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Chlorella vulgaris Beyerinck [Beijerinck] (Chlorophyta) Suslarimin Kesikli
Kiiltiir Sisteminde Yigin Kiiltiirlerinin Uretimi Uzerine Bir Calisma
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6z MAKALE BiLGiSi

Bu caligmada, tatlisu birikintilerinde yaygin olarak bulunan, tek hiicreli bir yesil
alg olan Chlorella vulgaris tiiriiniin izolasyonu, kiiltiir kogullarinin olusturulmasi

ARASTIRMA MAKALESI

ve y1gin kiiltiirlerinin elde edilmesi amaglanmustir. C. vulgaris gida, kozmetik ve Gelis :23.12.2016
eczacilik sektoriinde kullanildig1 gibi, son yillarda biyodizel {iretiminde ve atik Diizeltme  :30.03.2017
sularin aritiminda da umut verici hale gelmistir. Tatlisu birikintilerinden izole Kabul . 07.04.2017
edilen C. vulgaris suslar1 kesikli kiiltiir sistemi olusturularak, 100, 200, 500, 1000, IR

2000 ve 4000 ml’lik hacimlerde iiretimleri yapilmustir. Suslarin baglangig Yayim :21.08.2017

inokulum miktari, uygun pH, sicaklik, havalandirma gibi etmenler denenerek

optimum kiiltiir kosullart olusturulmustur. 4000 ml’lik yigin kiiltiirlerin 120. DOI: 10.17216/LimnoFish.280547

saatte yapilan hiicre sayimlarinda en yiiksek deger AUFFH susunda 6,8x10* h/ml
olarak tespit edilmis bu susu sirasiyla; TOH 6,7x10* h/ml, UIK 6,3x10* h/ml,
GURH 6,2x10* h/ml ve GUMSH 6,1x10* h/ml suslar1 izlemistir. Yas agirliklari
agisindan 4000 ml’lik yigin kiiltiirler igin yine AUFFH 152 (g/2000 ml) ile en
yiiksek miktar elde edilirken onu sirastyla TOH 129,6 (g/2000 ml), GURH 120,8
(9/2000 ml), GUMSH 84,3 (/2000 ml), UIK 48,8 (g/2000 ml) takip etmistir.
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A Study on the Production of Batch Cultures in Semi-Continuous Culture System of Chlorella vulgaris
Beyerinck [Beijerinck] (Chlorophyta) Strains

Abstract: In this study, it is aimed to isolate Chlorella vulgaris strain, a single-celled green algae that is common in freshwater
deposits, to establish culture conditions and to obtain batch cultures. C. vulgaris has been used in food, cosmetics and pharmaceutical
industries as well as become encouraging for the production of biodiesel and the treatment of wastewater in recent years. C. vulgaris
strains isolated from freshwater deposits were cultivated in a semi-continuous culture system of 100, 200, 500, 1000, 2000 and 4000
ml. Subsequently growth factors such as initial inoculum amount of the strains, appropriate pH, temperature and ventilation were
tested in order to optimize the conditions. The highest value in the cell counts of 4000 ml batch cultures at the 120™ hours was
determined as 6.8x10* h/ml in AUFFH strain respectively the others were as follows: TOH 6.7x10* h/ml, UIK 6.3x10* h/ml,
GURH 6.2x10* h/ml and GUMSH 6.1x10* h/ml. The highest amount in terms wet weight for 4000 ml batch cultures was obtained
as AUFFH 152 (g/2000 ml), this value was followed by TOH 129.6 (g/2000 ml), GURH 120.8 (g/2000 ml),
GUMSH 84.3 (g/2000 ml), UIK 48.8 (g/2000 ml).
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Giris birlikte, bunlarin yaklagik 30.000’i {izerinde caligilip

Mikroalgler, karbondioksiti giines enerjisi ~ analiz edildigi tahmin edilmektedir (Richmond
yardimu ile biyokimyasal maddelere doniistiirebilme ~ 2004). Mikroalg Kkiiltiirleri sadece yetistiricilikle
yetenegine sahip olan fotosentetik ~ ugrasanlarin degil, ayn1 zamanda bitki fizyologlar ve

mikroorganizmalardir. Bunu da karasal bitkilerden
10 kat fazla verimle vyerine getirmektedirler
(Murdock ve Wetzel 2009; Brennan ve Owende
2009). 50.000'den fazla mikroalg tiirii bulunmakla

biyomiihendislerin uzun yillar boyunca ozel ilgi
duyduklar1 ve calistiklari bir konu olmustur.
Fotosentezi g¢aligmak amaciyla tek hiicreli yesil
alglerden Chlorella’nin deneylerde kullanilmasindan
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sonra, bazi mikroalglerin de gin i¢inde
biyokiitlelerini defalarca artirabildikleri ve kati
maddelerinin %50’den fazla proteinden olustugu
bulunmustur. Almanya’da 1940’larin  basinda
mikroalglerin biiyiik miktarlarda iiretilmesi icin
arastirmalar yapilmis, takip eden yillarda cesitli
iilkelerde alglerin biiyiik 6lcekli {iretiminde verim,
kimyasal kompozisyon ve azot fiksasyonu
konularinda ¢alisilmistir (Cirik ve Gokpinar 1993).
Son yillarda, Asya’da genis Olgekli mikroalg
ozellikle Chlorella sp. fabrikalarda iiretilmekte,
genellikle  saghk  gidast  olarak  kiiltiirleri
yapilmaktadir. Ototrofik, miksotrofik ve heterotrofik
metotlar ile bunlarim kombinasyonlaryla {retim
sistemleri kurulmus olup, {iretim maliyetleri
bakimindan her bir sistemin avantaj ve dezavantajlari
degerlendirilmektedir (Iwamoto 2004; Vaiciulyte vd.
2014). Halen arastirmacilar, basta biyodizel tiretimi
olmak tizere gida, kozmetik, su drilinleri
yetistiriciligi, eczacilik, atik su aritimi, anti-timdr ve
anti-bakteriyel bilesikler gibi ekonomik degerleri
yiiksek igeriklerinden dolayr mikroalg tiirleri
iizerinde  ¢alismalarina  devam  etmektedirler
(Borowitzka ve Borowitzka 1988; Cohen 1999;
Rasmussen vd. 2007; Hosikian vd. 2010).

Chlorella; proteince zengin olmast (kuru
agirhiginin yaklasik %70°1), ¢esitli vitaminler (Bio,
B1, B2, pantotenik asit, niasin, tokoferon) i¢ermesi
acisindan insan gidast ve hayvan yemi olarak
kullanilmasi,  trettigi  pigment maddelerinin
(karotenler, ksantofiller) hayvan dokularina, kiimes
hayvanlarinin yumurtalarina sar1 renk kazandirmast,
cesitli antibiyotikler (korellin) igermesi
ve oksidasyon kapasitelerinin yiiksek olmasi
acisindan Onem tagiyan bir mikroalg tiiriidiir
(Santhosh vd. 2016). Son yillarda, immobilize
C. vulgaris’in agir metal emilimi {izerinde yapilan
caligmalar basarili sonuglar vermis olup, atik sularin
temizlenmesinde kullanilmaya baglanmiglardir (Chu
vd. 2009; Ruiz-Marin vd. 2010). C. vulgaris en hizli
iireyen yesil mikroalg olarak bilinmektedir. Cesitli
besi ortamlart1 ve farkli kiiltiir kosullarinda,
icerigindeki yag miktar1 artirilarak biyodizel tiretimi
konusundaki ¢alismalar halen devam etmektedir
(Vaiciulyte vd. 2014; Al-lwayzy vd. 2014; Aguoru ve
Okibe 2015; Hamedi vd. 2016). Mikroalg
yetistiriciliginde, farkli besi ortamlar1 ve kiiltlir
tekniklerinin kullanilmas1 ile ilgili arastirmalarin
¢ogalmasi hem bilim diinyas1 hem de ¢esitli sanayi
dallar1 i¢in Onem tasimaktadir. Bu nedenle,
calismamiz C. vulgaris suslarinin izole edilmesi,
uygun kiiltiir kosullarinin olusturularak laboratuvar
sartlarinda iretilip y1gin kiiltlirlerinin yetistirilmesi
ve bu degerli dogal kaynagin iilkemiz sanayisine
kazandirilmasi i¢in bir 6n ¢alisma olarak amaglanmis
ve yiuriitilmiistiir.

Materyal ve Metot

izolasyon

Calismamizda kullandigimiz C. vulgaris suslar
Ankara’daki farkli  havuzlardan  ve su
birikintilerinden  toplanan  Orneklerden  izole
edilmistir. Suslarin izolasyonunda tek koloniden
iiretme temeline dayali saf kiiltiir elde etme yontemi
kullanilmigtir  (Parvin vd. 2007; CSIRO 2016).
Toplanan oOrnekler laboratuvar ortaminda 6n
zenginlestirme igin sivi besiyerine (MgSOa4.7H,0-
2,50 g, KNO3-5,0 g, KH2PO4-1,25 g, FeSO4.7H,0-
0,009 g, Distile Su-1000 ml) alinmstir. Birkag giin
sonra lam tizerine Ornekler almip mikroskopta C.
vulgaris’in karakteristik sporlart tiir teshis anahtar
kullanilarak tespit edilmistir (Prescott, 1973). Daha
sonra kiiltiirler (KNOs-2,5 g, MgSQO4.7H,0-1,250 g,
KH,P04+-0,62 g, FeS0..7H,0-0,009 g, Agar-5 gr,
Distile Su-500 ml) bilesiminden olusan kati besi
ortamlarina ekilmistir. Agar plaklari {izerinde iireyen
C. vulgaris kolonileri tekrar 6n zenginlestirme besi
ortamina alinarak saf kiiltiirleri elde edilmistir.

Kiiltiir Kosullar:

Y1gin kiiltlirlerin siispansiyon halinde tutulmasi
icin bir akvaryum motoru ile kiiltiirlere hava
verilmigtir.  Kiiltiirlerin 151k ihtiyaglar1  yapay
1siklandirma ile gergeklestirilmistir. Isik kaynagi
(150 umol.m™2.s%) kiiltiirlerden 22 cm uzakliga, yatay
sekilde, arkadan verilmek suretiyle yerlestirilmistir.

Kiltiirlere  16:8  aydinlik/karanlik  periyodu
uygulanmig ve 22-25°C’de oda sicakliginda
yetistirilmistir.

Y1gin Kiiltiirlerin Yetistirilmesi

Calismalarin baslangicinda inokulum miktarinin
tespiti  icin 10 ml’lik besiyerlerine  seri
(101, 10?, 10%) ekimler yapilmigtir. Uygun kiiltiir
kosullarinda inkiibasyona birakilan kiiltiirlerden
iireme olan ve olmayan tiipler kaydedilmis ve (10
diliisyon tiiplerinde verimli iireme tespit edilmistir.
Inokulum miktarmin tespit edilmesiyle 9 ml besiyeri
+1 ml siispanse kiiltiir olacak sekilde ekimler
gerceklestirilmistir. Y1gin kiiltiirlerin ekimlerine 100
ml ile baglanmis, ardindan 200 ml, 500 ml, 1000 ml,
2000 ml ve 4000 ml olacak sekilde kiigiik hacimden
biiyliik hacime dogru gidilmistir. Yigin kiiltiirlerin
irteminde Bold Wynne besi ortam1 (NaNOs-0,250 g;
MgS0,.7H.0-0,075 g; KoHPO4-0,075 g; KH2POs-
0,0175 g; NaCl-0,025 g; CaCl,.H,0-0,025 g;
Distile Su-1000 ml) kullamlmistir. C. wvulgaris
kiltiirlerinin  kodlamalar1 ve alindiklar1 ortamlar;
Gazi Universitesi Rektorlik Havuzu (GURH),
Gazi Universitesi Mediko Sosyal Havuzu (GUMSH),
Ankara Universitesi Fen Fakiiltesi Havuzu
(AUFFH), Turizm Otelcilik Havuzu (TOH), Ulus
Insaat Kuyusu (UIK) seklindedir.
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Mikroalg Biiyiimesinin Ol¢iimii Biyomas
Hiicre yogunluklari, Thoma lamindaki 16 kareye 9
diisen hiicrelerin sayimiyla tespit edilmistir. Hiicre 140 1
sayimlart ekim isleminin baslangicinda (0), (24), 120 1
(48), (96) ve (120) saatlerde yapilmistir. Hiicre 100 -
yogunluklari (Guillard ve Sieracki 2005)’e gore 80
asagidaki formiil ile hesaplanmustir: 60 |
40

“ <t01p6l (ic;r:i}i/:r‘fj:;ﬂ) x4000(1 karenin hacmi) 20 I

Hicre sayist = 6 o . . ‘ ‘
GUMSH GURH UIK TOH AUFFH

Verim saptamalarinin tayin edilmesi kiiltiirlerin
ekiminin 7. giiniinde yas agirliklarinin dl¢iilmesiyle
yapilmistir. 100 ml’lik kiiltiirlerden 50 ml, 200 mI’lik
kiiltirlerden100 ml, 500 ml’lik kiiltiirlerden 250 ml,
1000 ml’lik kiltiirlerden 500 ml, 2000 ml’lik
kiltiirlerden 1000 ml, 4000 ml’lik kiiltiirlerden 2000
ml alinarak santrifij edilmistir. Elde edilen
stipernatant etiivde belli siire bekletilip fazla olan s1v1
kismi ugurulmus, hassas terazide Olgiilerek yas
agirliklar tayin edilmistir (Borgakli 1987).

Bulgular

C.vulgaris suslarinin hiicre sayilar1 ve biyomas
sonuclar1 Tablo 1°de verilmistir. Ekimi takip eden
saatler boyunca hiicre sayilari siirekli artarak devam
etmistir. Ortamdaki besiyeri hiicreler tarafindan
yaklasik 20 giinde tiiketilmis ve besiyeri seviyesi
diigsmiistiir. Hiicre sayilart ilk agilama miktarina bagh
olarak artmis, biyomas agirliklar ise ekimi yapilan
hacimlere gore, ortamda yetisme hizlarina ve ortama
aligma siirelerine gore farklilik gostermistir. En
yiiksek hiicre yogunlugu ve biyomas miktari
4000 ml’lik hacim i¢in AUFFH susunda tespit
edilmistir. AUFFH susunun hiicre yogunlugu
6,8x10* h/ml, biyomas miktar1 152 (g/2000 ml)
olarak bulunmustur (Sekil 1 ve 2).

C. vulgaris suslarinin ekimi takiben 7. giinde 151k
mikroskobunda yapilan incelemelerine ait fotograf
¢ekimleri Sekil 3’de verilmistir.

26000 - Hiicre Sayisi
68000 -
66000 -
64000 -
62000 -
-11
58000 - T T T
GUMSH GURH UIK TOH AUFFH

Sekil 1. 4000 ml kiiltiirlerin hiicre sayimlar1

Sekil 2. 4000 ml kiiltiirlerin yas agirliklar

Sekil 3. Mikroskop Resimleri (10x40) (a) GURH;
(b) GUMSH; (c) AUFFH; (d) TOH; (e) UIK

Tartisma ve Sonug¢

C. vulgaris Chlorophyta divisio’suna mensup
olup, 1890°da Beyerinck tarafindan tek hiicreli,
1-6p arasinda degisen boyutlarda, elipsoid,
kiiresel veya diiz hiicrelerden olusan, normalde
sadece tek kromatoforlu olarak tanimlanmustir.
Beyerinck tarafindan tanimlanmasindan bu yana bu
tamimlama ¢ok az degismistir (Shihira 1965).
Nitekim Prescott (1968, 1973) ve Baydar (1990)
tarafindan C. vulgaris hiicreleri kiiremsi, 5-8u ila
5-10p biiytikliikte, kloroplast periental, fincal, bazen
prenoidsiz, diger algler arasinda yayilmakta veya
bazen yaklasik saf yetismis olarak bulunmakta olup
morfolojik olarak da kokkoid tipe girdigi ifade
edilmisgtir.



64

Yalcin Duygu 2017 - LimnoFish 3(2): 61-67

Tablo 1. C.vulgaris Suglarinin Hacimlere Gore Hiicre Sayilart ve Biyomas Agirliklari

Hacim

Saatlere Gore Hiicre Miktar1 (h/ml)

Kiiltiirler (ml) 0 24 48 96 120 Blyomas
100  36x10°  42x10°  4,8x10*  55x10°  5.8x10° 1,3 (/50 ml)
200 3,9x10*  4,6x10*  4,8x10*  56x10*  50x10* 3,5 (/100 ml)
500  34x10°  3,8x10°  4,5x10*  51x10*  54x10°* 3,5 (9/250 ml)
GURH 1000  3,3x10°  3,8x10*  4,1x10*  42x10°  4,3x10° 5,8 (g/500 ml)
2000  2,3x10*  3,1x10*  4,1x10*  4,4x10*  4,8x10* 12,6 (g/1000 ml)
4000  2,9x10*  39x10°  50x10°  57x10*  6,2x10* 120,8 (g/2000 ml)
100 3,9x10°  4,6x10°  51x10°  57x10*°  6,9x10* 1,9 (g/50 ml)
200 35x10°  3,7x10°  4,1x10*  4.2x10*  4,8x10° 2,8 (g/100 ml)
500  3,3x10*  4,6x10*  51x10*  57x10*  6,1x10* 5,7 (/250 ml)
GUMSH 1000  2,8x10°  2,9x10*  3,5x10*  3,6x10*  4,1x10% 8,3 (g/500 ml)
2000  2,2x10°  2,7x10*  4,2x10*  4,4x10*  4,7x10* 19,0 (g/1000 ml)
4000  3,2x10*  3,9x10°  4,7x10°  6,1x10*  6,1x10* 84,3 (g/2000 ml)
100 43x10°  4,6x10*  51x10°  53x10*°  6,5x10* 1,1 (g/50 ml)
200 4,1x10* 4,7x10% 4,9x10* 5,7x10* 6,2x10* 1,8 (9/100 ml)
500  4,3x10*  4,6x10*  4,7x10*  51x10*  55x10* 3,6 (9/250 ml)
AUFFH 1000  2,7x10*  3,9x10*  4,7x10°  4,8x10°  5,2x10° 7,0 (g/500 ml)
2000  3,9x10°  44x10°  55x10*  6,1x10*  6,7x10% 43,0 (g/1000 ml)
4000  42x10*  4,7x10*  53x10*  50x10*  6,8x10° 152,0 (g/2000 ml)
100 3,3x10* 3,6x10* 4,1x10* 4,4x10* 4,5x10* 0,7 (9/50 ml)
200 3,6x10°  4,1x10*  4,4x10*°  4,6x10*  5,1x10* 1,4 (g/100 ml)
500  2,7x10*  3,6x10°  4,5x10*  53x10*  6,1x10° 4,7 (9/250 ml)
TOH 1000 3,2x10°  4,3x10*  51x10*  56x10*  5,8x10* 8,3 (g/500 ml)
2000  34x10°  3,7x10°  53x10*  58x10*  6,6x10° 62,2 (g/1000 ml)
4000  35x10*  39x10*  54x10*  50x10*  67x10° 129,6 (/2000 ml)
100 3,4x10% 3,8x10* 4,8x10* 4,9x10* 5,3x10* 0,6 (9/50 ml)
200 4,1x10*  4,7x10*  4,9x10*°  56x10*°  6,1x10* 2,0 (/100 ml)
500 4,1x10* 4,7x10* 4,9x10* 5,4x10* 6,2x10* 5,9 (9/250 ml)
UIK 1000  25x10*  32x10°  4,7x10°  4,7x10°  5,2x10° 11,7 (9/500 ml)
2000  34x10°  42x10°  52x10*  509x10°  6,9x10° 29,4 (g/1000 ml)
4000  3,1x10*  3,7x10*  45x10*  53x10*  6,3x10° 48,8 (9/2000 ml)

Laboratuvarda mikroskop g¢aligmamiz sirasinda
10x40’lik  objektifte, C. vulgaris hiicrelerinin
biiyiikliikleri 6 ila 10p arasinda tespit edilmistir. Bazi
suslarin digerlerine gore daha kiigiikken bazilarin
da daha biiyiik oldugu gozlenmistir. GURH susunda
hiicreler oldukg¢a biiyiik ve yaklasik 10p (Sekil 3a),
GUMSH susunda hiicreler tipik kloroplasta sahip
10u (Sekil 3b), AUFFH susunda hiicreler 6 ila 10u
arasinda (Sekil 3c), TOH susundaki hiicreler 6p
(Sekil 3d), UIK susunda hiicreler daha kiigiik, yogun
ve Su (Sekil 3e) biiyiikliigiinde dl¢lilmiislerdir.

