ve kati giibre
uygulamalarinin misir silajina etkisi konusunda daha net sonuglar elde etmek igin farkli lokasyonlarda daha uzun siireli
caligmalarin yapilmas: gerekmektedir.

TESEKKUR )
Bu arastirma makalesi Ziraat Yiiksek Miithendisi Muhammed Erhan Ozer’in Yiiksek Lisans tez ¢aligmasinin bir
kismindan hazirlanmistir.

ETiK BEYAN

“Misir Bitkisinde Farkli Dozlarda Sivi ve Kati Kimyasal Giibre Formlarinin Tarimsal Ozelliklere ve Silaj Kalitesi
Uzerine Etkisi” baslikli ¢alismanin yazim siirecinde bilimsel kurallara, etik ve alinti kurallarina uyulmus; toplanan
veriler lizerinde herhangi bir tahrifat yapilmamis ve bu calisma herhangi bagka bir akademik yaym ortamina
degerlendirme i¢in gonderilmemistir. Bu arastirma dokiiman analizi ve betimsel incelemeye dayali olarak yapildigindan
etik kurul karar1 zorunlulugu bulunmamaktadir.

CIKAR CATISMASI
Yazarlar herhangi bir ¢ikar ¢atigmasi bildirmemistir.

YAZAR KATKISI
Tilim yazarlar esit katki saglamustir.
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ABSTRACT ARTICLE INFO
This study was conducted to determine the effects of four pruning methods (Non-pruned, Research article

two, three and four stem pruning) on some growth parameters, yield and fruit quality in Received: 20.11.2021
California Wonder Pepper (Capsicum annuum L.). The experiment was carried out between Accepted: 07.03.2022
April and September 2020 in a climate controlled venlo type glass research greenhouse Keywords:

with automation system. In this study, two commercial pepper Rapido and Roxy California Fruit Quality, Pruning,
Wonder type (Rapido: red color Roxy: yellow color) varieties were used. Seedlings Soilless culture, Yield

transplanted in cocopeat slabs were grown in soilless culture. The experiment was designed
according to randomized plots with three replicates each including eight plants. Pruning
applications-leaving two, three and four branches in pepper varieties significantly increased
plant height, plant fresh weight and stem diameter as compared to the non-pruned plants.
Pruning methods significantly increased fruit weight, fruit length and fruit diameter. Leaf
chlorophyll index (SPAD), fruit flesh thickness, fruit firmness, fruit Brix and fruit EC
values were positively affected by pruning methods. However, there was no significant
differences observed regarding pruning methods on fruit color and pH. Total yield per plant
was reduced as compared to non-pruned plants, except for four branch pruning. However,
the reduction in the number of branches left with pruning significantly increased the rate of
marketable fruit. To conclude, it was determined that the decrease in the number of
branches left in California Wonder pepper varieties significantly decreased the number of
non-marketable fruits, especially three and four branch pruning increased fruit quality as
well as marketable yield.

INTRODUCTION

The peppers cultivated today are in the genus Capsicum, which is one of the 98 genera of the Solanacaea family
(Eshbaugh 2012). There are 43 species in the genus Capsicum. The most important 5 species of Capsicum grown in
the world are C. annuum L., C. frutescens L., C. baccatum L., C. chinense Jacg. and C. pubescens Ruiz & Pav (Carrizo
Garcia et al. 2016; Barboza et al. 2019; Mavi 2020). California Wonder which is one of the oldest varieties of bell
pepper and it is known that a Californian breeder made selection and developed it in 1928 (Votava and Bosland 2002).
Pepper fruits have important nutritional value and phytochemical source necessary for human dietsuch
ascarbohydrates, proteins and fats (Taheri-Garavand et al. 2011),

Plant density and pruning applications play an important role in the effective use of greenhouses. Plant density and
pruning applications play an important role in the effective use of greenhouses. Plant density and plant arrangement
influenced plant development, plant dry weight, stem diameter, plant width, growth and marketable yield of chili

To Cite: Aydin A, Basak H, Cetin AN 2022. Effects of Different Pruning Systems on Fruit Quality and
Yield in California Wonder Peppers (Capsicum annuum L.) Grown in Soilless Culture, MJAVL
Sciences. 12 (1) 31-39
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pepper. Planting density, which can be maintained by adjusting row spacing and plant spacing, is a strong determinant
of yield in various crops, including pepper (Setiawati et al. 2022).

Yield of sweet pepper was depended on the number of plants accommodated per unit area of land (Maboko and Plooy
2008; El Naim and Jabereldar 2010; Islam et al. 2011). Shoot pruning in pepper is a method used by farmers and
researchers to control disease and pest, facilitate the aeration of plants, increase the use of light and increase marketable
fruit yield (Maffei et al. 2016). The aim of pruning is to maximize marketable fruit yield by controlled pruning of
inefficient flower shoots and intertwined branches. As a result of controlled shoot pruning, the plant's use of water and
nutrients can be effectively adjusted (Das et al. 2016). Fruits obtained from plants with excessive vegetative growth
will be small if pruning is not applied (Orsini et al. 2016). While optimum fruit yield is obtained at ideal plant density,
higher quality but lower yield is obtained at low plant density (Akintoye et al. 2009). Pruning to two or three stems was
reported to be effective in increasing yield and reducing fruit size of cherry tomatoes to a more acceptable marketable
size (Maboko and Plooy 2008).

This study was conducted to determine the effects of different pruning methods on some growth parameters, yield and
fruit quality in California Wonder Pepper.

MATERIALS AND METHOD
Plant Material, Treatments and Experimental Design.

The experiment was conducted during the period of April and September 2020 in a fully automation system and
climate controlled venlo type glass greenhouse of Kirsehir Ahi Evran University (38°08'02"N, 34°07'08"E). In this
study, two commercial Rapido and Roxy California Wonder type (Rapido: red color Roxy: yellow color) varieties were
used. Seedlings were obtained from Antalya Fide 1.C. Seedlings were transplanted into the cocopeat slabs and grown in
soilless culture. During the study, the pepper plants were irrigated with the pH and EC controlled automation system by
changing their nutrient content according to the growth of the plant. Irrigation was set by the use of a timing irrigation
controller and kept to a per day volume that would give a 20% (v/v) of solution drainage from the slabs. The daytime
temperature inside the greenhouse was set at 24°C, the night temperature was set not to drop below 16°C and humidity
inside the greenhouse is set to 60%.

The experiment was designed with 3 replications and each plot consisted of 8 plants. Two plants were planted on each
one meter long cocopeat slabs. Pruning applications were made 15 days after transplanting the seedling. Plants were
pruned to two, three and four stem. Pruning was not applied to the control plants. During pruning, the inward facing
shoot were removed and followed every week.

At the end of the experiment, plant height from cocopeat level to growth tip (cm), plant stem and leaf fresh weights (g)
and plant stem diameter 4 cm above ground level (mm) were determined (Ulas et al. 2021; Oral, 2019). All harvests
made during the experiment were weighed and recorded separately for each plant as yield per plant, marketable yield
per plant, unmarketable yield per plant (g plant) . To determine their average fruit weight, fruit length, fruit diameter
and fruit pericarp thickness, 20 fruits were selected randomly for each pruning application group at harvest (Oral
2019).

Fruit firmness (force required to penetrate the tissue in kg) was measured by using an Effegi penetrometer fitted with a
11.1 mm diameter probe at the locular space and carpel wall of the whole fruit at the equatorial region (Showalter
1973). To measured total soluble solids (TSS), whole fruit pericarp was squeezed with a blender and filtered on the
filter paper to read as percent (%) using digital refractometer (Hanna HI 96801) (Karaca et al. 2012). Also, pH and EC
(dS m™) values of fruit juices were measured by using table type pH meter (HI15221-02 Hanna) and EC meter (Mettler
Toledo MC-126), respectively (Navarro et al. 2002). The SPAD values of the leaves were measured using a SPAD-502
meter (Konica-Minolta, Japan) for each application (Ulas et al. 2019). Fruit colors (L*, a*, b* values) were measured at
three positions on the fruit surface, on the shoulder, at the equator and at the base by using a Minolta Chromameter
(Model CR-100 Minolta Camera, Osaka, Japan) with LCH model calibrated with standard white plate (CY=87.5,
x=0.308, y=0.315)) (Karaca et al. 2012).

Experimental data were analysed by using GLM procedure of the SPSS software (Windows version of SPSS, release
16.00). The significance of the differences between the means was determined using Duncan Multiple Range Test
within the same software. In addition, Pearson Correlation Test was applied to determine the relationships between all
the data obtained at the end of the experiment.

RESULTS AND DISCUSSION

It was determined that pruning applications by leaving two, three and four branches in California Wonder type pepper
varieties significantly increased plant height, plant fresh weight and stem diameter compared to the non-pruned plants
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(Table 1). Among the applications, the highest plant height was determined in pruning by leaving two branches in both
varieties, while the highest plant fresh weights were determined in pruning application by leaving four branches. The
stem diameter was determined as the highest in the pruning system made by leaving two branches in the Roxy variety
and leaving three branches in the Rapido variety. It was reported that this increase in morphological parameters
examined with the effect of pruning is caused by the flow of nutrients to the axillary branches that can be directed to
the apical tissues that cause the elongation of the shoots (Singh and Kaur 2018).

Table 1. Effects of different pruning systems on Plant height (cm), Plant fresh weight (g) and Plant stem diameter
(mm) of different California Wonder type varieties grown under greenhouse conditions.

Plant height (cm) Plant fresh weight (g) Plant stem diameter (mm)
arieties . ) .
\Prm Rapido Roxy Rapido Roxy Rapido Roxy
Non-pruned 146.3c 152.5¢c 1513.8abc 1391.3c 21.9d 24.6hc
2 Stem 183.8ab 189.2a 1591.3ab 1516.2abc 26.3ab 27.0a
3 Stem 182.2ab 171.3b 1555.0abc 1475.0bc 27.0a 26.4ab
4 Stem 181.3ab 182.5ab 1615.0ab 1688.8a 23.8cd 26.5ab
Varieties:*** Varieties:*** Varieties:***
Pruning: *** Pruning:*** Pruning:***
Varieties x Pruning: NS Varieties x Pruning: NS Varieties x Pruning: NS

Values denoted by different letters are significantly different between pruning combinations within columns at
p<0.05. Significance of main and interaction effects F values: p < 0.05 (*), p < 0.01 (**), and p < 0.001 (***),with
N.S. meaning not significant.

Fruit weight, fruit length and fruit diameter of Rapido and Roxy pepper varieties grown in greenhouse conditions were
significantly affected by pruning systems. Among the two varieties, the highest average fruit weight was measured in
Rapido variety in all pruning systems. The higher fruit weights in Rapido and Roxy pepper varieties were measured in
two stem, three stem and four stem pruning systems. With the effect of pruning systems, an increase in fruit size and
fruit diameter was determined. The highest fruit length was obtained by three stem pruning system in Rapido (90.38
mm) and Roxy (80.46 mm) varieties. The highest fruit diameter was obtained in four stem pruning systems in both
varieties (Table 2). The purpose of pruning is to provide an appropriate balance between fruit number and fruit size by
leaving an appropriate number of branches on the plant. It is known that the decrease in the number of shoots improves
the fruit quality (Cebula 1995). Similar to our results, they reported that red bell pepper varieties had a higher average
fruit weight than yellow pepper varieties (Alsadon et al. 2013). In two, three or four branch pruned plants, as the
amount of pruning increased, fruit size, fruit diameter and average fruit weight increased. This is because the leaf/fruit
ratio is higher than the less pruned plants (Zende 2008).

Table 2. Effects of different pruning systems on average Fruit weight (g), Fruit length (mm) and Fruit diameter (mm)
of different California Wonder type varieties grown under greenhouse conditions.

Average fruit weight (g) Fruit length (mm) Fruit diameter (mm)
arieties Rapido Roxy Rapido Roxy Rapido Roxy
Pruning
205.7b 180.0c 82.0b 70.2d 35.2ab 23.1d
Non-pruned
236.6a 198.0b 88.1a 75.3¢c 35.7ab 28.1c
Two Stem
237.6a 197.6b 90.4a 80.5bc 34.3ab 32.1b
Three Stem
232.7a 198.7b 89.2a 78.4bc 36.3a 34.8ab
Four Stem
Varieties:*** Varieties:*** Varieties:**
Pruning:*** Pruning:*** Pruning:***
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Varieties x Pruning: NS Varieties x Pruning: NS Varieties x Pruning: NS

Values denoted by diff erent letters are significantly different between pruning combinations within columns at
p<0.05. Significance of main and interaction eff ects F values: p < 0.05 (*), p < 0.01 (**), and p < 0.001 (***),with
N.S. meaning not significant.

The higher fruit yields in Rapido and Roxy varieties were measured in four stem and non-pruned plants, while the
lowest fruit yield per plant was measured in two stem pruning systems. The highest marketable yield per plant for two
pepper varieties were measured in four stem pruning systems. Although the yield per plant in both varieties was
measured to high in non-pruned plants, it was determined that the marketable yield per plant decreased at the highest in
non-pruned plants. The reason of this is the weight of the discarded fruit is quite high (Table 3).

Unmarketable yield per plant was significantly affected by the variety and pruning systems, the amount of
unmarketable yield in Rapido variety was determined considerably higher than Roxy variety. While the non-
marketable yield of non-pruned plants in Rapido variety was 22.61%; it was stated 7.27%, 12.56 and 18.18% for two,
three and four stem pruning, respectively. Likewise, while the non-marketable yield of non-pruned plants in Roxy
variety was 12.13%; it was determined 3.15%, 3.48 and 5.09% for two, three and four stem pruning, respectively
(Table 3). There is a disadvantage for the farmers that there is no commercial counterpart and the production cost of the
unmarketable yield due to the excess amount of aborted fruit in pepper cultivation without pruning. Similar finding was
observed by Sing and Kaur (2018) in greenhouse bell pepper (Capsicum annuum L. grossum cv. Indra, Bachata and
Inspiration). Aktas et al. (2009) recommended a pruning system with at least four shoots per plant for high yield in the
summer months when the temperature is high and less humidity conditions. Adjusting plant density by pruning has a
significant effect on marketable yield in many vegetable species (Stoffella and Bryan 1998). In our findings, it is
noteworthy that Rapido variety, whose fruits are larger than those of Roxy variety, has a higher rate of non-marketable
fruit. This finding was found to be important in terms of showing that leaving less number of branches in coarse fruit
varieties is more effective in reducing non-marketable yield. Fruit weight and color tone are an important factor in
consumer preferences in California Wonder bell peppers. High quality fruits, which are considered as class A, weight
of 150-200 g and have 4 lobes (Zende 2008). For this reason, large and brightly colored fruits also have higher
economic returns in Rapido and Roxy varieties used in the study. Similar to our findings, it was reported that there is
an increase in the fruit yield of pepper with an increase in the number of shoots in pepper cultivation in soilless culture
(Jovicich et al. 2004; Maboko et al. 2010). It was reported by other researchers that there was a positive relationship
between the number of branches and yield determined in our findings (Bahadirli 2002; Cebula et al. 1998).

Table 3. Effects of different pruning systems on Fruit yield per plant (kg), Marketable yield per plant (kg) and
Unmarketable yield per plant (%) of different California Wonder type varieties grown under greenhouse conditions.
Fruit yield per plant (kg) Marketable yield per plant (kg)  Unmarketable yield per plant

(%)

m Rapido Roxy Rapido Roxy Rapido Roxy
Non-pruned 4174.8a 3719.5b 3228.7bc 3268.7bc 22.6la 12.13c
Two Stem 3210.1c 2632.4c 2976.1c 2548.8d 7.27d 3.15e
Three Stem 3443.1bc 2609.4c 3009.8¢c 2515.7d 12.56¢ 3.48e
Four Stem 4441.4a 3714.5h 3633.7a 3526.5ab 18.18b 5.09de

Varieties:*** Varieties:*** Varieties:***

Pruning:*** Pruning:*** Pruning:***
Varieties x Pruning: NS Varieties x Pruning: NS Varieties x Pruning: NS

Values denoted by different letters are significantly different between pruning combinations within columns at
p<0.05. Significance of main and interaction effects F values: p < 0.05 (*), p < 0.01 (**), and p < 0.001 (***),with
N.S. meaning not significant.

There is no statistical difference between the varieties in terms of pericarp thickness. However, pruning systems
applied in Rapido and Roxy pepper varieties increased pericarp thickness compared to non-pruned plants. The highest
SPAD value was measured in Roxy plants with three stem pruning. The lowest SPAD value was measured in Roxy
plants that were not pruned. In general, the amount of leaf chlopohyll index (SPAD) is high because the pruned plants
receive sufficient light. Pruning treatment in both varieties increased the fruit firmness compared to the non-pruned
plants. With the increase in the number of stem left in pruned plants, an increase in fruit firmness was determined. The
highest fruit firmness was determined in the pruning system with four branches left in both varieties (Table 4). In
greenhouse pepper cultivation, as the plant branch pruning and planting distance will affect the benefits of the fruits
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and leaves from the sun, pericarp thickness, leaf SPAD value and fruit hardness will change accordingly. Similar to our
results, they reported that single-branch pruning plants had higher in pericarp thickness than non-pruned plants (Singh
and Kaur 2018). It was an expected result that California Wonder peppers with high pericarp thickness and fruit
hardness have a long shelf life.

Table 4. Effects of different pruning systems on Pericarp thickness (mm), SPAD and Fruit firmness (kg) of different
California Wonder type varieties grown under greenhouse conditions.

Pericarp thickness (mm) SPAD Fruit firmness (kg)
W&i Rapido Roxy Rapido Roxy Rapido Roxy
Non-pruned 5.82b 5.82b 69.12b 62.07d 3.52ab 2.31d
2 Stem 6.61ab 6.89% 69.22b 67.00cd 3.57ab 2.81c
3 Stem 6.85a 6.97a 76.34a 69.70bc 3.43ab 3.21b
4 Stem 6.88a 7.04a 70.02b 65.90bcd 3.63a 3.48ab
Varieties: NS Varieties:*** Varieties:***
Pruning:*** Pruning:** Pruning:***
Varieties x Pruning: NS Varieties x Pruning: NS Varieties x Pruning: NS

Values denoted by different letters are significantly different between pruning combinations within
columns at p<0.05. Significance of main and interaction eff ects F values: p < 0.05 (*), p < 0.01 (**),and p
<0.001 (***),with N.S. meaning not significant.

Regarding fruit pH, fruit EC and soluble solids content (SSC), there was a statistical difference between the varieties.
The variation fruit pH, fruit EC and SSC in different cultivars might be due to the genetic variations or their ability for
exploiting the environmental under greenhouse conditions. While the fruit pH was high in Roxy variety, the fruit EC
value was high in Rapido variety. While no significant effect of pruning applications on fruit pH was determined in
Roxy variety, there was a slight increase in pH value in Rapido variety compared to non-pruning plants. In Rapido and
Roxy varieties, the fruit EC values of the pruned plants are higher than the non-pruned plants. Pruning practices
significantly increased fruit SSC contents of Rapido variety compared to non-pruned plants. The SSC content of Roxy
variety was slightly increased in plants with only three and four stem pruning (Table 5). Our findings show that
pruning and reducing the number of stem in peppers has a positive effect on fruit quality. The reason might be higher
assimilation supply was associated with better light conditions in plants that were pruned to fewer branches and this
plants produce higher quality fruits due to higher assimilates (Ambroszczyk et al. 2007). Similar to our results, it was
reported that the highest SSC values are in plants with one stem and then in plants with two stems (Singh and Kaur
2018).

Table 5. Effects of different pruning systems on Fruit pH, Fruit Ec and Soluble solids content (Brix) of different
California Wonder type varieties grown under greenhouse conditions.

Fruit pH Fruit Ec Soluble solids content (Brix)
m Rapido Roxy Rapido Roxy Rapido Roxy
Non-pruned 5.25b 5.58a 4.76ab 3.62d 7.04b 6.28¢c
2 Stem 5.35ab 5.54a 5.06a 4.46bc 7.68a 6.40c
3 Stem 5.48ab 5.54a 5.06a 4.22¢ 7.78a 6.60bc
4 Stem 5.35ab 5.54a 5.00a 4.56bc 7.74a 6.44bc
Varieties:*** Varieties:*** Varieties:**
Pruning: NS Pruning:*** Pruning:**
Varieties x Pruning: NS Varieties x Pruning: NS Varieties x Pruning: NS

Values denoted by diff erent letters are significantly diff erent between pruning combinations within columns at p<0.05.
Significance of main and interaction effects F values: p < 0.05 (*), p < 0.01 (**), and p < 0.001 (***),with N.S.
meaning not significant.

While there was a difference in fruit L* value between varieties, pruning had no significant effect on the L * value
(Table 6). The reason why Roxy variety is higher than the L* value of Rapido variety is that the genetic structure of the
fruit of Roxy variety had been yellow bright colored, while the fruit of Rapido variety had been red coloured. The a*
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value of Rapido variety is higher than that of Roxy variety. This is because the fruit of Rapido variety is genetically red
in color. There was no effect of pruning on a* value in Rapido variety. In the Roxy variety, the highest a* value was
measured in three stem pruning (10.53), four stem pruning (9.38) and two stem pruning (9.01) systems, while the
lowest a* value was measured in non-pruning plants (6.51). Since it has yellow fruit genetically, the highest b* value
was measured in the fruits of the Roxy variety. In addition, higher b* values were found in pruned plants compared to
non-pruned plants. The effect of pruning on the b* value of Rapido variety fruits has not been determined to be
significant. In Roxy variety, the highest b* value was measured in two stem pruning (37.75), four stem pruning (37.67)
and three stem pruning (37.53) systems, while the least was measured in non-pruning (36.16) plants (Table 5). Pruning
and planting distance are important parameters for the color distribution of the pepper plant. Proper lighting design for
greenhouse pepper production and pruning to create to reduce shading also deserves further research. The exposure of
pepper fruit to light, however, needs to be carefully controlled in order to reduce the risk of sunscald and other
disorders such as blossom end rot. Therefore, in order to maximize the quality and market value of green, yellow and
red bell peppers. It is iportant for developing peppers to be exposed to optimum light conditions (Bosland and Votava
2000; Cebula 1995; Hovi- Pekkanen et al. 2005).

Pruning practices caused a statistically insignificant increase in fruit a and b values in Rapido variety, while a
significant increase in Roxy variety. It is thought that this increase in fruit a and b values may be caused by better light
exposure of the fruit and leaves and the more efficient transfer of nutrients from leaf to fruit. In addition, it should not
be forgotten that it can perform 20% of the total photosynthesis in its fruits (Powell et al. 2012).

Table 6. Effects of different pruning systems on L*,a* and b* of different California Wonder type varieties grown
under greenhouse conditions

L* a* b*

m Rapido Roxy Rapido Roxy Rapido Roxy
Non-pruned 29.42b 63.66a 23.16a 6.51c 7.12¢ 36.16b
2 Stem 30.29b 64.16a 25.15a 9.01bc 7.25¢ 37.75a
3 Stem 29.37b 63.75a 25.55a 10.53b 7.50c 37.53a
4 Stem 30.39b 64.01a 25.78a 9.38bc 7.52¢c 37.67a

Varieties:*** Varieties:*** Varieties:***

Pruning: NS Pruning:** Pruning:*

Varieties x Pruning: NS Varieties x Pruning: NS Varieties x Pruning: NS

Values denoted by diff erent letters are significantly diff erent between pruning combinations within columns at p<0.05.
Significance of main and interaction effects F values: p < 0.05 (*), p < 0.01 (**), and p < 0.001 (***), with N.S.
meaning not significant.

The results of correlation revealed that plant height exhibited a positive significant correlation with plant stem diameter
and pericarp thickness. Plant fresh weight exhibited positive significant correlation with fruit diameter and fruit
firmness. Plant stem diameter exhibited positive significant correlation with pericarp thickness whereas negative and
significant correlations were observed with fruit yield per plant and unmarketable yield per plant (%). Average fruit
weight exhibited positive significant correlation with fruit length, fruit diameter, SPAD, fruit firmness, EC, soluble
solids content and a* whereas negative and significant correlations were observed with L* and b*. Fruit length
exhibited positive significant correlation with fruit diameter, SPAD, fruit firmness, EC, soluble solids content and a*
whereas negative and significant correlations were observed with L* and b*. Fruit diameter exhibited a positive
significant correlation with fruit firmness and a*. Fruit yield per plant exhibited a positive significant correlation with
unmarketable yield per plant (%). Unmarketable yield per plant (%) exhibited a negative significant correlation with
pH. SPAD exhibited a positive significant correlation with SSC, EC and a* whereas negative and significant
correlations were observed with L* and b*. Fruit firmness exhibited a positive significant correlation with EC and a*.
pH exhibited a positive significant correlation with L* and b* whereas negative and significant correlations were
observed with a*. EC exhibited a positive significant correlation with soluble solids content and a* whereas negative
and significant correlations were observed with L* and b*. Soluble solids content a positive significant correlation with
a* whereas negative and significant correlations were observed with L* and b*. L* exhibited a positive significant
correlation with b* whereas negative and significant correlations were observed with a*. a* exhibited negative
significant correlations with b* (Table 7) .

In the findings, the negative correlation between morphological parameters and non-marketable yield draws attention.
The increase in plant height, fresh weight and stem diameter determined in pepper plants by pruning caused a
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significant decrease in non-marketable yield. The positive correlation between fruit weight and size and fruit flesh
firmness, pericarp thickness, EC and SSC content was evaluated as an indicator of the positive effect of pruning
practices on fruit quality. The positive correlation between leaf SPAD level and fruit weight, size, flesh firmness, EC
and SSC contents were interpreted as increasing lighting with the effect of pruning promotes chlorophyll synthesis and
consequently increases fruit quality.

Table 7. Correlation coefficients among Plant height (H), Plant fresh weight (PW), Plant stem diameter (SD), Average
fruit weight (FW), Fruit length (FL), Fruit diameter (FD), Fruit yield per plant (FY), Marketable yield per plant (MY),
Unmarketable yield per plant (UY), Pericarp thickness (PT), SPAD, Fruit firmness (FF), Fruit pH, Fruit Ec, Soluble
solids content (SSC) L*, a* and b* of two pepper varietys.

H PW SD FW FL FD FY MY UY PT SPAD FF pH EC SSC L* a*
PW 0.611
SD 0.763* 0.178
FW 0.486 0.535 0.097
FL 0.384 0.540 0.007 0.965%*
FD 0.302 0.776*  -0.125 0.745% 0.845**
FY -0.393 0.273 -0.763* 0.213 0.251 0.327
MY 0.088 0.277 0.087 0.068 -0.031 -0.045 0.317
uy -0.592 0.065  -0.878**  0.257 0.318 0.273 0.849%*  0.181
PT 0.892** 0,611 0.714* 0.354 0.369 0.393 -0.402 20.090  -0.606
SPAD o024 0.374 0.045 0.852** 0.905** 0.700 0.215 0.218 0.367 0.261
FF 0.302 0.776*  -0.125 0.745% 0.845%* 0.980%*  0.327 0.045 0273 0393 0700
pH 0.239 0272 0674 -0.563 -0.609 -0.677 -0.558 0109  -0.727* 0310  -0.462 -0.677
EC 0.477 0.707 0.011 0.917%*  0.914** 0.881**  0.243 0159 0273 0384  0.806* 0.881**  -0.670
SSC 0.276 0.397 -0.101 0.970%* 0.955%* 0.704 0.358 0029 0451 0162  0.861**  0.704 -0.655 0.854**
L* 0.030 0.288  0.403 0.842%%  .0.844**  -0.675 -0.524 0.109  -0.696 0159  -0.793*  -0.675 0.850**  -0.805%  -0.924**
a* 0.103 0.376 -0.302 0.908** 0.918** 0.751* 0.455 0049  0.604 0000  0.839**  0.751* -0.820¢  0.870%*  0.963** -0.986**
b* 0.040 0278 0414 -0.836%*  -0.834* -0.661 -0.534 -0.104  -0.702 0176 -0.777*  -0.661 0.852*%  -0.793*  -0.921**  0.999** -.983%*

Correlation is significant at the 0.05 level(*), correlation is significant at the 0.01 level (**)

CONCLUSION

Fruit quality is as important as yield in crop production. In California Wonder pepper cultivation, the main goal of the
producers is that the fruits are large and smooth shaped. In greenhouse pepper cultivation, the number of branches to be
left in plants by pruning had a significant effect on fruit quality. When the findings obtained as a result of the study are
evaluated in general, the reduction of the number of branches left in the plants by pruning in Rapido and Roxy pepper
varieties significantly increased the plant height, fresh weight and stem diameter. It is thought that the positive effect of
pruning applications on the examined morphological parameters is one of the main reasons for the increase in fruit
quality.

