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(-18 °C) Boyunca Lipit ve Duyusal Kalite Parametrelerindeki Degisimin Incelenmesi
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Anf yapmak i¢in: Saygun, F. & Tokor, B. (2021). Pisirmeye Hazir Marine Edilmis Palamut Balig1 (Sarda sarda)’nin Dondurularak Depolama (-18 °C)
Boyunca Lipit ve Duyusal Kalite Parametrelerindeki Degisimin Incelenmesi. Anadolu Cev. ve Hay. Dergisi, 6(1), 4-13.

How to cite: Saygun, F. & Tokor, B. (2021). Investigation of Lipid and Sensory Quality Parameters of Ready to Cook Marinated Atlantic Bonito (Sarda
sarda) During Frozen Storage (-18°C). J. Anatolian Env. and Anim. Sciences, 6(1), 4-13.

Oz: Bu gahismada, marinasyon sosunda bekletildikten sonra direkt pisirmeye hazir firin posetlerinde

dondurularak depolanan (-18 °C) palamut (Sarda sarda)’un lipit ve duyusal kalitesinde meydana gelen
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sirastyla %58,16, %23,63, %11,34 ve %1,75 olarak bulunmustur. Yapilan t testi sonucunda, nem (%), protein

(%),lipit (%) ve ham kiil (%) degerleri bakimindan gruplar arasindaki farkliligin 6nemli oldugu bulunmugtur

(p<0,05). Arastirmada, dondurarak depolama boyunca lipit kalitesinin belirlenmesinde kullanilan

tiyobarbitiirik asit (TBA, mg malonaldehit/ kg 6rnek) degerleri baslangigta kontrol grubunda 3,44 + 0,098 mg

malonaldehit/ kg 6rnek iken depolama sonucunda bu degerin 6,90 + 0,421 mg malonaldehit’kg 6rnek’e ve

marine grubunda 1,92 + 0,069 mg malonaldehit/ kg 6rnek iken bu degerin depolama sonunda 3,56+0,021 mg

malonaldehit/kg drnek degerine dnemli bir sekilde arttig1 belirlenmistir (p<0,05). Yag asiti kompozisyonu

bakimindan kontrol grubunun toplam doymus yag asidi (3;SFA) miktari,toplam tekli doymamis yag asidi

(O MUFA) miktar1 ve toplam ¢oklu doymamus yag asidi (3 PUFA) miktar1 sirasiyla %30,77+0,40,
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Investigation of Lipid and Sensory Quality Parameters of Ready to Cook Marinated Atlantic
Bonito (Sarda sarda) During Frozen Storage (-18°C)

Abstract: In this study, the changes in lipid and sensory quality of ready to cook marined Atlantic
bonito (Sarda sarda) in oven bag stored at -18°C for four months were investigated. At the end
of the study, moisture content (%), crude protein (%), lipid (%) and crude ash (%) content of
control group were 55,17%, 26,54%, 9,11% and 1,58%, respectively, while the moisture (%),
crude protein (%), lipid (%) and crude ash (%) content of marinated Atlantic bonito was 58,16%,
23,63%, 11,34% and 1,75%, respectively. As a result of t-test, the difference between the groups
in terms of the moisture (%), crude protein (%),lipid (%) and crude ash values were found to be
as significant (p<0,05). In the study, thiobarbituric acid (TBA, mg malonaldehyde / kg sample)
values used in the determination of lipid quality during frozen storage were found to be
3,44+0,098 mg malonaldehyde / kg sample in the control group at the beginning, whereas this
value significantly increased to 6,90+0,421 mg malonaldehyde/ kg sample value after storage and
marine group were found to be 1,92+0,069 mg malonaldehyde/ kg sample at the beginning,
whereas this value was significantly increased to 3,56+0,021 mg malonaldehyde / kg sample
value after stored (p<0,05). In terms of fatty acid composition, the total amount of saturated fatty
acid (3_SFA), total monounsaturated fatty acid (X MUFA) amount and total polyunsaturated fatty
acid (X PUFA) amount of the control group were determined as 30.77 + 0.40%, 28+ 1.62% and
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29.39 + 0.41%, respectively. In marinated bonito, total saturated fatty acid (3_SFA) amount, total
monounsaturated fatty acid (3 MUFA) amount and total polyunsaturated fatty acid (3 PUFA)
amount were found to be 25.43 £ 0.90%, 38.67 + 1,24% and 27.59 + 0.92%, respectively.
According to sensory analyze, although the control group exceeded the limit of consumtion
according to odor, flavor and general acceptability at the end of storage, it was determined that

the marinated Atlantic bonito could be consumption level in all sensory parameters.

Keywords: Fatty acids composition, frozen storage, Sarda sarda, marination, rancidity, ready to cook .

GIRiS

Kokeni Italyanca olan marinasyon kelimesi
”marinare” den gelmektedir (McEvoy, 2003). Marinasyon
terimi, 17. ylizyildan itibaren et ve baligin salamurada
bekletilmek suretiyle korunmasi anlamini tagimaktaydi.
Fakat giiniimiizde marinasyon i¢in daha farkl: tanimlamalar
yapilmaktadir (Brandt, 2001). Marinasyon, Lemos vd.,
(1999) tarafindan tiiketicinin istegine gore etlerin sululugunu
ve lezzetini gelistirmek ve daha yumusak hale getirmek
amaciyla mutfaklarda kullanilan bir teknik olarak
tanimlamuglardir. Tan, (2002), etin pisirilmeden &nce sirke,
tuz, yag ve baharatlarla harmanlanmasi olarak ifade
etmektedir. Parks vd., (2000) ise marinasyonu seker, asit,
fosfat, tuz, baharat ve aroma vericilerden olusan sulu
cozeltinin farkl tekniklerle ete uygulanmasi olarak ifade
etmistir. Genel olarak evlerde de siklikla uyguladigimiz
marinasyon, cesitli hayvan etlerinin (balik, tavuk, kirmizi et)
lezzet ve aromasinin arttirilmasi, yumusatilmasi ve
gevreklestirilmesi, igin tuz, sirke, limon, sivi yag, salca,
sogan, sarimsak, ¢esitli baharatlar ve/veya diger baz1 katki
maddeleriyle (fosfatlar ve organik asitler gibi) muamele
edilmesi islemi olarak tanimlanabilir. Marinasyonda
kullanilan ve katki maddelerinden olusan siviya da marinat
denilmektedir (Ergezer & Gokge, 2004). Marinasyon
isleminde kullanilan katki maddelerinin antimikrobiyal ve
antioksidan ozellikleri iriiniin sadece tadini etkilememekte
ayni zamanda {Uriiniin kalitesini ve raf Omriinii de
arttirmaktadir (Bjorkroth, 2005; Shylaja & Peter, 2004).

Ticari marinasyon islemi temelde,
tamburlama,daldirma (durgun marinasyon) ve enjeksiyon
olmak tizere ti¢ farkli sekilde yapilmaktadir (Smith & Acton,
2001; Xargayo vd., 2001). Geleneksel yontem olarak
adlandirilan daldirma yontemi (durgun marinasyon) en eski
ve en basit marinasyon yontemidir. Bu yontemde, igerisinde
marinat bulunan tanklara etler doldurularak +4-7 °C’de en az
bir giin bekletilir ve bu siire icerisinde marinatta bulunan
katki maddeleri siireye bagli olarak ete difiize olur (Smith &
Acton, 2001). Bunlar arasinda daldirma yontemi oldukg¢a
basit ve ev ortaminda da uygulanabilen temel bir yontemdir.
Bu yontemin en biiyiik avantajlar1 uygulama kolayligi,
ucuzlugu (ilave ekipmana ihtiya¢c gostermez), derili veya
derisiz etlere uygulanabilmesi ve kiigiik kapasitelerde
calisilabilmesidir (Ergezer & Gokge, 2004; Duyar & Eke,
2009). Ancak bu uygulamanin evde yapilmasi durumunda

en biiyiilk dezavantaji, baligm buzdolabinda marinat
soliisyonunda belli bir siire dinlendirilmesinin uzun zaman
alan bir islem olmasidir. Ozellikle yogun is temposu ve
teknolojinin gelismesi gibi nedenlerle insanlar uzun zaman
alan yemeklere vakit ayiramamaktadir. Bu nedenle,
giinimiizde hazirlanmasi ve pigirilmesi bakimindan
zamandan tasarruf saglayan pisirmeye hazir gidalara yonelik
tiiketici taleplerinde artig goriillmektedir (Husein vd., 2020).
Scombridae familyasindan Atlantik palamutu (Sarda sarda,
Bloch 1793), Akdeniz, Karadeniz, Atlantik ve Arjantin'in
kuzeyinde yaygin olarak dagilmis ve ticari dneme sahip
yagl epipelajik bir deniz balig tiiriidiir (Collette & Nauen,
1983; Duyar vd., 2006; Duyar vd., 2020; Yoshida, 1980).
2017 TUIK verilerine gore, palamut baliginm {ilkemizdeki
toplam iiretimi 7578 ton olarak belirtilmistir (TUIK, 2019).
Avlama sezonunda yakalanan Atlantik palamutlar1 raf
Oomriiniin sinirli olmasi nedeniyle genellikle dondurularak
veya tuzlanarak muhafaza edilir (Koral & Kose, 2018).
Dondurma ve dondurarak depolama, baligi ve balik
iiriinlerini en iyi sekilde muhafaza eden metotlardan biridir.
Ancak, dondurarak depolama esnasinda, lipit ve proteinlerin
indirgenmesiyle meydana gelen istenmeyen bilesiklerden
dolay1; balik ve balik {iiriinlerinin kalitesinde bozulmalar
olusmaktadir (Sikorski, 1980). Ozellikle tiiketici agisindan
cok Gnemli bir unsur olan tatta meydana gelen ve arzu
edilmeyen degismelere, lipitlerin oksidasyonundan ve
proteinlerin indirgenmesinden dolayr ortaya cikan diisiik
molekiiler agirlikli bilesiklerin neden oldugu bilinmektedir.
Ozellikle oksidatif acilasma, dondurarak depolama sirasinda
baliklarin raf émriinii sinirlayan énemli bir faktordiir. Bu
calismada, marinasyon sosunda bekletildikten sonra direkt
pisirmeye hazir firin paketlerinde dondurularak depolanan (-
18 °C) palamut (Sarda sarda)’un lipit ve duyusal kalitesinin
belirlenmesi amaglanmustir.

MATERYAL VE METOT

Materyal

Bu caligmada, materyal olarak 34842 + 11,17
gortalama agirliginda ve 30,52 + 0,78 cm boyunda 24 adet
palamut (Sarda sarda Bloch, 1793) Aralik ayinda yerel bir
balik¢idan temin edilmistir. Marinasyon sosunda kullanilan
kuru sogan, sarimsak, limon, riviera zeytinyagi, tuz, pul
biber ve karabiber ise yerel bir marketten satin alinmistir.
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Yontem

Marinasyon Islemi: Boylar1 ve agirliklari lgiilen
baliklarm kafa ve i¢ organlar1 temizlenip yikandiktan sonra
iyice siiziilmesi saglanip, dilimlenerek iki esit (3 kg) gruba
ayrilmistir. Marinasyon sosu i¢in % 40 rendelenmis kuru
sogan, % 1 sarimsak, % 17 limonun suyu, % 39 riviera
zeytinyagi, % 1 tuz, % 1 kirmiz1 pul biber, ve % 1 karabiber
kullanilmustir.

Belirlenenmiktartarlarda hazirlanan sos
malzemeleri bir kabin igine konularak iyice karistirilmis ve
marine edilecek palamutlar bu sos igerisine alinarak bir gece
(12 saat) buzdolabinda (4 +£2 °C) bekletilmistir. Marine
edilen baliklar sos igerisinden almarak -40 °C’de 3 saat
soklama iglemi yapildiktan sonra kimyasal analiz i¢in 350g,
duyusal testler i¢in 150g olmak iizere tartilarak 25%x38 cm
ebatlarindaki firin posetlerine konulmustur. Kontrol grubu
ise -40 °C ’de 3 saat soklama isleminin ardindan saf suya
daldirilarak “glaze” islemi yapilmis ve tartilarak firin
posetlerine yerlestirilmistir. Daha sonra paketlenmis donmus
marinasyon ve kontrol grubu Ornekleri -18 °C’de
depolanmustir.

Kimyasal Analiz: Kontrol grubu ve marine
palamutlarmm besin maddesi kompozisyonunu belirlemek
amaciyla ham protein (%) Kjeldahl metoduna (AOAC,
1995) gore, nem (%) ve ham kiil analizi AOAC (1990)
metoduna gore, lipit (%) Bligh and Dyer (1959)’in
uyguladig1 yonteme gore yapilmistir. Dondurarak depolama
boyunca lipit Kkalitesinde meydana gelen degisimi tespit
etmek amaciyla tiyobarbitiirik asit (TBA, mg malonaldehit /
kg et) analizi Tarladgis vd., (1960)’nin uyguladigi yonteme
gore analiz edilmisdir.

Yag asidi metil esterleri (FAME), eksrakte edilmis
lipitten, Ichihara vd., (1996) metoduna gore yapilmustir.
Bunun i¢in, 4 ml 2M’lik KOH ve 2 ml n-heptan eksrakte
edilmis yag ornegi (25 mg) lizerine ilave edilmistir. Daha
sonra vortekste 2 dakika oda sicakliginda karistirilmis ve
4000 rpm’de 10 dakika siireyle santrifiij edilmistir. Gaz
kromotografisi (GC)’inde analiz igin ekstraktaki heptan
tabakasi kullanilmistir. Yag asitleri kompozisyonu, 30m x
0.32mm ID % 0.25um film kalinliginda SGE kolonlu ve alev
iyonizasyon dedektorli (FID) otomatik drneklemeli (Perkin
Emler, USA) GC (Gaz kromatografik) kullanilarak
gerceklestirilmistir.  Enjektor ve detektor sicakliklari
sirastyla 6nce 220 °C sonra 280 °C’ye ayarlanmis ve firin
sicakligt 140 °C’de 5 dakika tutulmustur. Daha sonra
200°C’ye kadar, her dakika 4°C arttirilarak, 200 °C’den 220
°C’ye de her dakika 1 °C arttirilarak getirilmistir. Tastyici
gazi kontrolii 16 ps’de ve 1 ml 6rnek ile saglanmistir. Split
uygulamasi 1:50 oraninda gerceklestirilmigstir. Standart 37
bilesenden olusan FAME standart karisiminin (Supelco 37
F.A.M.E. Mix C4-C24 Component, Catalogue No. 18919)
gelme zamanlarina karsi yag asitleri karsilastirilarak yag
asitleri tanimlanmistir. Yapilan iki GC analiz sonuglar1 %
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olarak ifade edilmistir. Balik etindeki eikosapentaenoik Asit
(EPA) ve dokosaheksaenoik asit (DHA) miktarlari
Weihrauch et al. (1975) tarafindan belirlenen yoénteme gore
asagidaki formiille hesaplanmistir.

Yag asidi (mg/100g balik eti) = 0.956 x FAME (%)
x lipid diizeyi (%) x 10

Duyusal Analiz: Duyusal analiz, Paulus wvd.
(1979)’na gore yapilmistir. Kontrol grubu ve marine
palamutun koku, renk, doku yapisi, lezzet ve genel kabul
edilebilirlik degerlerinde meydana gelen degisimler 1 ile 9
skalasi1 baz almarak deneyimli 5 panelist tarafindan
degerlendirilmistir. Puanlama sisteminde 7-9 arasi “cok iyi”,
4.1-6.9 aras1 “iyi”, 4 “tiiketilebilirligi”, 1-3.9 arasi ise “kabul
edilemezligi” gostermektedir. Duyusal analizlerde her iki
gruba ait drnekler ¢oziindiirillmeden 200 °C’de firmda 40 dk
pisirildikten sonra analiz edilmistir.

Istatistiksel Analiz: Arastrmanin sonunda elde
edilen veriler, IBM© SPSSO© Statistics 25.0 paket programi
kullanilarak  degerlendirilmistir.  Kontrol ve marine
palamutlardan  elde edilen  verilerin  birbirleriyle
karsilagtirmasinda t-testi ve kendi aralarindaki zaman
icindeki degisimleri belirlemede ise Duncan ¢oklu
karsilastirma testi, One-way ANOVA ile p<0.05 6nem
diizeyinde uygulanmigtir (Duncan, 1955).

BULGULAR VE TARTISMA

Besin Kompozisyonu: Calisma sonucunda, kontrol
grubunun nem (%), ham protein (%), lipit (%) ve ham kiil
(%) igerigi sirasiyla % 55,17, % 26,54, % 9,11 ve % 1,58
olarak bulunurken, marine palamudun nem (%), ham protein
(%), lipit (%) ve ham kiil (%) icerigi ise sirasiyla % 58,16,
% 23,63, % 11,34 ve % 1,75 olarak saptanmistir. Yapilan t
testine gore gruplar arasinda nem (%), ham protein (%), lipit
(%) ve ham kiil (%) degerleri bakimindan 6nemli farkliliklar
bulunmustur (p<0,05).

Rzepka wvd., (2013) tarafindan yapilan bir
caligmada, palamut balig filetolarinda % 26,8 ham protein
ve % 1,8 ham kiil igerigi ile bu ¢alismada elde edilen ham
protein ve kiil degerlerine yakin degerler elde edildigi, buna
karsilik % 66,8 nem ve % 4,5 yag ile bu ¢alismada elde
edilen degerlerden farkli oldugu gériilmiistir. Mol vd.,
(2012) ise, bizim buldugumuz sonuglardan farkli olarak
Ekim 2009 yilinda Karadeniz Bolgesi’nde yakalanan
palamutlarm nem igerigini % 69,19, ham protein icerigini %
20,35, lipit igerigini % 6,26 ve kiil igerigini % 3,12 olarak
saptamislardir. Yine Corapgi, (2018) adli arastiricinin taze
palamut balig icin yapmig oldugu besin komposizyonu
analizinde nem, ham protein, yag ve ham kiil i¢in buldugu
degerlerin bizim g¢alismamizda buldugumuz degerlerden
farkli oldugu goriilmektedir. Tiim bu arastirma sonuglari,
palamut baligmin besinsel komposizyonunda farkliliklar
tespit edilebilecegini gostermektedir. Benzer sekilde,
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Karakoltsidis vd., (1995), palamut kaslarinin biyokimyasal
bilesimlerinde mevsimsel degisiklikler tespit etmistir. Yine,
Misir vd., (2014) Karadeniz’den avlanan palamut baliginda
toplam lipit diizeyindeki aylik degisimleri incelediginde,
Agustos ve Aralik ayina kadar % 4,0’ dan % 13,5 kadar
onemli oranda yiikseldigi ve Mart ayinda % 8,4 diizeyine
diistiigiinii belirtmistir. Arastiricilar, aylar arasinda meydana
gelen bu degisimin ¢ogunlukla eseysel olgunluga ve
yakalama periyoduna bagli olarak degisebilecegini
belirtmistir. Zaboukas vd., (2006) ise, palamutlardaki lipit
igeriginin eseysel olgunluga ve cinsiyete gore dnemli oranda
degistigini ve protein igeriginin ise yumurtlama déneminde
degisebilecegini belirtmistir. Tilsner (1994), baliklarda
saptanan farkli besin madde iceriklerinin sebebinin baligin
tiiriine, yasina, beslenme durumuna, avlanma mevsimine ve
avlanma bolgesine gore degisebilecegini ifade etmislerdir.
Bu calismada tespit edilen besin kompozisyonundaki farkl
degerlerin nedeninin yukarida agiklanan sebeplerden
kaynaklanabilecegi diistiiniilmektedir.

Marine palamudun nem (%), ham protein (%), lipit
(%) ve ham kiil (%) icerigi sirastyla % 58,09, % 23,63, %
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11,34 ve % 1,75 olarak saptanmistir. Marine palamuttaki
besin komposizyonu kontrol grubu ile karsilastirildiginda,
nem, lipit ve ham kiil i¢eriginin kontrol grubuna gére daha
yiiksek (p<0,05), protein igerigin ise kontrol grubuna goére
daha diisiik oldugu bulunmustur (p<0,05). Kontrol grubuna
gore lipit ve ham kil oraninda meydana gelen bu
yiikselmenin marinasyon sosunda kullanilan zeytinyagi ve
baharatlardan kaynaklandig: diisiiniilmektedir. Ham protein
oranidaki azalmanin ise nem, lipit ve kiil miktarinm yiiksek
olmasindan kaynaklanan oransal bir azalma oldugu
diigiiniilmektedir. Benzer sekilde, Rzepka vd.,, (2013), tuz

ve seker karisimi ile 3+1 °C’de olgunlasmak igin
beklettikleri ~ palamutlarin =~ besin ~ komposizyonunda
farkliliklar ~ olustugunu bununda sebebinin  sogukta

olgunlastirma esnasinda tuz ve seker karigiminin baligin
etine nufiis etmesinden kaynaklandigini belirtmislerdir.

Yag Asidi Komposizyonu: Kontrol grubu ve marine
palamutlarda, dondurularak depolamanin baglangicinda ve
sonunda ya§ asitleri kompozisyonunda meydana gelen
degisimler Tablo 1’ de gosterilmistir.

Tablo 1. Dondurularak depolama boyunca kontrol ve marine palamutlarin yag asitleri kompozisyonunda meydana gelen degisimler (-18 °C) (%)*.
Table 1. Changes in fatty acid composition of control and marinated bonito during frozen storage (-18 °C) (%)*.

Kontrol Marine
Yag Asitleri Baslangic 4. Ay Baslangic 4. Ay
Doymus Yag Asitleri (SFA)
C8:0 0,02+0,00 0,01+0,01 0,02+0,01 0,01+0,01
C12:.0 0,05+0,00 0,05+0,00 0,04+0,00 0,04:0,00
C14:.0 4,35+0,01* 4,13+0,04 2,87+0,09 3,23+0,13
C15:.0 0,79+0,01 0,75+0,00 0,53+0,02 0,61+0,03
C16:0 18,11+0,21 17,67+0,01 16,08+0,65 16,93+0,37
C17:0 0,71+0,02 0,73+0,01 0,48+0,01 0,57+0,04
C18:0 5,12+0,11 4,90+0,03 4,18+0,10 4,42+0,09
C20:0 0,40+0,01 0,40+0,00 0,4340,02* 0,46+0,01
C22:.0 0,38+0,00 0,31+0,12 0,33+0,01 0,39+0,01
C24:.0 0,84+0,03 0,87+0,02 0,50+0,01%* 0,63+0,02
>'SFA 30,77+0,40 29,80+0,14 25,43+0,90 27,27+0,68
Tekli Doymamus Yag Asitleri (MUFA)
Cl4:1 0,09+0,00 0,08+0,00 0,06+0,00 0,07+0,01
Cl16:1 5,03+0,02* 4,86+0,03 3,56+0,13 4,06+0,14
C17:1 0,46+0,01 0,51+0,00 0,40+0,01 0,46+0,03
C18: 1n-9 20,75+1,56* 19,59+0,18 33,36+1,30 28,09+2,09
C18: 1n-7 0,24+0,01 0,22+0,01 0,14+0,03 0,14+0,01
C20: 1n-9 1,42+0,03* 1,61+0,02 0,99+0,04* 1,34+0,04
C22: 1n-9 0,15+0,00 0,17+0,00 0,17+0,01%* 0,13+0,00
>MUFA 28,13+1,62* 27,03+0,19 38,67+1,24 34,27+1,87
Coklu Doymams Yag Asitleri (PUFA)
C18:2n-6 2,53+0,12 2,67+0,06 5,52+0,35 4,82+0,00
C18:3n-3 1,01+0,01* 1,06+0,01 0,99+0,04 1,03+0,05
C18:3n-6 0,20+0,01 0,20+0,01 0,14+0,01 0,17+0,01
C20:2 0,14+0,01 0,22+0,04 0,1140,00%* 0,20:+0,01
C20:3n-3 0,72+0,00 0,75+0,01 0,59+0,02 0,66+0,02
C20:3n-6 1,35+0,03 1,35+0,02 0,77+0,02* 1,08+0,03
C20:4n-6 0,33+0,02 0,34+0,00 0,234+0,01* 0,27+0,01
C20:5n-3 6,29+0,10 6,58+0,02 5,24+0,15 5,82+0,19
’ (547,81 mg}) (573,06 mg}) (568,07 mg}) (630,95 mg})
C22:6n-3 16,84+0,46 17,85+0,06 14,01+0,36 15,79+0,50
) (1466,62 mgi) (1554,59 mg}) (1518,82 mg}) (1711,80 mg})
> PUFA 29,39+0,41 30,99+0,08 27,59+0,92 29,82+0,80
>n-3 24,86+0,57 26,23+0,03 20,83+0,57 23,30+0,75
>n-6 4,40+0,17 4,55+0,08 6,65+0,36 6,33+0,03
n-3/n-6 5,67+0,34 5,77+0,09 3,14+0,08 3,68+0,10
n-6/n-3 0,18+0,01 0,17+0,00 0,32+0,01 0,27+0,01
EPA+DHA 2014,43 mg} 2127,65 mg} 2086,89 mgi 2342,75 mg}

*Ayni satirdaki * istatistiksel olarak farkliligi gostermektedir (p<0,05). § 100 g palamut drnegindeki miktar1.

Calismada, kontrol grubu olarak herhangi bir
islem gdérmemis palamutun, yag asitleri kompozisyonu
icinde en yiiksek yag asitleri olan C18: 1n-9, C22:6n-3 ve

C16:0’1n miktarlar sirastyla %20,75+1,56, %16,84+0,46
ve %18,11£0,21 olarak bulunmustur. Misir vd., (2014),
Karadeniz bdlgesinden avlanan palamut baliklarimin aylik
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yag asidi degisimlerini inceledikleri ¢aligmalarinda,
palamutta baglica yag asitlerinin C18: 1n-9, C22:6n-3 ve
C16:0 oldugu ve bunlarin miktarlarinin aylik olarak
farklilik gosterdigini bulmuslardir. Palamut baliklarinda
palmitik ve oleik doymus ve tek doymamis yag asitleri
icinde dominat olduklar1 diger arastiricilar tarafindan da
bulunmustur (Tanakol vd., 1999; Bayir vd., 2006). Benzer
sekilde her ne kadar miktar olarak farklilik goriilsede
dominat yag asitleri olarak marine palamutun C18: 1n-9,
C16:0 ve C22:6n-3’n miktarlart sirastyla %33,36+1,30,
%16,08+0,65 ve %14,01+0,0.36 olarak bulunmustur.
Kontrol grubunun toplam doymus yag asidi (D.SFA)
miktar1 % 30,77+0,40, toplam tekli doymamis yag asidi
(O MUFA) miktar1 %28,13+1,62, toplam ¢oklu doymamis
yag asidi (QPUFA) miktart % 29,39+0,41, olarak
belirlenmigtir. Marine palamutun ise toplam doymus yag
asidi (3SFA) miktart % 25,43+0,90, toplam tekli
doymamig yag asidi (3 MUFA) miktar1t % 38,67+1,24,
toplam ¢oklu doymamis yag asidi (QPUFA) miktari
%27,59+0,92, olarak belirlenmistir. Misir vd., (2014), her
iki grup palamutta bizim buldugumuz sonuglardan farklh
olarak toplam PUFA oranmnn aylik olarak toplam SFA ve
MUFA’dan daha yiiksek icerdigini ve aylik PUFA
degisiminin yiiksek varyasyon gosterdigini (%30,6 - 52,9)
bulmuslardir.  Arastiricilar  tarafindan  yag  asidi
kompozisyonunda meydana gelen bu degisimlerin baligin
boyutuna, yasina, dogal diyetine, iireme durumlarina, balik
avinin cografi konumuna, ¢cevre kosullarma ve 6zellikle su
sicakligma bagl olarak degistigi belirtilmektedir (Saito
vd., 1999; Bayir vd., 2006; Huang vd., 2012).

Bu ¢alismada, taze palamut baliginda EPA degeri
% 6,29+0,10 (547,81 mg/100 g drnek) ve DHA degeri ise
% 16,84£0,46 (1466,62 mg/100 g oOrnek) olarak
bulunmustur.

Bizim buldugumuz sonuglarla benzer bir sekilde,
Misir vd., (2014) PUFA igerisinde major yag asidinin DHA
oldugunu ve bunu EPA’nin takip ederek sirasiyla % 12,2—
28,3 and % 5,3-12,3 arasinda igerdigini bulmuglardir.
Bununla birlikte, Huang vd., (2012), Trabzon bdlgesinde
yakalanan Sarda sarda’ nin PUFA igersinde major yag
asidi olarak DHA’nin oldugunu belirterek bizim
buldugumuz sonugla benzer bir sonug elde etsede, EPA ve
DHA miktarini bizim buldugumuz degerlerden daha diisiik
(% 8,59 + 0,49 ile DHA ve % 0,42 EPA) saptamuislardir.

Yapilan epidemiyolojik ¢alismalarda, uzun
zincirli  omega-3in olan DHA ve EPA’nin
kardiyovaskiiler hastalik riskini azalttig1 ve bebeklerin ve
¢ocuklarin biiylimesine ve gelismesine faydali oldugunu
gostermistir (Helland vd., 2003; Ramakrishnan vd., 2010).
Bu c¢aligmada, toplam EPA+DHA miktar1 kontrol
grubunda 2014,43 mg/100 g ornek olarak bulunurken,
depolamanin sonunda bu degerin 2342,75 mg/100 g 6rnek
oldugu belirlenmistir. Marine palamutta ise baslangicta
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toplam EPA+DHA miktar1 2086,89 mg/100 g 6rnek olan
degerin depolamanin sonunda 2450,57 mg/100 g &rnek
oldugu saptanmistir. Farkli saglik kurumlart giinliik n-3
PUFA ve EPA + DHA alim miktarlarini sirasiyla 0,2 —
0,459 ve 0,5 — 1,0 g araliginda olmas1 gerektigini
belirtmislerdir (Gogiis & Smith, 2010). Simopoulos
(2003), bir yetigskinin haftalik gereksinimi i¢in 2000-kcal
diyette 4550 mg EPA + DHA olmasi gerektigini
belirtmektedirler. Kris-Etherton vd., (2009), Diinya
Perinatal Tip Dernegi, Erken Beslenme Akademisi ve
Cocuk Sagligi Vakfi tarafindan (Koletzko vd., 2008)
onerilen DHA miktarinin, hamile ve emziren bayanlar i¢in
ginlik 200 mg diizeyinde olmasi gereltigini
vurgulamiglardir. Lee & Hiramatsu (2011), gesitli saghk
kuruluslar1 tarafindan EPA + DHA'nin oOnerilen
degerlerini, saglikli yetiskinler i¢in giinliik 0,5g ve koroner
kalp hastaliklart olan hastalarda ise giinliik 1,0g
belirtmistir. Bu degerlendirmelere gore, bu ¢alismada elde
edilen EPA, DHA ve EPA+DHA miktarlarmin bu
miktarlari fazlasi ile karsiladig goriilmektedir (Tablo 1).

Huang vd., (2012), Karadenizde avlanan
baliklarin yag asidi kompozisyonlarindan DHA ve EPA
icerigi ve omega- 3 / omega- 6 yag asitleri orani a¢isindan
karsilastirmak ve siralamak igin 3 bilesene sahip bir
puanlama sistemi gelistirmistir: (1) DHA art1 EPA’nm lipit
fraksiyonu; (2) 100g taze dokuda mutlak DHA ve EPA
miktar1 ve (3) tiim yag asitlerini dikkate alarak omega - 3 /
omega - 6 oranidir. Arastirici tarafindan bu 3 bilesenin her
birine 1 ile 3 arasinda bir puan verilmistir. Ornegin, DHA
arti EPA'nin yiizdesiyle ilgili olarak, DHA arti EPA
yiizdesi % 30'u asarsa 3 puan, DHA art1 EPA toplam1 % 15
ila % 30 araliginda ise 2 puan, DHA arti EPA toplam1 %
15ten azsa 1 puan olarak degerlendirilmistir. n - 3 / n- 6
orani ile ilgili olarak, 5,0’dan biiyiikse 3 puan, 1,0-5,0
araliginda ise 2 puan ve bu oranin altindaysa 1 puan olarak
degerlendirilmistir. Bu degerlendirmelere gore, bu
calismada kontrol grubunun ve marine palamutun
depolamanin baslangicnda DHA arti EPA yiizdesi %
23,13 ve % 23,43 ile 2 puan aldig1 ve n - 3 / n- 6 orani ile
ilgili olarak kontrol grubu % 5,67 ile 3 puan marine
palamut ise % 3,14 ile 2 puan aldigi bulunmustur.
Depolamanin sonunda ise, DHA art1 EPA yiizdesi kontrol
grubu ve marine palamutta sirasiyla % 19,25 ve % 21,61
ile 2 puan almistir. Moreira vd., (2001) tarafindan n-6 / n-
3 oraninin <1,0 olmasi gerektigi belirtilmektedir. Buna
gore bu calismada, gerek depolamanin baslangicinda
gerekse depolamanin sonunda n- 6 / n - 3 oraninin <1,0
disik oldugu goriilmektedir (Tablo 1). Saglikli bir
beslenme diyeti igin n-3/n-6 orami 1:1-1:5 olarak
bildirilmistir (Osman vd., 2001). Tiim bu verilere gore, bu
calismada gerek kontrol grubunun gerekse marine
palamutun  bu  degerleri  fazlasiyla  karsiladigi
goriilmektedir (Tablo 1).
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Tablo 1°’de goriildigii gibi, dondurularak
depolamada, kontrol grubunun baglangi¢c degerlerine gore
depolamanin sonunda tekli doymamis yag asitlerinden
C18: 1n-9 ve C20: 1n-9’in ve ¢oklu doymamis yag
asitlerinden  C18:3n-3’in  Onemli oranda azaldigi
saptanmugtir (p<0,05). Marine palamutun ise baslangi¢
degerlerine gore depolamanin sonunda doymus yag
asitlerinden C20:0 ve C24:0’in dnemli oranda yiikseldigi
(p<0,05), tekli doymamis yag asitlerinden C20: 1n-9’in
onemli oranda yiikseldigi (p<0,05) ve C22: 1n-9’in énemli
oranda azaldigt (p<0,05) ve g¢oklu doymamis yag
asitlerinden C20:2, C20:3n-6 ve C20:4n-6’ in onemli
oranda arttig1 bulunmustur (p<0,05). Bu ¢alismada, marine
palamuttaki depolamaya bagli yag asitlerindeki artisin yag
asidi kompozisyonunda meydana gelen azalmalardan
dolay1 oransal bir artig oldugu diisiiniilmektedir.

Lipid Oksidasyonu: Dondurarak depolama
boyunca, kontrol ve marine palamutta meydana gelen
tiyobarbitiirik asit (TBA, mg malonaldehit / kg ornek)
degerleri Sekil 1°de verilmistir.

a0 8,00
N 7,00
E 6,00
3 5,00
© — 4,00
5 300
g 5 2,00
w 1,00
£ 0,00 Bl
asla
< la 2.a 3.a 4.a
E ngic Y Y y y

EKontrol | 3,44 4,83 3,54 4,36 6,90
B Marine 1,92 3,75 3,64 5,86 3,56

Sekil 1. Dondurarak depolama (-18 °C) boyunca kontrol ve
marine edilmis palamutta meydana gelen tiyobarbitiirik asit
(TBA, mg malonaldehit/ kg 6rnek) degerlerinde meydana gelen
degigim.

Figure 1. Changes in thiobarbituric acid (TBA, mg
malonaldehyde / kg sample) values of control and marinated
bonito during frozen storage (-18 °C).

Calismada, TBA degeri baslangicta kontrol
grubunda 3,44 £ 0,10 mg malonaldehit/ kg 6rnek olarak
bulunmustur. Benzer sekilde, Mol vd., (2012), taze
palamut baliklarinda TBA igerigini 3,04 mg MDA/kg ile
bizim buldugumuz degere yakin bir degerde bulmuslardir.
Buna karsilik Erkan vd.,(2020), taze palamut baliklarmin
TBARS miktarini 0,77 mg MDA/ kg ile bizim buldugumuz
degerden daha disiik saptamislardir (Rzepka vd.,
2012;Yerlikaya & Gokoglu 2010a). Bu calismada, diger
arastiricilardan  daha yiiksek olarak bulunan TBA
miktarinin palamut baliklarinin kuru madde ve lipit
icerigindeki farkliliklardan kaynaklanacagi
diigiiniilmektedir. Nitekim kuru madde ve yag igerigi
gozoniine alindiginda Mol vd., (2012)’nin palamut
baliklar1 i¢in bulunan TBA degeri, kuru madde bazinda
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hesaplandiginda daha yiiksek bulunacagi goriilecektir.
Denemenin ilerleyen aylarinda higbir muameleye tabi
tutulmayan  kontrol  grubunun TBA  miktarinda
dalgalanmalar goriilse de, depolamanin sonunda 6,90+0,42
mg malonaldehit / kg 6rnek diizeyi ile baslangi¢ degerine
gore yaklasik %50 artig gosterdigi goriillmektedir (p<0,05).

Marine palamutlarin baslangic TBA degerinin
1,92 + 0,07 mg malonaldehit/ kg 0ornek oldugu
bulunmustur. Her ne kadar gruplar arasindaki farki
saptamak amaciyla yapilan t testinde, kontrol grubu ile
marine palamut arasinda 6nemli bir fark tespit edilmesede,
marine palamutun TBA degerinin kontrol grubuna goére
daha disiik oldugu Sekil 1’de goriilmektedir. Marine
palamudun TBA degerinin dondurarak depolamanin
sonunda 3,56+0,02 mg malonaldehit/ kg 6rnek diizeyine
ulasarak baslangi¢ degerine gore dnemli bir artis gosterdigi
bulunmustur  (p<0.05). Bu c¢alismada, dondurarak
depolamanin sonunda yapilan t testi ile her iki grup
arasindaki TBA degerinin farkli oldugu ve marine
palamutlarin kontrol grubuna gore daha diisiik diizeyde
TBA icerdigi bulunmustur (p<0,05). Baslangi¢c degerleri
ile karsilasttinigdiginda, kontrol ve marine edilmis
palamutlarda goriilen dondurarak depolamaya bagli TBA
diizeyindeki benzer artislar diger arastiricilar tarafindan da
bulunmustur (Yerlikaya & Gdokoglu, 2010a).

Baliklarda kabul edilebilir en yiiksek TBA degeri
8 mg MDA/kg olarak onerilmistir (Schormiiller, 1968). Bu
calismada, her iki grubunda bu degerlere ulagsmadig: fakat
kontrol grubunun depolamanin 4. ayinda 6,90+0,421 mg
malonadehit/ kg 6rnek ile bu degere yaklastig1 bulunurken,
marine edilen grubun bu diizeyin ¢ok altinda kaldig: tespit
edilmistir. Marine palamutun kontrol grubuna goére daha
diisiik TBA igeriginin nedeninin ise marinasyon isleminde
kullanilan sos malzemesi i¢inde bulunan sogan, sarimsak
ve limon suyunun antioksidan 6zelliginden kaynaklandigi
diistiniilmektedir. Stajner vd., (2006)’nin bildirdigine gore
sarimsak ve soganin vitaminler (Brewster & Rabinowitch,
1990), gesitli antioksidanlar (Ide & Itakura, 1996), siilfiir
iceren bilesikler, amino asitler, proteinler (Block vd.,
1996), lipitler ve Selenyum gibi eser elementler (Ip & Lisk,
1996), ve flavonoidler (Hollman wvd., 1997) gibi
antioksidan ozelligi gosterecek iki yiizden fazla bileseni
oldugu tespit edilmistir. Benzer sekilde, antioksidanlarin
gida maddelerine eklenmesinin, Atlantik uskumrusunda
oksidasyona karst maksimum koruma sagladigi
belirtilmektedir (Albertos vd., 2018).

Duyusal Kalite: Dondurarak depolama boyunca
kontrol grubu ve marine palamudun duyusal kalite
parametrelerinde meydana gelen degisimler Tablo 2’ de
gosterilmistir.

Bu calismada, elde edilen duyusal parametrelerde
goriildigii  lizere, marinasyon isleminin palamudun
dondurarak depolama boyunca kalitesini korudugu
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saptanmigtir. Herhangi bir muameleye tabi tutulmamig oksidasyonun birincil faktor olabilecegi belirtilmistir. Bu
kontrol grubu 4. ayda tiketilmezlik asamasma calismada da kontrol grubunun 4. Ayda tiiketilmez smirina
yaklagmigsken, marine palamutun halad tiiketilebilir ulagmasinda, baliklarin dilimlenmis olmasi ve lipid
degerlerde oldugu saptanmigtir. Auborg vd., (2005) iceriginin yiiksek olmasi nedeniyle oksidasyona daha fazla
yapmig olduklar1 bir calismada, yakalama zamaninin maruz kalmasi sonucunda olusan lipid oksidasyon
(Kasim ve Mayzis aylari) ve farkli ticari sunumlarin (tiim ve iirlinlerinin artmasindan kaynaklandigi diistiniilmektedir.
fileto halinde) -20 °C de depolanan uskumrularin (Scomber Kontrol grubunda elde edilen TBA degerinin 4. ayda
scombrus) dondurularak depolama boyunca acilagsmaya Marine edilmis gruptan daha yiiksek olarak bulunmasi da
olan etkilerini arastirmiglardir. Calismanin sonucunda, bu sonucu destekler niteliktedir.

Kasim ayinda yakalan ve fileto ¢ikarilarak dondurulmus Marine edilen palamutlarin lezzetinin daha
uskumrularmin duyusal olarak raf émriiniin 1 ay, Mayis yiiksek  degerlendirilmesinin  nedeninin  marinasyon
ayinda yakalanan uskumrularin ise 3 ay oldugunu isleminde kullanilan sos igeriginin hem antioksidan
belirlemiglerdir. Bunun sebebinin depolama boyunca ozelliginden hem de istenmeyen koku ve tat olusumunu
meydana gelen biyokimyasal bozulma parametrelerinden baskilandigindan kaynaklandigi diisiiniilmektedir. Benzer
meydana geldigini ve Ozellikle Kasim ayinda yakalan sekilde, Yerlikaya & Gokoglu (2010a) yaptiklari ¢aligmada
baliklarm daha yagli oldugu igin lipid oksidasyon palamut balig filetolarmi yesil ¢ay, {iziim ¢ekirdegi ve nar
triinlerinin olusmasina daha fazla yatkin oldugunu ve kabugu ekstraktlar1 ile muamele ederek dondurulduktan
filetonun tiim baliga gore hava ile daha fazla temas sonra -18 °C’de 5 ay depolanmistir. Denemelerinin
etmesinden kaynaklanabilecegini 6ne siirmiislerdir. Yine sonunda koku ve tekstiir bakimindan yesil ¢ay ekstrakt ile
Auborg vd., (2006) keten tohumu ektraktina daldilarak uygulanmis orneklerin duyusal testlerde daha bir begeni
dondurulmus (-20 °C) uskumru filetolarmin duyusal olarak kazandig1 ve bununla birlikte baliketinin glaze 6ncesi bitki
3. Ayda, kontrol grubunun ise 5. Ayda tiiketilemezlik ekstraktlarina daldirilmasi kas yapisindaki deformasyonu
sinirma  geldigini ve yaglh baliklarinin  dondurularak azalttig1 sonucuna varilmistir.

depolamada raf Omriiniiniin smnirlandirilmasinda  lipid

Tablo 2. Dondurarak depolama boyunca kontrol ve marine palamutun duyusal kalite parametrelerindeki degisim.
Table 2. Change in sensory quality parameters of control and marined bonito during frozen storage.

Aylar Koku Renk Lezzet Tekstiir Genel Kabul Edilebilirlik
Kontrol Grubu ~ Marine Palamut ~ Kontrol Grubu ~ Marine Palamut Kontrol Grubu Marine Palamut Kontrol Grubu ~ Marine Palamut ~ Kontrol Grubu  Marine Palamut

Baslangig 8,000,00° 9,00+0,00° 8,00:£0,00° 8,00+0,00° 8,67+0,58° 8,67+0,58% 8,00+0,00° 8,00+0,00° 8,000,00¢ 8,00+0,00°

1 7,00£0,00° 8,50+0,71° 7,00+0,00° 7,500,712 7,000,00%* 8,50+0,71° 7,00+0,00° 8,00+0,00° 7,00+0,00° 8,00+0,00°

2 5,00+0,00° 6,67+0,29° 6,67+0,58° 6,33+0,29% 7,00+0,87° 6,50+0,87° 7,00+0,00° 7,00+0,00? 6,00+0,00 6,500,00°

3 5,00+0,00° 6,67+0,29° 7,000,00° 6,500,50° 6,00+0,00b° 6,330,58% 7,00+0,00° 6,67+0,58? 7,00+0,00° 6,500,50°

4 4,67+0,58% 7,00£0,00° 7,000,00° 7,00+0,00? 3,00+1,00%% 7,00+0,00? 5,67+0,58%" 7,00+0,00? 4,00+£0,00™ 7,00+0,00°

*Ayni siitun i¢indeki farkli harfler ve ayni satirdaki * isareti 0,05 6nem diizeyindeki farklhiliklar1 gostermektedir (p<0,05).

SONUC parametreleri bakimindan tiiketilemezlik smirin1 asarken
marine palamudun tiiketilemezlik asamasina gelmedigi
Yapilan bu aragtirma sonucunda, marine edilmis tespit edilmistir. Tiim bu sonuglar géz 6niine alindiginda
palamutun % lipit, %protein igerigi ve % ham kiil igerigi dondurarak depolama 6ncesi palamut baliklarma yapilan
kontrol grubuna gore daha yiiksek bulunmustur. marinasyon isleminin depolama dmriinii uzattig1, palamut
Dondurarak depolama boyunca her iki grupta lipit baligmin lipit oksidasyonunun gelismesine engel oldugu
oksidasyonun depolama boyunca arttig1 fakat bu artisin ve duyusal 6zellikleri gelistirdigi tespit edilmistir.
marine palamutta daha diisiik oldugu bulunmustur. Bu
sonuca  gbre, marinasyon  soliisyonunun lipit TESEKKUR
oksidasyonunun olugmasini engelledigi sdylenebilir. Yag
asitleri ~ kompozisyonu bakimindan, dondurarak Bu ¢alisma Ordu Universitesi, Bilimsel Arastirma
depolamada bazi yag asitlerinde depolamaya bagli degisim Projeleri Koordinatorliiglinin BY-1732 numarali projesi
oldugu saptanmistir.  Gerek  Dbaglangicta  gerekse ile desteklenmistir.

depolamanin sonunda her iki grubun EPA, DHA, n-3/n-6
ve n-6/n-3  oranlarmi  yikksek diizeyde igerdigi
bulunmustur. Depolama boyunca kontrol grubu ve marine
palamutun duyusal kalite parametrelerinden renk, koku,
lezzet, tekstiir ve genel kabul edilebilirlik puanlarinin
onemli oranda azaldig1 ve fakat depolamanin sonu olan 4.
ayda kontrol grubu koku, lezzet ve genel kabul edilebilirlik
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Abstract: Pacific oyster (Crassostrea gigas), as an alien species to Black Sea ecosystem, is a

*[2': https://orcid.org/0000-0003-1163-6461 highly commercial species with the highest production rate in aquaculture in the world. This
: https://orcid.org/0000-0002-2864-273X species has been raised on the Crimean and Romanian Coasts since 1980s with reports of
potentially breeding wild populations in those regions. However, the presence of this species on

the Turkish coast of Black Sea is literally unknown. Therefore, here we investigated the

occurrence and population density of the wild colonies of Pasific oyster on Ordu Coasts. We

found that C. gigas has created breeding populations on the Turkish coasts with becoming the

dominant species on some hard substrate including rocky bottoms and large rocks that were used

for the fulfilment of the coastal regions to gain more land. Further, the population density was

’,;Acemsz’@gﬂ“ﬁ author’s: 94.58 ind./m? with an average shell length of 3.33 + 0.724 cm. Our results here showed that C.
Ordu University, Fatsa Faculty of Marine gigas has adapted to the Turkish coasts of Black Sea with creating breeding populations, therefore

Science, Ordu 52400, Turkey.

e G T a management plan should be applied in order to reduce the potential influence of this species on

the natural communities.

Keywords: Black sea, invasive, pacific oyster, Crassostrea gigas.

Pasifik istiridyesinin (Crassostrea gigas Thunberg, 1793) Karadeniz’de varhg

Oz: Pasifik istiridyesi (Crassostrea gigas) yiiksek ekonomik degeri olan ve diinyada en ¢ok
tiretimi yapilan tiirdiir. Kirtm ve Romanya kiyilarinda 1980°1i yillarda kiiltiir caligmalart yapilmig
ve bolgede dogal stoklarin iiredigi rapor edilmistir. Ancak, tiiriin Karadeniz'in Tiirkiye kiyilarinda
varligi bilinmemektedir. Bu ¢aligmada pasifik istiridyesinin Ordu sahillerinde varligi, populasyon
yogunlugu ve boyutlar aragtirilmgtir. C. gigas tiiriiniin Ttrkiye sahillerinde iireyip populasyon
olusturdugu, sert zeminlerde, dogal kayalik bolgelerde ve dolgu alanlarinda dominant tiir haline
geldigi belirlenmistir. Ayrica populasyon yogunlugu 94,58 birey/m? olarak, ortalama kabuk boyu
ﬁ:gﬂﬂg'ngﬂ: ise 3,33 + 0,724 cm olarak hesaplannustir. Sonug olarak, pasifik istiridyesinin Karadeniz’in
Ordu Universitesi, Fatsa Deniz Bilimleri Tiirkiye sahillerine adapte oldugu ve dogal bir populasyon olusturdugu séylemek miimkiindiir.
Fakiiltesi, Ordu 52400, Tiirkiye. Ayrica tiiriin bolgedeki dogal stoklara etkisinin arastirilmast igin bir yonetim planmnin
B: maydin69@hotmail.com hazirlanmasi gerektigi diistiniilmektedir.

Anahtar kelimeler: Karadeniz, istilaci, pasifik istiridyesi, Crassostrea gigas.

INTRODUCTION aquaculture species in the world with high ability of
adaptations to various environmental conditions (Shatkin

The Pacific oyster, Crassostrea gigas (Thunberg, et al., 1997; Ruesink et al., 2005). Pacific oyster has been

1793) is a highly commercial Bivalvia species (Wolff & introduced to more than seventy countries and has
Reise 2002; Batista et al., 2008). It is native to Japanese established breeding populations in seventeen of these
coast of Pacific Ocean; however, it is the most common (Ruesink et al., 2005). Aquaculture productions of this
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species started in 1920s in the USA and in 1966 in France.
Further, Italy has the highest production and consumption
rates of this species in Europe (FAO, 2018). Besides its
high rate of production in aquaculture in different
countries, it has been introduced to the new aquatic areas
via unintentionally ships and intentionally shellfish
farming. Both larvae and eggs in the ballast waters and the
adults attached to the bottom of the ships have been
unintentionally distributed globally (Schmidt et al., 2008;
Keller et al., 2011; Pecarevic et al., 2013).

C. gigas was first introduced to the Black Sea in
1980 for aquacultural purposes on the Crimean coast
(Zolotarev, 1996). Following to this first introduction, the
species was reported in the natural areas in 1995 (Micu,
2004). The species was cultured between 2001- 2003 on
the Romanian coasts (Zaharia & Crivat, 2017). Pacific
oyster has been reported in the natural areas out of the
aquacultural areas in the Black Sea (Skolka & Gomoiu,
2004) with rapid adaptations to the environmental
conditions on the coast of Romania (Krapal et al., 2019).
Additionally, Pacific oyster has been reported in the Sea of
Marmara, Aegean and Mediterranean Seas (Acarli et al.,
2017; Gokeek et al, 2020). However, bio-ecological
characteristics including occurrence, distribution and
reproduction etc. of Pacific oyster on the Turkish coast of
Black Sea are still unknown. Therefore, occurrence,
density and size-age distribution of the wild colonies of this
species have been investigated. Additionally, the potential
relationships of Pacific oyster with other native and none
native species in the Black Sea were discussed.

MATERIAL AND METHOD
This study was conducted on the Ordu Coast of

Southern Black Sea in July 2020 (41°06'57.79"N
37°20'51.26"E - 41°02'02.42'"N 37°30'08.88"E) (Figure 1).

The Mediterranean

U
30.00

Figure 1. Sampled area.

We investigated the occurrence and density of
Pacific oyster at 5 sites via a total of 15 times SCUBA

diving on 2 consecutive days. At each site, we sampled
4800 cm? of benthic habitat in three quadrats (40x40 cm)
from Om to 3m at depth. We also photographed each
quadrat for further investigations (Figure 2)

For species identification, we collected a few
individuals from each quadrat and moved to the laboratory
in which species identification was made using
morphological characteristics (Lucas, 1982; NOBANIS,
2020; Poppe & Goto, 2000). Following this, we determined
the size distributions of the individuals observed in
quadrats using ImageJ (with 64-bit Java 1.8.0_152)
(Schneider et al., 2012). Since the length and the width of
the individuals vary independently between individuals,
we used body surface area as size variation of the oysters
(length X width).

Figure 2. Quadrat sampled of different 4 site in Ordu (southern
Black Sea).

RESULTS

We determined that Pacific oyster was the
dominant species both on the large rocks used for land
fulfilment and on the natural substrate on the coast (Figure

Figure 3. Crassostrea gigas habitat from the Black Sea littoral
Turkey.
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We further observed that Pacific oyster share the
same environment with other species on the Turkish coast
of Black Sea. Specifically, Mediterranean mussel (Mytilus
galloprovincialis) and Pacific oyster were mostly found in
the same quadrat (Figure 4). Additionally, Patella species
and rapa whelk (Rapana venosa) were evident in a few
quadrats.

We examined a total of 227 oysters and the
average length was found to be 3.33 £0.724 cm (Min:
0.967 cm-Max: 6.538 cm) (Table 1).

We further observed that some shells were just
opened and the meat of the oysters were removed,
suggesting that Eurasian otter was feeding on this species
in the region.

Tablel. Crassostrea gigas density and morphometry in the Fatsa Region.
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W

Figure 4. Mediterranean mussel and pacific oyster on the same
habitat.

Locality 1 Locality 2 Locality 3 Locality 4 Locality 5
Scaned Area (cm?) 4800 4800 4800 4800 4800
Density (individual) 53 66 35 33 40
Mean Length (cm) 3.56 +0.794 3.40+1.083 3.03+1.062 3.51+1.022 3.00 +0.752
Mean Width (cm) 2.51 +0.663 2.75+0.982 1.95 + 0.656 2.58 + 0.653 2.12 +0.543
Surface area of shell (cm?) 9.19+4.144 9.26 + 4.276 6.42 + 4594 9.48 + 4.663 6.61 +3.203

DISCUSSION

During SCUBA diving operations with scientific
and recreational purposes, a rapid increase in the
abundance of Pasific oyster has been observed (Dr. Aydin,
personal observation), suggesting the results from the
potential arrival of the larvae and/or eggs in the ballast
water and/or adults attached to the bottom of the ships.
Further, Pasific oyster is the dominant species in the
habitats that has been observed. Similarly, wild
populations of Pacific oyster on the Romanian coasts of the
Black Sea have been reported (Krapal et al., 2019).

Different studies investigated the size-age
relationship of Pasific oyster in different regions in the
world. The average size (e.g. shell length) for each age
class found to be as 46 mm for the 1% year, 72.1mm for the
2" year, and 91.6 mm for the 3™ year (Diederich, 2006;
Cardoso et al., 2007; Christensen & Elmedal, 2007; Wang
et al., 2007; Walles et al., 2015). Considering the average
shell length for the given age classes of the oysters found
in those studies, the population on the Ordu Coast
comprises mostly young individuals with an average shell
length of 3.3 cm. However, this inference should
cautiously be accepted, since the growth may differ across
habitats and regions.

C. gigas has the highest production rate among the
aquaculture species due to its rapid and high capacity of
adaptation and high reproduction abilities (Shatkin et al.,
1997; Ruesink et al., 2005). The species reproduces at 18
°C (Enriquez-Diaz et al.,, 2009). The average water
temperatures in the Black Sea reach these temperature
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values around in June, suggesting that reproduction starts
in June in this region (MGM, 2020).

In this study, the wild colony of Pasific oyster in
the southern Black Sea has been detected. In addition, this
study indicates Pasific oyster is well adapted to the
ecosystem of the southern Black Sea and suggests that they
formed a stock in the southern Black Sea.
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Oz: Anadolu’da milattan onceki zamanlardan giiniimiize kadar tarmm yapilan korunga
(Onobrychis viciifolia Scop.) ¢ok yillik bir baklagil yem bitkisidir. Zengin ve besleyici igerigi

*'=: https://orcid.org/0000-0002-7889-9015 sebebiyle hayvan beslenmesinde tercih edilmesinin yaninda pek ¢ok alanda da yogun bir sekilde
: https://orcid.org/0000-0002-9469-2495 kullanilmaktadir. Bu ¢alismada, popiilasyon (Adakli, Doganca, Geng, Yedisu) ve ¢esit aday1
: https://orcid.org/0000-0001-5403-5629 (Fatih, M. Ali Bey, Yunus) 6zelligine sahip toplam yedi farkli korunga genotibi incelenmistir.

2019-2020 yillarinda Bing6l Universitesi ve Ege Universitesi Ziraat Fakiiltelerine ait
laboratuvarlarinda gerceklestirilen g¢aligmada, bu genotiplere ait tohumlarin bazi fiziksel
ozellikleri (sekil-boyut, yiizey alan, ortalama aritmetik ¢ap-geometrik cap, kiiresellik, bin dane
agirligl) belirlenmistir. Elde edilen bu verilerin mekanizasyon agisindan {iriin kayiplari
olmaksizin tohumlarin ekim olanaklarmin arttirilmasina ve genetik acidan yapilacak 1slah

*Sorumlu yazarm: caligmalarina katki saglayacagi 6n goriilmektedir. Istatistiki olarak da incelenen sonuglara gore,

Zeynep DUMANOGLU korunga genotiplerinin; orta boyutlarda ve oval bir sekle sahip oldugu; ortalama 2,736 mm
Bingdl Universitesi Ziraat Fakilltesi aritmetik capa, 8,311 mm geometrik ¢ap ile 2,516 kiiresellik degerine ve 22,315 g bin dane
g;z(’;‘ls‘;g’rg“chcnd“hgl oo agirligina sahip olduklari tespit edilmistir. Ayrica, incelenen bu 6zellikler agisindan gesit aday
@:gzdﬁmanogld@ bingol.edu.tr genotiplerinin istiin 6zellikler gosterdigi; yerel genotiplerden ise sadece Yedisu genotipinin daha

iyi degerlere sahip oldugu belirlenmistir.

Anahtar kelimeler: Korunga, Onobrychis viciifolia Scop., tohum boyutlari, kiiresellik, bin dane
agirligi.

Determination of Physical Properties Seeds of Sainfoin (Onobrychis viciifolia Scop.) Genotypes

Abstract: Sainfoin (Onobrychis viciifolia Scop.) is a perennial legume forage crop which has
been cultivated in Anatolia from pre-Christ times to today. It is preferred in animal nutrition as
well as in many areas because of its rich and nutritious content. In this study, seven different
sainfoin genotypes with population (Adakli, Doganca, Geng, Yedisu) and cultivar candidates
(Fatih, M. Ali Bey, Yunus) were examined. In the study carried out in 2019-2020 laboratories of
Bing6l University and Ege University Faculty of Agriculture, some physical properties (shape-
size, surface area, mean arithmetic diameter-geometric diameter, sphericity, thousand grain
weight) of the seeds of these genotypes were determined. It is anticipated that these data will
contribute to increasing the sowing possibilities of seeds without any product losses in terms of

. . mechanization and genetic improvement studies. According to the statistically analyzed results,
Corresponding author’s:

Zeynep DUMANOGLU sainfoin genotypes; medium-sized and oval shape; It has been determined that they have an
Bingol University, Faculty of Agriculture and average of 2.736 mm arithmetic diameter, 8.311mm geometric diameter and 2.516 spherical value
Biosystems Engineering Department, 12000, and 22.315 g thousand grain weight. In addition, it was determined that the candidate genotypes

Bingol, Turkey.

e s WG sl show superior characteristics in terms of these characteristics, while only the Yedisu genotype

has better values than the local genotypes.

Keywords: Onobrychis viciifolia Scop., sainofin, seed characteristics, sphericity, thousand grain
weight.
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GIRIS

Fabaceae (Baklagiller) familyasinin
Papillionidae alt familyasinda yer alan, Onobrychis cinsi
icerisinde 80-100 civarinda tiir bulunmaktadir (Siitgi,
2020). Bunlar arasinda tarimi en ¢ok yapilan korunga tiirii
Onobrychis viciifolia’dir.  Korunga, eski ¢aglardan
giiniimiize degin tarim1 yapilan bir bitkidir. Giiney Orta
Asya’ya 0Ozgli bir yapist olan korunganin, 15 yy.
baslarindan itibaren Giliney Fransa ile birlikte Orta
Avrupa’ya yayildigi belirlenmistir (Burton & Curley,
1968; Gengkan, 1983; Carbonero, 2011). Ulkemizin de
igerisinde yer aldigr Yakin Dogu florasinda yaygin olan
korunganin (Cegen vd., 2015; Tepe, 2019) yaklasik 70
tirtiniin  lilkemizde dogal olarak yetistigi yapilan
aragtirmalarla belirlenmistir (Ince, 2007; Aveci, 2010).
Bolgelere gore “goriigen” ya da “koringa” adlar1 (Siitgi,
2020) ile de bilinen korunga bitkisi, Anadolu’da milattan
onceki donemlerden itibaren hem Selguklular hem de
Osmanlilar doneminde bitkisi olarak
degerlendirilmistir. Giiniimiizde ise; genel olarak Orta ve
Dogu Anadolu ile Gegit Bolgelerinde daha yaygin olarak

yem

yetistirilmektedir (Agikgdz, 2001; Unal & Firmcioglu,
2007).

Korunga (Onaobrychis viciifolia) farkli iklim
sartlarina dayanimi yiiksek olan (kuraga ve soguga) ¢ok
yillik bir baklagil yem bitkisidir (Ekiz vd., 2011; Tan &
Serin, 2013; Dadasoglu & Tosun, 2017). Yabanci ddllenen
bir bitki oldugundan, cigekleri dollendikten sonra bitki
tizerinde meyveler gelismektedir. Korunga meyvesi farkli
sekillerde olmakla birlikte genel olarak yarim daire
seklinde ve yass1 bir bakla goriiniimiindedir. Igerisinde tek
tohum bulunmaktadir. Meyvelerinin kabuklari ag seklinde,
damarhdir ve yarim daire seklindeki kenarinda bir ¢ikintt
olusturur. Tohum ise; fasulyeye benzemekle birlikte, rengi
koyu kahverengidir (A¢ikgoz, 2001). Yaklasik 100-120 cm
boylanabilen, yiizeyi hafif tiiylii ve yapraklarinda 5-30 adet
yaprake¢ik bulunmaktadir. Bunlar da yaklasik 10-25 mm
uzunlugunda, 3-8 mm genisliginde kenarlar1 diiz bir yapiya
sahiptir (Okg¢u, 2009). Cigekleri genelde pembe ve salkim
seklinde, her bir salkim iizerinde yaklagik 5-80 adet ¢igek
bulunmaktadir (Tasova & Ozkurt, 2018).

Korunga zengin ve besleyici igerigi ile ozellikle
hayvansal  diretim  i¢in  yem  bitkisi  olarak
degerlendirilmektedir (Delgado vd., 2008; Vasileva vd.,
2019). Yapilan arastirmalara gore; iceriginde yer alan
yiiksek miktardaki tanen ve polifenol bilesimleri bu
bitkinin antihelmintik 6zellige sahip oldugunu ortaya
koymustur (Veitch vd., 2011; Siit¢ii, 2020). Otlayarak
beslenen ruminantlarin sindirim organlarinda biriken
rumen gazinin (metan ve amonyak gazinin) neden oldugu
siglik (pro-antosiyanidinler igerdiginden) ve i¢ parazit
enfeksiyonlarmi1  onlemede etkili oldugu, protein
kullanimim arttirdigi (Jones & Mangan, 1977; Thill vd.,
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2012; Piluzza vd., 2014), diger baklagillere gore
biinyesindeki kalsiyum ve sodyum gibi mineraller daha az
bulunmasina karsin; P, Mg ve K acisindan zengin oldugu
(Altindal & Altindal, 2018) boylelikle hayvan sagligini
olumlu yonde etkiledigi ortaya konmustur (Rumball &
Claydon, 2005; Héring vd., 2007). Ayrica, yapilan
arastirmalara gore; diger baklagil bitkilerinden farkli
olarak c¢igeklenme donemi oncesinde (%21,20 ham
protein, %2,10 ham yag, %22,30 ham selilloz, %44,70
azotsuz 6z madde bulunmaktadir) %20 oraninda daha fazla
protein igerdigi; cigeklenme baslangict (%18,90), tam
ciceklenme doéneminde (%17,30) ham protein miktart
diistiigii belirlenmistir (A¢ikgdz, 2001; Okgu, 2009; Ozat,
2010).

Yem bitkisi olarak degerlendirilen korungadan
kirag toprak sartlarinda dekara 1000 kg yesil ot ve 200-250
kg kuru ot alindigi; sulu ortam kosullarinda ise, kuru ot
verimi dekara 500-1000 kg elde dildigi belirlenmistir
(Acikgoz, 2013). Korunganin tohum verimi agisindan ise;
dekar bagna yaklasik 80-100 kg; sulanabilen alanlarda
veya yagisin yeterli oldugu alanlarda bu verimin 150 kg’a
kadar ¢ikabildigi saptanmustir (EKiz vd., 2011). Ulkemizde
yapilan istatistiki ¢aligmalara gére; 2019 yilinda 1 752 763
dekar alandan 1 781 789 ton yesil ot, 2 025 dekar alandan
ise, 111 ton tohumluk elde edilmistir. Dekar basma ot
verimi 1031 kg, tohum wverimi ise 55 kg olarak
belirlenmistir (TUIK, 2019).

Dogal ve suni meralarda yetistirilebilen korunga,
kok yapisina bagli olarak toprakta derinlere inebilme
yetenegine sahiptir. Bu 0Ozelliginden dolay1 yeralti su
kaynaklarina ulagabilmekte ve su problemi olan arazilerde
korunga bitkisi tercih edilmektedir (Cogii, 2008; Okeu,
2009). Bunlarin yaninda, Rhizobium bakterileri yardimu ile
topraga azot fikse etmekte ve toprak su kapasitesini de
arttrmaktadir.  Kirag ve kiregli  topraklarda da
yetisebilmesi, miinavebe bitkilerinden biri olarak {iretici
tarafindan tercih edilmesine neden olmaktadir. Bu tarz
topraklarda yetistirilen bir diger yem bitkisi olan yoncadan
daha fazla verim saglandig: belirlenmistir (Tan & Sancak,
2009).

Korunga, diger yandan aricilik agisindan da
oldukga kiymetli bir bitkidir. Ciceklenme déoneminin diger
baklagil bitkilerine gore daha erken baslamasi ve
cgiceklerinin kokusunun albenili olmasi1 sebebi ile arilarmn
bal, polen ve nektar iiretimi i¢in tercih ettigi bitkiler
icerinde yer almasma neden olmaktadir (Soya vd., 2004;
Elci, 2005; Delgado vd., 2008; Serin & Tan, 2008; Ozbek,
2011; Ko¢ & Akdeniz, 2017).

