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Farkh Protein Kaynaklarimin Cuka Mersini, Acipenser ruthenus Linnaeus 1758,
Juvenillerinde Proteaz Aktivitesi Uzerine Etkileri
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6z MAKALE BiLGIiSi

Bu calismada, ¢uka baligi, Acipenser ruthenus, larvalari yumurtadan gikis
anindan itibaren 29 giin boyunca standart besleme protokolii ile beslenmistir.

ARASTIRMA MAKALESI

Karma yeme gegis yapilan 29. giindeki proteolitik aktivite ve farkli protein Gelis :03.07.2017 E"
kaynaklarinin proteaz aktivite {izerine inhibisyon etkileri Olgiilmiistiir. Diizeltme  :22.11.2017
Calismadan elde edilen bilgiler 1s1ginda, cuka baligi juvenillerinin karma Kabul . 24.11.2017 I
yemlerinde protein kaynagi olarak soya protein konsantresi (%38,57+10,44) ve e

musir gluten (%43,07+1,72) kullanmanin, diger yem hammaddeleri ile Yayim :27.04.2018 Et-_

karsilastirildiginda, proteolitik enzim aktivitesini istatistiki agidan daha olumlu

etki yaptig1 goriilmiistiir (P<0,05). Yem hammaddelerinin ikili kombinasyonlar1 DOI:10.17216/LimnoFish.325726

incelendiginde ise, en diisiik inhibisyon orant balik unu: soya protein
konsantresinin 1:1 oranda kullanilmasi (%47,93+1,72) ile elde edilmis ve bu
degerin soya protein konsantresi ve misir gluteninin tek baslarina kullanilmasi ile
elde edilen etki ile ayn1 seviyede oldugu tespit edilmistir (P>0,05). En yiiksek
inhibe edici etki ise, bugday ile piring kepeginin 3:1 oranda kullanilmasi ile
olusmustur (%82,39+7,23).

* SORUMLU YAZAR

kayagokcek@yahoo.com
Tel : +90534 41507 16
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Effects of Different Protein Sources on Proteolotic Activity in Juveniles of Sterlet, Acipenser ruthenus Linnaeus
1758

Abstract: In this trial, Sterlet sturgeon, Acipenser ruthenus, larvae were fed by a standart feeding protocol from hatcing until 29t
day, and the proteolytic activity and the inhibition effect of different portein sources on protease activity were also measured. The
data obtained from study showed that using soybean protein consantrate (38.57+10.44%) and corn gluten (43.07+1.72%) as protein
source in mixed feeds of dulcite juvenile strains compared to other feed raw materials, was found to have a more positive effect on
proteolytic enzyme activity in terms of statistics (P<0.05). When the binary combinations of feedstuffs were examined, he lowest
inhibition rate was obtained using 1: 1 (47.93 + 1.72%) fish meal: soy protein concentrate, and this value was similar to that of
soybean protein consantrate and corn gluten as a single protien sources in the diets (P>0.05). The highest inhibitory effect was
obtained by using 3: 1 ratio of wheat and brass bran (82.39+7.23%).

Keywords: Acipenser ruthenus, sterlet, protease activity, protein sources, inhibition effect
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Giris

Mersin baliklart diinyada yasayan en eski
omurgalilar gruplarindan birini olusturmaktadir.
Mersin baliklar1 yetistiriciligi temel olarak havyar,
tiitsiilenmis balik, corba, yapistirici ve deri iizerine
odaklanmustir. Ozellikle, siyah havyarinin kilogrami
birka¢ bin dolara alici bulabilmektedir. Eti igin
iiretiminden ziyade, esas hedef “ siyah altin” diye
bilinen havyarin iiretimidir. Tiim Mersin balig: tiirleri

a1 avcilik baskisi, barajlar ve sulak alanlarda
yapilan derinlestirme gibi diizenlemeler dolayisiyla
yok olma tehlikesi ile yliz yiizedirler (Napora-
Rutkowski vd. 2009).

Kiiltlire alinmast kararlagtirilan  bir  tiirlin
temel  yetistiricilik  uygulamalarimin ~ hayata
gecirilebilmesi icin yapilmast gereken
bazi temel aragtirmalar bulunmaktadir.
Oncelikli olarak, suni tohumlamanin yapilabilirligi,
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saglikli bir inkiibasyon siirecinin hangi optimum
sartlarda olmasi gerektigi, yumurta agilimi sonrasi
pre ve post-larval asamadaki gelisimlerin hem
histolojik hem de fizyolojik olarak tespiti, larval
donemde optimum protein ve enerji oraninin tespiti
yapilmalidir.

Bazi mersin balig tiirlerine ait yapay dolleme,
larva besleme ve sindirim enzimleri ile ilgili birgok
calisma hali hazirda mevcut olup (Willot vd. 2001;
Gawlicka vd. 2002; Furne wvd. 2005;
Napora-Rutkowski vd. 2009; Babaei vd. 2011;
Sanz vd. 2011; Noori vd. 2012), bu tiirler i¢in
ticari yemler iiretilmistir. Ancak, karma yemlerde
kullanilan yem hammaddelerinin proteaz aktivitesi
iizerine etkisi halen net bir sekilde bilinmemektedir.
Yukarida bahsedilen noktalar g6z oniine alindiginda
cuka baligi, Acipenser ruthenus, alternatif
tath su baligi olma potansiyeli c¢ok iyi olan
bir tiirdlir. Bu arastirmada hedeflenen amag;
besin kesesinin tiikenmesine miiteakiben Artemia,
Tubifex, Chironomid larvalari ve alabalik mikro diyet
yem ile beslenen c¢uka baligi post-larvalarinin,
proteaz  aktivitesi iizerine karma yemlerde
kullanilan yem hammaddelerinin ve bunlarin
ikili kombinasyonlarinin etkilerini tespit etmektir.
Elde edilen sonuclarin 15181nda, larvanin biiylime ve
yasama gliciinii arttirmak amaci ile bu tiir igin
hazirlanacak  karma  yemlerde hangi yem
hammaddelerinin ~ tercih  edilmesi  gerektigi
belirlenmeye ¢alisilmistir.

Materyal ve Metot

Yavru temini

Deneme, Macaristan’da bulunan bir ticari balik
isletmesinde  yapilmistir  (Riged&Riged Ltd.,,
Homogmegy, Macaristan). Dollenmis yumurtalar
Rusya’dan ithal edilmis ve inkiibasyon McDonald
siselerinde gergeklestirilmistir. Deneme boyunca su
sicakligt 17°C’de tutulmustur. Yumurtadan gikan
besin keseli larvalar kapali devre sisteme transfer
edilmis ve burada 29 giin boyunca ticari besleme
protokolii ile beslenmistir. Boy-Agirlik iliskisinin
hesaplanabilmesi igin giinlikk olarak &rnekleme
yapilmis (en az 10 adet birey) ve %4’likk formalin
i¢inde muhafaza edilmistir.

Yemleme protokolii

Cuka baliklarinin pre-post larva ve juvenillerin
beslenmesinde asagidaki ticari besleme protokolii
kullanilmigtir (Tablo 1).

Ekstraksiyon
aktivitesinin ol¢iimii

Proteaz aktivitesi ve inhibisyon analizleri
icin balik stogundan 29. giinde tesadiifen 1g Grnek
alinmig, distile suda yikanmis ve 3 ml’lik

prosediirii ve proteaz

ependorf tiiplerde analizler yapilana kadar
80°C’de  saklanmustir.  Sindirim  enzimlerinin
ekstraksiyonunda tiim larva viicudu homojenize
edilmis (35 mg ml™?) ve ekstraktlar santrifiijle elde
edilmistir (12000 g, 20 dk, 4°C).

Aragtirmanin 29. giiniinde drneklenen ¢uka balig1
orneklerinin toplam proteaz enzim aktivitesi
Walter (1984)’e gore yapilmustir. Analizde, substrat
olarak kazein (10 mg ml?! pH=9), kullanilmistir.
Substrata, larvadan elde edilen sindirim enzimine ek
olarak Tris-HCI (50 mM) eklenmis ve karigim
37°C’de 1 saat inkiibe edilmistir. Bu siirenin
sonunda, reaksiyonun kontrolli bir sekilde
durdurulabilmesi igin karigima Trikloroasetikasit
(TCA) (500 ul, 120 g 1Y ilave edilmistir.
Absorbans degeri, spektrofotometrede 280 nm’de
Olciilmiistiir. ~ Juvenillerin  ¢oziinebilir  protein
konsantrasyonlarinin 6lgiimii ise Bradford (1976)’ya
gore yapilmustir.

inhibisyon analizleri

Bu c¢alismada, ticari yem rasyonlarinda
protein kaynagi olarak kullanilan balik unu (BU),
soya unu (SU), kan unu (KU), soya protein
konsantrasyonu  (SPK), musir gluteni (MG),
piring kepegi (PK), bugday unu (Bug.l),
soya kiispesi (SK) ve BU: SK (1:3, 1:1, 3:1),
SU:MG (1:3, 1:1, 3:1), BU:SPK (1:3, 1:1, 3:1),
Bug. U:PK  (1:3, 1:1, 3:1) kombinasyonlari
kullanilmistir.  Bu  yem  hammaddelerinden
elde edilen ekstraktlar, karma yeme gegis
yapmis  juvenillerden elde edilen sindirim
enzimleri  ile  reaksiyona  sokulmustur. Bu
amagla, Garcia-Carreno (1996)’nun  modifiye

edilmis  metodu  kullanilmigtir.  Ilk  Once,
karma yeme gecis giinii olan 29. giinde 6rneklenen
larvalarin  enzim  ekstraktlar (20 upb) ile
protein kaynaklart (20 pl) 500 pl Tris-HCI (pH 9,0)
inkiibe edilmistir (25°C’de 60 dk). Kontrol
grubunda ise, protein kaynagi yerine ayni
miktarda saf su kullamilmistir. Daha sonra,

karigtma 100 pl kazein eklenmis ve 120 dk

daha inkiibasyona devam edilmigtir.
Sonugta, karigima 500 pl TCA (120 g L1
eklenerek reaksiyon durdurulmus ve

absorbans degeri 280 nm’de Ol¢iilmiistiir (Alarcon
vd. 1999).

Istatistik analizler

Analizler sonucunda elde edilen verilerden
boy-agirlik  iliskisi  regresyon  analizi ile,
proteaz aktivitesi ve inhibisyon degerleri ise
SPSS  (15.0) paket programi  kullanilarak
analiz  edilmistir.  Normalite  testi  olarak
Kolmogorov-  Simirnov  testi ve varyansin
homojenitesi ise Bartlett’s testi uygulanmigtir.
Varyans analizi i¢in ise One-way ANOVA testi
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uygulanmistir.  Gruplar  arasindaki  farkliligin
tespitinde ise, Duncan c¢oklu karsilagtirma testi

Tablo 1. Cuka mersin balig: ticari besleme protokolii

yapilmistir. Farklar arasindaki Onem derecesi

P<0,05 olarak degerlendirilmistir.
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Sekil 1. Cuka baliginin erken dénem boy-agirlik degisim
grafigi

Karma yeme gec¢is gilinii olan 29. giinde
cuka baliginin proteaz aktivitesi 311,294+0,27 U/mg

protein  bulunmustur. Ticari olarak kullanilan
protein kaynaklarinin cuka balig1
juvenillerinin proteaz aktivitesi {izerine inhibe etme
oranlart  asagidaki Tablo 2’de  verilmistir.
Yem hammaddelerinin tek tek test edilmesi ile
elde edilen verilerin 15181nda,
soya protein konsantresi ve misir glutenin

proteaz aktivitesi lizerine en az etki gosteren
iki yem hammaddesi oldugu ortaya ¢ikmistir ve bu
iki yem hammaddesinin etki ac¢isindan aralarindaki
fark istatistiki agidan 6nemsiz bulunmustur (P>0,05).
Bunlan sirasiyla balik unu, piring kepegi,
kan unu ve soya takip etmistir. Yine, balik unu-piring

kepegi ve kan unu ile soya arasindaki
farklar istatistik acidan Onemsiz
bulunmustur (P>0,05). Yem hammaddelerinin
ikili kombinasyonlari incelendiginde ise,
en disik inhibisyon oram1 BU:SPK’'min 1.1
oranda  kullanilmasi (%47,93£1,72)  ile

elde edilmis ve bu degerin SPK ve MG nin
tek baslarina kullamilmas: ile elde edilen etki ile
ayn1 seviyede oldugu tespit edilmistir (P>0,05).
En vyiiksek inhibe edici etki ise, bugday ile
piring kepeginin 3:1 oranda kullanilmas1 ile
olusmustur (%82,39+7,23).

Tablo 2. Yem hammaddelerinin proteaz aktivitesini
inhibe etme oranlar1 (%)

. Ortalama

Yem Hammaddesi (%)£S.D.

Balik unu (69 % Ham Protein) (BU) 57,68+4,54°¢
Kan unu (75,5 % Ham Protein) (KU) 69,66+2,97¢
Maisir gluten (60 % Ham Protein) (MG) 43,07+1,728
Soya (48 % Ham Protein) (S) 73,7843,61¢
Bugday Unu (12 % Ham Protein) 59,04+2,22°
Soya Protein Kon. (58 % Ham Protein) (SPK) 38,57+10,442
Piring kepegi (PK) 59,17+2,34¢
SIMG (1:3) 62,91+3,89¢
SIMG (1:1) 68,1645,55¢
SIMG (3:1) 69,6645,62¢
BU/SPK (1:3) 58,05+2,34¢
BU/SPK (1:1) 47,93+1,728
BU/SPK (3:1) 51,68+1,95°
Bugday/PK (1:3) 68,53+1,13¢
Bugday/PK (1:1) 73,03+3,00¢
Bugday/PK (3:1) 82,39+7,23¢
BU/S (1:3) 65,17+7,94¢
BU/S (1:1) 69,6643,65¢
BU/S (3:1) 71,9144,05¢

Tartisma ve Sonug

Giinimiizde, ticari olarak Ttretilen ve balik
yemlerinde  kullanilan  protein  kaynaklarinin
baliklarin  saglikli  bir sekilde biiyiime ve
gelismelerine olan etkisi halen tartisma konusudur.
Tore vd. (2014), bazi ticari yem hammaddelerinin 30
giinliik (proteaz aktivite degeri: 489,75+34,86 U/mg)
Turna, Esox lucius, baligi larvalarinin proteaz
aktivitesi lizerine yaptigr inhibe edici etkileri
belirlemislerdir. Bu c¢alismada, krill %2,30+1,26,
balik  hidrolizati  %4,89+2,41, balik  unu
%15,69+0,84, soya unu %15,54+4,29, havyar unu
%22,72+1,36  ve musir gluten %32,24+3,61
oranlarinda proteaz aktivitesini inhibe ettigi ortaya
konulmustur. Bizim ¢aligmamizda elde edilen veriler
ile karsilastirildiginda, balik unu ve soya unu ¢uka
baliginin juvenil déneminde, turna baligindan daha
yiiksek inhibe edici etki gostermistir. Buna karsin,
musir glutenin gosterdigi etki acgisindan aradaki fark
nispeten az goriinse de fark istatistiki agidan
onemlidir (P<0,05). Gokeek vd. (2016), 30 giinliik
Rus mersini, Acipenser gueldenstaedtii, larvalari ile
yaptiklar1  ¢alismalarinda  (proteaz  aktivitesi:
592,74+47,61 U/mg), ticari yem hammaddelerinin
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proteaz  aktivitesini  inhibe edici  etkilerini
incelemislerdir. Arastirmacilar, en diisiik inhibisyon
degerini balik unundan elde etmistir (%15,44+5,59).
Diger protein  kaynaklari  goreceli  olarak
olduk¢a yiiksek inhibisyon degerleri sergilemistir
(SPK: %63,55+5,46; Soya unu: %71,81+3,82; Misir
gluten: %72,24+4,17; Kan unu: %97,284+2,31). Buna
karsin, balik unu ve soya ununun 3:1 ikili
kompozisyonunda %26,38+2,02 inhibisyon degeri
elde edilmistir. Alptekin ve Gokeek (2016), Sibirya
mersin baligi (Acipenser baerii) juvenilleri ile
yaptiklar1 ¢aligmalarinda ise, en diisiik inhibisyon
degerini balik unu ve soya protein konsantresinden
elde  etmistir  (swrasiyla, %15,34£3,85 ve
%14,45+1,58). Diger protein kaynaklar1 goreceli
olarak oldukca yiiksek inhibisyon degerleri
sergilemiglerdir (Soya unu: %63,33+4,71; Misir
gluten: %25,56+£7,86; Kan unu: %66,67+8,02).
Bizim calismamizda ise, soya protein konsantresi ve
misir gluten maddelerinden en diisiik inhibisyon elde
edilmesine ragmen, degerler Alptekin ve Gokgek’in
elde ettigi degerlerden oldukga yiiksek bulunmustur
(P<0,05). Burada, tiiriin beslenme fizyolojisinin ¢ok

Oonemli oldugu, yem hammaddelerinin proteaz
aktivitesine bu nedenle farkli etkiler yaptig
diistiniilmektedir.

Karsilastirilan {i¢ ¢alismada, balik ununun Turna
ve Rus Mersini’nin erken larval donemlerinde hemen
hemen ayni sonuglart vermesine ragmen, cuka
bahiginda oldukga farkli bir sonug sergilemistir. Ote
yandan, Ozellikle bitkisel kokenli  protein
kaynaklarinin proteaz aktivitesi iizerine farkli etkileri
olmustur  (P<0,05). Bunun yaninda, yem
hammaddelerinin ikili kombinasyonlarinin proteaz
aktivitesi {izerine etkisi olumsuz denebilecek
seviyede yiiksek bulunmustur. Bu durum, yem
hammaddelerinin ~ kimyasal = komposizyonundan
(6zellikle farkli aminoasit igerigi) ve larvalarin tiire
Ozgii geligimlerine bagli olarak farkli donemlerde

farkli  sindirim  enzimlerini  salgilamalarindan
kaynaklanmig olabilir. Ayrica, yem
hammaddelerinin sahip oldugu  aminoasit

iceriklerinin birbirine antagonist iligki olusturacak
seviyede olmasi da ayr1 bir olasiliktir.

Cuka baliginin erken larval déneminde karma
yem rasyonlarinda kullanilmasi en uygun protein
kaynag1 %58 ham protein oranina sahip soya protein
konsantresi ve %60 ham protein oranina sahip misir
gluteni oldugu sdylenebilir. Soya protein konsantresi,
ozellikle son yillarda Kuzey Amerika kitasinda
yaygin olarak iretilen ve aminoasit kompozisyonu
soya unu ile karsilagtirildiginda balik yetistiriciligi
acisindan cok daha iyi oldugu iddia edilen bir
iiriindiir (Kotzamanis vd. 2012). Ote yandan, tiim
balik yemlerinde temel protein kaynagi olarak
kullanilan balik unun en diisiik inhibisyon oranina

sahip olmamasi1 ise beklenmeyen bir sonuctur. Bu
konu ile ilgili olarak, farkli kokenli ve farkl tiirlere
ait balik unlarmin etkisi ilizerinde de c¢alismalarin
yiirtitilmesi gerekmektedir.

Bu calismada yapilan analizler ve elde edilen
sonuclar, karma yeme tamamen gecis yapmis
larvalarin yemlerinde kullanilan protein
kaynaklarinin, larvalar tarafindan salgilanan proteaz
enzimini hangi oranda inhibe ettigini bulma amagh
olarak tasarlanmuistir. Ancak goriildiigi tizere, elde
edilen veriler ¢uka balig1 larvalarinin karma yem
rasyonunda hangi protein kaynaginin tercih edilmesi
gerektigi acisindan tavsiye niteligi tasimaktadir.
Daha ayrintili sonuglarin elde edilmesi igin, protein
hidroliz oranlarinin pH stat analizi ve aminoasit
kompozisyonlarinin ayrintili  bir sekilde ortaya
konulmas1 gerekmektedir.
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The highest cell density (3.67x10° cells/mL), dry weight (0.032 g/mL) and
chlorophyll-a (16.39 pgL™) production were observed in the Allen medium.
Growth rates of P. boryanum were found to be 0.6676 d* in the Allen and
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Farkhh Besi Ortamlarimin Pseudopediastrum boryanum (Turpin) E. Hegewald izolatlarmn Biyokiitle
Uretimine Etkileri Uzerine Arastirma

0Oz: Mikroalg, Pseudopediastrum boryanum (Turpin) E. Hegewald, atik su aritimi ve biyodizel iiretim potansiyelinden dolay1
aragtirma konusu olarak secilmistir. Bu arastirmada, iki besi ortami (Allen ve BG-11) kullanilarak, kesikli kiiltiir sisteminde P.
boryanum'un biiyiime ve biyokiitle iiretimi arastirilmistir. Onceki ¢alismalarinuzda, P. boryanum diliisyon teknigi kullanilarak,
farkl1 tathsu birikintilerinden izole edilmistir. izole edilen P. boryanum susu, 270 mL besi ortanm + 30 mL siispansiyon kiiltiir ile
agilanmig ve 16:8 aydinlik/karanlik fotoperiyodu uygulanmigtir. Optik yogunluk 670 nm'de UV-Visible spektrofotometre
kullanilarak tespit edilmis ve suslarm hiicre sayimi damla sayim metodu kullanilarak yapilmigtir. Kiiltiirlerin kuru agirlik ve
klorofil-a tayinleri de gergeklestirilmistir. Allen ortaminda en yiiksek hiicre yogunlugu (3,67x10° hiicre/mL), kuru agirlik (0,032
g/mL) ve klorofil-a (16,39 pg L) olarak tespit edilmistir. P. boryanum’un biiyiime oranlari Allen besi ortaminda 0,6676 d* ve
BG-11 ortaminda 0,6021 d* olarak bulunmustur.

Anahtar kelimeler: Pseudopediastrum boryanum, optik yogunluk, hiicre yogunlugu, iireme parametreleri, kiiltiir kosullar.
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Introduction

The recent developments in industrialization
coupled with the increase in human population have
led to exhaustion of the available natural resources
within a short period of time. Besides, the increase
in expectations in various industrial fields and the
environmental pollution has paved the way for the

research on the use of non-familiar resources
for balanced and sufficient nutrients to feed
the increasing population. As a solution to
those problems, algae show itself as the light of
hope (Sasson 1988). It is a known fact that algae
contain rich nutrients; therefore, making them
plays a vital role in the food chain. Along with the
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use of biomass obtained from algae in food,
cosmetics, chemistry, pharmacy etc., algae are
also used in waste water treatment
because of their ability to adhere to heavy metals
(Spolaore et al. 2006). Also, as an alternative energy
source, suitable algal species are used in the
production of biodiesel (Brennan and Owende

2010).

Microalgae are single-cell, colony
or filamentous forms of microorganisms convert
solar energy into chemical energy

through photosynthesis (Hosikian et al. 2010).
While algae play a key role in the food chain,
they convert inorganic molecules (such as carbon,
nitrogen and phosphorus) into organic molecules
in aquatic ecosystems (Murdock and Wetzel 2009).
The microalgae are the complex
heterogeneous microorganisms involving phylum
with different physiological properties. As a
result of that large diversity, different algae species
have different growth requirements.
The research into habitat of the microalgae
revealed precisely that those microorganisms
need certain nutrients. Along with the nutrients,
temperature, intensity of light, the amount and
type of nutrients, the amount of CO; and pH are
primary factors affecting the growth of the algae
(Kumar and Das 2012; Idenyi et al. 2016).

The genus P. boryanum is colony forms
of the green algae occurring commonly
in natural freshwater environments. Recently, it has
become a topic of interest for the researchers.
The algal species P. boryanum  has
beneficial attributes for wastewater treatment,
particularly due to its high productivity and
efficient removal by simple gravity sedimentation
(Park et al. 2014). A pilot Cr (V1) biosorption study
was carried out with the P. boryanum strain that we
had isolated and used in the present study and the
result was successful (Baykal Ozer et al. 2012).
Microalgae P. boryanum was chosen as a subject for
this research due to its potential uses of waste water
treatment and biodiesel production. In this study, it
is aimed to determine the characteristics of
biomass production in different growth media of
P. boryanum.

Material and Methods

Isolation

In  our previous study, the samples,
were collected from different freshwater reservoir,
were brought to incubation at room temperature
after inoculation at pre-enrichment nutrition media
(MgS0O4-7H20-2.50 g, KNOs-5.0 g, KH2PO4-1.25 g,
FeSO, 7H,0-0.009 g and distilled water 1000 mL).
P. boryanum was identified at species base with

7
microscopic ~ examination  after  incubation
(Bourrelly 1972; Prescott 1975). From the

mixed species in the pre-enrichment medium,
P. boryanum was isolated through dilution
technique (CSIRO 2017).

Culture Conditions

In this study, semi-continuous culture system
was utilized in reproduction of the cultures. Allen
and BG-11 media were used for experiments (Table
1). The isolated P. boryanum strain was inoculated
with 270 ml of medium + 30 ml of suspension
culture. The pH of nutrient media was adjusted as
6.5-7. The implementation of 16:8 light/dark
photoperiod (50 pmol photnos m?st) was applied
on cultures and they were cultivated under at 22-
25°C room temperature. All tests were carried out in
triplets.

Determination of Cell Density

Total cell counts were microscopically
determined  through  drop  count  method.
In the course of cell count, a 0.03 mL sample was
dropped on the slide and lamella was covered.
When the microscope objective lens was at 10x40,
36 views were identified. The calculation was made
by counting at least six views and proportioning into
36 transect views.

Determination of Dry Weight

The 50 mL samples were filtered via Whatman
GF/C filter papers and dried at 60°C incubator and
they were weighed (Chia et al. 2013). Dry weight
determination was made on 14" day following the
cultivation process.

Chlorophyll-a Determination

The biomass of microalgae  sample
was estimated from their chlorophyll-a content
measured through use of methanol method
(Youngman 1978).

Maximum Absorbance Determination

The maximum absorbance was inspected
by scanning sample cultures between 550 and 800
nm, using a UV-visible spectrophotometer
(Biochrom Libra S22). The maximum absorbance
value for microalgae was used to perform the
growth curve by optical density (OD) (Santos-
Ballardo et al. 2015). Optical density was recorded
as 670 nm for P. boryanum. A linear regression
equation was derived in order to describe the
relationship ~ between  optical density and
cell density.

