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Oz: Crvanin baliklar1 da igeren sucul organizmalar igin tehlikeli bir gevresel kirletici oldugu iyi
bilinmektedir. Civanin baliklardaki birikimi ve toksik etkileri hem bu organizmalari hem de besin
zinciri araciligiyla diger canlilarin sagligini olumsuz etkileyeceginden bu metalin toksik etkilerini
azaltacak/Onleyecek mekanizmalar ekosistemin saglikli igleyisi ve gelecegi agisindan oldukga
onemlidir. Bu nedenle sunulan ¢alismada Oreochromis niloticus’un dokularindaki civa birikimi
iizerine selenyum ve zeolitin olasi koruyucu etkileri aragtirilmigtir. Bu amagla baliklar 0,01 ve 0,1
mg/L civa; 0,01 mg/L civa+0,1 mg/L selenyum, 0,1 mg/L civa+1,0 mg/L selenyum ve 0,01 mg/L
civa+0,1 g/L zeolit, 0,1 mg/L civa+1,0 g/L zeolit derisimlerinin etkisine 7 ve 21 giin siireler ile
birakilmis ve solungag, karaciger ve kas dokularindaki civa birikimi belirlenmistir. Incelenen tiim
dokulardaki civa birikiminin denenen tiim kimyasal gruplarinda ortam derisimlerine ve etki
stirelerine bagli olarak arttig1 saptanmistir (P<0,05). Dokulardaki civa birikiminin civa+selenyum
ve civatzeolit karisimlarinda civanin tek basma etkisine oranla 6nemli bir sekilde azaldig:
belirlemistir (P<0,05). Arastirmamiz selenyum ve zeolitin O. niloticus’un dokularinda civa
birikimini 6nemli diizeylerde azalttigini gostermistir.

Anahtar kelimeler: Birikim, civa, Oreochromis niloticus, selenyum, zeolit.

Effects of Selenium and Zeolite on Tissue Mercury Accumulation in Freshwater Fish
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Oreochromis niloticus

Abstract: It is well known that mercury is a dangerous environmental pollutant for aquatic
organisms including fish. Since accumulation and toxic effects of mercury in fish will negatively
affect both these organisms and the health of other organisms through the food chain, the
mechanisms to reduce or prevent the toxic effects of this metal are very important for the healthy
functioning and future of the ecosystem. Therefore in the present study, it was investigated
possible protective effects of selenium and zeolite on mercury accumulation in tissues of
Oreochromis niloticus. For this purpose fish were exposed to 0.01 and 0.1 mg/L mercury; 0.01
mg/L mercury+0.1 mg/L selenium, 0.1 mg/L mercury+1.0 mg/L selenium and 0.01 mg/L
mercury+ 0.1 g/L zeolite, 0.1 mg/L mercury+1.0 g/L zeolite for 7 and 21 days and mercury
accumulation in gill, liver and muscle tissues were measured. It was determined mercury
accumulation in all examined tissues elevated depending on exposure periods and medium
concentrations in all chemical groups tested (P<0.05). Mercury accumulation in tissues
significantly reduced in mercury+selenium and mercury+zeolite mixtures than in exposure of
mercury alone (P<0.05). Our research showed that selenium and zeolite significantly reduce
mercury accumulation in the tissues of O. niloticus.

Keywords: Accumulation, mercury, Oreochromis niloticus, selenium, zeolite.

U1 Bu ¢alisma, doktora tezinden iiretilmistir.
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GIRiS

Akuatik organizmalar sucul habitatlardaki
ekolojik cesitlilikleri ve ekonomik onemleri nedeniyle
cevresel kirliligin degerlendirilmesinde genis ¢apta
kullanilmaktadirlar (Firat, 2016; Firat & Tutus, 2020).
Sucul arasinda baliklarin  agir metal
kirliliginden en ¢ok etkilenen canli grubu oldugu bir¢ok
calismada (Aytekin & Kargin 2019; Cogun & Kargin,
2020; Firat & Kargin, 2010; Sipahi vd., 2013; Yilmaz vd.,
2016) gosterilmistir. Baliklar akuatik ortamin kalitesinin
degerlendirilmesinde ve ¢evresel kirliligin belirlenmesinde
biyoindikator tiirler olarak genis ¢apta kullanilmaktadirlar
(Firat & Cesur, 2019). Agir metaller sucul ortamdaki en
onemli kirleticilerden olup baliklar tarafindan solungag,
bagirsak ve deri yoluyla alinmakta, metabolik olarak aktif
doku veya organlarda birikmekte, molekiiler ve hiicresel
diizeyde O©nemli hasarlara hatta oOlimlere neden
olabilmektedirler.

Civa (Hg) yeryiiziinde dogal olarak bulunan
toksik bir metaldir. Erozyon ve volkanik patlamalar gibi
dogal ve/veya endiistriyel ve tarimsal kullanimina bagh
olarak antropojenik kaynaklarla akuatik ekosistemlere
girmektedir (Tchounwou vd., 2003). Hg’nin baliklar1 da
iceren sucul organizmalar igin tehlikeli bir c¢evresel
kirletici oldugu iyi bilinmektedir. Hg bir¢ok balik tiiriinde
birikim gostererek bobrek ve karaciger lezyonlarina,
endokrin bozukluklarina ve merkezi sinir sistemindeki
hiicrelerin =~ membranlarinda  degisikliklere  neden
olmaktadir (Lliopoulou-Georgudaki & Kotsanis, 2001).

Hg’nin aksine selenyum (Se) canlilar i¢in gerekli
bir iz elementtir. Se’nin 6nemli fonksiyonlari, hiicre
biiyiimesi ve tiroid hormon metabolizmasindaki rollerine
ve antioksidan 6zelliklerine atfedilmektedir (Kryukov vd.,
2003; Rayman, 2002). Se canli viicudunda birkag element
ile etkilesime girebilmektedir. Bu etkilesimler antogonistik
ve sinerjik etkiler seklinde olusmaktadir. Se, Hg’i de igeren
cesitli agir metallerin toksik etkilerine karsi detoksifiye
edici bir etkiye sahiptir (Cogun vd., 2012; Firat & Kaya,
2019).

organizmalar

Su ortamlarindan agir metal katyonlarinin
uzaklastirilmasinda, kimyasal presipitasyon, adsorpsiyon,
solvent ekstraksiyonu, ters ozmoz, ultrafiltrasyon ya da
iyon degistirme gibi ¢esitli yontemler kullaniimaktadir
(Fergusson,  1990).  Zeolitler  iyon  degistirme
yontemlerinde en sik kullanilan minerallerdir. Zeolitler
molekiiler elek olarak bilinen mikro gézenekli kati madde
ailesinin aliimina silikat tiyesi olarak ifade edilmektedir.
Ag seklindeki kristal kafes yapisiyla genis bir alana sahip
olan  zeolitler, ¢esitli  gazlari, agwr metalleri,
petrokimyasallari, diigiikk diizeyli radyoaktif elementleri
absorblayici ya da adsorplayici 6zelligi olan bir maddedir
(Mishra & Jain, 2011). Zeolitler, maliyeti diisiik
olmasindan ve katyon degistirme yeteneklerinden dolay1
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ozellikle sulardaki agir metallerin giderilmesinde
kullanilmaktadir (Orihuela vd., 2005). Agir metaller ve
zeolitler arasindaki etkilesimler genel olarak iyon

degistirme ve metal iyonlarin1 adsorplama seklinde
olmaktadir. Bu etkilesimler nedeniyle zeolitler serbest
metal bulunabilirligini azaltarak metallerin baliklara
yapacag1 olumsuz etkiyi engellemektedir.

Her gecen giin artan endiistriyel ve tarimsal
aktivitelere bagli olarak sucul ekosistemlerdeki Hg’y1 da
iceren agir metal diizeyleri artis gostermektedir. Akuatik
organizmalar arasinda sucul ekosistemlerin 6énemli canli
grubu olan ve insanlarin birinci dereceden besinini
olusturan baliklar Hg kontaminasyonunun onemli hedef
organizmalarindandir. Hg’nin baliklardaki birikimi ve
toksik etkileri hem bu organizmalar1 hem de besin zinciri
aracihgiyla  diger canlilarm  saghigmi  olumsuz
etkileyeceginden = bu  metalin  toksik  etkilerini
azaltacak/Onleyecek mekanizmalar ekosistemin saglikli
isleyisi ve gelecegi acisindan olduk¢a oOnemlidir. Bu
nedenle sunulan bu g¢alismada, Oreochromis niloticus’ta
crva birikimi iizerine selenyum ve zeolitin etkilerinin
belirlemesi amaglanmugtir.

MATERYAL VE METOT

Sunulan ¢alismada arastirma materyali olarak
Oreochromis niloticus kullanilmistir. Baliklar, Cukurova

Universitesi Su Uriinleri Fakiiltesi balik yetistirme
havuzlarindan alinarak laboratuvara getirilmis ve
icerisinde 120 L bekletilmis ¢esme suyu bulunan

40x140x40 cm ebatlarindaki stok cam akvaryumlarda ¢
ay siire ile bekletilerek ortam kosullarina adaptasyonlari
saglanmistir. Bu siire igerisinde deneyde kullanilacak
baliklar 12,07+0,21 cm boy ve 32,81+0,72 g agirliga
ulasmustir. Deneyler 251 °C sicaklikta yiiriitiilmiistiir.
Gilinde sekiz saat aydinlanma periyodu uygulanmis ve
merkezi  havalandirma  sistemi ile  akvaryumlar
havalandirilmistir. Baliklar, hazir balik yemiyle (Pinar
Balik Yemi, Tiirkiye) beslenmistir. Denemeler baglamadan
iki glin 6nce yem kesilmis, denemeler siiresince baliklar
viicut agirliklarmin %2’si kadar yem ile giinde iki defa
beslenmistir. Deney ortam suyunun kimyasal 6zellikleri;
toplam sertlik 335,7+2,3 ppm CaCOs, ¢dziinmiis oksijen
7,49+0,15 mg/L, pH 8,2140,07, akvaryum suyu sicakligi
21,11£0,20 °C olarak dl¢iilmiistiir.

Deneylerde kullanilan civa ¢ozeltileri 1M civa
klortir [(HgCl)2] (Sigma) stok c¢ozeltisinden, selenyum
¢ozeltileri 1M sodyum selenit [(Na2SeOs)] (Sigma) stok
cozeltisinden ve zeolit ¢ozeltileri (<75 mikron ¢apinda,
Istanbul Rota Madencilik AS) stok cozeltisinden seri
seyreltmeler yontemi ile hazirlanmistir. Deneyler civa,
civa + selenyum ve civa + zeolit karigimlart dikkate
almarak ii¢ seri olacak sekilde yiiriitiilmistiir. Deneyler her
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bir seride igerisinde 12 adet balik bulunan {i¢ cam
akvaryumda yapilmistir. Baliklar birinci seride civanin
0,01 mg/L ve 0,1 mg/L; ikinci civa + selenyumun 0,01
mg/L Hg + 0,1 mg/L Se ve 0,1 mg/L Hg + 1,0 mg/L Se ve
ticiincii seride ise civa + zeolitin 0,01 mg/L Hg+0,1 g/L
zeolit ve 0,1 mg/L Hg+1,0 g/L zeolit derisimlerinin
etkisine 7 ve 21 giin siirelerle birakilmistir. Deneylerde
birinci seride bulunan 3 akvaryumun ikisine 120 L farkli
Hg ¢ozeltileri; ikinci serideki 3 akvaryumun ikisine Hg+Se
karigimlart; tiglincii serideki 3 akvaryumun ikisine ise
Hgtzeolit karisgimlari konulmus, her serideki iigiincii
akvaryuma ise 120 litre dinlenmis ¢esme suyu konarak
kontrol grubu olarak kullanilmigtir. Deneyler alti tekrarli
olarak ve her tekrarda bir balik kullanilarak yiiriitiilmiistiir.
Deney akvaryumlarinda kullanilan kimyasal ¢ozeltilerinin
derisimlerinde buharlasma, adsorbsiyon ve akiimiilasyon
gibi nedenlerle degisim olabilecegi dikkate alinarak
cozeltiler birer giin arayla hazirlanan  stok
cozeltilerden uygun seyreltmeler yapilarak degistirilmistir.

Denenen deney
akvaryumlarindan rastgele segilen baliklar, gesme suyuyla
yikanarak temizlenmis, yiizeylerinde
damlaciklart kurutma kagidiyla alinmig ve boy ve
agirliklart saptanarak diseksiyona hazir hale getirilmistir.
Baliklar ~ diseksiyondan  once  spinal  yapilarak
oldirilmiistiir. Steril aletlerle solungag, karaciger ve kas
dokular1 buz tizerinde disekte edilmistir. Dokularin bir
kismi civa analizleri i¢in petri kabina konularak etiivde 72
saat siireyle 150 °C sicaklikta kurumaya birakilmistir.
Siirenin sonunda dokularin kuru agirliklart alinarak cam
tiiplere aktarilmis ve iizerlerine sirayla 2 mL nitrik asit
(Merck, %65, d:1,40) ve 1 mL perklorik asit (Merck, %60,
d:1,53) eklenerek ii¢ saat siire ile ¢eker ocakta yakilmistir.
Yakim igleminden sonra Ornekler polipropilen tiiplere
aktarilarak distile su ile 10 mL’ye tamamlanmistir (Liang
vd., 1999). Hazirlanan 6rneklerdeki civa diizeyi Indiiktif
olarak  Birlestirilmis  Plazma  Optik ~ Emisyon
Spektrometresi (ICP-OES, Perkin EImer Optima 5300 DV)
cihazinda Ol¢ililmiistiir. Standart ¢ozeltiler kullanilarak
cihazin kalibrasyonu saglanmistir. Tiim 6rneklerdeki civa
icin li¢ kez dl¢lim yapilarak ortalamalar1 alinmigtir. Doku
civa dizeyleri pg/g kuru agirbk (ka.) olarak
hesaplanmigtir.

Elde edilen verilerin istatistiksel analizi 1BM
SPSS Statistics 21 paket programinda Independent Sample
t Testi kullanilarak yapilmistir.

taze

sureler sonunda

bulunan su

BULGULAR

Crva, civatselenyum ve civatzeolit karigiminin
denenen tiim etki siiresi ve ortam derisimlerinde O.
niloticus’un solungag, karaciger ve kas dokularinda
belirlenen civa birikimleri Tablo 1 ve 2’de gosterilmistir.
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Tablo 1. Civa (mg/L) ve civa (mg/L) + selenyum (mg/L) karigiminin
etkisine birakilan O. niloticus’un dokularindaki civa diizeyi (ug/g k.a.).
Table 1. Mercury level (png/g dw) in the tissues of O. niloticus exposed to
of mercury (mg/L) and mercury (mg/L) + selenium (mg/L) mixture.

Dokular 7 giin 21 giin
Solunga¢

Kontrol DA DA
0,01 Hg 8,92+0,15% 24,19+0,21%
0,01 Hg + 0,1 Se 6,1120,09> 17,2540,12
Kontrol DA DA

0,1 Hg 20,12+0,44% 43,52+0,31¥
0,1Hg +1,0Se 13,95+0,21> 29,64+0,19
Karaciger

Kontrol DA DA
0,01 Hg 2,074+0,07% 6,04+0,14%
0,01 Hg +0,1 Se 1,41£0,08> 4,43+0,08%
Kontrol DA DA

0,1 Hg 5,96+0,18% 9,27+0,17%
0,1Hg+1,0Se 4,21+0,06™ 5,88+0,20%
Kas

Kontrol DA DA
0,01 Hg 0,19+0,02% 0,32+0,03%
0,01 Hg + 0,1 Se 0,11£0,02> 0,20+0,02%
Kontrol DA DA

0,1 Hg 0,86+0,03* 1,27+0,05%
0,1Hg +1,0Se 0,63+0,04> 0,85+0,02%

Veriler Aritmetik ortalama+Standart hata seklinde sunulmustur (n=6). “a ve b” harfleri ayni
dokudaki derisimler arasindaki metal diizeylerinin ayrimini belirlemek amaciyla kullamlmistir. “x
ve y” harfleri ise aym derigimdeki etkilesim siireleri arasindaki metal diizeylerinin ayirimini
gostermek i¢in kullanilmuigtir. Farkli harfler, veriler arasindaki istatistiksel ayrim oldugunu
gostermektedir (P<0,05). DA: Duyarlilik diizeyinin altinda.

7 ve 21 gilnliik siireler sonunda her iki ortam
derisiminde de civatselenyum karigimlarinin etkisindeki
baliklarin solungag, karaciger ve kas dokularindaki civa
birikiminin dogrudan civanin etkisine birakilanlara oranla
daha diisiik oldugu belirlenmistir (Tablo 1). Dokulardaki
bu azalmanin istatistik olarak 6nemli oldugu saptanmistir
(P<0,05). Selenyumun varliginda incelenen tiim
dokulardaki civa birikimi nemli diizeylerde azalmistir.
21. giin sonunda 0,1 mg/L Hg + 1,0 mg/L Se karisimindaki
baliklarin dokularindaki civa birikimi 0,1 mg/L Hg etkisine
oranla solungagta %32, karacigerde %37 ve kasta %33
diizeyinde azalmigtir. Ayn1 ortam derigiminde etki siiresine
bagli olarak dokulardaki birikiminin  arttig1
gozlenmistir (Tablo 1, P<0,05). Solungag, karaciger ve kas
dokularinda siireye bagl olarak gdzlenen civa diizeyindeki
artigin, crvat+selenyum karisimina oranla civanin tek basina
etkisinde daha yiiksek oldugu belirlenmistir. 0,1 mg/L Hg
ve 0,1 mg/L Hg + 1,0 mg/L Se etkisinde 7 giinliik siireye
oranla 21 giinliik siire sonunda dokulardaki civa diizeyi,
sirastyla, solungagta %116 ve %112, karacigerde %56 ve
%39 ve kas dokusunda %48 ve %35 diizeyinde arttig1
saptanmuistir.

Her iki etki
derisiminde civatzeolit karisimimnin etkisindeki baliklarin
tim dokularindaki civa birikiminin civanin tek bagina
etkisindeki baliklara oranla istatistiksel olarak daha diisiik
oldugu saptanmistir (Tablo 2, P<0,05). 21 giinliik siire
sonunda yliksek civatzeolit karigimimlarinin etkisindeki
baliklarin dokularindaki civa birikiminde yiiksek civa
ortam derisiminin tek basina etkisine oranla solungagta
%20, karacigerde %26 ve kasta %22 diizeyinde azalis

civa

siresi sonunda her iki ortam
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oldugu belirlenmistir. Belirli bir ortam derisiminde
etkilesim siiresine bagli olarak incelenen tiim dokularda
civa birikiminin arttigi saptanmistir (Tablo 2, P<0,05).
Incelenen tiim dokulardaki siireye bagl olarak gozlenen
civa diizeyindeki artigin, civatzeolit karisimina oranla
civanin  tek basma etkisinde daha yiiksek oldugu
belirlenmistir. 0,1 mg/L Hg ve 0,1 mg/L Hg + 1,0 g/L
Zeolit etkisinde 7 gilinliik siireye oranla 21 giinliik siire
sonunda dokulardaki civa diizeyi, sirasiyla, solungacta
%116 ve %104, karacigerde %56 ve %37 ve kas
dokusunda %48 ve %45 diizeyinde art181 saptanmigtir.

Tablo 2 Civa (mg/L) ve civa (mg/L) + zeolit (g/L) karisiminin etkisine
birakilan O. niloticus’un dokularindaki civa diizeyi (png/g k.a.).
Table 2. Mercury level (ng/g dw) in the tissues of O. niloticus exposed to
of mercury (mg/L) and mercury (mg/L) + zeolite (g/L) mixture.

Doku 7 giin 21 giin

Solunga¢

Kontrol DA DA

0,01 Hg 8,92+0,15% 24,19+0,21%

0,01 Hg +0,1 Zeolit 7,25+0,07% 20,33+0,28"

Kontrol DA DA

0,1 Hg 20,12+0,44% 43,52+0,31%

0,1 Hg + 1,0 Zeolit 17,09+0,13 34,98+0,19"
Karaciger

Kontrol DA DA

0,01 Hg 2,07+0,07* 6,04+0,14%

0,01 Hg +0,1 Zeolit 1,71£0,05> 5,12+0,08%

Kontrol DA DA

0,1 Hg 5,96+0,18% 9,27+0,17%

0,1 Hg + 1,0 Zeolit 5,02+0,09> 5,1240,08%
Kas

Kontrol DA DA

0,01 Hg 0,19+0,02% 0,32+0,03%

0,01 Hg +0,1 Zeolit 0,13+0,02 0,26+0,02%

Kontrol DA DA

0,1 Hg 0,86+0,03% 1,27+0,05%

0,1 Hg + 1,0 Zeolit 0,68+0,02 0,99+0,03%

Veriler Aritmetik ortalama+Standart hata seklinde sunulmustur (n=6). “a ve b” harfleri ayn:
dokudaki derisimler arasindaki metal diizeylerinin ayrimini belirlemek amaciyla kullanilmustir. “x
ve y” harfleri ise ayn: derisimdeki etkilesim siireleri arasindaki metal diizeylerinin ayirmini
gostermek igin kullamilmugtir. Farkli harfler, veriler arasindaki istatistiksel ayrim oldugunu
gostermektedir DA: Duyarlilik diizeyinin altinda.

SONUC VE TARTISMA

Akuatik organizmalar arasinda baliklar, gesitli
agir metallerin zararl etkilerine maruz kalmalar1 nedeniyle
sucul ekosistemlerdeki metal kirliliginin izlenmesinde en
o6nemli organizmalar olarak kullanilmaktadirlar (Van der
Oost vd., 2003). Baliklar agir metallerle kontaminasyon
siireglerinde, metallerin ya dogrudan solungag epiteli ve
deri yoluyla veya dolayli olarak bagirsaklar araciligryla
biyolojik bariyerleri gecerek viicuda alindig1 ve solungac,
karaciger ve bobrek gibi metabolik olarak aktif dokularda
biriktigi belirlenmistir (Mzimela vd., 2003). Bu nedenle
toksik metallerin alinim ve birikiminin Kkontrolii, canli
organizmalar i¢in olduk¢a Onemlidir. Sudaki besin
zincirinin 6nemli bir 6gesi olan baliklar iizerinde olumsuz
bir etkinin olusmasi, ekosistemin gelecegi igin risk
olusturacagindan baliklarda civa birikiminin ve toksik
etkilerinin ¢alisilmas:t 6nemlidir. Baliklar, sudaki besin
son halkasmi olusturmalar1 ve

zincirinin insanlar
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tarafindan besin kaynagi olarak tiiketilmesi nedeniyle,
birgok ekotoksikolojik c¢alisma baliklardaki agir metal
birikiminin belirlenmesine yonelik olarak yapilmistir
(Cogun vd., 2006; Firat, 2016; Firat vd., 2009).

Tilapia (Oreochromis sp.) diinyada yaygin sekilde
kiiltiiric  yapilan tath su baliklarindan  birisidir.
Ekotoksikolojik calismalarin ¢ogunda bu tiir, akuatik
ekosistemlerdeki kirleticilerin etkilerini degerlendirmek
amactyla kullanilmaktadir. Tilapia yiiksek biiyiime hizi,
farkli diyetlere adaptasyondaki yetenegi, hastaliklara ve
tagima esnasindaki streslere direng gostermeleri, kolay
iiremeleri ve agir metal stresini de igeren ¢esitli toksik
maddelere karst genis tolerans yetenegi gibi farkli
ozellikleri nedeniyle toksikolojik ¢aligmalarda kullanilan
iyi bir biyolojik modeldir (Fontainhas-Fernandes, 1998).

Balik solungaglari, yalnizca bir solunum organi
degil aynt zamanda ozmoregiilasyon ve bosaltim gibi
cesitli fizyolojik fonksiyonlarm da yiiritildigi bir
dokudur. Solungaclar suda ¢oziinmils metal iyonlarin
alinmasinda ve birikiminde 6nemli bir dokudur. Solungag
dokusunun sudaki metalin aliniminda ilk yol oldugu iyi
bilinmektedir. Solungaclar su i¢in genis yiizey alanina
sahip olmasi, su ile kan arasindaki diflizyon mesafesinin
kisa olmasina bagli olarak dis ve i¢ ortam arasinda ¢ok
yakin bir temasin olusmasini saglayan bir doku olarak
onem tasimaktadir (Firat vd., 2009). Tiim organizmalarda
karaciger, temel metabolik olaylarda islevi olan ve genelde
toksik maddelerin pargalanmasi, atilimy,
biyotransformasyonu ve birikimde esas organ olarak iglev
gormektedir. Solungag, karaciger ve bobrek gibi metabolik
olarak aktif dokular kas gibi diger dokulara oranla daha
fazla metal biriktirebilmektedirler (Firat, 2016). Onceki
caligmalarla benzer sekilde arastirmamizda da kas
dokusuna oranla solungag ve karacigerin daha yiiksek
miktarlarda civa biriktirdigi belirlenmistir.

Arastirmamizda O. niloticus’un tiim dokularinda
civa birikiminin civanin tek basina etkisine oranla Hg+Se
karigimlarinda anlamli bir sekilde azaldigi saptanmustir.
Selenyumun baliklarda civa alinim ya da atilim oranlarini
etkileyerek dokulardaki metal birikimini azalttig
diigiiniilmektedir. Oncorhynchus mykiss’te intraperitonal
olarak verilen Hg’nin dokularda birikimi iizerine besin
yoluyla verilen Se’nin etkisinin incelendigi bir ¢aligmada
dokulardaki Hg birikiminin Se varliginda azaldig:
saptanmustir (Bjerregaard vd., 1999). Arastiricilar bu
azalmanin atilimini
saglayarak gergeklestirdigini ve bu nedenle selenyumun
crvanin alinimini engellemesinden ¢ok atilimini saglayarak
Hg birikimini azalttigin1 belirtmislerdir. Danio rerio’da
viicuttaki civa birikiminin yaklasik %15’nin selenyum
uygulamasindan sonra 48 saat i¢inde viicuttan atildigi
rapor edilmistir (Bjerregaard vd., 2011). Perna viridis tiirii
midyelerde Hg’nin  birikimi etkisinin

selenyumun civanin  viicuttan

lizerine Se
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arastirildigr ¢alismada selenyumun varliginda dokulardaki
Hg birikiminin 6nemli oranlarda azaldigi belirlenmistir
(Wang vd., 2004). Aragtiricilar selenyumun Hg toksitesi
tizerine koruyucu bir etkiye sahip oldugunu belirtmiglerdir.

Calismamizda O. niloticus’un solungag, karaciger
ve kas dokularindaki civa birikiminin civanin tek basina
etkisine oranla civatzeolit karigimlarinda anlamli bir
sekilde azaldigi belirlenmistir. Zeolitin iyon degistirme
yetenegi ve molekiiler elek o6zelligine sahip olmasi
nedeniyle ortamdaki serbest civa bulunurlugunu azaltarak
dokulardaki civa birikimini diistirdiigii disiiniilmektedir.
Zeolitlerin agir metallere karsi ilgisi ¢ok yiiksektir. Bazi
aragtirmalarda katyon degistirebilme yeteneklerinden
dolay1 zeolitlerin sucul ortamlardan agir metallerin
uzaklastirilmasinda kullanildig birgok arastirici tarafindan
rapor edilmistir (Cogun & Sahin, 2012; Mishra & Jain,
2011). Zeolitlerin etkisiyle akuatik ekosistemlerdeki agir
metal derigiminin azalmasi sonucu balik dokularindaki
metal diizeylerinin de azaldig belirtilmistir (Shrivastava
vd., 2001).

Yapilan birgok ¢alismada zeolit varliginda
dokularda metallerin birikim diizeylerinin azaldig1 rapor
edilmistir. Kursun ve kurgun+zeolit karigimlarinin etkisine
birakilan Cyprinus carpio’nun dokularinda kursun
diizeylerinin kursunun tek basina etkisine oranla zeolitle
birlikte etkisinde azaldigi rapor edilmistir (Tepe vd., 2004).
O. niloticus’ta bakir birikimi tizerine zeolitin etkisinin
arastirildig1 calismada dokulardaki Cu birikiminin Cu’nun
tek basmma etkisine oranla CutZeolit karigimlarinin
etkisinde  azaldigt  saptanmustir ~ (Dinler,  2005).
Aragtiricilar, zeolitin iyon degistirme yetenegi nedeniyle su
ortamindaki bakirin serbest bulunurlugunu azaltarak Cu
birikimini azalttigimi belirtmislerdir. Pb ve Pb+zeolitin
farkli ortam derigimlerin etkisinde O. niloticus’un
karaciger, solungag, bobrek ve kas dokularindaki kursun
birikimini arastirildigr bir ¢aligmada Pb diizeyinin ortam
derisimi ve siirenin artigina bagl olarak tim dokularda
arttigin1 ancak bu artisin metabolik olarak daha aktif olan
solungac, bobrek ve karaciger dokularinda kasa oranla
daha yiiksek oldugunu goézlemlemisler (Cogun & Sahin,
2012). Arastiricilar, tiim dokulardaki Pb birikiminin
Pb+zeolit karisimlar: etkisinde Pb’nin tek basina etkisine
oranla daha disiik oldugunu rapor etmislerdir. Cu ve
Cd’nin tek baslarina ve Ca ve zeolit ile birlikte etkisinde O.
niloticus’un solungag, karaciger ve bobrek dokularindaki
metal birikimleri ile ilgili yapilan bir calismada metal
birikiminin metallerin tek tek etkilerine oranla metal+Ca
ve metal+zeolit derisimlerinde azaldig1 ve Ca ile zeolitin
metallerin biyobirikimi iizerine koruyucu bir etkiye sahip
oldugu belirtilmistir (Cimrin Reyhan, 2014).

Sonug olarak sunulan g¢alismada incelenen tiim
dokulardaki civa birikiminin denenen tiim kimyasal
gruplarinda ortam derisiminin artig1 ve siirenin uzamasina
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bagli olarak arttigt ve dokulardaki en yiiksek metal
birikiminin solungaglarda en az birikimin ise kasta oldugu
saptanmustir. Dokulardaki civa birikiminin civa+selenyum
ve civatzeolit karisimlarinda civanin tek basina etkisine
oranla Onemli bir sekilde azaldigi belirlemistir.
Aragtirmamiz  selenyum ve zeolitin O. niloticus’un
dokularinda civa birikimini 6nemli diizeylerde azalttigini
gostermistir.
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Abstract: This study was carried out to evaluate the effects of water-soluble vitamin C and fat-
soluble vitamin E on the growth of guppy (Poecilia reticulata). The control feed did not contain
vitamin C and E, while the other 15 experimental feeds were prepared by changing the amount
of starch, without altering the chemical structure, and adding vitamin C (100, 500, 1000 mg/kg)
and vitamin E (75, 150, 300 mg/kg) in various levels. At the end of the trial had an ascending
amount of both vitamin C and E in the diet and resulted with an increase in the developmental
parameters in the offspring of guppies (P<0.05). Among the experimental groups, the lowest feed
conversion ratio was observed in group 16 (1000 mg vitamin C/kg+300 mg vitamin E/kg), and
the highest was in group 1 (the control) (P<0.05). Differences between the groups, in which
mortalities occurred, and the remaining groups, were found to be statistically significant (P<0.05).
*Corresponding author’s: In addition, it was determined after a three month trial the group 16 of guppies had reached
IDillelic PRI , maturity, and juvenile. According to the results of this study, there is an increase in growth and
Sinop University, Vocational School, 57000 . ; . . .

Sinop, Turkey. survival of fry as the amount of vitamin C and E added in feed increases. The present study shows
IX: dsahin@sinop.edu.tr that a dosage of 1000 mg kg! vitamin C+300 mg kg! vitamin E has a beneficial effect on guppy

growth parameters and survival rate.
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C ve E Vitaminlerinin Lepistes (Poecilia reticulata) Yavrularinda Biiyiime
Performansi Uzerindeki Etkileri

Oz: Bu calismada, suda eriyen C vitamini ile yagda eriyen E vitamininin lepistes (Poecilia
reticulata) biiylimesi tizerine olan etkileri aragtirllmistir. Kontrol yemi igerisinde Vitamin C ve E
katki maddeleri bulunmaz iken, diger yem gruplarinda nisasta miktar: degistirilerek kimyasal yap1
degistirilmeksizin farkli miktarlarda Vitamin C (100, 500, 1000 mg/kg) ve vitamin E (75, 150,
300 mg/kg) ilavesi ile 15 adet deneme yemi hazirlanmigtir. Deneme yemindeki vitamin C ve E
miktarlan artig gosterdikge lepistes yavrularinin biiyiime parametreleri de artig gostermistir
(P<0.05). Deneme gruplar: arasinda en diisiik yem degerlendirme oraninin 16. grupta (1000 mg
vitamin C/kg+300 mg vitamin E/kg), en yiiksek yem degerlendirme oraninin ise 1. (Kontrol
Grubu) grupta oldugu tespit edilmistir (P<0.05). Olii baliklarin tespit edildigi gruplarla diger
gruplar arasinda istatistiki agidan 6nemli farklilik oldugu bulunmustur (P<0.05). Ayrica 3 aylik
deneme sonunda 16. gruptaki baliklar tamamen cinsi olgunluga eristigi ve yavru verdigi tespit

*Sorumlu yazar: edilmistir. Bu arastirmada elde edilen sonuglara gore, yemlere ilave edilen C ve E vitamini

Dilek SAHIN miktarlari arttik¢a yavrularin biiylimelerinde ve yasama oranlarinda artis oldugu tespit edilmistir.
Sinop Universitesi, Meslek Yiiksekokulu, Yapilan bu c¢alisma, 1000 mg kg' C vitamini+300 mg kg' E vitamini dozajmin lepistes
%0%0 Sinop, Térkiye baliklarmin biiyliime parametreleri ve yasama orami iizerinde yararh etkiye sahip oldugunu
: dsahin@sinop.edu.tr . .
gostermektedir.

Anahtar kelimeler: Besleme, biiyiime, lepistes, vitamin C, vitamin E.

U This research was produced from doctorate thesis.
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INTRODUCTION

Like every living being, fish need good living
conditions and a balanced diet to sustain their vital activities
(Hossu et al., 2003). The primary element comprising their
nourishment is fish feed, containing essential nutrition
compounds. The feed contains carbohydrate, protein, fat,
minerals, and vitamins. Furthermore, various additives may
be used in the making of fish feed (Ariman & Aras, 2002;
Hossu et al., 2003).

Vitamins are organic compounds that are not
particularly required in high levels but are essential for
healthy growth, reproduction, and other bodily functions
(Akyurt, 2004). Vitamins, apart from growth and
reproduction activities, are also among the indispensable
substances for the healthy development of fish. The principal
vitamins which ensures the reproduction process and
constitutes the fundamentals of fish farming, are vitamin A,
B1, B6, C, and E (Hunt et al., 2004; Sealey & III Gatlin,
2002).

Natural foods are rich in vitamins, however, that is
not the case with artificial fish feed. Vitamin requirement of
fish varies depending on the species (Shiau & Hsu, 2002).
The feed consumed during the spawning and growing
periods of fish must contain various vitamins (especially
vitamin E and C). Vitamin E is effective in the oogenesis and
the formation of the extraembryonic membrane. It is known
that vitamin C also affects reproduction (Emata et al., 2000;
Lee & Dabrowski 2004; Santiago & Gonzal, 2000). Among
vitamins, C and E have a great effect both on fish
metabolism and the fish feed. Vitamin E and C have a
significant interaction (Frischknecht et al., 1994). Other
vitamins in the fish body also interact with each other.
Vitamin E and C, especially, work as intracellular
antioxidants. Vitamin C reduces the usage of vitamin E by
decreasing lipid peroxidation in the cell membrane.
Moreover, adding vitamin E and C combined to the fish feed
during the spawning period increases the reproductive
performance, spawn efficiency, and growth rate of the fish
(El-Gamal et al., 2007; Emata et al., 2000; Hamre et al.,
1997; James & Vasudhevan, 2011; Santiago & Gonzal,
2000).

The supply of aquarium fish is carried out mostly
from nature. Moreover, the decline in fish populations and
the constraint on natural resources have led certain
ornamental fish trading countries, like Singapore, to
industrialization by establishing new fish farms cultivating
especially tropical livebearing fish (guppy, swordtail, molly,
etc.). Thus, this situation paved the way to determine the
nutrition requirements of ornamental fish. The prioritized
matter was the maximum growth rate in commercial farms.
Subsequent goals at hand were coloration, the development
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of gonad, and ensuring the fish reach their market size as fast
as possible (Sales & Janssens, 2003).

Guppy (Poecilia reticulata Peters, 1860) is
amongst the multi-colored fish species in the Poeciliidae
family. Guppies are economically important ovoviviparous
fish that constitute a large portion of the ornamental fish
culture industry. The species is omnivores and Poecilia
reticulata feeds on zooplankton, detritus and larvae of small
insects in nature (Harpaz et al., 2005; Lawal et al., 2012). In
this study, the effects of vitamins C and E on the growth
performance of guppy fry were investigated and the
requirement of the mentioned vitamins was evaluated.

MATERIAL AND METHOD

Fish and experimental design: The study was
conducted in Sinop University Fisheries Faculty. Guppy fry
were obtained from Akdeniz Fisheries Research, Production,
and Education Institute (Kepez, Antalya, Turkey). Fish were
acclimated to treatment conditions for 2 weeks prior to the
beginning of the feeding trial. A total of 720 fish were
obtained and placed into 48 aquaria (dimensions: 20x35x15
cm, volume: 10 L) in triplicate (16 groups in total). Groups
are formed according to the amount of vitamins they contain:

Groupl: 0 mg vitamin C/kg+0 mg vitamin E/kg,
Group2: 0 mg vitamin C/kg+75 mg vitamin E/kg,
Group3: 0 mg vitamin C/kg+150 mg vitamin E/kg,
Group4: 0 mg vitamin C/kg+300 mg vitamin E/kg,
Group5: 100 mg vitamin C/kg+0 mg vitamin E/kg,
Group6: 500 mg vitamin C/kg+0 mg vitamin E/kg,
Group7: 1000 mg vitamin C/kg+0 mg vitamin E/kg,
Group8: 100 mg vitamin C/kg+75 mg vitamin E/kg,
Group9: 500 mg vitamin C/kg+75 mg vitamin E/kg,
Group10: 1000 mg vitamin C/kg+75 mg vitamin E/kg,
Groupl1: 100 mg vitamin C/kg+150 mg vitamin E/kg,
Group12: 500 mg vitamin C/kg+150 mg vitamin E/kg,
Group13: 1000 mg vitamin C/kg+150 mg vitamin E/kg,
Group14: 100 mg vitamin C/kg+300 mg vitamin E/kg,
Group15: 500 mg vitamin C/kg+300 mg vitamin E/kg,
Group16: 1000 mg vitamin C/kg+300 mg vitamin E/kg.

Each group consisted of 15 individuals. At the
beginning of the experiment, the fish were weighed
individually with a KERN brand EW420-3NM model scales
(initial mean body weight: 0.01140.02 g). Fish were fed with
powder feeds (suitable for mouth size) ad libitum twice a day
during the experiment. Temperature of the aquarium unit
was set to 24+1°C throughout the experiments using an air
conditioner. The aquariums were siphoned twice a week to
remove fish feces and feed residues and water level in
aquariums was completed with the addition of water at the
same temperature. Aeration was carried out using an air
stone.

During the following three months (90 days)
experimental period, water temperature, dissolved oxygen,
and pH were measured by using a YSI instrument
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(Professional Plus Multiparameter, USA) and maintained at
24+1 °C, 8.81+0.00 mg/L, and 6.81+0.00, respectively.
Daylight photoperiod as 12:12 h (light:dark) was applied in
the experiment.

Fish were weighed indivually to determine their
average weight in the beginnig and in the end of the
experiment. Dead fish were recorded daily.

Experimental diets: The raw materials in the
experimental feed were obtained from SIBAL Inc. and
vitamins were obtained from DSM — Nutritional Products.
The experimental feed contained fishmeal, soybean meal,
sunflower seed meal, starch, maize protein, fish oil, a
mixture of minerals and vitamins (A, Bl-Thiamin, B2-
Riboflavin, B3-Niacin, B6-Pyridoxine, B12-Cobalamin, C-
Ascorbic acid, D, E, K) as raw materials. The control feed
did not contain vitamin C and E, while the other 15
experimental feeds were prepared by changing the amount
of starch, without altering the chemical structure, and adding
vitamin C (100, 500, 1000 mg/kg) and vitamin E (75, 150,
300 mg/kg) in various levels. The vitamin levels used in the
trial were determined based on the literature data (Blom &
Dabrowski, 2000; Emata et al., 2000; Gouillou-Coustans et
al., 1998; Hamre et al., 1997; Izquierdo et al., 2001; Lim et
al., 2002; Wang et al., 2003). The raw materials added to
cover the targeted nutritional values for the experiment were
combined and mixed in dry form. Then, after adding fish oil
and mixing again, 25-35% water was added to the mixture,
after the vitamins were added to the feeds, the wet trial feeds
were dried in a drying cabinet at 50°C for about 6 hours. The
reason for keeping the temperature and time low is to
minimize the losses that may occur in vitamins. Feeds were
used in powder form in accordance with the mouth size.
Composition of the basal diet used in the study is given in
Table 1. Analyses regarding the amount of nutrients were
conducted by SIBAL Inc., and determination of vitamin C
and E levels were conducted by TUBITAK Marmara
Research Center.

Table 1. Composition of the basal diet (g/100g).

Ingredient Amount
Fishmeal 28
Soybean Meal 21
Sunflower Seed Meal 22
Maize Protein 4.5
Starch 18.5
Fish Oil 4
Mineral 1
Vitamin* 1
Chemical Composition (% dry matter basis)

Dry Matter 83.90
Crude Protein 40.10
Crude Fat 6.71
Crude Ash 6.52
Crude Fiber 1.82
Nitrogen-Free Extract** 28.75

*2200 IU of vitamin A, 85 mg of B1-Thiamin, 77 mg of B2-Riboflavin, 350 mg of B3-Niacin, 88
mg of B6-Pyridoxine, 0.2 mg of B12-Cobalamin, 200 mg of D, 20 mg of K)
**NFE (%)= 100- (% moisture+ % crude protein+%crude fat+% ash+% crude fiber).
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To delay the spoiling of vitamins used in the trial,
they were packed properly for protection from sunlight and
heat (in black vacuum bags) and stored in a refrigerator.

All vitamins used in the trial, particularly pure
Rovimix Vitamin C (L-ascorbic acid), and Vitamin E (o-
tocopherol acetate), were added to the feed according to loss
rates determined by the manufacturer (DSM Nutritional
Products). Vitamins were stored at +4 °C in a dry, dark place
until use.

Calculations and statistical analysis: The
following variables were calculated according to Salem &

Abdel-Ghany (2018) as follows:

Weight Gain (g) = Final weight (g) — Initial weight (g)

In W2-InW1

Specific growth rate (SGR, %.day™) = %x 100

Number of experiment days
W2: Final weight (g)

W1: Initial weight (g)

Total dry feed given (g)

Feed i tio (FCR) =
eed conversion ratio (FCR) Total weight gain (2)

Final number of fish

Survival rate (SR, %) = Initial number of fish

x 100

Statistical analyses were performed using “Minitab
Release 10 for Windows” software at a significance level of
0.05. All data on growth, FCR and survival are expressed as
standard error (SE). Data from different
experimental groups for each sampling period were analyzed
by one-way analysis of variance (ANOVA) to test for effects
of dietary treatments. Significant means were compared with
Tukey test.

Ethical note: This research that produced from
doctorate thesis was approved by the Ethics Committee of
Ondokuz Mayis University with Reference No. 2007/12. All
the procedures applied in this study considered the
importance of preventing, or at least minimizing, any kind of
animal discomfort or suffering.

mean =+

RESULTS AND DISCUSSION

Mean water temperature, pH, dissolved oxygen
level and NH4 content of water at the beginning of the
experiments were 24.00+0.01 °C, 6.81%0.00, 8.81+0.00 mg/1
and 0.4+0.01 mg/1, respectively. When the water parameters
of each group were analyzed at the beginning and the end of
trials, the differences were statistically insignificant
(P>0.05).

The highest weight gain among the trial groups was
observed in group 16, followed by groups 15 and 13,
respectively. The lowest weight gain was observed in groups
1 and 6, and the differences between these groups and others
were statistically significant (P<0.05) (Table 2).
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Table 2. Growth parameters, feed conversation ratio (FCR) and survival rate of guppy (Poecilia reticulata) fed different amounts of vitamin

for 90 days (mean+ standard error).

Experimental Groups* Final Weight (g) Weight gain (g) Specific Growth Rate (%) Feed Conversion Ratio Survival Rate (%)
1 0.079+0.03 0.069+0.07° 2.19+£0.01° 2.52+0.05" 84.44+0.70°
2 0.107+0.07 0.097+0.09¢ 2.53£0.01¢ 1.560.01° 91.10+0.70°
3 0.106+0.07 0.095+0.08¢ 2.51£0.00¢ 1.96£0.112 93.33+1.21°¢
4 0.110+0.01 0.098+0.02¢ 2.55+0.01¢ 1.37+0.00° 100.0£0.00¢
5 0.110+0.01 0.098+0.02° 2.55+0.01¢ 1.24+0.04< 91.10+0.70°
6 0.100+0.01 0.089+0.02° 2.45+0.00° 1.24£0.02¢¢ 93.33+0.00¢
7 0.140+0.12 0.103+0.10% 2.59+0.03%¢ 1.38+0.04° 100.0+0.00¢
8 0.124+0.08 0.112+0.04¢ 2.68+0.01¢ 1.31+0.08¢ 93.33+1.21¢
9 0.129+0.00 0.117+0.00¢ 2.73+0.00° 1.22+0.02¢ 100.0+0.00¢
10 0.130+0.01 0.119+0.11¢% 2.74+0.00° 1.27+0.00¢ 100.0+0.00¢
11 0.146+0.02 0.135+0.06" 2.86+0.03" 1.21+0.04¢ 93.33+0.00°
12 0.163+0.01 0.152+0.02¢ 2.99+0.01¢ 1.05+0.04% 100.0+0.00¢
13 0.185+0.01 0.174+0.03" 3.13+0.00" 0.73+0.02% 100.0£0.00¢
14 0.167+0.01 0.156+0.00¢ 3.02+0.012 0.68+0.01% 100.0+0.00¢
15 0.202+0.01 0.191+0.00 3.23+0.01" 0.61+0.01° 100.00.00¢
16 0.256+0.01 0.245+0.00" 3.49+0.01" 0.47+0.01° 100.0+0.00¢

Different letters in the same column indicate significant differences between the experimental groups (P<0.05).

When specific growth rates of the fish were
evaluated, it was observed that guppy fry in group 16,
which were fed with 300 mg vitamin E/kg+1000 mg
vitamin C/kg supplemented feed, had the highest rate
(3.50+0.01) whereas, guppy fry in group 1, which were fed
with vitamins C and E deficient control feed, showed the
lowest rate (2.19+0.01). The difference between each
group was found to be statistically significant (P<0.05).

Among the experimental groups, the lowest feed
conversion ratio was observed in group 16, and the highest
was in group 1 (the control). Regarding the feed conversion
ratio, differences between group 16, which had the lowest
rate, and the remaining groups were observed to be
statistically significant (P<0.05).

When the survival rate of each group was
examined, it was found that mortalities were only in groups
1,2,3,5,6,8and 11. There were no mortalities in the other
9 groups. Differences between the groups, in which
mortalities occurred, and the remaining groups, were found
to be statistically significant (P<0.05).

At the end of the experiment, it was observed that
the fish in groups 12, 13, 14, 15, and 16 reached sexual
maturity. Furthermore, in group 16, a total of 18 fish fry
were collected from aquaria 16-1 and 16-2 on the 87" day.
When sexually mature fish in groups 12, 13, 14, 15, and 16
were counted separately as female (F) and male (M), the
numbers were as follows: 26F-19M, 26F-19M, 27F-18M,
27F-18M, and 30F-15M, respectively.

In the study conducted by NRC (1993), it was
reported that the required level of vitamin C and vitamin E
for fish to grow, reproduce and sustain vital functions
varies between 40-500 mg vitamin C/kg, and between 50-
250 mg vitamin E/kg. Levels of vitamins C and E added to
the feed in the present study were parallel to the levels
reported by NRC (1993).

Vitamin C and E are very essentials for most fish
species like as ornamental fish. It has also been recognized
that these vitamins are among the most important nutrients
that affect various aspects of fish including growth and
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survival (Khara et al., 2016; Liu et al., 2016; Liu et al.,
2018). When each group was statistically analyzed, the fish
in group 16 had the highest mean individual weight gain,
total weight gain, daily weight gain, specific growth rate,
and the lowest feed conversion ratio. When each group was
analyzed regarding growth parameters, there were
statistically significant differences between fish in group
16 and the others (P<0.05). Moreover, the lowest values
belonged to fish in group 1 (the control group), which were
fed with vitamins C and E deficient feed. Groups that were
fed with feed containing merely vitamin C, or E additives
were statistically similar (P>0.05).

As ascorbic acid reserves are used out during the
larval development of fish (Dabrowski et al., 1988, 1989;
Dabrowski, 1990), it has been suggested that vitamin C
requirements of fish during the early stages of their lives
are might be higher than fingerling and maturity stages
(NRC, 1993). Since fish are unable to synthesize vitamin
C (ascorbic acid), they depend on dietary intake. The
required level of vitamin C intake varies according to
species, age, and physiological state (Hossu et al., 2003).
In the study conducted by Shiau & Jan, (1992) it was
reported that the ascorbic acid requirement of catfish, trout,
and carp decreases as their size increases. Concordantly,
considering the mean initial weight of the fish and the fact
that they are fry, weight gain at the end of the trial increased
depending on the level of vitamin addition. In the studies
conducted by Dabrowski et al., (1988, 1989) it was
suggested that the vitamin C requirement of fish during the
early stages of life might be greater than fingerling and
maturity stages since ascorbic acid reserves are depleted
during the larval development.

Chen et al., (2004) conducted a study in which
they fed Notemigonus crysoleucas with a-tocopherol (0
and 38 mg of a-tocopherol/kg feed) and ascorbic acid (23,
43, 98, and 222 mg ascorbic acid/kg feed) supplemented
feed. In the study, they evaluated the growth, survival,
immunity, and stress response of the fish (with 0.75 g
initial weight) to determine vitamin E deficiency. At the
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end of 14 weeks, they reported that o-tocopherol
supplementation did not affect the weight gain, but
increased the survival rate of the fish. In the present study,
the lowest survival rate was observed in Group I, 100%
survival rate was observed in group 4 (maximum vitamin
E level), group 7 (maximum vitamin C level), groups 9, 10,
12, 13, 14, 15, and 16 (increasing levels of vitamins C and
E combined).

In the study conducted by Gouillou-Coustans et
al., (1998) on Cyprinus carpio larvae, it was reported that
although the vitamin requirement of fish increased
gradually as they grew from the larval stage, it was greater
during the first stage of growth and reproduction,
compared to other stages of life. Similarly, we observed
that the vitamin requirement of guppy fry continued to
increase as they grew, as suggested by Gouillou-Coustans
et al., (1998).

Blom & Dabrowski, (2000) added 0, 30, 120, 360,
720, and 1440 mg vitamin C/kg to the feed, to determine
the vitamin C requirement of angelfish. At the end of the
experiment, they determined the weight gain and the feed
conversion ratio values of the fish (with 1.12+0.08 g initial
mean weight). After 14 weeks, they reported that the
differences between the groups fed with 0, 30, and 120 mg
vitamin C/kg and the groups fed with 360, 720, and 1440
mg vitamin C/kg, were statistically significant (P<0.05).
However, the differences among the latter groups were
statistically insignificant (P>0.05). In the present study
conducted on fry, group 16 showed the highest weight
gain. The experimental feed received by this group
contained 1000 mg vitamin C/kg, with proximity to 1440
mg vitamin C/kg, as specified in the literature.

Galaz et al., (2010) investigated the effects of
vitamin E supplementation in various levels (0, 25, 50, 75,
100, and 500 mg/kg) on the growth performance of
Oplegnathus fasciatus (barred knifejaw) juveniles and its
efficacy against Vibrio anguillarum. After 12 weeks, they
analyzed the weight gain, feed conversion ratio, and
survival rate values. At the end of the experiment, they
reported a 100% survival rate in all experimental groups.
They also stated that the highest weight gain (60.2+0.80)
and the lowest feed conversion ratio values (1.39+0.01)
were observed in the group fed with 25 mg vitamin E/kg
supplementation. In our study, vitamin E was added into
the feed in various levels (0, 75, 150, and 300 mg/kg). We
observed that as vitamin E level increased, the weight gain
values of fish also increased, and the feed conversion ratio
decreased. This result differs from the study of Galaz et al.,
(2010).

Mehrad & Sudagar (2010a, b) have done two
studies on the effect of vitamin in guppies. In the first one
(2010a), they investigated the effect of Vitamin C on
growth, survival, reproduction and sex ratios in guppy, and
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in the other study (2010b), the effects of Vitamin E on
growth and reproduction in guppy fish. In two studies, the
body weight increase (BWI), percent body weight increase
(PBWI), specific growth rate (SGR) and daily growth rate
(DGR) of guppies were increased significantly with
increasing the levels of vitamin C and vitamin E (P<0.05).

In conclusion, in the light of the findings of this
study, it was determined that as the levels of vitamins C
and E supplementation increased, the growth and survival
rates of guppy fry also increased.
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Oz: Bu caligmada, altin cilek meyve ekstresi-bakir (IT) (Cu?*) iyonlar1 nanoflower (hNFs) (cigek
sekilli hibrit nanoyapilar) ve altin ¢ilek kabuk ekstresi-bakir (II) (Cu?") iyonlar1 nanoflower
(hNFs) sentezlendi. Ve bu sentezlerin gida kaynakli bakteriyel patojenler (Staphylococcus
aureus, Escherichia coli, Aeromonas spp. ve Basillus cereus) lizerine antimikrobiyal etkisi ayrica
sentezlenen ¢igek sekilli hibrit nanoyapilarin morfolojileri incelendi. Altin ¢ilek kabugu
ekstresinin (ACKE) ve altin ¢ilek meyve ekstresinin (ACME) ana bilesikleri organik bilesenler
olarak ve bakir (II) (Cu? *) iyonlari inorganik bilesenler olarak sentezlendi. ACME-Cu?*
nanoflowerlari, ACKE-Cu?" nanoflower'lara kiyasla olduk¢a kompakt, gézenekli ve {iniformdur.
NF'lerin yapilarini gozlemlemek i¢in Fourier Doniisimii Kizildtesi spektrometresi (FT-IR),
*Sorumlu yazarm: Taramali Elektron Mikroskobu (SEM) ve Enerji Dagilimli X-151n1 (EDX) spektroskopisi
Ayse DEMIRBAS kullanildi. FT-IR'nin bulgulari, NF'deki Cu-O ve Cu-N baglarmi gosterir ve bu NF'lerin
Recep Tayyip Erdogan Universitesi, Su gelisiminin bir gdstergesi olabilir. Bununla birlikte, ACME-hNF'lerin ve ACKE-hNF'lerin gida
Uriinleri Fakiiltesi, Rize, 53100, Tiirkiye f . .. . . - o .. ] e . .
: ayse. demirbas@erdogan.edu.r patOJ.enlerl.ne kars} antlmlkrobl}{a.l etkileri dogrulandi. HNF lerin antlrnlklrobly'fll etkilerinin bitki

ozlerindeki negative veya pozitif yiikli molekiiller ile bagantili olabilecegi bununda NF'ler
arasindaki reaksiyonu artirabilecegi s6z konusu olabilir.

*12: https://oreid.org/0000-0002-7629-3263

Anahtar Kkelimeler: Altin cilek, antimikrobiyal, gida patojenleri, kabuk, meyve suyu,
nanoyapilar.

Comparison Study of Morphologic Structures of Synthesized Hybrid Nanoflowers
Using Goldenberry / Cape gooseberry (Physalis peruviana) and Their Antimicrobial
Activity on Food Pathogens

Abstract: In this work, we synthesized goldenberry peel extract-copper (II) (Cu?*) ions
nanoflower (NFs) and goldenberry fruit extract-copper (II) (Cu?*) ions nanoflower (NFs) examine
their antimicrobial properties on the food pathogen (Staphylococcus aureus, Escherichia coli,
Aeromonas spp. and Basillus cereus). The main compounds of the goldenberry peel extract
(GBPE) and the goldenberry fruit extract (GBFE) were organic components, and the copper (1)
(Cu?*) ions were inorganic components. GBFE-Cu? * nanoflowers are quite compact, porous, and
uniform as compared to GBPE-Cu?* nanoflowers. Fourier Transform Infrared spectrometry (FT-
IR), Scanning Electron Microscopy (SEM), and Energy-Dispersive X-ray (EDX) spectroscopy
*Corresponding author’s: were used to observe the structures of the NFs. The findings of FT-IR show Cu-O and Cu—N
Ayse DEMIRBAS bonds in NFs, which may be an indicator of the development of NFs. Although the antimicrobial
Recep Tayyip Erdogan University, Faculty of actions of GBPE-hNFs and GBFE-hNFs against food pathogens have been confirmed. The
g}“z;‘::’ d‘::iii’bzzéggr’ dz‘;;ﬁez e prospective pathways of the antimicrobial impacts of hNFs can be negatively/positively charged
B o molecules in plant extracts, which could enhance the reaction between NFs.

Keywords: Antimicrobial, bark, food pathogens, goldenberry, juice , nanostructures .
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GIRiS

Son zamanlarda, “nanoflower (hNF'ler)” olarak
adlandirilan organik-inorganik ¢icek seklindeki hibrit
nanoyapilar, ilk olarak Zare ve arkadaglari tarafindan
kesfedilip inorganik bir kisim olarak Cu? * ve organik
bilesikler olarak protein / enzim kullanarak ve katalitik
aktivite ve stabiliteyi destekledigi tanimlanmistir (Ge vd.,
2012).

NF'ler, enzim saflastirma siiregleri, ila¢ dagitimi,
as1 calismalar1 ve ¢evre koruma i¢in olasi uygulamalar gibi
endiistriyel alanlar i¢cin de o6nemlidir (Lee vd., 2015;
Shaalan vd., 2016; Shende vd., 2018; Dar vd., 2020).
Altinkaynak ve digerleri (2016), laktoperoksidazdan
tiiretilen hNF'lerin serbest laktoperoksidazdan daha verimli
katalitik aktivite gosterdigini ve reaksiyon bitmeden once
hNF'lerin yeniden kullanilabilirligini gozlemlemistir.
NF'nin kesfinden bu yana yaban turpu peroksidaz (Ocsoy
vd., 2015), peroksidaz (Altinkaynak vd., 2016 gibi ¢oklu
enzimler yeni NF'lerin iretimi i¢in organik bilesenleri
olusturmustur. Bunlarin yani sira bitki 6ziitleride ¢ok
kullanilan organik bilesikler arasindadir (Wu vd., 2016;
Baldemir vd., 2017; Shende vd., 2018; Yilmaz vd., 2016;
Kong vd., 2019; Dadi vd., 2020; Koca vd., 2020).

Bu calismada ilk kez ACKE ve ACME (organik)
ve Cu?" (inorganik) bilesenlerinin etkilesimi ile Cu-
hNF'lerin biyolojik sentezi yapilmis ve antimikrobiyal
ozellikleri gida  kaynakli  bekteriyel patojenlere
(Staphylococcus aureus, Escherichia coli, Aeromonas spp.
ve Basillus cereus) kars test edilmistir. Literatiirde varilen
aragtirma sonuglarma gore gida patojenleri diinya
genelinde insanlarda zehirlenmelere, kalici ve geri
doniigiimii olmayan hasarlara ve hatta dliimlere sebebiyet
vermektedir. Bu nedenle biz de bu ¢alismamizda gida
patojenlerini ele alarak antimikrobiyal etkisini arastirmay1
hedefledik. Elde edilen Cu-hNF’lerin karakterizasyonu ise
enerji dagilimli X-151n1 spektroskopisi, Fourier doniistimii
kizil6tesi spektrometresi (FT-IR) ve elektron mikroskobu
(SEM) tarama gorintiileri ile analiz edilmistir.

MATERYAL VE METOT

Hibrit Nanoflower'in Hazirlanmasi: Hibrit
nanoflower (hNF) sentezi, Somturk (2015) siirecine dnemli
Olgiide  gilincellenen  bir  yaklagim
gerceklestirildi. Ikinci olarak, ultra saf su icinde 120 mM
CuSOy4 stok ¢ozeltisi hazirlandi. Ardindan, 0.2 mL sulu
bitki oziitli (kabuklar1 ve meyve) igeren 9 mL 10 mM PBS
¢ozeltisine (pH 7.4) 60 uL. CuS0; stok ¢ozeltisi ilave edildi.
Bu nihai karigim, kuvvetli bir sekilde ¢alkaland1 ve sonra
oda sicakliginda 72 saat (RT = 20 °C) inkiibasyon i¢in
dokunulmadan birakildi. Inkiibasyondan sonra, HNF
biiylime islemi tamamlandi ve karisim, mavi renkli bir
cokelti olusturmak i¢in santrifiijlendi. Elde edilen ¢okelti

kullanilarak
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en az 3 kez deiyonize su ile yikandi ve reaksiyona
girmemis materyalleri uzaklagtirmak i¢in 12000 rpm'de 10
dakika santrifiijlendi. hNF ¢okeltisi karakterizasyon islemi
i¢in oda sicakliginda kapali bir alanda kurutuldu.

hNF'lerin karakterizasyonu: Taramali elektron
mikroskobu (SEM), ZEISS EVO LS10 cihazinda
(Oberkochen,  Almanya)  nanoflower
karakterize etmek igin kullanilmistir. Enerji dagitict X-1s1n1
(EDX-ZEISS EVO LS10) cihazi, nanoflowerlarm
elemental analiz etmek i¢in kullanilmistir. Nanoflower
kristal yapisi, X-15mn1 kirinim analizi (XRD-BRUKER
AXS DS) (Karlsruhe, Almanya) ile tanimlanmistir. Fourier
Doniisimii = Kizildtesi  Spektroskopisinin -~ (FT-IR)
nanoflower spektrumlarinin, FTIR Spektrometresi (Perkin
Elmer 400 Spotlight 400 Goriintiileme Sistemi, Waltham,
ABD) caligtirilarak kimyasal bilesimini test ettigi
gdzlenmistir.

Antibakteriyel aktivite: Daha o6nce belirtildigi
gibi, hNF'lerin antibakteriyel islevini degerlendirmek i¢in
agar disk difiizyon yaklagimi kullanilmistir (Koca vd.,
2020; Baldemir vd., 2017). Kisaca, 0.5 ug/mL hNF'ler,
gida kaynakli bakteriyel patojenlerin gelisimini inhibe
etmek i¢in kullanilir. 1.0x10% CFU/mL konsantrasyondaki
bakteri kolonileri, ayn1 hNFs konsantrasyonlar1 ile
belirlenmistir. Kiiltiir plakalarinin 37 °C'de 24 saat inkiibe
edilmesinden sonra, bakteriyel biiylimenin inhibisyon alan1
milimetre olarak 6l¢iildii (Shrivastava vd., 2007). Her
bakteri susu i¢in ii¢ tekrarli olarak gergeklestirilmistir.

goriintiileri

BULGULAR

hNF'lerin sentezi ve karakterizasyonu: Bu
caligmada, ACKE ve ACME ilk olarak c¢icek benzeri
yapilar olusturmak ig¢in organik bir bilesen olarak
kullanmilmustir. Literatiirde bulunan c¢esitli ¢aligmalar ile
sunulan ¢aligmanin organik-inorganik hibrit nanoyapilarin
olusum mekanizmast da yapilan analiz sonuglariyla
benzerlik gosterdigi kanitlanmistir. (Koca vd. 2020; Ge vd.
2012; Altinkaynak vd., 2016b; Ariza-Avidad vd., 2016;
Thawari vd., 2016; Sun vd., 2014). Altin ¢ilek kabugu ve
meyve (Sekil. 1) ekstresinin Cu-hNF biyosentezi bu
calismada gerceklestirilmis ve antimikrobiyal aktiviteleri
degerlendirilmistir. SEM tarafindan yapilan gozlemler,
Cu-hNF'lerin ¢igege benzer yapilar oldugu dogrulanmistir
(Sekil 2A, B, C, D, ve Sekil 3A, B, C, D). Petal benzeri
yapilar, asagida gorildiigii gibi ¢icek yapilarinin
gelisiminde rol oynamustir.

Ayrica ayni bitkilerin Cu-hNFs kabugu ve meyve
suyu bazli Cu-hNF'ler ile dis ve i¢ bilesenlerinin etkisi
incelenmis ve AKME ekstraktlart kullanilarak Cu-
hNF'lerin mitkemmel sekilde olustugu gorilmiistiir (Sekil
2). Cicek seklindeki ACME-hNF'ler, AKME-hNF’lere
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gore daha giiglii  siki  petaller  olusturduklar

gozlemlenmistir (Sekil 3A, B, C, D) ACKE kullanilarak
sentezlenen Cu-hNF'lerde ¢icek seklindeki yapilarin
onemli dl¢iide dagildigi da gozlenmistir (Sekil 3A, B, C,
D).

A k =l C = =
Sekil 1. Altin ¢ilek meyvesi (A), Altin gilek kabugu (B).
Figure 1. Goldenberry fruit (A), peel of goldenberry (B).

= - T ——— B T T —
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Sekil 2. ACME-hNFs ‘larin SEM goriintiileri.
Figure 2. SEM images of GBFE-hNFs.
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Sekil 3. ACKE-hNFs ‘larin SEM goriintiileri.
Figure 3. SEM Images of GBPE-hNFs.

FT-IR (Sekil 4. ve 5) ve EDX (Sekil 6),
incelemesi Cu-hNF'lerin kurucu yapilarin1 degerlendirmek
icin kullanilir. Cu-hNF sentezinde yer alan fonksiyonel
gruplarin  varligmi  belirlemek i¢cin, NF'ler FT-IR
spektroskopisi (400 - 4000 cm™' arasinda) ile karakterize
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edilir. ACME ve ACKE ile sentezlenen Cu-hNF'lerin
antimikrobiyal etkileri, gida patojenlerine kars1 kapsamli
bir sekilde kontrol edilmigtir. Cu-hNF'lerin DISC igerigi,
Olglilen tiim mikroorganizmalar igin 10 lg/mL'lik bir
konsantrasyonda tahmin edilmistir (Sekil. 7).

00
40000 3000 2000 (£ 1000

2 N
Sekil 4. FT-IR ACME-hNFs larin sonuglari.
Figure 4. FT-IR results of GBFE-hNFs.

L0000 3000 2000 1400 (L]
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Sekil 5. FT-IR ACKE-hNFs larin sonuglari.
Figure 5. FT-IR results of GBPE-hNFs.
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Sekil 6. FT-IR ACKE (A) ve ACME (B) lerin sonuglar1
Figure 6. FT-IR results of GBPE (A) and GBFE (B)

Sekil 7. ACKE-hNFs (A) ve ACME-hNFs (B) lerin EDX
sonuglari.
Figure 7. EDX results of GBFE-hNFs (A) and GBPE-hNFs (B).
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wACME-hNFs ® ACKE-hNFs .
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Sekil 8. ACME-hNFs, ACKE-hNFs lerin antimikrobiyel etkisi
(inhibasyon (mm)) degerleri (S.A.: Staphylococcus aureus, E.C.:
Escherichia coli, A.S.: Aeromonas spp. ve B.C.: Basillus cereus)
Figure 8. Antimicrobial effects of GBFE-hNFs and GBPE-hNFs
(Inhibtion value (mm)) (S.A.: Staphylococcus aureus, E.C.:
Escherichia coli, A.S.: Aeromonas spp. ve B.C.: Basillus cereus)

TARTISMA VE SONUC

Koca ve ekibinin yapmis oldugu caliymada da
benzer sekilde Onceki deneylerde Cu-hNFs sentezinde
organik ve inorganik bilesiklerin konsantrasyonunun veya
cesitliliginin, sirasindaki  pH
reaksiyon siiresinin énemli rol oynadig: tespit edilmistir
(Koca vd., 2020). Baldemir vd. (2017), Cu iyonlari ve amin
gruplarmin  fosfat tamponlama  (niikleasyon) ile
baglanmasmi ilk adim olarak tanimlayip; Cu iyon bitki
ekstraktindaki amin gruplarmin reaksiyonu sonucu olusan
Cu-hNF'lerin olusum mekanizmasini belirledigini ortaya
koymustur.  Daha sonra ki siiregte, Cu-proteininin
gelisiminin (bliylime) tagyapraklar tarafindan iretildigi
ikinci adim ve son adim olarak da anizotropik biiylimenin
ve ¢igcek olusumunun tamamlandigi (tamamlanma) ii¢lincii
asama ile sonuglandigini belirtmistir. HNF'lerin olugum
mekanizmasina gore amin gruplarinin metale baglanma
kabiliyeti ortam pH'ma bagli oldugu rapor edilmistir
(Nhung vd., 2013).

SEM fotograflari, kiigiik boyut araliginda kiiresel
morfolojiler oldugunu  goéstermektedir. ACME-Cu-
NF'lerin ¢ap1 da SEM goriintiileriyle 15-18 pm'de 6l¢iildii.
ACKE ekstresi ile sentezlenen Cu-NF'lerin ortalamasi ise
20 pm olarak Olglilmiistiir ve Onceki arastirmalari
dogrulamaktadir (Koca vd., 2020; Baldemir vd., 2017).
FT-IR analizi ile belirlenen ACME-hNF'lerin karakteristik
kirinim noktalar1 3673.9 cm™, 2987.3 -2904.1cm!, 1393.8
cm!, 1250.0 cm!, 1046.8cm’!, sirastyla (CH), amin tuzlari
(NH), alken (C = C), fenol (OH), alkilhalid (CF) ve alkol
(CO) bant titresimleri (Sekil 4) (Koca vd., 2020; Baldemir
vd., 2017). Spektrumda gozlenen diger ACME-hNF
kirmimlar: 985 cm™!, 887 cm™!, 624 cm’!, 557 cm’' fosfat
gruplarmin titresimine karsilik gelir PO4)*(Koca vd., 2020;
Cho vd., 2008). FT-IR analizi ile belirlenen ACKE-
hNF'lerin karakteristik kirtim zirveleri ise 3673 cm’,
2987-2906 cm, 1622.3 cm, 1393.8 ecm!, 1250.0 cm™,
1136.7 cm™, (CH), amini tuzlarm isaret ediyor (NH),
alken (C = C), fenol (OH), alkilhalid (CF) ve alkol (CO)

sentez seviyesinin ve
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bant titresimleri sirasiyla (Sekil 5) (Koca vd., 2020;
Baldemir vd., 2017). 984,59 cm, 615.49 cm™!, 556.04 cm
! spektrumunda bulunan diger ACKE-hNF zirveleri fosfat
grubu titresimine (PO43-) karsilik gelir (Koca vd., 2020;
Cho vd., 2008). Sekil 6 da verildigi gibi sadece bitki
ektstraklarmin ~ FT-IR  sonuglar1  verilmistir. FT-IR
calismasi, ACME ve ACKE'ye dayali Cu-hNF'lerin PBS
tamponunda sentezlendigi sonucuna varmistir. Cu-
NF'lerin kimyasal bilesimi bir EDX analizi kullanilarak
hesaplanmistir. EDX spektrumunun hNF iskeletinde Cu
varlig1 dogrulanmistir (Sekil 7). ACME bazli Cu-hNF'ler
kiiresel bir yapiya sahiptir ve karakterizasyon bulgularina
gore PBS tamponunda 15 um c¢ap basarihi bir sekilde
sentezlenmistir. Staphylococcus aureus; i¢in ACME ve
ACKE bazli hNF'lerin olusturdugu inhibisyon bolgelerinin
sirastyla 15.66 ve 18 mm oldugu, Escherichia coli igin; 16
mm ve 15 mm, Aeromonas spp. i¢in; 10 mm ve 12 mm,
Basillus cereus igin; 35 mm ve 34 mm olarak 6l¢iilmiistiir
(Sekil 8). HNF'lerdeki Cu? * iyonlari, Cu' * hidrojen
radikallerine neden olan HO, varliginda Cu! * iyonlari
icerir. Bu radikallerin bakteri zarina zarar verdigi ve
bakteri hiicrelerini tahrip ettigi  diistinilmektedir.
(Baldemir vd., 2017).

