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Erratum Diizeltme Yazis1

Erratum to: “Small-Scale Rainbow Trout Cage Farm in the Inland Waters of Turkey is
Sustainable in Terms of Carbon Footprint (kg CO2¢)”

Diizeltme: “Tiirkiye I¢ Sularinda Kiiciik Kapasiteli Gokkusagi Alabahg Kafes
Yetistiriciligi Karbon Ayak izi Bakimindan Siirdiiriilebilirdir”

Giirkan Diken>*", Hayati Koknaroglu®”, ismail Can®
sparta University of Applied Sciences, Faculty of Egirdir Fisheries, Isparta 32260, Tiirkiye.
?Isparta University of Applied Sciences, Department of Animal Science, Isparta 32260, Tiirkiye.

3Canlar Alabalik, Candir, Siitgiiler, Isparta, 32950, Tiirkiye.

*Corresponding author: gurkandiken@isparta.edu.tr

Note: The present Erratum is related to the paper published in Acta Aquatica Turcica, 2022, 18(1), 131-145.
https://doi.org/10.22392/actaquatr.1005447

The authors regret it. The calculations in Table 5 are correct, but there are typos in the text.

Statement -1:

CF expended per gram of protein deposited in harvested fish, carcass, and fillet expressions are
expressed in grams, although the calculations were made in kg. These statements should be corrected
in Table 5 and in the text as follows:

The expression “CF expended per gram of protein deposited in harvested fish” should be corrected
as “CF expended per kg of protein deposited in harvested fish”.

The expression “CF expended per gram of protein deposited in carcass” should be corrected as “CF
expended per kg of protein deposited in carcass”.

The expression “CF expended per gram of protein deposited in fillet” should be corrected as “CF
expended per kg of protein deposited in fillet”.

Statement -2:
The values reported in the text for CF expended for a kg of carcass and fillet (1.69 and 2.39) should
be corrected as 1.40 and 1.97.

@ @ This paper is published by Isparta University of Applied Sciences, Egirdir Fisheries Faculty under Creative Commons

Attribution 4.0 International (CC BY 4.0) license. http://creativecommons.org/licenses/by/4.0/
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Research Article Arastirma Makalesi

Karanfil Yagmmn Japon Bahgmn (Carassius auratus) Anestezisinde Optimal
Konsantrasyonu ve Baligin Tasinmasinda Stoklama Yogunluguna Etkisi

Optimal Concentration of Clove Oil in Anesthetization of Goldfish (Carassius auratus)
and its Effect on Stocking Density for Fish Transportation

Mahmut Yanar®*(®, Kazim Ergin Giirkan'”, Ece Evliyaoglu®
ICukurova Universitesi, Su Uriinleri Fakiiltesi, Su Uriinleri Yetistiriciligi Boliimii, Adana

*Sorumlu yazar: myanar@cu.edu.tr

Gelis: 22.04.2021 Kabul: 02.11.2021 Yaymn: 01.06.2022

Alintilama: Yanar, M., Giirkan, K. E. & Evliyaoglu, E. (2022). Karanfil Yaginin Japon Baliginin (Carassius auratus)
Anestezisinde Optimal Konsantrasyonu ve Bahigin Tagimmmasinda Stoklama Yogunluguna Etkisi. Acta Aquatica Turcica,
18(2), 147-158. https://doi.org/10.22392/actaquatr.923939

Ozet: Bu calismada, karanfil yaginin ortalama agirhig1 4,16+0,61 g olan japon bahigmmmn  Anahtar kelimeler
(Carassius auratus) derin anestezi (30 dk) ve tagmmasi (15 s) igin etkili olan e Japon balig
konsantrasyonlar1 tespit edilmistir. Ayrica karanfil yaginin baliklarin 15 s siireli o Karanfil yag1

tasinmasinda stoklama yogunlugu iizerindeki etkisi belirlenmistir. Karanfil yaginin o Anestezi
konsantrasyonu ve uygulama siiresine bagh olarak anesteziye giris siiresi 2 ile 11 dk,
kendine gelme siiresi ise 5 ile 17 dk arasinda degismistir. Baliklarin solunum sayisi
anestezi icermeyen suda 73/dk iken, karanfil yagi uygulanmis olanlarda konsantrasyon
ve uygulama siiresine bagli olarak 104/dk’ya kadar ¢ikmugtir. Karafil yagimm 30 dk
siirede hafif anestezi igin 6-12 pl/L, derin anestezi i¢in 18-24 uL/L; 15 s siirede hafif
anestezi i¢cin 6-9 pL/L, derin anestezi igin 12-18 pL/L konsantrasyonlar1 giivenle
kullanilabilir. Karanfil yaginin toksik konsantrasyonlart 30 dk uygulama igin 42 puL/L, 15

e Stoklama yogunlugu
e Tagima

s uygulama igin 21 pL/L olarak saptanmistir. Baliklarin 15 s siireli tasinmasinda tagima
suyuna karanfil yagi ilavesinin baligin yasama orani ilizerine bir etkisi olmamustir. Jiivenil
japon baliklarinin 3/4 oksijen basilmig naylon torbalarda 15 s siire ile tasinmasinda, %98-
99 yasama orant ile en uygun stoklama oranlari1 80 veya 100 adet/L’dir.

Abstract: In this study, the effective concentrations of clove oil for deep anesthesia (30 Keywords

min) and transportation (15 h) of goldfish (Carassius auratus) with an average weight of e Goldfish
4.16+£0.61g were determined. Besides, the effect of clove oil on stocking density in e Clove oil
transporting fish for 15 hours was determined. Depending on the concentrations and o Apesthesia
application time of clove oil, induction time ranged from 2 to 11 min while recovery time Stocking density
varied between 5 and 17 min. Depending on the concentrations and application time of
clove oil, the respiratory rate of fish increased from 73/min to 104/min with the addition
of clove oil in the anesthetic-free water. 6-12 uL/L for light anesthesia and 18-24 pL/L
for deep anesthesia at a 30 min period, 6-9 pL/L for light anesthesia and 12-18 pL/L for
deep anesthesia at a 15 h period are determined concentrations of clove oil that can be
used safely. The toxic concentrations of clove oil were determined as 42 puL/L for 30 min
application, 21 pL/L for 15 h application. Adding clove oil to the transport water did not
affect the survival rate of the fish during the 15 h transport period. When transporting
juvenile goldfish in 3/4 oxygen compressed nylon bags for 15 h, the most suitable
stocking rate is 80 or 100 fish/L with a 98-99% survival rate.

e Transportation

@ @ This paper is published by Isparta University of Applied Sciences, Egirdir Fisheries Faculty under Creative Commons
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1. GIRIS

Akvaryum balik¢ilig1 popiiler bir hobi olmasinin yani sira, yan sektorleriyle birlikte diinyada 15-30
milyar US § ticaret hacmine sahip 6nemli bir sektordiir (Tlusty vd., 2012; Raghavan vd., 2013).
Tiirkiye’de resmi olmayan verilere gére akvaryum baligi ithalatina yilda yaklagik 10 milyon US $§
doviz harcandigi, yan sektorleriyle birlikte bu rakamin 15-20 milyon US $’1 buldugu, satilan yillik
akvaryum baliginin ise 30-40 milyon adet oldugu tahmin edilmektedir. Bu ¢aligmanin balik materyali
olan japon balig1 (Carassius auratus) hem yurdumuzda (Tiirkmen ve Celik, 2014) hem kiiresel 6l¢ekte
(Ghosh vd., 2003; FAO, 2014) akvaryum balig1 pazarinda agik ara en biiyiik paya sahiptir.

Anestezikler, boylama, asilama, markalama, sagim ve cerrahi islemler gibi baliklarin
hareketsizlestirilmesi gereken durumlarda, ayrica baliklarin uzun siireli tasinmalarinda yaygin olarak
kullanilmaktadir. Son zamanlarda popiileritesi artan karanfil yagi, ucuz, kolay bulunan, giizel kokulu,
insan ve ¢evre sagligi bakimindan giivenli olan bitkisel bir anesteziktir (Fischer vd., 1990; Woody vd.,
2002). Karanfil bitkisinin (Eugenia aromatica / E.caryophylata) govde, yaprak ve tomurcuklarindan
damitma yontemiyle elde edilir (Soto ve Burhanuddin, 1995; Kolarova vd., 2006). Etken madde olarak
%70-90 fenol bilesigi olan 6jenol (4-allil-2-metoksifenol), %17 nin {izerinde 6jenol asetat ve %12 nin
tizerinde karyofilen igerir (Briozzo vd., 1989; Keene vd., 1998). Antioksidan (Kramer, 1985), antiviral
(Siddiqui, 1996) antibakteriyel (Stecchini vd., 1993) ve antifungal (Bullerman vd., 1977) 6zellikleri
oldugu rapor edilmistir. Kanserojenik ve mutajenik olmayan (Maura vd., 1989) karanfil yagi, FDA
(ABD Gida ve Ilag Idaresi) tarafindan da giivenli kabul edilen bir anesteziktir. Ideal bir anestezide
aranan ¢ogu kriteri karsilamaktadir (Marking ve Meyer 1985; Keene vd., 1998; Grush vd., 2004).
Dezavantaji ise terapik endeksi yani giiven araligimin dar olmasidir (Velisek vd., 2005a; Kaiser vd.,
2006).

Karanfil yagi bir anestezik olarak sazan (Otay vd., 2014), gokkusagi alabalig1 (Keene vd., 1998;
Tort vd., 2002; Perdikaris vd., 2010), ¢ipura (Tort vd., 2002; Mylonas vd., 2005), levrek (Mylonas vd.,
2005; Kamaci vd., 2009), Nil tilapiasi (Simoes vd., 2011), dil balig1 (Weber vd., 2009), mersin balig
(Akbulut vd., 2011), karabalik (Ogretmen ve Gokgek, 2013), ayrica akvaryum baliklarindan melek
balig1 (Hekimoglu ve Ergun, 2012; Chellapan vd., 2013), zebra ¢iklid (Han vd., 2016), yunus (Han
vd., 2016), sar1 prenses (Han vd., 2016) ve japon baligi (Perdikaris vd., 2010; Abdolazizi vd., 2011)
iizerinde test edilmistir. Ancak bu caligmalar, tartim, agilama veya sagim gibi baliklarin kisa siireli
hareketsizlestirilmesine yonelik olup, baliklarin uzun siireli tasinmasinda stok yogunlugu tizerindeki
etkileri arastirilmamistir. Diger yandan anestezik madde uygulansin veya uygulanmasin, baliklarin
oksijen basilmis naylon torbalarda birim hacimde ka¢ adet veya biomasta taginmasi gerektigi
konusunda literatiir bilgileri bulunmamaktadir.

Bu calismada karanfil yaginin juvenil japon baliginda 30 dk (dakika) ve 15 s (saat) siire
uygulanmasinda optimal konsantrasyonu, ayrica baliklarin oksijen basilmis naylon torbalarda 15 s
taginmasinda optimal stoklama orani ve stoklama oranina karanfil yag ilavesinin etkisi belirlenmistir.

2. MATERYAL ve YONTEM

Denemede akvaryum balikgiligi sektoriinde “SM” (Small medium) olarak tanimlanan ve ortalama
agirligi 4,16+0,61 g olan juvenil japon baliklarinin diiz kirmizi variyeteleri kullantlmstir. Calisma, karanfil
yaginin (Sigma-Aldrich, USA) japon baliginda kisa ve uzun siireli uygulanmasinda optimal
konsantrasyonun belirlenmesi (I. Deneme), ayrica baliklarin oksijen basilmis naylon torbalarda uzun
stireli taginmasinda optimal stoklama oran1 ve stoklama oranina karanfil yagi ilavesinin etkisinin test
edilmesi (II. Deneme) amaglanarak iki deneme halinde yiiriitiilmiistiir. Baliklarin sagim, tartim ve
astlama gibi operasyonlar i¢in 30 dk, sehirlerarasi tasimadan ise 15 saat siire gerektiginden denemede
bu siireler dikkate alinmustir. Ikinci denemde kullanilacak anestezi seviyesi, birinci denemede
belirlenen optimal konsantrasyona gore belirlenmmistir.
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2.1. Karanfil yagimin japon bahginda kisa ve wuzun siireli uygulanmasinda optimal
konsantrasyonun belirlenmesi (1. Deneme)

Karanfil yaginin Japon baliginda 30 dk (dakika) ve 15 s (saat) uygulanmasinda anestezik etki ve
yanitlarini belirlemek amaciyla farkli konsantrasyonlar: test edilmistir. Karanfil yagmin baliklara 30 dk
uygulamada 6 pL/L araliklarla O ile 48 pL/L arasindaki konsantrasyonlari; 15 s uygulamada ise 3 ul/L’lik
araliklarla 0 ile 24 pl/L arasindaki konsantrasyonlari denenmistir. Karanfil yagi 1/10 oraninda %99 safliktaki etil
alkolde ¢oziindiiriilerek stok solusyon hazirlannugtir (Ross ve Ross, 2008).

Laboratuvara getirilen baliklar yeni ortamlarinda 2 hafta siirede adapte edildikten sonra denemeye alinmuslardr.
Her bir muamele grubu 3 tekerriirden olusturulmus ve her bir tekerriir igin 10 adet balik kullamlmigtir. Denemeler
100 L’lik cam akvaryumlarda gerceklestirilmistir. Deneme siiresince su sicakligi 22°C dolayinda sabit tutulmus ve
akvaryumlar siirekli havalandirilmugtir. Deneme sonunda baliklar ayri akvaryumlara alinarak 96 s siire boyunca
olas1 oliimler kaydedilmistir. Deneme siiresince baliklarn anesteziye giris ve kendine gelme siiresi, anestezi diizeyi,
solunum sayilart ve 6lim oranlan kaydedilmistir. Akvaryumdaki baliklarm yaridan fazlasinin anestezi olmast,
grubun anestezisi igin yeterli kabul edilmistir. Anestezi seviyesinin belirlenmesinde genelde baligin ylizme
aktivitesi, denge, fiziksel veya gorsel dis uyaranlara karst vermis oldugu yanitlar dikkate alinmaktadir.

Ancak bu parametreler metrik olmadigi igin, calismamizda nispeten daha oSlgiilebilir olan LOE
(loss of equilibrium) esas alinmigtir. LOE, baliklarin sicaklik toleransi ¢aligmalarinda denge kaybinin
belirlenmesinde yaygin olarak kullanilan standart bir kriterdir. Diisiik ve yliksek sicaklik nedeniyle
baligin motor aktivitesi ve koordinasyonunu yitirdigi ve 1 dakikadan fazla dorsa-vetral oryantasyon
pozisyonunu silirdiirememesi olarak tanimlanmaktadir (Bennett ve Beitinger, 1997). Pek c¢ok
arastirmaci baliklarda 4 ile 6 anestezi seviyesi ve nispeten farkli kriterler tizerinden degerlendirme
yapmistir (Yoshikawa vd., 1988; Summerfelt ve Smith, 1990; Stoskopf, 1993; Keene vd., 1998). Bu
arastirmacilarin Onerileri ve sicaklik tolerans ¢alismasinda standardize edilen LOE basta olmak tizere
onerilen diger kriterler dikkate alinarak dort anestezi seviyesi lizerinden degerlendirme yapilmustir:

1.Seviye (*): Hafif sedasyon: Hafif denge kayb1, normal yiizme, dis fiziksel veya gorsel uyaranlara
kars1 hafif tepki kaybi.

2.Seviye (**): Derin sedasyon: Denge kaybi, hafif ylizme kaybi ve yiizmede koordinasyonsuzluk,
dis fiziksel veya gorsel uyaranlara karsi tepki kaybi.

3.Seviye (***): Hareketsizlik: Tam denge kaybi, agir ylizme kaybi, dis fiziksel veya gorsel
uyaranlara kars1 tam tepki kaybi.

4.Seviye (****): Cokiintii: Tam denge kayb1 ve tam hareketsizlik, dis fiziksel uyaranlara karsi tam
tepki kaybi, solunga¢ hareketlerinde duraksama ve ona bagli oksijensizlik (hypoxia), ileri sathalarda
olum.

2.2. Japon bahgmin naylon torbalarda uzun siireli tasinmasinda optimal stoklama orami ve
stoklamada karanfil yag ilavesinin baligin yasama oranina etkisi (II. Deneme)

Stoklamada 105x21 cm boyutunda naylon torbalar kullanilmigtir. Baglaninca toplam hacmi 7 litre
olan naylon torbalara 2 L su ilave edilmis ve geri kalan kismina saf oksjen gazi basilmistir. Baliklar
torbalara stoklanmadan 3 giin 6nce a¢ birakilmistir. Juvenil japon baliklarinda stoklama ile ilgili
yapilan 6n c¢alismalardan elde edilen verilerden hareket edilerek baliklar torbalara 80, 100 ve 120
adet/L stoklanmustir. Tagimacilikta genellikle anestezinin 1. veya 2. seviyeleri onerilmektedir (Prince
ve Powel., 2000; Cooke vd., 2004). Dolayisiyla, I. Denemede karanfil yaginin japon baliginda 15 s
uygulanmasinda 2. anestezi seviyesini veren 12 pL/L konsantrasyonu esas almmustir. Ozet olarak
japon baliginin 3 stok grubundan (80, 100 120 adet/L) ve karanfil yaginin iki konsantrasyonundan (0
ve 12 uL/L) olusan iki faktorlii 6 deneme grubu olusturulmustur. Deneme gruplari 3 tekerriirlii
diizenlenmistir. Torbalardaki su sicakligi 22°C’ de sabit tutulmustur. 15 saat deneme siiresi sonunda
baliklar anestezik igermeyen taze suya alinmig ve 96 saat goézlem sonunda Oliim oranlari
kaydedilmistir. En uygun deneme grubunun tespitinde, en yiiksek stoklama oranini ve en yiiksek
yagsama oranini veren grup dikkate alinmistir.
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Denemelerdeki biitiin verilerin istatistik analizlerinde SPSS 20.0 (SPSS, Chicago, 1L, USA)
programi kullanilmistir. Stok yogunlugunun ve karanfil yagi ilavesinin birbirlerinden bagimsiz olarak
yasama orani lizerindeki etkileri tek yonlii varyans analizini (one-way ANOVA) takiben Tukey testi
ile 0,05 6nem diizeyinde; ayrica stok yogunlugu ve karanfil yag: faktorlerinin yasama orani {izerindeki
kombine etkisinin belirlenmesinde ¢ok yonlii varyans analizi kullanilmistir. Calismanin yapilabilmesi
i¢in Cukurova Universitesi Hayvan Deneyleri Yerel Etik Kurulu'ndan (12.11.2020 tarih ve 8 sayili
toplanti) gerekli izin alinmustir.

3. BULGULAR
3.1. Karanfil yagimin japon bahginda kisa siire uygulanmasinda optimal konsantrasyonun
belirlenmesi

Karanfil yaginin japon baliklarinda 30 dk siire ile uygulanmasinda anestezik etki ve yanitlar1 Tablo
1’de verilmistir. Baliklarin anasteziye giris siiresi konsantrasyonla ters orantili, kendine gelme siiresi
ise dozla dogru orantili olarak degismistir. Anasteziye giris stiresi 6 pL/L’de 11 dk iken, 48 puL/L’de 2
dk' ya diismiistiir. Bununla birlikte, kendine gelme siiresi 6 pL/L’de 5 dk iken, 48 pL/L’de 13 dk’ya
yiikselmistir. Diger yandan, baliklarin solunum sayisi, anestezinin konsantrasyonuna bagli olarak
artmigtir. Anestezi igermeyen suda baligin 73/dk olan solunum sayist 36 uL/L’de 99/dk seviyesine
kadar ¢ikmistir. Ancak oliimlerin bagladigr 42 ve 48 uL/L’de solunum sayisi aniden diigerek sirasiyla
27 ve 18/dk seviyesine inmistir.

Karanfil yaginin 6 ile 36 uL/L araligindaki konsantrasyonlar1 baliklarda hafif sedasyondan derin
anesteziye kadar tiim anestezi seviyelerini olusturmustur. Karanfil yaginin 36 uL/L konsantrasyonuna
kadar baliklarda herhangi bir 6liim gozlenmezken, 42 ve 48 pL/L’de sirastyla %13 ve %60 6liim orani
gdzlenmistir. Oliimler dikkate alindiginda, karanfil yaginin japon baliginda 30 dk siirede kullamlabilir
giivenli konsantrasyonlari amaca bagli olarak 6 ile 36 pL/L arasinda degismektedir.

Tablo 1. Karanfil yaginin farkli konsantrasyonlarmin japon baliginda kisa siireli (30 dk) anestezik etki ve
yanitlari.

Karanfil yag1 A_\n_est(izly(? Kendine gelme . ... . Solunum Sayis1  Oliim oram
konsantrasyonu giris siiresi . Anestezi diizeyi o

(uL/L) (dK) siiresi (dk) (dk) (%)
0 - - - 73+3,284 -
6 10,67+0,582 5,17+0,29¢ * 76+4,334 -
12 8,17+0,29° 6,00+0,00% fale 803,34 -
18 6,33+0,29°¢ 6,17+0,29% falel Askaied 87+3,40% -
24 4,83+0,29¢ 6,83+0,29¢ ekl 93+1,78% -
30 4,17+0,29¢ 8,33+0,58°¢ FRK[HxK 98+3,632 -
36 3,00+0,00¢ 9,17+0,29°¢ Fkkx 99+6,322 -
42 1,83+0,29° 10,83+0,58° ek 27+7,128 13
48 1,50+0,00° 13,00+0,50? falalalel 18+5,96f 60

*: 1.anestezi seviyesi, **: 2.anestezi seviyesi, ***: 3.anestezi seviyesi, ****: 4.anestezi seviyesi
Veriler ortalama + standart sapma seklinde sunulmustur (n=3). Her siitunda farkli harflerle gosterilen ortalamalar istatistiksel olarak
birbirlerinden farklidir (P<0,05).

3.2. Karanfil yagimin japon bahginda uzun siire uygulamasinda optimal Kkonsantrasyonun
belirlenmesi

Karanfil yaginin 15 s silirede japon baligi iizerindeki anestezik etki ve yanitlar1 Tablo 2’de
verilmistir. Birinci denemede oldugu gibi, anestezinin konsantrasyonu arttik¢a anasteziye giris siiresi
kisalmis, kendine gelme siiresi ise uzamistir. Anestezi etkisinin goriilmeye basladigi 6 uL/L’de
anesteziye giris stiresi 11 dk iken, 24 pL/L’de 5 dk’ya diigmistiir. Baliklarin kendine gelme siiresi ise
6 uL/L’de 7 dk iken, konsantrasyonun artmasina paralel olarak artmis ve 24 pL/L’de 17 dk’ya
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yiikselmistir. Diger yandan, baliklarin solunum sayisi, anestezinin konsantrasyonuna bagli olarak
artmistir. Anestezi icermeyen suda baligin 74/dk olan solunum sayis1 18 plL/L’de 104/dk seviyesine
kadar yilikselmistir. Ancak oliimlerin goriilmeye basladig1 21 ve 24 pL/L’de solunum sayisi aniden
diiserek 35 ve 16/d seviyesine inmistir.

Karanfil yaginin 3 pL/L’lik konsantrasyonu baliklarda herhangi bir anestezi etkisi gostermezken, 6 ile
24 uL/L araligindaki konsantrasyonlari hafif sedasyondan derin anasteziye kadar tiim anestezi
seviyelerini tiretmistir. Anestezigin 18 pL/L konsantrasyonlarina kadar herhangi bir 6liim olgusu
goriilmezken, 21 ve 24 plL/L’de sirasiyla %20 ve %87 o6liim oran1 kaydedilmistir. Mevcut Oliimler
dikkate alindiginda, 15 s siirede karanfil yaginin giivenli kullanilabilir konsantrasyonlar1 amaca baglh
olarak 6 ile 18 uL/L araliginda goziikmektedir.

Tablo 2. Karanfil yagimin farkli konsantrasyonlarinin japon baliginda uzun siireli (15 S) anestezik etki ve
yanitlari.

Ili)arf:;wi::’;]:fc:nu Anesteziye giris  Kendine gelme Anestezi  Solunum Sayis1  Oliim oram
(uL/L) siiresi (dk) siiresi (dk) diizeyi (dk) (%)
0 - - - 74+6,29¢ -
3 - - - 75+6,13¢ -
6 11,17+0,292 6,83+0.29¢ * 81+6,54°¢ -
9 9,50+0,50° 9,17+0.29¢ *[H* 85+6,54°¢ -
12 8,17+0,58°¢ 10,00+0.00°¢ *x 93+2,90% -
15 6,83+0,29¢ 12,00+£0.50°¢ falaied 101+6,072 -
18 6,17+0,29% 14,33+0.58° Fkk [hekekek 104+10,022 -
21 5,50+0,00¢f 16,17+0.292 Fokkk 35+10,00¢ 20
24 4,83+0,29f 16,67+0.582 kel 16+7,13¢ 87

Veriler ortalama+Standart sapma seklinde sunulmustur (n=3). Her siitiinda farkli harflerle gosterilen ortalamalar istatisksel olarak
birbirlerinden farklidir (P<0,05).

3.3. Japon baliginin naylon torbalarda uzun siire tasinmasinda optimal stoklama oram ve
stoklamada karanfil yag ilavesinin baligin yasama oranina etkisi

80, 100 ve 120 adet/L oraninda stoklanip karanfil yagina maruz birakilan (12 pl/L) ve birakilmayan (0
ul/L) japon baliklarinin 15 s siirede naylon torbalarda tasinmasinda, birbirlerinden bagimsiz olarak
stok yogunlugunun baliklarin yasama orani iizerine etkisi olmus (P<0,05), ancak karanfil yaginin bir
etkisi olmamigtir (P>0,05). Diger yandan, stok yogunlugu ve karanfil yaginin kombine olarak
baliklarin yasama orani iizerinde bir etkisi olmamustir (P>0,05)(Tablo 3).

Tablo 3. Stok yogunlugu ve anestezinin yagama orani iizerindeki kombine etkisinin iki yonlii varyans analiz

sonuglari.
Varyasyon kaynagi Tip III Kareler toplanm Df  Kareler ortalamasi F Sig.
Diizeltilmis model 144,13 5 28,83 116,03 0,00
Intercept 168530,57 1 168530,57 678351,42 0,00
Doz 0,95 1 0,95 381 0,08
Stok 141,55 2 70,78 284,88 0,00
Doz*Stok 1,63 2 0,82 3,28 0,07
Hata 2,98 12 0,25 - -
Toplam 168677,68 18 - - -
Diizeltilmis toplam 147,11 17 - - -

R2=0,980 (Diizeltilmis R?=0,971)
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Karanfil yag ilave edilmis ve edilmemis baliklarda yasama oran1 80 adet/L stoklamada sirasiyla
299,17 ve 99,37; 100 adet/L stoklamada %98,33 ve 98,00; 120 adet/L stoklamada ise %93,47 ve
92,22 olarak belirlenmistir (Tablo 4).

Tablo 4. Japon baliklarinin naylon torbalarda 15 s taginmasinda stok yogunlugu ve karanfil yagi ilavesine baglt
yasama oranlart.

Stok oranlar (adet/L) Karanfil yagi ilavesine bagh yasama oranlar1 (%)

0 plL 12 ullL
80 99,17+0,36° 99,38+0,63°
100 98,33+0,29° 98,000,502
120 93,47+0,48" 92,2240,64

Veriler ortalama + standart sapma seklinde sunulmustur (n=3). Farkli harflerle gosterilen ortalamalar istatistiksel olarak birbirlerinden
farklidir (P<0,05).

Yasama oranit bakimindan 80 ile 100 adet/L stoklama arasinda anlamli bir fark goriilmezken
(P>0,05), 120 adet/L stoklama, 80 ve 100 adet/L stoklamaya gore daha diisiik bir yasama orani
gdstermistir (P<0,05). Ozetle, baliklarin 15 saat tasinmasinda yaklasik %7-8 oraninda bir 6liime neden
oldugu i¢in 120 adet/L stoklama uygun degildir. Ancak %1 ve 2 6liimiin goriildigii 80 ve 100 adet/L
stoklama gruplari, baliklarin 15 saat siirede taginmalari igin uygun goziikkmektedir.

4. TARTISMA VE SONUC
4.1. Baliklarin bayillma ve ayilma siireleri ile solunum sayisi

Karanfil yaginin konsantrasyonuna paralel olarak baliklarin anesteziye giris siiresi 2 dk ile 11 dk
arasinda, kendine gelme siiresi ise 5 dk ile 17 dk arasinda degismis olup, anesteziye giris siiresi
kendine gelme siiresinden daha uzun zaman almistir. Anesteziye maruz kalma siiresinin anesteziye
giris siiresine olan etkisi ise sinirlt olmustur. Kiiclikosman (2019), ayni balik tiirtinde karanfil yaginin
(80 uL/L), tarafimizdan belirlenen degerlerden daha diisiik olarak anesteziye giris ve kendine gelme
stirelerini 1-5 dk araliginda bildirmistir. Yapilan calismalarda karanfil yaginin baliklarda anesteziye
giris ve kendine gelme siireleri, balik tiiriine gére oldukga degiskenlik gostermistir. Ornegin gokkusag
alabaliginda hafif anestezi seviyelerinde anesteziye giris ve kendine gelme siiresi sirasiyla 1,6 dk ve
4,9 dk; agir anestezi seviyelerinde ise 3,7 dk ve 4,9 dk (Prince ve Powel, 2000), Oncorhynchus nerka’
da 3 dk ve 10 dk (Woody vd., 2002); Sazan’da 3 dk ve 4 dk (Hajek vd., 2006); inci kefalinde
(Chalcalburnus tarichi) 1-4 dk ve 3-8 dk (Sahin vd., 2019) olarak bildirilmistir. Akvaryum
baliklarindan Cichlosoma nigrofasciatum, Cyrtocara moorii, Labidochromis caeruleus’da anesteziye
giris siireleri sirasiyla 2,97 dk, 3,16 dk ve 2,65 dk iken, kendine gelme siireleri 9,76 dk, 9,86 dk ve
9,96 dk olarak rapor edilmistir (Han vd., 2016). Japon baliklar1 igin tarafimizdan belirlenen kendine
gelme siiresi, yukarida bahsedilen farkli balik tiirlerinde bildirilen siirelerden kismen daha uzun
goziikmektedir. Akbulut vd. (2011) tarafindan bildirilen karanfil yag1 konsantrasyonu ile anesteziye
girig siiresi arasinda negatif, anestezik konsantrasyon ile kendine gelme siiresi arasinda pozitif bir
ilginin oldugu, tarafimizdan yapilan ¢alismada da gézlenmistir. Ancak Waterstrat (1999), ¢calismasinda
bdyle bir iligkinin olmadigini ileri stirmiistiir. Gerek tarafimizdan yapilan ¢aligmada, gerekse onceki
calismalarda goriildiigii gibi, karanfil yaginin baliklarda kendine gelme siiresi, diger anesteziklere gore
daha uzundur. Bu bir dezavantaj olarak ileri siiriilse de (Munday ve Wilson, 1997), 6l¢iim, agilama ve
cerrahi uygulama gibi elle yapilan operasyonlarda daha uzun bir siireye olanak sagladigindan bir
avantaj olarak ta kabul edilebilir.

Baliklarin solunum sayisi anestezi icermeyen suda 73/dk iken, karanfil yagi uygulanmis olanlarda
anestezik konsantrasyon ve uygulama siiresine bagli olarak 104/dk’ya kadar yiikselmistir. Ancak
6liimlerin bagladig1 konsantrasyonlarda solunum sayis1 aniden diiserek 16-35 dk’ya kadar inmistir. Bu
durum, yiiksek konsantrasyonlardaki karanfil yaginin baligin solunum sistemini felg ettigi ve mevcut
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oliimlerin de olasilikla bundan meydana geldigini diisindiirmektedir. Anestezik maddelerin genellikle
baligin metabolizmasini yavaslatacagi, dolayisiyla amonyak salinimi ve oksijen talebini diisiirecegi
varsayilir (McFarland, 1959; Pattanasiri ve Taparhudee, 2017). Ancak bunun aksine, ¢aligmamizda,
balikta metabolizmanin artmasinin bir géstergesi olan solunum sayisinda bir yiikselme olmustur. Diger
yandan, anestezik madde ilave edilmis naylon torbalarin sular1 anestezik icermeyenlere gore diskidan
dolay1 daha fazla bulaniklastigi gozlemlenmistir. Bu durum, fenoksietanoliin japon baliklarinda
uygulanmasinda da bildirilmistir (Yanar vd., 2020). Diger yandan Kaiser vd. (2006), karanfil yag1 ile
anestezi edilen Haplochromis obliquidens ’in sularinda Kontrol gurubuna gére daha fazla NHs*ve NHs
bulundugunu rapor etmislerdir. Molinero ve Gonzalez (1995) ise, bazi anesteziklerin, beklenenin
aksine bazi balik tiirlerinde kimyasal strese neden oldugunu ileri siirmiistiir. Sonug olarak anestezigin
baligin solunum sayisini azaltip, stok yogunlugu iizerinde olumlu etki yapacagi hipotezi karanfil yagi
ve japon balig1 6zelinde dogrulanamamustir.
4.2. Karanfil yaginin optimal konsantrasyonu

Karanfil yagmin gerek 30 dk, gerekse 15 s uygulanmasinda baliklardaki anestezik etkisi 6
uL/L’den itibaren baglamistir. Herhangi bir yasama kayb1 olmadan, karanfil yaginin 30 dk siirede 6 ile
30 uL/L araligindaki konsantrasyonlari, 15 s siirede ise 6 ile 18 uL/L konsantrasyonlari baliklarda en
hafiften en agirina kadar tiim anestezi seviyelerini liretmistir. Hangi konsantrasyonlarin secilecegi ise
uygulamacinin hangi anestezi seviyesini amagladigina gore degisecektir. Kiigiikkosman (2019), karanfil
yagmin juvenil japon baliklarinda kisa siireli uygulanmasinda en uygun konsantrasyonunu 80 uL/L
olarak tespit etmistir. Bu konsantrasyon, tarafimizdan kisa siirede derin anestezi i¢in tespit edilen
optimal konsantrasyonun (30 uL/L) ¢ok iizerindedir. Bu fark, su kalitesi veya arastirmada kullanilan
karanfil yaginin saflik derecesiyle ilgili olabilir. Japon balig1 ile ayn1 aileden olan sazanda ise karanfil
yagmin Onerilen konsantrasyonu, uygulama siiresine bagli olarak 15 ile 100 pL/L arasinda
degismektedir (Hikasa vd., 1986; Hamackova vd., 2002; Velisek vd., 2005b). Diger balik tiirleri
iizerinde yapilan ¢aligmalarda ise Onerilen konsantrasyon 9 ile 80 pL/L arasinda bildirilmistir (Keene
vd., 1998; Taylor, 1999; Waterstrat, 1999; Soto ve Burhanuddin, 1995; Grush vd., 2004; Velisek vd.,
2005a; Kaiser vd., 2006; Dolezelova vd., 2011; Kogak ve Can, 2019; Sahin vd., 2019). Literatiir
bilgilerinden de anlagilacagi gibi, karanfil yagiin 6nerilen konsantrasyonlari, balik tiiriine, uygulama
stiresine, su kalitesine (6zellikle sicaklik) gore degismektedir. Dolayisiyla karanfil yaginin 6nerilen
konsantrasyonlar1 yaklagik bir seviye verir. Genis balik kitlelerine uygulanmadan 6nce ise bunun az
sayida baliklara test edilerek revize edilmesi gerekir. Diger yandan, konsantrasyon arzu edilen anestezi
seviyesine gore degisir. Genellikle 6lgme, asilama ve sagim ve gibi baliklarin hareketsizlestirilmesi
gereken durumlarda 1. veya 2. anestezi seviyesi amaglanmalidir. Bulgularimiza gore, bunun igin
siireye bagli olarak karanfil yagmin 6 ile 12 uL/L arasi konsantrasyonlari kullanilabilir. Cerrahi
operasyonlar gibi daha derin anestezi gerektiren durumlarda ise 3.anestezi seviyesinin amaglanmasi
daha dogru olur. Bunun i¢in ise karanfil yaginin siireye bagli olarak 15 ile 24 pl/L konsantrasyonlari
kullanilabilir.

Karanfil yaginin 30 dk uygulanmasinda 42 ve 48 pL/L konsantrasyonlari sirasiyla %13 ve %60; 15
s uygulanmasinda ise 21 ve 24 pl/L konsantrasyonlari sirasiyla %20 ve %87 6liime neden oldugu
icin, karanfil yagi bu konsantrasyonlarin altinda kullanilmalidir. Kaiser vd. (2006), karanfil yaginin
giiven araligiin dar olduguna isaret etmistir. Velisek vd. (2005a), karanfil yaginin terapatik indeksini
(toksik konsantrasyon/terapik konsantrasyon) alabalikta 2,7 gibi oldukc¢a diisiik bir degerde
hesaplamistir. Tarafimizdan yapilan caligmada LC50 degerine odaklanilmadigr i¢in gliven araligi
hesaplanmamistir. Ancak eldeki bulgulardan, etkili konsantrasyon ile Oliimlerin basladigi letal
konsantrasyon arasindaki bandin dar olmasi dikkat cekicidir. Ozet olarak, karanfil yag: pek cok iistiin
ozellikleri nedeniyle su iiriinleri yetistiriciliginde veya balik¢ilik faaliyetlerinde kullanilabilir nitelikte
bir anestezik maddedir. Ayrica organik balik yetistiriciligi i¢in de giiclii bir segenektir.
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4.3. Baliklarin tasinmasinda optimal stoklama yogunlugu

Stok yogunlugu baligin yasama orani {izerinde beklenildigi gibi 6nemli bir etki yapmis, ancak
tagima suyuna karanfil yag1 ilavesinin bir etkisi olmamistir. Diger yandan bu iki faktor baligin yasama
orani iizerinde kombine olarak anlamli bir etki yapmamistir (P>0.05). Japon baliklarinin 15 s naylon
torbalarda taginmasinda, 80 ve 100 adet/L stoklama oldukea diisiik bir 6liim oran1 (%1-2) verdigi i¢in,
en uygun stoklama olarak goziikmektedir. 120 adet/L grup daha yiiksek bir stoklama olanagi saglasa
da, kayda deger bir 6lim oranma (%7-8) neden oldugu i¢in kullanilmasi uygun goriinmemektedir.
Karanfil yag ilavesi ise tasimada olumlu bir etki yaratmamistir. Bunun olasi nedenleri, daha 6nceki alt
basliklarda da deginildigi gibi, anestezigin baligin solunum sayisini arttirmasi ve buna bagl olarak
suyun bulaniklasmasindan (diskilamadan) dolay1 su kalitesinin kétiilesmesidir. Sonug olarak japon
baliklarinin oksijen gazi basilmis naylon torbalarda 15 s siireli tasinmasinda maksimum stoklama
yogunlugu 80 veya 100 adet/L olmalidir. Karanfil yaginin ise tasimada baligin stoklama yogunlugu
iizerinde bir etkisi olmadig1 i¢in kullanilmasi gerekli degildir. Yanar vd. (2020) tarafindan japon
baliklariin 15 s siireli tasinmasinda en uygun stoklama yogunlugu 60 adet/L, biyomas olarak ise 232
g/L olarak rapor edilmistir. Calismamizda ise uygun stoklama 80 ve 100 adet/L veya biyomas olarak
332 ve 416 g/L’dir. Dolayisiyla ayni tiirde ve ayni siirede yukarida anilan g¢alismada uygun stoklama
232 g/L olarak bildirilirken, ¢calismamizda bu deger 332-416 g/L seviyesindedir. Aradaki bu farkin
nedeni, olasilikla sicaklik kosullarinin farkli olmasindan kaynaklanmis olabilir. Caligmamizda tasima
su sicakligr 22 °C’de, anilan ¢alismada ise 24 °C’de tutulmustur. Sonug olarak, bu deneme kosullarina
gore, karanfil yagi kullanmaksizin 3/4 oksijen gazi basilmis naylon torbalarda, baliklarin 3 giin ag
birakilmasi durumunda 15 saat siirecek tasimada litreye 80-100 adet (veya 332-416 g) SM boy
biyiikliiginde (4,16 g) japon balig1 stoklamak, %98-99 yasama oraniyla en uygun stoklama olarak
goziikmektedir.
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Abstract: The common carp (Cyprinus carpio) is the main species of carp being cultured in Keywords
mid and southern Irag. The consumer believes that the farmed fish is less nutritious than the  « Common carp
wild fish, which affects its market value. The current study was designed to investigate the e Farmed fish
nutritional value of the common carp cultivated in the Basrah province based on the fatty o Faty acid
and amino acid profile. Fatty acids were determined by Gas chromatography (GC), while an 4 Amino acids
Amino Acid Analyzer was used for the determination of amino acids. The results revealed

that the tested fish is rich in polyunsaturated fatty acids (especially essential omega-3 fatty

acids), including a-linolenic acid (14.08+3.92%), docosahexaenoic acids (7.98 £2.82 %),

and eicosapentaenoic acid (2.81 +0.34 %). Seven essential amino acids which are significant

for the human body and the other ten non-essential amino acids were identified in the

samples tested. Thus, it was established that the nutritional value of the farmed Cyprinus

carpio is not less than the wild fish of the same species or family.

Ozet: Sazan (Cyprinus carpio), orta ve giiney Irak'ta yetistirilen baslica sazan tiiriidiir. ~ Anahtar kelimeler
Tiiketici, pazar degerini etkileyen ¢iftlik baliklarinm, yabani baliklardan daha az besleyici o Sazan
oldugunu diigiinmektedir. Caligma, Basra Ili'nde yetistirilen sazan baliginin besin degerini o

- . . . .. o s o Ciftlik baliklar:
yag ve amino asit profiline dayali olarak arastirmak igin tasarlanmigtir. Yag asitleri, gaz —
kromatografisi (GC) ile belirlenirken, amino asitlerin belirlenmesi i¢in bir Amino Asit ©® Y3& asidi
Analizorii kullamldi. Sonuglar, test edilen baligin a-linolenik asit (%14.08+£3.92), © Amino asitler
dekosaheksaenoik asitler (%7,98 +2.82) ve eikosapentaenoik asit (2.81 +) dahil olmak tizere
coklu doymamus yag asitleri (0zellikle esansiyel omega-3 yag asitleri) agisindan zengin
oldugunu ortaya koydu. %0.34). Test edilen drneklerde insan viicudu i¢in 6nemli olan yedi
esansiyel amino asit ve diger on esansiyel olmayan amino asit tespit edildi. Boylece ¢iftlikte
yetigtirilen Cyprinus carpio'nun besin degerinin ayni tir veya familyaya ait yabani
baliklardan daha az olmadig: tespit edilmistir.

1. INTRODUCTION

The content of fatty acids, amino acids, vitamins, and minerals in meat reflects its nutritional value and
its impact on human health (Sarma et al., 2013). Fishes are the primary source of polyunsaturated fatty
acids such as eicosapentaenoic acid (EPA) and docosahexaenoic (DHA) (an essential omega-3 fatty acid)
in humans (Vannice and Rasmussen, 2014). Omega-3 is necessary for cardiovascular and brain health
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(Bennett et al., 2018). Besides, omega-3 plays a beneficial role in a few human pathologies, such as
obesity and type-2 diabetes (Sokota-Wysocza'nska et al., 2018).

It has been reported that fish protein intake is useful in regulating blood cholesterol levels and
positively influences patients with hypercholesterolemia (Hosomi et al., 2011). Dale et al. (2019)
suggested that fish proteins may enhance the gut microbiota composition, and affect body weight, and
lipid status in humans. The amino acid composition is one of the most important nutritional qualities of
the protein (FAO/WHO, 1990).

In general, common carp (C. carpio) is a good source of fat-soluble vitamins and n-3 polyunsaturated
fatty acid (Stancheva et al., 2014), and can be recommended for consumers as a high-quality protein diet
(Mohanty et al., 2014)

The aquaculture industry has become an essential and rapidly growing industry providing fish for
human consumption. Carp is the most important fish species cultured worldwide, and 97.3% of its global
production is originated from aquaculture (Karnai and Sziics, 2018). Farmed carp species contributed (26
percent) to total Near East and North Africa aquaculture output in 2014 (FAO, 2015). Iraq is considered a
medium-scale producer, with an annual production of 5.000 to 35.000 tonnes (El-Sayed, 2015). The
common carp (C. carpio) is the major species currently cultured in mid and southern Irag. In Basrah, the
number of licensed fish farms increased to 327 farms in 2016 to provide protein to the growing
community (Ahmed et al., 2020). However, there is a preference among some consumers for wild fish
(Runge et al., 2021). This is because the nutritional value of wild fish is thought to be higher than that of
farm-raised fish (Lopez-Mas et al., 2021). In Basrah, the consumer has the same perception about the
farm-raised carp, which affects its market value. Therefore, the current study was designed to investigate
the quality of farmed carp meat depending on fatty and amino acid profile compared to the wild fish
caught from the local or external water bodies.

2. MATERIALS and METHODS

In the present study, fishes were reared in (12x 3x 2) m? tanks made from an iron frame, lined on the
inside with thick fabrics made from a waterproof material. The farming process started by placing 3000
fish in each tank with an initial weight of 100 g per fish, and fishes were fed on processed imported feed
(floating pellets). The feed ingredients include fish meal, amino acids, vitamins, minerals, antioxidants,
and fungicide. The calculated analysis (crude protein = 28%, crude fat = 4.0%, crude fiber = 4.0%) was as
recorded on the feed package. The fish were fed to satiation daily during the rearing period.
2.1. Samples Collection

A total of 15 adults fresh common carp (C. carpio) samples were obtained from a local farm in Basrah
Province, southern Irag. The fish samples were stored in an icebox and brought to the laboratory at the
Marine Science Center, University of Basrah, Iraq. The length of the fish was measured from tip to tail
using a measuring board. The weight was measured using a QUA electronic scale (China), and the
individual data of the fish were recorded. The fish samples were divided into three groups (five fish in
each group). Samples were cleaned using a stainless-steel knife; the edible part of fish tissue from the
body's dorsal side was taken without skin and cut into small pieces. Muscle samples of each group (five
fish) were mixed and stored in plastic containers, labeled, and kept in a refrigerator at -20 °C until further
analyses.
2.2. Proximate Composition Analyses

The proximate composition of the fish meat was determined according to the AOAC protocol (AOAC,
1990). Moisture content was determined by drying the sample in an oven at 105 °C until a constant weight
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was obtained. Crude ash was determined by incineration in a muffle furnace at 550 °C for 24 hrs. Crude
protein content was determined by the Kjeldahl method, and a conversion factor of 6.25 was used to
convert the total nitrogen to crude protein. Crude fat was determined by the Soxhlet extraction method.
2.3. Fatty Acids Analysis

Total lipids in fish meat were determined by the ISO standard method (2000). After acid hydrolysis of
the sample with hydrochloric acid, lipids were extracted from the fish meat with petroleum ether. Fatty
acids were extracted with a mixture of n-hexane and isopropanol (60, 40, v/v). The extracts were
collected, and the solvent was removed. Fatty acid methyl esters (FAMEs) were prepared by dissolving
lipid extract with tertbutyl methyl ether. Transesterification was performed by 0.25 M trimethyl sulfonium
hydroxide (TMSH) in methanol. FAMEs were analyzed by Gas chromatography (GC)-17 A- Shimadzu/
Class GC 10, (column: 30 m x0.25 mm L.D., 0.5 um film thickness. Flame ionization was detected at 210
°C; carrier gas nitrogen at a flow rate of 1.0 ml/min; injector temperature at 210 °C; oven temperature
programmed from 180 to 250 °C). Quantitative data were calculated using the peak area ratio (% total
fatty acids).
2.4. Amino Acids Analysis

The amino acids were analyzed depending on the method described by Osibona et al., (2009). Briefly,
0.5 g of sample was weighed into a 100 ml flask. Norleucine standard solution (1ml) and 5 ml of
performic acid were added to the sample in an ice bath. Sodium metabisulphite (0.84g) and 6N HCI (30
ml) with anti-bumping granules were added, and the oxidation process was carried out in a fridge for 16
hrs. The mixture was allowed to cool, 30 ml of 4 M lithium hydroxide was added, and the mixture was left
to hydrolyze for 24 hrs in a bath set at 130°C. The pH was adjusted to 2.1, and the combination was made
up of 100 ml of deionized water. About 5 ml of the sample was filtered through a 2 um filter, and the
product was run through an Amino Acid Analyzer LC3000 (Eppendorf-Bio-tronik; Germany). Replicate
determinations were carried out on each sample.
2.5. Statistical Analysis

Data are the mean values of two replicates £SD. Microsoft Excel 2019 for Windows was used to
calculate the mean and standard deviation.

3. RESULTS

The mean length of the tested fish is 29.5 £ 2.8 c¢m, and the mean weight is 750 &+ 63 g. The proximate
composition of the farmed common carp muscle is shown in Table 1. Crude protein, crude fat, moisture,
and crude ash contents of the carp muscle were 22.08 %, 3.24%, 70.2%, and 2.12%, respectively.

Table 1. Proximate composition of the common carp muscle. Values are mean +SE from duplicate determination.
Crude protein (%) Crude fat (%) Moisture (%) Crude ash (%)
22.08+0.64 3.24+0.31 70.2+0.32 2.12+0.04

The fatty acid composition as a percentage of the common carp's total fatty acids is summarized in
Table 2.
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Table 2. Fatty acids quality indices in the muscles of farmed common carp (C. carpio) and their comparison with the results of other studies (% of total fatty

acids). Values for the current study are mean SD from duplicate determination.