Cell Growth Efficiency

By using the growth kinetics, specific growth
rate and duplication time were calculated (Godoy-
Hernandez and Vazquez-Flota 2006). Specific



8

Yal¢in Duygu et al. 2018 - LimnoFish 4(1): 6-12

growth rate and duplication time are presented as
Eg. (1 and 2):

__ InX2-InX1

= (1)
w: Specific growth rate
X1 and X2 = Biomass concentration at t1 and t2

_ 2
pT=22 (2)

Table 1. Chemical compositon of the culture medium

Culture broth composition

Macroelements BG-11 ALLEN

(g/L) (g/L) (mi)
NaNOs 15 159
K2HPO4 0.04 -
K2HPO4-7H20 - 6 g/L 5mL
MgSO4-7H20 0.075 6g/L 5mL
CaCl2-2H20 0.036 259/l 10 mL
Citric acid 0.006 4.8g/L 1mL
Ferric  ammonium 0.006 -
citrate
EDTA 0.001 -
(disodium salt)
Na2COs3 0.02 4g/L 5mL
NazSiO3-9H.0 - 4.64 g/L 10 mL
Trace metal mix A5 1.0 mL -
P-1V metal solution 1mL
Distilled water 10L 200 mL
Trace Metal mix A5 P-1V metal solution
H3BOs 2.86 NaEDTA-2H20 0.75¢g
MnCl2-4H20 1.81 MnCl2>'4H20 0.041¢
ZnS04-7H20 0.222 ZnClz 0.005¢g
NaMoOs-2H20 0.39 FeCl3-6H20 0.097 g
CuS04:5H20 0.079 Na2Mo0s-2H20 0.004 g
Co(NOs)2:6H20 49.4 CoCl2-6H.0 0.002 g
Distilled water 1.0 L Distilled water 1.0L

Results

The growth of microalgae P. boryanum in
different culture media was primarily followed by
counting algal cells under the microscope. Two
growth media use for P. boryanum cultivation with
varying chemical composition were studied. Both
Allen and BG-11 medium were found to enhance
the growth of P. boryanum at different densities.
The biomass results obtained through two media of
P. boryanum are presented in Fig.1. The highest cell
density (3.67x10° cells/mL), dry weight (0.032
g/mL) and chlorophyll-a (16.39 pg L) production
were observed in the Allen medium (Fig. 1a, b and

c)

The calibrated data between optical density and
cell density are displayed in Figure (2). The specific
growth rate was calculated and presented in Figure
(3). The duplication time was found as (0.0586) for
Allen medium and (0.0577) for BG-11. Growth
rates of P. boryanum were found to be 0.6676 d! in

the Allen medium and 0.6021 d* in the BG-11
medium. Figure (4) indicates the effect of different
medium on biomass productivity in mil/L/day. It is
clear that the maximum biomass productivity was
obtained in the Allen medium and the lowest in the
BG-11 medium.
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Figure 1. (a) Cell density (cells/mL); (b) dry weight
(g/mL); (c) chlorophyll-a (ng L) production. Error bars
represent standard deviation for n=3.

Discussion

There are differences among microalgae
species in terms of cell growth and different
microalgae groups have different physiological
requirements in their natural habitats or
under culture conditions (Falkowski 1984).
Environmental and culture condition parameters
such as light, photoperiod, medium and temperature
influence the growth of microalgae (Ak et al. 2008;
Fakhri et al. 2015).
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Figure 2. Calibration curve for the relationship between optical density and cell density.
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Figure 3. Specific growth rate of P. boryanum microalgae at different nutrients.
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Figure 4. Biomass productivity at different media.
The compositions and the amount of nutrients  manganese, zinc, cobalt, copper, molybdenum,

have great effect onreproduction of the microalgae.
The lack of those substances may result in
physiological and morphological changes in the
microalgae. Especially, microalgae need the
macronutrient elements (i.e. carbon, nitrogen,
phosphorus), basic ions (i.e. Na*, K*, Mg?*, Ca2*,
Cl, SO4%) and micronutrient metals (i.e. iron,

nickel and cadmium) in their habitats (Duygu
Yalcin 2017).

Phosphorus is the most needed macronutrient by
the microalgae after nitrogen.  Phosphorus is
necessary for many phosphorylation syntheses and
the Calvin cycle. Therefore, the lack of phosphorus
affects not only the synthesis of chlorophyll but also
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the growth and metabolism of cells (Liang et al.
2013). The KH;PO, and K;HPO, are the sources of
phosphate for algal growth in the present study.
Nitrogen is a significant substance for synthesis of
protein, nucleic acids and chlorophyll molecules
(Lourengo et al. 2004). NaNO3; and EDTA are the
nitrogen sources of both media which were used in
this study. The magnesium plays a significant role
in the growth of microalgae as a cofactor of some
key enzymes in the metabolic pathway
(Esakkimuthu et al. 2016). Magnesium source of
growth media used in this study was MgSO..
MgSQOs. was used in this study as Magnesium
source of growth media. Iron is a vital element in
algal growth and ferric ammonium citrate and FeCls
in the composition of the nutrients serving as the
iron source for the culture in this study.

A series of measurements were performed in
order to estimate growth rate and to calculate the
rate of change occurring in biomass concentration.
The cell number was determined through use of
light microscope and the linear correlation between
those measurements and cell number was
determined through optical density.

Both Allen and BG-11 growth media use for P.
boryanum cultivation with different chemical
compositions were studied. Cell density which is an
important biomass parameter varied significantly
from medium to medium. The present study mainly
dealt with the evaluation of growth rate (cell
density) of P. boryanum which showed variations in
their growth pattern in the two-growth media. The
growth of P. boryanum in different culture media
was evaluated by microscopic cell counting value.
In general, Allen Medium was found to greatly
influence the growth of P. boryanum than BG-11
medium. Based on the density concentration
measurement, it was observed that the growth of P.
boryanum was highly favoured by Allen Medium
(Figure 1a). For (n=3), the cell density was found to
be (3.67x10° cells/mL) in Allen Medium and
(2.19x10° cells/mL) in BG-11 Medium at the end of
11th day. The results of this study are similar to
those of Park et al. (2014) investigating the growth
of P. boryanum under controlled conditions. The
dry weight and the amount of chlorophyll-a were
measured as (0.032 g/mL) and (16.39 pg L7,
respectively in Allen Medium and they were found
as (0.028 g/mL) and (7.854 ng L?) in BG-11
Medium in paralel with the cell number (Fig. 1b and
1c).

The optical density is an indirect method which
is commonly used while measuring biomass of the
microalgae, observing and controlling their growth.
Through that method, the cell number can be
correlated and adapted easily to the automatic

measurement systems (Ribeiro-Rodrigues et al.
2011). In general, 660-690 nm is suggested for
standard tests carried out while measuring
microalgal growth by spectrometer (Bricaud et al.
1998). Wavelength was scanned from 550 to 800
nm and maximum absorbance was observed at 670
nm for the analysed microalgae in different media.
A linear dependence between absorbance and cell
counting is assumed when absorbance is measured
at the same wavelength (670 nm) for P. boryanum
(Santos-Ballardo et al. 2015). Growth performance
was influenced by media type, which supports
higher growth rate (0.6676 d*) for P. boryanum in
the Allen medium in comparison with that (0.6021
d?) in BG-11 culture media tested. That growth rate
is among the values stated in the literature for P.
boryanum (Park and Craggs 2011; Park et al. 2013).
Park et al. (2014) found out the maximum growth
rate of colony (h) 0.097+0.023 at 20°C and (h™)
0.060+£0.002 at 10°C. In that study, a very good
positive correlation in both culture media was
obtained for P. boryanum (r-0.9762 and r=0.9101,
respectively). The fastest doubling time resulting
from P. boryanum was Allen medium (0.0586) and
BG-11 (0.0577), respectively.

Al-Shatri et al. (2014) carried out a study by
evaluating the effects of different algal nutrient
medium constituents in order to obtain cell number
of optimised Scenedesmus dimorphus. They stated
that they could obtain the highest yield through BG-
11 nutrient media after Bold’s Basal Medium
(BBM). Besides, a study was conducted to
determine the most suitable nutrient media with the
aim of obtaining high biomass production rate
of Chlorella minutissima (Singh et al.
2014). Growth measurements revealed that BG-11
medium enhanced biomass production. In the study
conducted upon Lyngbya bipunctata, the effect of
different nutrient medium was examined and it was
found that the nutrient medium of BG-11 and Allen
increased carotenoid amount with their wet and dry
weight (Nehul 2014). The studies conducted upon
different microalgae species revealed that BG-11
and Allen nutrient medium were effective in
culturing of the microalgae.

The temperature in culture media in the present
study was determined to be between 22-25°C and P.
boryanum cultures showed good development under
that temperature. The light is the energy source of
photosynthesis and a necessary factor to transform
inorganic carbon into organic molecules and for
growth and to obtain energy. Therefore, the cultures
were applied 16:8 h light/dark cycles (Falkowski
1984; Wahidin et al. 2013).

In summary, this study mainly focused upon the
effect of Allen Medium and BG-11 Medium on the
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growth of fresh water microalgae, that is,
P. boryanum. It was clearly observed that Allen
Medium had a greater influence on the growth of P.
boryanum when compared with BG-11 medium.
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Zooplankton samples were taken for determination of the zooplankton fauna of
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the lower Euphrates basin (between Birecik Dam Lake and Karkamis Dam Lake).

In the study, 10 families from Rotifera, 6 families from Cladocera and 4 families
from Copepoda, totally 20 family were found. A total of 41 zooplankton species
were identified. From Rotifera, Lepadellidae was the most species rich family
with 4 species, from Cladocera, Daphnidae was the most species rich family with
4 species and from Copepoda, Cyclopoidae was the most species rich family with

7 species.
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Asagl Firat Nehri’nin Zooplankton Faunasinin Tespiti

Oz: Asag1 Firat havzasinim (Birecik Baraj Golii ile Karkamis Baraj Golii arasindaki) zooplankton faunasmin tespiti icin Zooplankton
ornekleri toplanmistir. Calismada, Rotifera'dan 10, Cladocera'dan 6 ve Copepoda'dan 4 familya olmak iizere toplam 20 familya
bulunmustur. Toplam 41 zooplankton tiirii tespit edilmistir. Rotifera'dan Lepadellidae 4 tiirle, Cladocera'dan Daphnidae 4 tiir ile

Copepoda’dan Cyclopoidae 7 tiir ile en zengin familyalar1 olusturmuslardir.

Anahtar kelimeler: Asagi Firat Nehri, Birecik Baraj Golii, Karkamig Baraj Golii, zooplankton
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Introduction

Wetlands that are regarded as natural resources of
the world because of their biodiversity; are the most
important ecosystems of the earth with their natural
functions and economic values. They regulate the
water regime of the region by feeding or discharging
underground waters, storing flood waters, controlling
floods, and preventing the entry of sea water on
coasts. They have a positive effect on the local
climatic factors, mainly rainfall and temperature, by
raising the humidity in the region.

The primary function of freshwater zooplankton
is an important component in aquatic ecosystems,
which act as primary and secondary links in the food
chain. Zooplankton community structure is affected
by physical and chemical environment. These
communities are also affected by biological
interactions, predation and their competition for food

resources (Neves et al. 2003). Most groups of
zooplankton have been used as a bioindicator for
monitoring aquatic ecosystems and the integrity of
water. Zooplankton community may be considered as
a bioindicators of eutrophication, because they are
coupled to environmental conditions, responding
more rapidly to changes than do fishes, and are easier
to identify than phytoplankton. Therefore, they are
potential value as water quality indicators (Sladecek
1983; Murugan et al. 1998).

This study was carried out to determine the
zooplankton fauna of the lower Euphrates basin,
where no studies have been conducted on
zooplankton until now.

Materials and Methods
The samples of zooplankton were collected
from 3 stations in lower Euphrates basin
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(First station 37° 01'11" N, 37° 58' 16" E; second
station 36° 57" 44" N, 38° 00' 23" E; third station 36°
53' 52" N, 38° 01' 48" E) (Figure 1) by using a
plankton net with 60 um mesh size. The net was
hauled horizontally during 20 minutes in July and
September 2015, during routine survey cruises and
then samples were replaced into glass jar. The
samples were fixed with 4% buffered formaldehyde.
The zooplankton species examination was done using
an Olympus CH40 microscope. To identify the
species, the works of Ruttner-Kolisko (1974), Koste
(1978), Segers (1995), Scourfield and Harding
(1966), Smirnov (1974), Negrea (1983), Korinek
(1987), Pennak (1989), Borutsky (1964), Dussart
(1969), Damian-Georgescu (1970), and Kiefer and
Fryer (1978) were reviewed.

Black Sea

Figure 1. Study area and sampling stations

Results

In the study a total of 41 species were found,
including 19, 12 and 10 taxa belonging to
Rotifera, Cladocera and Copepoda, respectively.

Table 1. Zooplankton species in the study area

Species Stations
ROTIFERA

Lepadellidae 123
Colurella colurus (Ehrenberg, 1830) -+ o+
Lepadella ovalis (Miiller, 1786) + + +
Lepadella patella (Miiller, 1773) + + +
Lepadella quadricarinata (Stenroos, 1898) + -+
Lecanidae

Lecane closterocerca (Schmarda, 1859) + + +
Lecane luna (Miiller, 1776) + + +
Lecane quadridentata (Ehrenberg, 1830) - -+
Brachionidae

Euchlanis dilatata Ehrenberg, 1832 -+ o+
Keratella cochlearis (Gosse, 1851) + + +
Keratella tropica (Apstein, 1907) + + +
Synchaetidae

Polyarthra dolichoptera Idelson,1925 + + +
Synchaeta stylata Wierzejski, 1893 - -+
Trichocercidae

Trichocerca capucina (Wierzejski & Zacharias, 1893) - + +
Trichocerca elongata (Gosse, 1886) - -+
Dichranophoridae

Dicranophorus epicharis Harring & Myers, 1928 - -+
Asplanchnidae

Asplanchna priodonta Gosse, 1850 -+ o+
Mytilinidae

Lophocharis salpina (Ehrenberg, 1834) -+ 4+
Testudinellidae

Testudinella patina (Hermann, 1783) + o+ +
Notommatidae

Cephalodella gibba (Ehrenberg, 1830) + o+ +
CLADOCERA

Daphnidae

Ceriodaphnia pulchella Sars, 1862 + + +
Daphnia cucullata Sars, 1862 - -+
Daphnia longispina (Mueller, 1785) + -+
Simocephalus expinosus (Koch, 1841) -+ o+
Chydoridae

Alona guttata Sars, 1862 + + +
Chydorus sphaericus (Miiller, 1776) + + +
Grabtoleberis testudinaria (Fischer, 1851) -+ o+
Eurycercidae

Camptocercus uncinatus Smirnov 1971 -+ 4+
Pleuroxus laevis Sars, 1861 + -+
Porcellionidae

Eurycercus lamellatus (Miiller, 1776) -+ o+
Bosminidae

Bosmina longirostris (Miiller, 1785) + + +
Sididae

Diaphanosoma birgei Korinek, 1981 - -+
COPEPODA

Cyclopoidae

Acanthocyclops robustus (Sars, 1863) - -+
Cyclops vicinus Ulyanin, 1875 + + +
Diacyclops bicuspidatus (Claus, 1857) -+ o+
Eucyclops serrulatus (Fischer, 1851) -+ o+
Macrocyclops albidus (Jurine, 1820) - -+
Megacyclops viridis (Jurine, 1820) -+ o+
Thermocyclops dybowskii (Landé, 1890) -+ +
Diaptomidae

Acanthodiaptomus denticornis (Wierzejski, 1887) - -+
Ameiridae

Nitocra hibernica (Brady, 1880) + + +

Canthocamptidae
Bryocamptus zschokkei (Schmeil, 1893)
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Detected ten families from Rotifera, Lepadellidae
was the most species rich family with 4 species
followed by Lecanidae and Brachionidae with 3
species each one. While Synchaetidae and
Trichocercidae were represented by two species,
Dichranophoridae, Asplanchnidae, Mytilinidae,
Testudinellidae and Notommatidae were represented
one species.

Six families were detected from Cladocera,
Daphnidae was the most species rich family with 4
species followed by Chydoridae with 3 species.
Porcellionidae, Bosminidae and Sididae had the least
species followed by Eurycercidae with 2 species. In
the Copepoda with four families, Cyclopoidae had 7
species and others, Diaptomidae, Ameiridae and
Canthocamptidae had 1 species each one. It was
determined that some species with wide spread from
Rotifera, Cephalodella gibba (Ehrenberg, 1838),
Keratella cochlearis (Gosse, 1851), K. tropica
(Apstein, 1907), Lecane closterocerca (Schmarda,
1859), L. luna (Miller, 1776), Lepadella ovalis
(Miiller, 1786), L. patella (Miiller, 1786),
Testudinella patina (Hermann, 1783), from
Cladocera Bosmina longirostris (Miiller, 1785),
Ceriodaphnia pulchella Sars, 1862, Alona guttata
Sars, 1862, Chydorus sphaericus (Miiller, 1776),
from Copepoda Cyclops vicinus Uljanin, 1875,
Nitocra hibernica (Brady, 1880) were present at all
sampling stations. At the same time some species
were found only one station and a few amount. These
species from Rotifera Dichranophorus epicharis,
Lecane  quadridentata,  Synchaeta  stylata,
Trichocerca elongata, from Cladocera Daphnia
cucullata, Diaphanosoma birgei, from Copepoda
Acanthocyclops robustus, Macrocyclops albidus,
Acanthodiaptomus denticornis and Bryocamptus
zschokkei were found in only one station.

Discussion

No studies have been found on zooplankton in the
Downstream of Euphrates. But some zooplankton
studies found belong to the upper parts of the
Euphrates River. These studies; Saler et al. (2015)
reported that they found 32 species from Ratifera, 5
species from Cladocera and 2 species from
Copepoda. Rabee (2010) reported that 32 taxa
belonged to Rotifera, 12 to the Cladocera and 7 to the
Copepoda in Euphrates River in the North part of
Irag. Saler et al. (2014) declared that they found 15
species from Rotifera, 6 species from Cladocera and
2 species from Copepoda were identified in
Uzungayir Dam Lake in the North part of the
Euphrates River. Bulut and Saler (2014) declared that
they found in 25 species from Rotifera, 6 species
from Cladocera and 2 species from Copepoda in
Murat River (between Elazig and Palu). It is seen that

there are significant differences in species diversity
between our study and other studies. The reason of
this, Euphrates system is a very large river system. In
order to it passes through two geographical regions,
it is under the influence of different climate zone.
Thus its zooplankton content varies considerably in
terms of quality and quantity.

Rotifera is the dominant group among all
zooplankton groups qualitatively and quantitatively
in freshwater ecosystem (Saksena 1987). The result
obtained in the study was accordance with results of
Saksena (1987).

It was reported that almost all species found in
the study wide spread, common, cosmopolitan
(Eldredge and Evenhuis 2003; Hutchinson 1967;
Ruttner-Kolisko 1974; Braioni and Gelmini 1983;
Ramdani et al. 2001) and they were reported from
lots of study inland waters of Turkey (Ustaoglu et al.
2004).

The presence of identified species in the study
seems to be compatible with their ecological
characters.
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ABSTRACT ARTICLE INFO

In this study, the relationships between otolith dimensions and total length of chub RESEARCH ARTICLE
(Squalius cephalus, L.1758) sampled from a few inland waters of Black Sea was

researched. Chub samples were obtained from the four different localities (Abdal, Received  :09.10.2017
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test, independent t test and ANOVA were done to test the data statistically. The Accepted  :26.03.2018
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Streams, Yedikir Dam Lake varies between 11.49 + 0.79 cm, 10.31 + 0.52 cm, . .
10.33 £ 0.29 cm and 11.11 + 0.33 cm, respectively. When all the data were DOI:10.17216/LimnoFish.342524
evaluated according to localities, it was found that there was no difference in "

terms of otolith breadth (OB) and otolith length (OL) for asteriscus and lapillus CORRESPONDING AUTHOR
otoliths. There were differences in terms of otolith weight of lapillus in localities.
There were no differences of asteriscus otolith weight of chub between localities.
The relationships between TL and OB, OL and OW were determined using the
power regression equation and best fit was obtained between TL and OW for
Terme (r? =0.936) and Yedikir (r> =0.912), OL for Akg¢ay and Abdal Streams
(r>=0.973).
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Orta Karadeniz Bélgesi’ndeki Bazi Akarsulardan Orneklenen Tathsu Kefali (Squalius cephalus, L. 1758)’nin
Otolit Ozellikleri-Total Boy Arasindaki iliskiler

Oz: Bu ¢alismada Karadeniz Bélgesi’ndeki bazi igsularda yasayan tatlisu kefalinin (Squalius cephalus, L.1758) total boy ile otolit
ozellikleri arasindaki iliskiler arastirilmustir. Tatlisu kefali 6rnekleri 4 farkli lokaliteden (Abdal Cay1, Ak¢ay, Terme Cay1 ve Yedikir
Baraj Golii) yakalanmistir. Otolit Slglimleri ile total boy arasindaki iliskilerin hesaplanmasi i¢in power model kullanilmustir.
Istatistiksel analizler Paired t-test, Independent t test, ANOVA ile test edilmistir. Abdal, Ak¢ay, Terme Cay1 ve Yedikir Baraj
Goli’nden elde edilen bireylerin ortalama total boylari sirast ile 11,49+0,79 cm, 10,31+0,52 cm, 10,33+0,29 cm ve 11,11+0,33 cm
arasinda degismektedir. Lokalitelere gore tiim veriler birlikte degerlendirildiginde asteriskus ve lapillus otolitlerinin otolit enleri
(OB) ve otolit boylart (OL) arasinda bir farklilik bulunmamaktadir. Fakat dort lokalite birlikte degerlendirildiginde lapillus otolit
agirliklar: arasinda fark mevcuttur. Lokalitelere gore asteriskus otolit agirliklar: bakimindan bir farklilik mevcut degildir. TL ve OB,
OL ile OW arasindaki iligkiler power regresyon modeli kullanilarak belirlenmistir. Terme (r? =0,936) ve Yedikir igin OW (r?
=0,912), Ak¢ay ve Abdal Caylar1 igin OL (r2=0,973) degerlerinin TB ile en kuvvetli iliskileri gdsterdigi belirlenmistir.

Anahtar kelimeler: Tatlisu kefali, otolit 6zellikleri, total boy, populasyon, Karadeniz
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Introduction (chub) (L., 1758) is one of the most common
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waters (Bulut et al. 2012). S. cephalus is an
opportunistic species and common in almost all
running waters in Turkey (Bogutskaya 1997). There
are 21 species belongs to genus Squalius in
freshwaters of Turkey (Froese and Pauly 2017). Chub
prefers fresh, clean, and fast-flowing waters, as well
as dam lakes (Kottelat and Freyhof 2007). S.
cephalus have fusiform body covered with large-
sized cyloid scales and larger mouth. The lips are
weakly developed and not keratinized. Ventral and
anal fins are orange-yellow color and pigment-free
(Polat and Ugurlu 2011). There is a row of black
pigments along the free margin of each flank scale
and no or very few pigments on central parts of scales
(Kottelat and Freyhof 2007). There are lots of studies
about genetic, biological characteristic, population
parameters and systematics of chub (Altindag 1996;
Laroche et al. 1999; Arlinghaus and Wolter 2003;
Vlach et al. 2005; Kog et al. 2007; Turan et al. 2007;
Bostanci and Polat 2009; Dehais et al. 2010; Innal
2010; Bulut et al. 2012; Demirol et al. 2016; Cejko
and Krejszeff 2016; Gouskov 2016; Kili¢ and Becer
2016; Ozcan et al. 2017). However, studies about the
otolith features of chub are limited (Tarkan et al.
2007; Bostanc1 2009).

Otoliths continuously accumulate layers of
calcium carbonate and trace elements, creating daily
and seasonal records of age (Campana 1999; Hart et
al. 2015). Morphological and morphometric
characteristics of otoliths comprise an important
instrument for species identification (Tuset et al.
2008). The particularity about the fish otoliths was
first observed by Aristotle in the third century
(Stinton  1975), their taxonomic utility was
recognized by Cuvier (Cuvier and Valenciennes
1836). Otolith morphology varies between species,
however separete stocks of the same species, often
identical physically can sometimes be discriminated
through subtle differences in otolith morphometrics
(Bolles and Begg 2000; Tuset et al. 2003; Zengin et
al. 2015; Ibanez et al. 2017; Mapp et al. 2017).
Futhermore, the relationship between the fish size
and otolith dimensions have several benefits in
estimating the size of the prey. Fish size and/or
weight can be functionally related to an appropriate
otolith measurement (width, length, or weight) and
the resulting relationships can subsequently be used
for size estimation (Nolf 1985; Pierce et al. 1991,
Tollit et al. 1997; Granadeiro and Silva 2000). When
the relationships between otolith dimensions and
total length in a species is determined, the total length
or standard length of a fish from its otolith
dimensions can be estimated, or vice versa (Sen et al.
2001; Battaglia et al. 2010; Basusta et al. 2013;
Yilmaz et al. 2014; Saygin et al. 2017; Yazicioglu et
al. 2017; Zengin et al. 2017).

The aim of this study was to detect the
relationships between the total length and otolith
characteristics of chub sampled from the four
different localities (Abdal Stream, Akcay Stream,
Terme Stream and Yedikir Dam Lake) along inland
waters of the Middle Black Sea Region. This study is
first study that examined the relationships between
total length and otolith morphometrics of S. cephalus
sampled from Abdal, Ak¢ay, Terme Streams and
Yedikir Dam Lake.

Materials and Methods

S. cephalus samples obtained from the four
different localities (Abdal Stream (n=44), Akcay
Stream (n=57), Terme Stream (n=55) and Yedikir
Dam Lake n=62) (Figure 1). SAMUS 725
MP shocker were used to capture fish samples.
Samples were collected between October 2015-April
2017.

The systematic positions of the samples were
determined using various identification
keys (Geldiay and Balik 2007; Kottelat and Freyhof
2007; Polat and Ugurlu 2011). All captured fish were
measured to the nearest 0.1 cm for
total length (TL) and weighted to the nearest 0.01 g.
The sex was determined by macroscopic
examination of the gonads. Utricular (lapillus)
and lagenar (asteriscus) otoliths were removed by
making left and right distictions. Otoliths were
weighted using Precisa precision scales (OW) (+
0.0001 g). All otoliths were photographed on the
distal side with a Leica DFC295 digital camera.
Otolith breadth (OB) and length (OL) (+ 0.001 mm)
were determined by Leica Application Suit Ver.
3.8 Imaging Software. OL was defined as
the greatest distance between anterior and posterior
edges, and OB was defined as the greatest distance
from dorsal to ventral edges (Battaglia et al. 2010)
(Figure 2).

Linear and nonlinear models were applied to
estimate the relationships between the otolith
measurements (OL, OB, OW) and TL.

y=ab* and y=a+bx

where y is otolith measurement and x is fish
length (Zar 1999).

However, in evaluating the relationships
between TL and otoliths dimensions, the power
model is preferred because of its higher r? values.
All data were tested by Kolmogorov-Smirnov if
the data is normally distributed (P>0.05).
Data were analysed statistically by Paired t-test,
Wilcoxon test, Independent Two Sample t test,
Mann-Whitney U test and ANOVA-Tukey test.
SPSS 20, Minitab 17.0 and the Excel software were
utilized in the evaluation of data.
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Results

The descriptive statistics of chub samples from
four locality indicated in Table 1. There is no
differences in terms of TL or W between localities
(P>0.05).

When the asteriscus otoliths of female and male
were compared there is no difference in terms of OB,
OL and OW in Abdal, Akcay and Terme samples
(P>0.05). However, OL and OB of Yedikir samples
were different from each other (P<0.05) for asteriscus
otoliths of female and male. In the same way, no
difference could be determined OB, OL and OW for
Abdal and Terme whereas the OL of Akg¢ay samples
and OL and OB of Yedikir samples were different in

the lapillus otoliths between female and male
individuals (Table 2).

The differences between otolith parameters
between the right and left otolith pairs of asteriscus
and lapillus were determined using appropriate tests.
Wilcoxon test were used for this comparisons. Right
and left asteriscus otoliths were compared there was
no significant differences in terms of otolith length,
breadth and weight for all localities (P>0.05) (Figure
3). But when right and left lapillus otoliths were
compared, there was a statistically significant
difference in terms of otolith length of Abdal, Akcay
and Terme Streams and otolith breadth and weight of
Yedikir Dam Lake Samples (Table 2).