Sonug olarak; ACME den elde edilen hNF'ler iyi
dagilmus, tek tip ve kiiresel olarak gézlemlenmistir. Hem
ACME-Cu?" hNF'ler hem de ACKE-Cu?" hNF'ler, gida
kaynakli bakteriyel patojenlere (Staphylococcus aureus,
Escherichia coli, Aeromonas spp. ve Basillus cereus) karsi
yiiksek antimikrobiyal aktivite gostermistir. Bununla
birlikte, hem ACME-Cu?" hNF'ler hem de ACKE-Cu?"
hNF'ler gida sektorii uygulamalari i¢in diistiniilebilir veya
patojenik mikroorganizmalara kars1 antimikrobiyal etkileri
nedeniyle gida paketleme materyallerinde kullanimi
arastirilip gelistirilebilir.
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Abstract: In the last century, the world has faced many factors that cause pandemics. There have

*(2): https://orcid.org/0000-0003-2855-0496 been three major epidemics caused by coronaviruses in the last 17 years. World Health
: https://orcid.org/0000-0002-9629-3973 Organization (WHO) announced on March 11 2020 that the most recent outbreak, SARS-CoV-

2, turned from epidemic to global pandemic. Although the fact that the major transmission routes

of SARS-CoV-2 are inhalation of aerosol/droplet and person-to-person contact, available

evidence indicates the viral RNA existence in wastewater. This situation brings out the need for

a better understanding of wastewater amongst other human health risks factors. The aim of this

article is to review the available knowledge related to SARS-CoV-2 and its presence in

wastewater/water, usage of membrane technologies for the removal of SARS-CoV-2 in

i‘;:;;ei;":;:‘fg‘lgza“‘h"’s‘ wastewater/water, and effect of SARS-CoV-2 on public health. Although currently available
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Health Services, Sakarya, Turkey technologies can be a potential candidate for reducing the impact of the ongoing COVID-19
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outbreak.
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Membran Teknolojileriyle Su ve Atik Sudan SARS-CoV-22’nin
Uzaklastirilmasi-Kisa Bir Derleme

Oz: Diinya, bir asirdir salginlara neden olan birgok faktorle karsi karsiya kaldi. Son 17 yilda
koronaviriislerin neden oldugu {i¢ biiytik salgin yasandi. En son salgin olan SARS CoV-2’i Diinya
Saglik Orgiitii (DSO) 11 Mart 2020’de salgindan kiiresel pandemiye doniistiigiinii duyurdu.
SARS-CoV-2’nin ana bulagma yollarinin kisiden kisiye temas ve aerosol / damlacik inhalasyonu
olmasina ragmen, viral RNA’nin atik suda bulundugunu gésteren mevcut kanitlar da vardir. Bu
durum, insan saglig: risk faktorleri arasinda atik suyun daha iyi anlasilmasi ihtiyacini ortaya

*Sorumlu yazar: cikarmaktadir. Bu makale, SARS-CoV-2 ile iliskili mevcut bilgileri ve onun atik sulardaki

Yasemin YILDIZ varligini, sudaki/atik sudaki SARS CoV-2’nin giderilmesi icin membran teknolojilerini ve SARS-
Sakarya Universitesi, Saglik Hizmetleri CoV-2’nin halk sagh@i tizerindeki etkisi ile ilgili mevcut bilgileri gbzden gegirmeyi
I}’{;Sklg]keY“ksekOk‘ﬂ“’ LI amaglamaktadir. Hali hazirda mevcut veriler, saflastirma teknikleriyle SARS-CoV-2 giderimi
B<: yyildiz@sakarya.edu.tr i¢in sinirli olsa da, membran teknolojileri, devam eden COVID 19 salgininin etkisini azaltmada

potansiyel bir aday olabilir

Anahtar kelimeler: SARS-CoV-2, halk saghgi, su, atiksu, uzaklastirma ve membran
teknolojileri.
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INTRODUCTION

The new coronavirus disease, known as Covid-19
(SARS-CoV-2), emerged in Wuhan, China in December
2019. It started to spread rapidly. Public Health Emergency
of International Concern announced epidemic on 30 January
2020. World Health Organization (WHO) updated outbreak
from epidemic to global pandemic on Marchll 2020.
Globally, 29 November 2020, there have been 61.869.330
confirmed cases of SARS-CoV-2, including 1.448.896
deaths, reported to WHO.

Coronavirus virion is virus that is enveloped,
spherical, and about 120 nm in diameter which severe acute
respiratory syndrome-related coronavirus in the subgenus
sarbecovirus of the family coronaviridae (Kitajima et al.,
2020; Rosa et al., 2020). Although it firstly influences the
respiratory system of patients, it has a wide series of
symptoms, especially the symptoms of the digestive system
are common among patients. Also, a significant number of
infected people are asymptomatic or have soft evidences, but
they can still infect the virus. In the first cases, SARS-CoV-
2 transmission was reported to occur from patients with
direct contact and sneezing or coughing. However, it has
been reported that virus may stay alive on surface and the
viability period of the virus may change depending on the
surface feature. In addition, SARS-CoV-2 RNA was also
identified in human feces in at least 39% of patients tested,
thus presenting the possibility of fecal-oral transmission
(Lesimple et al., 2020). It is understood that this possibility
is a strong assumption considering that the virus enters the
cells via angiotensin converting enzyme 2 (ACE 2) receptor.
Because ACE 2 receptor has been determined to be highly
expressed in epithelial cells of the gastrointestinal tract. That
is, SARS-CoV-2 can be actively infected and multiplied in
the gastrointestinal tract (Hakim & Sari, 2020). To date,
many studies have been conducted showing that viruses are
proliferating in the gastrointestinal tract, and that 2-10% of
COVID-19 (SARS-CoV-2) patients have gastrointestinal
symptoms, including diarrhea (Chen et al., 2020a, Chen et
al., 2020b; Gao et al., 2020; Leung et al., 2003; Wang et al.,
2020a, Wang et al., 2020b, Wang et al., 2020c; Zhou et al.,
2017). Nowadays, there are many studies demonstrating the
presence of viral RNA in feces or anal / rectal swabs
(Holshue et al., 2020; Tang et al., 2020; Xu et al., 2020;
Young et al., 2020; Zhang et al.,2019).

There has been increasing arguments about
gastrointestinal symptoms caused by SARS-CoV-2
infections and the presence of viral RNA, not only in feces
of infected individuals but also in wastewater. Wastewater
and wastewater treatment is a wide field and complete
description of it is not the aim of this review. This work will
focus on the literature containing membrane techniques used
for virus removal. Usage of model viruses to evaluate the
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efficiency of wastewater treatment methods and membrane
techniques will be introduced. But, current knowledge of the
presence of CoVs in wastewater will likely be limited due to
the lack of previous environmental research focusing on
CoVs. (Hakim & Sari, 2020; Ling et al.,, 2019; Ong et
al.,2020; Yang et al., 2020; Zhang et al., 2019).

This study will provide information that will help
us understand the relationship of SARS-CoV-2 in
wastewater/water and public health risks.

MATERIAL

The review was prepared based on literature search
in the following databases for publications up to 29
November 2020; Pub Med; Web of Science, ScienceDirect,
Google scholar and ResearchGate. The keywords utilized for
the search were; Coronavirus or Severe Acute Respiratory
Syndrome or SARS or SARS-CoV or SARS-CoV-2 or
COVID-19 and Wastewater/water or Sewage or Feces or
Gastrointestinal infections. All results of the search were
scanned manually for related information and their
references also searched for additional publications that may
be relevant. Articles reporting on SARS-CoV-2 that do not
present information on the detection of the virus in feces,
wastewater/water, and sewage were only taken into
consideration on condition that, they offered information on
the structures of these viruses and pandemics.

Survival of SARS-CoV-2 in Water and
Wastewater and Its Effect on Public Health: Inactivation of
pathogens in water and wastewater is important as it is
among the risk factors affecting human health. In many
studies, coronovirus has been found to remain in wastewater,
chlorine-free tap water, urine and feces for a long time. In
the statement made by the world healthy organization; it was
stated that there is no evidence that the virus survived in
wastewater and drinking water. The statement also claims
that it has more sensitivity than most non-enveloped viruses
(WHO, 2020d). In this case, existing wastewater treatment
plants are sufficient to inactivate SARS-CoV-2. Although
limited, some studies have reported that SARS-CoV-2 stays
in aquatic environments for a long time and retains its
contamination,  depending on  temperature  and
physicochemical factors (Pratelli, 2008). When considered
from this point of view, identifying and controlling these
factors are consequential to state the permanence of SARS-
CoV-2 in sewage and environmental waters. The presence of
respiratory viruses, including adenoviruses,
coxsackieviruses and CoVs in wastewater has been reported
in previous studies (Sinclair et al., 2008; Wang et al., 2005g;
Wigginton et al., 2015). Although the etiological agent is not
often described, there is no uncertainty that swimming in
sewage contaminated waters is connected with respiratory
disease (Wade et al., 2010). In Switzerland, there was no
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health effect on garbage collectors and wastewater treatment
plant (WWTP) workers (Tschopp et al., 2011). Unlike
Tschopp et al., (2011) studies, gastrointestinal effects were
seen in three other studies, and two of these three studies
attracted attention with effects on respiratory health (Khuder
et al., 1998, Lee et al., 2009, Smit et al., 2005). Although
there are differences among the studies; wastewater
treatment plants pose a risk to both employees and public
health. In this case, the first solution that comes to mind is
the agents that can be used to remove SARS-CoV-2. Chin et
al., (2020) reported that the SARS-CoV-2 was removed with
chemicals such as bleach, ethanol, benzylalkonium chloride,
povidone iodine and chloroxylenol in the 2020 studies.
These studies show that SARS-CoV-2 can be inactivated by
temperature and chemicals. It has even been confirmed by
the United States Environmental Protection Agency
(USEPA) that some disinfectants inactivate SARS-CoV-2
(USEPA, 2020). According to USEPA, suitable
disinfectants with proven efficacy against enveloped viruses
should be used (eg hypochlorite [bleach], alcohol, hydrogen
peroxide, quaternary ammonium compounds and phenolic
compounds) (Kitajima et al., 2020). Even if these
disinfectants are used, fecal shedding from patients or
carriers still pose a risk in common toilets, bathrooms, pools
and wastewater. Therefore, in order to remove the virus from
these areas, it is first necessary to identify the virus in these
areas. It is known that too much research is needed for
identification and the difficulty of these researches.
Common areas can be cleaned frequently to avoid
possible risks, but this is not the case in wastewater. Casual
changes in viral concentrations in wastewater can lead to the
asset or nonexistence of a virus, epidemics in the population,
and their impact on public health. Therefore, wastewater
monitoring can be an important technique to evaluate and
deal with viral outbreaks and to protect public health.
Considering that SARS-CoV-2 patients with very mild
symptoms will not be identified and approximately 80% of
the contacts will be missed, monitoring SARS-CoV-2 in
wastewater will be important in determining the incidence of
the disease. Thus, wastewater-based epidemiology is
thought to be an early warning system for public health and
future viral disease outbreaks. However, the difficulty of
applying this technique is also known. Some of these
challenges are the amount and dynamics of viral spills in the
feces, viral persistence in the sewer network, change in the
wastewater flow from the climate. So, SARS-CoV-2’s
surveillance in wastewater is valuable; it is clear that it
should be integrated into other public health initiatives. For
this, a harmonious approach is required in clinical and
wastewater samples (Farkas et al., 2020).
Membrane  Technologies in
Treatment For SARS-CoV-2 Removal:
Organization (WHO) emphasized the

Wastewater
World Health
importance of
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managing wastewater safely in its temporary guide dated
April 23, 2020. This document has been updated on July 29,
2020. In this temporary guide, WHO provides information
on virus-related waste management, water, sanitation,
hygiene (WASH) and waste management and infection
prevention and control (IPC) documentation, including
coronaviruses. According to the guideline, providing WASH
and waste management practices in communities has a
significant role in preventing transmission of pathogens
from person to person. In addition, this updated guide
includes risks related to feces and untreated sewage, hand
hygiene, protection of WASH workers and maintenance and
strengthening of WASH services. It is also stated in the guide
that water disinfection and wastewater treatment be able to
decrease viruses. It is emphasized that by implementing
waste management, many other infectious diseases can be
prevented and health benefits can be achieved. Although
SARS-CoV-2 is possible in untreated drinking water, no
infectious virus has been detected in drinking water sources.
But, it was shown to state RNA fragments of SARS-CoV-2
in a river in northern Italy. This incident is thought to be
influenced by the raw, untreated sewage of the river. Starting
in February and March 2020, generally, RNA fragments of
SARS-CoV-2 have been found in untreated sewage and
sludge in many countries and municipalities (WHO, 2020).
These events reveal that wastewater treatment should be well
understood and applied. But, the full description of
wastewater treatment is not the goal of this review. This
work will concentrate on the literature membrane
technologies used for virus removal. The effectiveness of
membranes in removing virus from wastewater/water will be
evaluated. Water filtration membranes are basically divided
into four as Reverse Osmosis, Nanofiltration, Ultrafiltration
and Microfiltration. Given that the size of the SARS-CoV-2
is 100pm, membranes such as Reverse Osmosis,
Nanofiltration and Ultrafiltration should be suitable for its
removal (Lesimple et al., 2020). The utmost frequently
utilize membrane technologies in wastewater treatment are
the microfiltration (0.1-0.2 wm) and ultrafiltration (0.005 ~
10 um). Table 1 is shown details of some studies examining
the effectiveness of membranes in removing the virus from
water and wastewater.

Ultrafiltration will be a suitable membrane technique for
removing coronaviruses with mean viral particle diameter of
120 nm (0.12 pum) and envelope diameter of 80 nm (0.08 pum)
(Neuman & Buchmeier, 2016). Their adsorption to solids in
wastewater may cause an increase in the removal of
coronaviruses. Studies have been carried out in which
different viruses and pathogens are removed by the
membrane by 50% Chaudhry et al., (2015). Studies
involving microfiltration membranes with large pore sizes
(0.2-0.4) have also been conducted (Ngombolo et al., 2018).
Aani et al., (2020) have examined the bacteria and virus
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removal of ultrafiltration in wastewater and reported their
use. Gentile et al., (2018) declared that they removed
bacteriophage pp7 using a polyethersulfone ultrafiltration
membrane with a mean membrane pore size of 67 nm. They
also modeled virus and membrane electrostatic interaction
forces in their studies. Divalent cations in feed solutions
have been concluded to have a negatory influence on viral
removal efficacy owing to change of electrostatic
interactions. There was no significant change in the size of
the bacteriophage with pH or ionic strength in their studies.
It has also been stated that at the pH of environmental waters
(5 to 8), viruses form minor aggregates and complicate
membrane-based disinfection processes. For bacteriophage
PP7, changes in pH did not modify modeling estimates for
stability and binding. With their results, the authors stressed
the significance of electrostatic repulsion in virus removal
by membrane filtration. Also, the microfiltration membrane
is more suitable for the removal of protozoa and bacteria
rather than smaller viruses. This is only separation with
sieving mechanisms (Kwarciak-Kozlowska & Wlodarczyk,
2020). Sinclair et al., (2018) varied a microfiltration
membranes by utilization a cationic polymer. These
membranes were recommended for low pressure water
filtration point because of their high water permeability
(Lesimple et al., 2020). Among all these pathogens, SARS-
CoV-2 is a potentially deadly virus for humans and some
measures should be taken to conduct scientific tests. For this,
the Center for Disease Control and Prevention (CDC)
ensures guidelines for Biosafety and COVID-19 (SARS-
CoV-2). In some studies, wastewater testing was performed
using murine hepatitis virus (MHV) instead of SARS-CoV-
2 against the dangers mentioned in the Guidelines. Murine
hepatitis virus (MHV) is a member of the same genus as
SARS-CoV-2. MHV was utilized as representative of human
CoV in studies. Studies have been conducted examining the
efficiency of MHV recovery from wastewater. The
efficiency of seven virus concentration methods was
evaluated in untreated wastewater samples. They found that
ultrafiltration using centrifugal concentration devices may
also be appropriate for recovery of MHV. The difference in
recovery was due to the difference in surface areas of the
devices used, hence, more MHV was lost through adsorption
to the membrane via van der Waals interactive forces and /
or hydrophobic bonding. The results obtained in this study;
Centricon recovered 75% of MS2 coliphage, 61% of
Echovirus 1, 95% of Poliovirus 1 and 109% of
Coxsackievirus B5; only 33% of 2 of the adenovirus were
recovered. The result obtained for MHV is alike to
Adenovirus. In this case, it shows that a particular centrifugal
concentration device can provide factor recovery for
different classes of virus. It was also stated that the recovery
performance of diverse representative CoV or SARS-CoV-2
from various volumes of wastewater should be evaluated to
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better figure out how these variables influence the recovery
performance (Ahmed et al., 2020). Reverse osmosis has
often been found to be rarely used to remove pathogens from
water due to its combination with a pre-treatment system,
usually ultrafiltration. However, RO can be utilized with an
appropriate pretreatment to remove particulate matter and to
complete the removal of residual contaminants after
treatment (Tang et al., 2018). In addition, there are studies
showing that the membrane bioreactor / reverse osmosis
systems have low efficiency in virus removal (Prado et al.,
2019). To date, many studies have been carried out with
Membrane bioreactor (MBR) treatment for different virus
types (Chaudhry et al., 2015; Kuo et al., 2010; Miura et al.,
2018; O’Brien & Xagoraraki, 2020; Prado et al., 2019;
Purnell et al., 2016; Simmons et al., 2011). Retention or size
expention is its main mechanism in removal of viral and
other pathogen (Dennis et al., 2020; Lesimple et al., 2020;
Ngombolo et al., 2018). Im et al., (2018) applied ceramic
membranes after pretreatment to remove virus. They utilized
the F-specific bacteriophage MS2 (MS2; NBRC 102619,
NITE Biological Research Center, Japan) as a model virus
that has a single-stranded RNA encapsulated with a diameter
of 24-26 nm. In a pilot plant, they achieved removal of MS2.
Membrane fouling, which is a technical challenge that
causes a decrease in membrane performance has been
reduced with pretreatments. They performed their
applications as a pretreatment by combining ozonation,
coagulation and ceramic membrane filtration. This work had
multiple purposes. Among these objectives was located that
to peruse the performance of O3 + PACI + CMF; to remove
virus in Oz + PACI + CMF; to study the effects of ozonation
on virus removal in subsequent coagulation. (coagulation
with polyaluminium chloride (PACI)). At the end of the
study; they stated that ozonation can considerable abate
reversible pollution. However, although ozonation
deactivated MS2, it reduced the rate of MS2 removal in after
PACI + CMF. This is because ozonation inclined to block
MS2 coagulation. The reason for inhibition is the negative
charge that increases during ozonation. This makes it
difficult for the coagulants to neutralize the surface charge.
Coagulation can be said to be a more effective pretreatment
for CMF than ozonation in terms of eliminating both viruses
(Im et al.,, 2019). Goswami et al., (2020) discussed the
applications of polymeric and ceramic membranes to
remove virus from water. The reported removal
performances were quite changeable as the reported range
was 0.2-7. Present research fields concentrate on ever
application of nanotechnology for the solid waste
administration, and wastewater treatment due to their diverse
antibacterial activity. Chemical activity enhances with their
small dimension and large surface areas. For example, noble
metal nanoparticles utilize disinfection of E. coli and ensue
very well. Nanomaterials also provide a separate, high
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efficiency and recyclable water cleaning system that abates
water loss and improves quality. It can be applicated for
bacteria and viruses with a diameter of more than 50-60 nm.
Nanomaterials are used to remove and inactivate viruses in
wastewater, emerge as a large area. The practice of
nanomaterials is deeply connected with their physical
properties. For water treatment, nanotechnology has some
advantages such as time saving, high efficiency, space
saving and simple treatment methods. Fullerens,
photocatalysts containing nanomaterials such as CNTSs, TiO;
and ZVIs are used in membranes (Indarto et al., 2020; Ojha,
2020; Sahu, et al., 2019). Silver Multiwall nanotubes (Ag-
MWCNT), which achieved a 100% removal for several
different viruses, were expressed in a study by Kim et al.,
(2016). They expressed a new MWCNT-silver (Ag)
nanofilter, which nanofilter had high permeability. They
applied this nanofilter to successfully remove bacterial and
viral pathogens from water at low pressure. In former works,
a CNT-Ag nanofilter in which Ag nanoparticles were
synthesized at the CNT surface was not reported. This filter
has been manufactured using key features such as the minor
diameter and superior surface area of CNTSs, the trends of
CNTs to collection and form extremely porous structures,
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the low melting point of Ag nanoparticles, and the
antibacterial activity of Ag nanoparticles. They also stated in
this study that viruses can be eliminated by nanotube bundles
in the CNT-Ag layer. CNT-Ag nano filter has been specially
designed to remove various viruses and bacteria from water
in a highly efficient manner. In addition, the lack of
supplementary processes to destroy viruses and bacteria
makes an important benefit in terms of production costs.
Taking all its advantages, it is thought that their CNT-Ag
nano filter can provide sufficient solutions for water
treatment and other separation processes. Furthermore,
researches using Cu,O / MWCNT filters and a Cu,O coated
MWCNT membrane was carried out to remove MS2 virus
from water (Domaga et al., 2020; Nemeth et al., 2019). In a
different study, the smectic liquid-crystal ionic membrane
removal of three viruses, Q5 bacteriophage, MS2
bacteriophage and Aichi virus were investigated. In all these
studies, viruses were reduced (Kuo et al., 2020). They
provide upper virus removal for liquid crystal water
treatment membranes. Liquid crystal creates 2D layered
nano channels that allow excellent virus removal as
continuing effective water flow. The removal efficiency is
99.9 %.

Table 1. Details of some membranes studies in removing the viruses from water and wastewater.

Water type Methods Results of Removal for Virus Reference
Wastewater Membrane Bioreactor (MBR) 50% Chaudhry et al., (2015).
Water Polyethersulfone ultrafiltration(modeled virus) Logarithmic Gentilea et al., (2018)
Removal Values (LRV) 1.50 - 2.83
Water Microfiltration membrane >4.5 logs Kwarciak-Kozlowska and Wlodarczyk, (2020)
Water Polyethyleneimine (PEI) coated onto commercially polyether sulfone ~ 99.9% Sinclair et al., (2018)
(PES)
Wastewater Electronegative membrane, polyethylene glycol (PEG 8000)  from 26.7 to 65.7%. Ahmed et al., (2020)
precipitation, and ultracentrifugation
Water Reverse osmosis >4 log Tang et al., (2018)
Wastewater Membrane Bioreactor / Reverse Osmosis 2.3-2.9 log10 Prado et al., (2019)
Wastewater Membrane Bioreactor / Reverse Osmosis and sand-anthracite filters 0.3t0 0.8 log10 Prado et al., (2019)
Wastewater Membrane bioreactor (MBR) 2-3log10 Miura et al., 2018)
Wastewater and Potable water Membrane Bioreactor 2-3log10 Purnell et al., (2016)
Wastewater Membrane Bioreactor (MBR) >4 log Chaudhry et al., (2015)
Wastewater Membrane Bioreactor (MBR) 1to2log Simmons et al., (2011)
Wastewater Membrane Bioreactor (MBR) 5.0+0.6 logs Kuo et al., (2010)
Wastewater Ceramic membranes (with model viriis) >12-log Imetal.,, (2018)
Wastewater Nanomaterials such as CNTs, TiO2 and ZVIs are used in membranes (Indarto et al., 2020; Ojha, 2020; Sahu, et al., 2019)
Water Silver Multiwall nanotubes (Ag MWCNT) 100% Kim et al., (2016).
Water Cu20 / MWCNT filters and a Cu20 coated MWCNT membrane (Domaga et al., 2020; Nemeth et al., 2019).
Water Smectic liquid-crystal ionic membrane 99.9 %. Kuo et al., (2020).
CONCLUSION effective tools for virus separation as they may produce

SARS-CoV-2 is a potentially deadly virus for
humans, and some precautions must be taken to conduct
scientific testing. Therefore, testing was performed using
murine hepatitis virus (MHV) instead of SARS-CoV-2
against the dangers mentioned in the guidelines for
Biosafety and COVID-19 (SARS-CoV-2) in some studies.

When the membranes were examined for virus
separation, in most cases, the membranes used for this
purpose were micro and ultrafiltration. Here, the relation
between the pore size and the virus size is important for a
proper separation. Although membranes with larger pore
sizes can retain viruses, they cannot be regarded as
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irreversible pore blockaging in the membrane. Smaller
virus particles may enter the pores of the membrane, which
reduces membrane lifetime because of contamination. As
a measure to overcome the above mentioned difficulties,
some studies put forward an idea of the coating the
membrane surface. In the results of these studies, the
coating on the membrane surface is not only seen to reduce
the pore size, but in some cases the coating interacts with
the virus, which increases the efficiency of the removal.
Some of these coatings are as follows: Cu,O / MWCNT
filters, a Cu,O coated MWCNT membrane and silver
Multiwall nanotubes (Ag-MWCNT), which achieved a
100% removal for several different viruses. These results
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are promising for future studies. The spread of the virus can
be greatly reduced by integrating this method into the
wastewater management of cities.
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Abstract: The aim of this study was to investigate the impact of whey protein on several
biochemical parameters in the tissues of rainbow trout. The fish utilized in this study were an
average weight of 40-45 g. Rainbow trout were fed diets containing four doses of whey protein (0;
0.5, 1.0 and 1.5%) for 42 days. At the end experiment, spleen, a liver, muscle and kidney tissue
was taken from fish and carbohydrate, lipid and protein levels were determined. The value of this
parameters (total protein, total lipid and carbohydrate) was essentially affected for fish fed the diet
with 1.0% and 1.5% included whey protein. Carbohydrate level in the all tissues was not affected
by dietary levels of whey protein. Lipid levels of fish fed diets with 1.5% added whey protein was
essentially higher than that of fish fed the control diet. The use of alternative protein sources such
as whey protein can be an option.

Keywords: Carbohydrate content, lipid level, protein, rainbow trout, whey protein.

Gokkusagi Alabahigimin (Oncorhynchus mykiss) Biyokimyasal Bilesimi

Uzerine Peynir Alt Suyu Proteinin Etkileri

*Sorumlu yazar:

Mikail OZCAN

Kahramanmaras Siitcii imam Universitesi,
Ziraat Fakiiltesi, Su Uriinleri Boliimii,
Kahramanmaras, Tiirkiye

D4: mikailozcan@ksu.edu.tr

Oz: Bu calismanin amact bazi biyokimyasal yontemler kullanilarak Gokkusagi Alabaligi
dokularina peynir alt suyu proteinin etkisi incelenmistir. Caligmada ortalama agirliklar1 40-45 gr
olan baliklar kullanilmistir. Gokkusagi alabaligi, 42 giin boyunca dort doz peynir alt suyu protein
(%0; 0, 5, 1,0 ve 1,5) igeren yemle beslenmistir. Deney sonunda baliklardan karaciger, dalak,
bobrek ve kas dokulari alinarak protein, karbonhidrat ve lipid seviyeleri belirlenmistir. Bu
parametrelerin (total protein, total lipid ve total karbonhidrat) degeri, %1,0 ve %1,5 peynir alt suyu
protein eklenen yemlerle beslenen baliklarda onemli olgiide etkilenmistir. Tim dokulardaki
karbonhidrat seviyesi, yemdeki peynir alt suyu protein oranlarinda etkilenmemistir. %1,5 peynir
alt suyu protein orani igeren yemlerle beslenen baliklarin lipit seviyeleri, control yemiyle beslenen
baliklara gore 6nemli 6l¢iide artmustir. Peynir alt suyu protein gibi alternative protein kaynaklarinin
kullanilmast i¢in bir segenek olabilir.

Anahtar kelimeler: Gokkusagi alabaligi, karbonhidrat icerigi, lipid seviyesi, protein, peynir alt
suyu proteini.
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INTRODUCTION

Production of rainbow trout (Oncorhynchus
mykiss) has become the largest aquaculture enterprise in
the Turkey (Dogan, 2010). In rainbow trout farming,
protein is an expensive ingredient in fish feeds and
constitutes the important cost of the feed. Fish breeders
have tried to reduce the cost of feed by using cheap
vegetable proteins instead of expensive animal proteins
(Rana et al., 2009).

Whey is spin-off casein, cheese and quark
manufacture (Maswaure & Mandisodza, 1995; De Wit,
1998). Whey is obtained from the sedimentation of casein
in milk or skimmed milk followed by mechanical
segregation from fat and casein (Codex Alimentarius,
2006). It contains most of the minerals, lactose and consists
up to 96% of water, and water-soluble protein, which are
left from casein processing, quark or cheese (Cing-Mars et
al., 1986). The protein parts of whey occur of nearly at a
ratio of 70:28, lacto-albumin and lacto-globulin (Mahan,
1992; De Wit, 1998). Lacto-albumin is harderdenaturated
during the drying process than lacto-globulin. For this
reason, it is usually considered to be a protein component
with a superior biological value (Mahan, 1992).

Whey protein contains a large number of essential
amino acids and takes charge an significant role in protein
synthesis, and carbohydrate metabolism necessary to
provide energy (Yoshizawa, 2004). On the biochemical
parameters of fish are effective various factors, out of
which the species, age, environmental condition, nutrition
and maturation are very important (Campbell, 2004).
Absorption ratio of amino acids from the intestine from
whey protein or casein based diets affects the protein
synthesis within the oxidation of amino acids and whole
body protein catabolism (Boirie et al., 1997). There was no
published report on biochemical effect of whey protein on
rainbow trout. Based on the observations from literature
survey, it was envisaged to study the various biochemical
effect of the ethanol extract of whey protein in rainbow
trout, Oncorhynchus mykiss.

MATERIAL AND METHOD

Rainbow trout (45+0.03 g) was supplied from a
commercial fish farm (Kahramanmaras- Turkey). The fish
were kept in a 225 L fiberglass tank. Prior to each
experiment the fish were transferred tank containing
aerated well water and acclimatized for a minimum for 2
weeks. Fish use and experimental protocol were approved
by KSUZIRHADYEK Animal Ethics Committee
(Protocol number: 2017/01).

Fish were fed daily at 2% of fish weight with a
commercial fish food (40% protein, 11% fat, 10.1%
crudeash, 1.3% crude fiber, 2.4% calcium, 1.5%
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phosphorus, 0.3% sodium, 0.6 NM granular fry feed
containing).

Whey was prepared from cow milk acquired from
a market in Kahramanmaras, Turkey, using rennet
coagulation according to the method of Ha et al. (2014), as
described in Kishawy et al. (2018). The whey was used to
prepare whey protein concentrates, according to Nishanthi
etal. (2017).

Fish were stocked in 4 groups (50 fish/per group)
in the tanks. Light/dark cycle was 12L:12D. During the
experiment, pH, average dissolved oxygen and water
temperature were 7.84+0.09, 8.5+£0.14 ppm and 12 +0.22 °C,
respectively.

After two weeks of acclimation to the condition,
to study the biochemical mechanisms, fish were allocated
into four tanks (50 fish/tank) and fed diets containing three
doses of whey protein (0; 0.5, 1.0 and 1.5 %). Also control
group only was feed with a commercial feed. Fish were fed
to apparent satiation twice daily (between 08:00-09:00 and
16:00-17:00) for 42 days.

The experiment was conducted in two
replications. This study were used total of 400 fish with 50
fish in each group. After the test period, the fish were
anesthetized with an anesthetic substance (50 mg/L,
benzocaine) (Hseu et al., 1998) and the whole body was
kept in aluminum foils at -20 °C until biochemical
processes were performed.

The total protein, total fat, and carbohydrate
percent of fish tissues (liver, spleen, kidney and muscle)
were measured using standard methods of Association of
Official Analytical Chemists (AOAC, 1990).

Parametric tests were wused to reveal the
differences between groups. Differences between mean
values were compared using one-way analysis of variance
(ANOVA) and Duncan tests. All data are given as mean +
standard error.

RESULTS AND DISCUSSION

This study was determine the effective
concentrations of whey protein (0; 0.5, 1.0 and 1.5 %) on
some biochemical parameters in muscle, liver, kidney and
spleen of rainbow trout (Table 1).

Changes in protein levels in tissues of rainbow
trout are shown in Fig. 1. Protein concentration of
increased with increasing concentrations of dietary. In
present study, total protein levelswas higher according to
control group in the 1.0 and 1.5% whey protein group
(P<0.05).

Muscle total lipid content was significantly higher
in fish fed the diet with 1.5% of whey protein than those of
the other experimental groups. No significant differences
were observed among the values for fish fed dietary whey
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protein levels of 0.5%. Liver lipid content was highest in
fish fed the 1.5% whey protein supplemented diet (Fig. 2).

Tablo 1. Effect whey protein on total protein, lipid and carbohydrate
content of rainbow trout.

Total Protein Total Lipid Total Carbohydrate
Sample  Groups (mglg) (mglg) )
Control 11.240.13 88+0.3 8.29+0.8
Muscle 0.50% 10.98+0.14 86+0.17 7.99+0.11
1.00% 12.09+0.17 91+0.11 9.12+0.15
1.50% 12.79+0.22 71+0.7 10.06+0.45
Control 18.4+0.11 31.56+0.33 191.03+0.52
Liver 0.50% 18.6+0.9* 33.28+0.25 178,42+0.37
1.00% 19.79+0.7° 33.48+0.22 197.13+£0.26
1.50% 20.45+0.1 32.89+0.29 200.01+0.34
Control 9.72+0.12 16.88+0.18 12.18+0.15
Kidney 0.50% 9.98+0.8° 16+0.3 11.28+0.5
1.00% 10.51+0.64 16.25+0.44 12.57+0.64
1.50% 11.28+0.3 16.5+0.46 12.41+0.21
Control 8.8+0.14 19.5+£0.20 9.19+0.27
spleen 0.50% 8.6+0.18 19.25+0.37 8.92+0.41
1.00% 8.79+0.10 20.12+0.14 9.93+0.22
1.50% 9.19+0.13 18.88+0.33 11.03+0.41

Dietary treatments did not significantly affect
carbohydrate values of all tissues (Fig. 3). The
carbohydratelevels at low concentration were decreased
from that in the control group (P>0.05). In experiment,
when the addition of whey protein supplements to diets
was increased to 1.0 and 1.5%, carbohydrate level of fish
was slightly, but not significantly (P>0.05), higher than
those fish with the 0.5% levels of whey protein or the
control diet.

In studies conducted in Motalebi & Seyfzadeh
(2011), was to investigate the effects of whey protein
coating on the quality of common Kilka fish during frozen
storage. As a result of the research, protein content showed
an increase in covered samples compared with the control
sample. In present study, changes in protein levels in
tissues of rainbow trout are shown in Figure 1. Protein
concentration of increased with increasing concentrations
of dietary. Total protein levelswas higher according to
control group in the 1.0 and 1.5% whey protein group
(P<0.05). This may be due to the impact of a few protein
compounds such as B-lactoglobine and o-lactalbomine of
this film (Shahidi & Botta, 1990).

Concentration of lipid showed an increase in the
covered samples compared with the control group
(Motalebi & Seyfzadeh, 2011). In this study, muscle total
lipid content was importantly higher in fish fed the diet
with 1.5% of whey protein than those of the other
experimental groups. No important dissimilarity were
observed between the values for fish fed dietary whey
protein levels of 0.5%. Liver lipid content was highest in
fish fed the 1.5% whey protein supplemented diet (Figure
2). That is because of the presence of glycerides of milk
lipid, lipo-proteins and phospho-lipids in whey protein.
Oxidation of the lipid arising from the reaction of lipid with
oxygen and its hydrolysis are affected by the activity of
lipolytic enzymes (Deis, 2006; Min et al., 2006).
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Figure 1. Total protein levels (mg/g) in the several tissues of rainbow
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Carbohydrate used the most easily by fish is glucose
and the only sugar in the blood. With the breakdown of
glucose, the energy needed to maintain vital activities is
provided (Hossu et al., 2001). Dietary treatments did not
significantly affect carbohydrate values of all tissues
(Figure 3). The carbohydrate levels at low concentration
were decreased from that in the control group (P>0.05). In
experiment, when the addition of whey protein
supplements to diets was increased to 1.0 and 1.5%,
carbohydrate level of fish was slightly, but not significantly
(P>0.05), higher than those fish with the 0.5% levels of
whey protein or the control diet. Blood glucose is stored as
glycogen in the liver of fish, and when the organism needs
it, it is converted into glucose and given to the blood
(Girgin Basusta, 2005).
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Figure 3. Carbohydrate levels (ng/g)in the several tissues of rainbow
trout.
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CONCLUSION

The use of alternative protein sources such as
whey protein can be an option. However, the level of anti
nutritional factors has to be watched carefully. To prevent
or reduce problems in fish, it is recommended to use feed
with a low level of digestible protein. Results from the
present study clearly demonstrated that a diet having 1.5%
protein supplemented was found to be the optimum for
positive effect biochemical parameters of rainbow trout.
Further studies examining the mechanisms underlying the
impacts of whey protein are needed. The information of
this study will shed light on new researches in the future
and contribute to the scientific literature.
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Oz: Calismamizda bakirm farkli ortam derisimlerinde (0.1, 0.5, 1.0 ve 5.0 mg/L) Oreochromis
niloticus'un kas dokusunda bakir ve iyon parametrelerinin diizeyleri (Na*, K*, Ca**ve Mg**) 10,
20 ve 30 giinliik siirelerle arastirilmasi amaglanmistir. Bu amagla balik kas dokusundaki bakir
iyon diizeyleri Atomik Absorbsiyon Spektrometrik (AAS) yontemle belirlenmistir. Yapilan
calismada O. niloticus kas dokusunda bakir birikimi tiim ortam derigimlerinde ve etkide kalma
stiresinin uzamasiyla arttigi saptanmigtir. O. niloticus kas dokusunda bakir etkisinde iyon
diizeyleri incelendiginde, denenen ortam derigsimlerinde ve siirelerinde sodyum diizeyinde
herhangi bir degisim olmazken, magnezyum diizeyinde bir artisa, potasyum ve Kkalsiyum
diizeylerinde ise bir azalmaya neden olmustur.
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Abstract: In our study, it was aimed to investigate the levels of copper and ion parameters (Na*,
K*, Ca*™ and Mg**) in the muscle tissue of Oreochromis niloticus at different copper medium
concentrations (0.1, 0.5, 1.0 and 5.0 mg / L) for 10, 20 and 30 days. For this purpose, copper
levels and ion levels in fish muscle tissue were determined by Atomic Absorption Spectrometric
(AAS) method. In the study, it was determined that copper accumulation in O. niloticus muscle
tissue increased at all ambient concentrations and with prolonged exposure time. When the ion
levels under the influence of copper in O. niloticus muscle tissue were examined, there was no
change in sodium level in the tested environment concentrations and durations, while it caused
an increase in magnesium level and a decrease in potassium and calcium levels.

Keywords: Accumulation, copper, ion, muscle tissue, Oreochromis niloticus.

GIRIS sunucu su ortaminda diizeyleri giderek artmakta ve ciddi

risk olarak kendini gostermektedir. Bu riskler sadece

Cevre kirleticisi olarak son yillarda dikkat ¢eken karasal ortamda degil sucul ortamlarda da kendini

agir metaller endistride yogun bir sekilde kullanim gostermektedir. Agir metallerin canliya olan toksik etkisi

Ul Bu arastirma Doktora ¢alismasindan tiretilmistir.
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enzimin aktif bolgesine, molekiil tizerinde aktif olmayan
bolgeye baglanti yapmak ve proteinlerin imidazol, amino,
stilfidril ve karboksil guruplarina baglanarak yaptiklar
belirtilmistir (Murphy & Spiegel., 1983; Viarengo, 1985;
Cogun & Kargin 2020).

Tiim hiicrelerde pikomolar diizeyde bulunan bakir
bir iz elementi olarak simiflandirilmaktadir. Bakir tiim
canlilar i¢in gerekli bir element olup, yaklasik 30 enzimin
kofaktor olarak bakiri kullandigt belirlenmistir (Arellano
vd., 1999). Kentsel ve endiistriyel gelisimin bir sonucu
olarak yaygin bir sekilde kullanilan bakir su ortaminin
kirlenmesine ve dolayisiyla organizmalarda birgok
hasarlara neden olmaktadir (Munoz vd., 1991). Bakirin
subletal derisimleri baliklarda biiylime, gelisme ve iireme
tizerine olumsuz etkiler yaptigi bir ¢ok arastirici tarafindan
belirtilmistir (Buckley vd., 1982; Hilmy vd., 1985).

Baliklarin dokularinda agir metallerin birikimi,
metalin almim sekline, derisimine ve etki siiresine bagli
olarak degisim gostermektedir. Metallerin toksik etkileri
ve birikimleri dokularin islevsel ve fizyolojik durumlarina
bagli olarak degisim gostermektedir (Campana vd., 2003).

Akuatik organizmalarda agir metallerin subletal
etkilerinin hizli ve dogru bir sekilde belirlenebilmesi i¢in
baliklarin, bu metallere karsi fizyolojik ve biyokimyasal
tepkilerinin aragtirilmas: gerekmektedir (Campana vd.,
2003). Canli organizmalarda iyonlar, protein ve lipit gibi
birgok birlesiklerin yapilarinda bulunurlar, enzimatik
reaksiyonlarda kofaktor olarak gérev alirlar ve asit-baz
dengesini saglarlar. Agir metaller hiicre
gecirgenligini degistirmesi, bircok enzimatik reaksiyonda
degisikliklere neden olmasi ve yasamsal oneme sahip
inorganik katyonlarin diizeylerini degistirmesiyle iyon
dengesini bozmaktadir (Viarengo, 1985; Suresh vd., 1995).
Agir  metaller kemikli baliklarin  osmoregiilator
sistemlerinde iyon taginmasini baski altinda tutmakta
(Olson vd., 1973; Thaker vd., 1996) ve bunun sonucu
gesitli organlarda yapisal hasarlar olusturmaktadir.
Organizmalarda agir metaller ile Na*, K*, Ca™ ve Mg*™
gibi iyonlarin derigsimleri arasinda siki bir iligki oldugu
belirlenmistir (Astorga-Espana vd., 1999; Cogun, 2008).

Bu calismada; 10, 20 ve 30 giinliik siirelerle
bakirin farkli derisimlerine birakilan O. niloticus kas
dokularinda bakir birikimi ve kas dokusunda iyon
diizeyleri tizerine etkilerinin belirlenmesi amaglanmustir.

zarmin

MATERYAL VE METOT

Arastirmamizda Oreochromis niloticus baliklar
Cukurova {iniversitesi Su Uriinleri Fakiiltesi yetistirme
havuzlarindan alimmis ve iki ay siire ile 40X120X40 cm
boyutlarindaki bes (5) stok akvaryum igerisinde
laboratuvar kosullarna adaptasyonlart saglanmistir.
Baliklar bu siirenin sonunda 14.72 + 0.44 cm boy ve 37.87
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+ 1.19 g agirhga ulasmuslardir. Deneyler 20 + 1 °C
sicaklikta yiiriitiilmiis, akvaryumlar merkezi havalandirma
sistemi ile havalandirilmis ve giinde sekiz saat aydinlanma
(8 saat giindiiz / 16 saat gece) periyodu uygulanmistir.
Baliklar, giinde iki kez olmak iizere balik agirliginin % 1’1
kadar hazir balik yemi (Pmar Balik Yemi, Tiirkiye) ile
beslenmiglerdir.

Deneyler, 10. 20 ve 30 giin siirelerde bakirmn 0.1,
0.5, 1.0 ve 5.0 mg/L ortam derisimlerine birakilmistir.
Deneylerde 40X120X40 cm. boyutlarinda olan igerisinde
18 balik bulunan 5 cam akvaryum kullanilmistir. Bu
akvaryumlardan her birine 120’ser litre olacak sekilde su
ve ilk dort akvaryuma 0.1, 0.5, 1.0 ve 5.0 mg/L bakir
¢ozeltileri, son besinci akvaryuma ise kontrol baliklari
konulmustur. Deneyler ii¢ tekrarli olarak yiiriitiilmiistiir ve
her tekrarda iki balik kullanilmistir.

Deney stiresince ortam suyunun bazi fiziksel ve
kimyasal Ozellikleri toplam sertlik 268.81+0.29 ppm
CaCOs, pH 8.42+0.02 ve ¢oziinmiis oksijen 7.21+0.09 mg/
L olarak ol¢iilmiistiir.

Kullanilan bakir CuCl,. 2 H,O (Merck) olup
deney boyunca ¢ozeltinin akvaryumda homojen dagilmasi
ve ¢Okelmeyi Onlemek igin tri-sodyum sitratla
(CsHsNa3z0O7. 2H,0 Merck ) birlikte ¢ozeltiler de iyonize su
ile taze hazirlanmistir. Bu hazirlanan ¢ozeltiden uygun
derisimler uygun seyreltmelerle akvaryumlara iki giine bir
uygulanmustir.

Her deney siiresi bitiminde baliklar alinmis ve
daha sonra ¢esme suyu ile iyice yikanmig ve kurutma
kagidi ile yiizeylerinde bulunan su damlaciklart alinmistir.
Baliklarin kas dokulariin diseksiyonu yapilmigtir. Daha
sonra kas dokusu etiivde 150°C ‘de 48 saat siireyle
kurumaya birakilmiglardir. Kuru agirliklari belirlenen kas
dokusu deney tiiplerine aktarilarak {izerlerine 2 mL. nitrik
asit (Merck, % 65, O. A. : 1.40) ve 1 mL. perklorik asit
(Merck, % 60, O. A. :1.53) eklenmis (Muramoto, 1983) ve
ceker ocakta 120°C’ de 3 saat siireyle yakilmistir. Yakimi
tamamlanan Ornekler polietilen tiiplere aktarilmig ve
iizerleri deiyonize su ile 5 mL’ ye tamamlanarak iyon
analizine hazir hale getirilmistir. Na*, K¥, Mg* ve Ca* iyon
diizeyleri kas dokusu kuru agirligina bagli olarak bu
orneklerden uygun seyreltmeler yapildiktan sonra
belirlenmistir. Kas dokusundaki bakir birikimi ve iyon
analizleri Perkin Elmer AS 3100 Atomik Absorbsiyon
Spektrofotometrik yontemlerle saptanmustir.

Deneylerden elde edilen verilerin istatistik
analizleri “ Regresyon analizi” ve “ Student-Newman
Keul’s Test (SNK)” testleri uygulanarak yapilmistir

BULGULAR

Bakir ortam derisimleri etkisinde O. niloticus
balik kas dokusunda bakir birikim diizeyleri Cizelge 1 de,
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kas dokusu Na*, K*, Ca* ve Mg* iyon diizeyleri Sekil 1-
4de verilmistir.

Kas dokusunda ortamda bulunan bakir derisimi
arttitkga bakir birikiminde de Snemli diizeylerde artma
gozlenmis ve bu artig istatistiksel olarak Onemli
bulunmustur (Cizelge 1; SNK, P<0.01). 10. giine oranla 30
glinlik slire sonunda tiim ortam derisimlerinde bakir
diizeyleri artmis ve bu artis istatiksel olarak 6nemli oldugu
saptanmigtir.

O. niloticus’un 10, 20 ve 30 giin siire sonunda kas
dokusu sodyum diizeyi {izerine bakir derisimlerinin etkisi
Sekil 1°de verilmistir. Denenen tiim siirelerde artan bakir
derigimlerinin O. niloticus’un kas dokusundaki sodyum
diizeylerine etkisi istatistik olarak Onemsiz oldugu
belirlenmistir. (Sekil 1; SNK, P>0.01). 30. giinde O.
niloticus’un kas dokularinda 0.1 mg ortam derisimi
etkisinde sodyum diizeyinde bir azalmanin oldugu
gozlenmistir.

Tablo 1. O. niloticus ‘da farkli ortam derisimlerinde ve etkide
kalman siirelerde kas dokusu bakir birikimi (ug Cu/g k.a.).
Table 1. Copper accumulation of muscle tissue at different media

concentrations and periods in O. niloticus (ug Cu/ g k.a.).
DERISIM (mg Cu.L?)

0.0 0.1 0.5 1.0 5.0
Siire (Giin)

X £8x * X+sx* X+sx* X+sx* X+sx*
10 0.56+0.04@ 3.42+0.22%° 5.25+0.24* 8.71+0.51 9.59+0.55%
20 0.56+0.07@ 5.65+0.36"° 8.04+0.52¢ 9.51+0.29< 10.2640.10
30 0.57+0.04% 5.04+0.50"° 8.30+0.32¢ 10.1740.17%¢ 12.27+0.30¢

*:a, b, c,d ve e harfleri derisimleri belirlemek; x ve y harfleri giinler aras1 ayrim belirlemek amaciyla kullanilmigtir,
Farkli harflerle gosterilen veriler arasinda istatistik ayrim vardir (P<0.01).

X £ SX. Aritmetik ortalama + Standart hata

Denenen her 1ii¢ siire sonunda potasyum
diizeylerine bakir derigimlerinin etkisi Sekil 2 ‘de
verilmistir. 10. glinde denenen ortam derisimleri kas
dokusunda potasyum diizeyine etkisi dnemsizdir. 20 ve 30
giinliik siireler sonunda yiiksek bakir ortam derigimlerinde
kas dokusu potasyum diizeylerinde azalma gozlenmistir.

Kas dokusu kalsiyum diizeyleri Sekil 3°de
verilmistir. Bakirin diisiik derisimleri hari¢ denenen diger
ortam derigimlerinde kas dokusunda kalsiyum diizeyi tiim
stirelerde azaldig1 gozlenmistir. Bu azalma yiiksek ortam
derisimlerinde  istatiksel  olarak  6nemli  oldugu
saptanmigtir.

O. niloticu’un kas dokusunda magnezyum diizeyi
tizerine bakir ortam derigsimlerinin etkisi Sekil 4°‘de
verilmistir. 10 ve 20 giin siire sonunda kas dokusu
magnezyum diizeyine bakir ortam derisimlerinin etkisi
onemsizdir ve kas dokusu magnezyum diizeylerinde
kontrole gore bir istatistik ayrim saptanmamustir (Sekil 4;
SNK, P>0.01). 30. giin sonunda ise O. niloticus kas
dokularinda magnezyum diizeyi kontrole gére artmis ve bu
artig istatiksel olarak énemlidir.
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Sekil 1. O. niloticus ‘da bakirin kas dokusu sodyum diizeyi
tizerine etkisi (mg Na*/g k.a.).

Figure 1. The effect of copper on muscle tissue sodium level in
O. niloticus (mg Na*/g k.a.).
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Sekil 2. O. niloticus ‘da bakirm kas dokusu potasyum diizeyi
tizerine etkisi (mg K*/g k.a.).

Figure 2. The effect of copper on muscle tissue potassium level
in O. niloticus (mg K*/g k.a.).
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Sekil 4. O. niloticus ‘da bakirin kas dokusu magmezyum diizeyi
tizerine etkisi (mg Mg**/g k.a.).
Figure 4. The effect of copper on muscle tissue magnesium level
in O. niloticus (mg Mg */g k.a.).
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TARTISMA

Caligmamizda denenen tiim siire ve ortam bakir
derisimlerinde olim gdzlenmemistir. Sucul
organizmalarda stres ortaminda besin alimiminin azaldigi
saptanmistir. Buckley vd., (1982) Oncorhynchus kisutch
ile yaptig1 bir arastirmada bakirin yiiksek derigimlerinde
tutulan baliklarda besin alimimin azaldigi gozlemislerdir.
Aragtirmamizda  deney yiiksek  ortam
derigimlerinin  etkisinde bulunan baliklarin kontrol
baliklarina oranla hareketsiz olduklar1 ve verilen yemleri
almadiklar1 gézlenmistir.

Agir metallerin su organizmalar1 tarafindan
solunum, besin ve direkt temas yoluyla alinan metaller ya
proteinlere baglanirlar ki bu durumda inaktif halde
bulunurlar veya baglanmazlar yani serbest veya aktif halde
(Campana vd., 2003). Agir metallerin
organlardaki birikimleri etkide kalinan siire ve ortam
derisimine bagl olarak degisim gostermektedir. Brung vd.,
(1973) yaptiklar1 bir ¢alismada Ictalurus nebulosus’da
dokulardaki bakir birikiminin etkide kalinan siire ve ortam

siiresince

bulunurlar

derisimine bagli olarak arttig1 saptanmistir. Ayni sekilde
Carassius auratus’da kursun birikimiyle ilgili yapilan bir
calismada ortamdaki kursun derigiminin artigina paralel
olarak dokudaki birikiminde arttig1 saptanmistir (Tao vd.,
1999). Bu arastirmada kas dokusunda bakir birikimi siire
ve ortam derisiminin artisina bagli olarak arttig1
saptanmigtir. Bunun biiylik bir olasilikla bakir stirekli
olarak solungaclardan alinarak hedef dokuya tagmmasi
nedeniyle olabilecegi diisliniilmektedir.

Baliklarda osmolaritenin ve plazmanin osmotik
basmcinin korunmasindan sorumlu mineraller olan Na*,
K*, Ca** ve CI gibi iyonlar bir¢ok fizyolojik olaylar igin
gereklidir (Stouthart vd., 1995). Baliklar canliliklarinin
devamliligin1 ve homeostasiyi tam olarak siirdiirebilmesi
i¢in hiicre i¢i ve hiicre dis1 arasinda iyon derisimlerindeki
dengenin siirekli olarak korunmasi gerekmektedir. Bunu
saglamak icin gesitli sistemler gelistirilmistir Bu sistemler
icerisinde ATPazlar énemli bir yer tutmaktadir. Na*,K*-
ATPaz sistemi hiicre i¢inde potasyumun, hiicre diginda da
sodyumun yiiksek derisimlerde tutulmasini (Satyavath &
Rao, 2000), Na,K-ATPaz ile Ca-Mg ATPaz sistemi
solungaclarda ilgili iyonlarin aktif taginmalarini1 (Sloman
vd., 2003), karbonik anhidraz enzimi Na ve Ca iyonlarinin
tasinmalarint  (McGeer vd., 2000) saglayarak iyon
dengesinin korunmasinda biiyik Onem tagirlar. Agir
metaller bu enzimlerin siilfidril gruplarina baglanarak bu
sistemlerin inhibisyonuna neden olabilmektedirler. Bu
inhibisyon hiicre membranlarindan iyon
gecisleri aksamakta ve iyon dengesi biiyiik Olgiide
bozulmaktadir. Wang vd., (1998) yaptiklari bir arastirmada
bakir etkisinde O. mykiss baliklarinda Na*,K*-ATP az
aktivitesini inhibe etmis ve hiicre i¢i ve dis1 iyon diizeyini

sonucunda
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etkilemistir. Cogun ve Kargin (2019) yaptiklart bir
caligmada agir metallerin O niloticus balikk iyon
diizeylerinde 6nemli etkileri oldugunu gézlemlemislerdir.

Bu aragtirmada denenen bakir ortam derisimleri
kas dokusu Na*diizeyi denen tiim metal derisiminden
etkilenmemis, sadece 30. gin 0.1 mg/L bakir
derisimlerinde kontrole gore bir azalma gozlenmistir. Pane
vd., (2003) yaptiklar1 bir aragtirmada nikel etkisinde kalan
O. mykiss’de kas dokusu Na* diizeyinin kontrol baliklarina
gore pek degismedigini belirlemiglerdir.

Baliklarda potasyum hiicrede klor iyonu ile iligkili
olarak fizyolojik adaptasyonda rol almaktadir. Lauren &
McDonald, (1986) S. gairdneri ile yapmig oldugu
caligmada ortamdaki bakirm artis1 ile viicut K* ve CI”
diizeylerinde azalmalarin daha fazla oldugu belirtilmistir.
Civanin etkisine birakilan Carcinus means’da K* ve CI~
diizeylerinde degisiklikler, baligin Na*/K* -ATP az
aktivitesinin inhibisyonundan kaynaklandigi belirtilmistir
(Bjerregaard & Vislie, 1985). Calismamizda O. niloticus
kas dokusu K* diizeyleri tiim ortam derisimlerinde ve
denenen tiim siirelerde azalma gozlenmistir. Bu azalma
bakirin Na*/K* -ATP az sistemlerinin inhibisyonundan
kaynaklandig1 diistiniilmektedir.

Baliklarda bakir (Shephard & Simkiss, 1978) Ca**
-ATP az’in tagima gorevini engellemesi neden ile doku ve
serumda Ca*™* diizeyinde degisiklilerin olusmasina neden
olmaktadirlar. Bu aragtirmada denenen yiiksek bakir ortam
derisimlerinde kas dokusu Ca**diizeyi kontrole gore bir
azalma gostermistir. Arastirmamizda kas dokusu Ca™*
diizeyinde azalmanmn saptanmasi, solungag
dokusunda Ca** taginmasini engellemesinden
kaynaklanabilir. C. means’da bakir, Ca™ -ATP az1 direkt
engellemesi veya indirekt olarak Na*/ Ca™ pompasini
bozmast sonucu aktif Ca™ taginmasinm engellemektedir
(Bjerregaard & Vislie, 1986).

Magnezyum canlilar igin protein sentezi gibi
fizyolojik islevlerde gerekli bir mineraldir. Mg** iyon
derisimi hiicresel diizeyde membranda bulunan Mg**-ATP
az tarafindan kontrol edilmekte ve agir metallerin Mg** -
ATP az’1 inhibe etmesi sonucu Mg™ dizeyi
degisebilmektedir (Flik vd., 1993). Bu arastirmada kas
dokusu bakir Mg** diizeylerinde meydana gelen
degismeler, Mg**-ATPaz sisteminin inhibisyonu sonucu
olabilecegi diisiiniilmektedir.

Sonug olarak bu ¢aligmada elde edilen bulgular,
O. niloticus kas dokusunda bakir birikimi tim ortam
derisimde ve etkide kalma siiresinin uzamasiyla arttig
saptanmugtir. O. niloticus kas dokusunda bakir etkisinde
iyon diizeyleri incelendiginde, magnezyum diizelerinde
tim ortam derisim ve etkide kalman siirelerde arttigi,
potasyum ve kalsiyum diizeylerinde ise yiiksek bakir ortam
derisimlerinde bir azalmaya neden olmustur. Bu sonuglar
O. niloticus’un bakir birikimi ve toksisitesine karsi direngli

bakirin
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bir tir oldugunu ve osmoregiilasyonun iyi oldugunu
gostermektedir.
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Oz: Ulkemiz hayvanciliginin gelismesinde etkili olan sektorlerden biri de kanatli sektdriidiir.
Sektorde ilerleyebilmek icin yiiksek verimli irklarin kullanilmasi yaninda hayvanlarin besin
madde ihtiyaclar1 yoniinden yeterli ve dengeli diyetlerle beslenme zorunlulugu vardir. Bu
zorunluluk kanatli hayvanlarin sindirim sistemi fizyolojik yapisindan kaynaklanmakta ve
sindirimi daha kolay ve esansiyel besin maddelerince zengin ham maddelerin kullanimini gerekli
kilmaktadir. Kanatlilarin tiiketimine sunulan karma yem tiim besin maddelerini igeren ham
maddelerin toplamindan olugsmaktadir. Bu nedenle karma yemlerinin hazirlanmasinda gereksinim
duyulan enerji ve protein kaynaklarinin siirdiiriilebilir sekilde diyete ilave edilmesi olduk¢a
onemlidir. Ulkemiz, degerli protein kaynaklari agisindan kendi kendine yetebilen bir iilke
konumunda olmadigindan bu kaynaklar1 disaridan almak zorundadir. Kanatl diyetlerinin protein
acigmin kapatilmasinda, diyetin temelini olusturan bitkisel ve hayvansal protein kaynaklarina
alternatif yeni ham madde arayisi devam etmektedir. Bu alternatif kaynaklardan birisi de
boceklerdir.

Anahtar kelimeler: Alternatif protein kaynagi, bocek proteini, kanatl.
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Abstract: One of the sectors that are effective in the development of animal husbandry in our
country is the poultry sector. In addition to the use of high-yielding breeds in order to progress in
the sector, there is an obligatory nutritional requirement with adequate and balanced diets in terms
of nutritional needs of animals. This necessity stems from the physiological structure of the
digestive system of poultry and requires the use of raw materials that are easier to digest and rich
in essential nutrients. Compound feed offered to the consumption of poultry consists of the sum
of raw materials containing all nutrients. For this reason, it is very important to add the energy
and protein sources needed in the preparation of mixed feeds to the diet in a sustainable way.
Since our country is not in a self-sufficient position in terms of valuable protein sources, it has to
take these sources from the outside. In order to close the protein deficit of poultry diets, the search
for new raw materials that are alternative to vegetable and animal protein sources, which form
the basis of the diet, continues. One of these alternatives is insects

Keywords: Alternative protein source, insect protein,poultry.

GIRIS

Giiniimiizde, insan beslenmesinde hayvansal
kaynakli proteinlerin {iretimi (siit, yumurta, kirmizi ve

beyaz et) hizla biiyliyen bir sektdr haline gelmistir.
Hayvansal proteine olan talep her gecen giin artmakta ve
2010 ile 2030 yillar1 arasinda hayvansal proteine olan
talebin %45 oraninda artacagi tahmin edilmektedir (Ipcak
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& Algigek, 2015). Ancak hayvan beslemede kullanilan
proteince zengin hammaddelerde yasanan sikinti, sektorii
tehdit edebilecek diizeydedir. Ozellikle, iilkemizin protein
kokenli bazi yem hammaddeleri konusunda ithalata
bagimli olmasi gerek i¢ piyasada gerekse dig piyasada
zorluklara yol agmaktadir. Kanatli {iretiminde maliyetlerin
yaklasik %70-80 inin yem kaynakli oldugu ve yemlerde
kullanilan kaliteli protein kaynaklar1 (esansiyel amino
asitlerce zengin) arasinda baglica rendering iriinleri ve
soyanin bulundugu diisiiniildiigiinde, bu hammaddelerin
fiyatlarindaki dalgalanmalar iireticileri duruma
sokabilmektedir. Bu nedenle sektoriin etkinliginde hayvan
besleme alaninda ekonomik ve siirdiiriilebilir alternatif

zor

hammadde kaynaklarinin ortaya konmasi biiyiik 6nem arz
etmektedir. Boceklerin, siirdiiriilebilir ve ucuz protein
kaynagi olmasi, broyler beslemede yem maliyetlerini
diisirmede  alternatif  protein  kaynagi  olarak
kullanilmalarma olanak saglayabilir.  Arastirmalar,
boceklerin besin madde bilesiminin, balikk unu ve soya
fasulyesi  kiispesi besin madde Dbilesenleri ile
kiyaslandiginda o6nemli farkliliklarin olusmadigini ve
broyler {iiretiminin karliligina katkida bulunabilecegini

gostermistir.

Broyler  Beslemede  Kullamilan  Protein
Kaynaklari: Proteinler; aminoasitlerden olusan yiiksek
molekiil  agirhgma  sahip organik  bilesiklerdir.

Organizmada cesitli gorevler iistlenmektedirler. Canlinin
hastaliklara karsi korunmasindan, asit-baz dengesinin
saglanmasindan ve ¢esitli 6zelliklerin nesilden nesile
aktarilmasindan proteinler sorumludur. Ornek verecek
olursak, fizyolojik olaylar1 diizenleyen hormon ve
enzimlerin yapisina giren bazi proteinler yasamin
siirdiirilmesini saglamaktadirlar (Erglin vd., 2017). Tiim

bu gorevleri  disiindiiglimiizde  viicudun  hayati
fonksiyonlarindan  sorumlu  oldugu  goriilmektedir.
Kisacasi, proteinlerin  yetersizliginde, tim ¢iftlik

hayvanlarinda 6ncelikle verimde gerileme ve yetersizligin
siddetli ve uzun siireli oldugu durumlarda ise Sliimler
goriilmektedir. Kanatli diyetlerinde kullanilan proteinin
miktarindan ziyade kalitesi olduk¢a Onemlidir. Protein
kalitesi; proteinin sindirilme orani, aminoasit bilesimi ve
yogunlugunu ifade etmektedir. Bu nedenle kanath
beslenmesinde proteinin kendisinden ziyade aminoasit
profilinden, 6zellikle de esansiyel aminoasit igeriginden
s6z edilir. Bondari ve Sheppard, (1981) yaptiklar1 bir
calismada; proteinin kanatli diyetleri i¢in ¢ok onemli bir
besin maddesi oldugunu ve zarar géren doku ve organlarin
yenilenmesi, biiyiime ve gelismenin siirdiiriilmesi igin
mutlaka gerekli oldugunu 6ne siirmiistiir.

Tavuklarda yasama pay1 protein ihtiyaci diigiiktiir.
Yani tiiketilen proteinin biiyiik bir kism1 verim pay1 protein
ihtiyacint karsilamak i¢in harcanir. Broyler diyetlerinin
yapisini inceledigimizde; baslangic doneminde ham
protein (HP) diizeyinin %22-25, biiyiitme doneminde %21-
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23, bitirme donemi diyetlerinde ise %19-23 oldugu bilinen
bir gercektir (Ross Broiler Handbook, 2014). Bu yiiksek
diizeylerdeki ham protein ihtiyacinin karsilanabilmesi
ancak hayvansal protein kaynaklari ile miimkiindiir. Ayrica
yasama ve verim donemine gore hesaplanan protein

miktarinin  esansiyel  aminoasitlerle  dengelenmesi
gerekmektedir.
Kanatli beslemesinde o6zellikle de broyler

beslemede kullanilan protein kaynaklari baglica bitkisel ve
hayvansal olmak iizere ikiye ayrilmaktadir. Bitkisel protein
kaynaklarina baslica; soya fasiilyesi kiispesi, aycicegi
kiispesi, pamuk tohumu kiispesi ve kanola kiispesi gibi yag
enddistrisi yan iriinlerine ilaveten baklagiller ve farkli tahil
yan triinleri 6rnek olarak verilebilir. Hayvansal protein
kaynaklarina ise balik unu, et-kemik unu, kemik unu gibi
rendering {iriinlerini 6rnek olarak gosterebiliriz. Bitkisel
protein kaynaklarinin esansiyel amino asit kompozisyonu
ozellikle de lizin ve metiyonin igerigi hayvansal protein
kaynaklarina gore daha disiik olup simirlayict nitelik
tagimaktadir. Hayvansal protein kaynaklar1 ise Salmonella
spp. gibi patojen bakterilerle bulasik olmasi agisindan
hayvan ve insan saghgi icin risk olusturmaktadir. Bu
amagla Avrupa Birligi, 999/2001 diizenlemesi ile gida
iiretimine yonelik yetistirilen hayvanlarin beslenmesinde
hayvansal protein kullanimini yasaklamigtir. Tiirkiye’de de
kanatli rendering {rlinlerinin  kanatli  diyetlerinde
kullanimma 1 Ocak 2017 yili itibariyle son verilmistir.
Kanatli diyetlerinde kullanilan protein kaynaklarina iliskin
bahsedilen sorunlar farkli, siirdiiriilebilir, ucuz, temini
kolay ve dengeli alternatif protein kaynaklarina olan
ihtiyaci arttirmaktadir.

Alternatif Protein Kaynagi: BOCEKLER:
Bocekler, hayvansal ve bitkisel protein kaynaklarina
alternatif bir protein kaynagi olarak goriilmektedir. Bu
ifadeyi desteklemek amaciyla Zhao vd., (2016) yeni bir
protein alternatifi olan bdceklerin, insan ve hayvan gidasi
icin yiiksek miktarlarda yetistirilmesi gerekliligini
savundugu bilimsel aragtirma sonuglarint verebiliriz.
Yenilebilir bocekler; baslica, atiklarin biokiitleye doniisiim
oranlarmin yiiksek olmasi, kisa yetistirme siiresi ve yiiksek
protein igerigi gibi belirtilen avantajlar1 ile O6ne
¢ikmaktadirlar (Oonincx vd., 2015 & Van Der Fels-Klerx
vd., 2016). Cogunlugu gelismekte olan iilkeler olmak tizere
Diinya’da 2000’den fazla yenilebilir bocek tiirii oldugu
bildirilmistir (Van Huis, 2015). Bocekler, aslinda kanatli
hayvanlar i¢in dogal yem kaynaklaridir. Cilinkii tavuklar
acik alanda dolagma esnasinda topraktan kurtguk, larva ve
bocekleri toplayip tiiketebilmektedirler. Kisacasi organik
tavukculugun yapisi igerisinde bocek tiiketimi yer
almaktadir. FAO’nun hayvan yem kaynaklari bilgi
sisteminde, siyah sinek larvalar1 (Hermatia illucens), ev
sinegi kurtguklari, ¢ekirge, circir bocegi, yemek kurtlari,
ipek bocegi larvalar yer almaktadir ( Van Huis vd., 2013).
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Boceklerin Besin Madde Kompozisyonu: Kanath
diyetlerine protein kaynag olarak ilave edilen boceklerin
yiiksek protein igeriklerinin yaninda, yag, vitamin ve
mineral bakimmdan da zengin kaynaklar oldugu
goriilmektedir. Payne vd., (2016) calisma sonuglari,
yenilebilir boceklerin besin kalitesinin, besin madde
ihtiyaglarinin karsilanmasinda yeterli bir protein kaynagi
olabilecegini gostermektedir. Fakat bdceklerin  besin
madde bilesimleri, biiylime ortamlari
kosullarina ek olarak yasam evrelerine de bagli olarak
degiskenlik gosterdigi bildirilmistir (Makkar vd., 2014).
Ornegin, Jozefiak ve Engberg, (2015) karasinek larvasinm
metiyonin icerigi kanatli diskisinda yetistirildiginde, ¢esitli
bitkisel artiklarda yetistirilenlerden daha yiiksek oldugunu
ortaya koymustur. Astuti vd., (2018) hurma cekirdegi
atiginda yetistirilen Kara Asker Sineginin %40,29
diizeyinde orta zincirli bir yag asidi olan ve antimikrobiyel
ozellik gosterebilen laurik asit igerdigini bildirmislerdir.
Bocek unlarmin doymamis yag asidi icerigi yiiksektir.
Hammadde kaynagi olarak kullanilacak boceklerin yiiksek
doymamus yag asidi ve protein diizeyi, depolama esnasinda
oksidasyon ve mikrobiyel bozulma gibi problemlere neden
olabilmektedir. Sonucta bu problemler hammaddenin raf
omrii ve kalitesini etkileyebilen oOnemli faktorlerdir
(Awoniyi vd., 2004). Veldkamp vd., (2012) bocekler
arasinda yag igerikleri bakimindan onemli farkliliklar
bulundugunu bildirmistir. Disi bdceklerin  erkeklere
kiyasla daha fazla yag igerdigi belirtilmistir (Finke,2008).
Boceklerin mineral madde konsantrasyonlart da yiiksek
olup 6zellikle demir, ¢inko, bakir, manganez ve selenyum
gibi iz mineraller bakimindan 6nemli bir kaynaktir.
Bitkilerde bulunan fosforun degerliligi daha diisiikken
boceklerde bulunan fosforun degerliligi daha yiiksektir.
Ancak diger besin madde igeriklerinde oldugu gibi
boceklerin  mineral madde igerikleri de beslenme
sekillerine ve mevsime gore degiskenlik
gosterebilmektedir. Bocek dis kabugu, kitin igermekte
olup, biivelek sinegi ve un kurdu larvalarinda kitin igerigi
yaklasik KM iizerinden %5.4 ve %2.8 olarak belirlenmistir
(Finke, 2013).