Fatty Acid Name Chemical Formula This Study 1 2 3 4 5 6 7
SFA Myristic acid C14:0 3.64+1.05 2.02 123 169 107 227 287 -
Palmitic acid C16:0 17.38+2.13 16.18 29.03 1497 1711 3519 194 16.98
MUFA Oleic acid ©-9/C18:1 21.66+3.05 25.11 36.53 2223 3235 1484 30.2 34.45
n-3 PUFA a-Linolenic acid (ALA) ®-3/C18:2 14.08+3.92 3.9 1134 295 151 10.04 8.79 22.57
Eicosapentaenoic acid (EPA) C20:5 2.81+0.34 4.75 093 436 193 ND 1.36 0.93
Docosahexaenoic acid (DHA) C22:6 7.98+2.82 11.6 1.63 8.37 2.89 5.13 0.87 1.86
n-6 PUFA Linoleic acid ®-6/C18:3 3.66+0.76 0.33 1.8 053 264 024 0.23 2.12
Arachidonic acid C20:4 8.45+2.17 55 075 5 3.09 362 242 1.44
>'SFA 21.02+2.11 18.2 30.26 16.66 18.18 37.46 2227 16.98
YMUFA 21.66+3.05 25.11 36.53 2223 3235 1484 30.2 34.45
>PUFA 36.9842.00  26.08 16.45 2121 2565 19.03 13.67 28.92
Y PUFA/Y SFA 1.75+2.05 1.43 054 127 141 050 061 1.70
>n-3 24.87+2.36  20.25 139 1568 19.92 1517 11.02 25.36
>'n-6 12.11+1.46  5.83 255 553 573 386 2.65 3.56
n-3/ n-6 2.04+1.09 3.47 545 283 347 393 415 7.12
EPA+ DHA 10.79+1.72 16.35 256 1273 432 513 2.23 2.79
Total fatty acids 79.66+2.38 69.39 83.24 601 76.18 7133 66.14 80.35
Unidentified 20.34 30.61 16.76 399 2382 28.67 33.86 19.65

Saturated fatty acids (SFA), monounsaturated fatty acids (MUFA), n-3 polyunsaturated fatty acids (n-3 PUFA), n-6 polyunsaturated fatty acids (n-6 PUFA).

Swapna et al., 2010 (the tested fish were purchased from the market).

1-Stancheva and Merdzhanova (2011) source of fish/ Dam Lake —Bulgaria (wild fish).
2-Yeganeh et al., 2012 wild fish from the Caspian Sea) (values are the mean of 4 seasons).

3-Yeganeh et al., 2012 farmed fish (values are the mean of 4 seasons).

Note: Yeganeh et al., 2012 tested wild and farmed fish in the same study.

4-Sarma et al., 2013 wild fish from Bhimtal lake, India.
5-Ljubojevi¢ et al., 2013 wild fish from Danube River.
6-Ljubojevi¢ et al., 2017 farmed fish fed on feed mixture.
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The amino acid composition (% of total protein) is presented in Table 3. Seventeen different
amino acids were determined in the edible parts of the common carp (C. carpio). Seven essential
amino acids that are very important for the human body and ten other non-essential amino acids were
detected in the samples tested, as presented in Table 3.

Common carp protein contained a high amount of essential amino acids Tryptophan = 4.64 + 0.98
0/100g of crude protein, followed by threonine, valine, phenylalanine, leucine, histidine, isoleucine in

decreasing level.

Table 3. Amino acid profile of common carp (C. carpio) g/100g of crude protein (mean value + SD).

Pyz-Lukasik &

Pyz-Lukasik &

s [T S e ouakke Kook
' ' Pecka,2017 Pecka, 2017
Ess_ential. Common carp Commc_)n Commgn Grass carp Wild  Bighead carp Wild
amino acid Farmed carp Wild  carp Wild
Tryptophan 4.64+0.98 0.06 0.8 3.02 3.04
Threonine 457 +1.66 0.41 0.9 4.75 4.71
Valine 444 £0.97 0.52 1.30 4.91 493
Phenylalanine 3.83+1.09 0.33 0.7 3.97 4.02
Leucine 3.51+041 0.76 1.6 7.81 7.89
Histidine 3.39+1.07 0.29 0.4 2.69 2.67
Isoleucine 3.38+0.83 0.42 0.8 4.28 4.24
2EAA 27.76 2.79 6.5 31.43 315
Non-essential amino acid
Aspartic acid 12.23 +2.68 2.72 6.2 10.30 10.28
Glycine 5.84+0.93 1.49 3.2 5.45 5.67
Glutamic acid 501+0.77 1.90 4.2 15.06 15.11
Serine 4.54+139 2.44 5.5 417 4.21
Glutamine 4.82+0.96 2.44 4.2 - -
Arginine 458 +£0.63 1.01 2.1 6.59 6.63
Alanine 2.91+0.73 1.55 3.70 6.09 6.20
Asparagine 0.96 + 0.02 0.13 - - -
Serine 454+£1.76 2.44 5.5 4.17 421
Tyrosine 510+ 1.14 0.33 0.8 3.26 3.35
Y NEAA 50.53 16.45 35.4 55.09 55.66
LEAA 0.48 0.47 0.47 0.48 0.48

/YNEAA
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4. DISCUSSION

In the present study with farmed common carp, the results of the body composition are close to
those recorded by Al-Humairi et al. (2019) on the wild common carp caught from the Iragi waters.
Hossain (2011) reported that farmed fish can provide the consumers with a nutritional composition
that is at least as beneficial as that provided by the wild fish when those fishes were raised under
appropriate conditions and dietary regimes.

The current study included measuring the essential fatty acids in the muscles of the common carp,
which play a positive role in improving human health. Due to the absence of local studies related to
the nutritional value of the C. carpio, the results of the current research (fatty and amino acids values)
were compared with the results of other studies that were conducted on farmed or wild Cyprinus
carpio caught from natural waters in different areas around the world.

In the current study, the myristic acid recorded a high value, while the palmitic and oleic acid
values were within the levels recorded in the fish tested in other studies (Table 2). The fatty acid
composition varies even among fish belonging to the same species or family due to the differences in
age, season, different environmental factors, geographic location, reproductive status, culture systems,
and diet composition (Alasalvar et al., 2002; Memon et al., 2011; Ljubojevi¢ et al., 2013). The
percentage of a-linolenic acid in the tested samples (mean value =14.08+3.92) was within the values
recorded by studies mentioned in Table 2. All freshwater fish use a-linolenic acid as a precursor to
producing EPA and DHA acid (Sargent et al., 2002). The common carp from the present study was a
good source of EPA (2.81 £0.34) and DHA (7.98 £2.82).

Since terrestrial plants and animals have relatively low levels of EPA and DHA, this index
(EPA+DHA) is usually used to evaluate the nutritional value of seafood, mainly fish. In this study, the
EPA+DHA index (10.79%) was within the range reported by other researchers (Table 2). The ratio of
®-3 to w-6 fatty acids in the current study was lower than in other studies. However, daily intake
(about 500 mg) of EPA+DHA/day is enough to meet an adult requirement, according to ISSFAL,
(2004).

This investigation has indicated that the farmed common carp was rich in linoleic acid which is in
line with the findings of (Yeganeh et al., 2012) and (Ljubojevi¢ et al., 2017) on farmed fish. All
freshwater fish can convert linoleic acid to arachidonic acid (Sargent et al., 2002). The percentage of
arachidonic acid in our tested fish was high compared to the values recorded by other studies. The
current results indicate that humans can consider the farmed common carp as a good source of
polyunsaturated fatty acids, which may originate from the feed (Memon et al., 2011).

A PUFA/SFA index is normally used to assess the effect of diet on cardiovascular health. It has
been reported that all PUFAs can lower low-density lipoprotein cholesterol and lower serum
cholesterol levels, while all SFAs can increase serum cholesterol levels. Therefore, the higher this
ratio, the greater the effect (Chen and Liu, 2020). The present study found that PUFA/SFA (1.75 %) is
similar to the value previously reported for farmed fish fed on feed mixture (Ljubojevi¢ et al., 2017).

The levels of amino acids tested in the edible part of the farmed Cyprinus carpio were higher than
that of the wild fish recorded by Mohanty et al., (2014) and Sarma et al., (2013) (Table 3). Many
studies reported that the formulated feed, which contained animal and vegetable ingredients, showed
an apparent positive influence on fish meat quality (Ljubojevic¢ et al., 2013). The levels of the essential
amino acids are close to the results reported by (Pyz-Lukasik and Kowalczyk-Pecka., 2017) for grass
carp and bighead carp, which belong to the same family (Cyprinidae).

Regarding the non-essential amino acids, the results suggested that aspartic acid is the most
abundant compared to the other non-essential amino acids, and the mean value was (12.23 £ 2.68). At
the same time, the asparagine recorded the lowest value (0.96 + 0.02). Aspartic acid is the antecedent
of methionine, threonine, isoleucine, and lysine and has a crucial role in regulating the secretion of
essential hormones (Mohanty et al., 2014). Compared with some studies conducted on wild carp
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presented in Table 3, the farmed carp tested in the present study had high amounts of the non-essential
amino acids, which may again reflect the quality of the formulated feed. Table 3 presents the high
variation in the amount of amino acids in fish samples belonging to the same family and even the same
species. The protein composition of the fish is affected by different factors such as sexual changes and
environmental conditions, but the amount and quality of feed consumed by the fish are fundamental
(Kasozi et al.,, 2019). In the present study, the ratio of essential/non-essential amino acid
(EAA/NEAA) was observed to be 0.48, which is the same value recorded in other studies on wild
common carp, Grass carp, and Bighead carp (Table 3). Compared to the wild fish, the muscles of the
farmed Cyprinus carpio had high-quality protein and were considered a good source of fatty acids that
have a positive effect on human health. Nevertheless, these results cannot be generalized to all the
farmed fish in the province. Some farms depend on fodder rich in carbohydrates (barley, wheat bran,
and maize powder) with a low-quality fish meal to reduce production costs (Ahmed et al., 2020). The
reduction of fish meal in the diet of farmed fish would diminish the Omega-3 content of cultivated fish
and, thereby, the fish's dietary benefits (Sokota-Wysocza'nska et al., 2018).

In conclusion, this research indicated that cultured common carp is a good source of PUFA
(especially DHA, and EPA) that have beneficial health effects. In addition, farmed carp is a valuable
food containing the majority of essential amino acids. Thus, it was established that the nutritional
value of the farmed Cyprinus carpio is not less than the wild fish of the same species or family.
Further, the demand for high-protein food such as fish is increasing, and aquaculture presents an
enormous opportunity for any country’s economy. Therefore, further studies are recommended on
farmed fish meat to provide the consumers with scientific data related to these aquaculture products.
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Ozet: Bu arastirma 2018 yili igerisinde, Konyaalt1 plaji (Antalya) yakininda kurulmus Anahtar kelimeler
olan bir deniz akvaryumunun su tedarik Unitesinde yapilmistir. Caligmada, su alim e Antalya Korfezi
Unitesi etrafinda bulunan makro omurgasiz faunasina ait bazi tiirlerin belirlenmesi o Deniz Akvaryumu
amaglanmustir. Arastirmada Echinodermata(derisidikenliler)’dan Synaptula reciprocans, ¢ gchinodermata
Arbacia lixula ve Diadema setosum,Crustacea (Kabuklular)’dan Charybdis hellerii, o Tynicata

Percnon gibbesi, Portunus pelagicus, Balanus sp. ve Scyllarides latus, Mollusca
(Yumusakgalar) ya ait Bivalvia sinifindan Pinctada radiata, Spondylus spinosimus,
Chama pacifica, Saccostrea cucullata, Saccostrea glomerata, Dendostrea frons, Malleus
regulus, Ostrea edulis, Arca noae, Gastropoda sinifindan ise Hexaplex trunculus,
Cerithium sp., Conomurex persicus, Ergalatax martensi, Coryphellina rubrolineata,
Flabellina sp. ve Felimare picta’nin su temin initesini yasam alani olarak kullandig1
belirlenmistir. Ayrica bolgede tunikatlardan Phallusia nigra, Microcosmus vulgaris ve
Herdmania momus ‘un ayni sistem tizerinde bulunduklar1 tespit edilmistir.

e Crustacea

Abstract: This research was carried out in the water supply unit of a marine aquarium Keywords
established near Konyaalti beach (Antalya) in 2018. In the study, it was aimed to e Antalya Gulf
determine some species belonging to the macroinvertebrate fauna around the water o Marine aquarium
intake unit. In the study Synaptula reciprocans, Arbacia lixula and Diadema setosum ¢ Echinodermata
from Echinodermata; Charybdis hellerii, Percnon gibbesi, Portunus pelagicus, o Tynicate
Scyllarides latus, Balanus sp., were determined from Crustacea. Pinctada radiata,
Spondylus spinosimus, Chama pacifica, Saccostrea cucullata, Saccostrea glomerata,
Dendostrea frons, Malleus regulus, Ostrea edulis, Arca noae from the class Bivalvia in
phylum Mollusca; Hexaplex trunculus, Cerithium sp., Conomurex persicus, Ergalatax
martensi, Coryphellina rubrolineata, Flabellina sp., Felimare picta from the Gastropoda
class used the water supply unit as a habitat. In addition, it was determined that Phallusia
nigra, Microcosmus vulgaris, and Pyura momus from Tunicates were found on the same
system in the region.

e Crustacea

1. GIRIS

Antalya Korfezi, Tiirkiye’de balik¢iligin yapildigi 6nemli bolgelerden birini olusturmaktadir (Kusat
ve Koca, 2009). Jeolojik agidan Antalya Korfezi incelendiginde; Karpuzkaldiran (Lara) ile Side Feneri
arasinda kalan alanin yaklasik 2 deniz mili agiginda dogal resif alam1 yoktur. Bu bdlgenin dip yapist
kumlu, kumlu-¢amurlu, milli-camurlu olup diiz bir yap1 sergilemektedir. Derinligin kademeli olarak
arttigit bu bolge, trol aveiligl igin uygun alanlari olusturmaktadir (Yesilgimen ve Kusat, 2011).
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Korfezde trol avciligi bu bolgede yapildigr igin alan asir1 sekilde somiiriilmektedir. Bolgede avcilik
yapan trol teknelerinin yasak ihlali yaparak si1g sularda da avlandigi bilinmektedir. Bu alanlarin
korunmasi ve giiclendirilmesi ancak yapay resiflerin insasiyla miimkiin olabilir.

Baliklar, kabuklu deniz iiriinleri diger dinlence-eglence ya da ticari amach tiirler, genellikle dogal
resiflerin esdeger alanina esit ya da daha fazla olarak yapay resifleri kullandiklar1 bildirilmistir (Stone,
1985). Tim yapay resifler, bentik, orta su ve nehir agzi olmak {izere {i¢ ana kategoride
siniflandirilabilir. Bentik yapay resiflerin {izerinde ve ¢evresinde biiyiik miktarlarda yetiskin ve yavru
baliklarin bulunma nedenleri agiklanamamis ve bunun karmasik bir yapidan kaynaklandigi
bildirilmistir. Olas1 agiklamalar arasinda besin bollugu, yirticilardan korunma, barmak, uygun
yumurtlama habitati, genclerin hayatta kalma oranini yiikseltme ve fiziksel yonelim noktasi oldugu
bildirilmektedir. Dip veya pelajik deniz canlilarina avcilik amaciyla daha kolay ulasabilmenin ve balik
popiilasyonlarini artirmanin giivenilir bir yolu, yapay resif veya buna benzer yasam alan1 olabilecek
yapilar olusturmaktir (Rousseau, 2008).

Herhangi bir yapay resif materyalinin kullanimin1 degerlendirirken dikkate alinmasi gereken dort
ana Ol¢iit, islev, uygunluk, kararlilik ve yerlestirme ile dayaniklilik olarak belirtilmistir (Rousseau,
2008). Bu olgiitler, yerlestirme ve yonetim hususlari ile birlikte, bir yapay resif projesinin basarisin
veya basarisizligint belirleyen ana unsurlardir. Calismamiz su alim {initesinin ¢evresinde bulunan
makro bentik fauna 6rneklerinin incelenmesi amaciyla yapilmstir.

2. MATERYAL VE YONTEM

Aragtirma materyalini, 2012 yilinda Antalya Konyaalti mevkiinde tesis edilen bir deniz
akvaryumunun deniz igerisindeki su alim {initesi olusturmaktadir. Deniz kiyisina dik bir sekilde
yerlestirilen bu Tlnite deniz igerisine yaklagik 300 m uzunlukta ve 23 metre derinlige kadar
uzanmaktadir. Bu alan deniz i¢erisinde deniz canlilarina yeni bir yasam alani olusturmustur.

Su alim {initesi 50 cm capinda, yiiksek yogunluklu polietilen boru (HDPE, High Density
Polyethylene) ve bu boruya semer seklinde bindirilen 100 adet beton agirliklardan olusmaktadir. Su
alim {initesi ayrica 1,5 X 1,5 X 1,5 m boyutlarinda biri su iinitesinin tam ortasi, digeri sonunda olmak
tizere kiip seklinde iki biiyiik beton tonozla zemine sabitlenmistir (Sekil 1). Sistemin su iletimini
saglayan iki dalgic pompa kiyidan itibaren yaklasik 100 m uzaklikta, deniz icerisinde kapakli
paslanmaz krom metal bir kasa igerisinde yer almaktadir (Sekil 1). Bu pompalara elektrik enerjisi 80
mm’lik HDPE bir boru igerisine yerlestirilen kablolarla saglanmaktadir.

Hemen kiy1 ¢izgisinde baslayan ve yaklasik 300 m agikta ve 23 m derinlikte sona eren su alim
initesinin yerlestirildigi bolgede dogal bir resif bulunmamaktadir (Sekil 1). Su alim iinitesinin
yerlestirildigi yerin dip yapis1 ¢akilli, kumlu-gakilli bir 6zellik gostermektedir.
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Sél;il »1. Su alim {initesinin kiyidaki baslangi¢ kismi (kalin boru su alimi, ince boru elektrik iletimi)

Su alim {nitesindeki biyolojik g¢esitliligin belirlenmesi amaciyla yipratici olmayan SCUBA
daliglart yapilmis ve gorsel sayim, rastgele sayim ve sualti video ve fotograf ¢ekim tekniginden
yararlanilarak tiirlerin belirlenmesi ve sayim gergeklestirilmistir. Tercih edilen bu yontem ile {inite
tizerindeki makrobentik faunaya ait taksonlar oldiiriilmeden tanimlanmis ve sayilmistir. Bu yontem,
biyolojik yasamin devami, yapay resiflerin amacina ulagsmasi ve daha saglikli sonuglarin alinmasi igin
tercih edilmistir.

Deniz sartlari, suda goriis mesafesi, kisith dip zamani ve hava miktar1 gorsel sayim tekniklerini
simirlayici faktorler olarak ortaya ¢ikmaktadir (Ozgiil, 2016). Bu olumsuzluklarin yasanmamas igin
daliglarimiz denizin sakin oldugu sabah ve gece saatlerinde gerceklestirilmistir. Arastirmamizda
fotograf ve video ¢ekimlerinde, Canon Powershot G-12 fotograf makinesinden yararlanilmistir. Ayrica
gece daliglart ve fotograf ¢ekimlerimiz igin sualti fenerleri kullanilmigtir. Arastirmada gozlemlenen
tiirlerin gecerli bilimsel isimlerinin belirlenmesinde WoRMS, (2022)’den faydalanilmustir.

3. BULGULAR
Deniz akvaryumu su alim iinitesinin c¢evresinde gozlemlenen makrobentik fauna igerisinden
belirlenen bazi tiirler Tablo 1°de verilmistir.
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Tablo 1. Su alim tinitesindeki makrobentik fauna icerisinde tespit edilen bazi tiirler
Kol Siif Familya Tiir Tiirkce ismi
Echinodermata  Echinozoa . . Denizhiyar
Snaptidae Synaptula reciprocans .
.. - Karadiken
Arbaciidae Arbacia lixula . .
. . . Uzundikenli
Diadematidae Diadema setosum . .
denizkestanesi
Tunicate Ascidiacea Ascidiidae Phallusia nigra -
Pyuridae Microcosmus vulgaris -
Herdmania momus -
Curustacea Malacostraca  Portunidae Charybdis hellerii Yenge¢
Percnidae Percnon gibbesi -
Portunidae Portunus pelagicus Kum yengeci
Scyllaridea Scyllarides latus -
Thecostraca Balanidae Balanus sp. Biiyiikay1 Istakozu
Mollusca Bivaliva N Pinctada radiata Inci istiridye
Margaritidae .
. Spondylus spinosus -
Spondylidae .
. Chama pacifica -
Chamidae o
. Saccostrea cuccullata Kapsonlu istiridye
Ostreidae
Saccostrea glomerata -
Dendostrea frons Yaprak istiridye
Malleus regula -
Ostrea edulis Avrupa istiridyesi
. Arca noae Nuhun gemisi
Malleidae < J
A kabugu
Muricidae .
Ergalatax martensi -
Hexaplex trunculus -
Cerithiidae Cerithium sp Deniz kabugu
Strombidae Conomurex persicus -
Flabellinidae Flabellina sp. Deniztavsani
Chromodorididae  Felimare picta Deniz salyangozu
Flabellinidae Coryphellina rubrolineata

3.1. Echinodermata Tiirleri

Arastirmamizda su iletim sistemi tizerinde Echinodermata iiyelerinden denizhiyari (S. reciprocans
Forsskal, 1775) denizkestanesi A. lixula (L., 1758) ve D. setosum (Leske, 1778) tespit edilmistir (Sekil
2A,B,C). Bu tiirlerden Kizildeniz kokenli olan D. setosum zehirli bir denizkestanesi tiiriidiir.
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Sekil 2. (A) Beton agirlik iizerinde Karadiken, Arbacia lixula, (B) Beton agirlik iizerinde uzun dikenli
zehirli deniz kestanesi Diadema setosum, (C) Boru iizerinde tespit edilen denizhiyari,
Synaptula reciprocans

3.2. Tunikat Tiirleri

Arastirmamiz sirasinda boru ve beton agirliklara tutunmus halde Phallusia nigra (Savigny,
1816),Microcosmus vulgaris Heller, 1877 ve Herdmania momus (Savigny, 1816) olmak iizere 3
tunikat taksonu belirlenmistir (Sekil 3A,B).

Wy T T
J;’I:\ ;: P b%:‘ : ., ’ .‘f
Sekil 3. (A) Beton agirliga tutunmug olan Herdmania momus, (B) Boru altina tutunmus olan
Microcosmus vulgaris

3.3. Crustacea Tiirleri

Aragtirmamiz sirasinda su iletim sisteminin altinda ve beton agirliklar arasinda yengec tiirleri
Charybdis hellerii (Milne-Edwards 1867), Percnon gibbesi (Milne Edwards, 1853) Portunus
pelagicus (Linnaeus,1758) tespit edilmistir (Sekil 4A). Yengeglerindogal habitatlarin1 kumsal alanlarin
olusturdugu belirlenmistir. Boru sistemi ve beton agirliklar iizerinde yogun bir Balanus sp.
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kiimelesmesi tespit edilmistir (Sekil 4B). Su iletim sisteminin ortasinda yer alan sabitleme tonozunun
altindaki boslukta Scyllaridae familyasina ait biiyiikay1 istakozu, Scyllarides latus (Latreille, 1803)
gozlenmis, ancak gorlintlisii alinamamistir.

e R RN " . IRW
Sekil 4. (A) Su iletim borusu altinda
kiimelesmis olan Balanus sp.

3.4. GastropodaTiirleri

Su iletim sistemindeki boru, beton ve metal aksam {izerine tutunmus olarak yagamini siirdiiren
yogun bivalvia toplulugu izlenmistir. Bivalvia’ya ait baz tiirler; Pinctada radiata (Leach, 1814),
Spondylus spinosimus (Schreibers, 1793), Chama pacifica (Broderip, 1834), Saccostrea cucullata
(Born, 1778), Saccostrea glomerata (Gould, 1850), Dendostrea frons (L., 1758), Malleus regulus
(Forsskal, 1775), Ostrea edulis (L, 1758) ve Nuhun gemisi olarak bilinen Arca noae (L., 1758)’dir
(Sekil 5a,b,c).

- x =
= ST K e o -

Sekil 5. Su alim iinitesi {izerinde tespit edile Gastropod tiirleri (A: Pinctada radiata
B: Spondylus spinosimus C: Hermodice carunculata)

Sistem tizerinde tespit ettigimiz diger gastrapoda tiirleri ise Ergalatax martensi (Schepman, 1892),
Hexaplex trunculus (L., 1758), Cerithium sp., deniz kabugu Conomurex persicus (Swainson, 1821)
Flabellina sp., deniztavsam1 Felimare picta (Philippi, 1836) ve Coryphellina rubrolineata
(O'Donoghue, 1929) Sekil 6. A,B,C,D,E de verilmistir.
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Sekil 6. (A) Beton agirlik iizerinde baz1 gastrapod tiirleri, (B) Boru tizerinde Hexaplex trunculu, (C) Beton
agirlik tizerine tutunmus Chama pacifica, Saccostrea cucullata, Saccostrea glomerata ve Dendostrea frons’dan
olugmus bivalvia toplulugu, (D) Beton agirlik lizerinde bir deniztavsani, (Felimare picta) (E) Beton agirlik
tizerindeki bir hidroide tutunmus deniztavsani, Coryphellina rubrolineata (E1) deniz kabugu, Conomurex
persicus (E2)

4. TARTISMA ve SONUCLAR

Aragtirmamiza konu olan deniz akvaryumu su alim tnitesi 2012 yilinda yapilmistir. Cevresinde
hicbir dogal resif bulunmayan ve konumu itibariyla bir yapay resif olusturdugu gozlenen bu iinite
Konyaalt1 plajinin tam ortasinda yer almaktadir. Son yillarda tesis denizden su alimini durdurmustur.
Yapay resiflerde tiirlerin belirlenmesi ve sayilmasi c¢alismalarinda birgok yontemin kullanildig:
bildirilmektedir (Bortone vd., 1989, Fabi vd., 2015, Ozgiil, 2016). Bu ydntemler igerisinde yaygin
olarak gorsel sayim yontemi kullanilmaktadir. Diger yontemler ile ya ekolojik olarak dogaya zarar
verilmekte (6ldiirerek ornekleme) yada saglikli sonuglar alinamamaktadir.

Su alim iinitesine kolayca ulagabilmemiz, derinligin 0-22 m arasinda degismesi, denizin sakin ve
suda goriislin iyi oldugu donemlerde daliglar1 yapilmasi, sistemin dogrusal bir hat iizerinde olmasi,
yedek hava kaynagi bulunmasi, dalig egitimlerinin bolgede yapilmasi ve daha 6nceki yillarda bolgede
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yaptigimiz bilimsel ¢alismalar nedeniyle buradaki biyolojik cesitliligi kismen tanimamiz bize ¢ok
biiyiik kolayliklar saglamis ve saglikli verilerin alinmasina yardimci olmustur.

Su alim {initesini yapay resif olarak kullanan makrobentik faunanin belirlenmesi amaciyla
yaptigimiz bu arastirmada sistem iizerinde ve cevresinde tespit ettigimiz Echinodermata tiirleri,
denizhiyar1 (Synaptula reciprocans), denizkestanesi, Arbacia lixula ve uzun dikenli denizkestanesi
(Diadema setosum)’dir. Akdeniz’in egzotik Echinodermata tiirleri icerisinde yer alan S. reciprocens’in
dogal yayilis alam IndoPasifik ve Kizildeniz’dir. Akdeniz havzasinda ise Israil, Liibnan, Suriye,
Kibris, Tiirkiye ve Yunanistan’in giiney kiyilarinda kumlu, cakilli kayalik ve deniz c¢ayirlarin
bulundugu alanlarda gézlenmistir (Cinar vd., 2006; Antoniadou ve Vafidis, 2009).

Arastirmamizda tespit ettigimiz diger bir Echinodermata tiirii olan A. lixula. Akdeniz’in yerli
denizkestanesi tiirlerinden olup, tim Akdeniz kiyilart boyunca dagilim gostermektedir. Deniz
kestaneleri herbivor beslenme davranisi gosterirler ve genellikle sert subsratlar iizerinde yasarlar
(Bulleri vd., 1999).Akdeniz’de A. lixula genellikle mor denizkestanesi (Paracentrotus lividus) ile
birlikte gel-git bolgelerde yasamini siirdiirmektedir. P. lividus’a daha az egimli ve diiz habitatlarda sik
rastlanirken A. lixula’nin daha dik habitatlar1 tercih ettigi bildirilmektedir (Bulleri vd., 1999).
Aragtirmamizda da A. lixula’ya beton agirligin yan duvarinda rastlanilmustir.

Kizildeniz’den Akdeniz’e gegen tiirlerden biri de uzun dikenli denizkestanesi Diadema
setosum’dur. Bu denizkestanesine su alim iinitesinin boru ve beton agirliklar {izerinde rastlanmustir.
Ulkemiz kiyilarinda bu tiiriin kaydim1 ilk kez Yokes ve Galil (2006) Kas’tan bildirmislerdir. Bu
bildirimden bir yi1l sonra Gokoglu vd. (2007) Antalya Falezlerinden tiiriin ikinci bildirimini
yapmiglardir. Genellikle kiyisal alanlarda goriilen bu denizkestanesi tilkemizin tiim Akdeniz kiyilari
boyunca dagilimini genisletmistir. Uzun dikenlerini kullanarak ¢ok cabuk yer degistirebilen tiiriin
karakteristik 6zelligi uzun, siyah dikenlerinin yani sira, adeta bir géz gibi goriinen portakal sarisi
renginde biiyiik bir anal kese tasimasidir (Yokes ve Galil, 2006). Gézlemlerimizde Cizgili Kardinal
baligi Cheilodipterus novemstriatus (Riippell, 1838)’nin bu denizkestanesinin uzun dikenleri arasina
saklanarak diismanlarindan korunma davranisi gosterdigi izlenmistir. Ik kaydi Gokova Korfezi’nden
yapilan (Katsenavakis vd., 2014) tiir uzun olan dikenlerinde zehir bulunmasi nedeniyle tehlikeli deniz
canlilar1 arasinda yer almaktadir. Hizli ¢ogalmasi ve kiyisal bolgelerdeki kayalik alanlara kadar
bulunabilmesi denize girenler i¢in biiyiik risk olusturabilmektedir.

Siiveys Kanali’nin agilmasidan sonra dogu Akdeniz’in biyolojik ¢esitliliginde biiyiik degisiklikler
goriilmeye baglamistir. Bu degisimlerin oldugu bdlgelerden biri de lilkemiz kiyilaridir. Kiyilarimizda
tespit edilen Kizildeniz kokenli tiirler igerisinde tunikatlar da yer almaktadir. Phallusia nigra ve
Herdmania momus iilkemiz kiyilarinda tespit edilen lesepsiyan tunikat tiirlerindendir (Cinar vd.,
2006). Bu tiirler su alim iinitesinin boru ve beton agirlik sistemleri {izerine tutunmus olarak tespit
edilmistir. Bunlardan P. nigra’min Yunanistan’m Rodos Adasi sularinda da kaydi yapilmistir
(Kondilatos vd., 2010). Arastirmamizda su alim {iinitesi tizerinde bu tiirlerden P. momus’a ¢ok sik
rastlanilmasi dikkat ¢ekicidir.

Sistem tizerine tutunmus halde tespit ettigimiz tunikat tiirlerinden biri de Microcosmus vulgaris’tir.
Ozellikle, Gokceada (Ege Denizi) bolgesinde bu tiir “Fuska” olarak bilinmektedir. Akdeniz’in yerli
tiirleri arasinda yer alan bu organizma insan gidasi olarak tiiketilen tunikat tiirleri igerisinde yer
almaktadir (Lambert vd., 2016). Yiiksek miktarda iyot icerdigine inanilan bu tiir, Gok¢eada bolgesinde
“Hipotroidi” tedavisi i¢in toplanarak tiiketilmektedir (Ada yerlileriyle kisisel goriisme).

Arastirmalarimiz esnasinda boru ve beton agirlik altlar1 ve arasinda yengeg tiirlerinden Charybdis
hellerii, Percnon gibbesi tespit edilmistir. Ayn1 bolgede gece dalislarimizda kum ve ¢akil zemin
tizerinde Kum Yengeci olarak bilinen Portunus pelagicus goriilmiistiir. Her {i¢ yenge¢ de Kizildeniz
kokenli tiirler arasinda yer almakta ve kiyisal alanlarda dagilim gostermektedirler (Yokes ve Galil
2006; Ozcan vd., 2010). Su alim iinitesinin ortasinda yer alan sabitleme tonozunun altinda Biiyiikay1
Istakozu (Scyllarides latus)’na rastlanmis ancak bu tiiriin goriintiisii almamamustir. S. latus tiim
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Akdeniz kiyilarina da kayalik alanlarda dagilim gosteren, eti insan gidas1 olarak tiiketilen (Aktas vd.,
2011) kiskagsiz istakozlardan bir tirdiir. Bolgemizdeki balik¢ilar bu tirii “Karavida” olarak
adlandirmaktadirlar.

Aragtirmalarimiz sirasinda beton agirlik ve boru sistemleri ilizerinde yogun bir Balanus sp.
toplulugu tespit edilmistir. Bu canlilar denizel ortamlarin kiyisal alanlarinda akintinin oldugu
bolgelerde yasamini siirdiiren organizmalardir. Kiyisal alanlarin yami sira larvalar hareketli
organizmalarin derilerine ve yiizen objelere de tutunabilir. Bu tiire plajlarda Kelle tas olarak
adlandirilan yuvarlak taglar {izerinde de sikca rastlanilmaktadir. Bu yiizden taslik alanlardaki plajlarda
denize girenlerin ayaklarinda ¢izik ve yaralanmalara neden olabilmektedirler (Acar vd., 2017).

Su iletim sistemindeki HDPE boru, beton ve metal aksam iizerine tutunmus bivalvia tiirleri
Pinctada radiata, Spondylus spinosimus, Chama pacifica, Saccostrea cucullata, Saccostrea
glomerata, Dendostrea frons, Malvufundu sregulus, Ostrea edulis ve Nuhun Gemisi olarak bilinen
Arca noae’dir. O. edulis ve A. noae digindaki tiirler Akdeniz icin egzotik tiirlerdir (Gokoglu vd.,
2017). Bu tiirlerin kiyilarimizda ¢ogalmasi, balik¢i aglarinin dolanmasina ve yirtilmasina neden
olmaktadir. Balik¢t av araglarina zarar vermenin yani sira balikgilik operasyonlarini da
giiclestirmektedir. Ayrica kiyilarimizda asirt sekilde ¢ogalmis olan bu tilirler sert substrat igeren
plajlarda denize girenlerin ayaklarinda ¢izik ve kesik gibi yaralanmalara da neden olduklari igin
plajlarda risk olusturmaktadir. Bu tiirlerin bazilar1 halen iilkemizde ekonomik olarak da
degerlendirilmemektedir.

Sistem tizerinde tespit ettigimiz diger gastrapoda iyeleri Hexaplex trunculus, Cerithium sp.,
Conomurex persicus, Ergalatax martensi, Coryphellina rubrolineata, Flabellina sp., Felimare picta
tirleridir. Bu tiirlerden C. persicus, E. obscura ve F. rubrolineata egzotiktir (Mutlu ve Ergev, 2006;
Engl, 1995; Rudman,1998). Bunlardan C. persicus kiyilarimizda asir1 gogalarak denizel floray1 baski
altinda tutmaktadir (Ustiiner vd., 2018).

Halk arasinda Murex olarak bilinen H. trunculus antik donemler i¢in énemli bir gastropod tiirii
oldugu antik c¢aglarda bu tiirden dogal olarak kral boyasi olarak bilinen mor renkli bir boya elde
edildigi bildirilmistir (Wong, 2013).

Sonug olarak; bu veriler biyolojik cesitlilik acisindan dogu Akdeniz’in giderek tropikal bir bolge
oldugunun bir gostergesi olarak kabul edilebilir. Ayrica su alim {nitesini resif olarak kullanan ¢ok
sayida canlinin olmasi, o bolgede zayif balikgilik alanlarmin yapay resif ¢alismalariyla
zenginlestirilebilecegini gostermektedir.

TESEKKUR
Caligmada tiirlerin giincel bilimsel isimlerinin belirlenmesine katkilar1 icin Sera Ovgii Kabaday1
Yildirim’a tesekkiir ederiz. Bu ¢alisma, yiiksek lisans tezinden 6zetlenmistir.

FINANS

Bu ¢alismanin yiiriitiilmesinde herhangi bir finans destegi alinmamustir.

CIKAR CATISMASI BEYANI
Yazarlar, bu ¢alismay1 etkileyebilecek finansal ¢ikarlar veya kisisel iligkiler olmadigini beyan eder.

YAZAR KATKILARI
Kurgu: MK; Metodoloji: MK; Deneyin gergeklestirilmesi: KG; Veri analizi: KG, MK; Makale
yazimi: MK, KG; Denetleme: MK. Tiim yazarlar nihai taslagi onaylamigtir.
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Ozet: Bu calismanin amaci, tiazolidin’in (Tiazolidin-4-karboksilik asit (4S)-2- (4-
hidroksi-3-metoksifenil) zebra baligi (Danio rerio) solunga¢ ve karaciger dokusunda
asetilkolinesteraz enzim (AChE) aktivitesi ve total protein (TP) diizeyleri tizerindeki
etkilerinin arastirilmasidir. Zebra baliklari tiazolidin’in 0,2 ppm, 0,4 ppm ve 0,6 ppm
farkli dozlarina 96 saat siireyle maruz birakilmistir. AChE enzim aktivitesi karaciger
dokusunda, tiazolidin’in 0,2 ppm, 0,4 ppm ve 0,6 ppm doz gruplarinda, kontrol grubuna
oranla artmistir. Solunga¢ dokusunda ise, tiazolidin’in 0,2 ppm, 0,4 ppm ve 0,6 ppm doz
gruplarinda, kontrol grubuna oranla AChE enzim aktivitesinin azaldigi goriilmiistiir.
Total protein seviyesi karaciger dokusunda, tiazolidin’in 0,2 ppm, 0,4 ppm ve 0,6 ppm
doz gruplarinda, kontrol grubuna oranla azalmistir. Solunga¢ dokusunda ise, tiazolidin’in
0,2 ppm, 0,4 ppm ve 0,6 ppm doz gruplarinda, kontrol grubuna oranla total protein
seviyelerinin Onemli sayilabilecek oranda arttigi gortlmiistir. Sonu¢ olarak, bu
arastirmada tiazolidinin zebra baligi solungag ve karaciger dokulari iizerinde az da olsa
zararl etkilere neden olabilecegi goriilmigtiir.

Anahtar kelimeler

¢ Tiazolidin

e Zebra balig1

e Solungag

e Karaciger

e AChE Enzim Aktivitesi

Abstract: The aim of this study was to investigate the effects of thiazolidine (4S)-2-(4-
hydroxy-3-methoxyphenyl) thiazolidine-4-carboxylic acid) on acetylcholinesterase
enzyme (AChE) activity and total protein (TP) levels in zebrafish (Danio rerio) gill and
liver tissue. Zebrafish were exposed to 0.2 ppm, 0.4 ppm and 0.6 ppm different doses of
thiazolidine for 96 hours. AChE enzyme activity increased in liver tissue in 0.2 ppm, 0.4
ppm and 0.6 ppm dose groups of thiazolidine compared to the control group. In the gill
tissue, AChE enzyme activity was decreased in 0.2 ppm, 0.4 ppm and 0.6 ppm dose
groups of thiazolidine compared to the control group. Total protein level in liver tissue
decreased in 0.2 ppm, 0.4 ppm and 0.6 ppm dose groups of thiazolidine compared to the
control group. In the gill tissue, total protein levels were significantly increased in the 0.2
ppm, 0.4 ppm and 0.6 ppm dose groups of thiazolidine compared to the control group. In
conclusion, it was seen that thiazolidine may cause some harmful effects on zebrafish gill
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and liver tissues in this study.

1. GIRIS

Bu c¢alismanin amaci, tiazolidin’in (Tiazolidin-4-karboksilik asit (4S)-2- (4-hidroksi-3-
metoksifenil) zebra baligi (Danio rerio) solungag¢ ve karaciger dokusunda asetilkolinesteraz (AChE)
enzim aktivitesi ve total protein (TP) diizeyleri {izerindeki etkilerini arastirmaktir. Tiazolidin’ler
biyoloji, tip ve farmakolojide kullanilan bes tiyeli heterosiklik organik bilesiklerdir (Saxena vd., 2001).
Tiazolidinler, tiyoliin aldehid veya keton ile yogunlastirilmasiyla sentezlenir. Bu siire¢ geri dontistimlii
oldugu i¢in tiazolidinler suda tekrar aldehid ve tiole ayrisirlar. Tiazolidin tiirevleri antimikrobiyal
aktivite gibi bazi 6nemli biyolojik ve farmakolojik 6zellige sahiptir (Shanmugapandiyan vd., 2010).
Bhoot ve arkadaslar1 yaptiklar1 ¢alismada Bacillus megaterium, Staphylococcus aureus, Escherichia
coli, Proteus vulgaris gibi ¢esitli bakteri suslari ile Aspergillus niger ve Candida albicans mantarlarini
kullanarak tiazolidin bilesiklerinin antimikrobiyal ve antifungal aktivitelerini goézlemlemislerdir
(Bhoot vd., 2006). Gram (+) ve gram (-) bakteri tiirlerine kars1 antibakteriyel aktivitesinin gézlendigi
baska bir ¢alisma da mevcuttur (Akbulut vd., 2017).

Tiazolidin tiirevleri ayn1 zamanda antibiyotik, antidiyabetik, antienflamatuvar ve antiepileptik
aktivitelere de sahiptir. Bu nedenle tiazolidin tiirevleri ¢ok ¢esitli ilag gruplarinin igerisinde bulunur
(Altan vd., 2006; Silva vd., 2001; Sohda vd., 1982). Ornegin, bir antidiyabetik ilag¢ olan pioglitazon bir
adet tiazolidin halkasi igerir. Tiazolidin halkas1 igeren baska bir ilag ise antibiyotik penisilin’dir. Zebra
balig1 son yillarda toksikolojik arastirmalarda siklikla kullanilan bir omurgali model organizmadir.
Genomu, insan genomu ile %70 oraninda homolog oldugu i¢in zebra balig1 ile ¢aligmanin bazi 6nemli
avantajlar1 vardir. Zebra baligi ayni zamanda cesitli toksikantlara karsi dayanikli bir tiir olarak da
bilinmektedir (Zhao vd., 2021). Zebra baliginin seffaf embriyolara sahip olmasi, bakiminin kolay ve
ucuz olmasi ve sik yumurtlayan bir tiir olmasi onlar1 arastirma laboratuvarlart icin ideal bir model
organizma haline getirmistir (Zhu vd., 2019; Akbulut vd., 2017; Hanumantharao vd., 2005; Kutluyer
ve Aksakal 2013).

2. MATERYAL VE YONTEM

Bu galismada zebra baliklar1 tiazolidin’in 0,2 ppm, 0,4 ppm ve 0,6 ppm farkli dozlarina 96 saat
stireyle akvaryum kosullarinda maruz birakildi. Karaciger metabolik fonksiyonu yiiksek bir organdir.
Bu nedenle gevresel kirleticilerin etkilerinin biyokimyasal ve histolojik metodlarla izlenmesi miimkiin
olmaktadir. Solungaclar ise ortamda bulunan kirleticilerle ilk etkilesen organlardir ve bu nedenle
toksikolojik arastirmalarda 6nemlidir. Zebra baliklar1 (Danio rerio) Cyprinidae familyasina ait bir tath
su baligidir. Insan genomu ile homolog genlere sahip olmasi nedeniyle gesitli hastaliklarmin
aragtirtlmasinda kullanilan bir omurgali model organizmadir (Chen vd., 2020; Ahkin Chin Tai ve
Freeman, 2020; Keng vd., 2021).
2.1. Zebra baliklarinin eldesi ve laboratuvara uyumu

Calismamizda kullanilan 4-5 cm boylarindaki erkek ve disi zebra baliklari ticari akvaryumculardan
temin edildi. Laboratuvar ortaminda zebra baliklarinin sirkadiyen ritmini dengede tutmak amaciyla
14:10 aydinlik:karanlik sistem olusturuldu. Her grup i¢in siirekli havalandirilan, 10 litrelik klorsuz su
dolu akvaryumlarda on adet balik bulunduruldu (n=40). Baliklar giinde iki kez kuru yemle beslendi.
Akvaryumlarin sicakligi ortalama 28+1°C ve suyun pH"1 6,9-7,2 olarak sabit tutuldu. Baliklara, deney
siiresince hayvan refahina uygun standart kurallar uygulandi.
2.2. Solungag ve karaciger doku homojenatinin hazirlanmasi

Solunga¢ ve karaciger Orneklerinin homojenizasyonu amaciyla dokular tartildi. Sogutulmus
homojenat tamponu ile eppendorf tiiplerine koyuldu ve cam boncuklar yardimi ile homojenizatorde
pargalandi. Caligmanin her asamasinda ornekler buz icerisinde korundu. Homojenatlar 4°C’de 10000
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rpm devirde, 20 dakika siire ile santrifiij edildi. Santrifiij sonrasi siipernatant kismi alindi ve
biyokimyasal analizler uygulandi.
2.3. Biyokimyasal parametrelerin tayini

Deney diizeneginde zebra baliklar1 96 saat siireyle tiazolidinin farkli dozlarina maruz birakildi.
Deney gruplari; 0,2 ppm grubu, 0,4 ppm grubu, 0,6 ppm grubu ve kontrol grubu olarak diizenlendi.
Siire sonunda baliklar soguk soku ile bayiltilarak solungag ve karaciger organlar dissekte edildi. Daha
sonra biyokimyasal analizler i¢in solunga¢ ve karaciger dokularinin %10’luk homojenatlar1 hazirlandi.
Asetilkolin esteraz enzim aktivitesi (AChE) ve total protein (TP) seviyelerini belirlemek i¢in uygun
prosediirler uygulandi. Deneyler ii¢ kez tekrarlandi.
2.4. Asetilkolin esteraz (AChE) enzim aktivitesinin belirlenmesi

AChE, dokularda asetilkolinin inbisyonunda gorev yapan bir enzimdir (Firidin vd., 2015; Orug,
2010). AChE enzim aktivitesi tayini, DNTB ile dokudaki alifatik tiyol bilesiklerinin hafif alkali
ortamda reaksiyonu sonucunda tiyol molekiilii basina olusan p-nitrofenol anyon miktarinin 412 nm’de
spektrofotometrik 6l¢iimii esasina dayanir (Ellman vd., 1961).
2.5. Total Protein (TP) seviyesinin belirlenmesi

Bradford yontemi ile protein tayininde Coomassie Brilliant Blue (G-250) boyasi kullanildi. Bu
boya proteinlere baglanarak, proteinlerdeki asidik ve bazik gruplar ile etkilesme neticesinde renkli bir
¢ozelti olusturdu. Elde edilen renkli sivi 595 nm'de spektrofotometrik olarak 6l¢iildii (Bradford, 1976).
2.6. Istatistiksel analizler

Istatistiksel analizlerde SPSS 16.0 paket programi kullamldi. Calisma verileri aritmetik ortalamalar
ve standart sapmalar olarak verildi. Gruplar arasindaki farkliliklarin anlamliligini belirlemek i¢in tek
yonlii varyans analizi ve Student’s t- testi kullanildi. p<0,05 degeri istatistiksel olarak anlamli kabul
edildi.

3. BULGULAR

AChE enzim aktivitesi karaciger dokusunda, tiazolidin’in 0,2 ppm, 0,4 ppm ve 0,6 ppm doz
gruplarinda, kontrol grubuna oranla artt1. Solunga¢ dokusunda ise, tiazolidin’in 0,2 ppm, 0,4 ppm ve
0,6 ppm doz gruplarinda, kontrol grubuna oranla AChE enzim aktivitesinin azaldig1 goriildi (Sekil 1).
Zebra balig1 karaciger dokusunda tiazolidin’in 0,2 ppm, 0,4 ppm ve 0,6 ppm dozlara 96 saatlik
maruziyeti sonrasi AChE enzim aktivitesindeki artig istatistiksel olarak anlamli bulunmamigtir
(p>0,01). Zebra balig1 solunga¢ dokusunda tiazolidin’in 0,2 ppm, 0,4 ppm ve 0,6 ppm dozlarma 96
saatlik maruziyeti sonrast AChE enzim aktivitesindeki azalma istatistiksel olarak anlamli
bulunmamistir (p>0,01).

AChE ENZIM AKTIVITESI  (U/mL) AChE ENZiM AKTIVITESI (U/mL)

0,05 0,03
0,045

0,04 0,025 -
0,035 0.02

0,03
D;Zz n N 0,015 n
0015 KARACIGER 0,01 SOLUNGAC

0,01 0,005
0,005 '

0 0
Control 0,2 ppm 0,4 ppm 0,6 ppm Control 0,2 ppm 0,4 ppm 0,6 ppm

Sekil 1. Tiazolidin’in 0,2 ppm, 0,4 ppm ve 0,6 ppm dozlarina maruz kalan zebra balig1 karaciger ve solungag
dokusundaki asetilkolin esteraz (AChE) enzim aktivitesi seviyeleri.