Bu calismada, bazi korunga genotiplerine ait
tohumlarin bazi fiziksel oOzelliklerinin belirlenmesi
amactyla yiiriitiilmiistiir. Belirlenen bu verilerin 6zellikle
yapilacak olan 1slah c¢alismalarina yardimer olmasi
amaglanmistir. Calismada, Bingol ilinde yetistirilen yedi



Dumanoglu vd., (2021)

adet yerli ve ticari korunga tohumundan &rnekler alinmig
ve laboratuvar ortaminda incelenmistir. Ayrica, elde edilen
degerlerin bu bitkinin araziye ekiminde kullanilacak olan
alet, makine ya da ekipman se¢imine olumlu yonde katki
yapmasi da hedeflenmistir. Boylelikle ekim sirasinda
olusabilecek tohum kayiplarmin (bosluk-ikizlenme) 6niine
gecilerek  dreticinin  gereksiz  iriin - kullanimini
onleyeceginden ekonomik olarak da iireticiyi desteklemesi
amaglanmistir

MATERYAL VE METOT

Bu c¢alisma, 2019-2020 yillarinda Bingol
Universitesi Ziraat Fakiiltesi Biyosistem Miihendisligi ve
Tarla Bitkileri Boliimii ile Ege Universitesi Ziraat
Fakiiltesi Tarim Makinalar1 ve Teknolojileri Miihendisligi
boliimlerine ait laboratuvarlarda yiiriitiilmiistiir. Calismada
materyal olarak 7 adet korunga genotipine ait tohumlar
kullanilmustir (Tablo 1).

Tablo 1. Arastirmada kullamlan korunga genotipleri ve temin
edildikleri yerler.

Table 1. The sainfoin genotypes used in the study and where they
were obtained.

No Genotipler Genotiplerin temin edildigi yerler

1 Adakl Bingol ili Adakli ilgesi

2 Doganca Bingdl ili Geng ilgesi, Doganca koyii

3 Fatih Tarim Isletmeleri Genel Miidiirliigii

4 Geng Bingol ili Geng ilgesi, flge Tarim Miidiirliigii
5 Mehmet Ali Bey Tarim Isletmeleri Genel Miidiirliigii

6 Yedisu Bingol ili Yedisu Ilgesi

7 Yunus Tarim Isletmeleri Genel Miidiirliigii

Bingél ilinin iklim ve toprak ozellikleri:
Meteoroloji Genel Miidirliigi’nden alman 1961-2019
yillar1 iklim verilerine gére (MGM, 2020); genel olarak
Bingol ilinin aylik ortalama sicaklik degerinin 12,1 °C, en
sicak aylarin Temmuz ve Agustos, en soguk aylarin ise
Ocak ve Subat aylar1 oldugu goriilmektedir (Sekil 1).

Ortalama Sicaklik (°C)
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en diisiik yagis miktarinin ise Temmuz ve Agustos aylarina
diistiigii gortilmektedir (Sekil 2).

Bingol ili topraklart genel olarak; killi-tinl
yapida, ndtr veya notre yakin reaksiyonda, tuzluluk
problemi olmayan, az kirecli ve orta kiregli arasinda,
organik madde miktar1 diisiik, fosfor bakimmdan yetersiz
ve potasyum bakimindan ise yeterli diizeyde bir yap1
gostermektedir (Ates & Turan, 2015).

Toplam Yagis (mm)

160,0
140,0
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100,0
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60,0
40,0
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Sekil 2. Bing6l ilinin uzun yillar ortalamasina ait yagis miktart (mm).
Figure 2. The average rainfall of Bingdl for many years (mm).

Yéontem: Arastirmada, korunga genotiplerine ait
tohumlarn fiziksel 6zellikleri asagida belirtilen yontemler
izlenerek belirlenmistir.

Korunga tohumlarina ait fiziksel ozellikler:
Tohumlara ait temel ozelliklerden biri olan sekil-boyut
bilgileri her bir tohum tanesinin uzunluk (mm), genislik
(mm) ve kalinlik (mm) verileriyle olusturulmaktadir.
Bitkilere ait genotipler ayni olsa dahi farkli iklim, cografya,
toprak oOzelliklerine (pH, tuzluluk, kuraklik vb.) bagh
olarak tohum Odlgiileri degisim gosterebilmektedir. Bu
nedenle, yapilan arastirmalar sonucunda tohumlar
geometrik ozelliklerine (uzun-orta-kisa) (Tablo 2) ve sekil
ozelliklerine (yuvarlak-oval-uzun) (Tablo 3) gore ayr1 ayri
incelenmektedir (Yagcioglu, 2015). Belirlenen 6zelliklere
bagli olarak cesit gelistirme ya da mevcut tohumun
ozelliklerini iyilestirmeye dair tohum uygulamalarina
(hormon, ilag vb.) bagvurulabilmektedir.

Tablo 2. Geometrik  Ozelliklerine  gbre  tohumlarin
siniflandirilmast.

Table 2. Classification of seeds according to their geometric
properties.

Geometrik 6zelliklerine gére tohumlar Tane genisligi/Tane lugu(b/a) (mm)
Uzun 0,6
Orta 06-0,7
Kisa >0,7

Sekil 1. Bingdl ilinin uzun yillar ortalamasina ait ortalama
sicaklik degerleri (°C).

Figure 1. Average temperature values of Bingdl province for the
long years (°C).

Bingo6l ilinin uzun yillar toplam yagis miktar
949,1 mm’dir. En fazla yagisin Aralik ve Ocak aylarinda,

Tohumlarm yapisal bu ozelligine bagli olarak
ekim makinasindan hasada ve sonrasinda iriin isleme
asamalarmda kullanilacak olan alet-makine sistemleri bu
verilere gore tasarim-iiretimi  gerceklestirilmektedir.
Boylelikle tarimsal iiretim sistemi igerisinde gerekli ve
ihtiya¢ olan kisimlar tamamlanarak miimkiin olabilecek en
az iriin kaybi ile iiretim ve sonrasindaki basamaklar
gerceklestirilmektedir.
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Tablo 3. Sekil 6zelliklerine gére tohumlarin siniflandirilmas.
Table 3. Classification of seeds according to shape
characteristics.

Sekil dzelliklerine gore tohumlar Uzunluk (a), Genislik (b), Kalinhk (¢) (mm)

Yuvarlak axb=c
Oval a3<b=c
Uzun c<b<al

Bu ¢alismada, yerel ve ticari tohumlarin bir araya
gelmesiyle olusturulan yedi farkli genotipe sahip korunga
tohumlar1 6ncelikle yedi ayri gruba ayrilmis ve rastgele
orneklenerek 100’er adet korunga tohumlarina ait uzunluk
(mm), genislik (mm) ve yiizey alan (mm?) degerleri
kendine ait yazilimi (Image Focus 4.0 v2.4) olan stereo
mikroskop (Nexius Zoom marka) ile belirlenmistir
(Dumanoglu vd., 2019; Dumanoglu & Geren, 2020).

Korunga tohumlarinin gekil-boyut &zelliklerine
dair veriler belirlendikten sonra bu veriler kullanilarak
tohumlar ait ortalama geometrik (mm) ve ortalama
aritmetik cap (mm) degerleri ile kiiresellik verileri
belirlenebilmektedir. Bu bilgilerin belirlenmesinde yillar
icerisinde yapilan arastirmalar sonucunda belirlenen
esitliklerden  faydalanilmaktadir =~ (Mohsenin, 1970;
Alayunt, 2000; Kara, 2012).

Ortalama Aritmetik Cap:

D:(L+W)/2 Q

D: Tohuma ait ortalama aritmetik ¢cap (mm)

L: Tohuma ait uzunluk degeri (mm)

W: Tohuma ait genislik degeri (mm)

Ortalama Geometrik Cap:

Do: (L = D"2)1/3 2

Do: Tohuma ait ortalama geometrik ¢ap (mm)

L: Tohuma ait uzunluk degeri (mm)

D: Tohuma ait ortalama aritmetik ¢ap (mm)

Kiiresellik:

®:Do/L 3)

® : Tohumun kiiresellik degeri

Do : Tohum ortalama geometrik ¢ap (mm)

L : Tohum uzunlugu (mm)

Bir baska temel 6zellik olan tohumlara ait bin
dane agirliklar1 (g) her bir korunga tohumlarindan olusan
gruptan alman Orneklerin ticer tekrarli olacak sekilde
Radwag AS 220.R2 analitik terazi (0,0001 g hassasiyetine)
ile tartimlar1 yapilarak belirlenmistir (ISTA, 2007,
Dumanoglu & Cakmak, 2019).

Korunga tohumlarina ait belirlenen bu fiziksel
ozellikler, 6zellikle bu tohumun kullanilacag: {iriin isleme
basamaklarinda bagvurulan verilerdir. Bu degerler yardimi
ile hazirlanan alt-makine sistemleri ekim isleminden
edilerek tarimsal isletme igerisinde
tohumluk-iiriin - olarak ayrilip paketlenerek tiiketiciye
ulasacag1 son basamaga kadar kullanilmaktadir.

Istatistiksel analiz: Bu calismada, korunga
tohumlarma ait bazi fiziksel (sekil-boyut, yiizey alan,
ortalama aritmetik-geometrik ¢ap, kiiresellik, bin tane

urtiniin  hasat
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agirligl)  ozellikleri  belirlenmeye  ¢aligilmigtir.  Bu
aragtirmada, yedi farkli genotipten alman korunga
tohumlar1 iger tekrarli olacak sekilde tesadif deneme
parselleri deneme desenine gore incelenmis; elde edilen
veriler SPPSS V.21 programi kullanilarak istatiksel olarak
degerlendirilmistir. Ilk olarak, One-Way ANOVA testi ile
tohumlarin farklilign  p<0,05 diizeyinde belirlenmis;
sonrasinda degerlere TUKEY testi uygulanmistir.

BULGULAR VE TARTISMA

Korunga tohumlarina ait uzunluk, genislik
(sekil-boyut) ve yiizey alan: Yapilan istatistik analizi
sonucunda incelenen &zellikler agisindan genotiplere ait
tohumlarin p<0,05 &nemlilik diizeyinde birbirlerinden
farklilik gosterdigi belirlenmistir. Korunga genotiplerine
ait tohumlarin stereo mikroskop kullanilarak belirlenen
uzunluk (mm), genislik (mm) ve yiizey alanlar1 (mm?)
ortalama olarak sirasiyla 3,250 mm, 2,224 mm ve 5,612
mm? olarak belirlenmistir. Uzunluk, genislik ve yiizey
alan1 acisindan en diisiik degerler Geng ilgesi Doganca
koyii genotipine ait tohumlarda Olg¢lilmiistiir. En yliksek
uzunluk degeri (3,324 mm) ile en genis yiizey alan1 (5,896
mm?) Mehmet Ali Bey genotipine ait tohumlarda, en
yiiksek genislik degeri ise Yunus genotipine ait tohumlarda
(2,301 mm) 6l¢iilmiistiir (Tablo 4).

Ertugrul (1998) inceledigi korunga tohumlarinin
boyutlarinda uzunluk degerlerinin 1,13-4,28mm arasinda
degistigini belirtmistir. Sancak vd. (2010) ise; tohumlarin
uzunluk degerlerini 3,5-4,8 mm, genislik degerlerini ise
2,7-3,4 mm olarak 6lgmiislerdir. Acar ve Ayan (2012),
korunga tohumlarmm uzunlugunun 2,5 mm, eninin 2,0-3,5
mm ve kalinligmin ise 1,5-2,0 mm arasinda degistigini
bildirmislerdir. Tasova ve Ozkurt (2018), Ozerbey ¢esidine
ait korunga tohumlarini inceledikleri c¢alismalarinda
tohumlarin ortalama 6,14 mm uzunluk, 4,57 mm genislik,
61,34 mm? yiizey alan olgiisiine sahip oldugunu
bildirmiglerdir.

Tablo 4. Korunga tohumlarina ait uzunluk ve genislik degerleri
ve ortalamalari.
Table 4. Sainfoin seeds Length and width values and averages.

Uzunluk (mm) Genislik (mm) Yiizey alan (mm?)

Genotipler Ort. Stdv. Ort. Stdv. Ort. Stdv.
5| Adakh 3,190 0,316 2,202 0,251 5,4280¢ 1,074
? Doganca 3,157° 0,294 2,147 0,219 5,192° 0,967
% Geng 3,225 0,318 2,194 0,222 5,468 0,947
£| Yedisu 3,272 0,357 2,243 0,228 5,793® 1,176
.| Fatih 3,299 0,302 2,231 0,207 5,717 0,982
Z| MA Bey 3,324* 0,330 2,247 0,220 5,896 1,065
“1 yunus 3,281 0,287 2,301 0,289 5,793 0,839
Ortalama 3,250 0,315 2,224 0,234 5,612 1,007
2 Onem. a:0,078 b:0,119 ¢:0,286 a: 0,063 b:0,685 ¢:0,356 a:0,459 b:0,144 ¢:0,875
M.A.: Mehmet Ali

Bu calisma igerisinde incelenen tiim korunga
genotiplerinin orta boyutta oval bir sekle sahip oldugu
belirlenmistir. Elde edilen sonuglar o6nceki yapilan
caligmalar ile Ortiigmektedir. Toke, (2002) incelemis
oldugu korunga tohumlarinin %68’inin orta irilige sahip
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oldugunu, bunlarin %26,7’sinin ise oval bir sekle sahip
oldugunu belirtmigtir. Cebeci, (2011), farkli ilkelerden
gelen 20 farkl kiiltiir korunga tohumlarinin (Onobrychis
viciifolia Scop. ve Onobrychis altissima Grossh) inceledigi
calismasinda 3 tanesini kiiglik, 17 adetinin ise orta
biiyiikliige sahip oldugunu belirlemistir.

Ortalama aritmetik ve geometrik c¢ap ile
kiiresellik: Yapilan istatistik analizi sonucunda aritmetik
¢ap, geometrik ¢ap ve kiiresellik agisindan genotiplere ait
tohumlarin p<0,05 Onemlilik diizeyinde birbirlerinden
farklilik gosterdigi belirlenmistir. Tohumlara ait uzunluk,
genislik ve yiizey alani belirlendikten sonra elde edilen
veriler degerlendirilerek ortalama aritmetik-geometrik cap
ile kiiresellik verileri saptanmistir. Genel olarak, korunga
tohumlarina ait ortalama aritmetik-geometrik ¢ap degerleri
sirastyla 2,736 mm ve 8,311 mm, kiiresellik degerleri de
2,516 olarak bulunmustur (Cizelge 5). Tasova ve Ozkurt,
(2018), Ozerbey korunga cesidi ile yapmis olduklari
calismalarinda, tohumlarin ortalama geometrik ¢ap
degerlerini 4,41 mm, kiiresellik degerini ise %72 olarak
belirlemiglerdir.

Tablo 5. Korunga tohumlarina ait ortalama aritmetik-geometrik
cap ile kiiresellik degerleri.

Table 5. Average arithmetic-geometric diameter and sphericity
values of sainfoin seeds.

Ort. Aritmetik Cap (mm)

Ort. Geometrik Cap (mm) Kiiresellik

Genotipler

Ort. Stdv. Ort. Stdv. Ort. Stdv.
Adakh 2,692 0,255 7,884 2,176 2,437 0,459
S| Doganca 2,652° 0,240 7,579° 2,088 2,363° 0,428
_E‘ Geng 2,710 0,252 8,097 2,236 2,468® 0,453
£ | Yedisu 2,758 0,274 8,546° 2,567 2,559 0,505
Fatih 2,765 0,234 8,589* 2,189 2,567 0,432
'ér M. Ali Bey 2,786 0,244 8,802° 2,457 2,606° 0,464
S| yunus 2,791* 0,234 8,677 2,084 2,614* 0,437
Ortalama 2,736 0,248 8,311 2,257 2,516 0,454

> Onem. 2:0,650 b:0,073 2:0,670 b:0,064 2:0,659 b:0,087

Korunga tohumlari igerisinde en yiiksek ortalama
aritmetik ¢ap, geometrik gap ve kiiresellik degerleri Yunus,
Mehmet Ali Bey, Fatih ve Yedisu genotiplerine ait
tohumlarinda tespit edilmistir. En diisiik aritmetik cap,
geometrik cap ve kiiresellik degerleri ise Geng ilgesi
Doganca kdyiine ait genotipinden elde edilmistir. Adakli
ve Geng Ilge Tarim Miidiirliigiinden temin edilen Geng
genotipinin de istatistiksel olarak en diisiik degeri veren
grupta oldugu goriilmektedir (Tablo 5).

Bin dane agwliklari: Korunga genotipleri
arasinda p<0,05 onemlilik diizeyinde istatistiki olarak bir
fark bulunmadigi belirlenmistir (Tablo 6). Korunga
tohumlarinin genel olarak ortalama bin dane agirliklari (g)
22,315 g olarak belirlenirken; goreceli olarak en agir
tohumlar Fatih genotipine ait tohumlarda (24,533 g), en
hafif tohumlar ise, Doganca genotipine ait tohumlarda
(20,120 g) belirlenmistir (Tablo 6).

Korunga tohumlarmin bin dane agirligmim 17-32
g arasinda degistigi Acikgdz, (2001) tarafindan
bildirilmistir. Cegen vd., (2015) ii¢ yil siire ile Antalya
bolgesinin dogal florasindan toplayarak inceledikleri 25
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korunga popiilasyonunun bin dane agirliklarimin 20-29 g
arasinda degistigini aktarmiglardir. Acar ve Ayan, (2012),
korunga bitkisine ait tohumlarin bin dane agirhigimi
ortalama 23 g (meyveli) oldugunu bildirmislerdir.

Tablo 6. Korunga tohumlarina ait bin dane agirliklari.

Table 6. Thousand grain weights of sainfoin seeds.
Bin dane agirhg (g)

Genotipler

Ort. Stdv.
Adakh 21,173 0,140
Popiilasyon Doganca 21,120 0,106
Geng 20,160 0,936
Yedisu 23,217 0,225
Fatih 24,533 0,167
Cesit Mehmet Ali Bey 22,893 0,167
Yunus 23,107 0,266
Ortalama 22,315 0,287
Korunga tohumlarinin bin dane agirliginin 17-32
g arasinda degistigi Acikgdz, (2001) tarafindan

bildirilmistir. Cegen vd., (2015) ii¢ yil siire ile Antalya
bdlgesinin dogal florasindan toplayarak inceledikleri 25
korunga popiilasyonunun bin dane agirliklarinin 20-29 g
arasinda degistigini aktarmiglardir. Acar ve Ayan, (2012),
korunga bitkisine ait tohumlarm bin dane agirhigim
ortalama 23 g (meyveli) oldugunu bildirmislerdir.

Calismada incelenen yedi farkli korunga
genotipden gelen tohumlarin genel olarak orta boyutlarda
ve oval bir yapida; 2,736 mm ortalama aritmetik cap
degerine, 8,311 mm ortalama geometrik ¢ap degerine ve
2,516 ortalama kiiresellik degerine; ortalama 22,315 g bin
dane agirligina sahip oldugu belirlenmistir.

SONUC

Sonug olarak, bu ¢calismada birbirinden farkl yedi
ayr1 genotipe ait korunga tohumlar1 incelenmistir. Adakli,
Doganca, Yedisu ve Geng Ilge Tarim Miidiirliigiinden
temin edilen genotipler yerel popiilasyon niteliginde olan
genotipler, Fatih, Mehmet Ali Bey ve Yunus genotipleri
ise, ¢esit adayr olan genotiplerdir. Tohumlarin fiziksel
ozelliklerini gosteren uzunluk, geniglik ve ylizey alani
acisindan ¢esit aday1 olan Fatih, Mehmet Ali Bey ve Yunus
genotiplerinin  yiiksek  degerlere  sahip  oldugu
belirlenmistir. Popiilasyon genotiplerinin ise, diisiik
degerlere sahip oldugu tespit edilmistir. Ancak bunlar
arasinda Yedisu ilgesinden temin edilen genotipin, ¢esit
adaylar1 ile ayni istatistiksel grup igerisinde yer alarak
yiiksek deger alan tohumlar arasinda yer almistir. Yedisu
genotipinin bu o6zelligini ayrica aritmetik ¢ap, geometrik
cap, kiiresellik ve bin tane agirliginda da gostermistir.
Dolayistyla bu ¢aligsma neticesinde, ¢esit adayi olan Fatih,
Mehmet Ali Bey ve Yunus genotipleri ile Yedisu
ilgesinden alinan genotiplerin tstiin 6zelliklere sahip
oldugu saptanmustir.
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Oz Bu calismada Dogu Karadeniz Bolgesi’nde iki farkli sucul sistemde (deniz ve tatl su) bazi
baliklardan izole edilen bakterilerde antibiyotik direncliligi karsilastirllmistir. Rize kiyilarinda,
denizel ortamdan Orneklenen, denizati (Hippocampus guttulatus), mezgit (Merlangius
merlangus), levrek (Dicentrarchus labrax), istavrit (Trachurus mediterraneus), palamut (Sarda
sarda), gokkusag alabaligi (Oncorhynchus mykiss) ve karides (Philocheras trispinosus) olmak
tizere 7 farkli konaktan toplamda 15 bakteri izolatt kullamilmistir. Tatli su 6rnekleri olarak ise
Artvin ilinde yer alan Deriner Baraj Goli’nde, 6 farkli sazan tiirlerinden izole edilen toplam 32
adet bakteri izolat1 kullamlnustir. izolatlarin, Ampisilin (AM10ug), Gentamisin (CN10ug),
Oksitetrasiklin (T30png), Amoksisilin- Klavulanik Asit (AMC10pg), Enrofloksasin (ENR5ug),
Trimetoprim/Sulfametoksazol ~ (SXT25ug), Florfenikol  (FFC30pg),  Sulfametoksazol
(SMZ25pg), Eritromisin (E15pug) olmak kaydiyla 9 farkli antibiyotige karst direnglilik durumlar
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Enrofloksasin digindaki tiim antibiyotiklere karsi direngli bulunmustur.
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Comparison of Antibiotic Resistance of Bacteria Isolated from Different Aquatic Systems

Abstract: In this study, antibiotic resistance of bacteria isolated from some fish in two different
aquatic systems (sea and fresh water) in the Eastern Black Sea Region was compared. A total of
15 bacterial isolates from 7 different hosts, including seahorse (Hippocampus guttulatus),
haddock (Merlangius merlangus), sea bass (Dicentrarchus labrax), horse mackerel (Trachurus
mediterraneus), bonito (Sarda sarda), rainbow trout (Oncorhynchus mykiss) and shrimp
(Philocheras trispinosus), were used in marine environment, in Rize’s coast. In fresh water
samples, a total of 32 bacterial isolates isolated from 6 different carp species Deriner Dam Lake
in Artvin province, were used. The resistance of the isolates to 9 different antibiotics including
Ampicillin (AM10pg), Gentamicin (CN10pg), Oxytetracycline (T30pg), Amoxicillin-Clavulanic
Acid (AMC10ug), Enrofloxacin (ENR5ug), Trimethoprim / Sulfamethoxazole (SXT25ug),
Florphenicol, (FFC30pg), Sulfamethoxazole (SMZ25ug), Erythromycin (E15pg)  was
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GIRIS

Sucul canlilar arasinda yer alan ve ¢ok farkl tiir
gesitliligine sahip olan baliklar, diger tiim canlilar gibi, farkli
hastaliklara maruz kalabilmektedir. Hastaliklarin nedenleri
genel olarak, beslenme, g¢esitli stres faktorleri, cevresel
etkiler ve patojenler olarak Kkategorize edilmektedir.
Patojenik hastalik etmenleri ise kendi iginde bakteriler,
parazitler, mantarlar ve viriisler olarak siniflandirilmaktadir
(Lasee, 1995).

Giintimiizde balik patojeni bakteriler ile enfekte
olan baliklarin hastaliklarina dair oldukga fazla rapora diinya
genelinde rastlamak miimkiindiir (Austin & Austin, 2007).
Ulkemizde 1960’11 yillardan giiniimiize kadar konu ile ilgili
oldukga genis bir literatiir olugmustur. Tirkiye’de 2014
yilinda farkl baliklardan izole edilen bakteriler, tiir bazinda
48 olarak bildirilmistir (Oztirk & Altmok, 2014). Son
yillarda gergeklestirilen g¢aligsmalar ile bu sayr giderek
artmaktadir (Kacar & Balta, 2017; Akkan & Topkaraoglu,
2019).

Yetistiricilik ~ sistemlerinde  oldukca  yiliksek
mortaliteye neden olan bakterilerle miicadelede en Gnemli
ajan siiphesiz antibiyotiklerdir. Antibiyotikler, dogal veya
sentetik olarak elde edilen ve birgok mikroorganizmanin
iiremesini engelleyen ya da oliimiine neden olan ajanlar
olarak tamimlanmaktadir (Sekkin & Kum, 2011).
Gilintimiizde alaninda, bakterilere karsi
antibiyotik kullanimi olduk¢a yayginlasmistir (Balta vd.,
2016; Kayis, 2019).

Tirkiye’de yetistiricilik faaliyetlerinin yapildig:
isletmelerde antibiyotiklerin kullanimma bakildiginda,
sulfadiazin+trimetoprim,  amoksisilin-klavulanik  asit,
florfenikol, oksitetrasiklin, enrofloksasin ve oksolinik asit
etken maddelerini igeren 41 ruhsath balik preparatinin
mevcut oldugu bildirilmistir (Aksit, 2016). Hastaliklarla
miicadelede 6nemli bir paya sahip olan antibiyotiklerin
oldukga sik kullanilmasi dogal olarak bazi problemlere de
sebep olmustur. Kullanimin getirdigi maliyetten daha
onemlisi, antibiyotiklerin canlilara ve ¢evreye verdigi
zararlardir.  Antibiyotikler bakteriyostatik ve bakterisit
olarak, bakteriler tizerine biyokimyasal yoldan etki ederler
(Giilay, 2017). Antibiyotiklerin etki mekanizmasi,
bakterilerin diren¢ genleri sayesinde zamanla veya
bakterinin kendi DNA yapisinda bulunan dogal direnci ile
direkt olarak etkisini kaybetmektedir (Caruso, 2016). Bu
diren¢ mekanizmalar1 ise, Dbakterilere kars1 yeni
antibiyotiklerin {iretilmesini veya daha fazla antibiyotik
kullanimmi1 zorunlu hale getirmektedir. Bu nedenle bilim

su Urinleri

insanlar1  ¢esitli  bakterilerin  antibiyotik  direng
mekanizmalarimi1  yaygin olarak c¢aligmaktadir. Sucul
sistemler ise birikim oOzelliklerinden dolayl, o&zellikle

calisilan ve takip edilen sistemlerdir. Bu sebepten, su ve
sucul sistemlerden izole edilen bakterilerin antibiyotik
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diren¢ ve hassasiyet mekanizmasi hakkinda oldukga fazla
¢alisma bulunmaktadir (Oztiirk & Altiok, 2014).

Diinya c¢apinda antibiyotik direng profilleri su,
sucul canlilar ve sedimentteki bakteriler igin, ozellikle
yerlesim alanlarma yakin bdlgelerde olduk¢a yaygin olarak
rapor edilmesine ragmen (DePaola vd., 1995; Chelossi vd.,
2003); normalde karasal sistemlerde kullanilan antibiyotik
miktarinin sucul sistemlerden ¢ok daha fazla oldugu
bilinmektedir (Giraud vd., 2006). Dolayisiyla bu tarz
caligmalarda insan patojeni olan tiirlere Oncelikle
rastlanmaktadir. Bir ¢ok sistemde fekal kirliligin gostergesi
olarak kabul edilen Escherichia coli, diger ¢alismalarla
beraber antibiyotik direnglilik ¢alismalarinda da oldukga sik
tercih edilmektedir (Efstratiou vd., 2018). Bununla beraber,
balik patojenleri ve su iriinleri igsletmelerinin gevresinden

izole edilen bakteriler ile ilgili c¢aligmalar siirekli
artmaktadir. Bu baglamda, yine Escherichia coli’nin kara
midyesi (Mytilus galloprovincialis) ve deniz
salyangozlarindan ~ (Rapana venosa) izole edilip,

antimikrobiyal diren¢ profillerinin ortaya konuldugu bir
calisma yapilmis ve sulfametoksazola karsi %83 oraninda
yiiksek bir diren¢ kaydedilmis, en disiik direnglilik ise
florfenikole karsi (%1,9) tespit edilmistir (Terzi, 2018a). Bir
bagka c¢alismada da yetistiriciligi yapilan mersin
baliklarindan (Acipenser gueldenstaedti, A. baeri) izole
edilen 37 farkli sus lizerinde yapilan antimikrobiyal direng
taramalarinda, en yiiksek direncin sulfametoksazol ve
ampisiline (%97,3) karst oldugu rapor edilmistir (Terzi,
2018b). Bir diger ¢alismada ise Capkimn vd., (2017) Dogu
Karadeniz Bolgesi’nde alabalik yetistiricilik faaliyetleri
yapan 30 farkli isletmeden izole edilen 43 farkli sus ihtiva
eden 133 bakterinin antibiyotik direnci ile ilgili
calismuglardir. Bu c¢alismada Aeromonas, Vibrio ve
Pseudomonas cinsilerine ait altisar farkli tiirden bu tiirlere
ait toplam 64 bakterinin yer aldig1 belirtilmistir. Bakteri cinsi
diizeyinde yapilan bir diger ¢aligma ise, Aeromonas cinsine
ait bakteriler ile Tirkiye sinirlari igerisinde, genis capl
olarak (Akdeniz, Karadeniz ve Ege Bolgeleri) yapilan,
antimikrobiyal duyarhilik c¢aligmasidir (Onuk vd., 2017).
Calismada 45 Aeromonas izolatiyla (A. sobria, A.
hydrophila, A. salmonicida, A. bestiarum ve A. veroni)
calisilmis ve gentamisin biitiin izolatlarin duyarli oldugu
antibiyotik olarak kaydedilmistir.

Yukarida ozetlenen konu baglaminda sunulan bu
calismada, Dogu Karadeniz Bolgesi’nde farkli iki sucul
alandan Orneklenen baliklardan izole edilen bakterilerin
antimikrobiyal direng profillerini karsilastirmak
amaglanmistir. Yapilan bu ¢aligmayla, tiim sistemin birikim
yeri olan deniz ve herhangi bir su iriinleri yetistiriciligi
yapilmayan tathi su sistemi olan iki farkli sucul sistem
bakterileri arasindaki antibiyotik diren¢ profillerinin
farkliliginin ortaya konulmasi hedeflenmistir.
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Calismada kullanilan toplam 47 adet bakteri, Dogu
Karadeniz’deki Rize ve Artvin illerinden &rneklenmis
baliklardan ve karidesten daha o&nce izole edilmistir.
Orneklenen baliklar hem yetistiriciligi yapilan hem de dogal
olan tiirlerdir. Rize’deki 6rneklerin tamami denizel ortamda
yasayan baliklardan 2012-2018 yillar1 arasinda izole edilen
bakterilerdir (Tablo 1). Artvin ili Deriner Baraj1 6rneklerini
olusturan diger bakteriler ise yine daha dnce Recep Tayyip
Erdogan Universitesi Bilimsel Arastirma  Projeleri
Koordinatorliigii tarafindan 2015°te desteklenen projeden
elde edilen (Proje no: 2014.103.02.04) ve Recep Tayyip
Erdogan Universitesi, Su Uriinleri Fakiiltesi Balik
Hastaliklar1  Laboratuvari'nda  -80°C’de  stoklanmis
izolatlardir. Deriner Baraj Golii’nden izole edilen bakteriler
ile ilgili detaylar Tablo 2’de verilmistir.

Tablo 1. Rize ili deniz ortamindan izole edilen bakteriler ve izole edildikleri
balik tiirleri. n: say, (*): dogal tiir.

Table 1. Bacteria isolated from the marine environment of Rize and the fish
species from they have been isolated. n: number, (*): native species.

Balik Tiirii Bakteri n
Denizat1 (Hippocampus guttulatus)* Vibrio sp. 1
Mezgit (Merlangius merlangus) * Vibrio alginolyticus 1
Levrek (Dicentrarchus labrax) Pseudomonas sp. 1
Levrek (Dicentrarchus labrax) Vibrio parahaemolyticus 1
Levrek (Dicentrarchus labrax) Vibrio sp. 2
Istavrit (Trachurus mediterraneus) * Aeromonas sp. 2
Istavrit (Trachurus mediterraneus) * Pseudoalteromonas sp. 1
Istavrit (Trachurus mediterraneus) * Brevibacterium sp. 1
Palamut (Sarda sarda) * Aeromonas sp. 2
Gokkusagi Alabaligi (Oncorhynchus mykiss) Vibrio anguillarum 1
Karides (Philocheras trispinosus) * Pseudomonas sp. 2
15

Tablo 2. Deriner Baraj Golii’ndeki dogal baliklardan izole edilen bakteriler.
Table 2. Bacteria which isolated from native fishes of Deriner Dam Lake.

Balik tiirleri Bakteri

>

Acinetobacter calcoaceticus
Aeromonas sp.

Aeromonas allosaccharophila
Aeromonas caviae
Aeromonas hydrophila
Aeromonas media
Aeromonas salmonicida
Citrobacter sp.
Pseudomonas sp.
Pseudomonas fluorescens
Pseudomonas jessenii
Rahnella sp.

Shewanella sp.

Shewanella putrefaciens

Aphanius fesciatus
Barbus artvinica
Capoeta banarescui
Capoeta ekmekciae
Capoeta sieboldii
Squalius orientalis

WWRRPRRPRPNNMNWERE AR BRNR

N

Bakterilerin ilk c¢ogaltilmasinda triptik soy agar
(TSA) besi yeri kullanilmistir (Lasee, 1995). Denizel
izolatlar i¢in ise %]1,5 NaCl (tuz) ilaveli TSA (T-TSA)
besiyeri kullanilmigtir. Antibiyogram testleri icin ise
Mueller Hinton Agar (MHA) besiyeri kullanilmis yine
denizel izolatlar i¢in besiyerine NaCl ilavesi yapilmistir.

Calismada antimikrobiyal hassasiyet testleri icin,

Ampisilin (AM10pg), Gentamisin (CN10pg),
Oksitetrasiklin -~ (T30ug), Amoksisilin-Klavulanik — Asit
(AMC10pg), Enrofloksasin (ENR5pg),
Trimetoprim/Sulfametoksazol  (SXT25pg), Florfenikol

(FFC30pg), Sulfametoksazol (SMZ25pug) ve Eritromisin
(E15pg)  antibiyotik  diskleri (Bioanalyse, Ankara)
kullanilmistir.  Antibiyotik diskleri bakterilerin inokiile
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edildigi besiyeri iizerine aseptik olarak yerlestirilmistir.
Besiyeri plaklar1 22+2°C sicaklikta 18-36 saat inkiibe
edilmistir. Olusan zon ¢aplar1 CLSI (2018) yonergesine gore
direncli (D), hassas (H) ve orta (O) olarak kaydedilmistir
(Tablo 3).

Tablo 3. Antibiyogram testi duyarlilik degerleri (CLSI, 2018).
Table 3. The sensitivity values of antibiogram test (CLSI, 2018).
Duyarhlik Zon Degerleri (mm)

Antimikrobiyal madde

Direngli (D) Hassas (H) Orta (O)
Ampisilin (AM10pg) <13 >17 14-16
Gentamisin (CN10pg) <12 >15 13-14
Oksitetrasiklin (T30pg) <14 >19 15-18
Amoksisilin-Klavulanik Asit (AMC10pg) <13 >18 14-17
Enrofloksasin (ENR5pg) <16 >21 17-20
Trimetoprim/Sulfametoksazol (SXT25ug) <10 >16 11-15
Florfenikol (FFC30ug) <14 >19 15-18
Sulfametoksazol (SMZ25pg) <12 >17 13-16
Eritromisin (E15ug) <13 >23 14-22

Cogul antibiyotik direng indeksleri (MAR), izolatin
direngli oldugu antibiyotik sayisinin kullanilan tim
antibiyotiklere orani seklinde bir hesaplama yapilarak, tim
izolatlar i¢in ve izole edildikleri sucul sistemlere gore ayri
ayr1 hesaplanmistir (Krumperman, 1983). MAR indeksinin
>0,2 olmasi, ortamm insan ya da hayvan kaynakl
antibiyotiklere yogun miktarda maruz kalmasimi ifade
etmektedir. Ilaveten, bu g¢alismada, cins diizeyinde bir
kiyaslama icin Aeromonas ve Pseudomonas cinsi
bakterilerin sucul ortam farkliligi da gozetilerek direng
yiizdelikleri incelenmistir.

BULGULAR

Calismada kullanilan bakterilerin tiim izolatlara ait
antibiyotik direng profilleri Sekil 1’de verilmistir. Tim
bakteriler gentamisin antibiyotigine kars1 %100 hassasiyet
gosterirken, en yiiksek direng ampisilin ve sulfametoksazol
antibiyotiklerine karsi tespit edilmistir. Sucul sistem
farklilig1 olan bakteri gruplarmin uygulanan antibiyotiklere
karst  direng yiizdeleri genellikle benzer olarak
belirlenmistir. Bunun yanmi sira, Amoksisilin-Klavulanik
Asit,  Trimetoprim/Sulfametoksazol ve  Florfenikol
antibiyotiklerinde farkliliklar belirlenmistir. Bahsi gecen bu
antibiyotiklerde denizel izolatlarin direng yiizdelerinin
yiiksek olmasi dikkat ¢ekmistir. Bu durumun tersi olarak
ampisilin antibiyotigine karsi tatli su ortaminda yasayan
baliklardan elde edilen izolatlar daha yiiksek direng
gostermistir.

Deriner Baraj Golii'nden izole edilen bakterilerin
MAR indekslerine bakildiginda, tiim izolatlar i¢erinde (32)
sadece 8 izolatin MAR indeksi <0,2 olarak belirlenmistir. Bu
izolatlarm  MAR indeksi ortalamasi 0,24 olarak
hesaplanmistir. Denizel izolatlarda ise (15), MAR indeksi 5
izolat i¢in <0,2 olarak belirlenmistir. Bu izolatlarda ise MAR
indeks ortalamasi 0,31 olarak hesaplanmistir. Burada da yine
denizel kokenli izolatlarm MAR indeksinin daha yiiksek
oldugu belirlenmistir.
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Sekil 1. Denizel ve tatli su kaynakli bakterilerin antibiyotik direng
ylizdeleri.
Figure 1. Antibiotic resistance percentages of marine and freshwater
bacteria.

Calismada Aeromonas cinsine ait bakterilerin
direng yiizdeleri Tablo 4’te verilmistir. Bu verilere gore,
Aeromonas cinsine ait bakterilerin tamaminin kullanilan 9
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antibiyotik  icerisinde 4  antibiyotige (Gentamisin,
Enrofloksasin, Trimetoprim/Sulfametoksazol ve
Florfenikol) karst hi¢ direng gostermedigi belirlenmistir.
Denizel izolatlar i¢in ise sadece 2 antibiyotikte
(Sulfametoksazol ve Ampisilin) direng belirlenmistir. Bahsi
gecen bu iki antibiyotik, her iki sucul sistem bakterilerinde
de en yiiksek direncin gézlemlendigi antibiyotik olmustur.

Pseudomonas cinsine ait bakterilerin direng
yiizdeleri Tablo 5’te verilmistir. Bu verilere gore,
Pseudomonas cinsine ait bakterilerin tamaminin kullanilan 9
antibiyotik icerisinde sadece gentamisine karst hi¢ direng
gostermedigi belirlenmistir. Bu grup igerisinde denizel
kokenli izolatlarin eritromisine %100 direng gosterirken,
tatlt su kokenli izolatlarin ayni antibiyotik i¢in tamaminin
hassas olmasi dikkat ¢ekmistir.

Tablo 4. Denizel ve tath su kokenli Aeromonas cinsi bakterilerin antibiyotik direng yiizdeleri.
Table 4. Antibiotic resistance percentages of marine and freshwater Aeromonas bacteria.

- . Tath su Deniz
Antimikrobiyal Madde n Direngli % n Direngli %
Ampisilin (AM10pg) 20 20 100 4 2 50
Gentamisin (CN10p.g) 20 0 0 4 0 0
Oksitetrasiklin (T30ug) 20 3 15 4 0 0
Amoksisilin-Klavulanik Asit (AMC10ug)* 20 1 5 4 0 0
Enrofloksasin (ENR5pg) 20 0 0 4 0 0
Trimetoprim/Sulfametoksazol (SXT-25ug) 20 0 0 4 0 0
Florfenikol (FFC-30u.g) 20 0 0 4 0 0
Sulfametoksazol (SMZ25pg) 20 14 70 4 4 100
Eritromisin (E15pg) 20 7 35 4 0 0

Tablo 5. Denizel ve tatli su kokenli Pseudomonas cinsi bakterilerin antibiyotik direng yiizdeleri.

Table 5. Antibiotic resistance percentages of marine and freshwater Pseudomonas bacteria.
Antimikrobiyal Madde Tath su Deniz_

n Direngli % n Direngli %
Ampisilin (AM10ug) 4 4 100 3 3 100
Gentamisin (CN10ug) 4 0 0 3 0 0
Oksitetrasiklin (T30pg) 4 1 25 3 1 33,3
Amoksisilin-Klavulanik Asit (AMC10pg)* 4 1 25 3 3 100
Enrofloksasin (ENR5ug) 4 1 25 3 0 0
Trimetoprim/Sulfametoksazol (SXT-25ug) 4 0 0 3 2 66,6
Florfenikol (FFC-30pg) 4 1 25 3 2 66,6
Sulfametoksazol (SMZ2511g) 4 3 75 3 2 66,6
Eritromisin (E15png) 4 0 0 3 3 100
TARTISMA kesimi) ve baraj golii (Deriner Baraj Golii) tercih

Farkli sucul sitemlerden izole edilen bakterilerin
antibiyotiklere kars1 farkli direng géstermeleri olagan bir
durumdur. Bu direncin olusmasinda hem karasal canlilarin
antibiyotik kullanimi, hem de su iirtinleri yetistiricilik
faaliyetlerinde  kullanilan  antibiyotikler  etkilidir.
Ekosistemlerde sucul sistemler, sadece kendi icinde yer
alan kirletici unsurlarin diginda, igerisinde bulundugu
havzanin tiim unsurlarindan etkilenen son rezervler olarak
gecmektedir. Ozellikle denizler ve durgun su sinifina giren
goller, yer iisti ve yer alti havzalarin tim kirlilik
etkenlerini tagimasiyla dnemli derecede birikimi olan sucul
sistemlerdir (Kayhan & Yon, 2014). Yapilan bu calismada,
izole edilen bakterilerin bulundugu sucul sistemler igin,
kirlilik birikim merkezi olan denizel ortam (Rize sahil
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edilmistir.

Bu calismada Deriner Baraji’ndaki dogal balik
tiirlerinden edilen bakterilerin antibiyotiklere
gosterdigi direng birkag antibiyotik i¢in degisse de, genele
bakildiginda denizel kdkenli bakteri izolatlari ile paralellik
arz etmistir. Ornegin Amoksisilin-Klavulanik ~ Asit,
Trimetoprim/Sulfametoksazol ve  Florfenikol  gibi
antibiyotiklere karsi, denizel izolatlar daha fazla direng
gosterse de genel tablo diren¢ seviyelerinin birbirine
paralel oldugunu gostermektedir. Ayrica, ¢ogul antibiyotik
indeksinin (MAR) her iki sistemde de >0,2 olmasi, iki
sistemin de antibiyotiklere yogun olarak maruz kaldigina
isaret etmektedir. Yine de denizel 6rneklerden elde edilen
izolatlarda MAR indeksinin  yiikksek olmasi ve
antibiyotiklere karsi direng seviyelerinin yiiksekligi son

izole
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birikimin denizel ortam olmasiyla izah edilebilir. Ancak,
su iriinleri yetistiricilik faaliyetlerinin olmadigi Deriner
Baraj Goli'niin de kendi havzasindan etkilendigi gergegi
bu calisma ile ortaya konulmustur. Deriner Baraji’nda,
balik patojeni bakterilere karsi kullanilan antibiyotiklerin
direng yiizdesinin sifira yakin ya da oldukga diisiik olmasi,
buna karsin insanlarda yaygin olarak kullanilan penisilin
grubundaki genis spektrumlu ampisiline kars: izolatlarda
¢ok yiiksek bir direng olmasi, karasal kontaminasyonu
destekler nitelikte bir bulgu olmustur.

Izolatlar arasinda en fazla izole edilen Aeromonas
cinsinde ise antibiyotik direng yiizdeleri
degerlendirildiginde, Aeromonas suslarinin ampisiline
yiikksek bir direng gosterdigi belirlenmistir. Bu direng
Aeromonas’larin ampisiline dogal bir direnci olmasi ile
aciklanabilir (Richardson vd., 1982). Ancak tatl su kokenli
izolatlarda bu direng %100 iken, denizel izolatlarda ise
diren¢ %50 olarak belirlenmigtir. Onuk vd., (2017),
yaptiklart ¢alismada balik ve su kokenli Aeromonas’lara
uygulanan oksitetrasiklin direncini %37,8 olarak rapor
etmislerdir. Bu ¢aligmada balik kokenli Aeromonas cinsi
bakterilerin  oksitetrasiklin  direnci %15  olarak
kaydedilmistir. Denizel kokenli izolatlarda ise dirence
rastlanmamustir.  Calismadaki  Aeromonas suslarmin
enrofloksasin, florfenikol, amoksisilin-klavulanik asit ve
trimetoprim/sulfametoksazol gibi antibiyotiklere karsi
direncinin olmast bdlgede su {riinleri yetistiriciligi
acisindan olumlu bir sonug olarak degerlendirilebilir.

Makrolit grubu olan eritromisinin hidrofobik
yapisindan dolayi, Enterobacteriaceae ailesi iiyeleri olan
Pseudomonas ve Acinetobacter cinsinin tiyeleri gibi ¢ogu
gram negatif bakterinin hiicre duvarindan gecemedigi
yapilan baz1 ¢alismalarda bildirilmistir (Zhanel vd., 2001;
Tinger vd., 2008). Ancak gerceklestirilen bu ¢aligmada
ilging olan detay ise, denizel kokenli Pseudomonas cinsi
orneklerde bu direng bahsi gegen bilgiyi dogrularken, tath
su kokenli Orneklerde ise izolatlarda direng
olmamasidir. Bu durum literatiir bilgisi ile ¢elismektedir.

Penisilin grubu antibiyotiklerin igerisinde yer alan
aminopenisilinler diger penisilin tiirlerine nazaran Gram
negatif bakterilerde etkinligi daha fazla olan grubu temsil
etmektedir. Ancak son yillarda bu grup antibiyotiklere
karst da bakteriyel direncin olustugu ile ilgili literatiir
bilgilerine rastlanmaktadir (Ayaz, 2017). Bu durum
calismanm bulgulari ile eslesmektedir. Buna ragmen, ayni
grupta yer alan amoksisiline kargt bu direng ¢ok daha
diisiik bulunmugtur. Bu durum amoksisilin (AMC10ug)’in
ayni1 zamanda klavulanik asit ile desteklenmis olmasindan
kaynaklanabilir.  Cinkii, 6zellikle klavulanik asit
kombinasyonu ile bu antibiyotik, beta laktamaz enzimi
salgilayabilme ihtimali olan bakterilerin bu enzimi
salgilamasi engellenmekte ve direng kirilmaktadir.
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Abstract: Human pathogenic viruses in seafood are a significant and emerging problem for public health,

«05): https: /forcid.org/0000-0002-7087-5801 food safety, and socio-economic implications worldwide. They may exist in any form of untreated water due
- https://orcid.org/0000-0003-2940-6592 to pollution induced by fecal content of human or animal origin, directly infected through interaction with
body secretions and fluids containing contagious viral particles, or indirectly by aerosols or other polluted

fomites. Thus, human pathogenic viruses can cause infection anytime by transmitting them from water and

food environments to seafood and its products. Nowadays, people go through an unprecedented, huge

challenge and global health disaster around the world because of the severe acute respiratory syndrome-

. coronavirus-2 (SARS-CoV-2) outbreak. Non-enveloped viruses are commonly known to have more stable
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Bahar TOKUR and can survive much longer than viruses with an envelope tag. However, some studies show that some
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I3 bahartokur@odu.edu.tr display in retail stores are common methods to prevent the loss of quality and survival of the SARS-CoV-2

may be enough time to have all transmission routes at these low temperatures like other viruses. However,
there have been no cases of COVID-19 infection identified through either water-borne or food-borne
transmission since the beginning of the pandemic (almost a year). It seems that the main way of virus
transmission is mostly person to person through respiratory droplets. So, it is thought to be that the risk of
getting COVID-19 from seafood is very low and it can safely consume with proper cooking and hygiene
protocol.

Keywords: Avian influenza, coronavirus, health risk, seafood.

Su Uriinlerinde Patojenik Zarfh Viriisler Olarak Avian Influenza ve Koronaviriisiin
Olas1 Saghk Riski Bakimindan Degerlendirilmesi: Derleme

Oz: Su iiriinlerinde patojenik viriisler, diinyada gida giivenligi, halk sagligi ve sosyo-ekonomik etkiler
bakimindan 6nemli bir sorundur. Bu viriisler, insan veya hayvan kaynakli diski iceriginin neden oldugu
herhangi bir aritilmamis su kaynaginda, dogrudan bulasici viral partikiiller igeren viicut salgilar1 ve sivilariyla
veya dolayli olarak aerosoller veya diger kirli materyallerle enfekte olan bulasma nedeniyle bulunabilirler.
Boylelikle insan patojenik viriisleri, her an su ve gida alanlarindan su iiriinlerine bulasarak enfeksiyona neden

*Sorumlu yazar: olabilirler. Giiniimiizde insanlar, sidetli akut solunum sendromu- koronaviriis-2 (SARS-CoV-2) salgini
Bahar TOKUR nedeniyle tiim diinyada benzeri goriilmemis, bilyiik bir zorluk ve felaket yasamaktadir. Genellikle, zarfsiz
ODU Fatsa Deniz Bilimleri Fak. virlislerin daha kararli oldugu ve zarfli viriislerden ¢ok daha uzun siire hayatta kalabilecegi bilinmektedir.

Balikeilik Tekn. Miih. Bolimii,
Fatsa/ORDU TURKIYE
DX: bahartokur@odu.edu.tr

Bununla birlikte, bazi ¢alismalarda kus gribi gibi zarfl1 viriislerin deniz mahsullerinde birikebildigi ve diisiik
sicakliklarda daha stabil oldugu gosterilmistir. Su iiriinlerinin islenmesi, depolanmasi, aktarilmasi, dagitilmasi
ve perakende magazalarinda sergilenmesi sirasinda diisiik sicaklikta korunmasi kalite kaybini dnlemek i¢in
kullanilan yaygin bir yontemdir ve SARS-CoV- 2 diisiik sicakliklarda tiim bulagma yollariyla hayatta
kalabilmek i¢in yeterli zamana sahip olabilir. Bununla birlikte, salgin basladigindan beri (yaklasik bir yil), su
ya da gida kaynakli bulas yoluyla belirlelen herhangi COVID-19 enfeksiyon vakasi belirlenmemistir. Viriisiin
yayilmasinin ana yolunun ¢ogunlukla kisiden kisiye solunum damlaciklari yoluyla oldugu goriilmektedir. Bu
nedenle, COVID-19'u gidalardan alma riskinin ¢ok diisiik oldugu ve su iriinlerinin uygun pisirme ve hijyen
protokolleriyle gilivenli bir sekilde tiiketilebilecegi diisiinilmektedir.

Anahtar kelimeler: Koronaviriis, kus gribi, saglik riski, su iirtinleri.

31


doi:%20https://doi.org/10.35229/jaes.477726
https://doi.org/10.35229/jaes.796262
https://orcid.org/0000-0002-7087-5801
https://orcid.org/0000-0003-2940-6592
file:///C:/Users/R.T.E.Ü/Google%20Drive/JAES/JAES%202021/JAES%206(1),%202021/bahartokur@odu.edu.tr
bahartokur@odu.edu.tr

Tokur & Korkmaz, (2021)

INTRODUCTION

Seafood and water-related transmission may also
be suspected of enhancing the spread and production of
zoonotic respiratory viruses (e.g., influenza, severe acute
respiratory syndrome-coronavirus (SARS-COV), severe
acute respiratory syndrome-coronavirus-2 (SARS-COV-
2), Middle East Respiratory Syndrome-Coronavirus
(MERS) and Nipah virus), facilitating the occurrence of
zoonotic events with bushmeat (Ebola virus) handling
(Liya et al., 2020; Ohimain, 2016; Qu et al., 2020; Wolfe
et al., 2005). Highly Pathogenic Avian Influenza (HPAI)
virus (H5N1) and SARS-CoV have been identified in the
WHO study as having the possibility for spread from
animals (WHO 2008). Avian influenza and coronavirus
(SARS-COV and SARS-COV-2) as enveloped viruses are
cause a significant and emerging food safety and public
health problem and threat.

Coronaviruses (CoVs) have a diameter of
120—160 nm, non-segmented RNA genome between 26.4
and 31.7 kilobases, enveloped viruses with single-stranded
and as the name implies “corona” (means crown), when
seen under electron microscopy it has crowned like
projections (Siddell, 1995). Within the envelope, there is
the helical capsid composed of the RNA and genome
nucleoprotein (Kampf et al., 2020; La Rosa et al., 2020b).
The nonenveloped waterborne viruses such as
adenoviruses, enteroviruses, coliphage, more commonly
known for persistence and disinfection in water and
wastewater, is different from the coronaviruses concerning
the presences of having a lipid membrane and
comparatively large ssRNA genome (Silverman & Boehm,
2020). Coronavirinae family is separated into four genera
named as alpha-, beta-, gamma-and delta-coronavirus.
Only alpha (HCoV-229E and HCoV-NL63) and beta
coronaviruses (HCoV-HKUL1, HCoV-0C43, MERS-CoV
and SARS-CoV) are recognized to infect humans and
animals related to respiratory and gastro-intestinal
infections (Cui et al., 2019; La Rosa et al., 2020c; Sharma
et al., 2020). In late 2019, SARS-COV-2 as beta-
coronavirus has emerged and can lead to high mortality
rates (Qu et al., 2020). This novel coronavirus (SARS-
CoV-2) outbreak called as COVID-19 has been announced
a global pandemic by the World Health Organization
(WHO) on March 11, 2020 (Qu et al., 2020; Randazzo et
al., 2020).

Influenza is an extremely infectious respiratory
illness, with several years of local clusters, with rare
epidemics or pandemics. In the "Spanish" influenza
pandemic of 1918-1919, Influenza viruses Kkilled an
estimated 20 to 50 million people worldwide (Tumpey et
al., 2005). For a variety of reasons, the worldwide effect
may be much greater this time (Webster, 1994). The
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influenza virus is common and can be seen in animals such
as birds, horses, and pigs and also in humans, as sometimes
cetaceans, dogs and mustelids can be infected from it as
well. Generally, the natural hosts of certain avian influenza
viruses are reservoirs in wild aquatic birds of the orders
Anseriformes  (e.g. ducks, geese, swans) and
Charadriiformes (e.g. seagulls, terns, waders) (Hussain et
al., 2016). Extremely pathogenic avian influenza (H5N1)
has resulted in serious poultry and human illnesses. The
Office International des Epizooties (OIE) and WHO
recorded over 15,000 outbreaks of domestic birds from
2005 to 2018 and 861 human cases from 2003 to 2019
worldwide, respectively (Roy Chowdhury et al., 2019).
Epidemics of avian influenza viruses from 68 countries
were identified as of May 2019 (OIE, 2019).

This work will focus on the evaluation of avian
influenza and coronavirus as human pathogenic enveloped
viruses for possible health risks.

POSSIBLE ROUTES OF TRANSMISSION
The routes of transmission of seafood associated

human pathogenic enveloped viruses are shown in Figure
1.
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Figure 1. Routes of transmission of seafood associated human
pathogenic enveloped viruses.
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Viruses are stable in the environment and can be
spread through air, water, food or by direct or indirect
contact with contaminated body fluids. Viruses can enter
the body through numerous sites containing either the
respiratory and enteric tracts by aerosolized droplets and
droplet nuclei, or the fecal-oral (Yezli & Otter, 2011). Over
140 types of pathogenic viruses can be transmitted from the
aquatic environment (WHO, 1995). In the marine
environment, all known seafood-borne pathogenic viruses
caused an important public health hazard are transmitted
via primarily the fecal-oral route, which regularly
discharged to marine and estuarine waters either treated or
untreated sewage (Griffin et al., 2003; Kovac et al., 2009)
and urine, and respiratory secretions from the infected host
which enter into sewage water (Wang et al., 2018). Various
events such as floods, purified and untreated contaminated
waste discharges or sewage flow can raise microbial
contaminants in shellfish habitats. The bivalves are filter
massive quantities of seawater and concenrate human
pathogens (Bosch et al., 2005). Many species of seafood
such as shrimps (Botero et al., 1996) or crabs (Goyal &
Nelson, 1984) can carry viruses in their shells, and infected
bivalves can be feeding by carnivorous shellfish such as
lobsters or crabs, or fish (Hejkal & Gerba, 1981). In 2003,
the WHO reported that the effect of waterborne infection
of pathogens has caused 3.4 million deaths worldwide,
while the EU reported that 13,548 children who were less
than 14 die per year from these waterborne pathogens;
nevertheless, it is impossible to measure the actual
influence of viruses on all pathogens (Gibson, 2014).

Viral transmission can also occur through polluted
seafood, due to insufficient hygienic activities by infected
food handlers (Bosch et al., 2016; Koopmans, 2005;
Seymour & Appleton, 2001; Shao et al., 2011; Todd &
Grieg 2015), the aerosolized virus caused by infected
persons (Koopmans & Duizer, 2004; La Rosa et al., 2020b;
Qu et al., 2020) and their contamination sites within the
human body like nervous system (Enterovirus, Nipah
virus, Poliovirus, Parechovirus), respiratory system
(HPAI-H5N1, SARS-CoV, Liver HAV, HEV), neural
tissue and, and intestinal system (NoV, HRV, Sapovirus,
Astrovirus, Adenovirus, Aichi virus) (WHO, 2008). The
very first foodborne infection is a way to spread among the
human population, which can then change and spread itself
through person-to-person infection. Contaminated raw
materials or fresh products are available from remote
locations and can be used as ingredients in many types of
food, thus raising the possibility for the spread of infection
and the effects in the food industry (Bosch et al., 2018).
Various the reported cases of foodborne virus disease have
been related to infection of convenience, ready-to-serve
food by a contaminated food handler, according to WHO
reports (WHO, 2008).
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AVIAN INFLUENZA (A)

Influenza A viruses are members of the
Orthomyxoviridae family of one-stranded, negative-sense
enveloped RNA viruses (Figure 2). These are classified as
18 haemagglutinin and 11 subtypes of neuraminidase (NA)
(Palese & Shaw, 2007). Electron microscopy of isolated
influenza (H1N1) virus particles is shown in Figure 2.

Figure 2. Electron microscopy of isolated influenza
(AJHIN1pdm) virus particles in the culture supernatant (a) and
(b) in filamentous forms in the lung sections (Nakajima et al.,
2010).

Human influenza viruses mainly reproduce in the
respiratory tract, but avian variants predominantly exist in
the bird gastrointestinal tract. This means that the viruses
are excreted with a large number of feces in dense
waterfowl populations. Consequently, water is considered
to be an essential element in the natural transfer of avian
influenza viruses among populations of wild birds through
an indirect fecal-oral way involving fecal polluted water in
shared aquatic habitats (Bosch, 2007; Brown et al., 2009;
Grabow, 2007; Markwell, 1982; Nazir et al., 2011; Root,
2014; Sandu & Hinshaw, 1981). There are two major
routes of AIV transmission: (i) a direct bird-to-bird
transmission and (ii) a waterborne transmission.
Researches have shown that waterborne transmission is an
effective way of distributing and transmitting the avian
influenza virus (Dovas et al., 2010; Roche et al., 2009;
Thanapongtharm et al., 2013). This transfer process is
highly effective since it persists in water for long periods
within such temperature ranges (Brown et al., 2009;
Domanska-Blicharz et al., 2010; Stallknecht et al., 1990;
Webster et al., 1978). Studies have shown that the H5N1
and HION2 viruses can live longer with appropriate water
conditions, including pH, salinity, and cold, for up to
several months (Brown et al., 2009; Liu et al., 2005; Zhang,
2014). Dublineau et al., (2011) observed that the pandemic
influenza virus can survive infectious as a minimum of 200
days at 4°C in water.

The varied biotic water ecosystems, including fish
and shellfish, are also susceptible to a variety of
contaminants being discharged into the marine
environments. Shellfish as filter feeders appear to
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bioconcentrate the virus in the contaminated aquatic
environments (Huyvaert et al., 2012) and serve as effective
vessels for their spread (Lees, 2000; Skraber et al., 2005).
Firstly, Scholtissek and Naylor, (1988) illustrated the
expected function of combined culture by fish and ducks
as fertilizer for fish farming systems in influenza pandemic
transmission. Pathak et al., (2018) demonstrated that under
laboratory conditions, bamboo shrimps (Atyopsis
moluccensis), which are essential members of aquatic
fauna for the reason that large fish, birds and humans eat
them (Chace, 1983), may absorb the virus and stay
infectious throughout the shrimp body. Huyvaert et al.,
(2012) has also reported that freshwater clams (Corbicula
fluminea) can accumulate avian influenza and an important
resource for early detection of HIN1 viruses in the marine
environment. Eissa et al., (2012) documented that several
aquatic species have a vital role in providing an
intermediate path for the transmission, distribution, and
dissemination of influenza viruses to and from susceptible
marine and poultry populations with a two-year analysis in
maritime and freshwater regions in Egypt from the
neighborhood of natural migratory bird stop stations. They
also detected avian influenza (H5N1) in Red Swamp
Crayfish  (Procambarus clarkii), Catfish (Clarias
gariepinus), Puffer Fish (Lagocephalus sceleratus) and
Mediterranean Cone Shell (Conus mediterraneus) in Egypt
from the neighborhood of natural stopping stations for
migratory birds. Densmore et al., (2019) is the first to
confirm influenza A virus infection from a natural water
source in clam and mussel tissue. Likewise, Stumpf et al.,
(2010) found that influenza A viruses were collected by
zebra mussels (D. polymorpha) from topsoil, and that such
viruses persist in the mussels for prolonged periods.

CORONAVIRUSES

Severe acute respiratory syndrome (SARS-CoV):
A serious acute respiratory syndrome (SARS-CoV), which
occurred in 2781 cases with 111 deaths recorded on 10
April 2003 from 17 countries on 3 continents, is both an
enteric and respiratory disorder (Nwachcuku & Gerba,
2004). SARS-CoV was phylogenetically distinct from all
human and animal coronaviruses previously recognized
(Weber et al., 2016). Figure 3 shows the ultrastructural
appearances of SARS-CoV developed in Vero e6 cells
(Ksiazek et al., 2003).

Because the virus is excreted in respiratory
secretions, the feces often excrete significant numbers; as
many as 1,31107 viruses per gram of feces. Studies have
demonstrated that SARS-CoV can survive in stool samples
at room temperature for 4 days (Nwachcuku & Gerba,
2004; Wang et al., 2005; Weber et al., 2016). Infected
stools in wastewater may create additional spread routes by
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creating virus-laden aerosols throughout wastewater
flushing (Isakbaeva et al., 2004; Qu et al., 2020). Peiris et
al., (2003) reported that epidemiological investigations of
321 patients who were associated with coronavirus- SARS
outbreak in a high-rise residential estate in Hong Kong
(March 24 in 2003) could be related to a defective sewage
system.  Several reports have recorded that coronavirus
stays transmissible in water and wastewater for days to
weeks (Casanova et al., 2009; McKinney et al., 2006;
Nwachcuku & Gerba, 2004). Scientists recorded that it
took many days to reduce virus infectivity by 99% at room
temperature, in liquid water or pasteurized settled sewage.
SARS-CoV was observed at 20 °C for 2 days in hospital
sewage, domestic wastewater and tap water and at 4 °C for
up to 14 days (Pinon & Vialette, 2018), at least 17 days in
fecal or urine (Wang et al., 2005), thereby demonstrating a
clear temperature effect on viral persistence (La Rosa et al.,
2020a; Leung et al., 2003). Two surrogate coronaviruses
were tested by Casanova et al., (2009) and they noticed that
this transmissible gastroenteritis (TGEV) and mouse
hepatitis (MHV) viruses in pasteurized settled sewage
stayed contagious for days to weeks. At 25 °C, it took 22
days for TGEV to minimize reagent-grade water by 99%
and 17 days for MHV. The period for a 99 percent drop of
pasteurized settled waste was 7 days for MHV, and 9 days
for TGEV.
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Figure 3. Ultrastructural Appearances Of SARS-CoV Developed
In VVero E6 Cells (Ksiazek et al., 2003).

In marine environments, the rate of virus decay
can be significantly affected by the viral genome and
envelope properties; thus, coronaviruses are believed to
have characteristics of survival and disinfection that vary
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from smaller and non-enveloped viruses (Silverman &
Boehm, 2020; Wigginton et al., 2015). Enveloped viruses
are usually deemed inconsistent in aquatic life and thus
have not been stressed in studies, procedures, or
regulations on waterborne viruses. The waterborne
infection has never been seen in humans, but identification
of human coronavirus (HCoV) and SARS-CoV in the feces
of infected patients was documented (Drosten et al., 2003;
Esper et al., 2010; Vabret et al., 2006), indicating that the
fecal-oral way can cause HCoV (La Rosa et al., 2020b) and
SARS-CoV transmission. Nevertheless, certain enveloped
viruses may live in soil and surface waters such as
influenza A for long times. For example, certain
coronaviruses are comparatively stable in aquatic life and
can even spread to humans and cause serious outbreaks.
The virus is similar to coronaviruses, which are known as
part of the intestinal viral flora of a lot of people and were
identified in the feces of patients and wastewater and were
found to survive for a long time at low temperature (Leung
et al., 2003; Wang et al., 2005; Ye et al., 2016). It was
thought necessary to link waterborne infection with
influenza virus, all of which have a typical envelope
(Gundy et al., 2009; Peiris et al., 2003; Wigginton et al.,
2015). However, there is a deficiency in the studies about
waterborne transmission as with the avian influenza
viruses. Consequently, the increased possibility of
respiratory virus infections such as influenza and SARS
especially in agquatic environments can not be overlooked
for filter filtering shellfish and fish farming/catching in
uncontrolled sewage and wastewater regions to protect
human health against coronavirus through water (Todd &
Grieg, 2015).

SARS-CoV, as well as monkeypox (Rimoin etal.,
2010) and Nipah virus (Luby et al., 2009), can bhe
transmitted via food-related occurrences, either by
zoonotic food consumption or during food handlers and
food production if the personal hygiene quality is poor
(Bell et al., 2004; Bosch et al., 2016; Leung et al., 2006;
Koopmans, 2012; Qu et al., 2020; Shao et al., 2011; Todd
& Grieg, 2015). Mullis et al., (2012) studied the stability of
coronaviruses on the lettuce surface by using BCoV as a
surrogate of the Genus Betacoronavirus, which contains
SARS-CoV, under household refrigeration conditions.
They observed that lettuce BCoV maintained infectivity at
4°C for at least 14 days, and higher infectious particle
amounts. They also saw that the coronavirus remained
stable throughout the shelf-life of the lettuce, and caused a
washing process (elution) to no longer eliminate the
residual viruses. UV lights, thermal exposure (>65°C),
acidic pH (<3), or alkaline pH (>12) milieu could
inactivate SARS-CoV (Darnell et al., 2004). It is suggested
that SARS-CoV, even though it is mainly spread through
droplets and direct contacts, should not be ignored for
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potential  environmental transmission  via
bioaerosols, and food (Annaloura et al., 2020).

Severe acute respiratory syndrome coronavirus
2 (SARS CoV-2): SARS-CoV-2 is an enveloped RNA
viriis single-stranded as a genetic material having the size
of 29.9 kb with a particle size of 100-160 nm in diameter,
the largest among all the RNA viruses (Zehra et al., 2020).
It contains four structural proteins, titled the S (spike), E
(envelope), M (membrane), and N (nucleocapsid) proteins
and belongs to beta-coronavirus (Liya et al., 2020).
Transmission electron microscopy images of SARS-CoV-
2 grown in the Vero cell line are given in Figure 4 (Tastan
et al., 2020).

water,

Figure 4. Transmission electron microscopy images of SARS-
CoV-2 grown in Vero cell line (Tastan et al., 2020).