Alglerin yasama ortamlarinin  incelenmesi
sonucunda bu organizmalarin  belirli  besin
maddelerine gereksinim duyduklar1 kesin olarak
ortaya ¢ikarilmistir. Yapilan ¢aligmalara gore algler
karbon, azot, fosfor, kiikiirt, magnezyum, sodyum,

potasyum, demir, mangan, iz elementler ve organik
faktorlere gereksinim duymaktadirlar (Schenk vd.
2008; Kumar ve Das 2012; Feng vd. 2012).
Arastirmamizda Bold Wynne besiyeri hazirlanmus,
bu besi ortaminda C. vulgaris’in maksimum tireme
hizinin yapilan deneyler sonucunda pH 6,5-7
araliginda oldugu tespit edilmis ve ¢aligmalar bu pH
araliginda yapilmstir.

Alg kiiltiirleri bir 151k kaynagina ihtiyag¢ duyarlar.
Ciinkii 151k fotosentezin enerji kaynagidir. Isik
yogunluguna karsi fotosentez hizi dogrusal bir
sekilde artar. Yiiksek 151k yogunluklar1 fotosentezi
inhibe eder, diisiik yogunluklar1 ise fotosentezi
sinirlayict 6zellige sahiptir. Isigin yogunlugu ve
stiresi kiiltiirlerin verimliligi agisindan Onemlidir.
Basglangicta 151k yogunluguna paralel sekilde artan
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organik iretim, kiiltiiriin daha ileri safhalarinda
sinirlayict bir faktor olarak ortaya c¢ikmaktadir. Bu
sinirlayict etki ortamdaki hiicre konsantrasyonunun
bir sonucu olarak hiicrelerin birbirlerini goélgelemesi
ve 1518a doygun hale gelen hiicrelerin daha fazla 1s1k
enerjisi kullanmamasi nedeniyle olur (Borcakli 1987;
Benli ve Ugal 1990). Az yogun kiiltiirlerde gelen
15181 ancak %2’si 7 cm derinlige inerken, orta yogun
kiiltiirlerde bu oran %20 yani 3 cm’lik tabakalara

ulagabilir (Cirik ve GoOkpmar 1993). Bu da
kiiltiirlerdeki ~ verimi  azaltmaktadir.  Kiiltiir
uygulamalar1 suni aydmlatma kaynaklar1 ile
yliriitiilecekse, bunlarin glines 1518na  esdeger

kaynaklar olmasina dikkat edilmelidir. Bu iglem i¢in
genellikle floresan lambalar (daylight veya COO-
white) ve karanlik/aydinlik farkli periyotlar
kullanilmaktadir (Amini vd. 2012). Yaptigimiz
caligmalarda daylight floresan lambalar
(150 pmolm?s?) ile 16:8 aydmlk/karanlik
periyodu uygulandiginda maksimum iireme tespit
edilmistir.

Alg Kkiiltiirlerinin biyolojik aktiviteleriyle ortam
sicakliklar1 arasinda genel bir iliski bulunmaktadir.
Biiylime hizlan belirli bir optimuma kadar sicakliga
baghh olarak artar. Ancak, bu noktadan sonra
azalmaya baslar (Behrens 2005). Bu optimum pek
¢ok deniz ve tatlisu tirleri ig¢in 18-25 °C
araligindadir. Sabit sicakliktaki kiiltiir koleksiyonu
odalar1 genellikle 18 ©°C’de tutulur (Cirik ve
Gokpinar 1993). Bu nedenle alg kiiltiir salonlarindaki
sicakligin  kontrol edilmesi, diizensiz sicaklik
degisimlerini Onlemek igin Onem tagimaktadir.
Kiiltlirlerimizin yetistirildigi laboratuvar ortaminda
sicaklik 22-25 °C olarak oOl¢lilmiis ve bu sicaklik
degerinin sabit kaldig1 tespit edilmistir.

Giines enerjisi sayesinde sulardaki yesil bitkilerin
olugturdugu canli madde biyomas olup, belli bir
zamanda belirli bir alan veya hacimde iiretilen canli
madde miktar1 olarak ifade edilir. Kiltirlerin
kantitatif degerlendirilmesi hiicre sayisi, optik
yogunluk, kuru veya yas agirlik, klorofil miktari,
organik karbon vb. gibi algal biiyliimeyle ilgili
parametrelerin hassas bir sekilde olgiilmesiyle elde
edilir (Cirik ve Gokpinar 1993; Andersen 2005).

Algal biiylimedeki karakteristik fazlar kesikli
kiiltiir teknigi ile yapilan kiiltiirlerde goriilebilir.
Kiiltlir ortamima asilanan hiicrelerin biiylimeye
baglamadan 6nce ortama uyum i¢in bir duraklama
devresi gecirmesi, sonra logaritmik bir sekilde
artmasi, belli bir noktada biiyiimenin yavaslayarak
sabit bir evreye girmesi kesikli kiiltiirlerde gozlenir
(Chia vd. 2013; Hakalin vd. 2014). Belirli bir miiddet
sonra {iremeye bagslayan hiicreler ortamdaki
nutrientlerin  tilkenmesi ve biiylimenin ulastig1
maksimum noktada 1s18a doygun hiicrelerin olusmasi
gibi faktorlerin etkisi ile hiicrelerin ulastiklar1 bir

maksimumdan  sonra  bilylime  durmaktadir
(Becker 1994). Onceki ¢alismalarimizda 6 farkli besi
yerinde 10 ml’lik tiplerin igerisinde C. vulgaris
suslarinin  yetistirilmesi yapilmigtir. Bu ¢aligma
sonrasinda en iyi iireme gdsteren 5 sus ve hiicre sayisi
bakimindan en iyi tiredikleri besi ortami olarak tespit
edilen Bold Wynne yigin kiiltlir iiretilmesi icin
secilmistir. 4000 ml’lik yi1gin kiiltiirlerin 120. saatte
yapilan hiicre sayimlarinda en yiiksek deger AUFFH
susunda 6,8x10* h/ml olarak tespit edilmis, bu susu
sirastyla TOH 6,7x10* h/ml, UIK 6,3x10* h/ml,
GURH 6,2x10* h/ml ve GUMSH 6,1x10* h/ml suslar
izlemistir. Yas agirliklar1 agisindan 4000 ml’lik y1gin
kiiltiirler i¢in yine AUFFH 152 (g/2000 ml) ile en
yiiksek miktar elde edilirken onu sirasiyla TOH 129,6
(9/2000 ml), GURH 120,8 (9/2000 ml), GUMSH
84,3 (9/2000 ml), UIK 48,8 (g/2000 ml) takip
etmistir. AUFFH, TOH, GUMSH ve GURH
suslarinin hiicre sayilart ve biyomas miktarlari
birbirlerine orantili ¢ikmakla birlikte UIK susunun
hiicre sayis1 yiiksek ¢ikarken biyomasinin digerlerine
nazaran daha diisiik c¢iktigi goézlenmistir. Bunun
nedeninin UIK susundaki hiicrelerin iireme sonrasi
gelisen  yeni  geng  hiicreler  olabilecegi
diistiniilmektedir. Vaiciulyte vd. (2014) kiiltiirlerin
yag igeriklerinin artirilmasi icin farkli besi ortamlari
ile yaptiklart yigin kiiltiir iiretimi g¢aligmalarinda
hiicre sayilarrmn  230-250 (hiicre x10%/L), kuru
agirhiklarint 2,04-2,2 g/L olarak tespit etmislerdir.
Chia vd. (2013) yilinda yaptig1 ¢alismada, hiicre
sayisinin biyomas i¢in 6nemli bir parametre
oldugunu belirterek besi ortamina gore degistigini
ifade etmistir. C. vulgaris ile yaptiklari bu ¢alismada
LC Oligo ortamindan yiiksek algal lireme ve hiicre
yogunlugunu elde ettiklerini (2.74x10° hiicre mL™)
belirtmistir. Bu sonuglar bizim degerlerimiz ile
paralellik gostermektedir.

Sonu¢ olarak mikroalglerden elde edilen
pigmentler (Hosikian vd. 2010), besin maddeleri ile
tibbi takviyeler (Rasmussen vd. 2007), agir
metallerin sulardan temizlenmesi (Chu vd. 2009;
Ruiz-Marin vd. 2010), karbondioksit emisyonunun
diigtiriilmesi ve biyodizel (Al-lwayzy vd. 2014;
Brennan ve Owende 2009) {iretimi bu
mikroorganizmalarin ne kadar 6nemli olduklarini
gostermektedir. Bu calismanin sonucunda kesikli
kiiltiir sisteminde mikroalg yetistiriciligi i¢in gerekli
kosullarin  arastirilarak  saglandigi,  inokulum
miktarinin mikroalg biiyiimesindeki etkisi, farkh
1sik/karanlik dongiileri, sicaklik, pH ve besleyici
ortam formiilasyonlart gibi diger parametrelerin
etkileri ile Bold Wynne besi ortaminin hiicre sayisi
ve biyomas agirligim artirdigl gézlenmistir. Boylece
mikroalg tiirlerinin izole edilerek yetistirilmesi i¢in
tecrilbe kazanilmis ve farkl tiirlerin izolasyonu ve
yetistirilmesi ¢alismalarina baglanmstir.
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In the study, the rosemary was applied as a natural antioxidant after grinding. Dust
ground rosemary were applied on the fillet surface (0.1% percent of the fillets
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weight), and then were packaged with the vacuum and sous-vide processed. Gelis :02.06.2017 .[w]
Every five days, chemical composition, pH, TVB-N, TBARS analyzes and Diizeltme  :31.07.2017 .
sensorial assessment was carried out until the spoilage. The ash, moisture, protein, Kabul £ 10.08.2017 .
and lipid content of raw rainbow trout was 1.63+0.11%, 78.36+0.18%, T

16.49+£0.20%, and 3.37+0.30%, respectively. The pH value raw fish was Yayim :21.08.2017 E

6.29+0.01. TVB-N values were determined between 12.86+0.15 and 21.94+0.29
mg/100g. in RAG. The highest TBARS value was determined as 0.80+0.03 in
RAG. Odor parameter was effective to deteriorate the decision of panelists for all
the samples The vacuum packaged fresh fish (VFF) was spoiled in the 10" days
while, the rosemary untreated group (RUG) was spoiled in the 40™ days, and
rosemary applied group (RAG) was spoiled in the 45™ days. With the rosemary
treatment, the shelf life and acceptability of the samples was extended to at least
5 days. Also, applied rosemary as the natural antioxidant had no negative effects
with regard to sensory and nutritional criteria.
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Dogal Antioksidan Etkili Biberiye ile Sous-Vide Pisirilmis Gokkusagi Alabaliginin Raf Omriiniin Artirilmast:
Temel Kalite Kriterleri

Oz: Calismada, 6giitiilmiis biberiye dogal bir antioksidan olarak uygulandi. Yiizeyine toz halindeki biberiye uygulanan alabalik
filetolar:, vakumda paketlendikten sonra sous-vide islemine tabi tutuldu. Ornekler bozuluncaya kadar bes giinde bir kimyasal
kompozisyon, pH, TVB-N, TBARS analizleri ve duyusal degerlendirme yapildi. Caligmada kullanilan gokkusagi alabalig
filetolarimin kiil, nem, protein ve lipid igerigi sirasiyla %1,63+0,11, %78,36+0,18, %16,49+0,20 ve %3,37+0,30 olarak belirlendi.
Taze balik etinin pH degeri 6,29 + 0,01°di. RAG'de TVB-N degerleri 12,86 + 0,15 ile 21,94 + 0,29 mg/100g arasinda tespit edildi.
En yliksek TBARS degeri RAG'de 0,80+0,03 olarak belirlendi. Koku parametresi, tiim 6rnekler i¢in panelistlerin bozulma karar1
vermesinde belirleyici oldu. Vakum paketlenmis taze balik (VFF) 10. giinde bozulmusken, biberiye ile muamele edilmemis grup
(RUG) 40. giinde bozuldu ve biberiye uygulanan grup (RAG) 45. giinde bozuldu. Biberiye muamelesiyle, numunelerin raf 6mrii ve
kabul edilebilirligi en az 5 giine kadar uzatilmistir. Ayrica, yapilan duyusal analizlere goére dogal antioksidan olarak uygulanan
biberiyenin duyusal ve beslenme kriterleri agisindan olumsuz bir etkisi olmadigi belirlendi.

Anahtar Kelimeler: TVB-N, TBARS, duyusal degerlendirme, soguk depolama, bozulma

How to Cite
Cetinkaya S, Bilgin S, Ertan, 0. 2017. Increasing Shelf Life of Sous-Vide Cooked Rainbow Trout by Natural Antioxidant Effective Rosemary:
Basic Quality Criteria. LimnoFish. 3(2): 69-77. doi: 10.17216/LimnoFish.318327

Introduction

The desire for a healthy and long life is a
commonly accepted merit for humankind. The
numbers of health problems are rising in both
developed and developing countries with increasing
population. The focused research on plant-based
diets and functions of phytochemicals for nutrition
and ageing brought clarity to progress (Poyrazoglu

and Velioglu 2005; Meskin et al. 2008). The studies
showed polyphenols and carotenoids have risk-
reducing effects of certain cancers and cardiovascular
diseases besides health-promoting  properties
(Meskin et al. 2008). So, those adverse effects were
seen of artificial antioxidants, the need for natural
antioxidants has increased and the work in this area
has focused on plant-derived antioxidants (Diri
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2006a). Recent years, a lot of studies were carried out
about antioxidant and antimicrobial properties of
rosemary had significant phytochemicals resource
(Genena et al. 2008; Klan¢nik et al. 2009; Abramovic
et al. 2012; Altinelataman et al. 2015; Azizkhani and
Tooryan 2015).

Fisheries product is a significant natural source of
unsaturated fatty acid like as DHA (22:6n-3) and
EPA (20:5n-3) (Eseceli et al. 2006; Nollet and Toldra
2010). But, lipid peroxidation is the most restrictive
factor for shelf life of the fish oil. Also, it was
admitted the most important factor for shelf life
determination of those product if the microbiological
effects omitted. Reaction products of lipid oxidation
have an adverse effect on the sensorial properties of
fish products. The secondary volatile products of
oxidation, especially derived from unsaturated fatty
acid (like as n-3 group) have adverse effect on the
general appreciation even in low quantities (Nollet
and Toldra 2010).

Nowadays, consumers mostly prefer the food,
that with fresh tasty, high-quality, low salt contain,
non additives, and in a short prepared time. In
accordance with those demands, had significantly
increased of the production of ready to eat foods, of
which minimally processed, and shelf life prolonged
by cooling, and heatable with microwave owen, in
the European and American markets. Such processed
products, also consists sous-vide processed products,
are called “new generation chilled products” (Novak
et al. 2003).

The sous-vide technology is a pasteurization
application for vacuumed foods. Using this
technique, ensured the food shelf life with the cold
storage, and therefore it has increased importance day
to day. To apply this technology, the foods cook in a
vacuum package with or without spices or sauces,
and could be serviced after by heating with hot water
or microwave oven. In this respect, the sous-vide
technology or vacuum packed cooking technique is
an application that can service to the catering sector.
Also, for the preservation of rapidly perishable foods
is very convenient. Because fisheries products are
easily perishable foods, so, it is reported to be suitable
for make packaging using this technology, by
researchers (Mol and Ozturan 2009).

There were reported that no adequate scientific
studies about sous-vide treated fisheries products
(Fagan and Gormley 2005; Mol and Ozturan 2009).
Also, the conducted studies were about
microbiological properties of products. According to
the results of those studies, any problem
microbiologically was not seen, but the deterioration
occured along the storage period came true on the
sensorial properties (Bolton 1998; Kiling and Cakli
2001; Lindstrom et al. 2003; Novak et al. 2003;

Garcia-Linares et al. 2004; Gonzales-Fandos et al.
2004; Gonzales-Fandos et al. 2005; Cobos and Diaz
2007; Diaz et al. 2008; Diaz et al. 2009; Shakila at al.
2009;Diaz et al. 2010;). So, in this study it was aimed
to determination of changes on the quality properties,
especially sensorial attributes, along the storage
period. This study was carried out determination
effects of rosemary as a natural antioxidant on the
nutritional composition, and quality properties of
rainbow trout, which cooked sous-vide method and
cold stored.

Materials and Methods

Materials and sample preparation

This study was conducted on fresh, vacuumed,
sous vide processed, and rosemary (Rosmarinus
officinalis Linn. Lamiaceae) applied and sous vide
processed fish groups. Totally 15 kg rainbow trout in
the study were filleted, weighed, equally divided
(150 g) (15 packets for every groups), and were kept
in deep freezer (-18 °C) until usage (The average total
length of the fish is 25 cm and the average weight is
250 gr). The rosemary is a plant, which have
phenolic compounds. In this study, the rosemary
(pine - leaf) was used as a natural antioxidant
additive. The rosemary, reaped in a local garden,
cleaned dust by the tap water. Than it was dried in the
air flow and shadow place, and stored within non-
permeable bags in the cool and shadow place until
use. The vacuum bags (cast PP) were provided by a
commercial company (Apack Ambalaj Makine
Sanayi ve Tic. Ltd. Sti. in Istanbul-Tirkiye). O-
permeability of wvacuum bag material s
22.56 cc/m?/day (24 °C), and one bag is 2.71 cc/day
(24 °C). The CO; permeability of material is 95.64
cc/m?/day (24 °C), and one bag is 11.48 cc/day
(24 °C). Also heat resistance of the material is -
25/150 °C. Total thickness of one bag is 0.88 mm.

The fillets were melted under the tap water (the
water temperature was 14 °C). Grounded rosemary
(like dust) was weighed as 0.1% percent of the fillets
weight (Selmi and Sadok 2008). Rosemary applied
on the fillets surfaces then the fillets were put into the
bag and vacuumed. The cooking was made in 85 °C
benmari for 35 minutes (SVAC 1991; Peck 1997).
Than, the packets were dipped in a bucket with
1/3 water and 2/3 iced, so rapidly cooled to 3-4 °C, in
the 30 minutes. All packets were stored in the
refrigerator at 3+1 °C until to spoil.

Analytical methods

Total antioxidant effect, free radical scavenging
capacity and total phenolic content of rosemary was
determined. Total antioxidant effect was determined
by B-carotene-linoleic acid assey (Dapkevicius et al.
1998; Diri 2006a). Free radical scavenging capacity
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was determined 1.1-difenil-2-pikrilhidrazil (DPPH
system) (Tepe et al. 2005; Diri 2006b; Selmi and
Sadok 2008). Total phenolic content was determined
by Folin-Ciocalteu assay (Oktay et al. 2003; Diri
2006b).

The ash and total lipid analysis were conducted
according to Lovell (1981). Moisture content was
determined by AND MX-50 automatic moisture
analysis (Oven Drying Method). Protein contents
were determined by Velp UD-20 protein predigested
unit and fully automatic Velp UDK 142 distillation
unit by Kjeldahl methods (Nx6.25) (AOAC 2000).
pH of the samples was measured with automatic pH
meter (WTW 320 set digital) diluted by 1/10 (w/v)
ratio (Varlik et al. 2007). Total volatile basic nitrogen
(TVB-N) determined by a method had informed by
Nicholas (2003). The thiobarbituric acid-reactive
substances (TBARS) were analyzed using a method
modified by Erkan and Ozden (2007). Fatty acids
analysis was conducted by Perkin Elmer Clarus 500
(GC) in fresh fish and RAG. For this purpose a flame
ionization detector (FID) and a silica AGE colon
(30mx 0.32 mm ID x 0.25 um, BP20 0.25 UM, USA)
and Supelco FAME 37 mix was used.

Sensorial analyses

Sensorial analyses were conducted with a
hedonic scale (Huss 1995; Altug and Elmaci 2005;
Diaz et al. 2009; Shakila et al. 2009). In the every
session, the experienced 10 panelists were assessed
the micro-wave heated 100 g samples descriptive and
affective tests for color, smell, taste, texture,
appearance, juiciness, general appreciation. If the
group score equal to 2 points or lower were accepted
had spoiled (Huss 1995; Altug and Elmaci 2005;
Diaz et al. 2009; Shakila et al. 2009).

Statistical analyses

The analyses were conducted for fresh fish (FF),
vacuum packaged fresh fish (VFF), the rosemary
untreated group (RUG), and rosemary applied group
(RAG) samples to observe changes along the storage
period in every 5 days. All analyses and
measurements were made triplicate. The data
analyzed by ANOVA (Ozdamar 2001) using SPSS
15 (95% confidence interval). The appeared
differences for the treatments (0™ day) on the stored
samples had determined with Duncan test. Also, of
the rosemary treatment effects determined by t test
between RUG and RAG along the storage period, and
marked on the tables as + (significant), and —
(insignificant).