Total protein seviyesi karaciger dokusunda, tiazolidin’in 0,2 ppm, 0,4 ppm ve 0,6 ppm doz
gruplarinda, kontrol grubuna oranla azaldi. Solunga¢ dokusunda ise, tiazolidin’in 0,2 ppm, 0,4 ppm ve
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0,6 ppm doz gruplarinda, kontrol grubuna oranla total protein seviyelerinin énemli sayilabilecek
oranda arttif1 goriildii (Sekil 2). Zebra balig1 karaciger dokusunda tiazolidin’in tiim doz gruplarma 96
saatlik maruziyeti sonrasi total protein seviyesindeki azalma istatistiksel olarak anlamli bulunmadi
(p>0,01). Zebra balig1 solunga¢ dokusunda tiazolidin’in 0,2 ppm, 0,4 ppm ve 0,6 ppm dozlarma 96
saatlik maruziyeti sonrasi total protein seviyesindeki artis istatistiksel olarak anlamli bulunmustur
(p<0,05).

TOTAL PROTEIN SEVIYESI (ug/uL) TOTAL PROTEIN SEViYESI (Mg/mL)
0,035 0,06
0,03 [ 0.05
' [
0,025 I - [ - ] I
0,02
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0,005 0,01
0 0
Control 0,2 ppm 0,4 ppm 0,6 ppm Control 0,2 ppm 0,4 ppm 0,6 ppm

Sekil 2. Tiazolidin’in 0,2 ppm, 0,4 ppm ve 0,6 ppm dozlarina maruz kalan zebra balig1 karaciger ve solungag
dokusundaki total protein (TP) seviyeleri.

4. TARTISMA VE SONUC

Enzimler, memelilerde oldugu gibi sucul organizmalarda da metabolik olaylar1 hizlandiran protein
yapisindaki biyolojik katalizorlerdir. Asetilkolinesteraz molekiilii her biri 80 kDa molekiiler agirlikta
olan ve dort alt birimden olusan bir proteindir. Asetilkolinesteraz karacigerde sentezlenir. ilk olarak
Elektrikli balik’in (Torpedo marmoneta) elektrik organindan izole edilmistir. Asetilkolinesteraz sinir
dokusunda, eritrosit membranlarinda ve iskelet kaslarinda bulunur (Liu vd., 2020). Asetilkolin,
asetilkolinesteraz enzimi tarafindan hidroliz edilerek inaktif forma doniisiir ve kolin ve asetik asit
olarak isimlendirilen iki inaktif molekiil meydana gelmektedir. Dokularda asetilkolinin inhibisyonunda
gorev alan enzim asetilkolinesterazdir (Halliwell, 1995; Morales vd., 2004; Karabult ve Giilay, 2016; .
AChE enziminin inhibisyonunun &lgiilmesi, oksidatif stresten etkilenmenin bir biyobelirteci olarak
kullanilmaktadir (Meng vd., 2021; Firidin vd., 2015).

Gokkusagr Alabaligi (Oncorhynchus mykiss) eritrositleri tizerindeki karbosiilfan’in (karbamat
grubu insektisit) olasi zararli etkilerini aragtiran bir g¢aligmada 60 ginliikk kronik karbosiilfan
maruziyetinin ardindan AChE enzim aktivitesinin ii¢ hafta kadar siiren inhibisyonu rapor edilmistir.
Bunun yanisira, baliklarda hareketsizlik, renk koyulagsmasi, huzursuz davranis ve canlilik kayb1 gibi
fiziksel parametrelerin gozlendigi rapor edilmistir. (Capkin, 2011). Konyalioglu ve Percin (2017),
yaptiklar1 ¢alismada kafeslerde yetistirilen Mavi Yiizgegli Atlantik Orkinos’u (Thunnus thynnus)
orneklerinin kan dokusunda dogal ortamda serbest yasayan bireylere gore stres kaynakli antioksidan
enzim diizeylerinin (katalaz, asetilkolinesteraz gibi) daha yiiksek oldugunu rapor etmislerdir
(Konyalioglu ve Per¢in, 2017). Baska bir arastirmada, ¢evresel kirleticilere karsi asetilkolin esteraz
aktivitesindeki degisimlerin arastirllmasinin uygun bir parametre oldugu ve aymi zamanda
norotoksisite izleme c¢aligmalarinda kullanilabilecegi rapor edilmistir (Liu vd., 2020). Bizim
calismamizda AChE aktivitesi karaciger dokusunda tiim doz gruplarinda kontrol grubuna goére biraz
daha yiiksek bulundu. Oksidatif stresin yani serbest radikallerin artmasi ile AChE salimiminda bir artis
oldugu ve bu yiizden AChE aktivitesinin artmis olabilecegini diisliniiyoruz. Ayrica karacigerin
metabolik bir organ olmasi nedeniyle stres etkilerini daha fazla gosterecegi de olasidir. Asetilkolin
esteraz (AChE) enzimindeki aktivite artisginin diger bir nedeninin tiazolidin’in AChE enziminin
yapisini bozarak diizgiin ¢aligmasini engellemesi oldugu diisiiniilebilir. Solunga¢ dokusunda AChE
enzim aktivitesi biitiin doz gruplarinda kontrol grubuna oranla azaldi. Bunun sebebi solungaglarin
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toksikantlarla ilk karsilagilan organ olmas1 sebebiyle akut bir yanit vermeye heniiz zaman bulamamasi
olabilir.

Toplam protein (TP) seviyeleri, sucul organizmalarda g¢evresel kirleticilerin olumsuz etkilerini
belirlemek i¢in kullanilan 6nemli bir biyokimyasal parametredir. Ciinkii proteinler, tiim canli tiirlerinin
hayatta kalmasi i¢in temel makromolekiillerdir ve organizmalarda doku ve organlarin biiyiime ve
gelismesinin ana bilesenleridir (Fu vd., 2020; Guarda vd., 2003). Ayrica enzimlerin, hormonlarin,
norotransmiterlerin ve kofaktorlerin dnciisiidiirler (Qiu vd., 2019). Yapilan bir calismada, Giiney
Amerika tatli su balig1 olan Leporinus obtusidens, 8 giin boyunca farkli konsantrasyonlarda tarimsal
bir herbisit olan klomazon’a maruz birakildi. Maruziyetin sonunda baliklarin karacigerindeki protein
diizeylerinin arttig1 bildirildi (Miron vd., 2008). Benzer sekilde, Moraes ve arkadaslar1 da pestisitler
gibi etkenlerle karsilasan baliklarda yiiksek TP seviyeleri rapor etmislerdir (Moraes vd., 2011).

Sucul ortama karisan c¢esitli ilag ve kimyasal kalintilariin oksidatif hasar belirtecleri olarak
antioksidan enzim aktivitesi dlglimlerinin dogal ortamlarinda yasayan baliklar {izerinde yapilmasi da
ekotoksikolojik yonden onemlidir (Dai vd., 2014; Karaca vd., 2014; Kayhan vd., 2018). Pek ¢ok
kimyasal ve onlarin metabolitleri sucul organizmalarda oksidatif stres olusturabilir. Hiicresel
homeostazinin korunmasinda ve siirdiiriilmesinde rol oynayan antioksidan savunma sistemleri bu
nedenle ¢cok onemlidir. (Qiu vd., 2019; Kutluyer ve Aksakal, 2013; Karabulut ve Giilay, 2016; Zirong
ve Shijun, 2007; Firat vd., 2009). Protein igeriginin azalmasi hiicre yikimlarinin ve protein sentezinin
bozulmasinin igareti olabilir. Bizim ¢alismamizda, solunga¢ dokusunda, her ii¢ doz grubunda kontrol
grubuna kiyasla toplam protein seviyeleri artti. Karaciger dokusunda ise tiim doz gruplarinda kontrole
oranla hafif bir azalma goriildii. Protein miktarindaki degisiklikler enzim sentezinin inhibisyonundan
veya kimyasallarin neden oldugu stres kosullarinda ortaya ¢ikan yiiksek enerji talebinden
kaynaklanabilir (Tabassum vd., 2016; Orug vd., 2006; Morales vd., 2004). Tiazolidin halkas1 biyolojik
olarak aktif bir kimyasal yapidir ve bircok farmakolojik aktivite ile iligkilidir. Ancak tiazolidin halkasi
ile etkilesime girebilecek biyolojik molekiiller heniiz ¢ok iyi bilinmemektedir. Sonu¢ olarak, bu
calismada tiazolidinin zebra balig1 solunga¢ ve karaciger dokular1 lizerinde az da olsa zararl etkilere
neden olabilecegi gorildi.
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Ozet: Bu ¢alisma Dilderesi, Yalakdere ve Kirazdere akarsularmin taban makroomurgasiz Anahtar kelimeler
faunasini  belirlemek amactyla Subat 2019 - Kasim 2019 tarihleri arasinda e Taban Makroomurgasizlar:
gerceklestirilmistir. Orneklemeler, her akarsuyun ii¢ farkli bolgesinden secilmis, toplam o Kocaeli

dokuz o6rnekleme istasyonunda mevsimsel olarak yapilmistir. Makroomurgasizlarm o Dij|deresi
orneklenmesinde ¢oklu habitat yontemi, Kuadrat ve Van Veen Grab kullanilarak o vgjakdere
uygulanmistir. Laboratuvarda gruplarina ayrilan organizmalar, uygun teshis anahtarlar
kullanilarak tayin edilmistir. Calisma sonuglarina gore, Kirazdere akarsuyunda 45
familyaya ait 114 takson, Yalakdere akarsuyunda 33 familyaya ait 98 takson ve Dilderesi
akarsuyunda 32 familyaya ait 89 takson olmak lizere toplamda calisma boyunca 179
takson belirlenmistir. Tespit edilen taban makroomurgasizlardan Caenis sp. ve
Paratrichocladius rufiventris’in en yaygin taksonlar oldugu belirlenmistir. Akarsularin
mansaba yakin istasyonlarinda sadece Oligochaeta, Chironomidae ve Gastropoda’ya ait
taksonlar tespit edilirken, akarsularin kaynaga yakin istasyonlarinda 6zellikle
Ephemeroptera, Plecoptera, Trichoptera gruplarma ait taksonlar tespit edilmistir. Bu
calisma Dilderesi ve Kirazdere akarsularinda taban makroomurgasiz faunasinin
belirlenmesine yonelik ilk ¢alismadir. Bunun yaninda, 90 takson Yalakdere akarsuyu i¢in

e Kirazdere

yeni kayittir.

Abstract: This study was carried out to determine the benthic macroinvertebrate fauna of ~ Keywords

Dilderesi, Yalakdere, and Kirazdere Streams between February and November 2019. e Benthic Macroinvertebrates
Sampling was performed seasonally at three sampling stations of each stream, nine o Kocaeli

stations in total, selected along the streams. The multihabitat sampling method was o Dilderesi

performed to collect macroinvertebrates using Surber-net, and Van Veen Grab. o valakdere

Organisms were sorted in the laboratory and then identified using appropriate
identification keys. According to our results, a total of 179 taxa was determined
throughout the study: 114 taxa belonging to 45 families in the Kirazdere stream, 98 taxa

e Kirazdere
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belonging to 33 families in the Yalakdere stream, and 89 taxa belonging to 32 families in
the Dilderesi stream. The most common taxa among the identified benthic
macroinvertebrates are Caenis sp. and Paratricochladius rufiventris. Taxa belonging to
Oligochaeta, Chironomidae, and Gastropoda were detected at the downstream regions in
the streams, while the remaining taxa especially belong to Ephemeroptera, Plecoptera,
Trichoptera were detected at the upstream regions in the streams. This is the first study to
determine the benthic macroinvertebrate fauna in Dilderesi and Kirazdere streams.
Besides, 90 taxa are new records for Yalakdere.

1. GIRIS

Su ekosistemlerinin canli kalite ve kantitesinin belirlenmesi, ilgili ekosistemin biyolojik ¢esitliligi
hakkinda veri tabani olusturulmasinin yani sira, yagam i¢in ne 6l¢iide elverisli oldugu konusunda da
fikir verecektir. Caligmamizda 0,5 mm’den biiyiik, tatlisu ekosistemleri igin indikatér organizmalar
olan taban makroomurgasizlarinin Kocaeli ilinde yer alan bazi akarsulardaki dagilimlar1 arastirilmistir.
Asagida, lilkemizde taban makroomurgasizlari konusunda yapilan bazi ¢aligmalar siralanmistir. Bu
calismalar ilkemizin farkli bolgelerindeki taban makroomurgasiz biyolojik ¢esitliliginin oldukca
zengin oldugunu ortaya koymaktadir. (Sahin ve Baysal, 1972, Tanatmisg, 1995, Tanatmis, 2001, Ozbek
vd., 2003, Cabuk vd., 2004, Narin ve Tanatms, 2004, Ozbek ve Ustaoglu, 2005, Duran, 2006, Kiigiik
ve Alpbaz, 2008, Akbulut vd., 2009, Ersan vd., 2009, Kalyoncu vd., 2009, Kazanc1 ve Tiirkmen, 2010,
Kazanc1 vd., 2010, Girgin, 2010, Girgin ve Kazanci, 2010, Camur-Elipek vd., 2010, Ozbek ve Ozkan,
2011, Zeybek vd., 2012, Kazanc1 vd., 2013, Zeybek vd., 2014, Odabas1 vd., 2015, Kazanc1 vd., 2015,
Arslan vd., 2016, Zeybek, 2017, Ozkan, 2018, Giiltekin vd., 2019, Odabas1 vd., 2019, Odabas1 vd.,
2020, Bal vd., 2021).

Akay ve Dalkiran (2019) tarafindan, bir boliimii Kocaeli ili sinirlarinda bulunan Yalakdere’de,
yapilan ¢alisma disinda, Kocaeli ili genelinde yapilmis bir calismaya agik literatiirde rastlanmamustir.

Bu caligma, Kocaeli gibi sanayi faaliyetlerinin ve niifus yogunlugunun ¢ok yiiksek oldugu bir
bolgenin akarsularinda yapilan, ilk kapsamli taban makroomurgasiz biyolojik ¢esitliligi calismasidir.
O nedenle ¢alismamizin Kocaeli ili taban makroomurgasiz biyolojik cesitliligi konusunda énemli bir
boslugu dolduracag diisiiniilmektedir.

Yukaridaki bilgiler 1s18inda, bu ¢alismanin amaci, 1) Kocaeli ili sinirlart igerisindeki en genis
drenaj alanlarina sahip akarsularin taban makroomurgasiz biyolojik cesitliligini tespit etmek ve 2)
endistri kuruluslarina ve yogun niifuslu yerlesim birimlerine farkli mesafelerde taban makroomurgasiz
biyolojik ¢esitliliginde goriilen degisimleri belirlemektir.

2. MATERYAL ve YONTEM
2.1. Calisma Alam

Bu arastirmanin gergeklestirildigi Kocaeli ili, Marmara Boélgesinin dogusunda, 3,623 km?
yiizdlgiimiine sahip, Yalova, Bursa, Istanbul ve Sakarya illerine komsu bir sanayi kentidir. Izmit
Korfezini ¢evreleyen sehrin, ayrica Sapanca Golii'ne ve Karadeniz’e de kiyist bulunmaktadir. Tiirkiye
Istatistik Kurumu (2021) verilerine gore niifusu 2 milyondan fazladir ve 563 kisi/km? ile Tiirkiye’nin
Istanbul’dan sonra, en yogun niifusuna sahip ikinci kentidir.

Kocaeli ilinde Izmit Kérfezine desarj olan irili ufakli toplam 23 adet akarsu bulunmaktadir. Sehrin
giineydogusunda yer alan Kirazdere 47,75 km toplam uzunlugu ve 597 m®/sn azami debisi ile bu
akarsularin en uzunu ve azami debisi en yiiksek akarsudur. Kirazdere’yi 37,1 km toplam uzunluk ve
478 m3/sn azami debisi ile sehrin giiney batisinda yer alan Yalakdere takip etmektedir. Sehrin
kuzeybatisinda yer alan ve bir¢ok agir sanayi tesisinin bulundugu Dilovasi il¢esinden gecen Dilderesi
ise 17 km toplam uzunluga ve 371 m®/sn azami debiye sahiptir.
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[zmit Kérfezi ¢evresinde, taban makroomurgasiz érneklemeleri i¢in korfezin kuzey kiyilarma
dokiilen Dilderesi, Dogu kiyilarina dokiilen Kirazdere ve Giiney kiyilarina dokiilen Yalakdere olmak
lizere drenaj alanlar genis, dort mevsim akis mevcut olan bu akarsularda se¢ilmis 3’er 6rnekleme

istasyonu olmak iizere toplam 9 istasyon ¢alisma alani olarak belirlenmistir (Sekil 1).
: 4]
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Sekil 1. Ornekleme Istasyonlar: ve Akarsularin Drenaj Alanlari.

Ornekleme istasyonlari; Kirazdere’de, nispeten insan etkisinin, kentlesmenin, endiistriyel ve
tarimsal faaliyetlerin az oldugu iist akarsu bolgesinden secilen KD1, Yuvacik Baraji’nin kuzeyinde,
nispeten insan etkisinin, tarimsal faaliyetlerin ve kentlesmenin goriildiigii bolgede secilen KD2 ve
insan etkisinin, endiistriyel faaliyetlerin ve kentlesmenin fazla oldugu, mansap bolgesine yakin bir
bolgede secilen KD3’den olugmaktadir.

Yalakdere’de, nispeten kentlesmenin ve endiistriyel faaliyetlerin az, tarimsal faaliyetlerin fazla
oldugu iist akarsu bdlgesinden segilen YD1, dncesinde kum ¢ikarma faaliyetlerinin yuriitildigi
tarimsal faaliyetlerin fazla, nispeten kentlesmenin az oldugu bolgede secilen YD2 ve Altinova
Tersaneler Bolgesi icerisinde, mansap bolgesine yakin bir bolgede secilen YD3’den olugmaktadir.

Dilderesi’nde, nispeten insan etkisinin, endiistriyel faaliyetlerin az, tarimsal faaliyetlerin fazla
oldugu iist akarsu bolgesinden secilen DD1, Ballikayalar Tabiat Parki igerisinde, insan etkisinin,
rekreasyon faaliyetlerinin fazla oldugu bir bdlgeden secilen DD2 ve Dilovast Organize Sanayi
Bolgesi’nde secgilen DD3’den olugmaktadir.

Biitlin istasyonlarda orneklemeler, 2019 yili kig, ilkbahar, yaz ve sonbahar mevsimlerinde
yapilmustir.

Istasyonlarin koordinatlar1 ve istasyonlara etki eden gevre faktérleri Tablo 1°de verilmistir.
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Tablo 1. Istasyonlarin koordinatlar1 ve istasyonlara etki eden ¢evre faktorleri.

.(")rnekleme istasyonlarin Fiziksel Baskilar (Baraj, Kentlesme Endiistriyel ~ Tarmmsal  Rekreasyonel
Istasyonlar1 Koordinatlar Habitat Tahribat1 vb.) Faaliyetler  Faaliyetler Faaliyetler
40°38"21.80"K
29°57'37.51"D
40°40'43.49"K

+ + + +
KD2 29°5821.99"D

KD1

40°44'7.54"K

KD3 29°56'29.33"D * * *
40°34'31.61"K

Yb1 29°3136.61"D *

Vb2 40°38'8.03"K . .

29°30"26.72"D

40°42'31.68"K
+ + + +
Yb3 29°28"24.08"D

40°512.54"K
+
bD1 29°31'1.07"D

40°50'12.97"K
+
bD2 29°30'56.05"D

40°46'47.52"K
+ + +
DD3 29°31'49.11"D

2.2. Yontem

Ornekleme galismalar1 Kis (Subat-2019), Tlkbahar (May1s-2019), Yaz (Agustos-2019) ve Sonbahar
(Kasim-2019) mevsimlerinde gerceklestirilmistir. Taban makroomurgasiz 6rneklemeleri, 6rnekleme
noktasinin derin oldugu mansap bdlgelerinde 15 cm x 15 cm agiz agikligina sahip Van Veen
kepgesiyle, diger istasyonlarda ise 25 cm x 25 cm yiizey alanina sahip surber net ile
gerceklestirilmisgtir. Makroomurgasiz orneklemeleri, c¢oklu habitat yontemine gore, Ornekleme
noktasinda bulunan habitat ¢esitlerinin (kum, ¢akil, vejetasyon vb.) alansal olarak %5°lik kismi i¢in 1
adet Oornekleme olacak sekilde yapilmistir (TS EN ISO 16150). Buna gore ornekleme, mansap
istasyonlarinda Van Veen kepgesiyle en az 6 defa, akarsularin daha {ist alanlarinda surber net ile
yapilan drneklemelerde ise 20 defa olacak sekilde uygulanmustir.

Alinan taban makroomurgasiz Ornekleri, biiyilik tas, cakil, bitki, detritus pargaciklar1 ayrildiktan
sonra, 500 um goz acgiklikli elekten gecirilerek, 1 L’lik kaplara konularak, %80’lik etil alkol ile
yerinde fikse edilmistir. Laboratuvara getirilen 6rnekler, stereo mikroskop altinda (Olympus ZX24)
iist takson gruplarma ayrilmistir. CX23 binokiiler 151k mikroskobu ve stereo mikroskop kullanilarak
teshisleri gerceklestirilmistir.

Taksonlarin belirlenmesinde; tatli su gastropod ve bivalvia tiirleri icin Radoman (1983), Glder
(2019), Zettler ve Gloer (2006), Diptera igin Cranston (1982), Sahin (1984; 1986; 1991), Epler (2001),
Fitkau ve Roback (1983), Pinder ve Reiss (1983) ve Saeter (1980), Oligochaeta icin Wetzel ve ark.
(2009), Brinkhurst ve Jamieson (1971), Kathman ve Brinkhurst (1998), Timm (2009), Hirudinea igin
Eliot ve Mann (1979), Amphipoda i¢in Karaman ve Pinkster (1977a, 1977b), Ruffo (1982), Eggers ve
Martens (2001); Fitzpatrick (1983); Ozbek vd. (2003), Isopoda i¢in Henry ve ark. (1996) ve Camur ve
Kirgiz (2000), Ephemeroptera i¢in Kimmins (1972), Belfiore (1983), Kazanci1 (2001), Berner ve
Pescador (1988), Eliot vd., (1988), Tercedor (1990), Tanatmis (1993), Haybach (1999) ve Bauernfield
ve Lechthaler (2014), Plecoptera i¢in Illies (1955) ve Zwick (2004), Trichoptera i¢in Hickin (1968);
Macan (1959); Stresemann vd. (1986); Zamora-Muioz vd. (1995), Ulmer (1961), Jansson ve Vuoristo
(1979), Brohmer (1979), Edington ve Hildrew (1981), Wallace vd., (1990) ve Lechthaler ve
Stockinger (2005), Coleoptera i¢in Angus (1988; 1992) ve Aukema & Rieger (1995), Odonata igin
Demirsoy (1982), Stobbe (1995) ve Askew (2004)’den yararlanilmustir.

Baskinlik orani, “D” % baskinlik, “A” belirli istasyonda tespit edilen bir taksonun birey say1si, “T”
belirli bir istasyonda tespit edilen toplam birey sayisi olmak lizere,




Baykdse vd., 2022 Acta Aquat. Turc., 18(2): 187-207 191

D—A 100

formiiliine gore belirlenmistir.
Frekans, “F” % frekans, “A” belirli bir tiiriin tespit edildigi istasyon sayis1 olmak tizere,

_A 100

formiiliine gore belirlenmistir.
Tiirlerin % D ve % F degerleri Tablo 2’°de verilmistir.

3. BULGULAR

Dort farkli mevsimde, 3 farkli akarsuda ve 9 farkli istasyonda gergeklestirilen 6rneklemelerde en
fazla istasyonda tespit edilen takson Limnodrilus sp. (F %77,78) olmustur. Tubifex tubifex,
Microtendipes chloris, Paratrichocladius rufiventris, Procladius (Holotanypus) sp., Rheotanytarsus
sp., Baetis sp., Caenis sp., Hygrobates sp. ve Hydropsyche sp. taksonlar1 da (F %66,67) fazla sayida
istasyonda tespit edilmislerdir (Tablo 2).

KD1, KD2, YD1, YD2, DD1 ve DD2 istasyonlarinda organik kirleticilere toleransi diisiik olan
(Mandaville 2002, Kazanci vd., 2010) Ephemeroptera, Plecoptera ve Trichoptera takimi {iyeleri tespit
edilmistir. Yine bu istasyonlarda Diptera, Coleoptera, Odonata, Decapoda ve Lumbriculidae
taksonlarinin organik kirlilige toleransi diisiik bireyleri de tespit edilmistir (Tablo 2).

Tolerans degerleri Mandaville (2002)’in g¢aligmasinda bulunmayan Potamon sp. Kazanci vd.
(2013)’e gore familya diizeyinde diisiik toleransli bir taksondur. Ancak bir tolerans degeri bu canli i¢in
verilmemistir. Ayrica Trichoptera Gen. sp. familya {istii bir siniflandirma oldugundan tolerans degeri
yoktur.

Calisma siiresince, Gastropoda ve Bivalvia siiflarindan sirasiyla 7, ve 1, Oligochaeta ve Hirudinea
alt smiflarindan sirasiyla 4 ve 2, Diptera, Ephemeroptera, Trichoptera, Plecoptera, Odonata,
Amphipoda, Coleoptera, Decapoda, Tricladida, ve Isopoda takimlarindan sirasiyla 14, 4, 8, 2, 4, 1, 5,
1, 1 ve 1, Hydracarina kladindan 3 familya olmak {izere toplam 59 farkli familya tespit edilmistir.
Taksonlarin akarsulara gore dagilimina bakildiginda, ¢alisma siirecinde, Kirazdere’de 45 familyaya ait
114, Yalakdere’de 33 familyaya ait 98 ve Dilderesi’'nde 32 familyaya ait 89 olmak iizere, toplam 179
takson tespit edilmistir (Tablo 2).

Ablabesmyia monilis, Baetis sp., Caenis sp., Chironomus anthracinus, Cladotanytarsus mancus,
Corynoneura scutellata, Dicrotendipes tritomus, Hydropsyche sp., Hygrobates sp., Lebertia sp.,
Limnodrilus hoffmeisteri, Micropsectra praecox, Microtendipes chloris, Nais christinae, Nais elinguis,
Nais variabilis, Paracladius conversus, Paratanytarsus lauterborni, Paratrichocladius rufiventris,
Physella acuta, Polypedilum convictum, Procladius (Holotanypus) sp., Prodiamesa olivacea,
Rheotanytarsus sp., Simulium sp., Stictochironomus devinctus, Tanytarsus gregarius, Torrenticola sp.,
ve Tubifex tubifex taksonlarinin her 3 akarsuda da bulundugu belirlenmistir (Tablo 2).

Istasyonlarda tespit edilen taksonlar, 4 mevsimde tespit edilen ortalama birey sayilari, tolerans
degerleri, % F ve % D degerleri Tablo 2’de verilmistir.
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Tablo 2. Istasyonlarda Tespit Edilen Taksonlarin Ortalama Birey Sayilari D % ve F % Degerleri.

Takson T0Ieran§ F% KD1 | KD1 | KD2 | KD2 | KD3 | KD3 | YD1 | YD1 | YD2 | YD2 | YD3 | YD3 | DD1 | DD1 | DD2 | DD2 | DD3 | DD3
Degerleri n(ort) | (D %) | n(ort) | (D %) | n(ort) | (D %) | n(ort) | (D %) | n(ort) | (D %) | n(ort) | (D %) | n(ort) | (D %) | n(ort) | (D %) | n(ort) | (D %)
TURBELLARIA
Dugesia sp. 6 [mujes (2] - [ - [ - -1 -1 -] -] -T1-T1-T-T-T-1-1-T1-]
OLIGOCHAETA
Chaetogaster sp. 7 11,11 - - 0,75 | 0,11 - - - - - - - - - - - - - -
Eiseniella tetraedra Savigny, 1826 6 22,22 | 0,25 | 0,09 - - - - - - 0,25 | 0,17 - - - - - - - -
Embolocephalus velutinus Grube, 1879 8 11,11 | 05 0,18 - - - - - - - - - - - - - - - -
Enchytraeidae Gen. sp. 10 2222 | 05 0,18 - - - - - - - - - - - - - - 1 0,61
Limnodrilus claperedianus Ratzel, 1868 10 11,11 - - - - - - - - 0,5 0,34 - - - - - - - -
Limnodrilus hoffmeisteri Claparede, 1862 10 55,56 - - 0,75 | 0,11 - - - - 10,25 | 6,91 1 11,76 - - 2 0,29 | 14,25 | 8,65
Limnodrilus profundicola Verrill, 1873 10 11,11 - - - - - - - - - - - - - - - - 2,5 1,52
Limnodrilus sp. 10 77,78 | 0,25 | 0,09 - - 05 5,56 - - 4,5 304 | 05 588 | 025 | 0,02 | 0,25 | 0,04 | 6,25 | 3,79
Limnodrilus udekemianus Claparede, 1862 10 22,22 - - - - - - - - - - - - 0,25 | 0,02 - - 83,25 | 50,53
Lumbricidae Gen. sp. 6 33,33 - - 2,25 | 0,32 - - 2 0,41 - - - - 15 0,13 - - - -
Lumbriculus variegatus Muller, 1774 5 22,22 - - 525 | 0,74 - - - - - - - - 15 0,13 - - - -
Naidinae Gen. sp. 8 33,33 - - - - - - 1 0,2 - - 1,25 | 14,71 - - 15 0,22 - -
Nais barbata Muller, 1774 8 22,22 - - 2 0,28 - - - - - - - - 05 0,04 - - - -
Nais christinae Kasprzak, 1973 8 44,44 - - 1 0,14 - - 0,5 0,1 - - - - 1,75 | 0,16 12,5 18 - -
Nais communis Piguet, 1906 8 2222 | 15 0,53 - - - - - - - - - - - - 1 0,14 - -
Nais elinguis Muller, 1774 8 33,33 1 0,35 - - - - 2 0,41 - - - - - - 0,25 | 0,04 - -
Nais pardalis Piguet, 1906 8 11,11 - - - - - - - - - - - - - - 0,25 | 0,04 - -
Nais sp. 8 11,11 - - - - - - - - - - - - - - 15 0,22 - -
Nais stolci Hrabg, 1981 8 11,11 | 135 | 4,75 - - - - - - - - - - - - - - - -
Nais variabilis Piguet, 1906 8 33,33 - - 0,25 | 0,04 - - 0,75 | 0,15 - - - - - - 6 0,86 - -
Ophidonais serpentina Miiller, 1774 6 22,22 - - 8 1,13 - - 1,75 | 0,36 - - - - - - - - - -
Paranais litoralis Miiller, 1784 10 11,11 - - - - - - - - - - 0,25 | 2,94 - - - - - -
Eg(t)almothnx hammoniensis Michaelsen, 8 22,22 i i 075 | 011 i i i i ) i i ) ) i 025 | 0,04 i )
Pristina aequiseta Bourne, 1891 8 33,33 - - - - 0,25 | 2,78 - - - - - - 0,25 | 0,02 0,5 0,07 - -
Pristina longiseta Ehrenberg, 1828 8 11,11 - - - - - - 0,5 0,1 - - - - - - - - - -
Pristina menoni Aiyer, 1929 8 11,11 0,5 0,18 - - - - - - - - - - - - - - - -
Pristina rosea Piguet, 1906 8 11,11 | 05 0,18 - - - - - - - - - - - - - - - -
Psammoryctides deserticola Grimm, 1876 8 11,11 - - - - - - - - 0,75 | 0,551 - - - - - - - -
Stylaria lacustris L., 1758 6 11,11 - - 10,25 | 1,45 - - - - - - - - - - - - - -
Tubifex tubifex Muller, 1774 10 66,67 - - 1,25 | 0,18 - - 0,25 | 0,05 | 425 | 2,87 - - 0,5 0,04 | 225 | 0,32 | 27,5 | 16,69
[Tubificinae Gen. sp. 10 66,67 - - 3 0,42 15 | 16,67 - - 4,75 32 1,75 | 20,59 - - 325 | 047 | 295 | 17,91
Uncinais uncinata Orsted, 1842 8 22,22 - - - - - - 1 0,2 - - 0,25 | 2,94 - - - - - -
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Takson Toleran§ F% KD1 | KD1 | KD2 | KD2 | KD3 | KD3 | YD1 | YD1 | YD2 | YD2 | YD3 | YD3 | DD1 | DD1 | DD2 | DD2 | DD3 | DD3
Degerleri n(ort) | (D %) | n(ort) | (D %) | n(ort) | (D %) | n(ort) | (D %) | n(ort) | (D %) | n(ort) | (D %) | n(ort) | (D %) | n(ort) | (D %) | n(ort) | (D %)
HIRUDINEA
Erpobdella octoculata L., 1758 8 11,11 - - - - - - 0,25 | 0,05 - - - - - - - - - -
Helobdella stagnalis L., 1758 8 11,11 - - 0,5 0,07 - - - - - - - - - - - - - -
BIVALVIA
Pisidium casertanum Poli, 1791 7 33,33 | 0,25 | 0,09 15 0,21 - - - - 0,25 | 0,17 - - - - - - - -
Pisidium sp. 6 33,33 - - - - - - - - 0,25 | 0,17 - - 0,5 0,04 0,5 0,07 - -
Pisidium subtruncatum Malm, 1855 6 22,22 - - - - - - - - - - - - 0,25 | 0,02 2 0,29 - -
GASTROPODA
IAncylus fluviatilis Muller, 1774 7 1111 | 12 4,23 - - - - - - - - - - - - - - - -
Ecrobia ventrosa Montagu, 1803 7 22,22 - - - - 0,25 | 2,78 - - - - 0,5 5,88 - - - - - -
Galba truncatula Muller, 1774 6 22,22 - - - - - - 1 0,2 0,25 | 0,17 - - - - - - - -
Gyraulus (Armiger) crista L., 1758 8 22,22 - - - - 0,25 | 2,78 1 0,2 - - - - - - - - - -
Gyraulus piscinarum Bourguignat, 1852 8 33,33 - - 85 1,2 - - 125 | 0,26 - - 0,25 | 2,94 - - - - - -
Physella acuta Draparnaud, 1805 8 44,44 - - 0,75 | 0,11 - - - - 0,5 0,34 15 | 17,65 - - 2,75 0,4 - -
Planorbidae Gen. sp. 7 11,11 - - - - - - 0,25 | 0,05 - - - - - - - - - -
Planorbis intermixtus Mousson, 1874 7 11,11 - - - - 0,25 | 2,78 - - - - - - - - - - - -
Potamopyrgus antipodarum Gray, 1843 8 33,33 - - - - - - - - - - - - 738 | 65,76 | 1755 | 25,28 | 0,25 | 0,15
Pseudamnicola sp. 8 11,11 - - - - - - - - - - 0,25 | 2,94 - - - - - -
Radix labiata Rossmassler, 1835 6 22,22 - - - - - - 025 | 0,05 | 0,25 | 0,17 - - - - - - - -
alvata piscinalis Miiller, 1774 8 11,11 - - - - 1,25 | 13,89 - - - - - - - - - - - -
\Valvata sp. 8 11,11 - - - - - - - - - - - - - - 0,25 | 0,04 - -
AMPHIPODA
Gammarus pulex L., 1758 6 11,11 - - - - - - - - - - 0,75 | 8,82 - - - - - -
Gammarus sp. 6 3333 | 14 493 | 155 | 2,19 - - - - - - - - 6,5 0,58 - - - -
DECAPODA
Potamon sp. - 2222 - - 125 ]o8] - | - [ - ] - - - - - 175016 [ - - - -
ISOPODA
IAsellus aquaticus L., 1758 8 11,11 - - - - - - 0,5 0,1 - - - - - - - - - -
IAsellus sp. 8 11,11 - - 05 0,07 - - - - - - - - - - - - - -
COLEOPTERA
IAgabus sp. 5 22,22 - - - - - - 0,5 0,1 - - - - 0,25 | 0,02 - - - -
Copelatus sp. 5 11,11 - - - - - - - - - - - - 0,25 | 0,02 - - - -
Dytiscus sp. 5 11,11 - - 2,75 | 0,39 - - - - - - - - - - - - - -
Ectopria sp. 5 11,11 | 1,75 | 0,62 - - - - - - - - - - - - - - - -
Elmis sp. 4 11,11 1 0,35 - - - - - - - - - - - - - - - -
Helophorus sp. 5 22,22 - - - - - - - - - - - - 0,25 | 0,02 | 0,25 | 0,04 - -
Hydraena sp. 5 11,11 - - 4,5 0,64 - - - - - - - - - - - - - -
Stenelmis sp. 5 22,22 - - 0,75 | 0,11 - - - - - - - - 0,25 | 0,02 - - - -
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Takson Toleran§ F% KD1 | KD1 | KD2 | KD2 | KD3 | KD3 | YD1 | YD1 | YD2 | YD2 | YD3 | YD3 | DD1 | DD1 | DD2 | DD2 | DD3 | DD3
Degerleri n(ort) | (D %) | n(ort) | (D %) | n(ort) | (D %) | n(ort) | (D %) | n(ort) | (D %) | n(ort) | (D %) | n(ort) | (D %) | n(ort) | (D %) | n(ort) | (D %)
DIPTERA
IAblabesmyia aequidensi Sahin, 1987 8 11,11 - - - - - - - - - - - - 0,75 | 0,07 - - - -
IAblabesmyia monilis L., 1758 8 55,56 | 1,25 | 0,44 1 0,14 - - 1,25 | 0,26 - - - - 2,25 0,2 0,5 0,07 - -
IArctopelopia sp. 7 22,22 - - - - - - 5 1,02 - - - - - - 155 | 2,23 - -
IAtherix sp. 4 22,22 - - - - - - 0,25 | 0,05 - - - - 0,25 | 0,02 - - - -
IAtrichopogon sp. 6 11,11 - - - - - - 05 0,1 - - - - - - - - - -
Bezzia sp. 6 22,22 - - 5 0,71 - - 1,75 | 0,36 - - - - - - - - - -
Blepharicera sp. 0 1111 | 15 0,53 - - - - - - - - - - - - - - - -
Brillia longifurca Kieffer, 1921 5 3333 | 225 | 0,79 | 3,75 | 0,53 - - 4,75 | 0,97 - - - - - - - - - -
Brillia modesta Meigen, 1830 5 11,11 - - - - - - 0,75 | 0,15 - - - - - - - - - -
Caloparyphus sp. 7 22,22 | 05 0,18 | 0,25 | 0,04 - - - - - - - - - - - - - -
Chaetocladius piger Goetghebuer, 1913 6 11,11 | 0,75 | 0,26 - - - - - - - - - - - - - - - -
Chironomus anthracinus Zetterstedt, 1860 10 33,33 - - 0,25 | 0,04 - - - - 26,75 | 18,04 - - - - 1 0,14 - -
Chironomus caliginosus Meunier, 1904 10 11,11 - - - - - - - - - - - - 0,5 0,04 - - - -
Cladotanytarsus mancus Walker, 1856 5 33,33 | 0,25 | 0,09 - - - - - - 15,75 | 10,62 - - - - 10 1,44 - -
Corynoneura scutellata Winnertz, 1846 4 55,56 | 1,5 0,53 3 0,42 - - 725 | 1,48 - - - - 1,75 | 0,16 1 0,14 - -
Cricotopus bicinctus Meigen, 1818 7 11,11 - - - - - - - - - - - - 6,75 0,6 - - - -
Cricotopus flavocinctus Kieffer, 1924 7 11,11 - - - - - - 1 0,2 - - - - - - - - - -
Cricotopus sylvestris Fabricius, 1794 7 33,33 - - - - - - - - 15 1,01 - - 35 0,31 25 0,36 - -
Cryptochironomus defectus Kieffer, 1913 8 33,33 - - - - - - 0,25 | 0,05 15 1,01 - - 0,25 | 0,02 - - - -
Cryptotendipes holsatus Lenz, 1959 6 11,11 - - - - - - - - 0,25 | 0,17 - - - - - - - -
Dasyhelea sp. 6 11,11 - - 0,5 0,07 - - - - - - - - - - - - - -
Dicrotendipes nervosus Staeger, 1839 8 33,33 - - 5 0,71 - - - - - - - - 56,5 | 5,03 |127,75| 18,4 - -
Dicrotendipes tritomus Kieffer, 1916 8 44,44 - - 0,25 | 0,04 - - 0,25 | 0,05 - - - - 24 2,14 [117,25]| 16,89 - -
Diplocladius cultriger Kieffer, 1908 8 11,11 - - - - - - 3,25 | 0,67 - - - - - - - - - -
Dixa sp. 1 11,11 | 1,75 | 0,62 - - - - - - - - - - - - - - - -
Endochironomus albipennis Meigen, 1830 10 11,11 - - - - - - - - - - - - - - 20,25 | 2,92 - -
Eukiefferiella clypeata Kieffer, 1923 8 11,11 | 0,25 | 0,09 - - - - - - - - - - - - - - - -
Eukiefferiella ilkleyensis Edwards, 1929 8 11,11 | 0,75 | 0,26 - - - - - - - - - - - - - - - -
Forcipomyia sp. 6 22,22 - - - - - - 0,5 0,1 - - - - 0,25 | 0,02 - - - -
Halocladius fucicola Edwards, 1926 5 22,22 - - - - - - 2 0,41 - - - - - - 7,75 | 1,12 - -
Hemerodromia sp. 6 11,11 1 0,35 - - - - - - - - - - - - - - - -
Heterotrissocladius marcidus Walker, 4 1111 ) ) ) ) ) ) 025 | 005 ) ) ) ) ) ) ) ) ) )
1856
Hexatoma sp. 2 11,11 | 0,25 | 0,09 - - - - - - - - - - - - - - - -
Hydrobaenus pilipes Malloch, 1915 8 22,22 | 0,75 | 0,26 - - - - 1025 | 21 - - - - - - - - - -
Hydrophorus sp. 4 22,22 - - - - - - - - 0,25 | 0,17 - - 0,75 | 0,07 - - - -
Krenopelopia binotata Wiedemann, 1817 4 11,11 - - - - - - - - - - - - 0,75 | 0,07 - - - -
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Takson Toleran§ F% KD1 | KD1 | KD2 | KD2 | KD3 | KD3 | YD1 | YD1 | YD2 | YD2 | YD3 | YD3 | DD1 | DD1 | DD2 | DD2 | DD3 | DD3
Degerleri n(ort) | (D %) | n(ort) | (D %) | n(ort) | (D %) | n(ort) | (D %) | n(ort) | (D %) | n(ort) | (D %) | n(ort) | (D %) | n(ort) | (D %) | n(ort) | (D %)
Krenopelopia sp. 4 11,11 | 1,25 | 0,44 - - - - - - - - - - - - - - - -
Macropelopia nebulosa Meigen, 1804 9 2222 | 05 0,18 - - - - 0,75 | 0,15 - - - - - - - - - -
Microchironomus tener Kieffer, 1918 8 11,11 - - - - 4,75 | 52,78 - - - - - - - - - - - -
Micropsectra curvicornis Chernovskij, 7 22,22 1 0.35 i i i i i i 25 169 i ) ) i ) i i )
1949
Micropsectra notescens Walker, 1856 7 11,11 - - - - - - 35 0,72 - - - - - - - - - -
Micropsectra praecox Wiedemann, 1818 7 55,56 - - 2,5 0,35 - - 6,75 | 1,38 15 1,01 - - 0,75 | 0,07 8,5 1,22 - -
Microtendipes chloris Meigen, 1818 6 66,67 | 0,25 | 0,09 | 2,75 | 0,39 - - 0,75 | 0,15 | 0,75 | 051 - - 0,5 0,04 | 4425 | 6,37 - -
Monopelopia tenuicalcar Kieffer, 1918 7 11,11 - - - - - - - - - - - - 2475 | 2,21 - - - -
Nanocladius dichromus Kieffer, 1906 5 22,22 - - - - - - 0,5 0,1 - - - - 0,25 | 0,02 - - - -
Paracladius conversus Walker, 1856 5 33,33 - - 0,25 | 0,04 - - - - 0,25 | 0,17 - - - - 0,5 0,07 - -
Paramerina cingulata Walker, 1856 6 11,11 | 05 0,18 - - - - - - - - - - - - - - - -
Paratanytarsus lauterborni Kieffer, 1909 6 44,44 | 0,25 | 0,09 | 14,75 | 2,08 - - 8,75 | 1,79 - - - - - - 2,75 0,4 - -
Paratendipes albimanus Meigen, 1919 6 22,22 - - 2,75 | 0,39 - - - - - - - - - - 25 0,36 - -
Eggg”whoc'ad'”s rufiventris Meigen, 5 |6667| 075 | 026 |200,75| 41,05 | - - o175 | 1879 | 45 | 304 | - - | 7375 | 657 | 175 | 252 | - -
Paratrissocladius excerptus Walker, 1856 5 33,33 1 0,35 - - - - 1,75 | 0,36 15 1,01 - - - - - - - -
Polypedilum convictum Walker, 1856 6 55,56 - - 0,25 | 0,04 - - 0,75 | 0,15 05 0,34 - - 1,75 | 0,16 | 0,75 | 0,11 - -
Polypedilum exsectum Kieffer, 1916 6 11,11 - - - - - - 0,25 | 0,05 - - - - - - - - - -
Polypedilum pedestre Meigen, 1830 6 33,33 | 29,5 | 10,39 - - - - 0,25 | 0,05 05 0,34 - - - - - - - -
Polypedilum scalaenum Schrank, 1803 6 22,22 - - - - - - 25 051 | 1,75 | 1,18 - - - - - - - -
Potthastia gaedii Meigen, 1838 2 2222 | 35 1,23 - - - - 0,75 | 0,15 - - - - - - - - - -
Probezzia sp. 6 33,33 - - - - - - 0,25 | 0,05 0,5 0,34 - - 1 0,09 - - - -
Procladius (Holotanypus) sp. 9 66,67 | 0,25 | 0,09 55 0,78 - - 0,25 | 005 | 2,75 | 1,85 - - 10,5 | 0,94 0,5 0,07 - -
Prodiamesa olivacea Meigen, 1818 8 33,33 | 0,25 | 0,09 - - - - - - 05 0,34 - - - - 0,25 | 0,04 - -
Psectrocladius barbimanus Edwards, 1929 8 22,22 - - 0,5 0,07 - - 0,25 | 0,05 - - - - - - - - - -
Psectrocladius calcaratus Edwards, 1929 8 22,22 | 10,75 | 3,79 - - - - 2 0,41 - - - - - - - - - -
Psectrocladius sordidellus Zetterstedt, 8 11.11 7 2.46 i i i i i i ) i i ) ) i ) i i )
1838
Psectrocladius ventricosus Kieffer, 1925 8 11,11 - - 109,5 | 15,46 - - - - - - - - - - - - - -
Psychoda sp. 10 44,44 1 0,35 | 0,25 | 0,04 - - - - - - - - 0,75 | 0,07 0,5 0,07 - -
Psychodidae Gen. sp. 10 11,11 - - - - - - - - - - - - - - - - 0,25 | 0,15
Ptychoptera sp. 9 11,11 - - - - - - - - 0,25 | 0,17 - - - - - - - -
Rheocricotopus effusus Walker, 1856 6 22,22 | 2,25 | 0,79 - - - - 0,25 | 0,05 - - - - - - - - - -
Rheocricotopus fuscipes Kieffer, 1909 6 33,33 - - - - - - 3,25 | 0,67 | 0,25 | 0,17 - - - - 0,25 | 0,04 - -
Rheotanytarsus exiquus Joh. 6 11,11 - - - - - - - - - - - - 1 0,09 - - - -
Rheotanytarsus sp. 6 66,67 | 1,25 | 044 | 0,75 | 0,11 - - - - 0,25 | 0,17 | 0,25 | 2,94 3 0,27 | 10,75 | 1,55 - -
Simulium sp. 5 55,56 3 1,06 | 14,75 | 2,08 - - 41,25 | 845 | 0,75 | 051 - - 0,5 0,04 - - - -
Stictochironomus devinctus Say, 1829 9 44,44 - - 16,25 | 2,29 - - 3 061 | 325 | 2,19 - - 0,25 | 0,02 - - - -
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Takson T0Ieran§ F% KD1 | KD1 | KD2 | KD2 | KD3 | KD3 | YD1 | YD1 | YD2 | YD2 | YD3 | YD3 | DD1 | DD1 | DD2 | DD2 | DD3 | DD3
Degerleri n(ort) | (D %) | n(ort) | (D %) | n(ort) | (D %) | n(ort) | (D %) | n(ort) | (D %) | n(ort) | (D %) | n(ort) | (D %) | n(ort) | (D %) | n(ort) | (D %)
Stratiomys sp. 7 33,33 - - - - - - 0,5 0,1 - - - - 0,5 0,04 | 0,25 | 0,04 - -
Sycoracinae sp. 10 11,11 - - - - - - 1 0,2 - - - - - - - - - -
Tabanus sp. 5 11,11 - - 0,75 | 0,11 - - - - - - - - - - - - - -
Tanytarsus gregarius Kieffer, 1909 6 55,56 - - 42,5 6 - - 20,5 422 5 3,37 - - 15 0,13 | 46,5 6,7 - -
ITanytarsus sp. 6 11,11 - - - - - - - - - - - - 1 0,09 - - - -
Thienemanniella clavicornis Kieffer, 1911 6 11,11 - - - - - - 0,5 0,1 - - - - - - - - - -
[Thienemanniella vittata Edwards, 1924 6 11,11 - - - - - - 0,25 | 0,05 - - - - - - - - - -
Tipula sp. 6 22,22 - - - - - - 0,75 | 0,15 - - - - 2,25 0,2 - - - -
EPHEMEROPTERA
Baetis sp. 6 66,67 | 49,75 | 17,52 | 23,75 | 3,35 - - 128,25| 26,27 | 10,25 | 6,91 - - 1,25 | 0,11 0,5 0,07 - -
Caenis sp. 6 66,67 | 2,5 0,88 | 66,25 | 9,35 - - 17,75 | 3,64 55 3,71 - - 425 | 3,79 7 1,01 - -
Centroptilum sp. 2 11,11 - - - - - - - - - - - - - - 6 0,86 - -
Ecdyonurus insignis Eaton, 1870 4 11,11 - - - - - - 10 2,05 - - - - - - - - - -
Ecdyonurus sp. 4 11,11 | 4,25 15 - - - - - - - - - - - - - - - -
Ephemera sp. 2 3333 | 05 0,18 - - - - 0,5 0,1 0,75 | 0,51 - - - - - - - -
Heptagenia sp. 4 33,33 | 34,75 | 12,24 | 0,25 | 0,04 - - - - - - - - 0,25 | 0,02 - - - -
Rhithrogena sp. 0 11,11 | 9,75 | 3,43 - - - - - - - - - - - - - - - -
HYDRACARINA
Hygrobates sp. 6 66,67 | 35 1,23 5 0,71 - - 5 1,02 | 1,75 | 1,18 - - 9,75 | 087 | 1,25 | 0,18 - -
Lebertia sp. 6 55,56 - - 0,75 | 0,11 - - 1,75 | 0,36 7 4,72 - - 6,5 0,58 | 4,75 | 0,68 - -
Sperchon sp. 6 11,11 - - - - - - - - 0,75 | 0,551 - - - - - - - -
[Torrenticola sp. 6 55,56 | 1,75 | 0,62 | 1,25 | 0,18 - - - - 4 2,7 - - 13,75 | 1,23 19 2,74 - -
ODONATA
/Anax sp. 3 3333 | 0,25 | 0,09 | 0,25 | 0,04 - - - - 0,25 | 0,17 - - - - - - - -
Calopteryx sp. 6 11,11 - - - - - - - - - - - - 45 0,4 - - - -
Enallagma sp. 8 11,11 - - - - - - - - - - - - 34,25 | 3,05 - - - -
Gomphus schneideri Selys, 1850 5 22,22 - - - - - - 0,25 | 0,05 0,5 0,34 - - - - - - - -
Gomphus sp. 5 22,22 - - - - - - - - 0,75 | 0,551 - - 0,75 | 0,07 - - - -
Ischnura elegans Vander Linden, 1820 9 22,22 - - 2,25 | 0,32 - - - - - - - - - - 25 0,36 - -
Ischnura sp. 9 22,22 - - - - - - 0,25 | 0,05 - - - - 21,25 | 1,89 - - - -
PLECOPTERA
IAcroneuria sp. 11,11 2 0,7 - - - - - - - - - - - - - - - -
Isoperla sp. 11,11 | 475 | 1,67 - - - - - - - - - - - - - - - -
TRICHOPTERA
Adicella sp. 4 11,11 35 1,23 - - - - - - - - - - - - - - - -
Brachycentrus sp. 1 11,11 - - - - - - - - - - - - 0,5 0,04 - - - -
Chaetopteryx sp. 4 11,11 - - 0,5 0,07 - - - - - - - - - - - - - -
Chimarra sp. 4 11,11 | 1,25 | 0,44 - - - - - - - - - - - - - - - -
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Takson T0Ieran§ F% KD1 | KD1 | KD2 | KD2 | KD3 | KD3 | YD1 | YD1 | YD2 | YD2 | YD3 | YD3 | DD1 | DD1 | DD2 | DD2 | DD3 | DD3
Degerleri n(ort) | (D %) | n(ort) | (D %) | n(ort) | (D %) | n(ort) | (D %) | n(ort) | (D %) | n(ort) | (D %) | n(ort) | (D %) | n(ort) | (D %) | n(ort) | (D %)
Glossosoma sp. 0 11,11 | 325 | 1,14 - - - - - - - - - - - - - - - -
Hydropsyche sp. 4 66,67 | 35 1,23 | 6,25 | 0,88 - - 75 |1536 | 16,75 | 11,3 - - 5 045 | 1,25 | 0,18 - -
Hydropsychidae Gen. sp. 4 22,22 - - 0,25 | 0,04 - - - - - - - - 425 | 0,38 - - - -
Hydroptila sp. 6 22,22 - - - - - - 1,75 | 0,36 - - - - 1 0,09 - - - -
Lepidostoma sp. 1 11,11 27 9,51 - - - - - - - - - - - - - - - -
Limnephilidae Gen. sp. 4 11,11 | 0,25 | 0,09 - - - - - - - - - - - - - - - -
Limnephilus sp. 3 11,11 | 05 0,18 - - - - - - - - - - - - - - - -
Oxyethira sp. 3 11,11 - - 5,75 | 0,81 - - - - - - - - - - - - - -
[Trichoptera Gen. sp. - 11,11 - - - - - - 0,75 | 0,15 - - - - - - - - - -

K: Kis, I: Ilkbahar, Y: Yaz, S: Sonbahar, n(ort): Ortalama birey sayis1
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Her ti¢ akarsuda da, kaynaga yakin istasyonlarin, taban makroomurgasiz takson sayilarinin yiiksek
oldugu tespit edilmistir. Calisma siiresince, YD1 istasyonunda 25 familyadan 71 takson, KDI
istasyonunda 32 familyadan 64 takson ve DDI istasyonunda 31 familyadan 61 takson belirlenmistir.
Tiim taksonlar bazinda, en fazla birey sayisinin 4508 birey ile DD1 istasyonunda, en az birey sayisinin
111 birey ile YD3 istasyonunda bulundugu belirlenmistir (Sekil 2).

m Takson mFamilya mBirey

4508

2830 2777

1953
1136

593 659
164
111
64 59 1 47 61 51
32 29 31
25 20 16
12
8 . 9
KD1 KD2 KD3 YD1 YD2 YD3 DD1 DD2 DD3

Sekil 2. Istasyonlarda Tespit Edilen Takson, Familya ve Birey Sayilari.