Bocekler besin madde profili (protein, yag,
vitamin, mineral) yaninda fonksiyonel o6zellik gosteren
yapilar1 da biinyelerinde tasimaktadirlar.

Boceklerlerin  Fonksiyonel Ozellik Gdsteren
Yapilari: Kitin — Kitosan - Kitosan Oligosakkariti: Kitin;
Bocek ve oriimeek gibi karada yasayan birgok eklem
bacakli hayvanin dig iskeletine sertlik veren sert, elastik
olmayan, azotlu polisakkarit yapida bir karbonhidrattir

ve yetigtirme

(Kumar, 2000). Selilozdan sonra dogada en ¢ok
karsilagilan  polisakkarittir.  Jozefiak vd., (2016)
Celeoptera, Diptera, Dictyoptera ve Ephemeroptera

larvalariin kuru maddede % 2.7-16.2, eklembacaklilarin
ise % 18-60 oraninda kitin igerdigini saptamustir. Kitinin
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bir¢cok tiirevi bulunur ve bunlar arasinda en Onemlisi
kitosandir. (Sekil 1)

Kitosanin daha yiiksek ¢oziiniirliige sahip diisiik
molekiil agirlikli oligosakkarit formu olan kitosan
oligosakkarit (KOS) tiirevi gelistirilmistir. Kitin ve
ozellikle kitosan olisakkaritleri, tavuk diyetlerine yem
katki maddesi olarak ilave edildiginde; antimikrobiyal,
antioksidan, immiinomodiilatér ve hipokolesterolemik
etkiler gosterebilmektedir (Swiatkiewicz vd., 2015).

Seliiloz Kitin Kitosan
Sekil 1. Kitin tiirevleri (Y1ldirim vd.,2015).
Figurel. Chitin derivatives (Yildirim et al.,2015).
Kitin ve  ozellikle kitosanin  biyolojik

ozelliklerinden en dnemlisi sahip olduklar1 antimikrobiyal
aktivitedir. Son yillarda yapilan g¢alismalarda kitosanin
bakteriler iizerindeki inhibitdér etkisinin daha ¢ok
bakteriyostatik oldugu goriilmistir (Goy vd., 2009 &
Kong vd., 2010). Kitosan ve tiirevlerinin antimikrobiyal
etki mekanizmasi tam olarak bilinmemektedir. Kitinden
farkli olarak kitosan ve KOS primer amino gruplarma
sahiptir ve antimikrobiyel etkide bu amino gruplariin
onemli oldugu varsayilmaktadir (Chen vd., 2002). Ortamin
pH degerinin, kitosan ve tiirevlerinin sahip oldugu amino
gruplarinin  pKa degerinden (6,3-6,5) diisiik olmasi
durumunda kitosan ve tiirevleri polikatyonik bir yap1
kazanmaktadir. Bu yapidaki kitosan ile
mikroorganizmalarin  ylizeyinde  bulunan  anyonik
bilesenler arasinda meydana gelen elektrostatik etkilesimin
antibakteriyel  aktivitede Onemli  oldugu ortaya
konulmustur (Kong vd., 2010). Bu elektrostatik etkilesim
hiicre yiizeyinde negatif ve pozitif yiiklerin dagiliminin
farklilasmasma neden olur. Bu farklilasma membran
stabilitesinin bozulmasina ve gegirgenliginin degismesine
neden olmaktadir. Membran gecirgenliginin degismesi
sonucu besin maddeleri hiicre igerisine girememekte veya
hiicre i¢i bilesenleri (6rnegin glukoz, K iyonlari, diisiik
molekiiler agirligina sahip proteinler, niikleik asitler, laktat
dehidrogenaz enzimi ) hiicre digina sizmakta ve bunlarin
sonucunda da hiicre oliimii gergeklesmektedir. Yapilan
caligsmalar kitosan ve tiirevlerinin ilk etki ettigi yerin hiicre
duvart oldugunu ve mikroorganizma Olimiiniin ise
membran yapisinin  bozulmasindan  kaynaklandigini
gostermistir (Helander vd., 2001 ; Qi vd., 2004).

Kitosan iskeletine bagli proton baglayabilen
amino gruplarinin sayist elektrostatik etkilesimde 6nemli
gorevler listlenmektedir (Kim vd., 2005 ; Kong vd., 2010).
Jeon vd., (2001) amino grubu sayisini arttirmak i¢in N-

ucuna  asparajin  aminoasidi  eklenmis  Kitosan
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oligosakkaritleri ile yaptiklari c¢alismada, bu yapidaki
kitosanin bakteri hiicre duvarindaki negatif yiiklii karboksil
gruplartyla  daha  kuvvetli  etkilesime  girdiginin
belirlenmesi bu durumu kanitlar niteliktedir.

Kitosanin antioksidan aktivitesi serbest radikalleri
sondiirme veya metal iyonlarin1 baglama aktivitesinden
ileri gelmektedir. Kitosanin igerdigi hidroksil (-OH) ve
amino (-NH2) gruplart stabil olmayan serbest radikallerle
reaksiyona girerek onlarin stabil molekiillere doniigmesini
sagladiklar1 ve metal iyonlarmi bagladiklar1 igin
antioksidan aktiviteden sorumlu temel fonksiyonel
gruplardir. Sun vd., (2008) kitosan ve tiirevlerinin
antioksidan aktivitesini esas olarak polimer zincirlerindeki
aktif hidroksil ve amino gruplarina bagh olarak
gosterdigini bildirmistir. Huang vd., (2005) kitosan
oligosakkaritinin metal iyon tutum yeteneginin hidroksil
radikal tutucu potansiyeli {izerine biiyiik 6l¢iide etkisinin
oldugunu bildirmis ve antioksidan etkisinin  bu
Ozelliginden kaynaklanabilecegini belirtmistir. Kitosan
oligosakkaritlerinin serbest radikal tutucu 6zelligi deasetile
edilme derecesine ve molekiiler agirligina bagh olarak
degismektedir. Yin vd., (2002) diisiik molekiil agirligima
sahip KOS’in 0.5 mg/ml diizeyindeki konsantrasyonda %
80’den daha fazla siiperoksit radikal tutucu aktiviteye sahip
oldugunu bildirmislerdir. Je vd., (2004) yiiksek derecede
deasetile (% 90) edilmis Kitosan oligosakkaritinin
hidroksil, siiperoksit ve karbon merkezli radikallerin
tutulumunda daha etkili oldugunu ileri siirilmiistiir.

Kitosan  oligosakkaritlerinin  antikanserojen
etkisinin ise 16kositler, sitotoksik T hiicreleri ve natiirel
killer hiicreler gibi immun sistem savunma hiicrelerinin
uyarilmastyla olustugu fakat dogrudan tiimor hiicrelerini
oldiirme gibi bir etkilerinin olmadigi diisiiniilmektedir
(Tokoro vd., 1998). Antikanserojen etki de kitosan

oligosakkaritlerinin  molekiil agirligt  onemli  rol
oynamaktadir.

Kitosan ile ilgili yakin zamanda yapilan
calismalar, bu maddenin hipokolesterolemik ve

hipolipidemik etkisinin de oldugunu gostermistir. Bu
etkisinin, yemdeki yaglar1 baglayabilme ve bagirsaktan
absorbsiyonunu Onleyebilme yetenegine bagli oldugu
belirtilmistir. Kobayashi vd., (2002) tarafindan yapilan bir
calismada kitosanin broylerlerde abdominal yag diizeyinde
onemli bir azalma yarattig1 ve ince bagirsak igeriginde
lipaz aktivitesini azalttig1 tespit edilmistir.

Suzuki vd., (2002) tavuklarin proventrikulus ve
karaciger hiicrelerinde kitinaz enziminin tiretildigini fakat
lretimin yetersiz oldugunu bildirmislerdir. Bu nedenle
kitinin sindirilebilirligi sinirh diizeydedir (Hossain & Blair,
2007). Boceklerin kutikiiler iskeletinde yiliksek diizeyde
(% 45’e kadar) yer alan kitinin yem tiiketimini olumsuz
etkiledigi ve protein sindirilebilirligini  azalttigt
saptanmigtir (Longvah vd., 2011). Bu nedenlerden dolay1
kitin ve tlirevlerinin gesitli islemlere tabi tutulduktan sonra

183

Anadolu Cev. ve Hay. Dergisi, Y11:6, No:2, (180-187), 2021

diyetlere yem katki maddesi olarak eklenmesi daha
uygundur.

Hayvan Beslemede Boceklerin Kullanimi:
Avrupa Birligi’nde yogun soya iiretiminin ¢gevreye olan
olumsuz etkileri (yiiksek su gereksinimi, ekimi igin
ormanlik alanlarin tahribaty, ziraii ilag ve giibre kullanimi)
basta olmak {izere Onceki bdliimlerde belirtilen birgok
nedene bagl olarak kanatli yemlerinde bdcek proteininin
kullanilabilme potansiyeli artis gostermektedir. Dogada
serbest dolagimli olarak yetistirilen tavuklar, tim yasam
evrelerinde bocekleri severek tilketmektedir. Bu durum,
boceklerin kanatli diyetinin dogal bir pargasi oldugunu
gostermektedir. Bu nedenle, kanatli diyetlerine bocek
proteinlerinin dahil edilmesi ve bdcek yetistiriciliginin
yayginlastirilmasi amaciyla uygun yetistirme sistemlerinin
gelistirilmesi dogru bir yaklasim olarak goriinmektedir.
Nitekim 8 Ekim 2015 tarihinde Avrupa Gida Giivenligi
otoritesi bocek proteinlerinin insan ve hayvanlar igin
protein kaynagi olarak kullaniminin risk degerlendirmesi
bocek  proteinlerinin - diger
proteinlerle benzer riskler gosterdigini aciklamistir.

Avrupa Birligi 2017/893 sayili diizenleme ile,
Temmuz 2017 tarihinden itibaren 7 farkli bdcek
proteininin su {riinleri  yetistiriciliginde yemlerde
kullanimina izin vermistir. - Black soldier fly - Siyah asker
sinegi (Hermetia illucens) - Common housefly —Ev sinegi
(Musca domestica) - Yellow mealworm- Sari un kurdu
(Tenebrio molitor) - Lesser mealworm- Althik bocegi
(Alphitobius diaperinus) - House cricket-Ev circir1 (Acheta
domesticus) - Banded cricket-Tropikal ev circir
(Gryllodes sigillatus) - Field cricket-Cayir Circirt (Gryllus
assimilis).

Ancak heniiz ¢iftlik hayvanlarinin beslenmesinde
kullanimmna izin verilmemistir. Bununla birlikte 2022
yilina  kadar diyetlerinde islenmis bdcek
proteinlerinin kullanimina izin verilmesi beklenmektedir.

Hollanda’da Protix ve Biihler Insect Technology
firmalari tarafindan hayvan yemlerinde kullanilmak tizere
siyah asker sinegi lretimi i¢in ilk endiistriyel Ol¢ekli
tesisler kurulmustur. Protix firmasi bdcek unu ve yagi
iireticisi olarak {iiretim kapasitesini artirmak ve hayvan
yemlerinde boceklerin  kullanimina  iliskin ~ Ar-Ge
calismalarina 45 milyon € fon aktarmistir. Bocek tireticisi
Agri Protein firmasi ise ABD ve Kanada’da 20 bocek
ciftligi kurmus, global hedefin 2020°de 100, 2027°de 200
ciftlige ¢ikarmak oldugunu agiklamistir (Koeleman, 2017).

sonucunda, hayvansal

kanatlh

Hayvan Besleme Acisindan Bécek Uretiminin
Avantaj ve Dezavantajlari: Yem amaciyla kullanilan
bocekler  giibre ve  organik  atiklar
yetistirilebilmektedirler. Bu durum hem siirdiiriilebilirlik
hem de g¢evre kirliliginin 6nlenmesi bakimindan 6nemli bir
avantaj saglamaktadir. Yem hammaddesi olarak bdcekler,
yetigkinlerinin yani sira larva ve pupa gibi gelisim
donemleri de kullanilabilmektedir. Biiylimeleri ¢ok hizli,

tizerinde
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yemden yararlanmalari ¢ok yiiksektir. Bir kg bdcek
proteini iiretmek igin yaklasik 2 kg organik artik ile 1 m?
alan yeterli olmaktadir (Van Broekhoven vd., 2015).
Ayrica, 1 kg et liretimi i¢in bocekler, sigir ve domuzlara
kiyasla atmosfere ¢ok daha kiiclik miktarlarda sera gazi ve
amonyak birakmaktadirlar(Smith & Pryor, 2014). Kanath
rasyonlarina  bdceklerin  ilave  edilmesiyle yem
maliyetlerinin de asag1 ¢ekilecegi gergegi de 6nemli bir
avantajdir. Yem bileseni olarak bdceklerin kullanilmast
ayn1 zamanda, tarlada boceklerin iiriine verdigi zarari
azaltacak, pestisitlerin kullanimin1 minimize edecek ve
cevresel kirliligin azalmasina katkida bulunacaktir.

Glinlimiizde bdcek tiirlerinin  kanatli hayvan
beslemede kullanimina yonelik en biiyiikk engel iiretim
yetersiz  olusu, elde
standardizasyonun saglanamamasi ve maliyetidir. Ancak
uygun bocek tiiriiniin dogru belirlenmesi ve bocek iireten
sirketlerin artmasi ve otomasyonun kullanimi ile tiretimin
artacagi ve maliyetin azalacagi diisliniilmektedir. Bocekler
protein basta olmak iizere yiiksek besin maddesi iceren,
siirdiiriilebilir besin maddesi kaynag1 olmalar1 yaninda g6z
ardi edilmemesi gereken bazi risk faktorlerini de
icermektedirler. Bunlar; mikrobiyal, kimyasal, toksikolojik
ve alerjik riskler olarak siralanabilir. Bocekler toksin
iiretebilir ve bazi durumlarda da mineral diizeyleri toksik
seviyede olabilir. Bunlarin yani sira, bazi bocek tiirlerinin
yapilarinda bulunan antinutrisyonel faktorler (tiyamin
baglayici siyanojenik glikozitler), zehirli bocek tiirleri ve
allerjenik reaksiyonlar diger risk faktorleri arasinda
bulunmaktadir. Bocek tiirlerinin yem hammaddesi olarak
kabul edilebilmesi icin iizerlerinde fazla sayida bilimsel
calisma yapilmast ve olumlu ve olumsuz yonlerinin
belirlenmesi gerekmektedir. Her ne kadar bocek tiirleri
yem kalitesi agisindan Onemli bir potansiyel olsa da
Avrupa Birligi su an igin bdcek proteinlerinin yem olarak
degerlendirilmesine izin vermemistir.

Kanath diyetlerinde Bocek Kullaniminin Elde
Edilen Hayvansal Uriinler Acisindan Degerlendirilmesi
(Tiiketici Degerlendirmeleri): Kanatli diyetlerinde bocek
unu ve bocek gibi fonksiyonel iiriinlerinin kullanilmasinin
birgok acgidan avantaj sagladigi bilinmesine ragmen, bu
ham maddeleri tiiketen hayvanlardan elde edilen iirlinlerin
kalitesi ve tiiketici tercihleri yoniinde yapilan caligmalar
¢ok yeni olup devam etmektedir. Sun vd., (2013) erkek
broylerlerde et kalitesini belirleme iizerine yaptiklar: bir
calismada; misir ve soya fasulyesi bazli diyetle beslenen
kontrol grubu ile biiyiik bir ¢ekirge popiilasyonu igeren
otlaklarda yetistirilen deneme grubu arasindaki farkliliklar
ortaya koymay1 amaglamistir. Bu ¢alismaya gore deneme
grubunun gogiis ve but eti, ¢igneme, lezzet ve aroma
bakimindan kontrol grubuna gore daha ¢ok begenilirken,
renk ve sululuk bakimindan iki grup arasinda 6nemli bir
fark goriilmedigi tespit edilmigtir. Ancak
arastirmacilarinda belirttigi gibi gruplar arasinda olusan

miktariin edilen drtindeki
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farkin ¢ekirge tiiketiminden mi, genis beslenme
seciminden mi yoksa artan hareketlilikten mi
kaynaklandig1 net olarak ortaya konulamamistir. Khan vd.,
(2018) farkli tirdeki bocek kiispesi (kurtguk kiispesi,
ipekbocegi kiispesi, yem kurdu) ile beslenen broyler
piliglerin etinin organoleptik 6zelliklerini karsilagtirmak
i¢in yaptiklar1 caligmada duyusal profil tizerinde higbir fark
bulunmadigini bildirmiglerdir. Kara asker sinegi larvasmin
broyler diyetlerine dahil edilmesinin et kalitesine etkisinin
incelendigi bir caligmada, kara asker sinegi lavrasini
titkketen broylerlerde etin ph’sinin daha diisiik oldugu ve
renginin daha ag¢ik oldugu gozlenmistir. Ayrica bocek
iiriinleri tiiketen broyler piliglerin etlerinde doymus yag
asitlerinin (SFA) ve aterojenik indeksin (Al) toplam
miktar1 artarken, ¢oklu doymus yag asitleri (PUFA), PUFA
ile SFA (P / S), n-6/n-3 PUFA hipo/hiperkolesterolemik
yag asitleri oranlarinin azaldig1 gézlemlenmistir.

Proteinsect Avrupa Projesi kapsaminda 2013-
2014 ve 2015 yillar1 arasinda diyetlerine bocek ilave
edilmis hayvanlardan elde edilen iiriinlerin tiiketimi ile
ilgili iki anket gergeklestirilmis ve anket sonuglarina gore
katilmcilarin =~ %64’ boceklerle  beslenen  ¢iftlik
hayvanlarinin {iirtinlerinin tiiketilmesini saglik agisindan
diisiik riskli ya da risksiz olarak degerlendirmistir. Yine
orneklemin %88’i konuyla ilgili bilgi eksikligine dikkat
¢ekmis ve daha fazla bilgi istenmistir (Proteinsect, 2016).
Verbeke vd., (2015)’nin Belgikal ¢iftgiler, tarim sektori
calisanlar1 ve vatandaslarla yaptiklari anket sonuglari,
genellikle katilimcilarin boceklerin  6zellikle balik ve
kiimes hayvani diyetlerine ilave edilmesinde bir sakinca
gormediklerini ortaya koymustur. Laureati vd., (2015)
bocekle beslenen hayvansal iiriinlerin tiiketimi ile ilgili
farkli bakis acilarii karsilagtirmak igin, 341 6grenci ve
Milano Universitesi caliganlart ve akademiyle ilgisi
olmayan tiiketicilerle iki asamal1 bir anket gerceklestirmis
ve orneklemin % 53'"iniin bdceklerin hayvan diyetlerine
dahil edilmesini ve bu sekilde yetistirilen hayvanlarin
iriinlerini tiiketmeye hazir olduklarimi  belirttiklerini
bildirmiglerdir. Yapilan bir bagka c¢alismada ise Macar
katilimecilara, Free-Range modeli ile yetistirilen
hayvanlardan elde edilen etler ile diyetlerine bocek unu
ilave edilmis hayvanlardan elde edilen etleri tiiketme
konusundaki fikirleri sorulmus ve sonugta 1-7 dlceginde
yapilan ankette katilimcilarin, serbest dolasan hayvanlarin
eti i¢in 5,11 puan verirken, bocek unu tiikketen hayvanlarin
eti i¢in onemli olgliide daha az puan (3,69) verdikleri
belirtilmistir (Szendro vd., 2020).

SONUC

Bocek kokenli protein kaynaklarinin kanatl
diyetlerinde kullanimi teknik olarak miimkiin goériilmekte
ve yem maliyetlerinin azaltilmasi, ¢evre Kkirliliginin
Onlenmesi, yeni isttihdam sahalar1 olugturulmasi gibi birgok
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acidan avantaj saglayacagi diisiiniilmektedir. Ancak, bocek
iretiminin mikrobiyel bulagsmaya yol agabilmesi ve bocek
kokenli yemlerde bulunabilecek toksinlerin bu yemi
tilketen hayvanlarda alerjik ve toksik etki olusturabilmesi
standardizasyonun saglanamamasi gibi
konulardan endise duyulmaktadir. Sonug olarak; bocek
unlarmin yem degeri, sindirilebilirligi, broyler diyetlerine
ne kadar ilave edilebilecegi, fonksiyonel avantajlari,
negatif etkileri, tiretim modeli ve standardizasyonu, bu
modelle beslenmis hayvanlarin iriinlerinin kalitesi ve
pazar pay1 gibi konularda daha ileri ¢aligmalara ihtiyag
oldugu goz ardi edilmemeli ve bocek kokenli protein
kaynaklarmin kanatli yemi olarak kullanilmasinin bilimsel
veriler 1s1§inda olusturulacak mevzuat ¢ercevesinde
gerceklestirilmesi gerektigi diigiiniilmektedir.
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Abstract: In this study, the protective effects of zeolite added to water on tilapias exposed to sub-
lethal concentration of copper was investigated. Treatment groups were copper, copper+zeolite,
zeolite, and control. After 90 days trial, weight-length, copper accumulation in the liver, and
muscle protein ratios of fishes were measured. BUN, LDH, glucose, cholesterol, and triglyceride
parameters of blood were also measured by taken monthly blood samples. The highest increase
in weight was observed in zeolite treatment by 68.5%. Copper accumulations in the liver were
12.6; 10.8; 1.27 and 1.33 ppm for the copper, copper + zeolite, zeolite, and the control groups,
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Zeolitin (Clinoptilolite) Tilapiya (Oreochromis niloticus)’da Bakir Toksisitesi
Uzerine Koruyucu Etkisi

Oz: Bu calismada bakirin sublethal diizeyine maruz kalmis Tilapyalar iizerine suya ilave edilen
zeolitin koruyucu etkisi arastirilmistir. Muameleler; bakir, bakirtzeolit, zeolit ve kontroldiir.
Doksan giinliik deneme sonunda baliklarin agirlik ve boyca gelisimi, karacigerde bakir birikimi
ve kas protein oranlar1 dlgiilmiistiir. Ayrica her ay yapilan kan 6rneklemelerinde BUN, LDH,
glikoz, kolesterol, trigliserit parametreleri de dlgiilmiistiir. Agirlik degisimi en yiiksek % 68,5
orant ile zeolit muamelesinde bulunmustur. Karaciger bakir birikimleri bakir, bakir + zeolit, zeolit
ve kontrol muameleleri i¢in sirasiyla 12,6; 10,8; 1,27; 1,33 ppm olarak bulunup, istatistiksel
olarak aralarindaki fark onemlidir (p<0,05). Deneme sonunda bakir + zeolit muamelesinin kan

*Sorumlu yazar: parametreleri, kontrol muamelesi ile karsilastirildiginda, BUN, LDH, kolesterol seviyesi diisiik
Mustafa TURKMEN bulunmustur. Buna karsin trigliserit ve glikoz seviyesi yiiksek bulunmustur. Baglangi¢ protein
Gtz Uivermiest BiyolaiEi, ranina gore, deneme sonundaki kas protein oram diisiik bulunmustur. B nuglara gor
28100, Giresun, Tiirkiye oranina gore, deneme sonundaki kas protein orant digik bulunmustur. Bu sonuglara gore,
BX: mturkmen65@hotmail.com Tilapya’da bakir toksisitesine karsi zeolit uygulanmasi onerilebilir.

Anahtar kelimeler: Clinoptilolit, dogal zeolit, kan parametreleri, Oreochromis niloticus, tilapya.
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INTRODUCTION

Copper sulfate can be used in aquaculture for
algae control in ponds, including high-build and
filamentous algae such as Chara. Besides, it is used for the
control of external parasites such as Ichthyophthirius
multifiliis. If the environment alkalinity is lower than 50
ppm or higher than 250 ppm, copper sulphate should not
be applied (Boyd & Tucker, 1998; Watson & Yanong,
2002). Car graveyards, cooling water discharges, copper-
containing pesticides, water distribution pipes, brake
linings of vehicles such as cars, trucks, buses and trucks,
metal plating and processing industry, refineries, roofing
materials and mine smelting enterprises are reported as
sources of copper contamination in the environment
(Fialkowski & Newman, 1998). Soluble copper
compounds from agricultural runoff can be extremely
harmful. When they enter aquatic ecosystems, they usually
bind to particles in the water in about a day and thus pose
less of a threat to the environment depending on the
environmental conditions. It is reported that copper is not
carcinogenic (ATSDR, 2003).

Evaluation of blood parameters in animals is a
conventional method and an important finding. With this
simple technique, it is possible to make reliable decisions
about the physiological situation of the animal. Many
factors are affecting the blood parameters in fish. These
may be environmental (temperature, photoperiod, density,
salinity), physiological (sexual maturation cycle, age,
gender, nutrition), and social (social hierarchy) factors.
Monitoring of blood chemistry in aquaculture practices has
been reported to be closely linked to water quality, disease
or exposure to toxic substances (Basusta, 2005; Chen et al.,
2003; Tiirkmen et al., 2000). Cholesterol, a type of lipid, is
the most important member of the sterols found in animal
tissues. It is found as free and combined with fatty acids in
all cells and blood of fish. It has been found that serum
cholesterol level in fish varies according to gender. If its
amount in the blood is high, it can cause cardiovascular
diseases. Fish needs a certain amount of to maintain their
vital functions (Akyurt, 2004). It reduces the blood
cholesterol level of copper, chromium, calcium, vitamin C
and E. Salts increase the cholesterol level in the blood
(Alfin-Slater & Howton, 1993). There may be an increase
in serum BUN levels of fish that add copper to their diet.
This increase causes deterioration and incomplete
development of gill epithelial cells and should be
understood as a clinical explanation of the impairment in
respiratory and excretory balance (Cicik, 2003).

Although zeolite studies have continued
intensively in the last 50 years, the use of natural zeolite
has gained importance in recent years. Natural zeolites
remove cations from water by ion exchange (Tiirkman et

189

J. Anatolian Env. and Anim. Sciences, Year: 6, No: 2, (188-194), 2021

al., 2001). Clinoptilolite has a very high selectivity against
heavy metal ions such as Pb*?, Zn*?, Cd*?, Ni*?, Cu*?, Fe*?
and Mn*? (Park, 2000; Tiirkman et al., 2001). It is known
that heavy metal pollution causes stress in fish and stress-
related changes occur in metabolism. Glycogen stored in
the muscle and liver tissues of fish is used to meet the
urgent energy requirement under stress (Cicik, 2003;
Akyurt, 2004). There are many studies on metal toxicity
and the effect of zeolite on blood parameters in fish (Firat
& Sahin Inandi, 2016; Mutlu et al., 2016; Oguztiirk et al.,
2018; Cogun & Kargin, 2019; Cogun & Kargin, 2020;
Chenetal., 2020). In this study, it was aimed to investigate
the protective effect of zeolite in the water on tilapia
exposed to the sub-lethal level of copper sulfate. Due to the
high ion exchange capacity of the zeolite, the effects of
copper on the accumulation of fish liver and some blood
parameters were studied.

MATERIAL AND METHODS

Tilapia (Oreochromis niloticus) was used as a fish
material in the study. Until the trial begins, fish were fed
with a commercial feed in 200x50x50 cm polyethylene
tanks. Later, it was stocked as 32 pieces in each aquarium.
This study was carried out in Mustafa Kemal University
Faculty of Fisheries, Aquarium Unit. Aquariums were
80x40x40 cm in size and 128 liters, 90 liters of this volume
have been used. The water depth in the aquariums is
planned as 28.1 centimeters. The aeration system and the
heaters in aquariums were operated continuously. Tap
water was used in the experiment. To remove wastes from
aquariums, 2/3 of the aquarium water volume was
siphoned every 3 days. Then with the same amount of
water, the amounts of CuSO4-5H20 and zeolite contained
in the water calculated and returned to the aquarium.
Experimental groups and their contents were given in
Table 1.

Table 1. Experimental groups.
Experimental groups

Cu + Zeolite (mg/L)

Cu (mg/L) Zeolite mg/L) Control

Contents 15 1.5+50 50 0 e

Three fish were taken from each aquarium every
30 days and a repeat has been created. The trial was carried
out in one-month periods for 3 months (3 terms). Fish were
fed with commercial feed containing 30% crude protein
and 2600 kcal/kg metabolic energy and they were fed with
3% of their live weight in three meals a day. Fish was
anesthetized with 1/20000 concentration Quinaldine and
blood was drawn from the tail area. Post-anesthetized, 3 ml
blood from the tail parts of fish was taken into sterile tubes
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containing EDTA (2.5 mg/ml). Samples were collected
individually into plastic vials and the serum separated by
centrifugation at 4,000 rpm for 10 min, was then processed
immediately by an automated cell analyzer (Merck-
Mega/Toshiba-Japan) to analyze blood cholesterol,
glucose, triglycerides, BUN (blood urea nitrogen) and
LDH (lactate dehydrogenase) levels (Bricknell et al.,
1999).

Liver samples of the fish from which blood
samples were taken were also taken and burned in the ash
furnace (Yazkan et al., 2002), ash samples were treated
with acid (Unlii & Giimgiim, 1993), and were filtered and
completed to 25 ml with deionized water (Tirkmen &
Ogiitcii, 2020). Liver samples ready for analysis were read
at 324.8 nm in the ICP device and expressed as mg/kg dry
weight. Crude protein determination in muscle samples of
fish was analyzed by the Kjeldahl method (Duru, 2004). To
test the differences between species, one- way ANOVA
was performed (SPSS 21.0). A significance level was set
to 0.05 for all statistical analyses.

RESULT AND DISCUSSION

The length, weight, liver weight and muscle tissue
protein ratios of the fish according to the experimental
groups are presented in Table 2. No death was observed
during the trial period. It is seen that there is no difference
between the groups in terms of initial length and weight of
the samples (p>0.05). At the end of the experiment, the
lowest value in fish weight was in the control group with
22.2 gffish, the highest value was found in the Cu + zeolite
group with 26.6 g/fish (Table 2).

Table 2. The mean values of the length, weight, liver weight and
muscle tissue protein ratios of the fish according to the
experimental groups.

Experimental groups

Parameters Cu Cu+Zeolite  Zeolite Control p

Initial weight (g) 16.7+0.5 16.6+1.0 14.3+0.5 16.2+1.4 028
90t day weight (g) 24.6+4.8 26.6+3.7 24.1£3.6 22.245.5 0.91
Initial length (cm) 10.0+0.1 10.0£0.1 9.40+0.1 9.53+0.3 0.10
90 day length (cm) 11.6+0.6 11.8+0.6 11.320.7 11.3+0.7 0.94
Initial liver weight (g) 0.15+0.0 0.20+0.0 0.13+0.0 0.15+0.0 0.19
90 day liver weight (g) 0.51+0.1 0.48+0.1 0.60+0.1 0.61+0.0 0.80
Initial muscle tissue 124416 102¢12 10611 112402 052
protein ratio (%)

th 7
90" day muscle tissue 89306 911405  795:02  9.55:04 024

protein ratio (%)

The increases in the experimental groups are
given in Table 3. Maximum live weight gain 10 g fish*
with copper + zeolite treatment, the lowest body weight
gain in the control treatment with 6.0 g fish"* was found.
Besides, at the end of the trial, the differences between the
lengths and weights of the treatment groups were found to
be statistically insignificant (p>0.05). Among the
treatments, the lowest length gain was 1.60 cm in copper
treatment, and the highest length gain was 1.90 cm in the
zeolite treatment. Both body weight and liver weight

190

J. Anatolian Env. and Anim. Sciences, Year: 6, No: 2, (188-194), 2021

increased at the end of the trial. The highest increase in
liver weight gain was determined in the zeolite group with
0.47 g fish'* and the lowest in the copper + zeolite group
with 0.28 g fish™.. At the end of the trial, a decrease in
muscle tissue protein level was observed in all groups. The
highest change in length was observed in the zeolite group
with 20.2% and the lowest in the copper group with 16.0%
(Table 3). The maximum weight change was observed in
the zeolite group with 68.5% and the least in the control
group with 37.0%. Although the percentage of weight
change of fish exposed to copper only is higher than the
control treatment, it is lower than the zeolite and copper +
zeolite treatments. Also, the copper + zeolite treatment
showed an improvement close to only the zeolite treatment,
with a 60.2% weight gain change. The least change in
protein level occurred in the copper + zeolite treatment
with a decrease of 1.04%, and the most change in the
copper treatment with a decrease of 3.44%.

Table 3. Changes in trial groups after 90 days of study.

Experimental groups
Parameters

Cu Cu +Zeolite Zeolite Control
Body weight gain (g) 7.90 10.0 9.80 6.00
Length gain (cm) 1.60 1.80 1.90 1.77
Liver weight gain (g) 0.36 0.28 0.47 0.46
Muscle protein ratio change (%) -3.44 -1.04 -2.67 -1.62
Weight change (%) 473 60.2 68.5 37.0
Length change (%) 16.0 18.0 20.2 18.6

At the end of the experiment, protein ratios were
found as 8.93% in copper treatment, 9.11% in copper +
zeolite treatment, 7.95% in zeolite treatment, and 9.55% in
the control treatment. In a trial conducted on fish exposed
to lethal doses of copper, the carcass protein ratios of the
groups treated with 0.15 ppm, 0.30 ppm, 0.50 ppm and 0
ppm copper in water were reported as 14.94; 14.95; 14.82
and 15.18. The researchers reported that a decrease in
protein due to an increase in copper concentration in water
at the end of the experiment was statistically significant for
the carcass protein ratio (Al et al., 2003). Proportions of
protein obtained in this study were lower than the values
reported by Al et al., (2003). The amount of crude protein
ratio in fish meat varies according to the type, age, sex,
feeding environment, breeding and migration seasons of
the fish. The amount of protein in fish meat varies between
15-24% (Giilyavuz & Unliisayin, 1999).

Copper Accumulation: Copper accumulation in
the liver levels obtained at the end of the trial according to
the experimental groups were presented in Table 4. The
lowest copper accumulation was observed in the zeolite
group (50 mg/L zeolite) and similar to the control group,
but statistically different from the copper and copper +
zeolite groups (p<0.05). On the other hand, the highest
accumulation was observed in the group exposed to 1.5
mg/L Cu. Heavy metals increased the total protein
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concentration in tissues with high metabolic activity. It has
been reported that while the total protein ratio of the liver
tissue increases in O.niloticus exposed to copper, the total
protein ratio of the muscle tissue decreases (Kalay &
Erdem, 2003).

Table 4. Copper accumulation in the liver according to the

experimental groups (ppm dry w.).
Experimental groups

Cu Cu +Zeolite Zeolite Control
Accumulation 12.6£2.87° 10.8+£5.27 1.27+0.39 1.33£0.132
10,8+5,27°

1,2740,392
1,3340,13

“"Horizontally, different letters show statistically significant differences between groups (p<0.05).

This situation was similar to our findings. In a
study, the copper accumulation in the liver was reported as
16.27 ppm, 24.41 ppm, 38.34 ppm, and 10.92 ppm,
respectively (Al et al., 2003). These reported values are
different from our findings. This may be due to differences
in water quality parameters (pH, alkalinity, and hardness),
fish weights, copper exposure time, and copper
concentrations added to the water. Water containing high
levels of copper causes vomiting, diarrhea, nausea, and
cramps. It accumulates mostly in the liver, kidney,
stomach, lung, intestine, heart, brain and adrenal gland
(ATSDR, 2003). Also; copper, an essential element for the
enzyme system in fish, is toxic at high concentrations.
Higher levels of copper in the water cause fish species to
consume oxygen faster. It also binds to the structure of
proteins containing histidine, cysteine and methionine,
preventing them from fulfilling their functions. The
primary target for copper in water is the fish's large surface
area gills (Van Heerden et al., 2004).

In another study conducted to examine the effect
of zeolite and copper on tilapia, 2.14 mg/L copper was
added to the water. At the end of the 90" day, liver copper
accumulation was 8.63 ppm in tilapia exposed only to
copper, while it was observed that liver copper
accumulation decreased significantly with increasing rates
of zeolite. In the same study, it was also reported that
copper ratios of tilapia exposed to copper and zeolite
decreased significantly over time (James & Sampath,
2003). This situation is similar to our findings. In a study
conducted on carp fish, protection from lead toxicity was
investigated by adding zeolite to the water, and no
statistically significant difference was found between
treatments in liver weight and weight gain at the end of the
trial (Tepe et al., 2004). In our study, the addition of zeolite
caused a decrease in liver copper accumulation.

Blood parameters: Three-period analyses results
of blood parameters according to the experimental groups
are given in Table 5. Blood Urea Nitrogen, LDH, and
glucose levels generally showed an increasing trend in all
experimental groups depending on the time. On the other
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hand, cholesterol levels showed an increase in the copper
and copper + zeolite group, and a decrease in the zeolite
group, depending on time. BUN was the lowest in all
periods in the control group and the highest in the Cu +
zeolite group on the 90" day. LDH was lowest in the
control group on the 30th day and the highest in the zeolite
group on the 90™ day. The glucose levels were the lowest
in the Cu + zeolite group on the 30" day and the highest on
the 90" day in the zeolite group. Cholesterol levels were
lowest in the control group on the 30" day and the highest
on the 90" day in the zeolite group. Triglyceride levels
were the lowest in the copper + zeolite group and the
highest in the copper group on the 90™" day.

Table 5. Results of blood parameters according to trial
periods and groups.

Blood Experimental groups
Parameters/Periods Cu Cu + Zeolite
BUN (mg dI't)

30" day

60" day

90" day
LDH (pg dI*)

30" day

60" day

90t day
Glucose (mg dI?)

30t day

60t day

90" day
Cholesterol (mg dI')

30" day

60" day

90" day
Triglyceride (mg dI?)

30" day

Zeolite Control

2.30+0.0%
2.60+0.0%
2.80+0.0%

2.40+0.0%
2.70+0.0%
2.90+0.0%

1.90+0.0%
2.000.0%
2.20+0.0%

2.104+0.0%
2.104+0.0%
2.104+0.0%

864+4.05%
1102+1.76Y
1366+2.407

893+1.76%
974+2.30Y
1010+.572

1268+1.45%
1492+1.45Y
1528+1.15°

772+1.45%
795+1.45Y
800+0.887

122+0.67%
135£1.20¥
148+0.887

160+1.16%
160+0.58%
162+0.57"

134£1.76%
137+1.16%
137+0.66%

108+0.88%
129+0.88Y
141+0.887

134+0.882
1234+0.88Y
112+0.58%

122+1.45%
112+1.16Y
100+0.58%

128+0.67%
138+0.58Y
141+0.58%

95+0.88%
100+0.68Y
98+0.58Y

59.67+2.60%
60" day 57.33£1.20 62.00£1.15Y 51.67+0.33%
90" day 73.00+0.58" 50.67+0.33* 53.67+0.33%
“Horizontally, different letters show statistically significant differences between groups (p<0.05).

55.33+3.33% 56.33+2.73% 69.33+4.18
59.67+0.88

59.00+0.58

The fact that all blood parameters are at the
maximum level on the 90" day can be explained by the
stress that may be caused by the long-term retention of fish
in aquariums. It has been reported that stress increases the
blood glucose level significantly and the carbohydrate
content of diets with different sources affects the blood
glucose level (Yildirim et al., 1999).

It is known that heavy metal pollution causes
stress in fish and stress-related changes occur in
metabolism. Stored in the muscle and liver tissues of fish,
glycogen is used to meet the urgent energy requirement
under stress. It has been reported that non-lethal
concentrations of copper in fish such as trout
(Oncorhynchus mykiss) and carp (Cyprinus carpio)
decrease glycogen levels in muscle and liver tissues and
increase blood glucose levels (Cicik, 2003). The blood
parameters obtained by analyzing the blood samples taken
from the fish on the 90th day of the experiment are given
in Table 6. The differences between experimental groups
were found to be statistically significant for all parameters
(p<0.05). The control group was lower than the other
groups for LDH and cholesterol. The lowest BUN levels
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were observed in the zeolite group and the highest in the
copper + zeolite group.

Table 6. The blood parameters obtained according to the
experimental groups on the 90" day of the trial.

Experimental groups

Blood Parameters Cu
BUN (mg dI™)

LDH (ng dl")
Glucose (mg dI'%)
Cholesterol (mg dI™)
Triglyceride (mg dI'%)

Cu+Zeolite Zeolite Control

2.57+0.07° 2.67+0.07° 2.03+0.04* 2.10+0.00*

1111472° 959+17° 1429+40°
135+3.78°

123+3.15°

789+4.4*
126+4.73% 136+0.73°
111£3.23°

56.0+1.94*

160+0.44°
136+2.04"
53.9+1.05"

97.9+0.81%

65.3+2.58° 62.7+2.08°

"Horizontally, different letters show statistically significant differences between groups (p<0.05).

The highest levels of LDH, glucose and
cholesterol were observed in only zeolite added group. On
the other hand, the highest triglyceride level was observed
in the copper added group and the lowest in the zeolite
group. Triglyceride is the most common form of lipids
stored in adipose tissue and is the main source of energy.
Triglyceride is synthesized in the intestinal mucosa and
liver by digestion and absorption of lipids in food content
(Atamanalp et al., 2003).

In one study, blood cholesterol levels were
reported as 104.5 mg dlI-1 for control, 239 mg dI-1 for lead-
only treatment, 171.5 mg dI-1 for zeolite + lead, and 164.5
mg dI-1 for zeolite alone. However, it has been reported
that lead alone treatment caused a statistically significant
increase in LDH and cholesterol levels compared to the
control treatment (Tepe et al., 2004).

This situation is similar to our study, and our
findings for glucose and cholesterol were lower than Tepe
et al., (2004) findings. In a study by Hussein et al. (1996)
on Tilapias (O. niloticus) weighing an average of 38.46 g,
BUN, cholesterol, and glucose levels were reported as 8.41
mg dI%, 161.3 mg dI, and 52.3 mg dI%, respectively (Chen
et al., 2003). The BUN and cholesterol levels of this study
were high and the glucose level was low in our study.

In a study conducted on tilapias, glucose was
found to be the lowest 52 mg dI%, the highest 156 mg dI?,
the lowest cholesterol 162 mg dI?, the highest 440 mg dI!
and the BUN value of 2 mg dI* (Chen et al., 2003). When
compared with the values of our study, glucose levels are
consistent with the mentioned study. The cholesterol level
was found to be lower than the study mentioned. The BUN
level was found to be compatible with the control and
zeolite treatments, higher than the copper and copper +
zeolite treatment. Prolonged exposure to copper in tilapia
fish may cause liver glycogen to be transported into blood
glucose. Glucose, cholesterol, and BUN values indicate
short-term exposure to copper, and low levels indicate
long-term copper exposure (Straus, 2003). The findings of
our trial point to long-term copper exposure. The most
easily used carbohydrate by fish is glucose and the only
sugar found in the blood (Hossu et al., 2001). Blood
glucose is stored in the livers of fish as glycogen and
converted into glucose when the organism needs it and fed
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into the blood (Basusta, 2005). With the breakdown of
glucose, the energy needed to maintain vital activities is
provided (Hossu et al., 2001). Mostly, the pollution of the
environment in which the fish lives or the stress factor that
occurs due to any reason causes the muscle activity in the
fish to increase. Accordingly, the amount of blood glucose
increases (Basusta, 2005). It has been reported that
although the blood glucose level of fish rises suddenly after
feed intake, it needs a long time to decrease to the same
level again and is also affected by heavy metals and feed
composition (Erdogan et al., 2000; Yildirim et al., 2000;
Sahan & Cengizler, 2003).

CONCLUSION

In this study, the effects of zeolite on the
accumulation of copper in fish and its toxicity on
some blood parameters were investigated by adding
15 mg/L and 50 mg/L zeolite to the aquatic
environment with tilapias. The highest body weight
gain was found in the zeolite treatment with 68.5%
and the lowest in the control treatment with 37.0%.
This may be an indication that fish develop better in
the presence of zeolite in the environment. The
highest decrease in muscle tissue protein ratios was
found in the copper group and the least decrease in
the copper + zeolite group. This can be explained by
the fact that zeolite added to water causes an
improvement in the ratio of muscle tissue protein in
fish exposed to copper. Liver copper accumulation
decreased in copper + zeolite treatment compared to
copper treatment, but this decrease was not
statistically significant (p> 0.05). This can be thought
to be caused by differences in water quality (pH,
alkalinity, hardness and salinity), fish weights, copper
exposure time, and concentrations of copper in water.
Cholesterol level decreased in copper and copper +
zeolite treatments throughout the trial. This situation
may be caused by the copper in the environment. On
the other hand, it increased during the trial in zeolite
treatment. The statistical similarity between the
copper + zeolite treatment and the control treatment
at the end of the experiment can be explained by the
adaptation of the fish to the environment. Although
the cholesterol level gradually decreases in the copper
+ zeolite treatment with copper, the copper treatment
is higher than the copper + zeolite treatment when the
cholesterol level is examined regardless of the periods
during the trial. From this situation, it can be
concluded that zeolite facilitates the adaptation
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process of fish. The increase in the triglyceride level
during the experiment in copper treatment may mean
that the triglyceride, which is the main energy source
of metabolism, cannot be used in the required
amount, or it can be explained as the copper in the
environment binds to the structure of some proteins
and causes them to fail their functions. The decrease
of triglyceride during the trial in the zeolite treatment
may mean that the energy requirement in the presence
of the zeolite is provided from the triglyceride, while
the triglyceride level first increases and then
decreases in the copper + zeolite treatment can be
explained by the presence of adaptation to ambient
conditions. Although the LDH level increased in all
treatments throughout the trial, the control group
increased the least, with the highest increase in the
copper group. However, the fact that copper + zeolite
treatment is lower than the groups exposed to copper
and zeolite may be related to the adaptation process
of the fish to the environment containing copper. The
higher LDH in the zeolite and copper exposed groups
over the other two treatments during the trial may
indicate the presence of stress in both treatments.
Because in addition to natural factors such as water
quality, nutritional status and reproduction, it is
reported that factors such as capture stress, anesthesia
method, blood collection method can change the
blood parameters of cold blooded animals. It is also
known that the blood glucose level may vary between
species (Aydin et al., 2000).

When the results of the research are evaluated, it
can be said that the zeolite added to the water does not have
an adverse effect on the development of tilapian fish
exposed to copper in a non-lethal concentration. On the
other hand, it can be said that in aquatic environments with
copper pollution, zeolite can be used to support the removal
of the pollution from the environment and also that
aquaculture can be done in these environments without
harming the health of the fish.
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Oz: Alternatif tipta yaygin olarak kullanilan bitkilerden biri olan sar1 kantron (Hypericum perforatum
L.) karayollar1 giizergahlarinda yaygin olarak yetismek, ancak insallar tarafindan gevre kirliliginin
yaratabilecegi olumsuz etkiler dikkate alinmadan, bilingsiz bir sekilde toplanarak tedavi amagh
kullanilmaktadir. Bu ¢alisma, Bayburt ilinde yol kenarlarinda dogal olarak yetisen Hypericum
perforatum L. ve yetistigi topragin ¢evresel faktorlere bagh olarak agir metal kirliligini belirlemek
amaciyla yiritiilmiistiir. Bu amagla, Hypericum perforatum L. bitkisinin yogun olarak yetistigi ana
baglant1 yollar1 boyunca 10 farkli noktadan bitki ve toprak 6rnekleri alinmis ve bu drneklerde Agilent
7800 ICP-MS marka endiiktif eslesmis plazma kiitle spektrometresi kullanilarak Mg, Cr, Mn, Fe, Co,
Ni, Cu, Zn, Cd ve Pb agir metallerinin analizleri yapilmistir. Orneklerin analizleri sonucunda numune
alinan biitiin noktalarda en yiiksek konsantrasyonlar Mg i¢in dl¢ililmiistiir. Bitki 6rneklerinin agir metal
icerigi incelendiginde, yerlesim birimlerinin etkisinde ve Bayburt-Erzincan karayolu iizerinde bulunan
A9 noktasinda belirlenen Zn haricinde diger elementlerin normal sinirlar igerisinde oldugu, toprak
orneklerinin agir metal igerigi incelendiginde ise sehir merkezinde ve Erzurum-Trabzon karayolu
iizerinde bulunan A1 ve A2 noktalarinda belirlenen Ni haricinde diger agir metallerin sinir degerlerin
altinda oldugu tespit edilmistir. Elde edilen veriler sanayilesmenin olmadigi Bayburt ilinde agir metal
kirliliginin gozardi edilmemesi ve bu tiir ¢alismalarin belirli sikliklarda tekrarlanarak kirlenmenin
arttigi  bolgelerde uygun dogal aritma yontemlerinin belirlenmesinde kullanilabilecegini
gostermektedir.

Anahtar kelimeler: Agir metaller, Bayburt, Hypericum perforatum L., sar1 kantaron, Karayollari.

Investigation of Heavy Metal Pollution in Soil and Plants: The Case of Bayburt Province
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Abstract: Yellow canthron (Hypericum perforatum L.), one of the plants widely used in alternative
medicine, is widely grown on highways, but it is unconsciously collected and used for treatment by
people without considering the negative effects of environmental pollution. This study was conducted
to determine the heavy metal pollution of Hypericum perforatum L., which grows naturally on the
roadside in Bayburt province, and the soil where it grows, depending on environmental factors. For this
purpose, plant and soil samples were taken from 10 different points along the main connection roads
where the Hypericum perforatum L. plant is densely grown and in these samples, using Agilent 7800
ICP-MS brand inductively coupled plasma mass spectrometer, Mg, Cr, Mn, Fe, Co, Ni, The heavy
metals of Cu, Zn, Cd and Pb were analyzed. As a result of the analysis of the samples, the highest
concentrations were measured for Mg at all sampled points. When the heavy metal content of the plant
samples was examined, it was found that other elements except Zn determined at the A9 point on the
Bayburt-Erzincan highway were within normal limits, under the influence of the settlements, and when
the heavy metal content of the soil samples was examined, it was determined at the A1 and A2 points
on the Erzurum-Trabzon highway It has been determined that other heavy metals except Ni are below
the limit values. The data obtained show that heavy metal pollution should not be ignored in the
province of Bayburt, where there is no industrialization, and that such studies can be used to determine
the appropriate natural treatment methods in regions where pollution is increased by repeating certain
studies.

Keywords: Bayburt, heavy metals, highways, Hypericum perforatum L., St. John’s Wort.
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GIRiS

Gecmisten gilinlimiize artan niifusa bagli olarak
klasik yasam modelinden sanayilesmis yasam modeline
gecis hiz kazanmistir. Her ne kadar sanayilesme ve modern
tarima gegis insanlarin igini kolaylastirsa da dogal
kaynaklarin tahrip edilerek kirlenmesine ve bilylik cevre
sorunlarina neden olmustur. Meydana gelen kirlenme
topraklarin bozulmasina, bitkilerin gelisimine bagli olarak
verimin azalmasma ve bitkilerde olusan toksik etki
nedeniyle dogada bulunan canli ve insan varligini ciddi
anlamda tehlikeye sokmaktadir. Sekil 1’de goriilebilecegi
iizere Ozellikle yol kenarlarinda veya yola yakin yerlerde
yetisen ve alternatif tipta yaygin olarak kullanilan tibbi ve
aromatik bitkiler trafik kaynakli egzoz gazlari, teker ve arag
asinmalari, ¢evrede bulunan maden ocaklari, bilingsiz
yapilan tarim faaliyetleri gibi etmenlerden dolay1 bir takim
kirletici maddelere maruz kalmaktadirlar (Celebi & GOk,
2018; Dawson, 2008). Agir metale maruz kalan bitkilerin
canlilar tarafindan kullanimi kiigiik dozda bile olsa ciddi
saglik problemlerine neden olmaktadir (Aricak vd., 2020;
Kirbag Zengin, 2006; Sevik vd., 2020).

> Yol isaretleme
> Yol malzemesi

» Egroz parcaciklari » Yol malzemesinin kaplamast

Sekil 1. Karayollarinda olusan kirleticiler ve kaynaklari
Figure 1. Highways pollutants and their sources

Degisik jeolojik olugumlara bagli olarak toprak
biinyesinde belirli oranlarda degisik elementler bulunsa da
insan yogunlugu ve aktivitelerine bagli olarak topraktaki
element yogunlugu artig gosterebilmektedir. Yogunlugu 5 g
cm¥ten fazla olan elementlere agir metal denilmektedir.
Topraklarda olusan baglica agir metaller ise Arsenik (AS),
Krom (Cr), Kadmiyum (Cd), Bakir (Cu), Kursun (Pb),
Mangan (Mn), Civa (Hg), Cinko (Zn), Molibden (Mo), Nikel
(Ni) ve Selenyum (Se) elementleridir (Zincircioglu, 2013).

Alternatif tipta yaygin olarak travma, yanik,

romatizma, agri, gastroenterik  histeri,  depresyon,
enflamasyon, anksiyete ile bakteriyel ve viral
enfeksiyonlarin tedavisi igin geleneksel ilag olarak

kullanilan bitkilerden bir tanesi olan kantaron genellikle yol
kenarlar ve yola yakin bolgelerde yetismektedir (Bouyahya
vd., 2019; Bozunovi¢ vd., 2018; Cakmak & Bayram, 2003).
Ciceklenme doneminde toplanan bitki saf zeytinyagi
icerisinde Ozii ¢ikarilmak suretiyle kantaron yagi elde
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edilmektedir. Ayrica kurutulmus c¢icekleri cay olarak
demlenip igilebilmektedir. Bu noktada toplandifi cevre
kirliligine bagh olarak kantaron yagina ve ¢ayma bu agir
metaller bulagabilmektedir.

Toprak kirliligine neden olan trafik kaynakli
etmenler giiniimiizde biiyilk 6nem kazanmistir. Yapilan
bir¢ok arastirma sonuglari ara¢ gegiginin yogun oldugu
yerlerdeki topraklarda agir metal birikimi yiiksek olurken
uzaklagmaya bagli olarak azalmaya baglamistir (Morse vd.,
2016; Uwah & John, 2014; Varol, 2011; Zhaoyong vd.,
2015). Cevresel kirlilige bagli olarak topraklarda yetisen
bitkilerin ¢imlenme, fotosentez, hormonal denge gibi
faaliyetleri olumsuz etkilendiginden gelisimi ve verimi
azalmakta, bu topraklardan gelen bitkisel ve hayvansal besin
zinciri ile biriken agir metaller insanlara ulagmaktadir (Kilig
vd., 2014; Yu vd., 2012). Agir metallere maruz kalan
insanlarin viicut yapisina bagli olarak kanser gibi ¢ok ciddi
saglik problemlerine neden olabilmektedir (Guo vd., 2011).
Bir takim agir metalin insan sagligini olumsuz etkiledigi ve
cevrede her gecen gilin bu agir metallerin artis gosterdigi
yapilan bir¢ok arasgtirma ile belirlenmistir (Bernhoft, 2012;
Wani vd., 2015). Bu tarz kirlenmis ortamlarda yetigen tibbi
ve aromatik bitkilerin toplanarak tedavi amagh degisik
sekillerde kullanilmasi ile insan viicudunda agir metal
birikiminin degisik saglik sorunlarina neden olabilecegi
arastirmacilari tedirgin etmektedir (Sarma vd., 2012). Diinya
Saglik Orgiitii (WHO), Gida ve Tarim Orgiitii (FAO) ve
ABD Cevre Koruma Ajanst’nin (US EPA) belirlemis oldugu
bitkilerde ve toprakta miisaade edilen agir metal sinir
degerleri Tablo 1°de verilmistir (Ediene & Umoetok, 2017;
Onyedikachi vd., 2018; Ozkan, 2017). Ayrica &lgiimii
yapilan agir metallerden Mg, Cr, Mn, Fe, Co, Ni, Cu ve Zn
bitki ve hayvanlar i¢in gerekli iken Cr, Fe, Co, Ni, Cu, Zn,
Cd ve Pb ise kirletici olarak degerlendirilebilmektedir (Okcu
vd., 2009).

Giiniimiizde niifus artigma bagli olarak trafik
yogunlugu, topraklarin ve civarda bulunan bitki Ortiisiiniin
ylksek oranda agir metal ile kirlenmesi énemli bir konu
haline gelmistir. Ulkemiz alternatif tipta kullanilabilecek
zengin bir tibbi ve aromatik bitki ortiistine sahiptir. Dolayist
ile dogadan toplanan bu tiir bitkilerin giivenilir bir sekilde
kullanilabilmesi i¢in metal igeriklerinin belirlenmesi
olduk¢a oOnemlidir. Bayburt gibi sanayilesmenin ve
konvansiyonel tarimin yogun olmadigi bolgelerimizde bile
maden ocaklar1 ve tasit yogunluguna bagli olarak bu tiir agir
metallerinin goriilebilecegi goz ardi edilmemelidir. Bu
baglamda bolgesel bazda calismalarin olmadigr dikkate
alimarak Bayburt ve cevresinde bulunan yol kenarlarinda
dogal olarak yetisen ve tibbi amacli kullanilan kantaron
bitkisinden ve toplandig1 yerin topragindan 6rnek numuneler
alinarak agir metal elementlerinin diizeylerini belirleyerek
insan sagligina olumlu veya olumsuz etkisinin belirlenmesi
hususunda agiklik getirmeye ¢aligilmstir.
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Tablo 1. WHO/FAO ve US EPA’nin belirlemis oldugu miisaade
edilen agir metal sinir degerleri.

Table 1. Allowed heavy metal limit values determined by
WHO/FAO and US EPA.
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WHO (ng g™) WHO (ngg')  USEPA (ngg?)
Yenilebilir Bitki Bitki Toprak
Mg - - - -
Cr - 0,5 0,2 400
Mn 2 - - -
Fe 20 30
Co - - -
Ni - 5 5 -
Cu 3 5 12 200
Zn 474 50 60 300
Cd 0,21 0,5 0,5 400
Pb 0,43 2 10 300
MATERYAL VE METOT

Calisma Alani: Bu calisma igin g¢alisma alam
olarak Bayburt ili sinirlar1 igerisinde yer alan, komsu il ve
ilcelerle baglantiyr saglayan karayolu giizergahlar
secilmistir. 1550 m rakim ve 3739 km? yiiz 6l¢iimiine sahip
Bayburt ili 40° 37" kuzey ve 39° 52" giiney enlemi ile 40°
45" dogu ve 39° 37" bati1 boylamlar1 arasinda yer almakta
olup Sekil 2’de Bayburt ilinin konumu gdsterilmistir.
Calismanin gergeklestirildigi Bayburt ili, Dogu Karadeniz
ile Dogu Anadolu’nun kesisme noktasina bulunmakta,
karasal iklim 6zellikleri agir basan gecis iklimine sahip ve
alternatif tipta yaygin olarak kullanilan birgok tibbi ve
aromatik  bitkiyi ~ biinyesinde = barindiran  bakir
bolgelerimizden bir tanesidir. Her ne kadar sanayilesme ve
modern tarimin yaygin olmadigi bolgelerimizden bir tanesi
olsa da il smirlart icerisinde Dogu Karadeniz’i Dogu
Anadolu’ya baglayan kara yolu ve ¢esitli maden yataklari
yer almaktadir.

Bitki ve Toprak Numuneleri: Calisma igin
kullanilacak bitki ve toprak numuneleri Bayburt ilinin ¢evre
il ve ilgelerle baglantisim  saglayan karayollar
glizergahindan temin edilmigtir. Agir metal igerigi
degerlendirilmesi diigiiniilen numuneler i¢in bu baglanti
giizergahlari iizerinde Baberti yolu (A1), Sanayi mevki (A2),
Maden mevkii (A3), Pamuktag mevkii (A4), Demirdzi yolu
(A5), Nisantagt mevkii (A6), Toki Caykara yolu (A7),
Aydintepe mevkii (A8), Mutlu kdyii mevkii (A9) ve Eski
Ispir yolu (A10) olmak iizere 10 nokta belirlenmis,
belirlenen noktalarin enlem boylam degerleri Tablo 2’de,
harita iizerindeki konumlar1 ise Google Earth Pro ve ArcMap
10.8 programlar1 kullanilarak hazirlanmis olan Sekil 2’de
gosterilmistir.

Incelenecek bitki ornekleri Bayburt ilinde bol
miktarda bulunan, genellikle yol kenarlarinda dogal olarak
yetisen ve alternatif tipta yaygin olarak kullanilan énemli
tibbi bitkilerden sar1 kantaron olarak belirlenmistir. Toprak
numuneleri ise ayni noktalardan ve 0-30 cm derinlikten
olmak iizere alinarak plastik posetlere konulmustur. Olgiim
i¢in temin edilen bitki ve toprak ornekleri giines gérmeyen
acik havada kurutulmus, bitki 6rnekleri iyice temizlendikten
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sonra bitki ogiitiicii degirmen makinasi ile ogutiilerek
homojenize edilmis ve nemini iyice kaybetmis, toprak
ornekleri ise havanda doviilerek homojen hale getirilerek
analiz tiirine uygun ¢apta celik eleklerden gegirilerek
muhafaza altina alinmistir (Kacar vd., 2013).

Tablo 2. Ornekleme noktalarmnin cografi koordinatlari.
Table 2. Geographical coordinates of the sampling points.

Gosterge Cahisma Alam Ornek Enlem (N)  Boylam (E)
Al Baberti yolu Bitki-Toprak 40° 15'6,36"  40° 12' 6,60"
A2 Sanayi mevkii Bitki-Toprak 40° 12'19,20" 40° 16' 41,49"
A3 Maden mevkii Bitki-Toprak 40° 10'38,40" 40° 22'43,50"
A4 Pamuktas mevkii Bitki-Toprak 40°23'12,72" 39° 57" 38,64"
A5 Demirdzii yolu Bitki-Toprak 40° 13'9,78"  40°3'25,14"
A6  Nisantag1 mevkii Bitki-Toprak 40°20'41,58"  40° 1'9,00"
A7 TOKI Caykarayolu Bitki-Toprak 40° 15'48,30" 40° 12' 52,50"
A8 Aydintepe mevkii Bitki-Toprak 40°23'21,78" 40° 6'33,30"
A9 Mutlu kdyii Bitki-Toprak = 40° 14'4,40"  40° 8'10,72"
A10  Eski Ispir yolu Bitki-Toprak 40° 18'50,52" 40° 14' 8,64"

KARADENIZ

EGEDENIZ) [
RS Y L

3 pw L » :{-% = . ~ i N G
Sekil 2. Calisma alaninin Tiirkiye haritasi iizerindeki konumu ve
numune alinan noktalar.
Figure 2. The location on Turkey map of the study area and
sampled points.

Kimyasal Analizler: Bayburt ilinde belirlenen 10 noktadan
temin edilen bitki ve toprak orneklerinin agir metal igerigi
Agilent 7800 ICP-MS marka endiiktif eslesmis plazma kiitle
spektrometresi  kullanilarak  belirlenmistir. ~ Toprak
orneklerindeki agir metaller, 1:2 (W:V)’lik DTPA ¢ozeltisi
ile ekstrakte edilmis ve ICP-OES cihazi kullanilarak analiz
edilmistir. Bitki orneklerindeki agir metaller; nitrik asit:
hidrojen peroksit 8:2 (V:V)’lik HNOz ve H»O karigimi
kullanilarak mikrodalga firinda yakilmis ve ICP-OES
cihaziyla analiz edilmistir.

BULGULAR

Ornek olarak Bayburt ili ve ¢evresinde yol
kenarlarinda dogal olarak yetisen dnemli bir tibbi bitki olan
kantaron bitkisi baz alinmis olup, toplamda 10 noktadan hem
kantaron hem de toprak ornekleri alinarak indiktif olarak




Kul vd., (2021)

eslestirilmis plazma kiitle spektrometresi (ICP-MS) cihazi
kullanilarak agir metal igerigi olarak Mg, Cr, Mn, Fe, Co, Ni,
Cu, Zn, Cd ve Pb element degerleri 6l¢iilmiistiir. Bu analiz
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sonuglar1 elde edilen bitki ve toprak 6rneklerine ait bazi agir
metal igerikleri sirastyla Tablo 3 ve Tablo 4’te verilmistir.

Tablo 3. Bayburt ilinin farkli noktalarindan alinan kantaron bitki drneklerine ait baz1 agir metal igerikleri (mg kg™).
Table 3. Some heavy metal contents of St. John's Wort plant samples taken from different parts of Bayburt province (mg kg™2).

Mg Cr Mn Fe Co Ni Cu Zn Cd Pb
Al 2242,32 1,32 29,54 252,12 0,35 3,33 7,94 43,29 <0,000 1,48
A2 2601,3 0,37 31,39 115,74 0,35 2,03 6,92 18,95 <0,000 <0,000
A3 1740,85 0,78 33,52 264,24 0,31 1,50 8,28 8,41 <0,000 <0,000
A4 2160,36 0,61 31,45 241,38 0,38 2,17 8,72 <0,000 0,004 <0,000
A5 3682,21 0,26 29,72 251,57 0,23 0,61 11,46 <0,000 0,099 <0,000
A6 1913,38 0,19 35,76 113,35 0,24 0,42 7,79 <0,000 0,006 <0,000
A7 2514,94 1,76 27,72 296,48 0,28 0,75 15,38 2,85 0,098 0,84
A8 2508,35 1,21 29,04 368,02 0,27 1,06 12,29 100,98 <0,000 <0,000
A9 1951,12 <0,000 36,56 <0,000 0,29 1,49 9,11 223,82 0,011 0,34
Al0 2464,19 <0,000 48,62 <0,000 0,69 2,33 12,69 54,11 0,054 0,48

Tablo 4. Bayburt ilinin farkli noktalarindan alan toprak rneklerine ait bazi agir metal igerikleri (mg kg™).
Table 4. Some heavy metal contents (mg kg?) of soil samples taken from different points of Bayburt province.

Mg Cr Mn Fe Co Ni Cu Zn Cd Pb
Al 8911,50 77,47 <0,000 2677,01 7,09 133,63 12,53 <0,000 <0,000 <0,000
A2 8024,07 87,18 <0,000 <0,000 2,19 90,47 <0,000 15,75 <0,000 0,29
A3 1737,48 <0,000 11,86 2147,40 0,35 8,33 1,41 <0,000 <0,000 <0,000
A4 <0,000 4,09 63,69 22343,57 4,87 <0,000 <0,000 <0,000 <0,000 10,19
A5 <0,000 <0,000 373,75 <0,000 <0,000 <0,000 10,84 <0,000 0,08 28,66
A6 5162,46 <0,000 55,85 5287,42 1,43 <0,000 <0,000 <0,000 0,03 32,55
A7 5199,95 <0,000 <0,000 <0,000 <0,000 4,92 0,19 <0,000 0,06 9,18
A8 336,70 <0,000 <0,000 <0,000 <0,000 <0,000 0,22 <0,000 <0,000 4,32
A9 <0,000 <0,000 <0,000 <0,000 1,63 <0,000 <0,000 <0,000 <0,000 0,88
Al0 6487,17 71,96 <0,000 <0,000 1,15 65,57 <0,000 <0,000 <0,000 <0,000

Tablo 3’ten goriilebilecegi tizere farkli noktalardan tiimiiniin ortalamasi alindiginda agir metal

ciceklenme dénemi toplanan kantaron orneklerine ait agir
metal analiz sonuglarina gore Cr konsantrasyonlart <0,000-
1,76 mg kg, Co konsantrasyonlar1 0,23-0,69 mg kg, Ni
konsantrasyonlar1 0,42-3,33 mg kg, Cd konsantrasyonlari
<0,000-0,099 mg kg ve Pb konsantrasyonlar1 <0,000-1,48
mg kg?! araliginda bulunmus olup, igerikleri yok denecek
kadar az veya sinir degerlerin altinda oldugu belirlenmistir.
Diger agir metaller olan Mg, Mn, Fe, Cu ve Zn sirasiyla
1740,85-3682,21 mg kg?, 27,72-48,62 mg kg?, <0,000-
368,02 mg kg, 6,92-15,38 mg kg ve <0,000-223,82 mg
kg! araliginda oldugu gézlemlenmistir. Farkli bolgelerden
aliman  kantoron  drneklerinin ortalamasi
alindiginda agir metal Kkonsantrasyonlarinin  kendi
aralarindaki siralamas1 Mg > Fe > Zn > Mn > Cu > Ni > Cr
> Co > Pb > Cd olarak belirlenmistir.

Tablo 4’te goriildiigii lizere Bayburt ilinin farkli
noktalarindan elde edilen toprak Orneklerinin agir metal
analiz sonuglarina gore, toprak orneklerinin agir metal
igerikleri Mg igin <0,000-8911,50 mg kg, Cr igin <0,000-
87,18 mg kg?, Mn igin <0,000-373,75 mg kg, Fe igin
<0,000-22343,57 mg kg, Co i¢in <0,000-7,09 mg kg, Ni
icin <0,000-133,63 mg kg, Cu i¢in <0,000-12,53 mg kg,
Zn i¢in <0,000-15,75 mg kg, Cd i¢in <0,000-0,08 mg kg*
ve Pb igin <0,000-32,55 mg kg? araliginda oldugu tespit
edilmistir. Farkli bolgelerden alinan toprak orneklerinin

timiiniin

konsantrasyonlarinin kendi aralarindaki siralamasi1 Mg > Fe
> Mn > Ni > Cr>Pb > Cu > Co > Zn > Cd olarak belirlenmis
olup Sekil 3’te bitki ve toprak numunelerinin alindigi
noktalarda  incelenen agir metallerin  degisimleri
gosterilmistir.