Table 1. Descriptive statistics of S. cephalus

Locality Coordinates Parameter N Mean S.d Min. Max. S.e.
41°08'59.56"N  Total Length 44 11.49 5.26 5.60 29.40 0.79
Abdal Stream ey N )
36°39'34.88"E Weight 44 33.59 64.36 1.82 328.1 9.70
41°05'30.99"N  Total Length 57 10.31 3.91 5.80 18.00 0.52
Akgay Stream .
37°07'20.89" E Weight 57 18.81 19.37 1.79 67.57 2.57
Terme Stream 41°09'34.03" N  Total Length 55 10.33 2.15 6.40 15.60 0.29
36°53'28.48"E Weight 55 13.18 8.61 2.39 46.99 1.16
. 40°47'11.00" N  Total Length 62 11.11 2.58 6.70 17.70 0.33
Yedikir Dam Lake onn " .
35°33'47.55"E Weight 62 20.18 16.75 3.39 71.30 2.13

Left

Localities Asteriscus Lapillus

Abdal Stream

¥

Y ®
Nes:

Akcay Stream

Terme Stream

Yedikir Dam Lake z‘\ .

Figure 3. Right and left otolith pairs of S.cephalus from different localities
(D: Dorsal, V: Ventral, P: Posterior, A: Anterior)
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Table 2. Statistical comparisons between right and left otolith pairs of asteriscus and lapillus
Localite Variable Mean+S.e Significant
Right-left asteriscus otolith length 1.60+0.61 P>0.05
Right-left asteriscus otolith breadth 1.49+0.51 P>0.05
Right-left asteriscus otolith weight 0.0023+0.002 P>0.05
Abdal Stream - - -
Right-left lapillus otolith length 1.83+0.53 P<0.05*
Right-left lapillus otolith breadth 1.24+0.041 P>0.05
Right-left lapillus otolith weight 0.0036+0.004 P>0.05
Right-left asteriscus otolith length 1.53+0.58 P>0.05
Right-left asteriscus otolith breadth 1.43+0.50 P>0.05
Akcay Stream Right-left asteriscus otolith weight 0.0019+0.002 P>0.05
Right-left lapillus otolith length 1.35+0.46 P<0.05*
Right-left lapillus otolith breadth 1.14+0.46 P>0.05
Right-left lapillus otolith weight 0.0030+0.002 P> 0.05
Right-left asteriscus otolith length 1.44+0.31 P> 0.05
Right-left asteriscus otolith breadth 1.36+0.28 P>0.05
Right-left asteriscus otolith weight 0.0016=+0.0008 P>0.05
Terme Stream Right-left lapillus otolith length 1.32+0.27 P<0.05*
Right-left lapillus otolith breadth 1.14+0.14 P> 0.05
Right-left lapillus otolith weight 0.0023+0.0012 P> 0.05
Right-left asteriscus otolith length 1.55+0.36 P>0.05
Right-left asteriscus otolith breadth 1.46+0.32 P> 0.05
Yedilar Dam Lake Right-left asteriscus otolith weight 0.0016=+0.0001 P>0.05
Right-left lapillus otolith length 1.37£0.33 P> 0.05
Right-left lapillus otolith breadth 1.10+0.26 P<0.05*
Right-left lapillus otolith weight 0.0022+0.0014 P<0.05*
*Statistically different
Table 3. Equations of relationships between TL and otolith characteristics of S. cephalus
Asteriscus Lapillus
Locality Formula r2 P Formula r2 P
OL=0.188TL %882 0.973 <0.001 OL=0.210TL%81 0.966 <0.001
Abdal Stream OB=0.212T080%6 0.965 <0.001 OB=0.184TL0788 0.929 <0.001
OW=1.238E-0.05TL2%1 0945 <0.001 | OW=1.841E-0.05TL2078 0.948 <0.001
OL=0.157TL%%4 0.975 <0.001 OL=0.171TL87 0.955 <0.001
Akgay Stream OB=0.180TL08% 0.971 <0.001 OB=0.114TL08 0.946 <0.001
OW=7E-0.06TL?2"® 0.940 <0.001 OW=T7E-0.06TL240° 0.963 <0.001
OL=0.231TLOo"® 0.609 <0.001 OL=0.249TL0%™5 0.562 <0.001
Terme Stream OB=0.249TL%7% 0.584 <0.001 OB=0.166TL088 0.652  <0.001
OW=4E-0.06TL?57 0.936 <0.001 OW=7E-0.06TL?5% 0.9222 <0.001
OL=0.278TLo"® 0.526 <0.001 OL=0.216TL0760 0.722 <0.001
Yedikir Dam Lake OB=0.237TL0746 0.597 <0.001 OB=0.152TL082 0.843  <0.001
OW=6E-0.06TL23%20 0.912 <0.001 OW=9E-0.06TL>%* 0.933 <0.001
Discussion stock seperations have increased (Renan et al. 2004;

Many studies have been carried out in order to
separate the stocks of the same species living
in different localities using various methods.
In recent years, studies using phenotypic,
genetic methods and various bony structures for

Ibafiez et al. 2007; Ramiréz- Pérez et al. 2010;
Kohestan-Eskandari et al. 2013; Verma et al. 2014;
Renan et al. 2016; Saygin et al. 2017; Ibanez et al.
2017). The shape and morphometrics of otoliths
reflects phenotype and development stage and is
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influenced by factors such as sex, body condition,
age, Yyear-class, and stock as well as local
environmental conditions (M¢érigot et al. 2007;
Vignon and Morat 2010).

Otoliths are an indirect method for studying fish
populations and assessing the relationship between
the environment and organisms. Relationships
between bony structure dimensions and fish length
are commonly wused in fisheries science.
These mathematical associations enable the
back-calculation of fish length in previous ages
(Casselman 1990). In addition, otolith studies
particularly have a very important place in species
identification from the discovery of fossiliferous
layers in archaeological sites and prey-predator
relations (Tuset et al. 2008).

Chub belongs to Cyprinidae family and
prefers fresh, clean, and fast-flowing waters,
as well as dam lakes (Kottelat and Freyhof 2007).
This fish species were especially prefered for
sport fishing. There are some studies about genetics,
age, growth, feeding, length-weight relationships
and reproduction features of the chub inhabiting
Europen and Turkish waters (Turan et al. 2007;
Sen and Saygmm 2008; Stefanova et al. 2008;
Innal 2010; Ozulug and Freyhof 2011; Cejko and
Krejszeff 2016; Ozcan et al. 2017). It is a
widely distributed fish species in Turkey.
Particularly fish length-otolith biometry studies
are important evidence that can be used to
determine the size distributions of fish consumed by
predators. In this study, otolith dimensions and
total length relationships of chub form four
different localities were investigated. Linear and
nonlinear functions are preferred to describe otolith
size-fish size relationships (Sen et al. 2001;
Morley and Belchier 2002; Waessle et al. 2003;
Tarkan et al. 2007, Battaglia et al. 2010;
Kumar et al. 2012; Skeljo and Ferri 2012;
Basusta et al. 2013; Felix et al. 2013; Yilmaz et al.
2014; Jawad et al. 2017). In this study, nonlinear
equation was prefered for total length and
otolith dimensions relationships because of higher r?
values.

Fish size-otolith size relationships will be useful
for researchers examining food habits of piscivores
and size of fish in archaeological samples
(Harvey et al. 2000). Bostanci (2009) was
investigated relationships between fork length and
otolith charachteristics of chub and found strong
relationships, too. In conclusion, when the
relationships ~ between  fish length  and
otolith measurements were evaluated, otolith weight
for Terme and Yedikir and otolith length
for Abdal and Akgay Streams were found to be the
best indicator for estimating the length of fish.
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MAKALE BiLGIiSi

Akuatik ekosistemlerin besin zincirinde algler olduk¢a 6nemlidir. Lotik ve lentik

ARASTIRMA MAKALESI

ekosistemlerin biyogesitliliginin belirlenmesinde incelenmeleri gerekmektedir.

Hereke Deresi’nin epilitik ve planktonik florasini tespit etmek amaciyla 4 istasyon
segilmistir. Bu ¢alisma Ocak 2015 — Kasim 2015 tarihleri arasinda mevsimsel
olarak gerceklestirilmistir. Hereke Deresinde yapilan bu arastirmada, 20 takson
Bacillariophyta, 2 takson Chlorophyta, 2 takson Cyanobacteria (= Cyanophyta)
ve 1 takson Charophyta boliimlerine ait olmak iizere toplam 25 takson tespit
edilmistir. Alg florasinin % 80 Bacillariophyta grubu iiyelerinden olusmaktadir.
Su sicakligi 8,10 — 17,1°C, ¢6ziinmiis oksijen 8,2 — 9,4 mg/L, pH 6,95 — 8,10,
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elektriksel iletkenligi 382,09 - 447 uS/cm olarak tespit edilmistir. Az sayida alg

taksonunun bulunmasinda derenin akis hizinin etkili oldugu diisiiniilmektedir.
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The Algae Flora of Hereke Stream (Kocaeli -Turkey)

Abstract: Algae are very important for the nutritional chain for aquatic ecosystems. They should also be examined to determine
biodiversity in lotic and lentic ecosystems. In order to study the epilithic and planktonic algal flora of Hereke Stream, four stations
were selected. The study was carried out seasonally between January 2015 and November 2015. In the algological study conducted
at Hereke Stream; A total of 25 taxa were identified, 20 of which belong to Bacillariophyta, 2 belong to Chlorophyta, 2 belong to
Cyanobacteria (= Cyanophyta) and 1 belong to Charophyta. 80 % of the total algal flora of was represented by members of
Bacillariophyta . Water temperature were measured as 8.10 — 17.1 °C, dissolved oxygen 8.2-9.4 mg/L, pH 6.95-8.10, and electrical

conductivity 382 - 447 uS / cm. It is thought that the flow rate of the stream is effective in the presence of a few algal taxa.

Keywords: Epilitic algae, Planktonic algae, Hereke Stream, Turkey
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Giris

Algler, son derece zengin karbonhidrat, protein
ve Ozellikle yag asidi icerigine sahip organizmalardir.
Besin degeri yiiksek olan mikroalgler sudaki canlilar
icin besin maddeleri, vitamin ve iz elementlerin en
onemli kaynagini olusturmaktadir (Ulusoy 2017).
Sucul ekosistemler i¢in, besin zinciri acisindan
oldukca Onemli bir yere sahip olan mikroalgler,
ekosistemlerde biyogesitliligin belirlenmesi amaciyla
incelenmesi gereken gruplardan birini
olusturmaktadir. Diinyada oldukga farkll
ekosistemlerde (su, toprak, kar,vb.) yayilis gosteren
algler, bulunduklari ortamin yapisim1 belirten

indikator tiirleri  de icermektedir. Ulkemiz sucul
sistemlerinde (gol, golet, baraj golii ve akarsular) alg
tiirlerinin belirlenmesine yonelik ¢aligmalar 1980’1
yillarda yogun bir sekilde baslamis olup bu konuda
gergeklestirilmis ¢ok sayida calisma mevcuttur
(Yildiz 1984; Altuner veGlirbiiz 1991; Goniilol ve
Arslan 1992; Sen ve ark. 1996; Kolayl ve ark. 1998;
Ertan ve Morkoyunlu 1998; Kara ve Sahin 2001;
Dere ve ark. 2002; Atic1 ve ark. 2003; Kalyoncu ve
ark. 2009; Tokath ve Dayioglu 2011; Solak ve ark.
2012; Varol ve Sen 2014; Cigek ve Ertan 2015).
Lotik ekosistemler ve bu konuda benzer calismalar
halen devam etmektedir. Ayrica, Bakanliklar (Orman
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ve Su Isleri Bakanligi ile Cevre ve Sehircilik
Bakanligi, v.d.) bazinda ilgili kurum ve kuruluslar
tarafindan da kullanilabilen Cografi Bilgi Sistemi’ne
dayali Ulusal Havza Veri Tabani kurulmustur
(Anonim 2017a). Ulusal Havza Veri Tabaninda
iilkemizde bulunan 25 adet havza ile bunlarin
kapsadig1 alanlarda, havza sinirinin, mikro ve alt
havza smirlarinin, drenaj agimin belirlenmesi,
erozyon modelinin olusturulmasi, yillik ortalama
sediment degerlerinin tespit edilmesi ve erozyon risk
haritalarinin {iretilmesi hedeflenmektedir (Anonim
2017b). Su Cerceve Direktifi (Water Framework
Directive) dikkate alinarak tiim mikro havzalar
siniflandirtlmigtir.  Tiirkiye de bulunan 25 adet
havzaya ait 13.086 adet mikro havza simirt bu
metodoloji g0z oniinde bulundurularak
siniflandirtlmigtir (Anonim 2017b). Bu ¢alismalarin
igerisinde, iilkemizde bulunan sucul sistemlerdeki
mikroalg ¢esitliliginin tespit edilmesi ve envanter
olusturularak, haritasinin ¢ikarilmasi da
hedeflenmektedir.

Bu calisma, Sakarya havzasi igerisinde yer alan
Hereke Deresi’'nde bulunan biyolojik cesitliligin
tespit edilmesi amaciyla  gerceklestirilmistir.
Aragtirmanin, Tirkiye havza ¢aligmalar1 kapsaminda
olusturulacak envantere katki saglamasi
hedeflenmistir.

Materyal ve Metot

Kocaeli ili, Kérfez Bélgesi’nde yer alan Hereke
(Ulupinar) Deresi, Asagi Hereke Silimerbank bez
fabrikasimin  kuzeyinde, karayolu virajinin i¢
tarafindaki duvarin dibinden akmaktadir. Dere suyu,
gec kretase yashi resifal kiregtagindan olusan
gegcirimli bir birim olan kutluca formasyonu ile ge¢
kretase-paleosen yash mikritik kiregtasi, killi
kirecgtas1 ve seylden olusan gecirimsiz bir birim olan
akveren formasyonu’nun dokanagindan yiizeye
cikmaktadir. Kaynak kotu 20 m, bosalma miktar1 20
I/sn, suyun sertligi 23-24 F°S’ dir. Suyun akisi,
yagisa bagli olarak degiskenlik gdstermekte olup,
yaz-kis suyu mevcut olan bir kaynaktir (Ozler ve
Karaman 2011).

Hereke  Deresinin  alg  florasin1  tespit
etmek amaciyla Ocak 2015 — Kasim 2015 tarihleri
arasinda secilen 4 oOrnek alma istasyonundan
mevsimsel olarak drneklemeler yapilmstir.

1. istasyon: Asagi Hereke Siimerbank bez
fabrikasinin kuzeyinde, karayolu virajinin ig¢
tarafinda bulunan duvarin dibinden ¢ikan
kaynak suyu, beton bir zemin igerisinde
akmaktadir. Zeminde ¢amur ve gercek su
bitkisi bulunmamaktadir.

2. [lstasyon:Beton bir kanal iginde akan dere
suyunun bulundugu alanda, eskiden kalma
metal yapilar yer almaktadir. Zeminde ¢amur

ve gercek su bitkisi bulunmamaktadir. Su

oldukea berraktir.
3. Istasyon: Hereke merkezden akarak ilerleyen
derenin c¢evresinde yesil alan olarak

kullanilan park ve Milli saraylara ait bina yer
almaktadir. Dere beton kanal i¢cinde akmakta
olup, zeminde Cladophora glomerata’ya ait
ince yesil bir yiizey mevcuttur. Sediman
birikimi mevcut olmayip, su beton bir yiizey
iizerinden akmaktadir.

4. Istasyon: Dere’nin koprii altindan gecerek,
denize dokiildiigii bu alanda su hizi, yagislara
bagl olarak farklilik géstermektedir. Su rengi
berrak ve zemin yapisi, 3. istasyonla benzer
yap1 sergilemektedir.

Hereke (Ulupmnar) Deresi’'nden segilen 4
istasyona ait bazi fiziksel ve kimyasal parametreler
(Oksijen, pH, su sicakligi, elektriksel iletkenlik)
ornek alma aninda, arazi tipi YSI marka cihazla
Olciilmiistiir. Dere’ye ait agir metal analizleri ise
akredite olmus Kocaeli Gida Kontrol Laboratuvar
Miidiirliigii’nde yapilmistir. Istasyonlardan alinan
epilitik ve planktonik alg 6rnekleri, su i¢indeki taslar
iizerinden firga yardimiyla kazinarak, plankton
ornekleri ise 1 litrelik plastik kaplarla su yiizeyinden
almmstir. Ornekler, % 4'liik formaldehit ilave edilip
fikse edildikten sonra laboratuvara getirilmistir.
Diyatomelerin teshisi igin 6rnekler asitte (KMNO4 ve
HCI) yakildiktan sonra organik maddeleri
uzaklastirilmis ve Kanada balzami ile kapatilarak
daimi preperatlari hazirlanmistir. Daimi ve gegici
preparatlarda tiir teshisleri yapilmustir.
Istasyonlardan alman o6rneklerdeki alg tiirlerinin
teshisleri konuyla ilgili kaynaklardan yararlanilarak
yapilmistir (Husted 1985 ; Patrick ve Reimer 1966,
1975; Prescott 1973; Kramer ve Lange-Bertalot
1991a, 1991b, 1999a, 1999b). Teshis edilen tiirler
algaebase veri tabanindan kontrol edilerek
giincellenmistir (Guiry ve Guiry 2017). Ayrica otor
adlart Brummit ve Powell (1992)’a gore kisaltilarak
verilmigtir. Arastirma istasyonlar1 Sekil 1 - 5°de
verilmistir.

Sekil 1. Arastirma bolgesi
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Sekil 3. Ikinci istasyon

Sekil 4. Ugiincii istasyon  Sekil 5. Dordiincii istasyon

Bulgular

Hereke Deresi’nin Baz1 Fiziksel ve Kimyasal
Ozellikleri

Hereke Deresi’nde alinan sularda yapilan
analizler sonucunda; su sicakliginin 8,1 — 17,1 °C, pH
6,95 — 8,1, elektriksel iletkenligi 382,09 - 447 pnS/cm,
¢oziinmiis oksijen 8,2 — 9,4 mg/L arasinda oldugu
tespit edilmigtir. Mevsimsel olarak Slgiilen degerler
sekil 6 ve 7° de verilmistir. Tespit edilen degerlerin
Su Kirliligi Kontrolii Yonetmeligi, kitaigi Ssu
kaynaklar1 siniflarina gore kalite kriterlerinde 1. sinif
oldugu belirlenmistir (SKKY 2004). Dere’ye ait baz1
agir metal degerleri Tablo 1°de verilmistir.
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Sekil 6. Hereke Deresi baz1 su kalitesi parametrelerinin
mevsimsel degisimi

Elektiksel iletkenlik (uS/cm)
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Sekil 7. Hereke Deresi elektiksel iletkenlik degerlerinin
mevsimsel degisimi

Tablo 1. Hereke Deresi baz1 agir metal degerleri (ug/L)

Su Kirliligi Kontrolii
Y onetmeligi

Inorganik kirlenme
parametreleri

Civa (ng /L)
Kadmiyum (pg/L)
Kursun (pg /L)
Arsenik (pg/L)
Bakar (ug /L)

Krom (toplam) (ng /L)
Kobalt (ug /L)
Nikel (ug /L)
Cinko (ugn/L)
Demir (pg/L)
Mangan (ng/L)
Baryum (pg/L)
Aliminyum (mg/L)

SKKY- Su
kalite sinifi (I)
0,1
3
10
20
20
20
10
20
200
300
100
1000
0,3

Hereke
Deresi
<0,000
<0,000
<0,000
0,03
<0,000
<0,000
<0,000
0,02
<0,000
3,23
0,12
17,16
<0,000

Hereke Deresi (Ulupinar) Alg Florasi

Hereke Deresi’nin epilitik ve planktonik
alg florasinda, 20 takson Bacillariophyta,
2 takson Chlorophyta, 2 takson Cyanobacteria
(= Cyanophyta) ve 1 takson Charophyta boliimiine ait
olmak iizere toplam 25 takson tespit edilmistir.
Tespit edilen taksonlarin listesi Tablo 2’de
verilmistir.

Tartisma ve Sonug

Onceki yillarda igme suyu olarak kullanilan
Hereke Deresi’nin algal yapisini belirlemek amaciyla
yapilan bu calismada, epilitik ve planktonik alg
florasinda, 20 takson Bacillariophyta, 2 takson
Chlorophyta, 2 takson Cyanobacteria (=
Cyanophyta) ve 1 takson Charophyta boliimiine ait
olmak iizere toplam 25 takson tespit edilmistir.
Hereke Deresi alg florasinda tespit edilen
taksonlardan Gyrosigma attenuatum (Kiitz.) Rabenh.
disinda  digerleri  plankton  orneklerinde de
belirlenmistir. Diyatomelerden Achnanthes,
Melosira, Navicula, Craticula ve Ulnaria tiirleri
yurdumuzda arastirilan diger akarsularin
fitoplanktonunda genel olarak yaygin olarak
bulunmustur. C. pediculus, C. placentula ve U.ulna
taksonlar1 gercek planktonik tiir olmamalarina
ragmen plankton drneklerinde tespit edilmistir. Kiyi
bolgesinde bulunan sedimanlar ve taslar {izerinde
bulunan alglerin dalga hareketleri ile kiy1
bolgesinden fitoplanktona karisabilecegi yapilan
bir¢ok arastirmada rapor edilmistir (Goniilol ve
Arslan 1992; Aysel 2005; Kalyoncu ve ark. 2009;
Tokatli ve Dayioglu 2011; Solak ve ark. 2012; Varol
ve Sen 2014; Cigek ve Ertan 2015). Hereke Deresi
alg florasin belirlemek amaciyla Ocak 2015 — Kasim
2015 tarihlerinde yapilan bu ¢aligmada, alg florasinin
% 80 ‘inin Bacillariophyta tyelerine ait oldugu
belirlenmigtir.
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Tablo 2. Hereke Deresi’nde tespit edilen taksonlar

Hereke Deresi Algleri

Epilitik Planktonik

BACILLARIOPHYTA

Planothidium lanceolatum (Bréb. Ex Kiitz) Lange-Bert.
Achnanthidium minutissimum (Kiitzing) Czarnecki
Amphora ovalis (Kiitz.) Kiitz.

Cocconeis pediculus Ehrenb.

Cocconeis placentula Ehrenb.

Craticula cuspidata (Kiitz.) D.G.Mann
Cymbella affinis Kiitz.

Cymbella cymbiformis C.Agardh

Cymbella sp.

Diatoma vulgaris Bory

Encyonema ventricosum (C.Agardh) Grunow
Gomphonema olivaceum (Hornem.) Bréb.
Gomphonema parvulum (Kiitz.) Kiitz.
Gyrosigma attenuatum (Kiitz.) Rabenh.
Melosira varians C.Agardh

Navicula cryptocephala Kiitz.

Navicula radiosa Kiitz.

Navicula rhyncocephala Kiitz.

Navicula sp.

Ulnaria ulna (Nitzsch) Compére
CHLOROPHYTA

Ankistrodesmus falcatus (Corda) Ralfs
Cladophora glomerata (L.) Kiitz.
CHAROPHYTA

Cosmarium granatum Brébisson ex Ralfs
CYANOBACTERIA =CYANOPHYTA

+ 4+ 4+ + +

+ + 4+ + 0+ 4+ o+
T T T S T S S e S e S s T -

+
+ +

Kamptonema formosum (Bory ex Gomont) Strunecky, Komarek & J.Smarda - +

Merismopedia punctata Meyen

- +

Hereke Deresi fitoplanktonunda tespit edilen
24 taksonun 14’iine epilitkk kommunitede de
rastlanmigtir. Bacillariophyta iiyeleri her mevsim
tespit edilmis olup, ilkbahar ve sonbahar
donemlerinde  sayisal olarak hafif artiglar
gozlenmigtir. Arastirmada, Cocconeis pediculus,
Cocconeis placentula, Encyonema ventricosum,
Navicula rhyncocephala taksonlart diger taksonlara
gore kantitatif olarak daha fazla tespit edilmistir.
Derede ki suyun devamli akis halinde olmasi ve
diger alglerin gelisememesi nedeni ile akisa dayanikli
olan diyatome tiirlerinin ¢ogunlukta oldugu bir alg
floras1  hakim  olmustur.  Ozellikle  lotik
ekosistemlerde C. pediculus, C. placentula ve E.
ventricosum gibi tirler tas ve bitki yiizeylerine
tutunabilme kabiliyetine sahiptirler (Yildiz 1985;
Cigek ve Ertan 2015). Chlorophyta ve Cyanophyta
boliimiine ait tirlerin akis nedeni ile akarsuda
gelisemedigi ancak mevsim sicakliginin yiikseldigi
ve ortam sartlarinin uygun oldugu ¢ok kisa bir siirede
az sayida tiriin gelisebildigi tespit edilmistir.
Yurdumuzun  diger  akarsularinda  yapilan
arastirmalarda da buna benzer sonuglar elde
edilmistir (Yildiz 1984; Atici ve ark. 2003).
Akarsularin s1g kiy1 bolgelerinde ipliksi alglerin bol

olarak bulundugu ve bunlardan Hereke Deresi’nde de
tespit edilen C. glomerata’nin akarsularin temiz
bolgelerinde gelistigi bildirilmistir (Yildiz 1985).
Dere suyunun hafif bazik karakterde oldugu, su
sicakligina  bagli olarak oksijen seviyesinde
mevsimsel degisimlerin olustugu tespit edilmistir.
Elektriksel iletkenlik degerinin, gevresel etkenlere
bagli bir yap1 sergiledigi sonucuna varilmistir.
Hereke  Dere’sinde  oOlgiilen  fiziko-kimyasal
parametreler ve agir metal analizlerine gore derenin
Su Kirliligi Kontrolii Yonetmeligi (SKKY 2004)’ne
gore, kitaigi su kaynaklar1 smiflarina gore kalite
kriterlerinde 1. smmf oldugu belirlenmistir.
Literatiirlerde, temiz sularda yayilisinin bulundugu
belirtilen tiirlerden C. affinis, C. placentula, A.
minutissimum  tiirleri Hereke Deresi'nde dort
mevsimde de kaydedilmistir ki, bu tiirlerin temiz
sularda yayilisinin bulundugu belirtilmistir (Tornés
ve ark. 2007; Omar 2010).

Tesekkiir

Bu c¢alisma 04-06 Ekim 2017 tarihlerinde
gerceklestirilen 1. Uluslararasi Limnoloji ve Tatlisu
Balik¢iligi Sempozyumu (LimnoFish)’'nda sozli
sunum olarak sunulmustur.



Morkoyunlu Yiice vd. 2018 - LimnoFish 4(1): 25-29

29

Kaynaklar

Anonim. 2017a. Cevre ve Schircilik Bakanligi, Cografi
Bilgi sistemleri Genel Miidiirliigii; [Erisim tarihi Eyliil
2017]. Erisim Adresi: https://www.csh.gov.tr/gm/chs

Anonim. 2017b. Orman ve Su Isleri Bakanhg, Su
Yonetimi Genel Midiirliigi; [Erisim tarihi: Ekim
2017].Erisim adresi: http://suyonetimi.ormansu.gov.tr

Altuner Z, Giirbiiz H. 1991. Karasu (Firat) Nehri epipelik
alg florasi tizerinde bir aragtirma. Doga -Turk J Bot..
15(1991): 253-267.

Atict T, Yilmaz M, Giil A, Kuru M. 2003. Delice irmag1
algleri. G U Fen Bilimleri Dergisi. 16(1):9-17.

Aysel V. 2005. Check-list of the freshwater algae
of Turkey.J Black Sea [/ Mediterranean
Environment. 11(1): 1-124.

Brummit RK, Powell CE. 1992. A list of authors of
scientific names of plants, with recommended
standard forms of their names, including
abbreviations. Royal Botanic Gardens. Kew. 732 p.