KD1 istasyonunda 27 diisiik toleransli, 19 toleransli, 18 yiiksek toleransli, KD2 istasyonunda 16
diisiik toleransli, 21 toleransli, 21 diisiik toleransli ve KD3 istasyonunda 2 toleransli, 6 yiiksek
toleransh takson tespit edilmistir.

KD1 KD2 KD3
. . ‘25%
B Yiilsek Toleransh Toleransh m Diisiik Toleransli

Sekil 3. Kirazdere istasyonlarinda belirlenen tiirlerin toleranslarina gére dagilimlari.

YD1 istasyonunda 16 diisiik toleransli, 31 toleransl, 23 yiiksek toleransli, YD2 istasyonunda 11
diisiik toleransh, 23 toleransh, 13 diigiikk toleransli ve YD3 istasyonunda 3 toleransli, 9 yiiksek
toleransh takson tespit edilmistir.
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YD1 YD2 YD3

25%
49%

m Yiilsek Toleransli Toleransl m Diisiik Toleransli

Sekil 4. Yalakdere istasyonlarinda belirlenen tiirlerin toleranslarina gére dagilimlari.

DD1 istasyonunda 17 diisiik toleransli, 25 toleransh, 18 yiiksek toleransli, DD2 istasyonunda 8
diistik toleransli, 18 toleransli, 25 diisiik toleransli ve DD3 istasyonunda 9 yiiksek toleransli takson
tespit edilmistir.

DD1 DD2 DD3
m Yiilsek Toleransl Toleranslt m Diisiik Toleranslt

Sekil 5. Dilderesi istasyonlarinda belirlenen tiirlerin toleranslarina gére dagilimlari.

4. TARTISMA ve SONUC

Kocaeli ili smirlar igerisinde yer alan, Dilderesi’'nde tespit edilen 89 adet ve Kirazdere’de tespit
edilen 114 taksonun tamami bu akarsular icin yeni kayittir. Yalakdere’de tespit edilen 98 taksondan,
Asellus aquaticus, Atherix sp., Caenis sp., Ephemera sp., Lumbricidae, Physella acuta, Planorbidae ve
Tipula sp. (Akay ve Dalkiran, 2019) disinda kalan 90 takson bu akarsu i¢in yeni kayittir. Bu

Calisma kapsaminda tespit edilen toplam 179 taksondan 29 tanesinin her ii¢ akarsuda da bulundugu
belirlenmistir. Biitiin istasyonlarda, kozmopolit dagilima sahip Oligochaeta, Diptera ve Gastropoda
gruplarina ait taksonlar tespit edilmistir.

Her ¢ akarsuda da, kaynaktan, mansaba dogru takson, familya ve diisiik toleransh taksonlarin
sayisinin azaldig1 goriilmiistiir (Sekil 2, Sekil 3, Sekil 4, Sekil 5). Taban makroomurgasiz biyolojik
cesitliliginin kaynaktan mansaba dogru azalmasinda, mansaba yaklastikga kentlesmenin, sanayi
alanlarinin yogunlagmasi ve bunlarla birlikte artan niifusa bagl olarak insan kaynakli faaliyetlerin
yogunlagmasinin neden oldugu diisiiniilmektedir (Tablo 1). Smith ve Lamp (2008), Cao vd. (2016),
Hepp ve Santos (2008) yaptiklar1 c¢aligmalarda insan kaynakli faaliyetlerin taban makroomurgasiz
cesitliligine olumsuz etki ettigini belirtmislerdir. Habitat gesitliliginin ve istasyonlara gore farklilik
gosteren ornekleme metodunun belirlenen takson sayisini etkileyebilecegi bilinmektedir (Nedeau vd.,
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2003). Mevcut ¢alismada 6zellikle mansap istasyonlarinda Van Veen tip kepce kullanimi ve tek ¢esit
habitat (camur) bulunmasi diger istasyonlarda kullanilan surber nete gére farklilik olusturabilir. Ancak
grab kullanilan istasyonlarda ornekleme sayisi artirlldigi i¢in bu farkliligin en aza indirildigi ve
istasyonlardaki gercek tiir ¢esitliliginin belirlendigi diistiniilmektedir.

Istasyonlarda tespit edilen birey sayilarinin da, Kirazdere disinda, DD1’den DD3’e ve YD1 ’den
YD3’e gidildik¢e azaldigi belirlenmistir (Sekil 2). Kirazdere’de KD2 istasyonunda birey sayisiin
kaynaga yakin KD1 istasyonuna gore fazla olmasinda KD2 istasyonu 6ncesinde Yuvacik Baraji’nin
bulunuyor olmasinin etkili oldugu diisiiniilmektedir. Bredenhand ve Samways (2009), baraj varliginin,
su akis hizim1 azalttigini, suyu duragan hale getirdigini, bunun da sucul yiizey bitkilerinin artmasina
sebep oldugunu belirtmislerdir. Mevcut ¢alismada da KD2 istasyonundaki suyun duraganlastigi ve
sucul bitkilerin arttig1r belirlenmistir. Bunun paralelinde, kaba partikiiller, odunsu dokiintiiler ve
cevredeki agaclardan dokiilen yapraklarin istasyonda biriktigi ve bunlarla beslenen 6giitiicii bir tiir
olan Paratrichocladius rufiventris (Mandaville, 2002) birey sayisinin artmasina neden oldugu
disiiniilmektedir (Tablo 2).

Ornekleme yapilan her ii¢ akarsuda da Diptera takimina ait taksonlarin yiiksek oranda bulundugu
belirlenmistir (Tablo 2). Kazanci1 vd. (2014) Yesilirmak’ta, Kumari ve Maiti (2020) Hindistan’da,
Gonzalo ve Camargo (2013) Ispanya’da, Azrina vd. (2006) Malezya’da, Chertoprud ve Palatov (2017)
Bulgaristan’da, Camur-Elipek vd. (2010) Gala Golii'nde, Akbulut vd. (2009) Menderes Cayi’nda
yaptiklar1 ¢aligsmalarda, basta Chironomidae familyasi olmak {izere Diptera takimina ait taksonlarin
birey sayisinin yiiksek oldugunu rapor etmislerdir. Ayrica Kazanci vd. (2010) Yesilirmak’ta yaptiklari
calismada organik kirliligin artmasimin Diptera takimi birey sayisinin artmasina neden olacagim
belirtmislerdir. Bu ¢aligmada elde edilen veriler, yukaridaki belirtilen ¢aligmalarin verileriyle benzerlik
gostermektedir. Caligmamiz kapsamindaki akarsularda Diptera taksonlarmin ortalama baskiligr %
37,44 oranindadir. Bu taksonlarin tolerans degerleri dikkate alindiginda 80 taksondan 20 tanesi diisiik
toleransli, digerleri toleransli ve yliksek toleransli olarak degerlendirilmektedir. Bu 20 taksonun % F
degerleri dikkate alindiginda istasyonlarda ortalama % 25,55 oraninda tespit edilmislerdir. Ayrica % D
degerleri dikkate alindiginda 9 istasyondaki ortalama baskinliklar1 %12,10 oraninda iken toleransli ve
yiiksek toleransl taksonlarin ortalama baskinliklar1 %25,34 oranindadir. Tespit edilen Diptera takimini
iiyelerinden toleransli ve yiiksek toleransli bireylerin baskinliginin fazla olmasinin, yogun arazi
kullanimindan (Tablo 1) kaynaklanan organik kirlilik ile iliskili olabilecegi diistiniilmektedir.

En fazla taban makroomurgasiz familyasi, Ephemeroptera takiminin, Mandaville (2002)’e gore
toleransli (Baetis sp. ve Caenis sp.) ve diisiik toleransli (Heptagenia sp., Rhitrogena sp., Ephemera sp.
ve Ecdyonurus sp.) taksonlarimin birey sayisimin fazla oldugu KDI istasyonunda tespit edilmistir.
Benzer olarak, Zeybek vd. (2012) Kdopriicay Irmagi’nda yaptiklari ¢alismada Ephemeroptera takimi
taksonlarinin birey sayilarinin diger taksonlara gore fazla oldugunu rapor etmislerdir. Azrina vd.
(2006) Malezya’da yaptiklar1 ¢alismada Ephemeroptera takimi {iyelerinin birey sayilarinin diger
gruplara gore fazla olmasmin temiz bir ekosistemi igaret ettigini bildirmislerdir. Nitekim KDI1
istasyonunun Kirazdere kaynagina yakin konumda yer almas1 multihabitat yontemi gozlemlerine gore
su i¢i habitat cesitliliginin fazla olmasi ve herhangi bir arazi kullanim faaliyetinin bulunmamasi
Ephemeroptera taksonlarinin sayisinin artmasina neden olmustur. Bununla birlikte organik kirlilige
toleransi diisiik olan Plecoptera takimu iiyelerinin ve organik kirlilige toleranslar1 Mandaville (2002)’e
gore ¢ok diisiik olan Rhithrogena sp., Glossosoma sp., Blepharicera sp., ve Acroneuria sp.
taksonlarmin KD1 istasyonunda bulundugu, ayrica en fazla sayida diisiik toleransli taksonun bu
istasyonda bulundugu belirlenmistir (Tablo 2, Sekil 3). Kazanci vd. (2010)’e gére Ephemeroptera,
Plecoptera ve Trichoptera taksonlarinin diger gruplara gore birey sayilarinin fazla olmasi, bozulmamis
habitat yapisina ve yiiksek su kalitesine isaret etmektedir. Bu taksonlarin toplam baskinligi KD1
istasyonunda % 51,94 oranindadir. Bu bilgiler 1s18inda bu istasyonun, diger tiim istasyonlardan daha
temiz bir ekosisteme sahip oldugu diisiiniilmektedir.
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DD1 istasyonunda Gastropoda sinifi iiyelerinin birey sayisi fazladir. Bu istasyonda Gastropoda
birey sayisinin artmasinda istilaci bir tiir olan Potamopyrgus antipodarum popiilasyonu etkili
olmustur. Goldberg vd. (2013) bu tiiriin son derece dogurgan ve istilact oldugunu belirtmistir.

Mevcut ¢aligmada mansap istasyonlarinda en ¢ok tespit edilen Oligochaeta taksonlari Limnodrilus
cinsi lyeleridir. Azrina vd. (2006) yaptiklar1 calismada Oligochaeta taksonlarinin kirlilik indikatori
oldugunu ve yogunluklarinin artmasinin, kirliligin arttigina isaret ettigini, 6zellikle Limnodrilus sp.
bireylerinin akarsularin mansabina yakin bolgelerde bol bulundugunu rapor etmislerdir.

Mansaba yakin istasyonlarda Oligochaeta taksonlarinin baskinliklart akarsularin  diger
istasyonlarina gore daha fazladir (Tablo 2). Baskinliktaki bu artisin, bu bolgelerde, sanayilesmenin ve
kentlesmenin artmastyla birlikte artan kirlilikle iligkili oldugu diisiiniilmektedir.

Ayrica caligma yaptigimiz Dilderesinde, Pekey vd. (2004) yaptiklar1 ¢alismada iz metallerin
konsantrasyonlarini tespit etmis ve Yeristi Su Kalitesi Yonetmeligine gore bu konsantrasyonlarin
yiiksek oldugunu belirlemislerdir. Ayrica bolgede yer alan boya endiistrisi ve evsel kaynakli
desarjlarin en baskin kirletici unsurlar oldugundan bahsetmislerdir. Ayrica Pekey vd. (2005) ve Pekey
(2006) izmit Korfezi’'nde Dilderesi’nin agiz bolgesinde yaptiklar calismada demir, celik, boya sanayi
ve evsel atiklarin agir metal kirliligine sebebiyet verdigini bildirmislerdir. Morkog vd. (2008) Izmit
Korfezi i¢in en 6nemli kirlilik girdisi kaynaginin Dilderesi’ne yapilan desarjlardan kaynaklandigini
belirtmistir. Yalakdere’de ise Akay ve Dalkiran (2019) yaptiklar1 ¢alismada, fizikokimyasal veriler
tespit etmislerdir. Ancak Yalakdere’de tespit ettikleri taban makroomurgasizlarinin fizikokimyasal
parametrelerden ziyade, iklimsel kaynakli sicaklik degisikliklerinden ve kurakliktan daha fazla
etkilendiginden bahsetmislerdir. Mevcut ¢alismamizda Yalakdere akarsuyu istasyonlarinda kuraklikla
ilgili bir bulguya rastlanmamustir. Ornekleme gergeklestirilen bir diger akarsu olan Kirazdere’de
kirleticiler iizerine bir ¢alisma agik literatiirde bulunamamustir. Kirazdere istasyonlart ile ilgili,
tartisma ve sonug basligr altinda bazi baski unsurlarindan bahsedilmistir.

Insan kaynakl: faaliyetlerin neler oldugu ve etkilerinin net olarak belirlenebilmesi icin fauna tespiti
calismalart onemlidir. leride yapilacak calismalarda biyotik indeksler kullanilarak literatiire
kazandirilan yeni taban makroomurgasiz kayitlari ile birlikte bu ¢alismanin ve benzer ¢aligsmalarin
kaynak olarak kullanilabilecegi diigiiniilmektedir.
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Abstract: In this study, it was aimed to determine heavy metal levels in muscle tissues of Keywords
Atlantic bonito samples caught in the Eastern Black Sea Region and to determine their e Heavy metals
potential to pose a risk to human health. The concentrations of Fe, Zn, Cu, Pb, Mn, and ¢ Rize ve Trabzon
Al have been measured in the edible muscle of Atlantic bonito (Sarda sarda Bloch, o Black Sea
1793) from the Trabzon and Rize coasts of the southern Black Sea from September 2020 4 Atjantic Bonito
to December 2020. Cd, Cr, Co, and Ni were not detected in the edible part of S. sarda in

both coastal areas. These concentrations are lower than the maximum permissible values

in European and Turkish regulations. The average weekly intake of heavy metals per

body weight value not exceeded the Provisional Tolerable Weekly Intake (PTWI)

established. Therefore, it may be concluded that these ten metals should not pose any

health threat to the consumers resulting from the consumption of S. sarda.

Ozet: Bu ¢alismada, Dogu Karadeniz Bélgesinde yakalanan palamut érneklerinin kas Anahtar kelimeler
dokulardaki agir metal seviyelerinin belirlenmesi ve insan sagligi agisindan risk e Agir metaller
olusturma potansiyellerinin belirlenmesi amaglanmistir. Karadeniz'in Trabzon ve Rize o Rize ve Trabzon
kiyilarinda avlanan palamutun (Sarda sarda Bloch, 1793) yenilebilir kaslarinda Fe, Zn, o Karadeniz

Cu, Pb, Mn ve Al konsantrasyonlari dl¢giilmiistiir. Eylil 2020'den Aralik 2020'ye kadar 4 pglamut

deniz. Her iki kiy1 bolgesinde de S. sarda'nin yenilebilir kisminda Cd, Cr, Co ve Ni tespit

edilmedi. Bu konsantrasyonlar, Avrupa ve Tirkiye yonetmeliklerinde izin verilen

maksimum degerlerden daha diisiiktiir. Viicut agirligi degerleri basina haftalik ortalama

agir metal alimi, belirlenen Gegici Tolere Edilebilir Haftallk Alim (PTWI) degerini

agsmadi. Bu nedenle, S. sarda tiiketiminden kaynaklanan bu 6 metalin tiiketiciler i¢in

herhangi bir saglik tehdidi olusturmamasi gerektigi sonucuna varilabilir.

1. INTRODUCTION

Heavy metals increase in aquatic environments due to industrial, domestic, and agricultural
activities, and they have significant effects on living things due to their toxicity and accumulation
feature (Dobaradaran et al., 2010; Akkan et al., 2018; Aktop and Cagatay, 2020; Mutlu, 2021a). Heavy
metals mixed into the aquatic environment can not only affect aquatic organisms, but also human
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health by accumulating heavy metals in their bodies and reaching people through the food chain
(Akgiin et al., 2007; Yilmaz et al., 2016).
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Figure 1. The study area (Trabzon and Rize coasts).

Although bivalves fed by filtering water are primarily used in monitoring heavy metal pollution in
aquatic ecosystems, heavy metal research in fish located at the top of the food pyramid has been
increasing in recent years since they are the main food sources of humans. There is a similar trend in
heavy metal pollution research in the Black Sea region where the study was conducted. However, it is
seen that research on bottom fish living close to the seabed or sediment layer has been intensified
recently. On the other hand, it is necessary to monitor and reveal the risk status of pelagic species that
migrate for food and reproduction. Because the Black Sea is under the effect of freshwater containing
pollutant loads carried by many streams from the precipitation basin of 6 different countries

surrounding it.
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Figure 2. The most captured sea fish, 2011-2020 (Thousand tonnes) (TSI, 2020).
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Atlantic bonito fish is a member of the Scombridae family (Sarda sarda Bloch, 1793) and is an
epipelagic species. It is distributed in flocks along the Black Sea, Mediterranean, and Atlantic coasts
(Collette and Nauen, 1983). This fish species, which is extremely important economically in Turkey,
migrates between the Black Sea and the Aegean Sea for breeding and feeding purposes through the
Dardanelles and Istanbul Straits (Niimann, 1955). The diet of bonito is formed by small fishes such as
anchovies, sardines and sprat, and crustaceans (Campo et al., 2006; Kahraman et al., 2014). In the
meantime, fishing is carried out intensively with seine nets, seine nets, and fishing rods. Bonito fish
migrates from the Eastern Mediterranean to the Black Sea between May and July to spawn and then
migrate to the same region again (Cengiz, 2013; Niimann, 1954). Turkey's waters in 2019 total 374
726 tonnes of sea fish are hunted that 1,578 tons of bonito fish (0.42%) (Figure 1).

It is clear that Atlantic bonito, which is located in the upper layers of the food pyramid in the Black
Sea region, can play an important role in heavy metal bioaccumulation. Therefore, in this study, it will
be an important issue to investigate heavy metal accumulation in bonito fish in terms of 2 important
locations (Trabzon and Rize) on the Southeastern Black Sea coasts.

2. MATERIAL and METHODS

This study was carried out in September 2020 in Trabzon and Rize stations, which are the two most
important provinces in terms of fishing in the Eastern Black Sea Region. Atlantic bonito used in this
study were sampled from September 2020 to December 2020 directly from local fishing vessels in the
southern of the Black Sea (Figure 1).

2.1. Preparation of fish samples before heavy metal analysis

The fish caught were labeled and brought to the laboratory in ice-protected containers the same
day, and the length and weight of the samples were determined. The fish samples, which were then
washed with distilled water, were dried on filter paper and stored in conditions below -20 °C until
analysis after being packed in polyethylene bags.

2.2. ICP-OES Method

ICP is a high-temperature plasma technique, such as 7000-8000 °K, supported by a magnetic field,
in which the elements in the sample are atomized and excited. Plasma is called gaseous ion current. In
the ICP technique, plasma is created by interacting argon gas with the magnetic field created by the
radiofrequency generator, since it is both inert and easily ionizable. ICP-OES is an optical emission
spectroscopy technique that uses induction coupled plasma to excite atoms. It is thought that the ICP-
OES technique is superior to other optical emission spectroscopy techniques due to its features such as
reaching high temperatures, a long retention time of the sample element in the plasma, and
atomization and excitation processes can be performed in an inert environment.

In this method, the first step consists of sample preparation. In the second step, the sample in
solution is converted into aerosols with the help of a nebulizer. In the third step, the solvent of the
sample coming to the plasma is removed and the substances are passed into the gas phase. In the
fourth step, substances in the gas phase are separated into atoms and free atoms are obtained in the gas
phase. In the fifth step, the gaseous atoms become excited in the plasma, and after a short time, they
return to the ground state by emitting a resonance beam. In the last step, the resonance beam formed is
detected by the detectors and the measurement is performed. In recent years, the ICP-OES system has
been frequently preferred in the metal analysis due to its various advantages. These advantages are; It
is possible to reach high temperatures, the retention time of the sample element in the plasma is long,
atomization and excitation processes can be carried out in an inert environment, and even very stable
compounds can be separated into atoms thanks to the high temperature obtained in the plasma.

In this study, heavy metal analysis in fish was performed using ICP/OES (Inductively Coupled
Plasma — Optical Emission Spectrometer) method by Perkin Elmer Optima 7000 DV. EN 15763
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European Standard methods were applied. The limits of detection (ng/l) used for analysis of Fe, Zn,
Cu, Pb, Mn and Al were 0.5, 0.15, 0.5, 0.5, 0.02, 0.05, 0.78, 0.58, 0.166, 0.5 and 0.05, respectively.

The certified and measured values of the Reference material used to control the accuracy of the
analysis process in the measurements performed in the ICP-OES system in this study are presented in
Table 1. Certified reference material (DORM-4; National Research Council Canada, NRCC) was
analyzed (n=3) to validate the method for accuracy. It is a fish protein reference material for trace
element analysis in fish. While the accuracy of the analysis processes is given separately for each
metal, it is seen that it is 89.24 percent on average for all elements (Table 1).

Table 1. Certified, observed values (mg.kg-1) and recoveries (%) of trace metal concentrations in standard
reference material for this research.

Reference Material Metal concentration (mg/kg) (Dry weight)

Metals

Certified Observed Recovery (%)
Cu 154.61 141.02 91.21
Pb 150.55 131.22 87.16
Zn 352.90 315.90 89.52
Fe 2.72 2.50 91.91
Al 1.03 0.86 83.50
Mean 89.24

2.3. Intake Levels Calculation

The average heavy metal weekly intake was estimated according to the following formula (Bat and
Aric, 2016; Tiurkmen et al., 2009; Tiizen, 2009):

Heavy metals intake level = average heavy metal content X consumption of fish per person/ body
weight

EWI (estimated weekly intake level) values were calculated by multiplying the mean
concentrations of each element and the amount of weekly consumed fish. The annual quantity of fish
consumed is 6.3 kg/person [TUIK, 2019], which is equivalent to 17.3 g/day for Turkey. The body
weight of an adult person is 70 kg.

The health risks for Turkish consumers caused by consuming Atlantic bonito from the Southwest
Black Sea were assessed based on THQ. This method offers an indication of the risk level due to the
heavy metal exposure. The following equation was used to determine THQ (Han et al.,1998; Chien et
al., 2002; Storelli, 2011; Mol et. al., 2018; Mutlu 2021b):

THQ = [(EF X ED x FIR x C) / (RFD X WAB x TA)] x10°

Where EF is the exposure frequency (365 days/year), ED is the exposure duration (70 years, the
average lifetime according to Bennett, Kastenberg, & McKone, (1999). FIR is the food ingestion rate
(17.3 g/day for Turkish consumers, according to Speedy (2003), C is the determined metal
concentration (mg.kg?), RFD is the oral reference dose (mg.kg?*/day), WAB is the average body
weight (70 kg), according to Kumar, Verma, Naskar, Chakraborty, & Shah, (2013), TA is the average
exposure time for noncarcinogens (365 days/year x ED, assuming 70 years in this study). The oral
reference doses (RFD) for Cu, Zn, Cd, Hg, and Pb (mg.kg™, day) have been suggested as 4x1072, 3x10°
1 1x107%, 1.6x10* and 4x1073, respectively (US EPA, 2009).
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2.4. Statistical Analysis

Data were expressed as mean =+ standard deviation (SD). Data were analyzed by ANOVA at a=
0.05. Comparison of means was performed by Duncan test and the difference was considered
significant at p < 0.05 [20]. IBM SPSS Statistics version 21 software is used for statistical analysis.

3. RESULTS and DISCUSSION

The Black Sea Atlantic bonito from the south coast of the Black Sea, from September 2020 to
December 2020 were analyzed for Fe, Zn, Cu, Pb, Mn, and Al. The mean concentrations and ranges of
Fe, Zn, Cu, Pb, Mn, and Al in fish have been presented in Figure 2. The EWI and PTWI values of
Atlantic bonito were calculated while THQ values were shown in Table 3. These values were
calculated for Turkish consumers.

Metal contents in Sarda sarda (mg/kg)
30

25
20
15

10

5 I
0 I | —

Al Zn Mn Fe Cu Pb

Rize Trabzon

Figure 3. Comparison of the results between Trabzon and Rize stations.

The concentration of examined metals in edible tissues of Atlantic bonito from the southern Black
Sea demonstrated regional differences between Trabzon and Rize stations. Mn, Pb, and Cu were
detected at low concentrations at similar levels at both stations in the edible part of S. sarda in both
coastal areas. Figures 3 shows the mean concentrations of heavy metals in the muscle of Atlantic
bonito from the Trabzon and Rize coasts of the southern Black Sea, Turkey. The concentrations of
measured heavy metals decrease in the order of Pb > Cu > Mn > Zn > Fe > Al in all stations.

In this study, the results indicate that there is a considerable greater accumulation of the metals in
muscle tissues of S. sarda from Trabzon than those in muscle tissues of fish from Rize coast (P<0.05)
and that there was a statistically significant difference between the concentrations of the metals (Table
2). On the other hand, when the metal levels accumulating in muscle tissue are evaluated in terms of
permissible limits according to international standards, it is seen that the permissible limit values for
Pb and Mn are exceeded (Table 2) (Suyatna et al., 2017). For other metals, it is seen that the metal
levels in the muscle tissue do not exceed the permissible limit values in terms of Fe, Cu, and Zn. Also,
THQ values are given in Table 3. If THQ <1, it means that the consumption of the studied fish species
has no adverse effects on human health in light of the current concentrations in the fish (Malakootian
et al., 2016).
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Table 2. Metal concentration in Atlantic bonito (mg/kg).
Metal concentrations in S. sarda

Metals Trabzon Rize Permissible limits (mg.kg™)
Pb 0.33+0.10 0.25+0.18 0.20-0.50
Cu 1.34+0.35 2.46+0.56 <20
Mn 2.49+1.11 2.14+0.75 1.00
Zn 16.56+8.26 8.40+2.69 40
Fe 10.41+10.11 18.42+2.53 100
Al 29.33+£26.77 17.94+7.36 -

When the results of this research on heavy metal accumulation in bonito muscle tissues were
examined, it was determined that while Pb and Mn exceeded the permissible limit values published by
international organizations, this was not the case in terms of Cu, Fe, Zn, and Al values. Although there
are not many studies in terms of aluminum, there are many studies on Pb and Mn. While the average
Pb accumulation measured in this study was 0.29 ppm, many studies conducted in Turkey and
especially in the Black Sea coast yielded results between 0.22 ppm and 0.76 ppm (Tiizen 2003,
Uluozlii et al. 2007, Mendil et al., 2010, and Bat et al., 2006). It is seen that in another study on the
same species on the Black Sea coast, the results of this study were considerably higher than the results
of this study (Bat et al.2016). Therefore, it is seen that the permissible limit values for international
standards (WHO, FAO, and EC) are exceeded in most of the studies in the current reviewed literature
(Table 4).

Table 3. Target hazard quotient (THQ) of Sarda sarda (ug/kg/bw/day) for the adult.

THQ
Metals Rfd Rize Trabzon
Cu 40 0.018 0.010
Fe 700 0.008 0.004
Mn 140 0.004 0.005
Pb 4 0.018 0.024
Zn 300 0.008 0.016

TTHQ 0.055 0.058
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Table 4. Literature data and researches on the metal concentration in Atlantic bonito.
Metals References Mean metal concentrations (mg /kg) Statiton

Al This study 23,63 Trabzon, Rize
Bat and Aric1 (2016) ND Samsun, Sinop
This study 12,48 Trabzon, Rize
Tiizen (2003) 11.20+1.44 (dry wt.) Samsun
Zn Uluozlu et al. (2007) 48.7 + 3.7 (dry wt.) Black Sea
Mendil et al. (2010) 21.0 £ 2.1 (dry wt.) Samsun, Ordu, Trabzon, Rize
Bat et al. (2006) 12.66 (wet wt.) Sinop
This study 2,32 Trabzon, Rize
Tiizen (2003) 1.06£0.27 (dry wt.) Samsun
Mn Uluozlu et al. (2007) 2.68 = 0.22 (dry wt.) Black Sea
Mendil et al. (2010) 2.0+ 0.2 (dry wt.) Samsun, Ordu, Trabzon, Rize
Bat et al. (2006) 1.72 (wet wt.) Sinop
This study 14,41 Trabzon, Rize
Tiizen (2003) 9.52+0.81 (dry wt.) Samsun
Fe Uluozlu et al. (2007) 73.5+ 6.3 (dry wt.) Black Sea
Mendil et al. (2010) 25.5+2.3 (dry wt.) Samsun, Ordu, Trabzon, Rize
Bat et al. (2006) 12.18 (wet wt.) Sinop
This study 1,90 Trabzon, Rize
Tiizen (2003) 1.28+0.14 (dry wt.) Samsun
Cu Uluozlu et al. (2007) 0.84 +0.05 (dry wt.) Black Sea
Mendil et al. (2010) 1.9£0.2 (dry wt.) Samsun, Ordu, Trabzon, Rize
Bat et al. (2006) 0.659 (wet wt.) Sinop
This study 0,29 Trabzon, Rize
Tiizen (2003) 0.22+0.04 (dry wt.) Samsun
Pb Uluozlu et al. (2007) 0.76 = 0.05 (dry wt.) Black Sea
Mendil et al. (2010) 0.28 £ 0.03 (dry wt.) Samsun, Ordu, Trabzon, Rize
Bat et al. (2006) 0.537 (wet wt.) Sinop

According to the results of this study, when Mn metal values are compared with other studies, it is
seen that the values vary between 1.72 ppm and 2.58 ppm and the results are almost 2 times higher
than the allowable limit values (Tiizen 2003, Uludzlii et al. 2007, Mendil et al., 2010, and Bat et al.,
2006). Although the results of Pb and Mn are high, when the previous studies are evaluated in terms of
other metals (Cu, Fe, and Zn) discussed in this study, it is seen that the results are well below the
allowable limit values in all the studies examined (Table 3) (Tiizen 2003, Uluézli et al. 2007, Mendil

etal., 2010, and Bat et al., 2006).

FUNDING
No financial support was received in the conduct of this study.

CONFLICT of INTEREST

The authors declare that there are no financial interests or personal relationships that could
affect this work.




Verep and Mutlu, 2022 Acta Aquat. Turc., 18(2): 208-216 215

AUTHOR CONTRIBUTIONS
Editing: BV; Methodology: TM; Performing the experiment: BV, TM; Data analysis: TM;
Article writing: BV; Supervision: BV. All authors approved the final draft.

ETHICAL STATEMENTS
Local Ethics Committee Approval was not obtained because experimental animals were not
used in this study.

DATA AVAILABILITY STATEMENT
Data used in this study are available from the corresponding author upon reasonable request.

REFERENCES

Akkan, T., Yazicioglu, O., Yazici, R. & Yilmaz M. (2018). An examination of ecological and
statistical risk assessment of toxic metals in sediments at Siddikli Dam Lake: A Case Study In
Kirsehir, Turkey. Fresen. Environ. Bull, 27(12), 8104-8111.

Aktop, Y. & Cagatay, I. T. (2020). Agir Metallerin Baliklarda Birikimi ve Etkileri. Menba Kastamonu
Universitesi Su Uriinleri Fakiiltesi Dergisi, 6(1), 37-44.

Bennett, D.H., Kastenberg, W.E. & McKone, T.E. (1999). A multimedia, multiple pathway risk
assessment of atrazine: the impact of age differentiated exposure including joint uncertainty and
variability. Reliability Engineering & System Safety, 63, 185-98.
http://dx.doi.org/10.1016/S0951-8320(98)00046-5

Chien, L., Hung, T., Choang, K., Yeh, C., Meng, P., Shieh, M. & Han, B. (2002), Daily intake of TBT,
Cu, Zn, Cd and As for fishermen in Taiwan. Science of The Total Environment, 285, 177-185.

Collette, B.B., & Nauen, C.E. (1983). FAO species catalogue. Scombrids of the world. An annotated
and illustrated catalogue of tunas, mackerels, bonitos and related species known to date. FAO
Fisheries Synopsis no. 125, Rome, 137 pp.

Niimann, W., (1955). Die Pelamiden (Sarda sarda) des Schwarzen Meeres, des Bosporus, der
Marmara und der Dardanellen. Hidrobiology, 3, 75-127.

Bat, L. & Arici, E. (2016). Health risk assessment of heavy metals in Sarda sarda Bloch, 1793 for
people through consumption from the Turkish Black Sea coasts. International Journal of
Zoology Research, 1(1), 1-7.

Han, B.C., Jeng, W.L., Chen, R.Y., Fang, G.T., Hung, T.C. & Tseng, R.J. (1998). Estimation of Target
Hazard Quotients and Potential Health Risks for Metals by Consumption of Seafood in Taiwan.
Archives of  Environmental  Contamination and  Toxicology, 35, 711-720.
http://dx.doi.org/10.1007/s002449900535

Kumar, B., Verma, V.K., Naskar, A.K., Chakraborty, P. & Shah, R. (2013). Human Health Hazard
due to Metal Uptake via Fish Consumption from Coastal and Fresh Water Waters in Eastern
India Along the Bay of Bengal. Journal of Marine Biology & Oceanography, 2(3), 1-7.
http://dx.doi.org/10.4172/2324-8661.1000115

Malakootian M, Mortazavi M S, & Ahmadi A. (2016). Heavy metals bioaccumulation in fish of
southern Iran and risk assessment of fish consumption. Environ. Health Eng. Manag. 3(2) :61-
68.

Mendil, D., Unal, O.F., Tiizen, M., & Soylak, M. (2010). Determination of trace metals in different
fish species and sediments from the River Yesilirmak in Tokat, Turkey. Food and Chemical
Toxicology. 48, 1383-1392.



http://dx.doi.org/10.1016/S0951-8320(98)00046-5
http://dx.doi.org/10.1007/s002449900535
http://dx.doi.org/10.4172/2324-8661.1000115

Verep and Mutlu, 2022 Acta Aquat. Turc., 18(2): 208-216 216

Mol, S., Kahraman, A.E., & Ulusoy, S. (2018). Potential Health Risks of Heavy Metals to the Turkish
and Greek Populations via Consumption of Spiny Dogfish and Thornback Ray from the Sea of
Marmara, Turk. J. Fish.& Aquat. Sci. 19(2), 109-117.

Mutlu, T. (2021a). Heavy metal concentrations in the edible tissues of some commercial fishes caught
along the Eastern Black Sea coast of Turkey and the health risk assessment, Spectroscopy
Letters, http://dx.doi.org/10.1080/00387010.2021.1939386

Mutlu, T. (2021b). Seasonal variation of trace elements and stable isotope (613C and 615N) values of
commercial marine fish from the black sea and human health risk assessment, Spectroscopy
Letters, 2(3). http://dx.doi.org/10.1080/00387010.2021.1984254

Speedy, A.W. (2003). Global Production and Consumption of Animal Source Foods. Journal of
Nutrition, 133(11), 4048-4053. http://dx.doi.org/10.1080/10934520701480615

Storelli, M.M., Cuttone, G., & Marcotrigiano, G.O. (2011). Distribution of trace elements in the
tissues of smooth hound Mustelusmustelus (Linnaeus, 1758) from the southern eastern waters of
Mediterranean Sea (ltaly). Environmental Monitoring and Assessment, 174(1-4), 271-81.
http://dx.doi.org/10.1007/s10661-010-1456-x

Suyatna, I., Adnan, A.S., Syahrir, M., Ghitarina, G., Abdunnur, A., & Saleh, S. (2017). Heavy Metal
levels in water and fish samples from coastal waters of Mahakam Delta, Kutai Kartanegara
District, East Kalimantan, Indonesia, AACL Bioflux, 10(5), 1319-1329.

TUIK, (2020). Turkish Fishery Statistics, https://www.data.tuik.gov.tr/Bulten/Index?p=Su-Urunleri-
2020-37252 , 29 September 2020.

Tiirkmen, M., Tiirkmen, A., Tepe, Y., Tore, Y. & Ates, A. (2009). Determination of metals in fish
species from Aegean and Mediterranean seas. Food Chemistry, 113, 233-237.
http://dx.doi.org/10.1016/].foodchem. 2008.06.071

Tuzen, M. (2009). Toxic and Essential Trace Elemental Contents in Fish Species from the Black Sea,
Turkey. Food and Chemical Toxicology, 47(8), 1785-1790.
http://dx.doi.org/10.1016/j.fct.2009.04.029

Tuzen, M. (2003). Determination of Heavy Metals in Fish Samples of the Middle Black Sea (Turkey)
by Graphite Furnace Atomic Absorption Spectrometry. Food Chemistry, 80(1), 119-123.
http://dx.doi.org/10.1016/S0308-8146(02)00264-9

Tiizen, M. (2009). Toxic and essential trace elemental contents in fish species from the Black Sea,
Turkey, Food Chemical and Toxicology, 47, 1785-1790. http://dx.doi.org/10.1016/j.fct.2009.
04.0291

Uluozlu, O.D., Tiizen, M., Mendil, D. & Soylak, M. (2007). Trace metal content in nine species of fish
from the Black and Aegean Seas, Turkey. Food Chemistry, 104(2), 835-840.

US EPA. (2009). Risk-based Concentration table. Philadelphia PA. Washington DC, USA,
Environmental Protection Agency.

Yilmaz, M., Teber, C., Akkan, T., Er, C., Kariptas, E. & Ciftci, H. (2016). Determination of heavy
metal levels in different tissues of tench (Tinca tinca I., 1758) from Siddikli Kucukbogaz dam
lake (Kirsehir), Turkey. Fresenius Environmental Bulletin, 25(6), 1972-1977.



http://dx.doi.org/10.1080/00387010.2021.1939386
http://dx.doi.org/10.4172/2324-8661.1000115
http://dx.doi.org/10.1080/10934520701480615
http://dx.doi.org/10.1007/s10661-010-1456-x
https://www.data.tuik.gov.tr/Bulten/Index?p=Su-Urunleri-2020-37252
https://www.data.tuik.gov.tr/Bulten/Index?p=Su-Urunleri-2020-37252
http://dx.doi.org/10.1016/j.foodchem.%202008.06.071
http://dx.doi.org/10.1016/j.fct.2009.04.029
http://dx.doi.org/10.1016/S0308-8146(02)00264-9
http://dx.doi.org/10.1016/j.fct.2009.%2004.029
http://dx.doi.org/10.1016/j.fct.2009.%2004.029

Acta Aquatica Turcica

E-ISSN: 2651-5474
Home Page: https://dergipark.org.tr/actaquatr 18(2): 217-235, 2022 DOI: 10.22392/actaquatr.10315342

Research Article Arastirma Makalesi

The Impact of Thyme, Rosemary, and Basil Extracts on the Chemical, Sensory and
Microbiological Quality of Mackerel Balls Stored at -18°C

Kekik, Biberiye ve Feslegen Ekstraktlarinin -18°C'de Depolanan Uskumru Koftelerinin
Kimyasal, Duyusal ve Mikrobiyolojik Kalitesine EtKisi

Esra Bahker'*(, Yesim Ozogul®’”, Mustafa Durmus?™, Yilmaz Ucar®’, Saadet Gokdogan Tekin?

1 Yozgat Bozok University, Faculty of Tourism, Department of Gastronomy and Culinary Arts, Yozgat, Tiirkiye
2 Cukurova University, Faculty of Fisheries, Department of Seafood Processing Technology, Adana, Tiirkiye

3 Ordu University, Fatsa Faculty of Marine Science, Department of Fisheries Engineering Technology, Ordu,

Tiirkiye

*Corresponding author: esra.balikci@bozok.edu.tr

Received: 27.10.2021 Accepted: 11.04.2022 Published: 01.06.2022

How to Cite: Baliket, E., Ozogul, Y., Durmus, M., Ugar, Y., & Gokdogan Tekin, S. (2022). The impact of thyme, rosemary
and basil extracts on the chemical, sensory and microbiological quality of mackerel balls stored at -18°C. Acta Aquatica
Turcica, 18(2), 217-235. https://doi.org/10.22392/actaquatr.1015342

Abstract: The effect of adding 0.05% natural herb extracts obtained from rosemary Keywords
(Rosmarinus officinalis), thyme (Thymbra spicata), and basil (Ocimum basilicum L.) on e Lipid oxidation
mackerel balls during 10 months of frozen storage (-18°C) were investigated conceming o Thyme
sensory (raw and cooked), biochemical (PV- peroxide value, FFA- free fatty acids, TVB- 4 Rosemary
N -total volatile basic nitrogen, TBA- thiobarbituric acid and pH) and microbiological 4 gasij
analyses (TVC- total viable count). The results indicated that the total phenolic | Fishball
compounds of plant extracts were determined as 38.13 mg GAE/g, 81.85 mg GAE/g, and

21.08 mg GAE/qg for thyme, rosemary, and basil, respectively. The shelf life of raw fish

balls was found as eight months for the control and basil groups and ten months for

rosemary and thyme groups. 0.05% basil extract gave the fishball an intense taste and

odor and a bitter taste. TVB-N, TBA, FFA, PV, and pH values remained lower than the

acceptability limits during the storage period in all groups. The plant extracts, especially

rosemary and thyme, were effective for inhibiting bacterial growth and the values of

biochemical parameters. Therefore, it was concluded that natural extracts could be added

to fish products as an antioxidant to prolong the shelf life of fish.

Ozet: Uskumru koftelerine %0,05 biberiye (Rosmarinus officinalis), kekik (Thymbra  Anahtar kelimeler
spicata) ve feslegen (Ocimum basilicum L.)'den elde edilen dogal bitki ekstraktlarimin o Lipid oksidasyonu
ilave edilmesinin duyusal (¢ig ve pismis), biyokimyasal (PV-peroksit degeri, FFA- o Kekik

serbest yag asitleri, TVB-N-toplam ugucu bazik nitrojen, TB-tiobarbitiirik asit ve pH) ve o Bjberiye
mikrobiyolojik kalitesi (TVC-toplam canli say1s1) iizerine etkileri koftelerin dondurularak 4 Feslegen

10 ay depolanmasi (-18°C) siiresince aragtirtlmustir. Sonuglar bitki ekstraktlarmin toplam ¢ goik kéftesi
fenolik bilesiklerinin kekik, biberiye ve feslegen i¢in sirasiyla 38,13 mg GAE/g, 81,85

mg GAE/g ve 21,08 mg GAE/g oldugunu gostermistir. Cig balik koftelerinin raf émrii
kontrol ve feslegen gruplar icin 8 ay, biberiye ve kekik gruplar igin 10 ay olarak
bulunmustur. %0,05 feslegen ekstrakti, balik koftesine yogun bir koku ve aci bir tat
vermistir. Depolama siiresince tiim gruplarda TVB-N, TBA, FFA, PV ve pH degerleri
kabul edilebilirlik limitlerinin altinda kalmustir. Bitki ekstreleri, 6zellikle biberiye ve
kekik, bakteri iremesini ve biyokimyasal parametrelerin degerlerini engellemede etkili
olmustur. Bu nedenle, baliklarin raf omriinii uzatmak i¢in antioksidan olarak balik
iiriinlerine dogal ekstraktlar eklenebilecegi sonucuna varilmigtir.
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1. INTRODUCTION

Fish balls are commonly ball-shaped products obtained from minced fish with/without the
inclusion of vegetables, starches, and condiments (Tee & Siow, 2014; Yuxiang Zhang et al., 2019).
They are steamed, boiled, or deep-fried (Feng et al., 2017; Huda et al., 2010). In several countries such
as China, Singapore, Japan, the United States, Germany, Australia, and the countries in Southeast
Asia, it is commonly consumed food and available in supermarkets worldwide (Feng et al., 2017;
Yuxiang Zhang et al., 2019). Besides its high nutritional value, the consumption of fish balls prevents
the problem of drowning due to the fish bones since the bones are completely taken during the
procedure (Feng et al., 2017). However, the fishball is a particularly perishable product as it is made of
fish meat (Kok & Park, 2007) containing a high level of long-chain PUFAsS, especially DHA and EPA
(Ali et al., 2019; Petricorena, 2015). In addition, it is more sensitive to oxidative deterioration than
other meat products. Lipid oxidation can cause degradation of taste, odor, color, texture, and also the
production of toxic composites (Kanner, 1994). During frozen storage, lipid hydrolysis, oxidation, and
protein denaturation in seafood have been reported to have a major effect on product acceptability
(Tironi et al., 2010). To ensure freshness and longer the shelf life, fish balls are mostly sold as frozen
(Hilgarth et al., 2018; Russell, 1990).