Sekil 3’te farkli bolgelerden alinan bitki ve toprak
numunelerinde konsantrasyonlar arastirilan agir metallerin
karsilastirilmasi yapilarak degerlendirilmeye ¢alisiimustir.

Bitkiler i¢in 6nemli makro besin elementlerinden
olan Mg elementi bitkilerin devamliligini saglayan anahtar
elementler arasinda yer almaktadir. Cogu bitkinin gelisimi
i¢in kuru madde igeriginin 0,1-0,4 mg kg araliginda olmasi
gerekmekte iken, Mg elementinin fazlalig1 diger katyonlarin
azligina, iyon dengesizliligine ve verimsizlige sebep
olmaktadir (Bolat & Kara, 2017; Kacar & Katkat, 2014).
Sekil 3a incelendiginde bitki Orneklerinde Mg
konsatrasyonlarimin  1740,85-3682,21 mg kg arahiginda,
toprak 6rneklerinin ise <0,000-8911,50 mg kg araliginda
oludugu tespit edilmistir. Bitki Orneklerinde yiiksek
miktarda Mg bulunmasinin yanisira A4, AS ve A9 noktalari
disinda yer alan toprak 6rneklerinde de bulunan yiiksek Mg
konsantrasyonlar1 bdlgede yetisen kantaron bitkileri
iizerinde verimsizlige yol agma ihtimali ytiksektir.
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Sekil 3. Agir metal konsantrasyonlarinin bitki ve toprak numunelerinde karsilastirilmasi.
Figure 3. Comparison of heavy metal concentrations in plant and soil samples.
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Cr elementi bitkiler i¢in toksik olup, bitki
metabolizmasi i¢in zorunlu diger metallerin aliminda
kullanilan tastyicilar ile bitki bilinyesine alinmaktadir
(Y1ldiz vd., 2011). Sekil 3b incelendiginde bitkilerde Cr
konsantrasyonlar1 Al, A2, A3, A4, AS, A6, A7 ve A8
noktalarinda sirasiyla 1,32, 0,37, 0,78, 0,61, 0,26, 0,19,
1,76 ve 1,21 mg kg? olarak bulunmus A9 ve Al10
bolgelerinde yer alan bitki numunelerinde Cr’a
rastlanmamigtir. Al, A2 ve A10 noktalarindan alinan
toprak numunelerinde sirasiyla 77,47, 87,18 ve 71,96 mg
kg? olarak bulunmustur. Bu noktalar diginda sadece A4
noktasinda 4,09 mg kg! olarak bulunmus, diger
noktalardaki toprak numunelerinde Cr konsantrasyonlarina
rastlanmamustir.

Enzimlerin aktivayonu i¢in yasamsal neme sahip
Mn elementi fotosentezde suyun par¢alanmasinda rol
oynamakta ve bunun sonucunda da ¢imlenme ve meyve
olgunlasma siireclerinin hizlanmasina katkida
bulunmaktadir. Cogunlukla kiregli ve yiiksek pH’l1
topraklarda gorillen Mn elementinin noksanliginda
kloroplast olusumu bozularak, hiicreler kiigiilmekte ve
hiicre duvar1 hakim duruma gegmekte ve sonug olarak geng
yapraklarda sar1 noktalar halinde lekeler olusmaktadir. Mn
elementinin fazlaliginda ise yasli yapraklarda mangan
dioksit (MnO,) birikimi nedeniyle kahverengi benekler ve
beneklerin etrafinda kloroz meydana gelmektedir (Bolat &
Kara, 2017; Kacar & Katkat, 2015). Sekil 3¢
incelendiginde, Mn konsantrasyonlar1 diger noktalardan
farkli olarak A5 noktasinda biiyiik ol¢iide artis gostermis
ve 373,75 mg kg olarak bulunmustur. Bunun disinda A3,
A4 ve A6 noktalarinda yer alan toprak numunelerinde Mn
konsantrasyonlar sirasiyla 11,86, 63,69 ve 55,85 mg kg
olarak ger¢eklesmisken, diger noktalarda yer alan toprak
numunelerinde Mn’a rastlanmamustir. Bitkilerde ise mikro
besin elementleri arasinda kabul edilen Mn, en diisiik A7
noktasinda 27,72 mg kg%, en yiiksek A10 noktasinda 48,62
mg kg olarak belirlenmistir.

Fe elementi bitkiler, hayvanlar ve insanlar icin
mutlak gerekli bir element olup biitiin canlilar tarafindan
az miktarda ihtiya¢ duyulmakta, bitkide solunum ve
fotosentez reaksiyonlarinda rol oynamakta ve eksikliginde
klorofil tiretimi azalarak bitki biiylimesi yavaslamaktadir.
Uzun siireli yagiglar ve asir1 sulama gibi olaylar Fe
noksanligi olusturmakta veya yiiksek pH’Ii kiregli
topraklarda Fe bilesikleri ¢6ziinemediginden bitkilerce
alinamamakta ve sonu¢ olarak Dbitkilerin = geng
yapraklarinda bulunan damarlar arasinda sararmalara
neden olmakta ve bitki dokularinda aminoasit ve nitrat
birikimi meydana gelmektedir (Bolat & Kara, 2017; Kacar
& Katkat, 2015). Sekil 3d incelendiginde toprak
numunelerinde biiyiikten kiiglige dogru Fe
konsantrasyonlar1 A4, A6, Al ve A3 noktalarinda sirasiyla
22343,57, 5287,42, 2677,01 ve 2147,4 mg kg? olarak
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bulunmustur. Diger noktalardaki toprak numunelerinde Fe
bulunmamistir. Bitki numunelerinde ise A9 ve Al0
noktalarinda Fe bulunamamis, Al, A2, A3, A4, A5, A6,
A7 ve A8 noktalarinda sirasiyla 252,12, 115,74, 264,24,
241,38, 251,57, 113,35, 296,48 ve 368,02 mg kg olarak
bulunmustur.

Co elementi kiiltiir bitkilerine toksik etki
yapmakta olup topraklarin cozeltiye gecebilen kobalt
igeriklerinin miktar1 bitkiler i¢in son derece Onemlidir
(Adiloglu & Saglam, 2015). Sekil 3e incelendiginde
bitkilerde 6lgiilen Co degerleri 0,23-0,69 mg kg*
arahiginda olup, biitiin noktalarda 0,09 mg kg? iizerinde
oldugu goriilebilmektedir. Toprak numunelerinde ise AS,
A7 ve A8 noktalarinda Co elementine rastlanmamis, diger
noktalarda 0,35-7,09 mg kg' araligmda Co
konsantrasyonlarina rastlanmustir.

Nikel, toprakta en fazla bulunan agir metaller
arasinda yer alip, izin verilen sinir degerleri asmadigi
stirece bitkiler icin mikro besin elementi olarak gorev
almaktadir (Wuana & Okieimen, 2011; Yerli vd. 2020).
Nikel, komiir, petrol, boya, elektronik, bakir ve celik
sanayisinde, madencilikte, fosil yakitlarin yanmasinda
kargimiza ¢ikan bir agir metaldir (Seven vd., 2018; Yerli
vd., 2020). Az veya ¢ok tiim topraklarda bulunan nikelin
asil kaynagi, fosforlu giibreler ve volkanik kokenli
kayaglardir (Yerli vd., 2020). Bir bitki besin elementi olan
nikelin, bitkiler i¢cin mutlak gerekliligi tam anlamiyla
aciklanmamigtir. Fakat, nikel bitkide iireaz ve hidrogenaz
gibi enzimlerin yap1 maddesini olusturdugu i¢in nikel
eksikligi s6z konusu oldugunda {iire formundaki
giibrelerden bitkiler yararlanamamaktadir (Kacar &
Katkat, 2015). Yiiksek nikel miktari toksik etki gostererek,
bitki fizyolojisini ve biyokimyasal siiregleri olumsuz
etkiler. Klorofil sentezi ve yag metabolizmasinin
engellenmesi (Oktiiren Asri & Sénmez, 2006), total
pigmentlerin, karotenoidlerin, klorofil a ve b’nin azalmasi,
besin eksikligi ve beslenme bozukluklarinin ortaya ¢ikmasi
nikel toksisitesinin baglica gostergeleridir (Kirbag Zengin
& Munzuroglu, 2005). Sekil 3f incelendiginde bitki
numunelerinde Ni konsantrasyonlart 0,42-3,33 mg kg
arasinda degisiyorken, toprak numunelerinde degiskenlik
gostermektedir. Al  ve A2 noktalarinda Ni
konsantrasyonlari sirastyla 133,63 ve 90,47 mg kg olarak
gerceklesmis, A3 ve A7 noktalarinda azalarak sirasiyla
8,33 ve 4,92 mg kg? olarak gerceklesmistir. Diger
noktalarda Ni gdzlenmemis olup, A1 ve A2 noktalar1 sehir
merkezinde yer aldigindan Bayburt ili 6zelinde Ni’in
komiir yakilmasi sonucu yiiksek miktarlarda olustugu
diistiniilebilmektedir.

Cu, diisik konsantrasyonlarda dahi tarimsal
iiriinlere, sudaki organizmalar ve insanlar i¢in toksisiteye
sebep olabilecek bir metal olmasina karsin Cu ve Zn gibi
agir metaller bitkilerin biiylimesi ve gelismesi igin
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gereklidir. Ancak Cu ve Zn ile Cd, Ni ve Pb’un fazlaligt
bitkilerde toksik etki yapmaktadir (Okcu vd., 2009). Sekil
3g incelendiginde Cu konsantrasyonlar1 bitkilerde 6.92-
15.38 mg kg'* araliginda yer aliyorken, toprak érneklerinde
ise Al, A3, A5, A7 ve A8 noktalarinda sirasiyla 12,53,
1,41, 10,84, 0,19, 0,22 mg kg™ olarak bulunmusken, diger
noktalarda ise bulunamamustir.

Suda ¢oziinen formlar bitkiler i¢in uygun olan Zn
elementinin bitkiye alimi topraktaki konsantrasyonu
arttikca artmaktadir. Bunun yaninda ortamdaki kalsiyum
(Ca) miktarida Zn alinimini etkilemektedir. Genellikle
bitki koklerinde bulunan Zn, bitki metabolizmasi i¢in gok
gerekli bir elementtir. Bitkilerde, Zn eksikliginden
bahsetmek yerine Fe/Zn ve Zn/Cu oranlarindan bahsetmek
gerekmektedir. Muhtemelen bitki
sirasindaki rekabetten dolayr bu elementlerden birinin
konsantrasyonunun artmasi diger elementin
konsantrasyonunu azaltmaktadir. Zn zehirlenmelerinin
etkisi diger agir metallerinkine benzer, ancak cinko diger
metaller kadar zehirli bir metal degildir (Okcu vd., 2009).
Sekil 3h incelendiginde Zn konsantrasyonlart bitkilerde
A4, AS ve A6 noklalarinda bulunmamuis, diger noktalarda
2,85- 223,82 mg kg! araliginda tespit edilmistir. Toprakta
ise A2 noktasinda elde edilen 15,75 degeri disinda Zn’ya
rastlanmamustir.

Gilinliimiizde insan faaliyetleri sonucunda olusan,
biyolojik yar1 6mrii uzun ve ¢ok disiik dozlarda bile
oldukca toksik bir metal olan Cd elementi dogada saf
olarak bulunmamaktadir (Catak vd., 2000; Goyer &
Clarkson, 1996; Lyons-Alcantara vd., 1996). Komiir
kullanimi, enddistriyel {iretim asamalarinda olusan baca
gazlari, fosfatli giibreler, deterjanlar ve rafine petrol
tirevlerinin  yaygm kullanimi  sonucunda  6nemli
miktarlarda kadmiyum kirliligi ortaya ¢ikmaktadir
(Kahvecioglu vd., 2003; Okcu vd., 2009). Sekil 31
incelendiginde Cd konsantrasyonlarina bitkilerde az
miktarda yada hi¢ rastlanmamugtir. A1, A2, A3 ve A8
noktalarinda hi¢ yokken, diger noktalarda 0,004-0,099 mg
kg! araliginda tespit edilmistir. Toprak numunelerinde ise
sadece A5, A6 ve A7 noktalarinda sirasiyla 0,08, 0,03 ve
0,06 mg kg araliginda tespit edilmistir.

Ekolojik sisteme zarar veren en dnemli element
olan ve toksik bir element olan Pb insan faaliyetleri
sonucunda atmosfere metal veya bilesik olarak yayilmakta
cevresel Kkirliligine sebep olan agir metallerin en
onemlisidir. Kursunun topraga, bitkilere ve atmosfere
gecisi cesitli yolarla olmakta olup, endiistri kuruluslari,

bilinyesine alinim

tasit egzozlari, akii, boya ve petrol sanayi atiklari ile
pestisitler en Onemli kursun kaynaklari olarak
siralanabilmektedir.  Ozellikle endiistri ve  sehir
merkezlerine yakin yerlerde yetisen bitkisel ve hayvansal
gidalarin biinyesinde normal seviyelerin iizerinde kursun
bulundurmaktadir (Kahvecioglu vd., 2003; Marr vd., 1999;
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Okcu vd., 2009). Sekil 3i incelendiginde bitkilerde Pb
konsantrasyonlar1 Al, A6, A9 ve A10 noktalarinda
sirastyla 1,48, 0,84, 0,34 ve 0,48 mg kg, diger noktalarda
ise tespit edilememistir. Toprak numunelerinde ise A2, A4,
A5, A6, A7, A8 ve A9 noktalarinda sirasiyla 0,29, 10,19,
28,66, 32,55, 9,18, 4,32, 0,88 mg kg, diger noktalarda ise
tespit edilememistir.

Bayburt bolgesinden toplanarak analizi yapilan
kantaron bitkisi ve toprak orneklerine ait agir metal
degerleri Tablo 1°de verilen kabul edilir agir metal sinir
degerleri ile karsilastirildiginda toprak orneklerindeki agir
metal icerigi Ni hari¢ normal sinirlar igerisinde oldugu
gozlemlenmistir. Al ve A2 noktalarindaki toprak
orneklerinde Ni igeriginin sinir degerlerinin biraz {istiinde
olmasi trafigin yogun oldugu ve sanayi bolgesinde
olmasindan kaynaklanabilir. Trafik yogunlugunun az
oldugu ve trafigin yogun oldugu karayollarinin uzak
mesafesindeki bolgelerde element iceriginin azaldig1 veya
eser miktarda oldugu belirlenmistir. Bitki 6rneklerinden
elde edilen sonuglara gore; A9 noktasindan elde edilen Zn
icerigi haricinde diger elementlerin sinir degerlerinin
altinda oldugu belirlenmistir. A9 noktasindan elde edilen
kantaron ornegindeki Zn agir metal igeriginin yiiksek
¢ikmasmin nedeni karayolu trafiginin oldugu noktadan
kaynaklanmig olabilir. Birtakim arastirmacilarin yapmis
olduklar1 arastirma sonucuna gore bitki ve topraktaki agir
metal igerigi karayoluna bagli olarak degistigini tespit
etmislerdir (Ozkan, 2017; Shi vd., 2007). Bu sonuglar
bizim sonuglarimizla benzerlik gostermektedir. Motorlu
tasitlarin yogun oldugu yerlerde araglarin egzoz gazi, lastik
asinmasl, yag sizintist gibi birgok etmene bagl olarak
¢evrenin, topragin kirlenmesi, civarda bulunan bitki
oOrtiisliniin agir metal yogunluguna maruz kalmasina neden
olmaktadir (Voegborlo & Chirgawi, 2007; Winther &
Slenta, 2010).

SONUC VE TARTISMA

Bayburt ili gerek diisiik niifus yogunlugu, gerekse
sanayi  kuruluslarinin  sayist  dikkate alindiginda
Tiirkiye’nin en son illeri arasinda yer alsa da, Karadeniz’i
Dogu Anadolu’ya ve i¢ kesimlere baglayan gegit yollar1
lizerinde bulundugundan ve bolgede yer alan maden
yataklarinin varligi nedeniyle karayollar1
giizergahlarindaki tasit yogunluguna ve maden yataklarma
bagl olarak 6nemli miktarda bazi agir metallerin salinimi
kag¢inilmaz olmaktadir. Bayburt ili alternatif tipta
kullanilabilecek tibbi ve aromatik bitki varligi ile dikkat
ceken Onemli bolgelerimizden bir tanesidir. Bircok
hastaligin tedavisinde kullanilan kantaron bitkisi bolgede
yol kenarlarinda yaygin olarak bulundugundan ve agir
metal seviyesine iliskin mevcut veri olmadigindan bu
bolgede buna benzer arastirmalarin  yaygin olarak
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yapilmasina ihtiya¢ duyulmaktadir. Toprakta agir metal
birikimi lizerinde yasayan bitkileri olumsuz etkilerken, bu
bitkileri toplayip tiikketen kisilerde de ciddi saglik
problemlerine yol actig1 bilinmektedir.

Bayburt bolgesinin belirli noktalarindan elde
edilen kantaron bitkisi ve toprak 6rneklerinin genel itibari
ile agir metal kirliligi seviyesinin altinda oldugu
belirlenmistir. Al ve A2 noktalarindaki toprak
orneklerinde Ni igeriginin ve A9 noktasindaki kantaron
bitki ornegindeki Zn igeriginin sinir degerinin biraz
istiinde ¢ikmasi, bu noktalarin Bayburt-Erzurum ve
Bayburt- Erzincan baglanti yollarinda olmasi nedeniyle
trafigin yogunlugundan kaynaklanmis olabilir. Ayrica Zn
bitkiler i¢in en fazla ihtiyag duyulan mikrobesin
elementlerinde birisi oldugu dikkate alindiginda bu oran
dikkate alinmayabilir.

Diinya genelinde ciddi bir problem olan toprak ve
bitki kirliligi ile ilgili ¢caligmalar mevcut olsa da, 6zellikle
Bayburt gibi sanayinin gelismedigi bolgelerimiz goz ardi
edilmektedir. Oysaki bolgesel bazli bu tarz caligmalar
belirli araliklar ile yapilarak agir metal birikiminin zaman
icerisindeki degisimi belirlenerek, agir metal
yogunlugunda bolge oOzellikleri, kirleticinin  6zelligi,
ekonomik uygunluk gibi birtakim faktorlerde géz Oniine
almarak uygun aritma yontemleri belirlenmelidir.

olasi

KAYNAKLAR
Adiloglu, S. & Saglam, M.T. (2015). Karayolu
kenarlarindaki tarim arazilerindeki topraklarda

ekstrakte edilebilir Kobalt (Co) igerikleri. Afyon
Kocatepe Universitesi Fen ve Miihendislik Bilimleri
Dergisi, 15(035403), 24-29. DOI:
10.5578/fmbd.9981

Aricak, B., Cetin, M., Erdem, R., Sevik, H. & Cometen,
H. (2020). The usability of scotch pine (Pinus
sylvestris) as a biomonitor for traffic-originated
heavy metal concentrations in Turkey. Polish
Journal of Environmental Studies, 29(2), 1-7. DOI:
10.15244/pjoes/109244

Bernhoft, R.A. (2012). Mercury toxicity and treatment: a
review of the literature. Journal of Environmental &
Public Health, 2012(460508), 1-10. DOI:
10.1155/2012/460508

Bolat, I. & Kara, O. (2017). Bitki besin elementleri:
Kaynaklari, islevleri, eksik ve fazlaliklari. Bartin
Orman Fakiiltesi Dergisi, 19(1), 218-228. DOI:
10.24011/barofd.251313

Bouyahya, A., Belmehdi, O., El Jemli, M., Marmouzi, 1.,
Bourais, 1., Abrini, J. & Bakri, Y. (2019).
Chemical variability of Centaurium erythraea
essential oils at three developmental stages and
investigation of their in vitro antioxidant,
antidiabetic, dermatoprotective and antibacterial

Anadolu Cev. ve Hay. Dergisi, Yil: 6, No: 2, (195-203), 2021

202

activities. Industrial Crops and Products, 132, 111-
117. DOI: 10.1016/j.indcrop.2019.01.042

BoZunovié, J., Zivkovié, S., Gasié, U., Glamocdlija, J.,
Cirié, A., Matekalo, D. & Misié, D. (2018). In vitro
and in vivo transformations of Centaurium
erythraea secoiridoid glucosides alternate their
antioxidant and antimicrobial capacity. Industrial
Crops & Products, 111, 705-721. DOI:
10.1016/j.indcrop.2017.11.040

Cakmak, H.E. & Bayram, E. (2003). Mugla orijinli sari
kantaron (Hypericum perforatum L.)
populasyonlarinin  bazi agronomik ve kalite
ozelliklerinin belirlenmesi. Ege Universitesi Ziraat
Fakiiltesi Dergisi, 40(1), 57-64.

Catak, E., Colak, G., Tokur, S. & Bilgi¢, O. (2000). Baz
domates ve genotiplerinde  kadmiyum
etkilerini inceleyen istatiksel bir ¢alisma. Balikesir
Universitesi Fen Bilimleri Enstitiisii Dergisi, 2(1),
13-41.

Celebi, H. & Gok, G. (2018). The Examination for
pollution of the soils due to highways and traffic.
Pamukkale University Journal of Engineering
Sciences, 24(6), 1169-1178.

Dawson, A. (2008). Water in Road Structures: Movement,
Drainage & Effects, Vol. 5, Springer Science &
Business Media.

Ediene, V.F. & Umoetok, S.B.A. (2017). Concentration of
heavy metals in soils at the municipal dumpsite in
Calabar Metropolis. Asian Journal of Environment
& Ecology, 3(2), 1-11.

Goyer, R.A. & Clarkson, T.W. (1996). Toxic effects of
metals. Casarett and Doull's Toxicology: The Basic
Science of Poisons, 5, 696-698.

Guo, P., Gong, Y., Wang, C., Liu, X. & Liu, J. (2011).
Arsenic speciation and effect of arsenate inhibition
in a microcystis aeruginosa culture medium under
different  phosphate regimes.  Environmental
Toxicology & Chemistry, 30(8), 1754-1759. DOI:
10.1002/etc.567

Kacar, B., Katkat, A.V. & Oztiirk, S. (2013). Bitki
Fizyolojisi: Nobel Akademik Yaymcilik Egitim
Danigmanlik Tic. Ltd. Sti.

Kacar, B. & Katkat, A.V. (2014). Giibreler ve Giibreleme
Teknigi: Nobel Akademik Yaymcilik Egitim
Danigmanlik Tic. Ltd. Sti.

Kacar, B. & Katkat, V. (2015). Bitki Besleme: Nobel
Akademik Yayncilik Egitim Danigmanhik Tic. Ltd.
Sti.

Kahvecioglu, 0., Kartal, G., Giiven, A. & Timur, S.
(2003). Metallerin ¢evresel etkileri-l. Metalurji
Dergisi, 136, 47-53.

Kilig, M., Ay, G., Kocbas, F., Mungan, F., Kula, i. &
Karabas, M. (2014). Ayvalik Tuzlasi’'nda yayilis
gosteren Suaeda prostrata subsp. prostrata pall. alt
tiiriiniin agir metal birikimi. Igdir Universitesi Fen
Bilimleri Enstitiisti Dergisi, 4(4), 9-18.

titiin


https://doi.org/10.5578/fmbd.9981
https://doi.org/10.5578/fmbd.9981
https://doi.org/10.15244/pjoes/109244
https://doi.org/10.15244/pjoes/109244
https://doi.org/10.1155/2012/460508
https://doi.org/10.1155/2012/460508
https://doi.org/10.24011/barofd.251313
https://doi.org/10.24011/barofd.251313
https://doi.org/10.1016/j.indcrop.2019.01.042
https://doi.org/10.1016/j.indcrop.2017.11.040
https://doi.org/10.1016/j.indcrop.2017.11.040
https://doi.org/10.1002/etc.567
https://doi.org/10.1002/etc.567

Kul vd., (2021)

Kirbag Zengin, F. (2006). Fasulye fidelerin (Phasoelus
vulgaris L. cv. Strike) kok, goévde ve yaprak
bilyiimesi iizerine nikel (Ni*?) ve kromun (Cr*®)
etkileri. Yiiziincii Yil Universitesi Tarim Bilimleri
Dergisi, 16(1), 49-56.

Kirbag Zengin, F. & Munzuroglu, O. (2005). Effects of
some heavy metals on content of chlorophyll,
proline and some antioxidant chemicals in bean
(Phaseolus vulgaris L.) seedlings. Acta Biologica
Cracoviensia Series Botanica, 47(2), 157-164.

Lyons-Alcantara, M., Tarazona, J.V. & Mothersill, C.
(1996). The differential effects of cadmium exposure
on the growth and survival of primary and
established cells from fish and mammals. Cell
Biology & Toxicology, 12(1), 29-38.

Marr, K., Fyles, H. & Hendershot, W. (1999). Trace
metals in Montreal urban soils and the leaves of
taraxacum officinale. Canadian Journal of Soil
Science, 79(2), 385-387.

Morse, N., Walter, M.T., Osmond, D. & Hunt, W. (2016).
Roadside soils show low plant available zinc and
copper concentrations. Environmental Pollution,
209, 30-37. DOI: 10.1016/j.envpol.2015.11.011

Okcu, M., Tozlu, E., Kumlay, A.M. & Pehluvan, M.
(2009). Agir metallerin bitkiler {izerine etkileri.
Alinteri Zirai Bilimler Dergisi, 17(2), 14-26.

Oktiiren Asri, F. & Sénmez, S. (2006). The effect of heavy
metal toxicity on plant metabolism. Derim 23(2), 36-
45.

Onyedikachi, U.B., Belonwu, D.C. & Wegwu, M.O.
(2018). Human health risk assessment of heavy
metals in soils and commonly consumed food crops
from quarry sites located at Isiagwu, Ebonyi State.
Ovidius University Annals of Chemistry, 29(1), 8-24.
DOI: 10.2478/auoc-2018-0002

Ozkan, A. (2017). Antakya-Cilvegzii karayolu etrafindaki
tarim arazilerinde ve bitkilerdeki agir metal kirliligi.
Cukurova Universitesi Miihendislik & Mimarlik
Fakiiltesi Dergisi, 32(3), 9-18.

Sarma, H., Deka, S., Deka, H. & Saikia, R.R. (2012).
Accumulation of heavy metals in selected medicinal
plants. In Reviews of Environmental Contamination
& Toxicology, 63-86, Springer.

Seven, T., Can, B., Darende, B.N. & Ocak, S. (2018).
Hava ve toprakta agir metal kirliligi. Ulusal Cevre
Bilimleri Arastirma Dergisi, 1(2), 91-103.

Sevik, H., Cetin, M., Ozel, H.U., Ozel, H.B., Mossi,
M.M.M. & Cetin, 1.Z. (2020). Determination of Pb
and Mg accumulation in some of the landscape
plants in shrub forms. Environmental Science &
Pollution Research, 27(2), 2423-2431.

Shi, G.T., Chen, Z.L., Xu, S.Y., Wang, L., Zhang, J., Li,
H.W. & Li, L.N. (2007). Characteristics of heavy
metal pollution in soil and dust of urban parks in
Shanghai. Huanjing Kexue, 28(2), 238-242.

Anadolu Cev. ve Hay. Dergisi, Yil: 6, No: 2, (195-203), 2021

203

Uwah, E.l. & John, K.O. (2014). Heavy metal levels in
roadside soils of some major roads in Maiduguri,
Nigeria. IOSR Journal of Applied Chemistry, 6(6),
74-78.

Varol, M. (2011). Assessment of heavy metal
contamination in sediments of the Tigris River
(Turkey) using pollution indices and multivariate
statistical techniques. Journal of Hazardous
Materials, 195, 355-364. DOI:
10.1016/j.jhazmat.2011.08.051

Voegborlo, R.B. & Chirgawi, M.B. (2007). Heavy metals
accumulation in roadside soil and vegetation along a
major highway in Libya. Journal of Science &
Technology (Ghana), 27(3), 86-97. DOI:
10.4314/just.v27i3.33061

Wani, A.L., Ara, A. & Usmani, J.A. (2015). Lead toxicity:
a review. Interdisciplinary Toxicology, 8(2), 55-64.
DOI: 10.1515/intox-2015-0009

Winther, M. & Slents, E. (2010). Heavy metal emissions
for Danish road transport: National Environmental
Research Institute Roskile, Denmark.

Wouana, R.A. & Okieimen, F.E. (2011). Heavy metals in
contaminated soils: a review of sources, chemistry,
risks and best available strategies for remediation.
ISRN  Ecology 2011(402647), 1-20. DOIL:
10.5402/2011/402647

Yerli, C., Cakmakel, T., Sahin, U. & Tiifenkgi, S. (2020).
Agir metallerin toprak, bitki, su ve insan sagligina
etkileri. Tiirk Doga & Fen Dergisi, 9(Ozel Sayr),
103-114. DOI: 10.46810/tdfd.718449

Yildiz, M., Terzi, H. & Urusak, B. (2011). Bitkilerde krom
toksisitesi ve hiicresel cevaplar. Erciyes Universitesi
Fen Bilimleri Enstitiisii Fen Bilimleri Dergisi, 27(2),
163-176.

Yu, Q., Wu, W,, Yang, P., Li, Z,, Xiong, W. & Tang, H.
(2012). Proposing an interdisciplinary and cross-
scale framework for global change and food security
researches. Agriculture, Ecosystems & Environment,
156, 57-71. DOI: 10.1016/j.agee.2012.04.026

Zhaoyong, Z., Abuduwaili, J. & Fengqing, J. (2015).
Heavy metal contamination, sources, and pollution
assessment of surface water in the Tianshan
Mountains of China. Environmental Monitoring &
Assessment, 187, 33. DOI: 10.1007/s10661-014-
4191-x

Zincircioglu, N. (2013). Investigation of the heavy metal
contents of some agricultural lands in the region of
Manisa-Akhisar. Ege Universitesi Ziraat Fakiiltesi
Dergisi, 50(3), 333-339.


https://doi.org/10.1016/j.envpol.2015.11.011
https://doi.org/10.2478/auoc-2018-0002
https://doi.org/10.1016/j.jhazmat.2011.08.051
https://doi.org/10.1016/j.jhazmat.2011.08.051
https://doi.org/10.4314/just.v27i3.33061
https://doi.org/10.4314/just.v27i3.33061
https://doi.org/10.1515/intox-2015-0009
https://doi.org/10.5402/2011/402647
https://doi.org/10.5402/2011/402647
https://doi.org/10.46810/tdfd.718449
https://doi.org/10.1016/j.agee.2012.04.026
https://doi.org/10.1007/s10661-014-4191-x
https://doi.org/10.1007/s10661-014-4191-x

JAES

i i : - Year: 6, No: 2, 2021 (204-210
Journal of Anatolian Environmental and Animal Sciences ' o ' 0 ( )

(Anadolu Cevre ve Hayvancilik Bilimleri Dergisi) AC EH
DOI: https://doi.org/10.35229/jaes.881144 Yil: 6, Sayr: 2, 2021 (204-210)

ARASTIRMA MAKALESI RESEARCH PAPER

Antioxidant Potential of Chestnut Shell, Stinging Nettle, Kiwi Fruit and Citrus Fruit
Extracts and Antibacterial Effects Against Some Fish Pathogens

Orhan KOBYA!  Biisra KARA!  Ecren UZUN-YAYLACI®  Emre CAGLAK!
1Facully of Fisheries and Aquatic Sciences, Recep Tayyip Erdogan University, Rize, Turkey
2Surmene Faculty of Marine Science, Karadeniz Technical University, Trabzon, Turkey

Gelis Tarihi: 29.01.2021 Kabul Tarihi: 31.03.2021 Basum Tarihi: 30.06.2021

How to cite: Kobya, O., Kara, B., Uzun-Yaylaci, E. & Caglak, E. (2021). Antioxidant Potential of Chestnut Shell, Stinging Nettle, Kiwi Fruit and Citrus
Fruit Extracts and Antimicrobial Effects Against Some Fish Pathogens. J. Anatolian Env. and Anim. Sciences, 6(2), 204-210.

Atif yapmak igin: Kobya, O., Kara, B., Uzun-Yaylaci, E. & Caglak, E. (2021). Kestane Kabugu, Isirgan Otu, Kivi Meyvesi ve Narenciye Oziitlerinin
Antioksidan Potansiyelleri ve Bazi Balik Patojenlerine Kars1 Antimikrobiyal Etkileri. Anadolu Cev. ve Hay. Dergisi,, 6(2), 204-210.

- htps:/forcid.org/0000-0002-9788-4644 Abstract: The use of antioxidants and antibacterial compounds obtained from natural sources is

 https:/forcid.org/0000-0002-6289-720X important Tor humhan and ar_gmal health, ?s Wzll as_{)or corthol#ng dlsfeases. The aim 01; this study
05 ttps:/forcid.org/0000-0002-2558-2487 was to evaluates the antioxidant potentials and antibacterial effects of water extracts of C. sativa,
- https://orcid.org/0000-0002-7376-1359 U. dioica, A. deliciosa and C. aurantium against selected Gram-negative (Vibrio harveyi, Vibrio

vulnificus, Vibrio anguillarum, Vibrio rotiferianus, Vibrio campbellii, Vibrio ponticus and
Aeromonas veronii) and Gram-positive (Bacillus thuringiensis) bacteria. Results of antioxidant
test indicated that the chestnut shell extract had the highest DPPH inhibition (87.03 %) followed

ok by citrus fruit (80.40 %). All extracts showed antibacterial activity against one or more species of
Ecren UZUN-YAYLACI bacteria. The most susceptible bacteria were V. harveyi (32.05 mm zone diameter) and V.
Karadeniz Technical University, Surmene campbellii (21.66 mm zone diameter) and the resistant species were V. anguillarum, V. ponticus

Faculty of Marine Science, Trabzon, Turkey

= and A. veronii. The results show that plant extracts have the potential to be used as an antibacterial
: ecrenuzun@ktu.edu.tr

agent in aquaculture and as an antioxidant agent in processing technology.

Keywords: antibacterial activity, antioxidant potential, pathogen bacteria, plant extracts.

Kestane Kabugu, Isirgan Otu, Kivi Meyvesi ve Narenciye Oziitlerinin
Antioksidan Potansiyelleri ve Bazi1 Balik Patojenlerine Kars1 Antibakteriyel Etkileri

Oz: Dogal kaynaklardan elde edilen antioksidan ve antimikrobiyal bilesiklerin kullanimu, insan
ve hayvan saglig i¢in oldugu kadar hastaliklarin kontrolii agisindan da 6nemlidir. Bu ¢aligmanin
amaci, C. sativa, U. dioica, A. deliciosa ve C. aurantium bitkilerinden elde edilen su bazli
oziitlerin antioksidan potansiyellerinin belirlenmesi, ayn1 zamanda segilen Gram-negatif (Vibrio
harveyi, Vibrio vulnificus, Vibrio anguillarum, Vibrio rotiferianus, Vibrio campbellii, Vibrio
ponticus ve Aeromonas veronii) ve Gram-pozitif (Bacillus thuringiensis) bakterilere karsi
antibakteriyel etkilerinin degerlendirilmesidir. Antioksidan aktivitesi testi sonuglarina gore, en
yiiksek DPPH inhibisyonu (%87,03) kestane kabugu oziitiinde, ikinci olarak turung oziitiinde
(%80,40) belirlenmistir. Tiim Oziitlerin bir veya daha fazla bakteri tiiriine karsi antibakteriyel

*Sorumlu yazar: aktivite gdsterdigi tespit edilmistir. Oziitlere karsi en duyarli bakteriler V. harveyi (32,05 mm zon
Ecren UZUN-YAYLACI cap1) ve V. campbellii (21,66 mm zon ¢ap1), direngli tiirler ise V. anguillarum, V. ponticus ve A.
Karadeniz Teknik Universitesi, Stirmene veronii olarak belirlenmistir. Caligma sonuglari, elde edilen 6ziitlerin su tirtinleri yetistiriciliginde
Deniz Bilimleri Fakiiltesi, Trabzon, Tiirkiye tibakterivel dd is] teknoloiisind tioksid . larak kullanil tansiveli

I2: ecrenuzun@ktu.edu tr antibakteriyel madde ve igleme teknolojisinde antioksidan ajan olarak kullanilma potansiyeline

sahip oldugunu gostermektedir.

Anahtar kelimeler: Antibakteriyel aktivite, antioksidan potansiyel, bitki 6ziitii, patojen bakteri.
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INTRODUCTION

Antibiotic treatment has been applied for many
years against bacterial diseases in aquaculture (Done et al.,
2015). Continuous application of antibiotics causes the
change of microbiota in aquaculture and can lead to
evolving of antibiotic resistant bacteria (Resende et al.,
2012; Akkan & Colaker, 2020; Akkan & Topkaraoglu,
2019). The occurrence of antibiotic resistant bacteria could
have an adversely affect both natural environment and
human health (Smith et al., 1994). Plant-based approaches
have been widely used in veterinary and human medicine.
Many plant extracts have a significant role in aquaculture
(Caglak & Karsli, 2016; Direkbusarakom, 2004; Karsli et
al., 2021).

Seafood has always maintained its importance in
terms of nutrition due to its high protein content and the
main source of polyunsaturated fatty acids (Bayrakli &
Duyar, 2021; Caglak & Karsli, 2017). Besides these
nutritional properties, it has a short shelf life (Karsli et al.,
2019). Oxidation of fatty acids causes bitter taste and color
changes (Kilinggeker, et al., 2009).

Plant sources may contain antioxidant and
antimicrobial properties since it contains abundant
phenolic substances (Karsli, 2021; Kolayli, et al., 2003;
Rice-Evans et al., 1997). Antioxidants inhibit the
formation of free radicals (FR) and reactive oxygen species
(ROT). FR and ROTs damage the parts of the cell such as
protein, fat, carbohydrate, and DNA, causing their
structural properties to deteriorate. Antioxidants are
substances that react very quickly with FR and ROTs and
prevent autooxidation / peroxidation process (Karabulut &
Giilay, 2016). The antioxidant properties of various plant
extracts are also used in studies on the preservation of food
derived from seafood.

Castanea sativa is known chestnut and it belongs
to the family of Fagaceae. Chestnut shell extracts show
antioxidant activity (Vazquez et al., 2009) and leaves have
antibacterial activity against bacterial strains because of
their flavonoids (Basile et al., 2000). Urtica dioica L. is
stinging nettle and it belongs to the family of Urticaceaea
(Akgiil, 1993). Nettle extracts have been used for
traditional medicine because of their flavonoids,
carotenoids, sterols, minerals, vitamins and amino acids
(Baytop, 1999; Karabacak & Bozkurt, 2008). Many studies
have shown that nettle extracts have antioxidant
(Matsingou et al., 2001) and antibacterial activity (Giilgin
et al., 2004). Actinidia deliciosa is green kiwi fruit and is a
member of the Actinidiaceae family (Al-Kawaz & AL-
Mashhady, 2016). Kiwi fruit contain high levels of
antioxidants (Szeto et al., 2002). It is a source of vitamin
C, dietary fibre, vitamin E, potassium (Nishiyama et al.,
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2004) and bioactive compounds especially polyphenols
(Park et al., 2006). Anzabi (2015) reported that kiwi fruit
extracts have stronger antibacterial activity. Citrus
aurantium L. belongs to Rutaceae family and is generally
known as bitter orange (Azhdarzadeh & Hojjati, 2016).
Citrus fruits are an important source of antioxidants (Kang
et al., 2006). They are rich in flavonoids (Suntar et al.,
2018), ascorbic acid, phenolic compounds (Kamran et al.,
2009), high fibre and vitamin contents and terpenes (Lario
et al., 2004). Due to the abundance of many secondary
metabolites bitter orange shows antibacterial properties
(Kirbaglar et al., 2009).

The use of antioxidants and antimicrobial
compounds obtained from natural sources is important for
human and animal health, as well as for controlling
diseases. This current study was aimed to evaluates the
antioxidant potentials and the in vitro antimicrobial
activities of water extracts of C. sativa, U. dioica, A.
deliciosa and C. aurantium against seven fish pathogenic
bacteria for producing new antimicrobial agent of great
benefit to aquaculture and preserving the high unsaturated
fatty acids found in seafood.

MATERIAL AND METHOD

Plant material: The plant materials were
collected in November-December 2019 from Northeast of
Turkey and identified at the Department of Plant Biology
of Recep Tayyip Erdogan University (Table 1). Studies
were conducted in the Faculty of Fisheries Seafood
Processing Technology Laboratory.

Table 1. Characterization of chestnut, stinging nettle, kiwi fruit
and bitter orange testing in present study.

Plants Name Scientific Name of Plant ~ Used Organ

Collecting Area

Chestnut Castanea sativa Shell Northeast of Turkey, Borgka, Artvin
Stinging nettle Urtica dioica L. Plant Northeast of Turkey, Carsibasi, Trabzon
Kiwi Actinidia deliciosa Fruit Peel Northeast of Turkey, lyidere, Rize

Citrus Citrus aurantium L. Fruit Peel Northeast of Turkey, Iyidere/Rize

Preparation of the extract: The collected fresh
samples were dried in the oven at 60 °C for 24 hours, and
then ground to a smaller 1 mm powder with the help of a
laboratory-type grinder. 5 grams of sample powders were
weighed and put into the Erlenmeyer flasks and 100 ml of
distilled water was added. Thus, the ratio of extracts was
set to 5%. The outside of the Erlenmeyer flask was covered
with aluminum foil so as not to receive light and the probe
of the ultrasonic homogenizer device was placed inside the
flask. The conditions were adjusted as follows and the
ultrasonic homogenizer was operated.

Device conditions: Time: 15 minutes,
Temperature: 25°C (room temperature), Pulse: 5 seconds
stroke / 5 seconds standby, Amplitude: 20%.
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After the process applied with ultrasonic
homogenizer, all samples were filtered with Whatman (no:
42) filter paper and the residues in the solution were
removed from the extract. The extracts were filled into dark
colored bottles and stored at -80 °C until the analysis
period.

Antioxidant activities: The antioxidant capacity
of each sample was determined according to the
Spectrophotometric DPPH (1,1-diphenyl-2-
picrylhydrazyl) free radical scavenging activity method
(Brand-Williams & Berset, 1995). In this method, proton
transfer is realized mainly by antioxidant to DPPH free
radical. As a result of the displacement of electrons, the
initial purple-violet color turns yellow over time. The
reaction rates of antioxidant substances with DPPH are
different because the hydroxyl group in its chemical
structure  and  molecular  size are  different.
Spectrophotometric measurement was carried out at a
wavelength of 517 nm. The DPPH scavenging percentage
calculated according to the following formula (Duh et al.,
1999).

Percent inhibition = [(Ao — A1)/ Ao] x 100
Ao: absorbance of the control reaction
Au: absorbance of the sample

Bacterial strains: Seven fish pathogenic bacterial
strains were selected; Vibrio harveyi (NR 043165.1) Vibrio
vulnificus (NR 036888.1), Vibrio anguillarum (NR
029254.1), Vibrio rotiferianus (NR 042081.1), Vibrio
campbellii (MH231447.1), Vibrio ponticus (NR 029032.1)
and Aeromonas veronii (NR 044845.1) all Gram-negative.
Bacillus thrungiensis (NR 043403.1) was tested as Gram-
positive in the study. Strains from naturally infected fish
Dicentrarchus labrax that were confirmed previously by
Uzun & Ogut (2015). All the bacterial strains were
subcultured from the original culture in Mueller Hinton
(MH) agar supplemented with 1.5% NaCl at 24°C for 24 h
was used for the antibacterial assay.

Antibacterial assay: The disc diffusion method
was used to evaluate the antibacterial activity. Bacterial
strains grown on MH agar supplemented with 1.5% NaCl
at 24 °C for 24 h. The bacterial inoculum was suspended in
a saline solution (0.85% NaCl) and adjusted to a 0.5
McFarland standard turbidity (108 CFU/ml). Sterile discs
(Whatman 2017-009) with the diameter of 6 mm were
impregnated with 15 uL of each extract and left to dry
under laminar flow cabinet. Discs injected with 15 uL of
sterilized water served as negative controls. Test bacteria
were streaked on MH Agar with a sterilized cotton swabs
then the extract discs were positioned on the agar. The
bacteria-streaked plates with the extract discs were
incubated at 24 °C for 2 days. Each extract was assayed in
triplicate, independently. The diameter of the inhibition
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zone around each disc was measured with a digital caliper
(Maher 16; with a precision of 0.1 mm) and recorded.

Statistical analysis: To evaluate the data, variance
analysis was performed using the JMP 5.0.1 (SAS)
package program and the Tukey test was applied to the
groups with differences.

RESULTS AND DISCUSSION

Antioxidant capacity: Numerous methods have
been proposed to evaluate antioxidant activity and function
(Gilgin et al., 2004). In this study, antioxidant activity of
the water extract of C. sativa, U. dioica, A. deliciosa and
C. aurantium were evaluated using free radical DPPH
scavenging assay. DPPH assay is widely used for the
evaluation of antioxidant activities of natural products
(Duh et al., 1999). DPPH is characterized as a stable
colored radical accepts an electron to become a stable
diamagnetic molecule (Giilgin et al., 2004; Kedare &
Singh, 2011). It is a rapid, simple, inexpensive and widely
used method for evaluating the activity of antioxidants.
DPPH assay is spectrophotometric technique and shows a
strong absorption band at 517 nm. As can be seen in Figure
1, all extracts had an inhibitory effect on the DPPH radical.

100 -
90 - 87.03
80.40
8071 7568 75.19
70
60 -
50 +— T T T —
Stinging nettle Kiwi fruit Chestnut shell  Citrus fruits

Figure 1. Antioxidant values (% inhibition).

Chestnut inner shell was determined as the extract
with the highest inhibition effect among the extracts
examined in the study. Coccia et al. (2019) determined the
antioxidant capacity of chestnut shell according to the
DPPH method. They found the inhibition amounts of the
extracts prepared with water and ethanol to be 74.3% and
79.8%, respectively. Park et al. (2015) determined the
amounts of antioxidants of kiwi fruit using DPPH method.
They found the amount of inhibition of kiwi fruit at 92.9%.
Giider & Korkmaz (2012) have identified the antioxidant
amounts of extracts prepared by hydroalcoholic solution of
the portions of nettle grass. They found the inhibition
amounts of leaves, flowers and root extracts with a density
of 250 pg/mL of nettle grass as 48.7%, 54.2% and 60.5%,
respectively. Xu et al., (2008) detected the antioxidant
amount of orange juice by DPPH method. They found the
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amount of inhibition of orange juice at 69.36%. When the
antioxidant results of our study were examined, the
inhibition amounts of nettle, orange and chestnut extracts
were found to be higher than in the studies above. Park et
al., (2015) in his study, the amount of inhibition of kiwi
extraction was found to be higher than in our study.
Differences between inhibition amounts; the method and
rate of the extract used may affect factors such as
environmental conditions of the plant.

Kilinggeker, (2014) determined in his study on the
use of sage and nettle extracts in fish meatball coatings that
the TBA amounts of all samples remained at an acceptable
level until the last day of storage. Fernandez-Lopez et al.,
(2005) determined that the TBA values of meatballs with
rosemary, lemon and orange oils were lower than the
control group, and that essential oils had significant effects
on the storage period. It has been shown in the literature
that the antioxidant properties of stinging nettle, kiwi fruit,
chestnut shell and citrus fruits extracts are beneficial in the
field of seafood processing. In this regard, it is anticipated
that these extracts can be beneficially used in seafood
processing technology.

Antimicrobial activity: The antibacterial activity
of the C. sativa, U. dioica, A. deliciosa and C. aurantium
extracts was assessed against Gram-negative (V. harveyi,
V. wulnificus, V. anguillarum, V. rotiferianus, V.
campbellii, V. ponticus and A. veronii) and Gram-positive
(B. thuringiensis) bacteria. The evaluation of the
antibacterial activity was realized by the disc diffusion
testing. Table 2 illustrated that all extracts showed
antibacterial activity against at least one of the reference
strains. The most susceptible bacteria were V. harveyi and,
V. campbellii and the resistant species were V.
anguillarum, V. ponticus and A. veronii. From all the
prepared extracts, the chestnut’s inner shell was the most
effective in suppressing microbial growth, as it was
effective against 3 of the 8 bacteria tested, whereas the
other three extracts showed variable antimicrobial activity
were effective against only 2 or 3 bacteria each. The
highest antibacterial potentiality extract was chestnut’s
inner shell, followed by the stinging nettle.

Table 2. Antibacterial activities (diameter of inhibition zone,
mm) of water extracts in disc diffusion assay.
Inhibition zones (mm)

Plant
1 2 3 4 5 6 7 8
C. sativa 3205 ND ND 1005 2166 ND ND ND
U. dioica L. 1844 ND ND ND ND ND ND ND
A. deliciosa ND ND ND ND 17.46 ND ND ND

C. aurantium L 1466  9.56 ND ND ND ND ND 1213

1. V. harveyi; 2. V. vulnificus; 3. V. anguillarum; 4. V. rotiferianus; 5. V.campbellii; 6. V. ponticus;
7. A. veronii; 8. B. thuringiensis; ND: zone diameter was not determined.

In this study, chestnut’s shell extract is effective
against Gram-negative bacteria, it was very effective in
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suppressing V. harveyi growth since it presented the larger
inhibition zone. However, had no effect against Gram-
positive bacteria. It is known that lipopolysaccharide found
in the surfaces of Gram-negative bacteria represent a major
barrier for the entry of phenols into the cell cytoplasm
(Fattouch et al., 2007; Martillanes et al., 2017).
Nevertheless, V. harveyi, V. rotiferianus and V. campbellii
were inhibited by chestnut’s shell extract. This can be
explained by the fact that chestnut shells have phenolic
acids known to have antibacterial effect against Gram-
negative bacteria (Silvia et al., 2020).

Modarresi-Chahardehi et al. (2012) reported that,
string nettle extract had an antimicrobial effect on Vibrio
parahaemolyticus and Bacillus subtilis. In present study,
string nettle extract had an antimicrobial effect only against
V. harveyi among Vibrio species but did not show any
antibacterial activity against B. thrungiensis. Three reasons
accounting for the different antibacterial activity of string
nettle extract may be: extraction method, solvent and time.
Because these differences may result in the release of
different biological active components (alkaloids,
flavonoids, essential oil, terpenoids, etc.) (Hanan et al.,
2013). It is known that Citrus fruit extracts had
antibacterial activity against microorganism. The study of
Kirbaslar et al. (2009) reported bitter orange extract had an
antimicrobial effect both Gram- negative and Gram-
positive bacteria. Similarly, in this study bitter orange
extract exhibit inhibitory activity against V. harveyi, V.
vulnificus (Gram- negative) and B. thrungiensis (Gram-
positive). El-Kichaoi et al. (2015) reported that kiwi fruit
extracted by water showed little antimicrobial activity both
Gram- negative and Gram-positive bacteria. In our study
A. deliciosa fruit extracts had an antimicrobial effect on
only V. campbellii. All the extracts in the study were
prepared with water. Although extracts prepared with
ethanol provide stronger antimicrobial activity, water
extracts also showed high antimicrobial activity in our
study. This can be explained by the fact that the water
extract was found to be richer in polar phenols than ethanol
and methanol (Triantaphyllou et al., 2001), and this
compound may be increasing the antimicrobial activity for
water extracts (El-Kichaoi et al., 2015).

CONCLUSION

It is known that synthetic antioxidant and
antimicrobial substances have negative effects on animals
and humans. Therefore, interest in natural substances is
increasing. With such studies, the antioxidant and
antimicrobial activities of plant extracts can be determined
and their potential for use in aquaculture and in processed
seafood are evaluated.
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All plant extracts tested in this study had potential
antibacterial activities against the reference strains. The
chestnut inner shell extract with the highest DPPH
inhibition also showed the highest zone diameters on agar.
The results of the study support the use of these plants in
the treatment of infectious diseases in aquaculture and for
the prevention of fat oxidation in processed seafood
technologies. In vitro, our results demonstrated the efficacy
of these plant extracts in the inhibition of some pathogenic
bacteria with an acceptable degree of effectiveness, but in
vivo experiments are needed to confirm these results. The
use of these extracts in different proportions in processed
seafood and their introduction to industry should be
improved.
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Abstract: Wastewater discharge from textile industries concern environmental risks. Superiority
of microbial methods over high cost combined methods includes conversion of persistent organic
materials to non-toxic last materials, sustainability, low cost, and comfortable. Textile
wastewaters can have opposite effects on the quality of water in total organic carbon (TOC) and
chemical oxygen demand (COD). In this study, Biotreatment of textile wastewater from the
dyeing process using white-rot fungus Phanerochaete chrysosporium (P.C) was investigated in
agitated and static culture conditions to solve these problems. The treatment mediums containing
distilled water in 1:10 ratio of wastewater were compared for treatment efficiency of P.C.
Especially in agitated conditions at 27°C and 150 rpm, it was achieved a successful treatment
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52: goerguven@munzur.edu.tr fungus pellets of P.C reached the high bioremediation efficiency and can be a useful tool for

bioremediation of textile dye wastewater within a short time period.

Keywords: Bioremediation, COD, P. chrysosporium, textile wastewater, TOC.

Tekstil Endiistri Atiksuyundan Phanerochaete chrysosporium ile KOI, TOK ve Renk Giderimi

Oz Tekstil endiistrilerden kaynakli atiksu desarji gevresel riskler teskil eder. Mikrobiyal
metodlarin diger yiiksek maliyetli kombine metodlara nazaran fstiinligii kalici organic
materyallerin toksik olmayan nihai {riinlere doniigmesi, siirekliligi, diisik maliyeti ve
uygulanirligidir. Tekstil atiksulari su kalitesine toplam organic karbon (TOK) ve kimyasal oksijen
ihtiyac1 (KOI) bakimmdan olumsuz etki yapar. Bu calismada boyar madde prosesinden gelen
tekstil atiksuyunun beyaz kok mantar1 Phanerochaete chrysosporium (P.C) ile biyoaritimi
calkalamali ve statik kiiltiir kogullarinda bu problemleri ¢6zmek i¢in arastirtlmistir. 1:10 oraninda
distile su i¢eren atiksudaki aritma ortamlar1 P.C’ nin aritma verimiyle kiyaslanmustir. Ozellikle
calkalamal1 kiiltiir kosullarinda 27°C’da 150 rpm’de oldukga uygun bir aritma sonucu elde

Sl YR edilmistir. Bu kogullar altinda, 48 saatte aritim orjinal KOI’de %91,46’ya (1484 ppm’den) ve
Gokhan Onder ERGUVEN - o .. o . <4 .

Wi Uisthersiias, (i ve ik Biblsr TOK bakimindan ise %94,92 (giris degeri 723.66 ppm dir). Bunlara ilave olarak ¢alisma sonunda
Fakiiltesi, Siyaset Bilimi ve Kamu Y 6netimi renkdeki giderim 3,550 Ass’den 0.487 Aswa %86.28’in altlna. diigmiistir. P.C’nin
Bolimi, Sehirlesme ve Cevre Sorunlart dekolorizasyon 6zelligi yiiksek bir performans elde etmistir ve P.C; KOI ve TOK’da 48 saatte

Béliimii, TR62100, Tunceli, Tirkiye

ST o T e etkili bir giderim orani géstermistir. Sonug olarak, P.C yiiksek bir biyoremediasyon oranina

ulastigt ve tekstil boyar madde atiksulariin biyoremediasyonunda kisa zaman periyodunda
kullanilabilir oldugu tespit edilmistir.

Anahtar kelimeler: Biyoemediasyon, KOI, P. chrysosporium, Tekstil atiksuyu, TOK.
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INTRODUCTION

The textile industries consist of hundreds of
different type of dyes that can be stay in the presence of
some chemical substances, light vulnerability and also
biological degradation. In the world, 10.000 synthetic dyes
being used. Since their essential refractoriness, 90% of
reactive textile industry dyes stay in the sewer plant
systems and at the end, dismissed into receiving
environments. Every year, around 30 x 10* tons of
industrial textile dyes are dismissed into the wastewater
channels (Ogugbue et al., 2011). These wastewaters have
opposite effects on the receiving bodies, not only by
flogging waters but also by mutagenic capacity and target
toxicity (Singh et al., 2015). Wastewater discharge from
textile and other common industries produces
environmental risks (Saratale et al., 2011). In textile
wastewater discharging, the common environmental
problem is dyes (Yildirim et al., 2018).

Although a too many textile industries are linked
to effluent treatment units, the partially treated wastes is
discharged into the receiving environments like seas,
rivers, lakes or streams. When discharge levels and waste
composition are regarded, the textile facility is the most
polluting sector in the world (Miled and Ladhari, 2020).

Environmental problems are related to the
associated colour, high COD values, low biodegradability,
fluctuating pH and high temperature of the wastewater (Al-
Kdasi et al., 2004). Coagulation-flocculation followed by
sedimentation or adsorption is generally used, but is not
encouraging due to the secondary pollution arising from
the residual sludge. Aerobic biological treatment methods
are the most prefered methods in the textile wastewater
plants but have low efficiency with synthetic dye
waters, which represent more than 80% of the annual
consumption in theses industries (Tounés et al., 2018). The
existent chemical, physical and photochemical approach
for the removal of such dyeing wastewaters have some
opposite properties like cost, associated functional and
operational problems, and large amounts of sludge that
consists hazardous materials (Srinivasan et al., 2010). In
order to discharge effluents that meet legislative bodies,
innovative processes using advanced technigques have been
tested and applied in several ways (Miled et al., 2015).
Most of these methods can only transfer the effluents from
one phase to the other leaving the problem fundamentally
unsolved. Additionally, such storage systems do not
include attractive possibilities of recycling because of
storage is unsatisfactory. Wastewater treatment from
reactive and direct dyes involves some complications due
to the high salinity, which makes reprocess of treated
wastewaters impossible for irrigation activities (Khatri et
al., 2015). Environment friendly technologies have also
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been recommended in order to reduce the impact of these
kind of materials generated from industrial plants (Kumar
et al., 2018). To handle these problems, over the last years,
biological methods such as bioremediation and biosorption
by both living and dead microorganisms in aerobic,
anaerobic or facultative treatment methods with
microorganisms have been preferred (Robinson et al.,
2001). A wide range of combined methods have been used
to manage textile dyes (Saratele et al., 2011). Although the
chemical and physical processes are seemed to be practical
for removal of dyes, they have also constitutional
difficulties such as high operative cost, and toxic last
products and exhaustive energy uptake (Arora et al., 2017,
Yonten et al., 2016).

Fungi and bacteria have also been shown to
efficaciously decolorize and biodegrade textile wastewater
dyes (Asgher et al., 2013, Hossain et al., 2016, Urrea et al.,
2020). The role of fungus has been recently chosen and
shown to be related to the biodegradation of dyes (Yildirim
et al., 2018, Yonten et al., 2016). There is still limited
information about the influence of decolorization
processes on water ecosystems (Przystas et al., 2015).
White rot fungi (P. chrysosporium, Pleurotus sp, Trametes
sp, Ganoderma sp) are among the most suitable fungi for
the removal of synthetic reactive dyes. In nature, these
fungi colonize wood and other lignocellulosic substrates
and knowledge of their capacity to remove recalcitrant
dyes from wastewater. Different extracellular enzymes of
the fungi are able to oxidize dye compounds (Novotny et
al., 2004).

This study reveals out the common results
obtained during the laboratory scale studies on the
reduction of TOC, COD, and color with a newly isolated
white rot fungi P. chrysosporium as an inexpensive
alternative process for degradation of textile dye bath
wastewater existing from the dyeing process. The study
depends on find out the efficiency of the P. chyrsosporium
for bioremediation of textile wastewater.

MATERIAL AND METHOD

Wastewater samples: The red-colored textile
wastewater was obtained from Tekirdag province of
Turkey. This dye bath wastewater from the dyeing process
was bottled in a plastic container and kept at 4°C. The
physicochemical characteristics of used wastewater are
demonstrated in Table 1. The wastewater was sterilized by
an autoclave at 121° and 1.5 atm about 15 minutes before
used in bioremediation assays.

Table 1. Characteristics of textile wastewater.

Parameters
Absorbance, As4o
COD (ppm) 1484
TOC (ppm) 723.66
pH 10.2

Values
3550
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Fungus and pellet preparation: Phanerochaete
chrysosporium (ME446) were taken from Hacettepe
University, Department of Biology and was stored at 4°C,
after subculturing at 27°C every two-three weeks on
sabouraud dextrose agar (SDA). The fungus was cultured
at 27°C on SDA plates according to (Zelles at al., 1991).
After 4 days of incubation, mycelial plugs (5 mm diameter)
from the peripheral region of an actively growing culture
were used as inoculum. These mycelial plugs were
transferred into 100 mL Sabouraud dextrose broth (SDB)
in a 250-mL flask. Incubations were performed in a
shaking incubator (150 rpm) at 27°C for 4 days. After
incubation step, the culture was homogenized and used for
the inoculation for pellet preparation. Fungal pellets were
gathered by filtration from culture media and wet pellets
(500 mg) were used in the decolorization for additional
experiments.

Decolorization assays: About 500 mg wet fungal
pellets (5000ppm) were transferred into 100 mL the
sterilized wastewater in 250 mL flasks. The agitation rate
and temperature were 150 rpm and 27 °C, respectively in
orbital shaked incubator for 24, and 48 h. For
decolorization, COD and TOC experiments, all studies
were performed with 1/1 (crude, undiluted) and 1/10
(diluted with deionized water) samples of textile
wastewater. This dilution rate was for reduce the inhibation
effect of wastewater on fungus. At last, the bioremediation
efficiency increased.

Decolorization of wastewater was measured in
filtrates (three replicate flasks) after eliminating the pellets,
and monitored spectrophotometrically at the maximum
wavelength of 540 nm absorbance (Harry et al., 1991). The
systems without the fungus served as abiotic controls.

Decolorization (%) = x 100

Where, Ax = Absorbance of the blank (wastewater),
Ay = Absorbance of the treated dyes solution after incubation.

Physico-chemical analysis: Color experiments
were performed with UV-Visible spectrophotometers
(Shimadzu H524148) at Absssonm. The COD experiments
were performed with HACH DRB 200 thermoreactor
(heating phase to 148°C) and HACH DR 890 colorimeter
(reading phase). Hach COD kits that have measurement
capacity in the range of 0-1500 mg O,/dm?® (Cat number:
23459-52) used by the line of Standard Method 5220C
closed reflux method. For inhibiting the microbial activity,
only one drop of 0.1N H,SO, added to the samples before
transfered to COD or TOC device. For this process, 2.5 ml
of samples added to the COD Kkits that contains 3.5 ml
AgNO; and 1.5 ml of Cr,0;. After that, the COD Kkits were
taken to the HACH DRB200 thermoreactodr at 150 C° for
two hours. After this time finished, COD kits were taken to
the room temperature for cooling. The cooled samples
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were put on a HACH DR 890 colorimeter and COD values
were readed at 540 nm. Abs and level of decreasing
followed. TOC determinations were performed with
Standard Method 5310A (burning at a high temperature)
with SHIMADZU TOC-V. TOC is universally measured
by oxidizing the organic compounds present to forms
which can be quantified. High-temperature combustion at
1200°C in an oxygen-rich atmosphere. The CO; produced
is passed through scrubber tubes to remove interferences
and measured by non-dispersive infrared absorption
(NDIR). According to this method, samples were filled to
5 ml tubes and settled to TOC analyzer device in
Laboratory of Firat University Environmental Engineering
Department and decreasing of the TOC parameter followed
like COD assays. All of the experiments were performed at
room temperature (25°C) according to the methods
described in (APHA, AWWA, 2005).

Statistical analysis: SPSS version PASW
Statistics 18 was performed for analysis of all data
(SPSSinc., Chicago, IL, USA). ANOWA was carried out
to analysis of data and when p<0.05, results was considered
significantly different. Differences between means were
analyzed using Duncan’s multiple range test for post hoc
multiple comparisons. Values were presented as the mean
+ standard error (Anova, 2017)

RESULTS AND DISCUSSION

The live pellets of P.C performed a rapid
wastewater decolorization activity for decolorizatin, COD
and TOC parameters in 48 hours. 59,16 and 86,28%
decolorization was observed after 24h and 48h incubations
in agitated conditions with crude wastewater, respectively.
In static conditions, the highest decolorization activity was
observed as 42,49 and 62.34 % after 24h and 48h
incubations with crude wastewater, respectively (Fig. 1).

100
90
80
70
60 W Agitated 24 h

50 - W Static24 h

40 - W Agitated 48 h

Decolorization (%)

30 m Static 48 h
20

10

o -

1/10

Figure 1. Reduction of decolorization in media with agitated and
static conditions at the end of 24™ and 48™ hours. Different letters
on the bar (a,b,c,d,e) show statistical differences of Duncan’s
multiple range test among all groups (p<0.05).

The highest COD reduction was achieved by
pellets as 91.46 % in the agitated medium with crude
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wastewater after 48h incubation. The lowest reduction
efficiency was noted as 58,19% in static medium with
crude wastewater after 24h incubation. Generally, agitated
mediums with crude wastewater were showed high COD
reduction efficiencies than static mediums with 1:10
diluted wastewater (Fig. 2

100
90
80
70

m Agitated 24 h

50 W Static24 h
40 |
30 -
20

10 4

W Agitated 48 h

COD reduction (%)

m Static48 h

1/1 1/10

Figure 2. Reduction of COD in media with agitated and static
conditions at the end of 24™ and 48™ hours. Different letters on
the bar (ab,c,d,e) show statistical differences of Duncan’s
multiple range test among all groups (p<0.05).

According to the results, best removal
performance occurred for TOC parameter in agitated
conditions as 94.63 and 94,92% at the end of the 24h and
48h respectively in media with 1:10 diluted wastewater

(Fig. 3).

100
90 -
80 -

70 4
W Agitated 24 h

- W Static24 h

40 -
30 -
20
10 -

M Agitated 48 h

TOC reduction (%)

mStatic48 h

1/1 1/10

Figure 3. Reduction of TOC in media with agitated and static
conditions at the end of 24" and 48™ hours. Different letters on
the bar (a,b,c,d,bc) show statistical differences of Duncan’s
multiple range test among all groups (p<0.05).

While the highest color and COD removal was
observed in crude wastewater medium, the highest TOC
reduction was obtained in the medium with 1:10 diluted
medium. For all three parameters (Color, COD, and TOC)
the highest removal values were obtained under agitated
conditions.

The changing in the color removal of other
reactive dyes might be attributable to the morphological
difference of the textile industry wastewaters and used
microorganisms (Kalyani et al., 2008). Most dyes have
high levels of COD in their compositions and can have
opposite effects on the quality of water in TOC and COD
parameter (Mahmoud et al., 2017).
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The obtained results gained from the treated
wastewaters showed, P. chrysosporium could effectively
decolorize the textile wastewater. Color removal efficiency
was obtained approximately as 87% when wastewater was
not diluted (crude) in agitated medium. Our results are
more standardized to the results obtained recent studies on
decolorization of textile wastewater by P. chrysosporium.
The effect of concentration on decolorization of textile
wastewater was performed, Our results revealed that the
decolorization rates were high at 1:10 concentration of the
wastewater. This may be due to the fungal growt was
inhibited by crude wastewater (1/1). The similar results
werea already reported by Novotny et al. (2004). In all the
cases color removal decreased by decreasing the initial
concentration of the wastewater. There were similar
observations on decolorization of textile wastewater by P.
chrysosporium. Decolorization efficiencies were found to
be higher in agitated culture conditions than static culture
conditions. Homogenous physical and chemical
environments caused by agitated conditions through
increasing remove of mass and reducing gradients of
concentration (Shahvali et al., 2000, Nienow, 2006).
According to Nilsson et al. (2006), wastewater
decolorization efficiency of reactive blue 4 (a blue
anthraquinone dye) or reactive red 2 (a red azo dye) found
in the range of 65-70% for treating a textile wastewater
using the white rot fungus and for removing textile dyestuff
containing wastewater by Coriolus versicolor in reactor at
the end of three days. Kapdan and Kargi (2002) revealed
out a maximum decolorization efficiency of 77% on a
textile dyestuff wastewater in 24 h. In another study about
biological treatment of textile effluent, Andleeb et al.
(2020) studied with fungal isolate of A. terreus. They found
overall color, BOD and COD removed by 84.5, 66.5 and
75.2%, respectively at 24 h period. Sedighi et al. (2009)
tried to reveal out the decolorization performance of P.
chrysosporium on textile wastewater for decolorization
and COD parameters and these efficiencies were found as
87 and 42% in 4 days period. Compared with these
literatures, the present study shows good reduction
performance (86,28%) of P. chrysosporium in agitated
conditions at a crude sample for decolorization.

In present study, observed high COD removal
efficiency may be due to complete mineralization of highly
oxidizable dyes represent in the wastewater (91,46%). This
means COD value decreased to 122 ppm from 1485 ppm.
This value is very suitable for dischage limits according to
the water pollution control regulation in Turkey, Table 10
(Official Gazette Date/Number: 31.12.2004/25687).
Similarly Pakshirajan and Kheria (2012) have reported that
the COD removal may be due to biodegradation of
complex organic materials such as dyes present in the
wastewater. According to their study, the removal
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performance of P. chrysosporium on textile wastewater
was 64 and 83% for decelorization and COD parameters at
the end of 6 days. Mahmoud (2016) found an increase in
COD removal percentage to 62% of some reactive dye
from aqueous solution using strain of S. cerevisiae within
6 days.. Lin etal., (2009) has degraded synthetic dye water,
with partial decolorization. In this study, there was total
decolorization with 90% of COD and 83% of color
reduction in 70 hour period. Faraco et al. (2009) have
obtained 31% COD reduction of acid dye wastewater by
white-rot fungus P. ostreatus treatment at one week.
Compared with these three literatures, the study reveals
high COD removal efficiencies (91,46%) by P.
chrysosporium in agitated conditions.

We have obtained 94,92% TOC reduction in
agitated conditions with 1:10 diluted wastewater after 24 h.
Hai et al. (2005) reported TOC removal from a synthetic
textile wastewater by a white rot fungus Coriolus
versicolor was about 97% in 24 hours. Hossain et al. (2016)
studied bioremediation of the Textile Wastewater using
white-rot fungus Coriolus versicolor. At the end of the
study, they revealed out TOC removal about 97% within 2
weeks. Mohamed et al. (2016) achieved nearly 75% TOC
reduction of textile effluent by Neurospora sp at 48 hours
and declared that the textile dye used as a sole carbon
source.