The applied pruning methods increased the size and weight of pepper fruits as well as decreased the unmarketable
yield. Therefore, pruning methods increased the rate of marketable quality fruit. Pericarp thickness and fruit firmness,
which increased the shelf life of pepper fruits after harvest, increased especially in three and four branch pruning
methods. It was determined that fruit pH, EC and SSC contents, which are effective on the taste and aroma of pepper
fruits, are positively affected from pruning methods. As the density of branches decreased with pruning applications,
the rate of exposure of plants to diseases and pests decreased, while the rate of seeing light of fruits increased. It is
thought that pruning methods will have a positive effect in greenhouses with high humidity and low lighting in order to
increase plant growth and fruit quality. Reducing the number of stem on the plant increased the economic value of the
product as it increased fruit quality.

As a result, it was determined that pruning applications by leaving two, three and four branches on plants in California
Wonder pepper varieties increased fruit quality and marketable yield, but the most positive effect among all parameters
was leaving three and four branches in the pruning.
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ABSTRACT ARTICLE INFO
The Mediterranean fruit fly (Ceratitis capitata) is one of the major problems in the citrus Research article
producing and trading countries including Turkey. Commercial application of radiation Received: 29.11.2021
processing can be the alternative and effective solution to overcome this problem. The Accepted: 19.04.2022
objective of the present study was the determination of the sensory attributes, quality Keywords:

parameters and also cold storage shelf-life of ‘Jaffa’ oranges (Citrus sinensis (L) Osbeck) ‘Jaffa’ orange,
irradiated (0, 0.5, 1.0 and 1.5 kGy) as considering postharvest quarantine treatment for the quarantine treatment,
Mediterranean fruit fly (Ceratitis capitata). The quality parameters of the control and irradiation, cold storage,
irradiated oranges were determined in terms of weight loss, pH, titratable acidity, total quality, sensory
soluble solids, reducing sugars, vitamin C content, total carotenoids, pectin, color of fruit attributes

during cold storage at 4 + 0.1 °C and 85 - 90 % relative humidity (RH) on the 0, 15, 30 and
45 d of storage. Obtained results showed that, low dose irradiation is applicable regarding
other significant quality parameters of ‘Jaffa’ oranges such as vitamin C, total carotenoids,
invert sugars, pectin, weight loss, pH, acidity and total soluble solids did not affect
consumption and commercial value of ‘Jaffa’ sweet oranges up to 45 d of storage at 4 °C.
According to overall sensory attributes, irradiated fruit was still acceptable as judged by
panelists and <1.0 kGy irradiation dose more suitable for keeping important attributes of
processed ‘Jaffa’ orange fruit.

INTRODUCTION

Citrus is one of the most important fruit crop groups in the world, and these fruits are regarded as important household
foods in more than 100 countries (Yesiloglu et al., 2017). Traditionally, Turkey has been a major producer and exporter
of citrus fruit in the world (FAO, 2017). The total production quantity of citrus fruit was 4.902.052 tons, and orange
production's share of total volume was 1.900.000 tons in 2018 (Anonymous, 2019). Previously, occurrences of the
Mediterranean fruit fly (Ceratitis capitata) on citrus fruit affected the export of oranges. Whereas, irradiation has been
a well-known approach for phytosanitary and quarantine treatment methods for fruit and also citrus fruit to meet safety
concerns.

Potential quarantine pests are disinfested by phytosanitary treatments. Phytosanitary irradiation (PI) treatments use
ionizing radiation to accomplish this, and since their international commercial debut in 2004, the use of this technology
has increased by ~10 % annually. PI has been applied commercially to a wide variety of fresh commodities and the fact
that they have been successfully marketed after receiving doses that may considerably exceed the minimum doses
required for efficacy attests to the broad tolerance of fresh commodities at the doses of radiation required for

To Cite: Cetinkaya N, Aylangan A, Uygun M, i¢ E 2022. Determination of Quality Parameters and Sensory
Attributes of ‘Jaffa’ Oranges Irradiated as Postharvest Quarantine Treatment Throughout Long-Term
Cold Storage, MJAVL Sciences. 12 (1) 40-52
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phytosanitation (Hallman and Blackburn, 2016). The International Plant Protection Convention (IPPC) approved the
generic dose of 0.15 kGy for fruit flies of the family Tephritidae (Diptera: Tephritidae) for all fruit and vegetables that
are hosts to fruit flies of the family Tephritidae (IPPC, 2009).

The advantages of using ionising irradiation as a phytosanitary treatment have been demonstrated commercially in the
past two decades and several countries currently use the technology for commercial treatments to meet plant quarantine
requirements (Griffin et al., 2014). The number of irradiation facilities being established to provide Pl on a commercial
basis is increasing steadily, as is the number of countries (Australia, China, Dominic, India, Malaysia, Mexico, New
Zealand, Pakistan, Peru, South Africa, Thailand, USA and Vietnam) involved in the export and import of produce
irradiated for phytosanitary purposes. There are currently at least 13 irradiation facilities that regularly irradiate food
for phytosanitary points (Hallman et al., 2016).

In the international trade of irradiated fruit and vegetables, according to Cetinkaya et al. (2016), quarantine inspectors
only control the irradiation certificate travel with irradiated produces. That’s why the irradiation facilities are
specifically designed and established for low-dose quarantine method application to fresh fruit. However, multipurpose
irradiation facilities should also be used for commercial fresh fruit irradiation. Besides the irradiation certificate, there
is a need for a justification method to control generic low-dose irradiated fresh fruit to be certain about good radiation
processing and not changing the sensory properties of fruit. Different fruit species and even different cultivars of a
given species may differ in their tolerance to ionizing radiation. Furthermore, dose tolerance may be influenced by a
variety of factors, including the stage of fruit ripeness at the time of treatment and the subsequent storage conditions
and duration (Barkai-Golan and Follett, 2017). Besides, irradiation proved to be extremely beneficial in terms of
prolonging the fruit and vegetable shelf life by 3 - 5 times (Arvanitoyannis et al., 2009). In general, the quality of
irradiated citrus fruit is affected by factors related to the fruit itself (e.g. cultivar, physical and physiological condition),
the irradiation treatment (e.g. source, dose), and the postharvest fruit handling (e.g. the postharvest treatments, storage
conditions). As a function of these factors, both beneficial (extension of shelf life) and detrimental (rind injuries)
effects have been reported for citrus fruit (Alonso et al., 2007).

The purpose of the present study was to investigate the important quality parameters and sensory properties of ‘Jaffa’
oranges and orange juice after postharvest irradiation treatment during long-term cold storage between 0 - 45 d at 4 °C
and 85 - 90 % RH.

MATERIALS AND METHOD
Materials and Irradiation

The ‘Jaffa’ of sweet oranges (C. sinensis (L.) Osbeck) were grown in West-Mediterranean region of Turkey. The
varieties in the maturity stage were purchased from the local market in commercial packages. The samples were
irradiated at doses of 0.5, 1 and 1.5 kGy at ambient temperature (24 + 1 °C) with a Hungarian made SVST-1 Category
IV tote type irradiator (activity was 246 kCi) in the TAEA Gamma Irradiation Facility in Ankara. A routine dosimetry
during the irradiation experiment was carried out with radiochromic film (Harwell Gammachrome YR, Batch: 64) and
absorbance at 530 nm was read with a spectrophotometer (UV-4 ATI Unicam) using the Fricke centerline
determination as the standard. The control and irradiated fruit were subjected to the cold storage at +4 + 0.1 °C and 85 -
90 % RH up to 45 d. The analyses were performed at regular intervals of 0, 15, 30, and 45 d of storage.

The determination of weight loss

For determining weight loss, 10 fruits for each irradiation dose and control (total 40 fruits) were stored in a cooling
room for up to 45 days at 4 £ 0.1 °C, 85 - 90 % RH. The fruits were weighed using a Ranger scale (OHAUS, Germany)
having a least count of 0.01 g, and a percentage of weight loss was calculated for each fruit.

Chemical analysis of orange juice

The fruit juice was extracted with a kitchen-type extractor (Type 2154, Beko, Turkey). pH was measured by a pH
meter (Mettler Toledo, MP220, Switzerland). Titratable acidity (TA) was determined by titrating an aliquot of juice to
pH 8.2 with 0.1 mol L* NaOH and the results were expressed as a percentage of anhydrous citric acid. The triplicate
measurements were obtained and the average values were reported. Total soluble solids (TSS in %) content in the juice
was determined with an Abbe refractometer (Atago, Japan). The reducing sugar (D-glucose/D-fructose) analysis was
conducted on filtered fruit juice samples, which were diluted with distilled water 100 times. An enzymatic test kit
(Boehringer Mannheim, R-Biopharm, Enzymatic BioAnalysis, Darmstadt, Germany, catalog no. 10716260035) was
used for the determination of D-glucose and D-fructose with a UV/Vis spectrophotometer (Jenway 6505) at 340 nm
according to the assay instructions. The vitamin C (ascorbic acid) content of orange samples was determined by a high
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performance liquid chromatography method (HPLC) described by Patil et al. (2004). One mL of juice was
homogenized with 3 mL of citric acid (3 %). An aliquot of 0.8 mL was centrifuged at 1792 g for 20 min and filtered
through a 0.00045 mm nylon filter. 0.02 mL of this solution was injected into the HPLC system (Waters 2695
separation module and Waters 2996 PDA detector). The separations were performed by using a Bondapak-Cis column
(300x3.9 mm) with a guard column. The mobile phase was acetonitrile:water (70:30, v/v) with 0.01 M ammonium
phosphoric acid at a flow rate of 1.5 mL/min. Ascorbic acid levels were detected at 255 nm at ambient temperature. A
stock standard solution of ascorbic acid (Merck) was prepared daily by first solving 50 mg of ascorbic acid in citric
acid (3 %) and then adjusting to 100 mL with deionized water (500 mg L) (Gokmen et al., 2000). It was diluted with
deionized water to obtain a final concentration of 50, 100, 150, 200, and 250 mg L™, respectively. The orange samples
were analyzed for total carotenoids according to Alasalvar et al. (2005). Orange samples were portioned into very small
pieces. A Potter S Homogenizer (Braun) was used to homogenize 0.5 g of sample in 25 mL of acetone containing
dimethyl sulfoxide (10 %) in an ice bath. The homogenate was filtered through a Whatman No. 4 filter paper and
washed with an extraction solution until the residue was colorless. Finally, the filtrate was adjusted to 100 mL with the
extraction solvent and the absorbances were measured at 471 and 477 nm against an acetone blank using a Jenway
6505 UV/Vis spectrophotometer. Total carotenoids were calculated according to the following equation:

Total carotenoids (%) = (Absmax / 250) x [(25 mL acetone x dilution x 100) / sample weight].
Determination of pectin in orange peel

Pectin (as alcohol insoluble solids) determination was performed according to Kratchanova et al. (2004) and AOAC
(1980) with slight modifications. The five oranges per replication were washed with water and dried for sample
preparation. The peels were separated manually from the fruit and cut into small pieces of 0.5 x 0.5 cm. The chopped
peels were dried at 60 °C and 50 g of dried peels were obtained after the drying of 200 g of fresh orange peels and
stored in vials. The twenty grams of dry mass were added to 500 mL of boiling water. The pH was adjusted to 1.5 with
0.5 M HCI. The mixture was then heated to 80 - 82 °C and the extraction was carried out with continuous stirring for 1
h. The hot masses were filtered through a cheese cloth. After cooling, the filtrate was coagulated using an equal volume
of 96 % ethanol and left for 1 h. The coagulated pectin was separated by filtration, washed once with 70 % acidic
ethanol (0.5 % HCI), then with 70 % ethanol to a neutral pH, and finally with 96 % ethanol. The washed material was
dried at 60 °C in a laboratory drier to yield pectin as alcohol insoluble solids (AIS).

Orange peel color measurement

The color changes of fruit peels (four different sections of each fruit) and fruit juices in 25 mm quarts dishes were
measured using a CR-310 Minolta Chroma Meter (Minolta Co., Osaka, Japan) in terms of CIE ‘L*’ (lightness), ‘a*’
(redness and greenness), ‘b*’ (yellowness and blueness) and ‘h*’ (0’ = red-purple, 90” = yellow, 180” = blue-green,
270 = blue). The color was expressed in L*, a*, b* and h* parameters (Singh and Reddy, 2006).

Sensory analysis

The irradiated (0.5, 1.0, and 1.5 kGy) and control orange samples were examined using descriptive analysis (Meilgaard
et al., 1999; Wszelaki et al., 2005). The members of the descriptive panel were recruited from our research center.
Eight panelists, 3 females and 5 males, were selected. All of the panelists were between 30 and 50 years old, did not
smoke, were not allergic to oranges, and were willing to evaluate irradiated orange samples. Each panelist was trained
and calibrated. In the first training session, panelists tasted sweet, salty, sour, and bitter solutions. This training session
also included descriptive terms that characterized the sensory properties of orange samples with peels and without
peels (Table 1) (Civille and Lyon, 1996). In the second training session, panelists determined references that would
help them rate the descriptive terms developed. In this training session, panelists were calibrated in terms of rating
references and basic solutions. During the third day of training, panelists evaluated the orange samples with peel and
without the peel. The evaluation sessions were conducted at the end of 0, 15, 30 and 45 d. The panelists were given
labeled samples with selected three-digit codes. The samples were presented monadically. Panelists scored samples
with the peels using a nine-point scale (e.g. for sweetness, 1: extremely not sweet, 5: neither sweet nor not sweet, 9:
extremely sweet). Then, the samples without the peels were evaluated by the panelists using a nine-point scale.
Panelists were given a new tray for each sample, and water was provided to clean their palates between samples.
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Table 1. The attributes are used to describe irradiated oranges with or without peel.
Irradiated oranges with peel Irradiated oranges without peel

Appearance Orange color intensity Appearance The difficulty of removing peel
Peel brightness Orange color intensity
Peel oil
Aroma Total orange flavor Flavor Total orange flavor
Off-flavor Juicy
Fermented flavor
Off-flavor
Sweet
Sour
Bitter
Texture Hardness Texture Chewing hardness

Statistical analysis

The data were analyzed using analysis of variance (ANOVA) followed by Duncan’s multiple range test using the IBM
SPPS software version 21.00. The effects of dose and storage time were considered significantly different when P
<0.05.

RESULTS AND DISCUSSION
Orange Quality Parameters
Weight loss (WL), pH, titratable acidity (TA), total soluble solids (TSS) and invert sugars

Weight loss (g). Table 2 shows the effect of irradiation treatment on fruit weight loss during cold storage (+4 °C, 85 -
90 % RH). The obtained data (lost weight as g) compared with the results of the previous period and percentage values
were calculated according to the O d results in each interval. In particular, all of the samples (0, 0.5, 1, and 1.5 kGy)
lost a little weight (g) after each interval of storage (Table 2).

Table 2. The weight loss (WL), pH, titratable acidity (TA), total soluble solids (TSS) and invert sugars (g L?)
assessments of samples during storage (4 <C, 85 - 90 % RH).

Storage (d)

Parameters Dose 0 15 30 45
(kGy)
WL (g) 0 - 1.854%2 0.38 % 1.8462, 0.81 % 1.82742,1.82 %
0.5 - 1.850%2, 0.96 % 1.828%¢, 2.14 % 1.78142, 4.65 %
1 - 1.82472 0.32 % 1.820%, 0.55 % 1.799%%, 1.69 %
15 - 1.796%2, 0.88 % 1.789%2, 1.26 % 1.768%2, 2.42 %
pH 0 3.698d 3.80%¢ 3.83¢h 3.91b
0.5 3.58Pd 3.86¢¢ 3.9140 3.94Ca
1 3.81Ad 3.91Bb 3.868¢ 4,09Aa
15 3.60¢d 4.00A0 3.914¢ 4,03Ba
TA 0 0.74¢ 0.6940 0.644¢ 0.59Ad
(%, citric acid) 0.5 0.8582 0.63B0 0.60¢¢ 0.578d
1 0.72ba 0.61¢0 0.61¢0 0.470¢
15 0.87Aa 0.550b¢ 0.6280 0.55¢¢
TSS (%) 0 12.208d 12.50A¢ 13.00A0 13.40%a
0.5 11.73¢¢ 12.00B¢b 12.6382 12.578
1 12.70%2 12.178b 12.00Cbe 11.90¢¢
15 12.438a 11.83¢b 12.00¢p 12.00¢p
Invert Sugar 0 31.378¢ 31.23% 43.38% 36.77A0
D-Glucose 0.5 36.53A0 36.007BP 42.90% 36.874
(gL? 1 35.57Aa 34,5088 34.678 27.6080
15 37.30% 37.437 23.13¢¢ 29.23Bb
Invert Sugar 0 35.70A8¢ 35.238¢ 42,127 43.63%2
D-Fructose 0.5 35.038a 34,638 30.1780 35.038Ba
(gL? 1 34,678 34.408a 27.67¢ 26.77¢0
15 36.83Aa 36.8742 24.600¢ 29.03¢0

A,B,C Means not followed by the same letter in a column are significantly different (p <0.05)
a,b,c Means not followed by the same letter in a row are significantly different (p <0.05)
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This may be due to the fact that respiration and refrigeration can cause reduction in weight. Simultaneously, weight
loss was slightly increased with prolonged storage in all treatments. The irradiated oranges (interestingly, 5 kGy) lost
more weight compared to untreated controls. Especially, considering storage intervals of 15, 30 and 45 d, maximum
weight loss determined as 1 %, 2.1 % and 4.7 %, respectively. Consequently, there was a statistically insignificant
difference (P <0.05) in the weight loss of irradiated and control fruit after 15, 30, and 45 d of intervals. Our results
were comparable with Miller et al. (2000) in five orange cultivars (Ambersweet, Hamlin, Navel, Pineapple and
Valencia) and the five mandarin hybrids (Fallglo, Minneola, Murcott, Sunburst and Temple), Ladaniya et al. (2003) in
‘Nagpur’ mandarin,'Mosambi’ sweet orange and ‘Kagzi’ acid lime and Jo et al. (2018) in two Korean citrus
fruit (Jinjihyang and Chunggyun).

pH and titratable acidity (TA). pH and titratable acidity (TA) values are shown in Table 2. According to Kefford
(1959), most of the ripe orange juices have a pH 2.9 - 3.8. The determined pH values in the sweet orange juices in
Turkey ranged from 3.2 to 3.5 (Karadeniz, 2004). In the present study, the pH of juice extracted from control samples
of fruit varied from 3.7 to 3.9 during cold storage. The same situation was observed in irradiated samples, and pH
increased up to 45 d (Table 2). The effect of irradiation as well as storage time was significant (P <0.05) on pH.
Regardless of the storage time, the increase in the pH value could not be determined with an increasing dose over four
different storage periods except for (15 and 45 d) due to the increased dose. When pH was measured in all samples, as
expected, a correlation was noticed between pH and TA with increased pH vs. decreased TA during the storage
periods. pH values increased gradually (nearly 5 %) in the 15 d period from 3.8 to 4.0 and increased slightly from 3.9
to 4.0 in the 45 d period.

The titratable acidity (TA) of the analyzed samples was calculated as % citric acid. The acidity of citrus juices is due
primarily to citric and malic acids (Kale and Adsule, 1995). TA of the sweet oranges in citrus juice in Turkey varied as
11.1 - 15.6 g L-1 (Karadeniz, 2004). In this research, TA values were significantly (P <0.05) decreased due to
prolonged cold storage (45 d) in treated and control samples. Irrespective of storage time, it was observed that values
significantly (P <0.05) declined in the irradiated samples (Table 2). But Mitchell et al. (1992) and Fan et al. (2005)
reported that no considerable effect was observed on the titratable acidity of irradiated apple slices or tropical fruits
(like lemons, mangoes, mandarins, and nectarines), respectively. In this study, as the irradiation dose increased, the
most significant (P <0.05) decrease occurred in the interval of 15 d in control samples as 0.7 % and 1.5 kGy irradiated
as 0.6 %, respectively. In the other intervals, the decline caused by the increased irradiation dose was quite low. As a
result, the effects of the treatments and storage time on acidity (%) were significant (P <0.05). However, their
interaction was insignificant. Our findings are similar to those reported by Miller et al. (2000), Ladaniya et al. (2003),
Khalil et al. (2009), Ahmad et al. (2012), McDonald et al. (2013), Zhang et al. (2014), Ahmad and Ahmad, (2017) and
Nam et al. (2019) as lower titratable acidity determined in irradiated different citrus fruit in comparison to unirradiated
ones.

Total soluble solids (%0). The soluble solids content is a chemical factor used as an indicator to define the optimum
stage of fruit maturity. This parameter is also associated with the sweet flavor of the product (Seymour et al., 1993). In
citrus fruit, 80 % of the total soluble dry matter consists of sugars, 10 % acids and 10 % nitrogenous compounds. The
increase in sugar content leads to an increase in total soluble dry matter (Ladaniya, 2008). According to Karadeniz
(2004), total soluble solids of sweet orange juices in Turkey were found to be around 11.4 - 14 %. The amounts of total
soluble solids (TSS) are presented in Table 2. Our results have shown that the effects of irradiation and cold storage
time were statistically significant (P <0.05). As for the influence of irradiation dose, a decrease was determined in the
last three intervals with increased irradiation doses. However, determined changes in TSS statistically significant (P
<0.05) in all periods. TSS increased in control and 0.5 kGy gamma irradiated samples compared to the beginning of
storage, from 12.2 to 13.4 and from 11.7 to 12.6 %, respectively, during storage. However, TSS values in 1 and 1.5
kGy treated samples declined slightly throughout the storage time, from 12.7 to 11.9 %, from 12.4 to 12 %,
respectively (Table 2). Whereas, previously, Patil et al. (2004) stated that irradiation (<0.7 kGy) did not cause a decline
in TSS value in early ‘Rio Red’ grapefruit samples. In contrast, McDonald et al. (2013) demonstrated that irradiation
gives rise to a decrease in the TSS for ‘Ambersweet’ oranges (0.3 kGy), navel oranges (0.4 kGy) and ‘Sunburst’
mandarins (0.45 kGy). But Ladaniya et al. (2003) explained that factors such as accelerated respiration and depletion of
fruit create a decrease in sugar and TSS levels during storage.

Invert sugars (D-Glucose and D-Fructose). Glucose, sucrose, and fructose are the most common sugars found in
fruit, and their content varies considerably with the variety of the fruit (Seymour et al., 1993). While citrus juices
contain mainly glucose, fructose and sucrose and may vary between 1 and 9 % and bitter orange juice and sweet orange
juice contain total sugars as 5.7 % and 8.5 %, respectively (Kale and Adsule, 1995). In this work, in relation to TSS
results, increased irradiation dose and extended cold storage had a statistically significant (P <0.05) effect on D-glucose
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and D-fructose content in all samples. D-glucose content increased (P <0.05) with the applied irradiation dose in the
intervals of 0 and 15 d, from 31.4 to 37.3 g/l and from 32.2 to 37.4 g L%, respectively. In the same period, determined
D-fructose levels were nearly stable (Table 2). Increased irradiation doses led to a significant (P <0.05) decline in the
D-glucose and D-fructose content in the last two intervals of storage (30 and 45 d), from 43.4 to 23.1, from 36.8 to
23.1, from 42.1 to 24.6, and from 43.6 to 29 g L, respectively. Prolonged storage resulted in a significant (P <0.05)
decline in D-glucose and D-fructose levels, with the exception of control and 0.5 kGy treated samples compared to the
beginning. These results are consistent with O’Mahony et al. (1985), Miller et al. (2000), Khalil et al. (2009) and
Ahmad and Ahmad, (2017) in irradiated various citrus fruits.

Pectin, vitamin C, total carotenoids (TC) and color

Pectin. Chemical and enzymatic changes during plant development, ripening, and storage of fruit ultimately alter the
structure of pectins as a result of the processing of fruit and vegetables (Schols and Voragen, 2002). Citrus fruits
contain insoluble carbohydrates that provide the structural materials and consist of roughly equal proportions of
cellulose and pectin. The peel is particularly rich in pectin, which may make up 20 - 40 % of the dry matter. In the fruit
tissues, pectin is present in a water-insoluble form known as protopectin (Kale and Adsule, 1995). During storage of
the fruit, the firmness of the fruit decreases due to the degradation of the insoluble form of protopectin into the soluble
form of pectic acid and pectin. Compared to other climatic fruits, such changes occur relatively slowly in citrus fruit
(Ladaniya, 2008). Alcohol insoluble pectin in plant tissues consists of cell wall material, that is, pectic compounds,
hemicellulose and cellulose. The starch and lignin are at very low levels. Citrus fruits are rich in pectin in plant
products. When considering the whole peel of the fruit (flavedo + albedo), the amount of alcohol insoluble fraction (%
of dry matter) was reported to be 42.7 in Valencia oranges (Kefford, 1959). The alcohol-insoluble solids (AlS) can be
used to extract four fractions of pectic substances such as water-soluble pectic substances (WSP), oxalate-soluble
pectic substances (OXP), the acid-soluble pectic substances (HP) and the alkali-soluble pectic substances (OHP)
(Majumder and Mazumdar, 2002). Pectin data (as alcohol-insoluble solids) were evaluated in dried orange peels
during storage and presented in Table 3.

Table 3. The pectin, total carotenoids (TC) and vitamin C assessments of samplesduring storage (4 <, 85 - 90 % RH)

Storage (d)
Parameters Dose (kGy) 0 15 30 45
Pectin 0 27355 32417 30.46% 28827
(g kg™ 0.5 30,5848 33.26% 29,467 28.10%
1 36.26% 31 548 283740 33438
15 311878 20.89M 28.20R 28.39M
Vitamin C 0 91738 91.20% 92.80% 92,9384
(mg kg™) 0.5 97.33A 90.27Ab¢ 93.73A 86.67C¢
1 97.73% 87,202 91.20% 99.60%
15 86.27C 87.60% 86.408 91,608
TC 0 9,044 10.46% 9.424b 8.73%
(mg kg™) 05 8.45% 8.648 8.84A8a 8.08"8a
1 8.69% 7.24% 9.62% 7.318
15 8.98% 6.48C 8.508 7.318

A,B,C Means not followed by the same letter in a column are significantly different (p <0.05)
a,b,c Means not followed by the same letter in a row are significantly different (p <0.05)

In this research, the results showed that irradiation did not affect the amount of pectin (g kg™*) with regard to irradiation
doses, except at 0 d intervals, and these values were statistically different (p <0.05). Extended cold storage caused a
decrease after 45 d of storage in control and irradiated samples compared with O d results. But, determined values were
statistically not different, except for 1 kGy. It was noted that the pectin fractions of 1 kGy treated samples at intervals
of 0 and 45 d were the highest among the irradiated and non-irradiated samples. Gunes et al. (2001) demonstrated that
the total pectin content was unaffected by irradiation (1.2 kGy), but the softening of apple slices induced by irradiation
(> 0.34 kGy) was associated with increased water-soluble pectin and decreased oxalate-soluble pectin content. Melo et
al. (2018) revealed that firmness in Mid Pride’ peaches was reduced by irradiation (1.03 kGy) treatment, whereas total
pectin remained unaltered. WSP, however, increased upon irradiation and also during ripening. According to Kilcast
(1994), irradiation of fruit and vegetables often causes tissue softening due to the breakdown of pectin. Whereas most
fruit types tolerate doses below 0.5 to 0.6 kGy, except for some species of citrus, physical injury usually occurs in the
peel as peel pitting and fruit softening (Wall, 2015). Furthermore, when considering irradiation dose and extended cold
storage, no correlation was determined between changes in pectin levels (Table 3) and sensory evaluation of orange
firmness in this research (Table 5).
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Vitamin C. Vitamin C content has been considered as the most important quality factor in citrus fruit. Regarding the
radiation sensitivity of vitamins in fresh fruit and vegetables, vitamin C is highly sensitive to irradiation and the effect
of irradiation is influenced by a few factors, including exposure to oxygen, storage, temperature, and pH (Kilcast,
1994). Irradiation can cause partial oxidation of ascorbic acid to dehydroascorbic acid, which also has vitamin activity,
but ascorbic acid is more stable than dehydroascorbic acid (Ladaniya et al., 2003). Total vitamin C content (AA+DHA)
of California and Florida varieties is 83 and 63 mg kg™, respectively (Vanderslice et al., 1990). Some reports on
evaluating the effect of irradiation on vitamin C content of oranges showed that orange, mandarin and acid lime
samples were irradiated at 1.5 kGy using gamma rays and the vitamin C contents of these fruit declined by 16 %, 27 %
and 29 %, respectively (Ladaniya et al., 2003), in blood oranges, irradiation with 0.25 and 0.5 kGy slowed the loss of
ascorbic acid (AA) during six weeks storage, resulting in higher AA levels in oranges irradiated with 0.5 kGy (Khalil
et al., 2009), irradiation (0.2 - 0.6 kGy) on ‘Lane Late’ Navel oranges had no effect on vitamin C retention (McDonald
et al., 2013), irradiated (0 - 0.2 kGy) and non-irradiated Valencia oranges had similar vitamin C content (De Bortoli et
al., 2015) and vitamin C was insignificantly different between irradiated (0.2 - 1 kGy) and non-irradiated Navel orange
fruit (Cho et al., 2015). Our results revealed that gamma irradiation had a significant effect (P <0.05) on the vitamin C
level of fruit juice of ‘Jaffa’ orange in all intervals except 15 d intervals of cold storage (Table 3). Also, a significant
effect (P <0.05) of prolonged storage was observed in vitamin C contents of irradiated samples (0.5, 1 and 1.5 kGy).
Our results are agreeing with the findings of Mahrouz et al. (2002), Ladaniya et al. (2003), Ahmad et al., (2012),
Ahmad and Ahmad, (2017) and Nam et al. (2019) in the main types of citrus fruit.