Results
The rosemary was used as a natural antioxidant
in this study. Total antioxidant effect, free radical

scavenging capacity and total phenolic content of
rosemary was determined as 97.76+1.92 %,
8.76+0.57 %, 128.95+0.00 mg/l gallic acid
equivalent, respectively.

No significant effects were determined related to
vacuuming, sous vide treatment, or sous vide
treatment with rosemary application to the ash
content of FF, VFF, RUG, and RAG group (Table 1).
Solely, a significant difference was seen between
RUG and RAG on the 15" day. No significant
differences were seen in the in-group values along the
storage period.

The moisture content of samples had not effected
by the treatment or application. The highest and the
lowest moisture values were obtained in the
35™ storage days (Table 2). The differences between
in the groups were found significant in the RUG and
RAG along the storage period (p<0.05).

The protein was affected by vacuuming and
rosemary application significantly (p<0.05). The
protein value had shown differences statistically
significant (p<0.05) for the RUG and RAG on the
15™, 30t and 40" day (Table 3).

Significant differences statistically (p<0.05)
observed in the the total lipid values for intragroup
and among the groups (Table 4). But, a significant
statistical difference (p>0.05) was not seem between
RUG and RAG.

The rosemary treatment affected the pH until to
the 20" day (Table 5). Along the storage progresses,
this effect was not observed. In the generally, the pH
value of RAG had higher than RUG. The pH values
of RAG had shown statistically significant change
(p<0.05) in the intragroup.

The application of rosemary and than vacuuming
has shown decrease effect in the initial value of TVB-
N. The TVB-N value of RUG had higher than the
fresh samples in the first day. Statistically significant
difference (p<0.05) was seem between groups TVB-
N value of both RUG and RAG (Table 6). But,
application rosemary has statistically significant
(p<0.05) effect on the TVB-N value on the 0™ day
and 30" day.

In the initially, the TBARS value was close the
each other for all groups. However, the changes in the
TBARS value was found to be statistically no
significant (p>0.05) in 0™ day. Significant difference
statistically (p<0.05) had seen in the TBARS value of
the intragroups and among the groups (Table 7).

The RAG group had preferred mostly for
the color criteria. The smell criteria score was
affective to taken in to the decision of spoilage
of samples. The RUG achieved the highest
taste score. When the sample had spoiled, the
taste point has approached to the spoilage point,
(Table 8).
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Table 1. Ash contents of groups for storage days (%)

Days Groups FF VFF RUG RAG Sig. t test
0 1.63+0.112 1.62+0.02% 1.860.45 A4 1.73+0.23 4 -
5 1.5740.02 A 1.8540.03 A 1.8240.12A -
10 1.65+0.03 A 1.5540.03 A 1.610.13 A -
15 1.5540.04 A 1.940.05 A "
20 1.78+0.13 A 1.9340.14A -
25 1.83+0.09 A 1.84:£0.06 A -
30 1.7540.03 A 1.86+0.07 A -
35 1.8540.01 A 1.740.09 A -

40 1.7440.06 A 1.66+0.08 A -
45 1.6440.06 A NT

* The same lowercase for treatment and the same capital letter for the storage period are statistically insignificant (p > 0.05). The effects
of rosemary treatment were marked as + (significant), and — (insignificant). *NT (Not Tested)

Table 2. Moisture contents of groups for storage days (%)

Groups

Days FF VFF RUG RAG Sig. t test
0 78.36+0.182 78.80+0.40 A2 78.83+0.23 A2 78.41+0.06 ABa -
5 78.52+0.48 A 76.69+0.82 BE 79.60+0.10 A -
10 78.69+0.16 A 78.58+0.10A 77.84+0.678 -
15 77.51£0.38 AB 78.39+1.14 A8 +
20 78.66+0.25 A 78.49+0.17 AB -
25 78.56+£0.254 79.72+0.02 A -
30 78.13+0.89 AB 79.26+0.39 AB -
35 76.55+0.89 B 79.79+0.34 A -
40 78.33+0.31 48 79.31+0.24 AB -
45 78.86+0.21 A8 NT

* The same lowercase for treatment and the same capital letter for the storage period are statistically insignificant (p > 0.05). The effects
of rosemary treatment were marked as + (significant), and — (insignificant). *NT (Not Tested)

Table 3. Protein contents of groups for storage days (%)

Groups

Days FF VFF RUG RAG Sig. t test
0 16.49+0.20 2 16.89+0.07 A2 16.3940.23 A% 16.40+0.10 A -
5 16.86+0.26 A 16.92+0.13 B 16.54+£0.13 A8 -
10 16.44+0.09 A 16.82+0.16 A8 16.95+0.28 B¢ -
15 16.95+0.10 A8 16.59+0.06 A8 +
20 16.58+0.35 A8 16.93+0.37 B¢ -
25 16.54+0.06 A8 16.53+£0.05 48 -
30 16.83+0.15 A8 17.7240.11P +
35 17.03£0.058 16.91+0.19 BC -
40 16.88+0.06 AB 17.35+0.09 €P +
45 17.11+0.09 B¢ NT

* The same lowercase for treatment and the same capital letter for the storage period are statistically insignificant (p > 0.05). The effects
of rosemary treatment were marked as + (significant), and — (insignificant). *NT (Not Tested)

Table 4. Total lipid contents of groups for storage days (%)

Days Groups FF VFF RUG RAG Sig. t test
0 3.37+0.30° 33120217 3.29+0.30 B2 3.39+0.17 D2 -
5 3.4240.82A 2.65+0.00 8 2.4240.19 A8 -
10 3.48+0.18A 3.05+0.57 A8 2.82+0.08 BC -
15 2.59+0.09 ¢ 2.46+0.14F -
20 2.39+0.08 A8 2.99:0.25 €0 -
25 2.58+0.27 A8 1.970.17A -
30 2.37+0.40 A8 1.95£0.17A -
35 2.42+0.23 A8 2.38+0.02 A8 -
40 2.14+0.35 A8 1.9540.17A -
45 2.69+0.07 BC NT

* The same lowercase for treatment and the same capital letter for the storage period are statistically insignificant (p >

0.05). The effects of rosemary treatment were marked as + (significant), and — (insignificant). *NT (Not Tested)
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Table 5. The pH values of groups for storage days
Groups FF VFF RUG RAG Sig. t test

Days

0 6.29+0.012 6.30+0.27 Ba 6.46+0.01 AP 6.54+0.02 C¢ +

5 6.39+0.01°¢ 6.61+0.018 6.13+0.07A +

10 6.05+0.014 6.76+0.01P 6.84+0.01¢ +

15 6.91+0.00 € 6.93+0.00 +

20 6.71£0.01 ¢ 6.73+£0.01F -

25 6.70+0.01 ¢ 6.69+0.01 EF -

30 6.62+0.018 6.65+0.01 PE -

35 6.61+£0.01 8 6.59+0.00 ®

40 6.63+0.018 6.59+0.00 P +

45 6.46+0.01° NT

* The same lowercase for treatment and the same capital letter for the storage period are statistically insignificant (p > 0.05). The effects

of rosemary treatment were marked as + (significant), and — (insignificant). *NT (Not Tested)

Table 6. The TVB-N values of groups for storage days (mg/100g)

Days Groups FF VFF RUG RAG Sig. t test
0 147150.17° 11.6820.47 A 15.5520.55 A 13.360.00 A% m
5 14.040.61 A 1420034 A8 13.3620.67 48 -
10 18.3241.08 B 12.6920.34 A 14.04-0.44 8 -
15 13452022 A 12.86+0.15 A -
20 13.700.08 A 13.9540.22 8 -
25 16.14£0.52 €0 16.56-0.22 0 -
30 17.3140.83 13.7020.08 A8 +
35 16.39£0.44 €0 15.720.30 €0 -
40 15.80:£0.69 €0 15.1320.15 -
45 21.94£029€ NT

* The same lowercase for treatment and the same capital letter for the storage period are statistically insignificant (p > 0.05). The effects

of rosemary treatment were marked as + (significant), and — (insignificant). *NT (Not Tested)

Table 7. The TBARS values of groups for storage days (ug MDA/g)

Groups

Days FF VFF RUG RAG Sig. ttest
0 0.25+0.032 0.32+0.03 A 0.35+0.04 A 0.27+0.00 A% -
5 0.43+0.04 A 0.31+0.08 A 0.11+0.004 -
10 1.29+0.10 B 0.43+0.07 A 0.55+0.03 P -
15 0.80+0.03 B 0.36+0.07 B¢ +
20 0.9240.05 B¢ 0.65+0.06 PEF +
25 1.00+0.05 © 0.78+0.05 EF +
30 0.9340.04 B¢ 0.59+0.03 PE +
35 1.38+0.05P 0.80+0.03 7 +
40 1.01£0.04 € 0.65+0.03 PEF +
45 0.75+0.17 PEF NT

* The same lowercase for treatment and the same capital letter for the storage period are statistically insignificant (p > 0.05). The effects
of rosemary treatment were marked as + (significant), and — (insignificant). *NT (Not Tested)

The texture score of VFF was decreased
rapidly on 10" day. The same decrease was
not seem in the other groups. The used
technology was effective to the texture
score of samples. The highest appearance
score was obtained for RUG, and RAG on the
15" day.

The appearance score of RUG had higher than
RAG's on the 20", 25" and 30" days (Table 8). The
significant differences (p<0.05) had seen in the
juiciness score. The highest score was obtained on
the 5" day. General appreciation score, which

reflected the consumer pleasure, was decrease by the
elongation of the storage period.
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Gonen Cay1 (Balikesir - Tiirkiye) Durgun Sularimin Zooplankton Faunasi ve
Mevsimsel Degisimleri

Nilay GURLEYEN, M. Rusen USTAOGLU*

Ege Universitesi Su Uriinleri Fakiiltesi, 35100, Bornova, izmir, Tiirkiye

6z MAKALE BilLGiSi

Bu ¢aligmanin amaci, Gonen Cay1 durgun sularinin (Kayatepe Goleti, Sameteli ARASTIRMA MAKALESi
Goleti, Gonen Baraj Golii ve Gonen Regiilatoril) zooplankton faunasinin tespiti

ve mevsimsel degisiminin belirlenmesidir. Zooplankton drnekleri Eyliil 2010 - Gelis :17.02.2017
Haziran 2011 tarihleri arasinda mevsimsel olarak, belirlenen 4 istasyondan 55 um Diizeltme  :30.05.2017
20z agikliginda Hydrobios plankton kepgesi kullanilarak, vertikal ve horizontal Kabul . 01.06.2017
cekimlerle toplanmustir. Elde edilen ornekler %4 formalin soliisyonunda fikse T
edilmigtir. Ayrica, istasyonlarin baz1 fiziko-kimyasal parametreleri (maksimum Yayim :21.08.2017
derinlik, 151k gegirgenligi, sicaklik, pH, ¢oziinmiis oksijen, ¢dziinmiis oksijen
doygunlugu, tuzluluk ve elektriksel iletkenlik) Ol¢iilmiistiir. Zooplanktonda
Rotifera grubundan 25 tiir, Cladocera grubundan 14 tiir ve Copepoda grubundan
9 tiir olmak tizere toplam 48 tiir tespit edilmistir. Saptanan tiirler Gonen Cay1
durgun sular1 (Kayatepe Goleti, Sameteli Goleti, Gonen Baraj Go6li ve Gonen
Regiilatori) icin ilk kez bildirilmektedir. Vertikal ¢ekimlerden yapilan sayimlara
gore Kayatepe Goleti’nde Rotifera %65,37 (70412 birey/m?), Cladocera %17,16
(18488 birey/m3), Copepoda %17,47 (18812 birey/m?); Sameteli Goletinde
Rotifera %22,46 (62660 birey/m3), Cladocera %22,39 (62438 birey/md),
Copepoda %55,15 (153850 birey/m®); Génen Baraj Goliinde Rotifera %20,99
(21375 birey/m3), Cladocera %9,42 (9599 birey/m3), Copepoda %69,60 (70897
birey/m®); Gonen Regiilatériinde ise Rotifera %72,05 (73411 birey/m°),
Cladocera %7,13 (7266 birey/m?), Copepoda %20,82 (21217 birey/m?3) oraninda
temsil edilmektedir. Sonug olarak, Génen Cay1 durgun sularinin zooplanktonu
hem Kkalitatif hem de kantitatif olarak incelenmis ve mesotrofik-6trofik bir
karakter gosterdigi saptanmustir.
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Zooplankton Fauna and Seasonal Changes of Constructed Ponds and Reservoirs of Gonen Stream (Balikesir -
Turkey)

Abstract: This study aims to determine the zooplanktonic fauna of storage ponds and reservoirs of Gonen stream (Kayatepe Pond,
Sameteli Pond, Gonen Dam Lake and Gonen Regulator) and it’s seasonal change. Seasonal zooplankton samples were collected
both with horizontal and vertical hauls by a Hydrobios plankton net (55 pm) between September 2010 and June 2011. The plankton
samples were immediately fixed in 4% formalin solution. Among the some physico-chemical features of the stations, maximum
depth, the water temperature, transparency, pH, dissolved oxygen, oxygen saturation and conductivity analysis were carried out in
situ. At the end of qualitative studies, 48 taxa including 25 of Rotifera, 14 of Cladocera and 9 of Copepoda identified totally. All the
identified zooplankton taxa are new record for the study area. Quantitative studies indicated that zooplankton abundance of Kayatepe
Pond dominated by Rotifera 65.37 % (70412 ind./m?3) followed by Cladocera 17.16% (18488 ind./m3) and Copepoda 17.47% (18812
ind./m?3); Sameteli Pond dominated by Copepoda 55.15% (153850 ind./m3) followed by Rotifera 22.46% (62660 ind./m3) and
Cladocera 22.39% (62438 ind./m®); Génen Dam Lake dominated by Copepoda 69.60% (70897 ind./m®) followed by Rotifera
20.99% (21375 ind./m3) and Cladocera 9.42% (9599 ind./m?); Gonen Regulator dominated by Rotifera 72.05 % (73411 ind./m3)
followed by Copepoda 20.82% (21217 ind./m®) and Cladocera 7.13% (7266 ind./mq). As a result, qualitatively and quantitatively
zooplankton analyses indicated mesotrophic-eutrophic character of storage ponds and reservoirs of Gonen stream.

Keywords: Kaya Pond, Sameteli Pond, Gonen Dam Lake, Gonen Regulator, mesotroph-eutroph
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Giris

Limnoloji  terminolojisinde  baraj  golleri
(rezervuarlar) bir nehrin aktig1 vadiler iizerine insan
eliyle bir set yapilandirilarak elde edilen durgun su
yapilar1 veya yapay goller olarak tanimlanmislardir.
Barajlar, akarsularin hidrolojik rejimleri iizerinde
insanoglunun gelistirdigi en 6nemli etkilerden biridir
(Perez et al. 1999).

Genellikle kararsiz ortamlar olarak da tanimlanan
baraj golleri, dogal gol sistemleri ile benzer 6zellikler
tagisalar da mevsimsel veya periyodik gerceklesen
dolumlar, insan kaynakli bosaltimlar ve bunlara bagl
ylizey seviyesindeki inis ¢ikiglar nedeniyle,
fizikokimyasal ve biyolojik karakterleri kendine
0zgli olan sucul ekosistemlerdir (Geraldes ve
Boavida 1999).

Rotifera, Cladocera ve Copepoda sucul ortamda
besin  zincirinin  temel halkalarindan  olan
zooplanktonun en biiyilkk gruplarindandir. Tiir
cesitlilikleri ve birim hacimdeki bolluklari rezervuar
ve goletlerin biyolojik o6zellikleri hakkinda bilgi
edinmemizi saglamaktadir. Zooplanktonik
organizmalar  tatlisu  kaynaklarinda  bulunan
baliklarin temel besin kaynagini olusturmakta ve
pelajik beslenen birgok balik tiirii ile demersal
beslenenlerin gen¢ donemlerinin ana gidalarini
olusturmaktadirlar.

Ayrica zooplankton tiirleri su kalitesinin, g6liin
trofik durumunun ve su kirliliginin belirlenmesinde
de kullanilmaktadir. Zooplanktonik organizmalarin
onem kazanmasiyla diinyada oldugu gibi iilkemizde
de zooplanktonun 6nemli bir boliimiinii olusturan
Rotifera, Cladocera ve Copepoda ile ilgili
aragtirmalar yapilmaya baglanmgtir.

Tiirkiye baraj golleri ve goletlerinde gilinilimiize
kadar zooplanktonu (rotifer, kladoser, kopepod)
konu alan ¢esitli calismalar yapilmigtir [Cubuk Baraj
Goli (Geldiay 1949), Siileoglu Baraj Goli ve
Korucukdy, Budakdoganca, Eskikadin goletleri
(Giiher ve Kirgiz 1989), Kabakli Goleti (Diyarbakir)
(Bekleyen ve Bilgin 1994; Bekleyen 1997), Cip Baraj
Goli (Elazig) (Akil ve Sen 1995), Kunduzlar ve
Catoren Baraj Golleri (Kirka-Eskisehir) (Altindag ve
Ozkurt 1998), Bozova 1 (Biiyiikgdl) ve Bozova 2
(Kiigtikgol) goletleri (Sevik ve Kilig 1998), Seyhan
Baraj Golii (Bozkurt 1997; Bozkurt ve Goksu 2000),
Demirkoprii Baraj Goli  (Ustaoglu vd. 2001),
Devegecidi Baraj Goli (Bekleyen 2001; Bekleyen
2006), Kesikkoprii Baraj Golu (Yigit 2002), Cip
Baraj Golii (Saler ve Sen 2002a), Tadim Goleti (Saler
ve Sen 2002b), Goksu Baraj Golii (Bekleyen 2003),
Yarseli Baraj Goli (Hatay) (Bozkurt vd. 2004), Birgi
Goletleri (Balik vd. 2004), Sarimsakli Baraj Goli
(Olmez Aydin ve Altindag 2004), Keban Baraj Golii
(Cemisgezek Bolgesi) (Saler 2004), Yagizlar Goleti
(Adana), Karamanli Goleti (Hatay), Kozan Baraj

Goli (Adana), Ceyhan Goleti 1 ve Ceyhan Goleti 2
(Adana) (Bozkurt 2004), Hirfanli Baraj Goli
(Kirsehir) (Yigit ve Altindag 2005), Keban Baraj
Golii (Pertek Bolgesi) (Tellioglu ve Yilmaztiirk
2005; Tellioglu ve Akman 2007), Topbogazi1 Goleti
(Hatay) (Bozkurt ve Dural 2005), Hirfanl Baraj Goli
(Baykal vd. 2006), Catalan Baraj Goli (Aladag vd.
2006), Gelingiillii Baraj Goli (Kaya ve Altindag
2007), ikizcetepeler Baraj Golii (Alper vd. 2007),
Sarisu-Mamuca Goleti (Demir vd. 2007), Sarryar
Baraj Golii (Atict vd. 2008), Kapulukaya Baraj Golii
(Ince vd. 2007), Birecik Baraj Gélii (Bozkurt ve
Sagat 2008), Alic Géleti (Gither ve Erdogan 2008),
Camligbze Baraj Golii (Dirican ve Musul 2008,
2009), Kepektas Baraj Goli (Saler 2009), Tahtali
Baraj Golii (Ozdemir Mis vd. 2009), Kayseri ilinin
bazi sulak alanlarinin (Seker Goleti, Resadiye Goleti,
Zincidere Goleti, Mimar Sinan Parki Havuzu,
Hisarcik Cay1 ve Kumali Parki Havuzu) (Kaya vd.
2009), Aslantag Baraj Goli (Bozkurt ve Goksu
2010), Asartepe Baraj Golii (Buyurgan vd. 2010),
Karakaya Baraj Golii (Saler vd. 2010), Buldan Baraj
Goli (Ustaoglu vd. 2010), Zernek Baraj Golii (Yildiz
2012), Hasan Ugurlu ve Suat Ugurlu Baraj Golleri
(Bozkurt ve Akin 2012), Kalecik Baraj Golii (Bulut
ve Saler 2013), Enne ve Kayabogazi Baraj Golleri
(Apaydin Yagc1 vd. 2013), Hancagiz Baraj Goli
(Saler ve Alis 2014), Uzungayir Baraj Golii (Saler vd.
2014), Beyhan Baraj Goli (Bulut ve Saler 2014),
Kemer Baraj Golii (Tuna ve Ustaoglu 2016)].