CONCLUSION

According to the results of the study, the live
pellets of the P. chrysosporium were found to remove more
than 86% of the color of this textile wastewater at the end
of the 48" hours. This time is very suitable time when
comparing with the similar studies. This microbial source
found to be alternative process for the treatment of textile
effluent. Experiments are planned to further examine the
pathways and enzymes involved in the degradation of these
dyes. The dye-removal capacity was a function of exposure
time and was proportional to the agitation or static media.
The decolorization performance of P. chrysosporium
remained high and this fungus showed up to 90% removal
efficiency for COD and TOC parameter within two days.
Our results suggest that P. chrysosporium pellets can play
an important part to the bioremediation of industrial textile
wastewater.
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Gokkusagi Alabahgi (Oncorhynchus mykiss, L.) Yemlerine Eklenen Farkh Oranlardaki
Kusburnu (Rosa canina, L.) Yaginin Biiyiime Performansina Etkisi

Oz: Bu calismada yavru gokkusagi alabaligi (Oncorhynchus mykiss W.) yemlerine farkl
oranlarda ilave edilen Kusburnu (Rosa canina L.) yaginin, baliklarin biiylime performansi,
yemden yararlanma ve yasama oram lizerine etkileri arasgtirilmustir. Bu amagla, baslangig
ortalama agirliklart 1,7+0,11 g olan yavru alabaliklarin yemlerine 4 farkli konsantrasyonda 0
ml/kg, 2 ml/kg, 4 ml/kg ve 6 ml/kg olacak sekilde Kusburnu yagi ilave edilerek 90 giin boyunca
(pH 7,15-8,33, sicaklik 12,3-15,9 °C ve ¢oziinmiis oksijen 6,85-10,8 mg/l araliginda)
beslenmistir. Deneme gruplart 2 tekerriirlii olarak planlanmis ve her bir tanka 200 adet yavru
balik konularak toplamda 1600 adet balikla ¢alisma yiiriitiilmistiir. Deneme sonunda en yiiksek

*Sorumlu yazar: canli agirlik artis1 (53,71£1,12 g) ve (0,7+0,02) yem doniisiim orani ile 6 ml/kg Kusburnu yagi
Hamdi AYDIN = o ilave edilen IV. grupta elde edilmis ve diger gruplara gdre istatistiksel olarak fark énemli gikmistir
Kocaeli Universitesi, Ziraat Fakiiltesi, Su (P<0 05) Son larak: b 1 da. kusb o labalik leri il dil .
Oriinleri Boltim, Kartepe, Kocaeli, Tirkiye. (P<0,05). Sonug olarak; bu ¢alismada, kugburnu yaginin yavru alabalik yemlerine ilave edilmesi
X: aydin@Kkocaeli.edu.tr ile baliklarin yemden yaralanma oraninin arttigt ve baliklarin gelismelerinde de olumlu etkiye

sahip oldugu tespit edilmistir.

Anahtar kelimeler: Goékkusag alabaligi, Oncorhynchus mykiss, kusburnu yagi, Rosa canina,

biiyiime performansi.
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INTRODUCTION

Aquaculture is the fastest growing food producing
sector in the world and especially it has made very rapid
progress in the last 30 years. The global population is
increasing, thus, the demand for aquatic food products is
also increasing. With capture fisheries becoming
increasingly unsustainable due to excessive and
unconscious fishing, aquaculture is expected to overtake
capture fisheries in supplying the world’s protein
requirements in the future. Fish and other aquaculture
supply at least 20% of the animal protein source of people
in developing countries and more than 50% of people in
poor countries of Africa and South Asia (Awad & Awaad,
2017). The intensification of rearing methods and systems
has created a stressful environment in the fish that can
cause suppression of the immune system and increase the
susceptibility of the fish to infectious diseases. In addition,
many negative factors such as high stocking density,
aquaculture practices, temperature, poor water quality and
insufficient feeding, cause stress in the fish and increase
the risk of catching a disease (Elumalai et al., 2020,
Hoseinifar et al., 2020).

A wide variety of antibiotics and chemicals are
used to control infectious diseases in fish farms. Although
antibiotics are generally successful in treating diseases,
they cause the accumulation of antibiotic residues in either
the environment or fish tissues and the emergence of
antimicrobial resistant species (Rossolini et al,, 2014,
Santos & Ramos, 2016). Vaccines used in fish farms are
expensive and have a specific action against only one
pathogen (Harikrishnan et al., 2011; Sakai, 1999).
Therefore, there is a global trend towards the use of
medicinal plants and their derivatives in aquaculture as an
alternative method to prevent or control fish diseases
(Harikrishnan et al., 2011; Reverter et al., 2014; Van Hai.,
2015, Elumalai et al., 2020; Hoseinifar et al., 2020).

In aquaculture, some feed additives are often
added to feeds to increase feed efficiency, growth
performance and survival rates. As feed additives, yeasts,
colorants, amino acids, antioxidants, enzymes, probiotics,
prebiotics, algae, lipid derivatives, nutraceuticals,
vitamins, plant extracts and certain organic acids / salts,
carnitine, hormones and aromatic compounds can be listed
(Kwvrak, 2017; Yazict & Mazlum, 2019; Mazlum et al.,
2021). However, intensive and semi-intensive practices of
aquaculture cause an increase in disease outbreaks and
cause partial or total losses in fish production (Awad &
Awaad, 2017). That is why in recent years, researchers and
fish farmers have started to use in fish feed some plants and
oils obtained in fish feed some plants and oils obtained
from plants. It has been understood that these herbal
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products are beneficial for humans and fish as well as for
the environment. Some plants have been used as an
inexpensive protein source instead of the protein in fish
meal and it has been found that they are effective in this
regard and positively affect the growth and immune system
(Ngo, 2015; Ramasamy et al., 2011; Reverter et al., 2014;
Hoseinifar et al., 2020).

Studies have proven that medicinal and aromatic
plants have growth-promoting and stress-reducing
properties in fish. First of all, medicinal and aromatic
plants have started to be used because they are natural and
cheap, as well as increasing the survival rate and
development of aquatic animals by purifying digestive
enzymes (Ngo, 2015).

Turkey in medicinal and aromatic plants has an
extremely rich flora (Akalin, 2020). Rosehip (Rosa canina
L.) plants and is one of the most important of these plants
are abundant on each side of Turkey. While it has been
widely used for fruit juice, jam, marmalade and tea for
many years (Ercisli, 1996; Ercisli & Giileryiiz, 2005), it is
a plant that has been processed for its oil in recent years
(Valeron et al., 2015; Kiralan & Yildirim, 2019). Rosehip
plant is a rich source of vitamin C and is also rich in
anthocyanins, phenolic ingredients and carotenoids. Used
in a variety of food products as well as in the perfume and
cosmetic industries. It is traditionally used to treat
influenza, inflammation, and chronic pain (Guimaraes et
al., 2010). In addition, phenolics are considered as
phytochemicals responsible for the antioxidant activity of
plant materials, so they are known as the most effective
remedy against hemorrhoids and diabetes in Turkish folk
medicine (Jamaa et al., 2017; Deliorman et al., 2007).
Rosehip is also rich in polyunsaturated fatty acids
(Szentmihalyi et al., 2002). The lipid fraction of rosehip
seed contains more than 50% of polyunsaturated fatty
acids, and Rosehip seed oil is used in cosmetics due to its
therapeutic effect on skin ailments (Ilyasoglu, 2014). It has
a rich mineral source (potassium, phosphorus), vitamins
(vitamin C), carotenoids and aroma components
(Shnyakina & Malygina, 1975; Oszmianski & Chomin,
1993).

Although the rosehip plant well-documented the
positive effects on the nutrition and immune systems of
humans and animals. There is very limited information
about its used as a feed supplement in aquaculture. It was
studied in sturgeon “Huso huso” (Dadras et al., 2016),
rainbow trout “Oncorhynchus mykiss” (Sahan et al., 2017),
Russian Sturgeon “Acipenser gueldenstaedti” (Duman and
Sahan, 2018), common carp “Cyprinus carpio” (Dogru et
al., 2018). This is the first research to use rosehip oil in fish
as feed additive. The present study, therefore aims to
investigate the growth, survival rate and feed conversion
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rates of fish by adding oil obtained from Rosehip plant to
juvenile trout feeds.

MATERIAL AND METHOD

This research was carried out in Sapanca Inland
Fisheries Production Research and Application Unit
affiliated to Istanbul University Faculty of Aquatic
Sciences. The trial period was planned as 90 days and was
conducted between 18 February and 18 May 2020. In the
research, 1,600 rainbow trout (Oncorhynchus mykiss, W.)
with an average weight of 1.7 + 0.11g were used. 200 fish
were stocked in 8 cylindrical tanks with a capacity of 350
liters with 2 replicates. Attention was paid to ensure that
the selected fish for the experiment were unvaccinated
before and apparently healthy fish with no prior history of
any diseases. Fish health conditions were checked visually
by observing the body and fins of the fish, the absence of
disease symptoms, as well as regular movements.

Before the experiment, the fish were hand-fed
daily for 2 weeks with commercial trout feed until they
were apparent satiation for adaptation to the experimental
environment. The proximate analysis of the control feed
used in the trial was done according to AOAC, 1998 (Table
1). Uneaten food and fish wastes were regularly cleaned
daily. During the research, the stream water used in the unit
was supplied to the tanks. Water temperature, pH and
dissolved oxygen values were measured weekly and It was
recorded that the pH was between 7.15-8.33, temperature
12.3-15.9 °C and dissolved oxygen 6.85-10.8 mg / I.

Table 1.Analysis of trout feed used in research*
Tablo 1. Arastirmada kullanilan alabalik yeminin analizi*

Feed Analysis %

Ash 14.65
Crude protein 54.58
Crude fiber 0.63
Raw oil 12.05

* Kocaeli Provincial Food Control Laboratory

The rosehip oil used in the experiment was
previously market researched and the oils purchased from
different brands were analyzed, and as a result of this
analysis, it was decided to use the best oil in the trial.
Analysis of rosehip oil was made according to TS EN ISO
12966-2 standard (TS EN ISO 12966-2, 2017). Analysis
results of rosehip oil used in the experiment are given in
Table 2.

4 different treatments groups were prepared.
Rosehip oil was first diluted in alcohol and sprayed on the
feed so that it was mixed thoroughly to assure
homogeneity. Rosehip oil was supplemented to basal diet
as 0 mg/ kg (I. Group), 2 ml / kg (I1. Group), 4 ml / kg (I1I.
Group) and 6 ml / kg (IV. Group). In the first month of the
experiment, the fish were hand-fed 7-8 times a day, 5-6
times a day in the second month and 4-5 times a day in the
last month until they were apparent satiation.
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Table 2. Analysis results of Rosehip oil used in the trial”
Tablo 2. Aragtirmada kullanilan kusburnu yagimin analiz sonuglar*

Fatty acids (%)
Lauric acid/Dodecanoic acid C12:0 0.10
Myristic/Tetradecanoic acid C14:0 0.05
Palmitic/Hexadecaoic acid C16:0 3.78
Palmitoleic acid C16:1 0.08
Stearic/Octadecanoic acid C18:0 2.05
Oleic acid C18:1 24.43
Linoleic acid C18:2 49.02
Linolenic acid C18:3 18.74
Arachidic acid C20:0 0.89
Elcosanoic (Gadoleic) acid C20:1 0.40
Docosenoic/Eucic acid C22:1 0.16
Behenic acid C22:0 0.21

*Kocaeli Provincial Food Control Laboratory

Growth Performance Calculations
Live weight (g) measurements of the fish were
made every end of month during the experiment. Fish
weights were made with a scale with 0.01 g precision.
The parameters were measured according to the
following formulas (Cilingir, 2017).

Average live weight (ALW)= W/N

Live weight gain (LWG) = W; - W,

Specific growth rate (SGR)=(In W; —InW, )/tx100
Relative growth rate (RGR)=(W; =W, )/W, /tx100
Survival rate (SR) (%) =N¢Nox100

Feed conversion rate (FCR)=IT/(W;—W,)

Where W is the total weight of fish, N is the
number of fish, W, is the body weight (g) on the specific
sampling day, W, is the initial body weight (g) at the
beginning of the trial, t is feeding duration in days from the
beginning of the trial until the specific sampling day, IT is
the total dry diet intake (g) from the beginning of the trial
to the specific sampling day, Lt is fish length (cm) on the
specific sampling day.

Statistical Analysis

The data obtained in the experiment were
evaluated with the one-way Anova test. While comparing
the importance of various parameters examined in the
experiment, the results are given as mean value and
standard deviation. The distinction between groups was
determined by analysis of variance and comparison of
groups by Duncan multiple comparison test, and the
significance level was chosen as P = 0.05 (Ozdamar, 2001).

RESULTS

Growth performance parameters are listed in
Table 3. In the I. Group where Rosehip oil was not added,
the average live weight of the fish was 1.67 + 0.02 g at the
beginning of the experiment were increased to 52.03 +2.38
g after 90 days, fish in the II. Group (2 ml / kg) from 1.93
+0.01 gto 52.44 + 1.44 g, the fish in the III. Group (4 ml/
kg) from 1.88 + 0.04 g to 52.25 + 0.04 g and It was
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determined that the fish in the IV. Group (6 ml / kg)
reached from 1.84 £ 0.09 g to 55.55 £ 1.02 g. The average
weight gains were also found to be 50.36 +2.36 g, 50.51 +
1.44 g, 50.37 £ 0.07 g and 53.71 = 1.12 g in the groups,
respectively. Relative growth rates in the groups were
determined as 3015 + 103%, 2617 + 85%, 2679 + 64% and
2919 =+ 63%, respectively (Table 3).

When looking at the specific growth rate values in
groups I. Group, Il. Group and IIl. While the values

Table 3. Different growth parameters of trial groups.
Tablo 3. Deneme gruplarina ait farkh biiyiime parametreleri.
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obtained in the group were the same (0.56 + 0.02), the
highest value (0.60 + 0.01) was IV. Group (6 mg / kg)
(Table 3). Considering the feed conversion ratio values, I.
Group, II. Group and III. Group while 0.8 + 0.01 in the
group, 1t was found to be 0.7 + 0.02 in the IV. Group. Feed
consumption and total live weight gain are given in Table
3. The survival rate (SR) value in the groups was
determined 98.5 £ 1.41%, 97% + 1.41, 98.5 + 0.35% and
98.5 £ 0.07% respectively (Table 3).

1.Group 11.Group 111.Group 1V.Group
Initial average live weight (g) 1.67+0.02 1.934+0.01 1.88+0.04 1.84+0.09
Final average live weight (g) 52.03+2.38 52.44+1.44 52.25+0.04 55.55+1.02*
Average weight gain (g) 50.36+2.36 50.51+1.44 50.37+0.07 53.71£1.12*
Relative growth rate (%) 3.015+103 2.617+85 2.679+64 2.919+63
Specific growth rates (% ) 0.56+0.02 0.56+0.02 0.56+0.02 0.60+0.01*
Survival rate (%) 98.5+1.41 97.0+1.41 98.5+0.35 98.5+0.07
Total feed consumption (g) 7.875 7.725 7.815 7.475
Total live weight gain (g) 9.915+0.32 9.787+0.13 9.892+0.02 10.732+0.23*
Feed conversion rate 0.8+0.01 0.8+0.01 0.8+0.00 0.7+0.02*

(*)Values marked with * are statistically significant from other groups (p <0.05)
DISCUSSION AND CONCLUSION

In this study, the effect on growth and feed
utilization of rainbow trout (Oncorhynchus mykiss)
juveniles fed with feeds containing different ratios of
rosehip oil (R. canina) survival rate was firstly examined
and discussed in comparison with previous studies.

Ahmad et al., (2016) reported that rosehip plant
contains 3.78% palmitic acid, 0.08% palmitoleic acid,
24.43%, oleic acid, 49.02% linoleic acid, 18.74% and
18.74% linolenic acid in the chemical composition.
Analysis results of Rosehip oil that we used in our study
were found to be 3.54%, 0.06%, 20.30%, 51.67% and
19.08%, respectively, according to the above values, and
these results are close to the results found by Ahmad et al.,
(2016).

Studies on adding medicinal and aromatic plants
to fish feed have been gained importance in recent years.
When some medicinal and aromatic plants and extracts
obtained from them are added to fish feeds, positive effects
such as weight gain, specific growth rate and increase in
feed efficiency ratio and reduction in feed conversion ratio
have been determined (Aly, et al., 2008; Aly & Mohamed,
2010; Immanuel et al., 2009; Ji et al., 2007; Nya & Austin,
2009a, 2009b; Punitha et al., 2008; Shalaby et al., 2006). It
has been reported that garlic, onion, marjoram, cumin,
basil, anise, fennel, icoria, black cumin and fenugreek
stimulate the growth of fish (Sivaram et al., 2004).
Mahdavi et al., (2013) reported that the addition of aloe
vera extract in different ratios (0.1, 0.5 and 2.5%) to carp
(Cyprinus carpio) fish feeds had a positive effect on the
development of the fish as a result of feeding for 8 weeks

220

and had an appetite-enhancing feature. Zheng, (2009)
reported that feed conversion ratio decreased, weight gain,
specific growth rate and survival rates increased in catfish
fed with feeds with added marjoram (O. vulgare) essential
oil. Gabor et al., (2011) reported that they added 1% ginger,
2% garlic, 1% thyme and 2% echinacea to rainbow trout
feed, and a significant increase was observed in the final
weight value, bodyweight, specific growth rate and
proportional growth rates of fish. Acar, (2018) also
suggested that St. John's Worth Qil (Hypericum
perforatum) supplemented to the carp diet at the rate of 5 ¢
/ kg in the ration can be used without any negative effects
on growth performance and blood parameters.

In our study, it was observed that the addition of
rosehip oil to rainbow trout diets positively affected their
development. The best growth rate was obtained in the
group to which 6 mg/ kg (IV. Group) rosehip oil was added
and this value was found to be statistically significant
compared to the control group (P <0.05). Whereas, Dadras
et al., (2016) found that rosehip (Rosa canina) and
safflower (Carthamus tinctorium) was added to juvenile
Huso huso feeds in different proportions and there were no
significant differences in feed conversion ratio (FCR),
specific growth rate (SGR) and condition factor (K) but
they found that there are significant differences in white
blood cell (WBC) and hemoglobin (Hb) values. The best
results were obtained in the group with 2% rosehip and
safflower added and these results were observed to be
significant compared to the control groups. In our study, it
was determined that the rosehip oil plays an important role
in the development of fish due to the use of oil instead of
the plant.
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Cilingir, (2017) reported that amber (Hypericum
perforatum) oil added to rainbow trout (Oncorhynchus
mykiss) diets had an effect on growth performance, some
environmental stress parameters and antioxidant activity.
Kivrak, (2017) observed that rosemary (Rosmarinus
officinalis) oil has effects on the growth performance,
hematological and biochemical parameters in rainbow
trout, and that the addition of rosemary oil is not effective
in fish feed intake. In our study, it was determined that the
addition of rosehip oil plant to trout feed, it was effective
in the increase in live weight and specific growth rates in
fish, but not in the survival rate.

In conclusion, it is well-known that the use of
suitable feed for feeding during the juvenile period of
rainbow trout has a positive contribution to the
development and survival rates of fish. In recent years,
with the addition of natural additives to fish feed, there has
been an increase in fish development, survival rate, feed
evaluation and increasing the immune system. This
research has been a preliminary study on the use of rosehip
oil in fish feed. It has been determined that the oil obtained
from the rosehip plant has a positive effect on the growth
and feed utilization rate of fish with the addition of the
feeds of rainbow trout. Additionally, studies need to be
carried out on the use of rosehip oil in different ratios to
different fish species feed. Further studies can also be
carried out to determine the hematological parameters,
immune parameters, and resistance of diseases of fish fed
with rosehip oil or rosehip.

ACKNOWLEDGEMENTS

We would like to thank Kocaeli University
Scientific Research Projects Coordinator (Project No:
FYL-2020/2086) for supporting this study summarized
from the master's thesis.

REFERENCES

Acar, U. (2018). Sar1 kantaron (Hypericum perforatum)
yagmin sazan yavrularmm (Cyprinus carpio)
biiylime performansi ve bazi kan parametreleri
tizerine etkisi. Alinteri Zirai Bilimler Dergisi,
33(1), 21-27. DOI: 10.28955/alinterizbd.343202

Ahmad, N., Anwar, F. & Gilani, A.U. (2016). Rose hip
(Rosa canina L.) oils. In: Preedy, V.R. (Ed.),
Essential Oils in Food Preservation, Flavor and
Safety. Academic Press, 667-675. DOI:
10.1016/B978-0-12-416641-7.00006-7

Akaln, E., Gurdal, B. & Olcay, B. (2020). General
overview on the conservation of medicinal plants
in Turkey. Turkish Journal of Biodiversity, 3(2),
86-94.

Aly, S.M., Atti, N.M.A. & Mohamed, M.F. (2008). Effect
of garlic on the survival growth resistance and

221

J. Anatolian Env. and Anim. Sciences, Year: 6, No: 2, (217-223), 2021

quality of  Oreochromis niloticus.  8th
International ~ Symposium on  Tilapia in
Agquaculture, Cairo, Egypt, 12-14 Oct 2008.

Aly, S.M. & Mohamed, M.F. (2010). Echinacea purpurea
and allium sativum as immunostimulants in fish
culture using Nile tilapia (Oreochromis niloticus).
Journal of Animal Physiology and Animal
Nutrition, 94(5), 31-39. DOI: 10.1111/j.1439-
0396.2009.00971.x.

AOAC. (1998). Official Methods of Analysis. 16th Edition,
Official Association of Official Analytical
Chemists, Maryland, USA. Method 968.08.

Awad, E. & Awaad, A. (2017). Role of medicinal plants
on growth performance and immune status in fish.
Fish Shellfish Immunology, 67, 40-54. DOI:
10.1016/j.fsi.2017.05.034

Cilingir, C. (2017). Géokkusagr alabaligi (Oncorhynchus
mykiss) yemlerine farkiy oranlarda ilave edilen
kantaron  yagmun  (Hypericum  perforatum)
biiyiime  performansi, bazi  ¢evresel stres
parametreleri ve antioksidan aktivitesi tizerine
etkilerinin arastirilmasi. Yiksek Lisans Tezi,
Siileyman Demirel Universitesi, Fen Bilimleri
Enstitiisii, Isparta, 472418.

Dadras, H., Hayatbakhsh, M.R., Shelton, W.L. &
Golpour, A. (2016). Effects of dietary
administration of rose hip and safflower on
growth performance, haematological,
biochemical parameters and innate immune
response of Beluga, Huso huso (Linnaeus, 1758).
Fish & Shellfish Immunology, 59, 109-114. DOI:
10.1016/j.fsi.2016.10.033

Deliorman, O.D., Hartevioglu, A., Kiipeli E. &
Yesilada, E. (2007). In Vivo Anti-inflammatory
and Antinociceptive Activity of The Crude
Extract and Fractions From Rosa canina L. fruits,
Journal of Ethnopharmacology, 112, 394-400.
DOI:10.1016/j.jep.2007.03.029

Dogru, A., Polat, H., Orun, I., Erdogan, K., Kandemir,
S., Yilmaz, S., Orun, G., Akgiil, H. & Dogru,
M.1. (2018). The effect of rosehip (Rosa canina
L.) plant extract application on serum ACTH,
cortisol and aldosterone hormone levels of carp
(Cyprinus carpio L.) Fresenius Environmental
Bulletin, 27(4), 2051-2056.

Duman, S. & Sahan, A. (2018). Some hematological and
non-specific immune responses of rosehip (Rosa
canina)-Fed Russian  Sturgeon  (Acipenser
gueldenstaedtii Brandt & Ratzeburg, 1833) to
Mycaobacterium salmoniphilum. Brazilian
Archives Biology and Technology, 61, 1-17. DOI:
10.1590/1678-4324-2018180283

Elumalai, P., Kurian A., Lakshmi, S., Faggio, C.,
Esteban, M.A. & Ringo, E. (2020). Herbal
immunomodulators in aquaculture. Reviews in
Fisheries Science & Aquaculture, 1-25. DOI:
10.1080/23308249.2020.1779651

Ercisli, S. (1996). Selection and propagation of rose hips
are naturally grown in Giimiishane district. Ph.D.
Thesis, Atatiirk University, Erzurum. 167p.


https://doi.org/10.28955/alinterizbd.343202
https://doi.org/%2010.1016/B978-0-12-416641-7.00006-7
https://doi.org/%2010.1016/B978-0-12-416641-7.00006-7
https://doi.org/10.1111/j.1439-0396.2009.00971.x.
https://doi.org/10.1111/j.1439-0396.2009.00971.x.
https://doi.org/10.1016/j.fsi.2017.05.034
https://doi.org/10.1016/j.fsi.2017.05.034
https://doi.org/10.1016/j.fsi.2016.10.033
https://doi.org/10.1016/j.fsi.2016.10.033
http://doi.org/10.1016/j.jep.2007.03.029
https://doi.org/10.1590/1678-4324-2018180283
https://doi.org/10.1590/1678-4324-2018180283
https://doi.org/10.1080/23308249.2020.1779651
https://doi.org/10.1080/23308249.2020.1779651

Alnaiem & Aydin, (2021)

Ercisli, S & Giileryiiz, M. (2005). Rosehip Utilization in
Turkey. Acta Horticulturae, 77-82. DOI:
10.17660/ActaHortic.2005.690.10

Gabor, E.F., Sara, A., Molnar, F. & Bentea, M. (2011).
The Influence of some phytoadditives on growth
performances and meat quality in rainbow trout
(Oncorhynchus mykiss). Scientic Papers Animal
Science and Biotechnologies, 44, 1-2.

Guimaraes, R., Barros, L., Carvalho, A.M., Ferreira,
I.C.F.R. (2010). Studies on chemical constituents
and bioactivity of Rosa micrantha: an alternative
antioxidants source for food, pharmaceutical, or
cosmetic applications. Journal of Agricultural
Food Chemistry. 58, 6277-6284. DOI:
10.1021/jf101394w

Harikrishnan, R., Balasundaram, C.M.S. & Heo, M-S.
(2011). Impact of plant products on innate and
adaptive immune system of cultured finfish and
shellfish, Aquaculture 317(1-4), 1-15. DOI:
10.1016/j.aquaculture.2011.03.039

Hoseinifar, S.H., Sun, Y.Z., Zhou, Z., Doan, H. Van,
Davies, S.J. & Harikrishnan, R. (2020).
Boosting immune function and disease bio-
control  through environment-friendly and
sustainable approaches in finfish aquaculture:
herbal therapy scenarios. Reviews in Fisheries
Science &  Aquaculture, 1-19, DOI:
10.1080/23308249.2020.1731420

Immanuel, G., Uma, R.P., lyapparaj, P., Citarasu, T.,
Punitha, P.S.M., Michael B.M.& Palavesam,
A. (2009). Dietary medicinal plant extracts
improve growth, immune activity and survival of
Tilapia (Oreochromis mossambicus), Journal of
Fish  Biology, 74, 1462-1475. DOI:
10.1111/j.1095-8649.2009.02212.x

ilyasoglu, H. (2014). Characterization of rosehip (Rosa
canina L.) seed and seed oil. International
Journal of Food Properties, 17, 1591-1598. DOI:
10.1080/10942912.2013.777075

Jamaa, B.H., Jemia, B.A., Khlifi, S., Halima, B.A,,
Fethi, B.S., Benzarti, A., Elati J.& Aouidet A.
(2017). Antioxidant Activity and o -Amylase
Inhibitory Potential of Rosa camna L.. African
Journal of Traditional, Complementary and
Alternative  Medicines, 14(2), 1-8. DOI:
10.21010/ajtcam.v14i2.1

Ji, S.C,, Jeong, GS., Im, G.S., Lee, SW., Yoo, JH. &
Takii, K. (2007). Dietary medicinal herbs
improve growth performance, fatty acid
utilization, and stress recovery of Japanese
flounder. Fisheries Science, 73, 70-76. DOI:
10.1111/j.1444-2906.2007.01303.x

Kiralan, M. & Yildirim, G. (2019). Rosehip (Rosa canina
L.) oil. fruit oils: Chemistry and Functionality
(803-814pp) DOI: 10.1007/978-3-030-12473-
143

Kivrak, E. (2017). Gokkusag alabaligi (Oncorhynchus
mykiss, Walbaum 1792)’min yemlerine biberiye
bitki (Rosmarinus officinalis) yagi ilavesinin
baliklarin  biiyiime performanst ve bazi kan
parametrelerine olan etkileri. Yiiksek Lisans

222

J. Anatolian Env. and Anim. Sciences, Year: 6, No: 2, (217-223), 2021

Tezi, Siileyman Demirel Universitesi, Fen
Bilimleri Enstitiisii, Isparta, 472409.

Mahdavi, M., Hajimoradloo, A. & Ghorbani, R. (2013).
Effect of aloe vera extract on growth parameters
of common carp (Cyprinus carpio). World
Journal of Medical Science, 8(1), 55-60. DOI:
10.5829/idosi.wjms.2013.9.1.75128

Mazlum, Y., Yazici, M., Sayin, S., Habiboglu, O. &
Sinem, U. (2021). Effects of two different
macroalgae (Ulva lactuca and Jania rubens)
species on growth and survival of juvenile red
swamp crayfish (Procambarus clarkii) as feed
additive. Marine Science and Technology
Bulletin. DOI: 10.33714/masteb.820627

Ngo, V.H. (2015). The use of medicinal plants as
immunostimulants in aquaculture: A review.
Aquaculture, 446, 88-96. DOl:
10.1016/j.aquaculture.2015.03.014

Nya, E.J. & Austin, B. (2009a). Use of garlic, Allium
sativum, to control Aeromonas hydrophila
infection in rainbow trout Oncorhynchus mykiss
(Walbaum). Journal of Fish Diseases, 32, 963-
970. DOI: 10.1111/j.1365-2761.2009.01100.x

Nya, E.J. & Austin, B. (2009b). Use of dietary ginger

Zingiber officinale Roscoe as an
immunostimulant  to  control ~ Aeromonas
hydrophila infections in rainbow trout,

Oncorhynchus mykiss (Walbaum). Journal of
Fish Diseases, 32,971-977. DOI: 10.1111/j.1365-
2761.2009.01101.x

Oszmianski, J. & Chomin, W. (1993). Experimental
commercial manufacture of high vitamin C
cloudy juice from Rosa rugosa fruits. Przemysl
Fermentacyjny i Owocowo Warzywny, 37, 16-17.

Ozdamar, K. (2001). Tip Biyoloji Eczacilik ve Dis
Hekimligi ~ Ogrencileri  i¢in ~ SPSS  ile
Biyoistatistik. Kaan Kitabevi, 452 s.

Punitha, S.M.J., Babu M.M., Sivaram V., Shankar
V.S., Dhas S.A., Mahesh T.C., Immanuel, G. &
Citarasu, T. (2008). Immunostimulating
influence of herbal biomedicines on non-specific
immunity in grouper epinephelus tauvina juvenile
against Vibrio harveyi infection. Aquaculture
International, 16, 511-523. DOl:
10.1007/s10499-007-9162-6

Ramasamy, H., Chellam, B. & Moon, S.H. (2011).
Impact of plant products on innate and adaptive
immune system of cultured finfish and shellfish.
Aquaculture, 317(4), 1-15. DOl:
10.1016/j.aquaculture.2011.03.039

Reverter, M., Bontemps, N., Lecchini, D., Banaigs, B. &
Sasal, P. (2014). Use of plant extracts in fish
aquaculture as an alternative to chemotherapy:
current  status and  future  perspectives.
Aquaculture, 433, 50-61. DOl:
10.1016/j.aquaculture.2014.05.048

Rossolini, G.M., Arena, F., Pecile, P. & Pollini, S. (2014)
Update on the antibiotic resistance crisis. Current
Opinion in Pharmacology, 18, 56-60. DOI:
10.1016/j.coph.2014.09.006


https://doi.org/10.17660/ActaHortic.2005.690.10
https://doi.org/10.17660/ActaHortic.2005.690.10
https://doi.org/10.1021/jf101394w
https://doi.org/10.1021/jf101394w
https://doi.org/10.1016/j.aquaculture.2011.03.039
https://doi.org/10.1016/j.aquaculture.2011.03.039
https://doi.org/10.1080/23308249.2020.1731420
https://doi.org/10.1080/23308249.2020.1731420
https://doi.org/10.1111/j.1095-8649.2009.02212.x
https://doi.org/10.1111/j.1095-8649.2009.02212.x
https://doi.org/10.1080/10942912.2013.777075
https://doi.org/10.1080/10942912.2013.777075
https://www.ajol.info/index.php/ajtcam/index
https://www.ajol.info/index.php/ajtcam/index
https://www.ajol.info/index.php/ajtcam/index
https://doi.org/10.21010/ajtcam.v14i2.1
https://doi.org/10.21010/ajtcam.v14i2.1
https://doi.org/10.1111/j.1444-2906.2007.01303.x
https://doi.org/10.1111/j.1444-2906.2007.01303.x
https://doi.org/10.1007/978-3-030-12473-1_43
https://doi.org/10.1007/978-3-030-12473-1_43
https://doi.org/10.5829/idosi.wjms.2013.9.1.75128
https://doi.org/10.5829/idosi.wjms.2013.9.1.75128
https://doi.org/10.33714/masteb.820627
https://doi.org/10.1016/j.aquaculture.2015.03.014
https://doi.org/10.1016/j.aquaculture.2015.03.014
https://doi.org/10.1111/j.1365-2761.2009.01100.x
https://doi.org/10.1111/j.1365-2761.2009.01101.x
https://doi.org/10.1111/j.1365-2761.2009.01101.x
https://doi.org/10.1007/s10499-007-9162-6
https://doi.org/10.1007/s10499-007-9162-6
https://doi.org/10.1016/j.aquaculture.2011.03.039
https://doi.org/10.1016/j.aquaculture.2011.03.039
https://doi.org/10.1016/j.aquaculture.2014.05.048
https://doi.org/10.1016/j.aquaculture.2014.05.048
https://doi.org/10.1016/j.coph.2014.09.006
https://doi.org/10.1016/j.coph.2014.09.006

Alnaiem & Aydin, (2021)

Sahan, A., Duman, S, Ozesen, C.S,, Cinar, E. & Bilgin,
R. (2017). Determination of some hematological
and non-specific immune defences, oxidative
stress and histopathological status in rainbow
trout (Oncorhynchus mykiss ) fed rosehip (Rosa
canina) to Yersinia ruckeri. Turk Journal of
Fisheries and Aquatic Sciences. 17, 91-100. DOI:
10.4194/1303-2712-v17_1 11

Sakai M. (1999). Current research status of fish
immunostimulants. Aquaculture, 172, 63-92.
DOI: 10.1016/S0044-8486(98)00436-0

Santos, L. & Ramos, F. (2016). Analytical strategies for
the detection and quantification of antibiotic
residues in aquaculture fishes: a review. Trends in
Food Science & Technology, 52, 16-30. DOI:
10.1016/j.tifs.2016.03.015

Shalaby, A.M., Khattab, Y.A., & Abdel Rahman, A.M.
(2006). Effects of garlic (Allium sativum) and
chloramphenicol on  growth  performance,
physiological parameters and survival of Nile
tilapia (Oreochromis niloticus). Journal of
Venomous Animals and Toxins Including Tropical
Diseases, 12, 172-201. DOI: 10.1590/S1678-
91992006000200003

Shnyakina, G.P. & Malygina, E.P. (1975). Vitamins and
phenolic compounds in the fruits of rosa species
growing in the soviet far east. Rastitel Onye
resursy, 11, 390-394.

Sivaram, V., Babu, M.M., Immanuel, G., Murugadass,
S., Citarasu, T. & Marian M.P. (2004). Growth
and immune response of juvenile greasy groupers
(Epinephelus  tauvina) fed with  herbal
antibacterial active principle supplemented diets
against Vibrio harveyi infections. Aquaculture,
237, 9-20. DOI:
10.1016/j.aquaculture.2004.03.014

Szentmihalyi, K., Vinkler P., Lakatos, B., llles, V &
Then M. (2002). Rose hip (Rosa canina L.) oil
obtained from waste hip seeds by different
extraction methods. Bioresource Technology, 82,
195-201. DOI: 10.1016/S0960-8524(01)00161-4

TS EN 1SO 12966-2. (2017). Hayvansal ve bitkisel kati ve
swi yaglar- yag asitleri metil esterlerinin gaz
kromotografisi - Bolim 2: Yag asitleri metil
esterlerinin hazirlanmasi. TSE yayinlari, Ankara

Valeron, A.P., Gomez-Duaso, A., Santana-Molina, N.,
Garcia Bello, M. & Carretero, G. (2015).
Evolution of post-surgical scars treated with pure
rosehip seed oil. Journal of Cosmetics,
Dermatological Sciences and Applications. 5,
161-167. DOI: 10.4236/jcdsa.2015.52019

Van Hai, N. (2015). The use of medicinal plants as
immunostimulants in aquaculture: A review.
Aquaculture, 446, 88-96. DOl:
10.1016/j.aquaculture.2015.03.014

Yazic,, M. & Mazlum, Y. (2019). Karides ve kerevit
yetistiriciliginde prebiyotik uygulamalar. KSU
Taruim ve Doga Dergisi, 22(1), 153-163. DOI:
10.18016/ ksutarimdoga.vi.471559

223

J. Anatolian Env. and Anim. Sciences, Year: 6, No: 2, (217-223), 2021

Zheng, G., Gong, S., Yu, D. & Yuan, H. (2009). Propolis
and herba epimedii extracts enhance the non-
specific immune response and disease resistance
of Chinese sucker, Myxocyprinus asiaticus. Fish
& Shellfish Immunoogyl, 26(3), 467-472. DOI:
10.1016/j.1si.2009.01.011


https://doi.org/10.4194/1303-2712-v17_1_11
https://doi.org/10.4194/1303-2712-v17_1_11
https://doi.org/10.1016/S0044-8486(98)00436-0
https://doi.org/10.1016/j.tifs.2016.03.015
https://doi.org/10.1016/j.tifs.2016.03.015
https://doi.org/10.1590/S1678-91992006000200003
https://doi.org/10.1590/S1678-91992006000200003
https://doi.org/10.1016/j.aquaculture.2004.03.014
https://doi.org/10.1016/j.aquaculture.2004.03.014
https://doi.org/10.1016/S0960-8524(01)00161-4
https://doi.org/10.4236/jcdsa.2015.52019
https://doi.org/10.1016/j.aquaculture.2015.03.014
https://doi.org/10.1016/j.aquaculture.2015.03.014
https://doi.org/10.18016/%20ksutarimdoga.vi.471559
https://doi.org/10.18016/%20ksutarimdoga.vi.471559
https://doi.org/10.1016/j.fsi.2009.01.011
https://doi.org/10.1016/j.fsi.2009.01.011

_— N

JAES

Journal of Anatolian Environmental and Animal Sciences Year: 6, No: 2, 2021 (224-231)

(Anadolu Cevre ve Hayvancilik Bilimleri Dergisi)
DOI: https://doi.org/10.35229/jaes. 876512 ACEH

Yil: 6, Sayt: 2, 2021 (224-231)
ARASTIRMA MAKALESI RESEARCH PAPER

Aksu Kayabaligi, Ponticola turani (Kovaci¢ & Engin, 2008)’nin Sakkular Otolit
Morfometrisi [*)

Muhammet Mustafa SAKALLI Savas YILMAZ®
YOndokuz Mayis Universitesi, Fen Edebiyat Fakiiltesi, Biyoloji Boliimii, Samsun, Tiirkiye

Gelis/Received: 08.02.2021 Kabul/Accepted: 07.03.2021 Yayin/Puplished: 30.06.2021

Anf yapmak igin: Yilmaz, S. & Sakalli, M. M. (2021). Aksu Kayabaligi, Ponticola turani (Kovaci¢ & Engin, 2008)’nin Sakkular Otolit Morfometrisi. Anadolu
Cev. ve Hay. Dergisi, 6(2), 224-231.

How to cite: Yilmaz, S. & Sakalli, M. M. (2021). Saccular Otolith Morphometry of Aksu Goby, Ponticola turani (Kova¢i¢ & Engin, 2008). J. Anatolian Env.
and Anim. Sciences, 6(2), 224-231.

Oz: Aksu Kayabalig1, Ponticola turani (Kovaci¢ & Engin, 2008) Tiirkiye’ye endemik bir tatlisu
baligidir. Bu c¢aligmada, Haziran 2015- Agustos 2016 tarihleri arasinda Terme Cayi
(Samsun)’ndan toplanan Aksu Kayabaligi’nin sakkular otolit 6l¢iimleri ile somatik biiylimesi
arasindaki iligkiler incelenmistir. Ayrica sekil indeksleri kullanilarak tiiriin sakkular otolit sekli
tantmlanmustir. Elektrosok cihazi ile toplam 232 birey yakalanmustir. Sakkular otolitlerin boyu,
yiiksekligi, cevresi, alan1 ve agirligi kaydedilmistir. Sakkular otolit degiskenleri ile balik somatik
biiyiimesi arasindaki iliskiler iissel fonksiyonla tanimlannmustir. S6z konusu iliskiler, sol-sag bolge
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S e ve disi-erkek bireyler arasinda farklilik géstermemistir. Tum i@is.kiler olduk¢a 6nemli ¢ikmustir
Savas YILMAZ _ (P<0,001 ve R%>0,84). Balik boyu ve agirligi ile en giiglii iliskiyi gdsteren lgiim sirastyla %92
Ondokuz Mayzs Universitesi, Fen Edebiyat ile otolit gevresi ve %90 ile otolit agirhigi olmustur. Sekil indeksleri, Aksu Kayabaligi otolitlerinin
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e —— geometrik olarak diizensiz ve dikddrtgen seklinde oldugunu dogrulamistir. Bu arastirma Aksu

Kayabali1g1’nin otolit morfometrisi lizerine ilk caligmadir.
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Saccular Otolith Morphometry of Aksu Goby, Ponticola turani (Kovaci¢ & Engin,
2008)

Abstract: Aksu goby, Ponticola turani (Kovaci¢ & Engin, 2008) is a freshwater fish endemic to
Turkey. In this study, the relationships between saccular otolith measurements and somatic
growth of Aksu goby collected from Terme Stream (Samsun) between June 2015 and August
2016 were examined. In addition, the saccular otolith shape of this species was defined by using
shape indices. A total of 232 specimens were caught with the electroshock device. The saccular
otolith length, height, perimeter, area and weight were recorded. The relationships between
saccular otolith variables and fish somatic growth were described with a non-linear function

. (power model). These relationships did not differ between left-right sides and between female
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the otoliths of Aksu goby are geometrically irregular and rectangular. This research is the first
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e study on the saccular otolith morphometry of Aksu goby.

Keywords: Otolith biometry, Ponticola turani, sagitta, shape index.
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Kemikli baliklarda i¢ kulak bolgesi otik kapsiil Keselerdeki kalsiyum karbonat kokenli cisimlere de
kemikleri icerisinde yer alir. Her bir kulakta ii¢ adet yarim “otolit” denmektedir. Sakkulustaki “sagitta”, lagenadaki
daire kanali ve kese seklinde bosluklar bulunur. Bu “asteriskus”  ve  utrikulustaki  “lapillus”  olarak
keselere sakkulus, lagena ve utrikulus adi verilmektedir. adlandirilmaktadir (Secor vd., 1992). Denge ve isitme
'l Bu ¢alisma, yiiksek lisans tezinden dretilmigtir. This study was produced from the master thesis.
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organi olarak goérev yapan otolitler (Campana, 1999),
biiyiikliik ve sekil bakimindan balik tiirleri arasinda 6nemli
farkliliklar gosterirler (Campana & Thorrold, 2001).
Kemikli baliklarin ¢ogunda en biiyiik otolit sagitta iken en
kiiciigii lapillustur. Buna karsilik Cypriniformes ve
Siluriformes takimlarma ait tiirlerde (ostaryofizyan
baliklar) lapillus daha biiyiik iken, sagitta daha kiigliktiir
(Campana, 2004). Sagittal ve lagenar otolitlerin sekli tiirler
arasinda daha fazla degiskenlik gostermesine karsilik,
utrikular otolitlerin sekli daha az degiskenlik gosterir
(Campana, 2004).

Baliklarda yas tayini (Arslan & Yazici, 2020;
Bostanci vd., 2009; Vilizzi & Copp, 2013; Yazict vd.,
2014), biiyiime parametrelerinin tahmin edilmesi (Santic
vd., 2013; Yazici vd., 2015), stok veya populasyon ayrimi
(Canas vd., 2012; Ozpicak vd., 2018), tiir tanimlamasi
(Assis, 2005; Bani vd, 2013; Bostanci vd., 2015) ve eko-
morfolojik analizler (Tuset vd., 2010; Volpedo &
Echeverria, 2003) gibi bircok alanda otolitlerden
yararlanilmaktadir.

Otolitler yapilan taksonomik ve
biyometrik ¢aligmalar, piskivor canlilar tarafindan
tiiketilen balik tiirlerinin tanimlanmasi ve boyutlarmin geri
hesaplanmasi agisindan oldukg¢a dnemlidir (Battaglia vd.,
2015). Bu amagla yaymlanmis birgok otolit atlasi ve
tanimlama kilavuzu mevcuttur (Baremore & Bethea, 2010;
Bremm & Schulz, 2014; Sadighzadeh vd., 2012; Tuset vd.,
2008). Benzer sekilde arkeolojik ve paleontolojik kazilar
esnasinda elde edilen otolitlerden yola ¢ikarak paleogevre
ve paleofaunanin yeniden ortaya konulmasi da
miimkiindiir (Schulz-Mirbach & Reichenbacher, 2006).

Ponticola Iljin, 1927 Gobiidae familyasinin 258
gecerli genusundan biridir (Fricke vd., 2020). Baslangicta
Neogobius’un bir altcinsi olarak tanimlanmis olan bu
genus, yapilan molekiiler analizler neticesinde cins
seviyesine ¢ikarilmistir (Neilson & Stepien, 2009).
Ponticola cinsinin iiyeleri Karadeniz ve Hazar Denizi’ne
endemik olan baliklardir (Freyhof, 2011). Son veriler,
Karadeniz ve Hazar Denizi havzalarinda tanimlanmis 18
gecerli Ponticola tiirti oldugunu gostermektedir (Fricke
vd., 2020). Tirkiye’'nin tathsu balik faunasinin
giincellenmis tiir listesine gore i¢ sularimizda Ponticola
cinsinin 6 tiirli bulunmaktadir ve bunlardan ikisi iilkemiz
i¢in endemiktir (Cigek vd., 2020).

Ponticola turani, 2008 yilinda Giresun ilindeki
Aksu Cayr’'ndan tanimlanan endemik bir kayabaligi
tiriidir (Kovaci¢ & Engin, 2008). Tamamiyla tatlisu
habitatina uyum saglamig 6 Ponticola tirtinden (P.
constructor, P. iranicus, P. patimari, P. platyrostris, P.
rizensis, P. turani) biridir (Fricke vd., 2020). Aksu
Kayabalig1, Uluslararasi Dogayr Koruma Birligi (IUCN)
tarafindan yayinlanan Nesli Tiikenme Tehlikesi Altinda
Olan Tiirlerin Kirmiz1 Listesi’nde “hassas” kategorisinde

lizerine
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smiflandirilmaktadir (Freyhof, 2014). Tiirle ilgili az sayida
calisma yapilmistir (Kovaci¢ & Engin, 2008; Saygun vd.,
2017; Yilmaz & Sakalli, 2020). Bu ¢alismada, Samsun
ilindeki Terme Cayi’ndan elde edilen P. turani bireylerinin
sakkular otolit morfometrisi incelenmistir.

MATERYAL ve METOT

Terme Cayi, Tirkiye’'nin Orta Karadeniz
bolgesindeki Samsun ilinin dogusunda yer alir. Canik
Daglari'nin kuzey yamaglarindan (1100-1300 m) dogan
Yesilkoy, Ayazma ve Caglayan derelerinin birlesmesiyle
olusur. Terme Cayi, Seyhli Kdyii yakinlarinda dogudan
gelen Kizlar deresini alarak kuzeydoguya dogru ilerler.
Terme ilgesinin 4 km dogusunda bulunan Calti Burnu'ndan
Karadeniz'e dokiiliir (Sekil 1). Membadan mansaba toplam
uzunlugu yaklasik 55 km'dir (Uncu, 1995). Ugurlu (2006),
Terme Cayi'ndan 14 tiirlin varligin1 bildirmistir: Alburnus
derjugini, Babka gymnotrachelus, Barbus tauricus,
Carassius gibelio, Capoeta tinca, Neogobius fluviatilis,
Oncorhynchus mykiss, Ponticola turani, Rhodeus amarus,
Rutilus rutilus, Salmo labrax, Squalius sp, Syngnathus
abaster ve Vimba vimba.
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Sekil 1. Terme Cay: haritas1 ve drnekleme istasyonu (Yilmaz &
Sakalli, 2020).

Figure 1. The map of Terme Stream and sampling station
(Yilmaz & Sakalli, 2020).

P. turani ornekleri (Sekil 2) Haziran 2015-
Agustos 2016 tarihleri arasinda Terme Cayi’nda belirlenen
tek istasyondan (41° 09' Kuzey ve 36° 53' Dogu) elde
edilmistir.  Orneklemede SAMUS 725MP  marka
elektrosok cihazi kullanilmigtir. Yakalanan baliklardan
birkag1 tiir teshisi igin %4’ liik formaldehit ¢ozeltisinde
saklanmigtir. Diger tiim numuneler sogutucu iginde
laboratuvara getirilmis ve sonrasinda -18 °C’de
dondurulmustur. Formaldehit c¢ozeltisindeki  6rnekler
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Kovaci¢ & Engin, (2008)’e gore teshis edilmistir.
Dondurulmus baliklar oda sicakliginda ¢ozdiiriilmiis,
musluk suyu ile yikanmig ve kagit havlu ile kurulanmastir.
Her bir numunenin total boyu (TB) = 0,01 mm hassasiyetle
Olglilmiis ve agirlign + 0,01 g hassasiyetle tartilmistir. Esey
tayini gonadlarin makroskobik incelenmesiyle yapilmistir.
Sag ve sol sakkular otolitler (sagitta) alinarak saf suda
temizlenmis, %96°lik etil alkolde bekletilmis ve 103 °C’lik
etliivde kurutularak ependorf tiiplerinde saklanmustir.

Sekil 2. Aksu Kayabaligi, Ponticola turani (orijinal).
Figure 2. Aksu Goby, Ponticola turani (original).

Her bir 6rnegin sag ve sol otolit agirhg (OW,
mg), £ 0,0001 g hassasiyetle tartilmistir. Ancak islem
kolaylig1 i¢in agirliklar miligrama doniistiirtilmiistiir (Bani
vd., 2013). Tiim otolitlerin distal yiizeyinden Leica SSAPO
marka mikroskoba bagli Leica DFC295 dijital kamera ile
fotograflar1 ¢ekilmistir. Otolit boyu (OL, mm), otolit
yiiksekligi (OH, mm), otolit ¢evresi (OP, mm) ve otolit
alan1 (OA, mm?), Leica Application Suit ver. 3.8 Goriintii
Analiz Programi kullanilarak ol¢iilmistiir. OL, OH ve
OP’nin odl¢iimiinde + 0,001 mm hassasiyet, OA’nin
odlgiimiinde ise + 0,001 mm? hassasiyet dikkate almmistir.
Otolitin anterior ve posterior kenarlar1 arasindaki en uzun
mesafe OL, dorsal ve ventral kenarlar1 arasindaki en uzun
mesafe OH (Battaglia vd., 2010), otolitin tiim kenarlarinin
toplam uzunlugu OP ve otolitin ylizey alan1 ise OA olarak
tanimlanmistir (Sekil 3). Sag ve sol otolitler ayr1 ayri
degerlendirilmistir.

Otolit dlgtimleri ile balik total boyu ve agirhigi
arasindaki iligkiler (TB-OL, TB-OH, TB-OW, TB-OP,
TB-OA, W-OL, W-OH, W-OW, W-OP, W-0A) iissel
regresyon (y=ax®) modeli kullanilarak belirlenmistir
(Lleonart vd., 2000). Sag ve sol otolitler i¢in ayri ayri
iretilen s6z konusu iliskilerin denklem katsayilart
arasindaki fark ANCOVA testi (Zar, 1999) ile kontrol
edilmistir. Eger denklem katsayilar1 istatistiksel olarak
farkh degilse sag otolit olgiimleri kullanilarak her bir
parametre icin tek bir denklem rapor edilmistir. Benzer
sekilde dikkate alman iligkilerin denklem katsayilarmin
eseyler arasinda farklilik gosterip gostermedigi ANCOVA
testi (Zar, 1999) ile tespit edilmistir. Denklem katsayilari
arasinda fark olmadigi durumda 6rneklem genelinde her
bir 6l¢iim i¢in sadece bir denklem verilmistir (Battaglia
vd., 2010). Regresyonlarn o6nemliligi ANOVA ile
belirlenmistir.
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Sekil 3. P. turani’nin sakkular otolitinde distal goriiniim ve
ol¢timler (D, dorsal; V, ventral; A, anteriyor; P, posteriyor).
Figure 3. Distal view and measurement axes of the saccular
otolith of P. turani (D, dorsal; V, ventral; A, anterior; P,
posterior).

Her bir iliskinin kuvvetliligi hem R? hem de
ortalama ylizde tahmin hatas1 degerleriyle o6l¢iilmiistiir.
Herhangi bir regresyon icin ortalama yiizde tahmin hatast,
tiim bireyler i¢in hesaplanan yiizde tahmin hatas1 (%TH)
degerlerinin ortalamasi alinarak bulunmustur. Bir 6rnek
icin  ylizde tahmin hatast  %TH=(]Xq-X{/X¢) X100
bagintisiyla hesaplanmistir (Smith, 1980). Bagintida Xg
gozlenen boy ya da agirlik, X; ise tahmin edilen boy ya da
agirhiktir. Her bir otolit dl¢iimii i¢in gézlenen ve tahmin
edilen TB ve W degeri arasindaki fark Mann-Whitney U
testi ile sanmustir. Bes otolit 6l¢iimiiniin %TH degerleri
arasindaki  farklilk ANOVA  testi  kullamilarak
karsilastirilmistir  (Zar, 1999). Otolit  6lglimlerinin
birbirleriyle olan iliskileri (OL-OH, OL-OW, OL-OP, OL-
OA, OH-OW, OH-OP, OH-OA, OP-OW, OA-OW, OP-
0A) (y=ax) regresyonla elde edilmistir.
Regresyonlarm onemliligi ANOVA kullanilarak tespit
edilmistir.

Otolit 6lgtimleri kullanilarak tiim 6rnekler igin alt1
farkli sekil indeksi (Tablo 1) degeri hesaplanmigtir. Sekil
faktorii indeksi, otolitin yiizey alani diizensizligi i¢in bir
degerlendirme imkani saglar. Bu indeks otolit mitkkemmel
bir daire seklinde oldugunda 1 degerini,
oldugunda ise <1 deger verir. Boy-yiikseklik oraninin
biiyiikk olmasi otolitin daha uzun oldugunu gosterir.
Dairesellik ve yuvarlaklik, miikemmel bir daire sekli i¢in
degisik Ozelliklerin benzerligine isaret eder. Dairesellik
minimum 4n, yuvarlaklik ise minimum 1 degerini alir.
Dikdortgensellik, otolit alani ile ilgili olarak boy ve
yiikseklik varyasyonunu tanimlar ve miikemmel bir kare
seklinde 1 degerindedir. Ovallik, otolitin eksen

ussel

diizensiz
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uzunluklaridaki degisimlerin orantili olmadigint gosterir
(Bani vd., 2013; Russ, 1990).

Tablo 1. Calismada kullanilan otolit sekil indeksleri ve
formiilleri.
Table 1. Otolith shape indices and their formulas.

Degisken Sekil indeksi Formiil

OA Sekil Faktorii (4nOA) / OP2

OoP Boy-Yiikseklik Orani OL/OH

oL Dairesellik OP2/ OA

OH Yuvarlaklik (40A) / (nOL?)
Dikdortgensellik OA/(OL x OH)
Ovallik (OL — OH) / (OL + OH)

Her bir sekil indeksine ait ortalama, standart hata,
standart sapma,
verilmigtir. Sekil indeksleri sag-sol bolge ve disi-erkek
bireyler arasinda istatistiksel olarak karsilastirilmistir.
Eseyler arasi karsilagtirma yapilmadan o6nce, her bir
indeksin balik boyu ile olan korelasyonu kontrol edilmistir.

minimum ve maksimum degerler

Kuvvetli korelasyon gozlenen sekil indeksleri M; = M, X
(x/x)P formiilii ile standart hale getirilmistir (Elliott vd.,
1995; Lleonart vd., 2000). Formiilde M standardize
edilmis sekil indeksini, M, orijinal sekil indeksi degerini,
x disi ve erkek bireylerin total boy ortalamasimi (73,72
mm), x her bir 6rnegin total boyunu, b orijinal sekil indeksi
ile balik boyu arasindaki issel iliskinin b degerini
gostermektedir.

Bu calismada, herhangi bir istatistiksel analiz
yapmadan Once tiim verilere normallik (Kolmogorov-
Smirnov testi) ve varyans esitligi (Levene’s testi) testleri
uygulanmistir. Normal dagilimin saglandigi durumlarda
parametrik, saglanamadigi  durumlarda = parametrik
olmayan testler kullamlmistir. Istatistiksel analizler,

Minitab 17 ve SPSS 21 paket programlarinda
gerceklestirilmistir.
BULGULAR VE TARTISMA

Ornekleme periyodu boyunca 140 disi, 74 erkek
ve 18 eseyi belirlenemeyen olmak iizere toplam 232 birey
elde edilmistir. Orneklerin total boylar1 45,13-107,59 mm
ve agirliklart 1,09-12,92 g arasinda dagilim gostermistir.
Disi ve erkek bireylerin ortalama total boylar1 (Mann-
Whitney U testi, P<0,001) ve agirliklar1 (iki drneklem t-
testi, P<0,001) arasinda istatistiksel fark tespit edilmistir.
Benzer sekilde, eseylerin total boy (Kolmogorov-Smirnov
testi, Z=3,498, P<0,001) ve agirhk dagilimlarinin
(Kolmogorov-Smirnov testi, Z=3,216, P<0,001) farkl
oldugu gortlmistiir.

Sag ve sol otolitler i¢in ayr1 ayri elde edilen
denklemlerin katsayilar1 arasinda 6nemli bir fark tespit
edilememistir (Tablo 2). Bu nedenle sag otolit dl¢limleri
tercih edilerek her bir degisken igin bir regresyon denklemi
verilmistir. Uretilen regresyon denklemleri eseyler
arasinda da farklilik gostermemistir (Tablo 3). Sonug

Anadolu Cev. ve Hay. Dergisi, Yil: 6, No: 2, (224-231), 2021

227

olarak, tiim bireylerin sag otolit 6l¢timleri kullanilarak her
bir degisken i¢in tek denklem bildirilmistir.

Tablo 2. P. turani’nin sag ve sol otolitleri i¢in elde edilen tissel
regresyonlarin katsayilar1 arasinda karsilastirma.

Table 2. Comparison between the coefficients of nonlinear
(power) regressions obtained for right and left otoliths of P.
turani.

ANCOVA Testi ANCOVA Testi
Esey iligki F P iliski F P
TB-OL 0,08 0,779 W-OL 0,06 0,802
TB-OH 014 0,707 W-OH 0,15 0,703
Disi TB-OW 0,78 0,378 W-OW 0,60 0,438
TB-OP 0,00 0,955 W-OP 0,00 0,965
TB-OA 0,02 0,901 W-0A 0,02 0,878
TB-OL 0,20 0,656 W-OL 0,15 0,700
TB-OH 0,36 0,548 W-OH 0,20 0,656
Erkek TB-OW 0,08 0,781 W-OW 0,04 0,843
TB-OP 0,01 0,940 W-OP 0,01 0,916
TB-OA 0,01 0,918 W-0A 0,01 0,940
TB-OL 0,27 0,601 W-OL 021 0,647
TB-OH 012 0,732 W-OH 0,07 0,785
Tiim Bireyler TB-OW 0,52 0,473 W-OW 0,36 0,546
TB-OP 0,02 0,875 W-OP 0,03 0,867
TB-OA 0,00 0,949 W-0OA 0,01 0,930

Tablo 3. P. turani’nin disi ve erkekleri i¢in elde edilen iissel
regresyonlarin katsayilart arasinda karsilastirma.

Table 3. Comparison between the coefficients of nonlinear
(power) regressions obtained for females and males of P. turani.

ANCOVA Testi .~ ANCOVATesti
Bolge iliski Hiskd
F P F P
TB-OL 0,71 0,319 W-OL 0,39 0,532
TB-OH 0,89 0,346 W-OH 0556 0,457
Sol TB-OW 119 0,277 W-OW 0,71 0,401
TB-OP 096 0,328 W-OP 052 0472
TB-OA 125 0,265 W-OA 0,77 0,380
TB-OL 1,73 0,190 W-OL 0,97 0,325
TB-OH 0,37 0,544 W-OH 0,32 0571
Sag TB-OW 234 0,128 W-OW 1,60 0,208
TB-OP 0,82 0,366 W-OP 0,37 0,542
TB-OA 0,80 0,372 W-OA 043 0,513
Otolit degiskenleri ile TB ve W arasindaki tiim
iligkiler ~oldukg¢a 6nemli bulunmustur (P<0,001).

Regresyon modelleri ¢ogunlukla varyansmm %90’indan
daha fazlasmi agiklamustir (Tablo 4). Iliskilerin R2
degerleri 0,85-0,92 arasinda degisim gostermistir. OW, OP
ve OA, balik boyu ve agirligi ile daha kuvvetli iliskiler
saglanmustir. Olgiilen ve hesaplanan TB degerleri arasindaki
fark sadece OA igin 6nemli bulunmustur (Mann-Whitney
U testi, P<0,05). Buna karsilik 6l¢iilen ve hesaplanan W
degerleri arasindaki fark Onemsiz ¢ikmistir (Mann-
Whitney U testi, P>0,05). Ortalama yiizde tahmin hatasi
degerleri 4,69-20,16 arasinda degismistir. Farkli otolit
Ol¢timlerinin TB ile olan iliski denklemlerinin ortalama
%TH degerleri, W ile olan iliski denklemlerinin ortalama
%TH degerlerinden daha kiigiiktiir. OA regresyonunun
ortalama %TH degeri diger otolit degiskenlerinin ortalama
%TH degerinden farklilik gdstermistir (ANOVA, P<0,05).
Buna karsilik, W denklemlerinin ortalama %TH degerleri
arasinda istatistiksel farkliik tespit edilmemistir
(ANOVA, P>0,05).
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Tablo 4. P. turani igin otolit 6lgiimleri ile balik total boyu/agirligi arasindaki issel iliskilerin regresyon parametreleri ve her bir otolit
degiskeni icin hesaplanan ortalama yiizde tahmin hatas: degeri.

Table 4. Regression parameters of the power relationships between otolith measurements and fish length/weight, and the mean percent
prediction error of each otolith variable for P. turani.

Olgiilen TB/W Hesaplanan TB/W
iliski N a b SH (b) R? P (Ort£SS) (Ort£SS) %TH (SS)
TB-OL 232 0,042 0,859 0,021 0,88  <0,001 72,02+15,18 72,53£16,45 5,65+6,66
TB-OH 232 0,060 0,708 0,016 0,90 <0,001 72,02+15,18 72,64+16,35 5,69+4,69
TB-OW 232 0,0000643 2,393 0,047 092 <0,001 72,02+15,18 72,14+15,71 5,13+3,98
TB-OP 232 0,172 0,798 0,016 092 <0,001 72,02+15,18 72,40+16,05 4,69+4,83
TB-OA 232 0,002 1,530 0,031 091 <0,001 72,02+15,18 79,86+17,76 10,39+4,46
W-OL 232 1,093 0,292 0,008 0,85 <0,001 4,70+2,68 4,85+3,11 20,16+29,83
W-OH 232 0,880 0,242 0,006 0,89 <0,001 4,70+2,68 4,83£3,15 18,05+17,35
W-OwW 232 0,557 0,814 0,018 0,90 <0,001 4,70+2,68 4,79+2,86 17,60+14,37
W-OP 232 3,542 0,272 0,06 0,90 <0,001 4,70+2,68 4,83+£3,04 16,26+17,33
Tim oOrneklerin sag otolitlerine ait bes farkll Tablo 5. P. turani’nin farkli otolit dlgimleri arasindaki iissel
Olglimiin  birbirleriyle olan iligkilerinin  regresyon iliskiler.

Table 5. The nonlinear (power) relationships between different

parametreleri Tablo 5’te verilmistir. Otolit degiskenleri otolith measurements of P. turani.

arasindaki iligkiler olduk¢a 6nemli ¢ikmustir (P<0,001). iligki N a b SH (b) R? P
fliskilerin R? degerleri 0,86-0,98 arasinda degismistir. OL-OH 232 0847 075 0020 086 <0001
o e ) OL-OW 232 0474 2616 0049 093 <0,001
Regresyon modelleri biiyilk bir oranda varyansin OL-OP 232 3333 0889 0012 095 <0,001
%90’1indan daha fazlasini agiklamigtir. OP-OA ve OL-OA OL-OA 232 0677 1720 0020 097 <0,001
cge g1 e qeo . . OH-OW 232 0,890 3,181 0,067 0,90 <0,001
iliskileri digerlerinden daha kuvvetli bulunmustur. OH-OP 232 4128 1082 0017 094  <0.001

OH-OA 232 1,030 2,068 0,037 0,93  <0,001
OP-OW 232 0,014 2920 0,045 0,95  <0,001
OA-OW 232 0,855 1524 0,022 0,95  <0,001
OP-OA 232 0,069 1,907 0,017 0,98  <0,001

Tablo 6. P. turani’nin disi, erkek ve tiim bireylerinde otolit sekil indeksi degerleri.
Table 6. Otolith shape index values for females, males and all specimens of P. turani.

Esey Sekil indeksi Yon Oort SH SS Min Mak N
o Sol 0,737 0,002 0,029 0,657 0,803
Sekil Faktord Sag 0,751 0,002 0,031 0,622 0,822 140
o Sol 1,340 0,008 0,105 1,003 1,689
Boy-Yiikseklik Oram Sag 1339 0,008 0,096 0,986 1540 140
Dairesellik Sol 17,048 0,057 0,677 15,632 19,109 140
Disi Sag 16,749 0,062 0,743 15,271 20,181
} Vuvarlaklik Sol 0,751 0,005 0,066 0,624 0,999 140
u Sag 0,754 0,005 0,061 0,647 1,000
o . Sol 0,785 0,002 0,033 0,698 1,005
Dikdortgensellik Sag 0.789 0,002 0,027 0.701 0,845 140
ovallik Sol 0,143 0,003 0,039 0,001 0,256 140
Sag 0,143 0,003 0,036 -0,006 0212
o Sol 0,725 0,003 0,034 0,659 0,830
Sekil Faktori Sag 0,731 0,004 0,039 0,645 0,846 4
— Sol 1,325 0,014 0,126 0,982 1,536
Boy-Yiikseklik Oram Sag 1335 0,012 0,108 1,067 1615 4
Dairesellik Sol 17,345 0,094 0,811 15,116 19,044 74
Erkek Sag 17,220 0,108 0,927 14,842 19,456
Vuvarlaklik Sol 0,752 0,010 0,086 0,613 1,091 74
uvar Sag 0,747 0,007 0,065 0,621 0,943
o . Sol 0,775 0,003 0,029 0,718 0,841
Dikddrtgensellik Sag 0,778 0,003 0,033 0,677 0,834 4
ovallik Sol 0,137 0,005 0,049 -0,008 0211 74
Sag 0,141 0,004 0,040 0,032 0,235
o Sol 0,735 0,002 0,031 0,657 0,830
Sekil Faktor Sag 0,745 0,002 0,035 0,622 0,846 232
. Sol 1,329 0,007 0,113 0,982 1,689
Boy-Yiikseklik Oranmt Sag 1,333 0,006 0,100 0,986 1,615 232
Dairesellik Sol 17,119 0,048 0,732 15,116 19,109 930
Tiim Sag 16,885 0,054 0,827 14,842 20,181
Bireyler Sol 0,756 0,004 0,074 0,613 1,091
Yuvarlaklik Sag 0,755 0,004 0,062 0,621 1,000 232
o ‘ Sol 0,783 0,002 0,032 0,698 1,005
Dikdértgensellik Sag 0,786 0,001 0,029 0,677 0,845 232
ovallik Sol 0,139 0,002 0,043 -0,008 0,256 930
Sag 0,141 0,002 0,037 -0,006 0,235
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P. turani oOrnekleminde otolit sekil indeksi
degerleri Tablo 6°da verilmistir. Sekil faktorii, dairesellik
ve dikdortgensellik indeksleri sag ve sol bdlge otolitleri
arasinda farklilik goéstermistir. Buna karsilik boy-yiikseklik
orani, yuvarlaklik, dikdortgensellik ve ovallik indeksleri
eseyler arasinda istatistiksel farklilik sergilememistir.
Diger taraftan disi ve erkeklerin sag otolitleri igin
hesaplanan sekil faktorii ve dairesellik indeksleri arasinda
onemli farkliliklar tespit edilmistir (Tablo 7).

Tablo 7. Otolit sekil indeksi degerlerinin sol-sag bolge ve disi-
erkek bireyler arasinda istatistiksel olarak karsilastirilmasi.
Table 7. Statistical comparisons between left-right sides and
female-male individuals of otolith shape index values.