Total carotenoids (TC). Color is the most important quality characteristic of fruit, and color changes in fruit are
related to (a) the breakdown of cellular chloroplasts and chromoplasts, (b) changes in natural pigments (chlorophylls,
carotenoids, and anthocyanins), and (c) the development of enzymatic browning (De Ancos et al., 2006). Carotenoids
are lipid-soluble plant pigments that are common in photosynthetic plants. The term "carotenoids" summarizes a class
of structurally related pigments, mainly found in plants. At present, more than 600 different carotenoids have been
identified (S"anchez-Moreno et al., 2006). In this paper, the TC contents of fruit juices (mg kg™) are summarized in
Table 3. As shown in our results, TC in orange samples did not vary much depending on the irradiation dose at the
beginning of cold storage (0 d). However, as the storage period was prolonged, there was a significant (P <0.05)
decrease in irradiated samples, especially at doses of 1 and 1.5 kGy after 45 d of intervals. The TC values decreased
gradually in intervals of storage, except for a second interval (15 d). The most significant (P <0.05) decline in TC was
determined at second intervals of storage when compared to non-irradiated samples.

Color. Both peel and pulp colors are important sensory attributes related to the ripening quality of fruit (Jenjob et al.,
2017). The L, a, b, and hue values are among the important parameters showing different maturation levels (Singh and
Redy, 2006). The orange and grapefruit colors are derived from carotenoids, and the red (blood) varieties are
anthocyanins. Carotenoids are divided into two groups: carotene and xanthophyll. The yellow color found in fruit and
vegetables is a result of the loss of chlorophyll with the ripening of fruit and the carotenoids becoming more visible
(Moussaid et al., 2000). The consequences of different gamma radiation doses on the color parameters of orange peels
and juices are determined and presented in Table 4. Color development, particularly carotenoid synthesis, was probably
adversely affected due to irradiation in oranges (Ladaniya et al., 2003). Moussaid et al. (2000) explained that
irradiation affected h (hue angle) value and C (chroma, color intensity) values more than other parameters in waxed
oranges. Although irradiation also affects L (lightness), it does not affect a (redness) and C (color intensity). In this
study, determined values show that increased irradiation doses had a statistically significant (P <0.05) effect on fruit
juice and peel color parameters (L* lightness, a* redness, b* yellowness, C* chroma, and h* hue angle) during cold
storage, except for the 0" day of stored peels. On the other hand, the color parameters of both fruit juices and fruit
peels were significantly (P <0.05) affected by prolonged storage. The samples had the highest L* value, indicating that
they had a lighter color at the beginning of storage for both orange peels and their juices. Prolonged storage and
irradiation interaction had affected the L* values (lightness) of fruit juice and caused browning. The red (a*) color
values of extracted juices were remarkably increased (P <0.05) but the yellow (b*) color and C* values were almost the
same with a storage period in other samples, including controls, with the exception of 15 d of storage. The effects of
extended storage were observed (P <0.05) on the hue angle (h*) especially at the end of storage (45 d). The lowest
values of color parameters (L*, a*, b*, C* and h*) compared with initial data were determined in all samples (treated
and untreated) in the last intervals of storage (45 d). Also, from Table 4, it could be noticed that increased irradiation
doses affected (P <0.05) the color parameters (L*, a*, b*, C*, and h*) in all intervals.
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Table 4. The changes in color parameters of ‘Jaffa’ orange juice and peels during storage (4 C, 85 - 90 % RH).

Storage (d)
Dose (kGy) 0 15 30 45
Fruit juice color parameters

L* 0 59.634 57.91P° 59.51Ba 56.20A¢
0.5 59.228b 59.8882 58.16°¢ 55.858¢

1 56.130¢ 59.36%° 62.1742 56.17A¢

15 57.93¢¢ 61.36% 58.58¢P 55.47¢4

a* 0 7.067° 5.95¢¢ 7.2148b 8.7782

0.5 5.78¢2 6.3880 7.0482 7.23P2

1 6.944¢ 7.067¢ 7.37% 9.13Aa

15 6.11Bd 7.19%0 6.52¢¢ 7.83¢
b* 0 42,578 39.420b 427382 41.67°®
0.5 44,977 42,0280 41.198° 40.887°

1 37.68P¢ 42,5280 45478 42,2370

15 40,07 45,0242 41.498° 40.787°

C* 0 43.10% 39.87¢P 43.3282 42,587
0.5 42,038 42,508 42.8982 41.518¢

1 38.330¢ 43.098° 46.097 43,1970

15 40.53¢¢ 45,582 41.97% 41,5485
h* 0 80.69A% 81.4712 80.48A® 78.21A80
0.5 82.1872 81.441a 80.3912 75.678b
1 79.674 80.6442 80.90% 77.88A82

15 81417 80.994 81174 79.20%4

Fruit peel color parameters

L* 0 64,0242 63.874 64.52A82 63.858C2
0.5 64.024 64.4970 64.098° 63.34¢2
1 63.9240 64.1270 65.1144 64.61A%
15 63.394° 64.25% 64.50482 64.35482

a* 0 35.967 35.63A82 35.4948 34.304°
0.5 36.03%4 35.355% 34.3770 34.33/0

1 35.90% 36.08ABa 34.4770 33.045¢
15 35.5642 36.80% 35.0140 33.6948¢

b* 0 60.427 59,5581 59.38ABab 58.35AP
0.5 60.23A 60.0982 59.22Ba 57.098°

1 60.4742 60.1382b 60.48%2 59.134°

15 59.7440 61.524a 59.37A8bc 58.404¢

c* 0 704148 69.6082 69.19% 67.4210
0.5 70.15% 69.78B2 68.49A82 66.554¢

1 70.2178 70.52A82 69.674 67.634°

15 70.004° 713178 67.768¢ 66.874¢
h* 0 59.324a 58.72Aa 59.1082 59.558C2
0.5 59.104 59.3844 59.86482 59.89¢2

1 59.55Ak¢ 59.284¢ 60.34A3 60.6842
15 59.044 59.514a 59.45A82 60.03A82

A,B,C Means not followed by the same letter in a column are significantly different (p <0.05)
a,b,c Means not followed by the same letter in a row are significantly different (p <0.05)

During storage, irradiated samples showed significant (P <0.05) color parameter’ changes that the L* values ranged
from 55.5 to 62.2, a* values ranged between 5.8 and 9.1, b* values ranged between 37.7 and 45.5, C* values ranged
between 38.3 and 46.1, and h* values also ranged between 75.7 and 82.2 (Table 4).

Sensory Properties

Sensory analysis examines the relationship between a given physical stimulus and the subject’s response. The sensory
attributes perceived in a food product are appearance, odor/aroma, consistency and texture, and flavors (aromatics,
chemical feelings, and taste) (Meilgaard et al., 1999). The results of the sensory quality criteria of shelled citrus
samples after irradiation at different doses are given in Table 5.
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Table 5. The effect of irradiation on sensory properties of ‘Jaffa’ orange during storage (4 <C, 85 - 90 % RH).

Storage (d)

Attributes Dose (kGy) 0 15 30 45
S 0 6.75" 6.75" 5.50482 5.75M
2573 0.5 6.88%2 6.50420 5.25A80 6.00A20
5 8 § 1 6.75%2 5.88A20 5.0080 5.63A20

© = 15 6.8872 6.63A20 6.63A20 5.25R0
e ° 0 6.63"2 5.88A20 4.507 4,63
S TE, 0.5 6.13% 6.13% 4,634 4,387
g a2 1 6.88%2 5.50%2 5.38% 5.50%
2 < 15 6.50%2 6.63"2 6.00A20 4.75m
_ 0 3.137 3.75m 3.13% 3.13%

S 0.5 2.25A 4.88% 2.637 2,750

E 1 2.88% 4.00% 3.50% 4.00%

15 2.63% 3.88% 2.63 3.13%

. 0 6.38%2 6.38%2 5.13Aa 4.38”

T2 05 6.13A4 5.25R4 5.75% 5.13Aa

s PFPE& 1 7.00% 5.00%° 5.38/2 450"
£ 15 7.13% 4.75m 5.63 4.38%
2 0 2,50 2,50 2.63% 3.13%
£ S 05 1.63% 3.50% 2.38% 2.75%

S 1 2.25%a 3.50% 3.50 2.75%

15 1.25R° 3.50% 2.38A20 3.38"

N " 0 8.00% 6.13%0 4.887 4.75A8b
= 8 0.5 6.00% 5.63% 5.13% 5.13A82
X = 1 6.13% 5.75% 5.13% 5.25%
+ I 15 6.38%2 6.00%2 4,637 3.1380

A,B,C Means not followed by the same letter in a column are significantly different (p <0.05)
a,b,c Means not followed by the same letter in a row are significantly different (p <0.05)

In this research, after evaluation by trained panelists, it was statistically revealed (P <0.05) that no effect was observed
on the attributes of orange peel samples with the exception of orange color intensity and hardness (30 d). Additionally,
effect of extended cold storage (up to 45 d) was more noticeable than irradiation doses. Statistically, extended storage
had a significant (P <0.05) effect on all parameters. Data in Table 6 shows how irradiation and cold storage affects the
sensory quality criteria of peeled oranges. Regarding the irradiation treatment, no significant (P <0.05) effect
determined on appearance (difficulty of removing peel, orange color intensity) by the panelist. Whereas, some
statistically (P <0.05) changes noticed in flavor and texture in peeled orange fruit throughout the entire cold storage
period except the criteria of juicy and sweet.

Furthermore, the occurrence of stale taste and off-flavor increased in fruit due to increased irradiation dose. The
prolonged storage (45 d) had statistically no effect on appearance (the difficulty of removing peel), flavor (sour) and
texture (chewing hardness), but significant (P <0.05) changes determined on appearance (orange color intensity in 0.5
kGy), and flavor (total orange flavor in 0 and 1.5 kGy, juicy in 0, 0.5, 1 and 1.5 kGy, fermented flavor in 1.5 kGy, off
flavor in 0 and 1 kGy, sweet in 0, bitter in 1 and 1.5 kGy).

When considered as a total evaluation, according to overall attributes, irradiated fruits were still acceptable as judged
by panelists, and <1.0 kGy irradiation dose was more suitable for keeping important attributes of processed ‘Jaffa’
orange fruit. In particular, up to 0.5 kGy irradiation dose for Mediterranean fruit fly (Ceratitis capitata) on citrus fruit
has been considered suitable to maintain overall fruit quality. Similarly, Hallman and Martinez (2001) stated that
irradiation up to 0.5 kGy in citrus fruit irradiated for quarantine purposes had no negative effect on sensory quality.
juiciness, pulp texture, orange flavor, off flavor, sweetness, tartness, aftertaste, skin firmness. In contrast, the
development of off-flavor in irradiated (<1 kGy) citrus fruit has been reported (Nagai and Moy, 1985; O'Mahony et al.,
1985; Mitchell et al., 1992; Miller et al., 2000). Our sensory evaluation results lead to similar conclusions as
O’Mahony and Goldstein, (1987), Jessup et al. (1992), Ladaniya et al. (2003) and Jain et al. (2017).
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Table 6. The effect of irradiation on sensory properties of peeled ‘Jaffa’ orange during storage (4 <, 85 - 90 % RH).

Storage (d)
Attributes Dose (KGy) 0 15 30 45
0 4.13% 3.63% 475 3.38%
2o 05 4.88% 4.25m 4,637 4.50%
£ é 3 1 2.75% 5.00% 3.63% 4.25m
© S8 15 3.25m2 3.88% 3.63% 2,504
e %5
@ =
3
g _ 0 5.88% 6.00% 5.88% 4.63%
< % B 05 6.38% 6.1344b 4,637 5, 75A2
S 5 1 5,758 6.00% 5.50% 5.38%
g £ 15 6.75m2 55042 5.88A2 5,504
0 6.38% 7.137 6.25% 4.5078b
555 05 5.88A82 5.2582 4.88R8 5.13%
Ecs 1 550482 4.25% 4.50% 5.00%
15 4,388 4,388 5.63A82 3.138
0 7.50% 6.88A2 6.25A2b 5.75A
> 05 7.25m 6.75Ab 5.38A° 5.63A
3 1 7.13% 5.88A2b 5.634 5,634
15 6.75% 6.38% 6.25% 4,887
5 0 2.638 1.7582 3.38% 3.758
5 ‘;3, 5 05 4.1378 3.75A82 3.137 4.25m82
=2 ES 1 3.88182 4.75% 5.25m 3.63%
& 15 6.00% 4,887 3.504 6.25%
. 0 1.8882 2.258 2.75m 2.88%
S 05 3.13A8a 4.50A8 3.63% 3.50%
i 1 3.13A8b 6.25m2 4.25Ra 3.75R
o 15 5,258 5.38A 3.75m 4.88%
0 6.63% 6.63% 5.75A4b 4,637
g 05 6.38% 5.13% 5.13% 5.38%
H 1 6.00% 6.13% 4.75m 5.00%
15 5.88% 5,758 5.88% 4.25m
0 2.388 2.75m 2.75m 2.63%
. 05 2.75A8a 3.63% 3.75m 2.38%
=}
3 1 2,508 3.63% 3.50% 2.38%
15 4.50% 3.63% 2.88% 3.00%
0 1.2582 1.5082 1.50% 1.75%
. 05 1.8882 2.63A8 1.75R 1.75%
[}
.;; 1 1.638b 3.00% 2.13Aab 1.88Aab
15 4.00% 2.004Bb 15040 2.38%
0 6.63% 6.13% 6.00% 6.13%
@ o3
£ £ 05 6.13A8a 6.38% 6.00% 5,75
S = 1 4.758 6.13% 5.88% 5.88%
= O c
15 5.25A8a 5.88% 6.25m 4,63

A,B,C Means not followed by the same letter in a column are significantly different (p <0.05)
a,b,c Means not followed by the same letter in a row are significantly different (p <0.05)
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In an orange study, irradiation at a dose of 0.5 kGy was reported to be an effective method for maintaining post-harvest
physicochemical and sensory quality (Khalil et al., 2009). O’Mahony et al. (1985) also observed that untrained
consumers were not able to tell the difference between untreated and irradiated Navel oranges (0.6 - 0.8 kGy) even
though expert judges were able to detect differences in brown blemishing and flavor of irradiated fruit after 5-6 weeks
in storage. But, Miller et al. (2000) reported that the juice flavors of ‘Hamlin’, ‘Navel’, ‘Valencia’, and ‘Minneola’, and
the pulp flavor of ‘Hamlin’, ‘Valencia’, ‘Fallglo’, ‘Minneola’, and ‘Murcott’ were less acceptable after irradiation at
0.3 or 0.45 kGy. The appearance of all cultivars was negatively affected by the loss of glossiness with the 0.45 kGy
dose. Less than 1.0 % of fruit decayed, and irradiation treatment had no effect on decay. McDonalds et al. (2013)
showed that irradiation (up to 0.6 kGy) did not affect the following sensory attributes of Lane Late’ navel oranges
throughout the shelf life of 4 w: color, aroma, off-aroma, dryness, granulation, aroma inside, off aroma inside,

CONCLUSION

It is well known that several processing factors affect the quality of citrus and citrus juice during storage. Compared to
other phytosanitary applications, irradiation is a process with proven effectiveness against all growth forms of the
Mediterranean fruit fly and extends the post-harvest storage period. Obtained results in this research showed that low-
dose irradiation of citrus fruit such as ‘Jaffa’ oranges as a quarantine treatment had no statistically significant changes
in most of the quality parameters between irradiated and control fruit. Besides, our results were in line with previous
reports and, with regard to low dose irradiation (<1.0 kGy) ensured physico-chemical and sensory changes were at an
acceptable level and were not affecting consumption and commercial value of ‘Jaffa’ oranges.
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OZET MAKALE BIiLGiSi

Bu arastirma; Van ilinde bakkal, market ve stipermarketlerde satisa sunulan toplam 60 adet

¢ig siit Orneginin millfrobiyolojikukali'Felerin.in ve antibiyotik .kalll’ltlsn’ll.n belirlenmes.i é’:;f;”:”é‘;.ﬁ{lggﬁs’
amaciyla yapilmistir. Orneklerde hijyenik kalitenin ve patojen mikroorganizmalarmn tespit Kabul: 15.02.2022
edilmesine yonelik toplam aerobik mezofilik mikroorganizma (TAM), Enterobactericeae, )

koliform grubu mikroorganizma, Escherichia coli, Enterokok, koagulaz pozitif stafilokok, Anahtar kelimeler: .
Staphylococcus aureus, maya/kiif sayilari sirastyla ortalama; 5.88+0.15, 4.41+0.13, A,mlblymlk kalmtist, Cig
3.89+0.14, 1.67+0.17, 3.43+0.16, 4.11+0.13, 3.67+0.14, 2.88+0.13 log kob/ml olarak sut, L. monocytogenes,
belirlenmistir. Orneklerde Salmonella spp. tespit edilemezken, sadece 1 (%1.70) 6rnekte L. Mikrobiyoloji

monocytogenes varligi saptanmistir. Orneklerin 8’inde B-laktam grubu (penisilinler ve
sefalosporinler) ve 6’sinda ise tetrasiklin grubu (tetrasiklin, oksitetrasiklin, klortetrasiklin
ve doksisilin) antibiyotik kalintisi tespit edilmistir. Analizi yapilan ¢ig siit 6rneklerinin
onemli bir kisminin incelenen kriterler yoniinden genel hijyenik kalitelerinin diisiik oldugu,
gerek mikrobiyolojik kriterler gerekse de antibiyotik kalmtisi agisindan halk sagligi
acisindan riskler tagidigi goriilmiistiir. Sonug olarak; yasal otoriteler tarafindan siit iireten
isletmelerde ve ayni zamanda piyasaya arzi yapilan ¢ig siitlerde var olan denetimler ile
numune alma siiresi ve sayisinin arttirilmasinin, kontrol ve izleme programlar ile
mikrobiyolojik kalitelerinin iyilestirilmesinin, etkili sistemlerle antibiyotik kullaniminin
takip edilmesinin halk saglig1 agisindan 6nemli katkilar saglayacagi kanisina varilmistir.

Microbiological Quality and Presence of Antibiotics in Raw Milk Offered for Consumption in Van

ABSTRACT ARTICLE INFO

This research was carried out to determine the microbiological quality and antibiotic residue of 60
raw milk samples sold in grocery stores, markets and supermarkets in VVan. For the determination of Received: 07,12 2021
hygienic quality and pathogenic microorganisms in the samples, the total aerobic mesophilic L
microorganism (TAM), Enterobactericeae, coliform group microorganism, Escherichia coli, Accepted: 15.02.2022
Enterococcus, coagulase positive staphylococcus, Staphylococcus aureus, yeast/mold counts were Keywords:

determined as 5.88+0.15, 4.41+0.13, 3.89+0.14, 1.67+0.17, 3.43+0.16, 4.11+0.13, 3.67+0.14, Antibiotic residue, Raw
2.88+0.13 log CFU/m, respectively. While Salmonella spp. could not be detected in the samples, the milk, L. monocytogenes
presence of L. monocytogenes was detected in only 1 (1.70%) sample. In 8 of the samples, B-lactam Micr’obiology '
group (penicillins and cephalosporins) and in 6 of the tetracycline group (tetracycline,
oxytetracycline, chlortetracycline and doxycillin) antibiotic residues were detected. It was observed
that the general hygienic quality of a significant part of the analyzed raw milk samples was low in
terms of the criteria examined, and that they had risks in terms of public health in terms of both
microbiological criteria and antibiotic residues. As a result, it has been concluded that increasing the
sampling time and number, improving the microbiological quality with control and monitoring
programs, and monitoring the use of antibiotics with effective systems will provide important
contributions in terms of public health by the legal authorities in milk producing enterprises and also
in the raw milk supplied to the market.

Research article

To Cite: Tuncay RM, Sancak YC, Cakmak T, Isleyici O 2022. Van’da Tiiketime Sunulan Cig Siitlerde
Mikrobiyolojik Kalite ve Antibiyotik Varligi. MJAVL Sciences. 12 (1) 53-63
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GIRiS

Siit, insan beslenmesi i¢in gerekli oldugu bilinen tiim farkli besin maddelerini igeren tek gida maddesi olarak kabul
edilmektedir (Goodman ve ark., 2002; Laakkonen ve Pukkala 2008). Siit ve siit tiriinleri, kemik gelisiminin iyi olmasi,
dis saglhigmin korunmasi, osteoporoz, bazi kardiyovaskiiler hastaliklar, hipertansiyon, Tip 2 diyabet, baz1 metabolik
sendromlar ve bazi kanser tiirlerinin dnlenmesinde rol oynadigindan, saglikli bir diyetin 6nemli bir pargast olarak
tilkketilmeleri tegvik edilmelidir (Davoodi ve ark., 2013; Thorning, 2016). Siit ve siit {iriinleri, fonksiyonel gida olarak

da kabul edilmekte olup tiiketilmelerinin saglik iizerinde dogrudan, olumlu ve anlamli bir etkiye sahip oldugu
bildirilmektedir (Marshall, 2004).

Tirk Gida Kodeksi’nde (TGK) ¢ig siit, “Ciftlik hayvanlarinin meme bezlerinden salgilanan, 40 °C’nin (zerinde
isitilmamis veya esdeger etkiye sahip herhangi bir islem gérmemis siit” seklinde tanimlanmaktadir (TGK, 2011).
Miikemmel besleyici bilesimi ve sivi formu nedeniyle ¢abuk bozulabilen bir gidadir. Kontaminasyonlara ve olumsuz
cevre kosullarina karsi siirekli olarak korunmadig: siirece, lezzet degisiklikleri de gelisebilir (Miller ve ark., 2000).

Stitiin kalitesi; siitlin fiziksel, kimyasal, mikrobiyolojik ve organoleptik 6zellikleri ile ilgilidir. Zengin besleyici igerigi
ile insan beslenmesi yonlnden ¢ok oOnemli bir besin maddesi olan siit ve siitten elde edilen iriinler, gesitli
mikroorganizmalar1 barindirabilir ve gida kaynakli patojenler igin 6nemli bir bulagsma kaynagi olabilirler. Siit,
kompozisyonu ile Gram negatif psikrotroflar, koliformlar, laktik asit bakterileri, mayalar ve kifler (Ruegg, 2003;
Rajagopal ve ark., 2005), Salmonella spp., L. monocytogenes, Campylobacter jejuni, Yersinia enterocolitica,
Escherichia coli'nin patojenik suslar1 ve Staphylococcus aureus'un enterotoksijenik suslari gibi halk sagligini
etkileyecek gesitli mikroorganizmalarin iiremesi i¢in iyi bir ortam teskil etmektedir (Tatini ve Kauppi, 2003).

Cig siit icerdigi patojenler ile dogrudan siit {ireticileri, ¢iftlik ¢alisanlar1 ve tiiketicileri kontamine edebilecegi gibi, ¢ig
sutten dretilen gesitli {irtinlerin tiiketilmesiyle de halk sagligini tehlikeye atabilmektedir. Bazi1 gida patojenleri ¢ig stit
yoluyla siit isletmelerini kontamine edebilmekte ve yiizeylerde olusturdugu biyofilmler ile daha sonra islenmig siit
dranlerinin kontaminasyonuna neden olabilmektedir (Jindal ve ark., 2016; Oksiiztepe ve Demir, 2019). Kontamine ¢ig
siite uygulanan pastorizasyon islemi tim gida kaynakli patojenleri yok etmeyebilir. Ozellikle yetersiz veya hatali
pastorizasyon uygulamalarinda, canli kalan gida patojenleri pastdrize siit ve st Urlinlerinin kontaminasyonuna ve
tiiketicilerin patojenik bakterilere maruz kalmasina sebep olabilmektedir (Oliver ve ark., 2005; Borad ve ark., 2017).

Siitiin kalitesi ve saglikli bir gida olmasi lizerinde etkili faktorlerden bir digeri de hastaliklarin 6nlenmesi, kontroli ve
tedavi edilmesi veya siit ineklerinin siit veriminin arttirilmasi i¢in yaygin olarak kullanilan antibiyotiklerin neden
oldugu kalintilardir (Erskine ve ark. 2003). Limitlerin iizerinde antibiyotik iceren siitlerin tiiketilmesi, bagirsak
florasmin hassas dengesinde ve periferik kan parametrelerinde degisikliklere, diglerde problemlere ve deri dokiintiilerin
gibi alerjik reaksiyonlara ve ayni zamanda bagirsak mikroflorasinin siirekli antibiyotiklere maruz kalmasi ile
antibiyotik direngli tiirlerin sayisinda artisa neden olabilmektedir (Seymour ve ark. 1988; Yamani ve ark. 1999; Gaudin
ve ark. 2001). Siitteki antibiyotik kalintilarinin insan saglig1 {izerinde olumsuz etkileri yaninda o6zellikle laktik asit
fermentasyonu gibi teknolojik proseslerde de ekonomik kayiplara yol actigi bildirilmektedir. (McGrane ve ark., 1996;
Cinquina ve ark., 2003; Molina ve ark., 2003; Kaya ve Filazi, 2010; Zhu ve ark., 2013; Acar6z ve ark., 2016). Bu
kalintilar ayrica, rediiksiyon testi ve toplam bakteri sayis1 gibi siite uygulanan kalite kontrol testlerinin sonuglarini da
etkileyebilmektedir (Srikandakumar ve ark., 2004).

Bu ¢alisma ile Van ilinde bulunan bakkal, market ve siipermarketlerde satilan ¢ig siitlerin mikrobiyolojik kalitesinin
ortaya konulmasi ile antibiyotik kontaminasyonunun belirlenmesi amag¢lanmustir.

MATERYAL VE METOT

Bu arastirmada; 2018 yili Ocak-Mart aylar igerisinde Van il merkezinde bulunan bakkal, market ve siipermarketlerde
satisa sunulan toplam 60 adet ¢ig siit 6rnegi kullanilmigtir. Satis yerlerinden aseptik kosullarda en az 500 ml olacak
sekilde steril cam kavanozlara alinan ornekler +4 °C’de soguk zincirde laboratuvara getirilerek en kisa siirede
analizlere alimuistir.

Mikrobiyojik analizler

Aseptik kosullarda alinan ve soguk zincirde laboratuvara getirilen 6rneklerin homojenizasyonundan sonra her bir 6rnek
icin 10%a kadar desimal diliisyonlar1 hazirlanmmgtir. Hazirlanan diliisyonlardan uygun besiyerlerine ekim yapilarak
mikrobiyolojik analizler gerceklestirilmistir (Kurt ve ark., 1993, Harrigan, 1998).