Cigek NL, Ertan OO. 2015. Képriigay Nehri (Antalya) su
kalitesinin  epilitik  diyatomelerle  belirlenmesi.
Ege J Fish Aquat Sci. 32(2): 65-78.
doi: 10.12714/egejfas.2015.32.2.03

Dere S, Karacaoglu D, Dalkiran N. 2002. Niliifer Cay1
(Bursa) epifitik algleri lizerinde bir arastirma. Turk J
Bot. 26(4): 219-234.

Ertan OO, Morkoyunlu A. 1998. Aksu Deresi’nin alg
floras1 (Isparta-Tiirkiye). Turk J Bot. 22(4): 239-256.

Goniilol A, Arslan N. 1992. Samsun-Incesu Deresi’nin alg
floras1 lizerinde arastirmalar. Doga - Turk J Bot.
16(1992): 311-334.

Guiry MD, Guiry GM. 2017. Algae base. World-wide
electronic  publication,  National  University
of Ireland, Galway. [Erisim tarihi 3 Kasim 2017].
Erisim Adresi: http://www.algaebase.org.

Husted F. 1985. The pennat diatoms, translation of husted
‘DieKieselalgen, 2.Teil” with supplement by Norman
G. Jensen, Koenigstein:Koeltz Scientific Books 918p.

Kara H, Sahin B. 2001. Epipelic and Epilithic algae of
Degirmendere River (Trabzon-Turkey). Turk J Bot.
25(4): 177-186.

Kalyoncu H, Barlas M, Ertan OO. 2009. Aksu Cay1' nin su
kalitesinin  biotik indekslere (diyatomlara ve
omurgasizlara gore) ve fizikokimyasal parametrelere
gore incelenmesi, organizmalarin su kalitesi ile
iliskileri. TUBAV Bilim Dergisi. 2(1): 46-57.

Kolayli S, Baysal A, Sahin B. 1998. Sana Deresi
(Trabzon/Tiirkiye) epipelik ve epilitik algleri lizerinde
bir arastirma. Turk J Bot. 22(3): 163-170.

Krammer K, Lange-Bertalot H. 1991a. SiiBwasserflora
von  Mitteleuropa. Bacillariophyceae, band 2/3,
3. Teil: Centrales, Fragillariaceae, Eunoticeae,
Stuttgart :Gustav Fischer Verlag 576 p.

Krammer K, Lange-Bertalot H. 1991b. SiiBwasserflora
von Mitteleuropa. Bacillariophyceae, band  2/4,
4. Teil: Achnanthaceae Kritische Ergdnzungen zu
Navicula (Lineolatae) und Gomphonema
Gesamtliteraturverzeichnis, Stuttgart:Gustav Fischer
Verlag 436 p.

Krammer K, Lange-Bertalot H. 1999a. SiiBwasserflora

von Mitteleuropa. Bacillariophyceae, band 2/1,
1. Teil: Naviculaceae , Berlin:Spectrum Academicher
Verlag 876 p.

Krammer K, Lange-Bertalot H. 1999b. Siilwasserflora
von Mitteleuropa. Bacillariophyceae, band 2/2,
2. Teil: Bacillariaceae, Epithemiaceae, Surirellaceae,
Berlin:Spectrum Academicher Verlag. 610 p.

Omar WM. 2010. Perspectives on the use of algae as
biological indicators for monitoring and protecting
aquatic environments, with special reference to
Malaysian freshwater ecosystems. Trop Life Sci Res.
21(2): 51-67.

Ozler HM, Karaman S. 2011. Gebze ve Dilovasi’nin
(Kocaeli) hidrojeolojik incelenmesi. Fiziki cografya
aragtirmalari: sistematik ve bolgesel. Istanbul:Tiirk
Cografya Kurumu Yayinlari. s.131-180.

Patrick R, Reimer CW. 1966. The diatoms of the United
States |. Philadelphia:Academy of Natural Sciences
688 p.

Patrick R, Reimer CW. 1975. The diatoms of the United
States 1l. Philadelphia: Academy of Natural Sciences
213 p.

Prescott GW. 1973. Algae of the Western Great Lakes
area. Dubuque lowa:VM. C. Brown, Company,
Publishers 977 p.

Solak CN, Barinova S, Acs E, Dayioglu H. 2012.
Diversity and ecology of diatoms from Felent creek
(Sakarya River Basin) Turkey. Turk J Bot.
36(2): 191-203.
doi: 10.3906/bot-1102-16

SKKY (Su Kirliligi Kontrol Yonetmeligi). 2004. Su
kirliligi kontrolii yonetmeligi. Ankara. Resmi Gazete
Tarihi: 31.12.2004, Resmi Gazete Sayist: 25687

Sen B, Toprak G, Alp M, Ozrenk F. 1996. A Study on
Epiphytes of Cladophora glomerata (L.) Kiitz.
1st. Europen Phycological Congress;  Cologne,
Germany.

Tokatli C, Dayioglu H. 2011. Use of epilithic diatoms to
evaluate water quality of Murat Stream (Sakarya River
basin, Kiitahya): different saprobity level sand ph
status. JABS. 5(2): 55-60.

Tornés E, Cambra J, Goma J, Leira M, Ortiz R, Sabater S.
2007. Indicator taxa of benthic diatom communities: a
case study in Mediterranean streams, Ann Limnol. -
IntJ Lim. 43 (1): 1-11.
doi:10.1051/limn/2007023

Ulusoy Y. 2017. Enerji ve algler (mikro ve makro algler).
Uludag Universitesi, Teknik Bilimler MYO.
Powerpoint sunum. [Erisim tarihi: Eylil 2017].
Erisim Adresi: http://yahyau.home.uludag.edu.tr.

Varol M, Sen B. 2014. Dicle Nehri’nin planktonik alg
floras1. Journal of Fisheries Sciences.com,
8(4): 252-264.
doi: 10.3153/jfscom.201431

Yildiz K. 1984. Meram Cay1 alg topluluklar: iizerinde
aragtirmalar Kisim 1. Fitoplankton toplulugu. S.U.
Fen Fak Fen Dergisi. 3(1): 213-217.

Yildiz K. 1985. Meram c¢ay1 alg topluluklar1 iizerinde
aragtirmalar,  Kisim-III. ~ Sedimanlar  iizerinde
yasayan algler. Doga Bilim Dergisi. 9(2): 428-434.


http://doi.org/10.12714/egejfas.2015.32.2.03
http://doi.org/10.12714/egejfas.2015.32.2.03
http://doi.org/10.3906/bot-1102-16
http://doi.org/10.3906/bot-1102-16
http://doi.org/10.1051/limn/2007023
http://doi.org/10.1051/limn/2007023
http://yahyau.home.uludag.edu.tr/

LIMNOFISH-Journal of Limnology and Freshwater Fisheries Research 4(1): 30-35 (2018)

Journal of Limnology and Freshwater Fisheries Research

limnofish

http://www.limnofish.org B

N Jouralof Limasiogy st
. _Jre———rrer—

¢,
<
2

The Aquatic Oligochaeta (Annelida) Fauna of the Karasu Stream
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ABSTRACT ARTICLE INFO

Sakarya River is defined hydrologically in three parts: upper, middle and lower
Sakarya River Basin. This study was carried out in lower Sakarya River
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(Karasu). Aquatic Oligochaeta samples were collected from four chosen stations Received ~ :08.12.2017
between January 2008 and October 2008 seasonally. In total, eight Oligochaeta Revised -20.03.2018
species were identified during the study period. These species belong to )
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tubifex, were found to be dominant, and thus indicator species for pollution in
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Karasu Nehri’nin Sucul Oligochaeta (Annelida) Faunasi

Oz: Sakarya Nehir havzasi; yukari, orta ve asag1 (Karasu) olmak iizere ii¢ boliime ayrilir. Bu calisma Asag1 Sakarya (Karasu)
Nehri’'nde gergeklestirilmistir. Akarsu tizerinde dort istasyon secilmis ve bu istasyonlardan Ocak 2008-Ekim 2008 tarihleri
arasinda mevsimsel periyotlarla Oligochaeta Ornekleri toplanmustir. Calisma sonunda, Oligochaeta sinifina ait sekiz tiir
bulunmugstur. Bu tiirler Naididae familyasindan ve Tubificinae (Tubificoid Naidid) alt familyasindadir [Limnodrilus hoffmeisteri
Claparéde, 1862; Limnodrilus udekemianus Claparéde, 1862; Limnodrilus claparedeianus Ratzel, 1868; Potamothrix
hammoniensis (Michaelsen, 1901); Psammoryctides deserticola (Grimm, 1877); Tubifex blanchardi Vejdovsky, 1891; Tubifex
ignotus (Stolc, 1886); Tubifex tubifex (Miiller, 1774)]. Ayrica calismada, kirlilik indikatorii olarak bilinen Limnodrilus
hoffmeisteri ve Tubifex tubifex tiirlerinin nehirde baskin oldugu gozlenmistir.
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Introduction such as usage water, recreation, agricultural

Sakarya River is the third largest river in Turkey
pouring into the Black Sea. Sakarya River basin,
which is the most important river in the region,
is an important source of natural energy.
With the dams built on the area it provides
drinking and irrigation water. The length of this
river is approximately 810 km and its width
60-150 m. The river is divided into three sections
in terms of hydrology: upper, middle and lower
Sakarya (Karasu) River Basin (DSl 1992;
Anonymous 2015). This river is used for purposes

irrigation, and wastewater discharge of residential
and industrial establishments. There have been
many water pollution problems, due to increase in
population and industrialization, and it
was determined that some branches of river were
significantly contaminated by waste discharges of
industrial plants (Diindar 2008; Balcioglu and
Oztiirk 2009). Moreover, the oil pollution level
was found higher than the limit value given
by UNESCO in Sakarya River (Balcioglu and
Oztiirk 2009).
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There are various studies to determine the
Oligochaeta fauna in both the lotic and lentic
areas of the Sakarya River Basin (Arslan and Sahin
2003, 2004; Arslan et al. 2007; Yildiz et al. 2008).

The number of studies is very limited
in Karasu Stream on this subject (Arslan and Sahin
2004).

Karasu Stream, which is chosen as a research
area in this study, is one of the water sources
of the lower Sakarya basin. However, this stream
has not been thoroughly investigated
in terms of Oligochaeta fauna except a few studies
in lentic habitats (Yildiz et al. 2008). Therefore,
in this study, it was aimed to determine
the Oligochaeta fauna of Karasu River.

- KARASU
STREAM

Material and Methods

This  study was  carried out on
Karasu River located in the lower part of
Sakarya River basin (Turkey). This river is

originated from Cataltepe near Hendek. It first flows
to north with the name Kabalak Stream. After it
merges with Yayla Stream, it takes the name of
Karasu and it is poured from Karasu district to the
Black Sea. The length of study area is
approximately 30 km. Four stations were chosen on
this river and samples were taken seasonally
between January 2008 - October 2008 (Figure 1).
Totally, 16 samples had been performed per
site/single sampling from four stations at four
seasons.

BLACK SEA

Google Earth

Figure 1. The study area and stations

Oligochaeta  specimens  were  collected
twice from each station by using Ekman-Birge grab
(15x15 cm) and a hand-net with a mesh size
(with sweeping method) 180um. Then, they were
sieved through a mesh of 500pum. The samples

were preserved in the field with 4% formaldehyde
solution and preserved in 70 % alcohol
until identification after washing in the laboratory.
After the permanent preparation of
sorted Oligochaeta specimens with CMCP-10
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(polyvinyl lactophenol), samples were identified in
species level under stereomicroscope and
binocular microscopes. Samples were identified
according to Brinkhurst and Jamieson (1971),
Kathmanand Brinkhurst (1998), Timm (1999),

Timm and Veldhuijzenvan Zanten (2002). Shannon-
Weaver (1963) and Simpson (1949) indices
were applied to detect the species diversity of
the stations by using MVSP version 3.1 (Kovach
1998).

Table 1. The Secchi depth values (meter) of the stations.

Station 1 Station 2 Station 3 Station 4
Winter'08 2.3 25 4 3.2
Secchi )
Spring‘08 2.3 1.3 4 4
Depth
) Summer'08 2.3 15 3.8 4
m
Autumn'08 2.3 25 4 3.2

Results

In total, eight taxa were determined from
Naididae family and Tubificinae subfamily
(Tubificoid Naidid) at the end of the study.

The list and density of Oligochaeta species at
the stations were shown in Table 2. Limnodrilus
hoffmeisteri was the only taxon seen in all
seasons and L. hoffmeisteri and Tubifex tubifex

were found at the all stations. The species diversity
values ranged from 1.27 to 1.5 for Shannon Weaver
index and between 0.43-0.6 for Simpson index.
In addition, evenness value of the second station
was calculated rather low compared to the other
stations. Additionally, the lowest diversity value
was observed in the autumn and there was only one
taxon (Table 2).

Table 2. Seasonal distribution and the density values of the determined taxa.

Sta 1. Sta 2. Sta 3. Sta.4
OLIGOCHAETA
Naididae
Tubificinae
Limnodrilus hoffmeisteri Claparéde, 1862 889 4444 1778 222
Limnodrilus claparedeianus Ratzel, 1868 222
Limnodrilus udekemianus Claparéde, 1862 222 2444
Winter'08
Tubifex ignotus(Stolc, 1886) 1110
Tubifex tubifex (Miiller, 1774) 444 2889 889
Tubifex blanchardi Vejdovsky, 1891 444
Limnodrilus hoffmeisteri Claparede, 1862 1110
Spring'08 Potamothrix hammoniensis (Michaelsen, 1901) 222
Tubifex tubifex (Miiller, 1774) 2223
Limnodrilus hoffmeisteri Claparéde, 1862 2000
Tubifex tubifex (Miller, 1774) 889 444
Summer'08
Tubifex blanchardi Vejdovsky, 1891 222
Psammoryctides deserticola (Grimm, 1877) 222
Autumn'08 Limnodrilus hoffmeisteri Claparéde, 1862 444
Species Diversity Indices
Shannon-Weaver 1.424 1.268 1.502 1.378
Simpson 0.539 0.431 0.59 0.571
Evenness 0.719 0.538 0.786 0.857
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The total densities of Oligochaets in each station
showed considerable differences during the
study period; the highest total density of specimens
(7111 ind m?) was recorded at the station 3 in
winter period. Oligochaeta species were detected
at the third station in the spring while at the
second station in the autumn (Fig 2).
Most of the determined species, especially the
Tubificid ones, are characteristic for eutrophic lakes.
In particular, T. tubifex and L. hoffmeisteri
together with Potamothrix hammoniensis have high
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densities throughout the river. Table 2 clearly
shows the eutrophic structure of the river. Also,
low Shannon-Weaver values are due to the influence
of pollution according to Orclari and Hummon
(1975) from high relative intensities of some
species according to Statzner 1981; Sang, 1987.
In our study, the presence of L. hoffmeisteri as
the only and dominant species in the
second station reduced the wvalue of the
diversity index. This information supports the study
results.

3555

2444
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Figure 2. Seasonal abundances of the total Oligochaeta population at the stations during the study.

Discussion

This study was carried out on the Karasu
Stream, one of the important branches of the
Sakarya River and eight taxa were determined
belong to Naididae family and Tubificinae
subfamily. Naididae is one of the most important
groups of aquatic Oligochaeta and they are
cosmopolitan and occur throughout the world
(Martin et al. 2008). Especially, taxa in subfamily
Tubificinae  (Tubificoid Naidid newly) are
commonly associated with sediments in aquatic
habitats (Yildiz et al. 2012).

Arslan and Sahin (2003) collected Oligochaeta
samples from 79 stations on the Sakarya River. Five
taxa were determined on Karasu Stream in their
work. There are some differences in terms of species
composition between those reported by Arslan and
Sahin (2003) and the present study. Ophidonais
serpentina, Nais pardalis, Pristinella jenkinae,
Pristina aequiseta, and Pristina foreli were reported
from the Karasu Stream. Also, several studies have
been carried out to determine the Oligochaeta fauna
in several branches of the Sakarya River and lentic

areas of this river basin (Arslan and Sahin 2003,
2004; Arslan et al. 2007; Yildiz et al. 2008). In this
study, L. hoffmeisteri and T. tubifex were found at
the all stations.

L. hoffmeisteri is a very common, pollution-
tolerant species in freshwaters and it is found in
large numbers in densely polluted waters
(Brinkhurst and Jamieson 1971; Mason 1996). It
happens densely populated in polluted habitats,
often together with T. tubifex.

T. tubifex is a cosmopolitan species and it is
tolerant against organic pollution and lack of
oxygen (Klemm 1985; Timm 1999; Yildiz and
Balik 2005). According to Milbrink (1983), this
species occurs in those environments where
competition or predation is weak.

L. hoffmeisteri and T. tubifex have poly-sabrobic
character (Johnson et al. 1993). These species are
the typical species of heavily polluted waters in
several indices running on benthic
macroinvertebrates (Armitage et al. 1983).

L. udekemianus is a cosmopolitan species and is
mostly found in organically polluted waters as well
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as oligotrophic habitats (Klemm 1985).  This
species was found in winter at the second and third
stations in this study. This species is often found
together with L. hoffmeisteri but less in number
(Timm 1970).

P. hammoniensis, is a reliable an indicator for
eutrophy and it has a wide distribution pattern and
can be found in brackish waters occasionally
(Milbrink 1980; Lang 1984). In addition, it is known
to be extremely tolerant to anoxic conditions in
brackish or moderately alkaline bottom water
(Milbrink 1980). This species was found only at the
third station and had a low dominance in this study.
Milbrink (1973) found this species generally
associated with pollution and most often together
with T. ignotus (Stolc 1886), which has Palaearctic
distribution in Swedish waters after (Milbrink
1980), is found great rivers and deep lakes.

T. blanchardi is a freshwater tubificid, often
occurring together with T. tubifex (Marotta et al.
2009). It has a large tolerance range and can live in
various habitats (Yildiz 2003). In certain conditions,
pH, salinity, mercury and hardness concentrations
make stress on T. tubifex specimens and induce a
gradial loss of hair and pectinate setae thus
generating individuals similar to “blanchi” form
(Marotta et al. 2009).

L. claparedeianus Ratzel, 1868, which is
freshwater species with tolerance for slightly
brackish water, and Psammoryctides deserticola
(Grimm 1877), which is common, euryhalin and
Ponto-Caspian immigrant specieshave the least
dominance value in that study. L. claparedeianus
and P. deserticola were observed only at stations 2
and 3, respectively.

Findings from this preliminary study on the
taxonomic determination of the Karasu Stream
Oligochaeta fauna suggest that the species forming
the river fauna are generally cosmopolitan, or at
least species with broad distribution in the Palearctic
region (Timm, 1980). The results show that the river
does not have a high diversity in terms of the
Oligochaeta fauna.

Although there is no measurement of water
quality and pollutants in the study, in the molluscan
study conducted in the same region; according to the
results of the seasonal measurements of nitrite,
nitrate nitrogen, water temperature and pH
measurements of the Lower Sakarya River where
the survey was conducted according to the Water
Quality and Control Regulation (SKKY) (2004), it
falls into the category 3 (contaminated water)
(Kosal-Sahin 2013). The pollution indicators
Oligochaets like L. hoffmeisteri and T. tubifex were
observed in high numbers and have a great

dominancy especially at stations 2 and 3 where
pollution level was high.
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The aim of this study was to determine the immunostimulant effects of geophyte RESEARCH ARTICLE

plant extract on non-specific defence mechanisms of rainbow trout

(Oncorhynchus mykiss). For this purpose, Muscari comosum was collected in Received ~ :09.01.2018 E'I"E
Mugla region and extracted in ethanol. Then, The plant extract applied into fish Revised :07.03.2018 .
by intraperitonal injection in two different concentrations (0.5mg/ fish and 2.0 ]

mg/fish). The average fish weight was 140 g. Following the injection on the 1st, Accepted  :09.03.2018 !
Tth, 14th, 21st, 28th days the blood and serum samples were collected from fish Published  :27.04.2018 E
in each group and examined for various parameters including percentage of
hematocrit, the counts of nitroblue tetrazolium (NBT) positive neutrophils, total
leukocyte counts, percentage of white blood cells and serum lysozyme activity.
The results indicated that the counts of NBT (+) neutrophils, percentage of * CORRESPONDING AUTHOR
monocyte and neutophil and total leukocyte counts increased in the group with
injected 0.5mg plant extract /fish compared to control group (P<0.05). It has been
revealed that this dose of M. comosum can be suggested to use to enhance non-
specific immune system for rainbow trout aquaculture. However,
immunostimulant effects of oral administration of this plant extract in rainbow
trout are needed to be determine in future studies.
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Gokkusag Alabaligi (Oncorhynchus mykiss)’min Spesifik Olmayan Savunma Mekanizmasi Uzerine Geofit Bitki
Ekstraktinin immunostimulant Etkisi

Oz: Bu calismada amacimiz, gokkusagi alabaliginin spesifik olmayan savunma mekanizmasi iizerine geofit bitki ektraktinin
immunostimulant etkisinin belirlenmesidir. Bu amagla geofit bir bitki olan M. comosum Mugla bélgesinden topland: ve etanolde
ekstrakte edildi. Daha sonra farkli dozlarinda (0,5 mg/balik ve 2,0 mg/balik) baliklara intraperitonal olarak uygulandi. Baliklar
ortalama 140 g agirliga sahipti. Deneme siiresince uygulamayi takiben 1, 7, 14, 21, 28. giinlerde herbir gruptaki baliktan kan ve
serum Ornekleri aliarak farkli parametreler (hematokrit yiizdesi, nitroblue tetrazolium (NBT) pozitif notrofil sayisi, toplam 16kosit
sayisi, beyaz kan hiicrelerinin yiizdesi ve serum lizozim aktivitesi) agisindan incelendi. Bu ¢alismanin sonucunda NBT pozitif
nétrofillerin sayisi, monosit ve nétrofil yiizdeleri ve toplam 16kosit sayist 0,5 mg/balik dozunda injeksiyon yapilan grupta kontrol
grubuna kiyasla artis gosterdigi (P<0,05) belirlendi. Bu nedenle gokkusag: alabalig: yetistiriciliginde spesifik olmayan immun
sistemi uyarmak i¢in bu dozdaki M. comosum’un kullanilmasi dnerilebilir. Ancak, bitki ekstraktinin oral yolla yeme ilave edilerek
baliklara uygulanmasi ile immunostimulant etkisinin belirlenmesi i¢in gelecekte yeni ¢aligmalara ihtiya¢ duyulmaktadir.

Anahtar kelimeler: Balik, immun sistem, Muscari comosum, arap siimbiilii, kan
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against pathogens. Diseases are major constraints to
aquaculture production (Plumb and Hanson 2011)

Fish disease is rarely a simple association
between pathogen, a host fish and environmental
problems, such as poor water quality or other
stressors often contribute to the outbreak of disease.
Fish disease, caused by pathogenic organisms present
in the environment, they are mostly contagious
and treatment may be necessary to control the disease
outbreak. Therefore, intensive farming practices and
infectious diseases induced major problems
in aquaculture industry causing heavy loss to farmers.
Several studies have been conducted on the
modulation of fish immune system in order to prevent
the outbreaks. Disease outbreaks are increasingly
being recognized as a potential constraint on
aquaculture production and trade and cause
massive financial loss either through mortality or
reduced meat quality, resulting in reduced profit
margins (Plumb and Hanson 2011; Mehana et al.
2015).

The use of antibiotics and chemotherapeutics
to combat fish diseases has the risk of generating
resistant  pathogens,  bioaccumulation and
environmental pollution. Commercial vaccines are
expensive for fish farmers and are specific
against particular pathogens (Christybapita et al.
2007). One of the most promising methods of
controlling  diseases in  aquaculture is
strengthening the defence mechanisms of fish
through prophylactic administration of
immunostimulants (Deivasigamani and
Subramanian 2016; Christybapita et al. 2007). The
different types of IS (e.g. glucan, chitin,
lactoferrin, levamisole, vitamin B, C, E and growth
hormone and prolactin)
mainly facilitate the function of phagocytic cells.
Several immunostimulants also stimulate the
natural Kkiller cells (NK), complement, lysozyme
and antibody responses of fish (Diigenci et al.
2003; Mehana et al. 2015). Up to now, several
plants which have been used as therapeutic in the
control of pathogens which cause diseases in fish.
(Awad and Awaad 2017). Geophyte plant,
M. comosum (L.) Mill.1768, has medicinal
properties (Villa et al. 2012; Nasrabadi et al. 2013)
such as diuretic, anti-inflammatory, hypoglycemic
activities (Loizzo et al. 2010) and antioxidant
activity (Pieroni et al. 2002). Further, M. comosum
had been determined immunustimulant effects
on gilthead seabream (Sparus aurata) by Baba et
al. (2014).

The aim of the present study was to determine
the immunostimulant effects of M. comosum extract
on the nonspecific immune responses of rainbow
trout.

Materials and Methods

Plant extraction

The geophyte plant, Tassel hyacinth (Muscari
comosum), was gathered from Mugla region of
Turkey.  Plant brought to laboratory for the
extraction. Its bulbs were cleaned and chopped into
small pieces (Lee et al. 2000; Tanker and Tanker
1991). The extraction process was continue in ethyl
alcohol at 50°C in a water bath for 24 h. The obtained
solution was filtered and then remained mass was run
again with applying same process as before. This
step was repeated three times. The obtained extracts
combined and lyophilized. The extract was stored in
dark at 4°C.

Experimental design

Healthy rainbow trout (mean weight of 140+10g)
were taken from a private fish farm in Isparta
and acclimated for 2 weeks and held in 600 liters
tanks filled with freshwater at 12°C, with a flow rate
of 1-1.5 L min-1 with continuous aeration.
Fish were fed with commercial pellets at 2% body
weight and water quality parameters were
monitored daily. The experimental fish were
randomly divided into 3 groups, 50 fish/group
in  duplicate. ~ The  obtained lyophilized
M.comosum  extract was dissolved it in
sterile phosphate-buffered saline (PBS) solution
and then applied to fish with an intraperitoneal
injection (i.p.) as 0.1 mL of two different
concentrations as 0.5 mg/fish and 2 mg/fish. The
same volume of PBS i.p. injected into fish of control

group.

Sampling

The each sampling day (1%, 7%, 14", 21%, and 28"
days), randomly selected total five fish from
each group were taken and anesthetized by
using phenoxyethanol. After anasthesizing fish,
blood samples were drawn from the caudal vein and
then fish sacrificed. A part of blood was put into
an Eppendorf tube and then left at 4°C overnight
and centrifuged at 3500 g for 15 min and then
serum collected. The serum samples were stored at
—20°C until assayed.

Determination of NBT-positive cells

For the determination of the respiratory burst
activity in the blood, Nitroblue tetrazolium
(NBT) (Sigma No: N-6876) was used by
following a modified method described by
Anderson et al. (1992). A drop of blood placed
onto a microscope coverslip and left in a petri dish
which had humid atmosphere for 30 min at 25°C.
After incubation, the coverslip washed with 0.067
mM sodium phosphate buffer (pH 6.4) to remove
unwanted cells and then a drop of 0.2% NBT solution
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(freshly prepared) was put on to slide and
the coverslip with cells was turned cell face down on
the NBT solution and incubated again in a petri dish
for 30 min at 25°C. The slides were examined
under microscope (40x magnification). The dark blue
staining cells were counted as positive.
From each fish, five coverslips were prepared
and five random microscopic fields were counted
on each slide. Then the total twenty-five different
fields were averaged and the mean and
standard error of values per field for fish were
calculated.