SARS-CoV-2 is the main reason for the global
pandemic of Severe Acute Respiratory Syndrome,
resulting in infections and death of millions worldwide
with high variability in cases and mortality. On 11 March
2020, the WHO stated that Covid-19 was a pandemic on
the grounds of "threatening rates of spread and magnitude,
and threatening rates of inaction" (Medema et al., 2020).
As of that date, it has already spread to more than 219
countries in the world surpassing more than 2 million
deaths and nearly 96 million reported active cases
worldwide (https://www.worldometers.info/coronavirus/).

Water-borne Transmission: SARS-CoV-2 is
spread mainly by respiratory droplets from an infected
individual to a susceptible host (Walker et al., 2020; Lai et
al., 2020). At the present, various researchers have reported
the infectious SARS-CoV-2 in the feces and urine of
infected patients (Chen et al., 2020a; Elsamadony et al.,
2021; Xiao et al., 2020 a,b). It is also reported by Wu et al.,
(2020a) who suggest that fecal-oral transmission could
occur after viral clearance in the respiratory tract. Zheng et
al., (2020) evaluated SARS-CoV-2 dynamics in China's
Zhejiang province and they found the longer mean duration
of SARS-CoV-2 in the stool samples (22 days, H-spread
17-31 days) than those in respiratory airways (18 days)
and serum (16 days) samples. Several experiments in
marine and drainage ecosystems around the world have
observed signs of SARS-CoV-2 RNA (Ahmed et al., 2020;
D'Aoust et al., 2021; Eslami & Jalili 2020; Lodder & de
Roda Husman, 2020; Orive et al., 2020; Peccia et al., 2020;
Wau et al., 2020b; Wurtzer et al., 2020). Randazzo et al.,
(2020) detected SARS-CoV-2 RNA in six wastewater
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treatment plants in the main metropolises within the
Province of Murcia (Spain), the lowest COVID-19
prevalence in the Iberian Peninsula. For the first time,
Guerrero-Latorre et al., (2020) identified significant viral
loads of SARS-CoV-2 from rivers in 180 urban streams of
Quito, where insufficiently handled sewage discharges on
June 5 during a COVID-19 season. They also reported that
the amount usually removed (6-7 Logio) through the
recycled water disinfection methods is much lower than
viral particles shedding (up to 10 Logao) by infected people
through sewage and greywater. Many researchers have
been thought that these results showed an increased
potential of contamination through the fecal-oral infection
route from the water environment (Bhattacharjee, 2020;
Chen et al., 2020b; Holshue et al., 2020; Medema et al.,
2020; Oliver et al., 2020; Qu et al., 2020; Xiao et al.,
2020a,b).

Water-borne human pathogenic viruses related to
seafood are primarily spread via fecal-oral way due to
feeding habits and their pre-harvest growing area,
particularly where may contaminate the virus concerning
the inadequate or raw discharge of feces or sewage in water
bodies (Bosch et al., 2005; Butt et al., 2004; Gerba 2007;
Grabow, 2007; Li etal., 2021). Although enveloped viruses
were found to be degrading in water compared to
nonenveloped viruses (Gundy et al., 2009; Lebarbenchon
et al., 2011), studies have shown that seafood can
accumulate enveloped viruses such as avian influenza
(Densmore et al., 2019; Eissa et al., 2012; Huyvaert et al.,
2012; Pathak et al., 2018). The structure of avian influenza,
as well as the other enveloped viruses such as HIN1
"Spanish flu,", SARS-CoV, MERS-CoV found in the
stools and urine of infected human samples are similar to
coronaviruses (Wigginton et al., 2015). Annalaura et al.,
(2020) detected the longer survival of SARS-CoV-2 in
vitro experiments at low temperatures and they recommend
that SARSCoV-2 excreted in feces may enter infectious
wastewater treatment plants particularly in cool climates.
Furthermore, the existence of fecally infected food is
supposed to be a significant role in coronavirus
transmission by scientists (Baduashvili et al., 2020; El Baz
&Imziln, 2020; Li et al., 2021; Mullis et al., 2012; Tian et
al., 2020; Zhang et al., 2020). Although, these concerns,
even if there are no cases of waterborne transmission via
fecal-oral route, have thought to be the importance of the
possible waterborne transmission via fecal-oral route for
SARS-CoV-2 (Ghernaout &Ghernaout, 2020; Heller et al.,
2020; Qu et al., 2020; Rizou et al., 2020; WHO, 2019; Yeo
et al., 2020), the current existence of it in feces and urine
of infected people and its accelerated dissemination
requires new attention to detect it in aquatic environment
wsth respect to the existence of the virus and its possible
infectivity. However, the current evidence shows that the
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possible water-borne transmission of SARS-CoV-2 may be
very low.

Food-borne Transmission: SARS-CoV-2 can be
transmitted as a widely agreed mode of transmission for
respiratory diseases by either touching a polluted surface
or object and consequently infecting itself through oral,
nasal or optical routes eyes (BFR, 2020; Dawson, 2020;
Lei etal., 2020; Pressman et al., 2020; Shahbaz et al., 2020)
or intake of infected food (Dawson, 2020). According to
WHO, SARS-CoV-2 can spread through hands, sneezing
and coughing of infected workers responsible for the
preparation and packaging of foods (WHO, 2020).

Previous studies have shown that coronavirus
stability is mostly dependent on the ambient temperature
(ljaz et al., 1985; Mullis et al., 2012; Siddell et al., 1983;
Tennant et al., 1994). In a study conducted as a surrogate
of bovine coronavirus Genus Betacoronavirus, it was
shown that it survived on lettuce for up to two days at
environmental temperature and at least 14 days at 4°C
(Mullis et al., 2012). Van Doremalen et al., (2014) found
that MERS-CoV can live at various temperatures for long
periods, when it is injected into dromedary camel milk,
goat milk, and cow milk. Nipah virus has been
experimentally transmitted by liquids, causing a
respiratory tract infection rather than intestinal tract
infection (de Wit et al., 2014).

A new study showed that SARS-CoV-2 could stay
viable in the environment for up to 3 hours, on copper for
up to 4 hours, on carton for up to 24 hours and on plastic
and stainless steel for up to 72 hours (Van Doremalen et
al., 2020). In fact, SARS-CoV-2 experiments have shown
that the virus is extremely stable at 4°C and WHO (2020)
suggests that it may stay infectious at -20°C for a long time
(up to 2 years) The survival of SARS-CoV-2 in salmon
meat at cold storage (+4°C) by using end-point titration
assay on Vero E132 cells has been shown by Dai et al.
(2020). They found that salmon-attached SARS-CoV-2
ability remained infectious for more 24 than one week at
4°C. According to their results, they suggested that because
seafood should be transported for import and export with
cold storage (e.g., 0 ~ 4°C), SARS-CoV-2 for international
transmission can be easily carry-through contaminated
seafood within one week. Pung et al., (2020) pointed out
that a cluster of COVID-19 patients in Singapore shared
food and social interaction in a conference was caused.
Yekta et al., (2020) also reported that there is some
evidence that the transmission of SARS-CoV-2 may be
possible through meat products. Li et al. (2021) also
suggest that CoVs as well as norovirus (NoVs) known to
be the primary causative agent of seafood transmitted
illness (Bachofen 2018; Li et al. 2014), may be transmitted
especially at low temperatures due to having enough time
for remaining infectious on foods and/or food packaging
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materials. Similar suggestions have also been made by
other researchers (Rizou et al., (2020) for frozen or cold
stored foods.

Although no research studies have been
conducted to examine the stability of SARS-CoV-2 on
packaging under real-world conditions and through the
supply chain, the findings of this study pose concerns that
packaging may play an important role in helping to spread
the virus, particularly at low temperatures (Boucher, 2020;
Li et al., 2021). Consequently, as recommended by the
WHO and regional health authorities, the Food Packaging
Forum suggests that consumers pay regard to either (i)
washing all the packages right away with soap and water
or cleaning them with disinfectant directly when it gets in
the house with soap and water, (ii) alternatively, unpacking
the packaged things and then transferring them to clean
pots to store them, and then tossing the packaging out, or
(iii) quarantining the household items for three days in
before they are touched again. Such guidelines refer to
products bought in shops and brought to households, such
as mail order grocery stores or meal delivery, etc.
(Boucher, 2020). Seymour et al., (2020) suggested that
washing hands or using hand sanitizer and disinfecting
products should be done before carrying or touching
packages to reduce the risk of potentially being exposed to
coronavirus. Moreover, proper sanitation measures, as well
as washing and sanitizing the surfaces of the kitchens and
restaurants, are preferable safeguards compared to
environmental surveillance of SARS-CoV-2 (FDA, 2020).

Moreover, proper cooking of seafood seems to be
enough for safe consumption of them. Chin et al., (2020)
observed that SARS-CoV-2 was inactivated after 5
minutes of incubation at 70°C. Such results reinforce the
value of cooking or preparing food at 70°C for at least 5
minutes to reduce the possibility of transmission of SARS-
CoV-2 via a possibly infected food supply. Shahidi (2020)
suggests that consumption of all cooked food should be
safe because no viable viruses can be identified after heat
treatment. Until now, there were no records of COVID-19
being spread by seafood as well as other foods.

CONCLUSION

Nowadays, people go through an unprecedented,
huge challenge and disaster all over the world because of
the SARS-CoV-2 outbreak. Many scientific evidences
indicate that the aquatic environments may contain both
RNA fragments and viable viruses. Moreover, in-vitro
experiments have been shown that SARS-CoV-2 may
survive at low temperatures and the potentials to stay
infectious on foods and/or food packaging materials long
enough to potentially cause transmission. Low temperature
preservation of seafood during processing, storage,
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transfer, distribution and display in retail stores are
common methods. With this perspective, it seems that
SARS-CoV-2 can survive on seafood and their
environmental surface and fomites. However, there is no
scientific evidence on waterborne or foodborne
transmission of SARS-CoV-2. So, the chance of either
waterborne or foodborne transmission of it is considered
low and SARS-CoV-2 appears to mainly be spread through
the respiratory tract. Consequently, seafood can safely
consume with proper cooking and hygiene protocol.
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Abstract: In this study, the length and weight changes of 3 commercial sea cucumbers
(Holothuria tubulosa, Holothuria polii, Holothuria sanctori) during the boiling, freezing and
drying processes were investigated. 200 individuals from each species were sampled with
SCUBA diving from Ildir Bay, Izmir, in 2019.Gutted weights and length of each individual were
measured after each processing stage (boiling, freezing and drying). Average weight losses
between the gutted weight and frozen weight of H. tubulosa, H. polii and H. sanctori were 68.3%,
59.5% and 67.7%, respectively. While the average weight losses between gutted weights and
dried weights were 91.3%, 88.6% and 92.6% in the same order. H. tubulosa, H. sanctori and H.
polii lost their total length after frozen and dried with 48.7% and 63.6%, 55.3% and 64.9%, 39.8%
and 48.3%, respectively. Total production of gutted weight in Turkey was recalculated based on
the yield of dried and frozen as 4.705.275 kg. All results obtained were presented for the
sustainable management of sea cucumber stocks and quota implementation in Turkey waters.

Keywords: Holothuria polii, Holothuria sanctori, Holothuria tubulosa, weight lost during processing.

Ticari U¢ Farkh Deniz Hiyan Tiiriiniin isleme Sirasindaki Boy-Agirhk
Degisimleri ve Diizeltilmis Avcilik Verileri

*Sorumlu yazar:

Gokhan BALLIKAY A

Akdeniz Su Uriinleri Arastirma Uretim ve
Egitim Enstitiisti, Antalya, Tiirkiye.

DX: gkhanballikaya@gmail.com

Oz: Bu calismada, ticari 3 denizhiyarinin (Holothuria tubulosa, Holothuria polii, Holothuria
sanctori) haslama, dondurulma ve kurutulma islemleri sirasindaki boy ve agirlik degisimleri
aragtirilmustir. Bu kapsamda 2019 yilinda, {zmir ili Ildir Kérfezi’nden ii¢ tir SCUBA yontemiyle
her bir tiirden 200 birey 6rneklenerek gerceklestirilmistir. Her bir bireyin karkas agirlig ile,
haglandiktan, dondurulduktan ve kurutulduktan sonraki agirliklari ve boylari ol¢iilmistiir. H.
tubulosa, H. polii ve H. sanctori tiirlerinin karkas agirliklar1 ile dondurulmus agirliklar1 arasindaki
ortalama agirlik kayiplart sirastyla %68,3, %59,5 ve %67,7 iken, karkas agirliklari ile kurutulmus
agirliklar1 arasindaki ortalama agirlik kayiplart %91,3, %88,6 ve %92,6 olarak tespit edilmistir.
H. tubulosa dondurulduktan sonra %48,7 ve kurutulduktan sonra % 63,6 oraninda, H. sanctori
sirastyla %55,3 ve %64,9, H. polii %39,8 ve %48,3 oramnda boy kaybina ugramaktadirlar.
Tiirkiye’deki toplam iiretim miktari, karkas agirlik kayiplarina gore yeniden hesaplandiginda
4.705.275 kg olarak belirlenmistir. Elde edilen bu sonuglar Tiirkiye’deki denizhiyar1 stoklarinin
stirdiiriilebilir yonetimi ve kota belirleme islemleri i¢in ilgili bakanliga goriis olarak sunulmugtur.

Anahtar kelimeler: Holothuria polii, Holothuria sanctori, Holothuria tubulosa, isleme
sirasindaki agirlik kayiplari.
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INTRODUCTION

Invertebrate echinoderm sea cucumbers occur in
many marine ecosystems, but they are mostly distributed in
tropical shallow water and coral reef areas. These organisms
can be found from the shallowest areas to the deepest points
of marine benthic ecosystems (Gilliland, 1993). Although
there are about 1200 sea cucumber species in the world seas,
only about 60 species have been commercially fished
(Conand, 1990; Gonzalez - Wangiiemert et al., 2014). There
are 9 sea cucumber species in Turkish coast and 4 are
commercially traded (Aydin, 2008; Aydin, 2013; Aydin,
2016; Aydin et al., 2019).

Sea cucumbers are fished with air supplied diving
and free diving or SCUBA diving methods in the Aegean
Sea of Turkey. Fisheries of this species are prohibited by
other methods (BSGM, 2016).

There is no domestic consumption of sea
cucumbers and therefore they are exported as fresh, frozen,
dried, salted or smoked to the Far East (China and
Singapore) and United States (Aydin, 2008; Aydin et al.,
2011; TURKSTAT, 2020). In terms of global scale,
Indonesia has the biggest sea cucumber production.

In Turkey, legal regulations such as fishing area,
fishing periods, fishing methods and fishing permissions of
sea cucumbers have been made by General Directorate of
Fisheries, the Ministry of Agriculture and Forestry every 4
years since 2008. In this context, sea cucumber fisheries can
only be made in Aegean Sea and fishing areas are divided
into two regions, the Southern and Northern Aegean Sea and
fisheries are permitted at the basis of fallow method (Aydin,
2008; Aydin, 2017; BSGM, 2016). With the last interim
regulation, the quota application was started and the sea
cucumber fisheries period was narrowed between January 01
and May 31 for 2020 season with a quota amount of 2500
tons (gutted weight). As of September 2020, 4-years
regulation will be made (BSGM, 2019).

Sea cucumber production in Turkey has increased
year by year and all production has been exported. Illegal
export is almost nonexistent and it is known that only small
amounts were exported abroad without any complaints,
known as “suitcase trade” (personal observations; Dr.
Mehmet AYDIN). Current production and export quantities
in Turkey are given in Table 1.

Estimating the amount harvested from the wild was
especially difficult since sea cucumbers were exported semi-
processed (salted, pickled, smoked etc.) or dried. Therefore,
the amounts of total weight harvested from the stock are not
known.

In the present study, changes of length and weight
of sea cucumber commercially caught and exported during
processing were studied with an aim to provide basic data
that are required by the concerned ministry to make legal
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regulations. Moreover, 2020 national quota amount was
established based on the data obtained by this study.

Table 1. Sea cucumber production and export amounts by years in
Turkey (TURKSTAT, 2020).

Years Total (kg) Dried* (kg) Frozen (kg)
2008 33.669 789 32.880
2009 37.976 7.036 30.940
2010 97.183 16.203 80.980
2011 479.985 13.930 466.055
2012 447.644 27.479 420.165
2013 254.226 21.465 232.761
2014 247.585 23.585 224.000
2015 270.270 51.300 218.970
2016 378.883 74.654 306.229
2017 824.292 130.062 694.230
2018 943.585 141.841 801.744
2019 1.292.121 122.271 1.169.850

*Dried, salted, pickled, smoked.

MATERIAL AND METHOD

A total 200 specimens from each species were
collected in 2019 by SCUBA diving method from Ilica Bay,
[zmir and delivered alive to the laboratory in plastic barrels
filled with sea water (Figure 1).

25.00

30.00 40.00 45.00 50.00
| | | |

50.00
——

"
Al .G 45.00

50.00

45.00 -

30.00

T T |
25.00 30.00 40.00 45.00

Figure 1. Sampling area.
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Wet weights of sea cucumbers can change
depending on visceral and internal fluid ejections under
stressful conditions and sediment amounts in their body. For
this reason, gutted weight is the most reliable morphometric
measurement (Aydin & Erkan 2015; Dereli et al., 2016;
Aydin, 2020). Thus, gutted weights (GW) of all individuals
sampled in the present study were determined in every stage
with a precision of 0.01 g. Length and thickness
measurements were done using a caliper to a nearest 0.01
cm. All gutted samples were boiled at 100-120°C for about
30 minutes and 100 samples were left in sunlight (72 hours)
for dry products while for frozen products, the samples
(remaining 100) were first subjected to -40°C and then stored
at -18°C (72 hours) Every stage of these processes, the
measurements were recorded.
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Relationships between gutted length (GL) and
weight (GW), boiled length (BL) and boiled weight (BW),
frozen length (FL) and frozen weight (FW), dried length
(DL) and dried weight (DW) were examined with a
nonlinear method W = aL® whereas those between boiled
length (BL) and boiled thickness (BT), frozen length (FL)
and frozen thickness (FT), dried length (DL) and dried
thickness (DT) were tested with a linear model, Y= ax+b.

Whether the difference between the processing
methods, because it is variable length and thickness, the
analysis was only according to weight. Kolmogorov-
Smirnov Test was applied to all data to determine the
distribution before comparing the methods. According to the
test results, it was determined that there was no normal
distribution and Kruskal Wallis and Mann Whitney-U Tests,
which are non-parametric comparison tests, were used
(Aydin et al., 2014; Aydin et al., 2020).

RESULTS

The highest average gutted length and gutted
weight among three species studies was in H. sanctori with
20.8 cm and 142.0 g while the lowest values in H. polii with
11.8cmand 44.4 g (Table 2).

Table 2. Average gutted length and weight of sampled species in
the study.

L (cm) W (9)
Species N Mean+SE Min - Max Mean+SE Min - Max
H. tubulosa 200 15.6+2.88 9.0-25.0 57.3+22.77 19.0-134.0
H. polii 200 11.8+2.00 8.0-215 44.4 £ 16.05 12.0-104.0
H. sanctori 200 20.8+3.01 13.3-295 124.0 + 28.04 54.0 - 203.0

N: number of samples,L: gutted length, W: gutted weight, Min: Minimum, Max: maximum, SE:
Standard error.

Length-weight relationships of sea cucumber

species was estimated the highest “b” value for H. sanctori
(1.8444) and the lowest for H. polii (1.1922) (Table 3),
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suggesting that growth was negative allometric for three
species (b<3).

Table 3. Parameters of gutted length - weight relationships of three
sea cucumber species.

Species N a b Correlation
H. tubulosa 200 1.2094 1.3864 2=0.4662
H. polii 200 3.2663 1.1922 rr=0.5117
H. sanctori 200 0.4503 1.8444 2=0.7086

N: number of samples, a and b: Regression parameters.
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Figure 2. Gutted length - weight relationships of 3 sea cucumbers.

In the present study, weight losses after processing
methods were recorded separately by species and length - weight
and length - thickness relationships were tested in the resulting
samples at each step.

Holothuria tubulosa: Loss of average size after boiling
in H. tubulosa was from 15.6 £ 2.9 cm to 8.0 = 1.4 cm with a
percentage of 48.7, which was similar to that of freezing loss.
Samples that were frozen after boiling shrunk to 5.7 + 0.9 cm by a
decrease of 63.6% (Table 4).

Table 4. Mean length and weight of H. tubulosa for each processing stage.

Process Length (cm) Weight (g) Thickness (cm)

N Mean+SE Min - Max Mean+SE Min - Max Mean+SE Min - Max
Boiled 200 8.0+1.42 45-12 19.92+89 6.0 -51 1.8+0.28 12-25
Frozen 100 8.0+1.52 42-116 20.02+9.22 6.4 -48.8 2.0+0.33 14-28
Dried 100 5.7+0.89 3.3-88 4,55+1.78 14-106 1.5+0.29 1.0-24

N: Number of samples, Min: Minimum, Max: maximum, SE: Standard error. There is no statistical difference between those with the same superscript letters (p>0.05).

Relationships of BL - BW, FL - FW and DL - DW
in H. tubulosa were represented with nonlinear r power
models but those between BL and BT, FL and FT, and DL
and DT by linear models. The highest correlation was
between FL and FW with r> =0.7857. Processed materials by
boiling and freezing were more stable, which reflected to
their better correlations. However, after drying, remarkable
changes occur in size and thickness in the samples due to the
water losses which was clearly observed poor relationship
between DL and DT (Table 5).
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Table 5. Parameters of relationships of boiled, frozen and dried
samples of H. tubulosa.

Process N Relation model a b Correlation
BL-BW 200 NL 0.2639 2.0506 2 =0.7276
FL - FW 100 NL 0.2834 2.0212 2 =0.7857
DL-DW 100 NL 0.1751 1.8345 =0.5977
BL - BT 200 0.7817 0.1238 2 =0.3954
FL-FT 100 0.7474 0.1534 =0.5011
DL -DT 100 0.7462 0.1359 2 =0.1696
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BL: Boiled length, BW: boiled weight, FL: FI length, FW: F ight, DL: Dried length, H H
DW: [;)rli:d V\(leenight, BT: Bt;)illeed tm?::(gness, FT: Lorf)ezr;netr;gickness, D'Ir'(:)zlifrnie‘zivetlhgickness,N:HSUmi)l? of respectlvely. The Samples that were sun - dried lost 64.9%
samples, a and b: Regression parameters, NL: Nonlinear, L: Linear. Of their Size and Shrunk tO 7 3 + 1 O cm (Table 6)

The highest correlation coefficient was observed
between FL and FW with r?> =0.8739, as was in H.tubulosa.
The relationship of FL - FW had the biggest b value
(2.1570).The poorest relation was detected once again
between DL and DT (12 =0.1442) (Table 7).

Holothuria sanctori: Average fresh gutted length
of H. sanctori (20.8 + 3.01 cm) decreased by 52.9% after
boiling and 55.3% after freezingto 9.8 £ 1.2and 9.3+ 1.1cm

Table 6. Mean weight and length of H. sanctori for each processing stage.

Length (cm) Weight (g) Thickness (cm)
Process N Mean+SE Min - Max Mean+SE Min - Max Mean+SE Min - Max
Boiled 200 9.8+ 117 6.8-12.6 40.4*+ 10.46 13.0 - 65.0 244030 15-3.0
Frozen 100 93+ 1.13 6.5-11.6 39.0°+ 10.09 17.0-575 2.6+0.29 19-36
Dried 100 7.3+ 1.03 47-93 9.4 +2.77 31-16.7 224033 14-3.0

N: Number of samples, Min: Minimum, Max: maximum, SE: Standard error. There is no statistical difference between those with the same superscript letters (p>0.05).

The highest correlation coefficient was observed Holothuria polii: H. polii is the smallest sea
between FL and FW with 2 =0.8739, as was in H.tubulosa. cucumber in the region. Average gutted length was 11.8 +
The relationship of FL - FW had the biggest b value 2.0 cm, which was down to 7.3 + 1.3 cm by a 38.1% of loss
(2.1570).The poorest relation was detected once again after boiling processes. The loss with further freezing
between DL and DT (12 =0.1442) (Table 7). reached to 39.8% and resulted in average length of 7.1 + 1.1

cm. However, further sun drying the samples increased the

Table 7. Parameters of relationships of boiled, frozen and dried loss by 48.3%, which resulted in average size of 6.1 £1.2 cm
samples of H. sanctori. (Table 8)

Process N Relation model a b Correlation o .

BL-BW 200 NL 03673  2.0455 ©=0.7675 A high correlation was found between FL and FW

N N osur 2I1 noame as in the other species but opposite to those species, in H.

BL-BT 200 L 01203 11883 ©=0.2241 polii the strongest relation was observed for DL and DW (r?

FL-FT 100 L 01570  1.0968 ©=0.3781 . . ; .

DL-DT 00 L 01225 13411 =014 =0.8446). Notwithstanding, the highest “b” value was
W Drid weigt, - Bolled ticknes, F 1. Frozen hknes, DT: ris tnckacss, N mmoerof  determined for FL and FW, as was the case for other species
samples, a and b: Regression parameters, NL: Nonlinear, L: Linear. (Table 9)

Table 8.Mean weight and length of H. polii for each processing stage.

Length (cm) Weight (g) Thickness (cm)
Process N Mean+SE Min - Max Mean+SE N Mean+SE Min - Max
Boiled 200 73+131 35-10.7 19.4% + 8.68 5.0 -59.0 1.9+0.27 11-28
Frozen 100 7.1+1.12 49-10.3 17.9°+ 7.39 5.6 - 46.3 2.1£0.28 14-28
Dried 100 6.1 +1.16 31-8.7 5.0°+2.23 15-141 1.8 £0.30 1.0-25

N: Number of samples, Min: Minimum, Max: maximum, SE: Standard error. There is no statistical difference between those with the same superscript letters (p>0.05).

Table 9. Parameters of relationships of boiled, frozen and dried production quantity of Turkey can be recalculated by years

samples of H. polil. as can be seen in Table 11.
Process N Relation model a b Correlation
BL - BW 200 NL 0.3894 1.9391 2=0.7542
FL-FW 100 NL 0.2740 2.1024 2=0.6980 . . .
DL-DW 100 NL 01374 19660 1 =0.8446 Table 10. Processing losses in frozen and dried products.
BL-BT 200 L 0.1275 0.9321 2=0.3808 Frozen products
FL-FT 100 L 0.1599 0.9140 =0.4008 Species N Gutted W(g) Frozen (W,g) Product (W, %) W loss (%)
DL-DT 100 L 0.1440 08990 r~03087 H.tubulosa 100 6298 1996 3L7 68.3
BL_:IBdmIhe_dll(ength,FE_ir\./\/Eb0|led \'/]\{elkght‘ FI_ID:_F.rcggn(Ijer;]gtrL FW: E(orf‘en \A{jelghtf. DL: Ii)ned Ienc?ig, gw; Dr_|ed weight, BT: H. sanctori 100 12017 3381 323 67.7
E‘DLI: T\‘D}ﬂ:ﬁegisi' Lir.]ea':_ﬂen thickness, - Dried thickness, N: Number of samples, a and b: Regression parameters, H. p0|ll 100 4421 1790 405 59.5
Mean 34.8 65.2
SE 4.9 4.9
i - i . Dried products
o Pros:essmg losses: Regardles_s of the species Species N CIET g Dred(Ne) PediawW e WIS 59
studied in this research, average processing loss was 65.2% H.tubulosa 100 5160 448 87 913
. . . H. san_gtorl 100 12781 941 74 92.6
in frozen products and 90.9% in dried products. When H. polii 100 4461 2 u4 86
ean B A
expressed by species, the losses in frozen products were, SE 20 20

N: Number of samples, W: Weight, SE: Standard error

68.3, 67.7 and 59.5% for H. tubulosa, H. sanctori and H.
polii, respectively, and in dried products, 91.3, 92.6 and 88.6 Table 11. Corrected sea cucumber production amounts by years.

%, respective|y (Tab|e 10) Years Dried (kg) Frozen (kg) Total (kg) Corrected (gutted) (kg)
. R . . . 2008 789 32.880 33.669 103.153
Corrected fisheries data: Considering that dried 2009 7.036 30,040 37.976 166.227
0, 2010 16.203 80.980 97.183 410.756
anq frozen products represept 9.1 and 34.8% of gutted 011 13930 466,055 475,965 1499315
weight regardless of commercial sea cucumber species, total 2012 27.479 420165 447.644 1509338
2013 21.465 232.761 254.226 904.733
2014 23.585 224.000 247.585 902.854
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2015 51.300 218.970 270270 1192.960

2016 74.654 306.229 378.883 1700342

2017 130.062 694.230 824.292 3424.167

2018 141.841 801.744 943.585 3.862.554
DISCUSSION

Growth of three sea cucumber species was a
negative allometry (b<3), which is consistent with the
findings of previous studies carried out in the same region
(Table 12). In studies conducted other than the Aegean Sea,
growth was also given as negative allometry
(Venkataraman, 2007; Veronika et al.,2018; Ahmed et al.,
2018; Siddique & Ayub, 2019). It is known that organism
that are longer than transverse, such as sea cucumbers,
show negative allometry (b <3) (Pauly, 1983). Although
the number of samples in the present study was relatively
small, correlation coefficients between gutted length and

2019 122271 1.169.850 1.292.121 4.705.275

weight data are in harmony with other studies (Table 12).
Aydin (2020) reported higher "b" values for the same
species and same area because of the large number of
samples.

Average gutted weights obtained in the present
study and former studies are shown in Table 13. The
highest and lowest gutted weight for H. tubulosa was
reported by Kazanidis et al. (2010) in Greek water and
Dereli et al., (2016) in Turkish waters, respectively. This
species has been commercially caught in Turkey for 30
years (Aydin, 2008) which can explain the reason of why
larger individuals are found in Greece where no
commercial sea cucumber fisheries are the case.

Table 12. Length - weight parameters of previous studies conducted in the region.

Species N b r? Area References
H. tubulosa (GL - GW) 200 1.3864 0.4662 Aegean Sea This study
H. polii (GL - GW) 200 1.1922 0.5117 Aegean Sea This study
H. sanctori (EL - EW) 200 1.8444 0.7086 Aegean Sea This study
H. tubulosa (GL - GW) 6414 1.7020 0.8330 Aegean Sea Aydm, 2020
H. polii (GL - GW) 9086 1.8040 0.7120 Aegean Sea Aydm, 2020
H. tubulosa (EL - EW) 598 1.4300 0.7000 Aegean Sea Dereli etal., 2016
H. polii (EL - EW) 839 1.0500 0.4500 Aegean Sea Gonzalez - Wangiiemert et al., 2014
H. tubulosa (EL - EW) 754 1.1400 0.4100 Aegean Sea Gonzalez - Wangiiemert et al., 2014
H. tubulosa (L - EW) 314 0.8100 0.5800 Aegean Sea Kazanidis et al., 2010
H. sanctori (EL - EW) 340 1.2900 0.7200 Aegean Sea Aydm, 2013

Table 13. Average gutted weights of commercial sea cucumbers reported by studies conducted in the region.

Species N Mean W (g) (Min — Max) References

H. tubulosa 200 57.3 (19.0 - 134.0) This study

H. tubulosa 6414 66.34 (7.4 - 225) Aydin, 2020

H. tubulosa 282 83.8 (25.0 - 159.5) Gonzalez - Wangiiemert et al., 2016
H. tubulosa 598 49.9 (6.1-127) Dereli et al., 2016

H. tubulosa 754 88.7 (30 - 211) Gonzalez - Wangiiemert et al., 2014
H. tubulosa 314 108.4 (39.4 - 226.3) Kazanidis et al., 2010

H. tubulosa 350 61.8 (20.3 - 164.4) Vafeiadou et al., 2010

H. polii 200 44.4 (12.0 - 104.0) This study

H. polii 9086 49.33 (6.9 - 135.0) Aydin, 2020

H. polii 312 47.3(19.8-79.1) Gonzalez - Wangiiemert et al., 2016
H. polii 839 37.5(17-84) Gonzalez - Wangiiemert et al., 2014
H. sanctori 200 124.0 (54.0 - 203.0) This study

H. sanctori 747 102.34 (33 - 185.9) Aydin, 2020

H. sanctori 2032 18.1 Navarro et al., 2013

H. sanctori 340 100.5 (51 - 175.7) Aydin, 2013

N: Number of samples, W: Weight, Min: Minimum, Max: Maximum.

Gutted weights of H. polii in the current study are
within the range of literature data (Table 3). H. sanctoriis
generally active in the nights. They have an ability to
secrete a netted fluid to protect themselves thanks to its
cuvier organs when feeling in danger or under stress.
Although they are relatively large, the divers did not prefer
to collect this species because of this netting that fell into
their hands during collection (Aydin, 2013). Yet, recent
increase in demand for sea cucumber and commercial
value has caused divers to collect this species since 2019.
Therefore, since the stock of the species has never been
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exploited, it is thought that their average weight is higher
than other species.

Ram et al. (2016) reported the dried product
percentages of gutted for 8 species in Fiji Island (Table 14).
Purcell et al. (2009) found the remaining material after
drying 11.6% for species of Holothuria whitmaei. Pardua
et al. (2019) studied the drying loss of H. scabra in two
regions of Philippines and found the product rate as 8.82%
in Coron region and 6.19% in Balinao region (Table 14).
In the present study, dried mass was 8.7% of gutted for H.
tubulosa, 7.4% for H. sanctori and 11.4% for H. polii,
being consistent with the literature findings. In a study
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conducted by Gonzalez - Wangiiemert et al. (2019) in
Aegean Sea, these yields were calculated as 15.36% for H.
polii and 10.75% for H. tubulosa. The inconsistency of
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these findings with those in the current study can be
explained with differences in study regions and years.

Table 14. Average dried weights of commercial sea cucumbers reported by studies conducted.

Species Dried product (%) Location References
Holothuria scabra 8.1 Fiji Island Ram et al. 2016
Actinopyga lecanora 9.5 Fiji Island Ram et al. 2016
Actinopyga mauritiana 5.7 Fiji Island Ram et al. 2016
Actinopyga miliaris 6.3 Fiji Island Ram et al. 2016
Bohadschia argus 3 Fiji Island Ram et al. 2016
Holothuria fuscogilva 10.6 Fiji Island Ram et al. 2016
Holothuria whitmaei 11 Fiji Island Ram et al. 2016
Thelenota pineapple 6.5 Fiji Island Ram et al. 2016
Holothuria whitmaei 11.6 - Purcell et al. 2009
Holothuria scabra 8.82 Coron Region Pardua et al. 2019
Holothuria scabra 6.19 Balinao Reg. Pardua et al. 2019
Holothuria tubulosa 10.75 Aegean Sea Gonzalez - Wangiiemert et al. 2019
Holothuria polii 15.36 Aegean Sea Gonzalez - Wangiiemert et al. 2019
Holothuria tubulosa 8.7 I1dir Bay This study

Holothuria sanctori 7.4 I1dir Bay This study

Holothuria polii 11.4 I1dir Bay This study

Based on the yields of dried and frozen products
(9.1% and 34.8% respectively), total gutted production
caught from the sea were recalculated. The corrected data
show that production amount in 2008 with 103,153 kg
reached to 4,705,275 kg in 2019 by a 45.6 fold - increase.
The Ministry started quota implementation with circular as
of January 2020 by taking this increase into consideration.
2020 quota amount has been determined as 2,500,000 kg
(as gutted weight) which was shared to companies
considering the export rates of previous years (BSGM,
2019). Sea cucumber stock management in Turkish waters
as of 2020 can be summarized as the quota application,
prohibition of fisheries during reproduction period and
regional prohibitions.

Sea cucumber trade in all countries is made in the
form of dried, frozen, salted etc. Although there are data on
the most traded species, there are limited studies on the
Mediterranean species that are gaining importance in the
sector. Strict management regulations related to sea
cucumber fisheries in the Mediterranean basin has been
made firstly for Turkish stocks. The quota regulation put
into practice by arrangement in 2020 is a first for
management of the Mediterranean stocks.
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Abstract: Today, due to the intense pollution in water resources, clean water shortage is
experienced in most regions. In order to remove the pollution from waters, many studies are
carried out using algae with high metal absorption capacity. In our study, benthic algae samples
from different habitats (epipelic, epiphytic and epilitic) were taken from the Altinapa Dam Lake
in Konya, in order to study the potentials of heavy metal removal. Some microalgae were isolated
from the samples and heavy metal absorption capacities were examined among the pure cultures
obtained. Biosorption properties were tried to be determined in samples taken at 5, 10, 20, 45, 60,
90 and 120 minutes by exposing Chlorochytrium paradoxum, Haematococcus lacustris and
Scenedesmus circumfusus species to heavy metals of Cu and Mn. Scenedesmus circumfusus
species reached the best absorption capacity for both Cu and Mn metals. According to this
research, the algae we studied are of the opinion that they can be used to increase the efficiency
and selectivity of heavy metal biosorption.
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Absorpsiyonlarinin Karsilastirilmasi

Oz: Giiniimiizde su kaynaklarinda meydana gelen yogun kirlilik nedeniyle, ¢ogu bolgede temiz
su sikintis1 yasanmaktadir. Sularda olusan kirliligin giderilmesi i¢in agir metal absorpsiyon
kapasitesi yiiksek olan alglerin kullanildigi birgok calisma yapilmaktadir. Arastirmamizda agir
metal giderimi potansiyellerini ¢alisabilmek i¢in, Konya’ da bulunan Altinapa Baraj G6lii’'nden
degisik habitatlardan (epipelik, epifitik ve epilitik) bentik alg Ornekleri alinmigtir. Alinan
orneklerden bazi algler izole edilmis ve elde edilen saf kiiltiirler arasinda agir metal absorpsiyon
kapasiteleri incelenmigtir. Chlorochytrium paradoxum, Haematococcus lacustris ve Scenedesmus
circumfusus tiirleri Cu ve Mn agir metallerine maruz birakilarak 5. 10. 20. 30. 45. 60. 90 ve 120.
dakikalarda alinan 6rneklerde biyosorpsiyon 6zellikleri tespit edilmeye ¢aligilmistir. Hem Cu
Hem Mn metallerinde en iyi absorblama kapasitesine Scenedesmus circumfusus tiirii ulagmustir.
Bu arastirmaya gore; calistigimuz algler, agir metal biyosorpsiyonunun etkinligini ve segiciligini
artrrmak i¢in kullanilabilir oldugu diisiincesindeyiz.

Anahtar kelimeler: Agir metal, alg, biyosorpsiyon, izolasyon.
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INTRODUCTION

Surface water sources such as lakes, streams, dams
and agricultural waters; It is very important for public health,
the continuity of the aquatic ecosystem and agricultural
activities (Noori et al., 2018). Trace element pollution in the
aquatic environment has become a global concern due to its
potential harmful effects on aquatic ecosystems and human
health. Heavy metals can contaminate water bodies through
natural deposits, mining waste, industrial and agricultural
activities. The water contaminated with trace metals may not
be suitable for human and animal drinking, irrigation,
protection of aquatic ecosystems, recreation and aquaculture
(Kibria, 2016).

Wastes generated in regions with high industrial
and urban development are important sources of pollution
for aquatic environments (Cogun & Kargm, 2020). Water
pollution, which has a negative impact on the quality of life
of the society, is becoming threatening to human health day
by day (Gemici et al., 2019). To provide a locally controlled
water supply, wastewater recycling offers great
environmental benefits. Recycling of water prevents the
consumption of water from ecosystems and the reduction of
environmental pollution and the accumulation of pollutants
in our ecosystem. With the scarcity of fresh water resources
and the pollution in the ecosystem, industrial wastewater
increases the importance of wastewater treatment. Extensive
research is being conducted to develop an effective
technology to overcome the toxicity and negative
environmental effects of heavy metals and ionic forms
(Nazal, 2019). Algae are eutrophic and eukaryotic organisms
that play an important role in the food, pharmaceutical,
cosmetic, fuel and textile industries. These are an essential
part of our ecosystem and can help control the growing
pollution problem. It is known that algae are a good indicator
of pollution level in aquatic ecosystems (Dora et al., 2010).
These biological properties make algae a very good "early
warning system". Moreover, green algae have also been
reported to be suggested for phytoremission of some
elements (Gomes & Asaeda 2013; Olal, 2016; Sahu et al.,
2020). Algae can be used to improve the efficiency and
selectivity of heavy metal biosorption (Cheng et al., 2019).
With the excessive contamination of aquatic ecosystems
with human-induced pollutants such as heavy metals and the
increase in potential toxic effects of these pollutants on
living things, studies on metal accumulation in algae gain
importance day by day. Due to the fact that algae are
important parts of the aquatic food web, the number of
studies to evaluate the toxic damage of heavy metals to these
creatures has increased in recent years (Sentiirk, 2018a).

The health effects of various heavy metals have
raised awareness of the health risk associated with heavy
metals worldwide. For this reason, researchers around the
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world have worked on different technologies to remove
heavy metals from the environment. Biosorption has
emerged as a promising alternative to traditional methods
(Richards et al., 2019). In addition to biosorption, different
physicochemical mechanisms include microprecipitation,
chelation, ion exchange, and physical adsorption. Many
studies are trying to identify suitable biosorbents that can
effectively remove heavy metals. These biosorbents
typically include agricultural waste, plant-based adsorbents,
algae, fungi, and bacteria (Poo et al., 2018). Industrial and
urban wastewater can be used as a food source for algae
production. Wastewater is an ideal environment for algae
growth as they contain high amounts of nitrogen and
phosphorus (Knezevic, 2016).

Among the biosorbents, algae-based biosorbents
have been the focus of attention due to their renewability,
superior uptake capacity, absence of toxic waste generation,
low cost, time and energy savings, year-round occurrence,
ease of use, and great abundance in the sea. Following the
biosorption process, the remaining algal biomass can be
dumped into municipal landfills with a much lower
environmental footprint (Yu et al., 2017; Poo et al., 2018).

In this study, it is aimed to compare the copper (Cu)
and Manganese (Mn) metal absorption capacities of the
microalgae samples taken from Altmmapa Dam Lake in
Konya. The advantages of algae such as having high metal
holding capacity from wastewater and being economical and
easily available are taken into consideration. Scenedesmus
circumfusus  Hortobagyi, Chlorochytrium  paradoxum
(G.AKlebs) G.S. West, Haematococcus lacustris (Girod-
Chantrans) Rostafinski microalgae species obtained through
isolation from the samples we took from Altinapa Dam Pond
were exposed to heavy metal solutions and metal uptake
ability in waste water treatment was investigated.

MATERIAL AND METHOD

Sampling, Species Isolation, Cultural Conditions
and Species ldentification: Samples were taken from
Altmapa Dam Lake in May and June 2019. Sediment, plant
and stone samples taken from the benthic region of Altinapa
Dam Lake were brought to the laboratory under appropriate
conditions in lake water with sterile bottles. After, plant and
stone samples were washed with distilled water, the samples
were taken into a petri dish by scraping.

The preparation for morphological determination
was prepared and examined directly under a microscope. For
the isolation process, the dilution method was applied to
obtain monocultures from mixed samples scraped into the
petri dish (Rippka, 1988). In this method, mixed cultures
taken from natural habitats were placed in a petri dish and
diluted with sterile water. This dilution was continued until
the cells were freely visible in one form in the mixture. Then
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each cell was isolated individually by working under an
inverted microscope with the help of a pasteur pipette. Once
single cells were obtained, the cells were transferred to BG-
11 medium used for growth. The pH of the medium was
adjusted to 6.8. Cultures were grown at 25 ° C under a
fluorescent light intensity of 3000 lux in sterile shake flasks
containing 100 mL of BG-11. It was incubated for 15-20
days in a suitable incubator for photosynthesis on a 12 hour
light and 12 hour dark cycle. Then cell numbers, cell layouts
and cell shapes were checked. Morphological

characterization Prescott, (1973) and John et al., (2002)
methods.

Figure 1. Satellite image of Altinapa Dam Lake.

Heavy Metal Absorption Measurements of
Cultured Species: Distilled water of the appropriate pH
value was used for the solution in which the algae will be
studied, and a buffer solution was prepared to adjust the pH
of the environment. An appropriate amount of undissolved
MnSO4 (Merck) and CuSO4 (Merck) was used to prepare
the copper and manganese stock solution (1000 mg/L). It
was mixed with the Britton-Robinson (B-R) buffer solution
to make the stock solution suitable. In order to prepare the
Britton-Robinson (BR) buffer solution, 2.3 mL of glacial
acetic acid, 2.7 mL of phosphoric acid and 2.4720 g of boric
acid are added to 1 liter of water and 100 ml of this mixture
is added to 2M NaOH and the pH of the stock solution is 2.0.
and between 8.0 (Inam & Toprak, 2005). Experimental
groups were formed by taking 100 ml of algae cultures into
flasks. In these experimental groups formed from live algae
cultures, the pH amounts were fixed to pH 7.04 in the
Manganese test and to 6.36 in the Copper test. pH
measurements were made with a Hach-Lange brand pH
meter.

Measurements were made at 5, 10, 20, 30, 45, 60,
90 and 120 minutes. At each measurement, 15 ml of algae
culture was taken and filtered on Whatman GF / C branded
filter paper with a pore opening of 0.125 pum, and heavy
metals in this filtrate were measured in the ICP-OES device.

The formula for the retention efficiency of metals is
given below (Konig-Peter et al., 2015).

% removal efficiency = Co-C remaining /C0*100
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Co: Origin metal concentration (mg/L)
C remaining: Metal concentration remaining in solution
at the end of the process (mg/L)

Table 1. Technical information about the device.

ICP-OES working conditions
ICP-OES (Varian-Vista, Australia))

Device

RF power 0.7-1.5 kW (1.2-1.3 KW for axial)
Plasma gas flow rate (Ar) 10.5-15 1/min (radial) 15 (axial)
Aucxiliary gas flow rate (Ar) 1.5

Detection height 5-12mm

Copying and reading time 1-5 s (max, 60 s)

Copying 3 s (max, 100 s)

The wavelengths of the elements measured in the
device are Cu 327.395 nm and Mn 257.610 nm, respectively.
The graphs of the statistical analysis showing the Cuand Mn
absorption capacities of the algae and their removal
efficiency were created in the SPSS 21 program.

RESULTS

To calculate the level of Cu and Mn absorption, all
three experimental groups were prepared in the same way.
15 ml samples were taken for each measurement from three
separate solutions prepared in Scenedesmus circumfusus
Hortobagyi, Chlorochytrium paradoxum (G.A.Klebs) G.S.
West, Haematococcus lacustris  (Girod-Chantrans)
Rostafinski species isolated from Altinapa Dam Lake and
filtered through filter paper. The samples were taken at 5, 10,
20, 30, 45, 60, 90 and 120. minutes and measurements were
performed.

Copper; highly toxic to fish, invertebrates and
amphibians. It can reduce the growth of aquatic organisms
such as fish and damage the gill and kidney. Cu is an
essential trace element for humans, but high levels of Cu or
Cu poisoning can cause liver cirrhosis (liver diseases) and,
in extreme cases, death of humans (Kibria, 2016).

MINUTE

Figure 2. Cu absorption capacity of algae.

Cu element absorption capacities of algae are given
in Table 2. In Scenedesmus circumfusus Hortobagyi, it was
found to be 4.28 mg/L, 3.98 mg/L, 3.74 mg/L, 3.6 mg/L,
3.52mg/L, 3.1 mg/L, 2.25 mg/L and 1.45 mg/L respectively.
Chlorochytrium paradoxum (G.A.Klebs) G.S.West species
6.43 mg/L, 5.76 mg/L, 5.02 mg/L, 3.19 mg/L, 3.04 mg/L,
2.91 mg/L, 2.19 mg/L ve 1.42 mg/L' dir. Cu was found to be
6.43 mg/L, 5.76 mg/L, 5.02 mg/L, 3.19 mg/L, 3.04 mg/L,
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291 mg/L, 219 mg/L and 1.42 mg/L respectively Rostafinski species 7.48 mg/L, 6.14 mg/L, 5.87 mg/L, 5.22
Chlorochytrium paradoxum (G.A.Klebs) G.S.West. Copper ma/L, 4.23 mg/L, 3.4 mg/L, 2.43 mg/L and 1.57 mg/L (Table
element in Haematococcus lacustris (Girod-Chantrans) 2).

Table 2. Algae Mn and Cu element absorption capacity (mg/L).
' 5 10°

0 20" 30" 45' 60" 90" 120"

S.C. Mn 48,24 40,63 29,35 20,74 18,57 17,44 16,32 16,01 14,45
Cu 20,02 4,28 3,98 3,74 3,6 3,52 31 2,25 1,45

C.p. Mn 48,24 43,17 38,68 29,64 29,08 28,53 27,11 26,64 25,58
Cu 20,02 6,43 576 5,02 3,19 3,04 2,91 2,19 1,42

H.L Mn 48,24 45,09 40,91 32,26 31,82 30,27 29,91 29,56 28,98
Cu 20,02 7,48 6,14 587 522 4,23 34 2,43 1,57

S.C.: Scenedesmus circumfusus Hortobagyi C.P.: Chlorochytrium paradoxum (G.A.Klebs) G.S.West H.L.: Haematococcus lacustris (Girod-Chantrans) Rostafinski.

The highest uptake was seen at 5 minutes in mg/L, 30.27 mg/L, 29.91 mg/L, 29.56 mg/L and 28.98
copper-added algae cultures. Scenedesmus circumfusus mg/L respectively (Table 2).
Hortobagyi took the heavy metal in the environment with
79%. All species have reached absorption capacities close
to each other. The retention efficiency of all three algae
reached 92% after 120 minutes (Figure 3).

1
Mn mg/L
n @

20
MINUTE

Figure 4. Mn absorption capacity of algae.

Cu absorption (%)

Minute

Figure 3. Cu retention efficiency of algae over time (%).

Mn absorption (%)
. s

It is used in conjunction with aluminum and
copper alloys as a component in the manganese material
industry and steel production. Manganese dissolves into
water as a result of various atmospheric events found o)
naturally in soil and sedimentary masses. It is found in
sediments at the bottom of lentic systems and passes from

Minute

Figure 5. Mn retention efficiency of algae over time (%).

sludge to water in case of a reducing environment. The algae cultures with added manganese have
Increasing manganese in water increases the turbidity of the highest intake in all three species 30 minute has also
the water and the number of bacteria in it, and spoils the been seen. Adhesion efficiency reached 70% in
taste of the water. Among the discomfort caused by Scenedesmus circumfusus Hortobagyi species, 47% in
manganese, neurological disorders, weakening of joint and Chlorochytrium paradoxum (G.A.Klebs) species, and 40%
muscle tissue control, respiratory problems are seen (Bradl, in Haematococcus lacustris (Girod-Chantrans) Rostafinski
2005; Girbiiz, 2005; Kaptan, 2014, Gumis & Akkoz, species after 120 minutes (Figure 5). Manganese-added
2020). algae cultures could not reach the absorption capacity of
Mn element absorption capacities of algae are copper-added algae cultures in all three species.

given in Table 3. In Scenedesmus circumfusus, it was found

to be 40.63 mg/L, 29.35 mg/L, 20.74 mg/L, 18.57 mg/L, DISCUSSION

17.44 mg/L, 16.32 mg/L, 16.01 mg/L and 14.45 mg/L

respectively. Mn was found to be 43.17 mg/L, 38.68 mg/L, In the biosorption process, obtaining maximum
29.64 mg/L, 29,08 mg/L, 28,53 mg/L, 27,11 mg/L, 26,64 efficiency with minimum biosorbent is important in terms
mg/L and 25,58 mg/L, respectively in Chlorochytrium of ease of operation, cost and duration. Biosorption method
paradoxum. In Haematococcus lacustris, it was can be recommended as an easy method with its
determined as 45,09 mg/L, 40.91 mg/L, 32.26 mg/L, 31.82 applicability to metal removal from wastewater compared
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to other methods, its suitability to the biological
environment, being effective, economical and applied
(Sentiirk & Yildiz, 2018a). Especially algae have come to
the fore in recent years.

Gokhale et al., (2008) reported that Cr (V1) ion
was adsorbed around 50% in the first 5 minutes in S.
platensis. In our study, Cu metal was found to be above
60% in all three algae species.

In their study by Sentiirk & Yildiz, (2018a), the
average retention efficiency of C. vulgaris for Cu and Mn
was 87-95% and 6-56%, respectively. These results are
consistent with the algae in this study Cu and Mn retention
yields. It shows that manganese and copper in the
environment are taken up by two algae and that heavy
metals are stored in cell components or specific metal
binding proteins.

Elmaci et al., (2005) investigated the biosorption
of dried Chara, Cladaphora and Chlorella species in
diluted solutions of Zn, Cd, Co and remozal Turkish-G
dyestuff and it was found that these three species could be
used in heavy metal removal. In the other study, the dry
mass, immobilized living and heat inactivated Oscillatoria
sp. When the Cd heavy metal removal of the species is
examined, immobilized living Oscillatoria sp. H1 showed
the highest biosorption capacity compared to dry mass and
inactive Oscillatoria (Katircioglu et al., 2008)

Karaca, (2008) measured the heavy metal
biosorption capacities of different algae species in water,
and Oocystis sp. was found to be the algae species with the
highest absorption capacity after Dunaliella salina.

In a similar study, Terry & Stone, (2002)
evaluated the biosorption using Scenedesmus abundans in
waters contaminated with Cu and Cd.
In this study, Scenedesmus circumfusus Hortobagyi species
performed better biosorption.

Considering the results of their study, Sentiirk &
Yildiz, (2018b) revealed that Chlorella and Scenedesmus
cells are effective adsorbents in removing four heavy
metals, especially Cu*?ions from aqueous solutions, due
to the high efficiency of Cu adsorption. The results of these
reports were found to be consistent with the findings
obtained in our study.

Akkoz et al., (2013) examined the Cd (II)
biosorption capacities in their study. They found that the
Cd absorption capacity of Oocystis solitaria species was
higher than that of Scenedesmus quadricauda species.

As a result of the measurements, it was seen that
the Mn absorption capacity of Scenedesmus circumfusus
Hortobagyi species was higher than Chlorochytrium
paradoxum (G.A.Klebs) G.S.West, Haematococcus
lacustris (Girod-Chantrans) Rostafinski) species. As a
result, Scenedesmus circumfusus Hortobagyi species was
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found to be more useful in heavy metal removal from
industrial wastewater.

The results we obtained in this study, Yong et al.,
(1997) shows that the effect of Cu accumulation in
Scenedesmus quadricauda increases depending on the
concentration, and Yan & Pan, (2002) in Scenedesmus
obliguus algae are rapidly absorbed by the algae of Cu, Zn
and Cd.

Studies show that the biosorption capacity
increases with increasing atomic number (Akgelik, 2008;
Ozer & Ozer, 2003). The atomic numbers of the Cu (II) and
Pb (1) ions are Cu>%*Mn. According to the data of our
study, it can be said that the biosorption capacity increases
with increasing atomic number.

Akkoz et al., (2013) reported that heavy metal
storage levels may vary among algae species. Similar
results were observed in the copper deposition in
Scenedesmus circumfusus Hortobagyi cells, and these
results suggest that manganese and copper in the
environment are constantly absorbed by two algae species
and heavy metals are stored in cellular components or
special metal binding proteins.

CONCLUSION

In this study, it has not been studied for longer
periods for Cu and Mn because of the stabilization of
adsorption after 120 minutes. Using such creatures to
purify heavy metals from water systems is much more
convenient than other methods in terms of protecting the
environment and minimizing side effects. Researching new
approaches to removing heavy metals from wastewater,
determining the heavy metal absorption capacity of
different biological materials will contribute to
technologies that do not harm the environment.

In particular, microalgae are beneficial in the
elimination of various areas contaminated with inorganic
nutrients and heavy metals. For this reason, it would be
appropriate to use 3 algae species used in the study as a
biosorbent to remove heavy metal from water.

As a result of this study, it has been determined
that Scenedesmus circumfusus Hortobagyi,
Chlorochytrium paradoxum (G.A.Klebs) G.S.West,
Haematococcus lacustris (Girod-Chantrans) Rostafinski
species have positive results in the removal of heavy metals
in the laboratory environment, so they can be used in this
field. It has been determined that these algae can be useful
bioremeditors for removing pollutants from wastewater.
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Oz: Karadeniz’den 2007-2008 balik¢ilik av sezonunda avlanan hamsi baliklarindan (Engraulis

* = https://orcid.org/0000-0002-1812-3266 engrasicholus, L) tiretilen balik unu arastirilnustir. Sinop ilinde farkl tiretim teknikleri uygulayan
¢ https://orcid.org/0000-0002-2560-5407 3 balik unu fabrikasinda (A, B ve C fabrikalari) hammaddeden numuneler alinmistir. Toplam
ucucu bazik nitrojen (TVB- N) ve tiyobarbitiirik asit (TBA) analizleri yapilmis ve T, T2, T3 ve

T4 tazelik grubu olusturulmustur. A, B ve C fabrikalarindan Ti, T2, T3 ve Ta tazelik gruplarinda

meydana gelen kalite degisimlerini belirlemek amactyla ham protein, ham yag, ham kiil, nem,

aminoasit, yag asit kompozisyonu ve renk degisimleri incelenmistir. Elde edilen istatistiki

degerlendirmeler neticesinde tazelik gruplarinda hammadde bayatladik¢a balik ununda ham

protein, esansiyel aminoasit (EAA), esansiyel olmayan aminoasit (NEAA), doymus yag asitleri

(SFA), ¢oklu doymamig yag asitleri (PUFA), eikosapentaenoik asit (EPA), dekozahegzaenoik

*Sorumlu yazarm: asit (DHA), omega3, omega6 ile omega3/omega6 oraninin azaldigi belirlenmistir. Balik ununda

Baris BAYRAKLI ham yag ve nem oraninin hammadde bayatladikca arttig1 tespit edilmistir. Goriilen farklarin
Sinop Universitesi, Meslek Yiiksekokulu, Su istatistiki olarak dnemli oldugu sonucuna ulasilmistir (p<0,05). Sonug olarak, balik tazeligi ve
ITJ;‘E:;: LTer e, LT, Qe EHTaf, isleme siirecinin balik unu besin kompozisyonunu etkiledigi saptanmgtir. Yiiksek kaliteli balik
IZ:bari.sbayrakli@gmail.com unu iretmek i¢in hammaddelerin taze olarak islenmesi ve fabrikalara evaporator sistemi

kurulmasi gerekmektedir.

Anahtar kelimeler: Aminoasit, balik unu, hamsi, Karadeniz, renk, tazelik, vag asidi.

Effect of Freshness on Fish Meal Quality; Anchovy Meal

Abstract: Fish meal produced from anchovy fish (Engraulis engrasicholus, L) fishing in the
Black Sea during the 2007-2008 fishing season was investigated. Fish samples were taken in 3
fish meal factories (A, B and C factories), which apply different production techniques in the
province of Sinop. T1, Tz, Ts and T4 freshness groups were created by performing TVB-N and
TBA analyzes. Crude protein, raw oil, raw ash, moisture, amino acid, fatty acid composition and
color changes were examined in order to determine the quality changes in T, T2, Tz and Ts
freshness groups from A, B and C factories. As a result of the statistical evaluations obtained, it
was determined that the crude protein, essential amino acid, non-essential amino acid, saturated
fatty acids, EPA, DHA, omega3, omega6 and omega3 / omegab ratio decreased in fish meal as
the fish became stale in the freshness groups. It has been determined that the raw oil and moisture

*, i Qe - - -
Corresponding author’s: content of fish meal increases as the raw material gets stale. It was concluded that the observed

Baris BAYRAKLI

Sinop University, Vocational Schools, differences were statistically significant (p <0.05). As a result, it was determined that fish
Aquaculture Program, 57000, Osmaniye freshness and processing process affect the nutritional composition of fish meal. In order to
UL produce high quality fish meal, raw materials must be freshly processed and an evaporator system

DX barisbayrakli@gmail.com . . .
yrakli@g must be installed in the factories.

Keywords: Aminoacid, anchovy, Black Sea, color, fatty acid, fishmeal, freshness.

"1 gy makale, Baris Bayrakli'nin Doktora tezinden iretilmistir. This manuscript was produced from Baris BAYRAKLI's Ph.D. thesis.
Balik¢ilik ve yetistiricilik konferansinda (FAC 2015; at Guilin, China) ve ozet k gide A Fisheries and Aquaculture Conference (FAC 2015; at Guilin, China) was presented and published in its abstract book.
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GIRIS

Giinimiiz ~ toplumunda  saglikli  beslenme
diyetlerinde su {iirtinleri tiikketimi payr artmaktadir (Bayrakli
& Duyar, 2019 a; Caglak vd., 2020). Talep edilen su iiriinleri
kaynaklar1 aveilik yolu ile karsilanamayacak diizeydedir.
Bunun igin su triinleri yetistiriciligi tiretimi siirekli artarak
avciliktan elde edilen iiretimi yakalamis ve yakin zamanda
gecebilecegi ongorillmektedir (Bayrakli & Duyar, 2019 a).

Su friinleri yetistiriciliginde, balik beslemede
kullanilan ~ yemlerin =~ hammaddesini  balik  unu
olusturmaktadir. Baligin biiyiimesinde ihtiyag¢ olan en ideal
protein, aminoasit degerlerine ve omega3 gibi ¢cok degerli
PUFA igerigine balik unu sahiptir (Webster vd., 1999;
Simopoulos vd., 2000). Ozellikle lizin ve metiyonin gibi
aminoasitler bitkisel kaynakli proteinlerde balik unu kadar
yiiksek degildir (De Silva ve Anderson, 1994). Balik unu ise
sezonda fazla avlanan veya ekonomik degeri olmayan
baliklar ile balik artiklarindan iiretilmektedir (Bayrakli vd.,
2019 b). Diinya su firiinleri iretiminde avcilik miktarinin
daha fazla artamayacag1 degerlendirilmektedir. Dolayisiyla
balik unu iiretimi de degismeyeceginden, hizli gelisen su
riinleri yetistiriciligi sektorii icin balik unu ekonomik
olarak zamanla daha degerli hale gelecektir (Kristofersson
vd., 2004; Bayrakli vd., 2019 a).

Balik tazeligi balik unu kalitesini etkileyen en
onemli faktorlerden birisidir (Ariyawansa, 2000; De Koning,
2005). Hammadde tazeliginin tespitinde TVB-N analizi ve
biyojenik amin igerigi dnemli belirleyicilerdir (Bayrakli &
Duyar, 2019 b). En fazla yetistiriciligi yapilan tiirler arasinda
olan salmon balig1 yemi i¢in iireticiler baliklarmn taze olarak
islenmesi ve diisiik sicaklikta kurutulmasi ile tiretilen balik
ununu “6zel iriin” olarak tercih etmektedir (Chamberlain,
1993). Balik yetistiriciliginin vazgecilmezi olan balik unu ve
yaginin kalite kriterlerinin belirlenerek daha yiiksek
performansli {riinler elde edilmelidir. Farkli tazelik
derecelerinde  baliklardan iiretilmis balik  unlarmimn
kullanildig1 balik yetistiriciligi ¢alismalarinda biiyiime ve
yem degerlendirme oranlariimn 6nemli farkliliklar gosterdigi
tespit edilmistir (Aksnes & Mundheim, 1997; Opstvedt vd.,
2000, Tapia-Salazar vd., 2004).

Tiirkiye’de balik unu denildiginde Karadeniz’de
yogun olarak avlanan hamsi baligi esas almarak ulagimin
kolay saglandigi Sinop ve Samsun illeri akla gelmektedir
(Bayrakli vd., 2019; Ozdemir vd., 2006; Ozdemir, 2010).
Avciligin yogun oldugu zamanlarda balik unu fabrikalarinda
tesis kapasitesi ve is akigina bagli olarak hammadde olarak
kullanilacak baligin isleme siireleri uzayabilmektedir
(Bayrakli ve Duyar, 2019b).

Ulkemizde balik unu fabrikalarinda evaporatér
sistemi 2000’li yillardan sonra uygulanmaya baglamistir.
Oncesinde, balik yag1 ayrima isleminden sonra atik olarak
¢evreye birakilan sulu kisim evaporator sistemi ile {iretim
sistemine dahil olmaktadir. Burada buharlagtirma ile nem
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orani diisiiriilen {iriin kurutucu sistemine aktarilmaktadir.
Evaporasyon islemi ile atik olacak yiiksek kaliteli protein
kaynag1 yine balik unu olarak degerlendirilmektedir (Duyar
ve Bayrakli, 2005).

Bu c¢alismada, kurutma sicakliklar1  farkl,
evaporator sistemi kullanan ve kullanmayan 3 farkl
fabrikada olusturulan tazelik gruplarinda iiretilen {iriinlerin
besin kompozisyonlarmin tespit edilmesi ve buna gore
yiiksek kalite olarak degerlendirilecek balik unu igleme
standartlarinin olusturulmasi amag¢lanmaktadir.

MATERYAL VE METOT

Materyal: Arastirma, 2007-2008 av sezonunda
Karadeniz’de dogrudan insan tiikketimi disinda ¢ok fazla
avlanan hamsi baliginin (Engraulis encrasicolus, L.)
islendigi (Duyar ve Bayrakl 2016) A, B ve C balik unu ve
yag1 fabrikalarinda yiiriitiilmistiir (Tablo 1).

Tablo 1. A, B ve C Fabrikalarinin teknik farkliliklari.
Table 1. A, B and C fishmeal factories technical differences.

A Fabrikasi B Fabrikas1 C Fabrikasi
Kapasite (ton/giin) 2000 1500 1100
Evaporator Var Var Yok
Kurutma sicakhigi (°C) 100 80 80
Siire * (dk) 80 90 90

*Fabrikalarda ilk ¢alismaya basladiktan sonra iiretilen balik unu gériiliinceye kadar gegen siire.

Metot: Av sezonunun baslamasi ile fabrikalarin
balik toplama havuzlarmma getirilen balik taze olarak
islenmeye baglar. Siirekli olarak balik havuzlarina aktarilan
balik, av miktarinin ¢ok oldugu giinlerde fabrika giinliik
kapasitesini astigindan balik islenememekte, hammadde
balik toplama havuzlarinda 48 saat ve hatta 72 saat
kalabilmektedir. Fabrika havuzlarinda islenmek iizere olan
Baliklardan numuneler alinip yiiriitiilecek analizler icin
gerekli hazirliklar yapilmistir. Numune alip TVB-N ve TBA
analizleri fabrika alaninda olusturulan bir laboratuvarda
yapilmig ve Tablo 2’de belirlenen tazelik analizlerine goére
T1, To, Ts Ve Tu tazelik gruplari belirlenmistir. Tazelik
gruplarini temsil eden balik unu poliamid polietilen torbalar
icerisine 1 kg alinmis ve etiket bilgileri eklendikten sonra
torba agz1 kapatilarak -18°C depolanmistir. Soguk zincir
uygulanarak ham protein, ham yag, nem ve ham kiil
analizleri i¢in Sinop Universitesi Su Uriinleri Fakiiltesi Su
Uriinleri isleme Teknolojisi Laboratuvarina, amino asit ve
yag asit analizleri icin TUBITAK MAM’a, renk analizleri
icin Ege Universitesi Su Uriinleri Fakiiltesi Su Uriinleri
Isleme Teknolojisi Laboratuvarina ulastirilmis ve gerekli
analizler yapilmustir.