Bu g¢alismanin amaci, Gonen Cayr durgun
sularinin (Kayatepe Goleti, Sameteli Goleti, Gonen
Baraj Goli ve Gonen Regiilatorii) zooplankton
faunasinin  tespiti ve mevsimsel degisiminin
belirlenmesi ile iilkemizin biyolojik zenginligine
katki saglamaktir.

Materyal ve Metot

Eyliil 2010 - Haziran 2011 tarihleri arasinda
Gonen Cay1 havzasinda yer alan Gonen Baraj Golii,
Gonen Regiilatorii, Kayatepe Goleti ve Sameteli
Goleti’'nden  mevsimsel  olarak  zooplankton
orneklemesi  ve fiziko-kimyasal  ozelliklerin
belirlenmesi i¢in su Ornekleri yilizey suyundan
almmustir (Sekil 1-5).

Su 6rneklemeleri 5 L hacimli Schindler su alma
kab1 ile yapilmig olup bu 6rnek alma iglemi sirasinda
suyun fiziko-kimyasal 6zelliklerinden sicaklik, 151k
gecirgenligi, pH, ¢Oziinmiis oksijen, ¢Oziinmiis
oksijen doygunlugu, tuzluluk ve elektrik iletkenligi
in situ Ol¢iilmistiir. Derinlik 6lgtimleri Humminbird
One Hundred marka ekosounder ile 151k gecirgenligi
Ol¢timleri ise 30 cm ¢apinda siyah-beyaz standart
Secchi disk ile olgiilmiistiir. Su sicakligl, elektrik
iletkenligi (25°C spesifik iletkenlik) ve tuzluluk i¢in
YSI30 model SCT metre, pH 6l¢timleri igin WTW
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pH 330 model pH metre ve ¢oziinmiis oksijen igin
Oxi 330 model oksijenmetre kullanilmistir.
Zooplankton Ornekleri 55 pm g6z agikliginda
Hydrobios plankton kepgesi kullanilarak vertikal ve
horizontal  ¢ekimlerle  zooplankton  Ornekleri
toplanmigtir.  Yatay c¢ekimlerle elde edilen
zooplankton 6rneklerinde nitel, dikey ¢ekimlerle elde
edilen 6rneklerde ise hem nitel hem de nicel analizler
yapilmigtir. Toplanan ornekler %4’lik formalin
sollisyonunda saklanmaistir.

Stereo mikroskop altinda sistematik gruplara
gore siniflandirilan bu materyallerin cins, tiir ve alttiir
tayinleri 151k mikroskobunda, Rotifera i¢in Ruttner-
Kolisko (1974), Koste (1978), Korovchinsky (1992),
Segers (1995), Nogrady et al. (1995), Nogrady ve
Segers (2002); Cladocera i¢in Flossner (1972),
Smirnov (1996), Negrea (1983), Benzie (2005);
Copepoda icin Dussart (1967), Kiefer (1978), Rylov
(1963), Einsle (1996)’den yararlanilarak yapilmistir.

Trofik durumun belirlenmesinde indikator olarak
rotifer tilirleri kullanilmakta olup, bu indeks
(QB/T = Brachionus tiir sayisi / Trichocerca tiir
sayis1) formiilii ile bildirilmistir. Q = 1,0< oligotrof,

Q = 1,0-2,0 mesotrof, Q = 2,0> o&trof olarak
degerlendirilmektedir (Sladecek 1983).
Bulgular

Caligma yapilan istasyonlarin bazi fiziko-
kimyasal degerleri Tablo 1’°de verilmistir.

Kayatepe Goleti, Sameteli Goleti, Gonen

Baraj Goli ve Gonen Regiilatorii’'nde yapilan
zooplankton orneklemeleri sonucunda Rotifera
grubundan 25 tiir, Cladocera grubundan 14 tiir ve
Copepoda grubundan 9 tiir olmak {lizere toplam 48 tiir
tespit edilmistir. Kalitatif acidan en zengin lokalite
Gonen Regiilatorii olup (41 takson) bunu 25 takson
ile Gonen Baraj Golii izlemektedir. Kayatepe
Goleti’nde 22, Sameteli Goleti’nde ise 18 takson
saptanmigstir (Tablo 2).

Gonen Cay1 durgun sularinda Rotifera’dan
Asplanchna priodonta, Keratella cochlearis ve
Polyarthra vulgaris tiirleri tiim mevsimlerde
zooplanktonda tespit edilmistir. Bunun yaninda
Asplanchnopus multiceps, Hexarthra mira ve
Trichocerca collaris tiirleri sadece yaz mevsiminde;
Brachionus diversicornis, B. falcatus, H. intermedia,
Lecane bulla, Polyarthra dolichoptera ve T.
cylindrica tiirleri sadece sonbahar mevsiminde;
Notholca  squamula  tiirii  sadece  ilkbahar
mevsiminde, Platyias quadricornis tiirii ise sadece
kis mevsiminde zooplanktonda tespit edilmistir
(Tablo 2).

Cladocera’dan Bosmina longirostris,
Ceriodaphnia quadrangula ve Daphnia cucullata
tirleri tim mevsimlerde tespit edilmistir. Bunun
yaninda Alona guttata, Diaphanosoma brachyurum

ve Moina micrura tirleri sadece sonbahar
mevsiminde; Alonella exigua ve Diaphanosoma
mongolianum tiirleri sadece kis mevsiminde; C.
pulchella ve Daphnia sp. tiirleri sadece ilkbahar
mevsiminde; D. hyalina tiirti sadece yaz mevsiminde
zooplanktonda tespit edilmistir (Tablo 2).

Erdek  Kérfezi

K

!

Sekil 1. Ornekleme istasyonlar1 (1.Kayatepe Goleti,

30 km

2.Sameteli 4.Gonen

Regiilatori).

Goleti, 3.Gonen Baraj Goli,

Copepoda’dan Acanthocyclops robustus tiirii
ilkbahar mevsimi  hari¢ tim mevsimlerde,
Arctodiaptomus pectinicornis tiirii ise sonbahar
mevsimi hari¢ tiim mevsimlerde zooplanktonda
tespit edilmistir. Acanthocyclops sp.,
Eucyclops serrulatus ve E. speratus tiirleri sadece
yaz mevsiminde zooplanktonda tespit edilmistir
(Tablo 2).

Gonen Cayr durgun sularinda Rotifera’dan A.
priodonta, P. vulgaris ve S. pectinata tiirleri tim
istasyonlarda zooplanktonda tespit edilmistir. Bunun
yaninda A. multiceps tiiriine sadece GoOnen Baraj
Goli'nde; Lecane bulla tiirline sadece Sameteli
Goleti’'nde; T. similis tirtine sadece Kayatepe
Goleti’nde; L. lunaris, N. squamula, P. quadricornis
ve Trichocerca collaris tiirlerine sadece Gonen
Regiilatorii’nde zooplanktonda tespit edilmistir
(Tablo 2).

Cladocera’dan B. longirostris, C. quadrangula ve
D. cucullata tiirleri tiim istasyonlarda zooplanktonda
tespit edilmistir. A. guttata ve C. pulchella tiirleri
sadece Gonen Regiilatorii’nde; Daphnia sp. tiiri
sadece Kayatepe Goleti’nde zooplanktonda tespit
edilmisgtir.

Copepoda’dan A. robustus tiirti tiim istasyonlarda
zooplanktonda tespit edilmistir. Bunun yaninda E.
serrulatus, E. speratus ve N. hibernica tiirleri sadece
Gonen  Regiilatérii’'nde  zooplanktonda  tespit
edilmistir.
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Sekil 2. Kayatepe Goleti.

Sekil 4. Gonen Baraj Golii. Sekil 5. Gonen Regiilatorii.

Tablo 1. Caligilan lokalitelerin yiizey suyunda fiziko-kimyasal parametrelerin mevsimsel degerleri [S: Sonbahar (Eyliil
2010), K: Kis (Aralik 2010), I: Tlkbahar (Mart 2011), Y: Yaz (Haziran 2011)].

GOLLER PARAMETRELER S K i Y
Maksimum Derinlik (m) 17,8 16,0 28,7 28,7
Isik Gegirgenligi (cm) 210 190 140 200
Sicaklik (°C) 24,2 13,0 8,8 25,9
KAYATEPE pH 7,67 8,00 8,20 8,15
GOLETI Coziinmiis Oksijen (mg/1) 4.4 5,0 11,1 7,7
C.Oksijen Doygunlugu %) 52 50 98 96
Tuzluluk (%o S) 0,1 0,1 0,1 0,1
Tletkenlik (uS2sec) 264 247 212 252
Maksimum Derinlik (m) 7,6 7,2 10,6 10,6
Isik Gegirgenligi (cm) 110 120 60 430
Sicaklik (°C) 26,1 13,0 9,5 24,7
SAMETELI pH 8,00 7,95 8,85 8,18
GOLETI Coziinmiis Oksijen (mg/1) 4,2 6,2 221 7,7
C.Oksijen Doygunlugu %) 52 60 193 94
Tuzluluk (%o S) 0,2 0,2 0,2 0,2
Tletkenlik (uS2sec) 470 490 476 452
Maksimum Derinlik (m) 40,2 35,0 50,5 50,5
Isik Gegirgenligi (cm) 220 30 150 330
Sicaklik (°C) 26,5 13,7 9,8 235
GONEN BARAJ pH 7,98 7,87 8,40 8,35
GOLU Coziinmis Oksijen (mg/1) 4,9 6,3 10,7 78
C.Oksijen Doygunlugu %) 62 61 100 94
Tuzluluk (%o S) 0,2 0,1 0,1 0,1
fletkenlik (uSasec) 314 227 267 306
Maksimum Derinlik (m) 8,0 7,0 6,6 8,5
Isik Gegirgenligi (cm) 110 30 130 130
Sicaklik (°C) 23,1 13,0 12,7 18,1
GONEN pH 7,84 8,11 8,26 8,60
REGULATORU Cozinmiis Oksijen (mg/l) 52 7,7 10,6 11,0
C.Oksijen Doygunlugu %) 60 77 104 119
Tuzluluk (%o S) 0,2 0,1 0,1 0,1

iletkenlik (uS2s-c) 317 233 279 299
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Tablo 2. Gonen Cay1 durgun sularinda saptanan zooplankton taksonlarinin mevsimlere ve istasyonlara gore dagilimi (S:
Sonbahar, K: Kis, I:Ilkbahar, Y: Yaz; KG: Kayatepe Goleti, SG: Sameteli Goleti, GBG: Gonen Baraj Go6lii, GR: Gonen
Regiilatori

MEVSIMLER ISTASYONLAR
TURLER S K i Y KG SG GBG GR
ROTIFERA
Asplanchna priodonta Gosse, 1850 + + + + + + + +
Asplanchnopus multiceps (Schrank, 1793) + +
Brachionus calyciflorus Pallas, 1766 + + + + + +
Brachionus diversicornis (Daday, 1883) + + +
Brachionus falcatus Zacharias, 1898 + + + +
Cephalodella gibba (Ehrenberg, 1838) + + + +
Conochilus dossuarius Hudson, 1885 + + + +
Euchlanis deflaxa (Gosse, 1851) + + + +
Filinia longiseta (Ehrenberg, 1834) + + + + +
Hexarthra intermedia (Wiszniewski, 1929) + + +
Hexarthra mira (Hudson, 1871) + + +
Keratella cochlearis (Gosse, 1851) + + + + + + +
Keratella tecta (Lauterborn, 1900) + + + + + +
Keratella quadrata (Miiller, 1786) + + + + +
Lecane bulla (Gosse, 1886) + +
Lecane lunaris (Ehrenberg, 1832) + + +
Notholca squamula (Miiller, 1786) + +
Platyias quadricornis (Ehrenberg, 1832) + +
Polyarthra dolichoptera Idelson, 1925 + + + +
Polyarthra vulgaris Carlin, 1943 + + + + + + + +
Synchaeta pectinata Ehrenberg, 1832 + + + + + + +
Trichocerca capucina (Wierzejski & Zacharias, 1893) + + +
Trichocerca collaris (Rousselet, 1896) + +
Trichocerca cylindrica (Imhof, 1891) + + +
Trichocerca similis (Wierzejski, 1893) + + +
CLADOCERA
Alona guttata Sars, 1862 + +
Alonella exigua (Lilljeborg, 1853) + + +
Bosmina longirostris (O.F.Miiller, 1785) + + + + + + + +
Ceriodapnia pulchella Sars, 1862 + +
Ceriodaphnia quadrangula (O.F Miiller, 1785) + + + + + + + +
Coronatella rectangula (Sars, 1862) + + + +
Daphnia cucullata Sars, 1862 + + + + + + + +
Daphnia hyalina Leydig, 1860 + + +
Daphnia obtusa Kurz, 1874 + + + +
Daphnia sp. + +
Diaphanasoma brachyurum (Liévin, 1848) + + + +
Diaphanasoma mongolianum Ueno, 1938 + + +
Moina micrura Kurz, 1874 + + + +
Simocephalus vetulus (O.F.Miiller, 1776) + + + + +
COPEPODA
Acanthocyclops robustus (G.O.Sars, 1863) + + + + + + +
Acanthocyclops sp. + + +
Arctodiaptomus pectinicornis (Wierzejski, 1887) + + + + +
Cyclops sp. + + + +
Cyclops vicinus Uljanin, 1875 + + + + +
Eucyclops serrulatus (Fischer, 1851) + +
Eucyclops speratus (Lilljeborg, 1901) + +
Nitocra hibernica (Brady, 1880) + + +
Thermocyclops crassus (Fischer, 1853) + + + + +
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Zooplankton 6rneklerinin kantitatif incelenmesi
sonucunda; Kayatepe Goleti (%65,37) ile Gonen
Regiilatoriinde (%72,05) Rotifera grubu baskin iken
Sameteli Goleti (9%55,15) ile Gonen Baraj Goliinde
(%69,60) ise Copepoda grubu baskindir (Tablo 3).

Sameteli Goleti ortalama 278948 birey/m®
ile en zengin istasyon olup Polyarthra spp.
% 13,85; B. longirostris %13,76 ve nauplius
% 33,88 ile baskin taksonlardir (Tablo 4). Kayatepe

Goleti ortalama 107712 birey/m® ile ikinci sirada
olup A. priodonta (%44,84), B. longirostris (%15,59)
ve nauplius (%13,39) dominant olmustur (Tablo 5).
Gonen Baraj Goliinde (101871 birey/m®) baskin
tirler K. tecta (%6,21), Daphnia spp. (%5,17) ve
nauplius (%57,77), Gonen Regiilatoriinde ise
(101894  birey/m3) A. priodonta (%24,95),
B. longirostris (%6,06) dominansi gostermektedir
(Tablo 6,7).

Tablo 3. Goéllerde Rotifera, Cladocera ve Copepoda gruplarinin bolluklari (Birey/m?®) ve yiizde dagilimlari.

KAYATEPE C . GONEN BARAJ GONEN
GOLETI SAMETELI GOLETI GOLU REGULATORU
GRUPLAR Birey/m? % Birey/m? % Birey/m? % Birey/m? %
Rotifera 70412 65,37 62660 22,46 21375 20,99 73411 72,05
Cladocera 18488 17,16 62438 22,39 9599 9,42 7266 7,13
Copepoda 18812 17,47 153850 55,15 70897 69,60 21217 20,28
Toplam 107712 100,00 278948 100,00 101871 100,00 101894 100,00
Tablo 4. Sameteli Gdletinde saptanan taksonlarm bolluklar (Birey/m®) ve yiizde dagilimlari.
TURLER S$/2010 K/2010 /2011 Y/2011 Ort. %
Asplanchna priodonta 6743 2209 5453 510 3729 1,34
Hexarthra mira 65116 1479 16649 5,97
Polyarthra spp. 75839 66111 10834 1734 38630 13,85
Diger 10166 3536 146 764 3653 1,31
Rotifera 157864 71856 16433 4487 62660 22,46
Bosmina longirostris 1327 127911 15993 8266 38374 13,76
Ceriodaphnia quadrangula 38583 7184 204 11493 4,12
Daphnia spp. 1768 7406 2136 37095 12101 4,34
Diger 1877 469 0,17
Cladocera 43555 142501 18129 45565 62438 22,39
Cyclopoida 88555 27528 10686 1581 32088 11,50
Arctodiaptomus pectinicornis 109 73 9847 2507 0,90
Nauplius 94303 131891 131855 20001 94513 33,88
Kopepodit 70532 11608 6116 10715 24743 8,87
Copepoda 253390 171136 148730 42144 153850 55,15
Toplam 454809 385493 183292 92196 278948 100
Tablo 5. Kayatepe Goletinde saptanan taksonlarin bolluklar: (Birey/m?®) ve yiizde dagilimlari.
TURLER $/2010 K/2010 /2011 Y/2011 Ort. %
Asplanchna priodonta 146021 133 35767 11276 48299 44,84
Conochilus dossuarius 4511 490 1250 1,16
Hexarthra spp. 23835 2365 6550 6,08
Keratella cochlearis 4909 53 1241 1,15
Polyarthra spp. 4643 372 19582 20707 11326 10,52
Diger 6323 200 461 1746 1,62
Rotifera 190242 758 55349 35299 70412 65,37
Bosmina longirostris 5218 106 637 61228 16797 15,59
Daphnia spp. 1937 106 2826 1217 1,13
Diger 619 1274 473 0,44
Cladocera 5837 3317 743 64054 18488 17,16
Cyclopoida 442 3105 2414 1413 1844 1,71
Nauplius 220 6077 21704 29677 14420 13,39
Kopepodit 309 2933 2918 4037 2549 2,37
Copepoda 971 12115 27036 35127 18812 17,47
Toplam 197050 16190 83128 134480 107712 100
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Tablo 6. Génen Baraj Géliinde saptanan taksonlarin bolluklari (Birey/m®) ve yiizde dagihmlari.

TURLER S/2010 K/2010 /2011 Y/2011 Ort. %
Asplanchna priodonta 2354 90 3814 265 1631 1,60
Keratella cochlearis 8789 259 1127 2544 2,50
Keratella tecta 4742 100 896 19568 6327 6,21
Keratella quadrata 265 13333 3400 3,34
Polyarthra vulgaris 8523 2966 1724 1791 3751 3,68
Trichocerca spp. 9353 299 2413 2,37
Diger 3681 169 894 498 1311 1,29
Rotifera 37442 3584 7593 36881 21375 20,99
Ceriodaphnia quadrangula 5737 90 5274 2775 2,72
Daphnia spp. 6500 3652 2056 8856 5266 5,17
Diger 1758 925 1160 2388 1558 1,53
Cladocera 13995 4667 3216 16518 9599 9,42
Cyclopoida 13134 1344 862 3349 4672 4,59
Arctodiaptomus pectinicornis 33 8 0,01
Nauplius 142683 5215 34194 53298 58848 57,77
Kopepodit 23383 1980 1824 2289 7369 7,23
Copepoda 179233 8539 36880 58936 70897 69,60
Toplam 230670 16790 47689 112335 101871 100
Tablo 7. Gonen Regiilatoriinde saptanan taksonlarin bolluklari (Birey/m®) ve yiizde dagilimlari.

TURLER S/20/10 K/2010 /2011 Y/2011 Ort. %
Asplanchna priodonta 7580 938 93158 25419 24,95
Brachionus calyciflorus 14809 22464 9318 9,15
Keratella cochlearis 31804 750 8139 7,99
Keratella tecta 20947 584 296 9313 7785 7,64
Polyarthra vulgaris 19873 6748 3052 9575 9812 9,63
Synchaeta pectinata 45368 498 296 11541 11,33
Diger 1982 93 44 3471 1398 1,37
Rotifera 142363 8673 4626 137981 73411 72,05
Bosmina longirostris 2811 836 40 20992 6170 6,06
Diger 3527 551 194 114 1097 1,08
Cladocera 6338 1387 234 21106 7266 7,13
Cyclopoida 2535 22 320 719 0,71
Arctodiaptomus pectinicornis 44 11 0,01
Nitocra hibernica 22 6 0,01
Nauplius 70806 1898 1906 2408 19255 18,90
Kopepodit 2990 1579 106 232 1227 1,20
Copepoda 76397 3477 2034 2960 21217 20,82
Toplam 225098 13537 6894 162047 101894 100

Tartisma ve Sonug

Mevsimsel olarak bir y1l boyunca yiiriittiigiimiiz
calisma sonucunda Goénen Cay1 iizerinde yer alan
Kayatepe Goleti, Sameteli Goleti, Gonen Baraj Golii
ve Regiilatoriiniin zooplankton tiir kompozisyonu

belirlenmis ve sularin  bazi  fiziko-kimyasal
parametreleri 6l¢iilmiistiir.