Assay of lysozyme activity

2 mg lyophilized Micrococcus lysodeikticus cells
(Sigma, M 3770, ATCC No. 4698) was suspended
with 10 ml 0.05 M sodium phosphate buffer (pH 6.5).
The 3 ml of from the solution was taken
the spectrophotometer cells and than added onto 50l
fish serum. Following this process after 30 seconds
and 4.5 minutes was performed two measurements
with Shimadzu (UV-120-02) spectrophotometer
at 540 nm. One unit of lysozyme activity was
defined as a reduction of absorbance of 0.001 / min
(Engstad et al. 1992).

Counting of total leukocyte

In the blood samples, the total leukocyte were
counted from sampled fish. For this purpose, a
Neubauer counting chamber was used and method
was followed according to by Schaperclaus et al.
(1991). After collection of blood from fish, the
certain amount of blood was combined with Natt—
Herrick solution in a leukocyte pipe. The leukocytes
were counted in duplicate samples twice from each
fish.

Differential leukocyte count

The method of Steinhagen et al. (1990) and
Schaperclaus et al. (1991) were followed with slight
modification to obtain the percentage of cell types of
leukocytes. The double stains; May—Grunwald
and Giemsa were used to stain of the prepared
blood smears. These staining procedure provided that
the specific types of the leukocytes was seen under
the light microscope. A total of 100 leukocytes in
each slide were counted by using a Neubauer
chamber. The percentage of the cell types were
calculated.

Hematocrit level

During the sampling days, blood samples were
collected from fish by using heparinized capillary
tubes. From each fish, two heparinized capillary
tubes full with blood were obtained. Then, the
hematocrit centrifuge (worked at 10,500 g for 5 min)
was used to read the hematocrit level of sampled
blood. By following Steinhagen et al. 1990 and

Schaperclaus et al. 1991, the percentage hematocrit
value of blood samples was determined by using a
special scale.

Statistics

All data were analyzed by one-way analysis of
variance using the general linear model. Duncan’s
Multiple Range test was used to compare treatment
means. Differrences were considered significant at
the 0.05 probability level. All analysis was performed
using the SPSS program.

Results

It has been suggested that hematological
parameters are useful indicators for monitoring fish
health and especially immune response. In this study,
the mean number of NBT-positive cells in a
microscopic field was presented in Tablel. NBT-
positive cells in the fish group which received 0.5 mg
M. comosum were significantly increased (P<0.05)
from the other groups on 21 and 28th days. This
showed that giving dose increased phagocytic
activity of neutrophils.

Total leukocyte counts in M. comosum
(0.5 mg/fish) were determined significantly
higher than other groups in 1 and 7 th days (P<0.05)
(Table 1). While the first day after injection
total leukocyte count was 0.69x10%ul in control
group fish blood, 0.5 mg/fish plant extract received
fish groups  showed highest cell count in 1st
(1.26x10%pl) and 7th days (1.14x10%ul). The other
samplings days the high values seen in the plant
extract received fish groups compare to control
group.

The percentage of neutrophils and monocytes
also significantly (P<0.05) increased in blood
of the 0.5 mg/fish plant extract received fish group
(Table 2) compare to control and other group.
The highest values of neutrophils and monocytes
percentage were obtained in 0.5 mg/fish plant
extract received fish group in each sampling days
(Table 2). The following group of high values was
determined on percentage of neutrophils and
monocytes in blood of 2 mg/fish plant extract
received fish group. The different concentration of
plant extract injected fish groups expressed
stimulated activity on neutrophils and monocyte
cells.

The serum lysozyme activities values was highest
levels at the 21st and 28th days in the 0.5 mg/fish
plant extract received fish group hovewer,
haematocrit levels in rainbow trout blood didn’t
change after injection of M. comosum geophyte plant
(P>0.05) into all fish groups.

Our results revealed that, M.comosum stimulated
nonspecific immune parameters in rainbow trout.
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Table 1. Serum lysozyme activity (unit/ml), Hematocrit Level (%), NBT(+) neutrophil counts/microscopic field, Total

leukocyte counts (x10%ul) in fish blood after i.p. injection of geophyte plant extract.

Serum lysozyme activity Hematocrit level NBT(+) Total leukocyte counts
Days Groups
(unit/ml) (%) Neutrophil counts (x10%/pul)

0.5mg 55.25425.162 38.87+4.09% 12.29+7.67" 1.26+ 0.24
1 2mg 146.66+98.65% 37.21£5.36%® 15.13+8.63¢ 0.76+0.17°
control 180+67.332bcd 39.76+5.03%® 4.24+3 37 0.69+0.69°

0.5mg 284+116.96¢ 39.10+3.97% 4.61+4.18% 1.14+0.22¢f
7 2mg 228+164.07¢ 41.05+2.57%® 3.21+1.32® 0.70=+0.14bcd
control 144621820 37.19+3.84 % 3.38+1.95% 0.78+0.78bcd
0.5mg 60+43.202 35.49+6.252 2.63+1.892 0.64+0.133c
14 2mg 110+£62.18%¢ 39.64+5.70 2.34+1.642 0.66+0.1230cd
control 125+66.082° 36.04+5.238 2.42+1.942 0.66=+0.15%cd

0.5mg 19599, 832bed 39.30+3.49% 14.53+12.88¢ 0.54+0.05%

21 2mg 220:£160° 43.1342.82P 2.82+1.16 0.81+0.16%
control 164:£58.9920cd 38.17+£3.07% 3.97+3.02% 0.91+0.29%

0.5mg 152+109.172bcd 41.01+3.75% 13.80+8.18°¢ 0.63+0.15%¢

28 2mg 66.66+30.55% 35.04+1.612 7.19+6.99%¢ 0.42+0.102
control 120+£20.00%¢ 38.65+4.42 % 4.16+2.09%® 0.60+0.19%¢

Data are represented as mean + SE (n = 10/group). Different letters represent the significant differences at P < 0.05

Table 2. The percentage of the leukocyte cells in fish blood after ip injection of geophyte plant extract.

Leukocytes Percentage (%)

Days Groups Lymphocyte Monocyte Neutrophil
0.5mg 83.6+2.07° 7.8+1.48P 8.6+2.19%¢

! 2mg 70.8+6.412 6.8 +2.68" 22445 36¢
control 87.2+3.1]bcde 2+0.72 10.80+3.19%
0.5mg 82.80+3.11bc 11.6+2.19¢ 6+1.73%

! 2mg 845470 7.2+3.11° 8.8+2.68%¢
control 94.6+2.6° 1.8+0.832 3.842.492
0.5mg 85.40+3.91bcd 6.8+ 1.09° 7.8+3.11%¢

14 2mg 88.6+4.21cdef 3.8+1.642 7.6+3.13%®
control 95+1.22¢f 1.8+0.442 3.440.542
0.5mg 79.40+10.52° 6.8+3.27° 13.80+8.92¢

21 2mg 89.2:+ 6,149 3.241.928 5.651.81%
control 95.6+ 1.81F 1.6+0.542 2.8+1.482
0.5mg 70£5.612 7+2.44° 23+2.444

28 2mg 80.80+11.14% 3.2+1.922 10.2+7.52%
control 93.6+ 3.36° 1.5+0.572 3.4+1.672

Data are represented as mean + SE (n = 10/group). Different letters represent the significant differences at P < 0.05
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Discussion

Immunostimulants, influence growth
performance and health condition in aquatic species
by inducing a strong defence response against
pathogens while minimizing the use of antibiotics.
The immunostimulatory effects of plant extracts
might vary by fish species, route of administration,
dose, duration. Immunostimulants are critical in
activate the immune responses capable of providing
complete protection against certain pathogens.

The results of the present study indicate that there
is a increasing number of NBT-positive cells after
i.p.injection of M. comosum geophyte plant extract in
rainbow trout (0.5mg/fish). Similarly, there have also
been reported related results in various fish species,
such as in gilthead sea bream (Sparus aurata) for M.
comosum (Baba et al. 2014); in tilapia Oreochromis
mossambicus for leaf extracts of Ocimum sanctum
(Logambal et al. 2000) and Tinospora cordifolia
(Sudhakaran et al. 2006); in rohu (Labeo rohita) for
Withania somnifera (Sharma et al. 2010); nile tilapia
(Oreochromis niloticus) for Echinacea purpurea and
Allium sativum (Aly and Mohamed 2010); in
common carp (Cyprinus carpio) for Aegle marmelos
(Pratheepa et al. 2010).

Lysozyme is a fish defence element, which
causes lysis of bacteria and activation of the
complement system and phagocytes by acting as
opsonin (Magnadottir 2006). Christybapita et al.
(2007) was reported that enhanced serum lyzozim
activity in Oreochromis mossambicus of Eclipta alba
leaf extracts. Baba et al. (2014) also mentioned that
the lysozyme activity of Sparus aurata serum well-
enhanced after applying of i.p. injection of M.
comosum plant extract. Similar elevated lysozyme
activity in Oreochromis mossambicus serum was
reported to acetone extract (1% w/w) from four
medicinal plants (Bermuda grass, Cynodon dactylon;
beal Aegle marmelos; winter cherry, Withania
somnifera and ginger, Zingiber officinale (Immanuel
et al. 2009). In addition, Awad et al. (2013) notify
that they found increased levels of lysozyme in
rainbow trout serum which fed with black cumin seed
oil and nettle extract. In another study (Baba et al.
2016), all concentrations of oat extract-added (Avena
sativa) diet fed fish serum lysozyme activity,
significantly increased in the oat extract
supplemented diet fed groups at all concentrations in
C. carpio. However, in the present sdudy, all the
doses of M. comosum did not increase the lysozyme
activity in rainbow trout. Differences may be due to
different fish species, plant extraction method, route
of administration and time used in these studies.

In the present study, the percentage of neutrophils
and monocytes were significantly elevated (P<0.05)
that resulted in a significant increase in the total

leukocyte counts in M. comosum (0.5mg/fish)
applied fish. Similarly, Baba et al. (2014) also noted
increased total leukocyte count, neutrophils and
monocytes in Sparus aurata applied with M.
comosum plant extract. In the other earlier study, the
lymphocyte counts and total leukocyte counts also
increased in Oreochromis niloticus given Echinacea
purpurea supplemented diet with for 1 and 2 months
feding period (Aly and Mohamed 2010).

In conclusion, M. comosum geophye plant extract
which was given i.p. route into fish, improved and
enhanced some of the nonspecific immune defense in
rainbow trout. M. comosum could be suggested to be
used for rainbow trout culture to strengthen the
nonspecific immune system of fish. Thus, if it will be
applied before outbreaks of disease, high numbers of
mortalities might be avoided. Also, there is a need to
further studies especially on the long-term feeding
trials to determine the immunostimulant effects of
this geophyte plant extract.

Acknowledgements

This work is a part of the research project number
104V126 financially supported by The Scientific and
Technological Research Council of Turkey
(TUBITAK). This study was prensented in EAFP
2007 in Grado, Italy as oral presentation.

References

Aly SM, Mohamed MF. 2010. Echinacea purpurea and
Allium sativum as immunostimulants in fish culture
using Nile tilapia (Oreochromis niloticus). J Anim
Physiol Anim Nutr (Berl). 94 (5), e31-e39
doi: 10.1111/j.1439-0396.2009.00971.x

Anderson DP, Moritomo T, Grooth RD. 1992
Neutrophile, glass-adherent, nitroblue tetrazolium
assay gives early indication of immunization
effectiveness in rainbow trout. Vet.
Immunol.Immunopathol.30(4):419-429.
d0i:10.1016/0165-2427(92)90110-C

Awad E, Awaad A. 2017. Role of medicinal plants on
growth performance and immune status in fish. Fish
Shellfish Immunol. 67(1):40-54.
doi: 10.1016/j.fsi.2017.05.034

Awad E, Austin D, Lyndon AR. 2013. Effect of black
cumin seed oil (Nigella sativa) and nettle extract
(Quercetin) on enhancement of immunity in rainbow
trout, Oncorhynchus mykiss (Walbaum). Aquaculture
388-391(1):193-197
doi: 10.1016/j.aquaculture.2013.01.008

Baba E, Acar U, Ontas C, Kesbi¢ OS, Yilmaz S. 2016. The
use of Avena sativa extract against Aeromonas
hydrophila and its effect on growth performance,
hematological and immunological parameters in
common carp (Cyprinus carpio). Ital. J. Anim. Sci. 15
(2): 325-333.
doi: 10.1080/1828051X.2016.1185977

Baba E, Ulukdy G, Mammadov R. 2014. Effects of
Muscari comosum Extract on Nonspecific Immune


http://doi.org/10.1111/j.1439-0396.2009.00971.x
http://doi.org/10.1111/j.1439-0396.2009.00971.x
https://doi.org/10.1016/0165-2427(92)90110-C
https://www.ncbi.nlm.nih.gov/pubmed/28526570
https://www.ncbi.nlm.nih.gov/pubmed/28526570
http://doi.org/10.1016/j.fsi.2017.05.034
http://doi.org/10.1016/j.fsi.2017.05.034
https://doi.org/10.1016/j.aquaculture.2013.01.008
https://doi.org/10.1016/j.fsi.2017.05.034

Ulukédy et al. 2018 - LimnoFish 4(1): 36-41

41

Parameters in Gilthead Seabream, Sparus aurata (L.
1758). J World Aquacult. Soc. 45 (2): 173-182
doi: 10.1111/jwas.12100

Christybapita D, Divyagnaneswari M, Michael RD. 2007.
Oral administration of Eclipta alba leaf aqueous
extract enhances the non-specific immune responses
and disease resistance of Oreochromis mossambicus.
Fish Shellfish Immunol. 23(4):840-852
doi: 10.1016/j.fsi.2007.03.010

Deivasigamani B, Subramanian V. 2016. Applications of
Immunostimulants in Aquaculture: A Review. Int. J.
Curr. Microbiol. App. Sci. 5(9): 447-453.
doi: 10.20546/ijcmas.2016.509.048

Diigenci SK, Arda N, Candan A. 2003. Some medicinal
plants as  immunostimulant  for  fish. J
Ethnopharmacol.88 (1), 99-106
doi: 10.1016/S0378-8741(03)00182-X

Engstad RE, Robertsen B, Frivold E. 1992. Yeast glucan
induces increase in lysozyme and complement-
mediated haemolytic activity in Atlantic salmon blood.
Fish Shellfish Immunol. 2 (4): 287-297
doi: 10.1016/S1050-4648(06)80033-1

Immanue G, Uma RP, lyapparaj P, Citarasu T, Punitha
Peter SM, Michael Babu M, Palavesam A. 2009.
Dietary medicinal plant extracts improve growth,
immune activity and survival of tilapia Oreochromis
mossambicus. J Fish Biol 74 (7): 1462-1475
doi: 10.1111/j.1095-8649.2009.02212.x

Lee TH, Qiu F, Waller GR, Chou CH. 2000. Three new
flavonol galloylglycosides from leaves of Acacia
confusa. J. Nat. Prod. 63(5): 710-712
doi: 10.1021/np990482w

Logambal SM, Venkatalakshmi S, Michael RD. 2000.
Immunostimulatory effect of leaf extract of Ocimum
sanctum Linn. in Oreochromis mossambicus (Peters).
Hydrobiologia, 430 (1-3):113-120.
doi: 10.1023/A:1004029332114

Loizzo MR, Tundis R, Menichini F. 2010. Chelating,
antioxidant and hypoglycaemic potential of Muscari
comosum (L.) Mill. bulb extracts. Int J Food Sci Nutr.
61(8):780-791.
doi: 10.3109/09637486.2010.482521

Magnadottir B. 2006. Innate immunity of fish (Overview).
Fish Shellfish Immunol. 20 (2): 137-151.
doi: 10.1016/j.fsi.2004.09.006

Mehana EE, Rahmani AH, Aly SM. 2015.
Immunostimulants and Fish Culture: An Overview.
Annu Res Rev Biol. 5 (6):477-489
doi: 10.9734/ARRB/2015/9558

Nasrabadi, M, Halimi M, Nadaf M. 2013. Phytochemical
screening and chemical composition of extract of

Muscari neglectum. Middle-East J Sci Res 14(4):566—
569.
doi: 10.5829/idosi.mejsr.2013.14.4.71191

Pieroni, A, Janiak V, Durr CM, Ludeke S, Trachsel E,
Heinrich M. 2002. In vitro antioxidant activity of non-
cultivated vegetables of ethnic Albanians in southern
Italy. Phytother. Res. 16 (5):467-473.
doi: 10.1002/ptr.1243

Plumb, J. A., and Hanson, LA. 2011. Health Maintenance
and Principal Microbial Diseases of Cultured Fishes.
Hoboken, NJ: Wiley-Blackwell.
doi: 10.1002/9780470958353

Pratheepa V, Ramesh S, Sukumaran N. 2010.
Immunomodulatory effect of Aegle marmelos leaf
extract on freshwater fish Cyprinus carpio infected by
bacterial pathogen Aeromonas hydrophila. Pharm.
Biol.48 (11): 1224-1239
doi: 10.3109/13880201003713598

Schaperclaus W, Kulow H, Schreckenbach
K. (1991) Hematological and serological technique.
In: Fish Disease, Vol. 1, 2nd edn, ed.
by V.S.Kothekar), pp. 71-108. Gulab primlani,
Oxonian Press, New Delhi, India.

Steinhagen D, Kruse P, Korting W. 1990. Some
heamatological observations on carp, Cyprinus carpio
L. experimentally infected with Trypanoplasma
borreli Laveron. J Fish Dis. 13(2) :157-162
doi: 10.1111/j.1365-2761.1990.tb00768.x

Sudhakaran DS, Srirekha P, Devasree LD, Premsingh S,
Michael RD. 2006. Immunostimulatory effect of

Tinospora cordifolia Miers leaf extract in
Oreochromis mossambicus. Indian J Exp Biol. 44
(9):726-732

Sharma A, Deo AD, Riteshkumar ST, Chanu TI, Das A.
2010. Effect of Withania somnifera (L. Dunal) root as
a feed additive on immunological parameters and
disease resistance to Aeromonas hydrophila in Labeo
rohita (Hamilton) fingerlings. Fish  Shellfish
Immunol. 29 (3):508-512
doi: 10.1016/j.fsi.2010.05.005

Tanker M, Tanker N. 1991. Farmakognozi Cilt 1.
Ankara Universitesi, Eczacilik Fakiiltesi
yayimi, No:66, Ankara. (In Turkish) [cited 2017
November 11] Available from
http://kitaplar.ankara.edu.tr/dosyalar/pdf/313.pdf

Villa F, Borgonovo G, Cappitelli F, Giussani B, Bassoli
A. 2012. Sub-lethal concentrations of Muscari
comosum bulb extract suppress adhesion and induce
detachment of sessile yeast cells. Biofoling
28(10):1107-1117.
doi: 10.1080/08927014.2012.734811


https://doi.org/10.1111/jwas.12100
https://doi.org/10.1111/jwas.12100
https://doi.org/10.1016/j.fsi.2007.03.010
https://doi.org/10.1016/j.fsi.2007.03.010
https://doi.org/10.20546/ijcmas.2016.509.048
https://doi.org/10.1016/S0378-8741(03)00182-X
https://doi.org/10.1016/S0378-8741(03)00182-X
https://doi.org/10.1016/S1050-4648(06)80033-1
https://doi.org/10.1016/S1050-4648(06)80033-1
https://doi.org/10.1111/j.1095-8649.2009.02212.x
https://doi.org/10.1021/np990482w
https://doi.org/10.1023/A:1004029332114
https://doi.org/10.3109/09637486.2010.482521
https://doi.org/10.1016/j.fsi.2004.09.006
https://doi.org/10.1016/j.fsi.2004.09.006
https://doi.org/10.9734/ARRB/2015/9558
https://doi.org/10.5829/idosi.mejsr.2013.14.4.71191
https://doi.org/10.1002/ptr.1243
https://doi.org/10.1002/9780470958353
https://doi.org/10.3109/13880201003713598
https://doi.org/10.1111/j.1365-2761.1990.tb00768.x
https://doi.org/10.1016/j.fsi.2010.05.005
https://doi.org/10.1016/j.fsi.2010.05.005
http://kitaplar.ankara.edu.tr/dosyalar/pdf/313.pdf
https://doi.org/10.1080/08927014.2012.734811

LIMNOFISH-Journal of Limnology and Freshwater Fisheries Research 4(1): 42-46 (2018)

Journal of Limnology and Freshwater Fisheries Research

limnofish

http://www.limnofish.org B

o%/ /
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ABSTRACT ARTICLE INFO

This study was conducted to determine the effect of age, sex and weight on the
middle intestine villi morphology of fifth-generation Black Sea trout (Salmo
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fish. The highest intestine villi development was obtained in Il years old fish.
Besides, intestine villi development of high weighted fish was higher than those
of low weighted fish. However, it was found that middle intestine villi
morphology did not changed depending on sex.
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Karadeniz Alabahgi (Salmo labrax Pallas, 1814)’min Bagirsak Villi Morfolojisi

Oz: Bu calisma, 5. (F5) nesil Karadeniz alabaligi (Salmo labrax Pallas, 1814) nin bagirsak villi morfolojisi iizerine yas, cinsiyet ve
agirhgm etkisini belirlemek icin yapilmigtir. Tiiriin dogal yasam dongiisiinii saglamak ig¢in, baliklar tatlisu havuzlarmda
(Haziran-Ekim) ve deniz kafeslerinde (Kasim-Mayis) tutulmustur. Bagirsak doku 6rnekleri, baliklarin deniz kafeslerinde tutuldugu
donemde almmustir. Calismada elde edilen sonuglara gore, orta bagirsak villi morfolojisi baligin yasina (I, II, III, IV ve V yas) ve
ayni yastaki baligin (16 aylik yas) farkli canli agirligina (diisiik ve yiiksek agirlikli) baglh olarak degismistir. En diisiik bagirsak villi
gelisimi I yaslh baliklarda goriilmiis, bunu II yash baliklar takip etmistir. En yiiksek bagirsak villi gelisimi ise III yash baliklarda
goriilmiistiir. Ayrica yiiksek agirliga sahip baliklarin bagirsak villi gelisimi diigiik agirliklaki baliklardan daha yiiksek bulunmustur.
Ancak orta bagirsak villi morfolojisi iizerine cinsiyetin etkisinin olmadig: tespit edilmistir.

Anahtar kelimeler: Alabalik, yas, cinsiyet, agirlik, histoloji
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Introduction

Black Sea trout as a subspecies of the brown trout
is distributed at the Eastern Black Sea.
This is an endemic species for Turkey. This species
has three different ecotypes in the natural
environment: sea ecotype, stream ecotype and lake
ecotype. These ecotypes have great variations
in terms of color (Tabak et al. 2002). In Black Sea
condition, Black Sea trout are grown in
freshwater ponds until smolt stage, and
then smoltified in seawater when they reach
nearly 12 cm of length and 15 g of weight. In marine
cages, fish are grown during the periods

(November-May) allowed by the water temperature.
At the end of the season, when the temperature of
sea water reached critical value (18 °C) for Black Sea
trout aquaculture, the fish are harvested or transferred
to freswater ponds for brood maintenance (SUMAE
2010).

The digestive canal of teleost fish is divided into
headgut, foregut, midgut and hindgut. The headgut is
composed of the mouth and gill cavities. The foregut
is comprised of the esophagus, stomach and pylorus.
The midgut contains the intestine and a variable
number of pyloric caecae, and is the greatest part of
the gastrointestinal tract. The hindgut begins by an
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increase in diameter of the gastrointestinal tract and
ends with the anus (Floris 2010). The gastrointestinal
tract are responsible to storing food and water,
processing ingested food and water and absorbing
digested food and water, and excreting wastes (Jutfelt
2006). Intestine has very important roles such as to
complete the digestive process started in the stomach,
and to absorb the nutrients from ingested food
(Nasruddin et al. 2014). Thus, histologically
examination of the digestive system (especially
intestine) is quite important. With this way, the
knowledge related to nutritional status of fish is can
be obtained (Chowdhary et al. 2013; Yadav et al.
2014).

The histological features of intestine may be
influenced by abiotic and biotic factors (Khojasteh
2012) such as species and feed (Raskovic et al. 2011),
feeding habit, age, and body shape (Cao et al. 2011).
Intestine of fish is composed of mucosa, submucosa,
muscularis and serosa layers (Mokhtar et al. 2015).
Mucosa layer is composed of epithelium, lamina
propria and muscularis mucosa (Mumford et al.
2007). Intestine villi is located in enterocyte cells of
epithelium.

Intestine villi play an important role both in the
absorption of nutrients and in the pumping of
absorbed nutrients into the blood or lymph
(Karabulut 1991). Moreover, knowledge to be
obtained about the intestine villi will contribute on
the nutritional studies to be carried out. Thus, the
evaluation of intestine villi morphology of Black Sea
trout is aimed in this study.

Material and Methods
Experimental Design
The study was conducted as three groups

at  Central  Fisheries  Research Institute
(Trabzon, Turkey): Age (I, 11, 111, 1V and V years old),
sex (adult fish; between Il and IV years old)

and different weight of similar ages (16 months old).
In the study, fifth-generation Black Sea trout
were used. For age and sex studies,
the fish were kept in the freshwater ponds
(0.5-18.5 °C) fed by stream between May-November
2016. After that, the fish were transferred to
the sea cages (6.9-7.6 °C) in November 2016.
Fish were selected as five groups (1, II, 11, IV and V
years old) according to their age. For different
weight study, the fish (from larvae to smolt stage)
kept in the freshwater ponds (10.1-12.5 °C) fed by
spring water between January-November 2016.
After that, the fish (18.63+£3.84 g) were transferred
in seawater (6.9-16.6 °C) in November 2016
where they were kept for 6 months. Fish, 16 months
old, were selected as two groups according to their
live weight: Low weighted group (LW) and high

weighted group (HW). Fish were fed at ad-libitum
feeding level during experiment. Water temperature
was recorded daily. Seawater salinity was recorded
as 0.18%.

Intestine Sampling

Intestine samplings for age and sex studies were
taken in January 2017 in seawater (7.6 °C),
while sampling for different weight study
was taken in May 2017 in seawater (16.6 °C).
Twenty of fish from each group for every three
experiments, middle intestine tissues were taken,
and analyzed by placing the samples into 10%
formalin then into the tissue cassettes for dehydration
process and embedded in paraffin  blocks,
and subsequently cut 5-um thickness and placed on a
slide. Each sample was stained with hematoxylin
and eosin. After staining, villi length (VL), villi width
(VW) and villi length to villi width (VL/VW)
were evaluated by using an image processing
and analysis system (ZEN 2012 SP2) (Xu et al.
2003).

Statistical Analysis

Data of age were analyzed by one-way analysis
of variance. Differences between means were
compared using Duncan’s multiple range test. Data
of sex and different weight were analyzed by
independent samples t test. Statistical analyses were
computed using SPSS 15.0.

Results

There was significantly difference
between groups in terms of both fish weight and
middle intestine villi morphology (P<0.05).
Weights of the I, I, 1Il, IV and V years old fish
were recorded as 80.8349.09 g, 819.82+189.59 g,
2548.5+681.14 g,  3064.65£979.33 g and
3598.88+928.85 g respectively. The lowest VL, VW
and VL/VW were obtained in | years old fish.
This was followed by Il years old fish.
The highest VL and VW were obtained in 111 years old
fish. VL of the IV and V years old fish were similar
to each other, respectively. Also, VW of the II, IV and
V vyears old fish were similar to each other,
respectively. Furthermore, VL/VW of the 3, 4 and 5
years old fish were similar to each other, respectively
(Table 1).