Aragtirmada incelenen 6rneklerde Toplam Aerobik Mezofilik mikroorganizma (TAM), Enterobacteriacea, koliform,
E. coli, Enterokok, S. aureus ve maya/kiif sayiminda kullanilan besiyerleri, ekim yontemleri ve inkiibasyon kosullari
Cizelge 1’de gosterilmistir. L. monocytogenes’in aranmasinda ISO 11290-1/A1-2006 metodu (ISO, 1997; 2006),
Salmonella spp. i¢gin ise 1SO 6579-1:2017 metodu kullanilmigtir (ISO, 2017).
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Cizelge 1. Mikrobiyolojik ekimde kullanilan besiyerleri, ekim yontemleri ve inkiibasyon kosullart

Inkiibasyon

Mikroorganizma Besiyeri Ekim Metot
(aerob)
Plate Count Agar (PCA) ; o TS, 2014;
TAM (LABM LAB149) Dokme  30de 72 saat Anonymous, 2015

Violet Red Bile Glucose Agar

Enterobacteriacea (VRBGA) (LABM L AB088)

Dokme 30 °C’de 24 saat Anonymous, 2015

Koliform Violet Red Bile Lactose Agar . o Bridson, 1998; TS,
Mikroorganizmalar (VRBA) (LABM LABQ3])  Dokme  37°C’de2dsaat 5,
_ Tryptone Bile Glucuronide 30 °Cde 4 saat + TS, 2012a;

E. coli Agar (TBX) (LABM Yayma 44 °C de 18 saat Anonvmous. 2015
HAL003) © 16 saa ymots,
Slanetz&Bartley Medium . 37 °C’de 4 saat +

Enterokok (S&B) (LABM LAB166) Dokme 44 °C°de 24-48 saat Anonymous, 2015

Koagulaz (+) Baird-Parker Agar (BP) ops ) Bridson, 1998; TS,

Staphylococcus (Oxoid CM275) Yayma 37°C’de 24-48 saat 2001
Potato Dextrose Agar (PDA) TS, 2012b;

Maya/Kuf (LABM LAB09S) Dokme 20-25 °C’de 5 giin
TAM: Toplam Aerobik Mezofil Mikroorganizma, E. coli: Escherichia coli.

DNA Ektraksiyonu ve PCR analizi

Anonymous, 2015

PCR analizi i¢in hazir ticari DNA ekstraksiyon kiti (GeneAll, Exgene™ Cell SV, Giiney Kore) ve master mix (Abm®
2X PCR Taq Plus Mastermix, G014, Kanada) kullanilmigtir. PCR karigimi i¢in 12,5 pl mastermix, 5 pl genomik
DNA, 1,5 pul her bir primerden ilave edilerek toplam hacim PCR suyu ile 25 ul’ye tamamlanmigtir. Analizde kullanilan
tir spesifik primerler ile ilgili bilgiler Cizelge 2’de verilmistir.

Cizelge 2. Siipheli izolatlarin tespitinde uygulanan PCR protokolii

. <1 e as PCR Kosullar
Gene Oligonukleotid (5°-3”) bp (denatiirasyon/baglanma/uzama) Referans
L. monocytogenes
F:CCTAAGACGCCAATCGAA 95 °C 60 sn/55 °C 60 sn/72 °C 60 sn 35 A 2N37 Ve
hlyA ; 720 7 sn sn SN39 Alarcon
R:AAGCGCTTGCAACTGCTC siklus
(2003)
Salmonella spp.
. ) Hoorfar ve
Styinva- F: TCGTCATTCCATTACCTACC 119 94 °C 60 sn/48 °C 60 sn/72 °C 60 sn 35 ark
JHO-2 R: AACGTTGAAAAACTGAGGA siklus (20'00)
S. aureus
) o o o Riffon ve
sau F: GACGACATTAGACGAATCA 1318 94 °C 30 sn/56 °C 45 sn/72 °C 30 sn 35 ark
R: CGGGCACCTATTTTCTATCT siklus (20'01)

S. aureus: Staphylococcus aureus, L. monocytogenes: Listeria monocytogenes
Agaroz Jel Elektroforez

Elde edilen amplikonlarin jel elektroforezi igin gel-red (abm, Safe View ClassicTM G108, Kanaada) ile boyanmis
%1.5’lik agaroz jel (Vivantis, USA + Bioshop, TAE Buffer 50X Liquid concentrate) yatay (horizontal) tankta (Major
Science, multiSUB Midi, Ingiltere) hazirlanmis ve 70 V’da (Major Science, Mini 300V power supply, Kanada) 90 dk
siireyle DNA Marker yardimiyla elde edilen spesifik DNA ve pozitif kontrol bantlart jel goriintiileme cihazinda
(Genesis®, Ingiltere) gdzlemlenmistir.

Cig Siitte Antibiyotik Varhginin Belirlenmesi

Siit érneklerinde betalaktam ve tetrasiklin grubu antibiyotik kalintis1 varlig1 antibiyotik test stripleri (TwinSensor®T,
Kit085-DA-001, Belgika) ile iiretici firma onerileri dikkate alinarak yapilmigtir.
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istatistiksel Analiz

Calismada elde edilen verilerin istatistiksel analizleri SPSS (Version 13) paket istatistik programi ile yapilmistir.

Degigkenler arasindaki iliskinin énem diizeyini belirlemek i¢in “pearson correlasyon” analizi kullanilmistir (SPSS,
2006).

BULGULAR

Analize alinan ¢ig siit 6rneklerinde saptanan mikrobiyolojik analiz sonuglari ile genel ortalamalar1 Cizelge 3’te, S.
aureus ve L. monocytogenes izolatlarina ait Agaroz Jel Elektroforez goériintiileri ise Sekil 1 ve 2°de verilmistir.

Cizelge 3. Cig siit numunelerinde analiz edilen mikroorganizmalar ve sayilar: (n=60).

Mikroo : Koagulaz
rganiz Enterobacteriace Mikrléglggr:?z]mala E. Enteroko (+) S. Maya/Kif
ma a v coli k Staphylococ aureus
saytlann  TAM cus
(log
kob/ml) n % % % % n % % % %
16.6
<1 - - 3 5.00 3 5.00 - - 10 7 - - - - 1 167
450 4 783
<2 - - - - - - 39 65 - - 27 0 7 3 - -
1 233
1-2 - - 2 3.33 3 5.00 - - 5 833 - - - - 4 3
21.6 2 333
2-3 1 1.67 5 8.33 10 16.67 12 20 13 7 4 667 3 500 O 3
31.6 20.0 100 1 250
3-4 1 1.67 8 1333 15 25.00 7 1160 19 6 12 0 6 0 5 0
18.3 21.6 15.0
4-5 12 2000 26 43.33 23 38.33 2 333 1 3 13 6 4 667 9 0
5-6 18 30.00 15 25.00 5 8.33 - - 1 167 2 333 - - 1 167
6-7 15 25.00 1 1.67 1 1.67 - - 1 167 1 167 - - - -
7-8 12 20.00 - - - - - - - - 1 167 - - - -
8-9 1 1.67 - - - - - - - - - - - - - -
Min. 2.78 <1.00 <1.00 <2.00 <1.00 <2.00 <2.00 <1.00
Max. 8.06 6.20 6.79 3.52 6.76 7.11 451 5.47
Means 5.88 441 3.89 1.67 3.43 4.11 3.67 2.88
SE 0.15 0.13 0.14 0.17 0.16 0.18 0.14 0.13

TAM: Toplam Aerobik Mezofil Mikroorganizma, E. coli: Escherichia coli, S. aureus: Staphylococcus aureus,
Min.:Minimum, Max.:Maksimum, SE: Ortalamanin Standart Hatas1

Analize alinan ¢ig siit 6rneklerinin 1 tanesinde (%1.7) L. monocytogenes tespit edilmis, o6rneklerin hichirisinde
Salmonella spp. tespit edilememistir.

Cig siit 6rneklerinin 8’inde B-laktam grubu (penisilinler ve sefalosporinler) antibiyotik, 6’sinda ise tetrasiklin grubu
(tetrasiklin, oksitetrasiklin, klortetrasiklin ve doksisilin) antibiyotik kalintis1 tespit edilmistir.
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1000 bp —— - ) ) ) — - e 1318 hp

500 bp

100 bp

Sekil 1. Agaroz jelde S. aureus izolatlarindan elde edilen amplikonlar (1318bp) (M: 100 bp DNA marker; 1: S. aureus
ATCC® 25923, 2-12: S. aureus izolatlar; 13: Negatif kontrol).

Sekil 2. Agaroz jelde L. monocytogenes izolatlarindan elde edilen amplikonlar (702 bp) (M: 100 bp DNA marker; 1: L.
monocytogenes ATCC® 7646, 2: L. monocytogenes izolati; 3: Negatif kontrol).

TARTISMA VE SONUC

Siit ve siit Girlinlerinin de igerisinde yer aldig1 bircok gidanin bozulmasinda daha ¢ok aerobik mezofilik sartlarda gelisen
mikroorganizmalar énemli rol oynamaktadir. Cig siitlerde TAM, Enterobacteriaceae, psikrotrof ve sporlu anaerobik
mikroorganizmalar, koliform grubu mikroorganizmalar, Enterokok, maya/kiif sayilarinin tespit edilmesi genellikle
hijyen, sanitasyon, kalite ve muhafaza kosullarinin belirlenmesinde indikatér mikroorganizmalar olarak
kullanilmaktadir (Uziim, 2006; Al-Mazeedi ve ark., 2013; Nwankvva ve ark., 2015).

TGK’ne (2009) gore, ¢ig inek siitiindeki TAM sayis1 laktasyon donemine gore degiskenlik gosterse de ortalama 5.00
log kob/ml’den diisiik olmas1 gerektigi belirtilmistir. Incelenen drneklerde TAM sayis1 ortalama 5.88+0.15 log kob/ml
olarak tespit edilmistir. 14 (%23.33) 6rnegin belirlenen limitlerin altinda, 46 (%76.66) 6rnegin ise limitlerin Uzerinde
oldugu saptanmistir. Arastirma sonuglarinda belirlenen TAM sayilari, Al-Mazeedi ve ark.’nin (2013) tespit ettigi deger
ile benzerdir. Farkli bulgulara (Diler ve Baran, 2014; Kivang ve ark., 1992; Atasoy ve ark., 2003; Chye ve ark., 2004;
Hossain ve ark., 2011; Belbachir ve ark., 2014, Hassan ve ark., 2015; Ibrahim ve ark., 2015; Mesfine ve ark., 2015;
Gemechu, 2016; Titouche ve ark., 2016; Beykaya ve ark., 2017, Goncl ve ark., 2017; Tankoano ve ark., 2016;
Bogdanovicova ve ark., 2016), mastitis, hijyenik olmayan sagim prosediirleri ve alet-ekipmanlar, meme temizliginde
kullanilan suyun diisiik mikrobiyolojik kalitesi ve saklama kosullar1 gibi faktorlerin etkili oldugu diisiiniilmektedir.

Incelenen drneklerde belirlenen ortalama TAM sayisi ile enterokok sayisi arasinda p<0.01, maya/kiif ve koagulaz (+)
stafilokoklar arasinda da p<0.05 diizeyinde pozitif yonlii istatistiksel iliski oldugu belirlenmistir. Bu iligki, Enterokok,
Staphilococcus ve maya/kiif grubu mikroorganizmalarin 6nemli bir kism1 TAM sayisinin belirlenmesinde kullanilan
besiyerinde de Giremesinden kaynaklanabilir.
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Enterobacteriaceae familyas1 Escherichia, Enterobacter, Citrobacter ve Klebsiella gibi koliform gruplari ile daha ¢ok
hayvan bagirsaklarindan izole edilen ve birgogu patojen tirleri iceren Salmonella, Shigella, Morganella, Providencia,
Edwardsiella, Proteus, Serratia ve Yersinia gibi cinsleri icermektedir (Hayes ve ark., 2001). Bu mikroorganizmalar
genel olarak, gidalarin yetersiz hijyeni, islenmesi veya isleme sonrasi kontaminasyonunu belirlemekte kullanilan
indikatdr mikroorganizmalardir (ILSI, 2011).

Incelenen siit drneklerinde Enterobacteriacea grubu mikroorganizma sayisi ortalama 4.41+0.13 log kob/ml olarak
tespit edilmistir. Bu say1; Uraz ve Yiicel (1998) ile Gemechu’nun (2016) belirledigi degerlerden diisiiktiir. incelenen
orneklerde belirlenen ortalama Enterobacteriacea grubu mikroorganizma sayisi ile maya-kiif sayis1 (p<0.01), koagulaz
(+) stafilokok say1s1 (p<<0.05 ) ve S. aureus sayist (p<0.05) arasinda da pozitif yonlii dnemli istatistiksel iliskiler oldugu
belirlenmistir. Bu durum 6rneklerin daha 6nce de belirtildigi gibi genel hijyenik durumunun k&tii olmasiyla ilgilidir.

Koliform grubu mikroorganizmalar dogada yaygin olarak bulunduklarindan gida endiistrisinde sanitasyon indikatorii
olarak degerlendirilmektedirler. Siitte yiiksek diizeyde koliform mikroorganizma bulunmasi, sagim ve sagim sonrasi
gerekli hijyenik oOnlemlerin alinmadiginin, kotii sanitasyon kosullarinin ve yetersiz veya yanlis pastorizasyon
uygulamalarmin bir gdstergesi olarak kabul edilmektedir (Unliitiirk ve Turantas, 1998).

Incelenen siit orneklerinde koliform grubu mikroorganizma sayisi ortalama 3.89+0.14 log kob/ml olarak tespit
edilmistir. Orneklerdeki ortalama koliform grubu mikroorganizma sayisi; Hossain ve ark., (2011), Hassan ve ark.
(2015), Ibrahim ve ark. (2015), Gemechu (2016), Tankoano ve ark. (2016) ve Goncii ve ark.’nin (2017) belirledigi
degerlerden diisiik, Kesenkas ve Akbulut’un (2010) buldugu degerle benzer, Belbachir ve ark. (2014), Diler ve Baran
(2014) ile Mesfine ve ark.’nin (2015) tespit ettigi degerlerden ise yiliksek bulunmustur. Bu calisma ile diger
calismalarda elde edilen bulgular arasindaki farkliliklarin, her siit 6rneginde sagim 6ncesi veya sonrasinda meydana
gelen kontaminasyon diizeylerinin farkli olmasindan kaynaklanabilecegi diisiiniilmektedir.

Incelenen &rneklerde belirlenen ortalama koliform grubu mikroorganizma saysi ile Enterobacteriacea arasinda pozitif
yonlii (p<0.01) istatistiksel iligki belirlenmistir. Bu iliskinin sebebi, her iki mikroorganizma grubunun da hijyenik
kalitesi diisiik siitlerde yiiksek sayilarda bulunmasindan kaynaklanmaktadir.

Cig siitiin tiretimden satisa kadar olan asamalarda E. coli ile kontaminasyonu halk sagligi agisindan énemli bir tehlike
olusturabilmektedir. Bu nedenle, ekipmanlarin diizenli temizligi ve dezenfeksiyonu, sagim personelinin hijyenik
kurallara uymasi, siit hayvaninin ve memenin sagligi ve siitiin pastdrizasyonu/sterilizasyonu ya da kaynatilmasi
gerekmektedir. Bundan dolayi, ¢ig siit sagimdan hemen sonra siiratle 5 °C’ye kadar sogutulmali ve tiiketimden 6nce
mutlaka pasttrize edilmelidir (Soomro ve ark., 2002).

Aragtirmada kullanilan siit 6rneklerinde E. coli sayisi en diigiik <1.00 ve en yiiksek 3.52 log kob/ml olarak tespit
edilmis olup; Kivang ve ark. (1992), Uraz ve Yiicel (1998), Altun ve ark. (2002), Soomro ve ark. (2002) ve Chye ve
ark. (2004) tarafindan ¢ig siitlerde belirlenen degerlerden diisiik, Hill ve ark. nin (2012) buldugu deger ile benzer,
Ekici ve ark. (2004), Hassan ve ark. (2015) ve Ibrahim ve ark. (2015) tarafindan belirlenen degerlerden yiiksek oldugu
goriilmektedir. Calismalarda elde edilen degerler arasindaki farkliliklar, meme sagligi, sagim ve personel hijyeni ve
uygun olmayan muhafaza sartlarindan kaynaklanabilir.

Incelenen &rneklerde belirlenen ortalama E. coli sayisi ile Enterokok, koliform grubu mikroorganizma sayis1 (p<0.01)
ve koagulaz (+) stafilokoklar (p<0.05) arasinda da pozitif yonlii istatistiksel iliski belirlenmistir. Bu durum 6rneklerin
genel hijyenik kalitesinin iyi olmadigini ve indikatdr mikroorganizma/mikroorganizma gruplari ile bazi patojen bakteri
sayisinin yiiksek oldugunu gostermektedir.

Genellikle gidalarda Enterokok bulunmas: fekal kontaminasyonun bir géstergesi olarak kabul edilmesine ragmen, siit
ve siit driinlerinde bu grup mikroorganizmalar igin bir smirlama getirilmemistir. Pastorizasyon sicakliklarina
gosterdikleri direng ile ekstrem pH degerleri ve yiiksek tuz konsantrasyonu gibi farkli gelisme sartlarina kolayca adapte
olabilme yeteneklerinden dolayi, hem ¢i§ materyalde hem de pastorize edilmis TUrlinlerde yaygmn olarak
bulunmaktadirlar (Dagdemir ve Ozdemir, 2006; Moreno ve ark., 2006).

Analize alman siit orneklerinde Enterokok mikroorganizma sayisi ortalama 3.43+0.16 log kob/ml olarak tespit
edilmistir. Orneklerde tespit edilen Enterokok sayisi; Kivang ve ark.’nin (1992) buldugu degerden diisiik, Altun ve ark.
(2002) ile Diler ve Baran’in (2014) belirledigi degerlerden ise yiiksek bulunmustur. Bu durum incelenen 6rneklerin
ayn1 bolgeden ve isletmelerden olmamasina ve kontaminasyon kaynaklarinin farkli olmasina baglanabilir.

Incelenen orneklerde belirlenen ortalama Enterokok sayisi ile koliform sayisi arasinda pozitif yonli (p<0.01),
Enterobakter sayisi ve maya/kiif sayisi arasinda da pozitif yonlii (p<0.05) istatistiksel iliski belirlenmistir. Bu durum,
incelenen Orneklerin genel hijyenik kalitesinin diisiik olmasindan ve bu nedenle birgok patojen ve patojen olmayan
mikroorganizma grubunun yiiksek sayida izole edilmesinden kaynaklanmaktadir.
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Incelenen siit 6rneklerinde kogulaz pozitif stafilokok mikroorganizma sayisi ortalama 4.11+0.18 log kob/ml olarak
tespit edilmistir. Bu deger, Hossain ve ark.’nin (2011) belirledigi degerden diisiik, Diler ve Baran’in (2014) belirledigi
degerden ise yiiksektir. Incelenen drneklerde belirlenen ortalama kogulaz pozitif stafilokok sayisi ile S. aureus arasinda
pozitif yonlii (p<0.05) istatistiksel iligki belirlenmistir.

S. aureus, dogrudan enfekte siit hayvanlarindan siite bulagabilecegi gibi, sagim sonrasinda hijyenik kosullara
uyulmadiginda, ozellikle de toplama tanklarindan siite bulasabilmektedir. Siit ve siit {irlinleri potansiyel bir
enterotoksijenik S. aureus kaynagidir ve iirettikleri 1s1ya dayanikli toksinleri halk sagligi i¢in dnemli bir risk faktoriidiir
(De Buyser ve ark., 2001; Oliver ve ark., 2005).

Incelenen siit érneklerinde S. aureus sayisi ortalama 3.67+0.14 log kob/ml olarak tespit edilmistir. Orneklerde tespit
edilen ortalama S. aureus sayist; Ekici ve ark. (2004), Chye ve ark. (2004), Hassan ve ark. (2015), lbrahim ve ark.
(2015), Tankoano ve ark. (2016), Titouche ve ark. (2016) ile Bogdanovic¢ova ve ark. (2016)’nin bulduklar1 degerlerden
diisiik, Yalcin ve ark. (1991), Kivang ve ark. (1992) ve Hill ve ark. (2012) ve Belbachir ve ark.’nin (2014), belirledigi
degerlerden yiiksek bulunmustur. Bu farkliliklarin siit hayvanindan ve siitiin sagimi sirasinda hijyenik 6nlemlerin
yeterince alinmamasindan kaynaklanabilecegi diisiiniilmektedir.

TGK’ne (2009) gore ¢ig inek sutlindeki S. aureus sayis1 2-2.7 log kob/ml olup incelen 6rneklerinin 12’sinin (%20)
TGK’ne uygun olmadig1 saptanmustir.

Maya/kiifler genellikle 1siya duyarli mikroorganizmalar olup siitlere genellikle 1s1l islem sonrasi bulasmaktadirlar.
Sagimdan sonra ve iistleri agik bir sekilde depolandiklart zaman havadan bulagabilirler. Maya/kiifler siit ve siit
iiriinlerinde tat, lezzet ve goriinilis kusurlarina neden olabilirler (Hayes ve Boor, 2001; Britz ve Robinson, 2008; Torkar
ve Teger, 2008)

Incelenen siit orneklerinde maya/kiif sayist ortalama 2.88+0.13 log kob/ml olarak tespit edilmistir. Codex
Alimentarius’da (CA, 2011) ¢ig siitlerde maya/kiif sayis1 maksimum 4 log kob/ml olarak belirlenmistir. Orneklerde
tespit edilen ortalama maya/kiif sayisi; Kesenkas ve Akbulut (2010), Hassan ve ark. (2015), Ibrahim ve ark. (2015),
Tankoano ve ark. (2016), Beykaya ve ark. (2017) ve Goncii ve ark.’nin (2017) tespit ettigi degerlerden diisiik, Altun ve
ark.’nin (2002) sonuclarindan yiiksektir. Maya/kiif grubu mikroorganizmalar, siitiin psikotrofik bakterileri tarafindan
biiytime substratlarinin rekabetci kullanimi veya bakteriler tarafindan salgilanan metabolitlerin inhibisyonu nedeniyle
¢ig siitte sayilar1 daha azdir (Viljoen, 2001). Bu ¢alismada 6rneklerde yiiksek sayida belirlenen maya/kiif sayisi, sagim
sirasinda ve sagim sonrasindaki depolamada hijyen ve sanitasyon kurallarina uyulmadigini géstermektedir.

Incelenen orneklerde Salmonella spp. belirlenememistir. Benzer bulgular Ekici ve ark. (2004), Belbachir ve ark.
(2014), Hassan ve ark. (2015), Ibrahim ve ark. (2015) ve Titouche ve ark. (2016) tarafindan yapilan arastirmalarda da
raporlanmistir. TGK’ne (2009) gore 25 ml ¢ig inek siitiinde Salmonella spp. bulunmamasi gerekmektedir. Aragtirma
sonuglarina gore incelenen tiim ¢ig siit drneklerinin TGK’ne uygun oldugu belirlenmistir.

L. monocytogenes toprak kdkenli bir mikroorganizmadir. Cig siitiin kontaminasyonu, hayvanin dogrudan kendisinden
olabilecegi gibi, uygun olmayan barmma, kotii yapilmis silaj ve koti ¢iftlik hijyeninden de kaynaklanabilmektedir
(Husu ve ark, 1990; Sanaa ve ark., 1993; Ozdemir ve ark., 2021).

Orneklerin 1 tanesinde (%1.70) L. monocytogenes tespit edilmistir. Bu oran, Hill ve ark.’nin (2012) belirledigi
degerden yiiksek, Kirkoyun-Uysal ve Ang (2003) ile Bogdanovi¢ova ve ark. (2016) tarafindan tespit edilen bulguyla
benzer, Chye ve ark. (2004) ile Belbachir ve ark. (2014) ve Aksoy ve ark.’nin (2018) belirledigi degerden diisiik
bulunmustur. Calismalar arasindaki farkliliklarin sagim hayvaninin kendisinden kaynaklanabilecegi ya da hayvan
beslemede kullanilan kotii kosullarda depolanmis silajdan ve giftlik hijyenine gerekli 6nemin verilmemesinden
kaynaklanabilecegi diisliniilmektedir.

Siit kalite indikatorleri arasinda, bakteri ve somatik hiicre sayisi ile birlikte antibiyotikler basta olmak {izere kimyasal
kalintilar da 6nemli bir yere sahiptir (Allison, 1985; Andrew ve ark., 1997). Siit ve siit iiriinlerindeki antibiyotik kalinti
problemi, yetistiricilerin konuya iliskin egitim diizeylerine, yasal diizenlemelere ve denetim mekanizmasindaki
kararliliga gore gerek iilke icinde gerekse de iilkeler arasinda 6nemli derecede degisebilmektedir (Allison, 1985).

Incelenen cig siit drneklerinde yapilan analizler sonucunda; drneklerin 8’inde B-laktam grubu ve 6’sinda da tetrasiklin
grubu olmak iizere toplam 14’iinde (%23.33) antibiyotik varligi tespit edilmistir. Incelenen siit érneklerindeki
antibiyotik varlig1 oran1 Demet ve ark. (1992), Dokuzlu ve ark. (2001) ile Titouche ve ark. (2016)’nin belirledigi
degerden diisiik, Ardi¢ ve Durmaz’in (2006) sonuglarindan yiiksek oldugu saptanmistir. Yapilan ¢alismada antibiyotik
kalintilarindaki yiiksek insidansin hayvanlarin tedavisinde bilingsizce, uzun siireli ve yiiksek dozda antibiyotik
kullanimi, antibiyotiklerin yasal arinma siiresine dikkat edilmemesi ve antibiyotik uygulama periyodu icerisinde elde
edilen ¢ig siitlerin piyasada satisa sunulmasindan kaynaklandigi kanisina varilmistir.
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Sonug olarak, incelenen ¢ig siit 6rneklerinin mikrobiyolojik kalitesinin diisiik oldugu saptanmistir. Genel olarak bu
durumun birincil Gretimin gergeklestigi isletmelerde tiim prosesler boyunca hijyen ve sanitasyon kurallarinda yetersiz
uygulamalardan kaynaklandigi diisiiniilmektedir. Ayn1 zamanda ¢ig siitlerin transport ve satisa sunuldugu noktalarda
da soguk zincir ile hijyenik kosullarin saglanmasinda bazi eksikliklerin oldugu goriilmiistiir. Antibiyotik kalintilart 1s1l
islem sirasinda tamamen yok edilemediginden, ¢ig siitlerden pastdrize ve ultra yiiksek sicaklikli (UHT) siitlere ve siit
iirtinlerine de kolaylikla gegebilmektedir (Roca ve ark., 2010; 2011). Calismada fazla sayida Ornekte antibiyotik
kalintisina rastlanmasi, muhtemel allerjik reaksiyonlar, ilerleyen donemlerde de teratojenik ve kanserojenik etkiler ile
antibiyotik direnci gibi halk salig1 acisindan potansiyel tehlikeler tasiyabilecegini diisiindiirmektedir. Ulkemizde ¢ig siit
satis1 yapilabilmesi i¢in satig noktalarinin yetki belgelerinin olmasi gerekmektedir. Fakat ¢ig siit drneklerinin alindiklari
bakkal ve marketlerin biiyiik cogunlugunda bdyle bir belge bulunmadig: tespit edilmistir.