Degisken Test P
Sekil Faktorii Wilcoxon testi 0,000
ey Boy-Yiikseklik Oram Wilcoxon testi 0,280
o Dairesellik Wilcoxon testi 0,000
35 Yuvarlaklik Wilcoxon testi 0,951
®  Dikdértgensellik Wilcoxon testi 0,018
Ovallik Wilcoxon testi 0,219
. o iki 6rneklem t-testi (sol) 0,157
Sekil Faktori iki rneklem t-testi (sag) 0,018
~ Boy-Yiikseklik Orani Tki 6rneklem t-testi (sag) 0,749
_54'_’ Dairesellik iki 6rneklem t-testi (sol) 0,133
uw Mann-Whitney U testi (sag) 0,005
g’ Yuvarlaklik iki 6rneklem t-testi (sag) 0,437
o . Mann-Whitney U testi (sol) 0,129
Dikdortgensellik Mann-Whitney U testi (sag) 0,330
Ovallik Mann-Whitney U testi (sag) 0,734
TARTISMA VE SONUC
Bildigimiz  kadariyla, bu c¢alisma  Aksu

Kayabaligi’nin sagittal otolit morfometrisini iizerine ilk
aragtirmadir. Bulgularimiz, otolit 6lgiimleri ile balik boyu
ve agirligi arasindaki iligkilerin sol-sag bolge ve/veya disi-
erkek bireyler arasinda farklilik gdstermedigini ortaya
koymustur. Bu sonug, bazi yazarlarin goézlemleriyle
uyumludur (Jawad & Al-Mamry, 2012; Yazici vd., 2020;
Yilmaz vd., 2014; Yilmaz vd., 2019; Zengin vd., 2017).
Otolit boyutlar1 ile balik o6lgiimleri arasindaki
iliskilerin ~ tanimlanmasinda  genellikle  dogrusal
fonksiyonlar tercih edilmektedir. Bununla birlikte Lleonart
vd., (2000), bu tip iliskiler i¢in dogrusal modelin uygun
olmadigmi bildirmistir. Benzer sekilde Campana, (2004)
da soz konusu iligkilerin siirekli olarak dogrusal
olamayacagna dikkat ¢ekmistir. Bu ¢aligmada adi gegen
iligkiler issel fonksiyonla tanimlanmistir. Literatiirler
incelendiginde bir¢ok ¢alismada iissel modelin kullanildig:
goze ¢arpmaktadir (Bani vd., 2013; Gimenez vd., 2016;
Saygin vd., 2020; Yilmaz vd., 2014; Yilmaz vd., 2015;

Yilmaz vd., 2019).
Morfometrik  iligkilerin  analiz  edilmesi
neticesinde,  balikk  somatik  biiyiimesinin = geri

hesaplanmasinda otolit agirhigit ve c¢evresinin diger
degiskenlere oranla daha dogru sonuglar verdigi tespit
edilmistir. ~ Otolitler, piskivor canlilarin beslenme
aligkanliklar1 ile ilgili c¢aligmalarda siklikla tespit
edilmektedir. Buna karsin predatér hayvanin midesinde
bulunan baligin eseyi ya da boyutlar1 cogu kez
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bilinmemektedir. Bu nedenle esey farkinin olmadig:
durumlar i¢in iiretilen regresyonlara ihtiyag duyulmaktadir
(Echeverria, 1987). Bu ¢alisma s6z konusu durumlar igin
gerekli olan iliski denklemlerini sunmaktadir. Bununla
birlikte, adi gegen iliskiler bu ¢alismada verilen boy
sinirlar1 dahilinde kullanilmalidir.

Sekil indekslerini incelemek karmasik olsa da
genel morfolojiye dayanan tanimlamalart dogruladigi
bildirilmistir (Russ, 1990, Tuset vd., 2003). P. turani’nin
otolit sekil indekslerinin hesaplandigi herhangi bir
calismaya rastlanmamustir. Bununla birlikte P. bathybius
ve P. gorlap tiirlerinde sag sagittal otolit ol¢timleri
kullanilarak alt1 sekil indeksi degeri hesaplanmistir (Bani
vd., 2013). Sekil indeksleri agisindan P. turani ve diger iki
Ponticola tiirii karsilastirildiginda; en yliksek sekil faktori
ve dikdortgensellik degeri ile en diisiik dairesellik
degerinin P. turani’de oldugu goriilmektedir (Tablo 8).
Mevcut durum Aksu Kayabaligi otolitlerinin geometrik
olarak daha diizenli ve daha dikdortgen sekilli olduguna
isaret etmektedir.

Tablo 8. Ponticola’nin iig tiiriinde otolit sekil indeksi degerleri.
Table 8. Otolith shape index values for three species of Ponticola.

Bani vd., 2013 Bu ¢aliyma
Sekil indeksi P. bathybius  P. gorlap P. turani
Sekil Faktorii 0,64 0,61 0,75
Boy-Yiikseklik Orani 1,21 1,43 1,33
Dairesellik 19,48 20,73 16,89
Yuvarlaklik 0,80 0,63 0,76
Dikdortgensellik 0,76 0,68 0,79
Ovallik 0,09 0,16 0,14
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Abstract: Salmo duhani, sp. n., a new species, is described from the southern Marmara Sea
drainages, Turkey. It differs from the other Salmo species in the neighboring basins by having a
shorter maxillary (8-10% SL); a shorter head (24-28% SL); 115-121 lateral line scales; 26-29
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Oz: Yeni bir tir olan Salmo duhani Tiirkiye'nin giney Marmara Denizi drenajindan
tanimlanmaktadir. Tiiriin yakin havzalarda dagilim gosteren diger Salmo tiirlerinden farki:
maksiller kisadir (% 8-10 SB); bag boyu kisadir (% 24-28 SB); ligne lateral pul sayis1 115-121;
ligne lateral ile dorsal yiizgecin baslangici arasindaki pul sira sayis1 26-29; ligne lateral ile anal
ylizgecin baglangici arasindaki pul sira sayis1 20-23; ligne lateral ile adipoz yiizgecin baslangict
arasindaki pul sira sayisi 15-17; birinci solunga¢ yayinin dis tarafinda bulunan solungag¢ dikeni
sayist 17-19; biitiin bireylerde yanal ¢izgi boyunca biiyiik ve dikdortgen seklinde 10-13 par
bulunmasidir.

Anahtar kelimeler: Anadolu, biyolojik cesitlilik, i¢c su baligi, Salmo, taksonomi.

INTRODUCTION

The Salmo populations of northwestern Turkey

The genus Salmo is widespread in cold streams
and lakes of Turkey. In the last decade, Turan et al., (2010,
2011, 2012, 2014a, b, 2017, 2020) taxonomically
evaluated native trouts in Turkey and recognized into
fourteen species. Additionally, two established populations
of the introduced Salmo trutta have been recently recorded
in the upper Tigris River and drainages of Lake Van (Kaya,
2020).
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had been previously reported as Salmo cf. labrax (Sa¢ &
Ozulug, 2019) or S. trutta macrostigma (Geldiay & Balik,
1999; Sari et al.,, 2006, 2019), however, S. labrax is
restricted to Northern Black Sea drainages and S.
macrostigma is to Algeria (Kottelat, 1997; Delling &
Doadrio, 2005; Kottelat & Freyhof, 2007). The other peri-
Mediterranean populations referred to S. macrostigma
belong to several species (S. cettii [Italy], S. farioides
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[eastern Adriatic], S. tigridis [Tigris River], S. okumusi, S.
euphrataeus, S. fahrettini and S. munzuricus [Euphrates
River], S. chilo, S. kottelati, S. labecula, S. opimus and S.
platycephalus [streams and rivers flowing to the
Mediterranean Sea]) (Delling, 2003, 2011; Delling and
Doadrio, 2005; Turan et al., 2011, 2012, 2014a, b, 2017,
2020).

After the European trouts summarized with
recognition of 29 species by Kottelat & Freyhof (2007), in
the last decade, many species were also described in
Turkey (Turan et al., 2010, 2011, 2012, 2014a, b, 2017,
2020). However, there have always been controversial
aspects about the taxonomy of the genus, and a group of
geneticists has continued to negate this diversity within the
genus Salmo (e.g. Tougard et al., 2018; Kalayci et al.,
2018).

Kalayci et al., (2018) claimed that all Salmo
species in Caspian and the Black Sea drainages in Turkey
belong to Salmo trutta, based on their production of hybrid
fertile individuals in the laboratory. On the other hand,
Ninua et al., (2018) claimed that there is not a species level
differentiation between a migratory population of Georgia
and northeastern Turkey, and all belong to Salmo labrax.
However, they did not examine or compare any specimens
from the type locality of S. labrax.

Here, we examined some populations from the
southern Marmara Sea basin, which have been formerly
misidentified as S. macrostigma.

MATERIAL AND METHOD

Specimens are deposited in FFR, Zoology
Museum of the Faculty of Fisheries, Recep Tayyip
Erdogan University, Rize. Measurements and counts were
all obtained on wild-caught specimens, well preserved, in
a straight position. Specimens not fixed straight or
damaged were excluded. All samples include both sexes,
juveniles, and mature specimens. Most Salmo populations
are small, geographically restricted and under great threat
because of overfishing and habitat destruction, and it is not
advisable to collect and preserve large series of individuals.
Colour pattern and variation in shape were observed in the
field on additional individuals, which were not preserved.

Measurements were taken with digital callipers
(0.1 mm accuracy). Counts and measurements follow
Turan et al. (2014a). Lateral line scale count includes
scales on the base of the caudal fin. Sex was determined by
examination of the gonads of at least 10 specimens. In the
description of colour pattern, bands are the broad blackish
vertical marks on the body, typically positioned behind the
gill opening, below the dorsal-fin, above the anal-fin, and
on the caudal peduncle. In some species, these bands are
known in well-preserved specimens only, or in stressed
individuals only, and in other species, they are visible in
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situ in undisturbed individuals. A spot is called ocellated
when surrounded by a white or very palering.

Morphometric and meristic data for S. abanticus,
S. labrax, S. rizeensis, S. coruhensis, S. caspius, S.
palegonicus, S. tigridis, S. okumusi, S. euphrataeus, S.
platycephalus, S. labecula, S. opimus, S. chilo, S. okumusi,
S. kottelati and S. munzuricus are from Turan et al. (2010,
2011, 2012, 2014a-b, 2017).

RESULTS AND DISCUSSION

Ninua et al., (2018) considered Salmo coruhensis
and S. labrax as conspecific, and used the priority name S.
labrax. However, their study material lacked specimens of
S. labrax from its type locality, and some of their S. labrax
locations overlapped with S. coruhensis distribution range.
Therefore, we concluded that Ninua et al., (2018) might
have misidentified S. coruhensis as S. labrax, and we
treated S. coruhensis as a valid name here.

Kalayci et al., (2018) claimed that all Salmo
species in Caspian and Black Sea drainages in Turkey
belong to Salmo trutta, based on their reproduction of
hybrid fertile individuals among Salmo trutta abanticus,
S.t. labrax, S.t. caspius and S.t. fario in the laboratory.
Firstly, it was reported that the subspecies category, which
constitutes the simplified form of the systematic
classification, couldn’t actually be accepted (Kottelat,
1997). Salmo fario was described from rivers of Sweden
and Switzerland; however, it is not a valid species anymore
(e.g. Berg, 1948; Kottelat, 1997). Salmo labrax was
described from Crimea (Ukraine), and distributed in
northern and western tributaries of the Black Sea basin,
which has not found in Turkey (Turan et al., 2010; Latiu et
al., 2020). Salmo caspius was described from the Kura
River near Bozhii in Azerbaijan as a migratory species, and
may the Turkish resident population does not belong to this
species. Moreover, the fish samples that fertile hybrids
reproduced by Kalayci et al., (2018) were not collected
from type localities of the species, except for S. abanticus.
Further, they did not take into account S. coruhensis and S.
rizeensis, which were described a decade ago in the
southeastern drainages of the Black Sea in Turkey. They
collected S.t. labrax from Tektas Stream and S.t. fario from
Firtina River. Tektas Stream is inhabited by Salmo
coruhensis, while the Firtina River is inhabited by both
sympatric S. coruhensis and S. rizeensis. It is likely that,
these authors collected S. coruhensis instead of S. rizeensis
in the Firtina River. Therefore, it cannot be excluded that
they only reproduced pure S. coruhensis individuals rather
than hybrid individuals. Even if the correct species were
used in the study, the study was limited to F1 and F2
offspring, and the species were produced under unnatural
conditions. Thus, the results of the study are not reliable.
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Apart from all these, there is another very important point:
Kalayci et al., (2018) claimed that all these mentioned
species under the Danubian lineage are Salmo trutta, based
on their results. However, Salmo trutta was described from
Rhine River Germany, and it belongs to Atlantic linage.
Even, the Danube River population is formed by Salmo
labrax.

Recently, Latiu et al., (2020) have recorded Salmo
labrax in Romanian waters. Their specimens (Latiu et al.,
2020, Figure 2; 14) resemble morphologically very similar
to the figure presented from Crimea, Ukraine (around the
type locality of the species, Kottelat and Freyhof 2007;
428). The differences between Salmo coruhensis and S.
labrax were clearly demonstrated in the original
description, and morphologic appearances of both species
were obviously very different (Turan et al., 2010; Figures
5b and 7; 343, 346, respectively).

The trout population in stream Ayazma (an upper
drainage of stream Kiiciikmenderes, North Aegean basin)
shares some morphological diagnostic features with Salmo
pelagonicus and has recently recorded as S. pelagonicus by
Turan and Baygelebi, (2020) (Figure 1).

Salmo duhani, new species (Figure 1): Salmo
trutta macrostigma (non Duméril, 1858): Sar1 et al., 2006:
37 (Canakkale province; Yenice county; Stream Celebi, a
drainage of Gonen River).

Figure 1. Salmo duhani, from top: FFR 3183, holotype, 228 mm
SL, male; FFR 03184, paratypes, 160 mm SL, female, and 92 mm
SL, juvenile; Turkey: stream Zeytinli.

Holotype: FFR 3183, 228 mm SL, male; Turkey:
Canakkale Prov.: stream Zeytinli about 9 km east of
Kazdagi National Park, 39.750N 27.017E, 28.11.2006.

Paratypes: FFR 3184, 15, 95-287 mm SL; same
data as holotype. -FFR 3185, 14, 85-170 mm SL; Turkey:
Canakkale Prov.: stream Zeytinli, 39.749N 27.015E,

01.09.2014. —FFR 3186, 12, 108-160 mm SL; Turkey:
Canakkale Prov.: stream Zeytinli 39.759N 27.021E,
01.09.2014. —FFR 3194, 10, 62-122 mm SL; Turkey:
Canakkale Prov.: stream Kocacayi, 12 km west of Kalkim,
39.804N 27.071E, 01.09.2014. —FFR 3195, 15, 93-275
mm SL; Turkey: Canakkale Prov.: stream Kocagay1 at
Yenice, 39.817N 27.099E, 28.11.2006.

Diagnosis: Salmo duhani differs from all other
species of Salmo in adjacent waters by having a slenderer
caudal peduncle in males (depth 8-10% SL, vs. 10-13,
except S. abanticus), the size of adipose-fin not sexually
dimorphic (the adipose-fin of male is approximately equal
to that of female, vs. markedly larger in male) and
numerous black spots on back and flank in adult females
(vs. few black spots on back and flank in females). Salmo
duhani is further distinguished from S. abanticus by having
red spots on the body in specimens larger than 200 mm SL
(vs. absent), circular black spots on the flank (vs.
polygonal), circular rings around the black spots (vs.
polygonal) and black spots approximately equal size or
smaller than pupil (vs. markedly larger than pupil). Salmo
duhani is further distinguished from S. pelagonicus from
Stream Ayazma (a tributary of Karamenderes River,
Aegean basin) by having grayish background color in life
(vs. brownish), having fewer lateral line scales (115-121,
vs. 109-115), a shorter maxillary in males (8-10% SL, vs.
10-11) and a slenderer body (body depth at dorsal-fin
origin (20-23% SL, vs. 23-27). Salmo duhani is further
distinguished from S. labrax by having a slenderer body in
males (depth at dorsal-fin origin 20-23% SL, mean 21.3,
vs. 23-27, mean 25) and a smaller adipose-fin in males
(depth 4-6% SL, mean 5.1, vs. 7-9, mean 7.6). It further
differs from S. coruhensis by the number of the red spots
which does not increase with increasing size in males (vs.
increasing with increasing size). Salmo duhani further
differs from S. rizeensis by having grayish background
color in life (vs. brownish or greenish). It is also
distinguished from S. rizeensis by maxilla slightly reaching
beyond eye in males and females (vs. reaching markedly
beyond eye in males larger than approximately 200 mm
SL) and the snout pointed (vs. slightly rounded).

Description: General appearance of Salmo duhani
is shown in Figure 1, morphometric and meristic data are
presented in Tables 1 and 2, respectively. Body slender,
dorsal profile behind head slightly convex, ventral profile
less arched than dorsal profile. Head short, its length not
sexually dimorphic but its shape sexually dimorphic (the
upper profile slightly convex in interorbital area and
slightly concave at the level of nostrils in adult males,
convex in the interorbital area and slightly convex on snout
in females, markedly convex in juveniles). Mouth small,
terminal or slightly subterminal in adult males, subterminal
in females, and conspicuously subterminal in juveniles
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(Figure 1). Upper jaw equal or slightly longer than lower
jaw in adult males, but clearly projecting lower jaw in
females and juveniles. Tip of lower jaw slightly curved
upward in males longer than over 220 mm SL, not curved
in females. Maxilla short in both sexes, reaching slightly
beyond eye in specimens larger than about 100 mm SL, and
not sexually dimorphic; upper edge convex below the eye
in males and females, straight or slightly convex in
juvenile. Snout pointed in males, slightly pointed in
females, and rounded in juveniles. Adipose-fin small, not
reaching the base of caudal-fin, its upper edge straight
anteriorly and slightly convex posteriorly in males and
females, and convex in juveniles.

Lateral line with 115-121 scales; 20-23 scale rows
between lateral line and anal-fin origin; 26-29 scale rows

J. Anatolian Env. and Anim. Sciences, Year: 6, No: 2, (232-239), 2021

between lateral line and dorsal-fin origin; 15-17 scales
between lateral line and the adipose-fin insertion (Tab. 2).
Pectoral fin with one simple and 11-12 branched rays, outer
margin straight or slightly convex. Pelvic-fin with one
simple and 8-9 branched rays, outer margin slightly
convex. Anal-fin with three simple and 7'4-8'4 branched
rays, outer margin convex anteriorly, concave posteriorly.

Dorsal-fin with 3-4 simple and 9%-10% branched
rays, outer margin straight or slightly convex. Caudal-fin
forked and lobes pointed or slightly rounded in specimens
smaller than approximately 180 mm SL, slightly forked
and lobes rounded in specimens larger than about 190 mm
SL. Gill rakers 6-7 + 11-12 = 17-19 on the outer side of
first gill-arch.

Table 1. Morphometry of Salmo duhani (holotype, FFR 3183; paratypes FFR 3184, n=15; paratypes FFR 3195, n=15) and Salmo trutta from

Rhine River, Germany. The calculations include the holotype.

Holotype Holotype & Paratypes Salmo trutta

Sex male male female male female

Number of specimens n=15 n=15 n=7 n=3

Standard length (mm) 228 95-184 97-287 111-149 125-156

In percentage of standard length Range (mean) SD Range (mean) SD Range (mean) SD Range (mean) SD
Head length 275 24.4-277(26.1) 11  24.9-27.7 (24.8) 0.7 28.4-31.2 (29.9) 11 27.3-29.6 (28.7) 1.0
Predorsal length 46.4 43.3-485(46.3) 0.9  433-485(44.1) 1.1 48.1-52.0 (50.5) 1.6 459-51.9 (495) 2.6
Prepelvic length 55.2 51.5-55.2(536) 1.1  51.5-55.2(50.9) 11 54.7-56.9 (55.7) 0.7 54.4-55.4 -(55.0) 0.4
Preanal length 75.7 72.3-759(748) 0.7 723-76.6(71.3) 1.0 74.3-77.7 (76.6) 1.2 75.6-77.2(765) 0.7
Body depth at dorsal-fin origin 216 19.6-23.3(21.3) 0.8  19.6-23.3(20.2) 1.0 23.7-26.3 (25.4) 0.9 23.4-26.9 (25.4) 1.6
Body depth at anal-fin origin 17.0 14.8-17.9(16.2) 0.7 150-17.9(154) 0.8 16.1-18.9 (17.5) 1.2 17.1-19.8 (18.0) 1.3
Depth of caudal peduncle 9.5 7.9-9.9 (9.0) 0.5 8.3-9.9 (8.6) 0.4 9.7-11.1 (10.3) 0.5 9.5-11.0 (10.3) 0.6
Length of caudal peduncle 16.7 16.3-18.2(17.4) 05  16.3-18.2 (16.3) 0.7 15.6-16.8 (16.3) 0.4 15.7-17.0 (16.2) 0.6
Distance between adipose- and caudal-fins 15.6 13.6-16.1 (14.9) 0.5 13.3-16.1 (14.0) 0.9 13.8-15.3 (14.7) 0.6 13.2-15.1 (14.5) 0.9
Body width at anal-fin origin 10.0 7.6-10.2 (9.0) 0.7 7.6-10.2 (8.6) 0.6 5.5-7.4 (6.7) 0.7 5.7-8.2 (6.9) 1.0
Length of dorsal-fin base 153 125-15.3(13.7) 0.8  12.5-15.3(13.0) 0.6 13.9-16.4 (14.7) 0.9 13.9-15.2 (14.5) 0.6
Depth of dorsal-fin 17.5 15.2-18.6 (17.3) 1.2 16.4-19.1 (16.7) 0.7 17.1-21.7 (19.3) 18 18.1-19.5 (18.9) 0.6
Length of pectoral-fin 17.9 16.7-20.9 (19.2) 1.2 17.4-20.9 (17.9) 0.8 18.4-20.2 (19.6) 0.7 17.8-20.1 (19.1) 1.0
Length of adipose-fin base 34 1.8-4.0 (3.0) 0.6 2.7-42(3.1) 0.4 3.4-4.7 (4.0) 0.5 3.5-4.5(4.0) 0.5
Depth of adipose-fin 6.2 4.2-6.2 (5.1) 0.5 4.2-6.3 (5.0) 0.6 6.3-7.3 (6.8) 0.4 5.5-7.6 (6.6) 0.9
Length of pelvic-fin 137 12.5-15.0(13.6) 0.6  12.5-15.0 (13.0) 0.5 13.3-15.3 (14.3) 0.8 13.7-14.9 (14.3) 0.6
Depth of anal-fin 165 14.1-17.4 (15.7) 07  14.1-17.4(148) 1.0 15.4-18.0 (16.8) 1.1 14.8-16.5(16.0) 0.8
Length of anal-fin base 11.0 7.3-11.3 (9.5) 11 7.3-11.3 (8.9) 1.2 9.7-10.8 (10.1) 0.4 9.7-10.3 (9.9) 0.2
Length of upper caudal-fin lobe 14.4 14.4-20.0 (17.4) 1.4  16.1-200(166) 1.2 19.2-21.1 (19.8) 0.7 18.3-19.9 (19.1) 0.9
Length of median caudal-fin rays 12.3 11.1-13.2 (12.1) 0.5 11.1-13.2 (11.4) 0.6 14.1-16.1 (15.0) 0.8 13.8-14.8 (14.2) 0.5
Length of lower caudal-fin lobe 16.0 14.5-20.0 (17.6) 15 16.0-20.0 (16.5) 0.9 19.4-20.6 (20.2) 0.6 19.2-20.4 (19.8) 0.6
Snout length 8.5 6.2-8.5(7.1) 0.5 6.2-8.5 (6.7) 0.5 7.0-7.9 (7.5) 0.3 6.7-7.3 (7.0) 0.3
Distance between nasal openings 5.4 3.5-5.4 (4.6) 0.5 4.1-5.4 (4.4) 0.3 4.2-45(4.3) 0.1 3.7-4.4 (4.1) 0.3
Eye diameter 5.3 4.7-6.6 (5.9) 0.6 5.2-7.0 (5.7) 0.5 7.2-8.2 (7.5) 0.4 6.8-7.7 (7.1) 0.4
Interorbital width 8.2 6.8-8.2 (7.5) 0.3 6.8-8.8 (7.2) 05 6.8-7.8 (7.4) 0.4 6.5-7.5 (7.1) 0.4
Head depth through eye 13.6 11.1-13.6 (12.3) 0.7  11.7-13.7 (11.9) 0.6 12.3-13.6 (13.0) 0.5 11.6-13.2 (12.5) 0.7
Head depth at nape 16.8 15.4-17.1(16.1) 0.5  15.4-18.3(15.5) 0.7 16.9-18.7 (18.0) 0.7 16.4-18.3 (17.5) 0.8
Length of maxilla 9.6 7.9-9.8 (9.0) 0.3 7.9-10.0 (8.6) 0.7 10.7-11.8 (11.1) 0.5 10.1-11.2 (10.7) 05
Maximum height of maxilla 25 2.1-2.7 (2.5) 0.4 2.3-3.4 (2.5) 0.4 2.5-3.1(2.9) 0.2 2.8-3.3(3.0) 0.2
Width of mouth gape 10.6 7.0-10.6 (8.8) 1.1 7.3-10.6 (8.3) 1.0 8.3-9.2 (8.7) 0.3 7.9-9.0 (8.5) 0.5
Length of mouth gape 143 11.0-143(122) 09 11.0-143(11.7) 0.6 14.2-16.2 (15.3) 0.8 13.2-15.5 (14.5) 0.9

Sexual dimorphism: In males, the mouth is
terminal or slightly subterminal in adult specimens, the
upper profile head is slightly convex in the interorbital area
and slightly concave at the level of nostrils. In females, the
mouth is subterminal, the upper profile head is convex in
the interorbital area.

Coloration: General body color greyish in life.
General color of freshly preserved specimens: dark grey on
the back and greyish on flank, belly yellowish. One to 4
black spots behind the eye and on the cheek (usually larger
than pupil) and 1-6 black spots on top of the head (smaller
than pupil). Few, ocellated, medium to large (equal to or
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smaller than pupil) black spots scattered on the back and
upper flank in males and females, smaller than about 160
mm SL, and back, the upper part of flank and middle part
of the body in females larger than about 170 mm SL
(Figure 1). The number of spots not increasing with sizes.
Dorsal fin greyish, with 3-5 rows of black spots, and 3-4
rows of red spots posteriorly on the lower part. Caudal fin
grey or dark grey. Anal, pectoral and pelvic fins yellowish.
Adipose fin greyish, without any black and red spot along
the distal margin. Ten to 13 parr marks distinct, vertically
oblong, broad and large in all specimens examined.
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Table 2. Frequency distribution of meristic features of five Salmo species from the Marmara Sea and adjacent basins.

Lateral line scales

N 110 111 112 113 114 115 116 117 118 119 120 121 122 123 124 125 126 127 128 mean
S. duhani 33 3 8 9 5 3 3 2 1174
S. abanticus 21 2 2 5 2 4 4 2 1171
S. labrax 41 2 2 6 3 7 8 7 3 3 1143
S. rizeensis 31 5 7 5 5 5 2 2 116.4
S. trutta 10 1 2 1 2 1 1 1 1 122.5

Transverse line scales
Above lateral line Below lateral line

N 26 27 28 29 30 31 32 33 34 mean 17 18 19 20 21 22 23 mean
S. duhani 33 5 12 9 7 215 7 8 11 7 21.6
S. abanticus 21 6 5 4 6 27.6 2 4 11 4 19.8
S. labrax 41 6 13 8 7 5 2 289 9 13 15 2 2 204
S. rizeensis 31 4 7 9 8 3 28.0 6 8 9 8 19.6
S. trutta, 10 2 1 5 1 1 31.8 2 5 2 1 31.8

Gill rakers Scales between adipose-fin insertion and lateral line

N 14 15 16 17 18 19 20 mean 14 15 16 17 mean
S. duhani 33 5 13 15 184 7 21 5 15.9
S. abanticus 21 4 12 10 19.0 4 17 158
S. labrax 41 5 18 14 6 185 9 22 12 16.1

31
10

S. rizeensis
S. trutta

3
1

10 16 18.2

155

4

19
4

9
6

1 15.1

15.6

Distribution and habitat: Salmo duhani is known
from the upper tributaries of streams Gonen in the southern
Marmara Sea basin (Figure 2). It prefers clear and
moderately swift flowing streams and rivers, with a
substrate of pebbles and sand.

Figure 2. Distributions of Salmo duhani.

Etymology: Salmo duhani is named after Duhan
Turan, son of the first author. A noun in genitive.

DISCUSSION

Trout biodiversity has long been an international
debate particularly between morphologists and geneticists
(Ferguson, 2004). Initially, phenotypic plasticity of species
was not well-understood. Furthermore, several species
concepts with no consensus decision has resulted in
inflated taxonomic identifications (23 species according to
IUCN, 2020; 30-35 species according to Kottelat &
Freyhof, 2007; Sanz, 2018 and up to 60 species according
to Behnke, 1986; Jonsson & Jonsson, 2011; Froese &
Pauly, 2019). However, the most recent opinion paper by
Guinand, Oral & Tougard, (2021), discussed thoroughly
that phenotypic and genotypic diversity of brown trout is
best explained in the concept of species complex and
indicates multiple trout species.
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Molecular studies demonstrated that the
populations of previously recorded S. trutta form belongs
to a number of distinct haplotype lineages, thus, several
lineages were proposed by using mtDNA: North African,
Atlantic, Adriatic, Mediterranean, Marbled, Danubian,
Tigris, Dades, Duero (Bernatchez 2001; Bardake1 et al.,
2006; Susnik et al., 2005; Tougard et al., 2018). Later,
many species have been described under these linages.
However, there have always been researchers of the
opposite view, and the diversity in the genus Salmo has
been neglected (Tougard et al., 2018; Kalayci et al., 2018).
Even, interestingly, Tougard et al., (2018) listed all these
linages under the Salmo trutta. Nevertheless, especially in
studies conducted in the last decade, there are serious
differences in diagnostically important features (e.g. head
length, length and height of maxilla, scale counts, body
color and pattern, length and height of adipose-fin) among
several trout populations. Pure molecular studies
conducted without considering these diagnostic differences
have made some researchers mistakenly deny the diversity
in trouts.

Besides the differences of the new species listed
in the diagnosis section, it also differs from the other
congeners listed below. Salmo duhani is distinguished
from S. pelagonicus by having more par marks on the flank
(10-13, vs. 9-10), a greyish body colour (vs. brownish),
more red spots on the flank (vs. without or a few red spots
on the flank), black spots scattered on the back and upper
part of flank (vs. scattered on the flank, especially an
anterior part of the body), a narrower ring around black and
red spots (vs. very large ring), a smaller black spots
(smaller than a pupil, vs. larger than pupil), the maxillary
reaching to slightly beyond posterior margin of the eye (vs.
markedly beyond posterior margin of the eye) and smaller
adipose fin (small size, vs. medium size) (Figure 1).

Salmo duhani differs from all other Salmo species
in Turkey by having a slenderer caudal peduncle in males
(depth 8-10% SL, vs. 10-13), the size of adipose-fin not
sexually dimorphic (the adipose-fin of males is
approximately equal to that of females, vs. markedly
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larger, except S. chilo) and numerous black spots on flank
and back in adult females (vs. few black spots on flank and
back in females, except S. labecula).

Salmo duhani also distinguished from S. trutta by
having slightly fewer lateral line scales (115-121, vs. 117-
128), fewer scale rows between lateral line and dorsal-fin
origin (26-29, vs. 30-34), more scale rows between lateral
line and anal-fin origin (20-23, vs. 17-20), more gill rakers
first gill arch (17-19, vs. 14-17), a shorter head in males
(25-28% SL, vs. 28-31), a shorter prepelvic length (52-
55% SL, vs. 55-57), a slenderer caudal peduncle ( 8-10%
SL, vs. 10-11), a smaller adipose fin (adipose-fin depth 4-
6% SL, vs. 6-8), a smaller maxilla (length of maxilla 8-
10% SL, vs. 10-12) and a smaller mouth gape in males
(length of mouth gape 11-14% SL, vs. 14-16).

In this study, Salmo coruhensis is recorded for the
first time from the streams Hisardere, drainage of the Lake
Iznik, and Sultaniye eastern drainage of Izmit bay,
Marmara Sea basin. These records are the westernmost
known distribution range of the species. There are record
of resident Salmo rizeensis in Evrenye creek, Kastamonu
(41.943N 33.893E) (Yogurtguoglu et al., 2020), however,
we could not find any Salmo coruhensis in the western
Black Sea coasts of Turkey. The fact that there are many
industrial factories that cause pollution in rivers may be the
reason for this migratory species that cannot be found in
the area.

Despite conservation status of some of the
Salmonid species in Turkey were evaluated against IUCN
criteria, there are still serious gaps about the ecology,
threats, and exact number of independent populations of
the species (IUCN, 2020). Kaya et al., (2019) reported
several suggestions on the five species in the Turkish
Mediterranean basin. They suggested that: Salmo labecula
and S. kottelati should be evaluated as Critically
Endangered because of their poorly known populations and
invaded habitats by Oncorhynchus mykiss; S. opimus
should be evaluated as Near Threatened because of its
inhabits at least five different locations with intensive
populations; both S. chilo and S. platycephalus should be
evaluated as Endangered as each of them known to
distribute only at a single location, even though their
populations are intensive.

Material used in morphologic comparison: See
Turan et al., (2010, 2017) and Turan & Baygelebi (2020).
The other material examined is listed below:

S. trutta: Germany, 7, 111-156; Rhine River,
Plesibach Stream at Niederpleiss.
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Abstract: Boron is a bioactive trace element generally found in rock, soil, water and air. It is an
essential micronutrient for plants besides having beneficial effects on biological functions of
human and animal health. Boric acid has antibacterial properties. Thus, the aim of this study was
to evaluate the possible bactericidal and bacteriostatic effects of boric acid on the aquatic
pathogens: Aeromonas veronii, Photobacterium damselae subsp. damselae, Vibrio anguillarum,
Vibrio vulnificus, Vibrio harveyi, Vibrio rotiferianus, Vibrio tubiashii, Vibrio parahaemolyticus,
Vibrio furnissii and Vibrio fluvialis. The inhibitory properties of boric acid were detected by agar
well diffusion, minimum inhibitory concentration (MIC), and minimum bactericidal
concentration (MBC) methods. The results showed that Photobacterium damselae subsp.
damselae and Vibrio species were resistant to different concentrations of boric acid. However,

- https://orcid.org/0000-0002-2558-2487

¥Gorrespondinglauthoriss boric acid showed an inhibitory effect against Aeromonas veronii at concentrations of 3.09 and
Ecren UZUN-YAYLACI 1.54 mg/ml and zone diameters on the agar were measured as 19.4 + 0.5, 15.92 + 0.6 mm,
prelatianly el Uveialty, sSivii: respectively. The MIC and MBC of boric acid for Aeromonas veronii were found to be effective
Faculty of Marine Science, Trabzon, Turkey . . . . .

: ecrenuzun@ktu.edu.tr at a concentration of 1.54 mg/ml. These results suggested that boric acid might serve as a potential

antimicrobial agent for Aeromonas veronii in aquaculture.

Keywords: Antibacterial, aquatic pathogen, boric acid, MIC and MBC.

Borik Asitin Sucul Patojenler Uzerine Olan Antibakteriyel Etkileri

Oz: Bor, genellikle kaya, toprak, su ve havada bulunan biyoaktif bir eser elementtir. Borik asidin
insan ve hayvan sagligmin biyolojik fonksiyonlar1 {izerinde faydali etkileri bulunmaktadir.
Bitkiler i¢in de vazgecilmez bir mikro besin olan borik asit antibakteriyel ozelliktedir. Bu
calismanin amact borik asidin sucul patojenlerden Aeromonas veronii, Photobacterium damselae
subsp. damselae, Vibrio anguillarum, Vibrio vulnificus, Vibrio harveyi, Vibrio rotiferianus,
Vibrio tubiashii, Vibrio parahaemolyticus, Vibrio furnissii ve Vibrio fluvialis’e kars1 bakterisidal
ve bakteriostatik etkilerini incelemektir. Bu ¢alismada, borik asidin inhibisyon 6zellikleri, agar
kuyusu difiizyonu, minimum inhibisyon konsantrasyonu (MIK) ve minimum bakterisidal
konsantrasyonu (MBK) yontemleri kullanilarak tespit edilmigtir. Sonuglar, Photobacterium
damselae subsp. damselae ve Vibrio tiirlerinin farkli konsantrasyonlardaki borik aside karst
direngli oldugunu gostermistir. Bununla birlikte, borik asit 3,09 ve 1,54 mg/ml

*Sorumlu yazar: konsantrasyonlarinda Aeromonas veronii’ye karsi inhibitor etki gostermistir ve agarda sirasiyla
Ecren UZUN-YAYLACI 19,4 + 0,5 mm ve 15,92 = 0,6 mm halka ¢aplar 6l¢iilmiistiir. Aeromonas veronii igin MIK ve
ity Melaail' Ulitioii issl, STRsie MBK degerleri 1,54 mg/ml olarak belirlenmistir. Bu sonuglar, borik asidin, su {iriinleri
Deniz Bilimleri Fakiiltesi, Trabzon, Tiirkiye e e eries e . . . L . . .. .. . —. .
4: ecrenuzun@Ktu.edu tr yetistiriciliginde Aeromonas veronii i¢in potansiyel bir antimikrobiyal ajan gérevi gorebilecegini

ileri stirmektedir.

Anahtar kelimeler: Antibakterivel, borik asit, MiK ve MBK, sucul patojen.
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INTRODUCTION

Aquaculture is the world’s fastest-growing food
production sector. However, diseases outbreaks causing
serious economic losses (Hatha et al., 2005). Antibiotic
treatment has been applied for many years against bacterial
infections in aquaculture (Done et al., 2015). The extensive
use of antibiotics causes the change of microbiota in
aquaculture and can led to development of antibiotic
resistant bacteria (Akkan & Colaker, 2020; Akkan &
Topkaraoglu, 2019; Balta et al., 2016; Balta & Dengiz
Balta, 2016; 2017; 2019; Balta, 2020; Resende et al.,
2012). A novel alternative to antimicrobial therapy, boric
acid can be recommended for treatment of bacterial
infections.

Boron is a trace element generally found in rock,
soil, water, air etc. in different forms such as borates, boric
acid, and boric oxide (Samman et al., 1998). It is an
essential dietary component for animals in metabolic,
nutritional, and physiological processes (Nielsen, 1997). In
aquaculture, boron-supplemented feeds have been used in
various fish species (Oz et al., 2018; Topal et al., 2016).
Oz et al. (2018) reported that adding 0.05% boron to the
feed improves the growth of rainbow trout. However,
higher concentrations of boron can be toxic to certain
animal (Goldbach et al., 2007). Boron-containing
compounds exhibit antibacterial, antifungal, antiparasitic,
antiviral and anti-inflammatory activities (Yang et al.,
2018). Boric acid has been tested on different bacterial
species for antimicrobial activity (Dinca & Scorei, 2013;
Houlsby et al., 1986; Russel & Diez-Gonzalez, 1998;
Yilmaz, 2012) and has been reported to have antibacterial
effects on some aquatic pathogen bacteria including
Aeromonas hydrophila, Vibrio anguillarum, Yersinia
ruckeri and Lactococcus garvieae (Sayin et al., 2016).

While there are many studies on the antimicrobial
effects of boric acid in human and animal pathogens, little
has been reported on the use of boric acid as an
antimicrobial agent in aquatic pathogens. The objective of
the present report was to evaluate whether boric acid can
serve as a potential antimicrobial agent for aquatic bacterial
pathogen.

MATERIAL AND METHOD

Bacterial strains and cultivation: The following
species of bacteria which are isolated from naturally
infected sea bass (Dicentrarchus labrax) were used in the
study; Vibrio vulnificus (KF443055), Vibrio harveyi
(KF443059), Vibrio rotiferianus (KF443057), Aeromonas
veronii (KF443052) and Photobacterium damselae subsp.
damselae (KF443044) confirmed previously by Uzun and
Ogut (2015); Vibrio anguillarum (MH036330.1), Vibrio
tubiashii ~ (KY003125.1), Vibrio parahaemolyticus
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(EF684942.1), Vibrio furnissii (MG214325.1) and Vibrio
fluvialis (KC208202.1) confirmed previously by Uzun
(2019). Bacterial cultures were grown overnight on tryptic
soy agar (TSA) (+1.5% NacCl) at 24-26 °C for 24 h. The
concentration of bacterial suspensions in tryptic soy broth
(TSB) was adjusted by spectrophotometer to an optical
density of 0.10 at 625 nm. Equivalent to concentrations of
1-5 x 108 CFU/mI based on a 0.5 McFarland standard.

Diffusion test: The agar well diffusion assay with
modification after Perez et al. (1990) was carried out to
screening the inhibitory activity of boric acid (H:BOs M =
61.83 g/mol). 50 ul of bacterial suspensions approximately
containing of 1-5 x 10® CFU/ml was spread on tryptic soy
agar (TSA) (+1.5% NaCl) plates. Wells of 5 mm in
diameter were tip-punched in the agar and filled with 40 pl
3.09 mg/ml, 1.54 mg/ml, 0.77 mg/ml, 0.38 mg/ml and 0.19
ma/ml of boric acid. Plates were incubated at 24-26 °C for
24 h, inhibitory zone was measured. All experiments were
repeated in triplicate.

MIC Determination: Minimum inhibitory
concentration was calculated by standard macro-dilution
method. Serial two-fold gradient dilutions of boric acid in
concentrations ranging from 3.09 mg/ml to 0.19 mg/ml
were prepared in TSB. Bacterial suspension adjusted to a
McFarland standard 0.5 were added to all tubes and
incubated at 24-26 °C for 24 h. A tube containing only TSB
was used as a negative control and only inoculated TSB
with no boric acid served as positive control. The
experiments were repeated three times and compared to the
controls. The MIC is the lowest concentration of boric acid
where no visible growth is seen in the tubes.

MBC  Determination:  After the MIC
determination of the boric acid, mixture of 50 ul from all
the tubes which showed no visible bacterial growth were
streaked on (TSA) (+1.5% NaCl) plates and incubated at
24-26 °C for 24 h. The MBC was determined by the lowest
concentration that kills 99.9% of the initial bacterial
population.

RESULTS

Diffusion test: Boron-containing compounds
exhibit antibacterial, antifungal, antiparasitic, antiviral and
anti-inflammatory activities (Yang et al., 2018). Boric acid
has previously been reported to have antibacterial effects
on some aquatic pathogens including Aeromonas
hydrophila, Vibrio anguillarum, Yersinia ruckeri and
Lactococcus garvieae (Sayin et al., 2016). However, no
study has evaluated the effects of boric acid on Aeromonas
veronii. In this study, the inhibitory activity of boric acid
was tested using agar well diffusion method. Inhibition
determined based on the diameter of halos (Fig. 1). The
results indicated that Photobacterium damselae subsp.
damselae and Vibrio species were resistant to boric acid.
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However, boric acid showed an inhibitory effect against
Aeromonas veronii with the concentrations of 3.09 and
1.54 mg/ml. Zone diameters were measured as 19.4 + 0.5
mm, 15.92 + 0.6 mm, respectively.

Figure 1. Inhibition zones. (a) Aeromonas veronii, (b) Vibrio ponticus,
(c) Photobacterium damselae subsp. damselae

MIC and MBC Determination: The antibacterial
effects of drugs are routinely evaluated by agar diffusion
and MIC test. The advantage of direct contact tests over
agar diffusion method is that they are independent of the
diffusion properties of the material and medium under test
(Estrela et al., 2001). Therefore, the MIC test is used to
determine the lowest concentration of material that will
still exhibit antibacterial properties. In this study, after 24
h of incubation at 24-26°C for Aeromonas veronii,
turbidity was noticed in the test tubes 0.19, 0.38 and 0.77
mg/ml containing boric acid indicating the growth of
bacteria. Whereas in concentrations of 3.09 and 1.54
mg/ml, no turbidity was seen, exhibiting inhibition of
bacterial growth. The suspension from the tubes of 3.09
and 1.54 mg/ml was inoculated on TSA (+1.5% NaCl)
plates and incubated for 24 h at 24-26°C and no growth of
bacteria was observed in both concentrations hence
confirming it as bactericidal. These results showed that the
MIC and MBC of boric acid for Aeromonas veronii were
found to be effective at concentration of 1.54 mg/ml. The
MIC and MBC values of boric acid on bacteria are
important, as these values can be used in future research
for antibiotic development (Yilmaz, 2012). The MIC and
MBC assays illustrated at Figure 2.

Aeromonas spp., including Aeromonas veronii is
an important fish pathogen that can be found in the normal
micro flora of animals (Smyrli et al., 2017; Uzun & Ogut
2015). These pathogens cause various infections in
humans, such as endocarditis, gastroenteritis, peritonitis,
and septicemia (Janda & Abbott, 2010). They are also
primary pathogens in farmed fish (Hossain et al., 2019). A.
veronii has been described as an important pathogen of
human beings as well as aquatic animals (Cui et al., 2007).
Aeromonas species have the capacity to transport and
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acquire antimicrobial resistance elements, and multi-drug
resistant Aeromonas isolates are now widely available
worldwide (Tekedar et al., 2020). Therefore, a novel
alternative to antimicrobial therapy, boric acid can be
recommended for treatment of bacterial infections. Boron
containing compounds impair various enzymes including
the serine protease family of B-lactamase (Morandi et al.,
2008). Boron is involved in quorum sensing, which is an
important mechanism in developing antimicrobial effect
(Houlsby et al., 1986; Reichman et al., 2009; Watanabe et
al., 1988;). In this study, although some in vitro inhibitory
effects of boric acid on Aeromonas veronii were examined,
the mechanism of action of the compound on bacteria is
not fully elucidated and is the focus of future studies.
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Figure 2. Dilution method for a) the MIC assay and b) the MBC assay.

Negative

3.09mgml 1.54mgm! 0.77mgml 038mgm! 0.19mgml
control

CONCLUSION

In aquaculture, the use of new antimicrobial
agents as an alternative to antibiotics is of great importance
in preventing the development of resistance genes in
pathogenic bacteria. The findings in this study, MICs of
3.09 and 1.54 mg/ml respectively of boric acid has
antimicrobial effects against Aeromonas veronii. The
results presented here provide evidence that boric acid
might serve as a potential antimicrobial agent for
Aeromonas veronii in aquaculture, but further experiments
are required to evaluate the inhibitory mechanism of boric
acid and determine its effect on fish.
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calismada Maskeli 6riimcek kusunun (Lanius nubicus) iklim degisimi etkisi altindaki dagilimi
2021- 2100 seneleri arasindaki yirmiser yillik periyotlar i¢in modellenmistir. Modellemede yeni
nesil iklim degisimi senaryolart olan SSPs (sosyo ekonomik rotalar) senaryolar1 kullanilmstir.
Sonuglara gore model egitim verisi AUC degeri 0.989 ve test verisi AUC degeri 0.980
bulunmustur. Maskeli 6riimeek kusunun dagilimini sinirlayan bioiklim degiskenlerinin Biol9,
Bio8, Bio12, Bio7 oldugu tespit edilmistir. Model sonuglarina gore, yiizyilin sonuna dogru Kuzey
Afrika'da ve Basra Korfezi'nde habitat kayiplart olacagi 6ngoriiliirken, Anadolu’da bu tiir i¢in
uygun habitatlarm artis1 dikkat gekmektedir. Kibris® da ise kdtiimser senaryo etkisi altinda habitat
kayiplart 6ngoriilmiigtiir. Diger bir sonug ise, en kotiimser iklim senaryosuna gore Maskeli
oriimcek kusu (Lanius nubicus) dagilim alaninin i¢inde yer alan Dogu Akdeniz Havzasi’nin 2100
yilina kadar uygun iklim kosullarmi desteklemeye devam edecek oldugudur. Onemli bir refiij
olan bu alanin paleoklimatolojik olaylar sirasinda oldugu gibi, gelecekte de iklim degisikligi
etkilerinin yasandig1 zaman diliminde ayn1 gorevi gorecegi ongoriilmiistiir.

Anahtar kelimeler: MaxEnt, refiij, sosyo-ekonomik rotalar, tiir dagilim modeli.
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Influence of Climate Change

Abstract: The most serious threat to the sustainability of biological diversity is climate change.
The best way to predict the ecological consequences of climate change now is species distribution
modeling. In this study, the distribution of the masked spider bird (Lanius nubicus) under the
effect of climate change is modeled for twenty-year periods between 2021 and 2100. SSPs (socio-
economic pathways) scenarios, which are new generation climate change scenarios, have been
used. According to the results, the model training data AUC value was 0.899 and the test data
AUC value was 0.980. Bioclimate variables limiting the distribution of the masked shrike were
determined to be Bio19, Bio8, Biol2, Bio7. It is predicted that there will be habitat losses in North
Africa and the Persian Gulf towards the end of the century. The increase in habitats suitable for
this species in Anatolia is remarkable. In Cyprus, habitat losses are predicted under the effect of
pessimistic scenario. Another result is that according to the most pessimistic climate scenario, it
is predicted that the Eastern Mediterranean Basin, which is within the Masked Shrike (Lanius
nubicus) distribution, will continue to support suitable climatic conditions until 2100. It is
predicted that this area, which is an important refuge, will serve the same task during climate
change in the future, as during paleoclimatological events.

Keywords: MaxEnt, refuge, socio-economic pathways, species distribution model.
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GIRiS

Iklim degisimi, ekosistemler ve biyolojik
cesitlilik i¢in en oOnemli tehdit unsurlarindan biridir
(Parmesan & Yohe, 2003; Pereira vd., 2010). Giiniimiizde
bir¢ok tiirlin popiilasyonun azalmasi ve neslinin tiikkenmesi
iklim degisikligi ile agiklanmaktadir (Sinervo vd., 2017).
Sanayi devriminden giiniimiize kadar olan siiregte
diinyanim yaklasik 1 °C’lik bir artis ile 1sinma egiliminde
oldugu bilinmektedir. Atmosferdeki CO; oran1 son 1000
yila gore bu ylizyilda en yiiksek degerlere ulasmistir
(Carbonbrief, 2019). Bu degisimleri takip eden
Hiikiimetler Arasi iklim Degisikligi Paneli (IPCC) su an 6.
donemindedir ve bilim adamlarimin iklim degigimi verileri
ile simiilasyonlar yapabilmeleri icin Mart 2020’de yeni
nesil iklim senaryolar1 olan SSPs (Sosyo ekonomik
senaryolar) senaryolarini yaymlamigtir. Bu yeni nesil
senaryolar; SSPs126, SSPs245, (iyimser), SSPs370 (orta
yol) ve SSPs585 (kotiimser) senaryolar: olmak iizere, 20
yillik siiregler halinde worldclim.org adresinde erigsime
acik halde yaymlanmistir (Carbonbrief, 2019; Ozdemir
vd., 2020a). Tiirlerin iklim degisiminden oldukg¢a fazla
etkilenecegini gosteren Onceki ¢aligmalar gibi (Adams-
Hosking vd., 2011; Evangelista vd., 2011; Evcin vd., 2019;
Fordham vd., 2012; Kirag & Mert 2019; Ozdemir vd.,
2020b), birgok canli grubunun iklim degisimine gosterdigi
tepki, habitat par¢alanmalari, popiilasyon azalmalari gibi
durumlar bu yeni nesil iklim degisim senaryolarmin 6n
gordiigii degisimlerin yardimu ile tahmin edilebilmektedir.

Bir tiiriin, iklim degisimi etkisi altinda dagilimim
nasil degistirecegini ve nasil tepki gosterecegini tahmin
etmek icin kullanilacak en iyi yontem, tiiriin bugiinki iklim
tercihlerinin gelecekte nerelerde olacagimi kestirmektir.
Bunun i¢in en iyi yol, tiir dagilim modellerinin gelecege
projeksiyonunu yapmaktir (Wiens vd., 2009). Son yillarda
bu tiir aragtirmalarda yapilan iklimsel modelleme “iklim
oriinti modeli” admi almustir. Iklim &riintii modeli,
gevresel uygunlugun mekansal tahminlerini yapmak igin
iklim degiskenlerini kullanan bir tiir dagilim modelinin alt
kiimesidir (Hijmans & Graham, 2006). Bu tiir modeller
yapmak i¢in model algoritmasi iyi secilmelidir. MaxEnt
yaklasimi, sadece var/bulunma verisi ile ¢aligmasi, tahmin
giicliniin diger algoritmalardan yiiksek olmasi, gelecek
iklim projeksiyonu yapabilmesi ve sonug ¢iktilarinin yan
sira harita ¢iktis1 da iiretmesi nedeniyle, son yillarda
modelleme c¢alismalarinda tercih edilmesi bakimindan
diger algoritmalarm Oniinde yer almaktadir (Elith vd.,
2011).

Yaban hayati unsurlarindan biri olan kuslar,
iklimsel ~degisimlerden en ¢ok etkilenen canli
gruplarindandir  (Meller vd., 2010). Kuslar biyolojik
cesitlilik agisindan bir Oneme sahip olmakla birlikte,
ekosistem sagligi agisindan da yararli canlilar olarak
bilinmektedir (Doswald, 2009; Eaton vd., 2005; Gregory
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vd., 2005; Gregory vd., 2009). Kuslar, iklim degisikligi
etkilerine go¢ mekanizmasi ile tepki gosteren canlilardir
(Alerstam vd., 2003). Go¢, normal kosullarda kuslarin
mevsim degisimleri ve beslenme amaciyla yaptiklari bir
davranig bigimidir (Berthold vd., 1992). Bu amagla her y1l
milyonlarca kus, iireme ve kiglama alanlar1 arasinda gog
etmektedir. Gliniimiizde kuglarin gé¢ yollari, mola ve
kislama alanlar1 ve bunlar icin aywrdiklart siireler,
halkalama izleme teknikleri ile detayli sekilde kaydedilip
degerlendirilmektedir (Meier vd., 2020; Karaardic &
Erdogan, 2019; Wilkins vd., 2016). Ozellikle Tiirkiye’nin
giineydeki kiy1 seridi iklim, giivenlik ve besin agisindan
gocmen kuslara zengin firsatlar sunmaktadir (Karaardig &
Erdogan, 2019).

Diinya genelinde her yil 10 milyon kus goc
etmektedir (Birdlife vd., 2010). Ulkemizde bulunan kus
tiirlerinin de yaklasik %20’si gogmen kuslardir (Kiziroglu,
2008). Tirkiye’de bulunan gégmen kus tiirlerinden biri de
maskeli 6riimcek kusu (Lanius nubicus Licthenstein
1823)’ dur. Yaz gb¢meni olan maskeli oriimcek kusu,
Tiirkiye, Kibris, Israil ve Suriye'de biiyiik popiilasyonlara
sahip olmakla beraber iran’in batisinda da (Basra Korfezi)
ayr1 bir popiilasyonu bulunmaktadir. Ayrica, kis mevsimini
kuzeydogu Afrika’da gegirdigi bilinmektedir (Chown,
2003). TUCN (Tehdit altindaki tiirlerin kirmizi listesi)
kriterlerine gore maskeli 6riimcek kusu asgari endise (LC)
kategorisinde yer almasina ragmen, popiilasyon durumu
azalma egilimindedir. Maskeli 6riimcek kusunun 10 yil
icinde toplam popiilasyonun %30’unun azalacagi
diistiniilmektedir (IUCN, 2019). Tiirkiye’de {ireyen
ortimeek kuslarmin 1998-2003 yillarinda yaygin oldugu
belirlenmistir. Ancak maskeli oriimcek kusu tiirii igin
habitat kayiplar1 yasandigi tespit edilmis ve bu habitatlarin
tehdit altinda olduklar bildirilmistir (Perktag, 2004).

Bu ¢aligmanin amaci, maskeli oriimcek kusunun
yakin gecmisteki (1970-2000) iklimsel dagilimmin ve
iklim tercihlerinin belirlenmesi baglaminda yeni nesil
iklim senaryolar1 etkisi altindaki dagilimlarinin ve habitat
durumlarinin ortaya koyulmasidir.

MATERYAL VE METOT

Tiir verileri: Maskeli oriimcek kusuna ait 260
adet WGS84 koordinat sistemindeki var/bulunma verileri,
yaklagitk 400 milyon tiire ait var/bulunma verisini
kullanicilarin erisimine agik halde sunan GBIF’ den
(Kiiresel biyogesitlilik bilgi tesisi) indirilmistir (Gaiji vd.,
2013). Indirilen klasor iginde “occurence.txt” dosyasi
Excel yaziliminda agilarak koordinat bilgileri elde edildi.
Hedef tiire ait var/bulunma verileri “csv” dosyasi seklinde
analize hazir hale getirilmistir.

Iklim degiskenleri: Y akin gegmis (1970-2000) ve
SSPs126 ve SSPs585 senaryolari (2021-2100° e kadar 20
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yillik periyotlar halinde) worldclim.org adresinden 2,5’er
dakika ¢oziiniirliigiindeki CanESMS kiiresel iklim modeli
bazli iklim senaryolar indirilmistir. Yapilan analizlerde
CanESM5’ in hassasiyeti diger sekiz kiiresel iklim
modeline gore, yiliksek oldugu igin tercih edilmistir
(Carbonbrief, 2019). Daha sonra bu veriler ilgili paketler,
kiitiphaneler ve komutlar girilerek acik erisimli “R”
yaziliminda “asc” dosyasi haline doniistiiriilerek analize
hazir hale getirilmistir. Elde edilen iklim degiskenlerinin
koordinat sistemi WGS84’ diir. Bu ¢aligmada bir iyimser
ve bir kotiimser senaryoya ait bioiklim degiskenleri
kullanilmusgtir.

SPPs126 senaryosu en fazla 1.5 °C’ lik bir sicaklik
artisginin ~ Ongoriildiiglh en iyimser iklim degisim
senaryosudur ve iklim politikalar1 ile yonetilen bir diinyay1
temsil etmektedir. SSPsS585 senaryosu ise en Kkoti
sonuglarin ortaya ¢ikacagi bir senaryodur ve 1sinma 4-5 °C
civarinda seyredecektir (Carbonbrief, 2019).

Istatistik ve Analiz: iklim degiskenleri arasinda
olusabilecek coklu baglanti problemlerinden uzaklagmak
icin 19 adet biyoiklim degiskeni i¢in Pearson korelasyon
analizi uygulanmistir. R? degeri 0,85 degerinden bilyiik
olan degiskenler analize girmeyerek elenmistir. Siirece
Bio2, Bio3, Bio5, Bio6, Bio7, Bio8, Bio9, Biol2, Biol4,
Biol5, Biol6 ve Biol8 degiskenleri ile devam edilmistir
(Tablo 1).

Iklim o6riintii modeli olusturmak icin MaxEnt
3.4.1 (Phillips vd., 2017) yazilimi kullanilmigtir. MaxEnt,
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hangi c¢evresel kosullarin organizmalarin dagilimini
etkiledigini, organizmalarin mevcudiyet verileriyle ilgili
olarak tahmin eder (Baldwin, 2009). Analiz siirecinde 260
adet maskeli Oriimcek kusu var/bulunma verileri, %75
egitim verisi ve %25 test verisi olarak dilimlenmistir. Her
model 10 tekerriirlii gergeklestirilmistir. Boylece her
tekerriirde farkli yerdeki orneklerin egitim ve test setleri
icine katilmas: saglanmigtir. Model olustuktan sonra
jackknife grafikleri incelenmis ve modele katki
saglamayan degisken bir sonraki agsamaya alinmayarak
elenmistir. Analizlere en son iki degisken kalincaya kadar
devam edilmistir (Siel vd., 2018). Elde edilen modeller
icerinde en yiiksek AUC degerine sahip model se¢ilmistir.
Modele ait haritalar ~ ArcMap10.2  yaziliminda
hazirlanmistir. Segilen modelin AUC degeri “>0,90:
miikemmel, 0,90-0,80: iyi, 0,80-0,70: uygun, 0,70-0,60:
zayif, <0,60: bilgi vermeyen” seklinde degerlendirilmistir
(Phillips vd., 2006). Bu asamaya kadar elde edilen model
yakin ge¢mise (1970-2000) aittir. Yakin gecmis modelinde
belirlenen iklim degiskenleri hedef tiirlimiiziin dagilimini
siirlayan degiskenlerdir. Bu degiskenlerin gelecek iklim
senaryolarindaki karsiligt olan iklim degiskenleri analize
cagrilmistir ve yakin ge¢mis iklim degiskenleri ile birlikte
analiz edilmistir. Elde edilen model sonu¢ haritalari
ArcMap 10.2 yaziliminda gorsellestirilmistir ve bdylece
giniimiiz ile gelecek arasindaki farkliliklar ya da
benzerlikler gézlemlenmistir.

Tablo 1. Bioiklim degiskenleri i¢in uygulanan Pearson korelasyon analizi sonuglar1 (R?>0,85).
Table 1. Pearson correlation analysis results applied for bioclimate variables (R%>0.85).

Biol Biol0 Bioll Biol2 Biol3 Biol4 Biol5 Biol6é Biol7 Biol8 Biol9 Bio2 Bio3 Bio4 Bio5 Bio6 Bio7 Bio8 Bio9

Biol 0,94 0,939 -0,41 -0,175 -0,568 0,425 -0,183 -0,582 -0,564 -0,149 0,561 0,697 -0,034 0,864 0,848 0,187 0,876 0,764
Biol0 0,94 0,78 -0,33 -0,179 -0,405 0,319 -0,185 -0,406 -0,405 -0,158 0,64 0,623 0,291 0,967 0,664 0,458 0,768 0,838
Bioll 0,939 0,78 -0,36 -0,081 -0,65 0,493 -0,093 -0,662 -0,635 -0,056 0,352 0,655 -0,358 0,66 0,967 -0,134 0,878 0,629
Biol2 -0,41 -0,328 -0,36 0,916 0,287 0,131 0,923 0,346 0,341 0,901 -0,392 -0,231 0,07 -0,321 -0,255 -0,124 -0,453 -0,14
Biol3 -0,18 -0,179 -0,081 0,916 -0,06 0,447 0,998 -0,015 -0,004 0,994 -0,296 -0,016 -0,13 -0,194 0,022 -0,233 -0,259 0,007
Biol4 -0,57 -0,405 -0,65 0,287 -0,06 -0,707 -0,047 0,982 0,954 -0,1 -0,199 -0,393 0,375 -0,339 -0,649 0,205 -0,38 -0,421
Biols 0,425 0,319 0,493 0,131 0,447 -0,707 0,439 -0,719 -0,704 0,473 0,14 0,473 -0,26 0,28 0,512 -0,148 0,243 0,554
Biol6 -0,18 -0,185 -0,093 0,923 0,998 -0,047 0,439 -0,001 0,008 0,995 -0,291 -0,018 -0,12 -0,198 0,008 -0,224 -0,27 0,004
Biol7 -0,58 -0,406 -0,662 0,346 -0,015 0,982 -0,719 -0,001 0,972 -0,056 -0,268 -0,454 0,392 -0,354 -0,641 0,183 -0,42 -0,402
Biol8 -0,56 -0,405 -0,635 0,341 -0,004 0,954 -0,704 0,008 0,972 -0,048 -0,21 -0,372 0,349 -0,341 -0,633 0,188 -0,384 -0,412
Biol9 -0,15 -0,158 -0,056 0,901 0,994 -0,1 0,473 0,995 -0,056 -0,048 -0,27 0,005 -0,137 -0,174 0,043 -0,229 -0,256 0,026
Bio2 0,561 0,64 0,352 -0,39 -0,296 -0,199 0,14 -0,291 -0,268 -0,21 -0,27 0,755 0,414 0,787 0,12 0,753 0,439 0,463
Bio3 0,697 0,623 0,655 -0,23 -0,016 -0,393 0,473 -0,018 -0,454 -0,372 0,005 0,755 -0,069 0,67 0,498 0,286 0,644 0,482
Bio4 -0,03 0,291 -0,358 0,07 -0,13 0,375 -0,26 -0,12 0,392 0,349 -0,137 0,414 -0,069 0,427 -0,477 0,901 -0,2 0,286
Bio5 0,864 0,967 0,66 -0,32 -0,194 -0,339 0,28 -0,198 -0,354 -0,341 -0,174 0,787 0,67 0,427 0,504 0,635 0,679 0,809
Bio6 0,848 0,664 0,967 -0,26 0,022 -0,649 0,512 0,008 -0,641 -0,633 0,043 0,12 0,498 -0,477 0,504 -0,331 0,801 0,562
Bio7 0,187 0,458 -0,134 -0,12 -0,233 0,205 -0,148 -0,224 0,183 0,188 -0,229 0,753 0,286 0,901 0,635 -0,331 0,031 0,38
Bio8 0,876 0,768 0,878 -0,45 -0,259 -0,38 0,243 -0,27 -0,42 -0,384 -0,256 0,439 0,644 -0,2 0,679 0,801 0,031 0,529
Bio9 0,764 0,838 0,629 -0,14 0,007 -0,421 0,554 0,004 -0,402 -0,412 0,026 0,463 0,482 0,286 0,809 0,562 0,38 0,529

N 260 260 260 260 260 260 260 260 260 260 260 260 260 260 260 260 260 260 260

BULGULAR Ihmal orani, tahmin edilen ihmal oranina yakin olmalidir.

Maskeli oriimcek kusu iklim oriintii modeli igin
egitim veri seti AUC degeri 0,989, test veri seti AUC
degeri 0,980 bulunmustur. Bu sonuglara gore iklim riintii
modeli miikemmel model kategorisinde degerlendirilmistir
(Sekil 1). Sekil 2” de ise test ihmal oranini ve tahmin edilen
alani, tekrarli calistirmalar iizerinden ortalamasi alinan
kiimiilatif esigin bir fonksiyonu olarak gosterilmektedir.
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Bu durum bize elde edilen modelin yeterli egitim verisi ve
test verisi ile analiz edildigini ve modelin gegerliligini
gostermektedir (Sekil 2). Modele katki saglayan ve maskeli
ortimcek kusunun dagilimmni iklimsel olarak simirlayan
bioiklim degiskenlerinin Bio19 (En soguk ¢eyregin yagis
miktar1), Bio8 (En nemli ¢eyregin ortalama sicakligr),
Biol2 (Yillik yagis) ve Bio7 (Yillik sicaklik orani (Bio5-
Bi06)) oldugu belirlenmistir (Sekil 3).
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Sekil 1. Egitim seti ve test seti AUC degerleri.
Figure 1. Training set and test set AUC values.
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Sekil 2. Ortalama ve tahmin edilen ihmal oranlari.
Figure 2. Average and predicted rates of neglect.
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Sekil 3. Jackknife analizi sonuglar1.

Figure 3. Jackknife analysis Results.

04 06 08 10 12 14 16 18

Maskeli  oriimcek  kusunun  iklim  Oriintii
modelinde elde edilen yakin gegmis haritasi
incelendiginde; Kuzey Afrika, Arap Yarimadasinin
Akdeniz’deki kiyilari, Basra Korfezi dogu kiyilari,
Anadolu’da Akdeniz ve Ege Bolgeleri, Kibris ve
Yunanistan hedef tiiriimiiz i¢in uygun iklim kosullarini
saglamaktadir (Sekil 4, 5). Gelecek iklim degisimi
senaryolarindan en iyimser olan SSPs126 i¢in elde edilen
harita incelendiginde, 1,5 °C’ lik sicaklik artigmnin 2021-
2100 siireci icerisinde maskeli driimcek kusu habitatlarina
pek zarar vermedigi goriilmektedir (Sekil 4). En katiimser
iklim senaryosu olan SSPs585 incelendiginde; 2021° den
2100 e kadar maskeli Oriimcek kusunun Kuzey
Afrika’daki  ve Basra Korfezi’ndeki habitatlari
kaybedecegi Ongoriilmiistir (Sekil 5). Bu kdétiimser
senaryoya gore maskeli oOrlimcek kusu igin uygun
habitatlarin ~ Anadolu’da artig  gosterecegi tahmin
edilmektedir. Anadolu’nun Akdeniz ve Ege bdlgeleri
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maskeli oriimcek kusunun gelecekte en dnemli habitati
olabilir. Fakat kotiimser senaryodaki Kibris” da yer alan
dagilim incelendiginde; 6zellikle Kuzey Kibris’ da uygun

habitatlarin ~ yiizyihin  sonunda  kaybolacagi tahmin
edilmektedir (Sekil 5).
Historical N
Climate Data
1970-2000
wewm High: 1
s Low:0

b | SSPs 126
2021-2040

SSPs 126
% | 2041-2060

SSPs 126
d 2060-2081

| ssPs 126
2081-2100

Sekil 4. Maskeli 6riimcek kugunun yakin gegmiste ve SSPs126
iklim degisim senaryosundaki dagilim haritas.

Figure 4. Distribution map of the masked spider bird in the recent
past and in the SSPs126 climate change scenario.

Historical N
Climate Data
1970-2000
wom High: 1
_—| w0

¥ | SSPs 585
. 2021-2040

SSPs 585
.| 2041-2060

SSPs 585
bl 2060-2081

| SSPs 585
2081-2100

Sekil 5. Maskeli oriimcek kugunun yakin gegmiste ve SSPs585
iklim degisim senaryosundaki dagilim haritasi.

Figure 5. Distribution map of the masked spider bird in the recent
past and in the SSPs585 climate change scenario.
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TARTISMA VE SONUC

Tiir dagilim modellerinin bir alt kiimesi olan iklim
oriinti modellemeleri, tiirlerin iklim degisikligi etkisi
altindaki habitatlarinin gelecek durumlarini tahmin etmek
icin olduk¢a Onemlidir. Ciinkii bu modellemeler iklim
degisikligi projeksiyonlarini ekolojik sonuglara
dontstiirmenin en etkili yoludur (Hijmans vd., 2005;
Nogués-Bravo, 2009; Wiens vd., 2009). iklim degisimi,
canlilar ve ekosistem i¢in yeni bir kavram degildir.
Giintimiiz floras1 ve faunasmnm, paleoklimatolojik olaylar
sonucunda olustugu bilinmektedir (Sandel vd., 2011).
Paleoklimatolojik olaylardan tecriibe edinilen bilgiler,
gelecek iklim degisimi ile miicadele kapsaminda
kullanilabilir (Boyer vd., 2016; Carnaval vd., 2009; Loarie
vd., 2016; Keppel vd., 2012; Sandel vd., 2011). Tecriibe
edilen en 6nemli bilgi ve kavram refiij (sigmak) kavramidir
(Keppel vd., 2012). Refiij, olumsuz iklim kosullari
esnasinda uygun iklim kosullarini destekleyen, tiirlerin ve
habitatlarinin ayakta kalmasini saglayan, gerektiginde
daralabilen ve gerektiginde tekrar genisleyebilen, iklim
degisiminden en az etkilenen veya iklimin degismedigi
alanlardir (Byrne, 2008; Dobrowski, 2011; Keppel vd.,
2012). Sandel (2011)‘e gore, diinya
paleoklimatolojik olaylardan bu yana iklim degisim hizi
oldukga diisiik olan alanlar mevcuttur. Bu refiij alanlarin
geemiste oldugu gibi gelecekte iklim degisikligi sirasinda

tizerinde

da aymi gorevi iistlenip istlenemeyecegi merak konusu
olmaktadir. Ornegin, Avrupa icin tiirlerin devami icin
kritik olan bu sigmak alanlarindan birisi, Akdeniz
havzasidir (Birks & Willis, 2008).

Calisma sonuglarinda onceki donem
degisim senaryolar1 ve farkli canli gruplarn ile yapilan
calismalardaki gibi habitat kayiplar1 6ngorilmiistiir
(Evangelista vd., 2011; Evcin vd., 2019; Kirag & Mert,
2019; Ozdemir vd., 2020b). Fakat &zellikle Tiirkiye’de
iklim degisimi sonucu bazi tiirler i¢in uygun alanlarin
artacagina dair sonuglar veren ¢alismalar da mevcuttur.
Ormnegin Siiel, (2019)’ a gore, yiizyilin ortasindan itibaren
sonlara dogru iklim degisimi simiilasyonlari sonuclari
Ciconia ciconia igin uygun alanlarin Tirkiye’nin Trakya
bolgesinde artacagi yoniindedir.