Toplam Ugucu Bazik Azot (TVB-N) miktari
Liicke-Geidel metoduna gore (Botta vd., 1984), TBA
(Tiyobarbutiirik asit sayis1) Tarladgis vd. (1960)’a gore,
Ham protein analizi Kjeldahl yontemine (AOAC, 1990)
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gore, ham yag miktarmin belirlenmesi i¢in ise Bling ve Dyer belirlenmistir. Aminoasit Dimova (2003) metoduna gore
(1959)’in gelistirdigi yontem kullanilmistir. Kuru madde tespit edilmistir. Renk Olgiimii balikk unu numunelerin
tayini Ludorff ve Meyer (1973)’e gore, ham kiil miktar1 ise karigtirildiktan sonra petri kaplarina yerlestirilerek, renk
AOAC (1990)’a gore tespit edilmistir. Yag asidi analizleri Olgimii petri kabmin 10 farkli yerinde yapilmistir
“Esterlestirme ve ektraksiyon prensibi’ne gore yapilmistir. (Schubring ve Meyer, 2002).

Yag asitlerinin tanimlamalart TUPAC (1994)’a gore

Tablo 2. A, B ve C fabrikalarinda iglenen farkh tazelik (TVB-N, TBA) gruplarindan iiretilen balik ununda besin kompozisyonu degerleri.
Table 2. Processed in A, B and C factories, produced from different freshness groups, nutritional composition values in fish meal.

Tazelik g/100g A Fabrikas1 B Fabrikas1 C fabrikasi
T T Ts Ts T T2 Ts Ta Ty T2 Ts Ta

TVB-N 24,12+0,700 51,871,740 78,82+0,145 114,00+4,500 20,00+0,040 44,24+1,305 72,63+0,050 128,40+0,800 18,38+0,265 50,34+0,335 69,56+0,750 127,35+2,550
TBA 6,70+0,075 9,10+0,070 15,65+0,050 19,20+0,20 6,67+0,270 9,16+0,075 16,30+0,100 20,300,100 4,60+0,230 8,85+0,080 15,40+0,000 22,050,350
Nem (%) 3,54+0,175° 3,72+0,040° 4,91+0,050° 7,52+0,035¢ 4,50+0,0552 5,24+0,035° 5,89+0,040¢ 6,11+0,030¢ 4,49+0,030 5,24+0,025° 4,56+0,010% 4,60+0,015¢
Ham Yag (%) 7,52+0,010° 8,13+0,050° 9,50+0,055¢ 11,97+0,130¢ 7,87+0,010® 9,140,005 10,39+0,050¢ 12,44+0,050¢ 8,05+0,030# 9,45+0,040° 10,24+0,080¢  11,42+0,065¢
Ham Protein 76,63+0,0102 75,58+0,095" 73,19+0,050¢ 68,02+0,095¢ 7531+0,1102 73,62+0,065° 71,48+0,115¢ 69,520,040 74,82+0,0552 73,06£0,035° 7291+0,045°  7143+0,055¢
Kiil (%) 11,30+0,275 11,48+0,060 11,200,015 11,370,020 11,09+0,030 10,73+0,050 11,04+£0,025 10,75+0,185 11,42+0,010 11,05+0,040 11,02+0,130 11,150,030

(a—b): Her bir fabrikadaki satirlarda farkl harflerle gdsterilen tazelik ortalamalar arasindaki fark istatistiki olarak Gnemlidir (p<0,05).

Istatistiki Analiz: Arastirma boyunca tiim analizler kurutma sicakligt ve siiresine gore degisim gosterir

2 paralel ve 2 tekerriirlii olarak yapilmis ve sonuglar SPSS (Anderson vd,, 1993).
15 istatistik paket programi kullanilarak degerlendirilmistir. Fabrikalarda tazelik gruplarinda ham protein, ham
Verilerin analiz edilmesinde iki faktorlii (fabrika ve tazelik) yag, nem oranlari arasinda goriilen farkin istatistiki olarak
Faktoriyel —Diizende Varyans Analizi tekniginden onemli oldugu (P<0,05) ve islenen balik bayatladik¢a iiriinde
yararlanmilmustir, Farkli gruplar1 belirlemede ise Duncan nem ve ham ya§ oranmm artarken ham protein oraninin
Coklu Kargsilastirma Testi kullanilmistir (Siimbiiloglu ve azaldig1 belirlenmistir. Ayn1 sekilde Ariyawansa (2000),
Siimbiiloglu, 2000). Ricque vd. (1998), Pike ve Hardy (1997), farkli tazelikte
islenen baliklardan elde edilen balik ununda hammadde
BULGULAR VE TARTISMA bayatladikca iiriinde nem ve ham yag oraninin artarken ham

protein oraninin azaldigi, ham kiil oraninin ise degismedigini
Balik ve hayvan yem rasyonlarinda protein kaynagi tespit etmislerdir. Balik ununda islenen balik bayatladik¢a

olarak degerlendirilen balik ununda yiiksek kalite icin presleme esnasinda tamburda bulunan gdzenekleri
baliktan yagin ve suyun kek kismindan maksimum oranda tikadigindan dolayr verimi disiirdiigli, dolayisiyla bayat
ayrilmasi istenir. Oksidasyon ve mikrobiyal aktivite sonucu trinde nem ve ham yag oraninin daha yiiksek oldugu
meydana  gelebilecek acilasma  veya  bozulmanin bildirilmistir (FAO, 1986).

onlenebilmesi i¢in balik ununda ham yag oraninin % 10’un Bu calismada, A fabrikasinin (kurutma sicaklig
altinda olmasi1 gerekir (FAO, 1986). Yapilan balik unu 100°C) Ts, T2, T3 tazelik gruplarinda belirlenen ham protein
caligmalarinda nem orani %3,4-14,0 arasinda, ham yag orani diger B ve C fabrikasmnin (kurutma sicakligi 80°C) tazelik

% 4,8-17,3, ham protein %59,10-77,0 ve ham kiil oran1 %9,7 gruplarindan daha yiiksek tespit edilmistir. Opstvedt vd.
ile %26,4 arasinda degistigi arastirmacilar tarafindan rapor (2003), 70 ve 100°C’de kurutma siireci sonucunda balik
edilmistir (Cho vd., 1987; Ariyawansa, 2000; Ricque vd., ununda ham protein degerini sirasiyla %74,5, %76,9 olarak
1998; Barlow & Pike, 1977; Opstvedt vd., 2000; De Koning, raporlamiglar ve kurutma sicakliginin artmasi ile unda daha
2005; Duyar & Bayrakli, 2005; Bayrakli ve Duyar, 2019a). yiiksek ham protein oldugunu bildirmislerdir. Kurutma

Bu calismada tiim fabrikalarda ve tazelik gruplarinda elde isleminde uygulanan yiiksek sicaklik % nem oranmi
edilen nem oranlar1 %10’un altinda bulunmus ve bu sonug diisiirdiigiinden % ham protein oranini daha yiiksek ¢ikardig
birgok aragtirmada rapor edilen verilerle benzerlik goriilmiigtiir. Kurutma ve sogutma initelerinin kontrol
gostermektedir. Bu ¢alismada bulunan ham yag oranlari edilmesi ile ballk ununun ham protein oranmnin
diger arastirmacilarin elde ettigi sonuglar arasinda olmasina ayarlanabilecegi sdylenebilir.

ragmen, Ty ve T, grubu unlarda ham yag orant %10 Aragtirmada farkli tazelik gruplarinda ki hamsi
seviyesinin altinda, Tz ve T4 gruplarinda balik ununda baligindan iiretilen baliklardan yapilan renk analiz sonuglar1
istenen ham yag oraninin iizerinde bulunmustur. Bu Tablo 3’de verilmistir. Renk L (0-100) parlaklik, renk a
arastirmada bulunan ham protein miktarlar1 diger kirmizidan (+) yesile (-), renk b (+) saridan (-) mavi degeri
arastirmalarda elde edilen degerler arasinda oldugu ifade eder. Farkli tiir baliklardan iiretilen balik unlarinda
belirlenmistir. Bu calismadaki ham kiil orani yine diger renk L (parlaklik), renk a (kirmizilik) ve renk b (sarilik)
arastirma sonuglarmin arasinda tespit edilmistir. Balik analiz sonuglari; Cho vd. (1987), sirasiyla karides ununda
ununun besin kompozisyonu islenen baligin ftiirtine, 63,4, 5,5 ve 15,6, hamsi ununda 54,2, 7,5, 20,0 olarak
tazeligine, baligin kullanim durumuna (biitiin, islenmis balik bulmuglar, Sifuentes vd. (2009), ise evaporatérlii balik
art1g1), balik ununun muhafaza sartlarina, isleme yontemine, ununda 47,8, 3,1 ve 15,1 olarak belirlemislerdir. Yapilan
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calismada tazelik gruplarinda ortalama renk L en diisiik C
fabrikas1 T4 grubunda (47,28), en yiiksek A fabrikasi T;
grubunda (54,08), renk a en diisiik A fabrikasi T4 grubunda
(2,09), en yiiksek B fabrikas1 T1 grubunda (3,08) ve renk b
en diisiik A fabrikast T: grubunda (15,94), en yiiksek B
fabrikast1 T4 grubunda (20,11) goriilmistir. Balik
bayatladik¢a elde edilen unda renk L degerine gore
parlakliginin azaldig1 ve renk a degerinin kirmizidan yesile
dogru, renk b degerinin ise degisimin maviden sartya dogru
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oldugu gozlenmistir. Tazelik gruplar1 arasinda goriilen fark
istatistiki olarak o6nemlidir (P<0,05). 100°C sicaklikta
kurutma islemi yapan A fabrikasi ile 80°C sicaklikta
kurutma iglemi yapan B ve C fabrikasinin renk analiz
sonuglar1 incelendiginde yiiksek sicakliktan diisiik sicakliga
gore parlakligin azaldigi (renk L), yesilden kirmiziya dogru
(renk a) ve maviden sariya dogru (renk b) degistigi tespit
edilmistir.

Tablo 3. A, B ve C fabrikalarinda farkli tazelik gruplarindan iiretilen balik ununda renk analiz degerleri.
Table 3. The color analysis values of fish meal produced from different freshness groups in A, B and C factories.

Tazelik A Fabrikas1 B Fabrikas1 C Fabrikast

9/1009 T T T T T T T T T T T T
Renk L 54,08+0,020* 53,80+0,055% 53,42+0,270" 50,38+0,035¢ 51,24+0,0152 52,18+0,040° 48,05+0,150¢ 47,30+0,21019 49,48+0,065% 48,60+0,020° 47.90+0,005¢ 47,28+0,145¢
Renk a 2,26+0,020* 2,38+0,055° 2,20+0,005% 2,09+0,005¢ 3,08+0,005# 2,860,005 2,70£0,100° 2,24+0,005¢ 2,66+0,0052 2,76+0,020° 2,69+0,0102 2,29+0,010¢
Renk b 15,94+0,050* 16,130,070 17,06+0,095° 17,72+0,080¢ 18,60+0,195® 18,150,550 19,34+0,005 20,11+0,030¢ 16,94+0,040% 17,85+0,030° 18,03+0,050¢ 18,33+0,030¢

(a—b): Her bir fabrikadaki satirlarda farkli harflerle gosterilen tazelik ortalamalari arasindaki fark istatistiki olarak onemlidir (p<0,05).

Yapilan calisma yag asit sonuglar1 Tablo 4’de
verilmistir. Yetistirilen balik etinde ¢oklu doymamis yag
asitlerinin (SFA) yiiksek oranda olmasi beklenir ve yemdeki
yag asit kompozisyonu ile balik etindeki ya§ asit
kompozisyonu arasinda dogrusal bir iligki bulunmaktadir
(Simopoulos, 2008). Balik ununda doymus yag asitlerini
(SFA) en yiiksek oranda Palmitik asit temsil etmektedir

(%35,14), en diisik C fabrikas1 T4 grubunda (%33,61)
oldugu, en yiiksek SFA’nin palmitik asit oldugu (%
19,81+0,082) ardindan ise miristik asit (%6,47+0,045)
geldigi goriilmistir. De Koning (2005), Barlow ve Pike
(1977) balik ununda toplam SFA %33,44-34,2 orani
arasinda oldugunu ve SFA igerisinde en yiiksek palmitik asit
oldugunu (%19,81-23) bulmuslardir. Bu aragtirmada ki

(Gooch wvd,, 1987). Tablo 4’de goriilecegi gibi yapilan sonuglar ile diger literatir  degerleri  benzerlik

caligmada SFA en yilksek A fabrikast Ti grubunda gostermektedir.

Tablo 4. A, B ve C fabrikalarinda farkli tazelik gruplarindan iiretilen balik ununda yag asidi degerleri.

Table 4. The fatty acid values of fish meal produced from different freshness groups in A, B and C factories.
T/alzg[')'k A Fabrikast B Fabrikast C Fabrikast
9 T T2 Ts Ts T T2 Ts Ta T T2 Ts Ta
C14:.0 6,79+0,020° 6,58+0,0450 6,58+0,025" 6,20+0,020° 6,30+0,015% 6,23+0,015¢% 6,48+0,015° 6,12+0,055¢ 6,77+0,0302 6,66+0,010° 6,36+0,005¢ 6,56+0,005¢
C16:0 20,39+0,020* 19,90+0,020° 19,59+0,010°¢ 19,60+0,015¢ 19,96+0,0102 1991+0,010% 19,88+0,005° 19,85+0,030° 2037+0,050  20,04+0,025° 19,12+0,005¢ 19,09+0,010¢
C18:0 3,54+0,025° 3,55+0,005° 3,51+0,010° 3,52+0,050% 3,64+0,015% 3,87+0,010° 3,68+0,010°¢ 4,03+0,010¢ 3,62+0,005% 3,74+0,015° 3,88+0,010¢ 3,92+0,010¢
Ci16:1 4,87+0,005° 5,19+0,050° 5,11+0,020° 4,90+0,015% 5,02+0,005% 5,240,005 5,69+0,035°¢ 6,00+0,070¢ 5,20+0,0052 5,32+0,040° 6,30+0,005¢ 6,31+0,005¢
C18:1n9 12,53+0,010? 12,88+0,005" 11,94+0,075¢ 11,95+0,010° 13,64+0,015® 13,62+0,025% 13,73+0,005% 13,51+0,070° 12,82+0,010 12,72+0,065% 13,76+0,015° 13,92+0,005¢
C18:2n6t 2,26+0,015% 2,28+0,015* 2,27+0,0100 2,25+0,040 2,30+0,025* 2,24=0,035* 2,150,010 2,20+0,015° 2,28+0,010° 2,17+0,010° 1,9240,015° 1,92+0,015¢
C20:5n3 8,65+0,005° 8,56+0,0352 8,50+0,015" 8,36+0,025°¢ 8,64=0,010% 8,500,015 8,25+0,020°¢ 8,18+0,005¢ 9,16+0,0252 8,98+0,010° 8,98+0,005° 8,32+0,025¢
C22:6n3 21,18+0,035° 20,310,020 19,79£0,010°¢ 19,46+0,020¢ 19,17+0,0252 18,72+0,005° 17,60+0,015¢ 16,13+0,005¢ 1947+0,015*  18,88+0,040° 17,38+0,015¢ 16,96+0,035¢
SFA 35,14+0,055 34,30+0,155" 33,78+0,105¢ 33,64+0,005¢ 34,28+0,035% 3420+0,135% 34,34+0,025 34,61+0,2352 3497+0,050*  34,89+0,030% 33,50+0,040° 33,61+0,005
MUFA 18,86+0,055° 20,52+0,005" 19,66+0,035¢ 19,80+0,090¢ 21.27+0,0142 20,92+0,035" 21,55+0,020¢ 21,12+0,010¢ 20,32+0,020®  20,37+0,080° 22,04+0,005° 22,060,005
PUFA 34,52+0,020° 33,65+0,060° 33,02+0,025¢ 32,64+0,120¢ 32,60+0,005* 31,82+0,055° 30,40+0,022¢ 28,77+0,020¢ 3329+0,030%  3248+0,030° 30,56+0,015¢ 29,42+0,035¢
TYA* 11,480,090 11,54+0,2152 13,56+0,095" 13,92+0,025° 11,860,035 13,07+0,230° 13,72+0,045¢ 15,50+0,200¢ 1142+0,005*  12,26+0,015° 13,91+0,025¢ 14,90+0,050¢
PUFA/SFA 0,98+0,010* 0,98+0,005° 0,98+0,010° 0,97+0,008# 0,95+0,004# 0,930,005 0,88+0,005°¢ 0,84+0,005¢ 0,95+0,005% 0,93+0,004° 0,91+0,008¢ 0,88+0,005¢
MUFA/SFA 0,54+0,005 0,60+0,005 0,58+0,005 0,59+0,005 0,62+0,004 0,61=0,006 0,63+0,004 0,61+0,005 0,58+0,004 0,58+0,005 0,66+0,005 0,66+0,004
DHA/EPA 2,45+0,005° 2,37+0,010° 2,32+0,005¢ 2,32+0,005°¢ 2,22+0,005% 2,20+0,005% 2,140,005 1,98+0,005¢ 2,12+0,005% 2,10+0,005° 1,94+0,005¢ 2,04+0,005¢

Zw3 30,85+0,030* 29,94+0,055° 29,37+0,010°¢ 28,90+0,060¢ 28,82+0,005* 28,22+0,015° 26,90+0,015¢° 2528+0,0159 29,65+0,025°  28,89+0,040° 27,29+0,010¢ 26,20+0,065¢
Zw6 3,910,010 3,98+0,02020 3,87+0,020° 4,010,050 4,08+0,010% 3,930,060 3,78+0,010%¢ 3,740,040 3,91+0,010% 3,86+0,080% 3,64+0,030° 3,62+0,010°
w3/w6 7,90+0,020° 7,53+0,030° 7,58+0,040° 7,20+0,080° 7,060,0,20® 7,19+0,100% 7,10+0,020# 6,76+0,080° 7,59+0,000% 7,50+0,1602 7,50+0,0602 7,25+0,1252

(a—b): Her bir fabrikadaki satirlarda farkli harflerle gdsterilen tazelik ortalamalari arasindaki fark istatistiki olarak 6nemlidir (p<0,05).

Balik ununda tekli doymamais yag asitleri (MUFA)
icerisinde oleik asit palmitoleik asitten daha fazla miktarda
bulunur (Gooch vd,, 1987). Bu ¢alismada, balik ununda
tespit edilen MUFA oran1 ortalama %20,71+0,196 oldugu,
MUFA igeriginde oleik asit (%13,08+0,141) ardindan ise
palmitoleik asitin (% 5,43%0,104) siralandig1 goriilmistir.
De Koning (2005), hamsi ununda MUFA % 24,7 oraninda,
oleik asidin en yiiksek oranda bulundugunu bildirmis, ancak
bu sonuglarin bizim ¢alismadan yiiksek oldugu goriilmiistiir.
Barlow ve Pike (1977), balik ununda oleik asit miktarinin
bizim c¢alisma sonucuna benzer olarak %13 oldugunu
bildirmistir. Coklu doymamis yag asitleri (PUFA)
eikosapentaenoik asit (EPA) ve dekozahegzaenoik asit
(DHA) miktar1 genellikle balik tiirlerinde yiiksektir (Gooch
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vd., 1987). De Koning (2005), balik ununda PUFA
oranlarini %33,0 bulmus, oran1 %13,8 olan DHA en yiiksek
PUFA oldugunu daha sonra ise %10,5 oraninda EPA
oldugunu beyan etmislerdir. Bu calismada, PUFA orani
ortalama %31,93+0,353 olup en yiiksek ¢oklu doymamis
asidi DHA (%18,76+0,294) ve daha sonra EPA
(%8,59+0,062) oldugu tespit edilmistir. Calisma sonuglarini
De Koning (2005), galismast ile farkliliklar gostermektedir.
Bu farkliliklarin islenen baligin tiiriine, bolgesel farkliliga ve
isleme metoduna gore degistigi sOylenebilir.

Yagdaki omega3 yag asitleri miktari, baliga verilen
yemin veya baligin yasadigt ortamin besin bilesimine
baglidir (Suzuki vd., 1986). Baliklarda omega3 doymamig
yag asitleri omega6 doymamis yag asitlerine gore daha
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coktur (Stansby, 1969). Fox vd. (2004), balik yaglarinda
omega3/omega6 yag asit oranmi %15,7-16,7 arasinda
degistigini bildirmistir. Barlow ve Pike (1977) standart
hamsi ununda omega3 oranini1 %34,3, omega6 oranini %4,1
ve omega3 ile omega6 yag asit oranmi 8,35 olarak
hesaplamiglardir. Yapilan c¢aligmada ortalama omega3
%28,36+0,327 oraninda bulunurken, omega6 %3,86+0,030
olup omega3/omega6 oran1 7,35+0,060 olarak tespit edilmis
ve yukarida literatiiri verilen sonuglardan daha diisiik
oldugu belirlenmistir. Bu farkliliklarin iglenen baligin
tiirtine, bolgesel farkliliga ve isleme metoduna goére degistigi
sOylenebilir.

Fabrikalardaki Ti, Ty, Tz ve Ty tazelik gruplar
incelendiginde fabrikalardaki tazelik gruplari incelendiginde
SFA  degerleri ortalama smrasiyla  %34,80+0,169,
%34,46+0,147, %33,87+0,158 ve %33,95+0,216 olarak
bulunmus ve balik tazeliginin SFA oranlarin tesiri oldugu
belirlenmistir. Benzer sekilde balik bayatladik¢a unda PUFA

orani (strastyla; %33,47+0,356, %32,65+0,338,
%31,32+0,536, 9%30,28+0,757)’da  diismektedir. Balik
bayatladikca TBA  degeri yiikselmistir.  Baliklarin

bayatladik¢a iretilen unda PUFA/SFA oraninda azaldifi
goriilmiistiir. Balik bayatladik¢a tazelik gruplarinda DHA

(swrastyla;  9%19,94+0,396, 19,30+0,319, 18,26+0,487,
17,52+0,632), EPA (sirasiyla; %8,82+0,110, 8,68+0,095,
8,58+0,134, 8,28+0,036) ve DHA/EPA oranlarinin
(sirasiyla; %2,26+0,060, 2,22+0,050, 2,13+0,071,

2,11+0,068) 6nemli derecede azalmistir. Omega3 (sirasiyla:
%29,77+0,372, 29,01+0,317, 27,85+0,486, 26,80+0,686),
omega6 (sirastyla: %3,97+0,040, 3,92+0,030, 3,76+0,040,
3,79+£0,080) ve omega3/omega6 orani (sirasiyla:
%7,52+0,160, 7,40+0,080, 7,40+0,100, 7,07+0,100) balik
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bayatladik¢a azaldigi goriilmektedir. Rezaei vd., (2007) ile
Ng ve Bahurmiz (2009) depolanma siiresinin balikta PUFA
ve omega3 oranmi azalttigi, PUFA’nin SFA’ya gore daha
hizl1 okside oldugunu bildirmistir. Literatiirii verilen
aragtirmacilarin sonuglar1 bu ¢alismay desteklemektedir.
Tablo 5’de goriildiigii gibi baligmn tiimiinden
yapilan unun aminoasit miktarlari ile bu ¢alisma benzerlik
gostermesine ragmen balik artiklart ile yapilan un
degerlerinin beklenildigi gibi farkli oldugu anlagilmaktadir.
Yapilan literatiir taramalarinda balik tazeliginin balik
unundaki aminoasit kompozisyonuna etkisi konusunda
aragtirmalar bulunamamugtir. Balik bayatladik¢a unda A
fabrikasinda (sirasiyla;  %39,13+0,010, 38,90+0,115,
36,62+0,015, 33,13+0,120), B fabrikasinda (sirasiyla;
%39,06+0,075, 36,78+0,020, 35,67+0,075, 34,54+0,115) ve
C fabrikasinda (swrasiyla; %38,37+0,050, 37,55+0,020,
36,34+0,065, 35,934+0,020) balik bayatladik¢a elde edilen
unda esansiyel aminoasit miktarlar1 azalmig ve fark
istatistiki olarak 6nemli bulunmustur (P<0,05). Esansiyel
olmayan aminoasit degerleri A fabrikasinda (sirasiyla;
%37,50+0,020, 36,67+0,020, 36,56+0,065, 34,88+0,025), B
fabrikasinda  (sirasiyla;  %36,25+0,035, 36,84+0,045,
35,81+0,040, 34,98+0,075) ve C fabrikasinda (sirasiyla;
%36,44+0,005, 35,52+0,055, 36,58+0,020, 35,50+0,035)
azalmis ve fark istatistiki olarak Onemli oldugu
belirlenmistir  (P<0,05). Esansiyel olan aminoasitlerin
esansiyel olmayan aminoasitlere orani ise A fabrikasinda
(sirasiyla; 1,04, 1,06, 1,00, 0,95), B fabrikasinda (sirasiyla;
1,08, 1,00, 1,00, 0,98) ve C fabrikasinda (sirasiyla; 1,05,
1,06, 1,00, 1,01) balik bayatladik¢a unda azalmis ve bu
oranin istatistiki olarak énemli bulunmustur (p<0,05).

Tablo 5. A, B ve C fabrikalarinda farkl: tazelik gruplarindan tiretilen balik ununda aminoasit degerleri.
Table 5. The aminoacid values of fish meal produced from different freshness groups in A, B and C factories.

Tazelik A Fabrikas1 B Fabrikas1 C Fabrikasi

9/100g T T, T T, T I T T T T T T
Threonin 2,89+0,020° 2,90+0,015° 2,82+0,015" 2,54+0,015¢° 2,72+0,025% 2,62+0,015 2,52+0,025¢ 2,51+0,005¢ 2,84+0,030° 2,66+0,035° 2,79+0,030% 3,10+0,040¢
Valin 4,08+0,005° 4,12+0,005° 3,940,005 3,55+0,010° 3,84=0,010% 3,68+0,010° 3,79+0,010¢ 3,74+0,005¢ 4,09+0,010% 3,73+0,010° 3,55+0,015¢ 2,98+0,025¢
Methionin 2,72+0,015° 2,58+0,005° 2,54+0,015" 2,42+0,016° 2,58+0,010% 2,460,015 2,52+0,005¢ 2,500,020 2,73+0,0202 2,38+0,015° 2,38+0,020° 2,28+0,010¢
Triptofan 1,27+0,0052 1,30+0,0202 1,23+0,005° 1,06+0,005¢ 1,17+0,005° 1,18+0,005° 1,24+0,0052 1,11+0,030¢ 1,38+0,005% 1,48+0,005° 1,04+0,020¢ 1,31%0,010¢
Fenilalalin 2,92+0,005¢ 3,22+0,030° 3,18+0,005% 3,05+0,035" 3,30+0,025% 3,16+0,005 3,32+0,015¢% 3,120,005 2,86+0,005% 3,140,005 3,09+0,015¢ 3,2240,010¢
izolosin 2,95+0,005* 2,85+0,010° 2,74+0,015° 2,64+0,005¢ 3,68+0,005% 3,030,010 2,95+0,010¢ 3,010,010 2,900,020 3,19+0,010° 3,08+0,015¢ 3,1440,010°
Arjinin 6,37+0,010* 6,06+0,010° 5,89+0,010° 5,60+0,065¢ 5,84+0,035% 5,81£0,020% 5,78+0,025% 5,74+0,005° 6,31+0,030% 5,85+0,055° 5,93+0,032° 6,16+0,010¢
Losin 7,24+0,015° 7,30+0,025 7,110,030 6,20+0,040° 7,40+0,005% 7,02+0,015¢ 7,10£0,015° 6,66+0,015¢ 7,02+0,0152 7,110,010 7,22+0,015¢ 7,33+0,020¢
Histidin 3,12+0,025 3,04+0,020° 1,81+0,030° 1,26+0,025¢ 3,20+0,015¢% 2,58+0,015° 1,31+0,005¢ 1,19+0,015¢ 2,93+0,0202 2,760,015 2,03+0,030¢ 1,20+0,025¢
Lizin 5,56+0,015* 5,56+0,015* 5,36+0,015" 4,80+0,005° 5,34+0,010% 5,23+0,010° 5,13+0,010¢ 4,94+0,005¢ 5,32+0,010° 5,24+0,005% 5,2140,010° 5,20+0,010¢
EAA 39,13+0,010% 38,90+0,115% 36,62+0,015° 33,13+0,120° 39,06+0,075* 36,78+0,020° 35,67+0,075° 34,54+0,115¢ 38,37+0,050* 37,55+0,020° 36,34+0,065° 35,93+0,020¢
Aspartik asit 5,96+0,025* 5,70+0,015¢ 5,77+0,010° 5,67+0,010¢ 5,76+0,025% 5,70£0,015% 5,66+0,025° 5,72+0,010% 5,85+0,0252 5,840,025 6,04+0,005° 5,98+0,015°
Glutamik asit 9,06+0,025* 8,86+0,025° 8,810,020 8,43+0,010° 8,58+0,005% 8,400,025 8,480,020 8,440,030 9,08+0,035% 9,08+0,0402 8,77+0,020° 8,760,020
Asparajin 1,58+0,010° 1,65+0,0202 1,30+0,005¢ 1,42+0,010°¢ 2,00+0,010% 1,96+0,005° 1,32+0,005¢ 1,22+0,005¢ 1,64+0,0152 1,14+0,005¢ 1,60+0,010° 1,44+0,015¢
Serin 3,80+0,005* 3,50+0,005° 3,45+0,050° 3,10+0,005°¢ 3,65+0,050% 3,45+0,050° 3,75+0,050¢ 3,25+0,050°¢ 3,55+0,050¢ 3,45+0,050¢ 3,40+0,005% 3,41+0,0052
Glutamin 1,25+0,0502 1,31+0,0102 1,01£0,010° 1,10+0,005¢ 1,11£0,010° 1,15+0,050° 1,32+0,0152 0,95+0,050°¢ 1,15+0,050% 0,99+0,010° 1,35+0,0502 1,1940,010%
Glisin 2,46+0,020° 2,47+0,020° 2,54+0,005% 2,58+0,005% 2,24+0,025" 2,300,005 2,42+0,005% 2,46+0,030° 2,49+0,015° 2,20+0,040¢ 2,54+0,005° 2,60+0,005%
Sistein 0,42+0,010¢ 0,40+0,005¢ 1,33+0,0402 1,15+0,020° 1,15+0,0102 1,27+0,020° 0,77+0,030¢ 1,21£0,020% 0,33+0,025¢ 0,460,020 0,85+0,020¢ 0,48+0,015"
Hidroksiprolin 1,20+0,0052 0,94+0,005¢ 1,10+0,010° 1,12+0,005° 1,18+0,010° 1,02+0,005° 1,16+0,0552 0,98+0,005° 1,18+0,025° 1,16+0,015° 1,50+0,0152 0,92+0,010°¢
Prolin 3,27+0,010* 3,28+0,015 3,20+0,010° 2,80+0,005¢ 2,72+0,015¢% 2,72+0,0052 2,66+0,005° 2,73+0,010° 3,22+0,025¢ 3,16+0,010° 3,14+0,032° 3,08+0,005¢
Alanin 5,10+0,020* 4,97+0,010° 4,83+0,010° 4,53+0,050¢ 4,75+0,020% 4,69+0,0102 4,74+0,0252 4,69+0,020¢ 4,77+0,025% 4,54+0,020°¢ 4,60+0,015% 4,62+0,005¢
Tirozin 1,81+0,0152 1,69+0,010° 1,73+0,020% 1,60+0,035¢ 1,60+0,025¢ 2,14+0,005° 2,19+0,0102 1,90+0,005¢ 1,80+0,005° 1,80+0,010° 1,85+0,030% 1,88+0,0542
EOAA 37,50+0,020* 36,67+£0,020° 36,56+0,065° 34,88+0,025° 36,25+0,035% 36,84+0,045* 35,81+0,040° 34,98+0,075° 36,44+0,005* 35,52+0,055° 36,58+0,020* 35,50+0,035°
EAA/EOAA 1,04+0,0000 1,06+0,000* 1,00+0,005° 0,95+0,000¢ 1,08+0,000° 1,000,000° 1,00+0,005° 0,98+0,005° 1,05+0,000% 1,06+0,000% 1,00+0,005° 1,0140,0000
EAA/HP 0,51 0,51 0,50 0,49 0,52 0,50 0,50 0,50 0,51 0,51 0,50 0,50

(a—b): Her bir fabrikadaki satirlarda farkli harflerle gdsterilen tazelik ortalamalari arasindaki fark istatistiki olarak 6nemlidir (p<0,05).

Uzun depolama siireleri bakterilerin aminoasitleri
parcalanmasi sonucunda biyojenik aminlerin ortaya ¢iktigi,
bu toksik maddelerin baliklarin  biiylime, yem
degerlendirme, istahsizlik ve diger anomaliliklere sebep
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oldugu bildirilmektedir (Anderson vd., 1993). Bunun i¢in
balik unu kalitesine etkileyen en 6nemli etkenlerden birisi
tazeliktir.  Esansiyel — aminoasitlerden; threonin A
fabrikasinda  (sirasiyla; %:2,89+0,020, 2,90+0,015,
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2,82+0,015, 2,54 +0,015) ve B fabrikasinda (sirasiyla;
%2,72+0,025, 2,62+0,015, 2,52+0,025, 2,51+0,005) balik
bayatladik¢a unda azaldigt ve farkin Onemli oldugu
(P<0,05), valin fabrikalarin tazelik gruplarinda ortalama
olarak sirasiyla; %4,00+0,052, %3,84+0,087, %3,76+0,070,
%3,42+0,143 oldugu ve balik bayatladik¢a diistiigii, ayni
sekilde lizin (swrasiyla;  %5,40+0,048, 5,34+0,067,
5,2340,044, 4,98+0,075), izolosin (sirasiyla; %3,18+0,161,
3,02+0,062, 2,93+0,063, 2,934+0,093), losin (sirasiyla;
%7,22+0,071, 7,14+0,053, 7,14+0,028, 6,73+0,208),
histidin (sirasiyla; %3,08+0,051, 2,79+0,084, 1,72+0,136,
1,22+0,015), arjinin (sirastyla; %6,17+0,108, 5,91+0,052,
5,870,028, 5,83+0,107) ve methionin (sirasiyla;
%2,68+0,032, 2,47+0,036, 2,48+0,034, 2,40+0,041)
oranlarnin da balik bayatladik¢a azaldig1 belirlenmis olup
farkin istatistiki olarak Onemli oldugu tespit edilmistir
(P<0,05). Esansiyel olmayan amino asitler; glutamik asit
(swrasiyla;  %8,91+£0,106,  8,78+0,128,  8,69+0,066,
8,54+0,070), asparajin (sirastyla; %1,74+0,083, 1,58+0,149,
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1,40+0,060, 1,36+0,041), prolin (sirastyla; %3,07+0,112,
3,05+0,108, 3,00+0,109, 2,87+0,069), alanin (sirasiyla;
%4,87+0,073, 4,73+£0,080, 4,72+0,044, 4,62+0,033)
degerlerininde balikta meydana gelen bozulmaya paralel
olarak azaldig1 ve farkin istatistiki olarak 6nemli oldugu
belirlenmigtir (P<0,05). Esansiyel aminoasitlerin ham
protein igerisindeki orani balik bayatladik¢a unda azaldig:
goriilmustiir. Tapia-Salazar (2004) balik bayatladik¢a balik
ununda lizin, histidin, arjinin ve tirozin degerlerinin
azaldigini, Opstvedt vd., (2000) balik bayatladik¢a unda
lizin, histidin, arjinin ve tirozin oranlarmin yaklagik %6
azaldigimni ve buna bagli olarak biyojenik aminlerin
(swrastyla: putresin, kadaverin, tiramin ve histamin)
degerlerinin arttigini bildirmislerdir (Tablo 6). Bu sonuglar
aragtirma sonuglarimizi destekler mahiyettedir. Ortamdaki
pH diizeyi ve bayatlamaya bagli olarak bakteriler ve
enzimler sonucunda aminoasitlerin serbest aminoasitlere ve
biyojenik aminlere doniismesi sonucunda azaldig
diisiiniilmektedir (Saldamli, 1998).

Tablo 6. Calismada elde edilen ortalama aminoasit miktarlari ile balik ununda aminoasit oranlarmi bildiren aragtirmacilarin sonuglart (g/100g).
Table 6. The average amount of amino acids obtained in the study, Results of researchers reporting amino acid ratios in fish meal (g/100g).

* 1 2 3 4 5
HU RU BBU SU - RU BBU HU SuU MU
Lizin* 524 547 4,49 5,39 5,50 5,79 5,66 4,56 5,08 5,55 4,7
Methionin* 2,51 2,06 1,69 1,94 1,46 1,62 2,14 1,72 1,94 1,95 1,77
Triptofan* 1,23 0,85 0,59 0,75 0,66 042
Histidin* 2,20 1,70 1,30 142 1,79 1,38
Arjinin 594 4,12 4,16 5,01 4,38 4,39 4,61 4,16 3,67 3,25 3,58
Threonin* 2,74 3,05 2,54 329 332 2,93 3,01 2,56 2,78 2,7 2,43
Valin* 3,76 383 293 3,74 4,24 393
izolosin* 3,01 3,20 241 2,99 345 3,20
Losin * 7,06 533 4,23 5,46 497 481
Fenilalanin* 313 2,77 2,15 2,69 3,05 6,19
Sistein 0,82 0,71 0,59 0,60 2,78
Tirozin* 183 2,20 1,69 2,17 2,92
Aspartik a, 5,80 6,46 553 6,81 6,63
Serin 348 2,70 312 322 2,59
Glutamik a, 8,73 9,09 832 9,72 9,08
Prolin 3,00 2,98 345 2,77 318 42 53
Glisin 2,44 4,26 6,44 381 385 6 9,9
Alanin 4,74 4,47 4,10 4,64 4,24
H,prolin 112

Glutamin 1,15

H,U: Hamsi unu, R,U: Ringa Balik unu, B,B,U: balik artiklarindan elde edilen un S,U: Sardalya Balik unu, K,U: Karides Unu, M,U: Menhaden Balik unu, 1-Windsor, (2001), 2-Storebakken ve ark., (2000), 3-De Koning, (2005), 4- Arruda ve ark.,

(2006), 5- Fox ve ark., (2004), ** Mevcut ¢aligma, *Esansiyel aminoasitler.

SONUC VE ONERILER

Sonug olarak, balik ununda protein orani balik
tazeligi kurutma sicakligina gore  degisim
gostermektedir, Balik yem rasyonlarinda balik unu protein
kaynag olarak kullanildigindan unda ham protein oraninin
maksimum diizeyde olmasi istenir. Balik ununda yiiksek
oranda protein elde edilebilmesi i¢in ise kompozisyondaki
ham yag ve nem orani diisiiriilmelidir. Tazelik gruplarinda
balik bayatladikca ham yag ve nem oranmnin arttii
belirlenmistir. Bayat baliklarin iglenmesi sirasinda pres
iinitesinin verimli ¢aligmadigi goézlemlenmistir. Bunun
icin, baliklarin taze olarak islenmesi gerekir. Ayrica
evaporatdr sistemi kullanan A ve B fabrikasinin ham
protein orani evaporatdr sistemi kullanmayan C
fabrikasinda gore daha yiliksek belirlenmistir. Bu acidan

Ve
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balik unu iretiminde evaporatdr sistemi uygulanmali ve
calistirilmalidir.

Balik yag asit amino  asit
kompozisyonunu da balik tazeliginden -etkilenmistir.
Ozellikle balik yemlerinde bulunmasi istenen esansiyel
aminoasit, EPA, DHA, omega3 ve omega6 miktarlarmin
balik bayatladikga iiretilen unda azaldig tespit edilmistir.
Baligin taze olarak islenmesi neticesinde balik ununda en
kaliteli amino asit ve yag asit kompozisyonu elde
edilebilecektir.

Balik unu rengi hammadde tazeligi, kurutma
sicakligl gore degismektedir. Taze olarak A fabrikasinda
100°C’de kurutulan balik unu B ve C fabrikalarinda 80°C
de kurutulan balik ununa goére daha parlak (renk L),
kirmizilik (renk a) ve sarilik (renk b) degeri daha diistik
oldugu sonucuna ulagilmistir.

ununda ve
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Calismanin  sonucunda T; ve T, tazelik
gruplarindan ve evaporator sistemi kullanan A ve B
fabrikalarinda tiretilen balik ununun ham proteini yiiksek,
aminoasit yapist ile EPA ve DHA gibi yag asitlerince
zengin oldugu belirlenmistir. Yiiksek kaliteli balik unu
elde etmek icin taze hammadde evaporatdr sistemi olan
tesislerde islenmelidir. Yiiksek kaliteli iiriinler ayr1 bir
depoda muhafaza altina alinip etiketlenerek ozel {irlin
olarak pazarlanmasi tavsiye edilmektedir. Uriinlerin
pazarlanmasinda uluslararasi baglantilar kurulmasi ve
sanal pazarlama yontemlerinin uygulanmasi daha etkin
ticaret yapmak i¢in faydalidir.
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Abstract: Xanthomonas arboricola pathovar corylina (Xac) causes a bacterial blight disease
*[2': https://orcid.org/0000-0003-2897-9911 (BBD) resulting in economic losses in young hazelnut trees worldwide. Although virulent Xac
genomes were sequenced, there is no comparative genomics study on these genomes. In this
study, all publicly available whole-genome sequences of Xac were compared by a comparative
genomics approach. The results showed that Xac CFBP1159 and Xac CFBP2565 genomes are
phylogenetically related to each other based on the orthology results. The genomic diversification

*Corresponding author’s: of Xac strains was depended on mobile genetic elements. Interestingly, Xac NCCB100457

gafak [CALINIDAVIAR genome had additional motility genes than Xac CFBP1159 and Xac CFBP2565 genomes. All Xac
epartment of Molecular Biology and i .

Genetics, Faculty of Arts and Sciences, Ordu genomes had shared virulence-related genes such as secretion systems and adherence factors. The

University, 52200, Ordu, Turkey.

52 safakkalindamar@odu.edutr comparative genomics approach of this study supports that Xac genomes have slight genetic

variations, and the virulence-related proteins interacted with the host proteins. This comparative
genomics approach will provide insights into the understanding of the Xac genomes.

Keywords: Comparative genomics, host-pathogen interaction, phytopathogenic, virulence, Xanthomonas.

Fitopatojenik Xanthomonas arboricola patovar corylina Suslarina
Karsilastirmah Genomik Bakis

Oz: Xanthomonas arboricola patovar corylina (Xac), Diinya ¢apinda geng findik agaglarida
ekonomik kayiplarla sonuglanan findik bakteriyel yanikligi hastaligina neden olmaktadir.
Viriilent Xac suglarinin tim genomlar1 dizilenmis olmasina ragmen, bu genomlar iizerinde bir
karsilagtirmali genomik galigma yoktur. Bu calismada, Xac suslarinin halka agik tim genom
dizileri, karsilagtirmali genomik yaklagim kullanilarak karsilastirilmistir. Elde edilen sonuglarda,
Xac CFBP1159 ve Xac CFBP2565 genomlarinin, ortoloji sonucuna gore filogenetik olarak
birbirleriyle daha yakin iligkili oldugu saptanmistir. Xac suslarinin genomik ¢esitliliginin mobil

*Sorumlu yazar: genetik elementlerle iliskisi oldugu anlagilmustir. flging bir sekilde, Xac NCCB100457 genomu,
B IAILINIDAMIAR o Xac CFBP1159 ve Xac CFBP2565 genomlarindan daha fazla motilite genlerine sahiptir. Tiim
Ordu Universitesi, Fen-Edebiyat Fakiiltesi, . X . . .

Molekiiler Biyoloji ve Genetik Boliimii, Xac genomlari, sekresyon sistemleri ve adhezyon faktorleri gibi viriilans ile ilgili ortak genlere
52200, Ordu, Tiirkiye. sahiptir. Bu calismanin karsilastirmali genomik yaklasimu, Xac genomlarinin bazi genetik

D4 safakkalindamar@odu.edu.tr . o - SR . . . o
varyasyonlara sahip oldugu ve viriilans ile ilgili proteinlerin konakg¢i proteinlerle etkilesime

girdigini desteklemektedir. Bu ¢alismanin karsilastirmali genomik yaklasimi, Xac genomlarinin
anlagilmasi i¢in bir 6ngorii saglamstir.

Anahtar kelimeler: Bitki patojeni, karsilastirmali genomik, konak patojen iliskisi, viriilans,
Xanthomonas.
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INTRODUCTION

Xanthomonas arboricola is primarily known as a
Gram-negative phytopathogenic bacterium that can infect
economically important plant species such as prunus,
walnut, and hazelnut (Vauterin et al., 1995). X. arboricola
pathovar-assigned strains are mostly described as pathogenic
bacteria although there are X. arboricola strains considered
non-pathogenic bacteria. Moreover, there are nine pathovar
strains (arracaciae, celebensis, corylina, fragariae,
guizotiae, juglandis, populi, pruni, and zantesdeschiae)
identified in X. arboricola (Fischer-Le Saux et al., 2015). As
one of the most virulent pathovars, Xanthomonas arboricola
pathovar corylina (Xac) is a causative agent of BBD of
hazelnut trees (Corylus spp.). The BBD was first described
on C. maxima in the USA (Barss, 1913). Later, the disease
has been increasingly reported on C. avellana from hazelnut
producer countries in the European Union (Eppo, 2004). Xac
has been also prevalently isolated from the hazelnut orchards
in the Black Sea Region of Turkey, which is a major hazelnut
producer in Europe (Karahan et al., 2013). The symptoms of
BBD can appear on hazelnut tree’s leaves and twigs. It has
been also reported that the disease can also kill hazelnut trees
or delay the growth of trees (Lamichhane et al., 2014).

The genus of Xanthomonas include a variety of
plant pathogenic bacterial species, and these bacteria can
utilize diverse virulence mechanisms such as secretion
systems, effector proteins of diverse secretion systems,

Table 1. Genome features of Xac strains.
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flagella, and small RNAs (Timilsina et al., 2020). Recently,
a comparative genomics study on virulent and non-virulent
Xanthomonas arboricola pv. pruni (Xap) strains showed
genomic differences between virulent and non-virulent Xap
strains (Garita et al., 2017). On the other hand, the Xac strain
was isolated from the leaf spots of C. colurna L. in Colorado,
and the first DNA sequence of Xac was revealed in 2013
(Caballero et al., 2013). There are also sequences of two Xac
genomes (Xac CFBP1159 and Xac CFBP2565) publicly
stored in the National Center for Biotechnology Information
(NCBI). However, these genomes were not used for any
comparative genomics analysis.

Although several Xac genomes have been
sequenced and their genomes were publicly available, there
is no comparative genomics study on Xac’s genomes. Thus,
the goal of this study was to compare Xac genomes that are
publicly available in the NCBI database. This study provides
a comparative insight into the comparison of Xac genomes,
genomic variations, orthologous clusters at the protein level,
annotation and gene predictions, prediction of virulence
factors, and interactions of host-pathogen proteins.

MATERIAL AND METHOD
Bacterial genome data: The Xac genomes data

were obtained from NCBI (as of 01/11/2020). The Xac
genomes were listed with features in Table 1.

Species Strain Host Location Size (Mbp) G+C Level Accession # Reference

Xac CFBP2565 C. avellana France 5.05 65.6 Contig NZ_MDSJ01000001.1 INRA

Xac CFBP1159 C. maxima USA 511 65.5 Scaffold NZ_MDEA01000001.1 INRA

Xac NCCB100457 C. colurna USA 5.23 65.5 Contig NZ_APMC02000173.1 Caballero et al., 2013

Location: country of origin, Level: genome assembly status, Mbp: million base pairs, Xac: Xanthomonas arboricola pathovar corylina, C: Corylus.

Comparative genome analyses: Blast Ring Image
Generator (BRIG) was used to visualize the comparative
genome analysis of Xac strains (Alikhan et al., 2011). The
orthologous clusters of Xac strains at the protein level were
calculated by using OrthoVenn2 (Wang et al., 2015).
Prokaryotic Genomes Automatic Annotation Pipeline
(NCBI PGAAP) and Rapid Annotation using Subsystem
Technology (RAST) annotation pipelines were used for the
annotation and gene prediction of bacterial genomes
(Angiuoli et al., 2008; Overbeek, 2014). The potential
protein-protein interactions between 3 of Xac whole proteins
and the complete proteins of the eukaryotic host C. avellana
(European hazelnut) genome (GenBank accession #:
CAAJGP010000000) were determined using the Host-
Pathogen Interaction Database (HPIDB) by the default
upload options (Ammari et al., 2016; Kumar and Nanduri,
2010). The predicted putative virulence factors were
determined by downloading the full dataset from the
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Virulence Factors Database (VFDB) and by uploading them
to BioEdit software (Lihong et al., 2016). The local BLAST
feature of BioEdit was used with a cutoff E-value of 10-%
(Hall, 1999).

RESULTS

Genome features of Xac genomes: The genomic
information about Xac genomes (plant host, location, and
genome-level) was summarized in Table 1. The three
genomes of Xac was represented and stored in NCBI. The
average genome size of Xac genomes is 5.13 million base-
pairs (Mbp). The average G+C content of Xac genomes is
65.53 mol%. The NCBI genome data indicated that Xac
genomes were isolated from different hazelnut species
(Table 1). There are no plasmids sequences reported for Xac
strains.
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Comparative analyses of Xac genomes: The
visualization of the comparison of genes by BRIG showed
that most of the genes among all Xac genomes were
conserved (Fig 1). In orthology analysis, the comparison of
proteins encoded by Xac genomes was determined by
OrthoVenn2 (Fig 2). All strains shared 3694 clusters of
orthologous proteins. The unique protein clusters identified
such as 1 cluster (Non-ribosomal peptide synthetase) in Xac
CFBP1159, 5 clusters (Phage portal protein, P-type
conjugative  transfer protein TrbJ, DDE-type
integrase/transposase) in Xac CFBP2565, and 5 clusters
(SDR family oxidoreductase, UvrD helicase, virulence
RhuM family protein, transcriptional regulator) in Xac
NCCB100457 was unique to genomes. The annotation and
categorization of genes based upon the RAST showed that
there is a close relationship between Xac CFBP1159 and Xac
CFBP2565 genomes in the subsystems categorization of
genes (Fig 3). However, Xac NCCB100457 had slightly
more genes in some subcategories compared to other Xac
genomes. Interestingly, Xac NCCB100457 had motility and
chemotaxis genes, which other Xac genomes do not encode
any of these genes (Fig 3). In host-pathogen interactions
(HPIs), the interactions were predicted between a total of 26
proteins of Xac and 34 proteins of C. avellana (Fig 4). The
virulence factors detected in Xac genomes were categorized
based on the function such as adherence, adhesion, and
secretion systems (Table 2). The pathogen proteins
interacted with the host proteins are listed in Table 3.

Ty
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X. arboricola pv. corylina NCCB100457
5226588 bp
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Figure 1. Comparative circular visualization of Xac genomes. The
reference strain is Xac NCCB100457. The two inner rings represent
the G+C content (black) and GC-skew (green/purple). The three
outside rings represent a genomics comparison between Xac
CFBP1159 and Xac CFBP2565 strains and the reference Xac
NCCB100457 strain.
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Figure 2. Venn diagram of protein clusters encoded by Xac
genomes based on orthology. The Venn diagrams and bar charts
show the numbers of unique and shared orthologous genes of each
genome.

Table 2. Virulence factors of Xac strains.

Xanthomonas arboricola pv. corylina

Class Virulence Factor CFBP1 CFBP2565 NCCB100457
159
Adherence Type IV pili + + +
Adhesion Outer membrane protein + + +
Adhesion Autotransporter-like protein + + +
Secretion system  Type Il secretion system + + *
+ + +

Secretion system  Type |11 secretion system

(+): Presence of virulence factor in the genome.

Table 3 Predicted pathogen proteins in host-pathogen interactions.
Species Protein ID Pathogen Protein
Xac CFBP1159 WP_016903631.1 Diaminopimelate epimerase

WP_024937682.1  ParA family protein
WP_039815062.1  tRNA preQ1(34) S-adenosylmethionine

ribosyltransferase-isomerase

Response regulator

Histidinol dehydrogenase

ParA family protein

Thioredoxin TrxC

Mannitol dehydrogenase family protein

CHASE3 domain-containing protein

Diaminopimelate epimerase

ParA family protein

Histidinol dehydrogenase

ParA family protein

Thioredoxin TrxC

Mannitol dehydrogenase family protein

CHASE3 domain-containing protein

Response regulator

ParA family protein

Thioredoxin TrxC

CHASE3 domain-containing protein

WP_039811254.1 Diaminopimelate epimerase

WP_039815062.1  tRNA preQ1(34) S-adenosylmethionine

ribosyltransferase-isomerase

Response regulator

Histidinol dehydrogenase
WP_039816312.1 Mannitol dehydrogenase, partial
WP_039816713.1 ParA family protein

Xac: Xanthomonas arboricola pathovar corylina.

WP_039815650.1
WP_039815715.1
WP_039816713.1
WP_053045317.1
WP_053046172.1
WP_104613287.1
WP_016903631.1
WP_024937682.1
WP_039815715.1
WP_039816713.1
WP_053045317.1
WP_053046172.1
WP_104566950.1
WP_104567625.1
WP_024937682.1
WP_039810077.1
WP_039810822.1

Xac CFBP2565

Xac NCCB100457

WP_039815650.1
WP_039815715.1
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Figure 3. SEED subsystem categorization and RAST annotation of Xac genomes. The colors indicate the number of functional categorization

of genes in Xac genomes.

Xanthomonas arboricola pv. corylina NCCB100457

Xanthomonas arboricola pv. corylina CFBP2565

X

Xanthomonas arboricola pv. corylina CFBP1159

Figure 4. Visualization of predicted interactions network of host C. avellana proteins and bacterial Xac proteins. The shapes and colors

represent host proteins (blues circles) and bacterial proteins (red triangles).

DISCUSSION AND CONCLUSION

In this research, all publicly available genomes of
Xac were analyzed by comparative genomics methods.
This is the first comparative genomics analysis of Xac
genomes isolated from three different hazelnut species.

Orthology analysis provides more accurate
information about the phylogenetic relationship between
closely related bacterial strains (Ullah et al., 2015). Based
on the orthology analysis of Xac genomes in this study, Xac
CFBP1159 and Xac CFBP2565 genomes are more closely
related than Xac NCCB100457 genome. On the other hand,
Xac strains share 3694 orthologous clusters. The genetic
differences among genomes depend on mobile elements.
This finding suggests that genetic differentiation of Xac
genomes is linked to the acquisition of different mobile
elements. Interestingly, Xac NCCB100457 genome
possesses additional motility and chemotaxis gene sets.

69

This variation may be related to location and host
adaptation.

The prediction of potential interactions between
host and pathogen proteins may provide valuable
information about an infection process (Durmus et al.,
2015). The HPIs analysis in this study showed that a total
of 26 proteins of Xac proteins interacted with host C.
avellana proteins. These results confirm that multiple
potential interactions occur between Xac and C. avellana
in the host-pathogen interactions. Thus, the HPIs result
demonstrated evidence of Xac virulence during infection.
Determination of virulence factors of bacterial pathogens
is important to understand the pathogenesis of bacteria
during the infection process (Wu et al., 2008). The whole-
genome sequencing of Xac strains enables identifying
virulence-related factors. Identification of virulence factors
in this study revealed that Xac genomes have important
virulence-related factors such as type Il secretion system
(T2SS), type Il secretion system (T3SS), and adhesion
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factors (Table 2). The bacterial adhesion of Xanthomonas
strains is crucially important for the invasion of plant tissue
during the diseases process (Mhedbi-Hajri et al., 2011).
While Xac strains invade plant tissues, degradative
enzymes and secretion system-dependent effector proteins
play a major role in establishing a successful bacterial
infection. For example, T3SS and effector proteins are
identified as important virulence factors in plant immunity
suppression by Xac strains (Hajri et al., 2011; Jacques et
al., 2016). In addition to T3SS, T2SS also plays an
important role in secreting a variety of degradation
enzymes in the genus of Xanthomonas (Szczesny et al.,
2010). Overall, these virulence factors may contribute to
the bacterial pathogenicity of Xac strains in the host.

As a result, the comparative genomics data
presented in this study showed that Xac strains are closely
related to each other. The virulence-related factors of Xac
strains are also important in host-pathogen interactions.
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Oz: Bu ¢alisma Rize ili ikizdere ilgesi Zorkal yaylasi merasinda 2019 yili igerisinde gereklestirilmistir.

: https://orcid.org/0000-0003-1189-8461 Calismada meranin topragi kaplama orani, botanik kompozisyonu, mera kalite derecesi ve mera durumu
 https://orcid.org/0000-0001-6428-6915 karakterleri incelenmistir. Arazi ¢alismasi, Temmuz ayi i¢inde, vejetasyonun klimaks evreye ulastigi safada
*12: https://orcid.org/0000-0002-4888-770X yapilmistir. Arastirma alaninda 6rnek parseller “Lup” yontemi kullanilarak belirlenmistir. Aragtirma alaninda

21 familya ve 43 cinse ait toplam 47 takson teshis edilmistir. Familyalarin takson sayilar1; Poaceae (5),
Fabaceae (4), Asteraceae (7), Apiaceae (3), Brassicaceae (2), Campanulaceae (1), Caprifoliaceae (1),

*Sorumlu yazarm: Caryophyllaceae (2), Crassulaceae (1), Cyperaceae (1), Gentianaceae (1), Geraniaceae (2), Lamiaceae (4),
Muhammed [kbal CATAL Juncaceae (1), Orobanchaceae (2), Plantaginaceae (1), Polygonaceae (2), Primulaceae (1), Ranunculaceae
Recep Tayyip Erdogan Universitesi, Ziraat (2), Rosaceae (3), Rubiaceae (1) seklindedir. Mera alammin topragi kaplama oram % 83.40 olarak

Fakiiltesi, Tarla Bitkileri Boltimii,
Pazar/Rize, Tiirkiye.
DX: muhammed.catal@erdogan.edu.tr

belirlenmistir. Calisma alaninin botanik kompozisyonunda Poaceae % 13.07, Fabaceae % 28.11 ve diger
familyalar % 58.82 olarak tespit edilmistir. 2.65 mera kalite derecesi ile meranin durumu “Zay1f” olarak
belirlenmistir.

Anahtar kelimeler: Botanik kompozisyon, mera dzellikleri, Rize, topragi kaplama orani, Zorkal yaylasi.

Determination of Pasture Characteristics and Botanical Composition of Zorkal
Plateau (ikizdere-RIiZE)

Abstract: This study was carried out in 2019 at the pasture of Zorkal plateau in Ikizdere district of Rize
province. In the study, canopy coverage rate, botanical composition, pasture quality degree and pasture
condition characters were studied. The field study was carried out in July, when the vegetation reached the
climax phase. Sample plots in the research area were determined using the "Lup" method. In the research
area, 47 taxa were identified in 21 families and 43 genera. Taxa numbers of families; Poaceae (5), Fabaceae
*Corresponding author’s: (4), Asteraceae (7), Apiaceae (3), Brassicaceae (2), Campanulaceae (1), Caprifoliaceae (1), Caryophyllaceae
Muhammed Ikbal CATAL = (2), Crassulaceae (1), Cyperaceae (1), Gentianaceae (1), Geraniaceae (2), Lamiaceae (4), Juncaceae (1),
Efe'c;;iz m’;rz Eé‘igga?t%g:t“gitg{b ';i%’;ty Orobanchaceae (2), Plantaginaceae (1), Polygonaceae (2), Primulaceae (1), Ranunculaceae (2), Rosaceae
Pazar/Rize, Tdrkey. ' (3), Rubiaceae (1). The canopy coverage rate of pasture area was determined as 83.40%. The botanical
B<1: muhammed.catal @erdogan.edu.tr composition of the study area was determined as Poaceae 13.07%, Fabaceae 28.11% and other families
58.82%. With a pasture quality degree of 2.65, the condition of the pasture was determined as "Weak".

Keywords: Botanical composition, canopy coverage rate, pasture characteristics, Rize, Zorkal

plateau.

GIRIS ve toprak yiizeyinde kalkan gorevi gorerek erozyona karst
korumastyla ¢ok dnemli gorevleri de vardir (Agikgdz, 2001).

Cayir ve meralar, tilkenin 6nemli dogal kaynaklar Tiirkiye topraklarmin 14.6 milyon ha’mi (TUIK,
olmasinin yani sira hayvanlarin ihtiyaci olan kaba yemin en 2019) ve Rize ilinin ise 45.332 ha alani (Anonim, 2018)
ucuz karsilandigr alanlardir. Bu 6zelliklerinin yaninda olusturan cayir meralar, uygun olmayan kullanim sonucu
biyolojik ¢esitlilik saglamasi, kiiltiir bitkileri icin gen bitki ortiisii ve verim potansiyeli ile ot kalitesi diigmiigtiir
kaynag1 olmasi, yaban hayvanlarina barinma alani saglamasi (Gokkus, 1991). Bu durum iilke hayvancilig1 ve ekonomisini

olumsuz etkiledigi gibi, toprak ve su kaynaklarinin da tahrip
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olmasina yol agmaktadir. Bu sorunlarin ¢dziilebilmesi i¢in ot
verimi ve kalitesi diigmiis olan meralarin islah edilerek
yeniden yiiksek verime sahip kaliteli yem ftretir duruma
getirilmeleri  gerekir. Ancak, mera 1slahinda basarili
olabilmek i¢in, dncelikle 1slah edilecek meranin vejetasyon
yapisinin iyi bilinmesi O6nemlidir (Cmar vd,. 2019).
Vejetasyon yapisinin iyi bilinmesi amaciyla yapilacak olan
calismalardan biri de, o bdlgeye ait vejetasyonla ilgili
botanik kompozisyon ¢alismalarinin yapilmasidir.

Ulkemizde son  yillarda yapilan  botanik
kompozisyon ile ilgili caligmalara baktigimizda: Babalik ve
Sarikaya, (2015) yaptigr ¢alismada mera alaninin botanik
kompozisyonunun % 63.51°1 bugdaygillerden, % 16.39’1
baklagillerden ve 9% 20.10’u diger familyalardan
olustugunu; Cagan ve Basgbag, (2016) mera alaninin %
68.19’unun  bitki ile kapli oldugunu ve botanik
kompozisyonun % 17.39’unu bugdaygiller, % 21.09’unu
baklagiller ve % 61.52’sini diger familya bitkilerinin
olusturdugunu bildirmistir. Babalikk ve Ercan, (2018)
calisma alanmin bitkiyle kapl alan1 % 51.2, mera alaninin
botanik kompozisyonunun yaklasik % 44’iinii bugdaygiller,
% 23’tinii baklagiller ve % 33’iinli de diger familyalardan
olustugu; Cmar vd,. (2019) yaptig1 caligmada bitki ile kapl
alanda bugdaygiller oran1 ortalamasi % 36.9, baklagiller
orani ortalamast % 22.0 ve diger familya bitkileri oram
ortalamasi1 % 41.1, mera kalite derecelerinin 2.40-3.92
arasinda degistigi ve meralarin durum smifinin zayif
oldugunu belirtmistir. Bakoglu vd., (2019) Rize ili Handiizii
yaylasinda yaptig1 ¢aligmada, topragi kaplama oranmni %
82.4, topragi kaplama alanina gore bugdaygillerin botanik
kompozisyondaki oranimi % 33.37, baklagillerin oranini %
5.75 ve diger familyalarm oranmni % 60.88 buldugu ve 2.456
mera kalite derecesi ile meranin durumunun zayif oldugu;
Catal vd., (2019) Rize ili Ovit yaylasinda yaptig1 ¢alismada,
toprag1 kaplama oranmi % 63.4; botanik kompozisyonda
bugdaygillerin oran1 % 39.35, baklagillerin oran1 % 6.61 ve
diger familyalarm oran1 da % 54.04 olarak tespit ettigini ve
1.976 mera derecesi ile meranin durumunu c¢ok zayif
buldugu; Baykal vd., (2020) Rize ilinin Palovit yaylasi
merasinda yaptig1 ¢alismada, topragi kaplama oranm %
70.75, botanik kompozisyonda bugdaygiller, baklagiller ve
diger familyalarmn oranini sirasiyla % 54.98, 2.88, 42.14
olarak tespit ettigi ve 2.383 mera derecesi ile meranin
durumunu  zayif  buldugu  arastiricilar  tarafindan
belirtilmistir.

Rize ili yaylalarinda florsitik bazi ¢aligmalar
(Baykal & Atamov, 2016; Baykal & Atamov, 2018; Baykal
vd., 2018; Baykal, 2019) yapilmistir. Rize meralarinda ise
botanik kompozisyonun belirlenmesi ile ilgili ¢alismalar
(Bakoglu vd., 2019; Catal vd., 2019; Baykal vd., 2020)
yapilmis olmasina ragmen, Zorkal yaylasinin botanik
kompozisyonunun belirlenmesine yonelik herhangi bir
calisma yoktur. Calismanin temel amaci1 Zorkal yaylasmin
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botanik kompozisyonu, topragi kaplama orani ve mera kalite
derecesi ve mera durumunun tespit edilmesidir.

MATERYAL VE METOT

Calisma Alani: Bu galisma 2019 yilinda Rize ili
Ikizdere ilgesine bagli deniz seviyesinden ortalama 2650 m
yiikseklikte (N: 40° 39' 23,5; E: 40° 41' 41,1") ve ilgeye 23.4
km uzaklikta bulunan Zorkal yaylasinda gergeklestirilmistir
(Sekil 1).

Arastirma alaninin uzun yillar sicaklik ortalamasi
14.3°C, yagis miktar1 2296 mm ve nisbi nemi % 80 olarak
belirlenmistir (Anonim, 2019).

s
5 Sl

— X Gamlihemsin

Sekil 1: Calisma alaninin konumu.
Figure 1: Location of the study area.

Materyal ve Metod: Arazi ¢aligmalari 2019 yilinda,
Zorkal yaylasi subalpin mera alanlarinda vejetasyonunun
tam olgunlasma zamanmnda Temmuz ay1 igerisinde
yapilmistir. Arastirmanin materyalini mera vejetasyonundan
elde edilen bitki drnekleri olusturmustur. Her bir takson igin
3 bitki toplanmus olup, herbaryum kurallarina gore (Erik vd.,
1996) kurutularak kartonlara yapistirilmis ve Recep Tayyip
Erdogan Universitesi Pazar Meslek Yiiksekokulu’nda
koruma altina alimmistir. Bitki 6rnekleri Tiirkiye ve Ege
Adalar1 Floras1 (Davis, 1965-1985; Davis vd., 1988; Giiner
vd., 2000) yardimi ile teshis edilmistir. Familya, takson
(Tirkge adlar dahil) ve yazar adlar1 sirast ile Giliner wvd.,
(2012)’e gore verilmistir.

Meranin  vejetasyon oOzellikleri Lup metodu
kullanilarak yapilmistir. Lup hattt 20 m uzunlukta, iki lup
arasi Ol¢iim mesafesi 20 santimetre olacak sekilde, bir Lup
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hattinda toplam 100 Lup degeri Ol¢lilmistiir. Botanik
kompozisyonun belirlenmesinde her bir lup igerisine diisen
bitki taksonu dl¢iim cetveline kaydedilmistir. Lup icerisine
diisen, bitki drnekleri biitiin organlar: ile birlikte toplanip,
teshis edilmistir.

Istatistiki Analiz: Meranin botanik kompozisyonun
belirlenmesinde Tosun, (1968)’un belirttigi esaslar dikkate
almarak her bir ana hat tizerinde 10 Lup hat olacak sekilde 5
ana hat ol¢lilmistir. Lup Olglimlerinde bitkiye rastlanilan
Lup alanlarinin, toplam Lup alanina béliinmesiyle topragi
kaplama alan1 belirlenmistir (Gokkus vd., 1993). Botanik
kompozisyonda yer alan bitkilere Gokkus vd., (1993) ve
Bakoglu (1999)’nun belirttikleri esaslar dahilinde ve
Anonim (2008)’de bitkilerin yem olarak degerlendirilmesi
durumuna gore -1 ile 10 arasinda puanlar verilmis, daha
sonra botanik kompozisyondaki oranlari ile ¢arpilarak, tim
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taksonlara ait degerlerin toplanmasiyla mera kalite
derecesine gore (Tablo 1), mera durum sinifi belirlenmistir.