Isletmeler tarafindan toplanan ya da direkt olarak satisa sunulan ¢ig siitlerin elde edildikleri ciftliklerde sagim kosullari
iyilestirilmelidir. Ciftliklerde sagim yapan personel ve siitiin dagitimi sirasinda muhafaza edilen kaplarin temizlik ve
dezenfeksiyon islemlerine 6zen gosterilmesi gerekmektedir. Cig siit satis noktalarinin denetlenmesi arttirilmali ve siit
satisina uygun olmayan yerlerin siit satmalar1 nlenmelidir. Ozellikle ¢ig siit satis1 yapanlarin egitilmesi ve sagliksiz
kosullarda satilan siitlerin halk saglig1 iizerindeki riskleri her zaman vurgulanmalidir. Yasal otoritelerin iiretimden
tiikketime kadar her diizeyde siki izleme ve denetimler gerceklestirmeleri, birincil iiretim ve satis siireglerinde siitlerdeki
antibiyotik kalint1 izleme programi kapsaminda numune sayilarmin arttirtlmasmin halk saghigi agisindan faydal
olacagi kanisina vartlmstir.
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ABSTRACT ARTICLE INFO
Ash trees provide important ecosystem services and are considered of high value both as Research article
ornamental trees and as a forest component. Recently, numerous reports containing detailed Received: 08.11.2021
information about the situation of ash pests in different countries have been published. For Accepted: 10.02.2022
this reeson, we performed a small survey to detect invasive pests of ash trees in Kyrgyzstan. Keywords:

Between 2018-2020 malformations and some curled leaves were observed at the base of a Prociphilus fraxinifolii,
number of Fraxinus pennsylvanica Marsh. trees in landscaped areas in Djal microdistrict in woolly ash aphid,
Bishkek city, capital of the Kyrgyz Republic. In July 2021, a survey has been conducted invasive species,
throughout city to check the presence of the newly emerged exotic pest and colonies of ash Kyrgyzstan

leaf curl aphid. Prociphilus fraxinifolii (Riley, 1879) were observed on the green ash trees,
Fraxinus pennsylvanica Marsh. It was detected from 3 localities out of 11 in Bishkek. The
rate of infestation were determined between 12 and 42%. This is the first record of the
species in Kyrgyzstan.

INTRODUCTION

Prociphilus (Meliarhizophagus) fraxinifolii (woolly ash aphid) (Hemiptera: Aphididae) is an exotic invasive pest of ash
trees (Fraxinus spp.) (Hataj and Osiadacz 2017). Origin of this pest is Mexico, United States and Canada (Smith and
Parron 1978). It was first recorded in Europe in 2003, in Budapest (Remaudiere and Ripka 2003), and then began to
spread quickly in the region. P. fraxinifolii has been reported excluding native range in the following countries: Chile,
South Africa (Blackman and Eastop 1994), China (Yu et al. 2015), Iran (Tajmiri et al. 2016), Kazakhstan (Kadyrbekov
2017), Armenia, Belarus, Bulgaria, Germany, Great Britain, Hungary, Poland, Romania, Serbia, Spain and 16 regions
of European Russia (Orlova-Bienkowskaja and Bienkowski 2021). The expansion speed of this pest is very fast, which
can be understood from European diffusion (Baker and Martin 2011).

The present study investigates the incidence and distribution of exotic invasive pest, P. fraxinifolii in Bishkek urban
areas.

MATERIALS AND METHOD

Between 2018-2020 malformations and some curled leaves were observed at the base of a number of Fraxinus
pennsylvanica Marsh. trees in landscaped areas in Djal microdistrict in Bishkek city, capital of the Kyrgyz Republic. In
July 2021, survey was conducted throughout city to check the presence of the newly emerged exotic pest. During
survey more than 300 ash trees belonging to the genus Fraxinus were examined in 11 localities of Bishkek (Figure 1).
If the characteristic leaf nests of the pests were detected, they were collected, placed in eppendorf tubes containing
70% alcohol and then examined in the laboratory. The species identified based on morphological characters according
to Blackman & Eastop 1994 and Petrovi¢-Obradovi¢ et al. 2007. All specimens were deposited in the Entomology
Laboratory of the Plant Protection Department, Kyrgyz Turkish Manas University, Bishkek, Kyrgyzstan.

To Cite: Esenali Uulu T, Gégmen H 2022. First report of the ash leaf curl aphid, Prociphilus fraxinifolii in
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Figure 1. Surveyed localities of P. fraxinifolii

RESULTS AND DISCUSSION

We have detected P. fraxinifolii in 3 localities out of 11 in Bishkek (Table 1; Figure 2). It was detected only on F.
pennsylvanica at three localities, first; artificial plantings in campus area of the Kyrgyz Turkish Manas University,
second; roadside plantings along Tynalieva street and third; urban planting on the western side of Panfilov park. The
rate of infestation for three localities were determined as 29,5; 42 and 12% respectively. We could check only three
Fraxinus species in our survey. These species were F. pennsylvanica, F. excelsior and F. mandschurica. P. fraxinifolii
not found on F. excelsior and F. mandschurica in our study.

Table 1. Localities of detection of Prociphilus fraxinifolii in 2021

. Number of Examined/ Infested Fraxinus Trees Date of Survey
Locality - - -
F. pennsylvanica F. excelsior F. mandschurica
1 Manas Uni. campus 61/18 10/0 - 16 July 2021
2 Tynalieva street 38/16 - - 16 July 2021
3 Yntymak park 31/0 14/0 - 16 July 2021
4 Pobeda park - 22/0 - 18 July 2021
5  Asanbai park 10/0 - - 18 July 2021
6  Pudovkina avenue 15/0 - - 18 July 2021
7 Panfilov park 23/3 30/0 - 28 July 2021
8 Ibraimov street 15/0 - - 28 July 2021
9 Erkindik boulevard - 2710 - 28 July 2021
10 Gorkiy Botanical garden - 25/0 8/0 08 Aug 2021
11 Ulan microdistrict 17/0 - - 08 Aug 2021

P. fraxinifolii forms colonies on the tips of the branches, cause leaf curling, deformation and malformations (Figure 2).
In summer, the wingless aphid can be found in the curling leaves of the branch end. The woolly ash aphid is very easy
to identify. The body is covered with white wax silk, the body is small, and the body length is less than 3mm. I nfested
curled leaves turn to yellow, hidden aphids inside the leaves secrete honeydew during feeding which causing the
formation of fumagine and thus the leaves cannot perform the process of photosynthesis.

According to observations during survey, P. fraxinifolii found mostly on the young trees (87 % of observed trees were
younger than 5 years). Our findings are supported by the results of the other studies. Halbert and Blackman (2004)
reported that the pest damage ash nursery stock on both above- and below-ground parts of the trees. Gubin (2021)
detected pest distribution primarily on the shoots of young trees. Orlova-Bienkowskaja and Bienkowski (2021) also
observed leaf nests of the pest usually on seedlings or epicormic shoots.
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Figure 2. Malformations caused by Prociphilus fraxinifolii on Fraxinus pennsylvanica

As of July 2021, P. fraxinifolii was locally distributed in Bishkek (Djal district). This pest was firstly recorded in south
Kazakhstan among Central Asian countries in summer 2012 (Kadyrbekov 2017) which is the border country in the
north with Kyrgyzstan. Information about the presence of the pest from other Central Asian countries is absent.
Possibly, it was entered Kyrgyzstan before 2017 with infested nursery stock. Therefore, for the areas where ash tree
needs to be introduced, quarantine must be strengthened when the seedlings are transported to prevent the introduction
of this kind of aphid. Further surveys are necessary to determine pest’s wider distribution throuought the country.

Currently, P. fraxinifolii has recorded only F. pennsylvanica as a host tree, with few recordings on F. excelsior in
Europe (Hataj and Osiadacz 2017). In Kyrgyzstan, following six ash tree species registered F. americana, F. excelsior,
F. lanceolata, F. mandschurica, F. pennsylvanica and F. velutina. Among them, F. excelsior is dominant throughout
the country (Andreychenko and Malosieva 2011).

Impact of this invasive pest on ash plantations in different countries would be different depending on the frequency of
occurrence of F. pennsylvanica (Orlova-Bienkowskaja and Biefikowski 2021). Pérez Hidalgo and Mier Durante (2012)
reported that even spectacular malformations and large quantities of honeydew excreted by colonies of aphid, do not
seem to cause any significant harm to trees, though the leaves they colonize frequently dry prematurely. Even though
P. fraxinifolii is classified as a species with low harmfulness, regularly monitoring of P. fraxinifolii is recommended.

CONCLUSION
P. fraxinifolii poses threat to ash plantations in Kyrgyzstan as well as in Central Asia. Aphid development recorded

exclusively on F. pennsylvanica in our observations. But it could attack for F. excelsior, which ecologically important
tree in green areas and parks of the city. Therefore, further surveys are necessary to determine pest’s wider distribution,
natural enemies and whether P. fraxinifolii infests F. excelsior.
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OZET

Bu ¢alismanin amaci kiigiik 6lgekli isletmelerde yetistirilen farkli irk ineklerde mastitis
prevalansi, bu igletmelerden elde edilen siit 6rneklerinde bakteri lireme oranlart ve siit
bilesenine etki eden faktorlerin arastirilmasidir. Bu c¢aligmada farkli irklardan (Simental,
Montofon ve Holstein) yaslar1 2-8 arasinda degisen, primipar ve multipar olan 211 inek
kullanildi. California Mastitis Test (CMT) sonucuna goére, 150 inek pozitif reaksiyon
verirken (%71.09), 61 inek ise CMT negatif (-) reaksiyon verdi (%28.91). Calismada
kullanilan 211 inege ait 844 meme lobundan 16 meme lobu kor oldugu i¢in g¢alisma disinda
tutuldu. Calismaya dahil edilen 828 meme lobundan 438 meme lobu (%52.90) CMT (-) ve
390 (%47.10) meme lobu CMT pozitif bulundu. CMT pozitif meme loblarinda bakteri
tireme orani %92.11 olarak bulundu. En fazla Staphylococcus aureus (S. aureus) tespit
edildi (%30.99). Yag orani en diisiik CMT (-) (%4.48 £ 0.12)’de goriildii. Protein (%3.51 +
0.02), laktoz (%5.28 + 0.04), yagsiz kuru madde (YKM) (%9.68 + 0.07) ve mineral madde
(%0.75 £ 0.01) oranlar1 en diisiik CMT (+++) grubunda goriildii. Dansite (1.033.22 + 0.19
kg/m®) en yilksek CMT (-) grubunda bulunurken, elektrik iletkenligi de (4.69 + 0.01
mS/cm) en yiiksek CMT (+++) grubunda tespit edildi. En diisiik yag oranmna (%3.86 *
0.27) 3. laktasyonda rastlandi. Laktoz (%5.52 = 0.04), YKM (%10.08 + 0.07) ve protein
(%3.66 + 0.03) oranlart 3. laktasyondaki ineklerde yiiksek bulundu. Dahasi, 3.
laktasyondaki ineklerin siit elektrik iletkenligi (4.40 + 0.03 mS/cm) en disiik degere
sahipken, dansitesi (1.034.02 + 0.44 kg/m?®) yiiksek bulundu. Kademeli meme formlaridan
(573.84 + 63.11 hiicre/iml) elde edilen siitlerde somatik hiicre sayist (SHS) yiiksek
bulunurken, laktoz orani disinda siit kompozisyonu bakimindan istatistiksel fark olmadig1
anlagildi. Silindirik meme bas1 (383.02 + 43.70 hiicre/ml) ve diiz meme ucu sekli (370.79 +
43.61 hiicre/ml) bulunan meme loblarindan elde edilen siitlerde SHS diisiik bulundu. Koltuk
meme formunda (%15.2) bakteri Ureme orani diisiik goruliirken, sarkik (%27.6) ve
kademeli (%29.9) meme formuna sahip ineklerde bakteri tireme oranlart yiiksek bulundu.
Sonug olarak, subklinik mastitisin yaygin oldugu ve bu hastaliga en ¢ok S. aureus’un neden
oldugu goriildii. Mastitisin azaltilmast i¢in koruyucu 6nlemlerin uygulanmasi 6zellikle de S.
aureus’a kars1 koruyucu onlemlerin alinmasi gerekmektedir. Koltuk meme formu ve
silindirik meme basina sahip ineklerin yetistiricilikte kullanilmasi, mastitisin azalmasina
katki saglayacagi kanaatine varildi.
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Investigation of Subclinical Mastitis Prevalence, Factors Affecting Milk Component and
Interactions Between These in Small-Scale Dairy Cattle Farms in Elazig Province

ABSTRACT ARTICLE INFO

The aim of this study is to investigate the prevalence of mastitis in different breed cows raised on
small-scale farms, bacterial growth rates in milk samples obtained from these farms, and the factors e
affecting the milk component. In this study, 211 cows of different breeds (Simmental, Montofon, and Recewed.. 04.01.2022
Holstein) aged between 2 and 8, primar and multiparous were used. According to the results of the Accepted: 16.03.2022
California Mastitis Test (CMT), 150 cows (71.09%) have a positive reaction, while 61 cows (28.91%) Keywords:

have a negative (-) reaction. Of the 844 quarters of 211 cows used in the study, 16 quarters were Cow, Udder and teat
excluded from the study because they were blind. Of the 828 quarters included in the study, 438 .
(52.90%) quarters were found to be CMT (-) and 390 (47.10%) quarters were found to be CMT mg;g?iglohgl)ill,kSubclInlcal
positive. The bacterial growth rate in CMT positive quarters was 92.11%. Most Staphylococcus .
aureus (S. aureus) was detected (30.99%). The lowest fat ratio (4.48% + 0.12%) was seen in CMT (- composition
). Protein (3.51 + 0.02%), lactose (5.28 + 0.04%), solid-non-fad (SNF) (9.68 + 0.07), and mineral

matter (0.75% £ 0.01%) rates were the lowest in the CMT (+++) group. Density (1,033.22 + 0.19

kg/m3) was found in the highest CMT (-) group, while electrical conductivity (4.69 + 0.01 mS/cm)

was highest in the CMT (+++) group. The lowest fat rate (3.86% + 0.27) is observed in the 3

lactation. Lactose (5.52% =+ 0.04), SNF (10.08% + 0.07), and protein (3.66% + 0.03) ratios were

found to be higher in cows in the 3" lactation. Moreover, the milk electrical conductivity (4.40 + 0.03

mS/cm) of the cows in the 3 lactation had the lowest value, while the density (1,034.02 + 0.44

kg/m?3) was found to be high. While somatic cell count (SCC) was found to be high in milk obtained

from rear-heavy udder form (573.84 + 63.11 cells/ml), it was understood that there was no statistical

difference in terms of milk composition except for lactose ratio. SCC was found to be low in milk

obtained from quarters with cylindrical teat (383.02 + 43.70 cell/iml) and flat teat end shape (370.79 +

43.61 cellml). Bacterial growth was low in trough-shaped udder form (15.2%), while bacterial

growth rates were found to be high in cows with pendulous (27.6%) and rear-heavy udders (29.9%).

In conclusion, it was seen that subclinical mastitis was common and this disease was mostly caused

by S. aureus. In order to reduce mastitis, preventive measures should be taken, especially against S.

aureus. It was concluded that the use of cows with trough-shaped udder form and cylindrical teats in

breeding will contribute to the reduction of mastitis.

Research article

GIRIS

Mastitis sigir isletmelerinde 6zellikle de siit sigir1 isletmelerinde oldukg¢a 6nemli bir hastaliktir. Isletmeler icin ¢ok fazla
ekonomik kayiplara neden olmaktadir (Halasa ve ark. 2007). Mastitise viriis, maya ve mantarlar neden olsa da, hastalik
olusturan mikroorganizmalarin ¢ogunlugunu bakteriler olusturmaktadir. Kontagiyoz ve gevresel etkenler grubuna dahil

olan bakteriler mastitis olusturmada biiylik pay sahibidir (Alpay ve Yesilbag 2009; Kalinska ve ark. 2018; Safak ve
Rigvanli 2019; Safak ve Rigvanli 2020).

Yas, 1k, laktasyon sayisi ve donemi gibi fizyolojik faktorlerin de mastitis iizerine etkisi oldugu belirtilmektedir.
Ayrica, meme ve meme bagmin morfolojik yapisi da mastitisin sekillenmesinde etkili olabilmektedir. Laktasyon
sayisinin artmasiyla mastitis de artis oldugu bildirilmektedir (Uzmay ve ark. 2003; Deshapriya ve ark. 2019). Siit
kompozisyonunun da mastitis sekillenmesine bagli olarak degisiklik gosterdigi ifade edilmektedir. Dahasi, mastitise
sebep olan bakteri turlerine goére kompozisyonda farklilik goriilebildigi gibi, farklilik olmadigimi belirten galigmalar da
bulunmaktadir (Malek dos Reis ve ark. 2013; Pecka-Kielb ve ark. 2016).

Mastitis igin ¢ok sayida koruma kontrol programlari uygulanmasina ragmen, klinik mastitis vaka sayilarinda azalma
olsa da subklinik mastitis prevalansinda neredeyse hi¢bir azalma goriilmemistir (Petzer ve ark. 2017; Risvanli ve ark.
2021). Siit ve siit iiriinleri insan gidasi olarak besleyici degeri yiiksek ve olduk¢a 6nemli bir besin maddesidir (Kaskous
2021). Bundan dolayi elde edilen ¢ig siitiin kalitesi siit tiriinlerinin kalitesini dogrudan etkilemektedir. Geligen mastitis
ve dolayisiyla artan somatik hiicre sayist (SHS) siitiin kalitesini olumsuz etkilemektedir. Ayrica, siitiin kalitesi
mastitisin diginda hayvanin yasi, irki, meme anatomisi, sagim hijyeni, laktasyon dénemi ve sayis1 gibi faktorlerden de
etkilendigi belirtilmektedir (Uzmay ve ark. 2003; Eyduran ve ark. 2005; Malek dos Reis ve ark. 2013; Deshapriya ve
ark. 2019; Tosun ve Baki-Acar 2019).

Bu ¢aligmada, Elazig ilinde bulunan kiigiik 6lgekli isletmelerde yetistiriciligi yapilan farkli irklardan olan ineklerde
subklinik mastitis prevalansi yan1 sira siit bilesimi ve siitiin baz1 fiziko kimyasal 6zellikleri iizerine SHS, 1rk, gebelik
durumu, laktasyon sayisi ve donemi gibi faktorlerinin, dahasi meme lobu, meme formu, meme basi formu ve meme
ucu seklinin nasil etki ettiginin, ayrica bunlar arasindaki interaksiyonlarin belirlenmesi amaglandi.
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MATERYAL VE METOT

Caligma Elazig ilinde bulunan kiiciik 6lgekli isletmelere ait 137 Simental (%64.93), 40 Montofon (%18.96) ve 34
Holstein (%16.11) olmak iizere toplam 211 inek iizerinde yiiriitiildii. Ineklerin yas1, k1, gebelik durumlari, laktasyon
sayis1 ve donemleri belirlendi. Ayrica, ineklerin meme formu, meme basi formu ve meme ucu sekli belirlendi.
Oncelikle 211 inege California Mastitis Test (CMT) uygulandi. California Mastitis Test sonuglarma gore inekler CMT
pozitif (+, ++, +++) ve CMT negatif (-) olacak sekilde gruplara ayrildi.

Meme Formlarn

Caligmaya dahil edilen ineklerin meme formu, meme basi formu ve meme ucu sekilleri literatiirlerde belirtildigi
siiflandirmalara gore gruplandirilmasi yapildi (Uzmay ve ark. 2003; Miles ve ark. 2019).

Somatik Hiicre Sayimi

Somatik hiicre sayimi yapmak igin 15 ml’lik plastik tliplere (Isolab, Almanya) 5 ml siit numunesi alindi. Firat
Universitesi Veteriner Fakiiltesi Dogum ve Jinekoloji Laboratuvari’nda DeLaval Cell Counter® (Cell counter, Tumba,
Sweden) cihazi kullanilarak siit SHS analizi yapildi (Safak ve ark. 2022).

Bakteri izolasyon ve identifikasyonu

Ineklere ait meme loblarindan steril sartlar altinda alinan siit numuneleri iki saat iginde bakteriyolojik analiz igin
mikrobiyoloji laboratuvarina ulastirildi. National Mastitis Council (NMC) kriterleri dikkate alimarak ve MacConkey
Agar (Merck, Almanya), koyun kani katilmig kanli agar besi yeri, Mannitol Salt Agar ve Slanetz Bartley Medium
(Oxoid, Ingiltere) besi yerlerine ekim yapildi. Besi yerleri 37°C’de aerobik ortam sartlarinda 24-48 saat inkiibasyon
igin bekletildi. Inkiibasyon sonrasi, Gram boyama, morfolojik 6zellik ve 6zel testler kullamlarak iireme 6zelliklerine
gore degerlendirilmesi yapildi (Quinn ve ark. 2011).

St Kompozisyon Analizi

Alinan siit numunelerinin tamaminda siit yagi, yagsiz kuru madde (YKM), protein, laktoz ve mineral madde yani sira,
stitiin elektrik iletkenligi ve dansite degerleri de belirlendi. Bu analizler literatiirde belirtildigi gibi (Safak ve Risvanli
2021) ve iiretici firmanin kullanim kilavuzu dikkate alinarak taze siitte Lactoscan Milk Analyser (Milkotronic Ltd.
Nova Zagora, Bulgaristan) cihazi kullanilarak yapildu.

istatistik Analizler

Aragtirmada oncelikle incelenen ozelliklere ait tanimlayici istatistikler hesaplanmustir. Ineklerin 1rk, yas, laktasyon
sayisi, laktasyon donemi ve gebelik durumu faktorlerinin ve bunlar arasindaki interaksiyonlarin SHS, siitiin baz1 fiziko
kimyasal 6zellikler (yag (%), kuru madde (%), protein (%), laktoz (%), tuz (%), dansite (g/ml) ve iletkenlik (mS/cm))
tizerine etkileri Genel Lineer Model (GLM) prosediirii kullamlarak, asagidaki matematik model ile analiz edildi.

Model olarak;

Yijkimn = it ai + bj+ Cic + di + fm + (@bcdf)ijiamn + €jimn kuttaniia.

Modelde;

Yijkimn = incelenen 6zelligin gozlem degeri

| = populasyon ortalamasi

a; = wrkin etkisi ( i= 1: Simental, 2: Montofon, 3: Holstein)

bj = yasin etkisi (j = 1: 2-3, 2: 4-5, 3: >6)

ck= laktasyon sayisimin etkisi (k = 1:1, 2: 2, 3: 3, 4: >4)

di = laktasyon déneminin etkisi (I = 1: 0-2, 2: 3-4, 3: 5-6, 4: >7)

fm = gebeligin etkisi (m =1: Gebe, 2: Gebe degil)

(abcdf)ijmn = 11k, yas, laktasyon sayisi, laktasyon donemi ve gebelik faktorleri arasindaki interaksiyonunun

etkisi

€ijimn = rastgele hata N, (O, ¢ 2) terimidir.
Ineklerin meme lobu, meme formu, meme basi formu ve meme basi ucu seklinin ve bunlar arasindaki interaksiyonlarin
SHS ve sitiin bazi fiziko kimyasal ozellikleri {izerine etkilerini belirlemek i¢in asagidaki matematiksel model
kullanildi:

Model olarak;
Yijum= pt ai+ bj+ ¢ + di + (abed)ijuim + Eijiam kuttaniar,
Modelde;

Yijum= incelenen 6zelligin gézlem degeri
| = populasyon ortalamasi
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ai = meme lobunun etkisi (i= 1: Sag 6n, 2: Sag arka, 3: Sol 6n, 4: Sol arka)

b; = meme formunun etkisi (j = 1: Koltuk, 2: Kiiresel, 3: Kademeli, 4: Sarkik)

Cx= meme bag1 formunun etkisi (k = 1: Silindirik, 2: Huni, 3: Armut, 4: Uzun-kalin)

di = meme bas1 ucu seklinin etkisi (1= 1: Diiz, 2: i¢e déniik, 3: Disa doniik)

(abcd)ijum = meme lobu, meme formu, meme bag1 formu ve meme bagi ucu sekline ait faktorler arasindaki

interaksiyonunun etkisi

eijim = rastgele hata N, (O, ¢ 2) terimidir.
CMT (pozitif-negatif), CMT skoru (+, ++, +++ ve -) ve bakteri iireme durumu ve bunlar arasindaki interaksiyonlarin
SHS ve siitiin baz1 fiziko kimyasal 6zellikleri tizerine etkilerini belirlemek i¢in ise asagidaki matematiksel modelden
yararlanildi:

Model olarak;

Yiju= pt ai+ bj+ ¢k + (abC)iju + Eijid kuttanitdr.

Modelde;

Yijk = incelenen 6zelligin gozlem degeri

u = populasyon ortalamasi

ai = CMT (pozitif-negatif) etkisi ( i= 1: Pozitif, 2: Negatif)

b; = CMT skoru (+, ++, +++ ve -) etkisi (j = 1: + 2: ++, 3: +++, 4: -)

ck = Bakteri reme durumunun etkisi (k = 1: Var, 2: Yok)

(abc)iju = CMT (pozitif-negatif, CMT skoru (+, ++, +++ ve -) ve bakteri ireme durumuna ait faktorler

arasindaki interaksiyonunun etkisi

giji = rastgele hata N, (O, ¢ 2) terimidir.
Ayrica, ineklerin 1rk, yas, laktasyon sayisi, laktasyon donemi ve gebelik durumuna goére meme lobu, meme formu,
meme bagi formu ve meme bast ucu seklinin 6zelliklerinin degerlendirilmesinde ve meme lobu, meme formu, meme
basi formu ve meme basi ucu sekline gore tespit edilen CMT (pozitif-negatif), CMT skoru (+, ++, +++ ve -) ve bakteri
iireme durumuna ait bulgularin analizi ki-kare testi ile gerceklestirildi.

Arastirmada onemlilik tespit edilen faktorler i¢in ¢oklu grup karsilastirmalarinda post hoc testi olarak Duncan ¢oklu
karsilastirma testinden yararlanildi. Istatistiksel degerlendirmelerde énemlilik diizeyi P<0.05 olarak alinmistir (Cochran
1997; Ozdamar 2003; Akgiil 2005; Siimbiiloglu ve Siimbiiloglu 2007). Tiim istatistiki analizler SPSS 22.0 versiyon ile
gerceklestirildi.

BULGULAR

Calismada kullanilan 211 inekten 150 tanesi (%71.09) en az bir meme lobu CMT pozitif reaksiyon vermistir, 61 inek
ise CMT (-) olarak (%28.91) tespit edilmistir. iki yiiz on bir inege ait 844 meme lobu incelendi. On alti meme lobu kér
oldugu i¢in ¢alisma diginda tutuldu. Calismaya dahil edilen 828 meme lobundan 438 meme lobu (%52.90) CMT (-)
olarak tespit edildi. Ug yiiz doksan meme lobu da CMT pozitif (%47.10) bulundu. Ayrica, CMT (+) meme lobu sayisi
181 (%46.41), CMT (++) meme lobu sayist 96 (%24.62) ve CMT (+++) meme lobu sayis1 113 (%28.97) olarak
belirlendi. Alinan siit 6rneklerinde en yiiksek iireme %42.51 orani ile CMT (+)’da goriildii (Cizelge 1). California
Mastitis Test pozitif olan meme loblarindan alinan siit 6rneklerindeki bakteri ireme oranlar1 Sekil 1, 2 ve 3’de verildi.
California Mastitis Test (+) olan grupta Staphylococcus aureus (S. aureus) iireme orani (%26.25) en yiiksek degere
sahiptir. California Mastitis Test (++) (%38.82) ve CMT (+++) (%33.98) gruplarinda da en fazla oranda S. aureus’un
iiredigi tespit edildi.