There wasn’t significantly difference between
groups (female and male) in terms of both fish weight
and middle intestine villi morphology (P>0.05).
Weights of female and male fish were recorded as
2763.44 +£1111.39 g and 2826.81+£711.77 g,
respectively. VL, VW and VL/VW of male and female
fish were 1100.86+145.92 um and 1090.72+107.98
pm, 158.94438.22 pm and 168.44+41.65 pm,
7.3842.22 and 6.86+1.81, respectively (Table 2).
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Table 1. Age-dependent middle intestine villi morphology of Black Sea trout.

Age Weight () VL (um) VW (um) VL/VW

I 80.8349.09¢ 315.39+92.62¢ 65.18+13.40°¢ 4.94+1.42°¢

I 819.82+189.59¢ 713.98+73.44° 147.06+35.54° 5.20+1.60°

i 2548.50+£681.14¢ 1160.52+90.74? 174.76+36.56? 6.92+1.512

v 3064.65+979.33° 1092.50+121.29° 152.64+47.89° 7.80+2.392

V 3598.88+£928.852 1046.11£140.00° 157.59+33.07° 6.99+2.062
Means with different superscript letters in a column are significantly different (P<0.05)

(@) (b) (d) ()
Figure 1.Middle intestine villi histology of Black Sea trout. One to five years old: (a,l; b,II; c,I1I; d,IV; e,V years old)
(4x, H&E).
Table 2. Sex-dependent middle intestine villi morphology of adult Black Sea trout.

Sex Weight () VL (um) VW (um) VL/IVW

Female 2763.44+1111.39 1090.72+107.98 168.444+41.65 6.86+1.81

Male 2826.81£711.77 1100.86+145.92 158.94+38.22 7.38+2.22

There was significantly difference  respectively. While VL, VW and VL/VW of low

between groups (LW and HW) in terms of both fish
weight and middle intestine villi
morphology (VL, VW and VL/VW). Weights of
low weighted fish and high weighted fish were
recorded as 151.86+12.65 g and 372.83+15.92 g,

weighted group were 473.38476.07 um,
114.18422.36 pm and 4.29+1.05, VL, VW and
VL/VW of high weighted group were 605.96+£97.54
pum, 130.28+422.76 um and 4.78+1.10, respectively
(Table 3).

Table 3. Different weight-depend middle intestine villi morphology of Black Sea trout.

Groups Weight (g) VL (um) VW (um) VL/VW

Low weighted (LW) 151.86+12.65b 473.38+76.07b 114.18+22.36b 4.29+1.05b

High weighted (HW) 372.83+15.92a 605.96+97.54a 130.284+22.76a 4.78+1.10a
Means with different superscript letters in a column are significantly different (P<0.05)

(a) (b) (c) (d)
Figure 2. Middle intestine villi histology of Black Sea trout. a-b: high weighted, c-d: low weighted. (4x, H&E).
Discussion and generally tends to decrease with the increase in

Growth is expressed as gradually the the size of organisms (Jonsson and Jonsson 2007).

improvement in a living organism depending on time.
In fish, growth varies depending on feed
consumption and quality, stocking density, sex, age,
genetic variance, water chemistry, temperature,
photoperiod and oxygen level (Lugert et al. 2000).
Age and growth are in a close relationship (Bhatt and
Jahan 2015). Growth rate can be affected fish size,

Our study demonstrated that as fish get older, its body
weight increased, but growth rate were not. Fish
growth rate was increasingly increased from I to 111
years old, but were diminished after Il years old.
This may be related to the completion of some
physiological developments such as sexual maturity
of this species. Stream and sea ecotypes of Black Sea
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trout reach the sexual maturity in 22 and 34 months
old, respectively (Unpublished). According to
Anonymous (2012), early sexual maturation reduces
growth rate in farmed Atlantic Salmon. Smilarly,
Jonsson and Jonsson (2007) stated that body size of
Atlantic salmon changes continuously among
populations, and this seems to be related to growth
rate and sexual maturity age, as late maturing fish
tend to be more fast growing than mature ones.
Similar to the growth rate, middle intestine villi
morphology also changed depending on age of fish in
our study. Villi length and width were increasingly
increased from | to 111 years old, but were diminished
after Il years old. The intestine villi structure
developed until the fish completed sexual maturity,
but then showed tend to weaken. This may arise from
growth rate of fish species. Michel-Parra et al (2007)
found that jejenum intestine villi length changed
depending on age (10, 20, 30, 40 and 60 days) in
Tilapia (Orechromis aureus). It is clear fact that,
studies carried out on this subject are insufficient.

Black Sea trout is an opportunistic ecotype
(Tabak et al. 2002) and there is competition among
their individuals in terms of nutrition. This can lead
to different weight in the fish in the similar ages. In
this study, although the fish were kept same
environmental conditions and were fed with the same
feed, fish with different weights were observed. This
is reflected in the middle intestine villi morphology.
Coskun and Bat (2015) found that the difference in
the live weights of broiler chickens kept under the
same environmental factors and fed on the same feed
had no significant effect on histomorphological
parameters. This may arise from the weight averages
of broiler chickens are close to each other. Discussion
was made on other monogastric species due to lack
of knowledge with fish species.

We may say that middle intestine villi
development (VL, VW and VL/VW) were proportional
to the growth rate, and increased depending on live
weight gain, and also changed depending on age. For
better understanding of intestine villi morphology of
this species, other sections (proximal and distal) of
the intestine should be examined, and villi feeding
studies should be carried out. In addition, special
feeding (feed additives etc.) programs can be applied
to improve the intestine villi morphology of low
weighted fish.
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Su friinlerinin yiliksek hidrostatik basing (YHB) ile islenmesi fizikokimyasal,
mikrobiyal ve duyusal kalitenin gelismesinde olduk¢a Onem gostermektedir. )
Geleneksel yontemlerle karsilagtirildiginda YHB  diisiik sicakliklarda iiriin Gelis
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tazeliginde ¢ok az degisikliklerle mikroorganizmalari inaktive edebilmekte ve raf Diizeltme  :19.01.2018
Omriiniin uzamasii saglamaktadir. Su iriinlerinde YHB’ nin etkileri iizerine Kabul £ 22.01.2018
yapilan son caligmalar, bu yeni teknolojinin hem faydalarini hem de eksik e

yanlarim ortaya koymaktadir. Islem gérmemis su iiriinleri ile kiyaslandiginda, Yayim :27.04.2018

YHB su iiriinlerinde depolama siiresince bozulmanin azalmasini ve organoleptik
ozelliklerin korunmasini saglamaktadir. Ancak renk bozulmasi, pismis goriiniim
ve lipit oksidasyonu YHB’ nin su iriinlerinde kullanimini simirlayan
dezavantajlardir. Ayrica balik kasinin yiiksek basingla jellestirilmesi ve yiiksek
basingla dondurulup-¢6zdiiriilmesi, su iiriinlerinden fayda saglamak i¢in YHB’ nin
yogun olarak arastirilmakta olan en 6nemli alanlarindandir. Bu derlemede, YHB’
nin su iriinlerinde kullanim alanlari, avantajlart ve dezavantajlar1 hakkindaki
yaklagimlar degerlendirilmistir.
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Utilization of High Hydrostatic Pressure in Seafood Processing and Preservation

Abstract: High hydrostatic pressure (HHP) processing of seafood has showed a great potential on improving the physicochemical,
microbial and sensory quality of muscles. HHP at low temperatures can inactivate microorganisms with fewer changes to product
freshness as compared to conventional preservation techniques and leads to an extension shelf life. Recent researches on the effects
of HHP on seafood have gradually revealed the both benefits and defects of this novel processing technology. HHP has the
advantage of ensuring reduction of spoilage in seafood, and preserving the organoleptic characteristics of the product compared to
untreated muscle over storage time. However, the discolouration, cooked appearance and lipid oxidation are the drawbacks that
could limit the application of high pressure on fish muscles. Furthermore, pressure-induced gelling and high pressure freezing-
thawing of fish muscles are the main areas being investigated intensively to obtain the benefits of HHP seafood. Approaches in the
utilization of HHP in seafood area, advantages and disadvantages of HHP were evaluated in this review.
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Giris uygulamadan birincisi mikrobiyolojik aktivitenin

Su iiriinlerinin muhafazasinda geleneksel isleme
teknolojileri, uzun yillardan beri yaygin olarak
kullanilmaktadir. Geleneksel 1s1l islem uygulamalari
strasinda iiriiniin maruz kaldig sicakligin istenmeyen
kalite degisimlerine yol agmasi nedeni ile 1sil
olmayan ileri muhafaza tekniklerinin geleneksel
yontemlerle birlikte veya tamamen geleneksel
yontemlere alternatif olarak kullanilmasi son yillarda
yaygin hale gelmistir. Su tiriinlerinin muhafazasinda
genel olarak yapilmast gereken iki temel

durdurulmasidir. Bu uygulama mikroorganizmalarin
tamamen uzaklastirilmasi, gelismelerinin
engellenmesi veya Oldiiriilmesi ile miimkiin
olmaktadir. Digeri ise dokulardaki kimyasal olaylarin
(enzimatik reaksiyonlar, su aktivitesi, oksidatif
olaylar vb.) kontrol altina alinmasidir. Bu kimyasal
olaylar hem firiine bulagan mikroorganizmalardaki
hem de iiriindeki tabii enzimler ve kimyasal
reaksiyonlardan ileri gelmektedir. Bu noktada gida
teknolojisi acisindan en Onemli husus gida
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kalitesindeki ve besleyicilik degerindeki en az
degisim ile gida giivenliginin en {st noktaya
ulagtirilmasidir (Arict 2006).

Yiiksek hidrostatik basing uygulamalar1 (YHB),
termal yikimlar1 ortadan kaldirarak gidalarin ‘tazelik’
karakterinde minimum degisimler saglamaktadir. Is1l
islemlere kiyasla, YHB uygulamalar gidalarda daha
taze lezzet, daha iyi goriinis, tekstiir ve besin degeri
ile sonuglanmaktadir. Tiiketici tarafindan gidanin
kabul edilebilirliginde, iriiniin duyusal 6zellikleri
biiytik bir rol oynamaktadir. YHB uygulamalar1 ortam
ya da buzdolab1 sicakliklarinda gergeklestirilebildigi
icin 1s1l islemler sonucu ortaya ¢ikan istenmeyen kotii
degisimleri elimine etmektedir.

Bu derlemede, yiiksek hidrostatik basing
uygulamasiin su {riinleri islemesinde kullanim
alanlari, yiiksek hidrostatik basincin avantajlart ve
dezavantajlarinin anlatilmasi amag¢lanmugtir.

Yiiksek hidrostatik basing

Yiksek hidrostatik basing, kati veya sivi
gidalarin ambalajli veya ambalajsiz olarak diigiik
sicakliklarda 100-1000 MPa basmnca maruz
birakilmasiyla mikrobiyal inaktivasyonun saglandigi
bir teknolojidir (Cheftel ve Culioli 1997; Crehan vd.
2000). Gidalarin basingla islenmesi ABD’de Hite
(1899) ve Hite vd. (1914) gibi arastirmacilar
tarafindan ilk olarak 19. yiizyilin sonlarinda
calisilmistir. Yiiksek hidrostatik basincin bakterileri
inaktive ettigine dair ilk rapor Roger tarafindan 1895
yilinda agiklanmig olmasina ragmen, gida
endistrisinde  yiiksek  hidrostatik  basing ile
mikrobiyal inaktivasyonu agiklayan 6nemli ¢aligma
Bert Hite’in Temmuz 1899°da  yayinlanan
makalesidir. Hite ilk ¢alismasinda oda sicakliginda 1
saat 600 MPa’lik basinca maruz birakilan ¢ig siitiin
raf omriiniin 4 glin uzadigin1 gostermistir. Bununla
beraber, siitte asitlik artisim1 da 200 MPa’lik bir
uygulama ile 24 saat geciktirmeyi basarmistir. Hite
vd. (1914), 400 ve 820 MPa arasinda degisen basing
islemine tabi tutulan ¢cogu meyve suyunun, islemden
sonra en az 5 yil boyunca ticari olarak steril
kaldiklarini géstermislerdir.

Yiiksek basing isleminin oda sicakliginda
uygulanabilmesi, kovalent baglart ve kiiglik
molekiilleri fazla etkilememesinden dolay1; tat,
aroma, vitaminler, pigmentler, fenoller ve diger
benzer bilesenler iizerinde &Snemli degisikliklere
neden olmamaktadir. Kovalent ve kovalent olmayan
baglar1 etkileyen 1s1l uygulamalarin aksine, oda
sicakliginda YHB uygulamalar1 sadece nispeten zayif
kimyasal baglar1 (hidrojen, hidrofobik ve iyonik
baglar) etkilemektedir (Hendrickx vd. 1998). Bu
nedenle gidanin dogal goriiniimii ve lezzeti korunmus
olmaktadir. Yiiksek basin¢ islemi sirasinda 1000
MPa’lik basincin etkisini anlatmak i¢in 10000 kg’lik

agirhigi ayni anda 1 cm?’lik alana yaptig1 etkiye esit
olmasiyla agiklanabilir (Ozli 2006) (1 atm=0.1
MPa=1 bar). Basing uygulamasi sirasinda
kullanilacak iglem sicakligi 0°C’nin altindan baslayip
(adyabatik 1sinmadan kaynaklanabilecek etkileri en
aza indirmek i¢in), 100°C’nin  (gidalarda
sterilizasyon amaci ile) lizerine ¢ikabilir (Troung vd.
2015). Yiiksek hidrostatik basing uygulamasi
sirasinda adyabatik 1sinmadan dolayr sicaklikta
kiigiik bir artis gergeklesmektedir. Su i¢in her 100
MPa’da 2-3°C sicaklik artis1 olmaktadir (Guerrero-
Beltran vd. 2005; San Martin 2002). Suyun faz
gecisleri de basing tarafindan etkilenmektedir. Bu
nedenle su, -22°C’ de 210 MPa’lik bir basing altinda
stvi halde kalmaktadir (Bridgman 1912). Ayrica
yiiksek basing destekli dondurma islemi olarak
adlandirilan islem sirasinda, siiper soguma nedeni ile
kiigiik buz kristallerinin olugmasi1 saglanmaktadir
(Cheftel ve Culioli 1997; Chevalier vd. 2000; Zhu vd.
2004). Yiiksek basing ile ¢ozdiirme sirasinda ise,
uygulanan basing dondurulmus iriin ile c¢evresi
arasindaki sicaklik farkini arttirarak ¢oziilme hizinin
da artmasini saglamaktadir (Cheftel ve Culioli 1997,
Zhu vd. 2004).

Yiiksek hidrostatik basing islemi iki temel
prensibe dayanmaktadir. Paskal izostatik prensibine
gore; yiiksek hidrostatik basing {iriiniin hacmine,
sekline ve bliyilikliigline bagli olmaksizin {iriiniin her
tarafina esit sekilde etki gosterir. Le Chatelier
prensibine gdére de; {iriinii ¢evreleyen siviya
uygulanan kuvvetle sivinin sikigtirtlmasi ilkesine
dayanmaktadir.  Yiiksek basmcin inaktivasyon
mekanizmasi fiziksel olarak Le Chatelier prensibi ile
agiklanabilir. Kuvvetten kagis olarak bilinen yasaya
gore, dengede olan bir fiziksel sisteme disaridan bir
etki yapildiginda, sistem bu etkiyi en aza indirecek
sekilde kendini degisiklige ugratir. Basing artarsa
hacim azalir ve yogunluk artar, dolayisiyla denge mol
sayist az olan tarafa kayar ve sistemin kimyasal
dengesi degisir.

Tipik bir YHB sistemi basing kabini, diisiik
basing pompasi, YHB pompasi (intensifiyer), kapak,
kapak aparatlari, vanalar ve kontrol iinitesinden
(basing ve sicaklik Olgiimil) olusmaktadir (Singh
2001). YHB sisteminde uygulanan basincin gidaya
iletilmesinde  basinglama  sivis1  olarak  ozel
hidrolik  yaglar,  hidrokarbonlar  veya su
kullanilmaktadir (Cheftel ve Culioli 1997). Fakat
pratikte hacim azalmasi, gazlara oranla daha az ve
ucuz olmasindan dolay1 su en ¢ok kullanilan sividir.
Basinglama sivisi  olarak su  kullanilmasinin
nedenleri; yiikksek basinglarda dahi  hacim
azalmasinin ihmal edilebilir olmasi, gidalar igin saf,
giivenilir ve ucuz olmasidir. Su, islem sirasinda
kaymay1 saglamak ve korozyonu dnlemek amaciyla
az miktarda yag icerir.
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Yiiksek hidrostatik basmcin su iiriinlerinde
kullamim alanlar

Yiiksek hidrostatik basing islemi son zamanlarda
su {lirlinlerinde olduk¢a genis kapsamli amaclarla
uygulanmaya baglamistir. Ozellikle istiridye, midye
gibi kabuklu su iiriinlerinin etlerinin ¢ikarilmasinda
(Moraru 2008) alternatif ve etkili bir yontem olarak
kullanilmakla beraber; surimi ve jel firiinlerinin
tekstiirel 6zelliklerinin iyilestirilmesinde (Suzuki ve
Macfarlane 1984; Ikeuchi vd. 2006; Sikes vd. 2009),
su tirlinlerinin dondurulup ¢6zdiiriilmesinde (Makita
1992; Zhao vd. 1998; Chevalier vd. 1999; Li ve Sun
2002), islenmis veya taze baliklarin kalitesinin
korunmasinda kullanilmaktadir.

Istiridye, midye, deniztaragi, yenge¢ gibi
kabuklu su friinlerinin dogal kosullar altinda
actirilmasi ticari olarak kullanilmaktadir. Geleneksel
olarak, istiridyelerin addiiktor kaslar1 bir bigak
yardimi ile olduk¢a zaman alan bir islem olarak
elle kesilmektedir. Mikrodalgada 1sitma da
kabuklarin actirlmasinda kullanilan bir yontem
olup, 1s1l iglem olmas1 nedeni ile duyusal 6zelliklerde
bazi degisimlere neden olmaktadir. YHB, soguk
bir islem olarak uygulanabildigi ve normal 1sil
islemle kaslarda meydana gelen degisimlere yol
acmadig1 i¢in kabuklarin acgilmasini
kolaylastirmaktadir. islem sirasinda iiriin  YHB
iinitesine yerlestirilerek basing 200-300 MPa’ya
kadar ¢ikartilmaktadir. Islem sonunda addiiktor kas
ayrilir ve kabuklu iiriin kabugundan
ayrilarak  kendiliginden acilir. Kabuklu su
iriinlerinde YHB kullanilmasi ayn1 zamanda
istiridyelerde patojen bir bakteri olan Vibrio
tirlerinin de Onemli oOlgiide inaktive olmasini
saglamaktadir. Kural vd. (2008), yaptiklar
bir calismada istiridyede bulunan V.
parahaemolyticus hiicrelerinin 2 dakikada 5 log
azalmasi i¢in basing uygulamasmin 350 MPa’dan
fazla ve sicakligin 1-35°C arasinda olmasi
gerektigini belirtmislerdir. Bir baska c¢alismada
(Phuvasate ve Su 2015) 1,5°C sicaklikta 5 dk 250
MPa basing uygulamasinin istiridye
homojenatlarinda bulunan V. parahaemolyticus’ un
6,4 log azalmasini sagladigi tespit edilmistir.

Hepatit A, HIV, rotaviriis, polioviriis’iin YHB ile
inaktivasyonu Tlizerine c¢alismalar vardir. Bazi
caligmalar yliksek basmcin su {iriinlerinde hepatit A
gibi bazi viriisleri inaktive etmede de etkili oldugunu
gostermistir (Calci vd. 2005). Virtsler, yiiksek
basinca olan hassasiyetlerine gore degismekle
birlikte yapisal olarak da farklilik gosteren
canli gruplaridir (Murchie vd. 2005). Dan vd. (2009),
istiridyelerde bulunan murine norovirus-1 (MNV-1)
iizerinde yaptiklar1 ¢alismada 0°C’de 5 dk 400 MPa
yikksek basing uygulamasimin viriisii tamamen
inaktive ettigini tespit etmislerdir.

Suyun yiiksek basing altinda faz gegisi ile ilgili
yapilan ¢alismalar, suyun faz degisim sicakliginin 0,1
MPa’da 0°C’den 210 MPa basingta -21°C’ye
distiigiinii  gostermektedir. Ancak basing 210
MPa’'nin  {izerine ¢iktiginda sicaklik  tekrar
yiikselmektedir. Bu olay, su igerigi yiiksek olan
gidalarda hizli dondurma ve hizli ¢ozdiirme
saglamaktadir (Le Bail vd. 2002). Tironi vd. (2007)
levrek filetosunun yiiksek basing yardimi ile
dondurulmasi ile elde ettikleri sonuglardan yola
cikarak, yiiksek basing destekli dondurma islemi
sirasinda dondurarak depolama boyunca raf émriiniin
arttigini rapor etmislerdir. Yiiksek basing yardimu ile
dondurma balik kasinda bazi yapisal degisimlere
(renk, protein denaturasyonu vb.) neden olmakla
beraber kiigiik buz kristalleri olugmasini saglayarak
daha uzun bir raf 6mrii ile sonu¢lanmaktadir (Tironi
vd. 2007). Ticari dondurma yontemleri ile
kiyaslandiginda yiiksek basing yardimi ile dondurma
islemi balik kasinda ¢dzdiirme siiresini kisaltmakta
ve ¢Ozdliirme sirasinda damlama kaybin1 da
azaltmakta ancak konu ile ilgili yeterli sayida ¢alisma
bulunmamaktadir.

Yiiksek hidrostatik basmcin su iiriinlerinde
mikrobiyolojik kalite iizerine etkileri

Yiiksek hidrostatik basincin etkisi Oncelikli
olarak uygulanan basinca ve uygulanan siireye
baglidir. Basing uygulamasi boyunca
mikroorganizma sayisindaki azalma, hiicrelerdeki
yaralanmalarin  kombinasyonu sonucu meydana
gelmektedir (Rendules vd. 2011). Basing artisiyla
beraber 6nemli olan hiicre fonksiyonlar tehlike altina
girer ve mikroorganizmalarin bu zor kosullara
dayanmasi gittikce imkansiz hale gelir (Mota vd.
2013). Yiiksek hidrostatik basincin
mikroorganizmalar  iizerindeki  yikict  etkisi;
enzimlerin inaktivasyonu, DNA, RNA ve ribozomda
meydana gelen hasar, hiicre zar1 ve hiicre duvarinin
bozulmasina dayanmaktadir. Ozellikle hiicre zarinin,
YHB uygulamalarinda bakteri inaktivasyonunun
temel hedefi oldugu diisiiniilmektedir (Smelt 1998).

Mikroorganizmalarin yiiksek basinca direnci,
mikroorganizmanin tiirli, gidanin igerigi ve pH’ya
bagh olarak degisim gostermektedir. Diisiik pH’da
mikroorganizmalarin basinca karsi direnci, daha
yiiksek pH’larda uygulanan basinca olan dirence gore
daha zayiftir. Ayn1 mikroorganizma cinsinin farkli
tirleri  yliksek basinca karst ayn1  direnci
gostermeyebilir. Istya direngli mikroorganizmalar,
genellikle 1s1ya duyarli olan mikroorganizmalardan
daha yiiksek oranda basinca direnglidir. Mayalar ve
kiiflerin vejetatif formlar1 200-300 MPaMPa basing
uygulamasi ile inaktive edilebilmektedirler. Gram
negatif bakteriler, gram pozitif bakterilere oranla
basinca ve 1siya karst daha hassastirlar. Yiksek
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hidrostatik basinca karst en biiylik direnci bakteri
sporlar1 gostermektedir. Bakteri sporlar1 1200 MPa
basinca kadar direng gosterebilirler. Virislerin ise
basinca kars1 direngleri olduk¢a degiskendir (Metrick
vd. 1989; Smelt 1998; Heinz ve Knorr 1998; Hugas
vd. 2002; Garriga vd. 2004).

Mikroorganizmalarin yiiksek basing altindaki
inaktivasyon kinetikleri; basing seviyesi, uygulama
zamani, sicaklik, pH, su aktivitesi ve gida bilesenleri
gibi  bircok  faktére baghdir. YHB’ nin
mikroorganizmalar iizerindeki etkisi tiirlere gore de
onemli farkliliklar gostermektedir. Sporlar oldukga
direngli olmakla birlikte, gram pozitif vejetatif
bakteriler gram negatif vejetatif bakterilerden daha
direnglidirler.  Durgunluk evresindeki  bakteri
hiicreleri yiiksek hidrostatik basinca logaritmik
evredeki bakteri hiicrelerinden daha direnclidirler.
Yiksek basing uygulamasi ile birlikte, hiicre zari
gecirgenligi  artmakta, hiicre i¢i  bilesenler
parcalanmakta, hiicrede enerji iireten reaksiyonlar
inhibe olmakta, hiicre biiylimesi igin gerekli olan
enzimler inaktive olmakta ve biiylime i¢in gerekli
olan pH aralig1 azalmaktadir (Hugas vd. 2002).