Gonen Cayr durgun sularinda  bulunan
zooplanktonik ~ organizma  gruplart  Rotifera,

Cladocera ve Copepoda olarak belirlenmistir. Gonen
Cay1 durgun sularinda rotiferlerden 9 familyada 25
tir, kladoserlerden 5 familyada 14 ftiir,
kopepodlardan 3 familyada 9 tiir olmak iizere
toplam 48 tir tespit edilmis olup ilk kez bu
caligmada bildirilmektedir.

Gonen Cay1 durgun sularmda saptanan Rotifera
tirlerinden ~ A.  priodonta, B. calyciflorus,
B. diversicornis, B. falcatus, C. gibba, C. dossuarius,
F. longiseta, H. intermedia, H. mira, K. cochlearis,
K. quadrata, K. tecta, L. bulla, L. lunaris,
N. squamula, P. quadricornis, P. dolichoptera,
P. vulgaris, S. pectinata, T. capucina, T. cylindrica
ve T. similis tiirlerine diger baraj golii ve goletlerde
yapilan c¢aligmalarda da rastlanilmigtir (Geldiay
1949; Bekleyen ve Bilgin 1994; Altindag ve Ozkurt
1998; Bozkurt ve Goksu 2000; Bekleyen 2001;
Saler ve Sen 2002a, 2002b; Yigit 2002; Bekleyen
2003; Bozkurt 2004; Bozkurt vd. 2004; Olmez Aydin
ve Altindag 2004; Saler 2004; Bozkurt ve
2005; Yigit ve Altindag 2005; Baykal vd. 2006;
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Demir vd. 2007; Kaya ve Altindag 2007; Tellioglu
ve Akman 2007; Ince vd. 2007; Bozkurt ve Sagat
2008; Giiher ve Erdogan 2008; Dirican ve Musul
2009; Kaya vd. 2009; Ozdemir Mis vd. 2009; Saler
2009; Bozkurt ve Goksu 2010; Buyurgan vd. 2010;
Saler vd. 2010; Ustaoglu vd. 2010; Yidiz 2012;
Bozkurt ve Akin 2012; Bulut ve Saler 2013; Apaydin
Yagcr vd. 2013; Saler ve Alis 2014; Saler vd. 2014;
Bulut ve Saler 2014; Tuna ve Ustaoglu 2016).
Cladocera tiirlerinden A. guttata, B. longirostris,
C. pulchella, C. quadrangula, C. rectangula,
D. cucullata, D. brachyurum, D. mongolianum,
M. micrura ve S. vetulus tiirlerine diger baraj golii ve
goletlerde yapilan caligmalarda da rastlanilmigtir
(Giiher ve Kirgiz 1989; Akil ve Sen 1995; Bekleyen
1997; Altindag ve Ozkurt 1998; Sevik ve Kilig 1998;
Ustaoglu vd. 2001; Bekleyen 2003; Bozkurt 2004;
Bozkurt vd. 2004; Bozkurt ve Dural 2005; Tellioglu
ve Yilmaztiirk 2005; Yigit ve Altindag 2005; Baykal
vd. 2006; Bekleyen 2006; Aladag vd. 2006; Alper
vd. 2007; Demir vd. 2007; Kaya ve Altindag 2007,
Ince vd. 2007; Bozkurt ve Sagat 2008; Dirican ve
Musul 2008; Giiher ve Erdogan 2008; Ozdemir Mis
vd. 2009; Buyurgan vd. 2010; Ustaoglu vd. 2010;
Bozkurt ve Akin 2012; Bulut ve Saler 2013; Apaydin
Yager vd. 2013; Saler ve Alis 2014; Saler vd. 2014;
Bulut ve Saler 2014; Tuna ve Ustaoglu 2016).
Copepoda tiirlerinden A. robustus, C. vicinus,
E. serrulatus, N. hibernica ve T. crassus tirlerine
diger baraj golii ve goletlerde yapilan ¢aligmalarda da
rastlanilmistir (Giiher ve Kirgiz 1989; Akil ve Sen
1995; Bekleyen 1997; Altindag ve Ozkurt 1998;
Ustaoglu vd. 2001; Bekleyen 2003; Bozkurt 2004;
Bozkurt vd. 2004; Bozkurt ve Dural 2005; Tellioglu
ve Yilmaztiirk 2005; Bekleyen 2006; Aladag vd.
2006; Alper vd. 2007; Demir vd. 2007; Kaya ve
Altindag 2007; Gtiher ve Erdogan 2008; Bozkurt ve
Sagat 2008; Ozdemir Mis vd. 2009; Ustaoglu vd.
2010; Yildiz 2012; Bozkurt ve Akin 2012; Bulut ve
Saler 2013; Apaydin Yagc1 vd. 2013; Saler ve Alis
2014; Saler vd. 2014; Bulut ve Saler 2014).
Kayatepe Goleti’nde belirlenen Brachionus tiir
sayist 1, Trichocerca tiir sayist 1 oldugu igin Q degeri
1 olarak bulunmustur. Bu durumda rotifer indeksine
gore zooplankton agisindan mesotrof Ozelliktedir.
Sameteli Goleti’nde belirlenen Brachionus tiir sayisi
1, Trichocerca tiir sayist 0 oldugu igin Q degeri
hesaplanamamistir. Gonen Baraj Golii’nde belirlenen
Brachionus tir sayis1 3, Trichocerca tiir sayisi
2 oldugu i¢in Q degeri 1,5 olarak bulunmustur. Bu
durumda rotifer indeksine gore zooplankton
acisindan mesotrof ozelliktedir. Gonen
Regiilatori’nde belirlenen Brachionus tiir sayist 3,
Trichocerca tiir say1si 3 oldugu i¢in Q degeri 1 olarak
bulunmustur. Bu durumda rotifer indeksine gore
zooplankton agisindan mesotrof 6zelliktedir.

Gonen Cayr durgun sularinda saptanan
zooplanktonik  organizmalardan A. priodonta,
B. calyciflorus, B. diversicornis, B. falcatus,

C. gibba, F. longiseta, H. mira, K. cochlearis,
K. tecta, K. quadrata, P. quadricornis, P. vulgaris,
T. cylindrica, B. longirostris, C. quadrangula,
C. vicinus ve T. crassus otrof karakterli sularin
tlirlerini  olusturmaktadir (Giindiiz 1984; Saksena
1987; Ustaoglu 1993; Makarewicz 1993; Ozdemir
Mis ve Ustaoglu 2009; Gutiérrez-Aquirre ve Suarez-
Morales 2000; Smakulska ve Gorniak 2004; Sendacz
et al. 2006; Paturej 2006).

Sonug¢ olarak, Goénen Cayr durgun sularinin
zooplanktonu hem kalitatif hem de kantitatif olarak
incelenmis olup saptanan taksonlar i¢sularimizda
yaygin olarak bulunmaktadir (Ustaoglu 2004;
Ustaoglu vd. 2012; Ustaoglu 2015). Kayatepe Goleti
ve Gonen Regiilatoriinde rotiferler, Sameteli Goleti
ve Gonen Baraj Goli'nde kopepodlar baskin
durumdadir. Incelemeler sonucunda Génen Cayi
durgun sularmin mesotrofik-6trofik bir karakter
gosterdigi ve otrofikasyona agik oldugu saptanmistir.
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In the present study, a comparison of the otolith morphology of Alburnus tarichi, RESEARCH ARTICLE
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of 351 specimens of A.tarichi collected by trammel nets from four different Received ~ :03.05.2017
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left otoliths but there were statistically significant difference in terms of otolith
breadth between the specimens collected in Lake Van and Lake Ergek. There were
no differences between right and left otolith measurements in Lake Nazik and
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were different from each other for four localities. The power model
was applied to estimate the relationships between the otolith measurements and
fish length.
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Van Golii Havzasi’nda Farkh Giillerde_p (Van, Ercek, Nazik, Aygir) (Tiirkiye) Orneklenen inci Kefali (Alburnus
tarichi Giildenstéidt, 1814))’nin Otolit Ozelliklerinin Karsilastirmali Analizi

Oz: Bu cahigmada, Van Goli Havzasi'nda farkli lokalitelerden Orneklenen Alburnus tarichi’nin otolit morfolojisi
kargilastirilmast gergeklestirilmistir. Nisan-Mayis 2015°te dort farkli habitattan (Van, Ergek, Nazik, Aygir) 351 A. tarichi
bireyi fanyali aglar aracihgiyla 6reklenmis incelenmistir. Orneklerinin ¢atal boylar1 ve agirliklari siras1 ile 9,9-24,6 cm,
8,4-176,5 g arasindadir. Lagenar otolitler sa§ ve sol ayrimu yapilarak ¢ikarilmistir.  Otolit boyu (OL),
otolit eni (OB) olgiilmiis, otolitler tartilmistir (OW). Sag-sol otolit oOlglimlerinin  kargilagtirilmast  bagiml
omeklem t testi ile test edilmistir. A. tarichi’nin tiim lokaliteler arasindaki otolit eni, otolit boyu ve agirhg
kargilagtirmalari ANOVA ile test edilmistir. Van Golii ve Ercek Golii orneklerinde sag ve sol otolitler arasinda
otolit boyu ve otolit agirligi bakimindan fark yok iken otolit eni bakimindan oOnemli farklilik tespit edilmistir.
Nazik Golii ve Aygir Golii orneklerinde sag ve sol otolit Olglimleri arasinda herhangi bir farklilik yoktur. Tim
lokaliteler bir arada degerlendirildiginde otolit boyu, otolit eni ve otolit agirligi dort habitatta birbirinden farklidir.
Otolit dl¢timleri ve balik boyu arasindaki iligkilerin ortaya ¢ikarilmasinda egrisel model kullanilmigtir.

Anahtar kelimeler: Alburnus tarichi, Van Golii, Ergek Golii, Nazik Golii, Aygir Goli
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Introduction

Otolith morphology varies markedly between
species, however separate stocks of the same species,
often identical physically, can sometimes be
discriminated through subtle differences in otolith
morphometrics (Mapp et al. 2017). Otoliths, often
used in studies comparing intraspecific and
interspecific variations, are under the control of
environmental, physiological and genetic factors
(Javor et al. 2011). Otolith morphometry and
biometrics can be a useful tool for identification of
population characteristics, aging and feeding studies
as well as stock assessments (Harvey et al. 2000;
Jawad et al. 2011; Hiissy et al. 2016; Bostanci et al.
2017). The stock concept is one of the most
fundamental in  fishery management. The
morphological characteristics of fish otoliths have
been taken into account in recent years in stock
separation studies (Tuset et al. 2003; Zengin et al.
2015; Renan et al. 2016; Bostanci et al. 2017; Kumar
et al. 2017; Mapp et al. 2017). The difference in
otolith measurement values among the populations
will contribute to the stock sorting studies to be
performed thereafter. In this study, it is proposed that
stock separation can be performed by using otolith
properties.

Morphometric  measurements and  otolith
morphometry may differ between populations of the
same species living in different habitats
(Reichenbacher et al. 2009; Zengin et al. 2015).
Bostanci et al. (2015) investigated otolith shape and
morphometry of Alburnus tarichi in Lake Van.
However, to the authors’ knowledge, no previous
studies on otolith morphometry of lake Ercek, Nazik
or Aygir have been carried on. Also, when the
relationship between otolith length and fish length in
a species is determined, the total, fork or standard
length of a fish from its otolith length can be
estimated, or vice versa (Battaglia et al. 2010; Yilmaz
etal. 2014; Mahenna et al. 2016; Bostanci etal. 2017)
and the otolith morphology is an additional
characteristic among these species-specific criteria
(Hossucu et al. 1999). The relationship between the
fish size and otolith dimensions is of great
importance (Jawad et al. 2011; Zan et al. 2015;
Zengin et al. 2017) in studying prey-predator
relationships population management studies, and
archaeological research (Harvey et al. 2000; Tuset et
al. 2008). This study aims to compare the otolith
features of A. tarichi inhabiting Lake Van, Ergek,
Nazik and Aygir. A. tarichi lives only in Van basin.
Tarek, which is economically important, has an
important place in Turkey inland fish production with
an average production of 10,000 tons (TUIK 2014).
It migrates to reproduce to different freshwater
overcoming natural obstacles. This migration is

followed by traditional festivals and it is also an
important species in terms of tourism. A. tarichi is an
endemic species, it is economically important and its
conservation status is NT (Near Threatened)
according to IUCN. So, in order to ensure the
continuity of the species, stock separation studies are
important to keep in place as well as the biological
properties. The results of this study will present
important data on stock separation and future
fisheries management of the A. tarichi inhabiting four
different habitats. Additionally, this paper provides
the first information on the otolith morphometry
inhabiting Lake Ercek, Aygir, Nazik.

Materials and Methods

Study material

A. tarichi (Figure 1) is endemic to Van Basin in
Turkey (Elp et al. 2014). It is an economically
important species migrating for spawning to river
inlets and returning to the lake after the spawning
season (Elp and Cetinkaya 2000). Its IUCN Red List
Status is NT (Near Threatened) (Freyhof 2014).

Figure 1. Alburnus tarichi (Giildenstadt, 1814) from Lake
Van.

Study area

Different researches refer that A. tarichi is
distributed in Lake Van, Er¢ek, Nazik, Aygir and
Kockoprii Dam Lake (Kuru 1975; Kocabas 1999;
Cetinkaya 2000; Geldiay and Balik 2007; Elp et al.
2014). Samples were obtained from Lake Van, Ercek,
Nazik, Aygir. Lake Van, the largest lake in Turkey,
covers 3574 km? in surface area with a mean depth of
171 m (450 m maximum, altitude 1646 m) (Kempe
et al. 1978). Due to the highly salty-alkaline waters
of the lake, it is commonly known as a ‘soda lake’
and thus cannot be used for drinking water (salinity
0.224% (Ciftgi et al. 2008), pH 6.3-7.7 (Goller ve
Sulak Alanlar Eylem Plani1 2017). The proportions of
chemical compounds in the water are; 42% NacCl,
34% NaCOs, 16% NayS0s4, 3% KSO0, and 2.5 %
MgCOs. Because of this feature, the lake has a great
reserve as a source of soda production (Ciftgi et al.
2008). Lake Van is the largest source of water that
A. tarichi lives in (Elp et al. 2014). In Van Lake,
A. tarichi is the only fish species that is able to live.
Lake Ercek is the second largest lake in Van Basin.
Lake Ergek, like Lake Van, has salty-alkaline waters.
This lake is volcanic lava hard lake. It is not a deep
lake, with a maximum depth of 30 m. Naturally no
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other fish species live in the lake (Cetinkaya 1993).
A. tarichi was transferred to this lake in 1984 from
Lake Van. Lake Nazik is the largest freshwater lake
in the basin. Lake Nazik and Lake Aygir contain
freshwater in contrast to Lake Van and Lake Ercek.
Lake Nazik comes after Lake Ercek in terms of size.
Lake Ergek is tectonic origin (Cetinkaya 1993).
Capoeta kosswigi, Carassius gibelio, Cyprinus
carpio besides A. tarichi live in this lake. Lake Aygir
is a typical maar lake formed by volcanic eruption.
Maar lakes are caused by a phreatomagmatic
eruption, an explosion caused by groundwater
coming into contact with hot lava or magma (Dogu
and Deniz 2015). C. kosswigi, C. carpio and
A. tarichi live in this lake. Study areas are shown in
Figure 2.
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Figure 2. Study area (Lake Van, Lake Ercek, Lake Nazik,
Lake Aygir).

Sample collection

Specimens of Lake Van (100 individuals), Ercek
(86 individuals), Nazik (80 individuals) and Aygir
(85 individuals) were sampled in April-May 2015.
Fishermen trammel nets (18-22 cm in long, mess
with 20 mm) were used for sampling. All samples
were obtained from fishermen. Fork length and body
weight of each individual were measured in situ
to the nearest +0.1 cm and weighted to the nearest
+0.1 g. Stations of locations for each lake are
summarized Table 1.

Otolith measurement and image analysis

Lagenar otoliths (Figure 3) were removed as left
and right discrimination for each fish sample.
Lagenar (asteriscus) otoliths were photographed on
distal side using Leica DFC295. Otolith breadth (OB)
and length (OL) (+ 0.001 mm) were determined by
Leica Application Suit Ver. 3.8 Imaging Software.
Otolith length (OL) is the horizontal distance
between the anterior and the posterior tips of the
otolith (Harvey et al. 2000). Otolith breadth (OB) is
the vertical distance from the dorsal to the ventral

otolith edge (Battaglia et al. 2010). Otolith weight
(OW) was detected using Precisa precision scales
(£0.0001 g). Left and right otolith measurements
(OL, OB and OW) were tested by normality test. If
the data were normally distributed, the comparisons
of right-left otoliths measurements were tested by
paired t test (parametric). If any of the comparative
data were not normally distributed, the comparisons
of right-left otoliths measurements were tested by
Willcoxon test (non-parametric paired t test).
Comparisons of otolith breadth, length and weight of
A. tarichi between localities were tested by ANOVA.
Tukey Test was used for pairwise comparisons
(Zar 1999). All analysis were made using SPSS 20.0
Packet Programme and MINITAB 15.0 version.

Table 1. Stations of study area

mglr?/?delzaolz Stations Coordinates
Lake Van 1. Station ii:izgzgg
100 Lake Van 2. Station ii:izgzzzg
Lake Van 3. Station ii:ﬁiggig
L LeERL S
ez s A
Lake Nazik 1. Station iizsl ;(l)gizvvzg
80 Lake Nazik 2. Station 312;51 ;231 16?):"11::]
Lake Nazik 3. Station i ii;iggg
Lake Aygir 1. Station zi(;ig:(z)(l)zgg
85 Lake Aygir 2. Station 38°49'57.75"N

42°49'16.44"E

38°50'08.80"N

Lake Aygir 3. Station 42°49'41 49"E

The power model was applied to estimate the
relationships between the otolith measurements (OB,
OL, OW) and fork length (FL).

y=ax’

y is otolith measurement and x is fork length. The
parameters a and b were estimated through the linear
regression analysis based on logarithms,

logY =log a+ blog X (Zar 1999).
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Lake Ercek

Lake Nazik

Lake Aygir

Figure 3. Lagenar otoliths of A. tarichi.

Table 2. Descriptive statistics of A. tarichi

Results

The main descriptive statistics for fork length,
body weight, otolith length, breadth and weight for
each lake were summarized in Table 2.

When right and left otolith were compared, there
was no significant difference in terms of otolith
length and weight (P>0.05), but there was a
statistically significant difference in terms of otolith
breadth (P<0.01) in Lake Van. Similarly, difference
of right and left otoliths in Lake Ergek was not
statistically significant in terms of otolith length and
weight (P>0.05), but there was a statistically
significant difference in terms of otolith breadth
(P<0.01). There were no differences between right
and left (P>0.05) otolith measurements in Lake Nazik
(otolith breadth, length, weight). Right and left
otolith measurements of individuals inhabiting Lake
Aygir were statistically similar to each other
(P>0.05). Comparisons between right and left
otoliths for A. tarichi are given in Table 3.

When all localities (Lake Van, Ercek, Nazik,
Aygir) were evaluated together, otolith breadth,
length and weight were different from each other for
four localities (ANOVA, P<0.001). All localities
were compared using pairwise comparison and we
found that they were significantly different from each
other in terms of otolith measurements among
localities (Tukey, P<0.001).

Habitat Parameter Mean S.d. Min. Max. S.e.
Fork Length 17.7 1.279 14.4 21.2 0.127
Body Weight 74.86 12.88 53.40 116.70 1.280
Lake Van Otolith Length 2.812 0.1783 2.331 3.291 0.0126
Otolith Breadth 2.554 0.1589 2.223 3.032 0.0112
Otolith Weight 0.0032 0.0001 0.0019 0.0050 0.0001
Fork Length 21.1 1.333 18.6 24.6 0.144
Body Weight 115.29 19.32 81.10 116.70 2.080
Lake Ergek Otolith Length 2.969 0.2305 2.409 3.584 0.0172
Otolith Breadth 2.655 0.2257 2.075 3.274 0.0172
Otolith Weight 0.0035 0.0007 0.0022 0.0063 0.0001
Fork Length 14.8 2.112 9.9 20.0 0.236
Body Weight 34.89 16.38 8.40 89.30 1.640
Lake Nazik Otolith Length 1.822 0.241 1.2 2.637 0.0190
Otolith Breadth 1.611 0.198 1.120 2.234 0.0156
Otolith Weight 0.0022 0.0007 0.0008 0.0051 0.0000
Fork Length 16.3 1.437 13.0 18.9 0.156
Body Weight 48.75 12.76 21.90 68.40 1.280
Lake Aygir Otolith Length 2.023 0.175 1.499 2.424 0.0134
Otolith Breadth 1.802 0.150 1.372 2.097 0.0114
Otolith Weight 0.0029 0.0006 0.0014 0.0049 0.0000
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Table 3. Comparison between right and left otoliths for A. tarichi

Locality Variable Statistical test Significance
Right-left otolith length Paired t test (parametric) P>0.05
Lake Van Right-left otolith breadth Paired t test (parametric) P<0.01
Right-left otolith weight Wilcoxon test (non-parametric) P>0.05
Right-left otolith length Paired t test (parametric) P> 0.05
Lake Ercek Right-left otolith breadth Paired t test (parametric) P<0.01
Right-left otolith weight Wilcoxon test (non-parametric) P>0.05
Right-left otolith length Wilcoxon test (non-parametric) P> 0.05
Lake Nazik Right-left otolith breadth Wilcoxon test (non-parametric) P> 0.05
Right-left otolith weight Wilcoxon test (non-parametric) P> 0.05
Right-left otolith length Wilcoxon test (non-parametric) P>0.05
Lake Aygir Right-left otolith breadth Paired t test (parametric) P> 0.05
Right-left otolith weight Paired t test (parametric) P> 0.05

According to the regression coefficients between
the relationship of fish length and otolith
measurements, otolith length was found to be the best
indicator for estimating the length of fish in Lake
Ercek and Lake Aygir. Otolith breadth was found to
be the best indicator for estimating the length of fish
in Lake Van and Lake Nazik (Figure 4).