Tablo 1: Mera Durumu Skalasi (De Vries vd., 1951).
Table 1: Pasture condition Scale (De Vries vd., 1951).

Kalite Derecesi Mera Durumu

8.1-10 Cok iyi
6.1-8 fyi
41-6 Orta
21-4 Zayif
0.0-2 Cok Zayif

BULGULAR

Caligmada tespit edilen bitkilerin listesi, familyasi,
topragi kaplama ve botanik kompozisyon orani ve mera
dereceleri Tablo 2’de verilmistir.

Familyalarin  topragi  kaplama ve botanik
kompozisyon oranlart Sekil 2’de, familyalara gore takson
sayilart Sekil 3’de verilmistir.

Tablo 2. Zorkal yaylasinin mera alaninda bulunan bitkilerin familyalari, taksonlari, deger sayilari, topragt kaplama ve botanik

kompozisyon oranlari, mera dereceleri.

Table 2. Families, taxa, value numbers, canopy coverage and botanical composition rates, pasture degree of the plants in the

pasture area of Zorkal plateau.

Familya Takson ismi Tiirkce DS TKO BK MD
POACEAE
1 Poaceae Poa pratensis L. Cayirsalkimotu 7 3,20 4,29 0,30
2 Poaceae Phleum alpinum L. Alpitkuyrugu 4 1,40 1,55 0,06
3  Poaceae Festuca drymeja Mert. & W.D.J.Koch Caliyumagi 2 3,40 3,76 0,08
4 Poaceae *Helictotrichon argaeum (Boiss.) Parsa Erceyulaf 2 2,60 2,87 0,06
5  Poaceae Nardus stricta L. Kilotu 3 0,60 0,60 0,02
Toplam 11,20 13,07 0,51
FABACEAE
1 Fabaceae Trifolium canescens Willd. Sart tiggiil 7 9,80 10,93 0,77
2 Fabaceae Trifolium repens L. var. repens Ak tiggiil 8 5,80 6,40 0,51
3 Fabaceae Vicia canescens Labill. subsp. variegata (Willd.) P.H.Davis Alaca fig 5 4,80 581 0,29
4 Fabaceae Coronilla coronata L. Burgak -1 4,60 4,97 -0,05
Toplam 25,00 28,11 1,52
DiGER FAMILYALAR
1 Asteraceae Achillea setacea Waldst. & Kit. Ayvabala 0 1,20 135 0,00
2 Asteraceae *Anthemis cretica L. subsp. argaea (Boiss. & Balansa) Grierson Esmer papatya 2 0,20 0,24 0,00
3 Asteraceae Cirsium frickii Fisch. & C.A.Mey. Cayir kangali 0 0,40 0,59 0,00
4 Asteraceae Crepis paludosa (L.) Moench Su kiskist 1 1,20 1,40 0,01
5  Asteraceae Erigeron caucasicus Steven subsp. caucasicus Kafsifaotu 1 0,80 0,92 0,01
6  Asteraceae *Psephellus appendicigerus (K.Koch) Wagenitz Ovit tiiliibast 0 1,00 1,05 0,00
7  Asteraceae Solidago virgaurea L. Altinbasak ¢igegi 0 0,60 0,69 0,00
8  Apiaceae Carum meifolium (M.Bieb.) Boiss. Bagdanaz 0 1,80 2,04 0,00
9  Apiaceae Seseli libanotis Koch Dag havucu 0 0,80 093 0,00
10  Apiaceae Chaerophyllum astrantiae Boiss. & Balansa ex Boiss. Yilandokotu 2 0,80 093 0,02
11  Brassicaceae Alyssum murale Waldst. & Kit. subsp. murale var. alpinum Boiss. ex Nyar. Seki kuduzotu 0 0,40 071 0,00
12 Brassicaceae Draba huetii Boiss. Cayir dolamast 0 1,00 1,09 0,00
13 Campanulaceae Campanula rapunculus L. subsp. rapunculus Firenk salatas1 0 0,60 0,66 0,00
14 Caprifoliaceae Scabiosa caucasica M.Bieb. Zarif uyuzotu 2 0,40 0,46 0,01
15  Caryophyllaceae  Cerastium purpurascens Adams Alaca boynuzotu 3 0,40 0,46 0,01
16  Caryophyllaceae  Silene vulgaris (Moench) Garcke var. vulgaris Ecibiicii 1 0,80 143 0,01
17 Crassulaceae Sedum album L. Coban kavurgasi 0 1,00 1,00 0,00
18 Cyperaceae Carex atrata L. subsp. aterrima (Hoppe) Hartm. Gece saparnast 1 0,60 0,70 0,01
19 Gentianaceae Gentiana septemfida Pall. Yedi gentiyan 4 1,60 2,35 0,09
20 Geraniaceae Geranium platypetalum Fisch. & C.A.Mey. Koru 1tirt 2 2,60 2,78 0,06
21 Geraniaceae *Geranium ponticum (P.H.Davis & J.Roberts) Aedo Yayla itirt 2 0,60 0,71 0,01
22 Lamiaceae Ajuga orientalis L. Dagmayasilt 0 1,20 1,31 0,00
23 Lamiaceae Stachys cretica L. subsp. cretica Deligay 2 0,20 0,24 0,00
24 Lamiaceae Stachys macrantha (K.Koch) Stearn Koca sogulcan 2 7,00 8,70 0,17
25 Lamiaceae Thymus longicaulis C.presl subsp. longicaulis Askekigi 3 0,40 0,71 0,02
26 Juncaceae Luzula stenophylla Steud. Acemluzulu 0 0,40 0,45 0,00
27 Orobanchaceae Pedicularis condensata M.Bieb. Kirk bitotu -1 0,60 107 -0,01
28 Orobanchaceae Pedicularis wilhelmsiana Fisch. ex M.Bieb. Telekli bitotu -1 0,60 107 -0,01
29 Plantaginaceae Veronica gentianoides Vahl subsp. gentianoides Kandil ¢igegi 1 0,80 0,85 0,01
30 Polygonaceae Polygonum bistorta L. Cimen evelegi 1 4,40 5,51 0,06
31 Polygonaceae Rumex alpinus L. Sortah 0 0,40 0,71 0,00
32 Primulaceae Primula auriculata Lam.,Tabl. Felgotu 3 0,60 1,07 0,03
33 Ranunculaceae Anemone narcissiflora L. subsp. narcissiflora Mayss gigegi 0 1,00 1,15 0,00
34 Ranunculaceae Ranunculus brachylobus Boiss. & Hohen. Sellebung 1 4,00 4,40 0,04
35 Rosaceae Alchemilla retinervis Buser Damarlikeltat 0 3,80 518 0,00
36 Rosaceae Potentilla recta L. Su parmakotu 1 1,60 2,44 0,02
37 Rosaceae Sibbaldia parviflora Willd. var. parviflora Findikotu 1 0,80 0,80 0,01
38 Rubiaceae Galium album Mill. subsp. prusense K.Koch) Ehrend. & Krendl Bursa iplik¢igi 2 0,60 0,67 0,01
Toplam 47,20 58,82 0,62
GENEL TOPLAM 83,40 100,00 2,65

*: Endemik, DS: Deger Sayisi, TKO: Topragi Kaplama Orani, BK: Botanik Kompozisyon, MD: Mera Derecesi.

Tablo 2’ye bakildiginda aragtirma alaninda yer
alan mera vejetasyonunun toplam topragi kaplama orani %

74

83.40, Poaceae, Fabaceae ve diger familyalarin orani ise
sirastyla % 11.20; 25.00; 47.20 olarak belirlenmistir.
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Topragi kaplama alanina gére Poaceae, Fabaceae ve diger
familyalarin botanik kompozisyonlar1 ise sirasiyla %
13.07; 28.11; 58.82 olarak tespit edilmistir. Mera kalite
derecesi 2.65 degeri ile meranin durumu “Zayif”’ olarak
belirlenmistir. Caligilan meranin botanik
kompozisyonunda bulunan bitkilerden Poaceae’den Poa
pratensis (% 4.29), Fabaceae’den Trifolium canescens (%
10.93) ve diger familyalardan Stachys macrantha (% 8.70)
taksonlart ilk siray1r olusturmaktadir. Meranin zayif
olmasinda, botanik kompozisyonda hayvanlarin tercih
ettigi bugdaygil ve baklagil tiirlerinin oranlarinin otlatma
baskisi ile az olmasi ve hayvanlarin tercih etmedigi diger
familya tiirlerinin fazla olmas: etkili olmus olabilir.

Calisilan mera vejetasyonunda Poaceae’de 5,
Fabaceae’den 4 ve diger familyalardan 38 tane olmak
iizere, toplam 43 cins de 47 takson tespit edilmistir. Diger
familyalardan Asteraceae (7), Apiaceae (3), Brassicaceae
(2), Campanulaceae (1), Caprifoliaceae (1),
Caryophyllaceae (2), Crassulaceae (1), Cyperaceae (1),
Gentianaceae (1), Geraniaceae (2), Lamiaceae (4),
Juncaceae (1), Orobanchaceae (2), Plantaginaceae (1),
Polygonaceae (2), Primulaceae (1), Ranunculaceae (2),
Rosaceae (3), Rubiaceae (1) takson tespit edilmistir (Sekil
2). Ayrica merada tespit edilen taksonlardan
Helictotrichon argaeum, Anthemis cretica subsp. argaea,
Psephellus appendicigerus ve Geranium ponticum
taksonlar1 endemiktir.
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Sekil 2: Familyalarin Topragi Kaplama ve Botanik Kompozisyon
Oranlari (%).
Figure 2: Canopy Covering and Botanical Composition Ratios of
Families (%).
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Sekil 3: Familyalara Gore Takson Sayilart.
Figure 3: Taxon Numbers According to Families.
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TARTISMA VE SONUC

Arastirmadan elde edilen sonuglar ile diger
arastiricilarin (Babalik & Sarikaya, 2015; Cacan & Basbag,
2016; Babalik & Ercan, 2018; Cimar vd., 2019; Bakoglu
vd., 2019; Catal vd., 2019; Baykal vd., 2020) bulgular
arasinda benzerlik ve farkliliklar  bulunmaktadir.
Farkliliklarin ortaya ¢ikmasina meralarin iklim, toprak ve
topografik yapilarinm farkli
Vejetasyon
kaynaklanabilecegi belirlenmistir.

Sonug olarak, yapilan ¢alismada 5 Poaceae, 4
Fabaceae ve 38 tane de diger familyalardan olmak iizere,
21 familya 43 cinse ait toplam 47 takson tespit edilmistir.
Mera bitkilerinin topragi kaplama alan1 % 83.40, topragi
kaplama alanina gore botanik kompozisyonlar1 Poaceae %
13.07, Fabaceae % 28.11 ve diger familyalar % 58.82
oraninda oldugu belirlenmistir. Meranin  botanik
kompozisyonunda bulunan bitkilerden Poaceae’den (Poa
pratensis) (% 4.29), Fabaceae’den (Trifolium canescens)
(% 10.93) ve diger familyalardan (Stachys macrantha) (%
8.70) taksonlar1 ilk siray1 olusturmaktadir. 2.65 mera kalite
derecesi ile meranin durumu “Zayif” olarak belirlenmistir.

olmasindan ve farklh
Olcim metotlar1 ve uygulamalarindan

Zayif olan meray1 en azindan orta seviyeye getirmek igin
meraya uygun 1slah yOntemini belirlemeye yonelik
calismalar yapilmalidir.
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Abstract: In this study, some biochemical responses of Cyfluthrin (CFT), a commercial
«2): https:/forcid.org/0000-0003-1744-8883 insecticide in Dreissena polymorpha were investigated. The 96 hour LC50 value of CFT on D.
polymorpha was calculated as 553.22 + 27.3 pg/L. D. polymorpha was exposed to sublethal
concentrations (1/20, 1/10 and 1/5 of LC50 value) of CFT for 24 and 96 hours. The enzyme
activities of superoxide dismutase (SOD), catalase (CAT) and glutathione peroxidase (GPx) were

*Clorresp onding author's: determined in D. polymorpha individuals. In D. polymorpha exposed to CFT, SOD activity
Osman SERDAR increased compared to control. It was determined that CAT and GPx activities were inhibited
Munzer University, Faculty of Fisheries compared to the control.

Tunceli, Turkey.

= As aresult, it was determined that there was an increase in the oxidative damage of D. polymorpha
: oserdar@munzur.edu.tr

individuals with CFT exposure.

Keywords: Catalase, cyfluthrin, Dreissena polymorpha, glutathione peroxidase, superoxide dismutase.

Cyfluthrin Pestisitinin Zebra Midyesi (Dreissena polymorpha) Uzerindeki Etkisinin
Baz1 Antioksidan Enzim Aktiviteleriyle Belirlenmesi

Oz: Yapilan bu calismada, Dreissena polymorpha’da ticari insektisit olan Cyfluthrin (CFT)’nin
bazi biyokimyasal yanitlari aragtirilmigtir. CFT’nin D. polymorpha iizerindeki 96 saatlik LC50
degeri 553,22 + 27,3 pg/L olarak hesaplanmigtir. D. polymorpha, CFT’nin subletal
konsantrasyonlar (LC50 degerinin 1/20, 1/10 ve 1/5)’ma 24 ve 96 saat siire ile maruz
T birakilmigtir. D. .polymorpha bir.eylerinple. sup.eroks.it dismgtaz (SOD), katalaz (CAT) ve
Osman SERDAR Glutatyon peroksidaz (GPx) enzim aktiviteleri belirlenmistir. CFT’ye maruz birakilan D.
Munzer Universitesi, Su Urlinleri Fakiiltesi, polymorpha’da, SOD aktivitesi kontrole kiyasla artmistir. CAT ve GPx aktivitelerinin kontrole
el i iy kiyasla inhibe oldugu belirlenmistir.
D4 oserdar@munzur.edu.tr . .. C -
Sonug olarak, CFT'ye maruz kalan D. polymorpha bireylerinin oksidatif hasarinda artig oldugu
belirlenmistir

Anahtar kelimeler: Cyfluthrin, Dreissena polymorpha, glutatyon peroksidaz, katalaz, superoksit

dismutaz.
INTRODUCTION environments. In case of direct and indirect exposure of
aquatic organisms to any pollutant, it is important to know
Aquatic organisms constitute a large part of the the possible toxic effects of the pollutants, the amount of
living potential in the ecosystem. Aquatic environment is accumulation on the organism, the biochemical and
the final stop of environmental pollution and is the histopathological damage and the trophic transfer

environment most affected by pollution compared to other
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interaction with the food chain, directly and indirectly,
affect the organisms in the ecosystem.

In order to determine the toxicity level of any
substance on living things, acute toxicity tests are required.
The most common acute toxicity used is the lethal
dose/concentration (lethality) test. The purpose of this test
is to determine the toxic symptoms that may arise on a
living being exposed to a chemical, the degree of affection
of certain organs such as the brain, kidney, liver, or the
lethal dose/concentration level. Lethal dose/concentration
value is also considered as an indicator of how safe that
substance can be used (Saygi, 2003).

The production of reactive oxygen species (ROS)
stimulated by pollutants and the resulting oxidative stress
are stated as toxicity mechanisms in aquatic organisms
exposed to pollution (Livingstone, 2003). Oxidative stress
occurs when an intolerable amount of free radicals and
non-radical ROS exceed the antioxidant defense capacity
of the cell and subsequently, ROS causes damage to
cellular metabolism (Halliwell & Gutteridge, 2015;
Nishida, 2011). Xenobiotics are potential factors that can
create oxidative stress in aquatic organisms through the
activation of ROS mechanisms (Lushchak, 2011,
Slaninova et al., 2009; Valavanidis et al., 2006). In
organisms, enzymatic (catalase, glutathione peroxidase,
superoxide dismutase, etc.) and non-enzymatic antioxidant
mechanisms (ascorbic acid, tocopherols, glutathione, etc.)
are responsible for the protection of cellular components
against oxidative damage (Uluturhan et al., 2019).
Exposure to increased ROS production can also lead to the
induction of certain antioxidant enzymes by interacting
with antioxidant-responsive gene elements and increased
transcription (Livingstone, 2003). Lipid peroxidation
(LPO) causes an increase in ion permeability and loss of
membrane fluidity by disrupting the membrane structure.
LPO is one of the most researched topics regarding ROS-
related damage. Phospholipids found in membranes are the
most abundant targets that ROS can affect. Antioxidant
enzyme activities, glutathione redox states and LPO
product levels are the most frequently used biomarkers in
toxicological evaluations (Orug et al., 2004).

Acetylcholine (ACh) is a major neurotransmitter
in the somatic and autonomic nervous system. ACh is
involved in the transmission of nerve impulses by
neuromuscular chemical pathways and activates muscles.
This neurotransmitter is broken down by the
acetylcholinesterase (AChE) enzyme. AChE, which is
frequently used as a biomarker in biomonitor studies, is an
enzyme that inactivates acetylcholine in the synaptic cleft
(Pohanka, 2011). Acetylcholinesterase functions as a
regulatory enzyme of cholinergic neurotransmission by
hydrolyzing acetylcholine to choline and acetate (Miiller et
al., 2019).
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Choosing the appropriate test organism as well as
the appropriate test type to obtain up-to-date and
meaningful results in toxicological tests is an important
factor affecting the research (Rand, 1995).

Since mussels are fed by filtering, they absorb
dissolved and particulate pollutants. Due to their non-
selective nutrition in their nutritional intake (Wesch et al.,
2016), mussels that accumulate pollutants in high
concentrations are among the leading biological indicators
reflecting pollution since they keep them in their bodies for
a long time (Bilgin & Uluturhan, 2015; Viarengo et al.,
2007).

Zebra mussel (Dreissena polymorpha) is one of
the two freshwater shelled species distributed in Eastern
Europe, North America and Western Asia (Kinzelbach,
1992). The invasive behavior of the zebra mussel is seen as
a disadvantage in its widespread use. This distinct
disadvantage may represent one of the important reasons
to ensure the protection of native species by sampling D.
polymorpha, which is both invasive and widely used in
biomonitoring and toxic effect assessment studies (Binelli
et al., 2015). For example, a worldwide decline in the
population of Unionid species (Unio spp., Anodonta spp.),
etc. has been reported for several years (Binelli et al., 2015;
Bogan, 1993). Another reason is that Zebra mussel (D.
polymorpha Pallas, 1771) was chosen as living material in
the study because it is not selective in food intake.

Substances that pollute water are of great
importance because they cause toxic effects in aquatic
creatures and threaten the health of all organisms in the
ecosystem by accumulating in the food chain (Tokatl et
al., 2016; Wildi et al., 2004).

Cyfluthrin (CFT) is a synthetic pyrethroid
pesticide that can contaminate water ecosystems and cause
pollution in aquatic environments (Benli, 2005). Widely
used, CFT causes toxicity to susceptible aquatic organisms
by acting on river surfaces with which it is associated. Like
other insecticides, it also has toxic effects on non-target
organisms (Giiveng & Aksoy, 2010). CFT, which has a
wide range of uses, contaminates water, which is the final
stop of pollution, in various ways. Thus, it causes toxicity
for aquatic organisms (Dingel et al., 2009).

In this study, the biochemical response of Zebra
mussel (D. polymorpha) against CFT pesticide with some
biomarkers was investigated, since it is suitable as a
scientific study material with its suitability to these
features, economic value and accessibility.

MATERIAL AND METHOD
Test organism: D. polymorpha samples used in

the study were obtained from Keban Dam Lake. D.
polymorpha was collected by hand and brought as alive to
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Munzur  University Faculty of Fisheries Aquatic
Toxicology Research Laboratory in plastic containers with
air reinforcement.

Adaptation of the test organism to laboratory
conditions: D. polymorpha samples brought as alive to the
laboratory were placed in prepared aquariums. Photoperiod
was applied in laboratory lighting with 14 hours light and
10 hours dark. The ambient temperature was kept constant
by adjusting to 18 ° C during both the adaptation and test
stages, thanks to the thermostat air conditioner. Cultured
phytoplanktons were used to feed D. polymorpha.

In order to meet the oxygen need in stock
aquariums, the air motor and external filter are used in the
aquarium.

Determination of LC50 value and experimental
design: The LC50 value in test organisms was determined
by a static 96-hour acute toxicity test. For this, 5 different
CFT concentration groups (0, 2, 10, 50, 250, and 1250 pg
/ L CFT) were formed, one of which was the control group.
Dead individuals were noted at these concentrations due to
CFT exposure, and the LC50 value was calculated using
probit analysis with the data obtained. Ten individual
organisms were used for each bioassay group, including
recurrences. About 400 organism individuals were used in
the study together with the LC50 experiments. The
following 4 groups were formed from the calculated LC50
value (3 sublethal groups and control group).

Control group, 0 mg/L CFT, (Control24 24th hour
control group, Control96 96th hour control group),

Group A, 28 pg/L CFTapproximately 1/20 of the
LC50 value, (A_24; 24th hour, A_96; 96th hour),

Group B, 56 pg/L CFT approximately 1/10 of the
LC50 value, (B_24; 24th hour, B_96; 96th hour),

Group C, 112 pg/L CFT approximately 1/5 of the
LC50 value (C_24; 24th hour, C_96; 96th hour).

Organisms were exposed to CFT concentrations
determined in the formed groups and stored in a -86 °C
freezer to determine their biochemical responses at 24 and
96 hours. All experimental studies (range determination,
LC50 value, and biochemical responses) were performed
in triplicate.

Dissection procedures and preparation of
supernatants: The test organism individuals were opened
with a scalpel and the dissection process was performed.
0.5 g of the organism was weighed and homogenized using
a homogenizer with ice, adding PBS buffer (phosphate
buffered salt solution) at a ratio of 1/5 w / v. These
homogenized samples were centrifuged in a refrigerated
centrifuge at 17000 rpm for 15 minutes and the
supernatants obtained were stored in a -86 °C deep freezer
until the measurement process was completed.

Determination of biochemical response: In this
study, SOD, CAT and GPx enzyme activities were
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determined for the biochemical response of D. polymorha
mussel individuals exposed to CFT pesticide.

The SOD (Catalog No 706002), CAT (Catalog No
707002) and GPx (Catalog No 703102) kits used in the
study were purchased from CAYMAN.

Statistical analysis: The statistical difference
between application concentrations was determined
according to Duncan’s multiple comparison tests in the
same application period, and the difference between the
application times in the same application group was
determined by Independent T-test.

RESULTS

Metric-meristic measurements: Metric-meristic
measurements of mussels before biochemical analysis
(length data (27.43 £ 1.51 mm length, 10.62 £ 1.13 mm
height, 11.09 + 1.24 mm width) with 0.001 mm precision
digital caliper and weight data (1.53 + 0.33 g) with 0.001 g
precision. It was recorded by weighing with the scales.

LC50 Value: In order to determine the lethal
concentration of CFT, first range determination tests were
carried out. After the study, 6 different CFT concentration
groups (0, 2, 10, 50, 250, 1250 pg/L) were formed, one of
which was the control group, to determine the lethal
concentrations of CFT in D. polymorpha. With these
concentrations, the LC50 value was calculated as 553.22 +
27.3 pg/L by probit analysis.

SOD Activity: The time-dependent changes of
SOD activities in the test organism in which different
concentrations of CFT were applied with the control group
are given in Figure 1. It was found that the SOD activities
of organisms exposed to CFT increased in all groups
compared to the control group (p <0.05). It was determined
that SOD activities increased (p <0.05) during the exposure
time (A and B group) in the same concentration groups
(Figure 1).
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Figure 1.Changes in SOD activities in D. morpha exposed to

different sublethal concentrations of CFT.

Asterisk (*) shows statistical differences according to the two-tailed independent T
test between different exposure time (24 and 96 h) in the same groups; *p < 0.05.
Different letters on bar (a, b, ¢, d) show statistical differences of Duncan’s multiple
range test among all application groups in the same exposure time; abc p<0.05.
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CAT Activity: Time-dependent changes of CAT
activities in the test organism where different
concentrations of CFT were applied with the control group
are given in Figure 2. It was determined that CAT activities
decreased in organisms exposed to CFT compared to the
control group (p <0.05). It was determined that CAT
activities increased (p <0.05) during the exposure time (B
and C groups) in the same concentration groups (Figure 2).
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Figure 2.Changes in CAT activities in D. morpha exposed to

different sublethal concentrations of CFT.

Asterisk (*) shows statistical differences according to the two-tailed independent T
test between different exposure time (24 and 96 h) in the same groups; *p < 0.05.
Different letters on bar (a, b, c, d, e, f) show statistical differences of Duncan’s
multiple range test among all application groups in the same exposure time; abc
p<0.05.

GPx Activity: The time-dependent changes of
GPx activities in the test organism where different
concentrations of CFT were applied with the control group
are given in Figure 3. The changes in GPx activities in
organisms exposed to CFT decrease compared to the
control group (Figure 3) were determined (p <0.05). It was
determined that GPx activities increased (p <0.05) during
the exposure time in the same concentration groups (B and
C group) (Figure 3).
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Figure 3. Changes in GPx activities in D. morpha exposed to

different sublethal concentrations of CFT

Asterisk (*) shows statistical differences according to the two-tailed independent T
test between different exposure time (24 and 96 h) in the same groups; *p < 0.05.
Different letters on bar (a, b, ¢, d) show statistical differences of Duncan’s multiple
range test among all application groups in the same exposure time; abc p<0.05.
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DISCUSSION

The main purpose of toxicity tests on aquatic
organisms is to determine at what concentration a
substance is harmful to the organism. Bioassays today are
the physiology, pathology, nutrition, behavior patterns of
organisms. It is used as a tool to enlighten many issues
(Cetinkaya, 2005).

LC50 value is very important in terms of
evaluating the acute toxic effects of chemical substances
due to short-term applications (Saygi, 2003). In this study,
96 hour LC50 value of CFT was determined by static
method to determine the sublethalconcentration to which
the test organism will be exposed. It has been determined
that CFT values in acute toxicity on D. polymorpha are
very low and if the wrong and unconscious use of
pesticides continues to increase, it can harm non-target
organisms. Behavioral changes that occur in toxicity tests
can provide predictions of endpoints for non-fatal toxicity
and serve as a tool for environmental risk assessment and
analysis of toxicological impact. Therefore, measuring the
behavior of an organism after exposure to contaminants
provides a better prediction of the potential environmental
consequences of toxic contamination rather than simply
measuring lethal effects (Khalil et al., 2013).

SOD, a metalloenzyme group, is the primary
defense against the toxic effects of superoxide radicals in
aerobic organisms and catalyzes the conversion of
superoxide radicals to H.O, and O, which play an
important role in the antioxidant system (Kappus, 1985;
Kohen & Nyska, 2002). It is not a general rule that an
increase in xenobiotic concentrations induces antioxidant
activity (Cheung et al., 2001). In some cases, O, alone or
after conversion to H,O, causes strong oxidation of the
cysteine in the enzyme and reduces SOD activity
(Dimitrova et al., 1994; Durmaz et al., 2006). In the
presence of xenobiotics, the initial decreased response in
the antioxidant system may be followed by an induction.
Therefore, the presence of an inducible antioxidant system
may reflect an adaptation of the organism (Doyotte et al.,
1997; Orug & Usta, 2007). The response of the antioxidant
system to oxidative stress in various tissues differs from
one species to another due to the differences in the
antioxidant potential of these tissues (Ahmad et al., 2000;
Orug¢ & Usta, 2007). In this study, an increase in SOD
activity was determined in D. polymorpha after CFT
exposure. Similarly, studies have reported increased SOD
activity in some aquatic organisms exposed to various
pollutants (Ergiiven et al., 2020; Serdar et al., 2018; Tatar
et al., 2018; Yildirim et al., 2019).

CAT is a very common enzyme found in almost
all living organisms that use oxygen. It plays a role in the
formation of water and oxygen by catalyzing the
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decomposition of hydrogen peroxide (Chelikani et al.,
2004). CAT activity in contaminated environments may
increase or decrease depending on the substance (Sobjak et
al., 2017). In this study, CAT enzyme activity is inhibited
by CFT exposure by organisms under stress compared to
control. Similar to the current study, reductions in CAT
activity have been reported in aquatic organisms exposed
to various contaminants (Crestani et al., 2007; Hasspieler
et al., 1994; Sayeed et al., 2003; Serdar, 2019; Thomas &
Murthy, 1976; Yildirim et al., 2018; Zhang et al., 2004).
These unexpected results in the literature on the activity of
this enzyme, species, habitats, sex, etc. this can be
explained by the fact that the differences can lead to
antioxidant changes. (Glusczak et al., 2007).

Considered as a protective enzyme against lipid
peroxidation at the expense of GSH, GPx catalyzes the
reduction of hydrogen peroxide and lipid peroxides
(Moreno et al. 2005). Monteiro et al. (2006) showed that
the activity of this enzyme is reduced due to damage caused
by negative feedback or oxidative modification caused by
an excess of substrate. Inhibition of GPx activity may
reflect the failure of the antioxidant system in contact with
pesticides (Ballesteros et al., 2009) or may be related to the
direct effect of superoxide radicals or pesticides on enzyme
synthesis (Bainy et al., 1993). The GPx activity in D.
polymorpha exposed to CFT was significantly lower than
that obtained for control organisms in this study. This
decrease may indicate that the antioxidant capacity is
exceeded by the amount of hydroperoxide product
synthesized through lipid peroxidation (Remacle et al.,
1992). In this regard, the GPx inhibition observed in this
study may reflect a possible antioxidant defense failure
responsible for the observed increase in MDA levels.
Similar to the current study, many studies reported that
GPx activity was triggered by pollutants (Almeida et al.,
2002; Fatima et al., 2000; Oliveira et al., 2012; Sayeed et
al., 2003; Serdar, 2019; Tatar et al., 2018; Zhang et al.,
2004).

CONCLUSION

According to the results of the data obtained from
the study; the toxic effect of CFT pesticide on D.
polymorpha has been determined. It was concluded that
SOD, CAT and GPx are useful biomarkers in the
investigation of the toxic effects of CFT on the test
organism D. polymorpha, which is fed by filtering water,
has no selective nutrition and has limited mobility. The
results obtained depending on the concentration and time
at the levels of these biomarkers show that the response of
the test organism to the toxic substance changes with the
concentration of the toxic substance and the application
time.
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Abstract: Understanding sexual dimorphism is very important in studies of insect evolution.

2 https://orcid.org/0000-0002-8739-0122 Though sexual dimorphism has been the subject of numerous entomological studies there has no
- https://orcid.org/0000-0001-6585-1824 examined sexual dimorphism related to Dorcadion anatolicum Pic, 1900 which is endemic to
Turkey. In this study, using geometric morphometrics, we analyzed the sexual size and shape

dimorphism of pronotum of Dorcadion anatolicum Pic, 1900. Samples of the Dorcadion

anatolicum were collected from Konya Province, Turkey (Tagkent District, Avsar Town,

Feslekan Plateau, 36°51°9” N, 32°30’44” E) on March-April 2018. Sexes of samples were

. distinguished by the shape and size of the fore tarsus and confirm by using gonads. A total of 69
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the size and shape of the pronotum can be effectively used in morphological discrimination of the
Sexes.

Keywords: Coleoptera, Dorcadion anatolicum, geometric morphometrics, pronotum, sexual dimorphism.

Dorcadion anatolicum Pic, 1900 (Cerambycidae: Coleoptera) Pronotumunda
Eseysel Morfometrik Varyasyon

Oz: Eseysel dimorfizmi anlamak bocek evrimi caligmalarinda oldukga onemlidir. Eseysel
dimorfizm galigsmalari birgok entomolojik ¢caligmaya konu olmasina ragmen, Tiirkiye’ye endemik
bir tiir olan Dorcadion anatolicum Pic, 1900 ile ilgili bu konuda bir ¢aliyma bulunmamaktadir.
Bu ¢aligmada, geometrik morfometri kullanarak Dorcadion anatolicum Pic, 1900 pronotumunun
eseysel boyut ve sekil dimorfizmi analiz edilmistir. Dorcadion anatolicum 6rnekleri Mart-Nisan
2018'de Konya ilinden (Taskent flgesi, Avsar Kasabas1, Feslekan Yaylas1, 36°51°9” N, 32°30°44”
D) toplanmistir. Orneklerin eseyleri 6n tarsusun sekli ve boyutuna gore ayirt edildi ve gonadlar
kullanilarak dogrulandi. Bu ¢alismada toplam 69 6rnek (32 disi ve 37 erkek) kullamlmustir.

*Sorumlu yazar:

Asli DOGAN SARIKAYA Bagimsiz 6rneklem t-testi, erkeklerin centroid size ortalamasinin pronotum igin disilerden 6nemli
Kirsehir Ahi Evran Universitesi, Fen olciide farkli oldugunu gosterdi (t= 7.129, df = 67, p = 0.000). Ayirt edici fonksiyon analiz ile
Efel:ﬁt ?i‘llr‘;‘lhe:‘ Arirsrpalel BT, eseyler arasinda istatistiksel olarak anlamli farkliliklar bulundu. Geometrik morfometri
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sekilde kullanilabilecegini ortaya koydu.

Anahtar kelimeler: Coleoptera, Dorcadion anatolicum, eseysel dimorfizm, geometrik
morfometri, pronotum.
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INTRODUCTION

Differences between sexes in morphological
characters are the fact in many animal taxa; the most visible
one is body size (Gannon & Racz, 2006). Nearly all animal
species are sexually size dimorphic (Andersson, 1994,
Fairbairn, 2013). The aspect of the sexual difference
(whether males or females are larger) is different among
groups (Koehl, 1996; Wainwright, 1994). Males generally
being larger than females in mammals and birds whereas
in insects females tend to be larger than males, which gives
them adaptive advantages such as greater fecundity and
better parental care (Andersson, 1994; Forrest, 1987;
Moller & Zamora-Mufioz, 1997). In the last few years, the
revolution of geometric morphometrics has encouraged for
researcher the way to analyze the phenotype particularly
for morphologically (Eldred et al., 2016; Pretorius &
Scholtz, 2001; Sukhodolskaya & Saveliev, 2017; Young,
2015). This technique has been especially helpful to
quantify the differences in both size and shape between
sexes of a Coleoptera species as display in many studies
(Benitez, 2013; Benitez et al., 2013; Lemic et al., 2014;
Lemic et al., 2016; Mikac et al., 2016; Nair et al., 2019;
Vesovic et al., 2019).

For especially Arthropoda (or insects), Turkey is
an important biogeographical area with its geographical
location, climatic zones, various topography, and
remarkable biodiversity. Turkey is also crucial land for
Dorcadionini that has a Palaearctic (North Africa and
Western Europe to China) chorotype (Danilevsky, 2019).
Recently, the Dorcadionini fauna of Turkey was reviewed,
and a list of 278 species-group taxa was given by in
Ozdikmen (2016). Dorcadion anatolicum Pic, 1900
(Coleoptera: Cerambycidae) is endemic to Central and
Southeastern Anatolian Regions of Turkey (Ozdikmen,
2010).

The morphological variations of Dorcadion are
useful for systematic and evolutionary studies both
interspecies and intraspecies (Dascdlu & Fusu, 2012;
Dogan Sarikaya et al., 2019). Although there is a noticeable
dimorphism in total size between the sexes in species of the
Dorcadion, there is almost no study on how much this
difference reflects on the shape variation. Also, there are
no known studies on the description of sexual dimorphism
on Dorcadion anatolicum using geometric morphometrics.
The main purpose of this study was to apply geometric
morphometrics to describe sexual dimorphism in the
pronotum of Dorcadion anatolicum Pic, 1900 (Coleoptera:
Cerambycidae).

MATERIAL AND METHOD

Samples of the Dorcadion anatolicum were
collected from Konya Province, Turkey (Taskent District,
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Avsar Town, Feslekan Plateau, 36°51°9” N, 32°30°44” E)
on March-April 2018.

Sexes of samples were distinguished by the shape
and size of the fore tarsus and confirm by using gonads. A
total of 69 specimens (32 females and 37 males) were used
in this study. A single image was taken by a camera
attached to Leica EZ4HD microscope for each specimen of
pronotum. Landmark-based morphometric methods were
chosen as they are the most effective technique in learning
about the shape information of an organism and eligibility
to use powerful statistical methods for testing differences
in shape. In this study, 10 landmarks on the pronotum were
digitized on photographs using tpsDig 2.17 (Rohlf, 2013).
The position of landmarks is given in Figure 1.

% 1mm,_

Figure 1. Selected landmarks on Dorcadion anatolicum male,
representing the dorsal side of the pronotum: 1) Anterior margin
left edge; 2) middle of anterior margin; 3) anterior margin right
edge; 4) right spine apex; 5) right protuberance posterior limit; 6)
posterior right edge; 7) middle of posterior margin; 8) posterior
margin left edge; 9) left protuberance posterior limit; and 10) left
spine apex.

Statistical Analysis: To compare pronotum size
between sexes, the centroid size (CS) (square root of the
sum of the square distances between each landmark and the
centroid) (Bookstein, 1986) was computed. The
independent samples t-test was performed using the IBM
SPSS 25. A generalized procrustes analysis (GPA) has
been developed to superimposition of landmark
configurations and to eliminate the effects of translation,
rotation and scale (Rohlf, 1999). The software package
MorphoJ (Klingenberg, 2011) was used to perform the
GPA, principle component analysis (PCA) and finally
discriminant function analysis (DFA) with leave-one-out
cross validation.

RESULTS AND DISCUSSION

The independent samples t-test showed that the
CS mean of males is significantly different from that of the
females, for pronotum. (t= 7.129, df = 67, p = 0.000).
Figure 2 shows box-plot of CS for pronotum. Further,
distributions of females appear to be more variable with
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respect to CS than males. Females are larger than males for
pronotum

850

800

6
64

cs

s5
)

Female Male

Sex

Figure 2. Box-plot of centroid size for pronotum for both sexes.

PCA of all individuals explained 66.6% of shape
variation within samples by the first two principle
components (PC) extracted from the variance-covariance
matrix (PC1 explains 54.2% and PC2, 12.4%). A total of
up to seven axes were required to cover more than 90% of
the shape variation. In the PCA plots, individuals of the two
sexes were clearly distinct in two cluster by PC1 (Figure
3).

Principal Component 2
L
.

Principal Component 1

Figure 3. Shape differences between sexes, female (red) and male
(blue).

DFA was performed using the procrustes
coordinates to determine the degree of morphological
separation between sexes. The DFA found significant
differences between means in procrustes distances (P <
0.0001) for the two sexes. Leave-one-out cross validation
of DFA conducted on the procrustes coordinates of
pronotum evidenced that 96.9% of female group and
97.3% of male group were correctly classified (Figure 4).

Also, the results of DFA show that all the
landmarks with the greatest variation indicating that
females have a wider and shorter pronotum than males.
This is also related to elongated and sharpened from both
anterior and posterior parts of the pronotum shape in male
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(Figure 4). Although there are many studies significant
differences in pronotum shape in Coleoptera (Eldred et al.,
2016; Li et al., 2016; Ober & Connolly, 2015; Pizzo et al.,
2006), geometric morphometrics was applied here for
sexual dimorphism to Dorcadion for the first time. Our
study found significant sexual dimorphism on pronotum in
female and male of Dorcadion anatolicum.

AH_’ [LLL]

Female Male

Figure 4. Leave-one-out cross validation scores of shape
variables of pronotum. Wire-frame graphs were shown for female
and male respectively at the top of left and right of each figure.
The extreme changes of shape in positive and negative direction
was shown by the violet lines and mean shape of pronotum was
shown by blue lines. The scale for figure is (-20 to 20).

CONCLUSION

As a result, sexual dimorphism was highly
significant in the present study. The fact that the pronotum
shows such a high degree of sexual difference emphasizes
the importance of intra specific shape variation. Extending
this preliminary study with different body parts (head,
elytra etc.) and different locality samples will give us to
understand of the process in which sexual dimorphism is
affected.
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Abstract: Sexual dimorphism is one of the most notable sources of phenotypic variation in
animals. The expression of sexual traits varies widely for many species of insects. In this study,
we analyzed the sexual size and shape dimorphism of pronotum in Turkish endemic species,
Dorcadion micans J. Thomson, 1867 (Coleoptera: Cerambycidae). Our results showed that
there are a statistically significant sexual size and shape dimorphism in pronotum. Males have a
smaller pronotum size than females, and the pronotum shape of males is longer and sharper than
female. Multivariate regression results indicated that size has a negligible influence on the
differentiation in pronotum shape between sexes.
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Oz Eseysel dimorfizm, hayvanlarda fenotipik varyasyonun en énemli kaynaklarindan biridir.
Bircok tiirdeki bocekler igin eseysel 6zelliklerin ifadesi biiyiik farkliliklar gésterir. Bu ¢aligmada,
Tiirkiye'de endemik tiir olan Dorcadion micans J. Thomson, 1867 (Coleoptera: Cerambycidae)
'da pronotumun eseysel biiyiikliik ve sekil dimorfizmini analiz ettik. Sonuglarimiz, pronotumda
istatistiksel olarak eseysel biiyiikliik ve sekil dimorfizmini gostermistir. Erkekler disilerden daha
kiiciik pronotum boyutuna sahiptir ve erkeklerin pronotum sekli disilerinkinden daha uzun ve
daha keskindir. Cok degiskenli regresyon sonuglari, biiyiikliiglin cinsiyetler arasinda pronotum
seklindeki farklilasma tizerinde g6z ard1 edilebilir bir etkiye sahip oldugunu géstermistir.

Anahtar kelimeler: Coleoptera, Dorcadion micans, eseysel dimorfizm, geometrik morfometri,
sekil varyasyonu.

INTRODUCTION

usually employ for revealing differences between sexes.
Entomologists pay attention to sexual dimorphism in many
studies since the differences between sexes are not clear or

Because of their biological characteristics such as
slow mobility and flightless, members of the Dorcadion
may divided into isolated populations. The quantitative and
qualitative observations carried out on these isolated
populations can provide important information about the
evolution of the genus. (Baur et al., 2002; Baur et al., 2005;
Dogan Sarikaya et al. 2019). Morphological characters

88

the individuals are very small. Thus, finding distinctive
external morphological characters is important in
separating the sexes. Thus, to find a discriminative
character allow easy determination of sexes (Benitez,
2013). Sexual size dimorphism is one of the most important
factor of mating success in many species (Eberhard, 1979;
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Brock et. al., 1982; Emlen, 1996). The aspect of
dimorphism varies across taxa with females generally
being larger than males in insects (Andersson, 1994;
Fairbairn et al., 2007). The Turkish endemic species,
Dorcadion micans J. Thomson, 1867 was described by J.
Thomson (1867) from Anatolia. The fore tarsus and gonads
are often used to determine the sex of this species.
Although there is a noticeable dimorphism in total size
between the sexes in Dorcadion species, there is no study
showing this dimorphism in different body parts. In
addition, there is no study on how much this size variation
reflects on the shape differences.

Morphometrics is a great technique that extracts
the shape information of the organism being studied and
combine them with multivariate statistics. It allows to
researchers to solve complex problems in many fields of
biology (Zelditch et al., 2012). This used technique in
many studies in recent years, is extremely helpful to
determine both the size and shape differences between the
sexes of the Coleoptera species (Benitez, 2013; Benitez et.
al., 2013; Lemic et al., 2014; Lemic et al., 2016; Mikac et
al.,, 2016; Nair et al., 2019; Vesovic et al., 2019).
Geometric morphometrics was applied to analyze two
sympatric species Colophon haughtoni Barnard, 1929, and
Colophon kawaii Mizukami, 1997, to analyze intersexual
and interspecific variation of size and shape (Eldred, et., al.
2016). The differences in size and shape of the body
structures thought to be responsible for sexual selection in
Japanese beetles were also studied by this method (Kelly,
2020). In the literature, there is also a study to identify the
shape influence of size in Cicindelidae trifasciata
Fabricius, 1781, on sexual and non-sexual characteristics
(Donoso et. al., 2020). However, no study has attempted to
identify the sexual size and shape dimorphism on
Dorcadion micans using geometric morphometrics. The
aim of this study is to evaluate shape and size
differentiation of pronotum between males and females
and to identify shape influence of size in Dorcadion
micans.

MATERIAL AND METHOD

Samples of Dorcadion micans were collected
from the locality in Beynam village, Bala/Ankara
39°41'34.2"N 32°56'13.3"E, on March-April 2018. Sexes
of samples were distinguished by the shape and size of the
fore tarsus and confirm by using gonads. A total of 77
specimens (32 females and 45 males) were used in this
study. Pronotum of the beetles was positioned and
photographed by a camera attached to Leica EZ4HD
microscope. To capture the shape of pronotum, we selected
configurations of 10 landmarks. (Figure 1). The landmarks
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were digitized by using TpsDig2 software (Rohlf, 2013)
and their detailed definitions are listed in (Figure 1).

Figure 1. Selected landmarks on Dorcadion micans male,
representing the dorsal side of the pronotum: 1) Anterior margin
left edge; 2) middle of anterior margin; 3) anterior margin right
edge; 4) right spine apex; 5) right protuberance posterior limit; 6)
posterior right edge; 7) middle of posterior margin; 8) posterior
margin left edge; 9) left protuberance posterior limit; and 10) left
spine apex.

Statistical Analysis: The centroid size (square
root of the sum of the square distances between each
landmark and the centroid) was computed to compare
pronotum size between sexes. (Bookstein, 1986). The
software package MorphoJ (Klingenberg, 2011) was used
to perform all statistical analyses in this study, except the
independent samples t-test which was performed using the
IBM SPSS 25. A generalized procrustes analysis (GPA)
has been developed to superimposition of landmark
configurations and to eliminate the effects of translation,
rotation, and scale (Rohlf, 1999). Principal component
analysis (PCA) was performed to determine morphometric
variation, then discriminant function analysis (DFA) with
cross validation was performed to determine the degree of
morphological distinction between sexes. Finally,
multivariate regression analysis was performed to
determine the effect of size onto shape.

RESULTS

Size Variation: Centroid size variances were
found to be equal between the sexes by Levene’s test
(F=2.486, p=0.119). The independent samples t-test
showed that the CS mean of males is significantly different
from that of the females. (t= 6.386, df = 75, p = 0.000).
Figure 2 shows box-plot of CS between sexes. Further,
females appear to be larger than males with respect to CS
of pronotum.

Shape Variation: PCA showed that 70.1% of the
total variation of pronotum shape was explained by the first
two principal components. (PC1 explains 64.1% and PC2,
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6.8%). (Fig. 3). The analyzed sexes for pronotum shape
were clearly separated along the first component axis.

cs

Female Male
Sex
Figure 2. Box-plot of centroid size for pronotum for males and
females of Dorcadion micans.

Principal component 2

Principal component 1

Figure 3. Shape differences between sexes, female (red) and male
(blue).

DFA was performed to determine the degree of
morphological separation between the sexes. The DFA
with cross validation evidenced that 100% of female group
and 100% of male group were correctly classified (Figure.
4). DFA showed that there is a statistically significant
difference between means of procrustes distance of sexes
(P < 0.0001). Also, the results of DFA show that all the
landmarks with the greatest variation indicating that
females have a wider and shorter pronotum than males.
This is also related to elongated and sharpened from both
anterior and posterior parts of the pronotum shape in male
(Figure 4).

Female Male
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Figure 4. Cross validation scores of shape variables of pronotum.
Wire-frame graphs were shown for female and male respectively
at the top of left and right of each figure. The extreme changes of
shape in positive and negative direction were shown by the violet
lines and mean shape of pronotum was shown by blue lines. The
scale for figure is (-20 to 20).

Although multivariate regression of shape on

centroid size was statistically significant that explained
only 2.94 percent of the total variation in shape of
pronotum (2.94%, P = 0. 0151). On the other words,
pronotum shape difference is not related the size of the
pronotum.

Although there many studies have found
significant differences in pronotum shape in Coleoptera
(Pizzo et al., 2006; Ober & Connolly, 2015; Eldred et al.,
2016; Li et al., 2016), geometric morphometrics was
applied here for sexual dimorphism to Dorcadion micans
for the first time. Vesovic et.al. 2019 investigated
morphometric variation in size and shape of the head,
pronotum, and abdomen between the taxa and sexes of two
ground beetles and sexual shape dimorphism was found for
all three body units in the taxa. Geometric morphometrics
also revealed significant size and shape differences in the
head, pronotum and elytron of Colophon and female
Colophon kawaii were significantly larger than males for
all structures (Eldred et. al., 2016). Our results have shown
that females have a larger pronotum size than males,
consistent with the literature (Dascalu & Fusu, 2012).
Sexual size and shape dimorphism are also evident in
pronotum of Dorcadion micans. Multivariate regression of
shape on size results indicated that size has negligible
influence on the differentiation in pronotum shape among
sexes. Thus, it can be said that the pronotum shape changes
between the sexes are independent of pronotum size.

CONCLUSION

According to the results, the size and shape of the
pronotum is an important morphological feature to
distinguish the different sexes of Dorcadion. Geometric
morphometrics is a powerful approach to analyze the
sexual size and shape dimorphism in Dorcadion micans.
More studies are needed to understand what causes the
sexual shape dimorphism in beetles.
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Oz: Temel amino asitlerin farkh oranlarmin bir endoparazitoid hymenopter tiirii olan Pimpla
turionellae L. erkek larvalarinin gelisme hizi ve sentezledikleri protein miktar1 iizerine etkileri,
larvalarin kimyasal yapist bilinen sentetik besinler kullanilarak aseptik kosullarda beslemek
suretiyle incelenmistir. [zoldsin, 16sin ve metiyoninin larvalarin gelisim hiz1 ve protein sentezi
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Effects of essential amino acids on development and synthesised protein amount of
male larvae of Pimpla turionellae L. (Hymenoptera: Ichneumonidae)

Abstract: Effects of different essential amino acids ratios on the rate of development and the
percentage of synthesised protein amount on the male larvae of endoparasitoid hymenopterous,
Pimpla turionellae L. were investigated by using chemically defined synthetic diets under aseptic
conditions. It was shown that the amino acids isoleucine, leucine and methionine had a

*Corresponding author’s: qualitatively and quantitatively critical effect on the developmental rate and protein synthesis
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GIRIS olaylar iizerine yaptig1 ve agiklanmasi zor olan etkileri de

minimuma indirmektedir.

Bocekler igin gelistirilen kimyasal yapisi belirli Bu konuda fitofaj bocekler ile yapilan gok sayida
sentetik besinler, bu canlilarin kalitatif ve kantitatif arastirma bulundugu halde entemofaj bocekler ile yapllan
besinsel ihtiyaglarini dogru bir sekilde saptamayr miimkiin caligmalar hizla siirdiiriilmektedir (Thompson, 1976a;
kilmasi1 yaninda bilinmeyen besin bilesenlerinin metabolik Thompson, 1976b;  Thompson,1986; Dadd,1985:

Chen,1985; Thompson & Lee,1994; Richards & Edwards,
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1999; Assar vd., 2010). Entemofaj boceklerin giiniimiizde
gereksinimi giderek artan biyolojik savagimdaki 6nemli
yerleri nedeniyle, bu grubun besinsel gereksinimlerinin,
konak-parazitoid iligkilerinin ve bu iliskilerde rol
oynayabilecek metabolik olaylarin iyi bir sekilde
anlagilmasinin énemini arttirmaktadir.

Parazitik hymenopter tiirlerinin de biyolojik
savagimda kullanilabilirligi son zamanlarda bu boceklere
karst ilgiyi arttirmis ve bu gruba giren bazi bocek tiirleri
icin kimyasal yapisi bilinen sentetik besinler gelistirip
kullanilarak bu besinlerdeki bilesenlerden bazilarinin
yasama ve gelisme (Yazgan, 1981; Yazgan, 1982; Celik,
1984), yumurta birakma ve iireme (Emre, 1988; Emre &
Yazgan, 1990), glikojen biyosentezi (Yanikoglu, 1985),
vitamin biyosentezi (Sulang & Emre, 2000) ve protein
biyosentezine (Sulang &Yazgan, 1990) kalitatif ve
kantitatif etkileri incelenmistir.

Pimpla turionellae L. bir endoparazitoid tiiriidiir
ve bu bocegin ergin evreye kadar olan kalitatif amino asit
gereksinimleri, temel ve temel olmayan amino asit karigim
oranlar1 ile sadece temel amino asitlerden olusan bir
karisimin  degisik oranlarmin etkileri (Celik, 1984),
karbonhidrat gereksinimleri ve degisik karbonhidratlarin
larval evrede yasama, gelisme ve glikojen sentezine etkileri
(Yanikoglu, 1985 ), tween 80, yag asidi karisimi ve
inorganik tuzlarin gelisme ve yasama siiresine etkileri
(Yazgan, 1981 ), aspartik asid, glutamik asit ile bunlarin
amidlerinin (Sulan¢ & Yazgan, 1990 ) ve inorganik
tuzlarin (Sulang vd., 1992) larvalarin gelisme ve
sentezledikleri protein miktarina kalitatif ve kantitatif
etkileri arastirtlsa da bocegi in vitro yetistirmede
gereksinim duyulan dengeli bir besinin gelistirilmesinde
acikliga cikarilmasi gereken daha bir¢cok dnemli konunun
bulundugu goriilmektedir.

Boceklerdeki metabolik olaylari, sadece temel
besin bilesenleri olarak ifade edilen karbonhidratlar ve
yaglar gibi enerji olusturan maddeler etkilemeyip birinci
derecede yapisal bir isleve sahip protein ve amino asitler
gibi besin Dbilesenleri de etkilemektedir. Besinsel
bilesenlerin, &zellikle temel amino asitlerin metabolik
olaylara etkileri iizerindeki ¢alismalar  parazitik
hymenopter tiirlerinde son derece sinirlidir. Bu nedenle bu
gruba giren bocekler hakkinda bazi genellemeler
yapabilmek i¢in bu tiir ¢aligmalara gereksinim vardir. Bu
tir caligmalar siiphesiz konak-parazitoid iligkilerinin
anlagilmasina da biiyiik ol¢iide katkida bulunacaktir.
Ornegin parazitik bir hymenopter tiirii olan Devorgilla
canescens (Grav.) disi bireylerinin yumurta birakmak igin
parazitlenmis ve parazitlenmemis konaklar arasindaki
ayirimu ozellikle 16sin olmak tizere konak hemolenfindeki
diger bazi amino asit diizeylerine bagli olarak yaptiklarini
gostermislerdir (Fisher & Ganesalingam, 1970).
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Bu calismada kimyasal yapist bilinen sentetik
besinler kullanilarak temel amino asitlerin erkek P.
turionellae larvalarnin gelisgme hizi ve sentezledikleri
protein kalitatif ve kantitatif etkileri
incelenmistir

miktarma

MATERYAL VE METOT

Stok Kiiltiir: P. turionellae’nin stok kiiltiiri,
laboratuvarda 24+1°C sicaklik, %45+5 bagil nem ve 14
saat aydinlanma periyodu kosullarinda yetistirildi. Dogal
konak olarak biiyiik balmumu giivesi Galleria mellonella
L’nmn gen¢ puplart kullanildi. Yeni erginlesen P.
turionellae bireyleri ilk giinlerde, giinde bir saat siireyle bal
¢ozeltisi (%50) ve G. mellonella pupu hemolenfi ile
beslendi. Parazitleme sonucu puptan ¢ikan ergin P.
turionellae disileri giftlestirilmeden ayr1 kafeslere alindi ve
deneyler sadece bu ergin disilerin biraktiklart yumurtalarin
agilmasindan elde edilen erkek larvalarla yapildi. Bu
sekilde devam ettirilen stok kiiltiirden istenen zamanda ve
sayida yumurta veya larva elde edildi.

Deney Besinlerinin Hazirlanmast ve Larvalarin
Beslenmesi: Kimyasal yapisi belli sentetik besinlerin
hazirlanmasi,  sterilizasyonu ve deney tiiplerine
dagitilmasinda Yazgan (1972, 1981) tarafindan gelistirilen
yontemler ve teknikler kullanildi. G. mellonella pupuna
birakildiktan 24 saat sonra diseksiyonla ¢ikartilarak NaCl
cozeltisi (%0,8) icine alinan ve gelismis embriyoya sahip
yumurtalar Yazgan, (1972) tarafindan gelistirilen teknikle
sterilize edildi.

Yumurtadan yeni ¢ikmis ve heniiz besin almamis
larvalar, steril kosullarda icinde yaklasik 0,3 ml besin
bulunan 10x75 mm o6l¢iilerindeki deney tiiplerine tek tek
konuldu ve tiiplerin agzi1 lastik mantar ile kapatildi.
Icindeki besine larva asilanan deney tiipleri, hergiin
binokiiler mikroskopta yapilan kisa bir gézlem periyodu
hari¢ deney sonuna kadar karanlikta tutuldu. Denenen her
besin icin ii¢ tekrar yapildi ve her tekrarda 10 larva
kullanildi. Besine asilandiktan sonra ilk 48 saat iginde 6len
ve mikroorganizmalar tarafindan kirletilen tiiplerdeki
larvalar degerlendirilmedi. Sentetik besinlerle yapilan
beslenme deneyleri stok kiiltir ile ayni1 laboratuvar
kosullarinda yiiriitiildii.

Kontrol Besinin Hazirlanmasi:  Beslenme
deneylerinde kontrol besini olarak kullanilan kimyasal
yapist belli sentetik besinin bilesimi Tablo 1’de
goriilmektedir.

Temel Amino Asitleri Iceren Besinlerin
Hazirlanmasi: P. turionellae igin temel olan 10 amino
asitin kontrol besindeki miktarmnin artan ve eksilen
oranlarmdaki etkilerinin incelendigi deney serisinde her
amino asit i¢in {liger besin olmak {iizere toplam 30 besin
hazirlandi. Bu amagcla her amino asit i¢in 3 ayri oran
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denenmistir. Bunlar sirasiyla 1/2, 1/1.(Kontrol), ve 3/2 si
seklindedir. Bu oranlar her amino asit igin ilgili ¢izelgede
belirtilmistir.

Biitiin besinlerde denenen temel amino asitlerin
azalan veya artan miktarlari glisin miktarini arttirmak veya
azaltmak suretiyle ayarlanmis olup glisin oranindaki
degisiklik disinda diger biitiin besinsel bilesenler kontrol
besindekilerle aynidir.

Tablo 1. P. turionellae larvalarini beslemek igin kullanilan
kimyasal yapisi belirli sentetik besinin bilegimi.

Table 1. Composition of synthetic nutrient with certain chemical
structure used to feed P. turionellae larvae.

Besin Bileseni mg/100m| Besin Bileseni mg/100ml
Besin Besin
L-Aminoasit 6250,00 Lipid Karisim 295,99
Karisim
Alanin 312,50 Kolesterol 72,9167
Arjinin-HCI 381,25 Linoleik asit 3,6372
Aspartik asit 400,00 Linolenik asit 13,5330
Fenilalanin 418,75 Oleik asit 5,4253
Glisin 487,50 Palmitik asit 0,3559
Glutamik asit 656,25 Stearik asit 0,1215
Hdiroksiprolin 106,25 Tween 80 200,0000
Histidin-HCI 150,00
izolosin 325,00 Suda Coziinen 251,80
Vitaminler
Lizin 362,50
Losin 481,25 Askorbik asit 9,3947
Metiyonin 187,50 Biyotin 0,0336
Prolin 468,75 Folik asit 0,1007
Serin 418,75 inozitol 15,0987
Sistin-HCI 81,25 Ca-Pantotenat 2,4829
Tirozin 218,75 Kolin kloriir 218,0921
Treonin 337,50 Nikotinik asit 5,0329
Triptofan 87,50 Pridoksin-HCI 0,2516
Valin 368,75 Riboflavin 1,1743
Tiamin-HCI 0,1342
inorganik Tuz 390,00 Digerleri 4306,94
Karigimi
CaCly 19,08 Agar 625,00
CoCl2.6H20 3,01 Glukoz 3000,00
CuS04.5H.0 3,50 Riboniikleik asit 293,13
FeCls.6H20 11,22 Potasyum hidroksit (2N) 364,00
K2HPO4 234,07 Potasyum fosfat (2N) 24,81
MgS04.7H.0 82,08
MnS04.H20 0,25
NazHPO4.12 H20 32,34 Damitik Su Toplam Hacim
ZnCI2 4,45 100 ml oluncaya kadar

Yas Agirliga Gore Total Protein Yiizdesi Tayini,
Total Protein Tayininde Kullanilan Ornekler: Total
protein tayini sentetik besinlere asilanan ve asilamayi
takiben 12.giinde gectikleri evreye bakilmaksizin deney
tiplerinden  ¢ikartilan  larvalarda  yapildi.  Deney
tiiplerinden saf su ile ¢alkalayarak bir filtre kagidi iizerine
alinan larvalarin iizerindeki besin artiklar1 yine saf su ile
yikanarak temizlendi. Yikanmug larvalarm  viicut
yiizeyindeki su, filtre kagidi ile alindiktan sonra tartilan
larvalar 5 ml %10 ‘luk triklorasetik asit (TCA: Merck,
extra pure) cozeltisi iceren deney tiiplerine aktarilarak
oldiiriildii ve homojenizasyona kadar +4 °C ‘de saklandu.

Proteinin  Oziitlenmesi ve Tayini: Larvalar
24.000 devir/dakika’da  Ultra Turrax (IKA-T25)
homejenizatorde 10 dakika siire ile homojenlestirildi. Elde
edilen homojenat 3500 devir/dakika’da her biri 15 dakika
olmak fizere iki defa santrifiijlendi (Hettich:Universal-
1200). Her santrifijleme sonunda ayrilan siipernatant
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atilarak ortamdaki glikojenin uzaklastirilmasi saglandi
(Roe vd., 1961). Daha sonra elde edilen ¢okelti iizerine 5
ml etil alkol (%96) ilave edilerek 3500 devir/dakika’da
santrifiijlendi ve silipernatant uzaklastirildi. Lipidlerin
uzaklastirilmasi i¢in yapilan bu islem ii¢ defa tekrarland.
Son santrifiijleme isleminden sonra protein icerikli ¢okelti,
etlivde 37°C’de 24 saat siire ile bekletilerek alkolii
uguruldu.

Elde edilen protein igerikli drnek bir saat caminda
ezilerek karistirildi ve saf su ile toplam hacim 5 ml olacak
sekilde bir ¢ozelti hazirlandi. Orneklerdeki protein
miktarmi tayin etmek i¢in “’Kantitatif Biiiret Testi’’
(Plummer, 1971) uygulandi. Bu amagla 2 ml 6rnek iizerine
3 ml biiiret ayiraci eklendi ve olusan karigim etiivde 37 °C
de 15 dakika bekletildi. Daha sonra ornekler 3500
devir/dakika’da  santrifiijlenerek  siipernetant  kisim
spektrofotometre tiiplerine aktarildi ve 6l¢iimler Bausch
and Lomb: Spectronic 20 marka spektrofotometrede 540
nm dalga boyunda yapildi. Ornekte bulunan total protein
konsantrasyonunu hesaplamak i¢in , saf yumurta albiimini
ile hazirlanan standartlardan elde edilen Y= 0,086 X
+0,038 “’Regresyon’’ dogrusu kullanildi.

Verilerin Elde Edilmesi ve Degerlendirilmesi:
Denenen besinlerin etkileri, bdcegin gelisme hiz1
(12.giinde besinci evreye gecen ortalama larva yiizdesi) ve
total protein yilizdesi (12.glinde yas agirliga gore birey
bagina diisen ortalama protein yiizdesi) saptanmak
suretiyle hesaplandi. Verilerin analizinde SPSS 21.0 paket
program kullanilmis ve Varyans Analizi ile Student-
Newman Keul’s Test (SNK)” testleri uygulanmistir (Sokal
& Rohfl, 1995). Ortalamalar arasi fark 0,01 olasilik
seviyesinde ’F’’degerinden biiyiik oldugu zaman 6nemli
kabul edildi.

BULGULAR

Farkli oranlarda temel amino asit igeren besinlerin
P.turionellae larvalarmin gelisme hizi ve sentezlenen
protein yiizdesine etkileri Tablo 2’de goriilmektedir.

Kontrol besinindeki arjinin oranini %50 eksilterek
ve %50 arttirarak hazirlanan besinler arasinda gerek
gelisme hiz1 gerekse yas agirliga gére birey basina diisen
ortalama protein yilizdesi ag¢isindan Onemli bir fark
bulunamamistir. Yiizde elli azaltilan yani %0,191 oraninda
arjinin iceren besinde larvalarin biiyiik bir kismi 12.giinde
besinci evreye gecmeyi basarmuslardir.  Kontrol
besinindekinin %50 si oraninda artmig arjinin igeren
besinde ise larvalarin gelisme hizi kontrol besini ile
saptanan gelisme hizina benzedigi gibi sentezlenen protein
yiizdesi bakimindan da énemli bir fark bulunmamaktadir.

Kontrol besinine gore histidin oran1 %50 oraninda
eksiltilen ve arttirilan yani %0,075 ve 90,225 oraninda

histidin iceren besinlerde larvalarin gelisme hiz1
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yavaslamis ve bu iki besinde larvalarin sadece %80 ile %85
‘i 12.giinde besinci evreye gegebilmislerdir. Bu besinlerde
beslenen larvalarin gelisme hizi birbirine benzer olup,
kontrol besini ile beslenenler ile aralarinda istatistik fark
bulunmustur. Gelismedeki bu farklara ragmen saptanan
protein yiizdesi énemli diizeyde etkilenmemistir.

Tablo 2. Temel aminoasit oranlarinin P. turionellae larvalarinin
gelisme hiz1 ve sentezlenen protein yiizdesine etkisi.

ORT. + S.H.: Ug tekrarin Ortalamasi + Standart Hata, * : Kontrol Besini

F: Amino asitlerin istatistik analizleri ayr1 ayr yapilmis, aym siitunda ayni harfi
igeren degerler birbirinden farkli degildir, P<0.01.

Table 2. The effect of basic amino acid ratios on the growth rate

of P. turionellae larvae and the percentage of synthesized protein.
ORT. + S.H.: Mean =+ Standart Errors of Mean, *: Control diet

F: Statistical analysis of amino acids made separately, data shown with different
letters are significant at the P<0.01 level.