Yakin ge¢mise ait elde edilen model haritasi
incelendiginde maskeli o6rtimcek kusunun dagilimmin
bliylik oranda literatiir ile Ortiistiigii goriilmektedir. Fakat
bilinen dagilim disinda, yakin gegmis modelinde maskeli
orimcek kusunun bugiine kadar hi¢ iremedigi Kuzey-
Dogu Afrika’ya dogru Bingazi kiyilar1 ve Atlas Daglar
kiyisinda iklimsel olarak potansiyel uygun alanlar
goriilmektedir. Bu yeni veya aykiri olarak goriilen, iklimsel
olarak uygun potansiyel alanlarin tiimiinde, tiiriin bulunma
ve dagilim gosterme zorunlulugu yoktur. Daha dogrusu tiir
dagilim modellerinde ve iklim Oriintii modellerinde mevcut

iklim
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ve gelecek icin olusturulan tiim modellerde bir tiiriin biitiin
potansiyel alanlar1 dolduramadig: gercekle
kiyaslandiginda ortaya ¢ikmaktadir (Sekil 4, 5).

Maskeli oriimcek kusu habitatlarinin, en kotii
sartlart temsil eden SSPs585 iklim degisimi senaryosu
etkisi altinda ylizyilin sonunda Kuzey Afrika’da ve Basra
Korfezinde ortadan kalkacagi bu calisma sonucunda
ongoriilmektedir (Sekil 5). Bununla birlikte maskeli
ortimcek kusu, kis aylarinda Kuzey Afrika’ya olan gocleri
durdurup, kuzeyde kalict bir tiir haline gelebilir. Bu durum
eger diger gogmen kuslar i¢in de ayn1 sekilde gerceklesirse,
yerlesik kuglar 6zellikle ki aylarinda bu durumdan besin
rekabeti acisindan olumsuz etkilenebilecegi
diistiniilmektedir (Rodenhouse vd., 2008). Tabi ki simdilik
bu Ongoriiler birer tahmin olmaktan &te degildir. Bu
tahminlerin gergeklesip gergeklesmeyecegi kuslarin gog,
mola ve tireme alanlar1 arasindaki hareketleri ve bu
hareketlerin stireleri ve bu degisimlerin gdzlenmesi sonucu
ortaya ¢ikabilecektir (Meier vd., 2020; Karaardic &
Erdogan, 2019). Bu ¢alismadan ¢ikan diger onemli bir
sonug, Akdeniz havzasindaki iklim kosullarinin en kotii
sartlarda bile ayakta kalacagidir. Maskeli
kusunun dagilimini sinirlayan iklim kosullarinin, SSPs585
iklim degisimi senaryosu etkisi altinda yiizyilin sonuna
dogru Israil, Suriye, Tiirkiye ve Yunanistan’m Akdeniz
havzasina dahil olan bolgelerinde ayakta kalacag:
ongorilmektedir (Sekil 5). Bu caligmadan elde edilen
sonuglar, geg¢miste paleoklimatolojik olaylar sirasinda
siginak gorevi goren, yerel iklimleri ayakta tutan, biyolojik
cesitliligi koruyan ve diinya lizerinde iklim degisikliginden
en az etkilenen refiijlerin (Byrne, 2008; Dobrowski, 2011;
Keppel vd., 2012), gelecekte de iklim degisimi kargisinda
aynt gorevi {istelenip istlenmeyecegi sorusuna yanit
vermektedir. Refiij olarak kabul edilen Akdeniz havzasinin
dogusunda, o&zellikle Anadolu’nun Ege ve Akdeniz
bolgelerinin tipki gegmisteki paleoklimatolojik olaylar
sirasinda oldugu gibi gelecek iklim degisiminde de refiij
gorevi gorecegi beklenmektedir.

Bu sonuglara farkli bir bakis agisi ile bakildiginda,
tek bir tiiriin iklim 6riintii modeli sonucuna dayanarak rejiij
alandan bahsetmenin eksiklikler barindirdig1 veya maskeli
orimcek  kusunun iklimsel hassasiyetinin  diisiik
olabilecegi gibi elestirileri beraberinde getirebilir. Bu
hususta bu tiir calismalarin artmasi ve sonuglarin
karsilastirilmas1 6nem arz etmektedir. Aym zamanda
modeli olusturulan hedef tiiriin habitatinin ve biyolojisinin
iyi  bir sekilde model desteklemesi
gerekmektedir. Tiirlerin dogrudan olmasa da dolayl
yoldan iklim tercihleri bulunabilir. Yani ortii, mekan, su ve
besinden olusan habitat ortami iklim etkisi altindadir.
Rodenhouse vd., (2008)’ e gore maskeli 6riimcek kusu gibi
gocmen kuslar habitat kalitesine olduk¢ca Onem
vermektedir. Maskeli o6riimcek kusu, diger oOriimcek

oriimcek

sonuglarimi
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kuslarinin aksine habitat olarak zeytinlik alanlari tercih
etmektedir (Moskat & Fuisz, 2002). Maskeli 6riimcek kusu
iklim Oriintii modeli haritalar ile zeytin agacinin Akdeniz
havzasindaki dagilimmin ortiigmesi (Oteros, 2014) ve
ayrica Girit Adasi’nda 6000 y1llik zeytin agaglarinin varligi
(Gogus vd., 2009) maskeli oriimcek kusu i¢in dngoriilen
iklimsel dagilmin ve ekolojik sonuglarin gegerliligini
ortaya koyabilmektedir.

Son olarak, elde sonuglari
gerceklesirse lilkemizde biiyiik yiiz 6l¢glimiine sahip oldugu
ongoriilen refiij alanlarmm varhigi, ylizyilin sonunda
Tiirkiye’nin, Avrupa, Ortadogu ve Yakin Asya’ ya gore
ekolojik ve biyolojik ¢esitlilik agisindan daha giiglii olacagi
anlamina gelebilmektedir. Bu tiir ¢aligmalarmn {ilkemizde
artmasi, elde edilen sonuglarin iklim politikalarina ve
koruma planlarma dahil edilmesi beklenmektedir.

edilen model
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Oz Dogal kaynaklar siirekli etkilesim halinde olan ekosistemlerdir. Bu ekosistemlerin planlanmasi
biitiinlesik havza planlanma ilkelerine gore yapilmalidir. Ancak Rize il 6lgegindeki dogal kaynak planlama
ve altyapi ¢aligmalarinda bu hususun layikiyla dikkate alindig1 pek sdylenemez. Bu ¢alismanin amaci Pazar
Hemysin havzasi bazi havza karakteristikleri ile arazilerin yiikselti kademeleri, egim, baki ve jeolojik yapiya
gore dagilimlarinin Cografi Bilgi Sistemi yardimiyla ortaya konulmasidir. Arastirma sonucuna gore arastirma
alan1 21216 hektar ve ortalama egimi % 30,97°dir. Yiikselti kademelerine gore en genis arazi varligi 4153,35
hektar (%19,58) ile 901-1200 m yiikseltiler arasinda ve en az arazi varlig1 633,26 hektar (% 2,98) ile 2100-
2400 myiikseltileri arasinda oldugu belirlenmistir. Egim ve baki faktorlerine gore arazilerin % 63,14’ golgeli
bakilar lizerinde ve % 36,86°s1 glinesli bakilar tizerindedir. Egime gore en genis ziraat alan1 % 38,35 ile %
11-20 egim gurubunda yer almaktadir. Orman arazilerinin % 30,44’ asidik kayaclar, % 69,431 notr kayaglar
ve % 0,13 ile aliivyon alanlar iizerindedir. Kayag tiirlerine gore en genis orman varligi % 30,33 ile granit
kayaglar tizerindedir. Yerlesim yerlerinin % 44,55°1 asidik kayaclar, % 54,37’si notr kayaglar ve % 1,081 ile
aliiviyon alanlar iizerindedir. Mevcut yerlesim yerlerinin % 63,99’u golgeli bakilar izerinde, % 36,01’
giinesli bakilar iizerindedir. Havza genelinde yerlesim yeri kullanimlarinda golgeli bakilar baskin durumdadir.
Yerlesim yerlerinin se¢imi, yol ve alt yap1 ¢caligmalari ile tarim arazilerinin kullanilmasinda yukarida ortaya
konulan havza 6zelliklerinin dikkate alinmasi hem sorunlarin ¢dziimlenmesi hem de siirdiiriilebilir havza
yonetimi i¢in faydali olabilir.

Anahtar kelimeler: Baki, cografi bilgi sistemleri, egim, jeolojik vapi, yiikselti kademesi.
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The Case of Pazar Hemsin Creek

Abstract: Natural resources are ecosystems in constant interaction. Planning of these ecosystems should be
done according to integrated watershed management principles. However, it cannot be said that this issue is
taken into account in natural resource planning and infrastructure works in Rize. The aim of this study is to
determine some basin characteristics of Pazar Hemsin basin and the distribution of lands according to
elevation, slope, aspect and geological structure using of Geographical Information System. As a result of the
study, the drainage area of the study area is 21216 hectares and its average slope is 30.97%. According to the
elevation steps, it was determined that the largest land was 4153.35 hectares (19.58%) in 901-1200 m
elevation steps, while the least amount of land was 633.26 hectares (2.98%) in 2100-2400 m elevation steps.
According to the slope and aspect factors, 63.14% of the lands are on shady views and 36.86% are on sunny
views. According to the slope, the largest agricultural area (38.35%) is in the slope group of 11-20 %. 30.44%
of forest lands are on acidic rocks, while 69.43% on neutral rocks and 0.13% on alluvium areas. According
to the rock types, the largest forest area is on granite rocks with 30.33%. 44.55% of the settlements are on
acidic rocks, while 54.37% on neutral rocks and 1.08 % on alluvium areas. 63.99% of the settlements are on
shady views, while 36.01% are on sunny views. Shaded views are dominant in the choice of settlement. Take
into basin characteristics in the selection of settlements, road and infrastructure works and the use of
agricultural lands may be beneficial for both solving problems and sustainable basin management in Pazar
Hemsin River Basin.

Keywords: Aspect, elevation steps, geographical information systems, geological structure,
slope.
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GIRIS

Hizli sanayilesme ve teknolojik gelismeler
insanoglunun hayatindaki islerin daha kolay ve daha hizl1 bir
sekilde yapilmasina imkan verirken; endiistriyel faaliyetler
ve artan tiiketimler sonucunda cevre ve dogal kaynaklar
iizerinde ¢ok ciddi baskilar olugsmaya devam etmektedir.
Diinya genelinde (Anonim, 2017; Shen ve Hwang, 2019) ve
iilkemizde (Eroglu vd., 2019; Yazic1 vd., 2019) meydana
gelen kiiresel iklim degisimi ve afetlerin yillar itibariyle
artmaya devam etmesi insanin ¢evre lizerindeki olumsuz
etkilerinin artarak devam ettiginin agik bir kaniti olarak
kabul edilebilir.

Diinya cografyasinda miinferit halde havzalar
oldugu gibi; bir havza icerisinde birden ¢ok alt havzalarin
oldugu farkli biiyiikliik ve sekillerde havzalarda mevcuttur.
Havzalar, insanlarm her tiirlii ¢aligmalarmni yiiriittiigii dogal
ve dinamik sistemlerdir (Yiiksek vd., 2019). Havzalar hem
dogal siireclere hem de insan faaliyetlerine karsi acik
sistemler oldugu igin siirekli degisime ugramaktadir.
Havzalardaki degisim ve gelisimler bazen havzalarin
ekolojik dengesine katki saglarken; cogunlukla havzalardaki
ekolojik  dengenin bozulmasina neden olmaktadir.
Havzalarin sahip oldugu karakteristik ozelliklerinin
bilinmemesi veya dogru bir sekilde algilanmamasi, ayni
igerisinde olan kentsel ve kirsal alanlarin
birbirlerinden bagimsiz bir sekilde ele alinarak planlanmasi
havzalardaki sorunlarin daha karmasik bir hale gelmesine
neden olmaktadir. Havza igerisinde yukaridan asagiya dogru
uygulanmasi gereken dere 1slah, sel ve tagkin projelerinin
havzanin ¢ikis (mansap) noktasina yakin alanlarda
uygulanmasi, mansap bolimiindeki dere yatagmin
daraltilmasi, arazi yetenek siniflari, arazinin egimi, topragin
heyelan duyarliligi dikkate alinmadan arazi kullanim
sekillerinin veya yol planlamalarinin yapilmasi ve bunun
gibi  hususlar planlamacilarin  havzalar1  ve
karakteristik  6zelliklerinin dogru  bir
algilamadiklarina 6rnek olarak verilebilir.

Diinya genelinde oldugu gibi iilkemizdeki artan
niifusun taleplerinin karsilanmasinda ¢evre ve dogal
kaynaklarin dogru bir sekilde planlanmasi ve yonetimi
oldukga 6nemli bir konudur. Kentsel ve kirsal alandaki tiim
gevresel faktorlerin dogru bigimde algilanabilmesi ve
koruma-kullanma dengesine uygun (Yiiksek vd., 2008) bir
sekilde kullanilabilmesi ancak entegre havza planlama ve
yonetim modelinin (Yiksek, 2004) uygulanmasi ile
miimkiindiir. Havza smirlarinin belirlenmesi, havzalarin
cesitli havza karakteristik 6zellikleri yani sira arazi kullanim
sekilleri, sosyo-ekonomik yapi, tarihi ve kiiltiirel varliklarin
belirlenmesi entegre havza planlama ve yonetim modelinin
dogru bir sekilde olusturulabilmesi icin olduk¢a énemlidir.

Ulkemizdeki farkli havzalarin sahip oldugu havza
karakteristiklerinin belirlenmesi ile alakali direkt veya
indirekt olarak yapilmis calismalar (Akkaya Aslan vd.,

havza

havza
sekilde
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2004; Gol & Dengiz, 2007; Dengiz & Gol, 2008; Yiiksel vd.,
2008; Elibiiyik & Yilmaz, 2010; Yilmaz vd., 2011;
Dindaroglu vd., 2012; Bagdatli & Oztiirk, 2014; Tas, 2016;
Reis vd., 2016; Go6l vd., 2017; Reis vd., 2017a; Reis vd.,
2017b; Yiiksel vd., 2018; Reis & Dindaroglu, 2018; Yiiksek
vd., 2019; Bilgili vd., 2020; Reis & Dindaroglu, 2020; Dutal
& Reis, 2020; Yazic1 ve Inan, 2020; Yiiksek vd., 2020)
olmakta birlikte; iilkemiz genelindeki havza sayilar1 dikkate
alindiginda konuyla alakali yapilmis olan c¢aligmalarin
yetersiz oldugu ortaya c¢ikmaktadir. Bu nedenle havza
karakteristikleri ve havzalardaki arazilerin fizyografik
ozelliklere gore dagilimlarinin ortaya konulmasi, basarili
entegre havza yodnetim planlarinin olusturulmasi igin
oldukca gereklidir. Bu ¢aligmanin arastirma hipotezi: Tiim
akarsu havzalarinin havza karakteristikleri aynidir ve
arazilerin dagihminda fizyografik 6zelliklerin etkisi yoktur.

Bu aragtirmanin amaci Pazar-Hemsin deresi
havzasmin havza karakteristikleri
fizyografik ozelliklere goére dagilimlarmm cografi bilgi
sitemleri ile tespit edilmesidir.

ve arazilerin bazi

MATERYAL VE METOT

Arastirma Sahast Cografi Konumu ve Bazi Iklim
Ozellikleri: Pazar Hemsin Deresi yagis havzast (Sekil 1),
Rize iline ortalama 38 km uzaklikta, 40 52 44 - 41 11 21
kuzey enlemleri ile 40 45 26-41 02 04 dogu boylamlari
arasinda yer almaktadir (Yiiksek, 2001).
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Sekil 1. Pazar Hemsin Deresi havzasi cografi (konumsal)
gosterimi.

Figure 1. The geographical (spatial) representation of the Pazar
Hemsgin Creek basin.

Pazar Hemsin Deresi Havzast deniz seviyesinden
itibaren gilineye dogru 2400 m yiikseltiye kadar erismektedir.
Yagis havzast iklim verilerinin yorumlanmasinda Pazar
istasyonu 1990-2019 yillarina ait verilerden yararlanilmustir.
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Arastirma alaninda yillik ortalama maksimum sicaklik 25,55
°C, ortalama sicaklik 13,91°C ve ortalama minimum sicaklik
5,94 °C’dir. Ortalama en diisiik minimum sicaklik Subat (-
1,89 °C), ve ortalama en sicak ay1 agustostur (22,88 °C)
(Sekil 2a).

Yagisin zaman bagl degisimi y = 4,0964x% —
34,179x + 185,4, R?= 0,7617 seklinde ve polinomvari bir
iligki i¢indedir (Sekil 2b). Pazar Hemsin deresi havzasindaki
aylik toplam yagis ocak ayindan nisan ayina kadar dogrusal
bir sekilde azalmakta, daha sonra ekim ayina kadar artmakta
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ve sonra tekrar azalmaktadir (Sekil 2b). Y1l i¢inde en yagish
ay 288 mm ile ekim, en az yagisin oldugu ay 78 mm ile
nisandir (Yiksek vd., 2020). Yil iginde Rize genelinde
oldugu gibi biri az yagisl (ilkbahar), digeri ¢ok yagish (yaz,
sonbahar ve kis) yagis rejimi hakimdir (Yiksek, 2001).
Thornthwaite yontemine gore Pazar Hemsin havzasinin
iklim tipi (A B'l r ') rumuzu ile ifade edilen ¢ok nemli, orta
sicaklikta (mezotermal), su noksani olmayan veya pek az
olan denizel iklim 6zelliklerine sahiptir (Yiiksek, 2017).

v = 4,0964x2 - 34,179x +
R*=0,7617

185.4

Yagis (mm)
9]
[==]
[=)

150
100
50
0
5’%22::75 Sw i =
- ZEméE’u—E—,‘Z
T
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Sekil 2. Pazar Meteoroloji istasyonu Sicaklik (&) ve yagis (b) degerlerinin aylik degisimi (Gézlem dénemi: 1990-2019).
Figure 2. Monthly variation of temperature (a) and precipitation (b) of Pazar Meteorology Station (Observation period: 1990-2019).

Havza veri setinin olusturulmast ve havza
karakteristiklerinin belirlenmesi: Cografi Bilgi Sistemleri
kullanilarak olusturulan veri seti ve havza karakteristik
ozelliklerinin  belirlenmesinde  kullanilan ~ formiiller
yardimiyla Pazar Hemsin Deresi Havza karakteristik
ozellikleri hesaplanmustir (Yiiksek vd., 2019; Yiiksek vd.,
2020) (Tablo 1). Bu amagla Pazar Hemsin deresi yagis
havzasmin smirlart ArcGIS 10.5 programi yardimiyla
gizildikten sonra arazi karakteristiklerinin belirlenmesi ve
tanimlanmasina yonelik veri setleri olusturulmustur. Havza
genelinde veri setleri raster ve vektor veri yapisinda olmak
iizere iki alt grupta olusturulmustur. Buna ilaveten Pazar-
Hemsin havzas1 arazi karakteristiklerinin belirlenmesi
kapsaminda Cografi Bilgi Sistemleri (CBS) kullanilarak
konumsal altyapist  olusturulmustur. Uygulama
kapsaminda CBS yazilimi olan ArcGIS 10.5 programi
kullanilarak veri setlerine dayali alt bilesen veri gruplarinin
siniflandiriimast uygulamast gerceklestirilmistir.
Siniflandirma uygulamasinda yiikselti, egim, baki, jeoloji ve
orman amenajmani veri setleri kullanilmustir.

veri

BULGULAR

Pazar Hemsin deresinin drenaj alan1 21600 hektar
olup, yiikselti kademelerine gore en genis arazi varligi

Tablo 1. Pazar Hemsin Deresi Havza karakteristik 6zelliklerinin
hesaplanmasinda kullamlan yéntemler (Ozhan, 2004; Yiiksek vd,
2019, Yiiksek vd., 2020).

Table 1. Methods used to calculate the watershed characteristics of
Pazar Hemsin Creek Basin (Ozhan, 2004; Yiiksek vd, 2019,
Yiiksek vd., 2020).

Havza Hesaplama Y6ntemi Sembollerin

Karakteristikleri Aciklamast
Havza Form Faktérii Fz% F: Form faktorii,
Havzanin Sekil = £ E&Knl:lze;vza Alam
Fakiori . L: Ha\’/za uzunlugu
Havzanin Dairesellik Re=4m4 K g
Orant (Rc) " (Rcm gai resellik
Havzanin Egimi (Sg) Sg=1.571 % Orldm
Maksimum Reliyef H=X-Y P: Havzanin gevresi
(H) (km)
Oransal Reliyef (Rho) Rho= SL: Egri
Havzanin Ortalama Hy=a1b1+a2b2+~- """ +anbn uzunfuklasimm
Yiikseltisi (Ho) 4 toplamt (m)

H: Havzanin

maksimum reliyefi
X: Havzanin en
yiiksek noktasi (m),
Y: Havzanin en
diisiik noktasi (m)
a: iki egytikselti
arasindaki alan (ha),
h: Tki esyiikselti
egrisi arasindaki
yiikselti (m)

4153,35 hektar (%19,58) ile 901-1200 m yiikseltiler arasinda
ve en az arazi varhig1 633,26 hektar (% 2,98) ile 2100-2400
m yiikseltileri arasinda oldugu belirlenmistir (Tablo 2, Sekil
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3a). Arazi varligmin % 50,74’ 900 metrenin altindadir. 0-
900 m yikseltilere arasindaki arazilerin yiikselti
basamaklarma gore dagilimi diizensiz seyrederken; 900
metre yiikselti kademesinden sonra yiikselti basamaklarina
gore arazilerin dagilimi dogrusal bi¢imde azalmaktadir
(Tablo 2).

Bakiya gore en genis arazi varligir 3759,35 hektar
(% 17,72) ile kuzeybati bakida, en az arazi varhigi 966,17
hektar (% 4,55) ile giiney bakidadir. Havza genelindeki

Anadolu Cev. ve Hay. Dergisi, Yil: 6, No: 2, (252-260), 2021

arazilerin % 62,98’1 golgeli bakilar tizerinde ve % 37,02’si
giinesli bakilar iizerinde olup, arazi varligmmn dagilimmda
golgeli bakilar baskin durumdadir (Tablo 2, Sekil 3b). Dogu
ve bati bakida en genis arazi varligi 0-300m yiikselti
kademesinde, giliney ve giineybati bakida en genis arazi
varligt 1200-1500 m yiikselti kademesinde iken; kuzey,
kuzeydogu, kuzeybati ve giineydogu bakilarda en genis arazi
varlig1 900-1200 m yiikselti kademesindedir (Tablo 2).

Tablo 2. Pazar Hemsin Deresi Havzasindaki arazi varliginin (ha) baki ve yiikselti kademelerine gore degisimi.
Table 2. Change of lands (ha) in Pazar Hemsin Creek Basin according to aspect and elevation.

Baki Yiikselti Gurubu (m) Toplam
0-300 301-600 601-900 901-1200 1201-1500 1501-1800 1801-2100 2100-2400
D 977,5 593,98 446,37 537,78 165,00 184,4 205,98 81,51 3.192,51
K 236,86 385,73 619,13 794,33 366,19 447,96 361,49 122,99 3.334,66
KD 480,48 776,13 555,54 540,22 164,65 134,05 397,48 26,33 3.074,85
KB 464,14 644,05 735,44 772,37 305,62 425,81 239,86 172,03 3.759,35
G 130,46 93,04 125,73 187,08 229,45 84,84 59,62 55,96 966,17
GD 243,54 311,21 182,47 520,81 246,13 56,49 54,42 51,82 1.666,88
GB 189,8 332,33 338,16 241,83 358,78 119,66 46,02 48,38 1.674,95
B 859,19 585,31 459,13 558,94 619,51 328,67 61,66 74,25 3.546,63
Toplam 3.581,96 3.721,77 3.461,96 4.153,35 2.455,32 1.781,87 1.426,52 633,26 21.216,00
Alan (%) 16,88 17,54 16,32 19,58 11,57 8,4 6,72 2,98 100
D: Dogu, K: Kuzey, KB: Kuzeybati, G: Giiney, GD: Giineydogu, GB: Giineybati, B: Bati
N N
N a X b
\\‘@l{ W@li
S y N
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Basa(m?klan Baki
I o300 —— L
I 300-600 Kuzey
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Sekil 3. Pazar Hemsin Deresi Havzasi yiikselti basamaklari (a) ve bakiya gore (b) arazilerin dagilimi.
Figure 3. Distribution of the lands in Pazar Hemsin Creek Basin according to the elevation steps (a) and the aspect (b).

Pazar Hemsin havzasmm ortalama egimi %
30,97°dir. Egim ve bakiya gore en genis arazi varligi
3751,09 hektar (% 17,68) ile kuzeybati bakida, en az arazi
varligi 1657,27 hektar (% 7,81) ile giineydogu bakidadir
(Tablo 3, Sekil 4a). Egim ve baki faktorlerine gore arazilerin
% 63,141 golgeli bakilar tizerinde ve % 36,86’s1 giinesli
bakilar iizerindedir (Tablo 3).

Egim guruplar1 ve yiikselti basamaklarina gore en
genis arazi varligi % 25,89 ile % 21-30 egim gurubunda yer
almaktadir. Yiikselti basamaklarma gore % 0-10 egim
gurubundaki arazi varligr toplam arazi varligmm %10,05°1
kadardir (Tablo 4), 0-10 egim gurubundaki arazilerin %
52,981 0-300 m yiikseltileri arasindadir.

Orman  arazilerin  jeolojik

yapiya  gore

dagilimlarinda ilging bir durum vardir. Orman arazilerinin %
30,44’1 asidik kayaclar, % 69,430 nétr kayaglar ve % 0,13
ile aliivyon alanlar tizerindedir (Sekil 4b ve 5). Kayag
tiirlerine gore en genis orman varligi % 30,33 ile granit
kayaglar tlizerindedir.

Tarim arazilerinin % 12,02’si asidik kayaglar, %
83,13’0’li notr kayaglar ve % 4,85°i ile aliivyon alanlar
iizerindedir (Sekil 4b ve 5). Yerlesim yerlerinin % 44,55’
asidik kayaclar, % 54,37’si notr kayaglar ve % 1,08’ ile
aliivyon alanlar iizerindedir (Sekil 4b ve 5).

Havza igerisinde en fazla ormanlik alan % 14,8 ile
kuzeybati bakida, en az orman varlig1 ise % 3,51 ile giiney
bakidadir. Orman arazi varliginin % 63,76’s1 golgeli bakida,
% 36,241 ise giinesli bakilar {izerindedir (Sekil 6).
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Tablo 3. Egim guruplarina gére bakilardaki arazi varligi (ha).
Table 3. Lands in aspects by slope groups (ha).
D K Kl

Egim (%) D KB G GD GB B Toplam
0-10 335,90 167,96 325,35 259,59 181,43 142,31 224,97 406,02 2.043,52
11_20 951,76 640,77 773,54 748,92 170,31 417,28 216,99 950,36 4.869,92
21 30 962,93 925,69 919,90 1.198,96 244,21 378,34 490,14 941,60 6.061,77
31_40 679,05 941,33 707,44 761,31 213,36 482,66 445,49 765,50 4.996,13
4150 302,82 485,38 321,60 535,36 123,62 216,66 219,25 325,74 2.530,42
51-60 18,80 165,31 18,80 246,95 33,24 20,02 69,99 141,13 714,23
Alan (ha) 3.251,26 3.326,44 3.066,63 3.751,09 966,17 1.657,27 1.666,83 3.530,35 21.216,00
Alan (%) 15,32 15,68 14,45 17,68 4,55 7,81 7,86 16,64 100,00
D: Dogu, K: Kuzey, KB: Kuzeybati, G: Giiney, GD: Giineydogu, GB: Giineybati, B: Bat1
Tablo 4. Egim guruplarina (%) gore ylikselti basamaklarindaki arazi varlig (ha).
Table 4. Land presence (ha) at elevation steps according to slope levels (%).
Yiikselti Kademeleri (m) Toplam Alan Alan
Egim (%) 0-300 301-600 601-900 901-1200 1201-1500 1501-1800 1801-2100 2101-2400 (ha) (%)
0_10 1.129,33 333,83 174,6 129,99 124 145,5 86,33 7,7 2.131,28 10,05
11_20 1.650,50 1.139,40 675,84 722,59 309,16 259,64 128,13 58,06 4.943,32 23,30
2130 736,67 1.254,70 1.180,70 950,65 765,56 330,9 1334 139,8 5.492,38 25,89
31_40 55,95 784,3 1.018,34 1.362,07 655,8 620,25 2874 88,5 4.872,61 22,97
4150 9,51 209,53 370,65 857,42 470,8 310,98 403,26 118,31 2.750,46 12,96
51 60 0 0 41,83 130,63 130 114,6 388 220,89 1.025,95 4,84
Toplam 3.581,96 3.721,77 3.461,96 4.153,35 2.455,32 1.781,87 1.426,52 633,26 21.216,01 100
a 1 b
:l
=
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Sekil 4: Pazar Hemgin Havzasindaki arazilerin egim guruplari (4a) ve jeolojik formasyonlara (4b) gore dagilimlari.
Figure 4: Distribution of the lands in the Pazar Hemsin Basin according to slope groups (4a) and Geological Formations (4b).

Havza genelinde yerlesim yeri kullanimlarinda
golgeli bakilar baskin durumdadir. Mevcut yerlesim
yerlerinin % 63,99’u golgeli bakilar tizerinde, % 36,01°1
giinesli bakilar iizerindedir. Havza igerisinde en genis
yerlesim yeri % 23,28 ile dogu bakida, en az yerlesim yeri
% 3,1 ile giiney bakidadir (Sekil 7).

Egime gore yerlesim alanlarinin oransal degeri
once artmakta, daha sonra tekrar azalmaktadir. En genis
yerlesim alan1 % 11-20 egim gurubunda, en diisiik yerlesim
alan1 % 0,08 ile % 51-60 egim gurubundadir. Yerlesim
alanlar1 ile egim guruplar1 arasinda R? = 0,831 ve y = -
2,1523x% + 9,6437x + 15,559 seklinde polinomvari bir
iligki belirlenmistir (Sekil 7). Egime gore en genis ziraat
alan1 % 38,35 ile % 11-20 egim gurubunda yer almaktadir.
Tarim arazilerinin % 58,95’1 %11-30 egim gurubunda yer
almaktadir (Sekil 8). Tarim arazilerinin egime gore
dagilimlar1 R* = 0,695 ile y = -0,5675x2 - 1,8389x + 31,71
seklinde ve polinomvari bir iliskiye sahiptir (Sekil 8).

Yerlesim (%)~ ®Tanm (%)  =Orman (%)
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Kumlu tiif
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Dasit lav tiif

Dasit bazik lav ve piroklastlar
Bazik anglomera split
Andezit_bazalt_lav ve piroklastlart

Aliiviyon

Alan (%)

Sekil 5. Orman, Tarim ve Iskan alanlarnin kayac guruplarina
gore dagilimlari.
Figure 5. Distribution of Forest, Agriculture and Residential

areas by rock groups.
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Sekil 6. Orman arazilerinin (ha) bakilara gore dagilim.
Figure 6. Distribution of forest lands (ha) by aspect.
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Sekil 7. Yerlesim yerlerinin (%) bakilara gore dagilimu.
Figure 7. Distribution of residential area (%) by aspect.
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Sekil 8. Ziraat ve yerlesim alanlariin egime gére dagilimu.

Figure 8. Distribution of agricultural and residential areas by
slope (%).
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TARTISMA VE ONERILER

Ulkemiz genelinde en genis arazi varlig1 (toplam
arazilerin %18°1) 1000-1250 metre yiikseltileri arasinda ve
Karadeniz bolgesindeki arazilerin %16’s1 1000-1200 metre
yiikseltileri yer alirken (Elibiiyiik & Yilmaz, 2010); Pazar
Hemsin deresi havzasinda en genis arazi varligi iilkemiz ve
Karadeniz bolgesi ortalamalarina kiyasla daha alt yiikselti
kademesinde (900-1200 m) yer almaktadir. Yine Rize
ilindeki farkli havzalarda arazilerin genis alanlarda
yayildigt yiikselti kademeleri birbirinden farklidir.
Caglayan havzasinda en genis arazi %13,54 ile 2401-
2700m yiikselti basamaginda (Yiksek vd., 2019), Firtina
havzasi firtina kolunda %16,75 ile 2700-3000m yiikselti
basamaginda ve Firtina havzasi Durak alt havzasinda
912,02 ile 600-900 m yiikseltileri arasinda yer almaktadir
(Yiiksek vd., 2020). Arazilerin sahip oldugu bu farkh
ozellikler Pazar Hemsin deresi havzasindaki arazi kullanim
sekillerinin planlamasinin bazi 6zellikleri itibariyle yerel,
bolgesel hatta ulusal diizeydeki arazi kullanim
planlamalarindan farkli olabilir. Bununla birlikte Pazar
Hemsin Havzasinda bakiya gore arazilerin dagilimi Rize
ilindeki Caglayan ve Firtina havzalar1 ile benzer
Ozelliktedir. Bu havzalarda yapilacak dogal kaynak
planlamalarinda ve mevcut planlarin yonetim sekillerinde
baki faktorii benzer sekilde dikkate almabilir. Tiirkiye
ortalama egiminin %17,3 ve Karadeniz bélgesinin
ortalama egiminin %26 oldugu dikkate alindiginda
(Elibiiyiik & Yilmaz, 2010) Pazar Hemsin havzasinin
ortalama egimi Tirkiye ortalamasindan 1,79, Karadeniz
bolgesi egim ortalamasindan 1,19 kati daha yiiksek bir
egime sahipti. Bu nedenle dogal kaynaklarin
stirdiiriilebilir planlanmasinda egim faktorii hem tek basina
hem de diger faktorler ile birlikte ele alinmalidir. Pazar
Hemsin havzasi Karadeniz bdlgesinin dogu kesimine (%
34,8) (Elibityiik & Yilmaz, 2010) kiyasla daha diisiik bir
ortalama egime sahiptir. Pazar Hemsin havzasinda toplam
arazinin %60,07si %0-30 egim yer almaktadir. Karadeniz
bolgesi genelinde en genis arazi %45,5 ile %20-50, Dogu
Karadeniz’de ise en fazla arazi %51,03 ile %20-50 egim
gurubunda yer almaktadir (Elibiiyiik & Yilmaz, 2010).
Ilgili degerlerden goriilecegi iizere Pazar Hemsin
havzasindaki araziler Karadeniz bolgesi ortalamalarina ve
Rize ilindeki iki biiyiik havzaya (Firtina ve Caglayan) gore
daha az egime sahiptir. Bu nedenle Pazar Hemsin
havzasindaki arazi planlamast ve yOnetiminde havza
karakteristiklerinin Tiirkiye geneline gore daha hassas,
Karadeniz bolgesi ve komsu havzalara kiyasla daha esnek
olabilir. Ancak Pazar Hemsin havzasinda dogal
kaynaklarin (arazi kullanimi, yerlesim yeri sec¢imi, yol
yapim c¢alismalari, kentsel ve kirsal alan alt yapi
calismalari, dere 1slah1 ve sel-taskin kontrol ¢calismalari vb)
stirdiiriilebilir planlanmasinda egim faktoriiniin dogru bir
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sekilde dikkate alindigi pek sdylenemez. Yine egim
faktoriinlin yagis akis lizerindeki etkileri yeterince dikkate
alimmadig i¢in havza genelinde sik araliklarla sel, tagkin
ve heyelan olaylar1 meydana gelmektedir. 1973-2010
yillar1 arasinda Pazar Hemsin deresi yagis havzasmin da
i¢cinde oldugu Rize ili havzalarinda 5 adet sel-tagkin
olayinda 48 kisi hayatin1 kaybetmis ve milyonlarca liralik
maddi hasar meydana gelmistir (Yiiksek, 2011). Karadeniz
bolgesinin Dogu Karadeniz béliimiinde oldugu gibi Pazar
Hemsin havzasi genelinde de 1. +11.+1I1. Smif tarimsal arazi
varligi fazla degildir. Bu nedenle mecbur kalmmadikga bu
arazilerin tarimsal faaliyetler disinda kullanilmamasi ve
tarim dist  kullammmu  konusunda ciddi  kisitlamalar
getirilmesi  son derece Onemlidir.  Kiiresel
degisiminin etkilerinin gii¢lii bir sekilde hissedildigi Rize
ilinde benzer afetlerin yasanmamasi igin planlamalarda
egim faktorii ve etkilerinin daha hassas bir sekilde dikkate
almmasiin ¢ok faydali olacagi s6ylenebilir.

Tarim arazileri farkli tip kayaglar, farkli yiikselti
ve egim kademeleri ve bakilar iizerinde yer almaktadir.

iklim

Tarim arazilerinin biiylik cogunlugunun %10-30 egim
gurubunda yer almasi arazi yetenek smiflarmm goz ardi
edildiginin agik bir kanitidir. Bir diger 6nemli husus
yiiksek egimli arazilerde arazi yetenek siniflarmin dikkate
almmadan tarim yapilmasi erozyon ve heyelan riskini daha
da artirmaktadir. Havza genelinde meydana gelen heyelan
olaylarinin en ¢ok tarim arazilerinde (¢ay ve misir vb)
meydana gelmesi bunun en agik kanitidir. Havzadaki tarim
arazileri farkli agro-ekolojik zonlar iizerindedir. Bu
nedenlerde  tarim planlamasinda  ve
yonetiminde farkli ozellikleri igerisinde barindiran bu
agro-ekolojik zonlarin dikkate alinmasi gerekir. Boylece
bir yandan tarim arazilerinden en yiiksek miktar ve kalitede
iriin elde edilirken; diger yandan tarim arazilerinin
stirdiiriilebilirligi giivence altina alinabilir.

Orman toplumlarmim siirdiiriilebilir planlama ve
yonetimlerinde kaya¢ guruplarinin dikkate alinmasi
gerekir. Ciinkii kaya¢ guruplarinin degismesi toprak tiirii
ve yapisinin farkli olmasina neden olabilmektedir. Toprak
tiirtiniin farkli olmasi agag tiirii se¢giminde dikkate alinmasi
gereken bir durumdur. Orman arazilerinin dagiliminda
golgeli bakilar hakim durumdadir. Orman alanlarinda agag
tirli secimi, isletme sekli, idare siiresi, toprak ve su
koruma, vb c¢alismalarmin  dogru  bir  sekilde
planlanmasinda baki faktorii hassas bir sekilde dikkate
almmalidir. Ciinkii baki faktoriiniin degismesi ile birlikte
yetisme ortami Ozellikleri (toprak ozellikleri, iklim
ozellikleri, vb) 6nemli 6l¢lide degismektedir (Cepel, 1978).
Baki faktoriiniin hem miinferit hem de diger faktorler ile
birlikte dikkate alinmasi, siirdiiriilebilir ormanciligin ve
stirdiiriilebilir kullanimlarinin ~ giivence altina
almmasi i¢in ¢ok faydali olabilir. Bunun sonucunda hem
arastirma havzasinda hem de Rize ve ¢evresindeki kiiresel

arazilerinin

arazi
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iklim degisiminin olumsuz etkileri azaltilabilir.

Pazar Hemsin Havzasi Tirkiye’nin en yagish
havzalarindan biridir. Yerlesim yerlerinde baki faktoriiniin
dogru bir sekilde dikkate alinmamasi, havza igerisinde
drenaj sorunu yaganmasina ve planlama calismalarinda
yagis-akig  iliskisinin  hatali  algilanmasmna neden
olmaktadir. Biitlin bunlarin sonucunda havza genelinde
cok ciddi sel, taskin ve heyelan olaylart meydana
gelmektedir. Bu hususun hatali algilanmasi, gelecekte cok
daha siddetli afetlerin havza igerisinde yasanmasinin olast
oldugu goriisiinii daha da kuvvetlendirmektedir. Yerlesim
yerlerinin se¢iminde egim ve baki faktorlerinin dogru bir
sekilde dikkate almmamasi mesken ve igyerlerindeki
1sitma ve sogutma giderlerinin de artmasina, nihayetinde
iilkemiz enerji maliyetlerinin yiikselmesine neden
olmaktadir. Mesken ve is yerlerinin olusturulmasinda bak1
ve egim faktorlerinin dikkate alimmamasinin bir diger
onemli sonucu mekanlarin gorsel kalitelerinin diismesi ve
yasam ortamindaki saglik kosullarmim bozulmasidir. Pazar
Hemsin Havzas1 bol yagisli olup yiiksek oranda yagis akis
degerine sahiptir. Bu nedenle yerlesim yeri planlama ve alt
yap1 ve lyilestirme calismalarinda kayag tiirleri mutlaka
dikkate alinmalidir. Dogal ortama ait jeomorfoloji (Boyraz
& Budak, 2017), tarihi ve sosyal sartlar (Yalginlar, 1967),
yiikselti, egim, baki (Sahin & Kaya, 2011), iklim (sicaklik,
nem, riizgar, vb) (Gedikli, 2018) su, tarim arazisi, yol
yerlesme yerlerinin secimi ve
konumlandirilmasinda belirleyici rol oynadigi pek cok
arastirmaci (Karagel & Karagel, 2010; Atasoy & Ozsahin,
2013; Esen & Avci, 2017) tarafindan belirtilmektedir.
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Oz Patellalar diinyanin birgok bolgesinde insan gidasi olarak tiiketilen canhlardandir fakat

*1=: https://orcid.org/0000-0002-9741-4167 literatiir incelendiginde, ekonomik olarak yeterince degerlendirilmeyen Patella sp. 6rneklerinin
: https://orcid.org/0000-0001-6882-3714 et kalitesi acisindan degerlendirildigi bir ¢alisma bulunmamaktadir. Bu nedenle ¢alismamizda,

: https://orcid.org/0000-0002-4142-3152 Patella sp. oOrneklerinin fiziksel, kimyasal ve mikrobiyolojik Ozelliklerinin arastirilmasi
amaglanmustir. Arastirma sonuglarina gore, Giresun ilinden {i¢ farkli istasyondan (Sanayi,
Eynesil, Piraziz) toplanan ve farklt mevsimlerde (ilkbahar, yaz, sonbahar, kis) analize alman
Patella sp. 6rneklerinin su aktivitesi degerleri 0,9909-0,9989, pH degerleri 6,87-7,76, kuru madde
degerleri %16,68-27,76, kiil degerleri %1,64-2,55 ve protein degerleri ise %3,65-15,40 olarak
belirlenmistir. Orneklerin mikrobiyolojik analizleri sonucunda, toplam mezofilik aerobik bakteri
sayisinin 7,98-8,96 log kob/g, koliform grup bakteri sayisinin 1,15-2,38 log kob/g, E.coli say1
ortalamalarinin 0,30-24,00 EMS/g, toplam psikrofil bakteri sayisinin 1,35-2,66 log kob/g, ve

*Sorumlu yazarin:

Cengiz MUTLU maya-kif sayisinin ise 5,09-6,76 log kob/g degerleri arasinda oldugu tespit edilmistir. Sonug
Giresun Universitesi, Miihendislik Fakiiltesi, olarak, Patella sp. oOmeklerinin et tiiketimi agisindan uygunlugunun degerlendirildigi
"(F:li:l:f ?ﬁhcndisng’i B, Gl calismamizda, orneklerin fizikokimyasal agidan tikketime uygunluk gosterdigi belirlenmistir.
IZ:czngiz.mutlu@giresun.edu‘tr Fakat ornekler mikrobiyolojik olarak tiiketim sinirlar1 {izerinde degerlere sahiptirler ve bu

degerler istasyonlar ile mevsimlere bagli olarak da degisiklik g6stermektedir.

Anahtar kelimeler: Et kalitesi, fizikokimyasal dzellikler, mikrobiyolojik 6zellikler, Patella sp.

Determination of Seasonal Variation in the Meat Quality of Patella sp. from Giresun Region

Abstract: Patella sp. are among the creatures consumed as human food in many parts of the
world, but when the literature is examined, Patella sp. there is no study in which samples were
evaluated in terms of meat quality. Therefore, in our study, it was aimed to investigate the
physical, chemical and microbiological properties of the Patella sp. samples. According to the
results of the study, the water activity (0.9909-0.9989), pH (6.87-7.76), dry matter (16.68-
27.76%), ash (1.64-2.55%) and protein (3.65-15.40%) values of the Patella sp. samples, was
collected from three different stations (Sanayi, Eynesil, Piraziz) from Giresun province and
analyzed in different seasons (spring, summer, autumn, winter). As a result of the microbiological
analysis of the samples, the total mesophilic aerobic bacteria values of the Patella sp. samples
were found to be 7.98-8.96 log cfu/g. The coliform group bacteria number of the samples was
determined as 1.15-2.38 log cfu/g, E. coli number averages of the samples are 0.30-24.00 EMS/g.

@i S Total psychrophil bacterial values, it is seen that they have values between 1.35-2.66 log cfu/g

Cengiz MUTLU Patella sp. has a value between 5.09-6.76 log cfu/g in terms of yeast-mold number. Consequently,
Giresun University, Faculty of Engineering, in our study, the suitability of the Patella sp. samples in terms of meat consumption was evaluated
gfr‘giﬁ?‘}“ljr‘l’;)'f“"""“mema' Engineering, and it was determined that the samples were suitable for consumption in terms of
g;Cen'giz_muﬂu@giresun_edu_tr physicochemical. However, the samples have values above the consumption limits

microbiologically and these values also vary depending on the stations and the seasons.

Keywords: Meat quality, microbiological properties, Patella sp., physicochemical properties.

U Bu ¢alisma yiiksek lisans tezinden iiretilmistir. This study was produced from a master's thesis.
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GIRIS

Diinya niifusunun artisi1 ile beraber, gida ihtiyacinin
karsilanabilmesi icin gida iiretimi de artmaldir. Insan
beslenmesi agisindan gida kaynaklarmin arasinda su
irtinlerinin 6nemi biiyiliktiir. Su triinleri protein igerigi
bakimindan zengindir. Yagda ¢oziinen A, D, E, K vitaminler
ile kalsiyum, iyot, fosfor gibi Onemli mineralleri
icermektedirler. Yapilarindaki doymamis yag asitleri
nedeniyle kandaki kolesterol seviyesini azaltmasi ve diigiik
kalori degerlerine sahip olmalarindan dolayi, tiiketiciler
tarafindan diyet gidalar olarak da tercih edilmektedirler
(Gogiis & Kolsarici, 1992). Balikeilik disinda diger avlanan
deniz mahsullerinden (kum midyesi; akivades ve beyaz kum
midyesi, deniz salyangozu, karidesler; tiim tiirler, midye;
kara ve killi midye ve miirekkep balig1) toplam {iiretimde
%73,75 oraniyla en yiiksek paya Kum Midyesi sahiptir.
Diger en yiiksek avlanan su {iriinii ise %16 oraniyla deniz
salyangozudur (TUIK, 2020). Tiiketime uygunluk acisindan
degerlendirildiginde, midyeler yasadiklar1 bolgeye gore
cesitli bakterileri barindirabilmektedirler. Av yapilan bolge
midye kalitesini 6nemli dl¢iide etkilemektedir (Mol, 2006).
Kaliteli midye i¢in;
saglanmasmin ve sularm giivenligini izlemenin 6nemi ve
midyelerin uygun sekilde islenmedigi zaman insan sagligi
acisindan risk olan ¢ok sayida patojen mikroorganizma
icerebilecegi Kiling vd., (2014) tarafindan agiklanmistir.
Genel olarak su kaynaklarinin fiziksel, kimyasal ve
mikrobiyolojik kalitesi, evsel ve kati atiklardan birinci
derecede etkilenmektedir. Ozellikle Giresun il smurlari
dahilinde su kaynaklarindaki fizikokimyasal degisim (Mutlu
vd., 2018; Uncumusaoglu vd., 2016; Uncumusaoglu &
Akkan, 2017), mikrobiyolojik degisim (Akkan & Colaker,
2020; Akkan & Topkaraoglu, 2019; Akkan vd., 2019) ve
hatta tatlisu, deniz suyu ve balik 6rneklerinden izole edilen
bakterilerde yiiksek antibiyotik diren¢ profilinin rapor
edildigi bilinmektedir (Akkan, 2017; Akkan & Mutlu, 2016;
Sipahi vd., 2013). Ilaveten, Polat & Akkan (2016) yapmis
olduklar ¢alismada Giresun kiyr seridi deniz suyunda agir
metal ve anyonik deterjan kalintisi tespit etmislerdir.

Limpetler, diinya ¢capinda kayalik kiyilardaki en iyi
bilinen deniz otoburlar1 arasmdadir (Jenkins vd., 2005).
Diyatomlar, sporlar, makroalg ve omurgasizlarin diger
propagiilleri dahil olmak iizere esas olarak siyanobakteriler
ve mikroalglerden olusan mikrobiyal biyofilmlerle
beslenirler (Jenkins wvd., 2005; Coleman vd., 2006).
Ulkemizde Cin sapkasi veya tas midyesi olarak adlandirilan
patella tiirleri; kayalik sahillerde deniz icerisinde ya da deniz
seviyesinin hemen iist kisminda bulunurlar (Oztiirk & Ergen,
1999). Deniz kiyilarindaki kayalik gel-git bolgelerinde,
dalgalar tarafindan 1slatilan taslar iizerinde, supralittoral
zonda, mediolittoral zonda ve stinfralittoral zonda
bulunurlar. Patellidae familyas: diinyada 34 tiir ile, patella

tiretimi sularm  gilivenliginin
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cinsi 9 tiir ile temsil edilir. Akdeniz’de 6, lilkemizde ise 3 tiir
ile temsil edildigi bildirilmektedir (Giingdr, 2011 ).

Patellalar diinyanin bir¢ok bolgesinde insan gidasi
olarak tiiketilen canlilardandir (Gozler vd., 2003). Literatiire
bakildiginda Diinya’da ve Tiirkiye’de midye ve islenmis
midye iizerine yapilmis birgok c¢alisma bulunmaktadir
(Kiling vd., 2018). Fakat Patella sp.’nin et Kalitesi agisindan
degerlendirildigi herhangi bir calisma bulunmamaktadir. Bu
calismada, kiy1 sularimizdaki gel-git alanlarinda dolgu ve
dogal kayalarin lizerine kendini yapistirarak yasayan ve
Tiirkiye’de yeterince ekonomik olarak degerlendirilmeyen
Patella sp.’nin et kalitesi agisindan degerlendirilmesi
amaglanmistir. Bu amagla ¢alismada; Giresun kiy1 seridinde
yer alan 3 farkli bolgeden toplanan (Sanayi, Espiye ve
Piraziz istasyonlar1) Patella sp.’larin fiziksel, kimyasal ve
mikrobiyolojik analizleri yapilarak mevsimsel agidan et
kalitesindeki degisimler yorumlanmustir.

MATERYAL VE METOT

Materyal: Arastirma, 4 mevsimi kapsayacak
sekilde Nisan 2019—Ocak 2020 tarihleri arasinda (sonbahar,
kis, ilkbahar, yaz mevsimlerinde) Giresun ili sahil
seridindeki deniz ile irtibath kayalik alanlardan (gel-git
alanlar1) temin edilmistir. Bu amagla 6rnekleme istasyonu
olarak Giresun Merkez (Sanayi 6nil) koordinat
(40°54'49.4"K, 38°25'29.2"D), Eynesil kiy1 seridinde
(41°04'05,5"K, 39°08'46,7"D) koordinattan ve Piraziz kiy
seridindeki (40°56'59,2"K, 38°09'41,6"D) koordinattan
secilmistir.

Fiziksel analizler: Patella sp. orneklerinin su
aktivite degerleri, 25 °C sicaklikta, Aqualab 4TE (Meter
Group, Inc., USA) marka su aktivitesi tayin cihazi
kullanilarak belirlenmistir. Analiz periyodu boyunca
orneklerinin, beyaz standart ylizey iizerinde, HunterLab
MiniScan EZ (Hunter Assoctes Laboratory, Inc., USA) ile
L (agiklik) , a" (kirmuzi-yesil) ve b™ (sari-mavi) renk
parametreleri Ol¢lilmistiir. Patella sp. 6rneklerinin renk
degisimleri (4E"), asagida esitlikten (1.1)
yararlanilarak hesaplanmistir.

verilen

AE=[(Lo-LY+ (a0~ @) + (be" - b)¥2 (1.1)

Esitlikte yer alan Lo, a, ve be standart yiizeyin renk
parametreleri iken, L, a ve b degerleri, 6rneklerin renk
parametreleridir.

Kimyasal analizler: Patella sp. 6rneklerinin pH
degerleri, 10 gram 6rnek, 90 mL distile suda homojen hale
getirildikten  sonra, Mettler-Toledo  (Mettler-Toledo
International Inc., Switzerland) marka pH metre ile
yapilmustir. Orneklerin ham kuru madde miktarlari ile ham
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kiil analizleri Silleyman (2016)’a gore yapilmistir.
Aragtirmada Patella sp. Orneklerinin  protein tayini
A.O.A.C, 981.10 (1984) metoduna gore, Kjeldahl
metoduyla yapilmig olup, 6rnekler 6,25 ¢arpim faktorii ile
carpilip hesaplanmis, sonuglar kuru madde esasina gore
belirlenmistir.

Mikrobiyolojik analizler: Laboratuvara aseptik
sartlarda getirilen numuneler, steril bir cam kap icine
alinarak kabin agzi hijyenik olarak kapatilmistir. Aseptik
sartlarda 10 g ornek, 90 mL steril Maximum Recovery
Diluent Broth (MRD, Merck) besiyeri ile steril Stomacher
posetine aktarilmistir. Stomacher’de 60 saniye homojenize
edilerek elde edilen soliisyondan, steril bir pipetle 1 mL
cekilerek 9 mL MRD Broth (Merck) bulunan deney
tiiplerine aktarilmigtir. Bdylece 6nce 102’1k, ayn1 islemler
tekrarlanarak 10"ye kadar seri diliisyonlar elde edilmistir
(ISO 6887-1, 1999). Patella sp. orneklerinin toplam
mezofilik aerobik bakteri sayist (TMAB) Plate Count Agar
(PCA, Merck) besiyerinde yayma yontemi uygulanarak, 37
°C’de 24 saat inkiibasyon sonucunda olusan koloniler
sayilarak belirlenmistir (FDA, 1995). Toplam psikrofilik
bakteri sayisi, Plate Count Agar (PCA, Merck) besiyerinde
yayma yontemi uygulanarak 7°C’de 10 giin inkiibasyon
sonrasinda olusan koloniler sayilarak belirlenmistir (Turan
ve Onay, 2015). Koliform grup bakteri sayisinin
belirlenmesinde, Violet Red Bile Agar (VRB Agar, Merck)
besiyeri kullanilarak, petri kutular1 37 °C’de 24 saat inkiibe
edilmis ve sayim sonuglar1 almmustir (Ozen & Coskun,
2014). Patella sp. 6rneklerinin E. coli sayimin yapilmast igin
3’1li Tiip En Muhtemel Sayim (EMS) yontemi kullanilmistir.
Bu amagla 9 mL olarak hazirlanan, durham tiipii igeren steril
Laurel Sulfate Broth (LST) besiyerlerine hazirlanan seri
dilisyonlardan 1’er mL olarak ekim yapilmistir. Ekim
sonrasi 37 °C’de 24 saat siireyle inkiibasyona birakilan tiipler
berraklik/bulaniklik ve gaz olusumu agisindan kontrol
edilmistir. Bulaniklik ve gaz olusumu tiipler pozitif olarak
kabul edilmistir ve bu pozitif tiiplere 1 mL kovacs indol
ayract damlatilmigtir. 1 dakikalik bekletme siiresi sonunda
tiip yiizeyinde visne ¢iiriigii rengi olusumu goézlenen tiipler
E.coli pozitif olarak kabul edilmiy ve EMS
tablosundanyararlanilarak sonu¢ EMS/g olarak verilmistir.
Toplammaya ve kif  sayimi igin %10’Tuk
tartarik asit ile pH’s1 3,5’eayarlanmig, Patato  Dekstroz
Agar (PDA, Merck)kullanilmigtir. Ekimi yapilan petri
kutular1 25 °C’de 5 giininkiibe edilerek toplam maya ve
kiif sayisi tespit edilmistir
(Inal, 1992).

Istatistiksel analizler: Orneklerin analiz sonuglari
tesadiif bloklar1 deneme planina gére Windows SPPS 20.0
software istatistik paket programi (SPSS Inc., Chiago, IL,
USA) kullanilarak yorumlanmigtir. Arastirma sonuglari tek
yonlii varyans analizi kullanilarak degerlendirilmis ve 6nem
farkliliklar1 Duncan ¢oklu Kkarsilagtirma testine gore
belirlenmistir.
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Patella sp. 6rneklerinin mevsimlere ve istasyonlara
gore degisen su aktivitesi deger ortalamalar1 Sekil 1°de
gosterilmigtir. Arastirma sonuglarma gore, en diigik su
aktivitesi degeri 0,9909+0,00 olarak ilkbahar mevsiminde
Sanayi istasyonundan toplanmis  Orneklerde  tespit
edilmisken, en yiiksek su aktivitesi deger ortalamalar1 ise
0,9989+0,00 olarak kis mevsiminde Eynesil istasyonundan
toplanan Orneklerde tespit edilmistir. Sekil 1°de de
g0rildiigii tizere istasyonlar arasindaki su aktivitesi degerleri
arasinda istatiksel olarak onemli bir fark bulunmamakla
birlikte; ilkbahar-sonbahar, yaz-sonbahar ve ilkbahar-kig
mevsimlerinin su aktivitesi deger ortalamalari arasinda
anlamli bir farklilik vardir (p<0,05). Bilindigi lizere, su
aktivitesi yiiksek gidalar mikroorganizmalarin gelismesine
cok elverisli gidalardir. Bu agidan ornekler
degerlendirildiginde, su aktivitesi degerleri 1’e oldukga
yakin oldugu i¢in kolay bozulabilir ve patojen
mikroorganizma gelismesine elverigli gidalar grubunda
degerlendirilebilirler. Bu nedenle, orneklerin toplanma
sonrasi isleme ve depolama kosullarina dikkat edilmesi
6nem arz  etmektedir. Literatiirdeki ~ caligmalar
incelendiginde, midye 6rneklerinin su aktivitesi degerlerinin
Olglilmedigi fakat igerdikleri su oranlarmin belirlendigi
goriilmektedir. Bu c¢aligmalardan biri olan Kaba &
Erkoyuncu (2005) tarafindan yapilan cesitli sekillerde
islenen midyelerin (Mytilus galloprovincialis, Lamarck,
1819) su oran1 %83,3 olarak tespit edilmistir. Turan & Onay
(2015) tarafindan yine ayni midye tiirlerinde yapilan farkli
bir c¢alismada ¢ig midyelerin ortalamalar1
%84,23+0,82 olarak, haglanmis midye &rneklerinin su orani
ortalamalari ise %76,18+0,39 olarak tespit edilmistir.

Farkli istasyonlardan alinan Patella sp. 6rneklerinin
mevsimlere bagl olarak gosterdigi pH degisimleri Sekil
2’de gosterilmistir. Aragtirma sonuglarina gore 6rneklerin
pH ortalamalarmm 6,87—7,76 degerleri arasmnda degistigi
goriilmektedir. Elde edilen veriler istatiksel olarak
incelendiginde, mevsimlere bagli olarak pH degisimleri
arasinda anlamli bir farkhilhik bulundugu goriilmektedir.
[lkbahar-kis, yaz-kis ve sonbahar-kis mevsimleri arasinda
pH ortalamalar1 arasinda anlamli bir farklilik bulunmaktadir
(p<0,05). pH degerlerinin istasyonlara bagl olarak
degisimleri incelendiginde ise, istasyonlar arasindaki farkin
istatiksel olarak 6nemli olmadig1 tespit edilmistir (p<0,05).
Calismanmiz sonuglarma benzer olarak, Ozalp (2008)
tarafindan yapilan ¢alisgmada midye 6rneklerinin pH degeri
ortalamalar1 7,03%0,09 olarak bulunmustur.

Yapilan analizler sonucunda elde edilen Patella sp.
orneklerine ait kuru madde, kiil ve ham protein degerleri (%)
Tablo 1°de gosterilmistir. Tablo 1’de gosterildigi gibi,
Patella sp. drnekleri en yiiksek kuru madde degerine tiim
istasyonlar i¢in yaz aylarinda sahiptirler. En diisiik kuru

su orani
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madde degeri %16,68+0,10 kis mevsiminde Piraziz
istasyonundan alinan orneklerde tespit edilmis iken, en
yiiksek kuru madde degeri ise %27,76+4,03 olarak yaz
mevsiminde Sanayi istasyonundan alinan 6rneklerde tespit
edilmistir. Temin edilen &rnekler kuru madde degeri

0,998
0,99
0,994
0,992

0,99
0,988

0,986

Su aktivitesi degerleri
]

ilkbahar Yaz Sonbahar Kis
Mevsimler

M Sanayi MPiraziz MEynesil

Sekil 1. Patella sp. 6rneklerinin su aktivitesi degerleri.
Figure. 1. Water activitiy values of the Patella sp.

agisindan  degerlendirildiginde; elde edilen degerlerin
yalnizca mevsimsel olarak farklilik gosterirken, istasyonlar
bazindan herhangi bir farklilik gézlemlenmemistir (p<0,05)
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Sekil 2. Patella sp. 6rneklerinin pH degerleri.
Figure 2. pH values of the Patella sp.

Tablo 1. Patella sp. 6rneklerine ait kuru madde, kiil ve ham protein degerleri.

Table 1. The dry matter, ash and protein values of the Patella sp.

Kimyasal ézellikler istasyonlar* ] Mevsimler*

(%) ilkbahar Yaz Sonbahar Kisg
Sanayi 22,734+0,57A 27,76+4,03°A 22,51+1,75%A 17,05+0,07¢A
Kuru madde Piraziz 21,46+0,65% 24,59+0,04°A 18,95+1,36A 16,68+0,10°A
Eynesil 21,47+0,70%A 25,05+1,56°A 19.97+0,73*A 18,62+0,17°A
Sanayi 1,68+0,00%A 1,65+0,08%A 1,44+0,09%A 2,05+0,073A
Kiil Piraziz 1,84+0,07°A 2,67+1,18%A 1,85+0,14%A 2,55+0,773A
Eynesil 1,72+0,10%A 1,64+0,15%A 1,78+0,27%A 1,64+0,07%4
Sanayi 3,85+1,10%A 7,35+0,70%A 5,69+1,60%4 12,82+2,28%
Ham protein Piraziz 3,65+0,56°A 5,32+0,09%A 4,11£0,372A 15,40+1,48°A
Eynesil 7,061,148 10,0440,30%8 13,74+0,12°8 13,39+6,06°A

* Ortalama ve std. hata; a-c: Aymi satirdaki farklr iist simgeler p<0,05 seviyesinde énemli bir fark oldugunu gosterir; A-B: Aym siitundaki farkli tist simgeler p<0,05 seviyesinde

6nemli bir fark oldugunu gosterir.

Tablo 2. Patella sp. érneklerinin renk degerleri
Table 2. Colour values of the Patella sp.

5 . ; " Mevsimler*
Renk degerleri Istasyonlar Tikbahar Yaz Sonbahar Kis

Sanayi 29,494,998 26,7242,35% 32,21+1,73°¢ 22,88+1,49%4

*L Piraziz 22,44+1,88%A 24,70+3,32%0A 26,03+1,65° 20,95+3,924
Eynesil 25,67+4,16248 25,67+2,00% 29,14+3,72%8 33,30+1,65°®

Sanayi 8,93+0,56°F 6,55+0,85%8 6,55+0,6428 10,271,124

*a Piraziz 7,76£1,720A 3,34+0,93A 4,85+1,37°%A 9,36+1,62°A
Eynesil 8,62+2,43%8 5,73+0,71%® 7,94+2,20%8 13,27+0,67°8

Sanayi 33,40+2,19°8 18,03+2,72°¢ 17,97+0,91%8 32,58+0,83%8

*b Piraziz 28,51+4,46°A 11,2342,314 13,60+2,49°A 29,00+2,67°A
Eynesil 32,97+7,09¢8 14,85+1,16%® 18,71+3,17°8 35,58+4,37°C

Sanayi 75,34+4,7T7°A 72,53+1,61°A 67,26+1,412A 81,18+1,79°A
*AE Piraziz 79,68+3,138 72,7342, 7924 72,03+1,45%8 81,56+2,490A
Eynesil 78,655,228 72,612,118 70,73+2,93248 74,17+2,57°8

* Ortalama ve std. hata; a-c: Ayni satirdaki farklr tist simgeler p<0,05 seviyesinde 6nemli bir fark oldugunu gosterir; A-C: Aym siitundaki farkli st simgeler p<0,05 seviyesinde

6nemli bir fark oldugunu gosterir.

Calisma sonuglarimiza benzer olarak, Siileyman
(2016) tarafindan yapilan Dogu Karadeniz Bolgesi’ndeki
kara midyenin (Mytilus galloprovincialis, Lamarck, 1819)
biyokimyasal kompozisyonu hakkindaki ¢aligmada, midye
orneklerinin kuru madde deger ortalamalar1 %18,95 olarak
belirlenmistir. Bilindigi {izere gidalarda kiil analizi, 6rnek
icerigindeki inorganik madde miktarmm belirlenmesi
amaciyla yapilmaktadir. Tablo 1’de gosterilen kiil
degerleri incelendiginde, kuru madde degerlerinin aksine
en yiiksek kiil degerlerinin kis mevsiminde tespit edildigi
goriilmektedir. En yiiksek kiil degeri %2,55+0,77 olarak
kis mevsiminde Piraziz istasyonundan elde edilen
orneklerde belirlenmis iken, en diisik kil degeri

%1,64=+0,15 olarak yaz mevsiminde Eynesil istasyonundan
elde edilen 6rneklerde belirlenmistir. Kiil degerlerindeki
mevsimsel ve istasyona bagli degisimler ise istatiksel
olarak o6nemli bulunmamigstir (p<0,05). Calismamiz
sonuglarina benzer olarak, Ozalp (2008) tarafindan midye
orneklerinin kil miktarlarmm  %1,16+0,53 olarak
bulunmustur. Siileyman (2016) tarafindan yapilan bir
baska caligmada ise, midye Orneklerinin kiil miktar
ortalamalar1 %1,70 olarak belirlenmistir. istasyonlardakj
protein deger ortalamalar1 arasinda ise farklilik
bulunmamaktadir (p<0,05). En diigiilk ham protein degeri
% 3,65+0,56 olarak ilkbahar ayimda Piraziz istasyonunda
tespit edilmis iken, en yiiksek protein orani ise yine Piraziz
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istasyonundan yaz ayinda %15,40+1,48 olarak tespit
edilmistir. Caligma sonuglarimiza benzer olarak, Stileyman
(2016) tarafindan yapilan ¢alismada midye o6rneklerinin
ortalama protein degerleri %12,04 olarak bulunmustur.
Ozalp  (2008)  calismasinda  midye  (Mytilus
galloprovinciallis L.) etinin protein deger ortalamalarini
ise 210,80 olarak belirlemistir. Bilindigi tiizere, su
irtinlerinin  kimyasal kompozisyonlarinin avlandiklari
bolgeye, avlandiklar1 mevsime, beslenme durumuna, gevre
sicakligina, iriligine, yasina, cinsiyetine ve diger faktorlere
bagli olarak degisim gdstermektedir. Bu durum,
calismamizda elde ettigimiz biyokimyasal sonuglardaki
farkliliklar1 agiklamaktadir. Ayrica, ortamlari olan su
sicakligy, tiikettigi besin maddeleri ve biiylime periyodu
gibi cesitli faktdrler su tiriinlerinin et verimini, mikrobiyal
karakterizasyonunu ve biyokimyasal kompozisyonunu
etkilemektedir (Orban vd., 2002). Bu durum ¢alismamiz
sonuglarmda elde ettigimiz mevsimsel farkliliklar
agiklamaktadir.

Patella sp. orneklerine ait renk degerleri Tablo

2’de gosterilmistir. Analizlerde renk Slgiimlerinde Hunter
kolorimetresi kullanilmigtir. Hunter kolorimetresinde ii¢
renk degeri vardir; * a degeri kirmiz1 veya yesilligi, * b
degeri sarilik veya maviligi, * L degeri ise 0 (siyah) ve 100
(beyaz) arasindaki aydinlik derecesini Olger. Buna gore
orneklerin *L degerleri incelendiginde, en kiicik *L
degerinin 22,44+1,88 olarak Piraziz istasyonunda ilkbahar
mevsiminde, en yiiksek *L degerinin ise 33,30+1,65 olarak
Eynesil istasyonunda Kis mevsiminde tespit edildigi
goriilmiistiir. *L degerleri arasinda hem istasyonlar hem de
mevsimlere gore istatiksel olarak anlamli bir farklilik
bulunmaktadir (p<0,05). Tablo 2’de goérildigi gibi
orneklerin *a degerleri 3,34+0,93 — 13,27+0,67 arasinda
degismektedir. *L degerine benzer olarak en yiiksek *a
degeri de kis mevsiminde Eynesil istasyonunda tespit
edilmistir. Yine *a degerleri arasinda hem istasyonlar hem
de mevsimlere gore istatiksel olarak anlamli bir farklilik
bulunmaktadir  (p<0,05). Orneklerin *b  degerleri
incelendiginde ise en yiiksek *b degerinin 35,58+4,37
olarak diger renk degerlerine benzer sekilde Kis
mevsiminde Eynesil istasyonunda tespit edilmisken, en
diisiik *b degeri 11,2342,31 olarak yaz mevsiminde Piraziz
istasyonunda  tespit  edilmistir.  Orneklerin  renk
degisimlerini ifade eden *4E degeri incelendiginde ise; bu
degerin  67,26+1,41 — 81,56+£2,49 arasinda degistigi
goriilmektedir. *4F deger ortalamalar1 arasindaki degisim
hem istasyonlara hem de mevsimlere gore istatiksel olarak
anlaml farklilik gostermektedir (p<0,05).