Cizelge 1. CMT skoruna gore meme lobu ve bakteri tireme oranlart

Bakteri Greme durumu

CMT sonuglari Meme lobu Ureme var Ureme yok
n % n % n %

CMT negatif 438 52.90 28 7.89 410 86.68
CMT pozitif 390 47.10 327 92.11 63 13.32
Toplam 828 100.00 355 100.00 473 100.00
CMT skoru

CMT + 181 46.41 139 42.51 42 66.67

CMT ++ 96 24.62 85 25.99 11 17.46

CMT +++ 113 28.97 103 31.50 10 15.87
Toplam 390 100.00 327 100.00 63 100.00
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Sekil 3. CMT +++ meme loblarindaki bakteri ireme oranlari

California Mastitis Test gruplarina ve bakteri iiremelerine goére siit bileseni ve bazi kimyasal 6zelliklerin degerleri
Cizelge 2’de verildi. Tabloya gore yag orani en diisiik CMT (-) grubunda (%4.48 £ 0.12) géruldi (P=0.000). Protein
(%3.51 + 0.02) (P=0.000), laktoz (%5.28 + 0.04) (P=0.000), YKM (%9.68 + 0.07) (P=0.000) ve mineral madde (%0.75
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+0.01) (P=0.001) oranlar1 en diisiik CMT (+++) grubunda gériildii. Dansite (1033.22 + 0.19 kg/m?) en yiksek CMT (-)
grubunda bulunurken (P=0.017), elektrik iletkenligi (4.69 + 0.01 mS/cm) en yiksek CMT (+++) grubunda tespit edildi
(P=0.000). Ayrica, bakteri tiremesi olan siit 6rneklerinde YKM (%9.91 + 0.03) oraninda azalma oldugu belirtilirken
(P=0.026), yag (%5.07 £ 0.12) oraninda artis oldugu tespit edildi (P=0.007). Ayrica, en yiiksek SHS (2.145.00 + 130.00
hiicre/ml) CMT (+++) grupta goriildii (P=0.000).

flk (876.92 + 83.78 hiicre/ml) ve 4. (934.93 + 100.13 hiicre/ml) laktasyonda siit SHS yiiksek bulundu (P=0.000). Bununla
birlikte, SHS nin inegin gebelik durumundan etkilenmedigi tespit edildi (P=0.248). Montofon 1rkinda (495.21 + 87.90
hiicre/ml) en diisiik SHS bulunurken (P=0.015), itk 6zelliginin siit bilesimi {izerine olan etkisine bakildiginda ise yag
orani diger wrklara kiyasla en yiiksek Montofon irkinda (%5.65 + 0.23) belirlendi (P=0.009). Protein (%3.71 = 0.03)
(P=0.012), YKM (%10.20 + 0.08) (P=0.011), mineral madde (%0.79 £ 0.01) (P=0.049) ve laktoz (%5.58 + 0.04)
(P=0.010) oranlarinin ise en fazla Holstein inek siitlerinde oldugu tespit edildi. Dansite degeri Holstein irki inek siitiinde
(1034.60 + 0.47 kg/m®) yiksek bulunurken (P=0.002), elektrik iletkenligi de (4.43 + 0.03 mS/cm) en diisiik seviyede
tespit edildi (P=0.040). Yag orani en diisiik 3. laktasyonda (%3.86 + 0.27) (P=0.000) gdruldi. Laktoz (%5.52 + 0.04)
(P=0.046), YKM (%10.08 £ 0.07) (P=0.042), mineral madde (%0.78 + 0.01) (P=0.025) ve protein (%3.66 + 0.03)
(P=0.045) oranlar1 3. laktasyon sayisindaki ineklerde yiiksek bulundu. Yine bu laktasyon sayisina sahip ineklerin siit
elektrik iletkenligi (4.40 = 0.03 mS/cm) en diisiik degere sahipken (P=0.000), dansite degeri (1034.02 + 0.44 kg/m®)
(P=0.000) diger laktasyon sayisina sahip ineklere gore yiiksek bulundu. Laktasyon dénemine gore yag oraninda
degisiklik tespit edilmezken (P=0.189), YKM (%10.00 + 0.07) (P=0.041) orani ilk aylarda yiiksek bulundu. Ineklerin
yasindaki artigla siitiin yag oraninda (%5.08 + 0.20) yukselme goérultrken (P=0.000), YKM (%9.85 + 0.05) (P=0.004),
protein (%3.58 = 0.02) (P=0.007) ve mineral madde (%0.76 + 0.01) (P=0.015) oranlarinda azalma tespit edildi (Cizelge
3).

Cizelge 2. Siit komponentleri, somatik hiicre sayist ve bazi kimyasal ézelliklerin degigimi

SHS (x108) Yag YKM Protein Laktoz Mineral Dansite Elektrik

Faktorler n (hiicre/ml) (%) (%) (%) (%) madde (%) (kg/m®) iletkenligi
(mS/cm)

CMT
Negatif 438 119.25 +4.10 448 £0.12 10.04 +£0.02 3.63+0.01 5.49 £ 0.01 0.75+0.01 1.033.22+0.19 4.30+0.01
Pozitif 390 843.75 + 56.79 5.07£0.12 9.90 +£0.03 3.59 +£0.01 5.40 +0.02 0.77 £0.01 1.032.42+0.19 4.59 +0.01
P 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
CMT
skoru
- 438 119.25 + 4.10* 4.48 +0.12° 10.04 +0.02° 3.63+0.01° 549+0.01° 0.77+0.01° 1.033.22+0.19° 4.30+0.01°
+ 181 207.17 £ 7.26° 5.14+0.18° 10.02 + 0.04° 3.64 +£0.02° 547+0.03° 0.78+0.01° 1.032.83+0.28" 4.54 +0.02°
++ 96 512.30+ 20.90° 4.89 +0.23® 9.94 +0.06° 3.61+0.02° 542+0.03° 0.77 £0.01° 1.032.67 +0.38° 4,56 +0.01°
+++ 113 2.145.00+128.31°  5.13+0.22° 9.68 +£0.07% 3.51+0.02% 5.28+0.04* 0.75+0.01* 1.031.55+0.36° 4.69+0.01°
P 0.000 0.000 0.000 0.000 0.000 0.001 0.017 0.000
Bakteri
Uremesi
Var 355 844.27 + 59.50 5.07+0.12 9.91+0.03 3.59+0.01 5.41+0.02 0.77+£0.01 1.032.39+0.20 457 +0.01
Yok 473 172.48 £ 16.97 453+0.11 10.03 £ 0.02 3.63+0.01 5.48 £0.01 0.77 £0.02 1.033.18 £ 0.18 4.34+0.01
P 0.000 0.007 0.026 0.154 0.183 0.102 0.418 0.578
Pi 0.930 0.002 0.325 0.285 0.369 0.501 0.013 0.032

ab.c; Ayni siitundaki farkli harfleri tagiyan ortalama degerler arasindaki farkhiliklar istatistiksel olarak énemlidir (P<0.05)
Pi: Bu tabloda belirtilen tiim faktorler arasindaki interaksiyonlarin etkisine ait dnemlilik
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Cizelge 3. Bazi faktorlerin siitiin fiziko-kimyasal ozellikleri ve somatik hiicre sayist tizerine etkileri

Faktorler n SHS (x10°) (hiicre/ml) Yag YKM Protein Laktoz Mineral Dansite Elektrik

(%) (%) (%) (%) madde (%) (kg/m?®) iletkenligi
(mS/cm)

Irk

Simental 540 594.10 + 61.64% 5.00 +0.16° 9.82+0.04°  357+0.02* 537+002* 0.76+0.01° 1.032.03 +0.26* 450 +0.02°

Montofon 155 495.21 + 87.90% 5.65+0.23° 9.95 + 0.06° 3.61 +0.02¢ 5.45 +0.03° 0.78 £0.01° 1.032.21 £ 0.372 4,57 +0.02°

Holstein 133 645.17 + 113.02° 3.86 +0.29° 10.20 +0.08°  3.71+0.03° 5.58 +0.04° 0.79 +0.01° 1.034.60 + 0.47° 4.43 +0.03*

P 0.015 0.009 0.011 0.012 0.010 0.049 0.002 0.040

Yas (y11)

2-3 239 525.43 + 81.72° 4.95+0.21% 9.90+0.06  3.60+0.02° 541+0.03* 0.77 £0.01® 1.032.41 +0.34% 4.56 +0.02°

4-5 377 42541 +78.74% 5.00 £ 0.20° 9.99+0.05°  3.63+0.02° 547+0.03* 0.77+0.01° 1.032.80 + 0.33" 4.50 +0.02°

>6 212 748.11 + 78.94° 5.08 + 0.20° 9.85+£0.05*  358+0.02* 5.39+0.03  0.76 +0.01° 1.032.21 +0.33* 4.49 £0.022

P 0.000 0.000 0.004 0.007 0.006 0.015 0.002 0.043

Laktasyon

say1s1

1 247 876.92 + 83.78° 5.72+0.21° 9.88 + 0.05° 3.59 +0.02? 5.41 +0.03* 0.77 +£0.01° 1.031.66 + 0.34° 4.49 +0.02°

2 298 312.55 + 81.68° 4,62 +£0.22° 9.87£0.068  3.59+0.02° 540+003*  0.77+0.01° 1.032.73 £ 0.35° 4.60 +£0.02°

3 152 305.71 +106.18° 3.86+0.27% 10.08 £0.07°  3.66 +0.03" 5.52 +0.04° 0.78 £ 0.01° 1.034.02 + 0.44° 4.40 +0.032

>4 131 934.93 +100.13° 5.89 +0.26° 9.84+0.07° 357+0.03* 538+004* 0.75+0.01° 1.031.49 +0.42° 4,53 +0.03°

P 0.000 0.000 0.042 0.045 0.046 0.025 0.000 0.000

Laktasyon

dénemi

(ay)

0-2 112 823.43 +107.62° 4.87+0.28 10.00 £0.07°  3.63 +0.03® 5.48 +0.04%® 0.78+0.01 1.032.79 £ 0.46 4.56 +0.02°

3-4 238 791.01 + 88.96° 4.90£0.23 9.84+0.06°  357+0.02° 5.39+0.03° 0.77 £0.01 1.032.24 +£0.37 4,55 +0.01°

5-6 320 452.19 + 75.17* 5.08 £0.19 9.99 +0.05° 3.64 +0.02° 5.46 +0.03" 0.77£0.01 1.032.77 +£0.31 4.48+0.01%

>7 158 309.33 +99.25% 5.24+0.25 9.86+0.07®  3.58+0.03®  5.39+0.04® 0.78 +0.01 1.032.11 +£0.41 4.44 +0.02%

P 0.004 0.189 0.041 0.010 0.016 0.099 0.114 0.010

Gebelik

Gebe 488 569.42 + 57.17 4.67+0.14 9.96 + 0.04 3.62+0.01 5.45 +0.02 0.78 +0.01 1.032.98 + 0.24 4.49 £0.01

S:;T 340 579.02 + 75.00 5.44 £0.19 9.86 £ 0.05 3.58 £0.02 5.40 £0.03 0.77£0.01 1.031.84+0.31 453 +0.02

P 0.248 0.190 0.361 0.593 0.423 0.947 0.054 0.939

Pi 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

ab.¢. Ayni siitundaki farkli harfleri tasiyan ortalama degerler arasindaki farkliliklar istatistiksel olarak énemlidir (P<0.05).
Pi: Bu tabloda belirtilen tiim faktdrler arasindaki interaksiyonlarin etkisine ait énemlilik

Sol arka meme loblarindan (547.21 + 67.24) elde edilen siit numunelerinde SHS en yiiksek degerde bulundu. Meme
loblar agisindan siit kompozisyonu yoniinden fark olmadig: tespit edildi. Kademeli meme formlarindan (573.84 +
63.11 hiicreml) elde edilen siitlerde SHS en yiiksek degerde bulunurken, laktoz orani diginda siit kompozisyonunda
istatistiksel bir fark olmadigi anlagildi. Silindirik meme basi formu (383.02 + 43.70 hiicre/ml) ve diiz meme ucu sekli
(370.79 + 43.61 hiicre/ml) bulunan meme loblarindan elde edilen siitlerde SHS diisiik bulundu (P=0.000) (Cizelge 4).

Irklar bazinda bakildiginda Simental ve Holstein irki ineklerde koltuk meme formu oranlari sirasiyla %35.9 ve %47.4
yaygin bulunurken, Montofon irkinda sarkik meme formu (%40.6) yaygin bulundu. Aym sekilde Simental (%43.7) ve
Holstein (%60.9) 1rki ineklerin meme bag1 formunun yaygin olarak silindirik form oldugu goriildii. Diiz meme ucu
sekli de bu wrklarda yaygin olarak goriilmektedir. Yas ve laktasyon sayisinin artmasi ile sarkik meme formunda artis
goriilmektedir. Silindirik meme bagi formu gen¢ hayvanlarda yaygin goriiliirken, yas ve laktasyon sayisi artmasi ile
uzun-kalin meme bag1 formu daha yaygin hale gelmektedir. Alt1 yasindan biiytiik ineklerde (%49.5) disa doniik meme
ucu sekli daha ¢ok gorilmektedir (Cizelge 5).
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Sag 6n (%21.1) ve sol 6n (%22.5) meme loblarindaki bakteri iireme oranlar1 sag arka (%27.6) ve sol arka (%28.7)
meme loblarina kiyasla daha diisiik bulundu. Koltuk meme formunda (%15.2) bakteri iireme orami diisiik goriiliirken
sarkik (%27.6) ve kademeli (%29.9) meme formuna sahip ineklerde bakteri iireme oranlar1 yitksek bulundu. Ayrica
koltuk meme formuna sahip ineklerde CMT negatif (%45.2) oran1 da yiiksek bulundu. Silindirik meme lobunda CMT
negatif oram (%49.3) diisiik tespit edildi. Dahasit meme ucu sekli diiz olanlarda bakteri tireme orami diisiik (%25.1) ve
CMT negatif oran1 yiiksek (%50.7) bulundu. Fakat ice doniik ve disa doniikk meme ucu sekillerinde CMT pozitif ve
bakteri ireme oranlar1 yiiksek bulundu (Cizelge 6).

Cizelge 4. Sutun fiziko-kimyasal dzellikleri ve somatik hiicre sayist tizerine meme anatomisin etkisi

SHS (x10%) Yag YKM Protein Laktoz Mineral Dansite Elektrik
Faktorler n (hiicre/ml) (%) (%) (%) (%) madde (%) (kg/m®) iletkenligi
(mS/cm)
Meme lobu
Sag on 211 376.13 +51.94% 495+0.18 9.94 £ 0.04 3.59+0.01 5.42 +0.02 0.77 £0.01 1.032.58+0.27 4.40+0.01
Sag arka 199 421.15 + 50.92% 4.87+£0.19 9.95+0.04 3.61+0.02 5.44 +0.03 0.76 £ 0.01 1.032.53+0.31 4.45+0.02
Sol 6n 210 496.69 + 64.16% 4.22+0.15 10.03 +0.04 3.64 £0.02 5.47 £0.03 0.77 £0.01 1.03352+0.26  4.42+0.01
Sol arka 208 547.21 + 67.24° 5.01+£0.16 9.98 +£0.04 3.62£0.01 5.47 £0.02 0.77 £0.01 1.032.71+0.26  4.47+0.01
P 0.041 0.240 0.769 0.656 0.317 0.797 0.615 0.470
Meme formu
Koltuk 276 361.23 +52.88° 4.09£0.14 10.09 +0.03 3.65+0.01 5.50 +0.02° 0.78 £0.01 1.033.88+0.23 4.38+0.01
Kiiresel 213 495.15 + 61.40% 5.16 £0.18 9.99 +0.04 3.62£0.01 5.48 +0.02* 0.77 £0.01 1.032.33+0.32 4.46+0.01
Kademeli 166 573.84 + 63.11° 5.12+0.19 9.83+0.04 3.56 £ 0.01 5.36 +0.02* 0.77 £0.01 1.032.02+0.26  4.48+0.02
Sarkik 173 467.46 +59.13° 5.00 £0.16 9.93+0.04 3.60 £0.02 5.42 +0.02% 0.76 +£0.01 1.03259+0.26  4.46+0.02
P 0.000 0.129 0.100 0.096 0.043 0.504 0.199 0.247
Meme bag1 formu
Silindirik 345 383.02 + 43.70° 4.19+0.14 10.06 +0.03 3.65 £ 0.01° 5.50 £ 0.01 0.78+0.01*  1.03358+0.24 4.40+0.01
Huni 193 436.24 + 60.64° 5.12+0.17 10.03 +0.04 3.64 £0.02° 5.47 £0.02 0.78 £0.01° 1.032.81+0.28 4.44+0.02
Armut 116 594.67 + 79.01° 5.05+0.18 9.92 +£0.05 3.59 +0.02° 5.42 £0.03 0.77+0.01®  1.03250+0.27  4.48 +0.02
Uzun-kalin 174 551.60 + 70.31° 5.30 £0.17 9.78 +£0.05 3.54 +0.01% 5.35+0.02 0.75+0.01% 1.031.64+0.26  4.47+0.01
P 0.000 0.539 0.134 0.043 0.286 0.032 0.679 0.063
Meme ucu sekli
Diiz 331 370.79 + 43.61° 4.18 +£0.15 10.06 +0.03 3.64+0.01° 5.50 + 0.02° 0.77 £0.02 1.033.61+0.25 4.38+0.01
Ice doniik 224 556.62 + 67.67° 5.05+0.15 9.94 +0.04 3.60 +0.02* 5.42 +£0.02% 0.77 £0.01 1.032.38+0.24  4.44+0.02
Disa doniik 273 490.41 + 46.31° 5.23+0.13 9.91+0.03 3.59 +0.01% 5.41+0.02% 0.76 +£0.01 1.032.29+0.20 4.50+0.01
P 0.000 0.207 0.127 0.012 0.023 0.352 0.348 0.086
Pi 0.000 0.735 0.487 0.252 0.150 0.449 0.719 0.296

ab.¢. Ayni siitundaki farkli harfleri tasiyan ortalama degerler arasindaki farkliliklar istatistiksel olarak (P<0.05).
P i: Bu tabloda belirtilen tiim faktorler arasindaki interaksiyonlarin etkisine ait nemlilik
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Cizelge 5. Meme ve meme bast formlari iizerine etki eden bazi faktorler

Irk Yas (yil) Laktasyon sayist Laktasyon dénemi (ay)
Simental Montafon Holstein P 2-3 4-5 >6 P 1 2 3 >4 P 0-2 3-4 5-6 >7 P
Meme formu
Koltuk n 194 19 63 91 154 31 88 110 70 8 25 100 108 43
oltu
% 35.9 12.3 47.4 38.1 40.8 14.6 35.6 36.9 46.1 6.1 22.3 42.0 33.8 27.2
Kiresel n 151 38 24 80 86 47 88 64 29 32 26 75 67 45
trese
% 28.0 245 18.0 335 22.8 22.2 356 215 19.1 24.4 23.2 315 20.9 28.5
Kademeli n 110 35 21 0.000 49 81 36 0.000 54 75 20 17 0.000 38 33 58 37 0.000
ademeli
% 20.4 22.6 15.8 20.5 21.5 17.0 219 252 132 130 33.9 13.9 18.1 234
Sarkik n 85 63 25 19 56 98 17 49 33 74 23 30 87 33
arki
% 15.7 40.6 18.8 7.9 14.9 46.2 6.9 16.4 21.7 56.5 20.5 12.6 27.2 20.9
Meme bagi formu
silindirik n 236 28 81 119 170 56 130 101 101 13 42 109 121 73
ilindiri
% 43.7 18.1 60.9 49.8 45.1 26.4 52.6 33.9 66.4 9.9 375 45.8 37.8 42.6
Huni n 122 51 20 39 92 62 33 92 21 47 21 62 76 34
uni
% 22.6 32.9 15.0 16.3 24.4 29.2 134 309 138 359 18.8 26,1 238 215
JUPEE I 27 o0 0000 g 61 36 0000 o 5y 13 a5 0001 g g 47 g7 002
rmu
% 12.8 17.4 15.0 7.9 16.2 17.0 9.7 18.1 8.6 19.1 14.3 15.1 14.7 10.8
Uzun- n 113 49 12 62 54 58 60 51 17 46 33 31 76 34
kalin % 20.9 31.6 9.0 25.9 14.3 27.4 243 17.1 11.2 35.1 29.4 13.0 23.8 215
Meme ucu sekli
Di n 231 15 85 126 162 43 139 91 97 4 45 108 113 65
iz
% 42.8 9.7 63.9 52.7 43.0 20.3 56.3 30.5 63.8 3.1 40.2 454 353 411
ige n 158 41 25 61 99 64 55 96 25 48 19 86 71 48
- 0.000 0.000 0.000 0.000
dénuk % 29.3 26.5 18.8 25.5 26.3 30.2 223 322 164 36.6 17.0 361 222 304
Disa n 151 99 23 52 116 105 53 111 30 79 48 44 136 45
donak % 28.0 63.9 17.3 21.8 30.8 49.5 215 37.2 19.7 60.3 42.9 18.5 42.5 28.5
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Cizelge 6. Meme ve meme basi formlarina gore CMT skorlar ve bakteri iireme oranlar

Bakteri tiremesi CMT skoru
Var Yok P + ++ +++ - P
Meme lobu
Sa 6n n 75 136 44 18 22 127
% 21.1 28.8 24.3 18.8 195 29.0
98 101 46 30 25 98
Sag arka 090 27.6 21.4 25.4 313 22.1 22.4
Sol on n 80 130 0004 4 21 33 119 0.049
% 225 275 20.4 21.9 29.2 27.2
Sol arka n 102 106 54 27 33 94
% 28.7 22.4 29.8 28.1 29.2 215
Meme formu
Koltuk n 54 222 45 13 20 198
% 15.2 46.9 24.9 135 17.7 45.2
. n 97 116 50 21 36 106
Kresel % 27.3 245 o0, 218 21.9 31.9 24.2 0.000
Kademels n 106 60 : 46 24 31 65 :
% 29.9 127 25.4 25.0 27.4 14.8
Sarkik n 98 75 40 38 26 69
% 27.6 15.9 22.1 39.6 23.0 15.8
Meme bag1 formu
Silindirik n 91 254 64 27 38 216
% 25.6 53.7 35.4 28.1 33.6 49.3
. n 102 91 57 15 24 97
Huni % 287 192 o 35 156 212 221 0.000
Armut n 66 50 : 20 24 22 50 :
% 18.6 10.6 11.0 25.0 195 11.4
Uztn-kalin n 96 78 40 30 29 75
% 27.0 165 22.1 31.3 25.7 17.1
Meme ucu sekli
Diiz n 89 242 56 17 36 222
% 25.1 51.2 30.9 17.7 31.9 50.7
C n 110 114 53 23 35 113
Ige donitk % 310 oa1 0000 593 24.0 31.0 258 0000
Disa donik n 156 117 72 56 42 103
% 43.9 24.7 39.8 58.3 37.2 235
TARTISMA

Siit SHS ve kompozisyonu iizerine etkili olabilecek faktdrlerin ve bunlar arasindaki etkilesimlerin arastirildigi bu
calismada, 1rk, yas, laktasyon sayisi ve donemi gibi faktorlerin siit kompozisyonu ve SHS iizerine etkisi oldugu tespit
edildi. Calismanin sonuglart Kul ve ark (2019)’nin yaptigi c¢alisma ile paralellik gostermektedir. Birinci ve 2.
laktasyondaki ineklerin karsilagtirilmasmin yapildigi ¢aligmada (Cinar ve ark. 2015) ilk laktasyonda SHS’nin daha
diisiik oldugu tespit edilmistir. Eyduran ve ark (2005) yaptig1 ¢alismada laktasyon sayisinin artmasi ile SHS nin arttigini
belirtmistir. Laktasyon sayisinin artmasi ile YKM, protein ve laktoz oranlarinda azalma oldugu ve yag oraninda da artig
oldugu bildirilmektedir (Kul ve ark. 2019). Siit yag ve laktoz oraninda 2. laktasyonun ilk laktasyona gdre azalig
gosterdigi, ancak protein oraninda artis oldugu belirtilmektedir (Cinar ve ark. 2015). Sunulan ¢aligmada da YKM,
protein, mineral madde ve laktoz oranlar ilk 3 laktasyon da artis gostermekte, 4 ve Uzeri laktasyonda azalmaya
baslamaktadir. Yine sunulan ¢aligmada yag orani tam tersi bir degisim sergilemektedir. Ote yandan yag, YKM, protein
ve laktoz oranlarmin laktasyon sayisindan etkilenmedigi de bildirilmektedir (Onal ve ark. 2021).

Montofon ve Holstein gibi yliksek verimli sigir irklari, siitte daha yiiksek SHSna sahip oldugu belirtilirken (Alhussien
ve Dang 2018) yapilan ¢alismada irklar arast SHS bakimindan Montofon irkinda daha diisitk SHS tespit edildi. Ancak
yag orani en yiiksek Montofon wrkinda goriiliirken en diisiik Holstein irkinda tespit edildi. Holstein irkinda YKM,
protein, laktoz, mineral madde orani ve dansite degeri yiiksek bulundu. Gebeligin ise siit kompozisyonu ve SHS iizerine
etki etmedigi tespit edildi.

Yapilan ¢aligmada yag orani (%4.48 £ 0.12) en diisiik CMT (-) grubunda bulunmasina karsin YKM (%9.68 £ 0.07),
protein (%3.51 £ 0.02), mineral madde (%0.75 + 0.01) ve laktoz (%5.28 + 0.04) oranlar1 en diisitk CMT (+++) grubunda
tespit edildi. Arastirmacilarin yaptig1 calismalarda artan stit SHS ile siit yag oraninin diistiigl tespit edilmistir (Najafi ve
ark. 2009; Kul ve ark. 2019). Millogo ve ark (2009) yaptig1 ¢alismada ise SHS nin artmasi ile siit yag oraninin azaldigi
belirtilirken, baz1 arastirmalarda (Moslehishad ve ark. 2010; Cinar ve ark. 2015) SHS degisimleri ile yag orani arasinda
bir iliski olmadig: ileri siiriilmiistiir. Ozlem ve Kul (2020) tarafindan yapilan arastirmada YKM, protein ve laktoz
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oraninin SHS degisiminden etkilenmedigi belirtilmektedir. Fakat siitte SHS artigina bagli olarak laktoz oraninda azalma
oldugu da bildirilmektedir (Garcia ve ark. 2015). California Mastitis Test pozitif inekler CMT (-) ineklerle
kiyaslandiginda siit yag orani yiiksek bulunurken YKM, protein, mineral madde ve laktoz oranlarinda azalma oldugu
tespit edilmistir (Sekmen ve ark. 2020). Safak ve Risvanli (2021) yaptig1 ¢alismada mineral madde oran1t CMT pozitif
ineklerle CMT (-) inekler arasinda fark olmadigimi bulmuglardir. Ayni ¢aligmada CMT pozitif ineklerden elde edilen
slitiin yag oran1 CMT (-) olanlara gdre yiiksek bulunurken YKM, protein ve laktoz oranlar1 daha disiik bulunmustur.
Sunulan ¢alismada dansite (1.033.22 + 0.19 kg/m®) en yilksek CMT (-) grubunda bulunurken elektrik iletkenligi (4.69
0.01 mS/cm) en ylksek CMT (+++) grubunda tespit edildi. Elektrik iletkenliginin CMT (+++) grubunda en yiiksek
degere ulastigini ve dansitenin de en yliksek CMT (+) grubunda oldugu da belirtilmektedir (Kasik¢i ve ark. 2012).
Ancak, dansitenin saglikli ve subklinik mastitisli siitlerde farklilik géstermedigi de bildirilmektedir (Panda ve ark. 2019).
Kiipliili ve ark (1995) yaptig1 calismada, enfekte siitlerde elektrik iletkenliginin arttig1 ve en yiiksek degere S. aureus
kaynakli mastitis olgularinda oldugunu belirtmistir. California Mastitis Test pozitif ineklerden elde edilen siittin elektrik
iletkenligi CMT (-) olan inek siitlerine gore olduk¢a yiiksek oldugu ifade edilmektedir. Yine aymi calismada
Streptococcus agalactiae (S. agalactiae)’nin neden oldugu mastitis grubundaki artis daha fazla dikkati ¢cekmektedir
(Safak ve ark. 2021).

Yapilan galigmada CMT skorlamasina gore incelendiginde ineklerin %71.09 CMT pozitif reaksiyon verirken. incelenen
memelerin de %47.10°u CMT pozitif sonug verdi. CMT pozitif meme loblarinin da %46.41 CMT (+), %24.62 CMT
(++) ve %28.97 CMT (+++) olarak belirlendi. Kagik¢i ve ark (2012) tarafindan yapilan ¢aligmada CMT oranlar1 %66.85
CMT (+), %22.02 CMT (++) ve %11.13 CMT (+++) olarak bulunmustur. Bir diger ¢alismada da (Rigvanli ve Kalkan
2002a) meme loblarinim %8.12’si CMT (+), %22.88’1 CMT (++) ve %69’u da CMT (+++) olarak bulunmustur.

Yapilan bu ¢aligmada, ineklerin bilyiik ¢ogunlugu (%33.33) koltuk meme formuna ve %41.67 oraninda silindirik meme
basi formuna sahip oldugu tespit edildi. Uzmay ve ark (2003) tarafindan yapilan ¢aligmada da ineklerin %55.9’unun
koltuk, % 25.9’unun kiiresel, %11.5’inin kademeli, %6.7’sinin ise sarkik memeli oldugunu belirtmistir. Dahasi,
ineklerin %73.3’tinde silindirik, %18.8’inde huni, %4.7’sinde uzun-kalin ve %3.2’sinde armut sekilli oldugu tespit
edilmistir. Yine ayni ¢alismada subklinik mastitis oraninin en fazla goriildiigi meme lobu uzun-kalin olan meme
loblaridir. Bagka bir ¢calismada sarkik memede SHS’nin daha yiiksek oldugu ve meme seklinin SHS diizeyine anlamli
derecede etki ettigi belirtilmistir (Bharti ve ark. 2015).