Discussion

Otoliths are considered a profound taxonomic
tool in fish species identification due to their inter-
specific variability (Battaglia et al. 2010). Otolith
measurements such as the length and width are also
important to estimate the size and mass of the fish
being preyed upon, as often in studies on feeding
ecology the only item remaining in the stomach of a
predator is the otolith (Jawad et al. 2011).

In this study, when right and left otolith were
compared, there was no significant difference in
terms of otolith length and weight, but there was a
statistically significant difference in terms of otolith
breadth in Lake Van. Bostanci et al. (2015) used
otolith shape and morphometry to identify four
Alburnus species (A. chalcoides, A. escherichii,
A. mossulensis and A. tarichi) in Turkish inland
waters. One of these inland waters is Lake Van.
Otolith shape and morphometry of A. tarichi
inhabiting Lake Van was investigated and they have
found that left and right asteriscus otolith pairs were
not statistically different (P>0.05) in terms of otolith
weight and otolith length but were statistically
different (P<0.01) in terms of otolith width (Bostanci
et al. 2015). These results are similar to the current
study. There are also different studies which show no
difference between right and left otoliths (Jawad et al.
2011; Zengin et al. 2015; Zengin et al. 2017).

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). In this study, when the relationships
between fish length and otolith measurements
were evaluated, otolith length was found to be the
best indicator for estimating the length of fish in Lake
Ergek and Lake Aygir. Otolith breadth was found to
be the best indicator for estimating the length of fish
in Lake Van and Lake Nazik. Tarkan et al. (2007)
investigated the biometric relationships between
fish length and some bones (pharyngeal, opercula,
cleitra) for A.tarichi inhabiting Lake Van. The results
suggested that the biometric relationships between
fish length and these bones were well suited
for use in prey-predator studies of the A.tarichi
(Tarkan et al. 2007). Bostanci et al. (2011) studied the
relationships of otolith dimensions-fork length
A. tarichi in Lake Van and reported that regression
coefficients were 0.77, 0.74, 0.85 for OL-FL, OB-FL,
OW-FL, respectively. Basusta et al. (2013)
investigated otolith biometry-total length
relationships in the population of Hazar Bleak,
Alburnus heckeli (Battalgil, 1943) inhabiting Lake
Hazar, Elazig, Turkey. They found a strong
relationship between the otolith lengths and total
length obtained (R? = 0.9014).

The otolith length (Waessle et al. 2003; Zengin et
al. 2015), otolith breadth (Kumar et al. 2017)
and otolith weight (Bostanci et al. 2011; Zengin et al.
2017) can be calculated as the best indicator
for predicting fish size. Otolith biometry-fish
length relationships have been determined for
some freshwater and marine fishes (Harvey et al.
2000; Battaglia et al. 2010; ilkyaz et al. 2008;
Mata et al. 2008; Mamry et al. 2010; Jawad et al.
2011; Basusta et al. 2013; Felix et al. 2013).
However, the right and left otoliths may not provide
the same results of prey fish length estimates (Harvey
et al. 2000; Waessle et al. 2003; Kumar et al. 2012).
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Figure 4. Fork length-otolith dimensions relationships for A. tarichi inhabiting VVan Basin

The morphological and meristic characteristics of
fish and their hard body parts have been shown as
useful in stock identification studies (Kumar et al.
2017; Bostanci et al. 2017; Mapp et al. 2017).
Otoliths are useful because their growth is related to
increase in fish size and generally follow an
allometric increase in dimensions (Chilton and
Beamish 1982). Therefore, differences in the
development patterns of otoliths have been
associated with variations in growth rate and have
been used for separation of stocks (Messieh 1972;
Janusz 1990). The growth of individuals belonging to
the same species may show some variations for

different areas and stocks (Campana and Casselman
1993; Reichenbacher et al. 2009) or between sexes
(Echeverria 1987). Furthermore, otoliths are exposed
to chemical and mechanical abrasion in the digestive
track of predators (Jobling and Breiby 1986;
Granadeiro and Silva 2000) and their size may be
underestimated. The current study is important for
detection of otolith features of tarek inhabiting
different localities. Otolith breadth, length and
weight between localities were significantly
different; this result is thought to occur due to the
physicochemical properties of the habitats. While
Lake Van and Lake Ergek have salty water feature,



Saygin et al. 2017 - LimnoFish 3(2): 91-99

97

Aygir and Nazik Lake have freshwater features.
A. tarichi populations of Lake Er¢ek and Lake Van
originated from Van Lake. It was transferred to Lake
Ercek in 1984 from Lake Van. The difference in the
otolith characteristics is thought to occur due to the
fact that habitats have different characteristics. The
habitat characteristics of the other populations (Lake
Nazik and Lake Aygir) are different from each other
(Elp et al. 2016) and have not interfered with each
other for hundreds of years. This difference may be
reflected in genetic traits and is thought to reflect the
trace stock properties. When localities are compared
with each other, there were significant differences
among localities in terms of otolith measurements.
The fact that otolith measurements of tarek show
differences between populations will contribute to
stock discrimination to be carried out thereafter. It is
recommended that stock discrimination of tarek may
be carried out using otolith features.

This study will be a preliminary work to be
carried out thereafter in terms of investigation of
otolith characteristics of A. tarichi which is an
endemic species to Turkey inhabiting different
localities of VVan Basin and which is assessed as Near
Threatened according to IUCN. These results are
important in order to ensure the continuity of tarek
which is important both in terms of tourism and
economy. Also, there is no study on otolith
morphometry of tarek living in Lake Ercek, Lake
Nazik and Lake Aygir. This is the first information
on otolith features of A. tarichi inhabiting Lake
Ercek, Lake Nazik and Lake Aygir. There are no
studies on the otolith characteristics of other species
living in the Van Basin. Fish and fisheries are an
integral part of most societies and make important
contributions to economic and social health. Fishing
of A. tarichi constitute about one fourth of the
Turkish inland water fishery. The results of this study
will contribute to future managements of A. tarichi.
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ABSTRACT ARTICLE INFO

Lake Eber is a small, shallow tectonic lake, located in the central part of Anatolia.
Lake is under effect of pollution and exotic fish species. In order to define
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and trophic state of the lake was assessed. Fishing was carried out in April, 2013,
on randomly selected eight stations with benthic multimesh nets (30 m long, 1.5
m depth, 12 different mesh size from 5x5 mm to 55x55 mm) and fyke net. Fish
assembly, catch data (catch per unit effort), length-weight relationships of the
species with enough sample size is reported.
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Afyonkarahisar

length-weight  relationship,

Eber Golii’niin Ballk Komunite Yapisi Ac¢isindan Giincel Durumu

Oz: Eber Golii, I¢ Anadolu Bblgesi’nde bulunan kiigiik ve s1g bir tektonik goldiir. Gol kirlenme ve egzotik balik tiirlerinin baskis
altindadir. Tarihsel ¢ergevede, goldeki ¢evresel bozunmayi tanimlamak ve bunun balik topluluklari tizerindeki baskisini tanimlamak
amaciyla alan caligmalar gerceklestirilmistir. Su drneklemesi Aralik, 2012 ile Eyliil, 2013 tarihleri arasinda gerceklestirilmistir.
Coziinmiis oksijen, pH, toplam fosfor ve toplam Kjeldahl azotu gibi fiziko-kimyasal Ozellikler belirlenmistir. Fosfor
konsantrasyonlari {izerinden trofik statii indeksi hesaplanmis ve trofik statii degerlendirilmistir. Balik avciligi, sekiz farkli
istasyonda, bentik ¢ok g6zlii aglar (30 m uzunlugunda, 1,5 m eninde, 5x5 ila 55x55 mm g6z agikliginda) ve pinter ile Nisan, 2013
tarihinde gergeklestirilmistir. Balik topluluklari, av verisi (birim av ¢aba), yeterli sayida 6rnek bulunan tiirlerin boy-agirlik iligkileri
rapor edilmistir.

Anahtar kelimeler: Balik faunasi, boy-agirlik iliskisi, trifikasyon, Afyonkarahisar
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Introduction Eutrophication is the process of nutrient

Lake Eber is a small, shallow tectonic lake,
located in the central part of Anatolia, it is surrounded
by Emir Mountains from the south and Sultan
Mountains from the north (Atalay 1977; Koéle et al.
2016). Eber is the biggest lake in the Akarcay River
Basin after drying of Aksehir Lake. Basin which the
lake resides is a closed basin, made up mainly by
Akarcay River which is also the main influent into
the lake. Changes in climatic conditions which are
effecting the water regime, and anthropological
activities are the main threats for the basin and lake
itself.

accumulation causing water body to become more
productive (Moss 1988). This process promotes algal
blooms causing high variations in dissolved oxygen
content of water and can cause release of bloom
related algal toxins. From fisheries perspective, all
this can lead to fish deaths and in the long term
changes in fish fauna. In addition to this
environmental degradation, presence of exotic
species can speed up this process. Introduction of fish
species can alter ecosytem and effect biodiversity by
means of predation, competition, hybridization and
habitat alteration (Cowx 1998).
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Lake Eber is under effect of these anthropogenic
pressures. This study aims to define environmental
degradation within the lake and its effects on fish
assembly in a historical perspective.

Materials and Methods

Water sampling was conducted seasonally
between December, 2012 and September, 2013
whereas fish sampling was conducted in April, 2013.
Physico-chemical parameters such as dissolved
oxygen (DO; mg/l) and pH were recorded in situ with
YSI 5739 and YSI 33 SCT meter respectively.
Chemical parameters such as total phosphorus (TP;
mg/l), total Kjeldahl nitrogen (TKN; mg/l) was
analyzed in an accredited laboratory conditions
(OSIB SYGM 2013).

In order to determine trophic status of the lake
Trophic State Index (TSI) developed by Carlson
(1977) is used. Trophic state according to total
phosphorus (TSltp) is calculated using the formula

below.
i (rp)

Fishing was carried out on 8 stations with benthic
multimesh nets (30 m long, 1.5 m depth, 12 different
mesh size from 5x5 mm to 55x55 mm) and fyke net
following TS EN 14757 sampling standart.
Due to low water depth, no significant stratification
was observed in the lake and benthic positioning of
the multimesh gillnets sufficiently sampled the water
column.  Species identification were done
according to Battalgil 1944, Bogutskaya 1997,
Geldiay & Balik 2007; Kuru et al. 2014. Total length
(TL), Fork length (FL) and Standart length (SL) were
measured to nearest millimeter with ruler (TL>15
cm) and digital caliper (TL<15 cm). Weighing was
conducted with analog and digital scales. Sampled
fish were kept in ice until all measurements were
finished.

Catch per unit effort (CPUE) was reported as
number of specimens and grams of fish catch
per multimesh net. Length weight relationships
were calculated using the Ricker (1975) (LWR)
model (W = aTLP); in which W is total weight (g),
TL is total length (cm), a and b are the equation
parameters calculated by the least squares method
using the logarithmic form of the equation.
Significance of the regression was reported by the
correlation coefficient of the regression (R?), and
signifficant differences from isometric growth (Ho: b
= 3) were assessed (p). LWR and frequence analyses
were conducted with FSA package (Ogle 2014)
developed for R 3.4.0 (R Core Team 2014).

Results

Properties of water body

Physico-chemical properties of the water is
summarised in Table 1 with the results of similar
analysis reported in Giinay et al. (1985) and Kazanc1
et al. (1999) for comparison. Phosphorus
concentration from Aksehir Lake is added from
Numann (1958) since at this date lakes connect at
certain dates throughout the year. Phosphorus levels
for Eber Lake can be lower than this value
(0.02 mg/L) since Aksehir Lake is the last residence
for water in the basin.

Water pH seems to show variances throughout
the year and there seems to be a shift to the basic side
when compared to previous readings. High values of
total phosphorus and nitrogen compounds seem to
indicate eutrophic conditions. Nitrogen compounds
seem to increase significantly over the years. Trophic
state index scores for total phosphorus (TSlte) was
high and indicating hypereutrophic tendency after
1980’s. Rather than showing a recovery or
stabilization, these values showed a significant
increase after these dates.

Table 1. Some physico-chemical parameters for Lake Eber with
TSI values calculated for TP

DO* pH TP* TKN* Reference (TI.?DI)
) . Numann
1954 0.02 (1958) 47.37
12.1982 - - 013 180 7437
03.1983 - - 0.07 2.23 65.44
041983 - - 002 098  Gipayetal 47.37
06.1983 - - 015 218 (1985) 544
08.1983 - - 010 358 70.59
10.1983 - - 010 148 7059
06.1996 6.70 7.06 - Kazanci et al
051998 560 7.10 - (1999)
11.2012 9.62 8.63 0.46 5.8 9261
03.2013 1411 925 0.34 201 ) 88.10
This study '
06.2013 1400 894 0.34 467 88.10
09.2013 9.63 9.40 0.34 1218 88.39

* mg/l, ** Values from Aksehir Lake

Fish assembly and LWR

A total of 3280 specimens of seven fish species
were sampled from the lake. These species are
Alburnus nasreddini Battalgil, 1943; Cyprinus
carpio Linnaeus, 1758; Carassius gibelio (Bloch,
1782); Tinca  tinca (Linnaeus, 1758);
Seminemacheilus lendlii (Hanko, 1925); Cobitis
simplicispina Hanko, 1925 and Knipowitschia
caucasica (Berg, 1916). Sampled fish specimens,
their total weight, catch per unit effort (CPUE) and
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Length-weight relationships (LWRs) of the species
with enough sample size is given in Table 2.

Model fit is successive for A. nasreddini,
C. gibelio and C. simplicispina. However, coefficient
for determination (R?) value for S. lendlii is 0.71
indicating a failure in model fit possibly due to
variative weights at same length rather than sample

Alburnus nasreddini

Weight (g)
Residuals

Total Length (cm) Fitted values

size. All b values for the species (except S. lendlii)
with enough number of specimens for the model are
over three indicating a positive allometry. Length-
weight relationship plots, residuals of the regression
model and frequency analysis of A. nasreddini,
C. gibelio, C. simplicispina and S. lendlii are
illustrated between Figures 1-4.

150
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r T 1
6 8 4 16

orl\\“l}[
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Residuals Total Length (cm)

Figure 1. A. nasreddini length weight relationship plot, regression model fit plots and length frequency

Carassius gibelio
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Figure 2. C. gibelio length weight relationship plot, regression model fit plots and length frequency
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Figure 3. C. simplicispina length weight relationship plot, regression model fit plots and length frequency
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Table 2. Fish abundance and length weight relationship values

CPUE" TL (cm) W (g) Regression Parameters

Species Total n Weight (g) (n) (9@ LWRn Min. Max. Min Max a b+SE R? p
A. nasreddini 1115 7709.97 139.38 12437.25 577 6 159 1.47 43.05 0.0051 3.23+0.02 0.97 0.001
C. gibelio 1149 32774.8 143.63 36716.29 466 6.7 24.0 3.33 235.00 0.0083 3.22+0.02 0.99 0.001
S. lendlii 74 138.35 9.25 149.82 34 48 7.4 0.82 4.13 0.0059 3.23+0.35 0.71 0.514
C.simplicispina 925  4250.11 115.63 4306.15 768 6.1 15.2 1.08 18.26 0.0029 3.26+0.02 0.96 0.001
T. tinca 4 29.2 0.38 29.2 - - - - - - - - -
K. caucasica 3 1.93 038 193 - - - - - - - - -
C. carpio 10

*Catch per unit effort: Catch per multimesh net (30 m)

Discussion

Elements which can be helpful to determine
water quality is showing that lake is hypertrophic.
Most of the parameters reach levels that can be
classified as the worst class (class 1V) according to
criteria for water quality (SKKY 2004). Increased pH
is typical for eutrophic lakes as can be seen in Lake
Mogan (Mangit and Yerli 2010) and Lake Uluabat
(Elmaci et al. 2009), similar shallow lakes with
hypertrophy tendency. Oxygen levels in lake seem to
be high throughout the year. This over saturation with
oxygen is typical in shallow lakes with dense
submerged macrophytes as Lake Eber. Phosphorus
(TP) and nitrogen compounds (TKN) seem to
increase over the years compared to Giinay et al.
(1985) and Kazanci et al. (1999).

Fish sampling data revealed that A. nasreddini
and C. gibelio is widespread in the lake whereas
S. lendlii, C. simplicispina, C. carpio, T. tinca and
K. caucasica are not caught by every gillnet.
C. gibelio seem to dominate fish populations in the
lake by means of indiviuals and biomass. According
to results this invasive fish species constitutes 35% of
the fish specimens and 73% of fish biomass. By
means of population size it is followed closely by A.
nasreddini (34%) and C. simplicispina (28%)
however in terms of biomass it is by far the dominant
species. Invasion potential of C. gibelio is
demonstrated clearly in Lake Eber. A. nasreddini
constitues 34% of the specimens sampled. Eber Lake
is the type locality of A. nasreddini and this species
is listed under Critically Endangered status by IUCN
(2017) due to pollution and desiccation. However
high the CPUE may seem in this study it is clearly
under threat of C. gibelio.

This recent fauna is a consequence of pollution
brought by Akarcay River and fisheries activities.
In this study E. lucius and C. carpio can not be
sampled by gillnets however the latter is sampled by
fyke nets. Both species are present in the lake

however according to fisherman catch of
these species dropped significantly as it can be
interpreted from gillnet catch results. In addition to
this decrease in economically important species
C. carpio and E. lucius, T. tinca is under serious
fishing pressure too. Only four specimens were
caught in this study.

Fish fauna is compared to the previous studies
in order to interpret long term changes in the lake
(Table 3). Changes in fish fauna and environmental
degradation through the years summarised in
Figure 5.

C. carpio and E. lucius assumed to have a natural
distribution in Turkey however both of them are
translocated extensively (innal and Erk’akan 2006,
Innal 2012, Tarkan et al. 2015). But due to having a
report in the beginning of 1900’s, these species are
listed under native status. A. nasreddini has not been
reported by Deveciyan (1915), but due to similar
lateral line scale count it can be mistaken as Rutilus
rutilus (Linnaeus, 1758). In addition to this possible
confliction, Deveciyan (1915) reported 3 more
species namely, C. carpio, E. lucius and Squalius
recurvirostris Ozulug & Freyhof, 2011 (given as
Leuciscus cephalus). Other species were probably
distributed in the lake however main focus at these
years were fisheries rather than biological diversity.
Therefore we colored these boxes as gray to indicate
this probability. Following Deveciyan (1915),
no reports had been found until Kosswig (1952).
In this study by Kosswig, fauna for Eber Lake
with Aksehir Lake combined since at that
time connection between these lakes was
not distrupted. And to our knowledge this was
the first and last detailed report about the lake. There
seems to be drastic changes in the fish fauna over the
years. C. gibelio seem to enter this lake after 2000’s
and possibly with the help of environmental
degradation it became the dominant species. Species
with possible low tolerance to eutrophication such as
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Gobio intermedius  Battalgil, 1944 and S. . ~o-TSI(TP) ‘Native Fish !
recurvirostris  are  replaced by  tolerant .