Growing demand for ready-to-cook fish products with high quality and prolonged shelf life has led
to the improvement of various novel techniques to preserve quality characteristics and obtain
innocuous products (Maftoonazad & Badii, 2012). Synthetic preservative agents have been employed
to prolong the storage life of foods, but they are tightly controlled due to toxicological and health
issues (Wilson & Bahna, 2005). Therefore, food products preserved with natural extracts have become
popular due to the perception of consumers against chemical preservatives (Holley & Patel, 2005). It
is challenging to find influential and non-toxic procedures to delay spoilage and prolong the shelf life
of fish (Gao et al., 2014). The usage of herbal essential oils and their extracts has been used in many
food products (Aliakbarlu & Khalili Sadaghiani, 2015; Hashemi Gahruie et al., 2015). Current demand
in food manufacturing is the decrease or replacement of chemically synthesized additives. The usage
of plant extracts or plant essential oils as natural food preservatives is a method to avoid the growth of
microorganisms or to preserve food from oxidation (Bubonja-Sonje et al., 2011).

Rosemary (Rosmarinus officinalis) has been employed as an antioxidant or food additive (Seabra et
al., 2011). Its antioxidant capacity is mainly due to phenolic diterpenes, rosmarinic acid, carnosol, and
carnosic acid (Rocio Teruel et al., 2015). In addition, carvacrol and thymol extracted from thyme
improved the permeability of ATP, resulting in fatal damage to bacterial cells (Burt, 2004). Basil has
also demonstrated antimicrobial and antioxidant activities. Rosmarinic acid is one of the most
significant phenolics in basil (Sharafati-Chaleshtori et al., 2015). It has been reported that rosmarinic
acid and its derivatives have antioxidant, antibacterial, and medicinal properties (Petersen &
Simmonds, 2003). Thus, the current study aimed to research the antioxidant and antimicrobial effects
of three plant extracts (basil, thyme, and rosemary) on the quality of fishball concerning sensory,
chemical, and microbiological assessments during frozen storage.

2. MATERIALS and METHODS
2.1. Plant extract

Rosemary (R. officinalis L.), thyme (Thymbra spicata), and basil (Ocimum basilicum L.) were
extracted by the method of (Chen et al. (1992).
2.2. Preparation of samples

Atlantic mackerel (S. scombrus) were bought from a local fish processing plant (Pakyiirek, Adana,
Turkey). After frozen fish were thawed in a fridge, they were gutted and washed. After that, the fish
was cooked in boiling water for 5 min. The flesh of fish was separated from the bones and skins
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manually. The minced fish was divided into four groups (the control with no extract, 0.05% rosemary,
0.05% thyme, and 0.05% basil extract). Fish balls were made by the method of Lopez-Caballero et al.
(2005) with minor modifications. Ingredients consisted of 0.5% salt, 5% water, 2% egg white (Lick
A.S., Turkey), and 10% wheat starch (Kent Gida A.S., Turkey) with/without plant extract was added
to minced fillets, mixed thoroughly by a mixer (Easy Max Compact, France) and then shaped into a
fishball (3cm, 15+1.2 g) by hands. Fish balls were placed into each polyethylene bag (24x38cm, high-
density polyethylene (HDPE)), whose density is typically between 0.94-0.97 g/cm3 and higher
melting point (135°C, typically stable at 110°C). Every package contained ten fish balls and was kept
at -18 °C for ten months. They were analyzed monthly in terms of sensory, chemical, and
microbiology analyses. Data were obtained from three packages of fish balls.
2.3. Sensory analysis

Sensory analyses of raw fish balls (appearance, color, odor, and general acceptability) were
assessed by the method of de Koning and Mol (1991). Each assessment was carried out on each test
day by a minimum of six trained panelists. Fish balls were evaluated at 24 °C under normal daylight
circumstances. On each analysis day, three packs of fish balls were randomly selected for each group
to assess their sensory attributes, both raw and cooked. Sensory evaluation of cooked mackerel
meatballs was assessed by Paulus et al (1979). Fish balls were presented to panelists after they were
fried in sunflower oil at 185 °C for 2-3 minutes.
2.4. Chemical analyses

The Kkjeldahl procedure was used for the determination of protein content (AOAC, 1998) using a
Buchi Digestion System (BUCHI Labortechnic, Flawil, Switzerland) and a Kjeltec Distillation Unit B-
324 (BUCHI Labortechnic). Protein level was determined as a percentage of Nx6.25. Lipid was
measured by Bligh and Dyer's (1959) method. Ash level was found as described by AOAC Method
920.153 (2002), and moisture content was found by AOAC Official method 950.46 (2002). Peroxide
value (PV) was carried out by AOCS Method Ja 8-87 (1994) and expressed as milliequivalents of
peroxide oxygen per kilogram of fat. The total phenolic levels of plant extracts were performed by
Singleton et al. (1999). The TVB-N content of samples was measured by Antonocopoulos (1973) and
expressed as milligrams TVB-N per kilogram of muscle. Free fatty acid analysis (FFA) was found by
AOCS Official Method (Ca 5a-40, 1997) and expressed as a percentage of oleic acid. Thiobarbituric
acid (TBA) values of fish balls were measured by the method of Tarladgis et al. (1960) and expressed
as TBA values in milligrams of malondialdehyde (MA) per kilogram of flesh.
2.5. Microbiological analyses

Plate count agar (standard methods agar) was used enumeration of mesophilic bacteria. Ten grams
of fish meat from each fish ball group were weighed, and then these samples were homogenized for 2
minutes in the stomacher device by adding 90 mL of Ringer's solution. After, decimal dilutions were
made up to 10-8, and then 0.1 mL of each dilution was pipetted onto the surface of plate count agar
plates in triplicate. Then, all plates were incubated at 30°C for two days. Afterward, all plate count
agar plates were incubated at 30 °C for two days for mesophilic bacteria growth.
2.6. Statistical analysis

Statistical analyzes were done using the SPSS version 22 software (SPSS, Chicago, Illinois, USA).
The data of control, thyme, rosemary, and basil groups were subjected to analysis of variance and
Duncan’s multiple range tests.

3. RESULTS and DISCUSSION
3.1. Sensory analyses

The sensory analyses of raw fish balls are given in Table 1. Sensory scores of fish balls in all
groups regarding appearance, odor, color, and general acceptability reduced towards the end of the
storage period. However, the scores for each sensory trait of samples with rosemary and thyme were
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significantly higher (p <0.05) than those of the control samples at any time during frozen storage.
There were significant differences (p <0.05) in fish ball groups after the 6th month of storage in terms
of general acceptance (Table 1). As a result of sensory analyses, the control and basil groups were
rejected at nine months by panelists and considered unacceptable, while rosemary and thyme groups
were still acceptable at the end of the storage (10 months) period. It was found that thyme and
rosemary extract was more effective on sensory evaluation and prolonged the shelf life by two months
compared to the control and basil groups.
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Table 1. Changes in sensory parameters of the raw fish ball during frozen storage (-18°C)

Sensory Storage time Groups

parameters  (month) Control %0.05  Thymus %005  Rosemary % 0.05 Basil % 0.05
0 5.020.00% 5.0£0.00% 5.0£0.00% 5.0£0.00%
1 5.00.00% 5.0£0.00% 5.0+0.00% 5.0:0.00%
2 5.00.00% 5.0£0.00% 5.0£0.00% 5.0+0.00%
3 5.00.00% 5.0£0.00% 5.0+0.00% 5.0:0.00%
4 5.00.00% 5.0£0.00% 5.0£0.00% 5.0+0.00%

Appearance 5 4.9+0.25% 5.0+0.00% 5.0+0.00% 4.940.25%
6 4.4+0.48% 4.9+0.25% 4.9+0.25% 4.3£0.20%
7 4.0+£0.00% 4.3£0.29 4.4+0.25 4.1£0.25
8 3.1£0.25% 4.0+0.00% 4.1£0.25b 3,320,299
9 2.6£0.25% 3,440,250 3.64£0.48% 2.5+0.00%
10 2.4£0.25% 3.1£0.25% 3.0£0.00% 2.3£0.20%
0 5.020.00 5.0£0.00 5.020.00% 5.020.00%
1 5.0£0.00% 5.0£0.00% 5.0£0.00% 5.0+0.00%
2 5.00.00% 5.0£0.00% 5.0+0.00% 5.0£0.00%
3 5.0£0.00% 5.0£0.00% 5.0£0.00% 5.0+0.00%
4 5.00.00% 5.0£0.00% 5.0+0.00% 5.0£0.00%

Colour 5 4.6+0.48 4.8+0.50% 5.0+0.00% 4.6:0.48%
6 4.10.25% 4.4+0.48% 4.5+0.58% 4.3+0.200%
7 3.940.25% 4.1£0.25b 4.3+0.20b% 4.1£0.25
8 3.1£0.25% 4.0£0.000% 4,120,255 3.1£0.25%
9 2.5£0.00%Y 3.420.25% 3.5£0.41% 2.3£0.29%
10 2.3£0.29% 3.0£0.25% 3.1£0.25% 2.1£0.25%
0 5.020.00% 5.0£0.00 5.0£0.00% 5.0£0.00%
1 5.00.00% 5.0£0.00% 5.0+0.00% 5.0£0.00%
2 5.0£0.00% 5.0£0.00% 5.0£0.00% 5.0+0.00%
3 4.9+0.25% 5.0£0.00% 5.0+0.00% 4.9+0.25%x
4 4.6+0.48% 5.0£0.00% 5.0+0.00% 4.8+0.50%

Odour 5 4.5:0.580x 4.8+0.50% 4.8+0.50% 4.50.58%
6 4.1£0.25¢% 4.5+0.58% 4.9+0.25% 4.3+0.30°%
7 4.0+0.00% 4.3+0.25% 4.8+0.20% 4.0+0.00%
8 3.3£0.29% 4.1+0.25% 4.3+0.20b% 3.3£0.20%
9 2.1£0.25Y 3.340.29% 3.540.58% 2.3£0.29%
10 2.0£0.41Y 3.00.00° 3.00.00° 2.0£0.00%
0 5.020.00% 5.0£0.00% 5.020.00% 5.0£0.00%
1 5.0+0.00% 5.0£0.00% 5.0£0.00% 5.0:0.00%
2 5.00.00% 5.0£0.00% 5.0+0.00% 5.0£0.00%
3 5.00.00% 5.0£0.00% 5.0+0.00% 5.0£0.00%

ceneral 4 4.9+0.25% 5.0£0.00% 5.0£0.00% 490,252
5 4.8+0.20% 4.9+0.25% 4.9+0.25% 4,630,480

acceptance 6 434020 4.8+0.20%9 4.9+0.07% 44402572
7 4.0+0.00% 4.1+0.25% 4.5+0.000% 4.1+0.25%
8 3.3£0.20% 4.0£0.000* 4.3£0.20 3.3£0.20%
9 2.6£0.25% 3.420.25% 3.5£0.41% 2.3£0.20%
10 2.3£0.29% 3.0£0.00% 3.0£0.00% 2.0+0.00%

n:3, values represent mean +SD. Values in the same column followed by different letters (a, b, c, d, e, f) indicate significant differences (p <
0.05) during storage periods. Values in the same row followed by different letters (x, y, z) indicate significant differences between groups
(p<0.05). A score of 5 represents ‘like very much, a score of 4 ‘like’, a score of 3 ‘neither like or dislike” while a score of 2-1 was regarded
as ‘dislike’.

Sensory assessments of cooked fish balls (color, odor, taste, general acceptability, and texture) are
given in Table 2. Sensory scores in all groups decreased during storage of 10 months. The addition of
0.05% basil extract gave the samples a bitter taste and odor compared to the extracts of thyme and
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rosemary used at the same concentration. Therefore, the thyme and rosemary groups were the most
preferred by the sensory panel compared to the basil group. Many researchers have reported that the
decrease in taste and aroma scores is caused by composites such as ketone and aldehyde, which are
released because of lipid oxidation during storage and negatively affect the taste of products (Flores et
al., 2004; Montel et al., 1998).

Table 2. Changes in sensory parameters of the cooked fish ball during frozen storage (-18°C).

Storage time Groups Color Odor Taste Texture General
(month) acceptance

Control 9.00+0.00™ 9.00+0.00™ 9.00+0.00 9.00+0.00 9.00+0.00™

0 Tymus 9.00+0.00* 9.00+0.00* 9.00+0.00* 9.00+0.00* 9.00+0.00*
Rosemary 9.00+0.00* 9.00+0.00* 9.00+0.00* 9.00+0.00* 9.00+0.00*

Basil 9.00+0.00% 9.00+0.00% 9.00+0.00% 9.00+0.00% 9.00+0.00%

Control 9.00+0.00™ 8.83+0.41%* 8.58+0.49% 9.00+0.00™ 8.83+0.41*

1 Tymus 9.00+0.00* 9.00+0.00* 9.00+0.00* 9.00+0.00* 9.00+0.00*
Rosemary 9.00+0.00™ 9.00+0.00™ 9.00+0.00™ 9.00+0.00™ 9.00+0.00

Basil 9.00+0.00™ 9.00+0.00™ 9.00+0.00™ 9.00+0.00™ 9.00+0.00™

Control 9.00+0.00™ 8.83+0.41% 8.42+0.49% 9.00+0.00™ 8.67+0.49%

) Tymus 9.00+0.00™ 8.83+0.41% 8.83+0.41% 9.00+0.00™ 9.00+0.00™
Rosemary 9.00+0.00™ 9.00+0.00™ 8.92+0.20% 9.00+0.00™ 9.00+0.00™

Basil 8.92+0.20% 8.58+0.49%x 8.75+0.42% 9.00:£0.00% 8.83+0.41%

Control 8.83+0.41% 8.50:£0.55% 8.33+0.52> 8.67+0.52% 8.63+0.52%

3 Tymus 8.75+0.27% 8.75+0.42%x 8.83+0.26™ 8.92+0.20% 8.83+0.41%
Rosemary 8.92:0.20% 8.75+0.27% 8.83+0.262 8.83+0.26™ 8.92:0.20%

Basil 8.75+0.42%x 8.50+0.55%% 8.50:£0.45% 8.67+0.52% 8.67+0.52%

Control 8.75+0.42% 8.42:+0.49% 8.17+0.26™ 8.58+0.492 8.08+0.20%

4 Tymus 8.58+0.38% 8.50:£0.55% 8.33+0.26™ 8.67+0.52% 8.50:£0.55
Rosemary 8.67+0.52% 8.50:£0.55" 8.50+0.55 8.67+0.52% 8.58+0.49°

Basil 8.50:£0.55" 8.33+0.26 8.00+0.55> 8.17+0.61% 8.42:+0.49>

Control 8.25+0.27™ 7.75+0.61% 7.50+0.55% 8.17+0.26% 7.92+0.20%

5 Tymus 8.50+0.45% 8.33+0.26% 8.25+0.27™ 8.58+0.49™ 8.42+0.20%
Rosemary 8.58+0.38% 8.25:£0.27°% 8.33+0.26% 8.58+0.20™ 8.33+0.26%

Basil 8.33+£0.42% 8.00:£0.55% 7.92+0.49% 7.83+0.26% 7.9240.20%

Control 7.67+0.520% 7.50+0.55> 7.17+0.41% 7.50+0.55% 7.33+0.52%

6 Tymus 7.75+0.61% 7.58+0.45% 7.67+0.52%Y 7.75+0.42% 7.83+0.41%
Rosemary 7.75+0.42% 8.00:£0.00% 7.83+0.26% 8.08+0.20> 8.00:£0.00%

Basil 7.50+0.55% 7.50+0.55% 7.33+0.52%Y 7.00+0.00% 7.17£0.26%

Control 7.58+0.58 7.33+0.52% 6.83+0.41% 7.33+0.52%Y 7.33+0.52%Y

; Tymus 7.50+0.55% 7.50+0.49% 7.50+0.55% 7.58+0.66> 7.50+0.55%
Rosemary 7.67+0.52% 7.83+0.41% 7.67+0.52% 7.83+£0.41% 7.67+0.528%

Basil 7.42+0.49% 6.83+0.52% 7.33+0.52%Y 6.75+0.42% 6.83+0.41%

Control 7.33+0.52% 6.50+0.55% 6.33+£0.52% 6.67+£0.52% 6.50+0.55%

8 Tymus 7.33+0.52% 7.00+0.00% 6.50+0.55% 7.08+0.20%Y 7.00+0.00%
Rosemary 7.50+0.55% 7.67+0.52% 7.50+0.55% 7.33+0.52% 7.50+0.55™

Basil 7.33+0.41% 6.67+0.52% 6.17£0.26% 6.67+0.52% 6.67+0.52%

Control 6.75+0.42% 5.92+0.49% 5.67+0.52% 6.50+0.55% 6.00+£0.00%

9 Tymus 6.83+£0.41% 6.25+0.42% 6.33+0.529 6.50+0.55% 6.17£0.41Y
Rosemary 7.00+0.00% 7.00+0.00% 6.50+0.55% 6.67+0.52% 7.00+0.00%

Basil 7.00+0.00% 5.67+0.52" 5.50+0.45% 6.50+0.55% 6.00+0.00%

Control 6.33+0.52% 4.92+0.20 5.00+0.32% 6.25+0.42% 5.42+0.49%

10 Tymus 6.50+0.55™ 5.83+0.41% 6.00+0.00% 6.33+0.52% 6.00+0.00™
Rosemary 6.50+0.55% 6.00+0.00% 6.25+0.27% 6.50+0.55% 6.33£0.41™

Basil 6.33+0.52% 4.50+£0.559 4.33+0.41% 6.330.52% 5.00+0.55%

n:3, values represent mean +SD. Different letters (a,b,c,d,e,f) in the same column show significant differences (P<0.05). Different letters
(x,y,2) in the same row show significant differences (P<0.05). In the sensory evaluation based on a scale of 1 to 9, a score of 9 indicates
"very good quality", a score of 7-8 indicates "good quality", a score of 5-6 indicates the "acceptable limit", while a score of 1-4 indicates
"bad or unacceptable”.

The general acceptability value of cooked samples decreased during storage, in this study. The
decline in general acceptability was attributed to the loss of taste and texture caused by microbial
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infestation, degradation of protein, and lipid oxidation (Lorenzo et al., 2013). For the raw samples, the
shelf life of fishball was 8 months for the basil and the control groups whereas the rosemary and
thyme groups had shelf lives of 10 months. However, for the cooked samples, all groups can be
consumed until the end of 10-month storage period. This result proposed that cooking might eliminate
some unwanted volatile compounds in fish meat. Chytiri et al. (2004) also reported that raw trout meat
was rejected on the 14th day of storage, while cooked trout were rejected on the 19th day of storage.
Thyme and rosemary groups in the cooked fish balls were the most effective compared to the control
and basil groups as found in raw fish balls. Thyme and rosemary extracts enhanced the flavor of fish
balls by giving a pleasant taste and aroma. Similar results were found in the other studies (Schilling et
al., 2018; Zhao et al., 2019).

Ugak et al., (2011) tested two different concentrations of rosemary extracts (0.4% and 0.8%) on
fish burgers made from Atlantic mackerel. The addition of 0.4% rosemary extracts was the most
effective on the organoleptic quality of the fish burgers. Pezeshk et al. (2011) researched the effects of
turmeric and shallot extracts on rainbow trout (Oncorhynchus mykiss) stored at 4°C for 20 days. They
reported that the use of natural extracts maintained the good quality of the products. They also noticed
an improvement in the sensory characteristics especially when turmeric and shallot extracts were
combined. These findings suggest that adding natural plant extracts could help to enhance the sensory
characteristics of fish and fish products.

3.2. Changes in chemical quality
3.2.1. Proximate composition

Lipid, protein, ash, and moisture contents of raw fish balls were determined as 12.42%, 17.02%,
1.53%, and 59.51% respectively. Similar values were observed for chub mackerel burgers with natural
(green tea, sage, oregano, and laurel) extracts by Ozogul and Ugar, (2013) and also for Atlantic
mackerel fish burgers with rosemary extract by Ugak et al. (2011).

3.2.2. The total phenolic compounds (TPC)

Herbs as preservative agents have been used to prolong the shelf-life of food, especially lipid-rich
products (Kivilompolo et al., 2007) due to their antioxidant properties related to their phenolic
compounds (Vallverda-Queralt et al., 2015). In the current study, the highest value of phenolic level
was reported for rosemary (81.85 mg GAE/g) with the most effective on fish balls, followed by thyme
(38.13 mg GAE/g) whereas basil (21.08 mg GAE/g) extract had the lowest content of phenolic
compounds. Similarly, Stanciu et al. (2017) observed that rosemary had the highest TPC while basil
had the lowest TPC among the examined seven plant spices (basil, thyme, sage, coriander, mint,
tarragon, rosemary). Melissa and rosemary, oregano, and thyme have been reported to have high
contents of phenolic compounds (Ulewicz-Magulska & Wesolowski, 2019).

Skendi et al. (2017) reported a similar total phenolic compound (38.2 mg GAE/g) for thyme with
the methanolic extract. However, Gedikoglu et al. (2019) showed that the TPC in the range of 13.13 -
15.13 mg GAE/g for the dry weight (DW) for Thymbra spicata and Thymus vulgaris ethanol and
methanol extracts. Roby et al. (2013) also observed much lower (from 4.75 to 8.10 mg GAE/g DW)
total phenolic compounds for thyme for four solvents (hexane, ethanol, methanol, and diethyl ether)
than that found in this study. The mean total phenolic levels for 15 basil cultivars were in the range of
3.47 mg - 17.58 mg GAE/g DW (Kwee & Niemeyer, 2011). Ztotek et al. (2017) indicated that basil
leaves contained 16.21 + 0.51 mg GAE/g DW of total phenolic compounds. The earlier studies
revealed that the TFC of rosemary was 40.2 mg GAE/g (Skendi et al., (2017) and 31.73 mg GAE/g
(Yesilsu & Ozyurt, 2019) which were lower than that of rosemary in this study. The differences in
total phenols content of herbs can be explained by the geographical properties, growing conditions,
chemical composition of the species, harvesting time, plant’s part used in analyses (Rahimmalek et al.,
2009; Stanciu et al., 2017), and also storage conditions and the method of analysis (Skendi et al.,
2017).
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3.2.3. Peroxide value (PV)

PV was measured to evaluate the creation of prime lipid oxidation products that define the degree
of lipid oxidation. During frozen storage, the changes in PV of all samples are given in Table 3. PV
values were measured as 0.28 meq O./kg in all groups at the beginning of the storage period. A rise in
the PV values of all groups was noticed during the storage period (Table 3). There were significant
differences (P<0.05) in PV between the control and the other groups except for the basil group. At the
end of frozen storage, the highest values were obtained for the control and the basil groups (12.98 and
12.77 meq O./kg respectively) while the lowest PV was obtained from rosemary (8.18 meq O2/kg) and
thyme (11.22 meq Oz/kg) groups. The acceptability limit is 20 meq O./kg oil for PV of fish oil
according to Connell (1995). In this study, PV values of all fish ball samples did not reach this limit
during frozen storage.
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Table 3. Changes in TBA (mg MA/Kkg), FFA (% oleic acid) and PV (meq O/kg) content of fishball during

frozen storage (-18°C).

Storage months Control Thymus Rosemary Basil
TBA (mg MA/kg)
0 0.49+0.00™ 0.49+0.009 0.49+0.00™ 0.49+0.00™
1 0.59+0.03% 0.54+0.01% 0.53+0.02% 0.58+0.01™
2 1.77+0.08% 1.40+0.04Y 1.33+0.06% 1.83+0.07%
3 1.64+0.07% 1.50+0.24% 1.36+0.09% 1.60+0.35%
4 1.83+0.32% 1.65+0.17% 1.49+0.24% 1.75+0.42%
5 2.82+0.55% 2.37+0.44% 2.05+0.18% 2.87+0.05%
6 2.69+0.81% 2.54+0.39% 2.45+0.23¢x 2.67+0.61%
7 3.02+0.18% 2.89+0.32% 2.67+0.37% 2.92+40.22%
8 3.80+0.17% 3.55+0.33% 3.10+0.21% 3.75+0.44%%
9 5.8140.64 4.03+0.41% 3.3440.90" 5.434+0.45
10 6.87+0.57 5.96+0.19% 4.39+0.39% 6.43+0.58>
FFA (% Oleic acid)
0 2.02+0.12% 2.02+0.12% 2.02+0.12% 2.02+0.12M
1 2.34+0.07° 2.16+0.099% 2.12+0.26% 2.13+0.119™
2 2.42+0.08% 2.20+0.099%Y 2.20+0.10% 2.23+0.08fhy
3 2.41£0.08% 2.33+0.28° 2.31+0.13b 2.34+0.20¢fo
4 2.46+0.14% 2.39+0.09Pcdx 2.25+0.05% 2.45+0.23defx
5 2.88+0.21™ 2.53+0.21° 2.30+0.02° 2.57+0.17%xy
6 2.83+0.20 2.57+0.120 2.34+0.090y 2.65+0.17¢%
7 2.88+0.51> 2.67+0.128x 2.62+0.433x 2.70+0.14bc0
8 3.18+0.08% 2.88+0.15% 2.69+0.08% 2.86+0.06%%
9 3.30+0.20™ 2.92+0.14% 2.75+0.18% 2.97+0.238x%y
10 3.35+0.15% 2.89+0.18% 2.88+0.07% 2.99+0.05%
PV (meq O2/kg)
0 0.28+0.09% 0.28+0.09% 0.28+0.09™ 0.28+0.09
1 0.29+0.17% 0.25+0.049% 0.24+0.05™ 0.25+0.02
2 1.85+0.44% 1.54+0.14™ 0.21+0.02" 1.23+0.21"
3 4.12+0.68% 2.29+0.40%Y 1.29+0.25% 1.85+0.75%
4 3.10+0.54% 2.53+0.04%Y 2.01+0.10% 2.29+0.35%
5 4.23+0.86% 3.28+0.81% 3.00+0.08% 4.21+0.33%
6 7.62+0.84% 6.35+0.06% 5.86+0.37% 5.46+0.62%Y
7 8.10+0.33% 7.44+0.38%Y 6.67+0.65Y 7.79+0.539
8 9.87+0.13> 7.98+0.11" 6.26+0.45¢4 8.63+0.36%
9 10.51+0.19% 8.07+0.38" 6.90+0.33" 11.45+0.64°
10 12.98+0.46% 11.22+0.828Y 8.18+0.31% 12.774+0.392%

n:3, values represent mean +SD. Different letters (a,b,c,d,e,f) in the same column show significant differences (P<0.05). Different letters
(%,y,2) in the same row show significant differences (P<0.05).

It was found that the application of plant extract groups especially rosemary and thyme had
significant effects on postponing lipid oxidation in frozen fish balls. This could be explained by that
rosemary and thyme groups showed a more pro-oxidant effect than the basil group on fish balls. The
antioxidant efficiency of rosemary, thyme, and basil extracts is because of a high content of phenolic
compounds (Ying Zhang et al. 2010; Rizea et al. 2012; Rocio Teruel et al. 2015; Skendi et al. 2017).
Shi et al. (2019) and Ozyurt et al. (2011) also observed the anti-oxidative effect of rosemary extract on
mud shrimp (Solenocera melantho) and sea bream (Sparus aurata) during frozen storage respectively.
Similarly, Ozogul and Ugar, (2013) indicated that additions of laurel, green tea, and oregano extract
reduced lipid oxidation in fish burgers during frozen (-18 °C) storage.
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3.2.4. Free Fatty Acid (FFA)

FFA is found to determine the degree of lipid hydrolysis (De Abreu et al., 2011; Shi et al., 2019).
Variations in FFA of frozen fish balls during the storage period are presented in Table 3. The initial
FFA level was measured as 2.02%. This value rose in all groups during the storage and the FFA value
was found at 3.35% in the control group, while the FFA value of thyme, rosemary, and basil was
found at 2.89%, 2.88%, and 2.99% respectively at the end of the storage. During the storage, the FFA
values of the control were higher than those of the plant extract groups (p <0.05). No significant
differences were found among the FFA values of the groups with plant extract (except the 6th month)
(p> 0.05). The data exhibited that the addition of plant extract was significant (p <0.05) effect on the
prevention of FFA development during the frozen storage of fish balls. Serdaroglu and Felekoglu
(2005) also indicated that the FFA levels of sardines treated with rosemary extract were lower than the
control group during storage at -200C. Moreover, Ozogul and Ugar, (2013) reported that thyme extract
added to the fish burger significantly reduced FFA compared to the control group.

3.2.5. Thiobarbituric Acid Reactive Substances (TBARS)

The TBARs value was one of the significant indices for measuring lipid oxidation (Kuley et al.,
2012). TBA value is widely used to evaluate rancidity levels and is mostly correlated to the
improvement of secondary products for oxidation (Schormiiller 1968). At the beginning of the storage,
the TBA value was 0.49 mg MA/Kg and increased significantly during the storage period (Table 3).
This increase was higher in the control group than in the plant extract groups (p <0.05). It was
determined that the TBA values of the control and plant extract groups did not reach the acceptability
limit value of 7-8 mg MA/kg specified by Schormiiller (1969) at the end of storage. The lowest TBA
values were observed in rosemary-treated groups during storage. The decrease in TBARS could be
associated with the phenolic compounds. As a result of their potential antioxidant capability, phenol-
enriched plant extracts were commonly used in food processing and storage (Sun et al., 2017). The use
of various plant extracts has been found to affect a decrease TBARS levels in fish and fish products
(Alghazeer et al., 2008; Gahruie et al., 2017; Li et al., 2013; Martinez et al., 2019; Shi et al., 2019; Yi
etal., 2011).

Similar results were found for the sage, oregano and grape seed (SOG) extracts which were applied
to delay lipid oxidation in hairtail fish balls (Guan et al., 2019). They reported that TBARs values
were in the range of 1.17 - 2.07 mg MDA/kg for the control, whereas TBARS values were reduced to
0.27-0.56 mg MDAV/Kg in the SOG-treated sample Cadun et al. (2008) also reported that TBA value in
marinated shrimp applied with rosemary extract was 2.7 times lower than that of the control group at
the end of storage. The impacts of adding rosemary extract on the oxidation of cooked sea bream
during frozen storage were evaluated by Ozyurt et al. (2011). They observed that samples treated with
rosemary extract mostly gave lower TBA values than those of the untreated samples. Based on the
data found in the present study, treatment with rosemary and thyme extract was more effective on the
TBA value.

3.2.6. Total Volatile Basic Nitrogen (TVB-N)

TVB-N is one of the extensively used fish quality indexes to assess the degree of spoilage by
endogenous enzymes and bacteria. TVB-N in fish consists mainly of ammonia, dimethylamine, and
trimethylamine. (Pezeshk et al., 2011; Sallam et al., 2007). The rise in TVB-N value is due to the
action of spoilage bacteria and endogenous enzymes (Ruiz-Capillas & Moral, 2005). However, during
the storage period, the TVB-N level of some species showed fluctuations (Ozyurt et al. 2007;
Papadopoulos et al. 2003). TVB-N values of fishball samples during frozen storage are presented in
Table 4. In this study, during the storage period, fluctuations, and significant differences (p<0.05) for
TVB-N values were observed between the control and treated with the plant extracts groups. The
initial TVB-N value of all the groups was determined as 11.15 mg /100g and increased at the end of
storage. The TVB-N values for the control group were the highest (19.43 mg /100g) (p<0.05),
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followed by basil (18.62 mg/100g), thyme (18.22 mg/100g), and rosemary (18.13mg/100g) at the end
of storage period. TVB-N values in all groups didn’t reach the maximum values, which is the refusal
limits of TVB-N 35-40 mg /100g of fish and fishery products (Huss, 1995).

Table 4. Changes in TBV-N, pH and TCV contents of fish ball during frozen storage (-18°C)

Storage months Control Thymus Rosemary Basil

TVB-N (mg /1009)

0 11.15+0.049% 11.15+0.04% 11.15+0.04% 11.15+0.04"
1 15.29+0.03% 13.59+0.35% 12.92+0.35% 12.57+0.02%
2 18.59+0.81& 17.89+0.37% 15.78+0.01% 17.67+0.79bcx
3 17.30:£0.350 15.94+0.36% 16.97+0.02¢% 16.98+0.01¢%
4 15.34+0.04% 15.3540.03% 15.31+0.100 15.16+0.44%
5 16.7140.640x 15.56+0.42% 15.35+0.02 15.79+0.80%f
6 17.1940.830x 15.34+0.01%2 14.87+0.82b2 16.25+0.78d%xy
7 18.70+£0.032 18.17+0.68% 14.89+0.44% 18.52+0.342bx
8 18.88+0.40% 18.11+0.082Y 17.69+0.83 18.83+0.728Y
9 19.27+0.83 16.04£0.74% 15.33£0.01% 18.81+0.672
10 19.43+0.03& 18.22+0.42& 18.13+0.04& 18.62+0.823xy
pH
0 6.14+0.07% 6.14+0.07% 6.14+0.07™ 6.14+0.07%
1 6.39+0.01°¢% 6.24+0.02¢ 6.19+0.04% 6.29+0.01¢Y
2 6.45+0.0420% 6.26+0.03¢ 6.25+0.02% 6.32+0.029%y
3 6.37+0.044ex 6.26+0.04d%Y 6.20+0.04¢Y 6.34+0.05%
4 6.43+0.0420cx 6.35+0.0322 6.34+0.01¢ 6.41+0.092%
5 6.48+0.02 6.39+0.04% 6.38+0.02%Y 6.44+0.01%
6 6.45+0.202 6.32+0.045y 6.34+0.03%Y 6.42+0.02%
7 6.23+0.05% 6.30+0.00° 6.36+0.01P% 6.29+0.01¢Y
8 6.41+0.050cdy 6.3740.01% 6.48+0.01% 6.38+0.00°%Y
9 6.34+0.01%Y 6.28+0.019%2 6.37+0.03> 6.26+0.021
10 6.18+0.04% 6.09+0.04% 5.88+0.03% 6.17+0.02%
TVC (log cfu/g)
0 3.85+0.12 3.85+0.12% 3.85+0.12% 3.85+0.12%
1 4.01£0.11® 3.58+0.12% 3.54+0.22% 3.56+0.07%
2 4.00+0.05% 3.56+0.02% 3.46+0.26%Y 3.53+0.02%
3 4.00+0.11 3.54+0.09% 3.39+0.172Y 3.50+0.17%
4 3.69+0.092 3.49+0.433%y 3.30+0.002Y 3.50+0.17>y
5 3.60+0.00* 3.24+0.343y 3.23+0.30% 3.39+0.00%Y
6 3.47+0.002 3.00+0.00" 3.00+0.002 3.30+0.00°Y
7 3.30+0.30> 3.00+0.00" 3.00+0.002 3.21+0.175
8 3.30+0.00° 3.00+0.002 3.00+0.00bz 3.20+0.00PY
9 3.15+0.215 3.00+0.002 2.97+0.355 3.15+0.39bx
10 3.12+0.00° 3.00+0.002Y 3.00+0.002Y 3.06+0.01%

n:3, values represent mean +SD. Different letters (a,b,c,d,e,f) in the same column show significant differences (P<0.05). Different letters
(x,y,z,t) in the same row show significant differences (P<0.05).

As reported in previous studies, lower TVB-N values were found compared to the groups treated
with plant extracts during storage (Kenar et al. 2010; Ozyurt et al. 2012; Ozogul and Ugar 2013;
Martinez et al. 2019; Shi et al. 2019). The rise in TVB-N values was significantly (P < 0.05) reduced
in plant extract groups. This is due to the role of extracts used as an antimicrobial agent for bacterial
growth (Sacchetti et al., 2005). Especially rosemary and thyme groups were observed to maintain low
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TVB-N values during the storage period. The results suggested that the reduction of TVB-N in the
samples with plant extracts can be associated with an inhibition impact of herb extracts on bacteria.
3.2.7. pH

The pH value was determined as 6.14 in all groups at the beginning of storage (Table 4). During
the storage period, pH values fluctuated. There were significant differences (p<0.05) between the
control and plant extract groups. The highest pH values were observed at the 5th month of storage for
the control (6.48), thyme (6.39), and basil (6.44) groups. At the end of the storage period, the pH
values were found 6.18 for control, 6.09 for thyme, 5.88 for rosemary, and 6.17 for basil group. The
results indicated that the pH value of the rosemary group was significantly lower than those of the
other groups (p <0.05). Similarly, Ibrahim and EI-Sherif (2008) studied the effects of three extracts
(black cumin, thyme, and rosemary) and their combination on frozen tilapia fillets at -18°C. They
found that plant extracts retarded pH values compared to the control, although pH values increased in
all groups during the storage period. It was reported that the rise in pH value might result from a raise
in volatile bases including trimethylamine and ammonia formed by microbial enzymes or either
endogenous (Chaijan et al., 2005) while the reduction in pH value could be caused by the acidic
compounds formed during bacterial metabolism (Yi et al., 2011).

3.3. Microbiological Analyses

The initial TVC value was determined as 3.85 log cfu/g for all fish ball groups (Table 4). Plant
extracts groups showed a significant difference (p <0.05) in TVC among groups. The microbiological
limit suggested by ICMSF, (1986) as 7 log cfu/g was not exceeded in any group during storage. With
an increase in storage time, TVC showed a decrease (Table 4). The same decrease was found by
Ozogul and Ugar (2013) for mackerel hamburgers with laurel, oregano, sage, and green tea extracts
during frozen (-18 °C) storage. Lakshmisha et al. (2008) also found that the initial TVC value in the
mackerel fillet was 4.46 log cfu / g and the TVC value decreased due to the inhibition of bacterial
activity during frozen storage at -18 ° C.

Our findings were also in accordance with the research on Atlantic mackerel fish burgers
conducted by Ugak et al. (2011). In this research, it was found that especially rosemary and thyme
extracts were more effective in controlling the growth of microorganisms. It could be due to the total
phenolic content of plants. Bubonja-Sonje et al. (2011) measured the antioxidant and antibacterial
efficacy of polyphenols derived from rosemary, cocoa, and olive oil extract. They found that the most
effective antimicrobial and the antioxidant agent was rosemary extract used as a food additive. The
antioxidant and antimicrobial activity of the extract of rosemary is primarily due to carnosic acid and
carnosol (Moreno et al. 2006). In addition, Burt (2004) found more than 30 antimicrobial composites
in oregano extracts, especially significant quantities of carvacrol.

4, CONCLUSIONS

The extracts of rosemary and thyme proved their efficacy by improving the shelf life of the frozen
fish ball samples; 10 months for the rosemary and thyme and 8 months for basil and the control
groups. The plant extracts with antioxidant properties maintained the sensory scores (appearance,
color, and odor) of the fish ball, and the TBV-N, PV, FFA, and TBA values were lower than those of
the control. In addition, the natural extracts reduced the microbial propagation since TVC was lower
than that of the untreated fish ball. Therefore, plant extracts especially thyme and rosemary could be
applied in the seafood industry to extend the storage period, improve the sensory attributes, control the
biochemical changes and delay the deterioration of seafood since plant extracts are an easily accessible
source of natural antioxidants and antimicrobials.
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Abstract: In this study, it was aimed to determine the activity of digestive enzymes at Keywords
different time intervals after-feeding throughout the gastrointestinal tract of Black Sea o Aquaculture
salmon (Salmo Iabrax)._The study was conducted at freshyva_ter recirculating aqu_acult_ure « Digestive system
systems (RAS). The fish were fed by hand up to satiation for 60 days with diets « Enzvme
containing 46.25% protein and 14.90% lipid. The fish gastrointestinal tract including y
stomach, anterior (with pyloric caeca), middle and posterior sections were taken together  ® Nutrition
at 45" minute, 39, 61, 12t 24t 48t 72n and 96™ hours post-feeding. The tissues were e Trout
were stored at -80°C until analyzed. In terms of digestive enzyme activity, at the end of

the study, anterior and middle intestine sections had the highest level at 3™-hour post-

feeding. Similarly, pepsin, trypsin, and lipase in the stomach had the highest activity at

3d-hour post-feeding. However, amylase in the stomach was the highest level at 45®

minute and 3-hour post-feeding. At 3-hours post-feeding, the pepsin in the stomach,

the trypsin, and lipase in the anterior section, and the amylase in the middle intestine had

the highest levels. Moreover, the correlations between these enzymes were strong in the

positive direction. Also, the difference in pepsin, trypsin, amylase, and lipase levels in

the samples dissected at different time intervals after feeding was statistically significant.

Our results revealed that stomach, anterior, middle, and posterior sections in the
gastrointestinal tract of Black Sea salmon had enzyme activity in the different levels, and

enzyme activity of these sections changed depending on time post-feeding.

Ozet: Bu calismada, Karadeniz alabahigmin (Salmo labrax) sindirim sistemi boyunca  Anahtar kelimeler
beslenme sonrasi farkli zaman araliklarmda sindirim enzimlerinin aktivitesinin e Yetistiricilik
belirlenmesi amaglanmugtir. Caligma tathisu ile ¢alisan kapali devre aragtirma Unitesinde o Sindirim sistemi
gergeklestirilmistir. Baliklar deneme boyunca %46,25 protein ve %14,90 lipit igeren « Enzim
yemlerle 60 giin siiresince doyana kadar elle beslenmistir. Baliklarin mide, 6n (pilorik

kese ile birlikte), orta ve arka bagirsaklari igeren sindirim kanali, yemlemeden sonra 45. ® Besleme
dakika, 3., 6., 12., 24., 48., 72. ve 96. saatlerde alinmistir. Dokular analiz edilene kadar - e Alabalik
80°C'de saklanmustir. Sindirim enzim aktivitesi beslenme sonrasi 3. saatte 6n ve orta

bagirsak bolimlerinde en yiiksek seviyeye ulagmistir. Benzer sekilde midedeki pepsin,

tripsin ve lipaz enzimleri de beslenmeden sonraki 3. saatte en yiiksek aktiviteye

ulasmigtir. Bununla birlikte, midede amilaz, beslenme sonrasi1 45. dakika ve 3. saatte en

yiiksek diizeyde bulunmustur. Beslenme sonrasi 3. saatte midede pepsin, 6n bagirsakta

tripsin ve lipaz ve orta kisimda amilaz en yiiksek seviyelere ulasmigtir. Bununla birlikte,

bu enzimler arasindaki korelasyonlar pozitif yonde gii¢lii bulunmustur. Ayrica beslenme

sonrasi farkli zaman araliklarinda alman Orneklerde pepsin, tripsin, amilaz ve lipaz
diizeylerindeki fark istatistiksel olarak anlamli bulunmustur (P<0.05). Sonuglar,

Karadeniz alabaligmin sindirim kanalindaki mide, 6n, orta ve arka boliimlerinin farkli

seviyelerde enzim aktivitesine sahip oldugunu ve bu bdliimlerin enzim aktivitesinin

besleme sonrasi zamana bagli olarak degistigini gostermistir.
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1. INTRODUCTION

Digestion is a necessary process using mechanical, chemical, and due to enzymatic methods with
digestive enzymes released from multiple locations along the gastrointestinal tract for the catabolism
and hydrolysis of ingested macronutrients into smaller molecules suitable for transport (Weinrauch et
al. 2019). This process starts in the stomach and continues along the intestine. Ingested feeds are
hydrolyzed into smaller size molecules, such as amino acids, simple sugars, and fatty acids produced
by the hydrolysis of proteins, sugars, or lipids, respectively (Caruso et al. 2009). Understanding the
digestive physiology of fish is quite important in the generate nutritional protocols that respond to the
metabolic capabilities of feed utilization of fish species (Caruso et al. 2008). This is an important step
for optimal nutritional values and cost-effectiveness (Barlaya et al. 2016). The utilization of nutrients
in fish depends on the activities of digestive enzymes with different properties in the digestive organs
(Tian et al. 2019). The activity of digestive enzymes in fish may be changed depending on the fish
age, feeding type, season, temperature (Munilla-Moran and Saborido-Rey, 1996), fish size (Murtaza et
al. 2016), feeding habits (Almeida et al. 2018), time of day, infestation with parasites (Solovyev et al.
2015) and intestinal morphology (Barlaya et al. 2016).

Digestive enzymes are secreted from the exocrine pancreas into the anterior section of the
gastrointestinal tract (Tian et al. 2019), and their concentration and activity are more conspicuous in
this section and decrease towards the posterior sections of the gastrointestinal tract (Gonzalez-Felix et
al. 2018). In fish, activities of the digestive enzymes may change among the organs (Duarte et al.
2015). Different parts of the intestine do not have the same capacity for digestion and absorption of
nutrients. Many digestive enzymes are limited to specific parts of the gastrointestinal tract (Barlaya et
al. 2016). The relative activities of digestive enzymes between sections of the intestine differ from one
enzyme to another (Deguara et al. 2003). The determination of digestive enzyme activities including
proteases, carbohydrases, and lipases may provide information about the digestive capacity and the
efficiency of species (Caruso et al. 2009). The digestive enzymes and their activities present in various
sections of the intestine is quite important for understanding digestion mechanism and adaptation to
nutrition in fish species (Igbal et al. 2018). Therefore, we aimed to monitor the activities of digestive
enzymes in various sections of the gastrointestinal tract of Black Sea salmon.

2. MATERIAL and METHODS
2.1. Fish and Maintenance

This study was performed at freshwater recirculating aquaculture systems (RAS) at Central
Fisheries Research Institute, Trabzon, Turkey. Seventh filial generation (F7) of Black Sea salmon
(Salmo labrax, Pallas, 1814) was used in the study. Fish were fed with commercial feeds before the
experiment. Afterward, the fish were fed with a trial diet for 60 days (Table 1). Trial fish were placed
randomly in 400 L (100x100 cm square with depths 40 cm) fiberglass tanks. The study was performed
as triplicates containing 35 fish per trial tank. The fish were fed by hand three times a day at 08:00,
12:00, and 16:00 for 60 days up to apparent satiation. The diet used in the study was shown in Table 1.
Water temperature (mean, 15.40+0.73°C), pH (mean, 7.32+0.25) and oxygen (mean, 8.48+0.57 mg/L)
were recorded three times a day. Ammonia (mean, 0.04+0.02 mg/L) was measured weekly. Water
change in tanks was 22 times in a day. The water supplied to the trial tanks was passed through 100,
25, 10, and 5 p filters from the system, respectively. Trial tanks were cleaned by siphoning daily. 12
hours of darkness and 12 hours of light were applied during the experimental period.
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Table 1. Formulation and proximate compaosition of the base diet

Ingredients %
Fish meal 31
Soybean meal 20
Wheat gluten 6
Pea protein 12
Sunflower seed meal 7
Wheat flour 12.5
Fish oil 11
Vitamin mix! 0.22
Mineral mix? 0.16
Vit C 0.12

Proximate composition
Crude protein 46.25
Crude lipid 14.90
Crude ash 9.28
Moisture 6.10

LSupplied the following: inositol 300 mg, biotin (Vit B7) 200 mg, tocopherol (Vit E) 200 mg, calcium pantothenate (Vit B5) 50 mg,
riboflavin (Vit B2) 30 mg, pyridoxine (Vit B6) 20 mg, thiamine (Vit B1) 20 mg, menadione (Vit K3) 12 mg, niacin (Vit B3) 6 mg, retinol
(Vit A) 0.6 mg, folic acid (Vit B9) 0.5 mg, cholecalciferol (Vit D3) 0.05 mg, cobalamin (Vit B12) 0.05 mg.

2Supplied the following: ferric sulfate heptahydrate (FeSO,-7H,0) 50 mg, manganese (l1) oxide (MnO) 50 mg, zinc oxide (ZnO) 50 mg,
copper sulfate pentahydrate (CuO4S-5H,0) 10 mg, calcium iodate (Ca;lOg) 0.8 mg, cobalt carbonate hexahydrate (CoCO5-6H,0) 0.15 mg,
sodium selenite (Na;SeOs) 0.15 mg.

2.2. Enzyme activity

The gastrointestinal tract samples from the fish (250.67+44.09 g) were taken together at the 45th
minute, 39, 61, 12, 241 48" 72" and 96" hours post-feeding. Tissue samples were stored at -80°C
until analyzed. Then, they were brought to Canakkale Onsekiz Mart University, Faculty of Arts and
Science, Biology Department, Water Ecology Laboratory in the cold chain (in the ice cube). The
stomach, anterior (with pyloric ceace), middle, and posterior intestines were examined separately. It
was necessary to prepare homogenate from the digestive tract to be used and to obtain cytosolic
fractions to analyse the digestive enzymes. The tissues taken were weighed and homogenized with
liquid nitrogen and then taken into homogenization buffer (0.05 phosphate buffer pH 7.4). The
measurements were settled following the preparation of homogenates. The specific activity of each
enzyme evaluated in the study was measured spectrophotometrically. Obtained values were
proportioned to the protein value in homogenate, and Bradford (1976) method was used to calculate
the amount of protein.