Bu galismada, CMT pozitif siit orneklerinde ¢ok yaygin olarak S. aureus’un iredigi goriildii. Rigvanli ve Kalkan
(2002a), S. aureus, S. epidermidis, S. enteridis, maya, Streptococcus spp., Bacillus spp. ve Pseudomonas spp. izolasyon
oranlarimi sirasiyla %67.17, %20.61, %4.24, %4.85, %1.81, %0.61, %0.61 olarak bulmustur. Erglin ve ark (2004)
yaptigi ¢alismada. KNS (%42.4), S. aureus (%25.1), S. uberis (%11.2), S. agalactiae (%6.5), Streptococcus
dysgalactiae (S. dysgalactiae) (%3.5), Micrococcus spp. (%2.6), Bacillus spp. (%2.2), E. coli (%2.2), Candida spp.
(%1.7), Pseudomonas aeruginosa (P. aeruginosa) (%1.7), S. teacalis (%0.9) bakterilerini subklinik mastitis
vakalarinda tespit etmistir. Rigvanli ve Kalkan (2002b) tarafindan stafilokoklar iizerine yapilan ¢alismada da S.
aureus’un %73.78 orani ile en ¢ok iireyen bakteri oldugu bulunmustur.

Sonug olarak, Elazig ilinde bulunan kiigiik 6lgekli isletmelerde subklinik mastitisin yaygin oldugu ve bu hastaliga en ¢ok
S. aureus’un neden oldugu tespit edildi. Somatik hiicre sayisinin ¢ig siit kalite kriteri olarak kullanilmasi yani sira siitiin
bileseni siit ve siitten elde edilen siit tirlinlerinin kalitesini belirlemede 6nemli bir rol almaktadir. Bu nedenle mastitis
prevalansmin azaltilmasi ve daha kaliteli siit ve siit trlinleri elde edilmesi i¢in kiigiik 6l¢ekli isletmelerde koruma kontrol
programlarina titizlikle uyulmasi, 6zellikle de S. aureus’a karsi koruyucu onlemlerin alinmasi gerektigi kanaatine
varildi. Ayrica mastitis oranlarinda bir azalma saglayacagindan dolay1 koltuk meme formu ve silindirik meme bast
sekline sahip ineklerin yetistiricilikte kullanilmast ve damizlik se¢iminde dikkate alinmasi dnerilmektedir.

ETIK BEYAN

“Elazig Ilindeki Kiiciik Olgekli Siit Sigir1 Isletmelerinde Subklinik Mastitis Prevalansi, Siit Bilesenine Etki Eden
Faktorler ve Bunlar Arasindaki Interaksiyonlarin Arastirilmasi” baslikli ¢aligmanin yazim siirecinde bilimsel kurallara,
etik ve alint1 kurallarina uyulmus; toplanan veriler izerinde herhangi bir tahrifat yapilmamis ve bu ¢alisma herhangi
bagka bir akademik yaymn ortamina degerlendirme icin gonderilmemistir. Sunulan ¢alisma, deneysel olmayan klinik
veteriner hekimlik uygulamalari kapsaminda degerlendirildiginden “Etik Kurul” belgesi alinmasina gerek yoktur.

CIKAR CATISMASI
Yazarlar makale ilgili herhangi bir ¢ikar ¢atismasi olmadigini beyan ederler.

YAZAR KATKISI
Yazarlar makale lizerinde esit katki1 hakkina sahiptir.

MJAVL Volume 12 (Issue 1) © 2022 www.journals.manas.edu.kg


http://www.journals.manas.edu.kg/

79

Safak et al. | Manas Journal of Agriculture Veterinary and Life Sciences 12(1) (2022) 68-80

ACIKLAMA
Bu ¢alismanin 6zeti, 24-27 Mart 2022 tarihleri arasinda Antalya/TUrkiye'de diizenlenen IX. Ulusal ve III. Uluslararasi
Tirk Veteriner Jinekoloji Dernegi Kongresi’nde poster bildiri olarak sunulmustur.

KAYNAKLAR

Akgiil A 2005. Tibbi arastirmalarda istatistiksel analiz teknikleri. 3.ed., Emek Ofset Ltd Sti, Ankara, Turkey.

Alhussien MN, Dang AK 2018. Milk somatic cells, factors influencing their release, future prospects, and practical
utility in dairy animals: an overview. Vet World. 11(5):562-577.

Alpay G, Yesilbag K 2009. Mastitis olgularinda viriislarin rolii. Uludag Univ. J. Fac. Vet. Med. 28(1):39-46.

Bharti P, Bhakat C, Pankaj PK, Bhat SA, Prakash MA, Thul MR, Japheth KP 2015. Relationship of udder and teat
conformation with intra-mammary infection in crossbred cows under hot-humid climate. Vet World. 8(7):898-901.
Cinar M, Serbester U, Ceyhan A, Gorgulu M 2015. Effect of somatic cell count on milk yield and composition of first

and second lactation dairy cows. Ital J Anim Sci. 14(1):105-108.

Cochran WG 1997. Sampling Techniques. 3" ed., John Wiley & Sons, NY.

Deshapriya RMC, Rahularaj R, Ransinghe RMSBK 2019. Mastitis, somatic cell count and milk quality: an overview.
Sri Lanka Vet J. 66(6):1-12.

Ergiin Y, Aslantas O, Dogruer G, Cantekin Z 2004. Hatay ilindeki aile tipi siit sigirciligr isletmelerinde subklinik
mastitislerin epidemiyolojisi. Vet Bil Derg. 20(4):25-28.

Eyduran E, Ozdemir T, Yazgan K, Keskin S 2005. Siyah alaca inek siitiindeki somatik hiicre sayisina laktasyon sirasi ve
donemin etkisi. Van Vet J. 16(1):61-65.

Garcia RR, Maion VB, de Almeida KM, de Santana EHW, Costa MR, Fagnani R, Ludovico A 2015. Relationship
between somatic cell counts and milk production and composition in Jersey cows. Rev Salud Anim. 37(3):137-142.

Halasa T, Huijps K, @sterds O, Hogeveen H 2007. Economic effects of bovine mastitis and mastitis management: a
review. Vet Q. 29(1):18-31.

Kalinska A, Wojcik A, Slosarz J, Kruzinska B, Michalczuk M, Jaworski S, Wierzbicki M, Golebiewski M 2018.
Occurrence and aetiology of staphylococcal mastitis: a review. Anim Sci Pap Reports. 36(3):263-273.

Kaskous S. 2021. Cow’s milk consumption and risk of disease. Emir. J. Food Agric. 33(1):1-11.

Kasik¢i G, Cetin O, Bingol EB, Giindiiz MC 2012. Relations between electrical conductivity, somatic cell count,
California mastitis test and some quality parameters in the diagnosis of subclinical mastitis in dairy cows. Turkish J
Vet Anim Sci. 36(1):49-55.

Kul E, Sahin A, Atasever S, Ugurlutepe E, Soydaner M 2019. The effects of somatic cell count on milk yield and milk
composition in Holstein cows. Vet Arh. 89(2):143-154.

Kiiplili S, Vural R, Izgiir H, Kiligoglu C, Bastan A, Kaymaz M, Erdeger J 1995. The use of milk cheeker in detecting
subcinical mastitis. Ankara Univ Vet Fak Derg. 42(3):281-284.

Malek dos Reis CB, Barreiro JR, Mestieri L, Porcionato MF, dos Santos MV 2013. Effect of somatic cell count and
mastitis pathogens on milk composition in Gyr cows. BMC Vet Res. 9(67):1-7.

Miles AM, McArt AA, Leal-Yepes FA, Stambuk CR, Virkler PD, Huson H 2019. Udder and teat conformational risk
factors for elevated somatic cell count and clinical mastitis in New York Holsteins. Prev. Vet. Med. 163:7-13.

Millogo V, Ouédraogo GA, Agenas S, Svennersten-Sjaunja K 2009. Day-to-day variation in yield, composition and
somatic cell count of saleable milk in hand-milked zebu dairy cattle. African J Agric Res. 4(3):151-155.

Moslehishad M, Ezzatpanah H, Aminafshar M 2010. Chemical and electrophoretic properties of Holstein cow milk as
affected by somatic cell count. Int J Dairy Technol. 63(4):512-515.

Najafi MN, Mortazavi SA, Koocheki A, Khorami J, Rekik B 2009. Fat and protein contents, acidity and somatic cell
counts in bulk milk of Holstein cows in the Khorasan Razavi Province, Iran. Int J Dairy Technol. 62(1):19-26.

Onal AR, Ozkan M, Tuna YT 2021. Siyah Alaca siit sigirlarinda mevsim ve laktasyon sirasmnin siitiin bilesimi ve
kalitesine etkisi. Tekirdag Ziraat Fakiiltesi Dergisi. 18(2):368-374.

Ozdamar K 2003. SPSS ile Biyoistatistik. 5. ed., Kaan Kitabevi, Ankara, Tirkiye.

Ozlem O, Kul E 2020. Inek tank siitinde somatik hiicre sayis1 ve siitiin kimyasal bilesimi iizerine baz1 gevresel
faktorlerin etkileri. Akademik Ziraat Dergisi. 9(1):163-170.

Panda BSK, Mohapatra SK, Alhussien MN, Dang AK 2019. Amount of milk neutrophil percentage and associated CD
molecular changes on the compositional and technological properties of milk. Open Biotechnol J. 13(1):129-136.
Pecka-Kielb E, Vasil M, Zachwieja A, Zawadzki W, Ele¢ko J, Zigo F, Illek J, Farkasova Z 2016. An effect of mammary
gland infection caused by Streptococcus uberis on composition and physicochemical changes of cows’ milk. Pol J

Vet Sci. 19(1):49-55.

Petzer IM, Etter EMC, Donkin EF, Webb EC, Karzis J 2017. Epidemiological and partial budget analysis for treatment
of subclinical Staphylococcus aureus intramammary infections considering microbiological and cytological
scenarios. Prev Vet Med. 148:66-77.

MJAVL Volume 12 (Issue 1) © 2022 www.journals.manas.edu.kg


http://www.journals.manas.edu.kg/

80

Safak et al. | Manas Journal of Agriculture Veterinary and Life Sciences 12(1) (2022) 68-80

Quinn PJ, Markey BK, Leonard FC, FlizPatrick ES, Fanning S, Hartigan PJ 2011. Veterinary Microbiology and
Microbial Disease. 2" ed., Blackwell Science Ltd, Oxford.

Risvanli A, Kalkan C 2002a. Sut¢ll ineklerde yas ve irkin subklinik mastitisli memelerin siitlerindeki somatik hiicre
sayilar1 ile mikrobiyolojik izolasyon oranlarina etkisi. YYU. Vet. Fak. Derg. 13(1-2):84-87.

Risvanli A, Kalkan C 2002b. Ineklerde stafilokkal mastitisler iizerine ¢alisma. Vet. Bil. Derg. 18:51-56.

Rigvanli A, Saat N, Safak T, Yilmaz O, Yiiksel BF, Kiling MA, Dogan H, Yiiksel M, Kul S, Seker 1 2021. Tiirkiye'de
farkli niteliklere sahip siit sigir1 isletmelerinde mastitisin koruma ve kontrolii kapsamindaki bazi uygulamalarin
diizeyleri. Eurasian J Vet Sci. 37(2):121-129.

Safak T, Risvanli A, Asci-Toraman Z 2021. Impact of subclinical mastitis-causing bacterial species on the composition
and chemical properties of milk. Indian J. Anim. Res. DOI: 10.18805/IJAR.B-1396. In press.

Safak T, Risvanli A, Asci-Toraman Z 2022. Thl / Th2 cytokine polarization in milk according to different pathogens

causing subclinical mastitis in cows. Mljekarstvo. 72(2):105-113.

Safak T, Risvanli A 2021. Changes in somatic cell count, composition and cytokine levels in milk from cows with
mastitis due to mixed infections. Acta Sci. Vet. 49: 1830.

Sekmen G, Safak T, Yilmaz O, Yiiksel B, Risvanlt A, Seker I 2020. ineklerde meme basi kanalinin ultrasonografik
olglimlerinin mastitis ile iliskisi Erciyes Univ Vet Fak Derg. 17(2):131-137.

Stimbiiloglu K, Siimbiiloglu V 2007. Biyoistatistik. Hatipoglu Yaymlari, Ankara.

Safak T, Risvanli A 2019. Ineklerde kontagiydz mastitis etkenleri, pp 45-60, In: Veterinerlik ve Su Uriinleri
Arastirmalar1 I, Nur IH, Demikale I (Editorler) Akademisyen Yayinevi.

Safak T, Rigvanli A 2020. Meme saghg: iizerine viriislerin etkileri, pp 55-70, In: Veteriner Hekimlikte Giincel
Yaklagimlar, Nur i{H (Editér) Akademisyen Yaymevi.

Tosun S, Baki Acar D 2019. The comparison of milking hygiene with bulk tank somatic cell count and total bacterial
count in dairy herds in Tekirdag province. Kocatepe Vet J. 12(3):292-299.

Uzmay C, Kaya I, Akbas Y, Kaya A 2003. Siyah alaca ineklerde meme ve meme basi formu ile laktasyon sirasi ve
laktasyon doneminin subklinik mastitis Gizerine etkisi. Turkish J Vet Anim Sci. 27(3):695-701.

MJAVL Volume 12 (Issue 1) © 2022 www.journals.manas.edu.kg


http://www.journals.manas.edu.kg/

Manas Journal of Agriculture Veterinary and Life Sciences

ISSN 1694-7932 | e-ISSN 1694-7932
Volume 12 (Issue 1) (2022) Pages 81-87  https://doi.org/10.53518/mjavi1092994

Inek Siitlerinde Somatik Hiicre Sayisi ve Bazi Parametrelerin Arastirilmasi

Halil YALCIN®, Tuncer CAKMAK?"*

'Burdur Mehmet Akif Ersoy Universitesi, Veteriner Fakiiltesi, Besin Hijyeni ve Teknolojisi Anabilim Dali, Burdur, Ttrkiye.
2Van Yiiziincii Y1l Universitesi, Veteriner Fakiiltesi, Besin Hijyeni ve Teknolojisi Anabilim Dali, Van, Ttrkiye

3https://orcid.org/0000-0003-2162-2418; Phttps://orcid.org/0000-0002-9236-8958

*Sorumlu yazar: tuncercakmak@yyu.edu.tr

OZET MAKALE BiLGIiSi

Inek siitinde somatik hiicre sayis1 (SHS), kimyasal kompozisyon ve mikrobiyolojik kalite, y .

. . . . . L rastirma Makalesi
genel kalite kriterleri acisindan Onemli parametreler igerisinde yer almaktadir. Yapilan Gelis - 25.03.2022
arastirmada; Kasim-Aralik/2020’de, Canakkale yoresinde rastgele seg¢ilmis, ortalama 22+5.24 Kabul: 10.05.2022
adet siit inegine sahip manuel siit sagim robotu ile sagim gergeklestiren toplam 100 adet
isletmeden temin edilen 6rnekler (N:100) degerlendirilmistir. Siit sogutma tanklarindan aseptik
sartlarda steril plastik siselere toplanan 1000 ml’lik siit 6rnekleri, soguk zincir altinda
laboratuvara getirilerek en kisa siirede analize alinmustir. SHS, Toplam Aerobik Mezofilik
Bakteri (TAMB) sayist ve bazi kimyasal parametre degerleri ile sonuglar arasindaki iligkiler
incelenmigtir. SHS, minimum 5.000 adet/ml ve maksimum 3.736.000 adet/ml tespit edilirken
TAMB sayisinin 2.56 ile 9.06 log kob/ml arasinda degistigi belirlenmistir. Kimyasal
parametrelerden yag, protein, laktoz ve toplam kuru maddenin sirasiyla ortalama %3.24+0.61,
%3.03+0.19, %4.74+0.51 ve %11.76+0.28 oldugu saptanmustir. SHS ile laktoz miktar1 ve
TAMB arasinda (p<0.01) 6nemli korelasyon oldugu gozlemlenmistir. Incelenen orneklerde
subklinik mastitis oraninin %31 (31/100) oldugu belirlenmistir. Cig siit 6rneklerinin; Tiirk Gida
Kodeksi Cig Inek Siitiiniin Siniflandirilmasina iliskin Teblig’e gore % protein ve yag degeri
yoniinden A, B ve C sinifi siitler igerisinde yer aldigi, 73 6rnegin ise TAMB sayisi ve 18
ornegin SHS agisindan Hayvansal Gidalar igin Ozel Hijyen Kurallari Yonetmeligi’nde
belirlenen yasal sinirlarin {izerinde oldugu gozlenmistir. Isletmelerde meme saghig ve siit
sagim hijyenine yonelik tedbirlerin gelistirilmesi ve ek Onlemlerin alinmasi, isletme
sahiplerinin siit iiretim prosesleri siirecinde uygulayacaklart genel ve bireysel hijyen
uygulamalarinin (barinak ve meme temizligi, sagimda kullanilan alet/ekipmanlar ve personel
hijyeni vb.) etkin bir sekilde yapilmasi, yasal otoritelerin iiretimden tiiketime kadar her
diizeyde izleme ve denetim faaliyetlerinin halk saglig1 ve teknolojik prosesler acisindan faydali
olacagi, sonugta hem ¢iftlik ekonomisinin hem de kalite ve iiretim miktarinda artis ile kar
maksimizasyonunun iyilestirilmesine katki saglayacagi diisiiniilmektedir.

Anahtar kelimeler:
Mastitis, Somatik Hiicre
Sayis1, Siit kalitesi, Inek
Sutd

Investigation of Somatic Cell Count and Some Parameters in Cow's Milk

ABSTRACT ARTICLE INFO

Somatic cell count (SCC), chemical composition and microbiological quality in cow's milk are among the
important parameters in terms of general quality criteria. In the research conducted; In November- Received: 25.03.2022
December/2020, samples (N:100) were obtained from a total of 100 randomly selected enterprises in the Accepte d.' 10'05' 2022
Canakkale region, with an average of 22+5.24 dairy cows and milking with a manual milking robot, were T
evaluated 1000 ml milk samples collected from milk cooling tanks into sterile plastic bottles under aseptic Keywords: Mastitis,
conditions were brought to the laboratory under the cold chain and analyzed as soon as possible. While Somatic Cell Count,
SCC was determined as a minimum of 5.000 units/ml and a maximum of 3.736.000 units/ml, it was Milk quality, Cow's
determined that the number of TAMB varied between 2.56 and 9.06 log cfu/ml. Fat, protein, lactose and Milk '
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total dry matter of chemical parameters were found to be 3.24+0.61%, 3.03+0.19%, 4.74+0.51% and
11.76+0.28%, respectively. It was observed that there was a significant correlation (p<0.01) between
SCC and lactose content and TAMB. It was determined that the rate of subclinical mastitis was 31%
(31/100) in the samples. Raw milk samples; according to the Turkish Food Codex Communique on the
Classification of Raw Cow's Milk, it is included in the A, B and C class milks in terms of % protein and
fat value, 73 samples are in terms of TAMB number and 18 samples are legal in terms of Special
Hygiene Rules Regulation for Animal Foods. observed to be above the legal limits. Developing
measures for udder health and milking hygiene in enterprises and taking additional measures, making
effective general and individual hygiene practices (shelter and udder cleaning, tools/equipment used in
milking and personnel hygiene etc.) to be applied by business owners during milk production processes,
it is thought that the monitoring and inspection activities of legal authorities at all levels from
production to consumption will be beneficial in terms of public health and technological processes, and
will ultimately contribute to the improvement of both the farm economy and profit maximization by
increasing the quality and production amount.

GIRIiS

Hayvansal gida sektorii igerisinde inek siitii cok énemli bir yere sahiptir. Ulkemizde Tarim ve Orman Bakanlig1 2021
yili 1. donem verilerine gore toplam sigir sayist 18.124.106 bas olup sagilan sigir sayis1 6.580.753, ayn1 donem siit
iiretim miktar1 ise toplam 20.782.374 ton olup sagilan hayvan basina ortalama 3.158 kg/yil inek siitii elde edildigi
bildirilmigtir (TUIK 2021). Uretim prosesleri igerisinde, isletmelerde bireysel ve/veya siirii sagliginin korunmasi ve
ekonomik karliligin maksimizasyonu i¢in meme dokusunun olasi enfeksiyonlarina karsi korunmasi temel ilkelerdendir.
Cig siitiin kalitesi; tiiketime ve siit iirlinlerine islemeye uygunlugunun belirlenmesi yaninda bireysel veya stirii
genelinde hayvanlarin saglik durumu hakkinda bilgi vermesi acisindan énemlidir. Bu baglamda somatik hiicre sayisi
(SHS) ve mikrobiyolojik analizler, siit kalitesinin degerlendirmesinde sik¢a kullanilan parametrelerdir (Moradi ve ark.
2021). Diinya c¢apinda ozellikle gelismis iilkelerde siit isleme tesisleri i¢in ¢ig siitiin kalitesinin degerlendirilmesinde
Toplam Aerobik Mezofilik Bakteri (TAMB) sayis1 ve SHS en giivenilir gostergeler olarak tanimlanmistir (Coelho ve
ark. 2017). Bir ¢ok lilkede ¢ig siitiin hijyenik kalitesinin belirlenmesinde ve ayni zamanda ¢ig siit fiyatinin tespiti ile
yapilacak ¢ig siit prim desteklerinde diger parametrelerle birlikte SHS ve TAMB sayisi esas alinmaktadir (TGK 2011;
Ozer ve ark. 2017; TGK 2020; TGK 2021). Tiirk Gida Kodeksi (2011) ve Avrupa Birligi (EC 853/2004) yasal
mevzuatina gore ¢ig inek siitii igin SHS<4x10° hiicre/ml ve 30 °C’deki koloni sayist <1x10° hiicre/ml olarak
belirlenmistir. Siit iireten igletmelerde, mikrobiyolojik analizler kadar ayrintili veriler sunmasa da halihazirda meme
sagliginin izlenmesi igin mevcut en basit, pratik ve siirdiirtilebilir yontem bireysel SHS nin belirlenmesidir (Zecconi ve
ark. 2020). Laktasyon donemi ve stiresi, mevsim, isletme biiyiikliigii, 6rneklem aralig1, metabolik veya fizyolojik stres,
giinliik degiskenlik, cok diisiik veya yiiksek inek viicut kondisyon puani, meme loblarinda ve baslarinda bireysel/stirti
genelinde kalitimsal farkliliklar, genetik faktorler, 6l¢ciimde yapilan teknik hatalar gibi paritelerin SHS iizerinde daha az
etkili oldugu bilinmektedir. SHS’de goriilen degisiklikler iizerinde etkili olan en dnemli faktér meme bezlerinde olasi
enfeksiyonlardir (Olechnowicz ve Jaskowski 2012). Meme bezi, patojenlerin neden oldugu enfeksiyonlara ve doku
hasarina kars1 dogal bir bagisiklik mekanizmasina sahiptir. Kandaki bagisiklik hiicreleri olan 16kositler, patojenlerle
savagmak ve hasarli yerel dokular1 onarmak i¢in kandan memeye go¢ eder, bu da somatik hiicrelerin siite salinimint
arttirmaktadir (Karzis ve ark. 2017; Albenzio ve ark. 2019; Moradi ve ark. 2021).

Saglikli memelerden elde edilen siitteki somatik hiicreler; epitel hiicreleri ile lenfositler, makrofajlar ve az sayida
nétrofil graniilositler (polimorfoniikleer (PMN) 16kosit) olmak iizere bagisiklik sistemi hiicrelerinden olusmaktadir
(Dosogne ve ark. 2003; Ozer ve ark. 2017). Enfekte meme bezlerinde ise 18kositlerin oran1 %95-99 civarinda olup
bunun ¢ogu noétrofillerden olugmaktadir (Dosogne ve ark. 2003; Damm ve ark. 2017). Dolayisiyla SHS, meme bezi
enfeksiyonunun (mastitis) indirekt bir gostergesi olarak degerlendirilmektedir (Rainard ve ark. 2018). Mastitisi SHS ile
birlikte veya tek basina tanimlamak icin Diferansiyel Somatik Hiicre Sayimi (DSHS), Mikroskopi ve Akis Sitometrisi
(Flow Cytometry) gibi yontemlerde kullanilmaktadir. Bununla birlikte, pratikte DSHS uygulamasinin 6niindeki en
bliyik engellerden biri, analiz igin kabul edilebilir bir maliyete sahip yiksek verimli sut analizorlerinin
bulunmamasidir (Zecconi ve ark. 2020). DSHS i¢in kullanilan analizérlerde SHS<50.000 hiicre/ml oldugunda dl¢timler
potansiyel olarak sinirlandirilmakta ve cihaz tarafindan raporlanmamaktadir (Damm ve ark. 2017). Mikroskopi
yontemi zaman alicidir ve tekrarlanabilirligi zayiftir. Akis Sitometrisi verimli bir yontem olmasina ragmen analizin
maliyeti ve dogrulugu, arastirma ¢aligmalari disinda uygulanmasini zorlagtirici faktérlerdendir (Zecconi ve ark. 2020).

Mastitis, diinya ¢apinda siit sigirciligi endistrisinde en yaygin ve maliyetli hastaliklardan biridir. Ayn1 zamanda siit
inegi refahin1 da olumsuz etkilemektedir. Siit sigirlar1 arasinda mastitisin yayilmas: ve kaliciliginin 6nemli bir nedeni
meme loplart ve siitiin normal goriiniimde oldugu subklinik mastitis durumudur. Subklinik inekler, bakteriler i¢in bir
rezervuar gorevi gdrmekte ve bu da mastitisin saglikli hayvanlara fark edilmez bir sekilde yayilmasina neden
olmaktadir. Bu nedenle erken teshis ve etkili kontrol siirii saglig1 ve isletmelerin ekonomik verimliligi agisindan biiyiik
onem arz etmektedir (Damm ve ark. 2017; Schwarz ve ark. 2020).
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Subklinik mastitisin son derece yiiksek prevalansi, siit endiistrisinde bilyiik ekonomik kayiplara neden olmaktadir.
Antibiyotik tedavisinin bakteriler {izerinde dogrudan ve hizli bir etkisi olmasina ragmen, antibiyotiklerin sik kullanimi
direngli suslarin gelismesine yol agmaktadir. Ayrica siitteki antibiyotik kalintisi da halk sagligint olumsuz
etkilemektedir (Yang ve ark. 2017). Subklinik mastitisin etkin kontroll, sut dreticileri igin bliyuk ekonomik getiriler
saglamaktadir. Bununla birlikte, kontroliin etkinligi biiyiik 6l¢ide subklinik mastitisli ineklerin ne kadar hizli tespit
edildigine ve dolayisiyla meme saglig1 izleme programinin etkinligine bagli olmaktadir (Damm ve ark. 2017; Van den
Borne ve ark. 2010). inek diizeyinde enfekte olan ve olmayan arasinda subklinik mastitisi tanimlama esigi baz iilkelere
gore degisiklik gostermekle birlikte genel olarak optimal SHS diizeyi 200.000 hiicre/ml olarak belirlenmistir (IDF
2013; Zecconi ve ark. 2020).

Diizenli SHS testi ve bunula iliskili diger meme saglig1 izleme programlar1 (Siit Kaydi, Dairy Herd Improvement
(DHI): Siit Siiriisii Iyilestirme Programi) bireysel oldugu kadar tiim siirii iizerinde énemli pozitif etkiye sahiptir.
SHS'nin ylkselmesine neden olan meme i¢i enfeksiyonlarin siit verimini, yag, protein ve laktoz gibi siit bilesenlerini
bozdugu ve bu nedenle siit tiriinleri (peynir vb.) liretiminde randiman ve kaliteyi etkiledigi bilinmektedir. Mastitis
nedeniyle isletmelerin ekonomik performansini etkileyen faktorler (tedavi giderleri, tiretim kaybi, SHS'ye dayali prim
O6demeleri vb.), cogunlukla siit iireticilerinin mastitis yonetimi konusunda Onleyici ve erken teshis konularinda
iyilestirici onlemler almasini gerektirmektedir (Barbano ve ark. 1991; Valeeva ve ark. 2007; Costa ve ark. 2019;
Franzoi ve ark. 2020; Schwarz ve ark. 2020).