Besindeki Baslangi¢ 5. evreye gegen Ortalama yas Yas agirliga
Aminoasit Larva sayisi larva yiizdesi agirhk gbre protein
Yiizdesi (ORT.+SH) T (mg) yiizdesi
(ORTAS.H) T
Arjinin
0,191 27 92,13+£3,95a 19,57 1,07+0,12a
0,381* 27 100,00 + 0,00 a 20,69 1,16+0,16a
0572 26 100,00+ 0,00 a 21,54 1,28+0,20a
Histidin
0,075 25 89,57+ 2,48 a 20,12 1,02+0,03a
0,150* 27 100,00 + 0,00 21,23 1,25+0,10a
b
0,225 26 85,47+2,76 a 20,89 1,06+ 0,15a
izolosin
0,163 27 83,80+ 4,42 a 20,08 1,08+0,05a
0,325* 26 100,00 + 0,00 21,56 1,14+ 0,04 a
b
0,488 25 100,00 + 0,00 23,26 2,36+0,28b
b
Losin
0,241 25 75,93+£0,93 a 19,08 1,09+0,18a
0,481* 28 100,00 + 0,00 22,56 1,20+ 0,382
b
0,722 27 100,00 + 0,00 24,96 2,43+032b
b
Lizin
0,181 25 92,13+3,95a 23,82 1,48+0,16a
0,362* 26 100,00 + 0,00 a 22,79 1,L19+0,14a
0,543 26 63,20+ 0,93 b 16,28 0,68+0,12b
Metiyonin
0,094 27 100,00 + 0,00 a 23,21 2,13+0,21b
0,187* 27 100,00 + 0,00 a 20,61 1,L16+0,02a
0,281 26 50,50 + 3,67 b 13,28 0,45+0,13¢
Fenilalanin
0,209 26 80,572,448 a 19,98 1,02+0,08a
0,418* 28 100,00 + 0,00 21,36 1,18+0,11a
b
0,627 25 100,00 + 0,00 21,28 1,04+0,06a
b
Treonin
0,169 24 100,00+ 0,00 a 22,55 1,09+0,13a
0,337 26 100,00 + 0,00 a 22,18 1,L17+0,08a
0,506 26 100,00+ 0,00 a 21,25 1,28+0,09a
Triptofan
0,044 23 100,00 + 0,00 a 20,86 1,12+0,10a
0,087* 25 92,13+3,95a 22,26 1,20+ 0,09
0,131 24 100,00+ 0,00 a 21,08 1,26+0,04 2
Valin
0,184 23 83,80+ 4,42a 20,91 L,11+0,142
0,386* 23 100,00 £ 0,00 22,15 1,15+0,05a
b
0,552 24 100,00 % 0,00 22,06 131£0,18a

b

Izolssin oram1 %0,163 olan besindeki larval
gelisme hizi, kontrol besini ve %0,488 oraninda izoldsin
iceren besindekine gdre yavas olmustur. izoldsinin %50
oraninda azaltildig1 besindeki larvalarin %83’1 besinci
evreye gectikleri halde %50 oraninda arttirildig1 besindeki
larvalarin tamami 12.glinden evvel besinci evreye
gecmislerdir. izolsinin %50 oraninda azaltildig besin ile
kontrol besini ve %50 oraninda arttirilmig izoldsin iceren
besinler arasinda gelisme hizi agisindan 6nemli farklar
bulunmaktadir. Larvalarin sentezledikleri protein yiizdeleri
acisindan ise %0,163 oraninda izolosin igeren besin ile
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kontrol besini arasinda fark bulunmamakla beraber,
90,488 oraninda izolosin igeren besin ile kontrol besini
arasinda oldukga onemli bir fark bulunmaktadir. Kontrol
besininde sentezlenen protein yiizdesi 1,14 oldugu halde,
arttirilan besinde 2,36 gibi bir degere ulagmustir.

Benzer sekilde 16sin oranindaki degisiklikler de
bdcegin gelisme hizi ve sentezledigi protein yiizdesine
etkileri bakimindan 6nemli farklar goéstermistir. Larval
gelisme hiz1 %0,241 oraninda 16sin igeren besinde kontrol
besini ve %0,722 oraninda 16sin igeren besine gore
yavaslamusgtir. Besindeki %0,241 oranindaki
16sin,larvalarn  %75,93’{intin 12.giinde besinci evreye
gecmelerini  sagladigi halde, 16sin oran1 %0,722’ye
arttirildigi zaman larvalarin tiimii 12.giinde besinci evreye
gegebilmistir. Losin miktar1 %50 oraninda azaltilan besin
ile kontrol besini ve 18sinin %50 oraninda arttirildig
besinler arasinda larval gelisme agisindan onemli fark
bulunmustur. Sentezlenen protein yiizdeleri agisindan da
9%0,722 oraninda 16sin igeren besinden elde edilen deger,
kontrol besininkinden ve azalan oranda 16sin igeren
besindekinden oldukga biiyiik olup, istatistik bakimindan
da oldukga 6nemlidir (Tablo 2.).

Kontrol  besinindeki %50
azaltilmasi gelisme hizin1 ve sentezlenen protein yilizdesini
onemli sayilabilecek oOlciide etkilemedigi halde %50
oraninda arttirilmasi gelisme hizini ve sentezlenen protein
yiizdesini 6nemli 6l¢lide azaltmustir.

Metiyonin oranmin %50 azaltilarak (%0,094)
hazirlanan besindeki larval gelisme hizi kontrol besine
gore ¢ok hizli bir sekilde gerceklesmis olup, yas agirlik
artist ile birlikte birey basina sentezlenen protein
yiizdesinin de 2,13’e yiikselmesine neden olmustur.
Halbuki kontrol besinde bu siire igindeki sentezlenen
protein ylizdesi 1,16’dir. Metiyoninin %350 oraninda
arttirlldigi (%0,281) besinde ise larval gelisme hiz1 %50,50
olup, bu gelismeye paralel olarak sentezlenen protein
yiizdesi de 0,45 olarak bulunmustur. Azaltilan ve arttirilan
besinler arasinda kontrol besine gére sentezlenen protein
yiizdesi agisindan 6nemli farklarin bulundugu Tablo 2.’de
acikca goriilmektedir.

Fenilalanin oraninin yariya indirildigi besindeki
larval gelisme hizi, kontrol besin ve fenilalanin oranmin
%50 oraninda arttirildig1 besinlerdekine gore gecikmistir.
Fenilalanin miktarmin azaltildig: besindeki larval gelisme
%380 civarinda olup bu oran kontrol besinine ve arttirilan
besindeki larval gelismeye gore istatistik bakimindan
onemli bulunmakla beraber, larvalarin sentezledikleri
protein ylizdeleri agisindan ne azaltilan ne de arttirilan

lizin  oraninin

besinlerde kontrol besinine gore oOnemli bir fark
bulunmamaktadir.
Treonin ve triptofanin  kontrol besinindeki

oranlarinin %50 azaltildigi ve ayni oranda arttirildig:
besinlerde kontrol besinine gore gerek larval gelisme ve
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gerekse sentezlenen protein yiizdesi bakimindan 6nemli
farklar bulunmamaktadir.

Denenen  valin  oranlarmin  degisik ki
konsantrasyonu  larvalarn  sentezledikleri  protein
yiizdelerine etkileri bakimindan kontrol besini ile ayni
etkiyi yapmaktadir. Ancak larval gelisme hiz1 agisindan ise
bu oranlarm etkileri arasinda bazi onemli farkliliklar
mevcuttur. Valin oraninin yartya indirildigi besinde
12.giinde besinci evreye gegen larva orant %83,80 olup bu
oran kontrol besini ve valin oranmnin arttirildig
besindekine gore oldukga diigiiktiir. Bununla birlikte,
besindeki valin miktarinin yari yariya arttirilmasi larval
gelisme hiz1 lizerine pozitif bir etki yapmamusgtir.

SONUC VE TARTISMA

Bu arastirmada endoparazitik bir hymenopter tiirii
olan P. turionellae larvalarinin gelismesine ve sentezlenen
protein miktarina temel amino asitlerin her birinin farkl
oranlarmin kalitatif ve kantitatif etkileri ele alinmastir.

Parazitik hymenopterlerde dollenmemis
yumurtalardan erkek bireyler meydana gelmektedir.
Birgok bocek grubunda oldugu gibi  parazitik

hymenopterlerde de dimorfizm goriilmektedir. Larval
evrede erkek ve disi bireyleri ayirt etmek miimkiin
olmadigindan deneylerde dimorfizmden ortaya ¢ikabilecek
sorunlari ortadan kaldirmak amaciyla biiyiikliikleri az gok
birbirine yakin olan larvalar kullanilmistir. Bu 6zellikteki
larvalar1 elde etmek igin bOcegin partenogenez
ozelliginden yararlanilmig yani biitliin  deneylerde
ciftlesmemis disilerden elde edilen yumurtalardan ¢ikan
larvalar kullanilmistir. Yapilan 6n calismalar bu tiir
larvalarin 6zellikle protein analizi igin olduk¢a homojen
ozelliklere sahip son derece kullanigh 6rnekler oldugunu
ortaya ¢ikarmistir.

Temel amino asitlerin farklt oranlarmm P.
turionellae larvalarinin gelisme ve sentezlenen protein
miktarma en iyi etkiyi kontrol besinine gére %50 oraninda
arttirllmig izoldsin ile 16sin ve %50 oraninda azaltilmig
metiyonin yapmustir. P. turionellae’nin kalitatif amino asit
ihtiyaglari ile yapilan ¢alismalardan elde edilen sonuglara
gore (Celik, 1984), bocek icin temel oldugu saptanan
amino asitler arjinin, histidin, izolGsin, 16sin, lizin,
metiyonin, fenilalanin, treonin, triptofan ve valin olarak
bulunmustur. P. turionellae’nin kalitatif amino asit
ihtiyacinin serbest yasayan boceklerinkine benzemesi,
“parazitik hymenopter larvalarinin kalitatif bakimdan diger
boceklere  benzedigi” (Yazgan, 1972) goriisiini
desteklemektedir.

Besinlerdeki temel amino asitlerden herhangi
birinin oranmnin azaltilmasi veya arttirilmasi genelde P.
turionellae larvalarinin dordiincii veya besinci evreye
gecisini engellememislerdir. Bu durum bocegin polifaj bir
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endoparazit olma o&zelliginden kaynaklanabilir. P.
turionellae larvalar1 degisen temel amino asit oranlarina
genel olarak bir tolerans gostermekle beraber, amino
asitlerin  bireysel  kantitatif  etkileri  birbirleriyle
karsilastirildiginda bazi ayricaliklar oldugu goriiliir. Bu
ayricaliklar dikkate alindiginda, temel amino asitleri P.
turionellae larvalarinin gelisme ve protein sentezine
kantitatif etkileri bakimindan iki gruba ayirmak
miimkiindiir.

Birinci gruba kantitatif bakimdan kritik Gnemi
olan temel amino asitler dahil edilmistir ki bunlar izol6sin,
16sin ve metiyonindir. Diger gruba ise kantitatif bakimdan
kritik 6nemi olmayan temel amino asitler dahil edilmis
olup bunlar da arjinin, histidin, lizin, fenilalanin, treonin,
triptofan ve valindir. Besindeki izolésin oranm1 %50
oraninda arttirildigi zaman sentezlenen protein yiizdesi
artmistir. Besindeki 16sin oranmnin da %50 arttirilmasi
sentezlenen protein yiizdesini izoldsine benzer sekilde
etkilemistir. Benzer sekilde yiikksek orandaki amino
asitlerin tiim canli tiirleri ve boceklerde sinirsel iletim,
fosfolipit sentezi, enerji iiretimi ve morfogenetik siirecler
gibi metabolik olaylarda olumlu etkileri oldugu da (Chen,
1985; Assar vd., 2010) gosterilmistir. Bu iki amino asitin
kontrol besinindeki oranmm ayr1 ayr1 %50 oraninda
arttirilmasi ayn1 zamanda larval gelismeyi de olumlu yonde
etkilemistir. Bu sonuglar Yazgan, (1981) tarafindan P.
turionellae larvalar1 i¢in gelistirilen sentetik besindeki
izolosin ve 16sin oranmim bdcegin ihtiyag duydugu
optimum miktarmn altinda oldugu kanisini
uyandirmaktadir. Bocegin amino asit metabolizmasinda
izol6sin ve 16sinin ¢ok 6nemli bir rol oynadigini ortaya
cikaran bu sonuglar ayn1 zamanda parazitik hymenopterler
icin gelistirecek sentetik besinlerde bu iki amino asitin
iizerinde dikkatle durulmasi gereken birer besin bilesenleri
oldugunu agikca gostermektedir. Fisher ve Ganesalingam,
(1970), parazitik bir hymenopter olan D. canescens’in
parazitlenmis ve parazitlenmemis konaklar arasindaki farki
parazitlemeden sonra konak hemolenfinde kaybolan 16sin
ve diger bazi serbest amino asitlere gore anladigini
gOstermis olmalari, konak hemolenfinde parazitleme
sonucu acilan larvalarin 16sine ne kadar ihtiyag
gosterdiklerinin  anlasilmast  agisindan  son  derece
6nemlidir. Arthur vd., (1972), 1osinin |. conquisitor’de
yumurta birakmayi en fazla uyaran amino asitlerden biri
oldugunu belirtmislerdir. Sunulan calisma izol6sin ile
16sinin P. turionellae larvalarinin beslenmesinde ve total
protein sentezinde Onemli bir rol oynadigini ortaya
cikarmustir. Biitiin bu bilgiler, izoldsin ile 16sinin parazitik
hymenopterlerin yasaminda ¢ok degisik islevlere sahip
olabilecegi konusunda fikir vermektedir. Nitekim serbest
yasayan bazi bdcek tiirlerinde izoldsin ve 16sin arasinda
duygun bir dengenin mevcut oldugu ve bu iki amino asitten
birinin besindeki konsantrasyonu optimum degerin altinda
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oldugu zaman digerinin konsantrasyonundaki artigin
biiylimeyi  geciktirdigini  gostermistir  (Davis,1973).
Bulgularimiza  gore P.  turionellae  larvalarinin
beslenmesinde 16sin ve izoldsin arasinda bir denge mevcut
ise de bu denge biiyiik bir olasilikla duygun degildir.

P. turionellae i¢in kritik 6nemi olan diger bir
temel amino asit de metiyonindir. Metiyoninin orani
kontrol besinindeki oraninin yarisina indirildigi zaman
gelisme hizi olumlu yonde etkilendigi gibi sentezlenen
protein yiizdesi de artmaktadir. Bu amino asitin kontrol
besinindeki orani %50 arttirildig1 zaman ise larval gelisme
ve sentezlenen protein yiizdesi olumsuz yonde
etkilenmistir. Bu sonuglar kontrol olarak kullanilan
besindeki metiyonin oranmin optimum miktarin iistiinde
oldugunu ve bu amino asitin kantitatif etkisini daha larval
gelisme evreleri sirasinda gosterdigini isaret etmektedir.
Artan metiyonin oranlart Oryzaephilus surinamensis
(L.)’de pup evresi sonrasindaki yasamayi azaltmistir
(Davis, 1961a). Bu sonuglar bulgularimizla uygunluk
gostermektedir. Elde edilen verilere gore kontrol
besinindeki metiyonin oran1 P. turionellae larvalarmin
normal gelisme ve protein sentezini karsilayacak diizeyde
olmakla beraber, besindeki metiyonin oranmm %50
azaltilmasmin larvalarmn gelisme ve sentezledikleri protein
ylizdeleri lizerine daha iyi bir etki yaptig1 agiktir. Benzer
sonuglarm Celik (1984) tarafindan P. turionellae’nin
kantitatif temel amino asit ihtiyaglar1 lizerine yaptigi
¢alismadan da elde edilmesi, bu ii¢ amino asitin kontrol
besinindeki miktarlarinin optimum sinirlarin civarida
olmadigimi gostermektedir.

fkinci gruba giren ve P. turionellae icin kantitatif
bakimdan kritik 6nemi olmayan temel amino asitler olarak
gruplandirdigimiz amino asitlerin kontrol besinindeki
oranmnin %50 arttirilmas1 veya azaltilmasi genellikle
onemli sayilabilecek bir etki yapmamistir. Bu durum,
kontrol besininin bu amino asitler bakimmdan iyi
dengelendigini ve bocegin bu amino asitlere genis sinirlar
icinde tolerans gosterebildigini isaret etmektedir. Bu amino
asitlerden treoninin P. turionellae tzerindeki etkileri,
calisilan diger bocekler ile karsilagtirildiginda bocegin bu
amino asitin degisik oranlarina karg1 fazla duygun olmayan
O. surinamensis’e (Davis, 1972) benzedigini ortaya
¢ikartmaktadir.

Spesifik olarak endoparazitik bocek tiirlerinde
konakg1 plazmasindaki protein ve amino asitlerin yaygin
olarak kantitatif ve kalitatif degisiklikler gostermesi
(Thompson & Lee, 1994; Richards & Edwards, 1999), bu
farkliliklarin amino asitlerde yiiksek bir degiskenlik,
beslenme farkliliklar1 ve boceklerin gelisim evresi ile
iligkili olup olmadiginin belirsiz olusu (Chang, 2004) da
besinsel dengenin kurulmasinin zor oldugunu gostermekle
birlikte, L-arjinin, L-histidin, L-izolosin, L-16sin, L-lyzin,
L-methinonin, L-fenilalanin, L-triptofan, L-threonin ve L-
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valinin tiim bocekler i¢in gerekli temel amino asitler
oldugu (Thompson, 1976a; Chang, 2004) bulunmustur.

Sonug olarak P.turionellae larvalarmin normal
gelismelerini ve gerekli viicut proteinlerini daha kisa bir
siirede sentezleyebilmelerini saglamak amaciyla bdcegi
larval evreden itibaren beslemek i¢in kullanilacak
kimyasal yapisi belirli sentetik besinlerde, elde ettigimiz
bulgularin kullanilmasinin yararli olacagi ve bdcek
tarafindan sentezlenen protein miktarinin ele almmasinin
bu tiir caligmalarda verilerin degerlendirilmesinde iyi bir
kriter olacagi goriisiindeyiz.
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Oz Bu calismada, Artvin ili Merkez Tlgesi Genya Dag1 Ceravent mevkiinde 1500 m rakimda,
normal kapaliliktaki saf Dogu Ladini mesgerelerinde toprak iistii biyokiitle miktari belirlenmistir.
Tespit edilen normal kapaliliktaki saf Dogu Ladini mesgeresinde, her ¢ap simifim temsil edecek
sekilde farkli caplarda, canli, tepesi saglam, tek govdeli, saglikli ve dal budanmasini tamamlamis
30 adet deneme agac1 tespit edilmistir. Deneme alaninda tespit edilen bireylerin gogiis ¢aplari
belirlendikten sonra topraktan 20 cm yukaridan kesilmislerdir. Biitiin bireylerin boyu 6lgiilerek,
ibreli ve ibresiz dallar gdvdeden ayrilmistir. Govde dipten tepeye dogru, 5 m lik kesitlere ayrilmis
ve yas agirliklart belirlenmistir. Daha sonra her bir govde kesitinin kalin ugundan 5 cm
kalinliginda 6rnek diskler alinmistir. Dal ve ibrelerin yas agirligi birlikte belirlenmis, her bir birey
icin tartilan ibreli dallardan deneme agacini temsil edecek sekilde alt, orta ve iist boliimlerden
yeteri kadar 6rnek alinmigtir. Her bir gévde kesitinden alinan &rnek disklerle ibreli dal 6rnekleri
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incelenen tek agag bilesenleri icin gap, toprak {istii biyokiitledeki varyasyonu, boya gére daha iyi
tammlamaktadir. Capa dayali denklemlerin R? degerleri (en yiiksek % 95) boya dayali
denklemlerden (en yiiksek % 85) daha biiyiiktiir.
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Devolepment of Equations to Determine Aboveground Biomass of Oriental Spruce (Picea
orientalis Lipsky) Forests in Artvin-Genya Mountain Region

Abstract: In this study, aboveground biomass of pure Oriental spruce stands with moderate
crown closure located at 1500 m altitude in the Ceravent region of the Genya Mountain in Artvin
Province was determined. 30 sampling trees, alive, robust crown, single-trunk, healthy and branch
pruned, from different diameters to represent each diameter class were determined in the pure
Oriental spruce stand. Then, they were cut 20 cm above the soil. The height of all the individuals
was measured. All the branches and twigs with or without needle were removed. The stems were
cut from the bottom to the top by 5 m sections and the wet weights were measured. Sample discs
with 5 cm thick were then taken from the thick end of the each section. Wet weights of the

S L branches and needles were determined together. Sample discs taken from each trunk section and
Artvin Regional Directorate of Forestry, brapch samples with needle were transpor_ted to the .Iaboratory with polyethylepe bags. Dry
Anrtvin, Turkey. _ weight of each tree was determined by using the moisture loss rates of the sections at 70°C.
B<: mimarsinan08@hotmail.com According to the results, diameter component related to variation in above ground biomass more

than height component for the individuals. The R? values (the highest was 95%) of the diameter-
based equations were higher than the ones of height-based equations (the highest was 85%).

Keywords: Artvin, height, diameter, oriental spruce, above ground biomass.
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GIRIS

Enerji, kaynaklar1 bakimindan
siniflandirildiginda, yenilenebilir ve yenilenemeyen olmak
iizere iki ana bashiga ayrilmaktadir. Yenilenemeyen enerji
kaynaklarinin giinden giine azalmasi ve bunun yani sira
kullanimmin doga agisindan basta kiiresel 1sinma ve sera
gaz1 etkisi gibi bazi olumsuzluklar meydana getirmesi;
gozleri yenilenebilir enerji kaynaklarina g¢evirmistir
(Bascetingelik ve ark., 2004). Gilinlimiizde yenilenebilir
enerji kaynagi olarak onerilen kaynaklardan birisi de
orman biyokiitlesidir (Alemdag, 1981). Orman biyokiitlesi,
orman irinii olarak ormanm simdiki kapasitesini ve
biiylimesini belirten uzun siireli isletmeciligin saglanmasi
i¢in bilinmesi gereken bir terimdir (Alemdag, 1980).

Kiiresel ¢evre sorunlarinin en énemlilerinden bir
tanesi de kiiresel 1smmadir (Carnesale ve Chameides,
2011). Insanoglunun fosil yakitlar1 kullanmasi ve
agacsizlagma gibi uygulamalari sonucunda atmosferde
tiretilen sera gazi konsantrasyonlarmnin artmasi ile bilim
insanlar1 arasinda ciddi bir fikir birligi olugmustur
(Ravindranath ve Ostwald, 2008). Kirlenmeler ve diger
abiyotik etkenler sonucu atmosferik kimyanimn, hava
kalitesinin ve iklimin giderek orman yetismesine daha
elverigsiz duruma gelmesinin yanisira bocek, mantar ve
diger biyotik faktorler, smirlayici meteorolojik etkenler
ormanlarin zaman zaman ¢ok biiyiik boyutlarda yikima
ugramasina neden olmustur (Kdse ve ark., 2002).
Ulkemizde yenilenebilir enerji kaynaklarmin kullanimi
hala istenen diizeye ulagmamistir. Yenilenebilir enerji
kaynaklarinin genel enerji iiretiminin payi, yenilenebilir
enerji kaynaklar1 agisindan biiyiik bir potansiyele sahip
olmasina ragmen iilkemiz agisindan diisiik miktardadir.
Fakat iilkemizin biyokiitle enerji potansiyeli yiiksektir.
Bununla beraber, bu potansiyelin kullanimi1 ve ticareti
neredeyse yoktur. sebepleri arasinda
biyokiitle yakitlar1 ile ilgili yetersiz calismalar, odun
hammaddelerinden iretilen biyoyakitlar i¢in bir pazar
eksikligi, mevzuat eksikligi ve ozel sektor yatirimlarini
tesvik etmemek gelmektedir (Toksoy vd., 2020).

Ormanlarm karbon stoklar1 ve karbon depolama
kapasitelerinin tespit edilmesinde biyokiitle arastirmalart
temel degerleri ortaya koymaktadir. (Sun vd., 1976).
Biyokiitlenin toprak iistii ve toprak alti olmak iizere iki
temel bileseni bulunmaktadir. Toprak iistii ve toprak alti
biyokiitle tarim, orman cayir  alanlarindan
faydalanmanmn planlanmasinda dikkat edilmesi gereken
onemli parametrelerdir. Toprak iistii biyokiitle mescere
yas1 ve sikligi, yagis, sicaklik, enlem derecesi, fizyografik
etmenler (ylikselti, egim, baki, arazi yapisi) ve toprak gibi
faktorlerden etkilenirken, toprak alti biyokditle ise bitki tiirii
(yaprakli-ibreli, cali, ¢ayir vb.), bitki yasi, toprak nemi,
topraktaki bitki besin elementleri ve toprak tekstiirii gibi

Bu durumun

Ve
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faktorlerden  etkilenmektedir  (Cairns vd., 1997;
Cakil,2008).

Bu calismanin amaci dogu ladini agag tiirii i¢in
cap ve boy parametrelerine bagli olarak toprak iistii

biyokiitlenin belirlenmesidir.

MATERYAL VE METOT

Materyal: Arastirma alani, Dogu Karadeniz
Bolgesinde Artvin Ili smrlar1 igerisinde; 41° 09> 11
kuzey enlemleri ile 41° 51° 30°” dogu boylami iizerindedir
(Sekil 1). Ortalama yiikseltisi 1505 m, ortalama egimi %
30°dur. Arastirma alani kuzeydogu bakida ve yukari orta
yamagctadir.

Sekil 1. Arastrma alaninin Tiirkiye haritasindaki konumu ve
Google earth goriintiisii.

Figure 1. Map of the study area and Google earth view.

Bolgenin karakter ana agag tiirii Picea orientalis
bazen saf, bazen de Fagus orientalis Lipsky., Abies
nordmanniana (Stev) Spach, Pinus silvestris L., Alnus
barbata C.A.Mey. ve benzeri tiirlerle karigtk ormanlar
meydana getirir. Orman amenajman planlarina gore
444.933 ha alanda yayilig gosteren Dogu Ladini alanin %
31,6’sinda saf olarak bulunmaktadir. Bolgede % 32,7 ile
ladin+kayin en ¢ok rastlanan bir karigim seklidir (Akalp,
1978; Kayacik, 1960).

Metot: Biyokiitle tablolarmin diizenlenmesi igin,
cesitli cap kademelerinde, normal kapalilikta saf Ladin
mescereleri segilmistir. Bu amagla Artvin Orman Bolge
Miidiirliigii Artvin Isletme Miidiirliigii Artvin Isletme
Sefligi 49, 50, 79, 80 ve 84 nolu bolmelerde Lcd3 mescere
tipinden formu ve tepe catist diizgilin bireylerden 30 adet
deneme agaci almmistir. Bu alanin arastirma alani olarak
secilmesinin nedeni, Ladinin normal kapalilikta saf
mescere olusturmasi, ayni mesgere i¢inde farkli cap
gruplarina ait bireylerin bulunmasi ve bakim miidahaleleri
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disinda bocek, firtina vs gibi diger etkenlerden dolay1
herhangi bir miidahale gérmemis olmasidir.

Tespit edilen deneme agaglart gogiis caplar
olgiildiikten sonra topraktan 20 cm yilikseklikten
kesilmistir. Kesilen agaglarin boyu O0l¢iilmiis, dallar
govdeden ayrilmis ve gévde kalin ucundan itibaren 5 m’lik
seksiyonlara boliinmiis, her bir kesite ait tomruk ayr1 ayri
tartilarak yas agirligi tespit edilmistir. Tomruklarin kalin
ucundan 5 cm ¢apinda drnek kesitler alinmis ve yas olarak
agirlig tespit edilmistir. Daha sonra gévdeden ayrilan tiim
dallar ibreleriyle birlikte tespit edilmistir. Her birey i¢in
tartilan tiim ibreli dallardan deneme agacini temsil edecek
sekilde alt, orta ve {ist boliimlerinden yeteri kadar drnek
almmigs ve bunlarinda yas agirhigr tespit edilmistir.
Bunlarda dal ve ibre olarak ayrilmis ve yas agirliklari tespit
edilmistir. Ardindan gévde odunu, dal ve ibre 6rneklerinin
tam kuru agirliklar1 belirlenmistir.

Istatistiksel Analiz: Elde edilen verilerin
degerlendirilmesinde SPSS paket istatistik programi
kullanilmistir. Cap ve boy bagimsiz degiskenlerinin toprak
iistii biyokiitle ile olan iligkilerinin degerlendirilmesinde
regresyon analizi yontemi uygulanmusgtir.

BULGULAR VE TARTISMA

Aragtirma sahasindaki deneme agaglarinda
yapilan caligmalarda biyokiitle degerleri ¢cap ve boy gibi
bagimsiz degiskenler olarak ayri ayr1 incelenmis, bagimli
degisken olarak secilen tiim agirlik, govde agirligi, dal ve
ibre agirliklart da yas ve kuru agirliklar olarak
belirlenmistir. Biyokiitle degerleri kuru ve yas agirliklar
olarak farkli degerler ve farkli degisimlerle temsil
edileceginden hareketle, cap ve boya gore yas ve kuru
agirliklar ayri ayri ele alinmistir. Bu degerlerden alti
degisik fonksiyona gore bagimsiz degiskenler ile toprak
istli  biyokiitle arasindaki iliskiyi en iyi yansitan
denklemler ortaya konulmustur.

Elde edilen verilere gore, Dogu Ladininin toprak
istli  biyokiitle degerleri ile degisik fonksiyonlar
kullanilarak, varyasyonu en iyi agiklayan denklemler tespit
edilmistir.

Dal ve ibre orneklerinin ortalama nem oranlart
sirastyla % 51,62 ve % 44,9 olarak bulunmustur. Tim
yas agirligin ortalama olarak % 87,6’smi1 govde odunu, %
7,17’sini dal ve % 5,26’smu1 ise ibreler olugturmaktadir.
Tim kuru govde agirhigmin ortalama % 87,8’ini gévde
odunu, %7,40’m1 dal ve % 4,77°sini ise ibreler
olusturmaktadir.

Deneme agacglarinda tespit edilen en yiiksek nem
miktar1 ibre drneklerinde, en diisiik nem miktari ise en alt
govde seksiyonunda  belirlenmistir. ~ Govde
odunundaki nem oran1 gévdeden tepeye dogru yaklastikca
artmaktadir. Bunun nedeninin gévde odununun alt

odunu
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kisimlarmin destek gorevi gérmesi ve oran olarak daha
fazla yasli odun igermesinin olabilecegi sanilmaktadir.
Ayrica yagan yagis sularinin goévdenin tepe kismina
ulagmasi daha kolay oldugundan iist seksiyonlarda odunun
daha fazla su emmesine olanak tanimasmdan da
kaynaklaniyor olabilecegi sanilmaktadir. Ayni sekilde
kabuk nem oranlar1 da gévdeden tepeye yaklastik¢a artma
egilimi gostermektedir.

Ladin tek aga¢ bilesenlerinin  yas/kuru
agwrliklart ile cap arasindaki iliskiler: Ladin tek agag
bilesenlerinin yas/kuru agirliklari ile ¢ap arasindaki iliskiyi
en iyi agiklayan denklem Power (iis) fonksiyonu tarafindan
saglanmaktadir (Tablo 1). Fonksiyonlarn anlamlilik
diizeyi p<0,001 olup, Ladin tek aga¢ bilesenleri ve cap
degerleri arasinda istatistiki olarak 6nemli bir iligki tespit
edilmistir (Sekil 2, 3, 4, 5).

Tiim Kuru Agirhk Tiim Yas Agirhik

y = 123.66x°608
3000 =
5 2500 R2=10.84 /
Z y = 215.43x06318 N /\/
z 2000 RP- 082 N
£ 1500
=¥ 1000 -
500 -
0
20 26 28 32 34 38 44 50

Cap (cm)

Sekil 2. Tiim yas ve tiim kuru agirligin ¢apa gore degisimi.
Figure 2. Change in dry and wet weights according to diameter.

Kuru gévde agirhg Yas govde agirhig
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S 100000 =
5000 | e Tl e
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Sekil 3. Yas govde ve kuru gévde agirliginin ¢apa gore degisimi.
Figiire 3. Change in wet and dry stem weights according to
diameter.
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Sekil 4. Yas dal ve kuru dal agirliginin ¢apa gore degisimi.
Figure 4. Change in wet and dry branch weights according to
diameter.
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Sekil 5. Yas ibre ve kuru ibre agirliginin ¢capa gore degisimi.
Figure 5. Change in wet and dry needle weights according to
diameter.

Tablo 1. Ladin tek agag bilesenlerinin yas/kuru agirliklart ile
g0giis capr arasindaki iligkilerin katsay1 ve istatistikleri.

Table 1. Coefficients and statistics of relationships between
single tree components of spruce dry and wet weights and
diameter at breast height.

Bagimh degisken Mtd R? S. Der. F p bo bl

Tim yas agirlig pow 0,94 28 467,98 ,000 03853  2,2389
Yas govde agirhig: pow 0,94 28 489,84 ,000 352 2,22

Yas dal agirhg pow 0,75 28 85,85 ,000 ,0180 23,489
Yas ibre agirhg pow 0,75 28 85,97 ,000 ,0132 23,496
Kuru gévde agirhig pow 0,93 28 428,75 ,000 ,2852 21,129
Kuru dal agirhg: pow 0,75 28 85,74 ,000 ,0099 23,493
Kuru ibre agirlig pow 0,75 28 85,93 ,000 ,0064 23,493

Cap toprak {istii biyokiitledeki varyasyonu boya
gore daha 1iyi tamimlamaktadir. Yani c¢apa dayali
denklemlerin R? degerleri boya dayali denklemlerden daha
biiyiik olup dolayisiyla daha iyi agiklamaktadir. Cap ile yas
ve kuru biyokiitle degerlerini en iyi aciklayan denklem
Power (Us) fonksiyonuna ait denklemlerdir. Cap ile tiim
yas agirlik, yas govde agirligl, tim kuru agirlik ve kuru
govde agirhgma ait R? degerleri 0,94 diizeyinde sonug
vermektedir.

Pastorella ve Paletto, (2014) agaclarda biiyiime ve
biyokiitle arasindaki iliskiyi analiz etmek amaciyla
yaptiklar1 calismada toprak iistii biiyokiitledeki R2
degerinin 0,9’un iizerinde oldugu sonucuna varmislardir.

Yas agirliklar ile ¢ap arasindaki varyasyonu en
iyi aciklayan fonksiyon Power (Us) fonksiyonudur. Dort
degisik bagimh degiskene gore en yiiksek R? degeri bu
fonksiyonda tespit edilmistir. Bu degiskenler ile c¢ap
arasindaki iliskiyi en iyi agiklayan denklem tiim yas agirlik
ile yas govde agirhigina ait denklemlerdir.

Yas dal agirhgr ve yas ibre agirligi ile cap
arasindaki denklemlerin R? degerlerinin tiim yas agirlikla
ve yas govde agirhid ile cap arasindaki denklemlerin R2
degerlerine oranla kiigiik ¢ikmasinin nedeni, dal ve ibre
agirliklarinin tepe yapisina ve kapalilik durumuna gore tiim
yas agirlik ve yas govde agirligina kiyasla 11k, kapalilik ve
siklik gibi cevresel faktorlerden daha fazla etkilenerek
degisiklik gostermesidir.

Pajti’k vd., (2008)’nin yaptiklar1 arastirmada
Picea abies mesceresinin toplam biyokiitlesinin yaklagik
1.0 Mg ha'den 9.5 yilda 44.3 Mg ha'e yiikseldigi
goriilmiistiir. Kok ve dal biyokiitle oraninin yas ile birlikte
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arttigl, ibrelerin oraninin oldukg¢a sabit oldugu ve kok
biyokiitlesinin oraninin mescere yaslandik¢a azaldig
bulunmustur.

Kuru agirliklar ile ¢ap arasindaki varyasyonu en
iyl agiklayan fonksiyon yas agilik ve cap arasmdaki
varyasyonu agiklayan fonksiyonda oldugu gibi Power (iis)
fonksiyonudur. Dort farkli bagimli degiskene gore en
yiiksek R? degeri yine bu fonksiyonda tespit edilmistir. Bu
degiskenler ile cap arasindaki iliskiyi en iyi agiklayan
denklem tiim kuru agirlik ile kuru govde agirligma ait

denklemlerdir.
Tim Kuru Agirlik  (Y)=0,2973(d; 3)?1%8 , R?=0,94, P<0,001
Kuru Govde Agirhg (Y)=0,2852(d13)?1?° , R? =0,94,
P<0,001.

Benzer R? degerleri Laar ve Lill, (1978)
tarafindan Giiney Amerika’da 29 yasindaki Pinus radiata
mesceresinde bulunmustur. Yapilan ¢alismada firin kurusu
govde agirhig ile cap arasmdaki R? degeri 0,95; firin
kurusu tiim agirlik ile cap arasmdaki R? degeri 0,96
diizeyinde olup, arastirma alanina ait Dogu Ladininde
bulunan degerlere ¢ok yakin degerler tespit edilmistir.
Agac tiirl, yetisme ortami farklilifi ve aymi yash
mescereden alinan verilerden dolay1 Dogu Ladini igin
buldugumuz iliski Pinus radiata i¢in bulunan iliskiden ¢ok
azda olsa diisiik ¢ikmustir.

Dal ve ibre agirhgma ait denklemlerin R2
degerleri tiim kuru agirlik ve kuru gévde agirligina oranla
daha disiiktiir.

Kuru Dal Agirhg (Y)=0,0099(d;5)2%%  R2=0,75, P<0,001

Kuru Ibre Agirlig (Y)=0,0064(d; 3)23493 R2=0,75, P<0,001

Kuru dal agirhgr ile kuru ibre agirliginin
varyasyonunun tim yas agirlikla yas govde agirligina
oranla daha diisiik c¢ikmasinin nedeni, dal ve ibre
agirliklarmin tepe yapisina ve kapalilik durumuna goére
degisiklik gostermesidir. Larr ve Liil, (1978)’ in
calismalarmda firm kurusu tag agirhgi ile cap arasmdaki R?
degeri 0,70 diizeyindedir. Bu iliski Dogu Ladinine oranla
cok daha diigiiktiir. Bunun nedeninin agag tiirlerinin farkl
151k istegi olmasi ve dolayisiyla farkli tag yapisi
olusturmasindan kaynaklandigi sanilmaktadir. Benzer
sekilde, bu diisiik R? degeri Durkaya, (1998), Ikinci,
(2000),  Unsal, (2007)'m  yaptiklar1  biyokiitle
calismalarinda da goriilmektedir. Bu durum beklenen bir
sonuctur ¢iinkii ibre agirligi ile cap arasindaki iligki
distktir.

Ladin tek aga¢c bilesenlerinin  yas/kuru
agirliklart ile boy arasindaki iliskiler: Ladin tim yas
agirlik ve tiim kuru agirlik ile boy arasindaki iligkiyi en iyi
aciklayan denklem {istel fonksiyon, kuru govde agirligt ve
yag govde agirhigi ile boy arasindaki iligkiyi en iyi
aciklayan denklem power fonksiyon, yas/kuru dal agirligt
ve yas/kuru ibre agirligi ile boy arasindaki iligkiyi en iyi
aciklayan denklem polinom fonksiyon tarafindan
saglanmaktadir (Tablo 2). Fonksiyonlarm anlamlilik
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diizeyi p<0,001 olup, Ladin tek agag¢ bilesenleri ve boy
degerleri arasinda istatistiki olarak 6nemli bir iligki tespit
edilmistir (Sekil 6, 7, 8, 9).

Tiim Kuru Agirlik Tiim Yas Agirlik
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Sekil 6: Tiim yas agirlik ve tiim kuru agirligin boya gore degisimi.
Figure 6: Change in whole wet and dry weights according to tree
height.
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3000,00

2500,00
gn 2000,00

=

A/
A AN,

(=

y = 360.2260.0597

E 1500,00 RE= 080 /\/ ‘D
' 1000,00 A—AD
500,00 ﬁM&L
000 ) . . . R=08
163 222 233 245 255 283
Boy (m)

Sekil 7: Yas govde ve kuru gévde agirligin boya gore degisimi.
Figure 7: Change in wet and dry stem weights according to tree
height.
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Sekil 8. Yas dal ve kuru dal agirligin boya gére degisimi.
Figure 8. Change in wet and dry branch weights according to tree
height.
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Sekil 9. Yas ibre ve kuru ibre agirligin boya gore degisimi.
Figure 9. Change in wet and dry needle weights according to tree
height.
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Tablo 2. Ladin tek agag bilesenlerinin yas/kuru agirliklari ile boy
arasindaki iliskilerin katsay: ve istatistikleri.

Table 2. Coefficients and statistics of relationships between
single tree components of spruce dry and wet weights and tree
height.

Bagimh degisken Mtd R? S.Der F p bo bl b2
Tiim yas agirhk iistel 0,77 28 98,36 0,000 11,6349 0,183

Yas govde agirhg iistel 0,81 28 120,27 ,000 9,567 0,186

Yas dal agirhg polinom 469 27 1192 ,000 273,41 -30,504 9274
Yas ibre agirhg polinom 469 27 1191 ,000 199,987 -22.328 6794
Kuru govde agirhg iistel ,848 28 156,35 ,000 58,370 ,1816

Kuru dal agirhg polinom 469 27 1191 ,000 150,80 -16,819 5112
Kuru ibre agirlig polinom 450 28 2293 000 4619 1641

Boy biyokiitledeki varyasyonu anlamli ve kabul
edilebilir sekilde tanimlamasina ragmen R? degerleri, cap
ile biyokiitle arasindaki R? degerlerinden daha diisiik
¢ikmaktadir. Bunun nedeni ayni mesgerede mevcut ayni
captaki bireylerin agirlik olarak birbirine yakin olmasina
ragmen bulunduklar1 ortam itibariyle 151k ihtiyaclarina ve
mescerenin kapalilik durumuna paralel olarak daha fazla
veya daha az boylanmalarindan kaynaklanmaktadir.

Tek agac bilesenlerinin yas agirliklar ile cap
arasindaki iligkiyi en 1iyi agiklayan fonksiyon tiim yas
agirhik ile yas govde agirligi igin Exponential (Ustel)
fonksiyonu olmasina ragmen, yas dal agirlig ile yas ibre
agirhigr icin Quadratic (Polinom) fonksiyonudur. Dort
degisik bagimli degiskene gore en yiiksek R? degerleri bu
fonksiyonlara gore tespit edilmistir.

Tim yas agirlikla boy arasindaki iligkiyi en iyi
aciklayan denklem Exponential (Ustel) fonksiyonuna ait
denklemdir. Bu denklem:;

Tiim Yag Agirlik Y=11,635(¢)%18%84; 3 . R2=0,78, P<0,001dir.

Ingerslev, (1999) yaptig1 ¢alismada 59 yasindaki
Pinus pinea mesceresindeki toprakiistii  biyokiitle
calismasinda; biyokiitle ile boy arasindaki iligkinin R2
degerini 0.70 olarak bulmustur. Grote, (2002) ayni
calismay1 yaparak toprak iistii biyokiitle miktarmin R2
degerleri 0.5 ila 0.87 arasinda tespit etmistir. Eid vd.,
(2016) yapmis olduklar1 ¢alismada Pinus sp.’a ait toplam
toprakiistii biyokiitle miktarmin R? degerini 0.97 ila 0.99
arasinda tespit etmislerdir.

Tiim yas agirlik igerisine dal ve ibre agirliklar1 da
katildigindan, dal ve ibre agirhigindaki varyasyonun
etkisiyle tiim yas agirhik ile gap arasindaki denklemin R2
degeri, cap ile yas gévde agirhig arasmdaki denklemin R2
degerinden daha diisiiktiir.

Yas govde agirligi ile boy arasindaki iliskiyi en iyi
aciklayan denklem Exponential (Ustel) fonksiyonuna ait
denklemdir. Bu denkleme ait R? degeri bagiml
degiskenlerin yas agirliklar1 ile boy arasindaki iligkilere ait
R? degerlerinin en yiiksek olanidir. Bunun nedeni de dal ve
ibre agirliklarinda varyasyonun govde odunundaki
varyasyona goOre fazla olmasidir. Yas Govde Agirhig
(Y)=9,5678(e)*184¢, 5 R?2=0,81, P<0,001 dir.

Yag dal agirhgi ve yas ibre agirligi ile boy
arasindaki iliskiyi en iyl agiklayan denklem Quadratic
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(Polinom)fonksiyondur. Dal ve ibre agirhig ile boy
arasmndaki iligkiyi gosteren denklemlerin R? degerleri tiim
yas agwhk ve yas govde agirhigr ile boy arasindaki
denklemlerin R? degerlerine oranla ¢ok daha diisiiktiir. Isik
ihtiyacina paralel olarak ayni captaki bireylerin farkh
boylanmasi, dolayisiyla dal ve ibre agirliklarinda tepe
yapisina ve kapalilik durumuna gore farkliliklar géstermesi
R? degerlerinin daha diisiik ¢ikmasina sebep olmustur. Bu
denklemler:

Yas Dal Agirhgi  Y=0,9274(d;3)?+30,504(d; 3)+273,42,
R?=0,47, P<0,001
Yas libre Agirhgi  Y=0,6794(d;3)?-22,328(d; 3)+199,99,

R?=0,47, P<0,001 dir.

Tek agag bilesenlerinin kuru agirliklar ile boy
arasindaki varyasyonu en iyi agiklayan fonksiyon, tiim
kuru agirlik ile kuru gévde agirhgi igin Exponential (Ustel)
fonksiyonu olmasina ragmen kuru dal agirlig ile kuru ibre
agirhigl igin Quadratic (Polinom) fonksiyonudur. Dort
degisik  bagimh  degiskene gore degerlendirilen
fonksiyonlar arasinda en yiiksek R? degerleri bu
fonksiyonlara gore tespit edilmistir.

Tiim kuru agirlikla boy arasmndaki iliskiyi en iyi
aciklayan denklem Exponential (Ustel) fonksiyonuna ait
denklemdir. Bu;

Tiim Yas Agirhk Y= 6,9464(e)017%4, 3, R?2=0,82, P<0,001

olarak tespit edilmistir. Tiim kuru agirlik igerisine
dal ve ibre agirliklar1 da katildigindan, dal ve ibre
agrhgmdaki farklihk bu bilesendeki R? degerinin kuru
govde agirligindaki degere oranla daha diisiik ¢ikmasina
neden olmustur.

Kuru govde agirligi ile boy arasindaki iliskiyi en
iyi aciklayan denklem Exponential (Ustel) fonksiyonuna
ait denklemdir. Bu denkleme ait R? degeri bagiml
degiskenlerin yas agirliklari ile boy arasindaki en yiiksek
degerdir. Bunun nedeni govde agirlignin dal ve ibre
agirliklardaki varyasyonu icermemesidir. Bu denklem:

Kuru Gévde Agirhigi Y= 5,8371 (e)01816 d; 5
P<0,001 dir.

R? =0,85,

Yas dal agirligr ve yas ibre agirligi ile boy
arasindaki iliskiyi en iyi agiklayan denklem Quadratic
(Polinom)fonksiyonudur. Dal ve ibre agirhigma ait
denklemlerin R? degerleri tiim kuru agirhk ve kuru gdvde
agirligina oranla ¢ok daha diigiiktiir. Isik ihtiyacina paralel
olarak ayni c¢aptaki bireylerin farkli boylanmasi,
dolayisiyla dal ve ibre agirliklarindaki tepe yapisina ve
kapalilk durumuna gore farklilbiklar gostermesi R2
degerlerinin daha diisiik ¢ikmasina sebep olmustur.

Kuru Dal Agirhigi Y=0,5147(d;3)? +16,968(d3) +152,37,
R?=0,47, P<0,001

Kuru Ibre Agirhg
R2=0,47, P<0,001dir.

Y=0,329(dy3)? -10,816(d; 3)+96,906,
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SONUC

Sonug olarak bu ¢aligmada, zaman ve para kaybini
onlemek i¢in ¢apa dayali yapilan tahminlerin varyasyonu
% 94 diizeyinde agikladig1 tespit edilmistir. Dolayisiyla
Ladinde sadece c¢apa dayali tespitler biyokiitlenin
tanimlanmasi ve rakamsal ifadesi i¢in ¢alisma amacina
bagli olarak yeterli olabilecektir. Bu hem zaman hem de
maddi anlamda tasarruf saglayacaktir. Ancak bilimsel
calismalar i¢in boya dayali tahminlerde gerekebilir. Bu
calisma ile ormancilikta hasilat, amenajman, orman
envanteri, isletme ekonomisi, aga¢ teknolojisi gibi bilim
dallarma yardimect olacak, ladinin toprak  {istii
biyokiitlesinin  belirlenmesine  yarayacak  tablolar
diizenlenmis bulunmaktadir. Yine bu tablolar ladin
mescerelerinde toprak {istii biyokiitlede depolanan karbon
miktarmin belirlenmesine yardimci olacaktir. Kiiresel
1sinmanin her gecen giin kendini biraz daha hissettirdigi
diinyamizda orman ekosisteminde mevcut biyokiitlenin ve
dolayisiyla depolanan karbonun belirlenmesi biiyiik 6nem
arz etmektedir. Biyokiitle calismalar1 kullanilarak farkl
agac bilesenlerine iretimden ne kadar pay ayrildigi ve
bunun ne kadarmin topraga organik madde olarak geri
dondiigii belirlenebilmektedir.
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Oz: Bu calismada, melastan elde edilen bir fermantasyon iiriinii olan beta Vinasin yumurtaci
bildirein rasyonlarinda kullaniminin performans ve yumurta kalitesi {izerine olan etkilerini
degerlendirmek amaglandi. Arastirmada, toplam 180 adet 8 haftalik yasta Japon bildircini, her
grupta 60 adet hayvan olacak sekilde ti¢ gruba ayrildi (5 alt grup her grupta 12 bildircin). Deneme
gruplar1 sirastyla; misir ve soya temeline dayali bazal rasyona sirastyla %0 (Kontrol), %1,5 (15
g/kg) (Deneme 1) ve %3 (30 g/kg) (Deneme II) beta vinas eklenen gruplardan olusturuldu.
Arastirma sonunda, yem tiiketimi, yumurta verimi, yumurta agirligi ve yemden yararlanma orant
gibi performansa iliskin parametre degerlerinde istatistiki agidan Onemli farkliliklar tespit
edilmedi (P>0,05). Kontrol grubu ile karsilastirildiginda rasyona beta vinas katkist yumurta
kabuk kalinlig1 ve yumurta kabuk direncini dnemli diizeyde iyilestirdi (P<0,001). Buna karsin
yumurta sekil indeksi, yumurta sar1 rengi ve haugh birimi parametrelerinde dnemli bir farklilik
saptanmadi (P>0,05). Sonug olarak beta vinasin her iki dozunun da yumurtaci bildircinlarin
yumurta kabuk kalitesinde iyilestirici etkiye sahip oldugu belirlendi.

Anahtar kelimeler: Beta vinas, betain, bildircin, performans, yumurta kalitesi.
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in Layer Quail Diets

Abstract: In this study, it was aimed to evaluate the effects of beta vinasse obtained as a by-
product of molasses added to egg quail rations on performance and egg quality. In the
experimental study, a total of 180 8-week-old Japanese quails were equally divided into three
groups (5 subgroups, 12 quails in each group), 60 in each group. Trial groups, respectively; The
control group without additives to the basal ration based on corn and soybeans was formed as
1,5% (15 g/kg) beta vinasse addition - Trial Group |, 3% (30 g/kg) beta vinasse addition - Trial
Group I1. At the end of the study, there were no statistically significant differences in the values
of performance related parameters such as feed consumption, egg vield, egg weight and feed
utilization rate (P>0,05). When looking at egg quality parameters, significant differences
(P<0,001) were detected in egg shell thickness and egg shell breaking strength, while no
significant difference was found in the control and experimental group data in the parameters of
egg shape index, egg yellow color and haugh unit (P>0,05). Egg shell thickness and eggshell
breaking strength were measured at higher values in experimental group egg samples. As a result,
we can say that the addition of beta vinasse to egg quail diets has an improving effect on egg shell
quality.

Keywords: Beta vinasse, betaine, eqq quality, performance, quails.
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GIRIS

Hayvancilikta karlilig1 etkileyen faktorlerin basinda
yem maliyeti gelmektedir. Yem maliyetleri azaldiginda
uygun fiyatlarda hayvansal {irin elde etmek miimkiin
olabilmektedir. Bu nedenle alternatif yem ham maddeleri
aragtirilarak ve mevcut ham maddelerin  biyolojik
degerliligini artirarak yem maliyetinde istenen diigiis
saglanabilir. Bu amac¢ dogrultusunda hayvan besleme
alaninda melasin fermantasyon {irlinii olan beta vinasin yem
sanayisinde kullannmma dair bilimsel arastirmalar
yapilmaktadir (Bilal vd., 2001). Beta vinasin kimyasal
bilesimi %35 ham protein ve %31 betainden olusmaktadir.
Bu 6zelliklerinden dolay1 beta vinas, iyi bir besin ve mineral
kaynagi olarak diisiiniilebilir (Lopez-Campos vd., 2011).
Glisinin trimetil tiirevi olan betain, metil grubu vericisidir ve
protein ve enerji metabolizmasinda 6nemli rol oynar
(Metzler-Zebeli vd., 2009; Ratriyanto vd., 2009). Kanath
hayvanlar metil grubu bilesenleri sentezleyemezler. Bu
nedenle rasyonlarina mutlaka disaridan takviye edilmelidir.
Kolin ve metiyonin gibi diger metil grubu vericilerinden
farkli olarak betain, dogrudan bir metil grubu vericisi olarak
hareket edebilir. Metiyonin, metil grubunu vermek i¢in S-
adenosilmetiyonine doniistiiriilirken, kolin ise betaine
oksitlendiginde, kolinin metil gruplar1 kullanilabilir hale
gelmektedir (Ratriyanto vd., 2009). Betain, homosisteinin
metiyonine doniisiimii sirasinda bir metil grubu saglayarak
rasyondaki metiyoninin  bir kismim1 ikame etme
potansiyeline sahiptir (Metzler-Zebeli vd., 2009; Sahin vd.,
2020). Sonug olarak betain sayesinde, protein sentezi i¢in
metiyonin kullanilabilirligi ve sonugta optimum performans
saglanabilir (Rao wvd., 2011). Ratriyanto vd., (2017)
tarafindan yapilan c¢aligmada, bildircin rasyonlarma %0,06
ve 9%0,12 betain ilavesinin performans parametrelerinde
artis sagladigi tespit edilmistir. Bununla birlikte, bir metil
vericisi olan betainin, bir ¢ok c¢alismada performans artisi
sagladig bildirilmistir (Metzler-Zebeli vd., 2009; Ratriyanto
vd., 2009; Ezzat vd., 2011).

Yiiksek nem, potasyum ve protein yapisinda
olmayan azotlu bilesikler nedeniyle vinasin, kanath
hayvanlarda kullanimini sinirlidir. Ancak, geleneksel olarak
iiretilen vinasm kullanimini engelleyen yiiksek potasyum
seviyesi, Integro (Pak Gida Uretim ve Pazarlama A.S.,
Kocaeli, Tirkiye) tarafindan iretilen Beta-Vinas (B-
Vinasse) ile %2’ye distrilmistir. Bu ¢alismada, Integro
tarafindan {iretilen beta vinas ilavesinin yumurtaci
bildircinlarda performans ve yumurta i¢c ve dis kalite
parametreleri tizerine etkilerinin incelenmesi amaglanmustir.

MATERYAL VE METOT

Hayvan, yem materyali ve deneme diizeni:
Deneysel ¢aligmalar, Bursa Uludag Universitesi Veteriner
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Fakiiltesi Hayvan Saghgi ve Hayvansal Uretim Uygulama
ve Aragtirma Merkezindeki bildircin {initesinde yiiriitiildii.
Arastirma igin 27/12/2016 tarih ve 2016-16/01 karar no’lu
yaz1 ile Bursa Uludag Universitesi Hayvan Deneyleri Yerel
Etik Kurulu’'ndan gerekli izin alindi. Arastrmada hayvan
materyali olarak 180 adet 8 haftalik yasta Japon (Coturnix
coturnix Japonica) irki yumurtact bildircinlar kullanildi.
Bildircinlar her birinde 60 adet hayvan bulunan 1 kontrol ve
2 deneme grubu olmak {izere 3 gruba ayrildi. Her bir deneme
grubu kendi igerisinde 12 hayvan olacak sekilde 5 alt gruba
boliindii. Hayvanlara ortalama %20 ham protein ve 2900
kkal/kg metabolize olabilir enerji iceren rasyonlar verildi.
Yem ham maddelerinin ve karma yemlerin ham besin madde
miktarlart AOAC’de (AOAC, 2006) bildirilen yontemlere
gore yapildi. Metabolize olabilir enerji diizeylerinin
hesaplanmasinda TSE’nin (TSE, 1991) o6nerdigi formiil
kullanildi. Bazal rasyon ve deneme rasyonlarinin besin
madde igerigi ve kimyasal bilesimi Tablo 1’de, beta vinasin
besin madde komposizyonu Tablo 2’de sunulmustur.
Deneme gruplary; sirasiyla misir ve soya temeline dayali
bazal rasyona katki ilavesi yapilmayan kontrol grubu, 15
0/kg (%1,5) beta vinas ilavesi - Deneme Grubu I, 30 g/kg
(%3) beta vinas ilavesi-Deneme Grubu II seklinde
olusturuldu.  Arastirmada  beta
belirlenmesinde Cengiz vd., (2019) tarafindan yapilan
calisma referans olarak almmustir. Hayvanlara grup
yemlemesi uygulandi. Hayvanlara yem ve su ad libitum
olarak verildi. Hayvanlarm bakim ve beslemesi 8 hafta
sirdirildi. Yumurtact  bildiremlar, 45x17x21  cm
ebatlarinda bolmelere sahip 5 kath kafeslerde 26°C
sicaklikta, 24 saat aydinlik 1siklandirma programi
uygulanarak barindirildi.

Performans ve yumurta kalite parametreleri:
Hayvanlarin tiikettigi yem miktari, iki haftada bir yapilan
tartimlarla, gruplarmm yem tiikketimi ortalamasi olarak
kaydedildi. Yemden yararlanma orani, hem bir diizine
yumurta {iretimi i¢in tiiketilen yem miktar1 hem de bir kg
yumurta igin tiiketilen yem miktar1 olarak hesaplandi.
Yumurta verimini hesaplamak amaciyla her giin ayni saatte
olacak sekilde yumurta sayilari not edildi. 15 giinde bir
toplanan yumurtalar, oda sicakliginda 24 saat bekletildikten
sonra hassas terazide (Sartorius, Model BSA224S-CW,
Germany) tartilarak yumurta agirligi belirlendi.

Aragtirmanin 15., 30., 45., 60., giinlerinde her alt
gruptan 4 adet olacak sekilde toplanan yumurtalarm, dis
kalite oOzelliklerinin incelenmesi amaciyla sekil indeksi,
kabuk kalinligi, kabuk kirilma direnci, i¢ kalite 6zelliklerin
incelenmesi amaciyla ise sar1 rengi, haugh birimi belirlendi.
Sekil indeksi degeri, yumurtanin en genis ve en uzun eksen
uzunlugunun dijital kumpasla (Caliper, Mitutoyo Code
No0.500-181-20, Model CD-15CPx, Japan) olgiilmesi ve
sonrasinda bu iki degerin, ‘Sekil indeksi = yumurta genigligi
(mm)/yumurta uzunlugu(mm)x100’ formiiliinde yerine

vinasin  dozunun
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konulmas: ile hesaplandi. Yumurtalarin kabuk kalinligi,
yumurtanin sivri, yuvarlak ucu ve orta kisimlarmndan alinan
zarsiz U¢ ayrt kabuk Orneginin dijital kumpasa
yerlestirilmesiyle 6l¢iildii. Ortalama kabuk kalinlig1 ise bu
¢ degerin aritmetik ortalamast almarak bulundu.
Yumurtalarin kabuk kirilma direncinin saptanmasi amaciyla,
her bir yumurta dik olarak ve kiit ucu yukar1 gelecek sekilde
kabuk kirtlma direnci 6l¢lim cihazina (Push Pull Scale,
Imada, Model No.SU-05, Japon) yerlestirildi. Daha sonra
cihazin list mengenesi asagi dogru kaydirilarak mengene ile
yumurta arasinda hi¢ bosluk kalmayacak sekilde sikistirildi.
Mengene bu noktadan sonra yumurtanin kirilma noktasina
kadar yavasca daha da asagiya itildi ve kirilma noktasinda
skalada okunan deger Newton/cm? (N/cm?) olarak
kaydedildi. Haugh biriminin hesaplanmasinda kullanilmak
i¢in, her bir yumurta cam bir tabla iizerine dagilmadan
kirildiktan sonra, ii¢ ayakli mikrometre ile de ak yiiksekligi
olgiilerek  kaydedildi.  Yumurtada  Haugh  birimi
hesaplanmasi i¢in yumurta agirligi -g (G) ve ak yiiksekligi -
mm (H) HB=100log (H+7.57-1.70G%¥") formiilii
kullanilarak hesaplandi. Yumurta sar1 renginin 6l¢iilmesinde
Roche renk skalasi kullanildi (DMS, 2005-HMB,51548,
Switzerland)

Istatistik analizler: Arastrmadan elde edilen
verilerin  istatistiksel ~ analizinde  parametrik  test
varsayimlarini karsilayan degiskenler igin varyans analizi,
gruplar arasinda istatistiksel olarak anlamli farklilik ¢iktigi
durumlarda ise farkliliklarin hangi grup ya da gruplardan
kaynaklandiginin belirlenmesi amaciyla Duncan c¢oklu
karsilastirma testi uygulanmustir. Istatistik analizler SPSS
(SPSS, 1997) paket programiyla yapilmistir.

Tablo 1. Deneme rasyonlarimn ham madde bilesimi ve kimyasal
kompozisyonu

Table 1. Feed composition and chemical composition of trial
rations.
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Tablo 2. Arastirmada kullamlan beta vinas’in besin madde
bilesimi.
Table 2. Nutrient composition of beta-vinasse used in the research.

Besin Maddeleri Beta Vinas (%100 KM) Beta Vinas (% 63 KM)

Ham protein (%) 35,39 22,30
Ham kiil (%) 17,46 11,00
Metabolik enerji (MJ/kg) 6,20 391

Ham seliiloz (%) 1,26 0,80

Lizin (%) 0,21 0,137
Metiyonin & Sistein (%) 0,050 0,032
Metiyonin (%) 0,050 0,032
Treonin (%) 0,26 0,169
Valin (%) 0,32 0,206
izolésin (%) 0,21 0,136
Arjinin (%) 0,09 0,061
Triptofan (%) 0,06 0,039
Kalsiyum (%) 0,04 0,028
Total fosfor (%) 0,08 0,054
Sodyum (%) 2,23 141

Potasyum (%) 2,87 2,05

Betain (%) 31,74 20,00
D.Lizin (%) 013 0,086
D.Metiyonin & Sistein (%) 031 0,20

D.Metiyonin (%) 033 021

D.Treonin (%) 0,16 0,105
D.Valin (%) 0,20 0,130
D.izolosin (%) 0,13 0,084
D.Arjinin (%) 0,06 0,039
D.Triptofan (%) 0,03 0,024

Deneme grubu | Deneme grubu I1

Ham maddeler, % Kontrol (% 1,5 Beta vinas) (% 3 Beta vinas)
Misir 50,80 50,58 51,90
Soya kiispesi, (%46 HP) 15,21 15,00 10,00
Tam yagh soya, (%36 HP) 14,10 14,35 11,35
Misir gliiteni 5,00 5,00 8,63
Ayeicegi kiispesi,(%28 HP) 3,00 1,50 3,00
Bitkisel yag 2,50 2,55 2,50
Beta vinas - 1,50 3,00
DCP 1,45 1,45 1,50
Mermer tozu 6,80 7,00 7,00
Tuz 0,30 0,23 0,13
Vitamin-mineral premiksit 0,35 0,35 0,35
DL-metiyonin 0,11 0,11 0,11
L-lizin 0,10 0,10 0,25
Sodyum bikarbonat 0,10 0,10 0,10
Kolin klorit 60 0,08 0,08 0,08
Antioksidan 0,10 0,10 0,10
Besin madde diizeyleri, %

Metabolik enerji, kkal/kg 2900,24 2900,26 2900,30
Ham protein 20,00 20,00 19,90
Kalsiyum 3,00 3,00 3,00
Kullanilabilir fosfor 0,35 0,35 0,35

lHer 2.0 kg premiks igerisinde; A Vitamini 12 500 000 IU, D3 Vitamini 4 000 000 1U, E Vitamini
60 000 mg, Kz Vitamini 3 000 mg, B: Vitamini 2 700 mg, B2 Vitamini 7 000 mg, Bs Vitamini 4 000
mg, B12 Vitamini 20 mg, Niasin 40 000 mg, Kalsiyum d-pantotenat 15 000 mg, Folik asit 1 500 mg,
Biotin 150 mg, Mn 75 000 mg, Fe 45 000 mg, Zn 60 000 mg, Cu 10 000 mg, Co 200 mg, | 200 mg,
Organik Se 150 mg, Se 150 mg, Crina Poultry Plus 160 000 mg, Fitaz 1 000 000 FTU, Ksilanaz 270
000 U, Beta-Glukanaz 80 000 U, Fungal-1.3-B-Glukanaz 70 000 U.

Beta vinas ve beta vinasin besin madde bilesimi Integro tarafindan saglanmustir.
BULGULAR

Rasyonlara ilave edilen melas yan iiriinii olarak elde
edilen ve beta vinas olarak adlandirilan modifiye vinas Tablo
2’de goriildiigi gibi, (% 100 kuru madde iizerinden) % 35,39
ham protein, % 17,46 ham kiil, % 31,74 betain ve % 2,87
potasyum igermektedir. Kuru madde seviyesi % 45-55
oraninda aycigegi tohumuna emdirilip kurutularak % 94' e
cikarilmisgtir.  Yumurtact bildircin  rasyonlarina  farkli
diizeylerde ilave edilen beta vinasin performans
parametreleri ve yumurta kalitesi tizerindeki -etkilerini
belirlemek amaciyla yiiriitillen bu ¢alismadan gruplardan
elde edilen performans degerleri Tablo 3’de verilmistir. Elde
edilen degerlere gore, gruplarin yem tiiketimi, yumurta
verimi, yumurta agirhgi ve yemden yararlanma orani
verilerinin beta vinas ilavesinden etkilenmedigi ve gruplar
arasinda istatistiksel olarak onemli bir farklilik olusmadigi
belirlenmistir (P>0.05). Rasyona beta vinas ilavesinin
yumurta i¢ ve dis kalite parametreleri tizerine olan etkileri
Tablo 4’te gosterilmistir. Yumurtaci bildircin rasyonlarina
beta vinas ilavesi yumurta kalite parametrelerinden yumurta
kabuk kalinligi (P<0.001) ve yumurta kirilma direnci
(P<0.001) wverileri {iizerinde o6nemli farkliliklara neden
olurken; sekil indeksi, yumurta sar1 rengi ve haugh birimi
degerlerinde 6nemli bir farkliliga neden olmamistir.

TARTISMA VE SONUC

Bu calismada, yumurtacit bildircin rasyonlarina
ilave edilen betain kaynagi olan beta vinas baslica % 22,30
ham protein, % 11,00 ham kiil, % 20,00 betain ve % 2,05
potasyum igeren bir besin madde bilesimine sahiptir. Yalgin
vd., (2010) bu ¢alismada bildircin rasyonlarina ilave edilen
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beta vinasa benzer bir {irlin olan modifiye edilmis vinas
iirlini ProMass’1 (% 35,47 ham protein,% 5,94 ham kiil,%
10 betain ve % 1,66 potasyum) kullanmiglardir. Konuya
iliskin aragtirmalar incelendiginde(Yalgin vd., 2010; Cengiz
vd., 2019), beta vinasin besin madde bilesiminin degiskenlik
gosterdigi dikkati ¢ekmektedir. Bu degiskenligin isleme
kosullarindaki ve ekstraksiyon yontemlerindeki
farkliliklardan kaynaklanabilecegi diisiiniilmektedir.
Mevcut ¢aligmada, bildircin rasyonlarina 15 g/kg ve
30 g/kg diizeyinde beta vinas ilavesinin yem tiiketimi,
yumurta agirhigt ve yemden yararlanma orant gibi
performans parametreleri {izerine kontrol ve deneme
gruplart arasinda onemli bir farkliliga neden olmadigi
belirlenmistir. Gudev vd., (2011) tarafindan yapilan bir
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calismada benzer sekilde yumurtaci tavuk rasyonlarina 0,7
ve 1,5 g/kg diizeylerinde betain ilavesinin yumurta kalitesine
iligkin parametrelerde onemli bir farkliliga neden olmadig1
belirlenmistir. Buna karsm, broyler rasyonuna 30 g/kg
diizeyinde bromass (modifiye edilmis vinas) ilavesinin
yapildigt diger bir ¢alismada, broylerlerde baslangic ve
gelisme periyodunda canli agirlik ve canli agirlik kazancinda
onemli diizeyde artisa neden olurken, yem tiiketiminde ise
onemli diizeyde azalmaya neden oldugu tespit edilmistir
(Cengiz vd., 2019). Ayrica broyler rasyonlarina vinas
ilavesinin performans {iizerinde olumlu etkilere neden
oldugunu bildiren galismalarda mevcuttur (Bilal vd., 2001;
Stemne vd., 2005).