For the measurement of trypsin enzyme activity, Bieth and Metais (1968), the analysis method used
in their study, and Na-Benzoyl-DL-arginine-p-nitroanilide (BAPNA) were used as substrate. Enzyme
activities of the samples were measured in a spectrophotometer at 253 nm wavelength for 5 minutes.
Measurement of pepsin enzyme activity was performed using a revised version of the analysis method
used by Worthington (1982) by Infante and Cahu (1994). Besides, bovine haemoglobin was used as a
substrate. Samples were measured at a wavelength of 280 nm for 5 minutes. Monitoring the amylase
enzyme activity depended on the study conducted by Tseng et al. (1982) which they used soluble
starch as a substrate. Samples were measured at 540 nm wavelength for 5 minutes. To measure lipase
enzyme activity, o -naphthyl caprylate was used as the substrate, and the analysis method was used in
the study conducted by Versaw et al. (1989). The measurements were done at 490 nm wavelength for
10 minutes.
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2.3. Data analyses

The statistical analyses were carried out SPSS 21.0 software. Normality of data and homogeneity
of variances was tested using Kolmogorov Smirnov and Levene tests, respectively. The results were
compared using parametric tests (One-Way ANOVA and Tukey’s sub-test) and/or non-parametric
tests (Kruskal-Wallis test). Duncan's multiple range test was performed for the significance of
differences of means between groups. The correlation between enzyme levels was calculated by
Pearson correlation. The significant differences among concentrations were presented with different
letters or figures. Two-way analysis of variance (ANOVA) was used to analyse whether there was a
difference between the activities of digestive enzymes in different sections of the digestive tract and
different periods. A significance level a was set at 0.05 for all analyses except correlation analysis.

3. RESULTS

The enzymatic activity in the gastrointestinal tract of Black Sea salmon fed at optimal temperature
was shown in Table 2 and Table 3. The digestive enzyme activities of fish changed depending on time
post-feeding and sections of the gastrointestinal tract. The difference in amylase enzyme activity in
samples dissected at different time intervals after feeding was statistically significant (F=23.65; df=7;
p<0.05) and intestinal amylase activity decreased after 6 hours post-feeding, except for the posterior
part of the intestine (Table 3). The difference in amylase enzyme levels measured in different parts of
the gastrointestinal tract of the samples was also statistically significant (F=28.1; df=3; p<0.05) (Table
2). When both time and different gastrointestinal tract sections were evaluated together, the statistical
difference was significant in terms of amylase enzyme level (F=3.19; df=21; p<0.05).

According to the trypsin enzyme activity results, the highest trypsin activity was seen in the
anterior. This was followed by the middle, posterior, and stomach, respectively (F=160.54; df=3;
p<0.05) (Table 2). Although time-dependent changes between trypsin levels were statistically
significant, (F=184.8; df=7; p<0.05) There were minor differences in trypsin activity in all sections at
72" and 96" hours after feeding and were not statistically significant (Table 3). When the temporal
and regional changes in trypsin enzyme level were evaluated together, the differences were
statistically significant (F=11.5; df=21; p<0.05).

Pepsin enzyme in the stomach, front and middle reached the highest activity at the 3 and 6™ hours
after feeding, followed by feeding at the 45"-minute and 12™-hour, respectively. The highest pepsin
activity in the gastrointestinal tract was obtained in the stomach (Table 2). Differences in pepsin
enzyme levels in different parts of the gastrointestinal tract (F=302; df=3; p<0.05) and differences in
pepsin values measured at different times after feeding (F=335.4; df=3; p<0.05) were also statistically
significant.

The highest lipase activity in the stomach and anterior sections was observed at the 3™ hour after
feeding with very small differences. Lipase activity in the foregut was higher at the 3™ hour after
feeding than in other sections. Lipase enzyme levels were also observed in different digestion sections
(F=40.1; df=3; p<0.05) and at different times (F=65.84; df=7; p<0.05) were statistically different.
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Table 1. The enzymatic course of the gastrointestinal tract of Black Sea salmon, U mg*

Sections Pepsin Trypsin Amylase Lipase
45" minute
Stomach 0.65+0.012 0.21£0.02¢ 0.52+0.052 0.08+0.01%®
Anterior 0.50+0.02° 0.57+0.032 0.60+0.032 0.10+£0.012
Middle 0.35+0.03¢ 0.47+0.03° 0.61+0.028 0.09+0.01%
Posterior 0.19+0.03¢ 0.23+0.03¢ 0.12+0.02° 0.05+0.01°
3 hour
Stomach 0.79+0.022 0.25+0.02¢ 0.47+0.03°¢ 0.10+0.01°
Anterior 0.61+0.03° 0.68+0.052 0.61+0.02° 0.14+0.012
Middle 0.44+0.02° 0.54+0.04° 0.73+0.022 0.10+0.01°
Posterior 0.23+0.02¢ 0.36+0.03°¢ 0.16+0.01¢ 0.04+0.01°¢
6™ hour
Stomach 0.73+£0.012 0.25+0.01¢ 0.41+0.03¢ 0.08+0.012
Anterior 0.56+0.02° 0.63+0.032 0.54+0.03° 0.11+0.012
Middle 0.4140.03¢ 0.524+0.03° 0.67+0.022 0.094+0.012
Posterior 0.24+0.034 0.33+0.02° 0.14+0.02¢ 0.04+0.01°
121 hour
Stomach 0.57+0.012 0.20+0.02°¢ 0.37+0.042 0.06+0.01%®
Anterior 0.47+0.02° 0.53+0.032 0.42+0.042 0.08+0.012
Middle 0.29+0.03¢ 0.44+0.04° 0.36+0.058 0.07£0.012
Posterior 0.15+0.024 0.26+0.02¢ 0.09+0.01° 0.04+0.01°
24" hour
Stomach 0.32+0.022 0.12+0.01°¢ 0.23+0.022 0.05+0.01
Anterior 0.28+0.022 0.35+0.032 0.27+0.032 0.06+0.01
Middle 0.20+0.01° 0.2840.03° 0.294+0.032 0.04+0.01
Posterior 0.1240.02°¢ 0.18+0.01°¢ 0.06+0.01° 0.03+0.00
48™ hour
Stomach 0.1840.02% 0.09+0.00¢ 0.17+£0.012 0.03+0.00
Anterior 0.21+0.032 0.21+0.022 0.18+0.022 0.04+0.01
Middle 0.14+0.02°¢ 0.18+0.02% 0.19+0.022 0.03+0.01
Posterior 0.09+0.01°¢ 0.15+0.02° 0.05+0.01° 0.02+0.00
72" hour
Stomach 0.07+0.02° 0.08+0.01 0.06+0.02 0.02+0.00
Anterior 0.12+0.022 0.07+0.02 0.10+0.02 0.03+0.00
Middle 0.09+0.00% 0.11£0.02 0.11+0.01 0.03+0.00
Posterior 0.07+0.01° 0.06+0.01 0.09+0.02 0.02+0.00
96" hour
Stomach 0.05+0.01° 0.05+0.00 0.04+0.01 0.02+0.00
Anterior 0.07+0.002 0.03+0.01 0.06+0.01 0.03+0.00
Middle 0.06+0.012 0.05+0.01 0.06+0.01 0.0240.00
Posterior 0.05+0.01° 0.03+0.01 0.05+0.01 0.02+0.00

Mean values in a column with different superscripts were significantly different at p<0.05. Values are given as means with standard errors
(n=5). Each time was evaluated separately.
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Table 2. Temporal variation of the enzymatic activity in the gastrointestinal tract of Black Sea salmon, U mg*

Time Pepsin Trypsin Amylase Lipase
Stomach
45" minute 0.65+0.01¢ 0.2140.02° 0.52+0.052 0.08+0.01°
3 hour 0.79+0.022 0.25+0.022 0.47+0.03% 0.10£0.012
6™ hour 0.73+0.01° 0.25+0.012 0.41+0.03% 0.08+0.01°
12 hour 0.57+0.01¢ 0.20+0.02° 0.37+0.04°¢ 0.06+0.01¢
24" hour 0.32+0.02¢ 0.12+0.01°¢ 0.23+0.02¢ 0.05+0.01¢
48™ hour 0.18+0.02f 0.09+0.00¢ 0.17+0.01¢ 0.03+0.00%
72" hour 0.07+0.029 0.08+0.01¢ 0.06+0.02¢ 0.02+0.00°
96™ hour 0.05+0.019 0.05+0.00¢ 0.04+0.01° 0.02+0.00°
Anterior
45" minute 0.50+0.025¢ 0.57+0.035 0.60+0.032 0.10+0.01%¢
3 hour 0.61+0.032 0.68+0.052 0.610.022 0.1440.012
6™ hour 0.56+0.02% 0.63+0.03% 0.54+0.032 0.11£0.01°
12 hour 0.47+0.02¢ 0.53+0.03°¢ 0.42+0.04° 0.08+0.01°¢
24" hour 0.28+0.02¢ 0.35+0.03¢ 0.27+0.03°¢ 0.06+0.014
48™ hour 0.21+0.03¢ 0.21+0.02¢ 0.18+0.02¢ 0.04+0.01%
72" hour 0.12+0.02f 0.07+0.02f 0.10+0.02¢ 0.03+0.01¢
96™ hour 0.07+0.00f 0.03+0.01f 0.06+0.01¢ 0.03+0.01¢
Middle
45" minute 0.35+0.03" 0.47+0.03% 0.61+0.02° 0.09+0.012
3 hour 0.44+0.022 0.5440.042 0.734+0.022 0.10+0.012
6™ hour 0.41+0.032 0.52+0.03% 0.67+0.02% 0.09+0.012
12 hour 0.29+0.03" 0.44+0.04° 0.36+0.05°¢ 0.07+0.012
24" hour 0.20+0.01¢ 0.28+0.03¢ 0.29+0.03¢ 0.04+0.01°
48™ hour 0.14+0.02¢ 0.18+0.02¢ 0.19+0.02¢ 0.03+0.01°
72" hour 0.09+0.00% 0.1140.02% 0.11+0.01¢ 0.03+0.00°
96™ hour 0.06+0.01¢ 0.04+0.01¢ 0.06+0.01¢ 0.02+0.00°
Posterior
45" minute 0.19+0.03% 0.2340.03% 0.1240.02% 0.05+0.012
3" hour 0.23+0.022 0.36+0.032 0.16+0.012 0.04+0.012
6™ hour 0.24+0.032 0.33+0.022 0.14+0.02% 0.04+0.012
12" hour 0.15+0.025 0.26+0.02° 0.09+0.01% 0.04+0.012¢
24" hour 0.12+0.02% 0.18+0.01°% 0.06+0.01°¢ 0.03+0.00°d
48™ hour 0.09+0.01¢de 0.15+0.02¢ 0.05+0.01¢ 0.02+0.00%
72" hour 0.07+0.01% 0.06+0.01¢ 0.09+0.02°¢ 0.02+0.00%
96™ hour 0.05+0.01¢ 0.03+0.01¢ 0.05+0.01¢ 0.02+0.00¢

Mean values in a column with different superscripts were significantly different at p<0.05. Values are given as means with standard errors
(n=5). Each section was evaluated separately.

It was determined that the correlation between the time-dependent changes of digestive enzyme
levels in different parts of the gastrointestinal tract was significant and strong in a positive direction

(Table 3).
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Table 3. The correlation between time-dependent change of digestive enzyme levels in digestive tract section

Enzymes Pepsin Trypsin Amylase Lipase
Pepsin 0.6** 0.64** 0.8**
Trypsin 0.6** 0.63** 0.82**
Amylase 0.64** 0.63** 0.67**
Lipase 0.8** 0.82** 0.67**

**Correlation is significant at the 0.01 level (2-tailed).

4. DISCUSSION

We preferred to use the anterior, middle, and posterior sections of the fish intestine when
evaluating the studies conducted by the researchers (Albrecht et al., 2001; Deguara et al., 2003;
Khojasteh et al., 2009; Deshmukh et al., 2015; Bocina et al., 2017; Gioda et al., 2017; Tian et al.,
2019).

The increase in digestive enzyme activities post-feeding indicated that enzyme secretion was
stimulated by the presence of nutrients in the gastrointestinal tract (Caruso et al. 2008). In our study,
the activities of digestive enzymes in the gastrointestinal tract of Black Sea salmon were found at
different levels at all gastrointestinal sections including the stomach, and significantly increased post-
feeding. Pepsin enzyme is active in fish with stomach, but not in stomachless fish and Mediterranean
fish (Susilo et al. 2018). Deguara et al. (2003) reported that the activity of pepsin in the digestive tract
of gilthead sea bream (Sparus aurata) was only present in the stomach. Whereas, in our study, the
activity of pepsin enzymes was observed even in the anterior, middle, and posterior sections of the
intestine besides the stomach. Additionally, the pepsin activity in the gastrointestinal tract of the
Rhamdia quelen and Pimelodus maculatus, which are omnivorous species, was highest in the stomach
(Almeida et al. 2018). A similar result was obtained in our study. This condition started to change at
the 24"-hour post-feeding, and it changed in favor of the anterior part at 72" and 96" hours post-
feeding. This can be explained by the fact that the digestive activity in the stomach decreases
depending on time and the enzymatic activity continues in this section for a while as the digestive
contents are pushed into the anterior intestine over time. The trypsin activity in the intestine of
Pimelodus maculatus was higher compared to the stomach (Duarte et al. 2015). Similarly, the activity
of the trypsin enzyme of the gilthead sea bream was significantly lower in the stomach than in other
sections of the intestine (anterior, middle, and posterior) (Deguara et al. 2003). A similar result was
obtained in our study. In a previous study, Barlaya et al. (2016) reported that the activity of trypsin
enzyme in the anterior intestine was higher than middle and posterior intestine (Coccia et al. 2011). In
an additional study, Gioda et al. (2017) reported that the trypsin activity was highest in the anterior for
Ctenopharyngodon idella (Herbivore), in the middle intestine for Leporinus obtusidens (Omnivore), in
the posterior intestine for Rhamdia quelen (Omnivore). However, trypsin was highest in all intestine
portions for Hoplias malabaricus (Carnivore). In our study, the highest trypsin activity was obtained
in the anterior intestine until the 48" hour post-feeding, and this course of activity remained the same
in all sections at the 72" and 96" hours. Tian et al. (2019) found that the trypsin activity in anterior
and middle sections of the intestine in carp (Gymnocypris przewalskii) were maximum levels at 2M-
hour post-feeding, and then to the basic level at 8 hour after feeding. Caruso et al. (2008) reported that
the activity of trypsin enzyme in the intestine of European eel (Anguilla anguilla) reached its highest
level 8" hour post-feeding, and the activity level remained unchanged until 24" hours post-feeding.
Amylase enzyme in fish is localized throughout the gastrointestinal tract (Barlaya et al. 2016). The
amylase enzyme activity was higher in the anterior and middle intestines for Ctenopharyngodon idella
(Herbivore), in the anterior intestine for Leporinus obtusidens (Omnivore), but very low in all intestine
portions for Hoplias malabaricus (Carnivore) (Gioda et al. 2017). In our study, while the amylase
activity was highest in the middle intestine at 3" and 6™ hours post-feeding, there was no difference in
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the stomach, anterior and middle sections as the time passed post-feeding was prolonged. Fountoulaki
et al. (2005) reported that amylase activity in the digestive tract of gilthead sea bream (Sparus aurata)
increased significantly at 5 h post-feeding. Tian et al. (2019) found that the amylase activity in the
anterior section of the intestine in carp (Gymnocypris przewalskii) were maximum levels at the 2"
hour post-feeding, and then decreased to the basic level at 61" hour post-feeding. In a previous study,
Barlaya et al. (2016) reported that the activity of amylase enzyme in the anterior intestine of Indian
major carp (Labeo rohita) was higher than in the middle and posterior intestine. In an additional study,
Coccia et al. (2011) reported that amylase activity, the highest among carbohydrates, was the highest
in the intestine as compared to the stomach in the Crayfish (Cherax albidus). The activity of the
amylase enzyme was similar to each other in the anterior, middle, and posterior sections of the
intestine, whereas had significantly lower activity in the stomach (Deguara et al. 2003). In our study,
the posterior section of the intestine of Black Sea salmon had the lowest amylase activity until 48"
hour post-feeding. Also, our results with the activity course of the amylase in the stomach were
consistent with the results of Caruso et al. (2008) found that the amylase activity in the stomach of
European eel (Anguilla anguilla) was progressively decreased until 24" hours post-feeding. Similar to
our study, Weinrauch et al. (2019) reported that lipase activity was determined at all gastrointestinal
sections and was significantly higher in the anterior section when compared to the posterior section.
Lipase activity of Cherax albidus was higher in the intestine compared to the gastric juice (Coccia et
al. 2011). Moreover, lipase enzyme activity in the posterior intestine of Labeo rohita was higher than
in the anterior section (Igbal et al. 2018). However, the activity of lipase enzyme in Nile tilapia
(Oreochromis niloticus.) was higher in the anterior section as compared to pseudostomach and
posterior intestine (Klahan et al. 2009). The lipase enzyme in the anterior intestine and pyloric caeca
had more activity in the sections of the gastrointestinal tract of Totoaba macdonaldi (Gonzalez-Felix
et al. 2018). In our study, while lipase activity was the highest level in the anterior section at the 3"-
hour post-feeding, there were no differences in the stomach, anterior and middle sections as the time
passed post-feeding was prolonged. Tian et al. (2019) reported that the activity lipase enzyme in the
anterior section of the intestine in carp (Gymnocypris przewalskii) were maximum levels at 2"-hour
post-feeding, and then decreased to the basic level at 6th-hour post-feeding. Moreover, Caruso et al.
(2008) reported that lipase activity in the intestine of European eel (Anguilla anguilla) was highest at
8™-hour post-feeding, and progressively decreased over time.

5. CONCLUSION

To conclude, pepsin activity was at the highest level in the stomach and gradually decreased
towards the end of the gastrointestinal tract. The amylase enzyme in the stomach was the enzyme with
the highest activity after pepsin among the enzymes studied, and its activity in the stomach was higher
than the posterior section. Trypsin enzyme was more intensely secreted in the anterior section. This
was followed by the middle intestine. A similar conclusion can also be said for the lipase enzyme.

It can be said that protein, carbohydrate and lipid digestion in the Black sea salmon begins in the
stomach, and the anterior intestine contributed more to the digestion of nutrients. Also, the response of
digestive enzyme activity in the gastrointestinal tract of Black Sea salmon to feeding was quite fast.
Indeed, digestive enzyme activity reached the highest levels at 3hour post-feeding. However,
enzyme activities decreased progressively by time after 3"-hour post-feeding.
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Ozet: Ocak-2015 ile Subat 2018 tarihleri arasinda Orta Ege Denizi, Izmir Korfezi Anahtar kelimeler
giineybatisindaki Balikliova kiyisinda yer alan ag kafes initelerinde yiiriitilen bu e Ege Denizi

calismada, ag kafes Unitelerinin yiizdiiriicii kafes, ag ve halatlar gibi farkl boliimlerine o Yiizer ag kafes sistemi
tutunmus makroalg ve makroomurgasizlarin olusturdugu malfrofouling organizmalarm o Makro omurgasiz
tanimlanmasi ve yogunluklarinin belirlenmesi amaglanmistir. Orneklemeler serbest dalis ¢ pakro alg

ve tiiplil dalislar ile gergeklestirilmistir. Calisma sonunda 9’u Mollusca, 4’ii Arthropoda
ve 2’si Echinodermata filumlarina ait olan toplam 15 adet makroomurgasiz ile
Chlorophyta ve Rhodophyta filumlarina ait 6 adet alg tiirii tespit edilmistir. Mytilus
galloprovincialis ve Balanus sp. en yogun rastlanan canlilar olarak belirlenmis olup
Ulothrix, Ulva, Ceramium genuslarina ait tiirlerin de derinlige bagh degiserek dagilim
gosterdikleri  tespit edilmistir. Deniz ekosisteminde yapay habitatlar olarak
diistiniilebilecek bu tip iinitelerin makrofouling agisindan farkli tiirlere yagam alam

e Biofouling

olusturdugu gbzlenmistir.

Abstract: This study was conducted between January 2015 to February 2018 in farm Keywords

cage units located in Balikliova shores in South-west of Izmir Bay, the Aegean Sea t0 e Aegean Sea
identify species diversity of some macroalgae and macroinvertebrates attached to o Floating net cage
different parts of cage units such as floating tubes, net, ropes and to determine their o Macroinvertebrates
densities. Sampling studies were carried out by scuba and skin divers. A total of 15 Macroalgae
macroinvertebrate species, 9 of which belong to the Mollusca, 4 to the Arthropoda and 2
to the Echinodermata phylum, and 6 algae species to the Chlorophyta and Rhodophyta
phylum were identified. Mytilus galloprovincialis and Balanus sp. were determined as
the most abundant species. The species which belong to Ulothrix, Ulva, Ceramium genus
were also observed their distribution depending on the depth. It has been observed that
such units, which can be considered as artificial habitats in the marine ecosystem, create
habitats for different species in terms of macrofouling.

e Biofouling

1. GIRIS

Ust Paleolitik ¢agdan beri (Gordon, 1998), insanlarin kendi kendisinin ihtiyaclarim gidermek
maksadiyla gerceklestirdigi balik¢ilik faaliyetleri, bugiin diinya capinda genis bir sektor haline
gelmistir (Hogsucu, 1991). 3000 yillik bir gegmise sahip olan akuakdiltiiriin, ticari olarak 50 yillik bir
geemisi olan kafeste balik yetistiriciligi konusu da kisa bir zaman iginde c¢ok biiyiik gelismeler
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kaydetmistir (Beveridge,1987). Glinlimiizde diinya su {irlinleri tiretim miktar1 178,5 milyon tona
ulagmistir. Bu tiretimin 96,4 milyon tonu avcilik, 82,1 milyon tonu ise yetistiricilik faaliyetleriyle
saglanmaktadir (FAO 2018). Yetistiricilik konusunda yasanan uluslararas1 gelismeler ile Tiirkiye’de
de tiretim son on yilda hizli bir gelisme gostermistir. Yetistiriciligin desteklenmesi sonucunda 1971
yilinda sadece bir adet olan yetistiricilik tesisi, 2017 yilinda 2853 adede ulasmustir. Tiirkiye Istatistik
Kurumu (TUIK, 2019) verilerine gore Tiirkiye balik¢ilik iiretimi 836,524 ton olarak gerceklesmistir.
Bu iiretimin % 44,6’s1 balik¢ilik yoluyla, % 55,4’ ise yetistiricilik yoluyla iiretilmistir.

Kafesler ilk olarak balik¢ilar tarafindan canli baliklari yeterli miktarlarda elde bulundurmak
amaciyla kullamlmistir. Zira bu sekilde balikgilar pazara gotiiriilecek miktarda balik tutana kadar
yakaladiklar1 canli baliklar1 bu kafesler igine stoklayarak pazara tasima isinde kullannuglardir. ilk elde
tutma tipi kafesler, bitkisel yapilardan 6zellikle kamiglardan yapilmig olup, bunlar balik tuzaklarinin
ya da kuzuluk olarak adlandirilan yapilarin daha kiiciik bir benzeri olarak diinyanin ¢esitli bolgelerinde
ozellikle Glineydogu Asya iilkelerinde yaygin olarak kullanilmistir (Beveridge,1987). Baliklar1 canli
olarak saklamak i¢in kullanilan kafesler daha sonra boy ve agirlik¢a biiyliyebilecekleri besleme ve
biiylitme islerinin yapildig1 canli stoklama araglar1 olarak kullanilmistir (Dikel, 2002). Modern kafes
sistemlerinin geligsmesi ise 6zellikle salmon ¢iftgilik endiistrisinin gelismesiyle beraber son 20 — 30 yil
icinde gerceklesmistir. Bu amagla onshore (kiyiya yakin) sularda korunakli alanlar i¢in kafesler dizayn
edilmis olup, offshore (kiy1 otesi) kafeslerin gelismesi onshore kafeslerin gelismesine paralel olarak
son 10 — 15 yilda gergeklesmis ve cesitli modeller test edilmistir (Scott ve Muir, 2000). Baslangigta
kurulan onshore isletmelerinin yogunlugu; turizm, deniz isletmeciligi ve ¢evresel lobilerin baskilar
nedeniyle azaltilmigtir. Ayn1 zamanda onshore {iretim yerlerinin de diisiik oranda biiyiime ve yiiksek
oranda hastalik riskine sahip olduklar1 da kaydedilmistir. Bu nedenle giiniimiizde artik ¢cogunlukla
offshore kafes sistemleri kullaniimaktadir.

Deniz iizerinde tekne, samandira veya kiyida bulunan iskele ayaklar1 gibi yapay substratumlarin
zamanla birgok deniz canlisina ev sahipligi yaptig1, yapay bir habitat olusturdugu bilinmektedir. Baz1
durumlarda fouling olarak da adlandirilabilen bu durum, kati yiizeyler {izerinde istenmeyen malzeme
birikmesi olarak tanimlanir ve s6z konusu materyaller canli organizmalar (fauna ve flora elemanlar1)
tarafindan olusturulursa biyofouling olarak adlandirilmaktadir ve zamanla biyofouling gelisir ve genis
alana yayilir (Bilbiil ve Filik, 2019). Alg, Polychaeta, Bivalvia, Cirripedia, Bryozoa ve Tunicata gibi
sesil organizmalar1 igeren gruplar primer makrofoulingi, bu tiirlerin arasinda veya {lizerinde yasayan ve
fouling olayina daha sonra katilan gruplar da sekonder makrofoulingi olusturmaktadir (Houghton,
1978; Relini 1990; Kocak vd., 1998). Deniz kafes sistemlerinde ve dzellikle aglarda gelisen biyolojik
topluluklar, gemilerdeki foulinglere kiyasla daha Kkarakteristiktir ve Ozelikle makroalglerle
iligkilendirilen 6nemli bir problemdir (Braithwaite ve Mcevoy, 2005). Diinyada biofoulingin deniz
balik¢ilig1 yetistiricili§inde sistemlerde ciddi sorunlara yol actig1 bildirilmistir (Hodson ve ark., 1995;
1997; 2000). Genellikle olusturduklar1 agirlik ve istenmeyen ylizeylerin kaplanmasi nedeniyle bazi
yapilar i¢in negatif gelisim olarak degerlendirilen bu canlilar, zaman zaman ylizeylerin kazinmasi
suretiyle temizleme amaciyla yapilardan uzaklastirilmaktadir. Tirkiye su firlinleri yetistiricilik
sektoriinde de yiizer ag kafes sistemlerinde gbzlenen bu canlilar, ag kafes yiizerligine negatif yonde
etki etmeleri, ag gozlerini kapatarak su sirkiillasyonunun azalmasina neden olmalar1 gibi olumsuz
etkileri ile giindeme gelmektedirler. Bununla birlikte denizdeki ylizeylere tutunan bu canlilar1 denizel
ekosistemin ve besin zincirinin énemli bir boliimiinii olusturduklar1 da unutulmamalidir.

Diinyada denizlerde yapilan yetistiricilik sistemlerindeki makrofouling organizmalar ile ilgili
yapilmig cesitli calismalar olmakla birlikte (Houghton, 1978; Hodson vd., 1995; Shanmao 1998;
Hodson vd., 2000; Braithwaite ve Mcevoy, 2005; Cook vd., 2006; Mhaddolkar 2017), {ilkemizde
spesifik olarak yiizer ag kafes sistemlerindeki makroalg ve makroomurgasiz tiirler {izerine yapilmis bir
calismaya rastlanmamustir. Ek olarak, Ege Denizi Tirk karasularinda farkli alanlarda habitat,
ekosistem, tiir ¢esitliligi ve dagilimu, kirlilik, balik¢ilik gibi pek ¢ok farkli konuda bolgedeki makroalg
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ve makroomurgasiz tiirleri de i¢inde barindiran gesitli ¢alismalar mevcut olmakla beraber yine spesifik
olarak ylizer ag kafes sistemleri tlizerindeki canlilarla ilgili yapilmis bir calismaya erisilememistir.
Dolayisiyla, bu ¢alisma Orta Ege Denizi’nde yer alan 300 ton kapasiteli bir levrek ve ¢ipura deniz
baliklar1 iiretim ciftligi isletmesindeki yiizer ag kafes sistemi boliimlerinde tutunan makroalg ve
makroomurgasiz tiirlerin belirlenmesi ve sistem boliimlerine gore dagilimlarinin incelenmesi amactyla
gelistirilebilir bir pilot ¢calisma olarak yiiriitiilmiistiir.

2. MATERYAL ve YONTEM
2.1. Calisma sahasi ve yiizer ag kafes sisteminin 6zellikleri

Bu calisma Orta Ege Denizi’nde yer alan Izmir Dis Kérfezi Balikliova kiyisinda, 38° 26' 56,77" K
—26°36'30,98" D; 38°36' 51,77"K — 26° 36' 57,40" D; 38° 26'43,07" K — 26° 36' 25,74" D; 38° 26'
43,55" K —26° 36' 53,13" D koordinatlar1 arasinda yer alan ag kafes iinitelerinde yiiriitiilmiistiir (Sekil
1). 300 ton kapasiteli levrek ve gipura iiretim isletmesidir ve 20 m ¢apinda 15 adet ag kafes iinitesi
mevcuttur. Ag kafes {initelerinin bulundugu derinlik 30 m, kafeslerin ag derinligi ise 15 metredir
(Sekil 2a). Ag kafes sistemi, ylizdiiriicii borular, mooring sistemi, halatlar ve agdan olugmaktadir.
Caligmanin materyalini ag kafes sistemlerinin bu farkli yapilardaki boliimlerine tutunarak yasayan
makroomurgasizlar ve algler olusturmaktadir. Demirlemede kullanilan tonoz ve ¢apalar dalis emniyeti
acisindan drneklenemeyecegi icin degerlendirme dis1 tutulmustur.

4
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Sekil 1. Calismanin yiirtitildigii bolge.

Yizdiiriicii borular, yiiksek yogunluklu polietilen malzemeden sicak enjeksiyon ve c¢ekme
yontemiyle {retilmekte ve icine strofor malzeme doldurularak, gesitli ¢cap ve kalinlikta {retilen
borulardir (Sekil 2b). Farkli caplarda dairesel pozisyonda 2’li veya 3’lii olarak kaynak yapilmakta,
sistemin ag ve halat agirligm yiizdiirebilecek kapasitede kullanima sunulmaktadir. Ag kafes
yiizdiiriicti borular ile demirleme c¢apalari arasinda gerilimi bir¢ok noktada paylasan ve dengeleyen bir
sistem olan mooring sistemi ise iizerine ylizdiiriicii baglanmis dairesel bir ¢ergeveden olugsmaktadir
(Sekil 2c¢). Farkli yonlerden gelen halatlar bu ¢embere baglanarak sistemin dengede durmasini
saglamaktadir. Tiim sistemi, demirleme g¢apalarina ve kafeslerin birbirine baglanabilmesi i¢in ¢esitli
caplarda ve Poliamit, Polietilen, Polipropilen, Polivinilkloriir gibi ¢esitli materyallerden yapilma
halatlar kullanilmaktadir. Halatlar genellikle baglant1 yerindeki aginmay1 dnlemek i¢in rodensa ve kilit
ile zincir ve mooring sistemine baglanmakta, sadece yiizdiiriicii kafes cercevesine diigiim atilarak
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baglanmaktadir. Deniz baliklar1 iiretiminde kafes borular igine donatilan ag havuzlar ise balik
yetistiricili§inin en dnemli enstriimanini olusturmaktadir. Cesitli materyal, kalinlik ve goz agikligindan
olugsan aglar bulunduklari ortamda bir¢ok canli tiiriine yapay habitat olusturmaktadir. Caligmada
incelen sistemdeki aglar ise Poliamid (PA) materyalden, 210 denye ve 8, 12 ve 14 mm g6z acikligina
sahiptir.

Sekil 2 a, b ve ¢. Yiizer ag kafes iiniteleri (a), kafes yapiminda kullanilan polietilen borular (b) ve mooring
sistemi (c).

2.2. Veri Toplama ve Degerlendirme

Ocak-2015 ile Subat 2018 tarihleri arasinda Orta Ege Denizi’nde siirdiiriilen arazi ¢alismalarinda
Ege Universitesi Sualt1 Arastirma ve Uygulama Merkezi’ne ait 11 m boyunda 135 hp giiciine sahip
EGE DERIN isimli egitim gemisi ve Ege Universitesi Su Uriinleri Fakiiltesine ait 4,60 m boyunda 50
hp giiciinde hizli bot ARGE kullanilmigtir. Ag kafes sistemlerinin farkli bolim ve derinliklerinde
tutunarak yasayan canlilarin birim alanda tespit edilmesinde, hem serbest hem tiiplii dalis yapilarak
ornek toplama ve sualti kamerasi ile goriintii analizi yontemleri kullanilmistir. Ozellikle ag iizerinde
bulunan alglerin kazinarak alinamamasi sebebiyle sualti goriintii cihaz1 olan GoPRO Hero 4 Black
Edition ile goriintiiler alinmistir. Calisma boyunca toplam 15 ornekleme giiniinde iki balikadam
toplamda 42 saat dip zamani ile 32 m derinlige kadar 6rnekleme yapmustir. Alinan 6rnekler % 3’°liik
noétralize formaldehit ¢ozeltisiyle fikse edilerek laboratuvar ortamina taginmus, tiir tayinleri ve birey
sayilar tespit edilmistir. Tiirlerin biiyiikliiklerine gore baz tiirler ¢iplak goz ile daha kii¢iik boyutlu
tiirler ise binokiiler mikroskop yardimiyla incelenmistir. Tiir tayinlerinde Tebble (1966), Fischer vd.
(1987), Poppe ve Goto (1993) ve Palomares ve Pauly (2021)’den yararlanilmistir. Giincel sistematik
bilgileri World Register of Marine Species (WoRMS, 2021)’den kontrol edilerek listelenmistir. Elde
edilen sayisal degerlerin incelenmesinde ve ¢ok degiskenli analizlerin hesaplanmasinda Primer v6.1.13
(Clarke ve Gorley, 2006) ve Microsoft Excel paket programlari kullanilmigtir. Calisma siiresince
ayrica su sicaklilart Suunto D6i dalis bilgisayari ile kaydedilmistir.

3. BULGULAR

Calisma sonunda 9 adedi Mollusca, 4 adedi Arthropoda, 2 adedi Echinodermata filumlarina ait 13
familyadan toplam 15 adet makroomurgasiz tiirii (Tablo 1) ile Chlorophyta ve Rhodophyta filumlarina
ait 6 adet alg tiirii (Tablo 2) tespit edilmis olup, incelenen toplam biomas 87 kg’dir. Kara midye
(Mytilus galloprovincialis) ve tragana olarak isimlendirilen 1 adet Balanus sp. tiirii en yogun rastlanan
tiirler olarak belirlenmistir. Orneklenen makroomurgasiz ve alg tiirlerinin yiizer ag kafes sistemi
boliimlerine gore toplam veri lizerinden hesaplanan sayica ylizde frekans dagilimi Sekil 3’te
verilmistir. Calisma boyunca kaydedilen su sicakligi degerlerine bakildiginda, ortalama 14,5 °C ile
Ocak ve Subat aylar1 en soguk, 27 °C ile Agustos en sicak ve tiim ¢alisma boyunca kaydedilen sicaklik
ortalamasi da 19 — 21 °C olarak 6l¢iilmiistiir.




Ulas vd., 2022 Acta Aquat. Turc., 18(2): 247-258 251
Tablo 1. Ag kafes sistemlerinde tespit edilen makroomurgasiz tiirleri.

Filum Klasis Familya Tiir
Mollusca Bivalvia Arcidae Arca noae Linnaeus, 1758
Anomiidae Anomia ephippium Linnaeus, 1758
Chamidae Chama gryphoides Linnaeus, 1758
Hiatellidae Hiatella arctica (Linnaeus, 1767)
Mytilidae Mytilus galloprovincialis Lamarck, 1819
Modiolus barbatus (Linnaeus, 1758)
Musculus costulatus (Risso, 1826)
Ostreidae Ostrea edulis Linnaeus, 1758
Margaritidae Pinctada radiata (Leach, 1814)
Arthropoda Malacostraca - Amphipoda
Pilumnidae Pilumnus hirtellus (Linnaeus, 1761)
Porcellanidae Porcellana platycheles (Pennant, 1777)
Thecostraca Balanidae Balanus sp.
Echinodermata Ophiuroidea Ophiuridae Ophiura sp.
Echinoidea Parechinidae Paracentrotus lividus (Lamarck, 1816)

Tablo 2. Ag kafes sistemlerinde tespit edilen alg tiirleri.

Filum Klasis Familya Tiir
Chlorophyta Ulvophyceae Ulotrichaceae  Ulothrix speciosa (Carmichael) Kiitzing, 1849
Ulvaceae Ulva compressa Linnaeus, 1753

Ulva lactuca Linnaeus, 1753
Ulva rigida C.Agardh, 1823

Rhodophyta

Florideophyceae

Ceramiaceae

Ceramium ciliatum (J.Ellis) Ducluzeau, 1806
Ceramium sp.
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Sekil 3. Orneklenen tiirlerin yiizer ag kafes sistemi béliimlerine gore sayica yiizde dagilimi.

Yiizer ag kafes sistemi boliimlerinde tespit edilen tiirlerin Bray-Curtis benzerlik analizi hesaplarina
gore olusturulan sayisal bolluk kiimelenme dendogrami Sekil 4’te gdsterilmistir. Buna gore sistemin
ag bolumii tek basina bir grup olustururken, ylizdiiriicii borular ve halatlarin % 95,66’ lik en yiiksek
benzerlik orani ile farkli bir grup olusturdugu tespit edilmistir.
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Sekil 4. Tiirlerin Bray-Curtis benzerlik analizine dayali yiizer ag kafes sistemi boliimlerine gore kiimelenme
dendogramu.

En fazla sayida tiirlin barindig1 tespit edilen yiizdiiriicii borulara tutunan makroomurgasiz tiirler
icinde M. galloprovincialis ilk sirada yer alirken ikinci sirada Balanus sp. ve ticlincii sirada da
Amphipoda tiirlerine rastlandig1 belirlenmistir (Sekil 5). Yiizdiiriicii borulara tutunan alg tiirleri
incelendiginde ise toplam iig tiir tespit edilmis ve bunlar arasinda en yogun rastlanan tiiriin U. lactuca
oldugu ve bunu benzer ¢evresel kosullart tercih eden U. rigida ve U. comprezza tiirlerinin takip ettigi
belirlenmistir.
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Sekil 5. Yiizdiiriicii borulara tutunan mokroomurgasiz tiirlerin sayica yiizde dagilimlari.

Mooring sistemi 5 — 8 m derinlikte ve yapisinda metal halkalar barindirdigindan 6zellikle sert bir
yere sabitlenerek yasayan kabuklularin tercih ettigi bir alan olarak godzlemlenmistir. Bulundugu
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derinlikte 15181n yeterli olusu ve su sirkiilasyonunun ¢ok olusu bu bdlgedeki kabuklu tiirlerinin yogun
yerlesimine imkan saglamaktadir. Mooring sisteminde tespit edilen M. galloprovincialis, M. barbatus,
P. radiata ve Balanus sp. makroomurgasiz tiirlerine ait sayica ylizde dagilim frekansi1 Sekil 6’da
gosterilmektedir. Mooring sistemine yerlesen alg tiirlerine bakildiginda ise sadece C. ciliatum ve
Ceramium sp. tiirlerinin derinlik, suyun 151k gecirgenligi ve organik madde miktariyla iligkili olarak
siirl, ¢ok yogun olmayan bir yerlesime sahip oldugu dalislar sirasindaki sualti gézlemlerinde
izlenmistir.

%
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Mytilus galoprovinciatis [
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Tiirler

Pinctada radiata _
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Sekil 6. Mooring halkasi tizerinde belirlenen makroomurgasiz tiirlerin sayica yiizde dagilimlari.

Yiizer ag kafes sistemlerinde yer alan halatlar farkli derinliklerde, su yiizeyinden zemindeki
sabitleme demirlerine (Yaklasik 40 — 60 m) kadar uzanabilmektedirler. Bu nedenle dogal olarak,
halatlardaki tiir yerlesimi su yiizeyinde yogun ve zengin, derinlere dogru gidildikge ise tiir ve birey
sayist bakimindan fakirlestigi gézlemlenmistir. Halatlar lizerinde yerlesim gostererek tespit edilen
makroomurgasiz tir dagiliminin derinlige gore degisimi Sekil 7’de verilmistir. Bununla birlikte
halatlar {izerinde en yogun tespit edilen makroomurgasiz tiir % 64 ile M. galloprovincialis olup, bunu
% 12 ile Balanus sp., % 4 ile Amphipoda, % 3 ile P. lividus ve % 7 ile diger makroomurgasizlar
izlemistir. Alg tiirlerinin yerlesim ve dagilimlarma bakildiginda ise yiizeye yakin 15181in bol oldugu
bolgelerde Chlorophyta filumuna mensup U. lactuca, U. rigida ve U. comprezza tiirlerine rastlanirken,
15181 azaldigr derinliklerde Rhodophyta filumundan C. ciliatum tiiriine rastlanmaktadir. Ulva
genusuna ait tiirler toplamda % 83°liik bir dagilim gosterirken (U. lactuca: % 44; U. rigida: % 21; U.
comprezza: % 18) C. Ciliatum tiirtiniin % 17’lik bir dagilim gosterdigi tespit edilmistir.
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Sekil 7. Halatlar tizerinde derinlige gore tespit edilen makroomurgasiz tiir sayist dagilima.

Ag kafes sistemlerinde en genis ylizey alanina ve esnek bir yapiya sahip olan aglardir. Yiizeye
yakin olmalar1 ve su siitununda salinarak organik maddece zengin bdliimde bulunmalarinin etkisiyle
alg tiirlerine iyi ev sahipligi yaptiklart gozlemlenmistir. Bu materyal iizerindeki flora gelisimi
cogunlukla balik c¢iftliklerinde istenmeyen ag gozii kapanmalarma ve ag kafes igindeki su
sirkiilasyonunun azalmasina sebep olmaktadir. Bu nedenle yiizer kafes sistemlerinin dalgiglar
tarafindan diizenli olarak fiziki temizleme yapilmaktadir. Bu diizenli temizleme genellikle 4 — 7
haftada bir yapildigindan aglar {izerinde makroomurgasiz tiirlerine rastlanmamistir. Makroomurgasiz
tiirlerin yerlesimini ve tutulumunu engelleyen bu duruma ragmen alg tiirleri i¢in ayni seyin s6z konusu
olmadig1 tespit edilmistir. Aglar tlizerinde hi¢c makroomurgasiz tiirline rastlanmazken, bazi alglerin
yerlesim gosterdikleri goézlemlenmistir. Aglarda rastlanan algler i¢in birim alanda tiirlerin agirlik
acisindan yogunluk dagilimina bakildiginda U. comprezza tiirliniin ilk sirada yer aldigi, bunu sirasiyla
C. Ciliatum, U. speciosa ve Ceramium sp. tiirlerinin takip ettigi tespit edilmistir (Sekil 8).
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Sekil 8. Aglar iizerine tutunan alglerin birim alanda yogunluk dagilimu.
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4. TARTISMA ve SONUC

Denizde su iriinleri iiretimi yapan c¢iftliklerin en Onemli yatirim maliyeti ylizer ag kafes
sistemleridir ve bu sistemlerin bilesenleri yiizeyden 80-100 m derinliklere kadar uzanabilmektedir. Bu
yapt yerlesimi vertikal deniz siitununda bircok canlinin tutunup yasayabilecegi yiizeyler
olusturmaktadir. Price ve Morris (2013) kiyisal alanlarda ya da agik denizlerde bulunan balik
ciftliklerinin genellikle plankton, bentik fauna, baliklar, deniz memelileri veya mercanlar gibi serbest
olarak bulunan dogal ortam elemanlari icin bir ¢esit barinma yeri durumunda oldugunu bildirmislerdir.
Baliklarin beslenmesi igin kafeslere atilan yemler ve baliklarin metabolik atiklari bu bdlgelerde
nutrient seviyesinin artmasina neden olmakla birlikte, bu durum ortamda dagilim gosteren ve besin
zincirinin ilk halkasin1 olusturan fitoplankton miktar1 artisina da katki saglamaktadir (Porter vd.,
1987). Buna bagli olarak da farkli materyallere sahip bu yapilar suyu siizerek beslenen (filter feding)
ozellikle bivalvia tiirlerinin yogun yerlesimine ev sahipligi yapmaktadir (Porter vd. 1987; Braithwaite
ve McEvoy, 2005). Ortamda uygun sicaklik ve uygun besin bulunmasi nedeniyle yerlesmek iizere
ekolojik ortam bulan bu canli topluluklar1 yiizer sistemleri agirliklar1 ve ag goziinii kapatan yogun
yerlesimleri nedeniyle isletmeleri zaman zaman olumsuz etkilemektedir. Fakat ayn1 zamanda burada
var olan nutrient yiikii bu canlilar tarafindan indirgenmektedir. (Weston vd., 1990; Jahani vd., 2018).
Kafes sistemlerinin yer aldigi bolgelerin biyogesitliligi ile ilgili olarak yapilan incelemelerde cesitli
zooplankton tiirleri de rapor edilmistir. Ozellikle kii¢iik baliklarin besinini olusturan ¢ift kabuklu
larvalari, baz1 echinoderm larvalar1 ve zooplankton tiirleri besin zincirinin ikinci halkasi olusturarak
bu bolgeye 6nce kiigiik baliklarin ve ardindan biiyiik baliklarin gelmesini saglamaktadir (Price and
Morris 2013).

Orta Ege Denizi’nde yapilan bu pilot calismada yiizer ag kafes sisteminde Mollusca, Arthropoda ve
Echinodermata filumuna ait 15 makroomurgasiz tiir ile Chlorophyta ve Rhodophyta filumlarina ait 6
makroalg tiiriinden olusan toplam 21 makrofouling tiir tespit edilmistir. Tiirkiye sularinda ylizer ag
kafes sistemlerindeki makrofouling tiirlerin tespiti ile ilgili bir calisma bulunmamakla birlikte yabanci
sularda yapilan bazi ¢alismalarda bu ¢alismada da tespit edilen ortak genuslar ve tiirler bulunmaktadir.
Buna gore Shanmao vd. (1998)’nin Jinzhou Bolgesi'ndeki deniz ¢iftliginde yiiriittiikleri ¢aligmada
toplam 82 tiir tespit edilmis olup, bunlar arasinda genus seviyesinde Ulva, Ostrea, Balanus,
Porcellana, Ophiura, Amphipoda spp. ve tiir seviyesinde de U. lactuca ve M. galloprovincialis tespit
edilen ortak makrofouling organizmalardir. Mhaddolkar vd., (2017)’nin Hindistan’in bat1 kiyilarinda
yer alan kafes sistemlerinde yiiriittiikleri derinlige bagli dagilimi inceleyen bir diger ¢alismada da yedi
filuma ait toplam 21 makrofouling tiir tespit etmislerdir ve bunlar arasinda Balanus sp. ve Modiolus
sp. bu calismada da tespit edilen benzer organizmalardir. Balanus sp. bu ¢alismada % 29 ile ikinci
sirada yer alan baskin tiir iken, Mhaddolkar vd., (2017)’nin yaptiklar1 ¢alismada % 29,74; % 51,25 ve
% 49,63’liik oranlarla calistiklart her derinlik i¢in baskin tiir olarak rapor edilmistir. Ayrica derinlikle
birlikte fouling organizma topluluklarinin 6nemli bir degisiklik gosterdikleri raporlanmustir (Nellis ve
Bourget, 1996; Svane vd., 2016; Mhaddolkar vd., 2017). Bu c¢alismada da derinlige bagl olarak
gozlemlenen tiir sayisinda degisim oldugu kaydedilmis olup, 0-3 m derinligin % 29 ile en fazla, 15-25
m derinligin ise % 7 ile en az dagilima sahip oldugu tespit edilmistir. Bu varyasyonlarin ayrica
kafeslerin bulundugu bdlgesinin sicaklik, tuzluluk, 151k yogunlugu, besin mevcudiyeti, ¢oziinmiis
oksijen kosullart ve suyun akimi gibi bircok cevresel parametrenin de etkisi altinda olduklar
unutulmamalidir (Braithwaite ve Mcevoy, 2005; Kassah, 2012).