Kim vd. (2013) Morganella morganii ve
Photobacterium  phosphoreum inokiile ettikleri
uskumruda (Scomber japonicus) yiiksek hidrostatik
basincin bakterilerin gelisimi ve biyojen amin
olusumu iizerine etkilerini incelemislerdir. 10* kob/g
yogunlugunda bakteri inokiilasyonu yapilan baliga
100, 200, 300 ve 400 MPa (3 dk) yiiksek hidrostatik
basing uygulayarak 5°C’de ( P. phosphoreum ile
inokiile edilen gruplar) ve 12°C’de (M. morganii ile
inokiile edilen gruplar) depolamiglardir. Morganella
morganii inokiilasyonundan sonra kontrol grubu ve
100 MPa basing uygulanan grupta depolama sonunda
(168 saat) bakteri hiicre sayis1 108 kob/g olmustur.
200 MPa ve flizerinde basing uygulamasinin M.
morganii inaktivasyonunda etkin oldugu
gbzlenmistir. Bunun yaninda 24. saate kadar histamin
icerigi 5 mg/kg’dan daha disik miktarlarda
bulunmustur. Ayrica kontrol ve 100 MPa basing
uygulanan gruplarda histamin igerigi 120. saatte hizla
artis gostererek sirastyla 3072 ve 2635 mg/kg
olmustur. 200 MPa ve iizerinde yiiksek basing
uygulanmasi histamin olugsumu baskilanmig ve
histamin igerigi 168. saatten sonra FDA’nin 6nerdigi
limit olan 50 mg/kg 1 (FDA 2011) ge¢gmemistir.
P. phosphoreum ile inokiile edilen kontrol grubu ve
100 MPa basing uygulanan grupta depolama sonunda
(360 saat) bakteri hiicre sayis1 107 kob/g’a ulagmustir.
300 MPa ve 400 MPa basing uygulanan gruplarda P.
phosphoreum hiicre sayist 10* kob/g’in altinda
bulunmustur. P. phosphoreum inokiile edildikten
sonra depolamanin 120. saatine kadar histamin
iceriginin 2 mg/kg’dan daha diisik oldugu
gbzlenmistir. Depolama sonunda en yiiksek histamin

degeri (270 mg/kg) kontrol grubunda bulunmus ve
300 MPa ve iizerinde basing uygulanan gruplarda bu
deger 1 mg/kg altinda kalmistir. Teixeira vd. (2014),
levrek filetolarina (Dicentrarchus labrax) farkli
basing ve siire parametrelerinin etkisini incelemek
amaciyla 100, 250 ve 400 MPa ve 5, 15 ve 30 dk
yiiksek  hidrostatik  basing  uygulamiglardir.
Filetolarda baslangigtaki toplam canli sayis1 10°
kob/g olarak bulunmus ve 100 MPa basing
uygulamast mikroorganizma sayisinda Onemli
degisimlere neden olmamistir. 250 MPa ve 400 MPa
basing uygulanan gruplarda toplam canli sayisinda
azalmalar gozlenirken, 400 MPa 30 dk basing
uygulamasinin diger gruplara gore en etkili oldugu ve
mikroorganizma sayisinda 2 log azalma sagladigi
bulunmustur.  Ramirez-Suarez vd. (2006), kiyilmig
tuna baligina (Thunnus alalunga) 275 MPa, 310 MPa
ve 2, 4, 6 dk yiiksek hidrostatik basing uygulayarak

4°C  ve -20°C’de depolamislar ve kalite
parametrelerindeki  degisimleri  incelemislerdir.
Depolama sonunda (22 giin) yiiksek basing

uygulanan gruplarda toplam psikrofil canli sayisi
kontrol grubundan ve 10° kob/g limit degerinden
daha diisiik bulunmugtur. Mikroorganizma yiikiinii
azaltmada en etkili basing uygulamasimin 310 MPa
ve 6 dk oldugu gozlenmistir. Erkan vd. (2010), farkli
basing, sicaklik ve siirelerde yiiksek hidrostatik
basing uyguladiklari barbun (Mullus surmelutus)
baliklarinin ~ 4°C’de  depolanmasi  siiresince
kalitesindeki degisimleri gozlemlemislerdir. Toplam
psikrotrof canli sayis1 kontrol grubunda 11. giinde,
220 MPa 25°C 5 dk yiiksek basing uygulanan grupta
15. giinde ve 330 MPa 3°C 5 dk yiiksek basing
uygulanan grupta 17. giinde limit degere ulagmustir.
Montiel vd. (2012), vakum  paketlenmis
dumanlanmis morina baligina yiiksek hidrostatik
basincin etkilerini aragtirmiglardir. Bu amagla baliga
400, 500 ve 600 MPa ve 5, 10 dk yiiksek hidrostatik
basing uygulayarak 5°C’de 60 giin depolamuslardir.
Depolamanin basinda kontrol grubunda toplam canli
mikroorganizma sayist 2,34 log cfu/g olarak
bulunmus ve yiiksek basing uygulamasiyla
mikroorganizma sayisi azalmis ve depolama sonuna
kadar limit degere ulasmamustir.

Yagiz vd. (2009), somon baliklarinin kalitesi
iizerine yiiksek hidrostatik basing ve pisirmenin
etkilerini  aragtirmiglardir. Bu amacgla somon
filetolarm1 vakum paketleyerek 150 ve 300 MPa 15
dk basing uygulamislardir. Yiiksek basing isleminin
ardindan vakum paketli filetolar1 sicak su
banyosunda pisirmislerdir. Filetolarin  sicakligi
72°C’ye ulasinca su banyosundan c¢ikarmiglar ve
4°C’de 6 giin boyunca depolamislardir. Baslangicta
kontrol grubunun toplam canli mikroorganizma
sayist 3,56 log kob/g olarak bulunmus, depolama
sonunda 6,16 log kob/g’a ulagsmistir. 150 MPa basing
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uygulamasi depolamanin ilk giiniinde 3 log azalmaya
neden olurken depolama sonunda mikroorganizma
sayisinda 2 log azalma olmustur. 300 MPa basing
uygulanan 6rneklerde depolama boyunca mikrobiyal
gelisim gozlenmemistir. Picouet vd. (2011), sous-
vide teknolojisi ile pisirilmis alabalik filetolarina
210, 310, 400 MPa ve 5, 10 dk yiiksek hidrostatik
basing uygulayarak 4°C’de 13 giin depolamiglardir.
Sous-vide pisirilmis ve yiiksek basing uygulanmamig
grupta baslangigtaki toplam canli sayis1 4,5 log kob/g
olarak bulunurken, basing¢ uygulanan gruplarda artan
basingla beraber mikroorganizma sayisinda azalma
gozlenmistir. Yiiksek hidrostatik basing uygulamasi,
kontrol grubuna gdre mikroorganizma gelisiminde
iistlin bir durgunluk evresi (lag faz1) saglamstir. 310
MPa ve 400 MPa basing uygulanan gruplarda toplam
mikroorganizma sayist 13. giine kadar limit degere
ulagmazken, kontrol grubu ve 210 MPa basing
uygulanan grupta 11. giinde limit degere ulagmustir.
Calisma sonunda elde edilen sonuglar dogrultusunda
310 MPa ve iizerindeki basing uygulamalarinin sous-
vide teknolojisi ile iiretilmis salmon filetolarinda
kontrol grubuna gore 6 giinlilk bir raf émrii artisi
sagladig1 bulunmustur.

Yiiksek hidrostatik basincin su iiriinlerinde
fizikokimyasal kalite iizerine etkileri

Basing uygulanmis baliketinde meydana gelen
kimyasal degisimler, tiikketici tarafindan iiriiniin kabul
ve red edilme kriteri olan tazelik ve duyusal kaliteyi
de onemli ol¢giide etkileyebilmektedir (Truong vd.
2015). Balik raf dmrii kisa ve bozulmaya en hassas
gidalardan biridir (Dalgaard 2003). Balik kasindaki
bozulma cogunlukla balikta dogal olarak bulunan
enzim aktiviteleri, mikrobiyal aktiviteler ve
doymamig yag asitlerinin otoksidasyonu nedeni ile
meydana gelmektedir (Arias 2009). Sonug olarak,
baliketinde gelisen kotii koku ve kotii tat, bahsedilen
bu aktiviteler sonucunda meydana gelen kimyasal
bilesiklerin olusumu ve birikimi ile ilgilidir. Balik eti
mikrobiyal aktivite sonucu ugucu bazik azot ve
trimetilamine (TMA-N) doniisen serbest amino asit ve
trimetilamin oksit (TMA-O) bakimindan zengindir.
Bu bilesikler “baliks1’” kokuyu olusturan ve baligin
bozulmasindan sorumlu olup, tiiketici tarafindan
liriinlin red edilmesine yol agabilmektedir. TMA-N,
mikroorganizmalarin faaliyetleri sonucu TMN-O’ in
yikilmasi sonucu olugmakta iken, TVB-N balik etinin
bozulmasi sonucu ortaya ¢ikan tiim ugucu bazik
bilesikleri (TMA-N, amonyum, dimetilamin, diger
bazik nitrojenli bilesikler) olusturmaktadir.

Yapilan galismalar, yiiksek basing uygulamasinin
TMA-N ve TVB-N olusumunu onemli derecede
geciktirdigini  gostermistir. Karim vd. (2011)
yaptiklar1 caligmada ringa (Clupea harengus) ve
mezgit (Melanogrammus aeglefinus) filetolarim

vakum paketleyerek 200, 250 ve 300 MPa (1 ve 3 dk)
YHB uygulayarak buz igerisinde 2°C’de 14 giin
boyunca depolamislardir. 250 MPa (3 dk) ve 300
MPa (1-3 dk) basing uygulanan ringa filetolarinda
TVB-N degerlerinin depolama boyunca smur
degerinin altinda kaldigmi  goézlemlemislerdir.
Mezgit filetolarinda da yiliksek basing uygulamasi
TMA-N ve TVB-N degerlerinin limit degerlere
ulagmasin1 engellemis, kontrol grubunda TMA-N
degeri depolamanin 6. giiniinde 15,34 mg/kg, TVB-N
degeri ise 10. glinde 49,95 mg/kg olarak simir
degerlerinin tizerine ¢ikmustir. Briones-Labarca vd.
(2012) yaptiklar1 bir calismada, farkl: siirelerde (3, 5,
8 dk) 500 ve 550 MPa basing uyguladiklar1 kirmizi
istiridyede TVB-N degerlerinin kontrol grubuna gére
oldukca diisiik diizeylerde kaldigin1 ve depolama
sonunda (60 giin) limit degerin (35 mg N/100 g)
altinda oldugunu bildirmiglerdir. Ayn1 sekilde YHB
uygulanan gruplarda TMA-N degerlerinin depolama
sonunda kontrol grubundan diisiik seviyelerde
oldugu gozlenmistir. 220, 250 ve 330 MPa (5, 10dk)
yiiksek basing uyguladiklar1 istavrit filetolarini -
30°C’de 2-3 giin muhafaza ettikten sonra TMA-N
degerlerini inceleyen Erkan vd. (2011), basing
uygulanmig gruplarin TMA-N degerlerinin kontrol
grubuna gore daha diisiik oldugunu bildirmislerdir.

Protein bakimindan 6nemli bir besin kaynagi
olan balik ve balik {irlinleri, hasat agamasindan
tilketim noktasina kadar uygun kosullarda muhafaza
edilmedigi taktirde insan saglig1 i¢in tehlikeli bir gida
haline gelmektedir (Ozogul vd. 2004). Su iiriinleri
basta olmak iizere, 6zellikle protein igerigi yiiksek
fermente gidalarda bulunabilen ve depolama ile
miktar1 artan biyojen aminler, alerjik biinyeli
bireylerde oldugu kadar saglikli bireyler i¢in de sorun
yaratabilmektedir.  Biyojen aminler arasinda
histamin, potansiyel olarak tehlikeli goriilmekte ve
histamin zehirlenmesine yol agmaktadir. Baliklarin
yapisinda  bulunan  aminoasitlerin  enzimatik
dekarboksilasyonu ile amin bilesikleri olugsmaktadir.
Dekarboksilaz enzimi igin gerekli olan substrat
serbest aminoasitlerdir. Bu nedenle baligin
bozulmasi veya ayrigsmasi siiresince, bakteriyel
tiretim, aminoasit dekarboksilasyon faaliyeti ve
proteoliz aktivitesinden dolay1 amino asitler serbest
kalmakta ve biyojenik amin iretilmektedir
(Eitenmiller ve De Souza 1984). Su iiriinlerinde
yiiksek basincin biyojen amin olusumu iizerine
etkileri ile ilgili simirli sayida c¢aligma mevcuttur.
Ancak yapilan calismalar yiiksek basincin su
iriinlerinde biyojen amin olusumunu Onemli
derecede etkiledigini gostermektedir.

Matejkova vd. (2013), gokkusagr alabaligi
(Oncorhynchus ~ mykiss)  filetolarin1  vakum
paketledikten sonra 300 MPa ve 500 MPa 10 dk
yiikksek basing uygulayarak 3,5°C ve 12°C’° de



52

Ugak 2018 - LimnoFish 4(1): 47-57

depolayarak biyojen amin olusumunu
gozlemlemislerdir. Alabalik filetosunda putresin,
kadaverin ve tiraminin baskin biyojen aminler oldugu
bulunmustur.  Yiksek basmng uygulanmamig
filetolarda raf omriiniin 3,5°C’de 5-6 giin oldugu,
yiiksek basing uygulamasiyla bu siirenin 21-28 giine
kadar uzayabildigi gozlenmistir. 12°C’de depolanan
orneklerde yiiksek basing uygulamasinin 3,5°C’de
depolanan orneklere gore daha az etkili oldugu
bulunmustur. Turna baligimi (Esox lucius) vakum
paketleyip yiiksek hidrostatik basing uygulayarak
3,5°C ve 12°C’de 70 giin depolayan Krizek vd.
(2014) biyojen amin olusumunu incelemislerdir.
Depolama boyunca histamin olugsumu Onemli
diizeylere ulasmamis, 3,5°C’de depolanan 6rneklerde
ise histamine rastlanmamistir. Bunun yaninda tiramin
miktar1 depolama boyunca siirekli artis gostermistir.
300 MPa ve 500 MPa basing uygulanarak 3,5°C’de
depolanan 6rneklerde tiramin miktar1 sirasiyla 55,8
mg/kg (28. giin) ve 82,1 mg/kg (70. giin) olarak
bulunurken, 12°C’de depolanan 6rneklerde tiramin
miktar1 sirastyla 51,5 mg/kg (14. giin) ve 110 mg/kg
(21. giin) olarak gdzlenmistir. Depolama siiresince
3,5°C’deki tiim filetolarda putresin ve kadaverin
miktarlar1 limit degeri gegmemis, yiiksek basing
uygulanan gruplarda bu miktarlar kontrol grubuna
gore daha diisiik degerlerde bulunmustur. 12°C’de
kadaverin miktar1 kontrol grubunda 14. giinde 118
mg/kg’a ulasirken yiiksek basing uygulanan
gruplarda 21. glinde sinir degere ulasmistir. Caligsma
sonunda elde edilen bulgular yiiksek hidrostatik
basing uygulamasinin biyojen amin olusumunu
onemli Olglide azalttigin1  gdsterirken, basing
uygulamasinin diisiik sicakliklarda depolamada daha
etkin oldugu bulunmustur. Kim vd. (2013), M.
morganii ile inokiile ettikleri uskumru etinde 200
MPa’ya kadar yiiksek basing uygulamasinin histamin
olusumunu 6nemli derecede etkilemedigini, ancak
300 ve 400 MPa basmg¢ uygulamasmin histamin
olusumunu onemli Olglide baskiladigini
belirtmislerdir. Depolamanin 5. giiniinde yiiksek
basing uygulanmamig grupta histamin miktar1 3073
mg/kg, 100 MPa 3 dk basing uygulanmis grupta ise
2636 mg/kg olarak bulunmustur. Bunun yaninda 300
ve 400 MPa basing uygulanan gruplarda histamin
miktar1 depolama boyunca yok denecek kadar az
miktarlarda tespit edilmis ve siir degere
ulasmamigtir. Benzer sekilde, yapmis oldugumuz
calismada da uygulanan yiiksek basing seviyesinin
histamin olusumunu 6nemli derecede etkiledigi ve en
iyi basing ve siire uygulamasinin 500 MPa 10 dk
oldugu bulunmustur. Soguk dumanlanmig morina
baligina yiiksek basing uygulayarak 5°C’de 60 giin
depolayan Montiel vd. (2012), depolama siiresince
diisiik miktarlarda sadece triptamin ve spermin tespit
etmislerdir.

Balik kasinin pH’s1 6liim sonrasi degisiklikleri,
ozellikle mikrobiyal bozulma ve enzimatik aktiviteyi
onemli derecede etkilemektedir (Truong vd. 2015).
Balik etine YHB uygulanmasi, bazi protein
yapilarinin denaturasyonuna ve boOylece mevcut
asidik gruplarin azalmasina neden olabilmektedir
(Angsupanich ve Ledward 1998). Buna ek olarak, bu
asidik gruplarin basing yardimi ile iyonizasyonu da
tercih edilmektedir (Ramirez-Suarez vd. 2006;
Yamamoto vd. 1994); Erkan vd. (2010), farkli basing
ve sicakliklarda yiiksek basing uyguladiklart ¢ipura
filetolarmi1 19 giin boyunca 4°C’de depolayarak
kalitede meydana gelen degisimleri incelemisler ve
basing uygulanan gruplarda pH degerlerinin kontrol
grubuna gore daha diisikk oldugunu bulmuslardir.
Depolamanin baginda kontrol, 250 MPa 5 dk 3°C
basing uygulanan grup ve 250 MPa 5 dk 15°C basing
uygulanan gruplarda pH degerleri siras1 ile 5,8 5,1 ve
5,2 olarak bulunurken depolama sonunda bu degerler
6,8 6,1 ve 6,4’e yiikselmistir.

Proteinler yapilarinda kovalent baglar, disiilfit
baglari, hidrojen baglar1 ve diger interaksiyonlari
icerirler. Bu baglarin bircogunun kirilmasi sonucu
proteinler modifiye olmakta ve 6zelliklerinde 6nemli
degisimler meydana gelmektedir (Cheret vd. 2006).
YHB uygulamasi kovalent baglart kiramamasina
ragmen, hidrojen baglar1 ve diger interaksiyonlari
etkileyebilmektedir. Genel olarak, kuaternar yapi
daha c¢ok hidrofobik interaksiyonlara sahip olmasi
nedeniyle yiiksek hidrostatik basing uygulamasina
kars1 daha hassastir. Proteinlerin sekonder yapilar
iizerindeki degisimler ise ancak ¢ok yliksek
basinglarda, heliksel yapinin olusumunu saglayan
hidrojen baglarinin  kirilmas1  sonucu  ortaya
cikmaktadir. Sekonder yapidaki bu degisim
genellikle geri  doniistimsiizdiir. Balik  kasi
miyofibriler (tuzda ¢oziinen), sarkoplazmik (suda
¢coziinen) ve stroma (kollajen) proteinlerinden
olugsmaktadir (Shahidi 1994). Miyofibriler proteinler
balik kasinda bulunan toplam ham proteinin %40-60
kadarini olustururken, sarkoplazmik proteinler %30
kadarini olusturmaktadir. Geri kalan kas proteinleri
ise stroma proteinlerinden olugmaktadir (Ohshima
vd. 1993; Shahidi 1994; Shimidzu vd. 1996). Yiiksek
basincin  proteinler gibi gida biyopolimerleri
iizerindeki etkileri, bir denge sisteminin bozulmasina
neden olan herhangi bir dis faktoriin etkisini en aza
indirgeme egiliminde oldugu Le Chatelier prensibine
dayanmaktadir (Mozhaev vd. 1996). Yiiksek basing
uygulanmig  balikk kasinda yapilan  protein
coziinlrligli  testleri, miyofibriler proteinlerin
basinca sarkoplazmik proteinlerden daha duyarli
oldugunu gostermistir. Yiiksek basing uygulanmig
tilapia kasinda miyofibriler proteinlerin
¢Oziiniirliglinin 200 MPa basingtan sonra hizla
azaldigr gozlenmistir (Ko vd. 2006). Protein
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¢oziiniirliigii ile ilgili yapilan caligmalarda elektron
mikroskobu incelemeleri sonucunda miyofibriler
proteinlerin yiiksek basingtan en cok etkilendigi
goriilmiigtiir. Yilksek basing uygulamasinda ince
flamentler kalin flamanetlerden daha ¢ok denature
olurken, 1s1l islem uygulamalar1 hem ince hem de
kalin flamentlerde denaturasyon ile
sonu¢lanmaktadir (Yoshioka ve Yamamoto 1998).

Yiiksek hidrostatik basincin su iiriinlerinde
lipit oksidasyonu iizerine etkileri

Su iiriinlerinde muhafaza siiresini simirlayan en
onemli faktorlerden biri yaglarda meydana gelen
oksidasyondur. Bilindigi gibi balik eti 6zellikle EPA
ve DHA gibi omega-3 ¢oklu doymamis yag asitleri
bakimindan (PUFA) oldukca zengindir. Ancak
PUFA’lar oksidasyona ve depolama siiresince
meydana gelen oksidatif degisimlere karst oldukca
hassastir. Yiiksek basing uygulanmig balik kasinda,
yapilarindaki metal iyonlari nedeni ile hemoglobin ve
myoglobin  gibi  heme  proteinlerinin lipit
oksidasyonunu yiikselten en Onemli endojen
tetikleyiciler oldugu bildirilmektedir (Magsood vd.
2012). Denaturasyona ugramis heme
peroteinlerinden metal iyonlarinin serbest kalmasi,
balikta bulunan doymamis yag asitlerinin lipit
oksidasyonunu  hizlandirabilmektedir.  Yiiksek
basincin ortam kosullar1 sicakliginda ve hatta daha
diisiik  sicakliklarda uygulanabilmesi, gidanin
sekline, biiylikliigiine icerigine bagli olmadan her
yere esit sekilde uygulanabilmesi en Onemli
avantajlarindandir 300 MPa’nin altinda kalan yiiksek
hidrostatik basing uygulamalarinin lipid oksidasyonu
iizerindeki etkileri ¢ok kiigliktiir. Fakat 300-400
MPa’nin {izerindeki basinglar, gidada belirgin
degisimlere neden olabilmektedir (Medina-Meza vd.
2014).

Montiel vd. (2012), vakum paketlenmis
dumanlanmis morina baligina yiiksek hidrostatik
basincin etkilerini aragtirmiglardir. Bu amagla baliga
400, 500 ve 600 MPa ve 5, 10 dk yiiksek hidrostatik
basing uygulayarak 5°C’de 60 giin depolamiglardir.
TBARS degerleri kontrol ve basing uygulanan gruplar
arasinda oOnemli bir farklilik gostermemis ve
depolama sonuna kadar 1-2 mg MDA/kg olan limit
degere ulasmamustir. Chevalier vd. (2001), kalkan
baligina 100-200 MPa arasinda 4°C’de 15 ve 30 dk
yiiksek hidrostatik basing uygulamiglardir. Basing
uygulamasindan sonra TBA degerlerinin artan basing
ve silire parametreleriyle artis  gosterdigini
gozlemlemislerdir. Yapilan ¢caligma sonunda, kalkan
balig1 i¢in en uygun basing uygulamasinin 140 MPa
oldugu bulunmustur. Yagiz vd. (2009), somon
baliklarinin kalitesi tizerine yliksek hidrostatik basing
ve pisirmenin etkilerini arastirmiglardir. Bu amagla
somon filetolarin1 vakum paketleyerek 150 ve 300

MPa 15 dk basing uygulamislardir. Yiiksek basing
isleminin ardindan vakum paketli filetolar1 sicak su
banyosunda pisirmislerdir. Filetolarin sicakligi
72°C’ye ulasinca su banyosundan c¢ikarmiglar ve
4°C’de 6 giin boyunca depolanuslardir. Ikincil
oksidasyon iriinii olan TBARS degerleri tiim
gruplarda depolama boyunca 6nemli derecede artig
gostermistir. Caligma sonunda YHB uygulamasi ve
pisirme kombinasyonunun somon filetolarinda
kaliteyi koruyucu etkiye sahip oldugu bulunmustur.

Yiiksek basing uygulamasimin lipit
oksidasyonuna etkileri iizerine yapilan c¢alismalar
oldukca siirli sayida olmakla beraber bazi
arastirmalar yiiksek basincin lipit oksidasyonunu
tetikledigini, ayrica yliksek basincin balik kasinda
lipit oksidasyonuna etkilerinin uygulanan basincin
seviyesi ve siiresine, baligin tiiriine ve baliketinin
yapisina (beyaz kas, koyu renk kas) bagli olarak
degisiklik gosterdigini belirtmislerdir. Ornegin
morina baligina oda sicaklifinda 20 dk uygulanan
400 MPa’'nin altindaki yiikksek basincin lipit
oksidasyonu iizerinde basing uygulanmamis gruplara
gore c¢ok az etkisinin oldugu gorilmiistiir
(Angsupanich ve Ledward 1998). Buna karsin
4°C’de 30 dk 100 MPa basing uygulanan sazan
baliginin ve 4°C’de 15 dk 100 MPa basing uygulanan
kalkan baliginin yiiksek basin¢ uygulandiktan sonra
lipit oksidasyonuna karsi daha hassas oldugu
gozlenmistir (Sequeira-Munoz vd. 2006). Bir bagka
caligmada somon baligina uygulanan 300 MPa (oda
sicakliginda 15 dk) yiiksek basing lipit oksidasyonu
diizeyinin basing uygulanmamig gruplara gore
o6nemli derecede azalmasimi saglamistir (Ojagh vd.
2011).

Yiiksek hidrostatik basmcin su iiriinlerinde
duyusal kalite iizerine etkileri

Tiiketici algis1  i¢in, balik etinin  kabul
edilebilirliginin belirlenmesinde renk en Onemli
duyusal ozelliklerden biridir (Liu vd. 2013).
Muhtemelen, yiiksek basmcin balik kasindaki en
onemli zararli duyusal etkilerinden biri, basing
uygulanmig  baliketinin  artan  beyazligindan
kaynaklanan pismis goriiniimdiir (Matser vd. 2000).
Balik etinin rengi genellikle L (aydinhk), a
(kirmizilik), b (sarilik) renk parametreleri ile
Olciilmektedir. Basing uygulamasindan sonra balik
kasmin L-degerinde artan basingla ve artan basing
muamele siiresi ile birlikte artis gozlenmistir.
Ornegin sazan baliginda, oda sicakliginda 300 MPa
10 dk yiiksek basing uygulamasi L-degerinin
artmasina ve 500 MPa basin¢tan sonra baliketinin
pismis goriiniim almasina neden olurken, 4°C’ de 100
MPa 30 dk ve 4°C’ de 140 MPa 15 dk yiiksek basing
uygulanana sazan etinde L-degeri  basing
uygulamasindan sonra oOnemli derecede artmistir



54

Ugak 2018 - LimnoFish 4(1): 47-57

(Yoshioka ve Yamamoto 1998). Ayrica oda
sicakliginda 200 MPa 20 dk’dan daha yiiksek basing
seviyelerinde morina kast kirmiziligin1 kaybetmistir
(Angsupanich ve Ledward 1998). Benzer sekilde,
7°C’ de 400 MPa 5 dk’lik yiiksek basing uygulamasi
ile ringa etinin beyazlig1r 6nemli diizeyde artmis ve
pismis goriiniim meydana gelmistir (Hurtado vd.
2000).  Genellikle sogutma ve  dondurma
islemlerinden sonra yiiksek basing uygulanmamis
balik kasi ile kiyaslandiginda, basing uygulanmis
omeklerde daha iyi bir duyusal kalite
gozlenmektedir. Yiiksek basm¢ biyojen amin
iretimini baskilayabilmekte ve bu da depolama
boyunca lezzet ve  aromanin  geligmesini
saglamaktadir. Kamalakanth vd. (2011) ton baligimin
duyusal kalitesini arastirmak i¢in 4 puan iizerinin
kabul smirt oldugu 9 puanli hedonoik skala
kullanmiglardir. Yiiksek basing uygulanmamis ve 20
giine kadar kabul edilebilir olan kontrol gruplar ile
kiyaslandiginda oda sicakhiginda 100 MPa 5 dk
basing uygulanmis ve 2°C’de depolanan ton baliginin
25 giine kadar kabul edilebilir, 200-300 MPa 5 dk
basing uygulanmis ton baligiin ise 30 giine kadar
kabul edilebilir oldugunu belirtmislerdir.