Tablo 3. Yumurtaci bildircin rasyonlaria beta vinas ilavesinin performans parametreleri iizerine etkisi.
Table 3. Effect of beta-vinasse supplementation on performance parameters in layer quail diets.

Kontrol grubu

Deneme grubu | (%1,5 Beta vinas)

Deneme grubu Il (% 3 Beta vinas)

Parametreler P degeri
n X + Sx X £ Sx X £ Sx

Baslangi¢ CA, g 5 233,12+2,33 229,924+4,00 217,4449,25 0,168
Yem tiiketimi, g 5 42,02+3,46 41,16+2,07 40,94+2,54 0,428
Yumurta verimi, % 5 86,73+£7,27 83,76+5,22 85,66+7,10 0,335
Yumurta agirhigy, g 5 11,67+0,90 11,78+0,89 11,77£1,03 0,514
YYO, kg yem/12 yumurta 5 0,58+0,05 0,59+0,03 0,57+0,03 0,514
YYO, kg yem/kg yumurta 5 4,17+0,40 4,18+0,25 4,08+0,30 0,573

CA: Canl1 agirhk

YYO: Yemden yararlanma orant

Degerler ortama + standart sapma olarak ifade edilmistir.

Tablo 4. Yumurtaci bildircin rasyonlarina beta vinas ilavesinin yumurta kalite parametreleri tizerine etkisi.

Table 4. Effect of beta-vinasse supplemantation on egg quality parameters in layer quail diets.

Kontrol grubu Deneme grubu | (%1.5 Beta vinas) Deneme grubu 11(%3 Beta vinas) L.
Parametreler P degeri
n X+ Sx X+ Sx X+ Sx

Sekil indeksi 20 77,53+2,82 77,89+2,66 77,67+2,60 0,696
Yumurta sar1 rengi 20 11,71+£1,22 11,88+0,91 11,66+0,34 0,349
Yumurta kabuk kalinlig1, pm 20 0,1420,01° 0,16+0,022 0,16+0,032 0,000
Yumurta kirilma direnci, N/cm? 20 12,36+1,78> 13,48+2,422 13,99+2,482 0,000
Haugh birimi 20 88,20+3,80 87,79+4,67 87,31+6,02 0,528

ab: Ayni satirda degisik harflerle ifade edilen degerler arasindaki fark 6nemlidir. (P<0,05)

Degerler ortama + standart sapma olarak ifade edilmistir.

Distile vinasin kullanildig1 diger bir ¢alismada,
vinasin komposizyonuna bagl olarak hayvansal iiretimde
bir yem katki maddesi gibi kullaniminin 6nemli etkilere
neden olabilecegi ifade edilmistir (Mc-Pherson vd., 2002).
Lewicki (2001) ve Stemme vd., (2005), yaptiklart
calismalarda ise, rasyona beta vinas ilavesinin yem
maliyetinde azalmaya ve daha yiiksek diizeyde performans
elde edilmesine neden oldugunu rapor etmislerdir. Bunun
yant sira vinas igeriginde B kompleks vitaminlerinin
bulunmasi nedeniyle yem tiiketiminde artis ve hayvan
davranislar1 iizerinde uyarici bir etki olusturdugu tespit
edilmigtir (Gohl, 1991).

Yapilan  literatiir ~ taramalar1  sonucunda
yumurtact kanath rasyonlarma beta vinas kullanimina
iligkin arastirma sayisinin kisitli oldugu dikkati ¢ekmistir.
Bu baglamda; yumurtaci bildircinlar iizerinde yapilan
mevcut calisma sonuglarinin, beta vinasin etkilerinin
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arastirilacagl diger yumurtaci kanath tiirlerinde yapilacak
calismalara 151k tutacagi diisiiniilmektedir. Calismada
bildircin rasyonuna ilave edilen beta vinasin yumurta
verimi lizerine 6nemli bir etkisinin olmadigi saptanmistir.
Yumurtact tavuk rasyonlarma betain ilavesinin yapildigi
bagka bir ¢alismada ise, yumurta veriminde énemli artisa
neden oldugu tespit edilmistir (Gudev vd., 2011).

Mevcut  aragtirmada, yumurtaci  bildircin
rasyonlarina betain yoniinden zengin beta vinas ilavesi;
yumurtanin dis kalitesine iliskin parametrelerden, kabuk
kalinlig1 ve kabuk kirilma direncinde kontrol grubuna gore
onemli diizeyde iyilesmeye neden olmustur. Beta vinas
ilavesinin yumurta kabugu tizerindeki bu olumlu etkisinin
betainin bagirsaklardaki mineral madde emilimindeki
pozitif yonlii etkiden ve betainin aktif metil grubu
saglayabilmesinden kaynaklanabilecegi diisiintilmektedir.
Cabezon vd. (2016) ile Shengyan vd. (2017) ise, sicak
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stresi  kosullarinda  yetistirilen = yumurtact  tavuk
rasyonlarma 200, 400, ve 600 mg/kg diizeyinde betain
ilavesinin yumurta kalite parametrelerinde onemli bir
etkiye neden olmadigini tespit etmislerdir.

Sonug olarak, yapilan c¢aligmada yumurtaci
bildircin  rasyonlarina betain kaynagi olarak farkli
oranlarda beta vinas ilavesinin performans parametreleri
iizerinde olumsuz etkiye neden olmaksizin yumurta kalite
parametrelerinden kabuk kalmmliginda artisa ve kabuk
kirilma direncinin gelistirilmesinde pozitif etkiye neden
olabildigi kamisina varilmigtir. Bununla birlikte tespit
ettigimiz  bu  olumlu  etkilerin  metabolizmasint
detaylandirmak ve agiklamak amaciyla ilave ¢alismalara
ihtiya¢ duyuldugu diisiiniilmektedir.
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Abstract: Pain is an unpleasant sensation originating from any part of the body, associated with
actual or possible tissue damage, and linked to past human experiences. Momordica Charantia
(MC) or bitter melon mainly is used all around the world for the treatment of diabetes, cancer and
inflammation- associated conditions due to the existence of many bioactive ingredients which
have vigorous biologic effect. The aim of our study is to investigate how low and high doses of
MC plant affect foot inflammation and animal's behavior. Sixteen male rats randomly divided
into 4 experimental groups. Formaldehyde was (hind-paw formalin injection) administered for
inducing pain model. After 24 hours MC (50 mg/kg, 200 mg/kg) was administered every day for
five days. During the experiment, the pain thresholds, locomotor activity measurements and
inflamed foot volume, Locomotor Activity Test and Water Overflow Method in sequence.
According to our result, when we consider the foot volume, pain threshold and locomotor activity
data of our control group, there is no significant difference between the beginning and the last
day, on the 7™ day, the pain threshold continues to decrease as the foot volume of our animals in
our positive control group does not decrease. 200 mg concentration of MC has provided a great
treatment by reducing the increasing foot volume at the same time pain threshold and motor
activity was in highest level at 4" day.

Our experiment shows that MC (200 mg/ml MC) has high analgesic activity provides significant
pain reduction and improvement in symptoms

Keywords: Artificial Surface, Classification, Heat Island.

Momordica Charantia'nin Ratlarda Olusturulan Ayak inflamasyon Modeli ve Buna Bagh
Olarak Gelisen Davranis Degisiklikleri Uzerine Etkilerinin Incelenmesi

Oz: Agri, viicudun herhangi bir yerinden kaynaklanan, gercek veya olasi doku hasari ile
iligkilendirilen ve insamn ge¢mis deneyimleriyle baglantili hos olmayan bir histir. Momordica
charantia (MC), giiglii biyolojik etkiye sahip bir¢ok biyoaktif bilesenin varligindan dolayi, tiim
diinyada baslica diyabet, kanser ve iltihap ile iliskili durumlarin tedavisinde kullanilmaktadir.
Calismamizin amaci, MC bitkisinin diisiik ve yiiksek dozlarinin ayak iltihabini ve hayvanin
davranigini nasil etkiledigini arastirmaktir.
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On alt1 erkek si¢an rastgele segilerek 4 deney grubuna ayrilmistir. Agrt modelini indiiklemek igin
formaldehit (arka pence formalin enjeksiyonu) uygulanmis ve Formaldehit uygulanmasmdan 24
saat sonra bes giin boyunca her giin MC (50 mg / kg, 200 mg / kg)uygulanmistir. Deney sirasinda
agr esikleri, lokomotor aktivite dl¢timleri ve iltihapli ayak hacmi, Lokomotor Aktivite Testi ve
Su Tagma Yontemi testleri caligilmigtir.

Sonucumuza gore, kontrol grubumuzun ayak hacmi, agr esigi ve lokomotor aktivite verilerini
g6z Oniline aldigimizda baslangig ile son giin arasinda anlamli bir farklilik gézlenmemistir.7.

*Sorumlu yazar:

Ali TAGHIZADEHGHALEHJOUGHI
Veteriner Fakiiltesi, Atatiirk Universitesi,
Farmakoloji ve Toksikoloji Anabilim Dal,
25240 Erzurum, Tiirkiye.

D4 ali.tgzd@atauni.edu.tr

giinde agr esigi dismeye devam ederken Pozitif kontrol grubumuzdaki hayvanlarimizin ayak
hacminde azalma goriilmemistir. 200 mg MC konsantrasyonu artan ayak hacmini azaltmasinin
yani sira agri esigini de azaltarak harika bir tedavi saglamustir. Bunlarin yani sira lokomotor
aktivitenin ise 4. giinde en yiiksek seviyede oldugu tespit edilmistir. Deneyimizin sonucuna gore
MC'nin (200 mg / ml MC) yiiksek analjezik aktiviteye sahip oldugunu, belirgin agri1 azalmasi ve

semptomlarda iyilesme sagladigini1 gostermektedir.

Anahtar kelimeler: Formaldehite bagli agri modeli, Inflamasyon, Momordica charantia.

INTRODUCTION

Pain is a pathetic feeling due to intense or
damaging stimulus. The International Association for the
Study of Pain's greatly used description, defines pain as
"An unpleasant sensory and emotional experience related,
or look alike that associated with, actual or potential tissue
damage (Raja et al., 2020). Nociceptive and neuropathic
pain are two main types of physical pain. Nociceptive pain
can be considering as pain related to tissue injury or even
potential damage: nociceptors are sensory endings on
nerves that can be excited or sensitized and signal potential
tissue damage. When there has been tissue injury, it is
natural to have an inflammatory response and this is a good
thing (Williams et al., 2012).

Inflammation is arranged body system response
that is designed to help recover the tissue damage (Schug
& Goddard, 2014). The inflammatory response is well
organized and include blood-borne chemicals, immune
system chemicals and some chemicals secreted from
specialized nerve fibers (Moseley & Flor, 2012). Sprained
ankle, nonspecific low back pain or neck pain, broken
bones, or pulled muscles are clear example for nociceptive
pain. The symptom of tissue injury such as swelling,
redness and later purple or yellowing of the skin, a limb
that seems damaged, increased susceptibility, to touch and
movement (Smolen et al., 2010).

In the medical, FA is used in Anatomy, Histology
and Pathology laboratories as a solution for embalming and
fixation by employees. Formaldehyde, which is
inescapably taken up exogenously to organisms, usually
occurs through the skin and digestive system, and normally
through the respiratory system (Cheney & Collins, 1995;
Nilsson et al., 1998; Ozen et al., 2005; Restani & Galli,
1991; Songur et al., 2010; Thrasher & Kilburn, 2001;
Zararsiz et al., 2007).

FA, which causes an increase in cytotoxic effects
by compromising the intracellular balance, can combine
with proteins, nucleic acids (DNA and RNA) and
unsaturated fatty acids by non-enzymatic processes. These
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combinations cause inflammatory reactions, allergic
reactions, cytotoxicity, necrosis and mutagenic and
carcinogenic effects by developing denaturation in
proteins. Also, free oxygen radicals are increased in the
tissues affected by FA, and this increase speeds up the
processes (apoptosis or necrosis) that induce cell death
(Songur et al., 2008; Zararsiz et al., 2006).

There are available data in the literature that FA
has toxic effects on the skin, respiratory system, nervous
system, gastrointestinal system and urinary system, as well
as allergic effects (Kim et al., 1999; Nilsson et al., 1998;
Ozen et al., 2005; Songur et al., 2010; Thrasher & Kilburn,
2001; Zararsiz et al., 2007).

When Formalin  test compared to other
nociceptive stimulus (e.g. thermal, electrical, or
mechanical stimulation), the properties of this test (i.e. a
progressive pain response, which has a relatively long
duration and is inevitable) are thought to most nearly
imitate clinical pain (Clavelou et al., 1995; Coderre &
Melzack, 1992).

The formalin test in mice or rat is a valid and
reliable model of nociception and is sensitive for various
classes of analgesic drugs. Hind paw injection of formalin
is a model used to assess intense, short-lasting (minutes to
tens of minutes) persistent pain and evaluate analgesic
drugs in laboratory animals. Injection of formalin (1%-
10%) to glabrous part of the hind paw creates behavioral
nociceptive responses that are described by three phases
(Clavelou et al., 1995; Coderre & Melzack, 1992).

The early phase of activity (0—7 min) starts
instantly after injection and reflects a direct activation of
peripheral nociceptors. Following this time, the interphase
begins, which is defined by weakening of nociceptive
behaviors. There are many information about using
formalin test as an acute and tonic inflammatory pain
model, containing inflammatory and chronic pain
condition. The second phase (15-90 min) starts nearly 15
minutes after the injection and reflects ongoing peripheral
activity and central sensitization (Azhdari-Zarmehri et al.,
2013; Coderre & Melzack, 1992; Erami et al., 2012; Gheibi


file:///C:/Users/R.T.E.Ü/Google%20Drive/JAES/JAES%202021/JAES%206(1),%202021/ali.tgzd@atauni.edu.tr

Tiirkmen et al., (2021)

et al., 2013). Also, beside of biphasic painful behaviors
electrophysiological responses from dorsal horn neurons of
the spinal cord, can be recorded for longer than one hour
after formalin injection (Clavelou et al., 1995; Coderre &
Melzack, 1992; 2012; Hunskaar, 1987).

However, the different nociceptive behaviors
induced by formalin injection into the glabrous vs hairy
skin are not well examined until now. Analyzing the
differences in these formalin-induced nociceptive
behaviors can help us to get the mechanisms underlying the
nociceptive responses that happen in various phases of the
formalin test.

On the other hand, Momordica charantia (MC),
belongs to the family Cucurbitaceae and generally identify
as bitter gourd or melon (Zhang et al., 2016). MC grows in
tropical and subtropical zone and has been properly used in
folk medicine in Pakistan, India, China and Sri Lanka for a
long period of time (Polito et al., 2016). This plant has been
used against of different illnesses inclusive diabetes,
cancer, obesity, viral and bacterial infection , hypertension,
and AIDS (Grover & Yadav, 2004), and these medicinal
properties are refer to the fruits, specially under ripe fruits
, seeds, leaves, and roots of the plant (Scartezzini, 2000).

The way in which a person lives and dietary habits
effect to a chronic state of low grade inflammation, which
can switch immune status and bowel flora. a lot of dietary
constituent have the potential to lighten tendency to
chronic inflammatory and can be helpful in their remedy
(Celik et al., 2019). Even so, the correlation among most of
these dietary ingredients and their anti-inflammatory
mechanisms is vague (Minihane et al., 2015).

MC dietary supplementation has been greatly
studied to treat many diseases, such as type 2 diabetes,
dyslipidemia, obesity and cancer, so showing that MC
extracts have hypoglycemic and lipid-lowering features,
even if clinical trials conducted until now gave inadequate
results (Alam et al., 2015).

Different evidences point out that oxidative stress
plays a role in chronic inflammatory diseases. Thus,
oxidative stress and inflammation are nearly related
pathophysiological processes that able to activate each
other. MC advantageous traits dependent on its anti-
oxidant and inflammatory activities (Biswas, 2016; Chao
etal., 2014).

Various MC extracts were found to construct
inflammation largely through NF-xB (nuclear factor
kappa-light-chain-enhancer of activated B cells) signaling
pathway inhibition: in RAW 264.7 cells, bitter melon
reduced TNF-a (tumor necrosis factor-alpha) production,
induced by LPS, decreasing the expression of LPS
(lipopolysaccharide)  induced inflammatory  genes,
including those for IL1a (interleukin), IL-1p, and TNF-a.
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The MC extracts also reduced NF-kB DNA
binding activity and phosphorylation of p38, ERKS
(extracellular signal-regulated kinases), JNKs (c-Jun N-
terminal Kinases) as well as MAPKSs (mitogen-activated
protein kinases) (Kobori et al.,, 2008a; Kobori et al.,
2008Db). In addition, MC demonstrated reduction of LPS-
induced NO and prostaglandin E2 production together with
decrease of inducible NO synthase and IL-1f expression
(Lii et al., 2009). Some evidences noticed that MC extracts
reduced expression levels of inducible NO synthase and
cyclooxygenase-2, prohibit NF-xB, and activator protein-1
(AP-1) activity by down regulation of ERKs and Akt (Hsu
et al.,, 2013; Yang et al., 2018).

The effects of a triterpene purified from bitter
melon was studied against TNF-a-induced inflammation
by AMP-activated protein kinase in FL83B cells. This
composite prevented the TNF-a-induced expression of
inflammatory markers, containing inducible NO synthase,
p65

Subunit of NF-«B, IL-1B, and TNF-a (Cheng et
al.,, 2012; Xu et al., 2014). According to study that
conducted in 2014, high-fat diet supplemented with MC is
given to C57BL/6 mice, a reducing in serum C reactive
protein and I1L-6 concentrations together with a loss of and
hyperlipidemia hyperglycemia was reported. The MC-
containing diet also standardized serum levels of the
cytokines proposing its duty in decreasing inflammation,
obesity and insulin resistance in obese mice (Bao et al.,
2013).

MATERIAL AND METHOD

Chemicals: In the study, FA (37% solution) was
purchased from biokim, (Turkey), MC (1000 mg
film-coated tablets), was obtained from (Izmir, Turkey)

Animals: In this trial, we used 16 male Albino
Sprague Dawley rats weight 350-400 g. The experimental
animals were housed and fed in plastic cages with sawdust
in a natural day and night at normal room temperature (22
°C) in the laboratory. The principle supports the well-being
of animals used for scientific targets, and aim to reduce
their experience of suffering. This study was conducted by
obtaining ethical approval from Atatlick University
Experimental Animal Ethics Committee dated 16.12.2020
and numbered 36643897-000-E.2000313486.

Inflammation model in rat: Our study consists of
four groups, with four animals in each group. On the first
day of our experiment, basal levels of behavior, pain, foot
volumes and weight of our animals were measured. After
basal measurement, 0.5 ml 37% Formaldehyde injection
was applied to produce mechanical hyperalgesia and
allodynia. To reduce pain in animals, 400 mg of
paracetamol was added to the animals' water as a painkiller.
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After 24 hours of formaldehyde injection, the animals'
basic behavior, pain, foot volume and weight were
measured.

Pain assessment: Pain thresholds were measured
with the aid of analgesia meter (Ugo Basile, Italy). The
Randall-Selitto paw pressure test (Randall & Selitto, 1957)
is a susceptible test, is used for evaluation of the pain
response in animals (Hacimuftuoglu et al., 2020). This test
is ground on detection of the animal threshold response to
pain stimulated by the application of a continuously
increasing pressure on the paws (Hacimuftuoglu et al.,
2020; Randall & Selitto, 1957).

All measurements were made from the left feet of
the animals until the end of the experiment.

Behavior  (Locomotor  activity  function
determination) Test: In our study, the locomotor
activityactivities of animals were measured with a biotech
device. Locomotor Activity Test gives an idea about the
stereotypical movements and aggressiveness of the animal.
The basis of the locomotor activity measurement system is
a square-shaped quadrilateral with infrared light sources on
each side. A square shaped plexiglass cage that is large
enough to fit into this rectangle is placed. When the
experimental animal makes a movement in the cage, it
interrupts the communication between the mutual infrared
sensors and this experiment is recorded by a recorder
connected to the device according to the shape of the
movement of the animal. The horizontal, vertical and
ambulatory activities of animals can be recorded with the
help of this system (Sturman et al., 2018).

The animals were placed in the device in such a
way that they could not see each other, and their rest
periods and distance traveled were measured for 15
minutes.

Evaluation of foot volumes: The measurement of
foot volumes was made using the water overflow method.
For this, a falcon tube was filled with water until the water
reached the overflow stage and water was carried over by
immersing the feet of the animals. It was brought back to
the same volume by adding as much liquid as the water in
the ground, and the added water was measured and used
for analysis.

Statistical analysis: The analysis of the data of
our study was evaluated with SPSS 21.0 program and One
Way Anova method and P<0.05 was considered
significant.

RESULTS

In our study, animals were divided into four
groups (n=4). On the first day of our experiment (day 0),
Pain threshold, basal levels of behavior and foot volumes
were measured by Randall-Selitto analgesiometer,

J. Anatolian Env. and Anim. Sciences, Year:6, No:1, (112-119), 2021

Locomotors Activity Test and water overflow method
respectively. The animals' weights were measured before
and after the experiment. Three groups of rats were (hind-
paw formalin injection) injected (day 0) with 0.5 ml of 37%
FA to create mechanical hyperalgesia and allodynia. Also
400 mg of paracetamol was added to the animals' water as
a pain reliever to reduce pain and relieve animals. After 24
hours of formaldehyde injection, the animals' basic
behavior, pain, foot volume and weight were measured. As
a result of painful swelling in the foot after 24 hours, 50,
200 mg/kg concentration of MC were administered
consecutively every day for five days to two groups by
gavage. 1 ml distilled water IP were given to control group.

Pain assessment results: The results of our
experiment are shown in Figure 1. and 2. In our results, the
data obtained from the pain threshold measured on the first
day and the pain thresholds on the last day were evaluated.
In our control group, the pain threshold was measured as
48.75 on the 1st day, while the result on the 7" day was
measured as 46.5 and there was no significant difference
between the data. However, in our positive control group
(FA (37% solution)), there is a 17.5 difference between the
initial and last day results. This difference shows that the
level of pain increases. In our treatment groups, although
the threshold increased in the 50 mg/ml MC group, there
was no significant difference with the basal level. At 200
mg/ml MC group results, the pain threshold increased from
435 to 56.25 and the pain sensation disappeared
completely.

PAIN THRESHOLD STATUS

kontrol p kontrol 50mg/ml 200mg/ml

Figure 1. The results of pain threshold status.
* P<0.05, ** P<0.001 compared to P control group.
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Figure 2. The results of analgesiometer.
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Behavior (function determination) test results:
Our data includes travel distance (Figure. 3) and resting
time (Figure. 4). According to our results, mobility showed
a great decrease after formaldehyde injection in all groups
except control group. However, in our treatment groups,
the movement started to improve from the 2nd day and the
distance covered increases from the 4" day. In addition, in
the 7" Day results, the range of motion became almost
equal to its basal level in the 200 mg/ml MC group.
However, the ability to move decreases even on the 7" day,
as the inflammatory condition continues in the positive
control group. Similarly, resting periods correlate with
movement data. At the beginning, while resting time is
longer in painful animals, with the initiation of the
treatment process, the rest decreases at 50 and 200 mg/ml
MC doses.

DiISTANCE (CM)

et Control === Pain Control
50 mg Momordica e==pt== 200 mg Momordica

1400 Momordica 50, 200 mg

1200
1000

DISTANCE (CM)
(=23 e}
8 8

o
[=}
=}

Figure 3. Locomotor activity function test (distance traveled cm).
* P<0.05, ** P<0.001 compared to P control group.
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2 700 ) 4
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500 =
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Figure 4. Locomotor activity function test (Resting time in

second).
* P<0.05, ** P<0.001 compared to control group.

The inflammation result: As a result of the
administration of normal saline to the control group and FA
to the other groups, an increase in foot volumes was
observed. Although the foot volume in our control group
decreased rapidly from the 2" day to 7" day, the foot
volume in the positive control group gradually increased
and swelling continued to be seen at the end of the 7th day
(Fig. 5). In our treatment groups, as a result of the
treatment applied for 5 days after FA application, a
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decrease in foot volume occurred from the 4™ day.
However, at the end of the 71" day in high concentration, it
was found that the swelling was greatly reduced (Fig. 5).

Foot vaume (ml)

*k
*%
aok KA KE
*
*k

= Control

= Pain Control
50 mg Momordica
=200 mg Momordica

Day0 Dayl Day2 Day3 Day4 Dayb

Foot valume (ml)

o B N W ~ O

Days

Figure 5. Inflammation test Foot total volume (ml).
* P<0.05, ** P<0.001 compared to P control group.

DISCUSSION

Hind paw injection of formaldehyde is a model
used to assess persistent pain and evaluate analgesic drugs
in laboratory animals. A solution of formaldehyde is
injected subcutaneously into hind paw. Formaldehyde
causes cell death when it comes into contact with tissues.
MC is known to be a plant with antioxidant, analgesic and
anti-inflammatory effects. The aim of our study is to
investigate how low and high doses of MC plant affect foot
inflammation and what effect they have on the animal's
behavior.

In a study conducted by Raish M. et al, the
mechanism of action of MC against gastric ulcer caused by
ethanol in rats was investigated. Macroscopic changes,
lipid peroxidation, antioxidant activity, apoptosis (caspase
3, Bax, and Bcl-2) and inflammation (tumor necrosis
factor-a [TNF-a], interleukin-6 [IL-6], and
myeloperoxidase [MPO]) markers were examined to
determine the effect of M. charantia. The study showed
that the prophylactic administration of MC reduced
ethanol-induced gastric damage in rats through
suppression of gastroenteritis and oxidative stress (Raish et
al., 2018). In our study, it was observed that MC removed
the inflammation in the feet in a short time. The effect of
MC by reducing inflammation markers may be the
mechanism that explains the elimination of inflammation
in the feet in our study.

Jain V. et al. (2014) investigated the anti-
nociceptive and anti-allodynic effects of MCL. In
neuropathic pain caused by tibial and sural nerve
transection (TST) in rats. As a result of the study, it was
observed that the administration of MC (200, 400 and 800
mg / kg) for 24 days significantly reduced TST-induced
behavioral changes such as cold, mechanical and heat
hyperalgesia, dynamic mechanical allodynia and cold
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allodynia. MC also significantly weakened TFI (tibial
function index). In addition, MC treatment also prevented
TST-induced increase in nerve tissue TNF-alpha and
TBARS levels (Jain etal., 2014). This study correlates with
our study. According to our results, mobility decreased
significantly after formaldehyde injection in all groups
except the control group. However, movement started to
improve in our treatment groups from the 2nd day. In the
200 mg/ml MC group, his mobility became almost equal to
his basal level. TNF-alpha is a prototype pro-inflammatory
mediator (Kang et al., 2006). The role of TNF-alpha has
been well documented in peripheral as well as central
sensitization in neuropathic pain (Leung & Cahill, 2010).
In addition, the decrease in TNF alpha level may be one of
the possible mechanisms of our study.

It was reported in previous studies that MC
alleviates diabetic neuropathy. These results show that MC
has potent neuro-protective activity against global cerebral
ischemia-reperfusion-induced neuronal damage and its
neurological deficits in diabetic mice (Malik et al., 2011).
MC has also been shown to exhibit anti-inflammatory
activity in acid-induced inflammatory visceral pain in mice
(Choi et al., 2002). Additionally, the effects of MC in
reducing pain in patients with primary knee osteoarthritis
have been studied. Thirty-eight and thirty-seven primary
knee osteoarthritis patients underwent MC and placebo
supplements for 3 months, respectively. It has been
determined that MC supplementation provides significant
pain reduction, improvement in symptoms, daily activities
and quality of life. Additionally, it reduced analgesia intake
and had no significant adverse effects (Soo May et al.,
2018). Similarly, in our study, the pain threshold of control
group was measured as 48.75 on the 1st day, while the
result on the 7 day was measured as 46.5 However, in our
positive control group (FA (37% solution)), there isa 17.5
difference between the initial and last day results. In our
treatment group (200 mg/ml MC group results), the pain
threshold increased from 43.5 to 56.25 and the pain
sensation disappeared completely. This shows that MC isa
substance with high analgesic activity.

CONCLUSION

Injection of formaldehyde subcutaneously into
hind paw cause persistent pain and local inflammation. It
has been determined that MC supplementation provides
significant pain reduction, improvement in symptoms,
daily activities and quality of life. Our experiment shows
that MC has high analgesic activity but for detection exact
mechanism of action we need to future experiment and in
vivo research.
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Oz: Akargay Havzasi sanayi ve tarimsal faaliyetler ile evsel atik sularmn yogun baskis1 altindadir.
Havzaya adin1 veren Akargay Akarsuyu’ da bu antropojenik etkilere maruz kalmaktadir. Bu
sebeple Akargay da ti¢ farkli istasyondan Nisan-2019 ile Mart-2020 arasinda mevsimsel olarak
alinan su drneklerinde bazi fizikokimyasal ve agir metal parametreleri incelenmistir. Elde edilen
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sonuglar Pearson Korelasyon Indeks (PCI) istatistik metotu ile degerlendirilmistir. PCI analizine
gore Akargay Akarsuyunda fizikokimyasal ve agir metaller birbirleriyle pozitif ve negatif
korelasyon gdstermistir. Bulunan sonuglar ulusal ve uluslararasi kalite kriterlerinde yer alan limit
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Anahtar kelimeler: Agir metal, akarcay akarsuyu, PCI, su kalitesi.

Determination of Water Quality and Heavy Metal Pollution of Akar¢ay Stream
(Afyonkarahisar)

Abstract: Akargay Basin is under excessive pressure from industrial and agricultural activities
and domestic wastewater. Akarcay Stream, which gives the basin its name, is also exposed to
these anthropogenic effects. For this reason, some physicochemical and heavy metal parameters
were examined in the water samples taken seasonally between April-2019 and March-2020 from
three different stations in the Akarcay Stream. Pearson Correlation Index statistical methods were
used during the evaluation of the obtained results. According to PCI, physicochemical and heavy
metal parameters showed positive and negative correlation with each other in Akargay Stream.
The obtained results have been compared to the limit values included within the national and

;Cﬂrre?ondgl%&lggor’ﬁ international quality criteria. All of the measured average heavy metal (Co, Mo, B, Cd, Cr, Cu,

uman cmre . e . . .

e e R ey Uiy, Fe, Mn, Ni, Pb, Se, Zn) values are within the I. quality water class according to the Water Quality

Zcieptifi? andCTechHO}Logical Reiearkch and Control Regulation (WPCR). The measured maximum values of manganese and nickel are in 1.
ications Center, Karaman, Turke: - - . . .

Eﬁ ?numanemregumus@ el Y quality water class according to WPCR. The physicochemical parameters in Akargay Stream was

found to be class I11-1V according to WPCR.

Keywords: Heavy metal, akarcay stream, PCI, water quality.
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GIRIS

Diinya niifusunun hizli artigina paralel olarak
endiistrilesme bir¢ok ¢evre sorununa neden olmus ve tatli su
kaynaklarinin kalitesini diistirmiistiir. Su kirliligi ve temiz su
kaynaklarma erisim eksikligi insanlik igin neredeyse
sinirlayict bir faktor haline gelmistir. Lotik ekosistemler,
endiistriyel ve belediye atik sularmin tagmmmasi ve tarim
alanlarmdan su akigindaki rolleri nedeniyle kirlilige kars1 en
savunmasiz tatl su kiitleleri arasindadir. Sulak alanlarda su
kirliligi kontrolii, su kalitesi yonetimi i¢in gerekli olup suyun
varhigr kadar kalitesi de biyik Onem tagimaktadir
(Karadavut vd., 2011; Varol, 2020). Su kalitesi yonetimi
i¢in ¢ok sayida su kalitesi parametresinin degerlendirilmesi
ve etkili bir kirlilik kontrolii gereklidir (Kdse vd., 2014;
Tokath, 2015). Su kaynaklarmim besledigi ekosistemlerin
korunmasi ve kontrol altina alinmasi, ekolojik dengenin
sirekliligi ve su kaynaklarindan verimli bir sekilde
faydalanmak i¢in, belirli donemlerde tekrarlanmak suretiyle
su kalitesi izlenmeli ve kirlilik degisimini etkileyen 6nemli
faktorlerin tanimlanmas1 ve uygun tedbirlerin almmasi
saglanmalidir (Ciice vd., 2020; Kalipci vd., 2017a;
Karadavut vd., 2012). Ozellikle; i¢me ve kullanma suyu
olarak yararlanilan akarsu, baraj ve gollerin cevresindeki
noktasal ve noktasal olmayan kirletici kaynaklar kontrol
altina alinmalidir (Kalipci vd., 2017b).

Ulkemizin ekonomik biiyiime hiz1 son yillarda artis
gosterirken zirai faaliyetler, sanayilesme, niifus artisi ile
beraber sehirlesme de giderek yasami olumsuz etkilemeye
baslamistir. Bu durum tiim dogal kaynaklarda oldugu gibi
basta su kaynaklarinin asir1 kullanimi, birakilan kati, sivi ve
gaz atiklardan dolayr kirlenmeyi de beraberinde
getirmektedir. Bu yiizden gerek denizlerimiz gerekse tath
sularimiz ve yer alt1 sularimizin 6nemli dlgiide kirlilikten
etkilenmektedir. Dolayisiyla kolaylikla gevresel kirlilikten
etkilenebilen su kaynaklarinin su kalite diizeylerinin kontrol
altinda tutulmasi ve izlenmesi 6n plana ¢ikmaktadir (Verep
vd., 2017).

Akarcay eskiden halk arasinda igme suyu olarak
kullanilmasina ragmen giiniimiizde bir¢ok yerlesim merkezi,
termal tesis ve tarimsal alanlardan gectikten sonra su kalitesi
gittikce  kotiilesmektedir  (Kargioglu  vd.,  2012).
Afyonkarahisar kanalizasyonu, tarim alanlarmin kirleticileri
Ve organize sanayi atiklarina maruz kalmaktadir. Atiksular
biiyiik Olglide aritilmamakta ya da aritmada yetersiz
kalmaktadir. Akargay Tiirkiye kalitesi  kontrol
yonetmeligine (SKKY) gore IV. Sinif kalitede suya sahiptir
(DKMPGM, 2008).

Akarcay Akarsu’ndaki akis rejiminin diizensizligi
ve debinin disiikliigiinden dolay1r evsel ve endiistriyel
atiklarin olusturdugu kirlilik yiikiinlin artmasi nedeniyle
kirliligin yasam alanlarina olumsuz etkileri ¢ok daha hizli
olmaktadir (Serteser ve ark., 2008). Bu ¢alismada, yogun

su
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kirlilige maruz birakilan Akarcay suyunda bazi
fizikokimyasal ve agir metal parametrelerinin mevsimsel
olarak  arastirillmast  ulusal ve  uluslararast  su
yonetmeliklerine gore degerlendirilerek kirlenme ile ilgili
problemlerin belirlenmesi amaglanmastir.

MATERYAL VE METOT

Calisma alant ve ornek alma noktalari: Akarcay
havzasi bati-i¢ Anadolu'da bulunmaktadir. Havzaya adini
veren Akargay Akarsuyu 80 km uzunlugunda Eber goliine
dokiilen Afyonkarahisar bolgesinin en dnemli akarsuyudur
(Burgan vd., 2013). Ornekler Nisan-2019 ile Mart-2020
arasinda mevsimsel olarak toplanmistir.  Ornek alman
istasyonlar Eber Golii girisi de olmak iizere 3 noktadan

secilmistir. 1. Istasyon 38°41'3.64"K 30°46'30.8"D, 2.
Istasyon 38°39'50.71"K 31° 0'57.46"D, 3. Istasyon
38°38'55.52"K 31° 5'12.64"D (gol girigi)

koordinatlarindadir. Istasyonlarm Akargay’in {izerindeki
konumlart Sekil 1°de belirtilmistir.

“AKARCAY
—

- - 2 = P
AFYOMNKARAHISAR S e ama )ﬁ? EBER GOLU
L |
. -

o 10
- i

—

Sekil 1. Akargay Akarsuyu 6rnek alinan istasyonlar.
Figure 1. Sampling stations of Akargay Stream.

Fizikokimyasal Analizler: istasyonlardan alnan
orneklerde pH, sicaklik, iletkenlik ve ¢oziinmiis oksijen
degerleri arazide Hach Lange HQ40d cihazi ile 6l¢iilmiistiir.
Numuneler; “Su Kirliligi Kontrolii Yoénetmeligi Numune
Alma ve Analiz Metotlar1 Tebligine” uygun bir sekilde
alinmis ve cam siselerde, 151k almayacak bigcimde, +4°C
sicaklikta ~muhafaza edilerek laboratuvar ortamina
tagmnmustir.  Laboratuvarda aymi  giin  igerisinde su
orneklerinde kimyasal oksijen ihtiyact amonyum azotu,
nitrit azotu, nitrat azotu, klorofil-a, toplam fosfat, kloriir,
toplam sertlik, siilfat ve renk degerleri kitler yardimryla
Hach Lange markali spektrofotometre (DR 2800) ile
Ol¢tilmiistiir. Bulaniklik degeri Hach Lange 2100AN cihazi
ile ol¢iilmiistiir. Askida kat1 madde tayini APHA 1985' e ve
klorofil-a Parsons & Strickland (1963)' e gére yapilmustir.
Agir metal (Co, Mo, B, Cd, Cr, Cu, Fe, Mn, Ni, Pb, Se, Zn)
analizleri ICP-OES cihazi ile 3 tekrarli ¢alisiimistir. Olgiilen
element konsantrasyonlar1 UME EnvCRM 02 (Tubitak
UME ) akarsuda elementler referans maddesinden elde
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edilen element konsantrasyonlari ile dogrulanarak kontrol
edilmigtir. ~ ICP-OES Agilent 720 marka cihaz RF
giicli: 1200W, dedektor: CCD, nebulizer gaz akis hizi:1.0 ml
min™, plazma gaz akis hizi: Argon(Ar) gazi, 15 ml min?
ozelliklerine sahiptir.

Akargay akarsuyunda sulama suyunu
siniflandirmak i¢in Potansiyel Tuzluluk (PS), Toplam
Sertlik (mg/L) ve Elektriksel fletkenlik (uS/cm) gibi sulama
indeksleri kullanilarak hesaplanmis ve yorumlanmustir.

Potansiyel Tuzluluk (PS), asagida ki formiile gore
hesaplanmaktir (Donenn, 1964; Ozer ve Koklii, 2019)

PS = CI~ + 0,550%,

Istatiksel analizler: Fizikokimyasal ve agir metal
parametrelerinin birbirleri arasinda ki iligkiyi
degerlendirmek igin Pearson Korelasyon Indeksi (PCI)
SPSS 22 paket programi kullanilmistir.
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BULGULAR

Akargay suyundan mevsimsel olarak alinan
fizikokimyasal ve agir metal degerleri tespit edilmistir.
Fizikokimyasal ve agir metallerin yillik ortalama degerleri
Tablo 1'de verilmistir. Akargay suyunda mevsimsel olarak
alman Orneklerde parametreler arasindaki iliski Pearson
Korelasyon analizi ile belirlenmis ve Tablo 3’ de
belirtilmistir Akar¢ay suyunun sonuglar1 SKKY (2015), TS
266 (2005), EPA (2009), EC (2015) ve WHO (2017) kalite
degerleriyle kiyaslanmistir (Tablo 2). Sulama suyu kalitesi
potansiyel tuzluluk, toplam sertlik indeksi ve elektriksel
iletkenlik indeksi gibi degerlendirme kriterleri kullanilarak
yorumlanmustir,

Tablo 1. Akargay Akarsuyu fizikokimyasal ve agir metal yillik ortalama seviyeleri.
Table 1. Annual average levels of heavy metals and physicochemical of Akarcay Stream.

Parametre Min Max Oort Standart sapma SKKY
Sicaklik (°C) 11,5 27,8 16,95 6,11

pH 7,61 8,65 8,05 0,32

iletkenlik (1S/cm) 706 7120 2408 1792 11
Coziinmiis O2 (mg/L) <2 717 \Y
Bulamkhk (NTU) 2,65 613 105,29 172,46

Renk(Pt-Co) 18 418 110,54 118,27 1
AKM (mg/L) 6 930 149,27 285,33

KOIi (mg/L) 36,1 185 110 59,21 \Y
Kloriir (CI') (mg/L) 74,8 736 304,72 186 11
Siilfat (S04?) (mg/L) 87 286 135,4 58,18 11
Toplam Sertlik (°dH) 12,9 24,3 19,6 4,38

Amonyum Azotu (NH4+-N) (mg/L) 0,17 20 5,6 7,23 v
Nitrit Azotu (NO2™-N) (mg/L) 0,3 3,45 0,966 1,53 v
Nitrat Azotu (NO3™-N) (mg/L) 0,5 17,4 3,83 6,58 |
Toplam fosfat (PO4) (mg/L) 0,24 84 4,82 3,07 v
Klorofil-a (mg/L) 12 550 92,75 163,7

Kobalt (pg/l) 1 5 2 1 |
Molibden (pg/1)) 1 4 3 1

Bor (pg/l) 420 1710 932 479 |
Kadmiyum (pg/1) 000,4 000,8 000,6 000,1 |
Krom (pg/l) 0,06 10,6 2 3 |
Bakar (pg/l) 0 0,94 0,15 0,34 |
Demir (pg/l) 0 171,6 61,6 71,9 |
Mangan (pg/l) 9 178 49 64,9 |
Nikel (pg/l) 0 36 8,5 10,5 |
Kursun (pg/l) 0 1 0,17 0,40 |
Selenyum (pg/l) 0 25 0,23 0,77 |
Cinko (pg/l) 0 50,7 13,9 1 |

Akarcay da caligma siiresince SKKY (2015) gore
olgiilen sicaklik, pH ve nitrat azotu degerleri 1. Kalite,
kloriir, siilfat, renk ve iletkenlik degerleri III. Kalite,
¢oziinmiis oksijen, KOI, Amonyum azotu ve nitrit azotu
IV. kalite su sintfi igerisindedir. Akar¢ay da nitrat azotunun
I. kalitede nitrit ve amonyum azotunun IV. kalitede
oldugundan dolay1r Akarcay havzasinda tarimsal kirliligin
degil evsel ve gida kokenli endiistriyel kirliligin etkili
oldugu sdylenebilir. Akargay’da evsel ve endiistriyel
atiklarin fazla olmasi ile birlikte debisinin diisiik olmasi
¢oziinmiis  oksijen  degerlerinin  diisik  olmasin
acgiklamaktadir.

Akargay da c¢aligma siiresince Olgiilen pH
degerlerinin 7,61-8,65°C arasinda degistigi ve ortalama
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pH’m 8,05 oldugu belirlenmistir. Baz1 aylar pH degeri
8,5’un lizerine ¢ikarken genel olarak tiim yil boyunca tiim
istasyonlarda mevsimsel ortalama pH degerleri nétr ile
hafif alkali olarak degerlendirilebilir. Ulkemizdeki diger
calismalarda da benzer sonuglar bulunmustur. Kizilirmak
Nehri’'nde 7,77-8,78 arasinda (Bakan ve Ciice, 2007),
Ergene Nehri'nde 7,33-8,17 arasinda (Tokatli, 2020),
Yaglidere Cayi’nda 6,96-8,57 arasinda (Uncumusaoglu &
Akkan, 2017) ve Kozlu Deresi’nde 7,89-8,64 arasinda
(Zeydan vd., 2019) bulunmustur.

Avrupa Birligi Komisyonu Tatli sularda balik
sagliginin korunmasi amaciyla bildirilen EC direktifine
gore Cyprinid tirleri i¢in sudaki ¢oziinmiis oksijen
seviyesinin 4 mg/L’nin altina diismemesi gerekmektedir
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(EC, 2015). Kis mevsimi haricinde ¢6ziinmiis oksijen
degerleri 4 mg/L’nin ¢ok altinda bulunmustur. Bu durum,
ekolojik toleranst genis ve ekstrem sartlara dayanikli
birka¢ omurgasiz ve alg tiirleri disinda, Akarcay da balik
gibi yiiksek yapili omurgali canlilarin yasayabilmesine
imkan vermemektedir (Tokatli, 2020).
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Buharlasmanin ~ ¢ok  yagisin oldugu
mevsimlerde kloriir degerleri daha yiiksek bulunmustur.
Elektriksel iletkenlik ve kloriir degerlerinin yiiksek olusu
buldugumuz sonuglar1 dogrulamaktadir.

az

Tablo 2. Ulusal ve uluslararasi bazi su yonetmeliklerine gore kalite standartlari.
Table 2. Quality standards according to some national and international water regulations.

SKKY

| 1 1 v TS 266 EC WHO EPA
Sicaklik (°C) 25 25 30 >30 - - - -
pH 6,5-8,5 6,5-8,.5 6,0-9,0 <6.0-9,0 > 6,5-9,2 6,5-9,5 6,5-8,8 6,5-8,5
iletkenlik (uS/cm) - - - - 2500 2500 - -
Coz O2 (mg/L) 8 6 3 <3 - - - -
AKM - - - - 5 - - 5
Bulamkhk (NTU) - - - - 5 - 5 -
Renk (Pt-Co) 5 50 300 >300 20 15 15
KOIi (mg/L) 25 50 70 >70 - - - -
Cl(mg/It) 25 200 400 > 400 250 250 250 250
SO4%(mg/It) 200 200 400 > 400 250 250 250 250
PO*-P (mg/It) <0,03 0,16 0,65 >0,65
NHa*-N-(mg/It) 0.2 1 2 >2 05 03 -
NO2-N-(mg/It) 0.002 0.01 0.05 >0.05 05 05 0.2 -
NO3-N-(mg/lt) 5 10 20 >20 50 50 50 45
Bakar (pg/l) <20 50 200 >200 2000 2000 2000 1300
Bor (pg/l) <1000 <1000 <1000 >1000 500
Cinko (pg/l) 200 500 2000 >2000 5000
Demir (pg/l) 300 1000 5000 >5000 200 200 300 300
Kadmiyum (pg/l) 3 5 10 >10 5 3 5
Kobalt (pg/l) 10 20 200 >200
Krom (pg/l) <20 50 200 >200 50 50 100
Kursun(pg/l) 10 20 50 >50 10 10 15
Mangan (pg/l) 100 500 3000 >3000 50 400 50
Nikel (ng/l) <20 50 200 >200 20 20 70
Selenyum(pg/l) 10 10 20 >20 10 10 50

Sularin yakin zamanda kirlendigini gosteren en
onemli  gostergelerden  biri amonyum  azotunun
beklenmedik sekilde artmasidir (Giimiis & Akkoéz, 2020).
Yaptigimiz ¢alismada Akargay’da amonyum azotu ve nitrit
azotu yillik ortalamasi (5,6-0,96 mg/L) SKKY (2015)' ye
gore IV. smiftadir. Akarcay Akarsu’unda yapilan onceki
calismalarda Kivrak ve ark. (2013) ile Burgan vd. (2013)
buldugumuz degerlere yakin degerler bulmuslardir. Nitrat
azotunun ortalama yillik degeri (3,83 mg/L) TSE (2005),
EC (2015), WHO (2017) ve EPA (2009) kriterlerini
asmamistir. SKKY (2015)' ye gore L. smiftadir.

Kimyasal oksijen ihtiyaci (KOI) ézellikle tatli ve
deniz sularinda kirliligin bir gostergesidir. KOI ile kuvvetli
kimyasal oksitleyicilerle, dogal ve kirletici organik
maddelerin pargalanmasi i¢in gerekli olan oksijen miktar
saptanabilmektedir.  (Egemen, 2011).  Mikrobiyal
kirlenmeyle birlikte organik maddelerin bozunma hizi
artar. Bu sebeple ¢oziinmiis oksijen degerleri diiser ve KOI
degerleri artar. Bu sonuc¢ Akargay da kisin azalan KOI
miktarini agiklamaktadir. Kivrak vd. (2012) Akarcay’da
ortalama KOI degerini 91 mg/L tespit etmislerdir.
Caligmamizin  degerleri bu c¢alismayla paralellik
gostermektedir.

Biitiin dogal sularda bulunmakla birlikte, kloriir
tuzlarinin fazla ¢oziiniirliige sahip olmasi nedeniyle normal
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ve kirli sularda en c¢ok bulunan iyonlardandir. Normal
sularda 1 mg/l’ den birkag bin mg/L’ ye kadar
rastlanilabilir. Sularda ani bir kloriir konsantrasyonu
yiiksekligi suyun endiistriyel kaynakli bir kirlilik ile
karistiginin  diigiiniilmesine neden (Giiller &
Cobanoglu, 1997). Calismamizda ortalama kloriir degeri
304 mg/L bulunmustur. Akarcay Akarsu’yunda suyunda
kloriir degerleri SKKY (2015) kriterine goére kigmn tiim
istasyonlarda II. kalitede yazin besinci istasyonda IV.
kalite de diger mevsimlerde tiim istasyonlarda III. kalitede
bulunmustur. Kloriir degeri TSE (2005), EC (2015), WHO
(2017) ve EPA (2009) kriterlerine gore yaz ve sonbahar
mevsiminde tiim istasyonlarda smir degerini agsmistir.

Siilfat suya yagmur aracilifiyla  siilfath
sedimanlardan geger. Yiizey sularinda siilfat az bulunur
(Tanyolag, 2010). Akargay suyunda ortalama siilfat degeri
135 mg/L' dir. Burgan vd. (2013) Akargay’da yaptiklari
calismada siilfat degerlerini SKKY (2015) gore 1. kalitede
bulmustur. Buldugumuz degerler Siilfat degerlerinin
SKKY (2015) gore 1. kalitede olsa bile diger caligmalara
gore yiiksek ¢ikmasi Akarcay cevresinde yapilan yogun
zirai faaliyetlerin neticesi olabilir.

Yaptigimiz ¢aligmada askida kat1 madde Akarcay
Akarsuyunda ortalama 147,29 mg/L olarak bulunmustur.
Askida kati madde ve bulaniklik degerleri tiim mevsim ve

olur
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istasyonlarda TSE (2005) ve WHO (2017) kriterini
asmustir. Tim planktonik alglerin kuru agirliginin % 1-2’
lik kismmi olusturmasi nedeniyle, alg biomast
olgtimlerinde bir gosterge olarak degerlendirilir (Egemen,
2011). Giindogdu & Carli (2020) Sinop Karasu Cay1
suyunda AKM degerini ortalama 0,150 mg/L olarak
bulmuslardir. Calismamizda AKM degerleri literatiir
calismalarma gore daha yiiksek degerlerde bulunmasi
evsel ve endiistriyel kirli sularin nehre desarjlarindan
meydana gelebilir. Yiizey sularinda bulunan tarimsal ve
evsel atiklar ¢Oziinmis maddelerin  yogunlugu,
planktonlarin asir1 ¢ogalmasi ve yogunlugunu arttirarak
bulaniklik, renk, askida katt madde ve Kklorofil-a
degerlerini sinir degerlerinin ¢ok {istiinde arttirmistir.

Fosfat su ortamma dogal yollarla girebildigi gibi,
yapay Qiibrelerden ve endistriyel atiklardan da
gegebilmektedir. Sucul ekosistemlerde fosfatin  asiri
bulunmasi neticesinde algler gogalir ve sularda koku ve tat
sorunlarina neden olabilir (Giiler & Cobanoglu, 1997).
SKKY (2015) gore olgiilen toplam fosfat degeri kisin 2.
istasyon hari¢ tim degerlerde IV. kalite su smifi
igerisindedir. Akarcay Akarsuyunda yapilan onceki
calismalarda Kivrak ve ark. (2013) ile Burgan ve ark.
(2013) degerlerle  benzer  degerler
bulmuslardir.

Akarcay da calisma siiresince Olgiilen ortalama
toplam sertlik degerleri 19,6 °dH oldugu tespit edilmistir.
Bu deger Klee, 1990’ a gore 0-8 °dH araligma sahip sular
yumusak sular olarak adlandirilirken, 8 °dH’den sonra
sertlik dzellikleri olusmaktadir. Dolayisiyla Akarcay suyu
cok sert su sinifina girmektedir.

Olgiilen ortalama agir metal (Co, Mo, B, Cd, Cr,
Cu, Fe, Mn, Ni, Pb, Se, Zn) degerlerinin hepsi I. kalite su
sinifi igerisindedir. Yaz mevsiminde dl¢iilen mangan (178
pg/L) ve nikelin (36 pg/L) maksimun degerleri SKKY
(2015)* e gore II. kalite su sinifindadir. Mangan EPA
(2009) nikel ise EC (2015) de belirtilen smir degerleri
asmistir. Armman ve ark. (2007), cesitli nchirlerde
manganez ortalamalarimi su sekilde tespit etmislerdir;
Yesilirmak'ta 91 pg/L, Abdal'da 134 pg/L, Mert'te 358
pg/l, Kirtiin'de 206 pg/L, Engiz'de 928 pg/L ve
Kizilirmak'ta 310 pg/L. Dalkiran ve ark., (2020)
Mustafakemalpasa Cayr suyunda yaptigi ¢alismada
maksimum mangan degerini 137 pug/L bulmustur. Sonmez
ve ark., (2012), Karasu Irmak suyunda nikel degerlerini
SKKY 2015’ gore I1. Kalite sinifinda bulmustur.

Potansiyel tuzluluk, sulama suyu kalitesinin
belirlenmesinde kullanilan 6énemli bir parametredir. PS
degerinin 165 ppm’ den diisilk olmasi sulama amach
kullanim i¢in suyun uygun oldugunu géstermektedir (Ozer
& Kokli, 2019).

buldugumuz
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Istasyonlar icin mevsimsel olarak hesaplanan PS
degerleri, Kis mevsimi haricinde sulama suyu agisindan
uygun olmadig1 belirlenmistir.

Sulama sularmin toplam sertlik konsantrasyonu
<60 (mg/l) kadar yumusak, 60-120 (mg/l) aras1 orta sert,
120-180(mg/l) arast sert, <180 (mg/1) iizeri ise ¢ok sert su
smifina  girmektedir (Klee, 1990). Toplam sertlik
bakimindan suyun siniflandirilmasi, verilerin hepsinin ¢ok
sert su tipinde oldugunu gostermektedir.

990
825
660

495

330 7—

Potansiyel Tuzluluk

ilkbahar Yaz

is2 is3

—_—s1

Sekil 2. Mevsimsel potansiyel tuzluluk degerleri.
Figure 2. Potential salinity of the seasonal values.
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Sekil 3. Mevsimsel toplam sertlik degerleri.
Figure 3. Total hardness of the seasonal values.

Sulama sularinin elektriksel iletkenlik indeksi 250-750
(uS/cm) arasi iyi, 750-2000 (uS/cm) arasti izin verilebilir, 2000-
3000 (uS/cm) arasi stipheli, >3000 {izeri (uS/cm) tizeri ise sulama
suyu acisindan uygun goriilmemektedir (Wilcox, 1955).
Elektriksel iletkenlik bakimindan suyu siiflandirildiginda kis
mevsiminde iyi, sonbahar mevsiminde izin verilebilir, ilkbahar ve
yaz mevsimlerinde ise siipheli ve uygun olmayan su sinifina
girdigi belirlenmistir.

Bu da Akargay’in sulama suyu olarak kullanilmasinin

kurak  donemlerde  tuzluluk  tehlikesi  olusturdugunu
gostermektedir.
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Sekil 4. Mevsimsel elektriksel iletkenlik degerleri.
Figure 4. Electrical conductivity of the seasonal values.
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Akarcay Akarsu sularinda mevsimsel olarak alman
orneklerin tespit edilen ortalama fizikokimyasal ve agir metal
verileri arasinda tespit edilen istatistiki olarak anlaml1 iligkiler ve
korelasyon katsay1 degerleri Tablo 3’de verilmistir.

Suda parametreler arasindaki iligkiler 0,05 anlam
seviyesinde (p<0,05), pH; Chl-a ile negatif yonde, sicaklik; Ph,
kloriir, siilfat, nitrat azotu ve nikel ile pozitif yonde, iletkenlik;
siilfat, amonyum azotu ve demir ile pozitif yonde, ¢dzliinmiis Oz;
toplam sertlik ile negatif yonde, Bulaniklik; Molibden ile negatif
yonde, nitrat azotu ile pozitif yonde, AKM; kloriir, nitrat azotu ve
demir ile pozitif ydnde, KOI; Molibden ile negatif yonde, kloriir;
nitrat azotu ve kobalt ile pozitif yonde; siilfat; nikel ve krom ile
pozitif yonde, molibden ile negatif yonde, toplam sertlik; renk ile
pozitif yonde, amonyum Azotu; nikel ile pozitif yonde, toplam
fosfat; demir ve renk ile pozitif yonde, kobalt ve molibden ile
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negatif yonde, Chl-a; Mo ile negatif yonde, kobalt; nitrit azotu ile
pozitif yonde, demir; Mangan, Nikel ve krom ile pozitif yonde
korelasyon gostermektedir. 0,01 anlam seviyesinde (p<0,01)
sicaklik; amonyum azotu, nitrit azotu ve kobalt ile pozitif yonde,
molibden ile negatif yonde, iletkenlik; akm, kloriir, nitrit azotu,
nitrat azotu, krom ve nikel ile pozitif yonde, bulaniklik; renk,
stilfat ve Chl-a ile pozitif yonde, renk; siilfat ve Chl-a ile pozitif
yon e, molibden ile negatif ydonde, AKM; krom ve nikel ile pozitif
yonde, KOI; toplam fosfat, mangan ve kobalt ile pozitif yonde,
kloriir; amonyum azotu, nitrit azotu, krom ve nikel pozitif yonde,
siilfat; nitrit azotu, nitrat azotu ve Chl-a ile pozitif yonde
amonyum azotu; nitrit azotu ile pozitif yonde nitrit azotu; nitrat
azotu ile pozitif yonde, toplam fosfat; mangan ile pozitif yonde,
kobalt; molibden ile negatif yonde, krom; nikel ile pozitif yonde
bakir; demir ile pozitif yonde korelasyon gostermektedir.

Tablo 3. Parametrelerin birbirleriyle olan iligkisini gosteren Pearson Korelasyon Index tablosu.
Table 3. Pearson Correlation Index table showing the relationship between parameters.

°C

pH

E.I

Coz0;

NTU

Renk

AKM

KOI

Kloriir

Siilfat

TS.

Amn

Nitrit

Nitrat

TP

Chl-a

Co

Fe

Mn

Ni

°C

pH
E.i
C6z0,
NTU
Renk
AKM
KO
Kloriir
Siilfat
TS
Amn
Nitrit
Nitrat
TP.
Chl-a
Co
Mo
Cr
Cu

Fe
Mn

Ni

1
011
690"
-,400
580
525
360
520
730
673"
-272

776"
951

641"
523
1430

788"
-852™

577
134
427
-,034
676

1
-070
-230
-,460
-,503
-235
-,049

,158
-,268
,507
430
,079
-,362
-,139

-633

,103
374
-217
,165
-,364
-327
-,143

1
-467
,345
215

824"

210

8917

681"
-,242
694

,739™
864"

221
224
425
-509

974"

,558
695
-,030

,974™

1
-154
-233
-,202
-453
-,610°
-313
-,634°
-276
-,299
-241
-,587
-,095
-,560
244
-319
-,224
-424
-326
-311

1

,928™

-027
172
1133

8907

-,485
114
,583
682"
,355
927"
,208

673

,342
,007
,393
,065
,324

1
-,094
453
,018

,738™

-299
-,067
425
ATT
623"

,903™

,327

-745%

,206
,045
,510
,392
214

1
128
732"
,302
-,246
463
,393
628"
,048
,017
,294
-,340
879™
1462
617"
,013
872"

1
1261
,097
273
118
,255

-029
,918™

,135

,778™
-,694"

113
275
,586

738"

227

1
,468
,020

8297
7517
,655"
1236
,029
,628"
-,455
7927
,296
434
-,156
824

1
-177
-390
-552
271
-475
,198
,364
-,367
,014
-,101
,332
-,368

1
8677
510
,047
-,060
,538
-,396
,580
,193
,110
-470
673"

1
7417
273
418
,608"

-718"

,646™
147
,319
-,294
723"

1
071
587
,203
-,544

887"
,321
571
-171

8437

1
,353
697"

-693"

,131
225
625"

7647

217

1
,163
-,650"
1264
-,151
1356
,109
237

1

-753"
279
-,025
1348
247
,398

1

-464
-,082
-581
-,291
- 554

1
579
724"
-,021
981"

1
7367
377
584

1
648"
725"

1
-,008

1

* korelasyon 0,05 seviyesinde dnemli (p < 0,05); ** korelasyon 0,01 seviyesinde dnemli (p < 0,01). °C:Sicaklik E.I: Elektriksel iletkenlik, C6z. Oz:: Coziinmiis Oz, NTU: Bulaniklik, AKM: Askida kati madde,
KOI: Kimyasal oksijen ihtiyac1, T.S.: Toplam sertlik,, Amn: Amonyum azotu, , T.P.: Toplam fosfat, Chl-a: Klorofil-a.

SONUC VE TARTISMA

Akarcay Akarsuyu su kalitesinin fizikokimyasal
analiz sonuglar1 SKKY (2015)’ye gore ¢oziinmiis oksijen,
KOI, amonyum azotu, nitrat azotu ve toplam fosfat IV.
smif, iletkenlik renk, kloriir, III. sinif arasinda degismistir.
Toplam sertlik Klee (1990)'e gore ¢ok sert su sinifindadir.
Iletkenlik, kloriir, siilfat, amonyum azotu ve nitrit azotu EC
(2015) smir degerini, bulaniklik, renk ve nitrit azotu WHO
(2017) smir degerini, AKM ve renk EPA (2009) smir
degerini, iletkenlik, bulaniklik, AKM, renk, amonyum
azotu ve nitrit azotu TSS 266 (2015) sinir degerini agmistir.
Agir metal sonuglarinda sadece yaz mevsiminde
maksimum tespit edilen mangan ve nikel SKKY (2015)’ e
gore II. kalite iken diger metaller hi¢ bir mevsimde ve
istasyonda smir degerlerini asmamistir. Tiim istasyonlar
icin sulama suyu Potansiyel Tuzluluk (PS), Toplam Sertlik
(mg/L) ve Elektriksel Iletkenlik (uS/cm) bakimindan
olumsuz bulunmugtur. Akar¢ay Havzasinda tarimin yogun
olarak yapilmasi bilingsiz tarim ilact ve giibre kullanima,
Akarcay’ a yetersiz veya hi¢ aritilmadan endiistri, evsel
atik ve kaplica sularmin verilmesi ile sulama amach tarim

arazilerine su ¢ekilmesi su kirliliginin esas nedenleri
arasinda gosterilebilir.

Sonug olarak; Akaracay Havzasina adini da veren
Akarcay’in su kalitesini arttirmak, sucul ekosistem
iizerindeki antropojenik baskiyr azaltmak ve gevresindeki
halkin sagligini korumak i¢in; Akargay Havzasinda suyun
yonetiminde biitiinciil yaklagima agirlik verilmeli, havzada
stirdiiriilebilir tarim projelerinde su ve tarim bir biitiin
olarak ele alimmali ve modern sulama tekniklerine
gecilmeli, bilingsiz tarim ilact ve giibre kullanilmasinin
oniine gegilmeli, Fabrika atiklar1 diizenli aritilmali ve atik
tesisleri diizenli denetlenerek tam kapasite c¢alismasi
saglanmali, Su kirliligini en aza indirgemek i¢in biitiin
kurumlarin ve yore halkinin ortaklaga uygulayabilecegi
etkin projeler tiretilmesi gerekmektedir.

KAYNAKLAR

APHA. (1985). Standard methods forthe examination of
water and wastewater. American Public Health
Association, 16th ed. Washington: 40 p.

Armman, S., Ciice, H., Ozbayrak, E., Bakan, G. &
Biiyiikgiingor, H. (2007). Orta Karadeniz kiyi

125



Giimiis, (2021)

seridi nehirleri su ve sediman ortamlarinda agir

metal kirliligi izlenmesi. 7. Ulusal Cevre

Miihendisligi Kongresi, Yasam Cevre Teknoloji

24-27 Ekim 2007, Izmir, Tiirkiye.

G. & Cuce, H. (2007). Water/sediment quality

assessment and SOD studies in Kizilirmak River

at the Black Sea coast of Turkey. Fresenius

Environmental Bulletin, 16(12A), 1544.

Burgan, H.i., icaga, Y., Bostanoglu, Y. & Kilit, M.
(2013). Akargay Akarsuyu 2006-2011 Dénemi Su
Kalite Egilimi. Pamukkale University Journal of
Engineering Sciences, 19(3) 127-132. DOI:
10.5505/pajes.2013.46855

Ciice, H., Kahpci, E., Tas, B. & Yilmaz, M. (2020).
Rakim Farklilig1 Nedeniyle Olusan Meteorolojik
Degisimlerin Su Kalitesine Olan Etkilerinin CBS
ile Degerlendirilmesi: Morfolojik Olarak Farkli
ki Gol igin Bir Karsilastirma. Karadeniz Fen
Bilimleri ~ Dergisi  10(1), 1-26. DOI:
10.31466/kfbd.649297

Dalkiran, N., Karacaoglu, D., Tas, D., Karabayirh, G.,
Atak, S., Arda Kosucu, T.N., Coskun, F. &
Akay, E. (2020). Mustafakemalpagsa Cayi’nin
(Bursa) su kalitesinin faktor analizi kullanilarak
degerlendirilmesi. Acta Aquatica Turcica, 16(1),
124-137. DOI: 10.22392/actaquatr.610888

DKMPGM. (2008). Akgehir Eber golleri sulak alan

yonetim plani (2008-2012). T.C. Cevre ve Orman

Bakanligi, Doga Koruma ve Milli Parklar Genel

Miidiirligii.

L.D. (1964), Notes on water quality in
agriculture. Department of Water Science and
Engineering, University of California, Davis.
(2015). European Communities. Commission

directive 2015 CD (EU) 2015/1787 of 6 October

2015 amending annexes Il and Ill to council

directive 98/83/EC on the quality of water

intended for human consumption. European

Council, Brussels, Belgium.

EPA. (2009). United States Environmental Protection
Agency. Edition of the drinking water standards
and health advisories; [Erisim Tarihi: 16 Ocak

Bakan,

Doneen,

EC.

2020]. Erisim Adresi
http://www.epa.gov/osw/hazard/testmethods/sw8
46/pdfs/3051a.pdf

Egemen, O. (2011). Su kalitesi. Ege Universitesi Su
Urtinleri Fakiiltesi, Yaymn no:14, 6. baski, 150s,
Bornova-izmir.

Giiler, 1. & Cobaoglu, Z. (1997). Su kirliligi. Cevre

Saglig1 Temel Kaynak Dizisi, No: 43. 1. Baski. 92

s. Ankara. ISBN 975-7572-60-8.

N.E. & Akkodz, C. (2020). Eber Golu

(Afyonkarahisar) Su Kalitesinin Aragtirilmasi.

Giimiis,

126

Anadolu Cev. ve Hay. Dergisi, Y11:6, No:1, (120-127), 2021

LimnoFish. 6(2), 153-163. DOl:
10.17216/LimnoFish.638567

Giindogdu, A. & Carl, U. (2020) Sinop Karasu Cay1
Fizikokimyasal Ozellikleri ve Mikrobiyolojik
Kirliliginin Arastirilmasi. MKU. Tar. Bil. Derg.
25(2), 284-299. DOI: 10.37908/mkutbd.690179

Karadavut, 1.S., Saydam, A.C., Kalipci, E., Karadavut,
S. & Ozdemir, C. (2011). A Research For Water
Pollution Of Melendiz Stream In Terms Of
Sustainability Of Ecological Balance. Carpathian
Journal of Earth and Environmental Sciences,
6(1), 65-80.

Karadavut, S., Delibas, L., Kalipci, E., Ozdemir, C. &
Karadavut, 1.S. (2012). Evaluation of irrigation
water quality of Aksaray region by using
geographic information system. Carpathian
Journal of Earth and Environmental Sciences,
7(2), 171-182.