Gida frtinlerinin ve bulundugu ortamin hijyen
kontrollerinde ve gidalarin raf dmriiniin tespitinde Toplam
Mezofilik ~ Aerobik Koloni (TMAB) sayisl
kullanilmaktadir. TMAB sayist arttik¢a hijyen kalitesinin
diistiigii ifade edilmektedir (Unliitirk & Turantas, 2003).
Gida uzmanlar1 ve midye dolma iizerine yapilan
calismalara gore; meze tipi yiyeceklerde, hazir yemeklerde
ve islenmis yumusakcalarda (kabuklular-cift kabuklular)
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TMAB sayisinin 5 log kob/g’1 gegmemesi onerilmektedir
(CFS, 2014). Su iriinleri yonetmeligi (2003)’e gore ise
tiiketilebilir sinir deger 6 log kob/g’dir. Yapilan ¢aligmada
Patella sp. orneklerine ait TMAB ortalama degerlerinin
mevsimlere ve istasyonlara bagli olarak degisimleri Sekil
3’de gosterilmistir. Sekil 3’te de gorildigi iizere, en
yiiksek TMAB bakteri sayist kis mevsiminde 8,96+0,19
log kob/g olarak Eynesil istasyonunda tespit edilmis iken,
en diisik TMAB sayis1 ise 7,98+0,17 log kob/g olarak
Sanayi istasyonundan alman Orneklerde ilkbahar
mevsiminde tespit edilmistir. Calismamizda elde edilen
TMAB sayilar1 tavsiye edilen ve tiiketilebilir smir
degerlerin iizerindedir. Istatiksel olarak TMAB sayi
ortalamalar1  degerlendirildiginde, mevsimlerdeki ve
istasyonlardaki TMAB ortalamalar1 arasinda bir farklilik
bulunmamaktadir (p<0,05). Literatiir incelendiginde
Patella sp.’nin mikrobiyolojik 6zelliklerine ait ¢aligma
orneginin olmadigr goriilmektedir. Caligmamiza benzer
olarak Giingériir & Bostan (2019) yapilan bir ¢aligmada,
TMAB sayis1 agtk mekénlarda satisa sunulan midye dolma
orneklerinde 2,20-7,23 log kob/g (ortalama 6,27 log
kob/g), kapali mekéanlarda satiga sunulan midye dolma
orneklerinde ise 2,11-5,34 log kob/g (ortalama 4,27 log
kob/g) arasinda saptanmistir. Turan & Onay (2015)
tarafindan yapilan bir bagka calismada, ¢ig midyelerin
TMAB sayist 3,58 log kob/g seklinde belirlenmis olup
haglandiktan sonra bu degerin 1s1l islem etkisiyle 3,16 log
kob/g’a distiigii belirlenmistir. Kiling vd., (2018)
tarafindan yapilan farkli bir ¢alismada ise, Izmir’in iic
farkli bolgesinde (A,B,C) kis mevsiminde satiga sunulan ve
marketlerden rastgele ornekleme yontemiyle aliman ve
incelenen midye dolma orneklerinin TMAB sayilarinin

<10- 4,6x10° kob/g arasinda degistigi tespit edilmistir.
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Sekil 3. Patella sp. 6rneklerinin Toplam Mezofilik Aerobik
Bakteri sayilari
Figure 3. Total mesophilic aerobic bacteria values of the Patella

sp.
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Koliform grup Gram negatif bakteriler c¢esitli
gidalarda sikga aranan bakterilerdir. Temiz sularda avlanan
balik ve diger yenilebilir su {irlinlerinde genellikle
bulunmazlar. Fekal koliform grup bakterilerin varligi,
yetersiz isleme kosullarmi veya islemden sonraki
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bulagmayt gosterir (Patir vd., 2011). Midyelerin kirli
sularin ¢ok oldugu bolgelerde yetismesinden dolayi, pek
¢ok patojen mikroorganizmay1 icermesi ¢ig olmasinin yani
sira az pismis olarak tliketilmesinin ¢ok biiyiik saglik
problemlerine yol agacagi bilinmektedir (irkin vd., 2007).
Bu agidan degerlendirildiginde, koliform bakteri sayisinin
¢ok diisiik c¢ikmasi ise midyelerin bulunduklar1 ve
toplandiklar1 bolgenin fekal agidan temiz olmasindan
kaynaklanmaktadir. Su Uriinleri Yonetmeligi (2003)’e
gore ¢ift kabuklu yumusakgalar i¢in maksimum simnir deger
2 log kob/g’dir. Caligmamizda koliform grup bakteri
sayisinin ~ 1,15+0,21-2,38+0,11 log kob/g degerleri
arasinda degistigi tespit edilmistir. Bu degerler Su Uriinleri
Yonetmeliginde belirtilen sinir degerler igerisindedir. Sekil
4’te orneklerin koliform bakteri sayis1 gosterilmistir.
Koliform bakteri sayr ortalamalar1 arasinda hem
mevsimsel hem de istasyonlara bagli olarak istatiksel
olarak farklilik bulunmamaktadir (p<0,05).

‘Hub

ilkbahar Yaz

B

Koliform Bakteri Sayisi (kob log/g)
~

il

Sekil 4. Patella sp. 6rneklerinin koliform bakteri sayisi.
Figure 4. Coliform bacteria number of the Patella sp.

Sonbahar
Mevsimler

W Sanayi M Piraziz Eynesil

E. coli, Enterobacteriaceae familyasina ait
bakteridir. Hijyen indikatorii olmast itibariyle gida hijyeni
kontrollerinde 6nem tagir. Bunun yani sira bazi E. coli
suslarmm patojenik ozellik gosterdigi de bilinmektedir
(Glingoriir & Bostan, 2019). Calismamizda, 6rneklerin E.
coli analizleri En Muhtemel Sayr yontemine gore
yapilmustir. Patella sp. 6rneklerine iligkin E. coli analiz
sonuglar1 ise Tablo 3’te gosterilmistir ve analiz sonuglari
EMS/g olarak verilmistir. Tablo 3’deki
incelendiginde en diisikk E. coli ortalama degeri 0,30
EMS/g olarak tespit edilmigken, en yiiksek E. coli degeri
ise 24,00 EMS/g olarak tespit edilmistir. Tirk Gida
Kodeksi Mikrobiyolojik  Kriterler — Yonetmeligi’'nde
tiiketime hazir her tiirlii salata, sarkditeri iirtinleri ve soguk
mezeler vb. gida iiriinlerinde E. coli limiti 1 x 10* kob/g (1
log kob/g) olarak belirtilmistir (TGK, 2011). Yapilan farkl
bir ¢alismada, midye etlerinin ¢ig olarak yenebildigi gibi
hafif pismis durumda tiiketildigi, bu nedenle canl
midyelerde E. coli 10> kob/g’i gecmiyorsa isleme
alinabilecegi belirtilmektedir (Irkin vd., 2007). Buna gére
orneklerimizin E. coli degerleri mevsimlere ve istasyonlara
gore belirtilen limitleri astig1 gortilmektedir.

sonuglar
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Tablo 3. Patella sp. 6rneklerinin E.coli sonuglari (EMS/g).
Table 3. E.coli results of Patella sp.

Mikrobiyolojik Mevsimler
Analizler istasyon  ilkbahar  Yaz  Sonbahar  Kis
Sanayi 2,30 15,00 24,00 0,74
E.coli Piraziz 0,30 7,50 0,30 0,36
Eynesil 0,30 0,92 15,00 0,74

Arastirmamizda elde edilen toplam psikrofilik
bakteri analizleri sonucunda, en yiiksek psikrofil bakteri
sayisinin yaz mevsiminde Sanayi istasyonunda 2,66+0,02
log kob/g olarak, en diisiik bakteri sayisi yine Sanayi
istasyonunda 1,35+0,48 log kob/g olarak tespit edilmistir.
Sekil 5°de Patella sp. orneklerinin toplam psikrofilik
bakteri sayilart gdosterilmistir. Aragtirma sonuglari
istatiksel olarak yorumlandiginda hem mevsimsel hem de
istasyonlardan kaynakli olarak anlamli bir farklilik
bulunmamaktadir (p<0,05). Arastirma sonuglarina benzer
olarak, Turan vd., (2012) 3,23 log kob/g psikrofil bakteri
yiikiine sahip olan midyelerin 4. giin sonundaki yiiklerini
stre¢ filmlenen ve suda saklanan gruplarda 6,07-6,17 log
kob/g olarak bulmustur.
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Sekil 5. Patella sp. drneklerinin toplam psikrofilik bakteri sayisi.
Figure 5. Total psychrophil bacteria number of the Patella sp.

Patella sp. orneklerine ait toplam maya-kif
sonuglar1 Sekil 6’da gosterilmistir. Sekil 6’da da goriildiigii
tizere; en yilksek maya-kiif sayis1 Piraziz istasyonunda
5,09+0,03 log kob/g olarak kis mevsiminde tespit
edilmisken, en yiiksek maya-kiif ortalama degeri ise yine
Piraziz istasyonunda 6,76+0,03 log kob/g olarak tespit
edilmistir. Istatiksel olarak, istasyonlardaki ortalama
maya-kiif sayr degerleri arasinda anlamli bir farklilik
bulunamamaktadir  (p<0,05). Mevsimsel olarak ise
ortalama maya-kiif degerleri arasindaki fark anlamli olup,
sonbahar ve kis mevsimindeki degisimler arasindaki
farkliliklar istatiksel olarak 6nemlidir (p<0,05). Kiling vd.,
(2018) tarafindan yapilan Izmir’in farkli bélgelerinde
satisa sunulan midye dolmalarda maya ve kif degerlerinin
en diisiik <10 ve en yiiksek 6,0x10' kob/g arasmda degisim
gosterdigi belirlenmistir. Irkin vd., (2007) Canakkale
bolgesini kapsayan bir ¢aligmasinda, donmus 6rneklerinde
toplam maya kiif sayis1 1,0x10? kob/g olarak bulunmustur.
Calismada elde ettigimiz maya-kiif degerlerinin diger
caligmalara oranla daha yiiksek oldugu goriilmektedir. Bu
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durumun; orneklerin toplandigr alana, gevresel faktorlere
ve mevsimlere bagli oldugu diistiniilmektedir.

Sonu¢  olarak, literatiirdeki ¢aligmalardan
farklilikla, et kalitesi ve tiiketim uygunlugu agisindan
Patella sp. orneklerinin degerlendirildigi ¢alismamizda,
orneklerin fizikokimyasal acidan tiiketime uygunluk
gosterdigi tespit edilmistir. Fakat drnekler mikrobiyolojik
olarak tiiketim sinirlar1 izerinde degerlere sahiptirler ve bu
degerler istasyonlar ile mevsimlere bagl olarak da
degisiklik  gostermektedir.  Mikrobiyolojik  degerler
iizerinde, avlanma bolgesinin, su ve ¢evre sicakligl ile su
mikrobiyolojik kalitesinin etkili oldugu diistiniilmektedir.
Ayrica gida giivenligi agisindan midye tiiketimi genel
olarak degerlendirildiginde, dnemli bir parametre olan agir
metal yogunlugu da goz oniinde bulundurulmalidir. Bu
kapsamda, Patella sp.’nin gida olarak tiiketilmesinde
gelecekteki caligmalarda agir metal igeriklerinin  de
belirlenmesi faydali olacaktir.
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Bu calisma “Giresun Kiy1 Seridindeki Patella
sp.’nin Et Kalitesi Degisiminin Mevsimsel Olarak
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tretilmistir.
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Abstract: Ascaridoid nematodes were found in viscera of the blue whiting Micromesistius
poutassou (Risso, 1826) from the Aegean Sea in the parasitological examination. Collected
nematodes were morphologically identified as the third (L3) stage of Anisakis type I larvae and
then subject to Restriction Fragment Length Polymorphism (RFLP) analysis of the internal
transcribed spacer (ITS) region to identify the species. Randomly selected larvae were
molecularly confirmed as Anisakis pegreffii by RFLP analysis. Subsequently, L3 of A. pegreffii
were amplified and bi-directionally sequenced at the small subunit ribosomal RNA (rrnS) gene.
The rrnS sequence of A. pegreffii (MT484284) had 100% identity with the rrnS gene of A.
pegreffii (JX500050, LC222461, MF140359, MT312511, MT312512) which were found in fish
and cetaceans hosts, Scomber japonicus, Conger myriaster, Neophocaena asiaeorientalis, and
Stenella coeruleoalba, from the Mediterranean Sea, Japanese, Chinese, and Korean waters,
respectively. This study provided the genetic analysis of zoonotic A. pegreffii from the Turkish
marine waters based on the rrnS gene for the first time. This sequence (MT484284) can be used
as the novel rrnS sequence of A. pegreffii in the genetic analysis for ascaridoid nematodes in the
Mediterranean Sea.

Keywords: Anisakis pegreffii, molecular characterization, mtDNA, rrnS gene, Turkish coast.

Ege Denizi'ndeki Micromesistius poutassou'dan (R.) izole Edilen Zoonotik Anisakis
pegreffii'nin (Nematoda: Anisakidae) Mitokondriyal rrnS Geninin Genetik Analizi
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Oz: Parazitolojik incelemede Ege Denizi'nden mavi mezgit Micromesistius poutassou (Risso,
1826) baliginin i¢ organlarinda askaridoid nematodlar bulundu. Toplanan nematodlar morfolojik
olarak {i¢iincii (L3) donem Anisakis tip I larva olarak tanimlandi ve daha sonra tiirleri tammlamak
icin internal transcribed spacer (ITS) bolgesi Restriksiyon Par¢ca Uzunluk Polimorfizm (RFLP)
analizlerine tabi tutuldu. Rastgele segilen larvalar RFLP analizleri ile Anisakis pegreffii olarak
dogrulandi. Daha sonra A. pegreffii'nin L3"iniin kiigiik alt birim ribozomal RNA (rrnS) geni
cogaltild1 ve iki yonlii olarak sekanslandi. Anisakis pegreffiinin rrnS sekansi (MT484284)
Akdeniz, Japon, Cin ve Kore sularindan Scomber japonicus, Congenaer asyager, Neophocaena
asiaeorientalis ve Stenella coeruleoalba gibi balik ve deniz memelilerinde bulunan A.
pegreffii'nin rrnS geni (JX500050, LC222461, MF140359, MT312511, MT312512) ile %100
benzerlige sahipti. Bu ¢aligma ilk kez Tiirk deniz sularindan zoonotik A. pegreffii'nin rrnS genine
dayali genetik analizini sagladi. Bu dizi (MT484284), Akdeniz'deki askaridoid nematodlarin
genetik analizinde A. pegreffii'nin yeni rrnS dizisi olarak kullanilabilir.

Anahtar kelimeler: Anisakis pegreffii, molekiiler karakterizasyon, mtDNA, rrnS geni, Tiirk
kiyilari.
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INTRODUCTION

Adult nematodes of Anisakis Dujardin, 1845 are
mainly found in the gastrointestinal canal of marine
mammals. Different marine mammals and marine fish or
squids serve as definite and intermediate or paratenic hosts.
Based on molecular genetic markers such as nuclear and
mitochondrial DNA, nine distinct Anisakis species have
been confirmed worldwide (Mattiucci & Nassetti, 2008;
Mattiucci et al., 2018). Among the mitochondrial genes,
the cytochrome oxidase | (cox1), Il (cox2), and the small
ribosomal subunit of RNA (rrnS) have been widely used
for the genetic analysis of Anisakis species (Mattiucci et
al., 2014; Mattiucci et al., 2018; Pekmezci & Onuk, 2020).
Anisakis pegreffii is zoonotic nematodes, and the dominant
species in the Mediterranean Sea, widespread in all the fish
species (Mattiucci & Nassetti, 2008; Mattiucci et al.,
2018).

Both mitochondrial cox2 and nuclear ITS data of
Anisakis species from marine fish were previously reported
from Turkish marine waters (Pekmezci et al., 2014).
Moreover, genetic analyses of rrnS loci of
Hysterothylacium aduncum, H. fabri, Contracaecum
overstreeti, and A. typica among ascaridoids nematodes of
marine fish were molecularly made from the coast of
Turkey (Pekmezci, 2019; Pekmezci & Yardimci, 2019;
Pekmezci & Onuk, 2020; Simsek et al., 2021). There is no
study about the genetic characterization of the
mitochondrial rrnS gene of A. pegreffii from the Turkish
marine waters. Therefore, the molecular characterization of
the rrnS gene of A. pegreffii from Aegean Sea is aimed for
the first time in the current study.

MATERIALS AND METHODS

Morphological examinations: Nematodes were
collected from Micromesistius poutassou (R.) in the
Aegean Sea coasts of Turkey. Parasites were individually
cut into three parts. The anterior and posterior parts were
used for morphological identifications. Nematodes were
morphologically identified by light microscope according
to Berland, (1961) and Petter & Maillard, (1988).
Morphologically identified three representative specimens
were randomly selected and genetically analysed.

PCR, RFLP analysis and DNA sequencing: The
middle parts were extracted for genomic DNA (gDNA)
using commercial Kits. The internal transcribed spacer
(ITS) region (ITS1, 5.8SrDNA, ITS2) of nuclear DNA was
amplified using polymerase chain reaction (PCR) with
NC5/NC2 primers (Zhu et al., 1998) in a final volume of
50 pl as follows: 2X Hot Start PCR Master Mix, 0.5 uM of
each primer, and 10-50 ng gDNA. The PCR reactions were
subjected to initial denaturation at 95°C for 5 min, followed

267

J. Anatolian Env. and Anim. Sciences, Year: 6, No: 2, (266-269), 2021

by 30 cycles of 95°C for 60 s, 55°C for 60 s, 72°C for 60 s,
and a final extension at 72°C for 10 min. All PCR
amplicons were electrophoresed on 1% gel and visualized
under UV illumination. The ITS region was then digested
with Hhal and Hinfl enzymes using restriction fragment
length polymorphism (RFLP) analysis to identify the
species (D’Amelio et al., 2000). RFLP patterns were
electrophoresed on 1.5% gel and visualized under UV
illumination. The small subunit ribosomal RNA (rrnS)
gene in the mitochondrial DNA of randomly selected three
Anisakis species was amplified PCR (D’Amelio et al.,
2007). PCR was performed using primers MH3/MH4.5 in
a final volume of 50 pl as follows: 2X Hot Start PCR
Master Mix, and 0.5 uM of each primer, and 10-50 ng
gDNA. The PCR protocols were 95°C for 60 s, 55°C for
60 s, 72°C for 60 s for 30 cycles, and a final extension at
72°C for 10 min. PCR amplicons were electrophoresed
using a 1.5% agarose gel. Randomly selected three
individuals were purified with a PCR purification kit and
sequenced using the MH3/MH4.5 primers with an ABI
PRISM 3130xI automatic sequencer using a BigDye
Terminator v3.1 Cycle Sequencing kit by Macrogen
(Amsterdam, Netherlands).

Genetic analysis: Phred scores of their nucleotide
bases were checked, and forward and reverse sequences
were assembled and then trimmed to remove MH3/MH4.5
primers in Geneious R11 (Kearse et al., 2012). The
assembled sequence was blasted in the GenBank database
to examine the nucleotide similarity (Altschul et al., 1990).
Obtained the rrnS data from GenBank were aligned by
ClustalW in MEGA X multiple sequence alignments
(Kumar et al., 2018). Pairwise distances were estimated
using the K2P model in MEGA X (Kumar et al., 2018).

RESULTS

Ascaridoid nematodes were morphologically
identified as the third stage of Anisakis type | larvae. Some
specimens of Anisakis larvae were classified as A. pegreffii
by RFLP analyses with Hhal and Hinfl enzymes as
previously described by D'Amelio et al., (2000). The
amplified rrnS gene of A. pegreffii was produced ~500 bp
in the PCR analyses. After DNA sequencing of rrnS gene
and trimmed to primers, the 491 bp length products were
obtained in the present study. There were no intraspecific
nucleotide differences detected within rrnS gene of three
representatives. Therefore, the rrnS sequence of one
representative was submitted to GenBank was given the
accession number: MT484284. Comparison of the rrnS
sequence of A. pegreffii from the Aegean Sea (MT484284)
had 100% sequence similarity with the rrS sequence of
different A. pegreffii isolates (JX500050; Stenella
coeruleoalba, Mediterranean Sea), (LC222461; Scomber
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japonicus, Japan Sea), (JQ900764; human, Italy),
(MF140359; Conger myriaster, China), (MT312511,
MT312512; Neophocaena asiaeorientalis, South Korea).
The rrnS sequence of A. pegreffii from the Aegean Sea
(MT484284) was most similar to A. pegreffii (MT312513,
MT312515-MT312518) (99.80%), A. simplex (99.59%,
JN786323), A. simplex x A. pegreffii (99.37%, AB831878),
A. berlandi (A. simplex C) (98.98%, JX500049), A.
ziphidarum (96.54%, JX500053), A. nascettii (JX500054;
95.11%), A. brevispiculata (JX500056; 93.89%), A.
physeteris (JX500055; 93.52), A. paggiae (JX500057;
93.27%), and A. typica (MT395672; 91.11%). Pairwise
distance between the rrnS sequence of A. pegreffii from the
Aegean Sea (MT484284) with those for other isolates rrnS
sequences of A. pegreffii (MT312511-MT312518,
JX500050) showed divergence levels ranging from 0.00 to
0.41%.

DISCUSSION

Current investigation provides the first molecular
data of the rrnS gene of Anisakis pegreffii from the Turkish
marine waters. To date, among ascaridoid nematodes,
Hysterothylacium aduncum, H. fabri, A. typica, and
Contracaecum overstreeti species from Turkish marine
waters have been molecularly characterized based on
mitochondrial rrnS gene (Pekmezci, 2019; Pekmezci &
Yardimci, 2019; Pekmezci & Onuk, 2020; Simsek et al.,
2021).

The mitochondrial rrnS gene sequence of adult A.
pegreffii was obtained from Stenella coeruleoalba in the
Adriatic and Tyrrhenian Sea and firstly recorded in the
GenBank under accession number JX500050 by Mattiucci
et al., (2014). Here, we report the second record of A.
pegreffii rrnS sequence (MT484284) from Mediterranean
Sea. However, there are eight unpublished data of A.
pegreffii mitochondrial rrnS sequences (MT312511-
MT312518) from Neophocaena asiaeorientalis in the
South Korean waters.

Until now, nine Anisakis species have been
genetically confirmed different gene loci worldwide
(Mattiucci et al., 2018). Among these species, A. berlandi
(JX500049), A. pegreffii (JX500050), A. simplex
(JX500051), A. typica (JX500052; MT395672) A.
ziphidarum (JX500053), A. nascettii (JX500054), A.
physeteris (JX500055), A. brevispiculata (JX500056), A.
paggiae (JX500057), and A. simplex x A. pegreffii
(AB831878, unpublished data) had genetically
characterized for rrnS gene, and their sequences were also
recorded to GenBank (Mattiucci et al., 2014; Pekmezci &
Onuk, 2020). The BLASTn search showed that the rrnS
sequence of A. pegreffii isolate herein exhibits ranged from
91.11% to 99.59% similarity to those of rrnS sequences of
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different Anisakis species (Mattiucci et al., 2014; Pekmezci
& Onuk, 2020). Therefore, the mitochondrial rrnS gene
can be used to differentiate among Anisakis species.
Moreover, the genetic distance between our rrnS sequence
of A. pegreffii (MT484284) and other isolates rrnS
sequences of A. pegreffii (MT312511-MT312518) from
South Korean waters was 0.41%. The genetic difference
between two isolates belonging to the same species may be
related to the isolates being obtained from different
geographic areas far from each other.

CONCLUSION

Herein, the novel data of mitochondrial small
ribosomal subunit RNA sequence of A. pegreffii from
Turkish marine waters was achieved for the first time, and
this novel rrnS data (MT484284) is a second data recorded
in GenBank for A. pegreffii from the Mediterranean Sea.
Furthermore, this novel rrnS sequence can be utilized for
genetic analysis of ascaridoid nematodes from the
Mediterranean Sea.
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Abstract: The Coruh trout (Salmo coruhensis Turan, Kottelat & Engin, 2010) is an anadromous species
inhabit south and southeastern Black Sea basin. This study describes the allometric relationships between
sagittal otolith (sagitta) measurements and total length (TL) of the Coruh trout collected from the Cam stream
(Artvin, Turkey), and the length-weight relationship. A total of 82 individuals were caught with an
electroshock device between May 2017 and April 2018. The length (Lo), height (Ho), weight (Wo), perimeter
(Po), and area (Ao) of the otolith were recorded for each specimen. Shape indices such as form factor, aspect
ratio, circularity, roundness, rectangularity, ellipticity, surface density were calculated using these otolith
measurements. Relationships between otolith variables and the somatic growth of fish were defined by the
curvilinear function (power model). An analysis of covariance revealed that these relationships did not differ
between the left and right sides, and between females and males. All regressions were highly significant (P <
0.001) and mean percent prediction error values were less than 7 %. The relationships of Lo, Ho, Wo, and Po
against TL were negative allometric, while the TL-Ao relationship was positive allometric. In the analysis of
relationships between the otolith shape indices and TL, the values of form factor, roundness, and
rectangularity indices decreased with fish somatic growth. In contrast, the circularity and surface density
indices increased with fish body length. The length-weight relationship was obtained as W = 0.0155*TL 287
for overall samples. The difference between the slopes of LWRs of females and males was found insignificant.
This study provides the first comprehensive data on the sagittal otolith morphometry of S. coruhensis.

Keywords: Length-weight relationship, otolith morphometry, Salmo coruhensis, shape index.

Coruh Alabalhgi (Salmo coruhensis Turan, Kottelat & Engin, 2010)’nda
Sagittal Otolitlerin Morfometrik Analizi
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Oz Coruh Alabalig1 (Salmo coruhensis Turan, Kottelat & Engin, 2010), Giiney ve Giineydogu Karadeniz
havzasinda yayilis gosteren anadrom bir tiirdiir. Bu ¢alisma, Cam Deresi (Artvin, Tiirkiye)’nden toplanan S.
coruhensis’in total boyu ile sagittal otolit (sagitta) 6l¢iimleri arasindaki allometrik iliskileri ve boy-agirlik
iligkisini tanimlar. Mayis 2017 ve Nisan 2018 tarihleri arasinda elektrosok cihazi ile toplam 82 birey
yakalandi. Her bir 6rnek i¢in otolitin boyu (Lo), yiiksekligi (Ho), agirligi (Wo), gevresi (Po) ve alani (Ao)
kaydedildi. Otolit o6lg¢iimleri kullanilarak sekil faktorii, boy-ylikseklik orami, dairesellik, yuvarlaklik,
dikdortgensellik, ovallik, yiizey yogunlugu gibi sekil indeksleri hesaplandi. Otolit degiskenleri ile balik
somatik biiylimesi arasindaki iliskiler egrisel fonksiyonla (power model) tanimlandi. Kovaryans analizi, bu
iligkilerin sol-sag bolge ve disi-erkek bireyler arasinda farklilik gostermedigini ortaya ¢ikardi. Tiim iliskiler
oldukga 6nemliydi (P < 0,001) ve ortalama yiizde tahmin hatast degerleri %7’den azdi. TL-Lo, TL-Ho, TL-
W, ve TL-Po iligkileri negatif allometrik iken TL-Aq iliskisi pozitif allometrik ¢ikti. Otolit sekil indeksleri
ile balik boyu arasindaki iliskiler analiz edildiginde; sekil faktorii, yuvarlaklik ve dikdortgensellik indeksi
degerleri balik somatik biiytimesi ile azaldi. Buna karsilik dairesellik ve yiizey yogunlugu indeksi degerleri
balik viicut uzunlugu ile artti. Tiim bireyler i¢in boy-agirlik iligkisi W = 0,0155*TL?#7 olarak elde edildi. Disi
ve erkeklerin boy-agirlik iliskilerinin b parametresi arasindaki fark 6nemsiz bulundu. Bu calisma, S.
coruhensis’in sagittal otolit morfometrisi hakkinda ilk kapsamli verileri saglar.

Anahtar kelimeler: Boy-agirlik iliskisi, otolit morfometrisi, Salmo coruhensis, sekil indeksi.

[ This study was produced from the master thesis.
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INTRODUCTION

The family Salmonidae, known as salmonids, is
native to the Northern Hemisphere (Nelson, 2006). Most of
the species belonging to the family have high economic
value and are very important for the aquaculture sector
(Geldiay & Balik, 2007). In worldwide, there is 12 valid
genus of this family. Among these genera, Salmo is
represented by 55 species (Fricke et al., 2021). The genus
Salmo contains 16 species in Turkey, 12 of which are
endemic to the country (Cigek et al., 2020; Turan et al.,
2020). S. caspius, S. coruhensis and S. pelagonicus are
native but not endemic to Turkey (Kaya et al., 2020;
Kuljanishvili et al., 2020; Turan & Baygelebi, 2020), and
S. trutta is an established non-native species occurs only
Lake Van and upper Tigris drainages in eastern Anatolia
(Kaya, 2020).

The Coruh trout Salmo coruhensis, Turan,
Kottelat & Engin, 2010 is a native freshwater salmonid fish
of Turkey. It is known from the area between the
Yesilirmak drainage in the west and the Coruh drainage in
the east. It is also recorded in Georgia, however, the
locality did not specified (Kuljanishvili et al., 2020). This
species lives in the lower and middle part of streams and
rivers flowing to the south and southeastern Black Sea
coasts in Turkey (Turan et al., 2010). S. coruhensis is under
threat due to reasons such as habitat degradation and illegal
fishing (Okumus et al., 2006; Verep et al., 2016). It is
classified in the "near threatened" category in the Red List
of Endangered Species published by the International
Union for Conservation of Nature (IUCN) (Freyhof, 2019).
Protecting a native species like the Coruh trout necessitates
an understanding of its biological and ecological
characteristics (Verep et al., 2016). Studies on the biology
and ecology of this new species are scarce, and only one
paper about its length-weight relationship has been
published (Mazlum & Turan, 2018).

The determination of identity, size, and mass of
fish prey from the otoliths found in stomach contents or
feces of piscivorous animals may provide significant
contributions to available information about foods and
feeding habits of these predators (Morley & Belchier,
2002; Pierce & Boyle, 1991). Many studies have
documented  the relationships  between  otolith
morphometry and fish size (e.g. Altin & Ayyildiz, 2018;
Battaglia et al., 2015; Harvey et al., 2000; Iranmanesh et
al., 2020; Oliveira et al., 2019). However, a study on the
relationships of otolith morphometric parameters with
body size is unavailable for the Coruh trout. This study
aims to obtain information on the relationships between the
sagittal otolith measurements and somatic growth of the
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Coruh trout, and the length-weight relationship, testing the
hypothesis that such relationships may give useful
predictive equations for estimating fish length and weight.

MATERIAL AND METHOD

Coruh trouts were collected from the Cam stream
between May 2017 and April 2018. The Cam stream is
located in the borders of the Kemalpasa district of Artvin
Province in the eastern Black Sea region of Turkey. It is
formed by the confluence of streams coming from the
slopes of Isirli and incinar hills, situated on the Marnin area
of Camurlu village. In the lower parts, the Cam stream
combines with the streams flowing from Kaya and
Kopriice villages. It is poured into the Black Sea from the
center of the Kemalpasa district. Its total length from
upstream to downstream is approximately 10.3 km
(Anonymous, 2017). The specimens were caught by
electrofishing (SAMUS 725MP electro-shocker). A total
of 82 individuals (50 females and 32 males) were captured
during the sampling period. All samples were kept in a
freezer at -18 °C for further analysis. All frozen fish were
thawed at room temperature, washed in tap water, and
dried with a towel paper. Total length (TL + 0.1 cm),
weight (W = 0.01 g), and sex of each specimen were
recorded. The sagittal otoliths (sagittae) were removed,
cleaned with distilled water, and stored dry in Eppendorf
tubes. Otolith weight (Wo) was weighed to the nearest 0.01
mg. The left and right otoliths were photographed on the
distal surface under a Leica S8APO binocular microscope
connected with a Leica DFC295 digital camera and
computer. The following otolith variables were measured
using Leica Application Suit ver. 3.8 Image Analysis
software: otolith length (Lo, mm), otolith height (Ho, mm),
otolith perimeter (Po, mm), and otolith area (Ao, mm?)
(Figure 1). No measurements were taken from otoliths with
broken or structural defects.

The relationships of otolith variables with a body
length of the Coruh trout were determined by fitting a
power equation Y = aX?, where Y is otolith measurement,
X is fish total length, a is the constant and b is the slope
(Lleonart et al., 2000). The parameters a and b were
estimated by linear regression of the logarithmic
transformation of the equation in question. These
relationships were generated separately for both left and
right otoliths of each sex, and the slopes of regressions
were compared with the analysis of covariance
(ANCOVA), otolith direction as the main factor, and TL as
the covariate (Zar, 1999). When equation slopes did not
differ statistically, a single regression was reported for each
variable by choosing the left otolith measurements.
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Figure 1. Distal view and morphometric measurements of the left
and right otolith of the Coruh trout from the Cam stream, Artvin,
Turkey (D, dorsal; V, ventral; A, anterior; P, posterior).

Similarly, the statistical differences in regression
slopes between sexes were tested by the analysis of
covariance, sex as the main factor, and TL as the covariate
(Zar, 1999). When equation slopes did not differ
statistically, a single regression was reported for each
measurement by pooling the data of both sexes. The
significance of the regressions was verified using F-test.
The deviation of regression slopes from a value
corresponding to isometry was checked by the t-test (Zar,
1999). The strength of each morphometric relationship was
evaluated from the coefficient of determination (r?) and the
mean percent prediction error. The mean percent prediction
error for a relationship is the average of the percent
prediction error (%PE) values calculated for all specimens.
The percent prediction error (%PE) for a specimen is
obtained by using the following formula (Smith, 1980):

|X0bserved - XPredicted |

% PE = X 100

XPredicted

The difference between the observed and
predicted fish body length was checked for each otolith
variable by using a t-test, and the Kruskal-Wallis test was
used to compare the differences between %PE values of
five otolith measurements (Zar, 1999).

In order to describe the otolith shape of the Coruh
trout, the following shape indices were calculated using the
left otolith measurements: form factor = (4nAg) / Po?;
aspect ratio = Lo / Ho; circularity = Po? / Ao; roundness =
4Aq / (mLo)?; rectangularity = Ao / (LoxHo); ellipticity =
(Lo-Ho) / (LotHo); surface density = Wo / Ao. The
biological meanings of these indices were explained in
previous publications (Bani et al., 2013; He et al., 2020).
The average values of shape indices calculated for female
and male individuals were compared with the t-test or
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Mann-Whitney U test (Zar, 1999). The correlations
between the shape indices and fish body size were also
examined.

The length-weight relationship (LWR) of Coruh
trout from Cam stream was computed using the equation
W = aLP, where W is the total weight of the fish (g), L is
the total length of the fish (cm), a and b are the parameters
of the equation (Bagenal & Tesch, 1978). The parameters
a and b were estimated by linear regression of logarithmic
transformed length-weight data. The slopes (b) of LWRs
of females and males were compared for the significant
difference by the analysis of covariance (ANCOVA), sex
as the main factor, and fish size as the covariate. The t-test
was applied to confirm whether the slopes were
significantly different from 3, indicating the growth type:
isometric (b = 3), negative allometric (b < 3), or positive
allometric (b > 3) (Zar, 1999).

RESULTS

The ANCOVA test showed no significant
differences between the coefficients of the regressions
generated for the left and right otoliths in each sex (TL vs
Lo, F=0.001, P =0.977; TL vs Ho, F = 0.210, P = 0.648;
TL vs Wo, F=0.096, P =0.757; TL vs Po, F=0.138, P =
0.712; TL vs Ao, F =0.001, P = 0.974 for females and TL
vs Lo, F = 0.045, P = 0.832; TL vs Ho, F = 0.405, P =
0.527; TL vs Wo, F = 0.134, P = 0.716; TL vs Po, F =
0.382, P=0.539; TL vs Ao, F =0.481, P = 0.491 for males).
Therefore, the left otoliths were chosen for subsequent
analysis. No statistical differences were found between
slopes of females and males for TL-Lo (F = 2.364, P =
0.129), TL-Ho (F = 0.971, P =0.328), TL-Wo (F = 0.294,
P =0.589), TL-Po (F =1.474, P =0.229) and TL-Ao (F =
0.001, P=0.977). Thus, data of both sexes were combined.
The descriptive statistics of fish and otolith measurements
are given in Table 1.

Table 1. Descriptive statistics of the Coruh trouts and their
sagittal otolith collected from the Cam stream, Artvin, Turkey.

Measurement n Mean + SD Min-Max
Fish length (cm) 82 15.58 £ 3.78 8.9-26.2
Fish weight (g) 82 47.68 +33.51 8.34-173.27
Otolith length (mm) 76 2.72£0.51 1.85-3.91
Otolith height (mm) 76 1.59+0.27 1.10-2.26
Otolith weight (mg) 76 219+ 1.03 0.81-4.97
Otolith perimeter (mm) 76 7.19+ 1.46 4.82-11.03
Otolith area (mm?) 76 2.91+0.97 1.43-5.31

n, sample size; SD, standard deviation; Min, minimum, Max, maximum

All relationships were highly significant (P <
0.001). In the analysis of morphometric measurements
versus fish body length, the regression models explained
more than 92% of the variance in all cases (Table 2). The
variable most strongly related to fish size was the otolith
area, with 94% of the variability. The relationships of Lo,
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Ho, Wo and Po against TL were negative allometric (t-test,
TL-Ao, t=-11.63, P=0.000; TL-Ho, t =-14.83, P = 0.000;
TL-Wp, t=-2.11, P = 0.038; TL-Po, t = -8.92, P = 0.000),
indicating that the growth of otolith length, height, weight
and perimeter is relatively slower than fish length. In
contrast, the TL-Ag relationship was positive allometric (t-
test, t = 8.48, P = 0.000), demonstrating that the growth of
otolith area is relatively faster than fish growth.
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The mean percent prediction errors ranged from
524 to 6.12 (Table 2). For each of five otolith
measurements, no considerable difference was found
between observed and predicted TL values (t-test, Lo, t = -
0.063, P =0.950; Ho, t =-0.094, P = 0.925; Wo, t = -0.569,
P = 0.570; Po, t = -0.040, P = 0.968; Ao, t = -0.030, P =
0.976; d.f. = 150). The Kruskal-Wallis test showed that
there was no significant difference between the mean %PE
values of the otolith variables (H = 1.509, P = 0.825).

Table 2. Regression parameters of the relationships between otolith measurements and fish size, and the mean percent prediction error (%PE)
value computed for each variable of the Coruh trout captured from the Cam stream, Artvin, Turkey.

Regression Parameters Observed TL Predicted TL %PE
Relationship n a<SE bLSE > (Mean = SD) (Mean £ SD) (Mean + SD)
TLvs Lo 76 0.381 £0.025 0.721 £ 0.024 0.923 15.44 +3.88 15.48 £4.02 5.65+4.89
TLvsHo 76 0.252 +0.015 0.674 +0.022 0.925 15.44 +3.88 1549+ 3.96 5.82+4.29
TL vs Wo 76 0.012 £0.002 1.867 +£0.063 0.922 15.44 +3.88 15.80 +4.07 6.12£4.38
TL vs Po 76 0.861 +0.059 0.777 £0.025 0.927 15.44 +3.88 15.46 £4.01 552+4.39
TL vs Ao 76 0.077 £ 0.008 1.322 +£0.038 0.943 15.44 + 3.88 1546 +3.93 524+349

n, sample size; a, constant; b, slope; r?, coefficient of determination; SE, standart error; SD, standart deviation; PE, percent prediction error.

The mean values of seven shape indices are
presented in Table 3. For each shape index, there was no
significant difference between the mean values of females
and males (t-test, rectangularity, t = -0.588, P = 0.558;
surface density, t = 1.092, P = 0.279; Mann-Whitney U
test, form factor, U = 686, Z = -0.043; P = 0.966; aspect
ratio, U =562, Z = -1.360; P = 0.174; circularity, U = 686,
Z =-0.043; P = 0. 966; roundness, U = 653, Z = -0.393; P
= 0.694; ellipticity, U =562, Z=-1.360; P = 0.174). In the
analysis of relationships between the otolith shape indices
and fish TL, no correlation is registered for aspect ratio (r
= 0.183, P = 0.114) and ellipticity (r = 0.183, P = 0.114)
indices (Figure 2). The values of form factor (r = -0.726, P
= 0.000), roundness (r = -0.382, P = 0.001) and
rectangularity (r = -0.478, P = 0.000) indices decrease with
fish somatic growth, indicating the otolith becomes
geometrically more irregular and less rounded (Figure 3).
In contrast to this, the circularity (r = 0.726, P = 0.000) and
surface density (r = 0.837, P = 0.000) indices increase with
fish body length, demonstrating the otolith becomes more
circular and thicker (Figure 4).

Table 3. Mean values of shape indices calculated using the left
otolith measurements of the Coruh trout from the Cam stream,
Artvin, Turkey.

Shape indices n Mean + SD Min—Max
Form factor 76 0.69 £ 0.05 0.54-0.78
Aspect ratio 76 1.71 £0.10 1.47-2.00
Circularity 76 18.08 +1.58 15.96-22.92
Roundness 76 0.49+0.03 0.40-0.61

Rectangularity 76 0.65+0.02 0.57-0.71

Ellipticity 76 0.26 +0.02 0.19-0.33

Surface density 76 0.71£0.11 0.53-0.98

n, sample size; SD, standard deviation; Min, minimum, Max, maximum
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Figure 2. Relationships of aspect ratio and ellipticity indices with
fish size in Coruh trout from the Cam stream, Artvin, Turkey.
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Figure 3. Negative correlations between three shape indices and
body length of the Coruh trout from the Cam stream, Artvin,
Turkey.
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Figure 4. Positive correlations between two shape indices and
somatic growth of the Coruh trout from the Cam stream, Artvin,
Turkey.

The length-weight relationship of the Coruh trout from the
Cam stream was obtained as W = 0.0155*TL2#" for overall
samples (n = 82, SE (b) = 0.032, r? = 0.99). The difference
between the slopes of LWRs of females and males was
found insignificant (ANCOVA test, F = 0.028, P = 0.867).
The variation in estimated b value from 3 was statistically
significant (t-test, t = -4.06, P = 0.000). This result
indicated that the growth of the Coruh trout inhabiting the
Cam stream is negative allometric.

DISCUSSION AND CONCLUSION

As far as we know, this paper represents the first
reference on the sagittal otolith morphometry of the Coruh
trout. In the analysis of morphometric parameters versus
body length of S. coruhensis, no significant differences
between left and right otoliths and between otoliths of
females and males were detected. The same results were
also observed for Lutjanus bengalensis (Jawad et al.,
2011), Sardinella sindensis (Dehghani et al., 2016),
Clarias gariepinus (Yilmaz et al., 2019), and Silurus glanis
(Yazici et al., 2020).

A simple linear model was preferred in many
studies that revealed the relationships between otolith
variables and fish size (Bal et al., 2018; Daban et al., 2020;
Dortbudak & Ozcan, 2019; Nguyen & Dinh, 2020).
Lleonart et al. (2000) stated that the simple linear function
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used in the explanation of these relationships is inaccurate
for at least two reasons: it cannot distinguish shape
heterogeneity and the independent parameter "a" makes no
sense in morphometry, where Y must be 0 when X=0.
Moreover, Campana (2004) reported that the above-
mentioned relationships cannot always be explained by the
linear regression model. Therefore, in our study, the
allometric power equation was selected to describe the
relationships between otolith growth and fish growth.
Otolith  parameters-body length relationships were
previously defined using power models for various fish
species (Kanjuh et al., 2018; Kumar et al., 2017; Romero
et al.,, 2020; Saygin et al., 2020; Yilmaz et al., 2014;
Yilmaz et al., 2015; Yilmaz et al., 2019).

In this study, the high coefficients of
determination and low values of the mean percent
prediction error for the relationships between otolith
measurements and body length of the Coruh trout showed
that fish size can be reliably estimated from otoliths.
Similar results were detected in studies of Yilmaz et al.
(2014), Yilmaz et al. (2015) and Yilmaz et al. (2019).

In our study, we found that the otolith length-fish
length and otolith height-fish length relationships were
negative allometric. The same findings were obtained by
Yilmaz et al. (2014) for Perca fluviatilis from Lake Ladik,
Yilmaz et al. (2019) for Clarias gariepinus from the upper
basin of the Sakarya River, and Uyan et al. (2019) for
Nemipterus randalli from Gokova Bay. In contrast, these
relationships were determined as positive allometric for
Anguilla anguilla from Adriatic catchment of Montenegro
(Kanjuh et al., 2018) and four demersal species
(Genypterus brasiliensis, Acanthistius patachonicus,
Pseudopercis semifasciata and Merluccius hubbsi) from
the San Matias Gulf, Argentina (Romero et al., 2020).
Furthermore, we reported that the relationship between
otolith weight and fish length for S. coruhensis was
negative allometric. This phenomenon was also observed
for other fish species such as Acanthopagrus latus,
Daysciaena albida, Ellochelon vaigiensis, Mugil cephalus,
and Mystus gulio (Qamar et al., 2019). On the other hand,
a positive allometric growth pattern was reported by some
authors (Kanjuh et al., 2018; Uyan et al., 2019; Yilmaz et
al., 2014). In the current study, the otolith perimeter-fish
length relationship was negatively allometric, which agrees
with the results of Qamar et al. (2019) for three fish species.
But, positive allometric growth was estimated for the
relationship between the otolith area and fish length, which
in contrast with the findings of Qamar et al. (2019) for five
fish species.

In some previous studies (e.g. Bostanci et al.,
2015; Zischke et al., 2016; Zorica et al., 2010), shape
indices were correlated with otolith length. However,
Pavlov (2016) stated that the shape indices are
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comparatively independent of otolith length and they
should be related to fish size. In our work, a significant
correlation between each of the five shape indices and the
total length of S. coruhensis is registered. These
correlations indicate the existence of allometric otolith
growth. Similar relationships between the shape indices of
the otolith and fish body size are reported in some studies
(e.g. Bostanci et al., 2017; Mérigot et al., 2007; Deepa et
al., 2019; Pavlov, 2016).

S. coruhensis, which lives in the Cam stream, has
shown negative allometric development based on the
length-weight relationship. Mazlum & Turan (2018), on
the other hand, found evidence of positive allometric
growth (b = 3.084). According to Bagenal and Tesch
(1978), length-weight relationships in fish change
depending on the factors such as food availability, feeding
rate, gonad development, and spawning period, all of
which were not considered in this study.

In conclusion, it is recommended that the
regressions provided in the present study be used within the
fish size range limits declared, to prevent errors in the
back-calculation of length and weight. Detailed examining
the otolith morphology in populations inhabiting different
environments of S. coruhensis is important for a better
understanding of otolith development in this species. It is
hoped that the findings of this study would be useful to
researchers looking into the feeding habits of possible
Coruh trout predators.
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Oz: Yapilan calismada farkli derisimlerdeki bakir oksit nanopartikiillerinin (10, 100 ve
1000 ug/mL) Galleria mellonella larvalarinin orta barsak ve yag dokusundaki katalaz
(CAT), superoksit dismutaz (SOD), glutatyon peroksidaz (GPx), glutatyon-s-transferaz
(GST) ve asetilkolinesteraz (AChE) aktiviteleri tizerine etkileri arastirilmigtir. Farkli
derisimlerdeki bakir oksit nanopartikiillerine maruz birakilan G. mellonella larvalarmin
orta barsak ve yag dokularinda tiim uygulama gruplarinda CAT, SOD ve AChE
aktivitelerinde azalma tespit edilirken, 100 pg/mL bakir oksit nanopartikiilii uygulamasi
yapilan grupta GPx aktivitelerinde artis meydana geldigi belirlenmistir. Ayrica GST
aktivitesinde tiim uygulama gruplarinda yag dokuda azalma, orta barsakta ise artig
meydana geldigi tespit edilmistir. Genel olarak, bu bulgular, G. mellonella larvalarinda
bakir oksit nanopartikiiliiniin toksisitesi sonucunda reaktif oksijen tiirlerinin birikimi
nedeniyle oksidatif stresin meydana geldigini gostermektedir.

Anahtar kelimeler: Antioksidan enzimler, bakir nanopartikiilleri, Galleria mellonella.
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Galleria mellonella L.

Abstract: In this study, the effects of copper oxide nanoparticles at different
concentrations (10, 100 and 1000 pg/mL) on catalase (CAT), superoxide dismutase
(SOD), glutathione peroxidase (GPx), glutathione-s-transferase (GST) and
acetylcholinesterase (AChE) activities were investigated in the midgut and fat body of
Galleria mellonella larvae. It was determined that GPx activities increased in the group
exposed to 100 pg/mL copper oxide nanoparticles, whereas a decrease in CAT, SOD
and AChE activities was observed in midgut and fat body of G. mellonella larvae
exposed to all copper oxide nanoparticles applied groups. Moreover, GST activity
decreased in fat body in all applied groups, while an increased was observed in midgut
of G. mellonella larvae when exposed to copper oxide nanoparticles. Overall, these
findings indicate that oxidative stress occurs due to the accumulation of reactive oxygen
species as a result of the toxicity of the copper oxide nanoparticle of G. mellonella
larvae.

Keywords: Antioxidant enzymes, copper nanoparticles, Galleria mellonella.
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GIRIS

Bakir nanopartikiilleri biyosidal aktivite ve optik
goriintiileme gibi ozelliklerinden dolayr son yillarda
onemli olgiide ilgi gormekte, 6zellikle biyomedikal ve
endiistriyel uygulamalarda siklikla bu nanopartikiillerden
yararlanilmaktadir. Buna ek olarak, yiiksek elektriksel ve
sicaklik iletkenligi gibi fizikokimyasal 6zelliklerinden
dolayt termal, elektrikli cihazlarda ve sensdrlerde
kullanilmaktadir (Hannig vd., 2007; Nations vd., 2015;
Zhou vd., 2016). Buna ragmen farkli deneysel model
sistemlerde oldugu da
bilinmektedir.

Metal oksit nanopartikiilleri, oksidatif strese ve
hiicresel toksisiteye yol acan normal hiicresel aktivitelerin
deregiilasyonuna neden olmaktadir. Bu nedenle, oksidatif
stres nanotoksisitenin en dnemli nedenlerinden biri olarak
kabul edilmekte ve nanopartikiillerin toksik etkilerinin
degerlendirilmesinde biyoindikator olarak
kullanilmaktadir (Libralato vd., 2017).

Bakir maruziyetinin 6nemli Ol¢iide hiicre igi

yiksek toksisiteye neden

reaktif oksijen tiirlerinin birikimine yol agtig1 farkl hiicre
kiltiiri modelleri ile zebra baligi, karides gibi akuatik
model organizmalarda da toksik etkilere neden oldugu
yapilan calismalarda tespit edilmistir (Ivask vd., 2014).
Buna ek olarak, A549 hiicrelerinde bakir oksit
nanopartikiillerinin oksidatif stresle iliskili olan sistein,
glutatyon, distilfir gibi metabolitlerin diizenlenmesini
indiikledigi ve GPx, SOD, GST, lipid peroksidasyon ve
CAT gibi antioksidan ve detoksifikasyon enzimlerinin
aktivitelerinin fare hipokampal HI122 hiicrelerinde
degisikliklere de neden oldugu bildirilmistir (Boyles vd.,
2016; Niska vd., 2015). Boceklerde ise, reaktif oksijen
turlerinin olusumunun artmasi , mideye alinan besinlerin
absorbsiyonunu olumsuz etkilemekte ve orta barsak
hiicrelerinde de oksidatif zarara neden olabilmektedir (Bi
& Felton, 1995).

Deneyde kullanilan biiyikk bal mumu giivesi
Galleria mellonella, son yillarda bir¢ok alanda deneysel
calismalarda model organizma olarak kullanilmaktadir.
Tip alanindaki deneysel c¢alismalarda kullanilan farenin
yetistirilmesinin zor ve pahali olmasi, ayrica etik ve legal
yol agmasi model organizma olarak
omurgasizlarin kullanilmasma olanak saglamaktadir. G.
mellonella  gibi tiirler, basit ve pahali
olmamasindan dolay: iyi bir model organizmadir. Ayrica
bu tiire ait larvalarin ticari yonden iiretime uygun olmasi,
oda sicakliginda iiretiminin kolaylikla ve kisa siirede
yapilabilmesi bu tiirii diger omurgasiz canlilardan da ayirt
etmektedir. Bunun yam swra, G. mellonella’ nin
memelilerle benzer dogal bagisiklik sistemine sahip olmasi
da onun uygun bir model organizma olabilmesini
saglamaktadir. Bu bilgiler 1518inda, caligmada kullanimi

sorunlara

uretimi
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hizla artan bakir oksit nanopartikiiliiniin model organizma
olarak kullanilan G. mellonella larvalarinin orta barsak ve
yag dokularinda antioksidan sistem iizerine etkilerinin
belirlemek amaciyla SOD, CAT, GPx, GST ve AChE
enzim aktivitelerinin tespit edilmesi hedeflenmektedir.

MATERYAL VE METOT

Deney Biceklerinin Elde Edilmesi: Bu
calismada kullanilan G. mellonella kiiltiiriiniin devamu,
30£1°C sicaklik ve % 65+5 bagil nem igeren bocek kiiltiir
odalarinda, bocegin yumurtadan yeni ¢ikmig larvalarinin
yar1 sentetik besin ile beslenmesiyle saglanmustir.

G. mellonella larvalarinin beslenmesi i¢in kepek,
gliserin, bal, saf su ve petekten olusan besin karisimi
kullanilmistir (Bronskill, 1961). Hazirlanan besin, bir
litrelik kavanozlara yaklasik 1/3 oraninda konulduktan
sonra, icerisine 10-15 adet ergin disi ve erkek bireyler
birakilmigtir. Kavanozlarin kapaklarina disilerin yumurta
birakmalarim1  saglamak amactyla birakilan kagitlar,
giinasirt degistirilerek icerisinde yeni besin bulunan farkl
kavanozlara aktarilmistir. Gelisimlerini iiglincii evreye
kadar tamamlayan larvalar, besin ortamindan alinarak
deneylerde kullanilmustir.

Bakir oksit nanopartikiillerinin
karakterizasyonu: Deneylerde partikiil biyiikligi 50
nm’den kiigiik olan bakir oksit nanopartikiilii (Sigma-
Aldrich)  kullamilmigtir. Calismada G. mellonella
larvalarina uygulanan bakir oksit nanopartikiillerinin
karakterizasyonu, Portekiz’de Algarve University, Faculty
of Science and Technology (CIMA)’ da transmisyon
elektron mikroskobu (TEM) ve dinamik 1sik sacilimi
(DLS) cihazi ile yapilmistir. Karakterizasyon yontemlerine
iligkin daha fazla ayrinti1 6nceki ¢alismalarda bildirilmistir
(Gomes vd., 2011; Sezer Tuncsoy vd., 2019; Sezer
Tuncsoy, 2020).

Farkl derisimlerdeki bakiwr oksit
nanopartikiillerinin  uygulanmasi: Besin ortamindan
alinacak tiglincii evre larvalar, kontrol grubu ve uygulama
gruplart olmak iizere iki gruba ayrilmistir. Uygulama
gruplarindaki larvalarim, bakir oksit nanopartikiillerinin 10,
100 ve 1000 pg/mL derisimlerini igeren besin icerisinde
beslenmeleri saglanmistir. Uygulama yapilan her bir grupa
40 adet larva eklenmistir. Deneyler degisik zamanlarda
iicer kez tekrar edilmis ve bir deney serisinde elde edilen

veriler kontrol grubu ile karsilastirmak suretiyle
degerlendirilmistir.
Antioksidan enzim  aktivitelerinin  tayini:

Uygulamadan sonra kontrol ve uygulama gruplarindan
10’ar adet larva diseksiyon igin segilmistir. Larvalar buz
tizerinde 2-3 dakika bekletildikten sonra, % 95 etil alkol ile
dezenfekte edilmistir. Larvalar sirt kismu strafora gelecek
sekilde sabitlenerek birinci ¢ift torasik bacaklarinin
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ontinden orta eksen boyunca uzunlamasina mikro makas
(Bahadir, diiz makas, 16 cm) yardimyla kesilmistir. ilk
once yag doku (fat body) bir pens yardimiyla izole edilmis,
daha sonra 0n, orta ve son barsak olmak iizere li¢ boliimden
olusan sindirim kanalindan orta barsak ayrilmustir. izole
edilen yag doku ve orta barsak, igerisinde homojenizasyon
tamponu (20 mM; pH 7.6) bulunan ependorf tiiplere
aktartimustir.

Daha sonra Ultra Torrax cihazinda dokular
homojenize edilmistir. Yag dokunun homojenizasyonunda
ise, 50 W, 40-50 s' de ultrasonik homojenizator (Bandelin
Sonoplus. HD 2070, Berlin, Almanya) kullanilmistir.
Homojenatlar, 500xg' de 15 dakika (+4°C) santrifijj
edilmis daha sonra siipernatanlar, mitokondriyal
fraksiyona katilmak i¢in 45 dakika (4 °C) boyunca 12,000
X @' de yeniden santrifiij yapilmistir. Sitosolik fraksiyon,
diisiik molekiiler agirlikli proteinleri uzaklastirmak igin
Sephadex® G-25 (PD10, Pharmacia) jel kolonlart {izerinde
saflagtirilmistir (Gonzalez-Rey vd., 2014). Ornekler enzim
aktivitelerinin tayini islemlerine kadar -80°C' de
bekletilmistir.

Antioksidan enzim aktiviteleri (SOD, CAT ve
GPx) sirastyla McCord & Fridovich (1969), Greenwald,
(1985) ve Lawrence & Burk (1976) 'a gére tespit edilmistir.
ACHhE aktivitesini belirlemek i¢in, orta barsak ve yag doku,
% 10 Triton iceren Tris-HCI tamponu (100 mM, pH 8.0)
icinde buz iizerinde homojenize edilmigtir. Daha sonra
12.000 x g' de 30 dakika (4 °C) santrifiij edilmistir. AChE
aktivitesi, Ellman vd. (1961) tarafindan uygulanan metot
kullanilarak belirlenmistir. GST aktivitesi, Habig wvd.
(1974) yontemine gore spektrofotometrik  olarak
Ol¢lilmiistiir. Protein miktarinin tespitinde ise, substrat
olarak Bovine serum albiimini kullanilarak Bradford
(1976) yontemine gore belirlenmistir.

Istatistiksel analiz: Kontrol grubu ve bakir oksit
nanopartikiilleri uygulanmis gruplar arasindaki istatistiksel
veriler SPSS 21 programinda Student Newman Keul’s
(SNK)) testi kullanilarak degerlendirilmistir. p<0,05 degeri
istatistiksel olarak anlamli kabul edilmistir.

BULGULAR

Bakir oksit nanopartikiillerinin
karakterizasyonu: Calismada kullanilan bakir oksit
nanopartikiilleri boyut ve sekilsel analizleri TEM, DLS ve
ELS yontemleri ile belirlenmistir. Karakterizasyona ait
veriler Tuncsoy vd. (2019) ayrintili olarak verilmistir.

Bakir oksit nanopartikiillerinin antioksidan
enzim iizerine  etkisi: Bakir  oksit
nanopartikiillerinin farkli derigimlerinin G. mellonella
larvalarinin yag doku ve orta barsagindaki CAT aktivitesi
iizerine etkileri Sekil 1’ de gosterilmistir. Elde edilen
verilere gore hem yag doku hem de orta barsaktaki tim

aktiviteleri
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uygulama gruplarinda (10, 100 ve 1000 pg/mL) CAT
aktivitesinde Onemli bir azalma meydana geldigi
belirlenmistir . Orta barsak ve yag dokuda 10 pg/mL bakir
oksit nanopartikiilii uygulanan gruplarda CAT aktivitesi
sirastyla % 85,8 ve % 75,5 oranlarinda azalirken, 1000
pg/mL bakir oksit nanopartikiill uygulamasi yapilan
gruplarda bu azalma sirasiyla % 94,2 ve % 69 olarak tespit
edilmistir.

CAT
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Sekil 1. Bakir oksit nanopartikiillerine maruz birakilan G.
mellonella larvalarinin orta barsak ve yag dokusundaki CAT
aktivitesi. SNK testine gore “*” ile gosterilenler arasinda
istatistiksel bir fark bulunmustur. (P <0,05).

Figure 1. CAT activity in midgut and fat body of G. mellonella
larvae exposed to CuO NPs. According to the SNK test, a
statistical difference was found between those indicated with "**
(P <0.05).

Elde edilen verilere gore bakir oksit
nanopartikiilinin ~ farkli  konsantrasyonlarmin ~ G.
mellonella larvalarinin orta barsak ve yag dokusundaki
SOD aktivitesine olan etkileri Sekil 2’de verilmistir.
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Sekil 2. Bakir oksit nanopartikiillerine maruz birakilan G.
mellonella larvalarinin orta barsak ve yag dokusundaki SOD
aktivitesi. SNK testine gore “*” ile gosterilenler arasinda
istatistiksel bir fark bulunmugtur (P <0,05).

Figure 2. SOD activity in midgut and fat body of G. mellonella
larvae exposed to CuO NPs. According to the SNK test, a
statistical difference was found between those indicated with ***
(P <0,05).

Istatistiki verilere gore larvalarm her iki
dokusundaki SOD aktivitesi de tiim uygulama gruplarinda



Tungsoy, (2021)

(10, 100 ve 1000 pg/mL) kontrole gore istatistiki olarak
anlamli bir azalma géstermistir. Orta barsak ve yag dokuda
10 pg/mL bakir oksit nanopartikiilii uygulanan gruplarda
SOD aktivitesi sirasiyla % 68 ve % 64,5 oranlarinda
azalirken, 1000 pg/mL bakir oksit nanopartikiil
uygulamasi yapilan gruplarda bu azalma sirasiyla % 80,6
ve % 64,2 olarak belirlenmistir.

Farkli konsantrasyonlarda uygulanan bakir oksit
nanopartikiiliiniin G. mellonella larvalarinin orta barsak ve
yag dokusundaki GPx aktivitesindeki degisimler Sekil 3’
de verilmistir. Elde edilen istatistiki verilere gére 10 pg/mL
bakir oksit nanopartikiilii uygulanan gruplarda kontrole
gore orta barsak ve yag dokuda sirasiyla % 36,2 ve % 42
oranlarinda 6nemli bir azalma gdzlenirken, 1000 pg/mL
bakir oksit nanopartikiilii uygulanan gruplarda bu azalma
sirastyla % 18,2 ve % 30,5 olarak belirlenmistir. 100
pug/mL uygulama grubunda ise her iki dokuda da sirasiyla
% 54,3 ve % 66,6 oranlarinda anlamli bir artis meydana
geldigi tespit edilmistir.
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Sekil 3. Bakir oksit nanopartikiillerine maruz birakilan G.
mellonella larvalarimin orta barsak ve yag dokusundaki GPXx
aktivitesi. SNK testine gore “*” ile gosterilenler arasinda
istatistiksel bir fark bulunmustur. (P <0,05).

Figure 3. GPx activity in midgut and fat body of G. mellonella
larvae exposed to CuO NPs. According to the SNK test, a
statistical difference was found between those indicated with "*"
(P <0.05).

Bakir oksit nanopartikiiliniin  G. mellonella
larvalarinin yag doku ve orta bagirsagindaki GST enzim
aktivitesindeki degisimler Sekil 4’ de gosterilmistir. GST
aktivitesinde 100 ve 1000 pg/mL bakir oksit nanopartikiil
uygulamas: sonucunda istatistiki agidan onemli bir artis
meydana gelirken, yag dokuda tiim uygulama gruplarinda
azalma meydana geldigi tespit edilmistir. Orta barsakta
meydana gelen GST aktivitesindeki artig 100 pg/mL bakir
oksit nanopartikiili uygulanan grupta % 133,3, 1000
pg/mL bakir oksit nanopartikiilii uygulanan grupta ise %
60,6 oraninda artmugtir.

AChE aktivitesinde istatiksel olarak her iki
dokuda da kontrole gore tiim uygulama gruplarinda (10,
100 ve 1000 pupg/mL) azalma meydana geldigi
belirlenmistir (Sekil 5). Bu azalma orta barsakta tiim
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uygulama gruplarinda sirastyla % 76, % 10 ve % 424
olarak tespit edilirken, yag dokuda ise sirasiyla % 51,7, %
9,78 ve % 42,1 olarak belirlenmistir.
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Sekil 4. Bakir oksit nanopartikiillerine maruz birakilan G.
mellonella larvalarinin orta barsak ve yag dokusundaki GST
aktivitesi. SNK testine gore “*” ile gosterilenler arasinda
istatistiksel bir fark bulunmustur. (P <0,05).

Figure 4. GST activity in midgut and fat body of G. mellonella
larvae exposed to CuO NPs. According to the SNK test, a
statistical difference was found between those indicated with "*"
(P <0.05).
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Sekil 5. Bakir oksit nanopartikiillerine maruz birakilan G.
mellonella larvalarinin orta barsak ve yag dokusundaki AChE
aktivitesi. SNK testine gore “*” ile gosterilenler arasinda
istatistiksel bir fark bulunmustur. (P <0,05).

Figure 5. AChE activity in midgut and fat body of G. mellonella
larvae exposed to CuO NPs. According to the SNK test, a
statistical difference was found between those indicated with "*"
(P <0.05).

TARTISMA VE SONUC

Biyolojik zarlardan kolaylikla gecebilen metal
nanopartikiiller, DNA hasari, oksidatif stres, membran
hasar1 ve molekiiler diizeyde organ, doku ve hiicrede
protein yanlis katlanmasi gibi olumsuz etkilere neden
olabilmektedirler (Aschberger vd., 2011; Schrand vd.,
2010). Serbest radikaller, viicutta siirekli olarak olusan ve
antioksidan savunma sistemi tarafindan yok edilen
molekiillerdir ve canlilardaki bu zararl radikallere karst
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viicutta gelisen bazi enzimatik sistemler vardir. SOD,
CAT, GPx gibi enzimler, agir metal toksisitesinin neden
oldugu serbest radikallerin zararli etkilerine karst viicudu
korumaktadir. Bu gibi biyokimyasal parametreler metal
toksisitesi igin iyi birer biyomarkirdir. Yapilan ¢alismada
G. mellonella larvalarmin orta barsak ve yag dokusunda
uygulanan tiim derisimlerde SOD ve CAT aktivitelerinde
azalma meydana gelirken, orta barsakta GST aktivitesinde
artis meydana geldigi gézlenmistir. GPx aktivitesinde ise,
100 pg/mL derigiminin uygulandigi grupta artis meydana
geldigi tespit edilmigtir. Bakir oksit nanopartikiil
toksisitesinin antioksidan SOD ve CAT seviyelerini
azaltarak larvanm orta barsak ve yag dokusunda reaktif
oksijen tiirlerinin birikmesine neden olmus olabilecegi
diistiniilmektedir. Assadian vd. (2018) yaptiklar1 bir
caligsmada bakir oksit nanopartikiillerinin in vitro sitotoksik
etkisi sonucunda oksidatif stres indiiksiyonu ile hiicre ici
reaktif oksijen tiirlerinin seviyelerinde 6nemli bir artis
meydana geldigini bildirmiglerdir. Musca domestica ile
yapilan bir calismada, farkli konsantrasyonlarda giimiis ve
kitosan nanopartikiilleri uygulanmasi sonucunda larvalarin
SOD, CAT, GPx ve GST aktivitelerinin maruz kalma
siiresine bagli olarak degistigini tespit etmislerdir
(Ramadan vd., 2020). S. litura ve A. janata ile yapilan bir
calismada, giimiis nanopartikiilii uygulamast sonucunda
SOD, CAT ve GPx aktivitelerinin derisime bagl olarak
degistigini bildirmislerdir (Yasur & Pathipati, 2015). Apis
mellifera ile yapilan bir c¢alismada ise, arilarin 10 giin
boyunca ¢inko oksit nanopartikiillerine ve ¢inko kloriire
maruz birakilmasindan sonra GST aktivitesinde artis
meydana geldigini bildirilmistir (Milivojevic vd., 2015).
Boceklerde nanopartikiiller dis iskelete ve hiicre igi
bosluga girebilir ve daha sonra nanopartikiil iyonlar1
sitoplazmaya salinir ve kiikiirt proteinlerine baglanir,
boylece reaktif oksijen tiirlerinin seviyelerinin artmasina
ve dolayisiyla hiicresel fonksiyonlarin hasarina ve bunun
sonucunda da hiicre Oliimiine neden olabilmektedir
(Benelli, 2018; Mir vd., 2020). Elde edilen bulgular
sonucunda bakir oksit nanopartikiilliniin neden oldugu
oksidatif stres sonucunda dokularda biriken reaktif oksijen
tirlerinin GPx ve GST enzimleri vasitasiyla ortadan
kaldirilmaya calisildig1 diisiiniilmektedir.

Farkli derisimlerdeki bakir oksit
nanopartikiillerine maruz birakilan larvalarda ise her iki
dokuda da AChE aktivitesinde azalma meydana gelmistir.
Bakirin siilfiir verici gruplara olan yiiksek afinitesi, tiyol
kalintilarina baglanarak AChE inhibisyonuna neden
olabilmektedir (Gomes wvd., 2011). AChE enzim
aktivitesindeki degisiklikler, bakir dahil gesitli metal ve
organofosforlu  pestisitlere kalindiginin  bir
gostergesidir (Bebiaanno vd., 2004; Lehtonen & Leinid
2003; Regoli & Principato 1995). Boceklerde AChE
aktivitesi genellikle beyin, goglis ve karmn bolgeleri ile

maruz
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abdominal ganglionlarda diizenlenmektedir (Thany vd.,
2010). AChE aktivitesi, bir organizmanin sinir sisteminin
kolinerjik fonksiyonlarini belirlemek i¢in kullanilan bir
yontemdir. Ayrica, farkl tiirlerle yapilan ¢alismalarda da
ACHhE aktivitesindeki degisikliklerin oksidatif stres, hiicre
sinyalindeki diizensizlik veya noérotransmisyondaki
bozukluktan kaynaklandigi bildirilmistir (Gongalves vd.,
2012; Milivojevic vd., 2015).

Bocekler, karasal ekosistemin biiyiikk  bir
popiilasyonunu olusturan canli  gruplaridir. Metal
nanopartikiillerinin biyoakiimiilasyonu ve
biyomagnifikasyonu bu canli gruplarinda biiyiikk 6nem
tagimaktadir.  Nanomalzemelerin  biyoakiimiilasyonu,
organizmada nanopartikiillerin birikmesiyle baglamakta ve
daha sonra besin zinciri yoluyla diger organizmalara
aktarilmaktadir. Bu nedenle bocekler bu zincirin dnemli bir
pargasini olusturmakta ve boceklerin model organizma
olarak kullanildigi ¢alismalar 6nem tasimaktadir. Sonug
olarak yapilan g¢aligmada da elde edilen veriler, farkh
derisimlerde bakir nanopartikiillerine maruz kalan G.
mellonella larvalarinin antioksidan enzimlerinde &nemli
degisiklikler meydana getirdigi belirlenmistir. Bakir oksit
nanopartikiiliniin  etkisi reaktif oksijen
tirlerinin dokularda artmasi nedeniyle larvalarn orta
barsak ve yag dokularinda oksidatif stres meydana geldigi
diistiniilmektedir. G. mellonella’ da bakir
nanopartikiillerinin etkisindeincelenen antioksidan
savunma sistemi parametrelerindeki degisikliklerin metal
kirliliginin bir gdstergesi olarak kullanilabilecegi sonucuna
varilmistir.

sonucunda
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