. . . - 7
C. gibelio, K. caucasica and T. tinca. . . e

In order to restore the lake, pollution need 70 s 6§
to be controlled. However even if influent [z = . > 8
. . . . E 5o p - 46
is controlled there won’t be an immediate z. 474 =
shift to eutrophic state. Water quality of the » 3 E
lake need to be monitored closely and possibly > 28
some other measures can be taken to 10 1
control eutrophication. Also fisheries activities 0 -0 0 D— o

. 1900 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000 2010

need to be monitored carefully and measures to i

remove C. gibelio from the lake need to be
considered.

Table 3. Fish fauna comparison for Lake Eber

Figure 5. Environmental degradation and fish fauna in Lake Eber

Deveciyan
1915

Kazanci et al.
1999

Kosswig

1952 This study

Native Species
Alburnus nasreddini @ Battalgil, 1943

Hanko, 1925

Battalgil, 1944
(Linnaeus, 1758)
(Hanko, 1925)

Ozulug & Freyhof, 2011
Linnaeus, 1758

Linnaeus, 1758

Cobitis simplicispina @
Gobio intermedius ©
Rutilus rutilus ®
Seminemacheilus lendlii
Squalius recurvirostris ©)
Cyprinus carpio

Esox lucius

Exotic Species

Carassius gibelio
Ctenopharyngodon idella®

(Bloch, 1782)
(Valenciennes, 1844)
(Berg, 1916)

Tinca tinca (Linnaeus, 1758)

Knipowitschia caucasica

1) It has been reported as Alburnus orontis, Alburnus alburnus and Alburnus nasreddini. 2) It has been reported as Cobitis
taenia. 3) It has been reported as Gobio gobio and Gobio gobio intermedius. 4) It has been reported as Leuciscus rutilus.
5) It has been reported as Leuciscus cephalus and Leuciscus lepidus. 6) It was released for macrophyte control, sampled

in 2008 (DKMPGM 2008), but no reports since.
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Geiger, 2014, an endemic species from Kor River basin of Iran
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ABSTRACT

ARTICLE INFO

This study was carried out to provide a detailed osteological structure of the newly

SHORT COMMUNICATION

described crested loach, Paracobitis persa. For this purpose, ten specimens were

collected from the Malsosjan spring, in the Kor River basin and fixed in 5%
buffered formalin. After clearing and staining, their skeletal structure was
examined. The results were compared to the other members of the family
Nemacheilidae particularly P. hyrcanica and P. iranica. Based on the results, P.
persa can be distinguished from other members of this family by a combination
of characters, including having lacking sesamoid ossifications, having six
hypurals, a triangular-shaped lateral ethmoid with pointed ends, alveolar bony
capsule, no contact between retroarticular and dental, lack of the pre-ethmoid-I

and basibrancial-4.
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Introduction

Members of the genus Paracobitis Bleeker, 1863
are comparatively large-sized loaches with a long
dorsal dermal crest, inhabiting freshwaters of western
Asia (Banarescu and Nalbant 1964; Banarescu and
Nalbant 1995; Nalbant and Bianco 1998; Nguyen
2005; Prokofiev 2009; Min et al. 2010; Jouladeh-
Roudbar et al. 2015; Azimi et al. 2015a, 2015b,
2015c¢). There are twelve valid species of the genus
Paracobitis in the world, which eleven
of them are reported from Iran (Kottelat 2012;
Coad 2016; Mousavi-Sabet et al. 2014;
Freyhof et al. 2014; Jouladeh-Roudbar et al. 2015).
According to Freyhof et al. (2014), Mousavi-Sabet et
al. (2015), and Jouladeh-Roudbar et al. (2015a,
2015b), the wvalid Paracobitis species in Iran
comprise P. atrakensis Esmaeili et al. (2014),
P. basharensis Freyhof et al. (2014), P. hircanica
Mousavi-Sabet et al. (2015), P. iranica Nalbant and
Bianco, 1998, P. longicauda (Kessler, 1872),
P. malapterura (Valenciennes, 1846), P. molavii
Freyhof et al. (2014), P. persa Freyhof et al. (2014),
P. rhadinaea (Regan, 1906) and P. vignai Nalbant
and Bianco, 1998. However, Freyhof et al. (2014)

believe that P. iranica is a
P. malapterura.

Paracobitis persa, described from the Kor river
drainage of Iran (Maloosjsn Spring and from Sivand
River), is distinguished by having a prominent,
irregularly shaped mid-lateral stripe, a shallow
adipose crest, and the tube of the anterior nostril not
fully overlapping the posterior nostril when folded
back (Freyhof et al. 2014). There is little information
is available about biological features of this recently
described and threatened species (Esmaeili and
Valavi 2016); therefore, the present study was
conducted to provide a detailed osteological
characteristics of this species. The results of this
study can be used as a reference for its comparison
with the other members of the genus Paracobitis. The
results will also provide a basis for further
phylogenetic study of Iranian members of the
Paracobitis group using osteological data.

synonym of

Materials and Methods

Ten specimens of P. persa (Fig. 1) with mean
standard length of 62+10.5 mm were collected by
electrofishing device from the Malsosjan Spring, in
the Kor River basin (Fars Province, Sothern Iran).
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The collected specimens were anesthetized in 1%
clove solution and then fixed in 5% buffered
formaldehyde. For osteological examination, the
specimens were cleared and stained with alizarin red
S and alcian blue based on Taylor and Van Dyke
(1985). The left sides of the skeletal structures
photographed using a scanner (Epson V600)
equipped with a glycerol bath. The skeletal structure
of specimens was observed and studied by a Leica
MS5 stereomicroscope. The obtained images were
drawn using CorelDrawX6 software. Nomenclature
and abbreviation of the skeletal elements were done
according to Prokofiev (2009, 2010), Azimi et al.
(2015a, 2015b, 2015c) and Nikmehr and Eagderi
(20164, 2016b).

S T

Figure 1. Lateral view of Paracobitis persa, Malsosjan Spring, Iran.

Results

The posterior part of the neurocranium is oval
in shape and wider. The ethmoid region consists
of the lateral ethmoid, supraethmoid-ethmoid,
pre-ethmoid-Il,  kinethmoid and  pre-vomer
(Figs. 2a, b, c, 4). The supraethmoid-ethmoid
is narrow with serrated rim posteriorly. This bone
bears a groove on its dorsal face and is ventrally fused
to the pre-vomer (Fig. 2a, b). The posterior edge
of the lateral ethmoid is concaved. The unpaired
cylindrical kinethmoid possesses two mid-lateral
processes (Fig. 3a). The pre-ethmoid-1l is short
and cylindrical in shape; its middle part is slightly
curved. This bone is connected to the pre-palatine
laterally, to the anterior part of the pre-vomer
posteriorly and to the maxilla anteriorly.

The orbital region comprises the frontals,
parasphenoid, pterosphenoids, and orbitosphenoids.
The frontal is the largest bony element of the skull
roof; it is connected to the orbitosphenoid antero-
laterally. The parietals, frontals, and supraoccipital
enclose the fontanel. The parasphenoid is the longest
bone in the ventral face of the neurocranium; its
anterior and posterior ends are bifurcated. The
pterosphenoid is connected to the frontal dorsally and
to the sphenoid postero-laterally; its posterior margin
is curved, forming a cavity along with the prootic and
parasphenoid (Fig. 2c). The orbitosphenoid is
connected to the lateral-ethmoid ventrally, to the
parasphenoid laterally, and to the pterosphenoid
posteriorly.

Figure 2. (a) Dorsal (b) lateral, (c) ventral views of the
neurocranium in Paracobitis persa. Fon: fontanel; F-Ex: foramen
exoccipital; Pr-Bo: basioccipital process; Bo: basioccipital; Epo:
epiotic; Exo: exoccipital; Fr: frontal; Let: lateral ethmoid; Orb:
orbitosphenoid; Pa: parietal; Pe: pre-vomer; Pro: prootic; Ps:
parasphenoid; Pto: pterotic; Pts: pterosphenoid; Se:
supraethmoid-ethmoid; Soc: supraoccipital; Spo: sphenotic.
ethmoid is narrow with serrated rim posteriorly. This bone bears
a groove on its dorsal face and is ventrally fused to the pre-vomer
(Fig. 2a, b). The posterior edge of the lateral ethmoid is concaved.
The unpaired cylindrical kinethmoid possesses two mid-lateral
processes (Fig. 3a). The pre-ethmoid-I1 is short and cylindrical in
shape; its middle part is slightly curved. This bone is connected
to the pre-palatine laterally, to the anterior part of the pre-vomer
posteriorly and to the maxilla anteriorly.

The otic region includes the parietal,
epiotic, sphenotic, pterotic and prootic. The
parietal is approximately square-shaped and its
posterior margin covers the anterior part of the
epiotic (Fig. 2a). The pterotic is quarter-circle
in shape connecting to the epiotic and sphenotic
dorso-laterally and to the prootic and exoccipital
ventro-laterally (Fig. 2a, c). The epiotic is
oval-shaped and bears a posterior process (Fig. 2a),
situating between the pterotic and supraoccipital.
The sphenotic forms the lateral wall of the
neurocranium (Fig. 2b) and is connected to the
prootic ventrally and to the parietal postero-dorsally.
The two prootics are connected to each other
ventrally and to the parasphenoid dorsally by a
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descending process. The prootic bears two large
pores on its anterior part.

The occipital region is composed of the
supraoccipital, exoccipitals and basioccipital. The
supraoccipital is pentagon in shape in dorsal view and
its anterior margin is involved in the formation of the
fontanel. In the ventral part of the basioccipital, a
pharyngeal process is present (Fig. 2c). The anterior
hyomandibular facet is formed by the pterosphenoid,
sphenotic and prootic; and the posterior one by the
sphenotic and pterotic. The fontanel is covered by
connective tissue and extended longitudinally.

The upper jaw is made up of the maxilla
and premaxilla. The maxillary possesses a mid-
lateral ascending and an anterior descending
processes; it has also a distal process on its dorsal
border. The premaxilla is a thin L-shaped bone and
its vertical portion is narrower; the horizontal part has
a process on its middle-anterior margin. The lower
jaw is composed of the dentary, articular,
retroarticular and coronomeckelian (Fig. 3b). The
coronomeckelian is present on the medial face of the
lower jaw situated in the dorsal part of the articular.
The dentary is the largest element of the lower jaw
possessing the narrow ramus dentalis and a wide
coronoid process.

Ke
2@ S
~ Pmx 1om  Imm

Figure 3. (a) Upper and (b) lower jaw (medial face) of
Paracobitis persa. Art: articular; Cm: coronomeckelian; Den:
dentary; Ke: Kinethmoid; Mx: Maxilla; Pmx: Premaxilla; Rar:
retroarticular.

The suspensorium is formed by the
hyomandibular,  ectopterygoid,  endopterygoid,
metapterygoid, autopalatine, symplectic and quadrate
(Fig. 4). The hyomandibular is almost triangular in
shape and its dorsal part is wider. It bears two dorsal
condyles which are articulated to the neurocranium.
The ventral part of the hyomandibular is connected to
the interhyal. The ectopterygoid, endopterygoid,
metapterygoid, symplectic and quadrate form a bony
complex connecting to the anterior part of the
neurocranium via the auto-palatine. The ventral edge
of the ectopterygoid is jagged. The endoptrygoid has
a mid-dorsal protuberance that is connected to the
metaptrygoid and ectoptrygoid ventrally; this bone
articulated to the auto-palatine by an anterior
condyle. The metapterygoid is roughly rectangular in

shape; its lateral part is caved and its ventral part has
a pointed process. The quadrate bears a pointed and
stretched abdominal process bending posteriorly. The
symplectic is a triangular bone located between the
quadrate and hyomandibular.

The opercular series includes the opercle,
preopercle, subopercle, and interopercle (Fig. 4). The
opercle is a large and triangular bone, and bears a rod-
shaped process antero-dorsally for connection to the
levator operculi muscle. The ventral margin of the
opercle is connected to the subopercle that is narrow
and strip-like. The interopercle is a narrow bone; it is
pointed at its two ends. The posterior part of the
preopercle bears two processes.

Figure 4. Lateral view of suspensorium and opercle series of
Paracobitis persa. Ect: ectopterygoid; End: endopterygoid; Hy:
hyomandibulare; lo: interopercle; Mtp: metapterygoid; Op:
opercle; P: auto-palatine; Po: preopercle; Pre: pre-ethmoid-11; Q:
quadrate; So: subopercle; Sym: symplecic.

The branchial apparatus includes five pairs of the
ceratobranchials, four pairs of the epibranchials,
three pairs of the hypobranchials and basibranchials
and two paired infrapharyngobranchial (Fig. 5a).
The ceratobranchials are the largest element
and fifth one is modified as the pharyngeal teeth.
The third basibranchial is longer than the two others.
The epibranchial-4 has a ventral plate-like
protrusion. The second hypobranchial is attached to
the first basibranchial anteriorly.

Hbr  Bbr ,
® 9N ® Bl
Cir g X W Dby
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Figure 5. Branchial apparatus (a) and Hyoid arch (b) of
Paracobitis persa. Bbr: basibranchial; Cbr: ceratobranchial; Ebr:
epibranchial; Hbr: hypobranchial; Pbr: inphrapharyngobranchial;
Bhy: basihyal; Chy: ceratohyale; Dhy and Vhy: dorsal and
ventral hypohyal; Epi: epihyal; lhy: interhyal; Uhy: urohyal.
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The hyoid arch consists of the epihyals,
hypohyals, ceratohyals, urohyal, basihyal and three
pairs of the branchiostegal rays. The urohyal is
narrow and bears two ventral and dorsal parts; its
dorsal part is blade-like and perpendicular and the
ventral part is bifurcated. The basihyal is a T-shaped
bone with a small anterior fossa (Fig. 5b). The paired
ventral and dorsal hypohyal are tightly connected
together. The ceratohyal is the largest bone of this
arch situating between the hypohyal and epihyal. The
first and second branchiostegal are positioned,
respectively, in the middle of the ceratohyal and at
the junction of the ceratohyal and epihyal. The third
one is positioned in the middle of the epihyal.

The pectoral girdle consists of the cleithrum,
supracleithrum, coracoid, mesocoracoid, scapula,
posttemporal, supratemporal and radials (Fig. 6a).
The cleithrum bears two wide descending and
ascending portions; its ventral part bears an antero-
medial downward process connecting to the anterior
part of the coracoids. Also, it has a dorsal process on
its ascending part for connecting to the
supracleithrum. The supratemporal is a small bone
locating on the anterior margin of the posttemporal.
The posttemporal is thin and long, and located
between the supracleithrum and supratemporal. The
anterior part of the coracoid is narrower. The anterior
parts of the cleithrum and coracoid are connected; the
posterior part of the coracoid bears an ascending
process for connecting to the mesocoracoid. The
dorsal part of the mesocoracoid is broadened and
attached to the medial side of the cleithrum. A
semicircular scapula is located between cleithrum
and coracoid bones; this bone bears a large foramen.

The pelvic girdle includes the paired pelvic
bone, pelvic splint and radials (Fig. 6b). The anterior
part is narrower. There is a U-shaped hollow on the
anterior margin of the pelvic bone. The two L-shaped
pelvic splints are located at the postero-lateral side of
the pelvic bone. There are three radial bones
positioning along the postero-lateral side of the
ventral bone.

The Weberian apparatus is formed by four
anterior centra with their ossicles, including
the tripus, intercalarium, scaphium and claustrum
(Fig. 7a). The claustrum is circular in shape
and situated at the dorsal side of the scaphium.
The intercalarium is small and positioned
between the scaphium and Y-shaped tripus. The first
centrum has two lateral processes which are
ligamentously connected to the pectoral girdle. The
second, third, and fourth centra participate in the
formation of bony capsule. The second and third
centra are fused together. The parapophysis of the
forth centrum is modified and bears processes to
forms the posterior part of the bony capsule. In the

lateral part of the bony capsule, two openings are
observed that anterior one is larger. The surface of the
bony capsule is vascular. The right and left lobes of
the bony capsule are symmetrical and divided by the
manubrium (Fig. 7a).

The dorsal fin bears 4 unbranched, 7Y% branched
rays, 8 pterygiophores and one stay bone. The first
pterygiophore is bifurcated and the largest elements,
situating in the front of the 14" centrum (Fig. 7b).
A triangular stay bone supports the last branched ray.

The Anal fin consists of 3 unbranched, 5%
branched rays, 6 pterygiophores and one stay bone
(Fig. 7c). The first pterygiophore is bifurcated
situating in the front of the 26" vertebra.

(b)

| mm

Figure 6. Pectoral girdle (a) and pelvic girdle (b) of Paracobitis
persa. Cl: cleitherum; Cor: coracoid; Mcor: mesocoracoid; Rad:
ossified pectoral radial; Sc: scapula; Ps: pelvic splint; R: radials.

Figure 7. Swim bladder capsule (a), dorsal (b), anal (c) and
caudal (d) fin skeleton of Paracobitis persa. Adp: anal distal
pterygiophore; C 14-26: 14™ and 26" centrum; Dfs: dorsal fin
spine; Mp: mesial pterygiophore; Ph; parhyporal; Pp:
pterygiophore; Sty: stay; Epu: epural; Hpl-5: hypural plates;
Npu_2: neural processes of the second preural centrum; Hpu_2:
hemal processes of the second preural centrum; Ust: pleurostile;
Cla: claustrum; Na4: neural arch 4; Sca: scaphium; Sn 2-3:
supraneural 2 and 3.
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The caudal skeleton consists of four centra with
the epural, parahypural, pleurostyle, uroneural and
six hypurals bones (Fig. 7d). The pleurstyle is fused
to the last centrum. The hypural-1 reaches to the
ventral edge of the terminal centrum and not
connected to the parahypural. The epural is a long,
narrow and free bone, connected to the pleurostyle
ventrally by connective tissue. The neural process of
the 4" centrum become wide and bifurcated.

Discussion

The present study provided a detailed skeletal
description of P. persa. In this species, similar to
Oxynoemacheilus kiabii (Mafakheri et al. 2014),
O. bergianus (Jalili and Eagderi 2014), Sasanidus
kermanshahensis  (Mafakheri et al. 2015),
Paraschistura nielseni (Azimi et al. 2015a) and
P. cristata (Azimi et al. 2015b) and P. hircanica
(Azimi etal. 2014), the junction of the lateral ethmoid
is at the anterior margin of the orbitosphenoid;
whereas according to Prokofiev (2010), the lateral
ethmoid of loaches is stationarily jointed to the
supraethmoid-ethmoid.

There is no preethmoid-I in P. persa, O. kiabii
(Mafakheri et al. 2014), O. bergianus (Jalili and
Eagderi 2014), S. kermanshahensis (Mafakheri et al.
2015), P. nielseni (Azimi et al. 2015a), P. cristata
(Azimi et al. 2015b) and P. hircanica (Azimi et al.
2014) versus presence of the pre-ethmoid-I in the
genera of Lefua, Oreonectes, Yunnanilus,
Eonemachilus, Micronoemacheilus, Hedinichthys,
Orthrias, and Triplophysa (Prokofiev 2010). The
lateral ethmoid is oriented horizontally and its middle
part is wider in P. persa, whereas in P. hircanica, it
is L-shaped having a process oriented anteriorly
(Azimi et al. 2014); this process is absent in
P. iranica (Nikmehr and Eagderi 2016a).

There is no sesamoid ossification in P. persa,
similar to P. hircanica, but in O. kiabii (Mafakheri et
al. 2014), O. bergianus (Jalili and Eagderi 2014),
S. kermanshahensis (Mafakheri et al. 2015) and
P. cristata (Azimi et al. 2015b), a sesamoid
ossification is present. However, according to the
Prokofiev (2009, 2010), the sesamoid ossifications
are present in the members of the genus Paracobitis
as well as Dzihunia amudarjensis and
Oxynoemacheilus angorae.

The 4" basibranchial is absent in the P. persa
similar to P. hircanica and the other members of the
genus Paracobitis (Prokofiev 2009). However, in
O. kiabii (Mafakheri et al. 2014), O. bergianus (Jalili
and Eagderi 2014), S. kermanshahensis (Mafakheri et
al. 2015) and P. nielseni (Azimi et al. 2015a), it is
present.

In P. iranica, the frontal is wider (Nikmehr and
Eagderi 2016a) than that of P. hircanca (Azimi et al.

2014) and P. persa. Unlike the members of the genera
Metaschistura, Paraschistura, Oxynoemacheilus and
Iskandaria (Prokofiev 2010), there is a bony bridge
between the parietal and pterotic in P. persa. In
P. hircanica, the posterior part of the maxilla is wider
(Azimi et al. 2014) than that of P. persa.

The number of unbranched and branched rays of
the anal fin is 3 and 5%, respectively in P. persa, and
P. hyrcanica; whereas they are 3%, and 5 in P. iranica
(Azimi et al. 2014), respectively. Furthermore, the
number of unbranched and branched rays of the
dorsal fin is 3 and 7 in P.iranica (Nikmehr and
Eagderi 2016a), but they are 4 and 7% in P. hyrcanica
and P. persa, respectively.