SHS artisi ile siitiin kimyasal bilesenleri (yag, protein, laktoz, toplam kuru madde) arasinda artis ya da azalma seklinde
korelasyonlarin bulunduguna yonelik bildirimler bulunmaktadir (Schukken ve ark. 2003; Bueno ve ark. 2005; Moroni
ve ark. 2006; Park ve ark. 2007; Onal ve ark. 2021a).

Yapilan arastirmada, siit endiistrisinde biiylik ekonomik kayiplara neden olan subklinik ve klinik mastitis prevalansi ve
meme sagliginin mevcut durumunun izlenmesi amaciyla; iilkemizde siit iiretiminde 6nemli bir yere sahip olan
Canakkale yoresindeki isletmelerde bazi siit kalite parametrelerinin tespit edilmesine yonelik pratik ve siirdiiriilebilir
bir yontem olan SHS, TAMB sayisi ve siitiin kimyasal kompozisyonunun analizi ve incelenen bu parametreler
arasindaki iligkinin belirlenmesi amaglanmustir.

MATERYAL VE METOT

Arastirmada; Kasim-Aralik/2020°de, Canakkale yoresinde rastgele se¢ilmis, isletme biiylikliigii ortalama 22+5.24 adet
siit inegine sahip, manuel siit sagim robotu ile sagim gergeklestiren toplam 100 adet inek siitii lireten isletmeden temin
edilen &rnekler (N:100) degerlendirilmistir. Aksam-sabah siitlerinin bulundugu siit sogutma tanklarindan aseptik
sartlarda steril plastik gigelere (1000 ml, L291248, Lp Italiana Spa) toplanan 1000 ml’lik siit 6rnekleri, soguk zincir
altinda laboratuvara getirilerek en kisa siirede analize alinmigtir. Bu amagla her bir isletmeden bir kez 6rnek alinmistir.

Soguk zincir altinda laboratuvara getirilen siit 6rneklerinin yag, protein, laktoz, toplam kuru madde analizleri Bentley
150 Infrared Milk Analyzer (Bentley Instruments Inc., Minnesota, USA), SHS analizleri Bentley Somacount 150
(Bentley Instruments Inc., Minnesota, USA) cihazinda yapilmistir. Cihazlarin analiz 6ncesi kalibrasyonlar1 yapilmustir.
Her bir siit 6rnegi analiz 6ncesi 10 dk siireyle manyetik karistiricitda (VELP AREX CerAlTop™, Italy) homojenize
edilmistir. Homojenize edilen drneklerden 50 ml alinarak falkon tiiplere aktarilmis ve su banyosunda 40 °C’ye kadar
wsitildiktan sonra homojenattan 20 ml cihaza aktarilarak 3’li tekerriirler seklinde analizler gergeklestirilmistir. TAMB
sayimmi i¢in homojenize edilen &rneklerin 10'ar ml'si 90 ml steril peptonlu su ile seyretilmis ve seri diliisyonlar
hazirlanarak Plate Count Agar (PCA, Merck, Almanya) besi yerine ekimleri yapilmistir (ISO 2013). Arastirma
sonuglarina gore incelenen degiskenler arasindaki iliskiler SPSS (21.0) yazilimi kullanilarak pearson korelasyon
katsayilar tespit edilmistir.

BULGULAR

Calisma bulgularma bakildiginda; somatik hiicre sayisinin 25 (25/100) érnekte 5-50x10° hiicre/ml ve 44 (44/100)
ornekte <2x10° hiicre/ml oldugu saptanmistir. 31 (31/100) drnekte ise (>2x10° hiicre/ml) SHS’ nin subklinik mastitisi
tanimlama esigi (IDF 2013; Zecconi ve ark. 2020) olarak kabul edilen diizeyin (2x10° hiicre/ml) iizerinde oldugu
belirlenmistir. 18 6rnegin SHS bakimindan TGK (2011) ve Avrupa Birligi (EC 853/2004) mevzuat hiikiimlerine gore
¢ig inek siitii i¢in belirlenen yasal limitlere (SHS<4x10° hiicre/ml) uygun olmadig1 tespit edilmistir (Cizelge 1).
Incelenen orneklerdeki TAMB sayisinm 2.56 ile 9.06 log kob/ml arasinda degistigi, 73 ornekte ise TGK (2011) ve
Avrupa Birligi (EC 853/2004) tarafindan ¢ig inek siitii i¢in yapilan diizenlemelerdeki yasal smirin (<1x10° hiicre/ml, 30
°C’de) asildig1 tespit edilmistir (Tablo 2). Istatistiksel analizlerde SHS ile TAMB sayis1 arasinda pozitif yonlii iliski
oldugu (r: 0566, p<0.01) belirlenmistir. Arastirma sonuglarina benzer sekilde Ozdikmenli Tepeli ve Zorba (2017),
omeklerde SHS ve TAMB sayisinin sirastyla maksimum 2.527x10° ve 9.14 log kob/ml olarak tespit edildigini,
orneklerin %59’unda subklinik mastitis varliginin belirlendigini bildirmislerdir.
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Ciftlik diizeyinde siitlerde mikrobiyal kontaminasyon; mastitis etkenleri, meme ve meme baglarinin dis yiizeyleri ile
sagim ekipmanlarindan bulasan mikroorganizmalar nedeniyle olmaktadir (Olechnowicz ve Jaskowski 2012). Arastirma
sonuglarimiza gore drneklerde tespit edilen yiiksek SHS ve TAMB sayisi iizerinde isletmelerdeki hayvanlarda meme
saghigt ile ilgili sorunlar bulundugu ve olast subklinik/klinik mastitis varligi, aynt zamanda tim ¢ig siit {iretim
prosesinde hijyen ve sanitasyon kurallarinda yetersiz uygulamalarin etkisinin olabilecegi diisiiniilmektedir.

Gizelge 1. Siit Orneklerindeki Somatik Hiicre Sayilar:
N

Parametre (100) Minimum Maksimum Ortalama SS(x)
Somatik Hiicre Sayisi
(htcre/ml)
<50.000 25 5.000 50.000 27.500 31.820
>50.000 — < 100. 000 20 52.000 100.000 76.000 33.941
>100.000 — <200.000 24 102.000 198.000 150.000 67.882
> 200.000 — < 300.000 8 207.000 276.000 241.500 48.790
> 300.000 — < 400.000 5 337.000 400.000 368.500 44.548
> 400.000 — < 1.000.000 14 411.000 902.000 656.500 347.189
>1.000.000 4 1.091.000 3.736.000 2.413.000 771.382

N: Ornek Sayisi, SS: Standart Sapma

Cig siitte kalitenin belirlenmesinde fizikokimyasal 6zelliklerle birlikte SHS ve mikrobiyolojik analizler sik¢a tercih
edilen onemli parametrelerdendir. SHS, 6zellikle subklinik mastitis tespitinde etkin ve kisa siirede sonug¢ alinmasi
nedeniyle pratik bir yontem olarak degerlendirilmektedir (Diiz ve ark. 2021). Siitteki yiiksek SHS’ nin, ayn1 zamanda
stitiin fizikokimyasal parametrelerinde bazi degisiklere neden oldugu, bu degisikliklerin laktoz, yag ve kazein oraninda
azalmalar seklinde goriilebilecegi, bu durumun peynir tiretim teknolojisinde pihti olusum siiresinin uzamasina, diisiik
piht1 sertligine, randiman ve iiriin kalitesi {izerinde olumsuz etkilere neden olduguna yonelik ¢alismalar bulunmaktadir
(Kelly ve ark. 2000; Olechnowicz ve Jaskowski 2012). Bunun yaninda somatik hiicrelerle iligkili proteinazlarin,
protein dagiliminda farkliliklara yol actif1 ve birgok siit iiriinliniin kalitesini olumsuz yonde etkileyebildigi, yliksek
oranda PMN I6kosit iceren sitlerde yiiksek dizeyde lipoliz gbzlendigi belirtilmektedir (Santos ve ark. 2003; Gargouri
ve ark. 2008; Velthuis ve Van Asseldonk 2011).

Arastirma sonuglarina gore drneklerde yag, protein, laktoz ve toplam kuru madde degerleri sirasiyla ortalama %3.24,
%3.03, %4.74 ve %11.76 oldugu tespit edilmistir (Cizelge 2). SHS nin % yag miktar1 (r: 0.155) ve protein miktar1 (r:
0.123) arasinda korelasyonlarin onemsiz oldugu (p>0.05) goézlemlenirken laktoz miktar1 ile 6nemli korelasyon
gosterdigi tespit edilmistir (r: -0.801, p<0.01). Ayn1 zamanda SHS ile toplam kuru madde diizeyi arasinda negatif yonlii
ve 6nemsiz (r: -0.100, p>0.05) korelasyon oldugu belirlenmistir. Bulgularimiza benzer sekilde Onal ve ark. (2021a),
SHS ile % yag miktar1 ve protein miktar: arasinda 6nemsiz, kuru madde arasinda pozitif yonlii diisik diizeyde ve
laktoz miktari ile negatif yonlii diisiik diizeyde korelasyonlar bulundugunu bildirmiglerdir. Bagka bir arastirmada ise kis
siitlerinde SHS ile kuru madde miktar1 arasinda negatif yonlii ve énemsiz korelasyon bulundugu raporlanmstir (Onal
ve ark. 2021b). Laktoz, meme epitelyum hiicreleri tarafindan sentezlenmekte olup mastitis varliginda kan-sut bariyeri
zarar gordiigii igin siitteki laktozun bir kisminin kan dolagimina ge¢mesiyle siit laktoz diizeyi azalmaktadir (Bruckmaier
ve ark. 2004; Akdag ve ark. 2017). Siitte ¢esitli nedenlerle (mastitis vb.) SHS artiginin laktoz miktarinda diisiise neden
oldugu (Ayasan ve ark. 2011; Ramos ve ark. 2015; Sobczuk-Szul ve ark. 2015; Akdag ve ark. 2017; Kelly ve ark.
2000), diisiik laktoz diizeyinin mastitisin belirtisi olarak degerlendirilebilecegi (Malek dos Reis ve ark. 2013)
belirtilmektedir. Arastirma sonuglarindan farkli olarak SHS’nin yiiksek oldugu siit 6rneklerinde SHS ile protein, yag ve
laktoz miktar1 arasinda pozitif korelasyon bulundugunu yénelik bildirimler bulunmaktadir (Sahin ve Kasiker 2014;
Sahin ve ark. 2014).
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Cizelge 2. Siit Orneklerindeki Toplam Aerobik Mezofilik Bakteri Sayisi (log kob/ml) ve Kimyasal Analiz Sonuglar

Parametreler (1'810) Minimum Maksimum Ortalama (SiS)
TAMB (log kob/ml)
<5.00 27 2.56 4.97 3.77 1.70
>5.00 - 5.60 22 5.02 5.60 531 0.41
5.60 > 51 5.64 9.06 7.35 242
Yag (%) 2.93 5.25 3.24 0.61
Protein (%) 2.89 3.77 3.03 0.19
Laktoz (%) 4.06 4.87 4.74 0.51
Toplam Kuru Madde (%) 11.36 13.82 11.76 0.28

N: Ornek Sayisi, SS: Standart Sapma, TAMB: Toplam Aerobik Mezofilik Bakteri
SONUC VE ONERILER

Siit endiistrisinde uygulama alan1 bulan yeni teknolojik gelismelerle birlikte siit ve siit irtinlerinin nitelikleri daha
saglikli Olciilmeye baslanmistir. Arastirma sonuglarina gore Orneklerde genel anlamda SHS’nin yiiksek oldugu ve
mikrobiyolojik kalitesinin diisiik oldugu tespit edilmistir. Incelenen 6rneklerin yaklasik 1/3’iinde (31/100) subklinik
mastitis varlig1 belirlenmistir. Diisiik ve yiiksek hacimli tank siitlerinde yiiksek diizeyde SHS’ye sahip isletmelerin
kargilagtirildigt meme sagligi yonetimi uygulamalarinin (DHI) isletmeler arasinda biiyiik 6l¢iide farklilik gdsterdigi
bilinmektedir. Kalite parametrelerinden biri olan SHS ile sutun kompozisyonu ve sut/sut Grunlerinin mikrobiyolojik
kalitesi arasindaki iliski birgok arastirmaci tarafindan incelenmekte ve tespit edilen verilerin 1s1iginda kalitenin
gelistirilmesine yonelik daha siki kontrollerin yapilmasi ve azaltici/engelleyici Onlemlerin alimmas1 gerektigi
vurgulanmaktadir. SHS’ye dayali meme sagligi izleme programlariin (DHI) diinya ¢apinda yaygin bir sekilde
uygulanmakta olan test metotlarindan oldugu, elde edilen verilerin bireysel ve siirii diizeyinde olumlu katkilarinin
oldugu belirtilmistir. Genel olarak, bir isletmede meme sagligi durumunun iyilestirilmesi, sonugta hem g¢iftlik
ekonomisine hem de kalite ve iiretim miktarinda artisa (kar maksimizasyonu) katki saglayacaktir. Isletmede siit iiretim
prosesleri siirecinde uygulanacak genel ve bireysel hijyen uygulamalarmin (barinak ve meme temizligi, sagimda
kullanilan alet/ekipmanlar ve personel hijyeni vb.) etkin bir sekilde uygulanmasi, diizenli araliklarla yapilan SHS
taramalar1 ve koloni sayimu ile subklinik mastitisli hayvanlarin belirlenmesi ve siiriiden ayrilmasi, isletmeler acisindan
daha verimli bir tedavi protokolii secilmesi acisindan faydalari olacaktir. SHS’yi diislirmeye yonelik immun sistemi
giiclendirici katk1 ve yemler ile probiyotikli yem kullanilmasi avantaj saglayacaktir. Siit isletmelerinde, tirettikleri siitiin
kalite ve gida giivenliginin arttirilmas:1 gercevesinde; Iyi Uretim Uygulamalar1 (GMP/Good Manufacturing Practices
(GMP), Tehlike Analizleri ve Kritik Kontrol Noktalar1 (HACCP/Hazard Analysis Critical Control Points) ve Toplam
Kalite Yodnetimi gibi sistemler ve standart kontrol prosediirlerinin etkin kullanimi ve yayginlastirilmasi saglanmalidir.
Boylece kaliteli ¢ig siit {iretimiyle toplam kalite, besleyici 6zelliklerin korunmast ve halk sagligi agisindan olumlu
etkileri yaninda mikrobiyolojik ve fizikokimyasal Ozellikleriyle hem teknolojik avantaj saglamasi hem de siit
desteklemelerinden daha fazla pay alinmasi miimkiin olacaktir.

TESEKKUR

Siit orneklerinin temininde gerekli hassasiyeti ve yardimlarini esirgemeyen tiim isletme sahiplerine ve calisanlarina,
istatistiksel analizlerin yorumlanmasinda katki sunan Dog. Dr. Memis BOLACALI’ya yardim ve desteklerinden dolay1
tesekkiirlerimizi sunariz.

ETIiK BEYAN

“Inek Siitlerinde Somatik Hiicre Sayis1 ve Bazi Parametrelerin Arastirilmasi” baslikli calismanmn yazim siirecinde
bilimsel kurallara, etik ve alint1 kurallarma uyulmus; toplanan veriler {izerinde herhangi bir tahrifat yapilmamis ve bu
caligma herhangi baska bir akademik yayin ortamina degerlendirme i¢in gonderilmemistir. Sunulan ¢alisma, deneysel
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olmayan klinik veteriner hekimlik uygulamalar1 kapsaminda degerlendirildiginden “Etik Kurul” belgesi alinmasina
gerek yoktur.
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ABSTRACT ARTICLE INFO
Detection and prevention of hypokalemia which causes economic losses and metabolic Research article
diseases in dairy cows had great importance. For this reason, the first objective of this study Received: 13.05.2022
is to determine the level of blood potassium in dairy cows during the periparturient period Accepted: 12.06.2022
and the second objective is to the determination of the relationship between metabolic Keywords:

diseases and blood potassium levels. A total of 60 cows were used in the study. Forty cows Cattle, Hypokalemia,
of them (Group I; 20 and group 11;20) were pregnant and multiparous, and 20 of them with Potassium

metabolic diseases (ketosis, displacement of abomasum). Blood samples of healthy cattle
were taken from v.jugularis twice, 10 ml each time. The first blood sample was taken two
weeks before calving, and the second blood sample was taken within two weeks after
calving. Blood samples of 20 cattle with metabolic diseases were taken from v.jugularis
once, 10 ml. Serum samples were analyzed for Na, K, ClI, Creatinine, AST, LDH, Mg, P,
and CPK parameters. The mean potassium level of group | and Il healthy cattle after
calving was 2.35 + 0.17 mmol/l and 2.71 + 0.12 mmol/l, respectively. However, the mean
potassium level of cattle with metabolic diseases was also 2.53 + 0.06 mmol/l. However,
the mean potassium level of cattle with metabolic diseases was also 2.53 £ 0.06 mmol/l.

In conclusion, development of negative K balance in dairy cows after birth were detected.
Additionally, cattle with displaced abomasum and ketosis were also found hypokalemic.

INTRODUCTION

Potassium is the most abundant cation in the intracellular fluid and it plays a vital role in the maintenance of normal
cell functions. However, serum potassium concentration is a poor indicator of the potassium status of the animal. An
animal with a normal appetite usually has a normal serum potassium concentration (Bagpmnar et al. 20006).
Hypokalemia may occur as a result of decreased dietary intake, increased renal excretion, abomasal stasis, intestinal
obstruction and enteritis, and repeated administration of corticosteroids with mineralocorticoid activity (Sattler et al.
1998; Coffer et al. 2006; Batmaz 2011). Animals with hypokalemia have generalized muscle weakness, depression,
and muscle fasciculations. Severely affected animals are unable to stand or lift their head from the ground (Constable et
al. 2017). A serum potassium concentration <2.5 mEg/L reflects severe hypokalemia; most animals will be weak, and
some will be recumbent. A serum potassium concentration of 2.5-3.5 mEg/L reflects moderate hypokalemia
(Constable 2017). Hypokalemia (defined as serum or plasma potassium concentration <3.9 mEg/L) is common in
lactating dairy cows with leftdisplaced abomasum (LDA), right displaced abomasum (RDA), abomasal volvulus (AV),
abomasal impaction, clinical mastitis, dystocia, retained placenta, and hepatic lipidosis (Peek and Dives 1998;
Constable 2003; Wittek et al. 2005). Hypokalemia in cattle is commonly encountered secondary to anorexia as well as
a number of primary conditions of the gastrointestinal and urinary systems (Smith et al. 2001; Kalaitzakis et al. 2010;
Constable et al. 2013). Hypokalemia has also been documented as a potential cause of muscleweakness in cattle of
varying ages (Constable 2003). A low serum potassium concentration is a significant predictor of nonsurvival in cattle
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undergoing surgical correction of LDA or treatment of hepatic lipidosis (Grunberg et al. 2006). The first objective of
this study is to determine the level of blood potassium in dairy cows during the periparturient period, and the second
objective is to the determination of the relationship between metabolic diseases and blood potassium levels.

MATERIALS AND METHOD
Animal Materials

Two farms were selected for the study. Animals were equally divided into three groups (Healthy cattle; Group I and II,
and cattle with metabolic disease; group I11), and each group included 20 dairy cattle, and a total of 60 dairy cows were
used.

Method

In this study, two different farms were selected to determine the levels of potassium and other parameters before and
after calving in healthy pregnant cows feding with different rations.

I. Group: There were 300 dairy cattle on the farm, and selected 20 Holstein cattle, multiparous, between 3 and 5 ages.

I1. Group: There were 1200 dairy cattle on the farm, and selected 20 Holstein cattle, multiparous, between 3 and 7
ages.

I1l. Group: The group were consisted of 20 cattle with metabolic diseases (3 ketosis and 17 displacements of
Abomasum) brought to the clinic for treatment, based on routine physical examination results, complete blood count,
and serum biochemistry profiles.

Collecting of Blood Sample

Blood samples for biochemical analyses (tubes without anticoagulant) were collected from the vena jugularis before
one week from birth time and within two weeks after birth from cattle in groups I and II.

Blood samples were collected only once at admision from cattle with metabolic diseases in group I1l. Tubes without
anticoagulant were kept at room temperature and coagulated. Serum removed by centrifugation for 15 min at 5000 g.
Serum samples were stored at -20 °C until analyzed.

Serum Na, K and CI levels were analysed by an automated analyser (BS-200, Mindray, China) using electrod
tecnique. Serum AST, Creatinin, CPK, LDH, Magnezium and phosphor leves were analysed by an automated
analyser (BS-200, Mindray, China).

Statistically Analyses

All data were presented as mean and standard error of mean (Mean + SEM). Duncon and wilcoxon test were used to
assess the significance of the differences between the groups. The SPSS software program (Version 18.0, SPSS Inc.,
Chicago, IL, USA) was used for statistical analysis.

RESULTS

Clinical symptoms related to hypokalemia and metabolic diseases in healthy groups I and Il were not observed in the
study. There was also no decrease in milk production and appetite. Serum potassium levels of healthy groups were
mild-moderate decreased (Table 1) after birth compared to before birth values. While serum potassium levels before
birth in groups | and Il had 2.98+0.14mmol/l and 3.13+£0.18 mmol/l respectively (Table 1), serum potassium levels
after birth in group | and Il cows had 2.35+0.18 mmol/l and 2.71+0.12mmol/l, respectively (Table 1 ). After birth
potassium levels were decreased in groups | and Il compared to before birth.

Hypokalemia had observed in cows with the displacement of abomasum and ketosis (Group Il1). The cows also had
anorexia, weakness, and decreased milk production. Mean serum potassium levels had 2.53 + 0.06 mmol/l in cows
with metabolic diseases (Table 1).

Serum AST, P, and LDH levels in after birth cows of groups | and Il were increased, and serum Na concentration
decreased compared with before birth cows of groups | and Il (Table 1). While serum creatinine, Mg, and P were
decreased, AST, CPK, LDH, and Na were increased in cows with metabolic disease. There was statistically importance
among those parameters (Table 1).

Table 1. Biochemical parameters before and after the birth of healthy cows (Group I and Il Il) and cows with
metabolic diseases (Group I11).

Group 1(n:20) Group Il (n:20) Group Il (n:20) P
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(S£Sy) (S£Sy) (S£Sy)
- BB 0.95+0.05b 0.83+0.04b 1.58+0.09a 0.00
Creatinine(mg/dl)
AB  0.86+0.05b 0.78+0.03b 1.58+0.09a 0.00
BB 2.54+0.09a 2.69+0.13a 1.91+0.14b 0.00
Mg(mg/dl)
AB 2.44+0.13a 2.36+0.11a 1.91+0.14b 0.01
BB 48.65+1.52b 50.80+3.26b 206.95+17.96a 0.00
AST (U/L)
AB  73.84+5.58b 93.00+17.74b 206.95+17.96a 0.00
p(mg/dl) BB 4.97+0.18ab 5.72+0.22a 4.65+0.44b 0.04
g AB 5.96+0.29a 5.34+0.26ab 4.65+0.44b 0.03
LDH(UIL) BB 1724.85+61.42b 1752.90+68.82b 2150.45+161.59%a 0.01
AB 2083.26+77.59% 1845.63+64.63a 2150.45+161.59%a 0.14
CPK(UIL) BB 160.65+20.10b 272.904£92.75b 790.20+£104.61a 0.00
AB 176.32+28.62b 323.26+90.55h 790.20+104.61a 0.00
BB 100.82+4.91b 103.47+5.45h 139.05+1.19a 0.00
Na(mmol/l)
AB 80.11+7.12c 93.66+3.75b 139.05+1.19a 0.00
BB 2.98+0.14a 3.12+0.18a 2.53+0.06b 0.01
K(mmol/l)
AB 2.35+0.18a 2.71+0.12a 2.53+0.06a 0.15

zBB; Before birth, AB; After birth.
a,b,c; differents letter in same columns point significantly importance differences (p<0.05) * *;indicates statistically importance

DISCUSSION

Serum potassium concentration is a poor indicator of the potassium status of the animal. The primary source of
potassium is the forage portion of the normal ruminant diet. An animal with a normal appetite usually has a normal
serum potassium concentration. Hypokalemia in cattle is commonly encountered secondary to anorexia and many
primary conditions of the gastrointestinal and urinary systems (Peek et al. 2000). In the meantime, hypokalemia occurs
commonly in lactating dairy cows with left displaced abomasum (LDA), right displaced abomasum, abomasal
volvulus, abomasal impaction, clinical mastitis, retained placenta, and hepatic lipidosis (Smith et al. 2001; Wittek et al.
2005; Griinberg et al. 2006; Kalaitzakis et al. 2010; Constable et al. 2014). In the present study, healthy cows in the
group | and Il had mild-modarete hypokalemia after birth (within two weeks). There were also observed hypokalemia
in modarete level in cows with metabolic diseases (17 displacement of abomasum and 3 ketosis). Possible causes of
low potassium level in cows may be related to loss of appetite and milk yield after birth. We know that lactating cows
excrete a significant amount of potassium with milk. Therefore cows in early lactation are in negative K balance
(Harrison et al. 2011). Potassium deficiency may be observed in healthy cattle after the decrease in the amount of
potassium and urine flow in skeletal muscles (Shalit et al. 1991). A serum potassium concentration <2.5 mEg/L
indicate severe hypokalemia; most animals would be weak, and some would be recumbent. A serum potassium
concentration of 2.5-3.5 mEqg/L indicate moderate hypokalemia, and some cattle would be recumbent or seen weak
with depressed GI motility (Grinberg et al. 2006; Constable et al. 2017). In the present study, cows with the metabolic
disease had anorexia, weakness, and decreased milk production, but all cows were standing. Serum potassium levels of
those cows' mean were 2.53+0.06. Serum potassium levels of healthy groups (group I and 1) were mild-moderate
decreased (Table 1) after birth. However, those cows have not observed clinical symptoms of hypokalemia. It could be
said that all groups of cows had mild-moderate hypokalemia (Table 1) after birth.

Milk yield in dairy cows and the quality of dairy products may be related to diet cation anion balance (DCAD). The
minerals constituting the cation-anion balance are Na*, K*, CI-, ve S?2(DCAD: Na+K-CI+S) (Sweeney 1999). In cases
where Na and K concentrations increase in ration, pH in body fluids increases and alkalosis is seen in animals.
Hypokalemia often occurs due to metabolic alkalosis due to alkalemia or hyperglycemia (Svendsen 1969; Sattler 1998;
Giinberg et al. 2006, Constable et al. 2013; Schneider et al. 2016). The existence of the relationship between metabolic
alkalosis and hypokalemia in dairy cattle was also emphasized by various researchers (Sielman et al. 1997; Sattler et al.
1998; Peek et al. 2000). Hypokalemia commonly occurs due to a compartmental shift of K from the extracellular to
intracellular space in cattle with hyperinsulinemia due to hyperglycemia or alkalemia due to metabolic alkalosis
(Svendsen 1969; Griinberg et al. 2006; Constable et al. 2013). In the present study, hypokalemia was determined in
cattle with metabolic diseases (17 displacements of the abomasum, 3 ketosis) (Table 1). The results of this study
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showed similarities with the results of those researchers. It could be said that hypokalemia can be seen in cows with the
displacement of abomasum and ketosis.

Serum biochemical analysis is required to confirm a suspected diagnosis of hypokalemia. In addition to measurement
of serum potassium concentration, measurement of serum concentrations of chloride, sodium, calcium, and
phosphorus, and serum activities of AST and CK can be very helpful in guiding treatment (Constable 2017). Sattler et
al. (1998) stated that 10 of the 14 cases with hypokalemia were found to have increased hyperglycemia, AST and CK
activities as alkalosis and other laboratory findings. In another study, Peek et al. (2000) emphasized that serum AST
increase in hypokalemic cows was caused by hepatic lipidosis. In the study, serum AST, CPK, and LDH levels were
increased in cows with metabolic disease, but not in cows of groups I and Il. Increased serum AST could be related to
the fatty liver. AST can be also related with the diseases related clinical syptoms. Increased CPK and LDH might be
also related to muscle damage in cows with metabolic diseases. Sattler and Fecteau (2014) stated that there was a
relationship between hypokalemia an muscle damage.

CONCLUSION

The results of the study have shown that negative K imbalance might be seen in cows with metabolic diseases, and
early lactation of cows. It would be beneficial a little more potassium addition to ration in late pregnancy and early
lactation of cows.
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