Yiizer ag kafes sistemlerindeki yiizdiiriicii borular bulunduklar yer itibariyle su yiizeyine en yakin
yapilardir. Sistemin zaman zaman su i¢inde zaman zaman su disinda kalan, 151k ve su yiizeyindeki
besleyici maddelerden en ¢ok yararlanan boliimdiir. Bu nedenle ¢alismada yiizdiiriicii borular en ¢ok
tiir ve birey baridiran boliim olarak dikkati ¢ekmektedir (Makroomurgasiz tiir sayisi: % 45, Makroalg
tiir sayist: %25). Bunu takip eden halatlar ise (Makroomurgasiz tiir sayisi: % 41, Makroalg tiir sayisi:
% 33) farkli derinliklerde yer alan yapay habitatlardir ve bu nedenle yiizdiiriicii borular ile aralarindaki
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tir benzerligi Bray-Curtis benzerlik analizine gore % 95 olarak tespit edilmistir. Ag kafes
sistemlerinde tutunan makroalg tiirlerinin kullanilmayan yemler ve baliklarin metabolik atiklarinin
neden oldugu azot ve fosfor miktarindaki artisin indirgenmesinde katki sagladigi bildirilmekle birlikte
Ulva tiirlerinin ortamda bulunan fosforun % 8,9’unu ve azotun da % 24’{inii indirgeyebildikleri rapor
edilmistir (Hernandez vd., 2005). Boylece ortamda bulunan bu makroalg tiirleri suyun kalitesini
arttirabilen bir eleman olarak ve ekonomik olarak da ag kafeslerin yan firiinleri olarak diisiiniilebilir.
Ozellikle son yillarda makroalglerin ilag ve kozmetik bakim iiriinlerinde hammadde olarak
kullanimlarimin artmas1 da bir diger ekonomik fayda olarak degerlendirilmektedir. Ayrica kafes
sistemlerinde kayda deger populasyon olusturan cift kabuklu tiirlerin uygun yontemler ile toplanip
pazarlanmalar1 de yeni bir ekonomik girdinin olusmasini saglayabilir. Ek olarak bu sistemlerin
bulundugu ortamlar ¢esitli balik tiirleri i¢in cezbedici bolgeler haline gelebilirler ve boylece bolgedeki
biyocesitliligin artmasina olanak saglayip ekonomiye kazandirilabilecek avlanabilir tiir sayis1 ve
miktarina da katkida bulunabilirler. Dolayisiyla makrofouling organizmalarin sisteme agirlik yapmasi,
su degisim oranini azaltmasi ve calisma zorlugu yaratmasimin yani sira bu tilirlerin bazilarmin su
kalitesine olan kismi olumlu katkilar1 ve ayrica ekonomik fayda olarak degerlendirilebilecekleri de gz
ard1 edilmemelidir. Fakat yine de deniz ciftliklerindeki kafes operasyonlarinda diizgiin ve kaliteli yem
kullanimi ve yemlemenin yaninda, siirekli izleme ¢alismalar1 da yapilarak, birim alandan g¢evre ile dost
maksimum faydanin saglanmasi gerekmektedir. Sonug olarak bu pilot ¢calisma bulgular ile Orta Ege
Denizi’nde ylizer ag kafes sistemleri lizerinde tespit edilen bazi makroalg ve makroomurgasiz
tiirlerden olusan makrofouling organizmalarin tespiti yapilarak bu girift ve ¢ok ¢iktili konuyla ilgili
ileride yapilacak olan kapsamli ¢aligmalar i¢in temel bilgi birikimine biiyiik katki saglayacaktir.
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Ozet: Avrupa deniz levregi (Dicentrarchus labrax) pilorik sekasindan tripsin enzimi, Anahtar kelimeler
amonyum siilfat ¢oktiirmesi (%30-%60) ve bir boyut diglama kromotografisi olan e Dicentrarchus labrax
Sephacryl S-200 kolonu kullanilarak saflastirilmug; safligi, sicaklik ve pH’ya hassashigi o pilorik seka
hesaplanarak karakterize edilmistir. Avrupa deniz levreginden tripsin enzimi 52,71 Kat o tripsin

saflastirilmig olup, %8,60 verimlilik oranima sahiptir. Enzimin molekiil biyikligi SDS- , gapNA

PAGE elektroforez analizi sonucu 24 kDA molekiil bityiikligiinde tek bant olarak tespit
edilmistir. Tripsin enzimi substrat olarak BAPNA (N.-Benzoyl-L-arginine 4-nitroanilide
hydrochloride) kullamilarak yapilan stabilite analizlerinde pH 8,0 ve 55 °C’de optimal
aktivite gdstermistir. Ancak, aktivitesinin 50 °C’den sonra %30 ve fazlasini, 70 °C’de ise
tamamint kaybetmistir. En iyi stabiliteyi pH 7,0-10,0 arasinda gostermistir. Boylece
Avrupa deniz levreginden genis pH ve sicaklik araliklarinda aktivite gosteren, farkli
sanayi dallarinda kullanilabilecek tripsin enzimi elde edilmistir. Bulgular, sicaklik ve pH
faktorlerinin tripsin enzimi aktivitesini O6nemli diizeyde etkiledigini gostermistir
(P<0,05).

o saflagtirma

Abstract: Trypsin was isolated from pyloric caeca of European seabass (Dicentrarchus Keywords

Labrax) by ammonium sulphate fractionation (30-60%) and size exclusion (Sephacryl S e Dicentrarchus labrax
200) gel filtration chromatography. The enzyme was purified at a rate of 52.71 fold with  « pyloric caeca

a yield of 8.60%. The molecular weight of the enzyme was estimated using a low 4 trypsin

molecular weight marker (Sigma Low Range M3193) and wide molecular weight marker o gaApPNA

(Sigma Wide Range S8445). The molecular weight of the purified trypsin was estimated
to be 24 kDA by sodium dodecyl sulphate-polyacrylamide (SDS-Page) gel
electrophoresis, which showed only one band in bromophenol blue staining. The
optimum temperature and pH for the trypsin activity were 55 °C and pH 8.0,
respectively. The enzyme was extremely stable in the pH range of 7.0-10.0 and highly
(70%) stable up to 50 °C after 30 minutes incubation. N.-Benzoyl-L-arginine 4-
nitroanilide hydrochloride (BAPNA) was used as a substrate for all activity and stability
analyzes. Data of the study showed that temperature and pH factors that significantly
affect trypsin enzyme activity.

e purification

1. GIRiS
Denizel ortam, genetik olarak ¢ok cesitli tiirleri barindirdig1 icin farkli 6zellikteki enzimlerin elde
edilmesinde en Onemli kaynak olarak goriilmektedir. Deniz ortami, ekstrem kosullar1 da
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tagiyabildiginden deniz canlilarindan elde edilen enzimler de bu sartlara uyum gostermistir (Zhou vd.,
2011; Fouz vd., 2021).

Balik, karides, kabuklular gibi deniz canlilarmin sindirim sistemlerinden elde edilen hidrolitik
enzimler essiz biyoteknolojik potansiyeli olan protein molekiilleridir. Sindirim enzimlerinin
ozelliklerinin elde edildikleri tiirlere ve organa gore farklilik gostermesi, cesitli alanlarda
kullanilmasina olanak saglamaktadir. Ornegin, salmon baliginin mide suyundan elde edilen Zonase X
isimli ticari enzim insan viicudundaki eski derilerin uzaklastirilarak derinin yenilenmesini
saglamaktadir (Sarkar vd., 2010).

Baliklar poikilotermik canlilar oldugu igin yasamlarimi devam ettirebilmeleri igin sindirim
enzimlerinin ortamin sicakligina adapte olmasi gerekir. Soguga dayanikli balik tiirlerin genelde sicak
kanli hayvanlara gore diigiik sicaklikta daha yiiksek enzimatik aktivite gosterdigi tespit edilmistir
(Ahsan ve Watabe, 2001; Yang vd., 2009; Fouz vd., 2021).

Tiirkiye su triinleri tretimi 2020 yili igin 785.811 ton olarak gerceklesmistir. Toplam iiretimin
%69°u yetistiricilik kaynakli, geri kalan kismi ise avcilik kaynakli gerceklesmistir (Anon, 2021a).
Tiirkiye su triinleri yetistiricilik sektdriinde ekonomik olarak en 6nemli tiirler sirasityla Avrupa deniz
levregi (9%35,34), gokkusagi alabalig1 (%30,36) ve (%26,05) ¢ipuradir (Anon, 2021b). Avrupa deniz
levregi Moronidae familyasina ait bir tath su baligidir (Lopez ve ark., 2015). D. labrax Akdeniz
iilkelerinde de yetistiriciligi yapilan onemli bir kiiltiir tiirtidiir. Beyaz eti, diisik yag icerigi ve arzu
edilen aroma gibi kalite 6zellikleri sayesinde pazardaki yeri giderek artmaktadir (Kocatepe ve Turan,
2012; Alparslan ve ark., 2014). Baliklar islendikten sonra deri ve kemik gibi atiklar olusmaktadir
(Kamer ve ark., 2018). Bas, deri, i¢ organlar, kemik, kan ve bagli su gibi balik artiklar1 avlanan
baliklarin %70-80’ini olusturmaktadir. Bu kaynaklar ¢ok iyi enzim potansiyeli olusturmaktadir. Balik
artiklarindan enzimlerin eldesi hem diisiik maliyeti hem de yiiksek ticari degerinden dolayi son
zamanlarda dikkatleri iizerine g¢ekmektedir (Klomklao, 2008). Deniz canlilarindan elde edilen
enzimler, kara canlilarindan da elde edilebilmektedir. Fakat molekiiler agirlik, aminoasit
kompozisyonlari, optimum sicaklik ve pH, stabilite ve katalitik gii¢ gibi karakteristik farkliliklar
vardir (Kim ve Dewapriya, 2014; Poonsin vd., 2019; Anati, vd., 2021).

Proteinlere 6zgii sindirim enzimleri etkili olduklar1 peptit bagina gére endo ve ekzopeptidazlar
olarak ikiye ayrilirlar. Proteinlerin parcalanmasinda gorevli olan, peptit veya proteinlerin ig
kisimlarindaki peptit baglarinin hidrolizini katalize ederek daha kisa peptitleri olusturan pepsin,
tripsin, kimotripsin gibi enzimlere endopeptidaz denir. Proteinlerin parcalanmasinda gorevli olan,
peptit veya proteinlerin son kisimlarindaki peptit baglarinin hidrolizini katalize ederek serbest amino
asitleri olusturan karboksipeptidaz ve aminopeptidaz gibi enzimlere ise ekzopeptidaz denmektedir
(Kim ve Dewapriya, 2014). Ticari peptidazlar diinyada enzim piyasasinin %60°1n1 olusturan énemli
bir gruptur. Balik sindirim sisteminden elde edilen en 6nemli enzim de tripsindir (Liu ve ark, 2011,
Silva ve ark., 2011). Suda yasayan canlilardan elde edilen tripsin enziminin molekiil biiyiikliigii, diger
memelilerden elde edilen tripsin enzimleri gibi 22-30 kDa arasindadir (Khandagale ve ark., 2013).

Su ftiriinlerinden elde edilen proteolitik enzimlerinden tripsin, gida sanayisinde deniz iriinii aroma
tiretimi ve balik sosu iretiminde, siit endiistrisinde peynir iiretiminde, boya sanayisinde parlak renk
eldesinde, saglik ve eczacilikta tedavi edici, yara kapatict ve veteriner ilact olarak, deterjan
endiistrisinde ise temizleme ajani olarak kullanilmaktadir (Kim ve Dewapriya, 2014). Tripsin gibi
alkali proteazlar yiiksek sicaklik, alkali pH, oksidasyon ajanlar1 gibi zorlu kosullarda yiiksek aktivite
gosterdigi icin cogu endiistriyel uygulamalarda yiiksek siklikta kullanilmaktadir (Ktari ve ark., 2012).

Tripsin ve kimotripsin gida endiistrisinde besin takviyesi olarak ve saglik endiistrisinde ise
pankreas tedavisinde kullanilmaktadir. Ozellikle tripsin biyomedikal deneylerde hiicre ayiric1 olarak
ve bagarili bir sekilde deterjan enzimi olarak kullanilmaktadir. Ozellikle kan, yumurta, siit {iriinleri gibi
maddelerden protein hiicrelerinin uzaklastirilmasi konusunda oldukga basarilidir. Yapilan ¢aligmalarda
bu enzimlerin 1 saat boyunca deterjanlarla temasindan sonra bile %80 oranindan katalitik aktivite
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gosterdigi tespit edilmistir (Esposito vd., 2009). Bu dikkat ¢ekici endiistriyel dnemden dolay1 saf
tripsin ve kimotripsin yiiksek ticari talep gérmektedir.

Su iiriinleri isleme endiistrisi atiklarinin 6nemli kismini olusturan i¢ organlar giiniimiizde yem
hammaddesi ve giibre iiretiminde kullanilmakta, bir kismi da kullanilmadan atilmaktadir. Balik i¢
organlarinda midenin ¢ikig boliimiinde veya bagirsaklarin baglangicinda yer alan, sayilar1 1-200
arasinda degisen uglari kapali parmak bi¢iminde uzantilari olan ve sindirim enzimlerinin iyi bir
kaynagimi olusturan organ pilorik sekadir ve sindirim enzimlerinin 6nemli kaynagini
olusturmaktadirlar. Bu ¢aligma ile Avrupa deniz levregi (D. labrax) pilorik sekasindan yiiksek saflikta
tripsin enziminin saflagtirilmasi, enzimin gida, saglik, kimya gibi farkli endiistrilerde kullanim
olanagini belirleyen optimum pH ve sicaklik dayaniminin (stabilitesi) belirlenmesi ve boylece bolge-
iilke ekonomisine yiiksek katma degerli bir {irliniin kazandirilabilmesi amaglanmuistir.

2. MATERYAL VE METOT
2.1. Hammadde ve Ornekler

Arastirmada kullanilan Avrupa deniz levregi isleme artiklar1 (kafa, omurga ve i¢ organlar)
Milas/Mugla bolgesinde bulunan yerel isleme fabrikalarindan (NOORDZEE Su Uriinleri Isleme tesisi)
temin edilmistir. Hasat sonrasi hemen iglenmis baliklardan alinan atiklar buzlanmig strafor kutulara
yerlestirilmis ve vakit gecirilmeden soguk zincir kurallari igerisinde Mugla Sitki Kogman Universitesi
Su Uriinleri Fakiiltesi, Su Uriinleri Isleme Teknolojisi Laboratuvarina getirmistir. Yaklasik 60 kg
Avrupa levrek baligi artigindan elde edilen pilorik sekalar saf su ile temizlenerek bir kismi analiz i¢in
ayrilmis, geri kalani ise -80 °C’de saklanmislardir. Her bir baliktan ayrilan pilorik sekalarin ortalama
agirligr 10.35+0.45 g’dr.
2.2. Enzim Ekstrakti Hazirlama

Avrupa deniz levregi pilorik sekalar1 (16g) 0.01 M Tris-HCI, pH 8.0, %0,9 NaCl tamponu (80 ml)
ile ortalama 1 dakika homojenize (IKA Ultratrax Homojenizator, Staufen, Almanya) edilmistir
(Solovyev vd., 2021). Homojenat, 600 g hizda 4 °C’de 15 dakika santrifiij (Hanil Supra-22K, Kore)
edilmis, sivi iist faz (slipernatant) alinarak ham enzim ekstrakti olarak kabul edilmistir. Enzim
saflagtirma igin ayrilan fazda otolizi 6nlemek i¢in materyal -80 °C’de saklanmistir (Balti vd., 2009;
Khandagale vd., 2009; Silva vd., 2009; Freitas-Junior vd., 2012; Fouz vd., 2021; Anati vd., 2021).
2.3. Enzim Saflagtirma

Ham enzim ekstrakt1 45 °C’de 30 dakika su banyosunda (Memmert WNB22) tutulmustur. Su
banyosundan sonra hemen sogutulan ekstrakt 13000 g’de 4 °C’de 25 dakika santrifiij edilmis ve s1vi
st faz ayrilmistir. Sivi st faz %0-30, %30-60 ve %60-90 doygunlukta amonyum siilfat ile muamele
edilerek tiim proteinler ¢oktiiriilmiistiir. On ¢aligmalarda tripsin enzimin en bol bulundugu ¢oktiirme
araliginin %30-60 arasi oldugu belirlenmistir. Amonyum siilfat ile ¢oktiirme iglemi sonras1 6rnek 4
°C’de bir giin bekletilmis, siv1 iist faz 13000 g’de 4 °C 25 dakika santrifiij edilmistir. Santrifiijden
sonra sivi st faz dokiilmiis ve kalan ¢okelti (pellet), ortalama 3 ml 0,01 M Tris-HCI, pH 8, %0,9 NaCl
tamponu ile sulandirilmigtir. 0.01 M Tris-HCL- %0,9 NaCl tamponunda tamamen c¢oziindiiriilen
ornekler fazla tuzun uzaklastirilmasi amaci ile diyaliz torbasina (SnakeSkin Dialysis Tubing, 10K
MWCO, Thermo Scientific) yerlestirilmistir. 20 kat fazla hacimde en az 2 kere degistirilmek suretiyle
ayn1 tampona kars1 diyaliz islemi 1 gece boyunca 4 °C de devam edilmistir. Diyaliz islemi sonrasi
ornek 0,22 p siringa filtreden (Millex-GP) gegirilerek kolona yiiklemek i¢in hazir hale getirilmistir.
Son olarak ornek, tripsin enziminin yiiksek saflikta eldesi i¢in otomatik protein saflastirma cihazina
(GE Healthcare AktaPrime Plus) bagli Hi-Prep 16/60 Sephacryl S200 HR (GE Healthcare) kolonuna
yiiklenmistir. Cihaz, 42 ml h? akis hiz1 ve 0,5 mPa kolon basmci ayarlanarak ¢alistirilmis, kolon
¢ikisinda Ornek mikroprotein, spesifik enzim aktivitesi ve elektroforetik analizler i¢in 2 ml’lik
hacimler halinde toplanmistir. Her bir hacimde yapilan analizler sonucunda spesifik enzim aktivitesi
birbirine yakin olarak hesaplanan bdlintiiler birlestirilmis ve Amicon Ultra-15 (Merck Millipore
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UFC900308) ultra santrifijj tiiplerinde 5000 g, 4°C’de 15 dakika santrifuj edilmistir. Santrifiij sonrasi
tiipilin iistiinde kalan sivi kisim alinmustir. (Silva vd., 2009; Unh'isayln vd., 2009; Barkia vd., 2010;
Freitas-Junior vd., 2012; Ktari vd., 2013).

2.4. Total Protein Hesaplama

Orneklerin toplam protein igerikleri Mikroprotein Kit (Sigma TP0300) ile Lowry vd., (1951) ve
Peterson (1977) tarafindan bildirilen yontem kullanilarak yapilmistir.

Kor deney i¢in de bir deney tiipiine 1 ml saf su eklenmis, diger deney tiiplerine de 1 ml seyreltilmis
ornek alinmigtir. Standarda, kore ve Ornek tiiplerine 0,1 ml %0,15’lik DOC (deoxycholate) ilave
edilerek iyice karigtirilmig, 10 dakika oda sicakliginda bekledikten sonra 0,1 ml %72’lik TCA
(trichloroacetic acid) eklenip tekrar iyice karigtirtlmistir. Bu islemlerden sonra ¢ozeltiler 20000 g 4°C
de 15 dk santrifiij edilmis, elde edilen ¢okelti 1 ml Lowry ajani ile ¢oziindiiriilmiistiir. 1 ml saf su ile
durulanan 6rnekler 20 dakika oda sicakliginda birakilarak her tiipe Folin Ciocalteu’s Phenol Reagent
calisma soliisyonundan 0,5’er ml ilave edilerek renk olusumu i¢in 30 dakika beklenmistir.
Spektrofotometre (Shimadzu UV-1201V, Japonya) kiivetlerine alinan soliisyonlar en yiiksek
absorbans degerinin elde edildigi dalga boyu olan 700 nm’de analiz edilmistir. Tiim okumalar 30
dakika i¢inde tamamlanmigtir. Bovinserum albimin standart kullanilarak hazirlanmig kalibrasyon
egrisine karsilik gelen protein konsantrasyonlarina karsi orneklerin absorbans degerleri kodlanarak
protein igerikleri pg/ml cinsinden tespit edilmistir (Lowry vd., 1951; Peterson, 1977).

2.5. Spesifik Enzim Aktivitesi

Spesifik enzim aktivite analizi i¢in 6rnekler, dimethylsulphoxide (DMSO) ile hazirlanan 8§ mM N-
a-benzoyl-DL-arginine-p-nitroanilide (BApNA) (30ul), enzim (30ul) ve 0,01 M Tris-HCI-%0,9 NaCl
(140pl) tamponu beraber oda sicakliginda 10 dakika inkiibe edilmistir. Inkiibasyon sonrasi drnekler
410 nm dalga boyunda Multiskan GO Microplate Spectrophotometre UV/Vis (Thermo-Scientific
51119300) cihazinda okumasi yapilmistir. Cikan sonucglar asagidaki formiile gore total aktivitesi
hesaplanmigtir (Freitas-Junior vd., 2012; Charu ve Ragini, 2020).

(A- Ao)*Toplam ornek hacmi(ml)*1000*df Total Aktivite
8800*Islem zamani(dak)*Enzim Mik (ml)
A= Ornek absorbans degeri A¢=Kor absorbans degeri

2.6. Sodium Dodesil Siilfat Poliakrilamid Jel Elektroforezi (SDS-Page)

Orneklerin tanimlanabilmesi i¢in bir sonraki asama olan SDS-Page elektroforez analizi Laemmli
(1970) metoduna bagli kalinarak %4 yigma ve %12 ayirma jeli kullanilarak yapilmistir. Ornekler
yigma jel kuyucugunda 25 pg protein olacak sekilde 0,5 M Tris-HCI, pH 6,8, %10 SDS, Gliserol ve
bromfenolblue ile hazirlanan yiikleme tamponu ile karistirllarak 100 °C’de 4 dakika 1sitilarak
denatiirasyonu saglanmigtir. Bromfenolblue jelin en alt kismina gelinceye kadar 30 mA direng
uygulanmigtir. Elektroforez uygulamasinda Sigma Aldrich S8445 ve Sigma Aldrich M3193 protein
markerlar kullanilmistir. Elektroforez islemi sonrasi jeller, %0,15 commassie blue R-250, %40
metanol ve %7 asetik asit bulunan boya ¢ozeltisi i¢erisinde su banyosunda 4 saat kadar boyanmustir.
Jeldeki fazla boya, %5 metanol ve %7,5 asetik asit igeren ¢ozelti ile her 20 dakikada bir ¢ozelti
degistirilmek suretiyle, bir saat boyunca yikanarak ortamdan uzaklagtinnlmistir. Jel boyadan
arindirildiginda ¢6zeltiden ¢ikarilmis ve beyaz 1sik altinda bantlar gdzlemlenmistir.

2.7. Optimum pH ve Sicaklik Analizleri

Optimum pH analizinde 0.01 M sodyum asetat (pH 4-6), 0,01 M Tris-HCI (pH 7-9), ve 0,01 M
Glisin-NaOH (pH 10) tamponlar1 kullanilmistir. Analiz, total aktivite metodu ile aymdir. 140ul
Tampon 30 pl 6rnek ile karstirildiktan sonra 30 ul BAPNA (8uM) eklenerek 10 dakika 25 °C’de
inkiibe edilmistir. Son olarak 410 nm dalga boyunda mikroplate reader cihazinda okuma yapilmistir
(Balti vd., 2009; Barkia vd., 2010; Silva vd., 2011; Poonsin vd., 2019).
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Optimum sicaklik analizinde 30, 40, 50, 55, 60, 65 ve 70 °C sicakliklarda (Binder BD53 1nk1'ibat6r)
0,01 M Tris-HCI pH 8,0 tamponunda yine ayni sekilde 410 nm dalga boyunda okuma yapilmistir.

2.8. Sicaklik ve pH Stabilite Analizleri

pH stabilite analizinde, optimum pH analizinde 0,01 M sodyum asetat (pH 4-6), 0,01 M Tris-HCI
(pH 7-9), ve 0,01 M Glisin-NaOH (pH 10) tamponlar1 kullanilmistir. Fakat bu analizde enzim ile
tampon 1:1 oraninda karistirilmis ve 25 °C de 30 dakika inkiibe edilmistir. Sonra total aktivite analizi
yapilmistir. 140ul tampon 30 pl 6rnek ile karigtirildiktan sonra 30 pul BAPNA (8uM) eklenerek 10
dakika 25 °C’de inkiibe edilmistir. Son olarak 410 nm dalga boyunda mikroplate reader cihazinda
okuma yapilmistir (Van Hau ve Benjakul., 2006; Silva vd., 2011; Khangembam ve Chakbarti, 2015;
Poonsin vd., 2019).

Sicaklik stabilite analizinde ise, Tris-HCI pH 8.0 tamponu ile enzim 1:1 oraninda karistirilmustir.
30-40-50-55-60-65-70°C sicakliklarda su banyosunda (Memmert WNB45) 30 dakika bekletilmistir ve
hemen buza konularak sicakligi 25 °C’ ye disiiriilmiistiir. Sonra total aktivite analizi yapilmigtir (Van
Hau ve Benjakul., 2006; Silva vd., 2011; Zamani ve Benjakul., 2015).

Okumalarin hepsi 410 nm dalga boyunda mikroplate reader cihazinda yapilmistir. Hesaplamalar
yukarida “Total Aktivite Analizi” baglig: altinda belirtilen formiil ile yapilmistir.

2.9. istatiksel Analizler

Verilerin degerlendirilmesinde SPSS 23 istatistiki paket programindan yararlanilmig ve sonuglar,
faktoriyel deneme desenine varyans kaynaklar1 kullanilarak P<0,05 6nem diizeyinde test edilmistir.
Faktorlerin seviye ortalamalarinin arasindaki farkliliklarin belirlenmesinde Duncan testi kullanilmstir.
Tiim analizler ti¢ tekrarli analiz sonuglarinin ortalamasi ve standart hatasi olarak verilmistir.

3. SONUC ve TARTISMA

Avrupa deniz levregi pilorik sekasindan tripsin ii¢ asamali saflastirma (Amonyum siilfat ile
¢oktiirme, diyaliz ve Sephadex G200) ile elde edilmis ve bulgular Tablo 1’de verilmistir. Bu ¢aligmada
ham enzim ekstraktt (1,13 Units/mg protein) saflastirmanin ilk basamaginda farkli bdliintiilerde
amonyum siilfat (%0-90) ile ¢oktirilmiistiir. Cokeltinin en yiiksek spesifik tripsin aktivitesini
gosterdigi araliktaki (%30-60) boliintii alinarak diyaliz islemine tabi tutulmustur. Tripsin amonyum
stilfat ile ¢oktiirme ve diyaliz basamaklarinda 2-3 kat saflagtirma ve %10-20 verimlilik rakamlar
yakalanmustir (Tablo 1). Benzer ¢alismalarda 1-2 kat saflagtirma ve %30-60 arasi1 verimlilik rakamlar1
yakalanmustir (Silva vd., 2011; Freitas Junior vd., 2012; Ktari vd., 2012; Semiz vd., 2013; Khandagale
vd., 2017). Verimlilik degerlerinin benzer ¢alismalardan diisiik olmasi avrupa deniz levregi ham
ekstraktinin total aktivite sonuglarmin yiiksekliginden kaynaklandigi degerlendirilmistir.

Calisma sonuglarina gore diyaliz islemi sonucunda saflastirma katsayisi 1,87’den 2,30’a ¢ikmustir
(Tablo 1). Bu sonuglar diyalizin spesifik aktivite ve saflagtirma katsayisini arttirdigini géstermektedir.
Bir gece diyalizde bekletilen ekstrakt bir sonraki saflagtirma asamasi olarak boyut dislama
kromotografisi (Sephacryl S-200) kolonuna yiiklenmistir. Kolondan gegirilen 6rnegin daha sonra
mikro plaka okuyuculu spektrofotometre ile (Multiskan GO Microplate Spectrophotometre) 410 nm
dalga boyunda aktivite belirlenmesi i¢in dlglimler yapilmistir. Boyut dislama kolon kromatografisi
grafiginde bir biiyiik bir de ¢ok kiiciik iki pik elde edilmis yapilan aktivite testleri sonucunda en
yiiksek aktivitenin belirlendigi boliintiiler 40-44 numaral: tiiplerde tespit edilmistir (Sekil 1).
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Tablo 1. Avrupa deniz levregi pilorik sekasindan tripsin enziminin saflagtirma agamasi analiz sonuglari
Total Protein  Total Aktivite  Spesifik Aktivite Verimlilik

ASAMA (mg)* (Unit)* (U/mg)* (%) Saflagtirma*

Ham ekstrakt 470,52 +15,03% 533,51 +12,202 1,13 +£0,02° 100,00 +0,00° 1,00 £0,00°
Enzim aktiflestirme 421,21 +8,64> 534,53 £10,36° 12740020 100,19 £0,43° 112 20,040
Amonyum Siilfat Coktiirme 41,63 £1,56° 87,59 £1,54° 2,1140,11°  16,41+0,56° 1,87 +0,10
Diyaliz 22,83 +0,96¢ 59,43 =1,10¢ 26040.13° 11,14 40,187 2,30 20,13
Sephadex G200 0,77 +0,08° 45,86 +1,044 59.26 +1.97¢ 8,60 0,20¢ 52,71 43,93

*Ortalama %Standart hata (N=3), Ayni siitunda farkli harflerle gdsterilen degerler arasinda istatistiki olarak onemli fark vardir (P<0,05).

Avrupa deniz levregi pilorik sekasindan farkli saflastirma asamalarinda tripsin enziminin aktivitesi,
spesifik aktivitesi, verimlilik ve saflastirma katsayilar1 arasindaki farkin istatistiksel olarak 6nemli
oldugu tespit edilmistir (p<0,05). Ayn1 sekilde, tripsin enzimi total protein degerleri arasindaki farkin
istatistiksel olarak énemli oldugu bulunmustur (p<0,05) (Tablo 1).
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Sekil 1. Boyut diglama kromotografisi (Sephacryl S 200) sonrasi boliintiilerin aktivite ve toplam protein grafigi

Orneklerin kolon kromotografisi sonrasinda 52,71 kat saflagtirilma, %8,60 verimlilik ve 59,26
units/mg tripsin spesifik aktivite degerlerine ulasildigi tespit edilmistir (Tablo 1). Enzimin saflik
kontrolii igin yapilan SDS PAGE analizinde Tripsin enzimine ait tek bant (24 kDA) goriintiilenmistir
(Sekil 1).
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200 kDA

116 kDA

97 kDA

66kDA ’

55kDA

Sekil 1. Avrupa deniz levregi (D.labrax) pilorik sekasindan saflagtirilan tripsin enziminin SDS-Page Jel
Goriintiisi (1. Diisiik molekiil agirligindaki marker, 2.Ham ekstrakt, 3. Enzim aktiflestirme, 4. Amonyum siilfat
ile ¢oktiirme, 5. Diyaliz, 6. Sephadex G200, 7. Yiiksek molekiil agirligindaki marker)

Genel olarak baliklardan elde edilen tripsin enziminin molekiil biiylikligi 22-28 kDa arasinda
oldugu belirtilmistir (Ktari vd., 2012). Avrupa deniz levreginden saflastirilan tripsinin molekiil agirlig
Epinephelus coioides (Liu vd., 2012), Kaliforniya Korfezi’nde bulunan pasifik uskumrusu (Valdez-
Melchor vd., 2013), pasifik beyaz karides (Sephan vd., 2015), Labeo rohita (Charu ve Ragini, 2020)
ve Coryphaena hippurus (Dos Santos vd., 2020) gibi su fiiriinlerinden elde edilen tripsin ile yiiksek
benzerlik gostermektedir.

Yapilan benzer galismalarda tripsin enziminin saflagtirma katsayis1 Boops boops’da 8,7 kat (Barkia
vd., 2010), Salaria basilisca’da 4,2 kat (Ktari vd., 2012), E. coioides’de 161,85 kat (Liu vd., 2012),
Karadeniz hamsisinde (Engralius encrasicholus) 6,23 kat (Temiz vd., 2013), pasifik uskumrusunda
(Scomberomorus sierra) 11,93 kat (Valdez-Melchor vd., 2013), Cirrhinus mirgala’da 35,64 kat
(Khangembam ve Chakbarti, 2015), beyaz karideste 50,4 kat (Sephan vd., 2015), Sardinella
longiceps’de 23,5 kat (Khandagale vd., 2017) ve C. hippurus’te 2,99 kat (Dos Santos vd., 2020) olarak
bulunmustur. Calisma sonuglarimiza gére Avrupa deniz levreginden tripsin enziminin saflastirma
katsayis1 52,71 kat olarak bulunmus olup diger balik tiirlerinde yapilan ¢aligmalarin ¢ogundan yiiksek
oranda saflastirma yaptigimiz ortaya c¢ikmaktadir. Liu vd., (2012) c¢alismasinda saflastirma
katsayisinin yliksek olmasinin sebebi 3 basamak kolon kullanilmasi oldugu diistiniilmektedir.

Calisma bulgularimiza gore saflastirilan tripsin enziminin spesifik aktivitesi 59,26 units/mg
proteindir (Tablo 1). Bu da Sepia officinalis (Balti vd., 2009), B. boops (Barkia vd., 2010), Diapterus
rhombeus (Silva vd., 2011), Salaria basilisca (Ktari vd., 2012), Karadeniz hamsisi (Temiz vd., 2013),
C. mirgala (Khangembam ve Chakbarti, 2015), Luphiosilurus alexandri (Santos vd., 2016), Rutilus
frisii Kutum’dan (Hasebi vd., 2020) ¢ok yiiksek olup; S. longiceps (Khandagale vd., 2017) ile 2 adet
boyut dislama kolonu basamagi uygulanmis Theragra chalcogramma (Kishimura vd., 2008)’nin elde
ettigi tripsin enziminin spesifik aktivitesine benzerlik gosterdigi belirlenmistir.
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Tripsin enziminin endiistriyel anlamda kullanimimi belirleyen en 6nemli 6zelligi pH ve sicaklik
stabilitesidir. Bu kapsamda, Avrupa deniz levregi pilorik sekasindan saflastirilan tripsin enziminin pH
ile sicaklik stabilite testleri yapilmig ve sonuglar Sekil 2 ve 3°te sunulmustur.

100,00
80,00
60,00

40,00

% Aktivite

20,00

0,00 ‘g
4 5 6 . 8 9 )
pH

Sekil 2. Avrupa deniz levregi pilorik sekasindan saflastirilan tripsinin aktivitesi tizerine pH’nin etkisi. (Sodyum
asetat_pH 4-6, Tris-HCI_pH 7-9 ve Glisin-NaOH_pH 10)(Farkli harflerle gosterilen degerler arasinda istatistiki
olarak fark vardir (P<0,05)).

Avrupa deniz levregi pilorik sekasindan elde edilen tripsin enziminin aktivitesi {izerine pH’nin
etkisinin belirlenmesine yonelik yapilan analiz sonuglarina gore pH 4’den pH 8’e¢ kadar spesifik
aktivite diizenli olarak artmig (P<0,05), takiben pH 9 ve 10’da da dnemli (P<0,05) oranda azaldig
belirlenmistir (Sekil 2). Sonug olarak enzimin optimum pH degeri pH 8 olarak tespit edilmistir. Benzer
sekilde Siniperca chuatsi (Lu vd., 2008), Gadus macrochephalus (Fuchise vd., 2009), D. rhombeus
(Silva vd., 2011), E. coioides (Liu vd., 2012), Pasifik uskumru (Valdez-Melchor vd., 2013), C.
mirgala (Khangembam ve Chakbarti, 2015), beyaz karides balig1 (Sephan vd., 2015), Engraulis
achoita (Lamas vd., 2017), C. hippurus (Dos Santos vd., 2020), L. rohita baligi (Charu ve Ragini,
2020) gibi farkli su iiriinlerinden elde edilen tripsin enziminin optimum pH degerinin belirlenmesine
yonelik yapilan ¢aligmalari optimum pH sonuglar1 da bulgularimiz ile uyumludur.
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Sekil 3. Avrupa deniz levregi pilorik sekasindan saflastirilan tripsinin, farkli pH’lar da 25 °C’de, 30 dak.
inkiibasyon sonrasi stabilitesi. (Farkli harflerle gosterilen degerler arasinda istatistiki olarak fark vardir
(P<0,05)).
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Avrupa deniz levregi pilorik sekasindan yiiksek saflikta elde edilen tripsin enziminin farkli pH’lar
da 25 °C’de, 30 dk. inkiibasyon sonrasi stabilitesi Sekil 3’te verilmis olup en iyi stabilite degeri pH 7,0
de belirlenmistir. Bu sonuca gore pH 4’ten pH 7’ye kadar stabilite 6nemli (P<0,05) oranda artmus,
sonra pH 7’den pH 10’a dogru 6nemli (P<0,05) oranda azalarak %76,25ya diigmiistiir (Sekil 3).
Sonuglar tripsin enziminin pH 7-10 arasindaki spesifik aktivitesinin diger pH degerlerine gére dnemli
oranda yiiksek oldugunu gdstermistir (Sekil 3).

Yapilan benzer bir ¢alisma da sucul canlilardan elde edilen tripsinin pH 7,5-10,0 arasinda stabil
kaldig: bildirilmistir (Freitas-Junior vd., 2012). Avrupa deniz levregi pilorik sekasindan elde edilen
tripsin enziminin pH stabilitesi, S. chuatsi (Lu vd., 2008), G. macrochephalus (Fuchise vd., 2009), B.
boops (Barkia vd., 2010), D. rhombeus (Silva vd., 2011), beyaz karides baligi1 (Sephan vd., 2015), S.
longiceps (Khandagale vd., 2017), C. hippurus (Santos vd., 2020) ve Arapima gigas (Freitas-Junior
vd., 2021) tiirleri ile benzer stabilite araligi gosterdigi, E. coioides (Liu vd., 2012)’in bulgularindan
farkli olarak daha genis aralikta stabilite gosterdigi belirlenmistir. Bulgularimizdan farkli olarak
Pricanthus macracanthus (Van Hau ve Banjakul, 2006), A. gigas (Freitas-Junior vd., 2012) ve S.
basilisca (Ktari vd., 2012) tiirlerinden elde edilen tripsinlerin daha genis pH araliginda stabilite
gosterdigi belirlenmistir. Bu farkin sebebi olarak balik tiirlerinin farkliligi ve tiirlerin yagama ortami
farkliliklarindan kaynaklanabilecegi diisiiniilmektedir.

Sicakligin Avrupa deniz levregi pilorik sekasindan elde edilen tripsin enzimi iizerine etkisi total
aktivite formiilii ile hesaplanmig ve sonuglar Sekil 4 ve 5’te sunulmustur.
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60,00

% Aktivite

40,00
20,00

0,00
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Sekil 4. Avrupa deniz levregi pilorik sekasindan saflagtirilan tripsin enziminin aktivitesi iizerine sicakligin etkisi
(Farkl harflerle gosterilen degerler arasinda istatistiki olarak fark vardir (P<0,05)).

Calisma bulgularimiza goére pilorik sekadan saflagtirilan tripsinin optimum spesifik aktivite
gosterdigi sicaklik 55 °C olarak tespit edilmistir. Bu sicakliktan sonra diizenli olarak aktivitede
diistisler belirlenmis olup, enzimin 70 °C’de %60 oraninda aktivite kaybina ugradigi belirlenmistir
(Sekil 4). Bulgularimizla uyumlu sekilde S. basilisca baliginin i¢ organlarindan elde edilen tripsinin
optimum sicaklig1 55 °C olup, 70°C’de aktivitesinin yarisini kaybettigi bildirilmistir (Ktari vd., 2012).
Benzer sekilde Silva vd. (2011) tarafindan saflastirilan tripsin enziminin optimum sicakligir 50-55 °C
araliginda olup, 70 °C’de aktivitenin %80’i kaybolmustur. Diger bir ¢alismada da P. macracanthus
balig1 pilorik sekasindan elde edilen tripsinin ise 55 °C’de en yiiksek aktiviteyi gostermis oldugu,
aktivitesini 70 °C’de %90 oraninda kaybettigi bildirilmistir (Van Hau ve Benjakul, 2006). Ayrica
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Pasifik uskumru (Valdez-Melchor vd., 2013), beyaz karides (Sephan vd., 2015), E. achoita (Lamas
vd., 2017), C. hippurus (Santos vd., 2020) gibi farkli deniz tiriinlerinde yapilan tripsin enziminin
optimum sicaklik sonuglari ile bulgularimiz benzerdir. C. mirgala (Khangembam ve Chakbarti, 2015),
Colossoma macropomum (Balti vd., 2010), B. boops (Barkia vd., 2010) ve L. rohita (Charu ve Ragini,
2020)’da yapilan calisma sonuglarina gore daha yiiksek sicakliklarda aktivitenin korundugu
belirlenmistir.
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Sekil 5. Avrupa deniz levregi pilorik sekasindan saflastirilan tripsin enziminin 25°C’de, 30 dak. inkiibasyon
sonrast stabilitesi. (Farkli harflerle gosterilen degerler arasinda istatistiki olarak fark vardir (P<0,05)).

Calisma bulgularimiza gore avrupa deniz levregi pilorik sekasindan elde edilen tripsin enziminin
30 dakika farkli sicakliklarda su banyosunda inkiibasyon sonucunda 30°C’de en yiiksek spesifik
aktiviteyi gostermis oldugu ve 70°C’de tamamen denatiire olarak stabilitenin kayboldugu
belirlenmistir. Ozellikle 50°C’den sonra aktivitenin yiiksek hizda azaldigi goriilmiistiir (Sekil 5).
Calisma sonuglarimizla uyumlu olarak, Balti vd. (2009) S. officinalis miirekkep baliginin
hepatopankreasindan elde edilen tripsin enziminin spesifik aktivitesinde 50°C’den sonra hizli bir
diistis goriildigiinii ve 70°C’de tamamen denatiire oldugu bildirilmistir. Diger bir ¢alismada, B. boops
(Kopez) baligindan saflastirilan tripsin enzimin 55°C’den sonra hizli bir aktivite kaybettigi, 60°C’de
15 dakika sonra ise tamamen denatiire oldugu tespit edilmistir (Barkia vd., 2010). E. coioides
baligindan elde edilen tripsin enzimin sicakliga dayanikliligi 50°C’den sonra azalmis olup, 70°C’de
%801 kaybolmustur (Liu vd., 2012). S. longiceps i¢ organlarindan elde dilen tripsin iizerinde yapilan
stabilite deneylerinde 50°C’den sonra spesifik aktivitenin hizla azaldig1 ve 70°C’de %90’ 11 kaybettigi
goriilmiistiir (Khandagale vd.,2017). Tirsi baligindan elde edilen tripsinin ise 50°C’den sonra yiiksek
aktivite kaybi yasadigi, 60°C’de ise tamamen denatiire oldugu tespit edilmistir (Zamani vd., 2017).

Elde edilen tripsin enzimi sicaklik stabilitesi Sephan ve ark., (2015) ve Freitas-Junior vd., (2012)
haricinde benzerlik gostermistir. Sephan ve ark., (2015) ve Freitas-Junior vd., (2012) tarafindan elde
edilen tripsinlerin sicaklik stabiliteleri elde ettigimiz tripsinin stabilitesinden yliksek oldugu tespit
edilmigtir. Bunlarin sebebi s6z konusu aragtirmadaki analiz farkliliklar1 oldugu diisiiniilmektedir.
Aragtirma metodunda stabilite analizinde 30 dakika su banyosunda tutulurken, belirtilen yazarlarin
analizlerinde 15 dakika su banyosunda tutuldugu goriilmiistiir.

Sonug olarak Avrupa levrek baligi iilkemizde ve bolgemizde yetistiricilik iiretiminde ekonomik
olarak 6nemli bir tiir olup dnemli miktarda islenerek degerlendirilmekte ve bunun sonucunda yiiksek
miktarda i¢ organ atiklari ortaya ¢ikmaktadir. Mevcut ¢alismamizla deniz levregi sindirim sistemi
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pilorik sekasindan ii¢ asamali saflagtirma yontemi uygulanarak yiiksek saflikta tripsin enzimi
saflastirilmistir. Boylece soz konusu balik atiklarindan pek ¢ok endiistri i¢in kullanim olanagi sunan,
katma degeri yiikseltilmis iirlin gelistirilmistir. Sindirim enzimlerinin kullanimin belirleyen en 6nemli
unsur olan pH ve sicaklik stabilite testleri de yapilarak saflastirilan tripsin enzimlerinin kara
hayvanlarindan saflagtirilana gore daha genis pH ve sicaklik araliklarindan stabilite gosterdigi tespit
edilmistir. Avrupa deniz levregi baligindan elde ettigimiz tripsin enzimi literatiirde bildirilen ¢ogu su
iiriinleri ve kara hayvanlarindan saflastirilan enzimlerden daha iyi 6zellikler gostermistir. Saflastirilan
tripsin enziminin genis sicaklik ve pH degeri araligina sahip oldugu géz oniine alindiginda deterjan,
boya, saglik ve gida endiistrisi gibi farkli endiistriyel alanlarda kullanimi miimkiin olabilecektir.
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Ozet: Bu galigmada, Izmir Kérfezi’nden Ekim 2012-Eyliil 2013 tarihleri arasinda aylik ~ Anahtar kelimeler
olarak ticari balikgilardan elde edilen yabani mercan baligi (Pagellus acarne Risso, e Pagellus acarne
1827)’nin lireme 6zellikleri arastirilmistir. Arastirma siiresince toplam 1031 adet yabani e Gonadosomatik indeks
mercan bahig1 incelenmistir. Orneklerin total boy ve agirliklan disi bireylerde 11,9-20,8 o Fekondite

cm ile 23,95-114,50 g, erkek bireylerde ise 11,1-19,4 cm ile 19,62-102,9 g arasinda
dagilim gostermistir. Disicerkek orami 1,17:1 olarak hesaplanmigtir. Protandrik
hermafrodit olarak karakterize edilen bu tiiriin, gonadosomatik indeks (GSI) degerlerine
gore, aragtirma bolgesindeki lireme periyodunun Eyliil-Aralik aylari arasinda oldugu
tespit edilmigtir. Bir diginin bir defada biraktigi yumurta miktarinim, 14504-56401
adet/birey arasinda degistigi gozlenmistir. Olgunlagsmis yumurta ¢aplari 200-1020 pm
arasinda degisim gostermistir.

o {zmir Korfezi

Abstract: In the study, the reproductive biology of the axillary seabream (Pagellus Keywords

acarne Risso, 1827) was investigated between October 2012 and September 2013 in e Pagellus acarne
Izmir Bay from the samples of commercial catches. A total of 1031 specimens were ¢ Gonadosomatic index
examined in the study period. The total length and weight distribution of the specimens o Fecundity

were 11.9-20.8 cm — 23.95-114.5 g for females and 11.1-19.4 cm — 19.62-102.9 g for
males and the sex ratio (female:male) was 1.17:1. The gonadosomatic index (GSI) values
showed that the reproduction period of this protandric species was from September to
December in the study area. The fecundity of females in one batch was estimated as
between 14504-56401. The riped egg diameter ranged from around 200 to 1020 pum.

e izmir Bay

1. GIRIS

[zmir Korfezi, Ege Denizi’nin en 6nemli balik¢ilik alanlari arasindadir. Kérfez, dip yapist ve biyo-
ekolojik ozelliklerinin uygunlugu acisindan hem iyi bir av sahasi hem de pek ¢ok ekonomik tiiriin
yumurtlama alanini olusturmaktadir (Kocatas & Bilecik, 1992).

Yabani mercan baligi (Pagellus acarne), Ege Denizi’ndeki pay: kalitatif agidan olduk¢a 6nem
tasiyan Sparidae familyasina ait bir tiirdiir. Ozellikle deniz gayir1 yataklari ile kumlu dip yapisina sahip
500 m’ye kadarki (genellikle 40-100 m) derinliklerde demersal olarak yasamaktadir (Whitehead vd.,
1986).

Balik populasyonlarinin biyolojik 6zelliklerinin incelenerek, stok durumlarinin saptanmasi,
balik¢ilik biyolojisi ¢alismalarin en énemli konusunu olusturur. Ozellikle ekonomik tiirlerin stok

@ ® This paper is published by Isparta University of Applied Sciences, Egirdir Fisheries Faculty under Creative Commons

Attribution 4.0 International (CC BY 4.0) license. http://creativecommons.org/licenses/by/4.0/


https://dergipark.org.tr/actaquatr
10.22392/actaquatr.1037401
http://creativecommons.org/licenses/by/4.0/
mailto:dilek.ilhan@ege.edu.tr
https://doi.org/10.22392/actaquatr.1037401
https://orcid.org/0000-0003-1228-105X
https://orcid.org/0000-0001-9839-6485
https://orcid.org/0000-0001-5231-4077

flhan vd., 2022 Acta Aquat. Turc., 18(2): 273-282 274

miktarlarinin  tespiti, ekonomik ac¢idan en yikksek oranda ve stoga zarar vermeden
degerlendirilebilmesi, kaynaklarin korunmasi ve devamliliginin saglanmasi i¢in gereklidir (Bingel,
1985).

Arastirma materyalini olusturan yabani mercan baligmmin biyolojisi ve bilylimesi {izerine
gerceklestirilmis ¢cok sayida ¢alisma (Coupe, 1952; Mater, 1976; Lé-Trong Phan & Kompowski, 1972;
Andaloro, 1982; Domanevskaya, 1982; Domanevskaya & Patokina, 1984; Santos vd., 1995; Ozaydin,
1997; Tosunoglu vd., 1997; Pajuelo & Lorenzo, 2000; Coelho vd., 2005; Velasco vd., 2011; Soykan
vd., 2015 Oztekin vd. 2015; Ilhan, 2018; Innal & Katselis, 2019; Yedier vd., 2019) ile tiiriin iireme
ozellikleri ile ilgili galigmalar da mevcuttur (Stergio vd., 1997; Pajuelo & Lorenzo, 2000; Zoubi, 2001;
Velasco vd., 2011; Bensahla Talet vd., 2013; Despoti & Stergiou, 2013; Boufersaoui & Harchouche,
2015; Dragicevi¢ vd., 2015; Bensahla Talet vd., 2017 ve Bentata-Keddar vd., 2020).

Bu calisma ile Pagellus acarne’nin, izmir Koérfezi’ndeki (Orta Ege Denizi) iireme ozellikleri
incelenmistir. Ayrica bu arastirma Ege Denizi igin tiiriin yumurta ¢aplarinin bildirildigi ilk ¢alismadir.
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Sekil 1. Arastirma bolgesi

2. MATERYAL ve METOT

[zmir Korfezi’'nden (Sekil 1) orneklenen Pagellus acarne bireylerinin total boylar1 (20,1 cm)
Olciilmiis, viicut ve gonad agirliklart #£0,0001 g hassasiyetli terazi ile tartilmistir. Disi:erkek oranlari
arasinda istatistiksel agidan fark olup olmadigini saptamak amaciyla Ki-kare (y?) testi, disi ve erkek
bireylerin boy ve agirhk bakimindan farkli olup olmadiklarini belirlemek igin student-t testi
uygulanmigtir (Stimbiiloglu & Siimbiiloglu, 1997). Bireylerin cinsiyeti ve olgunluk safhalar
gonadlarin dig goriinlisiine bakilarak makroskopik olarak gergeklestirilmistir. Tiiriin reme
aktivitesinin belirlenmesi amaciyla disi bireylerin ovaryum gelisimleri Holden & Rait (1974)
tarafindan tanimlanan kriterler esas alinarak 5 sathada incelenmistir.
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Gonadlarin morfolojik gelisim durumlarina gore, olgunlagmis ve olgunlasmamis bireylerin oranlari
tespit edilmistir. Bu oranlarin boy gruplan igerisinde % 50’den fazlasinin olgun oldugu boy, ilk
eseysel olgunluk boyu olarak kabul edilmistir (Avsar, 1993).