Ulkemizde Su Uriinleri ve Yiiksek Hidrostatik
Basin¢ Uygulamasi

Ticari olarak su iiriinlerinde yiiksek hidrostatik
basing kullanimi diinyanin birgok iilkesinde yaygin
olarak kullanilmakta ve piyasaya siiriilen {irlinler
HPP (high pressure prosessed) etiketi ile
satilmaktadir. Son yillarda iilkemizde de yiiksek
hidrostatik basing uygulamasinin su driinlerinde
kullanimi iizerine yapilan bir¢ok bilimsel g¢aligma
mevcuttur. Sipahioglu (2013) tarafindan yapilan
calismada kitosan esasli yenilebilir filmle kaplanmis
gokkusagi alabaligina 220 MPa 5 dk yiiksek basing
uygulanmistir. Calisma sonunda, yiiksek basing ve
kitosan esashi filmle kaplamanin kalite {izerinde
olumlu etkiye sahip oldugu, bununla birlikte her iki
yontemin  birlikte  uygulanmast  sonucunda
miikemmel bir sonug elde edildigi tespit edilmistir.
YHB uygulanmis baliklarin sogukta depolanmasi
sirasinda dayanim Omriiniin olumlu etkilendigi
gdzlemleyen Uretener (2009), buzdolab1
kosullarinda muhafaza edilen tekir baliklarinin
duyusal ve mikrobiyolojik parametrelere gore 10 giin
tiiketilebilir kaliteyi korudugunu goézlemlemistir.
Ayrica YHB uygulanmamis kontrol grubu ¢ipuralarin
buzdolabinda 10 giin raf Omriine sahip oldugu
bulunurken 3°C/5 dk/250 MPa YHB uygulanmis
¢ipura 6rneklerinin kontrolden 6 giin daha fazla raf
omriine sahip oldugu goézlemlenmistir. Ucak ve
Gokoglu (2017), YHB uygulamasmmin ringa
marinatiin duyusal kalitesi {izerine etkilerini
inceledikleri ¢alismada, 100 ve 300 MPa basing

uygulanan gruplarin panelistler tarafindan en ¢ok
tercih edilen gruplar oldugunu tespit etmislerdir.
Akhan (2012), 200 MPa/5°C/5 dk basing uygulanan
hamsi ornekleri buzdolabinda muhafaza edildiginde
9 giin kadar raf omriiniin uzadigin1 gézlemlemistir.
Mezgit Ornekleri icin ise; Ornekler sirastyla 200
MPa/5°C/5 dk ve 400 MPa/15°C/5 dk basing
uygulandiklarinda, raf omiirleri 13 ve 15 giin kadar
uzatilirken; her iki balik tiirii i¢cin kontrol 6rnekleri ise
3 gilin igerisinde tiiketilemez duruma gelmistir.
Yapilan calismalar yiiksek basincin su iiriinlerinde
raf omriind arttirdigimi ve tiiketici tarafindan kabul
diizeyi yliksek iirtinler elde edildigini gostermektedir.

Sonug¢

Yiiksek hidrostatik basing su iiriinlerinin tiiriine,
kullanilan basing kosullarma (siire, sicaklik, basing
seviyesi) ve birlikte kullanildigi diger isleme
teknolojilerine bagli olarak hem faydali hem de tersi
etkilerle sonuglanabilmektedir. Yiiksek basincin
etkisi uygulanan basinca, basing siiresine ve sicakliga
bagli olarak degigsmekle birlikte, ¢ok diisiik
sicakliklarda  bile  bozulmaya neden olan
mikroorganizmalar1 inaktive edebilmekte, ayrica
iriintin ~ tazelik  parametrelerinde ~ minimum
degisimlerle beraber sogutulmus ve dondurulmus
depolama  siiresince  iiriiniin  raf  Omriini
uzatabilmektedir. Tiiketiciler tarafindan {iriiniin
kabul edilebilirliginde duyusal ozellikler oldukca
onemli sayilmakta ve yiiksek basing islemi 1sil
islemlere kiyasla daha iyi tekstiir, goriiniis ve lezzet
ile sonuglanmaktadir. Bu nedenle optimum basing,
stire ve sicaklik kosullar1 altinda kullanildigi taktirde,
yiikksek  basing  iglemi  irliiniin  kalitesinin
geligtirilmesine  ve  gilivenilirliginin ~ artmasina
yardime1r olmaktadir. Yiiksek basing uygulamasi
cesitli tilkelerde 6zellikle kabuklu su {iriinlerinden et
¢ikarma islemlerinde ve diger bazi balik tirlinlerinin
islenmesinde  ticari  olarak  kullanilmaktadir.
Ulkemizde, yiiksek basincin su iiriinlerinde kullanim
ile ilgili ¢esitli bilimsel ¢aligmalar mevcut olup ticari
olarak  kullanimi  bulunmamaktadir.  ileriki
calismalarin planlanmasinda sanayi is birligi de
diislintilerek islenmis su iirlinleri {ireten ticari
firmalarm  yliksek basing  sistemi  hakkinda
bilgilendirilerek konu ile ilgili farkli yaklagimlarla
beraber su iiriinlerinde yliksek basing kullaniminin
saglanabilecegi disiiniilmektedir.
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Kerevitlerde Genetik Sifre Belirlemenin Onemi ve Kullanilan Yéntemler

Oz: Kerevitler biyogesitlilik degisimlerine maruz kalan birgok tath su organizmalarindan biridir. Diinyada ve Tiirkiye’de kerevit
stoklar1 Aphanomyces astaci fungusunun neden oldugu hastalik, asirt aveilik, su kirliligi ve diger nedenlerden tiikenme tehlikesiyle
karg1 karsiya kalmistir. Stoklari tehlikede olan bu canlilarin devamu i¢in populasyonlarin korunmasi ve uygun gevrelere yeniden
stoklanmas1 gerekmektedir. Cevresel faktorler bir populasyonun genetik kompozisyonunda ¢ok &nemli rol oynar. Bu yiizden
populasyonlar arasindaki genetik ¢esitlilik bilyiik 6neme sahiptir ¢iinkii populasyonlarin genetik yapilarinin bilinmesi bu tiiriin
devaminin saglanmasi ve korunmasi agisindan hayatidir fakat ne yazikki bu konuda yapilan ¢aligmalar hala sinirhidir. Bu derlemeyle
simdiye kadar yapilan genetik caligmalar tartigilarak kerevitlerin korunmasi ve yonetimi i¢in 6nemli bilgiler elde edilmeye
calisilacaktir ¢linkii genetik ¢esitliligin korunmasi bu tiirlerin uzun siire yagsamasi ya da varligini stirdiirmesi i¢in ¢ok onemlidir.
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Introduction

Importance of crayfish

In this review, the situation of the freshwater
crayfish group, a water organism found in every
continent, is discussed, 59% of these species found in
North America, 23% of in Oceania (Southeast Asia
Islands), 10% in South America, 5% in Europe and
1.1% in Asia with only 7 species. Also 1.4% in
Madagascar with 9 species. But the other
phylogenetic studies argues that there are only 4
species in Asia (Koizumi et al. 2012) and are widely
regarded as keystones of habitats which they found.
There are more than 600 crayfish species belong to

the three family that have different distribution over
the world. In Turkey the crayfish species which have
natural distribution in natural lakes, reservoirs, dam
lakes, ponds and rivers is Astacus leptodactylus
Esch., 1823. It is reported that this species
represented by a single and two sub-species in
Turkey. While A. leptodactylus leptodactylus Esch.,
1823 have distribution in the Black Sea, North
Marmara and Thrace Regions; Iznik and Terkos Lake
with the Maritsa and the Danube River and Gelemen
stream A. leptodactylus salinus Nordman, 1842 in
South Marmara, Aegean and Central Anatolia
Regions; Manyas, Egirdir, Beysehir, Uluabat,
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Aksehir, Eber, Golciik and Mili¢ lakes (Geldiay and
Kocatas 1970; Harlioglu and Harlioglu 2006). Also
Harlioglu and Giiner (2007) had reported
Austropotamobius  torrentium  (Shrank, 1803)
presence in Madara Brook.

Crayfish are valuable animals economic and
ecologically. They have a significant conneciton in
the aquatic food chain in many streams and lakes.
(Helfrich and DiStefano 2009). Crayfish have an
important environmental role in many freshwater
habitats and play an important economic and cultural
role in many communities. Unfortunately, in many
parts of the world, some crayfish species in
freshwater ecosystems are under pressure and efforts
should be made to protect them. Owen et al. (2015)
reported that crayfish is a highly endangered
component of these freshwater ecosystems and that
more than 30% of the world's species are at risk of
extinction.

The factors
populations

People have been changing the dispersion of
species over the years, they not only causing
extinctions, but also causing species to migrate
through biogeographic obstacles and into new
environments regardless of the geographic and
genetic resources of stock material (Clavero et al.
2015). The population is declining and the extinction
of species takes place at an unprecedented rate all
over the world (May 2010). There are more than
79,800 species on The IUCN Red List, and more than
23,000 are danger of extinction, including 41% of
amphibians, 34% of conifers, 33% of reef building
corals, 25% of mammals and 13% of birds. The
extinction occurs in marine, freshwater and also in
terrestrial systems. Numbers of described threatened
species by big groups of organisms were given in
Table 1. (Cook et al. 2008).

threatening the crayfish

Table 1. Numbers of threatened species by big groups of organisms (IUCN Red List version 2017-1)

Estimated Number of described species

Number of species evaluated by 2017

VERTEBRATES
Mammals 5,560
Bird 11,121
Reptiles 10,450
Amphibians 7,635
Fishes 33,500
INVERTEBRATES
Insects 1000000
Molluscs 85.000
Crustaceans 47.000
Corals 2.175
Arachnids 102.248
Velvet Worms 165
Horseshoe Crabs 4
PLANTS
Mosses 16.236
Ferns and Allies 12.000
Gymnosperms 1.051
Flowering Plants 268.000
Green Algae 6.050
Red Algae 7.104
FUNGI AND PROTISTS
Lichens 17.000
Mushrooms 31.496
Brown algae 3.784

5,560
11,121
5,473
6,533
16,134

6,912
7.276
3.177
864
249
11
4

102
417
1.011
20.725
13
58

8
25
15

Researches shows that freshwater environments
occupy only 0.8% of the Earth, with about 6% of
species identified and under pressure from water
pollution, flow modification, habitat fragmentation
and exotic species. These habitat breaks cause high
susceptibility to speciation, habitat destruction and
limited disintegration capacity. The combination of

these factors increases the rate of rapid
disappearance. So, freshwater ecosystems are vital in
accordance to biodiversity, but are under severe
pressure and therefore are in need of conservation
efforts (Ricciardi and Rasmussen 1999; Owen et al.
2015). The freshwater species that in particular risk
in many part of world are crayfish.
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In the 19th century the natural crayfish have been
depleted dramatically rapidly due to the emergence
of crayfish plaque and led to the extinction of natural
species in many parts of Europe. All domestic
European crayfish species have experienced strong
declines over the last century, mainly due to the
outbreak of crayfish plague, a disease caused by
oomycete Aphanomyces astaci (Clavero et al. 2015).
It is clear that the population of the world has
decreased and the extinctions of species have
occurred in an unprecedented proportion. Despite the
fact that extinction is a natural phenomenon,
evidence has shown that the rates of extinction at
present are greater than in the past and possibly
attributable to human actions. Since we can not fully
understand the current and past biodiversity levels, it
is difficult to predict the rates of extinction accurately
(Furse et al. 2012). In Turkey, the crayfsh population
are also affect from crayfish plaque. Crayfish plagque
disease problem is true for Turkish population.
Harlioglu (2004) had reported that after 1985, the
yield of A. leptodactylus decreased tragically in many
Turkish populations as a result of crayfish plague
disease. In 1991, the harvest was only 320 tonnes.

In 2010, freshwater crayfish were evaluated in
the IUCN Red-Threatened Species List and
evaluating 528 of them, indicating that crayfish were
among the 5 most threatened groups of animals in the
world.

The crayfish species under risk of extinction are
Austopotamobius pallipes (Lereboullet), Astacus
astacus (Linnaeus), A. leptodactylus (Eschscholtz),
Austropotamobius torrentium (Shrank) (Fetzner
2011). Recent threats include global climate change
results increased environmental temperature (Furse
et al. 2012), and rising density and compactness of
variable weather events.

Low capacity in the natural distribution of
crayfish and inhibition of gene flow through habitat
alteration results strong/severe fragmentation of
remaining populations. Therefore to prevent
destruction of natural stocks, it is required to take
measures such as protection of natural habitats and
stocking of appropriate water resources.

The other major causes in the endangered of
crayfish are environmental factors, low population
numbers, small geographic limits and habitat loss.

Our objective in this review is to examine,
present and discuss the applications of existing
molecular genetic methods to protect economically
valuable freshwater crayfish. Examples will be given
of how these techniques are applied in freshwater
crayfish, particularly in determining the levels of
genetic diversity and how the obtained data can be
used to maintain these very important species.
Because the first thing to consider in order to protect

species is to know the genetic structure or
diversity. That is, higher genetic diversity means
more survival, and more successful results can be
obtained if protection methods are taken in this
direction.

Genetic Methods Used To Determining
The Genetic Differences of Crayfish

Many national and international organisations
and states make investment for the protection of this
important aquatic organism. Although this organism
studied many years, in genetic sence the obtained
data from study which has started recently may have
an critical role for the protection of crayfish (Gouin
et al. 2006; McKniff 2012).

Molecular methods have been used to determine
the levels of genetic diversity in a species, data
requirements in stocking studies, estimation of
effective population sizes, and determination of
disease susceptibility (DeSalle and Amato 2004;
Furse et al. 2012). Potential uses of molecular
methods encompasses a wide range of applications,
and the methods used to determine the genetic
diversity of crayfish have been discussed under the
following headings.

Since the mid of 1980s, the scientist have tried to
determine the genetic structue of crayfish. Different
methods have been used for this. The first methods
were depend on protein electrophoresis that revealed
a low variation between Europen crayfish (Fevolden
et al. 1994). In recent years, the molecular methods
have been applied in crayfish successfully and
revealed high diversity.

For determining genetic differentiation of
populations, there are several studies such as
mitochondrial DNA (in genetic analysis the
mitochondrial genoms are perfect targets because
they have no introns, reduce the recombination and
in the haploid mode of inheretence), ISSR,
ITS1(Largiader et al. 2000; Li et al. 2012; Matallanas
et al. 2012) RAPD PCR (Schulz 2000) and
microsatellites (Gouin et al. 2002).

Mitochondrial DNA markers

Because of the maternal mode of heredity and
lack of recombination, mtDNA was a commonly
used genetic methods for investigation of population
structure (Wilson et al. 1985; Avise et al. 1987).

Koizumi et al. (2012) investigated the genetic
structure of Japon crayfish. They determined that the
most of populations composed of 16S mMtDNA
haplotypes and showed important genetic divergence
(Fst=0,96) and also the nuclear DNA sequences
showed deep seperation between strains. However
the mtDNA has advantages in population genetic
structure study, it has some disadvantages also. The
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first represents only one locus, and the
deduced gene trees may be incompatible with
organism phylogeny (Avise 1994). Resistance to
a single genetic locus greatly reduces the significant
spatial or temporal detection power. Second,
mtDNA allows only reconstruction of maternal lines.
Thus, in species-based populations, the population
structure of maternal hereditary mtDNA may be
different from the biparental heritable nuclear
energy.

Inter simple sequence repeats (ISSR)

From the used genetic methods the inter-simple
sequence repeats (ISSRs) are a new molecular
marker of PCR amplification of DNA by a single
primer consisting of a repeating sequence fixed by
2-4 arbitrary nucleotides at the 3 'or 5' end, and have
been used successfully many in populations genetic
studies. Schulz et al. (2004) have been investigated 8
A. astacus stock using ISSR-PCR in Germany and
Poland. They have been search 22 ambigious and
polymorphic markers using statistical analysis. They
found that the polymorphic loci in a population
ranged from 4-19. The determined relative genetic
diversity between population ranged from 0.6-0.1
by Shannon index. For this reason, it has proven that
ISSR markers are appropriate for assessing
DNA variations between and within the population
and for producing a significant distinction in most of
the stocks.

ITS1 fragment analysis

ITS1 fragment analysis, one of the other
molecular methods, is a relatively simple
tool to study genetically distinct crayfish
populations and to determine the origin of these
populations. Despite that, the ITS1 fragment
variation can be used to investigate differences
between populations, as documented in a study
carried out by Liu et al. (2013) investigated the
population genetic structure of Pracambarus clarkii
in China using ITS1. They reported that diversity
within population (%95.26) was higher than
diversity between population (%4.74) using
AMOVA. Genetic differences between Taiwan
and the environment (FST = 0.160) was medium
while difference between China and America
populations (FST = 0.682 and 0.977) were
significantly higher. Gene flow between China
and American populations (Nm = 0.006 and 0.117
respectively) were significantly lower than China
and the environment (1.536). In another study,

Edsman et al. (2002) investigated
15 A astacus  population  with  ITS1
markers and they found that different

population had different form of division.

RAPD (Random amplified polymorphic DNA)
PCR

RAPD-PCR has some advantages over other
techniques used for population analysis. (RFLPs and
microsatellites). For example, RAPD-PCR is
relatively faster, simpler and cheaper to conduct.
Besides, it requires a small amount of DNA to form
and provide a large number of polymorphic loci;
Both are particularly valuable when working with
populations of species that are danger of extinction or
low genetic diversity RAPD-PCR has many
advantages as well as some disadvantages. Of course,
the most important shortcoming of RAPD-PCR is the
dominant nature of the bands created by this method.
In relation to this, Zhang et al. (2015) indicated that
it is impossible to distinguish a heterozygous locust
from a dominant RAPD marker in a DNA segment
amplified from a homozygous locust (Zhang et al.
2005). Schulz (2000) examined the genetic structure
of 5 A.astacus stock using RAPD-PCR. Although
geographic proximity of these 5 stock less than 20 km
the genetic structure of all of them were different.

Cytochrome oxidase subunit I (COI)

The cytochrome oxidase subunit | (COI), one of
the maternal mitochondrial genes, has been used
extensively to investigate the population structure
(Schrimpf et al. 2011; Matallanas et al. 2012),
phylogenetics, phylogeny and systematics of
different crayfish species or groups.

Li et al. (2012) investigated distribution model
after establishment and population genetic structure
of P. clarkii in China. In this study they analyzed
genetic structure and diversity of populations from 37
sampling region area using COIl 16S rRNA
mitochondrial gene sequences and 12 nuclear
microsatellite. They reported that from the
phylogenetic analysis, bayesian study and isolation
between distance, the population located in same area
have similar genetic composition and the population
in China were high genetic diversity but they didn’t
show expansion. Their study revealed that the COI
16S rRNA mitochondrial gene sequences is good tool
to evaluating population genetic structure and genetic
diversity of P. clarkii. In another study, Schrimpf et
al. (2011) investigated the haplotype diversity of
A. astacus by analyzing the partial sequences of
cytochrome oxidase subunit | of 416 sample from 92
crayfish stock in Black Sea, North Sea and Baltic Sea.
From the defined 22 haplotype the one of them was
common in whole working area. The high haplotype
diversity (HD= 0.94+0.24) was found in Balkans
while the low haplotype diversity (HD = 0.299 =+
0.038 and HD =0.163 £ 0.058) were found in Central
Asia. And also this study show to us the COl is useful
in the investigation genetic diversity of A. astacus.
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Schrimpf et al. (2014) studied a portion of the
mitochondrial cytochrome oxidase subunit and 16S
rRNA from 540 noble crayfish samples taken from
156 sites spread around five sea basins in Europe.
Also, they carried out a microsatellite analysis of 289
individuals from 22 sites. Both mitochondrial and
nuclear markers have Dbeen implicated in
anthropogenic translocations in central Europe,
resulting in genetically relatively homogeneous
populations. Whereas, some areas showed a distinct
genetic structure with endemic haplotypes and
private alleles indicating that these areas were refugia
for A. astacus in central Europe and that these
populations have not been subject to anthropogenic
translocations. Furthermore, researchers have found
the highest genetic diversity in the Black Sea basin
and especially in the Western Balkans and other
Black Sea populations. And also, Akhan et al. (2014)
investigated the genetic differentiation among
Turkish populations of the narrow-clawed crayfish
using a partial sequence of cytochrome oxidase
subunit | gene (585 bp) of 183 specimens from 17
different crayfish populations. From this study they
disclosed a strong haplotype structure with three
prominent clades diverged by a range between 20 and
50 mutations and substantial inter-group pairwise
sequence divergence (5.19-6.95 %), They
determined the high level of genetic variability (Hd =
95.8 %, p = 4.17 %) and numerous private
haplotypes. Helms et al. (2015) examined the genetic
structure and morphology between three populations
of 3 catchments of the drainage using mitochondrial
COlI gene sequences and geometric morphometry,
and multiple populations of Cambarus englishi
Hobbs and Halland Cambarus halli both of them
endemic to the Tallapoosa River.

Bernini et al. (2016) described the genetic
structure of A. italicus populations in northern Italy
(Lombardy Alpine foothills and northern Apennines)
by using the cytochrome ¢ oxidase subunit I, to assess
the present evolutionary diversity and phylogenetic
history from a conservation perspective. As a result
they proposed to consider these two clades as distinct
molecular operational taxonomic units for the
conservation of this endangered crayfish.

Microsatellites

The another genetic method microsatellites or
variable number of tandem repeats (VNTRS) are a
class of nuclear DNA with repeating units of 1-6
nucleotides, usually formed in a cluster called a
locus. A microsatellite locus typically varies between
5 and 40 repeats; the most common forms of repeats
are dinucleotide, trinucleotide, and tetranucleotide
repeats. Two desirable features of microsatellites are
its easy sample preparation and high information

content. In terms of preparation, microsatellite
studies use small tissue samples that can be preserved
for later use, e.g. freshwater crayfish samples in 95%
ethanol, due to the stability of the DNA as compared
to enzymes that degrade over time. This also allows
the microsatellites to still be amplified during the
process of the polymerase chain reaction (PCR).
Because small samples are used, microsatellites are
optimal for their use of fast and cheap DNA
extractions. In addition, since microsatellites are
species-specific markers, there is less likelihood that
cross-contamination by non-target organisms is a
problem (Selkoe and Toone 2006). In terms of high
information content, microsatellites as single-locus,
co-dominant markers can efficiently be combined in
the genotyping process, which allows for fast and
inexpensive replication (Selkoe and Toone 2006).
Microsatellite markers are utilized in population
genetics studies interested in population structure and
the relatedness of individuals, migration (gene flow)
rates, changes in the past ten to one hundred
generations, and present-day demography or
connectivity patterns (Selkoe and Toone 2006). Due
to the relatively high mutation rate, microsatellites
are useful for their large amount of genetic variability
and rapid evolution rate for detecting more recent
changes in population structure.

There are also several drawbacks of
microsatellites. First, microsatellites require species-
specific isolation (Selkoe and Toone 2006). Because
the DNA sequences of the primers are highly
conserved within a particular species, one has to
make new primers for each experiment when
working with different species. It is difficult to isolate
new primers and the failure rate is high. Yue et al.
(2008) studied 4 clone of P. clarkii with 5
microsatellite in 120 individuals. They reported that
each clone contained identical individual as genetic
and found as heterozygous in majority of the
microsatellites and it was confirmed that all of them
were belonged to P. clarkii. In another study, Yue et
al. (2010) studied genetic diversity and population
structure of P. clarkii using 9 polymorphic
microsatellites. A significant heterozygote deficiency
was observed in the studied population. And also,
Ahn et al. (2011) studied population analysis of
Cambaroides similis in Korea and developed and
identified 8 microsatellite locus from 49 sample in 4
location (one population from Mt. Bukhan (BH), 3 of
from Mt. Gwanak GA). The locus identified per locus
was ranged  between  2-12.  Investigated
heterozygosity and expected heterozygosity were
found as 0.00-0.33 and 0.25-0.43 respectively. The
genetic difference between GA and BH population
was 0.789 and within GA population was 0.454. It
was thought this high difference to be related from
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geographic distance. Gross et al. (2013) developed 10
new microsatellite markers for reveal geographic
structiring of A. astacus. It is a first large scale study
for this species. They studied with 633 species and 18
locations. They identified two highly differentiated
population groups along Baltic and Black Sea
respectively. The Baltic Sea populations had lower
genetic variations and private allele numbers than
Black Sea. These studies show us the utility of
microsatellites for determining genetic difference of
crayfish. Also, Coleman et al (2013), Vorburger et al
(2014), Blaha et al (2016), have studied with
microsatellite markers in different species and
demonstrated that the genetic markers so powerfull
and useful to define and manage populations of
threatened species based on the notion that
populations with unique lineages of mtDNA.

Next generation sequencing method

The another and new genetic method which is
used in genetic analysis is next generation
sequencing method. Miller et al. (2013) were made
genetic analysis of Euastacus bispinosus using Next
generation sequencing method. In this study 10 out of
15 identified polymorphic loci were characterized
using 22 individual in the Glenelg River. Number of
locus per alleles and expected heterozygosity was
determined as 2,80 and 0,36 respectively. These
results are considered to be low for genetic diversity.
Also in Crawford River 10 locus were genotyped and
genetic diversity and population structure was
investigated. As a result of analysis high genetic
diversity were identified between species (Fsr=
0,49). The all of the methods which mentioned above
are useful for the determination of genetic analysis
and diversity of crayfish species. For the sustainable
of crayfish in the future these genetic methods and
conservation strategies must be evaluated together.

Results

From the mt DNA markers, ISSR-PCR, COlI,
ITS1, RAPD-PCR, next generation sequencing and
microsatellites techniques the Next generation
sequencing and microsatellites have been introduced
recently but give good results. Each methods have
advantages and disadvantages but the important one
is which is the most useful. For understanding of that
we need to compare these method with each other or
have to use different gene sequences in the
mitochondria. But we can say that the molecular
techniquies used so far for investigation the
population structure of crayfish species are useful.
But these studies is not enough alone for the
protection of these species in the strict sense. For the
sustainability of these species in the future years
firstly the genetic structures of all populations must

be reveal and than aquaculture studies must be
conducted according to the results of these molecular
studies. Otherwise the futurity of these species will
be in threat.

Discussion

Conservation strategies can be achieved by
understanding the genetic make-up because the
endangered species are spatially fragmented. When
there is a effort involving restocking and
reintroduction we need a detailed information about
population genetics of related species (Bernini et al.
2016). However, the information of genetic
difference within and between remaining populations
Is a prerequisite for the continuation of species by
many authorities (Avise 1994; Riffel and Schreiber
1995; Haig 1998). During stock measurement, if
these factors are ignored, a hazard such as neglected
geographic variation of species which have
evolutional importance is occurs (Schulz et al. 2004).
For this reason, Moritz (1994) put forward that
animal populations have significant genetic diversity
could be considered as separate inventories and
managed as different units.

The management of genetic diversity and,
ultimately, the survival of a population or an entire
species depends on several factors. In the short term,
it can be said that the genetic variation is
insignificant, but in the long run, genetic diversity is
required for the ability of the population to adapt to
changing environmental conditions. For this reason,
a follow-up management should include protection of
genetic diversity. Choosing appropriate donor
populations is easier and healthier when the
estimated stock size and the quality of the disease
quality together are assessed. Strong populations
which have high polimorfizm or genetic diversity are
preferred for determine the minimum genetic
diversity, so that Moritz (1994) reported that the
populations have important genetic difference might
be managed as seperate stocks and different
protection units (Fevolden et al. 1994).

Cryptic variety can be seen in many freshwater
species. Although species with similar morphology
may vary from one another understanding the level
of these cryptic diversity has vital prospects for the
continuation of biological diversity of freshwater
species, for the identification of potential resistant
and vulnerable populations, and the conservation of
species diversity. If these factors are ignored, the
management plans will not be effective and probably
will be results with species losses (McKniff 2012;
Miller et al. 2013).

The heterogenity of species may be reflect the
genetic adaptation of them to the specific climate or
environmental condition. Crayfish have a low genetic
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diversity tendency and artificial production
conditions can worsen this situation by selecting
storage strategies or superior broodstocks. So the
genetic diversity of crayfish in culture conditions is
necessary with the management and periodic
monitoring of aquaculture programs (Fetzner et al.
1997). The knowledge acquired from molecular
genetic studies should be used in the sustainable
management of crayfish to protect it from extinction.

The estimation of genetic diversity will help to
identify potential resistance and sensitive stocks and
will be a pointer in the protection of resistance stock
and taking precautions for the monitoring of sensitive
stock. In stocking studies genetic structure within and
between population is ignored and this situation leads
to serious decline in stocks and contamination of
natural species. Furthermore a recovery of population
can perform with healthy and sufficient population
magnitude to sustain genetic polimorfism in order to
adapt climatic change. So the genetic diversity must
be considered in governing activities.
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