Kargioglu, M., Serteser, A., Kivrak, E., icaga, Y. &
Konuk, M. (2012). Relationships between
epipelic diatoms, aquatic macrophytes, and water
quality in Akarcay Stream, Afyonkarahisar,
Turkey. Oceanological and Hydrobiological
Studies, 41(1), 74-84. DOI: 10.2478/s13545-012-
0009-z

Kalipci, E., Ciice, H. & Toprak, S. (2017a). Damsa
Baraji Nevsehir Yiizey Suyu Kalitesinin Cografi
Bilgi Sistemi ile Mekansal Analizi. Karaelmas
Fen ve Miihendislik Dergisi, 7(1), 312-319.

Kalipci, E., Ciice, H. & Toprak, S. (2017b). Cografi
Bilgi Sistemleri (Cbs) Kullanilarak Mamasin
Baraj1 Yiizey Suyu Kalitesinin Degerlendirilmesi.
Omer Halisdemir Universitesi Miihendislik
Bilimleri  Dergisi, 6(2), 351-361. DOI:
10.28948/ngumuh.341144

Kivrak, E., Uygun, A. & Kalyoncu, H. (2012)
Akarcay’in  (Afyonkarahisar) Su Kalitesini
Degerlendirmek Icin Diyatome Indekslerinin
Kullanilmasi. AKU FEBID, 12, 27-38.

Klee, O. (1990). Wasser untersuchen: einfache
Analysenmethoden und Beurteilungskriterien.
Heidelberg, Wiesbaden, Quelle u. Meyer, p. 230.

Kose, E., Tokath, C. & Cicek, A. (2014). Monitoring
stream water quality: A statistical evaluation. Pol.
J. Environ.Stud., 23(5), 1637.

Ozer, C. & Koklii, R. (2019). Asag1 Sakarya Akarsu Su

Kalitesinin Sulama Suyu Acisindan
Degerlendirilmesi. Dogal Afetler ve Cevre
Dergisi, 5(2), 237-246. DOl:
10.21324/dacd.483146

Parsons, R.T. & Strickland, J.D. (1963). Discussion of
spectrofotometric determination of marine plant
pigments with revise dequations for as ceraining


https://doi.org/10.5505/pajes.2013.46855
https://doi.org/10.5505/pajes.2013.46855
https://doi.org/10.31466/kfbd.649297
https://doi.org/10.31466/kfbd.649297
https://doi.org/10.22392/actaquatr.610888
http://www.epa.gov/osw/hazard/testmethods/sw846/pdfs/3051a.pdf
http://www.epa.gov/osw/hazard/testmethods/sw846/pdfs/3051a.pdf
https://doi.org/10.17216/LimnoFish.638567
https://doi.org/10.17216/LimnoFish.638567
https://doi.org/10.37908/mkutbd.690179
https://doi.org/10.2478/s13545-012-0009-z
https://doi.org/10.2478/s13545-012-0009-z
https://doi.org/10.28948/ngumuh.341144
https://doi.org/10.28948/ngumuh.341144
https://doi.org/10.21324/dacd.483146
https://doi.org/10.21324/dacd.483146

Giimiis, (2021)

clorophyll sand corotenoids. J. Mar Res. 21(3),
155-163. DOI: 10.1016/0011-7471(65)90662-5
Serteser, A., Kargwoglu, M., Icaga, Y. & Konuk, M.
(2008). Vegetation as an indicator of soil
properties and water quality in the Akargay
Stream (Turkey). Environmental Management,

42(5), 764.
SKKY. (2015). VYiizeysel su kalitesi  yonetimi
yonetmeliginde  degisiklik  yapilmasina  dair

yonetmelik. Yayimlandigi resmi gazete: Tarih 15
Nisan 2015, Resmi gazete no: 29327

Tanyolag, J. (2010). Limnoloji (Tathsu Bilimi). Ankara:
Hatipoglu Yaymevi, 297s.

Tokath, C. (2015). Assessment of the water quality in the
Meri¢ Stream: as an element of the ecosystem in
the Thrace Region of Turkey. Polish Journal of
Environmental Studies, 24(5), 2205-2211.

Tokatlh, C. (2020). Ergene nehir havzasi su kalitesinin ¢ok
degiskenli istatistik  analizler  kullanilarak
degerlendirilmesi. LimnoFish, 6(1), 38-46. DOI:
10.17216/LimnoFish.524036

TSE-TS 266. (2005). Insani tiiketim amagh sular hakkinda
yonetmelik, sular-igme ve kullanma sulari: Tiirk
Standartlar:. Ankara.

Sonmez, A., Hisar, O. & Yamk, T. (2012). Karasu
Irmaginda agir metal kirliliginin tespiti ve su

kalitesine  gore  simiflandirilmast.  Atatiirk
Universitesi Ziraat Fakiiltesi Dergisi, 43(1), 69-
77.

Uncumusaoglu, A. & Akkan, T. (2017). Assessment of

water quality of Yaglidere stream Turkey using

multivariate  statistical techniquess. Polish

Journal of Environmental Studies, 26(4), 1715-

1723. DOI: 10.15244/pjoes/68952

(2017). Guidelines for drinking-water quality;

[cited 2020 Jan 06]. Available from

https://apps.who.int/iris/bitstream/handle/10665/

254637/9789241549950-eng.pdf?sequence=1

Wilcox, L.V. (1955). Classification and Use of Irrigation
Waters. USDACircular No. 969, 19 p

Varol, M. (2020). Spatio-temporal changes in surface
water quality and sediment phosphorus content of
a large reservoir in Turkey. Environmental
Pollution, 259, 113860. DOl:
10.1016/j.envpol.2019.113860

Verep, B., Mutlu, T., Cakir, V. & Aydin, G. (2017).
Derepazar1 Deresinin (Rize-TURKIYE) Fiziko-
Kimyasal Su Kalitesinin Belirlenmesi ve Bazi Su
Kalite Standartlarna Gore Degerlendirilmesi.
Journal of Anatolian Environmental and Animal
Sciences, 2(1), 19-22. DOI: 10.35229/jaes.297643

WHO.

Anadolu Cev. ve Hay. Dergisi, Y11:6, No:1, (120-127), 2021

127

Yilmaz Oztiirk, B. & Akkéz, C. (2014). Investigation of
water quality of Apa dam lake (Cumra-Konya)
and according to the evalution of PCA. Biological
Diversity and Conservation, 7(2), 136-147.

Zeydan, O., Ozdogan, N., Tastepe, P.S. & Demirtas, D.
(2019). Kozlu deresinde (Zonguldak) su
kalitesinin incelenmesi. Dogal Afetler ve Cevre
Dergisi, 5(2), 187-197. DOl:
10.21324/dacd.451775


https://doi.org/10.1016/0011-7471(65)90662-5
https://doi.org/10.17216/LimnoFish.524036
https://doi.org/10.17216/LimnoFish.524036
https://doi.org/10.15244/pjoes/68952
https://apps.who.int/iris/bitstream/handle/10665/254637/9789241549950-eng.pdf?sequence=1
https://apps.who.int/iris/bitstream/handle/10665/254637/9789241549950-eng.pdf?sequence=1
https://doi.org/10.1016/j.envpol.2019.113860
https://doi.org/10.1016/j.envpol.2019.113860
https://doi.org/10.35229/jaes.297643
https://doi.org/10.21324/dacd.451775
https://doi.org/10.21324/dacd.451775

JAES

Journal of Anatolian Environmental and Animal Sciences Year: 6, No: 1, 2021 (128-134)

(Anadolu Cevre ve Hayvancilik Bilimleri Dergisi) A EH
DOI: https://doi.org/10.35229/jaes.848376 C
Yil: 6, Sayr: 1, 2021 (128-134)

REVIEW PAPER|

DERLEME MAKALESI

Testikiiler Doku Kriyoprezervasyonu

Cumali KAYA* Melih AKAR Eser AKAL Mesut CEVIK

Ondokuz Mayis Universitesi, Veteriner Fakiiltesi, Dolerme ve Suni Tohumlama Anabilim Dali, 55200 Samsun, Tiirkiye

Gelis Tarihi: 28 Aralik 2020 Kabul Tarihi: 22 Ocak 2021 Basim Tarihi: 31 Mart 2021
Anf yapmak igin: Kaya, C., Akar, M., Akal, E. & Cevik, M. (2021). Testikiiler Doku Kriyoprezervasyonu. Anadolu Cev. ve Hay. Dergisi, 6(1), 128-134.

How to cite: Kaya, C., Akar, M., Akal, E. & Cevik, M. (2021). Testicular Tissue Cryopreservation. J. Anatolian Env. and Anim. Sciences, 6(1), 128-134.

: https://orcid.org/0000-0002-0666-5359
- https://orcid.org/0000-0002-9160-5026
: https://orcid.org/0000-0002-6563-6486
- https://orcid.org/0000-0002-0754-6116

*Sorumlu yazarin:

Cumali KAYA

Ondokuz Mayis Universitesi, Veteriner
Fakiiltesi, Dolerme ve Suni Tohumlama
Anabilim Dali, 55200 Samsun, Tiirkiye.
D4 cumali.kava@omu.edu.tr

*Corresponding author’s:

Cumali KAYA

Ondokuz Mayis University, Faculty of
Veterinary Medicine, Department of
Reproduction and Artificial Insemination,
55200 Samsun, Turkey.

DX: cumali.kaya@omu.edu.tr

Oz: Biyolojik dokulari viicut disinda canliliklarim kaybetmeden yillar boyunca saklanabilmesi
kriyoprezervasyon araciligiyla  gerceklestirilebilmektedir.  Kriyoprezervasyon yoluyla
dondurulacak hiicreler, spermatogenezisi devam eden saglikli ve fertil hayvanlardan uygun
metotlarla toplanarak elde edilebilmektedir. Giiniimiizde, erkek hayvanlardan suni vajen,
elektroejakiilator, el ile yapilan manipiilasyonlar ve epididimal iglemler sonucu elde edilen
spermanin kriyoprezervasyonu ile ireme alaninda basarili sonuglar elde edilmistir. Ancak cesitli
nedenlerden dolay: infertilite problemi olan hayvanlarda, vahsi hayvan tiirlerinde ve heniiz
pubertaya ulasamamus hayvanlarda sperma direkt olarak elde edilemediginden, genetik
materyalin korunmast ve saklanabilmesi icin farkli tekniklerin arayisi icerisine girilmistir.
Testikiiler dokunun kriyoprezervasyonu, farkli hayvan tiirlerinde tireme kapasitesinin
korunmasini ve nesli tiikenmekte olan tiirler ile heniiz pubertaya ulasmamis hayvanlarda
gametlerin uzun yillar saklanabilmesine olanak saglayan bir yontemdir. Bu yontemle testikdiler
dokulardan elde edilen spermatozoonlar veya spermatogonial kok hiicreler in vitro kosullarda
gelisimini tamamlayabilir ve suni tohumlama ya da in vitro fertilizasyon gibi yardimci iireme
uygulamalarinda kullanilabilir. Son 30 yilda, ¢esitli tiirlerde basarili sonuglarin alindigs testikiiler
doku kriyoprezervasyonu heniiz optimum materyallerin ve dondurma protokollerinin
gelistirilememesinden dolay: detayl1 arastirmalara agik ve reprodiiktif alanda basarili ilerlemelere
sebep olabilecek bir konu olma 6zelligi tasimaktadir.

Anahtar kelimeler: infertilite, kriyoprezervasyon, puberta, testikiiler doku.

Testicular Tissue Cryopreservation

Abstract: Biological tissues can be stored for many years without losing their viability outside
the body through cryopreservation. Cells to be frozen by cryopreservation can be collected by
appropriate methods from healthy and fertile animals whose spermatogenesis continues. Today,
successful results have been obtained in the reproductive field with the cryopreservation of sperm
obtained from male animals as a result of artificial vagina, electroejaculator, manual
manipulations and epididymal procedures. However, since sperm cannot be obtained directly in
animals with infertility problems due to various reasons, wild animal species and animals that
have not yet reached puberty, different techniques have been sought to protect and preserve the
genetic material. Cryopreservation of testicular tissue is a method that allows the preservation of
reproductive capacity in different animal species and the preservation of gametes for many years
in endangered species and animals that have not yet reached puberty. With this method,
spermatozoons or spermatogonial stem cells obtained from testicular tissues can complete their
development in vitro and can be used in assisted reproductive applications such as artificial
insemination or in vitro fertilization. In the last 30 years, on testicular tissue cryopreservation, in
which successful results have been obtained in various types, is open to detailed researches due
to the fact that optimum materials and freezing protocols have not been developed yet and is a
subject that can lead to successful advances in the reproductive field.

Keywords: Cryopreservation, infertility, puberty, testicular tissue.
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GIRIS

Mevcut bilimsel gelismeler igerisinde iireme ve
fertilizasyonun korunmasi her daim 6nemini korumus bir
konudur. Reprodiiktif alandaki mevcut sorunlarin baginda
genetik materyalin uzun yillar boyunca canliligini
yitirmeden  Kkorunabilmesi ve  minimum  hasarla
saklandiktan sonra istenilen zamanda kullanilabilmesi
gelmektedir. Bu dogrultuda yapilan ¢alismalarda
fertilitenin devamliligini saglayabilmek icin genellikle
erkek ya da disi gamet hiicresi iizerine odaklanilmis ve
bir¢cok memeli tiirlinde belirli bir agamaya ulasilmistir. Bu
biyoteknolojik gelisimin kilit noktast ise
kriyoprezervasyon olmustur. Kriyoprezervasyon; yapisal
olarak bozulmamig hiicre ve dokularin uzun siire
korunmas1 ve gelecekte kullanilmasi amaciyla sifir
derecenin altindaki 1silara sogutularak biitiin metabolik
aktivitelerinin minimum seviyeye indirilmesi islemidir
(Wetzels vd., 1996). Ureme hiicreleri ve dokularinm
basarili bir sekilde dondurulup saklanabilmesi ve
istendiginde ¢oziilebilmesi ozellikle suni tohumlama ve
embriyo transferi gibi yardimeci {ireme tekniklerinin
gelisimi acisindan biyiik 6nem tasimaktadir (Tunali,
2014).

Spermatozoonlarin  kriyoprezervasyonu erkek
hayvanlarda fertilitenin korunmasi igin kullanilan ilk
secenektir. Giiniimiizde bir¢ok hayvan tiiriiniin spermast -
196 °C’de siv1 azot igerisinde yillarca saklanabilmekte ve
¢oziim sonrasi belirli diizeylerde fertilite ve gebelik
sonuglart elde edilmektedir (Hammerstedt vd., 1990).
Ancak tim bu gelismelere ragmen kriyoprezervasyon
islemi, spermatozoonlarin motilite, canlilik ve fertilite
parametreleri tlizerinde belirli diizeylerde negatif etki
olusturmaktadir (Wongtawan vd., 2006). Spermatozoonlar
icin sogutma islemi sirasindaki buz kristallerinin olustugu
0°C ile -5°C ve soguk sokuna maruz kaldiklar1 -5°C ile -
15°C arasmdaki sicakliklar kritik sicaklik araliklaridir.
Ozellikle bu donemde gelisebilecek intraselliiler
dehidrasyon, membran lipit ve proteinlerinde
destabilizasyon ve denatiirasyon, hiicre ve endoplazmik
retikulumunda ozmotik sisme, plazma membraninda
intramembran6z kiimelesme ve akrozomal enzimlerin
salinimi kriyoprezervasyonun istenmeyen baslica olumsuz
etkilerindendir (Curry & Watson, 1994).
Kriyoprezervasyon isleminin spermatozoonlar {izerindeki
istenmeyen olumsuz etkileri, nesli tiikenmekte olan vahsi
hayvan tiirlerinde istenilen zamanda ve diizeyde sperma
almamamast ve heniliz pubertaya ulagmamis tiirlerde
spermatogenezisin baslamamis olmasindan dolay1 genetik
materyalin korunmast i¢in farkli tekniklerin gelistirilmesi
ihtiyaci ortaya ¢ikmistir. Bu noktada testikiiler dokunun
kriyoprezervasyonu, farkli hayvan tirlerinde genetik
materyalin ve fertilitenin korunmasinda o6nemli bir
biyoteknoloji olarak yerini almistir (Oliveira, 2015).
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Testikdiler doku, spermatogenezis yoluyla
spermatozoonlar:t  olusturan  birincil hiicreler olan
spermatogonyumlar1 icerir. Bu doku Kriyoprezervasyon
yoluyla saklanabilir ve ¢dziindiikten sonra in vitro olarak
gelisimi  devam ettirilebildigi taktirde elde edilen
spermatozoonlar yardimci iireme teknikleri ile hayvan
yetistirme programlarinda kullanilabilir (Yokonishi vd.,
2014). Bu derlemenin amaci testikiiller doku
kriyoprezervasyonu hakkindaki giincel bilgileri derlemek
ve hayvan tiirlerine gére uygun, kullanilabilir yontemler
hakkinda detayl1 bilgiler sunmaktir.

Testikiiler Dokunun Gelisimi ve Anatomisi:
Embriyonik dénemde cinsiyetin sekillenmesi 3 asamada
gerceklesmektedir.  Kromozomal — olarak  cinsiyetin
tanimlanmasi olan birinci asamada XX veya XY cinsiyet
kromozomunun olusumu fertilizasyon sirasinda meydana
gelmekte ve primer germ hiicresini tasiyan hiicrelerin
mitoz boliinmesi ile devam etmektedir. Bu dénem
indifferent donem olarak adlandirilmaktadir ve erken
embriyonal dénemdeki gonadlar heniiz cinsiyet yoniinden
farklilasmamistir. Bu donemden sonra eger cinsiyet
kromozomlar1 XX ise; indifferent gonadlar ilerleyen
donemde ovaryumlara doniismekte, XY ise; testisler
gelismektedir. Dolayisiyla disi memeliler homogametik
iken erkek memeliler heterogametik’tirler (McGeady vd.,
2011). Bu donemde testislerin gelisimi Y kromozomu
iizerinde lokalize olan SRY gen bolgesi tarafindan kontrol
edilmektedir.  Fenotipik  cinsiyet  gelisimi  olarak
adlandirilan {iglincii asamada ise gonadlarin cinsiyet
kromozomlarina  gére ovaryum veya testislere
farklilasmasmin ardindan internal ve eksternal genital
organlarin olusumu baslamaktadir (Yal¢in & Cevik, 2020;
Wilhelm vd., 2007).

Tiim erkek hayvanlarda olusumunu
tamamlayan testisler inguinal bdlgede karin boglugunun
disinda bulunan skrotum adi verilen bir kese igerisinde
bulunmaktadir. Ortalama testis sekilleri ve boyutlar
hayvan tiiriine, yasa ve mevsime gore degismektedir.
(Parkinson, 2019). Testikiiler doku, seminifer tubiillerden
(tubuli seminiferi) ve interstisyel dokudan olusur.
Seminifer tubiil, fibroblastlar, miyoid hiicreler (6zel diiz
kas hiicreleri) ve lamina propria ile sinirlidir. Lamina
propria tizerinde bulunan spermatogonyumlar ve sertoli
hiicreleri  spermatozoonlarin  iiretiminden
hiicrelerdir. Interstisyel doku (interstitium testis), kan
damarlarini, lenfatik kanallari, sinirleri, bag dokusunu ve
leydig hiicrelerini (endokrinokytus interstitialis) igerir.
Testosteron da dahil olmak {iizere steroid hormonlarin
iiretiminden sorumlu olan leydig hiicreleri, yetiskinlerde
interstisyel dokunun ana bilesenidir (Amann, 2011).

evcil

sorumlu

Testikiiler Dokunun Endokrin Islevieri ve
Spermatogenezis:  Testisler,  spermatogenezis  ve
steroidogenezis olaylarmin gergeklestigi baglica erkek
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ireme organlaridir. Spermatogenezis, spermatozoonlarin
iiretilip depo edildigi siireci kapsarken, steroidogenezis ise
testosteron gibi baglica erkek steroid hormonlarinin
iretildigi siiregten meydana gelir (Weinbauer vd., 2010).
Erkek iireme fizyolojisi, her ikisi de gonadotropin
salgilatict hormona (GnRH) yanit olarak sentezlenen,
hipofiz gonadotropinleri olarak bilinen, luteinize edici
hormon (LH) ve folikiil uyarict hormonun (FSH) endokrin
kontrolii altindadir. LH'nin en 6nemli etkisi, testosteron
sentezi yapan leydig hiicreleri iizerinedir. Testosteron,
spermatozoon liretimi, epididimiste olgunlagmasi, cinsiyet
bezlerinin islevinin olusumu ve ikincil cinsiyet
ozelliklerinin gelisimi i¢in gereklidir (Holdcraft & Braun,
2004). Testosteron hormonunun etkin hale gelebilmesi ve
dokular istiinde androjenik etki gosterebilmesi i¢in Sa-
rediiktaz enzimi ile dihidrotestosterona (DHT) hormonuna
dontismesi sarttir. Testosteron, sertoli hiicrelerinde ve
cinsiyet bezlerinde tip-1 Sa-rediiktaz ve tip-2 5a-rediiktaz
ad1 verilen iki enzimle DHT hormonuna doniisiir (Steers,
2001). Aromatizasyona duyarli olmayan ve testosterondan
daha giiglii bir androjen olan DHT, {ireme sisteminin
gelisimi, sekonder cinsiyet Ozelliklerinin olusumu ve
cinsiyet bezlerinin aktivitesini kontrol eden bir androjen
iken, testosteron ise spermatogenezisde yer alan birincil
androjendir. Hem testosteron hem de DHT, tubiil liimeni
icinde FSH’nin uyarimi ile sertoli hiicreleri tarafindan
salgilanan androjen baglayici proteinlere (ABP) baglanir.
ABP'nin rolii, seminifer tubiiliin ve epididimisin lumeninde
yiiksek androjen konsantrasyonlarini korumaktir. FSH'nin
ana hedefi, adenilat siklazla baglantili enzim sistemleriyle
de hareket ettigi sertoli hiicresidir. FSHnin etkisi altinda
sertoli hiicrelerinden inhibin ve ABP salgilanir. FSH,
ayrica sertoli hiicresinde spermatogenezisi diizenleyen ve
destekleyen bir¢ok genden sorumludur (Walker & Cheng,
2005). Inhibin, dogrudan hipofiz seviyesinde FSH
sekresyonu hakkinda negatif geri bildirime neden olurken,
LH iizerinde ¢ok az etkisi vardir (Parkinson, 2019).
Spermatogenezis hayvanlarin pubertaya
ulagsmasmma yakin bir zamanda, endokrin sistemin
aktivasyonuyla baglar ve testislerin seminifer tubiillerinin
germinal epitelinde bulunan spermatogonia adi verilen
primordial germ hiicrelerinden spermatozoon iiretimine
kadar gecen siireci kapsar. Bu siire¢ ii¢ asamaya
ayrilmaktadir. Spermatositogenezis adi verilen ilk asama
spermatogonyumun mitotik ¢ogalmasi asamasidir. Bu
asamada primer spermatositler ve yeni rezerv
spermatogonyum olusur. Mayozis olarak adlandirilan
ikinci agama, spermatidlerin (haploidler) {iretimi igin
primer ve sekonder  spermatositlerin  mayotik
béliinmelerini icerir. Ugiincii asama veya spermiyogenezis
ise  spermatidlerden spermatozoonlarin  olusumuyla
sonuglanan bir dizi hiicresel doniisiimiin ve degisimin
gergeklestigi bir farklilagma asamasidir (Amann, 1981).
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Spermiyogenezisin baslica olaylar1 akrozom olusumu,
niikleer yogunlagsma ve gerilme, sitoplazmik kasilma ve
flagellum olusumudur. Olusan spermatozoonlarin depo
edilecekleri epididimise ulasabilmeleri i¢in seminifer
tiibiillerin liimenine salmmasina spermiasyon adi verilir.
Tim bu siirecler hayvan tiirine, yasa, mevsime gore
degismektedir (Busato vd., 2017).

Testikiiler Doku Kriyoprezervasyonu: Cogu
vahsi ve evcil hayvan tiirli yasadist avcilik, habitatlarm
kaybi, hastalik ve infertilite gibi bir¢ok faktdr nedeniyle
nesli tiikenmekte olan tiirler olarak smiflandirilmaktadir.
Bu gibi durumlarda iireme potansiyelinin korunmasi ve
¢ogaltilmasi amaciyla erkek veya disi gametlerin elde
edilmesi uygun kosullarda saklanmasi ve daha sonra
yardimcei iireme teknolojilerinde kullanilmasi gibi gamet
koruma teknikleri gelistirilmistir (Wildt vd., 2010). Ancak
aniden olen ¢ogu hayvan tiriinde gelismeyen gamet
hiicreleri genetik materyalin korunmasina ve bu sayede
tiirlerin devamliligimn saglanmasma olanak
saglamamaktadir (Buarpung vd., 2013). Bu gibi
durumlarda hem evcil hem de vahsi memeliler igin
nispeten yeni bir biyoteknoloji olan testikiiler dokunun
kriyoprezervasyonu ireme potansiyelinin korunmasma
¢oziim olabilecek potansiyel bir yontemdir (Oliveira,
2015). Testikiiler doku, spermatozoonu olusturan birincil
hiicreler olan spermatogonyumlar1 da igerir. Bu doku
dondurularak saklanabilir ve c¢ozdirtldiikten sonra
spermatogenezis in vitro olarak tamamlanabilir. Kiltiir
ortamindan elde edilen spermatozoonlar, yardimci iireme
yontemleriyle  hayvan  yetistirme  programlarinda
kullanilabilir (Yokonishi vd., 2014). Bu biyoteknoloji, 6len
prepubertal hayvanlarin yani sira, kemoterapi gibi
infertiliteye neden olabilecek uygulamalara maruz kalan
tirlerde de fertilitenin korunmasi ve devamliliginin
saglanmast  amaciyla  uygulanabilecek  alternatif
yontemlerden biridir. Kriyoprezerve edilmis testikiiler
dokularda bulunan spermatogenik hiicreler, testikiiler
dokular ¢6zdiiriildiikten sonra in vitro yontemlerle gelisim
slireclerini tamamlayabilirler, bu da yiiksek genetik degeri
olan hayvanlarmm fertilite ve genetik kaynaklarinin
korunmasina olanak saglar (Pukazhenthi vd., 2015).

Testisler, doku parcasi veya spermatozoon
stispansiyonu seklinde kriyoprezerve edilebilmektedir.
(Steirteghem, 1999). Doku pargast seklinde yapilan
kriyoprezervasyon ¢alismalari, siispansiyon seklinde
yapilan  kriyoprezervasyon  protokollerinden  daha
yaygindir. Bunun sebebi seminifer tubullerde bulunan
spermatozoonlarin zor izole edilmesi ve bu sebeple

spermatozoon sayisinin azalmasma neden olmasidir
(Silber  vd., 1995) Ayrica, testikiiler dokularin
parcalanmast esnasinda hiicre lizislerinden f{iretilen

toksinler spermatozoon kalitesini olumsuz etkilemektedir
(Aslam vd., 1998). Testis dokusunun kriyoprezervasyonu
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anatomik olarak testisin farkli bolmelerinde farkli hiicre
tiplerinin bulunmasindan dolay1 zor bir islemdir (Hovatta,
2000). Testikiiler dokunun dondurularak saklanmasi;
yavas dondurma, hizli dondurma ve vitrifikasyon gibi
teknikler kullanilarak gergeklestirilebilmektedir. Ancak,
gliniimiizde kullanilmakta olan protokoller hala bir¢ok
tirde test edilmektedir (Cizelge 1) (Lima & Da Silva,
2017). Testikiiler doku kriyoprezervasyon protokollerinde
kriyoprotektan maddelerin kullanimi, doku
¢ozdiriildiikten sonra hiicre canliligmin korunmasina
yonelik onemli bir adimdir. Kriyoprotektan maddeler
¢ozdiirme islemi sirasinda hiicrelerde meydana gelebilecek
bazi hasarlar1 onlerler. Cesitli kriyoprotekran maddeler
(dimetil siilfoksit, etilen glikol, propanediol, gliserol) farkli
tiirlerde testikiiler doku kriyoprezervasyon protokollerinde
testikiiler hiicrelerin kalitesini ve yasayabilirligini korumak
i¢in test edilmistir (Unni vd., 2012).

Tablo 1. Farkli hayvan tirlerinde yapilan testikiiler
kriyoprezervasyon teknikleri (Lima ve da Silva, 2017’den
uyarlanmustir).

Table 1. Testicular cryopreservation techniques applied in
different species.

Tir Kriyoprotektan Madde Kriyoprezervasyon Y 6ntemi Sonug

GLY yavas dondurulduktan sonra
daha yiiksek hiicre canliig ile
sonuglanmugtir. DMSO
vitrifikasyondan ~ sonra hiicre
canliligimn  artmasma  yol
agnmustir (Abrishami vd., 2010).
DMSO  olgunlasmanus testis
dokularinda en iyi sonug veren
kriyoprotektan iken, olgunlasmis
testis dokusunda en iyi sonu¢ EG
ile elde edilmistir (Unni vd.,
2012).

Canhlik vitrifikasyondan sonra >
%95, Hizli dondurmadan sonra >

Yavas Dondurma

DMSO/EG/GLY Vitrifikasyon

Domuz

Rat DMSO/GLY/EG Yavag Dondurma

Yavas Dondurma
Hizli Dondurma
Vitrifikasyon

Fare DMSO/EG/GLY/PRO %80, Yavag dondurmadan sonra

<9%25 (Gouk vd., 2011).
DMSO/GLY kombinasyonu
seminifer tubullerin
morfolojisinin daha iyi
korunmasini ve potansiyel hiicre
¢ogalmasmin daha yiiksek bir
yiizdesini saglanustir (Lima vd.,
2017)

Coziim sonrast canlilik> %58
(Barbosa vd., 2011).

Yavag dondurma testis dokusunu
en iyi sekilde korumustur
(Pukazenthi vd., 2015).

Hizli dondurma spermatozoon
zarinda kiigiik hasarlara neden
olmustur (Thuwanut vd., 2013)

Evecil kedi DMSO/EG/GLY Vitrifikasyon

Boga DMSO/PRO Yavasg Dondurma
Yavag Dondurma
Kog DMSO/EG Vitrifikasyon

Yavasg Dondurma

Vahsi kedi Hizli Dondurma

DMSO/EG

Doku
Kullanimu:

Testikiiler Kriyoprezervasyonunda
Kriyoprotektanlarin Kriyoprezervasyon
islemi, diisiik sicakliklara ve ozmotik dengesizliklere
maruz kalmalar1 nedeniyle spermatozoonlar iizerinde
olumsuz etkilere neden olabilmektedir. Bu islemin zararli
etkilerini en aza indirmek, dokularda bulunan organelleri
korumak ve kriyoprezervasyon isleminden sonra
fonksiyonel tutmak i¢in hiicre i¢i ve hiicre dis1 aktiviteye
sahip kriyoprotektan maddeler kullanilmaktadir. Bununla
birlikte, bu kriyoprotektan maddeler  belirli
konsantrasyonlarin {izerinde veya altinda ilave edildiginde
doku ve hiicrelerde toksikasyona ya da donma hasarina
neden olmaktadir (Unni vd., 2012). Cizelge l'de belirtildigi
gibi testikiiler dokunun kriyoprezervasyonunda kullanilan
baslica hiicre i¢i kriyoprotektanlar dimetil siilfoksit
(DMSO), etilen glikol (EG), propandiol (PRO) ve gliserol
(GLY)’diir. Hiicre igi kriyoprotektanlar, diisiik molekiiler
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agirliga sahiptir. Kriyoprezervasyon iglemi sirasinda hiicre
icinde buz kristallerinin maksimum diizeyde olusumunu
engelleyerek, ¢oziim asamasinda hiicrenin yapisinin ve
fonksiyonunun korunmasma yonelik etki ederler (Castro
vd., 2011). Testikiller ~doku kriyoprezervasyon
arastirmalarinda  kullanilan ~ baslica  hiicre  dist
kriyoprotektan ise siikrozdur (Baert vd., 2012). Goossens
vd., (2008), prepubertal farelerin (Mus musculus) testis
dokularinin yavas dondurma yontemi ile donduruldugu bir
calismada DMSO ve etilen glikolii karsilagtirdiklarinda
DMSO’un ¢6ziim sonrast seminifer tubiil yapilarinin daha
iyl korudugunu goézlemlemislerdir. Abrishami vd., (2010),
prepubertal domuzlarin (Sus domestica) testis dokusunun
yavas dondurulmasini igeren bir ¢alismada DMSO (%75)
ile kriyoprezerve edilmis testis dokularmin etilen glikol
(%55) ile karsilastirildiginda daha yiiksek canli hiicre
yiizdesine sahip oldugunu gozlemlemislerdir. Yine ayni
calismada gliserol (%88) ile kriyoprezerve edilmis
testikiiler dokular ¢ozdiiriildilkten sonra en yiiksek canli
hiicre yiizdesine sahip olduklar1 tespit edilmistir. Unni vd.,
(2012) DMSO, etilen glikol ve gliseroliin prepubertal
ratlarin  (Rattus norvegicus) testis dokusunun yavas
donmasi tizerindeki etkilerini degerlendirmis ve DMSO’un
hiicrelere daha az toksik etkisi oldugunu ve gliseroliin ise
daha zararli oldugunu gozlemlemislerdir. Buarpung vd.,
(2013), yetiskin kedilerin (Felis silvestres catus) testis
dokusunun DMSO, etilen glikol, gliserol ve propanediol
kullanarak yavas dondurma yontemini kullandiklar1 bir
calismada ¢oziim sonrasi membran biitiinligliniin
korunmasi agisindan en iyi sonuglarin gliserol ve etilen
glikol ile yapilan kriyoprezervasyondan elde edilirken en
diisik diizeyin ise DMSO’dan elde edildigini
gozlemlemislerdir.

Testikiiler Doku Kriyoprezervasyon Yontemleri:
Testikiiler dokuyu kriyoprezerve etmek i¢in kullanilan en
yaygin yontemler yavas dondurma ve vitrifikasyondur
(Abrishami vd., 2010). Her iki yontem de tiir bazinda
optimum kosullarin olusabilmesi maksadiyla farkli hayvan
tirlerinde  ve  farkli  kriyoprotektan — maddelerle
calisilmasina ragmen, yavas dondurma vitrifikasyona
kiyasla daha sik kullanilmaktadir (Wyns vd., 2013).
Testikiiler dokunun dondurulmasi amacgli kullanilan bir
diger teknik ise hizli dondurmadir (Buarpung vd., 2013).
Testis fragmanlarmin maruz kaldigi sicakligi kademeli
olarak diisiiren otomatik sogutma cihazlar1 kullanilarak
yavas dondurma islemi gerceklestirilmektedir. Temel
olarak ele alindiginda hayvanlardan elde edilen testikiiler
doku parcaciklar ilk olarak 10-15 dakika boyunca 4 °C'de
kriyoprotektan madde igeren bir denge ¢ozeltisine maruz
birakilir.  Daha sonra bu dokular kontrollii sicaklik
indirgemesine tabi tutulur ve kriyotiiplere aktarildiktan
sonra ise sivi azot i¢inde saklanir (Gurina vd., 2011).
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Yildiz vd., (2013), farelerin testikiiler doku
pargalarmi yavag donmaya maruz birakmak igin
programlanabilir ~ bir  otomatik  sogutma  cihazi
kullanmuslardir. Doku pargalar1 4 °C'de denge ¢ozeltisinde
bekledikten sonra, sicaklik 0 °C'ye ulagana kadar her bir
dakikada 1 °C’lik sicaklik diisiisiine tabi tutulmus ve bu
sicaklikta 5 dakika muhafaza edilmislerdir. Doku pargalart
daha sonra sicaklik sirasiyla -8 °C, -40 °C ve -80 °C’ye
ulasana kadar kademeli olarak sogutulmus ve bu
sicakliklarda farkli dengeleme siirelerinde bekletildikten
sonra hemen sivi azota aktarilmislardir. Bu yontem,
dokularn kriyoprotektan maddelerin zararl etkilerine daha
az maruz kalmasini saglar. Ancak, kriyoprezervasyon
islemi sirasinda buz kristali olusumu olasiligi nispeten

yiikksektir, bu da ¢ozdiriildikten sonra dokunun
kullanimim engelleyebilmektedir (Thuwanut vd., 2013).
Hizli dondurma isleminde ise testikiiler

parcaciklar 30 dakikadan fazla denge ¢ozeltisine maruz
birakildiktan sonra 10 dakika boyunca sivi azotun 4-5 cm
tizerinde azot buharinda tutulur ve islemin son basamagi
olarak kriyotiiplere aktarilir ve sivi azot i¢ine daldirilir
(Thuwanut vd., 2013).

Vitrifikasyon, ozellikle disi gonadal dokusunun
kriyoprezervasyonunda yaygin olarak kullamilan bir
tekniktir (Carvalho vd., 2011). Bir¢ok vitrifikasyon teknigi
olmasina ragmen testikiiler doku kriyoprezervasyon
aragtirmalarinda  kullanilan ~ teknik  katt  yiizey
vitrifikasyondur (SSV, Solid Surface Vitrification). Bu
teknik, doku fragmanlarmin 5-10 dakika boyunca
azaltilmis kriyoprotektan (toplam kriyoprotektan madde
hacminin %50'si) konsantrasyonlarma sahip bir denge
¢ozeltisine maruz birakilmasiyla baslamaktadir. Pargalar
daha sonra 5-10 dakika boyunca %2100 kriyoprotektan
iceren bir vitrifikasyon ¢ozeltisine maruz birakilir. Nihai
kriyoprotektan madde konsantrasyonu %30'dan yiiksektir
(Abrishami  vd., 2010). Bu islemden sonra
kriyoprotektanlarla islem géren doku pargalar: siikroz ve
fotal sigir serumu gibi kriyoprotektan maddelerle birlikte
hiicre kiiltiirii ortamina ilave edilir (Baert vd., 2012).
Testikiiler dokular vitrifikasyon ¢ozeltisine
birakildiktan sonra, pargalar, yalitilmis bir kutu icinde sivi
azotun iizerinde tutulan metal bir kiip i¢ine yerlestirilir ve
dokunun ultra hizli bir sekilde sogutulmasini saglar.
Sogutulduktan sonra, bu dokular kriyotiiplere yerlestirilir
ve s1v1 azot iginde tutulur (Lima vd., 2016). Sekil 1°de
yavas dondurma ve vitrifikasyon yontemlerinin dokular
iizerindeki etkileri sematize edilmistir (Suzuki, 2018).

Tiim testikiiler doku kriyoprezervasyon teknikleri
arasinda vitrifikasyon en diisiik maliyete sahip olanidir ve
gergeklestirilmesi en kolay yontemdir. Kullanilan ultra
hizl1 sogutma hizlar1 nedeniyle kristallesmeyi 6nlemede de
diger tekniklerden daha etkilidir. Bununla birlikte, dokuyu
yiikksek konsantrasyonlarda kriyoprotektan maddelere

maruz
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maruz birakmak kok hiicrelerin morfolojik ve fonksiyonel
ozelliklerinin korunmasma zarar verebilir (Baert vd.,
2012).

Kriyotiipe Transfer
Vitnfikasyon

P @
(' —F—

S Azot ile —
vitrifikasyon

~—
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Sekil 1. Yavas dondurma ve vitrifikasyonun doku dondurmada
hiicrelere etkileri (Suzuki, 2018).

Figure 1. Effects of slow freezing and vitrification on cells in
tissue freezing (Suzuki, 2018).

bir
kullanilmasi, hiicresel
canliliginin azalmasma neden olabilmektedir. Ayrica, bu
tekniklerin kullanilmasiyla yardimei iireme yontemlerinde
kaydedilen ilerlemeye ragmen, farkli tiirlerde testikiiler
doku kriyoprezervasyonu i¢in ideal bir teknik hala
belirlenememistir (Carvalho vd., 2011). Gouk vd., (2011),
prepubertal farelerin testis dokusu iizerinde yavas
dondurma, hizli dondurma ve vitrifikasyonun etkisini
karsilagtiran bir ¢alisma yiriitmiislerdir. Coziim sonrasi
hiicre canliligmin vitrifikasyon grubunda (%95), hizh
dondurma grubuna (%72) ve yavas dondurma grubuna
(%24) gore daha yiiksek oldugunu gozlemlemislerdir.
Evcil kedilerle yapilan bir ¢alismada ise Buarpung vd.,
(2013) yavas dondurma ve hizli dondurma tekniklerini
karsilagtirmiglardir. Yavas dondurma grubunda bulunan
(%A45,9) testikiiler dokulardaki organeller, kontrol grubu
(%60,3) ve hizli dondurma grubuna (%55,0) kiyasla daha
diisik bir plazma membran biitiinligini yiizdesi
gostermiglerdir. Testis dokusunun donma hassasiyetini
degerlendirmek ve farkli tiirlerde hangi kriyoprezervasyon
protokollerinin etkili oldugunu belirlemek i¢in farkli
kriyoprezervasyon yontemleri kullanilarak ¢alismalar
yapilmis, ancak c¢eligkili sonuclar elde edildigi
bildirilmistir. Bu nedenle, evcil ve vahsi hayvanlarin
yardimet iireme teknikleri ile cogalmasinda testikiiler doku
kriyoprezervasyonunun pratikte uygulanabilmesi i¢in daha
fazla arastirma yapilmasi, en uygun metodun belirlenmesi
ve standardize edilmesi gerekmektedir (Carvalho vd.,
2011).

Herhangi kriyoprezervasyon tekniginin

yapilara zarar vererek hiicre
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SONUC

Testikiiler doku kriyoprezervasyonu, prepubertal
hayvanlarda ve herhangi bir nedenden dolay1 spermanin
elde edilemedigi hayvanlarda genetik materyalin
korunmas1 ve gelecek nesillere genetik aktarimin
saglanmasi amaciyla uygulanabilecek o6nemli
biyoteknolojik yontemlerden birisi olarak
degerlendirilmektedir. Cesitli tiirlerde yapilan basarili
deneysel ¢alismalarda dondurularak saklanan dokulardan
elde edilen spermatozoonlarm, yardimci iireme
yontemlerinde kullanilmasiyla gebelik ve yavrular elde
edilebilmigtir. Ancak tiim bu olumlu sonuglara ragmen
kullanilacak olan kriyoprotektan maddelerin miktar1 ve
dokularin dondurma yodntemleri heniiz tam olarak netlik
kazanamamigtir.  Bu  nedenle  testikiiler = doku
kriyoprezervasyonunun tiir bazina indirgenerek optimum
kosullarin olusturulabilmesi igin daha fazla arastirma
yapilmas1 gerekmektedir. Ulkemizde bu konu ile iliskili
teknik alt yapinm gelismesi, arastirma ve uygulamalarin
sayisinin ~ artmast  sonucunda ekonomik  kazanim
saglanmasi s6z konusu olabilecegi diisiiniilmektedir.
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Abstract: The aim of this study was to determine the effect of using peanut meal instead of

* = https://orcid.org/0000-0003-2505-231X soybean meal in rainbow trout (Oncorhynchus mykiss Walbaum, 1792) feeds on growth
e e performance, biochemical composition and fillet color. For this purpose, rainbow trout
: https://orcid.org/0000-0003-2520-7545 (108.70+0.09 g) were fed for eight weeks with four different diets adjusted as iso-nitrogenic (45%
protein), iso-lipidic (19% lipid) and iso-energetic (22 kJ g*). While the CF (commercial feed)

group was fed with commercial feed, three experimental diets containing 0% (Control-C), 50%

(PNMsp) and 100% (PNMaoo0) peanut meal were formulated for the other groups. As a result of

the 8 weeks study, the best final weight, weight gain and specific growth rate were found PNMsp

group and the difference among groups was found significant. (p<0.05). The use of peanut meal

instead of soybean meal in rainbow trout diets decreased fish meat protein ratios compared to CF

and C groups. The qualities of redness, yellowness and hue were distinct between the diets in the

S o dorsal and caudal locations. At all the measured regions in the C and CF groups did not result in
DilaraKAYA OZTURK any significant difference for chroma. It is thought that the differences between the measured
Sinop University, Faculty of Fisheries, regions in L*, a*, b * are due to the fillet thickness and the preservation of the fillet coloring

Department of Aquaculture, Sinop, Turkey

b 61 o PR T e matter. Consequently, 50% peanut meal instead of soybean meal in trout diets could be used in

diets of rainbow trout without any negative effects on growth.

Keywords: Biochemical composition, fillet color, Oncorhynchus mykiss, peanut meal, plant protein.

Soya Kiispesi Yerine Yer Fistig1 Kiispesinin Kullamminin Gokkusagi Alabahiginda (Oncorhynchus
mykiss Walbaum, 1792) Biiyiime, Biyokimyasal Kompozisyon ve Fleto Rengine Etkisi

Oz: Bu galismada, gokkusagi alabaligi (Oncorhynchus mykiss Walbaum, 1792) yemlerinde soya
kiispesi yerine yer fistig1 kiispesi kullaniminin baliklarin biiylime performansi, biyokimyasal
kompozisyon ve fileto rengine etkisininin belirlenmesi amaglanmgtir. Bu amagla izo-nitrojenik
(%45 protein), izo-lipidik (%19 lipid) ve izo-enerjik (22 kJ g) olarak hazirlanan dort farkli
diyetle gokkusagi alabaliklar1 (108.70+0.09 g) sekiz hafta siireyle beslenmistir. CF (ticari yem)
grubu ticari yemle beslenirken, diger gruplar ig¢in %0 (Kontrol-C), %50 (PNMso) ve %100
(PNMaoo) oranlarinda yer fistig1 kiispesi igeren ti¢ farklt yem hazirlanmustir. 8 haftalik ¢alisma
sonucunda en iyi agirlik artig1, agirlik kazanci ve spesifik bitylime oran1 PNMso grubundan elde
edilmis ve gruplar aras1 fark anlamli bulunmustur (p<0.05). Gokkusagi alabaligi yemlerinde soya
kiispesi yerine yer fistig1 kiispesi kullanilmasi, CF ve C gruplarina gore balik eti protein oranlarin
diislirmiistiir. 8 haftalik ¢alismadan sonra, dorsal ve kaudal bolgelerdeki kirmizilik, sarilik ve Hue

T e degerleri gruplar arasinda farlilik géstermistir. C ve CF gruplarinin 6l¢lim yapilan tiim bolgelerde,

Dilara KAYA OZTURK renk parlaklig1 agisindan 6nemli bir farklihk gériilmemistir. Olgiim yapilan bolgelerde L*, a*, b*
Sinop Universitesi, Su Uriinleri Fakiiltesi degerlerinde olusan farkliliklarin, fileto kalinligindan ve filetonun renk maddesini muhafaza
zg‘ngrﬁgﬁii\{:“snmhgl Eclint etmesinden kaynaklandigi diisiiniilmektedir. Sonug olarak, alabalik diyetlerinde soya kiispesi
= ([i)i,lara.ka}),/z:{SS@gmail.com yerine% 50 yer fistig1 kiispesi kullanimu, biiyiime iizerinde herhangi bir olumsuz etki olmaksizin

gokkusagi alabaliginin diyetlerinde kullanilabilir.

Anahtar kelimeler: Bitkisel protein, biyokimyasal kompozisyon, fileto rengi, Oncorhynchus
mykiss, yer fistig1 kiispesi.
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INTRODUCTION

Global requisition for fish feed continues to rise in
order to sustain the increasing aquaculture industry. Fish
feed largely influences the success of aquaculture practice
because it is the highest single cost of aquaculture (De
Silva & Turchini, 2009; Aydin & Gumus, 2016; Pradhan
et al, 2020). Thanks to its nutritional value and
acceptability, fishmeal is considered a benchmark
ingredient for fish feed and has historically been used as a
major dietary protein source. However, the over-
requisition and rising prices of fishmeal created interest in
the use of alternate protein sources for fish diets. The need
to replace fishmeal from feeds has been described as a
major research priority (Tacon etal., 2011). In several feed
formulations, terrestrial plant sources with high protein
such as soybeans have been tried as an acceptable
alternative to fishmeal (Deng et al., 2006; Collins et al.,
2012). Soybean meal are a very quality source of protein
(O'Keefe, 2003) and are currently introduced into the feed
of carnivorous and omnivorous fish species to the degree
of about 25-30% and 50%, respectively (Caruso, 2015).
Requisition for soybean meal is constantly increasing with
the addition of other livestock industries to their feed
(Thoenes, 2014). Soybean meal is the most costly
ingredient of fish feed, after fishmeal (Brown et al., 2008).
However, there are anti-nutritional factors in soybean
meal, such as trypsin inhibitor and phytate, which hinder
the use of protein and essential minerals (Francis et al.,
2001) and in some studies, high levels of soybean meal
supplementation in fish feeds have been associated with
intestinal problems in many fish species. (Hedrera et al.,
2013; Wang et al., 2017). For that reasons, there is need for
the replacement of soybean meal with other suitable
terrestrial plant sources.

In feed formulations, there are several possible
animal and plant ingredients that can be used. Proper
detection of anti-nutritional factors can make it possible to
use new plant ingredients in feed formulations. There are
plenty of investigations carried out on using plant sources
in both industrial by-products and animal nutrition
(cottonseed meal: Yue & Zhou, 2008; canola meal: Soares
et al., 2001; Zhou & Yue, 2010; sesame meal: Guo et al.,
2011; Dernekbast & Karayucel, 2017; peanut meal:
Dernekbasi1 & Karayucel, 2017, Acar &Turker, 2018).

The peanut (Arachis hypogaea L.) is the fourth
largest oilseed crop in the world (Yildirim et al., 2014),
with about 45.6 million tons of global production
(Anonymous, 2020a). Peanut meal (PNM) is a by-product
derived from the oil extraction of whole or separated
peanut seeds and can usually be used as a protein source to
replace soybean meal due to its high protein content (40.1-
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50.9%) and lower cost than soybean meal (Goes et al.,
2004, Batal et al., 2005; Acar &Turker, 2018). Therefore,
the aim of this study is to determine the potential effects of
diets containing different ratios of peanut meal proteins (50
and 100%) instead of soybean meal on the growth
performance, feed conversion, biochemical composition
and fillet color in rainbow trout by comparing both within
the groups themselves and with the group using the
commercial feed.

MATERIAL AND METHOD

Experimental Design: The study was performed
at the indoor research and application center of the Sinop
University Faculty of Fisheries. The rainbow trout
(Oncorhynchus mykiss) were brought from a trading
company (Kuzey Su Urunleri Inc.) in Samsun, Turkey.
They were fed commercial feed (Black Sea Feed) for 15
days and adapted to the environment after the fish were
taken to the testing and application center. Following
adaptation, fish were weighed and randomly dispersed to
twelve circular fiberglass tanks (300 L) with a density of
15 fish per tank. The experiment was scheduled as 4 groups
(12 tanks) with three replications for 8 weeks and 15 fish
were stocked in each tank (108.70+0.09 g), and each group
was fed one of the four experimental diets. Water quality
variables were measured daily; on average, the water
temperature was 16.22+0.03°C, dissolved oxygen was
8.32+0.01 mg L! and pH was 7.71%0.05.

This study was conducted in compliance with the
rules for animal experiments for scientific purposes and
permission was given by the Sinop University, Animal
Experiments Local Ethics Committee with permission No.
2020/02 on February 17th, 2020.

Diet Preparation. Peanut meal was obtained from
a private corporation (Baspinar Toprak Mah. ve Nak. Ltd.
Sti., Osmaniye, Turkey). The majority of the ingredients
were supplied by a regional fish feed producer (SURSAN
A.S., Sinop, Turkey). The experimental feeds containing
peanut meal was prepared by chancing various extracted
soybean meal ratios. While the CF group was fed with
commercial feed, three experimental diets containing 0%
(Control-C), 50% (PNMs) and 100% (PNMag) peanut
flour were formulated for the other groups. All diets were
prepared to be iso-nitrogenous (45% protein), iso-lipidic
(19% lipid) iso-energetic (22 kJ g?; Table 1). Mixing,
homogenization, moistening (35% water addition), and
pelleting (with a 4 mm mincer) were the methods of
producing the feeds, respectively. Following the feed
preparation process, the feed pellets were dried for 8 h at
50°C, cut into pieces about 3 mm in length. All prepared
feeds were stored at -4 °C in plastic bags until used in the
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study. During the experiment, all fish groups were fed until
satiation by hand twice a day (at 09:00 and 16:00) for 8
weeks. The fish (n=5) were killed with anesthetic overdose
at the beginning and at the end of the study (clove oil). All
samples taken were stored in a deep freezer
(WiseCryo/WUF-D500-80°C) until analysis.

Table 1. Formulation (g/kg) and proximate composition (%) of
the experimental diets.

Experimental Diets

Commercial feed (CF)  C (Control) PNMsp PNMioo
Nutrient (g kg%
Fish meal - 330 330 330
Extracted soybean - 255 1275 -
meal
Wheat flour - 153 140 150
Corn protein - 130 153 153
Peanut meal (PNM) - 1275 255
Fish oil - 130 120 110
Vitamin premix(*) - 1 1 1
Mineral premix(*) - 1 1 1
Proximate Composition (%)
Moisture 10 3.33+0.04 4.08+0.25 3.54+0.08
Protein 46 44.87+0.58  46.25+0.19  45.01+0.24
Lipid 19 19.90+0.30 19.73+0.77 20.09+0.42
Ash 10 8.70+0.06 9.02+0.12 9.74+0.06
NFE! 15 23.20 20.92 21.62
Gross energy (kJg)? 20.89 22.39 22.26 22.23

Vitamin-mineral premix (mg/kg premix): vitamin A, 210000 1U; Vitamin D3, 35000 1U; vitamin
E, 7000 mg; vitamin K3, 322 mg; vitamin By, 588 mg; vitamin Bz, 252 mg; vitamin Bs, 294 mg;
vitamin Bi2, 826 mcg; niacin, 1400 mg; biotin, 7583 mcg; 182 mg folic acid, pantothenic acid,
1722 mg; inositol, 17220 mg; vitamin C, 933.31 mg; Ca, 1414mg.

INitrogen-Free Extract=100-(%protein+ %lipid+ %ash+ %moisture).
2Gross energy is calculated according to 23.6 kJ g™* protein, 39.5 kJ g* lipid and 17 kJ g™* NFE.

Standard formula was used to assess growth, feed
utilization and biometric parameters (Tablo 2) , as
previously described by Yigit et al. (2006) and Turchini et
al. (2011).

Biochemical Composition: After the biometric
measurements, all fish samples were cleaned from their
viscera and the fish filets were used for analysis.
Biochemical composition analyses were performed for
both the diets and fish fillet. All biochemical analyses in
fish fillets were made on a wet basis. All analyses [Dry
matter (DM), crude protein (CP), crude lipid (CL), and
crude ash (CA)] were performed according to the standard
methods of the Association of Official Analytical Chemists
(AOAC, 1995). DM was detected by drying the samples at
105 °C (for 20 h) until a constant weight was achieved. CL
was determined according to the procedure of the Soxhlet
method. CP was determined as total nitrogen content by the
Kjeldahl method. CA content was measured after samples
were treated in a muffle furnace at 550 °C for 6 h. All
analyses were performed in triplicate.

Colour Analysis of Fish Fillet: Chroma Meter
(CR-400, Konica Minolta Marunouchi, Tokyo, Japan),
standardized for white plate as comparison before each
calculation (standard values for white plate L* =91.97; a*
= -1.4; b* = 2.0, Standard C2-22326), was used to
determine the colour values (L*, a* and b*, CIE, 1976) of
fish fillet. The values of L*, a* and b* reflect lightness,
redness, and yellowness. The Hue is a descriptor to
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whether the real colour is usually understood to be and the
Chroma (C*) is the colour's strength or saturation degree.
The Hue and Chroma (C*) angle are determined using the
values of a* and b* (Kestin & Warriss, 2001). Colour
measurement of fillet was done from three locations: 1st
location: between the behind of the operculum; 2nd
location: front of the caudal fin.

*

b
C*=+a**+b*?> Hue= arctan(;)

Statistical Analysis: All analysis results were
presented as mean values+SE. Statistical analysis made
with by using the IBM SPSS 21 statistical package
program. The normality and equality of variance of the data
were analyzed by Shapiro-Wilk normality and Levene's
tests, respectively. The differences between the results
were tested by one-way analysis of variance (ANOVA).
The Tukey test was used for comparisons since the equality
of the samples.

RESULTS

Growth Performance: In all the feeding
procedures, the growth of rainbow trout increased
considerably over the experimental period (Table 2). The
final weight and weight gain were significantly higher in
rainbow trout fed PNMso (p<0.05). The rainbow trout fed
by PNMso were higher in terms of specific growth rate
(SGR) and feed conversion rate (FCR). While the lowest
hepatosomatic (HSI) and viscerosomatic (VSI) index were
in the CF and C groups, HSI and VSI were higher in
rainbow trout groups fed PNMso and PNMigo (p<0.05),
respectively.

Table 2. Growth performance, feed efficiency and biometric

index of rainbow trout fed the 4 experimental diets for 8 weeks.
Diet groups
PNMso

CF C PNMz100

1BW (g) 108.97£0.49% 108.77+0.24% 108.47+0.19% 108.63+0.24
FBW (g) 173.90+20.77° 161.83+1.18° 185.01%11.57° 171.49+13.46"
WG (g)* 64.93£21.20° 53.06+1.022 76.54+11.39¢ 62.86+13.34°
SGR(%) 0.85+0.24° 0.75+0.012 1.00+0.12¢ 0.85+0.15"
FCR® 2.64+0.90° 2.94+0.49° 1.79+0.11° 2.62+0.48"
HSI (%)* 1.04+0.07° 1.22+0.10° 1.27+0.04° 1.230.02°
VSI (%)° 11.21£0.35° 11.1120.542 12.55+0.33" 12.73+0.08"

Data are reported as mean + standard errors of three replicates (3). Means with different superscript
letter in a row are significantly different (p>0.05). IBW: Initial body weight, FBW: Final body
weight. replicates.

Weight gain (WG, g)= Final body weight - initial body weight.

2Specific growth rate (SGR)= [(In final wet weight - In initial wet weight)/days] x 100.

SFeed conversion rate (FCR)= total feed intake/weight gain.

“Hepatosomatic index (HSI) = (liver weight / body weight) x 100.

SViscerosomatic index (VSI)= (viscera weight/body weight) x 100.

Biochemical Composition: The biochemical
composition of fillet of rainbow trout was influenced by the
incorporation of PNM replacement of soybean meal
(p<0.05; Table 3). While the significantly lower protein
content of rainbow trout fillet was in the PNMs, and
PNMjqg groups (p<0.05), the CF and C groups were similar
protein content. Although the lipid content of rainbow trout
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fillet was the highest in PNMso group (p<0.05), there was
no statistically significant difference between with C
group. Interms of lipid content, there was also no statistical
difference between the C, CF and PNMzig groups.
(p>0.05). The ash content of rainbow trout fillet was
significantly higher in the PNMs, group (p<0.05).

Table 3. Biochemical composition of fillet of rainbow trout fed
the four experimental diets for 8 weeks (% wet weight).

Moisture (%) Protein (%) Lipid (%) Ash (%)
CF 25.92+0.07® 24.51+0.60° 2.82+0.24° 2.22+0.10
C 26.21+0.18% 24.26+0.29% 3.35+0.15% 2.34+0.14%®
PNMso 26.43+0.19% 21.16+0.31° 4.01£0.11° 2.86+0.07°
PNMioo 25.57+0.13° 20.56+0.24° 2.88+0.01° 2.39+0.13%

Data are mean + SE. Means with different superscript letter in a column are significantly different
(p>0.05).

Colour Analysis of Fish Fillet: Color parameters
(L*, a*, b*, C* and Hue) for fillet of rainbow trout fed with
experimental diets are shown in Table 4. Average lightness
(L*) values of the rainbow trout fillets was a significant
difference between the PNMsy and the CF and C diet
groups (P<0.05). The higher L* values in the caudal part
of the rainbow trout fillet in the C, PNMsy and PNMzgo
groups were higher in the dorsal part of the CF group. The
a* and b* of rainbow trout fillet firstly increased until
PNMs group and then decreased PNMigo group. Contrary
to other color parameters, the average Hue value is high in
group CF and the statistical difference among values is
significant (p<0.05).

Table 4. The L*, a*, b*, C* and Hue values of fillet of rainbow
trout fed the experimental diets for 8 weeks.

Fish Fillet
Dorsal Caudal Average
CF
L* 47.34+0.78% 47.25+0.86™ 47.29+0.53Y
a* 1.63+0.11% 4.37+0.89% 3.00+0.64Y
b* 4.36+0.75% 10.46:0.93% 7.41£1.06%
Cc* 4.79+0.73% 11.47£1.01% 8.13x1.16
Hue 1.2120.02% 1.18+0.07% 1.20+0.07%*
C
L* 46.30+£1.02% 46.64+1.06% 46.47+0.75
a* 3.38+0.25% 5.44+0.72% 4.41+0.45%
b* 5.02+1.77% 10.01£0.55% 7.51+0.85%
Cc* 6.15+1.54% 11.44+0.76™ 8.79+0.90%
Hue 0.99+0.12% 1.08+0.04% 1.04+0.05*
PNMso
L* 48.55+0.66% 51.00+0.74% 49.77+0.58°
a* 2.96+0.67% 5.930.60 4.44+0.53%
b* 6.49+1.47% 11.18+1.26 8.83+0.867
Cc* 7.17+1.53% 12.70£1.30% 9.94+0.94*
Hue 1.17+0.06% 1.07+0.05% 1.12+0.04
PNMio0
L* 45.92+0.57% 47.28+0.80 46.60+0.62%
a* 2.10+0.49% 4.83+0.78™ 3.46+0.64Y
b* 6.45+1.43% 9.65+0.93% 8.08+0.62Y
Cc* 6.92+1.47% 10.89:£1.02% 8.91+0.75Y
Hue 0.74+0.04% 1.110.06™ 0.93+0.24
t, X, y and z: Values in the same column with different superscripts are significantly different
(p<0.05).

aand b: Values in the same row with different superscripts are significantly different (p<0.05).

DISCUSSION

A much-awaited breakthrough in the aquaculture
industry is the successful replacement of fish meal with
plant substitutes in fish feed. Many research has been
carried out for several years on the use of different plant-
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based protein sources instead of fish meal and soybean
meal (also plant based protein source) as a source of protein
in fish feeds (Bilguven & Baris, 2011; Da et al., 2012;
Yuangsoi et al., 2014; Emadi et al., 2014; Dernekbasi &
Karayucel, 2017). In addition to these studies, this study
aims to reveal the effects of adding different amounts of
peanut meal instead of soybean meal in rainbow trout diet
on growth performance, biochemical composition and
fillet color of rainbow trout. The results of the present study
indicated that PNMso could be included in the diet of
rainbow trout up to a level of %50, which could replace
soybean meal, without depressing growth performance and
feed utilization. Moreover, according to the control group,
the addition of 100% peanut meal (PNMigo) instead of
soybean meal in rainbow trout diets showed a good growth
performance, but when the feed conversion ratios were
compared, the PNMsg group came to the fore. In different
studies reported that the use of plant-based protein sources
at different rates in fish feed does not have a negative effect
on the growth and feed conversion rates of the studied
species (Clarias gariepinus: Fagbenro et al., 2010;
Oreochromis niloticus: Da Silva et al., 2017;
Oncorhynchus mykiss: Dernekbas et al., 2017; Dernekbasi
& Karayiicel, 2017; Acipenser gueldenstaedtti: Emre et al.,
2018).

When the biometric index values were examined,
VSI values of rainbow trout fed with feeds containing
peanut meal (PNMso and PNMiqo) were different from CF
and C groups. In studies using alternative vegetable protein
sources instead of soybean meal in feeds, it was stated that
the VSI value increased (Yigit et al., 2013; Dernekbas1 &
Karayucel, 2017; Pradhan et al., 2020). It has been reported
that the VSI value can be between 13% and 24% and this
value can be associated with fish size and successful feed
use (Bugeon et al. 2010; Dernekbas1 & Karayucel, 2017).
In the present study, HSI values of PNMsy and PNMsgo
groups containing peanut meal were found to be higher
when compared with the CF and C groups. Several studies
have reported an increase in HSI values for fish species fed
diets containing various plant-based protein sources
(canola, wheat gluten, sweet white lupine, and cashew
nuts) instead of soybean meal (Sparus aurata: Sitja-
Bobadilla et al., 2005; Gadus morhua: Hansen et al., 2007;
Cyprinus carpio: Yigit et al., 2013; Oreochromis
mossambicus: Pradhan et al.,, 2020). In addition,
Dernekbasi (2012) reported that the HSI value should be
between 1% and 2% for bony fish (Osteichthyes). The
results of HSI in this study were in line with the literature
previous.

Fish body composition was not significantly
different among groups, except for protein. In the present
study, the level of fillet protein decreased with increasing
dietary levels of PNM. Acar & Turker (2018) reported that
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there was no harmful impact on the biochemical
composition of fish fillet the use of PNM instead of
soybean meal in rainbow trout diets. The use of PNM
instead of soybean meal in Nile tilapia (Oreochromis
niloticus) feeds have been reported to have lowered the
protein ratio of fish meat relative to the control group (De
Silva et al., 2017). In the same study, the lipid ratios for
tilapia fillet fed with PNMs, added feed were found to be
the highest, while the lipid ratios for the PNM 10 added feed
group were similar to those for the control group.
Conclusions of this research are consistent with our current
study. Various studies were documented that plant origin
raw materials added instead of soya meal in fish feeds have
an effect on protein and lipid ratios in fish fillets (Fagbenro
et al., 2010; Jimoh et al., 2013; Dernekbasi et al., 2017,
Pradhan et al., 2020). The differences between the previous
studies and the present research are believed to be due to
the digestibility of the raw materials of plant origin added
instead of the soybean meal.

In fish, color is far more than a superficial effect;
customers equate nutritious and high-quality items with
natural coloration. Muscle pigmentation in farmed
salmonids, for example, is considered the most significant
quality parameter after freshness. The variability of the
intra-fillet color was another important aspect. There was
no interaction between sampling location and diet,
indicating that all fillets were presented with the same color
difference in the different locations analyzed. It has been
reported in studies that the measurement location has a
very important effect on fish fillets (De Francesco et al.,
2004). As regards fillet color, some differences were
observed at each of the two points of measure. The
qualities of redness, yellowness and hue were distinct
between the diets in the dorsal and caudal locations. At all
the measured regions in the C and CF groups did not result
in any significant difference for chroma. It is assumed that
the differences between the measured regions in L*, a*, b
* are due to the fillet thickness and the preservation of the
fillet coloring matter. Color changes in fish fillets, which
are usually caused by feed ingredients, can have a negative
effect if they do not meet the expectations of customers.
Considering the average values in fish fillet color analysis,
lightness, redness, yellowness and chroma values came to
the fore in the PNMso group. However, it cannot be clearly
stated that the addition of PNM to feeds instead of soybean
meal affects the color of fish fillets. Because the feeds used
in the experiment were contained raw materials such as
corn protein that affect the color of fish fillets. There is no
literature on the effect of peanut meal added to fish feeds
on fish fillet color. Previous studies consist of the effects
of fish fed with feed containing high carotene containing
vegetable raw materials on the color of the fillet (Skonberg
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et al., 1998; De Francesco et al., 2004; Herath et al., 2016;
Yanar et al., 2016; Shekarabi et al., 2020).

CONCLUSION

The use of peanut meal instead of soybean meal
in the rainbow trout diet did not affect the growth
negatively. Also, rainbow trout, which was fed with 50 %
PNM added instead of soybean meal, grew relatively well
compared to the CF and C groups. Further study to
determine the impact on biochemical composition of fish
fillet by detailing the use of peanut meal in fish feed instead
of soybean meal should be carried out. As a result, it is
thought that by using a peanut meal, a local product, in
rainbow trout feeds instead of soybean meal, it can produce
a lower-cost feed.
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