GSI degerlerinin hesaplanmasinda; GSI = (Gonad agirligi / Viicut agirhigl) x 100 esitliginden
yararlanilmistir (King, 1995).

[k iireme boyunun hesaplanmasi icin dnce disi ve erkek bireyler birer cm’lik gruplara ayrilmis ve
bu boy gruplarindaki II., III. ve IV. gonad safthasina sahip bireylerin tiim bireyler igindeki oran1 (%)
hesaplanmistir. Bu degerlere lojistik bir egri uygulanmis ve egride Y eksenindeki % 50 degerine
karsilik gelen X ekseni degeri, bireylerin % 50’sinin olgunlagmis oldugu boy, yani ilk eseysel
olgunluk boyu olarak kabul edilmistir. P =1/ (1+exp [-r (L-Lm) ]) lojistik egri denklemi kullanilmigtir
(King, 1995). Burada, P: Olgunlagmis birey orani, r: Egrinin egimi, Lm: Olgunluk boyundaki ortalama
boyu veya bireylerin % 50’sinin ireme durumunda oldugu boyu ifade etmektedir.

Yumurta verimliligi Bagenal (1978)’in Onerdigi gravimetrik yontemle saptanmistir. Bu amagla
ovaryumlarin anteriyor, orta ve posteriyor boliimlerinden alinan alt 6rnekler (0,1 g) Gilson ¢dzeltisine
(100 ml % 60°lik etil alkol, 800 ml saf su, 15 ml % 80’lik nitrik asit, 18 ml glasiyal asetik asit ve 20 g
cwva klorlir) konulmus, 48 saat araliklarla calkalanmis ve yumurtalarin bag dokudan ayrilmasi
saglanmistir. Yumurtalarin sayimi stereo mikroskopta yapilmis ve ortalama yumurta sayist F = nx(G /
g) formiilii kullanilarak hesaplanmistir (Avsar, 2005). Burada; F, mutlak yumurta verimliligi; G, gonad
agirhigi (g); g, alt 6rnegin agirligi (g); n, alt 6rnekteki yumurta sayisi (adet)’dir. Fekonditenin tespiti
icin; belirlenen yumurta sayilar1 ovaryum agirliklariyla oranlanmistir.

Yumurta ¢ap1 Ol¢timleri ise binokiiler mikroskop altinda (4x10) mikrometrik okiiler yardimiyla
gerceklestirilmistir.

3. BULGULAR

Bu c¢aligmada, izmir Korfezi’nden Ekim 2012-Eyliil 2013 tarihleri arasinda aylik olarak ticari
balik¢ilardan temin edilen Pagellus acarne tiirtine ait 523 disi, 447 erkek ve 61 cinsi olgunluga
ulagmamis ya da cinsiyeti belirlenememis olmak {izere toplam 1031 adet birey incelenmistir.

Tiim 6rnekleme periyodu boyunca disi:erkek orani 1,17:1 olarak hesaplanmistir. Uygulanan y?
analizi sonucunda, tiim yil boyunca avlanan Orneklerdeki disi:erkek oranlari arasinda istatistiksel

agidan fark oldugu saptanmustir (%2 =29,818< %2 10,005=3,84, p<0.05).
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Sekil 2. izmir Kérfezi’nden 6rneklenen Pagellus acarne bireylerinin boy frekans dagilimlari
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Arasgtirma siiresince incelenen bireylerden, cinsiyeti belirlenen 523 adet disi bireyin total boylarn
11,9-20,8 cm, agirliklar1 23,95-114,50 g arasinda degisim gostermistir. 447 adet erkek bireyin ise
11,1-19,4 cm ile 19,62-102,9 g arasinda dagilim gosterdigi saptanmistir (Sekil 2). Uygulanan student-t
testi sonucunda disi ve erkek bireyler arasinda, agirlik bakimindan istatistiksel agidan fark oldugu
(t=8,525, p<0,05), ancak boy bakimindan 6nemli bir farkin bulunmadigi saptanmstir (t=1,448,
p>0,05). En fazla bireye hem disi (% 30,7) hem de erkeklerde (% 24,4) 15.0 cm’lik boy grubunda
rastlanilmustir.

GSI
ORrNWEUT O~ ®O©

Sekil 3. izmir Kérfezi’ndeki Pagellus acarne’nin disi bireylerinin aylara gére Gonadosomatik
Indeks Degerleri (GSI)

Yabani mercan baliginin korfezdeki iireme periyodunu belirlemek amaciyla hesaplanan, aylara
gdre minimum, maksimum ve ortalama gonadosomatik indeks degerleri incelendiginde, hem disi hem
de erkek bireylerde GSI degerlerinin Eyliil ayinda artmaya basladig, disilerde Aralik, erkeklerde ise
Eyliil ve Kasim aylarinda en yiiksek degerlere ulagtig1 goriilmiistiir (Sekil 3, 4).

Bu verilere gore tiiriin aragtirma bdlgesindeki en yiiksek yumurtlama aktivitesinin Eyliil’den Aralik
sonuna kadar gergeklestigi tespit edilmigtir.

GSI
ORPNWEUO®~®O

Aylar

Sekil 4. izmir Kérfezi’ndeki Pagellus acarne’nin erkek bireylerinin aylara gore Gonadosomatik
Indeks Degerleri (GSI)
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Bu tiirtin arastirma bolgesindeki ilk iireme boyu; erkek bireyler i¢in 14,18 cm ve disi bireyler igin
15,23 cm olarak belirlenmistir (Sekil 5).

11 12 13 14 15 16 17 18 19 20 21
Total Boy (cm)
Sekil 5. izmir Kérfezi’ndeki Pagellus acarne’nin disi ve erkek bireylerinin ilk iireme boylar1

Aragtirma bolgesindeki yabani mercan bireylerinin fekonditesinin belirlenmesi amaciyla, olgun
gonada sahip 103 disi bireyin ovaryumlarindaki yumurta sayimi sonucunda, bir disinin bir defada
biraktigi yumurta miktarinin 14504-56401 adet/birey arasinda ve ortalama 25642+973,446 oldugu
belirlenmistir. 1348 adet yumurta ¢api Ol¢iimiine gore; yumurta caplarinin ortalama 490+2,779 um

oldugu ve minimum 200 pm ile maksimum 1020 um arasinda degistigi tespit edilmistir.

4. TARTISMA VE SONUC

Izmir Korfezi'nde Pagellus acarne’nin iireme dzelliklerinin incelendigi bu ¢alismada, disi: erkek
orani 1,17:1 ile disiler yoniinde baskin bulunmustur. Benzer sekilde, farkli denizlerde yapilmis pek
cok calismada yabani mercanin cinsiyet oraninin disiler lehine oldugu bildirilmistir (Santos vd., 1995;
Pajuelo & Lorenzo, 2000; Coelho vd., 2005; Dragiéevi¢ vd., 2012; Soykan vd., 2015; Boufersaoui &
Harchouche, 2015; Bensahla Talet vd., 2017; Giil vd., 2021). Buna karsin, baz1 dagilim alanlarinda bu
tiiriin erkek bireylerinin baskin oldugu rapor edilmistir (Ozaydin, 1997; Arculeo vd., 2000; Velasco
vd., 2011; Yedier vd., 2019; Bentata-Keddar vd., 2020). Protandrik hermafrodit tireme 6zelligi
gosteren tiirde disi-erkek oranimi oncelikle bireylerin boy dagilimlarinin belirledigi muhtemeldir.
Dolayisiyla 6rnek popiilasyonda disi oranimin yiiksek olmasi biiyiik boylu bireylerin sayica fazla
olmasinin bir sonucudur. Bununla birlikte, aragtirma bolgelerindeki mevcut avcilik baskilar sebebiyle
tiirlerin ilk tireme boyuna daha erken ulagmasinin, veya tiir i¢i ve tiirler aras1 beslenme rekabeti sonucu
meydana gelen bilylime farkliliklarinin da cinsiyet oranlar1 {izerinde etkili olabilecegi
diistiniilmektedir.

GSI degerlerine gore yabani mercan baliginin arastirma bélgesindeki iiremesinin dort aylik bir
periyotta (Eyliil’den Aralik’a kadar) gergeklestigi belirlenmistir. Atlas Okyanusu ve Akdeniz’in farkli
bolgelerinde yapilmig caligmalarda ise bu tiirlin genellikle yil icinde daha uzun bir zaman diliminde
ireme faaliyeti gosterdigi bildirilmistir (Tablo 1). Bunun, ¢alisma bélgemizin daha kuzeyde bulunmasi
ve dogal olarak su sicakliginin diigiikk olmasindan kaynaklandigi disiiniilmektedir. Benzer sekilde,
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Pajuelo & Lorenzo (2000)’da P. acarne'nin, daha al¢ak enlemlerde kis ve ilkbahar mevsimleri
arasinda, yiiksek enlemlerde ise yilin son aylarinda yumurtlama egilimi gdsterdigini bildirmistir.
Ayrica, omekleme derinligi, dogal veya avcilik baskist gibi insan kaynakli nedenlerden dolayi,
orneklerimiz icerisinde en biiyiik boydaki bireyin (~21 cm) tiiriin ulasabilecegi maksimum boydan
oldukea kiigiik olmas1 da iireme doneminin ge¢ baglamasina sebep olabilir. Zira, birgok balik tiiriinde
ilk tireme olgunluguna ulasanlarin boy veya yas olarak popiilasyondaki biiyiik bireyler olduklar
gozlenmektedir (Saborido-Rey & Kjesbu, 2012).

Tablo 1. Pagellus acarne’nin farkli denizlere ait tireme dénemleri

AYLAR

O S M NMH T A E E K A Lokalite Arastirici
X X X X X X Cape Blank, Afrika Alexseev (1969)
X X X X X X Kuzey Bati Afrika Stepkina (1970)
Kuzey Bat1 Afrika Lé-Trong Phan & Kompowski
X X X X Kiyilar (1972)
X X Dogu Atlantik Bauchot & Hureau (1986)
X X X Dogu Akdeniz Bauchot & Hureau (1986)
X X X X X X X X X Portekiz Kiyilari Erzini vd. (1997)
X X X X X X Kanarya Adalar Pajuelo & Lorenzo (2000)

X X X X X X X Cadiz, Atlas Oky.
X X X X X X Alboran, Akden?/z Velasco vd. (2011)
. Boufersaoui & Harchouche
X X X X X Cezayir Kiyilar (2015)
X X X X X X Cezayir Kiyilarn Bensahla Talet vd. (2017)
X X X X X X Bat1 Akdeniz Bentata-Keddar vd. (2020)
X X X X lIzmir Kérfezi Bu Calisma

Tablo 2. Pagellus acarne’nin farkli denizlere ait ilk cinsi olgunluk boylari (¢m)
Arastirma Bolgesi Total Disi Erkek Arastirici
Tiren ve Iyon Denizi 22,0 - - Andaloro (1982)
Atlas Okyanusu 20,9 - - Lamrini (1986)
Atlas Okyanusu - 19,7 20,9 Santos vd. (1995)
Kanarya Adalar - 194 158 Pajuelo & Lorenzo (2000)
Cadiz, Atlas Okyanusu - 215 184

Alboran, Akden?/z - 20,1 17,7 Velasco vd. (2011)
Bati Akdeniz - 12,75 15,99 Bensahla Talet vd. (2017)
Cezayir kiyilari, Bati Akdeniz - 16,45 16,8 Boufersaoui & Harchouche (2015)
Orta Ege Denizi - 14,45 13,91 Soykan vd. (2015)
Bat1 Akdeniz - 18,63 16,95 Bentata-Keddar vd. (2020)
[zmir Korfezi, Ege Denizi - 15,23 14,18 Bu Calisma

Bu calismada, erkeklerin disilerden daha kiigliik boylarda iken cinsi olgunluga eristigi tespit
edilmistir. Ayni sonug Santos vd. (1995); Pajuelo & Lorenzo (2000); Valesco vd. (2011), Soykan vd.
(2015) ile Bentata-Keddar vd. (2020) tarafindan da bildirilmistir. Bunun, P. acarne’nin protandrik
hermafrodit bir tir olmasindan kaynaklandigi disiiniilmektedir. Yabani mercanin arastirma
bolgesindeki ilk lireme boyu, farkli denizlere ait degerlerle birlikte Tablo 2°de verilmistir. Atlas
Okyanusu’na ait ¢aligmalarda tiirtin ilk cinsi olgunlugu Akdeniz’e kiyasla daha biiyiik boylarda
bildirilmistir. Su sicakligi metabolik aktiviteyi etkileyen en dnemli faktdrlerden biridir. Dolayisiyla,
baliklarin cinsel olgunluga Akdeniz'de Atlas Okyanusu’ndakilerden daha kiiciik boyutta ulasmasi
Akdeniz suyunun okyanus suyundan daha sicak olmasi ile agiklanabilir. Sicakligin yani sira, balik
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tiirlerinin ilk iireme boylarinda gozlenen farkliliklar; bolgeler arasindaki besin ¢esitliligi (Nikolsky,
1963), genetik faktorler (Wootton, 1998), av baskisi ile av araglarinin seciciligi (Jennings vd., 2001)
ve ilk tireme boyunun belirlenmesinde kullanilan yontemlerin farkliligi (Froese & Binohlan, 2000)
gibi nedenlerden de kaynaklanmaktadir.

Aragtirma bolgesindeki yabani mercan bireylerinin farkli calismalarda saptanan fekondite degerleri

Tablo 3’°te verilmistir.

Tablo 3. Pagellus acarne’nin farkli denizlere ait fekondite miktarlari

Arastirma Bolgesi n TL (cm) F Arastirici
Le-T Phan & K k

Kuzey Bati Afrika Kiyilart 22 - 85000-536000 ¢-Trong Phatt & ompz)gs? 2})]
Atlas Okyanusu 20 - 100000-1000000 Lamrini (1986)

15 20,9-28,2 290070+£196,617 Velasco vd. (2011)
Alboran, ispanya, Akdeniz 14 20,8-29,4 173509+183,076 Velasco vd. (2011)
Oran Korfezi, Cezayir, 19875-49125
Akdeniz 22 16,3-26,3 29448819812 Bensahla Talet vd. (2013)
Iskenderiye Kiyilari, Misir - - 9260-18889 Despoti & Stergiou (2013)
Alboran Denizi, Akdeniz - - 35752-783114 Despoti & Stergiou (2013)
Cadiz Korfezi, Atlas - - 19417-641957 Despoti & Stergiou (2013)
Okyanusu
Cezayir kiyilar - 10,8-28,1 14500-182300 Boufersaoui & Harchouche (2015)
Dogu Adriyatik 21 19,0-26,0 16472-67439 Dragicevi¢ vd. (2015)
Izmir Kérfezi, Ege Denizi 103 14,2-20,8 14504-56401 Bu Calisma

25642+973,45

Bir disi baligin yumurta verimliligi, tiire ve biiyliklige bagh farkliliklar gostermekle birlikte, ayni
tirtin bireyleri arasinda da degisiklik gosterebilmektedir (Demirsoy, 1993). Bununla beraber, yumurta
verimliligi, baliklarin tiikettigi besinlerin kalitesine ve miktarina bagli olarak da degisebilir. Tiiketilen
besin miktar1 arttik¢a yumurta verimliligi de dogru orantili olarak artmaktadir (Avsar, 2005).

Aragtirma bolgesindeki disi yabani mercan bireylerine ait olgunlagmis yumurta ¢aplarinin 200-
1020 um arasinda oldugu tespit edilmistir. Bu tiire ait yumurta ¢ap1 degerleri, Cezayir kiyilar1 igin
300-800 um (Bensahla Talet vd., 2013); Giiney Atlantik’in Fas kiyilar1 i¢in 250-1000 pm (Lamrini,
1986) ve Sicilya kiyilar1 i¢in 107-750 um (2. evreye ait histolojik kesitlerden) (Arculeo vd., 2000)
olarak bildirilmistir. Bu tiirin, Ege Denizi’nde yumurta caplarina dair herhangi bir bilgiye
rastlanmamistir. Dolayisiyla bu c¢aligma, arastirma bdlgesi i¢in yabani mercan baliginin yumurta
caplarina ait ilk veriyi icermektedir.
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Abstract: The rapid growth of the world's population, urbanization, and increasing Keywords
prosperity require better utilization of available protein resources. In addition, the e By-products
development of new and sustainable resources is also very important. By 2050, the o Fish
increase in protein demand in the world will cause it to double not only due to population o protein Hydrolysates
pressure but also to the increasing awareness of the importance of proteins in a healthy

diet for the elderly population. Fish and other aquatic products are important sources of

protein. However, depending on the raw materials and the processes applied in the

seafood processing sector, waste and by-products are generated at rates ranging from

20% to 75%. Many studies have shown that these products are important protein sources.

However, the inadequate management of waste and by-products in the seafood

processing sector is one of the biggest challenges facing the fish industry today. Various

processes have been developed for the use of these products. An effective way to add

value to these products is the production of protein hydrolyzates. Protein hydrolysates

allow the release of peptides of different sizes with functional properties, various

bioactivities such as antioxidant, antimicrobial, antihypertensive, anti-inflammatory, or
antihyperglycemic. In this article, proteins belonging to fish by-products and wastes, their

functional and technological properties, hydrolysis process, technological use of

hydrolysates in the food industry have been reviewed.

Ozet: Diinya niifusunun hizla artmasi, kentlesme ve artan refah, mevcut protein  Anahtar kelimeler
kaynaklarinin daha iyi kullanilmasin1 gerektirmektedir. Ayrica yeni ve siirdiiriilebilir e Yan iiriin

kaynaklarin gelistirilmesi de olduk¢a onemlidir. 2050 yilina gelindiginde, diinyadaki e Balik
protein talebindeki artis, sadece niifus baskisi nedeniyle degil, ayn1 zamanda yash niifus ¢ protein hidrolizat:
icin saglikli beslenmede proteinlerin 6neminin artan farkindaligi nedeniyle bunun iki

katina ¢ikmasina neden olacaktir. Balik ve diger su iiriinleri onemli protein kaynaklaridir.

Ancak su tiriinleri isleme sektoriinde hammadde ve uygulanan igslemlere bagli olarak %20

ila %75 arasinda degisen oranlarda atik ve yan iiriin acifa c¢ikmaktadir. Bu {iriinlerin

onemli protein kaynaklari oldugu bir¢cok arastirma ile ortaya konmustur. Buna ragmen

balik isleme sektoriinde atik ve yan iiriinlerin yetersiz yonetimi, giinlimiizde balik
endiistrisinin yiizlesmek zorunda oldugu en biiyiik sorunlardan biridir. Bu {riinlerin
kullanimina yonelik cesitli siirecler gelistirilmistir. Bu tirinlere deger katmanin etkili bir

yolu protein hidrolizati {iretimidir. Protein hidrolizatlari, fonksiyonel 6zellikleri,
antioksidan, antimikrobiyal, antihipertansif, antiinflamatuar veya antihiperglisemik gibi

cesitli biyoaktivitelere sahip farkli boyutlardaki peptitlerin agiga ¢ikmasina izin verir. Bu
makalede, balik yan firiinleri ve atiklarina ait proteinler, fonksiyonel ve teknolojik
ozellikleri ile hidroliz islemi, hidrolizatlarn gida sektdriinde teknolojik kullanim
olanaklar1 derlenmistir.
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1. INTRODUCTION

The term by-product is defined as the product that occurs outside the intended product during
production. Small-deformed fish caught in the net during fishing, non-economic, non-target species
other than the target species, and discarded species during processing; the head, tail, bone, shell,
scales, internal organs, blood, and other fluids are by-products.

Numerous by-products emerging in the fishing and aquaculture industries around the world are
either discarded or used for non-food purposes; in the production of low-value feed products such as
fish silage, fish meal oil. This results in the loss of dietary essential constituents and an increase in
economic costs (Olsen et al., 2014). Seafood is consumed fresh-chilled (44%) and processed with
different technologies (54%, approximately 75 million tons) (FAO, 2020). Many by-products emerge
depending on the structural characteristics of the raw materials used in the processing industry and the
technologies applied. These products, namely the head, internal organs, spine, skin, fins, and clipping
meat, are 50-75% in the production of salting and smoking processes. It is 30-65% canned fish. These
rates are around 20-50% in bivalves and 50-60% in arthropods. Fish fillet processing by-products also
consist of head, viscera, skin, caudal fins, and spine, and fillet trimmings that result during the filleting
process (Dekkers et al., 2011; Shirai and Ramirez-Ramirez, 2011). By-products obtained from fish
processing facilities are reported to be the source of numerous valuable compounds such as collagen,
gelatin, high-quality proteins and peptides and lipids, including long-chain omega-3 fatty acids, chitin,
vitamins A, D, B, and especially B12, minerals such as calcium, phosphorus, iron, zinc, selenium, and
iodine, enzymes, and pigments (Disney et al., 1977; Pal and Suresh, 2016). The amount of protein in
by-products ranges from 20 to 80 g/100 g on average (Khiari et al., 2015; Abbey et al., 2017). Esteban
et al. (2007) determined the protein value 58% and lipid value 19% in the nutrient composition of the
by-products that emerged in the fish market. They also revealed that there are significant levels of
minerals in these by-products. Among these minerals, calcium, phosphorus, and zinc were calculated
as 5.8%, 2.4%, and 6%, respectively. Besides, it is stated that the amounts of palmitic acid and oleic
acid are reasonably high. Roslan et al. (2014) reported that the by-products of tilapia fish
(Oreochromis niloticus) contain 14.60% crude protein, 66.57% moisture, 5.50% oil, and 8.93% ash.

Sustainable use of fish by-products for human consumption is one of the most priorities of the
aquaculture industry, FAO (2020). Innovative technologies are used to produce bioactive compounds
from seafood byproducts. These components have functional properties such as emulsification,
foaming, oil binding, and water retention. They have also exhibited antioxidant and antimicrobial
activity. With all these advanced properties, there have been reported that these bioactive components
can be used in processed foods in different ways today. They increase the value of foods and give
them a "functional food" feature (Haque and Mozaffar, 1992; Diniz and Martin, 1997; Sathivel et al.,
2003; Kim and Mendis, 2006; FAO, 2017).

This study is aimed to discuss the processing and potential applications of fish waste and by-
products as protein hydrolysate.

1.1. Proteins in Fish By-products

Proteins are polypeptides formed by the covalent bonding of twenty standard amino acids to each
other in a characteristic straight chain in a certain type, number, and sequence. Principally, animal
meats are similar in terms of protein content and amino acid composition. But the fish muscle is softer
than terrestrial animal meats with a lower percentage of connective tissue (Helfman et al., 2009).
Protein content in fish constitutes approximately 90% of the total dry matter. Fish proteins are
complex systems consisting of three groups: myofibrillar, sarcoplasmic, and stromal proteins.

Many researchers have reported that there is a significant amount of protein in fish waste along
with other components. Raghavan (2008) reported the protein rate in fish wastes between 10-20% of
the total protein. Fish scales are an excellent source of collagen and gelatin from the skin and spine
(Nurilmala et al., 2020).
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1.2. Technological and Functional Properties of Fish Proteins

Fish proteins show high functional properties as well as nutritional value. The factors that reveal
the functionality of proteins are due to some of their physical, chemical, and physicochemical
properties. These are, respectively, due to the sizes, shapes, amino acid compositions and sequences of
proteins, charge distributions, hydrophobicity/hydrophilicity raties, secondary, tertiary, and quaternary
structures, the flexibility/hardness of their molecules, and their ability to interact with other molecules
(Hanmoungjai et al., 2002). The technological properties of proteins include processing functions such
as solubility, emulsification, gelling and foaming capacity. Proteins must be biologically denatured to
show the desired functionality in foods. Also, this denaturation occurs using processes such as
aeration, agitation, pressure, or heat treatments.

1.3. Fish Protein Hydrolysates and Hydrolysis Process

One of the promising industrial uses of fish by-products is the formation of water-soluble fish
protein hydrolysate (FPH) (Giannetto et al., 2020; Lopez-Pedrouso et al., 2020). FPH is produced by
breaking down proteins into small peptide chains, and free amino acids by chemical or biological
means. The main purpose of the hydrolysis process is protein recovery and increasing the yield of
valuable components (Adler-Nissen, 1993). Hydrolysis of proteins includes chemically acid or
alkaline hydrolysis, autolysis, bacterial fermentation, and enzymatic hydrolysis. Acid or alkaline
methods are used in the chemical process. Acid hydrolysis is preferred to alkaline hydrolysis because
of the decrease in nutritional value at the end of alkaline treatment. During thermal treatment in an
alkaline pH environment, partial losses occur in amino acids such as terrine, cysteine, lysine, tyrosine,
and arginine. This situation causes the conversion of L-amino acids to D-amino acids with the
formation of toxic substances such as lysinoalanine (Friedman, 1978; Kristinsson and Rasco, 2000a).
Acid hydrolysis is performed in vegetable protein hydrolysates production as a flavor enhancer, in
bouillon manufacturing (Aaslyng et al., 1998). Chemical hydrolysis has several disadvantages; during
neutralization, a large amount of salt formation is observed in both acid and alkaline environments.
There is minimal solubility and precipitation of proteins in the isoelectric point adjustment process.
Endogen digestive enzymes of fish can be used in the autolysis process. The concentration of these
enzymes varies greatly within a species and between species. Bacterial fermentation occurs by the
growth of lactic acid bacteria, but in this method, the lipids cannot be removed (Kristinsson and
Rasco 2000b). Enzymatic hydrolysis enables proteins to be broken down into smaller peptides and
amino acids by proteolytic degradation. There is no nutrient loss in the product obtained at the end of
this process. Although enzymatic hydrolysis is preferred to chemical hydrolysis, enzyme inactivation
is needed at the end of the process. Endogenous and exogenous enzymes can be used in the production
of FPH. A typical hydrolysis process is characterized by a rapid initial phase due to the presence of
many peptide bonds ready to break. An enzymatic hydrolysis is a suitable option for the production of
amino acids and short-chain peptides, which do not require excessive chemical and physical
applications.

Depending on the enzyme activity, the initial phase may differ. The reaction rate decreases as the
process progresses. The decrease in enzyme activity with a decrease in pH and the presence of fewer
peptide bonds in the medium can be explained by the inactivation of the enzyme by hydrolysis
products, (Moreno and Cuadrado, 1993). And the possible content of protease inhibitors presents in
the substrate (Hjelmeland, 1983). The enzymatic hydrolysis process is affected by;

Substrate (type and composition)

Enzyme (hydrolytic specification and efficiency)

Enzyme/substrate ratio (E/S)

Factors such as hydrolysis conditions (pH, temperature, hydrolysis time) (Adler-Nissen 1986)

Proteins can be separated to form rich fractions by enzymatic hydrolysis based on extraction with
commercial proteases. Thus, undesirable reactions that damage valuable components of proteins are
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minimized using moderate temperatures and mitigating the effects of oxidation. Thus, functional
properties (solubility, heat stability, water-binding ability, etc.) are preserved. The selection of
enzymes is critical. Enzymes should be selected from the ones used in the production of foods, they
should be reliable and if they are of microbial origin, the microorganism producing the enzyme should
not be a pathogenic species (Beaulieu et al., 2009).

The enzymatic hydrolysis process generally comprises of three main stages;

Pretreatment,

Hydrolysis and

Recovery (He at al., 2013).

Pretreatment: the objective of this stage is to obtain a homogeneous mixture of minced raw material
and water with low lipid content for hydrolysis. For this purpose, a homogeneous mixture is obtained
by mixing the raw material and water in an equal ratio (1/1 w/w). Increasing the volume of water used
does not increase protein recovery (Benjakul and Morrissey, 1997). The Food and Drug Organization
(FDA) standardized the percentage of lipids in fish protein hydrolysates should be below 0.5% for
human consumption (URL-1). Brown pigments resulting from lipid oxidation make a darker final
product. For this reason, the amount of lipid in FPH should be well controlled. As a result, the raw
material for FPH to be obtained from oily fish should be defatted before mixing with water. Organic
solvents are used for this purpose. The defatting process not only reduces fat but also minimizes
bacterial deterioration in FPH (Kristinsson and Rasco, 2000a).

Hydrolysis: after the pretreatment, the enzyme is added to the mixture homogeneously. Depending
on the enzyme type, the process temperature and pH are adjusted to optimum conditions. The
enzyme/substrate (E/S) ratio and the processing time are regulated depending on the desired functional
properties and protein recovery in the final product. The hydrolysis is terminated by inactivating the
enzyme at 90 °C for approximately 30 min. Thus, a liquid form of FPH is obtained. Enzyme selection
is of great importance for the functional properties of protein hydrolysate. Enzymes such as pepsin,
which was previously used in an acidic environment, were preferred because they also inhibit
microbial growth in the environment. However, low acidity means a decrease in protein recovery, a
decrease in nutritional value due to the breakdown of essential amino acids such as tryptophan, and a
decrease in functional properties due to excessive hydrolysis (Kristinsson and Rasco, 2000a). As a
result, enzymes such as alkalase, neutralase, and flavourzyme, which are active in neutral acidity under
optimum conditions, are more preferred and used recently. When evaluated technically and
economically, microbial enzymes are the most effective enzymes in the production of hydrolysate
from fish proteins (Herpandi et al., 2011). The type of fish used is also of great importance in the
relationship between FPH and enzymes. While protein recovery was 70.5% in FPH obtained from
capelin using alkalase, it was 57.6% in FPH obtained using papain (Shahidi et al., 1995). Protein
recovery rates of can be change by the effect of raw materials and enzyme types but the highest ratio
have been obtained by using Alcalase compared with other enzymes, (flavourenzyme, neutralas etc.)
(Alavi et al., 2018; Korkmaz and Tokur 2021). Recovery: in this process, FPH is pulverized. FPH in
liquid form has a risk of rapid deterioration. Storing and transporting the powdered product is easier
and its shelf life is longer. At this stage, the drying process is performed after the centrifugation
process. Centrifugation is mainly conducted at 4000 g/min for 20 min. In this process, the
hydrolysate separates into three layers: lipid, protein hydrolysate solution, and a semi-solid layer from
top to bottom. First, the upper lipid layer is removed, then the protein hydrolysate is removed. While
the freeze dryer is used in laboratory studies, and spray drying is applied in industrial use. The final
product can be obtained in a creamy white with good water solubility and desired functions (Balcik
Misir and Koral, 2019).
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1.4. Enzymes used in the production of FPH

Enzymes are special biological catalysts that accelerate the reactions by bringing the necessary
activation energy to the required minimum level for the realization of biochemical reactions that take
place in the living structure and are left unchanged as a result of all these processes (Y1ldiz, 2007). The
Enzyme Commission of the International Society for Biochemistry (IUB) has divided enzymes into 6
major classes: Oxidoreductases (EC1), Transferases (EC2), Hydrolases (EC3), Lyases (EC4),
Isomerases (EC5), and Ligases (EC6) (Bergmeyer, 1979).

Enzymes are usually obtained from different plants, animal, and microbial sources. Plant enzymes
that provide optimum hydrolysis in the pH range of 7 to 7.5 are papain (Gu et al., 2011;) and
bromelain (Barbana and Boye, 2011; Forghani et al., 2012). Animal enzymes that provide optimal
hydrolysis in the pH range of 2 to 8 are pepsin (Jumeri, 2011), trypsin, and a-chymotrypsin (Lee et al.,
2011).

Microbial enzymes used for obtaining fish protein hydrolysates between pH 7 and 9 are alkalase
(Gu et al., 2011; Ishak and Sarbon, 2016), protamex (Ngo et al., 2012), flavourenzyme, and neuterase
(Je et al., 2009; Chi et al., 2015). Compared to enzymes of animal or plant origin, microbial enzymes
have a wide range of catalytic activities and higher pH and temperature stability (Diniz and Martin,
1997). It has been reported that the most effective use of alkalase and flavorenzyme enzymes in fish
protein hydrolysates is in the near-neutral pH range (7-9) (Herpandi et al., 2011).

1.5. Technological Applications of Fish Protein Hydrolysates

FPH has different properties depending on the raw material and production method. In addition,
when combined with the properties of the main raw material to which it is added, a unique structure,
nutritional value, and functional properties of the final product emerge.

FAO defines fish protein derivatives that can be available for human consumption because they
contain higher amounts of protein than fish meat. Generally, FPH’s contain 81-93% protein, less than
5% fat and 3-8% ash, and 1-8% moisture (Chalamaiah et al., 2012). The FDA determined that fish
protein products can be utilized as a nutritional supplement for humans, provided that the hygienic
conditions are met, with a protein content of more than 75% and a lipid content of below 0.5% (URL-
1). Besides, FAO determined the maximum acceptable lipid value as 0.75%.

FAO and FDA guidelines emphasize that fish protein products can play an effective role in
countries with protein deficiency. Nutritional studies have shown that adding these products to foods
has definite positive effects.

It has been demonstrated that FPHs can be included in different food systems such as beverage
fortification (Egerton etal., 2018), biscuit enrichment (ldowu etal., 2019), bread fortification
(Vijaykrishnaraj et al., 2016), and ice-cream fortification (Shaviklo et al., 2011) to enrich the protein
content.

They can be used as additives in various foods with their crucial and unique properties (protein
enhancer, milk powder substitutes, emulsifying properties, water holding, and oil holding capacity,
protein solubility, gelling activity, foaming capacity, and emulsification capacity (Chalamaiah et al.,
2010).

Kog (2016) found that the hydrolysates produced from anchovy processing wastes contain 75%
protein and 46% of these proteins are made up of essential amino acids. In addition to its nutritive
properties, it has been determined that waste hydrolysates can be used as food additives with their
emulsifying, foaming, water, and oil retaining properties. In terms of bioactive properties, hydrolysates
were obtained from wastes at a concentration of 1 mg/ml; it was determined that it showed 60% ACE
inhibition, 21% DPPH clearance, and 59% Fe+2 chelating activity. With these properties, it has been
seen that there is a high level of use potential in the pharmacological fields. Fish protein hydrolysates
improve the cooking yield of meat-based foods (Jenkelunas et al., 2018; Nur Ibrahim et al., 2020).
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The patent number WO/2004/071202 reveals a method for injecting protein hydrolysates with 8%-
20% concentrations obtained from salmon fish enzymatically into smoked salmon fillets with 18%
brine and then the preservation of these fillets by cold and freezing. It has been reported that the added
protein hydrolysate reduces the substantial loss of the product and delays the rancidity caused by lipid
oxidation. In the sensory evaluation, it was stated that there was a slight change in smell and taste
(Harald & Kjartan, 2004). With the patent numbered US 6,926,918 B2, a method was developed
describing the use of fish hydrolysates instead of salt in foods. In this study, it was revealed that bonito
hydrolysate improves the salty taste in foods and beverages and can be used instead of salt (Grossbier
et al., 2014). Niko et al. (2014) emphasized that tetrapeptides isolated from sturgeon skin hydrolysate
can prevent the degradation of myosin and actin during repeated freezing-thawing processes.

FPH can be used as a cryoprotectant agent having different peptides with different amino acid
sequences in fish muscle protein-based systems by suppressing the denaturation of myofibrillar
proteins in frozen products. High contents of free amino acids, especially Asp, Glu, Arg, and Lys, in
hydrolysate or peptides proved to offer protection against freeze-induced denaturation of proteins and
enhanced its cryoprotective effect (Cheung et al., 2009). Zhang et al.; (2022) reported that the gelatin
hydrolysates of flavourzyme from silver carp skin are promising candidates as natural and high-
performance antioxidants and cryoprotectants in fish mince processing. In the study, researchers
examined the Pacific hawthorn protein hydrolysate as a potential alternative to the 1:1 sucrose-sorbitol
mixture commonly used as a cryoprotectant in frozen minced fish. They proved the high potential of
using fish protein hydrolysates as a new generation cryopro-carrier to preserve frozen fish quality.
Karnjanapratum and Benjakul (2015) determined that gelatin hydrolysate obtained from shark skin
showed antioxidant and cryoprotectant effects in washed fish minced meat.

FPHs have the potential to be used as a coating material to delay lipid oxidation in seafood during
cold preservation with natural antioxidants (Mirzapour-Kouhdasht et al., 2020; Balgik Misir and
Koral, 2021). In a master study titled "Determination of some quality changes during cold storage of
trout fillets coated with powder protein hydrolysate obtained from trout waste". It was observed that
hydrolysates were coated on the fillets of the trout fillet by dipping method and their changes were
investigated during the cold storage. When the biochemical microbiological quality and sensory
analysis were evaluated, the shelf life of the control group was 3 days, and the coated group was 7
days. According to the results of the study, it was determined that the edible coating made with protein
hydrolysate obtained from the by-products of trout increased the shelf life of the trout fillets
approximately 2 times Arslan (2016).

Edible protein films and coatings obtained from the hydrolysate of fish wastes have less carrying
capacity (water vapor permeability) and are more flexible than other protein films (Dursun and Erkan,
2009). It has been determined that these products can be produced directly from fish meat and fish by-
products, as well as from water-soluble proteins in surimi-washing water (Shiku et al., 2004).

FPH’s can be evaluated as an alternative to synthetic products with their antioxidant, antimicrobial,
and antihypertension activity properties (Sohail et al., 2020). However, only limited clinical studies
have been managed on FPHs to test their efficacy as a functional food in humans. Marchbank et al.
(2008) investigated the protective effect of a commercial FPH derived from Pacific haddock and
marketed in the US as an "over-the-counter" health food supplement in small bowel injuries. In this
study, it was revealed that dyspeptic symptoms occurred in four of the eight subjects selected as the
control group, but these symptoms did not occur in eight subjects when FPH was administered. It has
been reported that protein hydrolysates produced from fish can be used as nutritional supplements to
support various metabolic activities because they contain bioactive components and provide easy
absorption (Idowu et al., 2020).
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2. CONCLUSION

Fish by-products are valuable resources with great potential for human consumption. FPH
production of foods is a promising alternative for improved and economical use of these resources.
Such practices will also support and enhance the sustainability of the global aquaculture and fishing
industry. However, the quality and functional properties of the product can vary by changing the raw
materials, enzymes, and production conditions. They can be utilized in high-value products, and future
research should focus more on these segments to ensure sustainable and economical use of marine
resources.
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(bes) kelime belirtilmeli; kelimeler aralarinda virgiil (,) son kelimeden sonra ise nokta (.) gelmelidir.

Anahtar kelimeler: CITES, akuaponik, tliretim protokolii, mortalite, immiinoloji.

ONDALIK GOSTERIM
Tiirkge makalelerde “,” (virgiil) Ingilizce makalelerde ise *“.” (nokta) olmahdir.
Tiirkge: %10,25

Ingilizce: 10.25%



LATINCE GOSTERIM
Tiir ismi, metinde ilk gectigi yerde kisaltilmadan (Cyprinus carpio), sonrasinda ise cinsi ismi kisaltilarak (C.
carpio) verilmelidir.

TABLOLAR

Tablo baslig1, tablonun iistiine gelecek sekilde kisa ve 6z olmalidir. Tabloda yer alan kisaltmalar tablonun altinda
aciklanmalidir. Tablo 6zel bir tasarim uygulanmamus, diiz kilavuz seklinde olmalidir. Thtiya¢ bulunmasi halinde
tablo ici metinde yazi karakteri biiyilikliigii 10 puntoya kadar diisiiriilebilir. Tablolara metin i¢inde Tablo 1, Tablo
2, ... seklinde atif yapilmalidir. Tablolar, alintilandiklar1 yere en yakin yerde verilmelidir.

Tablolar diizenlenebilir olmalidir. Ekran goriintiisii veya resim formatindaki tablolar kabul edilmemektedir.

SEKIiLLER

Sekil bagligi, seklin altina ortalanmig olarak kisa ve 6z olmalidir. Sekiller minimum 300 DPI ¢oziiniirliikte
olmalidir. Sekillere metin iginde Sekil 1, Sekil 2, ... seklinde atif yapilmalidir. Sekiller, alintilandiklar1 yere en
yakin yerde verilmelidir.

TESEKKUR
Bu boliimde finansal destek diginda ¢alismanin yiiriitiillmesine katki sunanlar belirtilir.

(_?rnek: Yazarlar ¢alismanin laboratuvar bdliimiinde yardim eden Ahmet Tag’a (Isparta Uygulamali Bilimler
Universitesi, Tiirkiye) tesekkiir etmektedir.

FINANS
Bu boliimde ¢alismanin yiiriitiilmesine finansal destek saglayan kurumlar destek numarasi kullanilarak belirtilir.

Ornek-1: Bu galigma 3241-E2-14 proje numarasi ile Isparta Uygulamali Bilimler Universitesi Bilimsel Arastirma
Projeleri Koordinasyon Birimi tarafindan desteklenmistir.

Ornek-2: Bu galigmanin yiiriitiilmesinde herhangi bir finans destegi alinmamustir.

CIKAR CATISMASI BEYANI
Bu boliimde yazarlarin varsa ¢ikar ¢atigmalart belirtilir.

Ornek: Yazarlar, bu ¢aligmay: etkileyebilecek finansal ¢ikarlar veya kisisel iliskiler olmadigin1 beyan eder.

YAZAR KATKILARI
Bu bdliimde isim ve soy ismin ilk harfleri kullanilarak yazarlarin ¢aligmanin ilgili agamalarina yaptiklart katkilar
belirtilir.

Ornek:
Kurgu: BT; Metodoloji: CT, FU; Deneyin gergeklestirilmesi: FM, CT, FU; Veri analizi: FU, TA; Makale yazimt:
CT, FU, Denetleme: CT. Tiim yazarlar nihai taslagi onaylamistir.

ETiK ONAY BEYANI

Bu boliimde ¢alismanin yiiriitiilmesinde alinan etik kurul onayimnin alindig1 kurum, tarih ve numarasi belirtilir.
Omurgali hayvanlarla yiiriitiilen calismalarda Yerel Etik Kurul Onayi, anket/miilakat g¢alismalarinda ise
Girisimsel Olmayan Arastirmalar Etik Kurulu Onay1 gerektirdigi halde beyan edilmeyen makaleler bilimsel
degerlendirmeye alinmamaktadir.

Ornek-1: Bu ¢alismada deney hayvanlar1 kullanilmamasi nedeniyle Yerel Etik Kurul Onay1 alinmamustir.

Ornek-2: Bu ¢aligma Isparta Uygulamali Bilimler Universitesi Hayvan Deneyleri Yerel Etik Kurul onay1 ile
yuritiilmistiir (Tarih: 01.07.2010, No: 21438139-147).

VERI KULLANILABILIRLIK BEYANI
Bu bolimde makalede kullanilan verilerin anonim kullanilabilirligine iliskin beyanda bulunulmalidir. Acta

Aquatica Turcica dergisi, yazarlar1 arastirma verilerini paylagmaya tesvik etmektedir.

Ornek-1: Bu calismada kullanilan veriler Figshare platformunda ttps://doi.org/10.6084/m9.figshare.11815566.v1



DOI adresi ile erisime aciktir.

Ornek-2: Bu ¢alismada kullanilan verilere ilgili yazardan talep iizerine erisilebilir. Veriler, gizlilik veya etik
kisitlamalar nedeniyle kamuya agik degildir.

Ornek-3: Bu galismada kullanilan veriler makul talep iizerine ilgili yazardan temin edilebilir.

Ornek-4: Bu calismada yeni veri olusturulmadigi veya analiz edilmedigi icin veri paylasimi bu makale icin
gecerli degildir.

Ornek-5: Arastirma verileri paylasilmaz.
Ornek-6: Bu ¢alismada kullanilan veriler bu makalenin ekinde mevcuttur.

ATIFLAR
Atiflar yil sirasina gore ve aralarinda noktali virgiil (;) olacak sekilde asagidaki formatlarda yazilir:

- Tek yazar:

(Yazar, y1l)

-- ... oldugu diisiiniilmektedir (Kii¢tik, 2008; Giicldi, 2018a; Giiglii, 2018b).
-- Kiigiik (2008)’e gore ...

- iki yazar:

(Yazar-1 ve Yazar-2, yil)

-- ... dnemli parametreler arasinda yer almaktadir (Kiigiik ve Giiglii; 2001; Ekici ve Koca, 2021a; Ekici ve Koca,
2021b).

-- Ekici ve Koca (2021b)’a gore ...

- Ug ve daha ¢ok yazar:

(Yazar vd., y1l)

-- ... donemsel olarak tekrarlayabilmektedir (Yigit vd., 2006a; Yigit vd., 2006b; Boyact vd., 2020)
-- Boyaci vd. (2020)’e gore ...

KAYNAKLAR

Kaynaklar APA 7. versiyona gore yazilmalidir. Tiim yazarlarin isimleri verilmelidir, ancak 10. yazardan sonra
“vd.” kisaltmas: da kabul edilmektedir. Ozel kullanimlar hari¢ olmak iizere tiim eser tiirlerinde eser isminin
sadece ilk harfi biiyiik, eserin yayinlandigi veya sunuldugu dergi, yaymnevi, kongre isimlerinde gegen tiim
kelimeler biiyiik harfle baslanarak yazilmalidir.

1-Makale
Dergi ismi kisaltilmadan (italik), cilt (italik), sayi, sayfa numaralar1 ve aktif link icerecek sekilde DOI
numarasina yer verilmelidir:

Petrauskiené, L., Utevska, O., & Utevsky, S. (2009). Can different species of medicinal leeches (Hirudo spp.)
interbreed? Invertebrate Biology, 128(4), 324-331. https://doi.org/10.1111/j.1744-7410.2009.00180.x

Wagenaar, D. A., Hamilton, M. S., Huang, T., Kristan, W. B., & French, K. A. (2010). A hormone-activated
central pattern generator for courtship. Current Biology, 20(6), 487-495.
https://doi.org/10.1016/j.cub.2010.02.027

2-Kitap
Kitap baslig1 italik olacak sekilde ve yayimn kurulus ismi olacak sekilde verilmelidir.

Nesemann, H., & Neubert, E. (1999). Annelida, Clitellata: Branchiobdellida, Acanthobdellea, Hirudinea.
Spektrum Akademischer Verlag.

Sawyer, R. T. (1986). Leech biology and behavior. Oxford University Press.



3-Kitap béliimii
Boliim bagligi normal, kitap bagligi italik olacak sekilde, editdr(ler), boliimiin sayfa numaralari, yayinci kurulus
ve varsa aktif link igerek sekilde DOI numarasina yer verilmelidir:

Le Couteur, D., Kendig, H., Naganathan, V., & McLachlan, A. (2010). The ethics of prescribing medications to
older people. In S. Koch, F. M. Gloth, & R. Nay (Eds.), Medication management in older adults (pp. 29-42).
Springer. https://doi.org/10.1007/978-1-60327-457-9_3

McCormack, B., McCance, T., & Maben, J. (2013). Outcome evaluation in the development of person-centred
practice. In B. McCormack, K. Manley, & A. Titchen (Eds.), Practice development in nursing and healthcare
(pp. 190-211). John Wiley & Sons.

4-Web sitesi
Sayfa basligi italik, websitesinin ismi ve sayfanin aktif linki olacak sekilde verilmelidir.

International Union for Conservation of Nature. (2010). Chondrostoma nasus.
https://www.iucnredlist.org/species/4789/97800985

Wikipedia. (2021). Toxicology. https://en.wikipedia.org/wiki/Toxicology

5- Tezler
Tez baghigi italik olacak sekilde, tez tiirii (Doktora, Yiiksek lisans, Tipta Uzmanlik) ve {iniversite ismi
belirtilmelidir.

Filik, N. (2020). Kiiltiir baliklarindan izole edilen Aeromonas hydrophila suslarinda fenolik bilesenlerin gevreyi
algilama sistemi {izerine inhibisyon etkisi ve suslar arasindaki klonal iliskinin pulsed field jel elektroforez
yontemiyle belirlenmesi [Doktora tezi, Isparta Uygulamali Bilimler Universitesi].

Ozdal, A. M. (2019). Effects on growth and coloration of red pepper suplementation as pigment sources to diets
of jewel cichlid (Hemichromis guttatus) [Yiiksek lisans tezi, Isparta Uygulamali Bilimler Universitesi].

6- Konferans, sempozyum sunumlart

Etkinlik tarihi, sunu baghg: (italik), sunum tiirii (S6zlii sunum, Poster sunum), etkinlik adi, sehir ve iilke
verilmelidir.

Ceylan, M., Cetinkaya, O. (2017, Ekim 4 - 6). Assessment of population structure and size of medicinal leech
Hirudo verbana, inhabiting some model wetlands of Turkey [Sozlii sunum]. International Symposium on
Limnology and Freshwater Fisheries, Isparta, Tiirkiye.

Snoswell, C. (2016, Ekim 31 - Kasim 3). Models of care for store-and-forward teledermatology in Australia
[Poster sunum]. 7th International Conference on Successes and Failures in Telehealth, Auckland, Yeni Zelanda.

NOT: Dergi yazim kurallarina uygun olarak hazirlanmayan makaleler degerlendirmeye alinmamaktadir.