The neural processes of the 3™ centrum has three
processes in P. hircanica (Azimi et al. 2014),
whereas that of P. iranica (Nikmehr and Eagderi
2016a) and P. persa has no dorsal process.
According to Prokofiev (2009), there are
6 hypurals in the genus Paracobitis as observed in
P. persa and P. iranica (Nikmehr and Eagderi
2016a), whereas there is five hypurals present in
P. hircanica (Azimi et al. 2014). However, six
hypurals are present in O. bergianus (Jalili and
Eagderi 2014).

As a result, P. persa is distinguished from other
members of the family  Nemacheilidae,
particularly P. hyrcanica and P. iranica by a
combination of characters, including having lacking
sesamoid ossifications, having six hypurals, a
triangular-shaped lateral ethmoid with pointed ends,
alveolar bony capsule, no contact between
retroarticular and dental, lack of the pre-ethmoid-I
and basibranchial-4.
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ABSTRACT ARTICLE INFO

In this study, it is aimed to investigate length-weight relationships (LWRs) of
Acigol toothcarp (Aphanius transgrediens Ermin, 1946) population from Lake
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Acigol, Afyonkarahisar in Turkey. For this purpose, 144 females and 16 males Received ~ :30.01.2017 E E
were examined, totally. The total lengths of female, male and total specimens Revised -14.04.2017 -
were measured 2.0-4.7 cm, 2.3-4.0 cm, 2.0-4.7 cm. Also, their weights were found . 3
0.15-1.94 g, 0.32-0.82 g, 0.15-1.94 g, respectively. LWRs parameters have been Accepted :05.05.2017 .
calculated: intercept (a) was found 0.0262, 0.0145, 0.0237; slope (b) was found Published  :21.08.2017 EL

2.661, 3.056, 2.732 for females, males and for all specimens, respectively. While
growth type was determined negative allometric for females and for all
specimens, it was detected isometric for males.
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Acigol (Afyonkarahisar-Tiirkiye) Endemigi Aphanius transgrediens’in Boy-Agirhk iliskisi

Oz: Bu calismada, Tiirkiye Acigol’de dagilim gosteren Acigdl disli sazancik (Aphanius transgrediens Ermin, 1946)
populasyonunun boy-agirhk iliskisinin (BAI) belirlenmesi amaclanmustir. Bu amagla, 144 disi ve 16 erkek birey incelenmistir. Total
boy degerleri disiler, erkekler ve tiim bireyler i¢in 2,0-4,7 cm, 2,3-3,4 cm ve 2,0-4,7 cm olarak ol¢iilmiistiir. Total agirlik sirasiyla
ile 0,15-1,94 g, 0,32-0,82 g, 0,15-1,94 g olarak bulunmustur. BAI parametreleri hesaplanmis; kesisim noktast “a” disi, erkek ve
tiim bireyler i¢in sirasiyla, 0,0262, 0,0145 ve 0,0237; egim “b” degeri ise 2,661, 3,056 ve 2,732 olarak hesaplanmistir. Biiytime tipi,
disiler ve tiim bireyler i¢gin negatif allometrik olarak bulunurken, erkek bireyler i¢in isometrik olarak belirlenmistir.

Anahtar kelimeler: Aphanius transgrediens, disli sazancik, endemik balik, boy-agirlik iligkisi, Acigél
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Introduction

In terms of fisheries management length and
weight data of fish are very useful and they are
always used in fish population estimate programs
(Ozaydin and Taskavak 2006). In addition, LWR is
very significant parameter to estimate condition
factor of fish populations; to find growth rates; to
guess stock biomass from limited sample size; to
comparison the populations morphologies and their
life cycles in different habitats (Petrakis and Stergiou
1995; Tarkan et al. 2006). LWR analysis reveals the
level and direction of relationships between the
environmental variables and the species.

Cyprinodontidae very large family is represented
in every continent, except Australia, also their

preference is bounded by warm temperate and
tropical climates (Sterba 1973). Aphanius one of the
genus of the family are widely distributed from south
Europe, east Mediterranean, to north and east Africa
(Hrbek and Meyer 2003). They are euryhaline fishes
(Geldiay and Balik 2007) and as it is claimed by
Kosswig (1967) that Aphanius has distributed Tethys
Sea and they are Tethyan relicts.

Aphanius member’s lengths are generally
changes in 4-8 cm (Wildekamp 1993). Their color
widely changes according to females, males and
species. They are omnivore fishes, they generally
feed on algae, insects, mollusks (Geldiay and Balik
2007) and also they frequently prefer mosquito larvae
for nutrition (Yildinm and Karaguha 2007).
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Because of these nutrition preferences they are used
in biological control against to mosquitos, in some
countries (WHO 2003). Although the genus members
generally don’t have an important commercial value,
they are very significant for ecosystems because of
their role in the food chain and number of endemic
species in the genus (Leonardos 1996; Sar et al.
2007). Genus members’ reproduction time start at the
beginning of spring to the end of summer (Leonardos
and Sinis 1998).

Acigdl toothcarp, Aphanius transgrediens is one
of the Turkey’s endemic fish which is inhabited in
Lake Acigol (Freyhof et al. 2014). Since endemic
species are substantial for biodiversity, it is necessary
to follow up the characteristics of the type of growth
of these fishes. In addition to this, conservation status
of A. transgrediens is Critically Endangered (CR)
in the IUCN (1996) Red List of Threatened Species,
it has estimated that its population in danger since at
the beginning of the 21" century (Yogurtguoglu and
Ekmekgi 2014a). Nonetheless introduced species
such as Gambusia sp. in Lake Acigdl should be
regarded as a serious threat to the populations of
the species, too (Wildekamp and Valkenburg 1994).
For all that, habitat destruction, climate changes and
especially industrial pollution threat the future of
species. Because of the reasons mentioned it has
become more important for studying on
A. transgrediens.

Several aspects of the genus Aphanius were
studied by different authors in Turkey. For
instance, its biogeography was determined by
Hrbek et al. (2002), genetic properties were searched
by Bardakgi et al. (2004) and Gaffaroglu et al. (2014),
population dynamics were studied by Giiglii and
Kiicik (2008), morphometric features were
defined by Ergiiden (2015), feeding regime were
investigated by Yildinm and Karaguha (2007)
and their parasitic fauna were appointed by Oztiirk
and Ozer (2008). Although it is limited,
there are some studies about A. transgrediens as their
general features, conservation, length-weight
relationship (Yogurtcuoglu and Ekmekg¢i 2014a,
2014b, 2015).

Material and Methods

Lake Acigol is also known as Lake Cardak
which is an example of such basins with its
tectonic sedimentary development as a prominent
shallow-perennial playa-lake or endorheic lake
(Helvact et al. 2012). Tt is located in Afyonkarahisar
and Denizli provinces. Lake Acigél is a significant
wetland area and also an important location
to extracting natural sodium that Turkey’s

sodium sulfate extracted from it (Giindogan et al.
1995).

The lake has an area of 50 km? and is 836 meters
altitude maximum (Ozdemir and Bahadir 2009).
Although the lake fed from the groundwater, it is
surrounding with the Gemis springs, also some
mountain brooks which are pouring out to the lake
their waters, from the south part. The study area has
showed with warm temperate in main climates,
summer dry in precipitation and has semi-arid
climate conditions in the Ko&ppen Climate
Classification study (Kottek et al. 2006). The water
of lake is reduced in summer and dry in some places,
frequently.

The fish fauna of the lake especially prefer to live
in south part, because permanent hardness is more
appropriate. All samples were collected from this part
of Lake Acigdl by seine net in October 2012.
Throughout the study, 160 of A. transgrediens
specimens were chosen randomly from the samples
(other specimens were released).

All of the specimens were measured to nearby
0.05 mm in total length with a vernier caliper
and weighed to nearby 0.001 g in total weight with
digital scales. These total length measures of
all specimens were used to calculate LWR with

W = alb

equation (Ricker 1975).

W is the total weight (g), L is the total length (cm),
a (intercept) and b (slope) are regression constants
in this equation (Zar 1984). Subsequently, the student
t-test was used for determination of growth types.
Before determined LWR equality, correlation
coefficient significance test was calculated (Zar
1984; Siimbiiloglu and Siimbiiloglu 2005).

Results

In this study, it has been determined that lengths
were between 2.0-4.7 cm, 2.3-3.4 cm; weights were
between 0.15-1.94 g, 0.32-0.82 g for females and
males. The slope of length-weight relationships were
determined 2.661, 3.056 and 2.732 for females,
males, for all specimens respectively. The values for
correlation coefficient (r) for all the LWR parameters
of females, males and entire specimens and were
highly significant (P<0.05; Table 1). As a result of
correlation coefficient significance tests for female,
for male and for all specimens’ results were
significant. (Correlation coefficient significance tests
results for females t.=33.5, P<0.05; for males
tea=10.422, P<0.05; for all specimens tc.=46.8,
P<0.05). Considering the results, growth type were
found negative allometric for females, isometric for
males and negative allometric for all specimens.
Estimated parameters and statistics analysis results
for the species are given (Table 1).
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Table 1. Total length, total weight and LWR parameters of A. transgrediens.
Sex n [:jgnig;l AWvnglti r a b SE(b) teal Growth type
Qe 144 3324(13145 0061351(:;29:4 0939 0.0262 2.661 0.082 -4.127 Allometric (-)
34 16 3591(?;71 0053;21(?18126 0939 0.0145 3.056 0.301 0.186 Isometric
Q2+ 43 160 332213534 00616i()1(?f9 0.936 0.0237 2.732 0.081 -3.279 Allometric (-)
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Su Uriinlerinde Marinat Teknolojisi ve Marinasyonun Kalite Ozelliklerine
Etkisi
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Su Uriinleri Arastirma Enstitiisii Miidiirliigii, 32500 Egirdir, Isparta

0z MAKALE BiLGIiSI

Bu derlemede, iilkemiz su iiriinleri isleme sektorii tarafindan da uygulanmakta DERLEME

olan marinat liretiminin incelenmesi ve isleme sektoriine yonelik olarak kaliteli )

firiin {iretimine katki sunulmasi amaglanmustir. Bu kapsamda marinat iiretimi Gelis :16.06.2017 E" E
sirasinda  kaliteyi etkileyen faktorler (6n islemler, salamura, materyal, Diizeltme  :08.08.2017 o =
o!.glfnlastmnva., _stizme, ambalgj, dizpqlama) ve marine Vur.unlg{l.n kahtesmde Kabul . 14.08.2017 .
gorillen degisimler (nemdeki degisimler, toplam yag igeriginde, protein

iceriginde, ham kiil miktarinda, yag asitlerinde, pH’da, toplam ugucu bazik azot Yayim :21.08.2017 E

(TVB-N), trimetilamin-azot (TMA-N) ve tiyobarbiturik asit (TBA) degerindeki . .
DOI: 10.17216/LimnoFish.321883

degisimler, mikrobiyal degisimler ile duyusal o&zelliklerdeki degigsimler)
incelenmistir.
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olgunlagtirma, sirke ve tuz

The Marinat Technology and Impact of Marination on Quality Properties of Aquatic Products

Abstract: In this review, it is aimed to examine marinade production which is being applied by our country's seafood processing
sector and to contribute to the production of quality products for the sector. So, the factors affecting quality during marinade
production (pretreatment, brine, material, ripening, draining, packaging, storage), and the changes the quality of marinat products
(moisture, total fat content, protein content, crude ash content, fatty acid content, pH, total volatile basic nitrogen (TVB-N) and
trimethylamine-nitrogen (TMA-N), thiobarbituric acid (TBA) values, microbial and sensory properties) were examined.

Keywords: Marinade, marine technology, marinate quality, ripening, vinegar and salt
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fiziksel ve ¢evresel faktorlerden siiratle etkilenir. Bu
durumda avlanmayi takiben kisa siire icinde
tiikketilmeli ya da uygun kosullarda muhafaza edilerek

Giris
Su driinleri islemeciliginin  gelismesinde;
diinyadaki iklim kogullariin degismesi ve buna bagli

olarak avin siirekli olmayis1 énemli rol oynamistir.
Dolayisiyla avlanan su {irlinlerinin uzun bir siiregte
kullanilabilmesi, ¢esitli muhafaza yontemlerinin
kesfedilmesine yol agmustir.

Su iirtinleri, 6zellikle balik ve baliktan elde edilen
iiriinler gliniimiiz sartlarinda gerek saglik yoniinden
gerekse lezzetindeki ayricalik sebebiyle diger
hayvansal kaynakli gidalardan daha 6nemli bir yere
sahiptir. Ancak balik eti, dayaniklilik agisindan
cabuk bozulan gidalar arasinda yerini almaktadir
(Colakoglu 2004). Balik son derece hassas bir gida
maddesi olmasi nedeni ile avlandigir andan itibaren

tiikketiciye en iyi kalitede ulastirilmasi saglanmalidir
(Ozden vd. 2001).

Ureticiden tiiketiciye uzanan zincirde avlama,
isleme, depolama gibi asamalarda baliga uygulanan
gesitli islemlerin nitelikleri {iriin kalitesini 6nemli
Olciide etkilemektedir (Serdaroglu ve Purma 2006).
Tiketicilerin taze sogutularak raf omri uzatilmig
gidalara olan talepleri nedeni ile birgok arastirma,
taze {rlinlerin gilivenligini  garantilerken, su
iriinlerinde de raf 6mriinii uzatmak amaci ile gesitli
muhafaza teknolojilerinin  kullanimin1  glindeme
getirmistir (Sallam 2007).
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Gilin gectikce degisen beslenme aligkanliklari,
hazirlanmasi ve tiiketimi kolay olan iiriinlerin
gelistirilmesini zorunlu kilmaktadir. Gida isleme
yontemlerindeki gelismeler ile yeni iriinlerin elde
edilmesinin yaninda, elde edilen {irinlerin dayanma
siiresinin ~ uzatilmast ve kalitenin korunmasi
amaglanmaktadir. Bu sayede belirli donemlerde
bolca temin edilebilen gida maddelerinin daha az
bulunduklari ya da hi¢ bulunmadiklar1 donemlerde de
kullanilmasi saglanmaktadir (Yapar 1998). Insanlar
calisma kosullarinin zorlamasi sonucu kullanimi
pratik oldugundan islenmis iriinleri tiikketme
aliskanliklar1 kazanmaya baslamislardir. Islenmis
iriinlere karsi olan bu ilgiden, su {iriinleri de
yeterince paymi almaktadir (Yanar ve Fenercioglu
1999).

Su f{riinlerinde uygulanan baslica muhafaza

yontemleri; dumanlama  teknolojisi, tuzlama
teknolojisi,  dondurulmus  irtin  teknolojisi,
kurutulmus {riin  teknolojisi, konserve {iriin
teknolojisi, ezme iriin teknolojisi, paketleme

teknolojisi, marine iiriin teknolojisi ve radyoaktif
1sinlarla muhafaza teknolojisidir (Varlik vd. 2004).
Bunlardan bazilari tiikketiciye pisirmeden
tilketebilecegi hazir gidalar saglamaktadir. Marinat
teknolojisinin uygulandigi {iriinler bunlara 6rnek
verilebilir.

Marinat, gida muhafazasinda bilinen en eski
islemlerden birisidir. Tarihi M.O. 7. yiizyila kadar
dayanmaktadir. Marinasyon islemi, tuz ve asetik
asitten olusan salamura yardimu ile baligin muhafaza
edilmesidir. Celik (2004) marinati tuz ve sirke
cozeltisiyle hazirlanan bir konserve iiriin olarak
tanimlamis ve marinasyonda, iirlinlin pisirilerek,
kizartilarak ya da soguk olarak tiiketilebilecegini
bildirmistir. Baliklarda ve diger su iiriinlerinde
marinat teknolojisinin uygulandigi ¢ok sayida
caligma mevcuttur (Aksu vd. 1997; Dokuzlu 1997;
Erkan vd. 2000; Varlik vd. 2000; Kolakowski ve
Bednarczyk, 2002; 2003; Ozden ve Baygar 2003;
Cakli ve Kiling 2003; Celik 2004; Colakoglu 2004;
Gokoglu vd. 2004; Cadun vd. 2005; Eke 2007;
Cetinkaya 2008; Inanli vd. 2010; Bilgin vd. 2010;
Kaya ve Bastiirk 2014; Ozogul ve Balikci 2013;
Serdaroglu vd. 2015; Szymczak 2016).

Marinat teknolojisi

Baliklar kurutma, tuzlama, dumanlama, sogutma
ve dondurma, 1s1 islemli uygulama ve 1s1 islemsiz
uygulama gibi farkli sekillerde islenebilmektedir.
Marinasyon bu  yoOntemlerden 1s1  islemsiz
konservasyon boliimiine girmektedir (Olgunoglu

2007).
Marinatlar balik ve kabuklularin asetik asit ve tuz
cozeltisinde korunmasi prensibine dayanarak

hazirlanmaktadir. Marinasyon igleminde iiriiniin raf

omrii artarak karakteristik tat olusmaktadir.
Marine qdilmis baliklar, Kuzey  Avrupa,
ozellikle Iskandinavya ve Almanya’da wuzun

zamandan beri tercih edilmekte olup geleneksel

irin ~ haline  gelmistir. ~ Farkli  {ilkelerde
degisik sekillerde hazirlanmasina karsin,
balik filetolarmin tuz ve asetik asitte korunmasi
saglanmaktadir. Marinasyon islemi sirasinda

tuz ve asetik asit balik eti igerisine yayilarak
proteinleri denatire eder ve pH degerini
diistirerek lizozomal katepsinlerin aktivitesiyle
tipik tat olusumu saglanir (Kiling ve Cakli 2004a).

Anonim (1988)’e gore salamura suyunda balik
etleri, protein denaturasyonundan dolayr parlak
kirmiz1 rengini yitirir ve marinatin mat, tipik beyaz
gri rengi olusur (Dokuzlu 1997). Meyer (1965)’e
gore ise marinatin koku ve et yapisi karakteristiktir.
Bu islem ayni zamanda ¢ig tirliniin olgunlagsmasina
yardime1 olur ve belli bir koruma saglar. Konserve
edici etki sirke ve tuzun bir kombinasyonu ise de esas
koruyucu faktdr asittir. Bu nedenle baligin tiim
kisimlarinin miimkiin oldugunca ¢abuk ve homojen
bir sekilde sirke ile temas etmesi gerekir (Varlik vd.
1993).

Marinasyon islemini Etkileyen Faktorler

Su drinleri agisindan marinat; sirke ve
tuz ile muamele edilip olgunlastirilarak yenilebilir
sekle getirilmis {riinler olarak tanimlanmigtir
(Varlik vd. 1993). Marinasyon iglemi, iriini
pisirerek, kizartarak ya da soguk olarak
uygulanabilir.  Isleme yontemindeki  prensip,
irinin  sirke ve tuz ile olgunlastirilarak
yenilebilir hale getirilmesidir  (Celik  2004).
Bir baska tamimla “marine edilmis balik”
terimi, organik asit ya da sirke ve tuz iceren
bir  soliisyona daldirilarak  yar1  korunmus
balikk  triinlerini tamimlamada da  kullanilir
(Kiling ve Cakli 2005a). Bu firiinlere marinat
denir  (Erkan  vd.  2000).  Marinasyonda
kullanilan ~ ¢ozeltiler  ¢ok  ¢esitli  olabilir.
En ¢ok kullanilan1 suda ¢ozdiiriilmiis tuz, asetik
asit (sirke) ve baharat karisimidir (Dokuzlu 1997).

Marinasyon  islemini, dolayisiyla da elde
edilecek Uriinin  kalitesini  tuz, asetik asit,
baharat, kullanilan materyal, o6n islemler gibi

bir¢ok faktor etkiler.

On islemler

Marinatin kalitesinde materyale uygulanan 6n
islemlerin biiyiik bir 6nemi vardir. Bu 6n iglemler 6n
yikama, tuz giderme, ayiklama sonrasi yikama, kanin
giderilmesi, ©n tuzlama ve siizme olarak
tanimlanmaktadir. Hazirlik asamasinda dondurulmus
iriinlerde ¢6ziindiirme, tuzlanmig driinlerde tuz
giderme islemi vb. uygulanir (Varlik vd. 1993).
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Salamura

Ludorf ve Meyer (1973)’e gore tuz ve sirke
miktar1 mevsime ve {riiniin 6ngodriilen depolama
siiresine gore ayarlanir. Kig mevsiminde %1,5 sirke
ve %3 tuz igeren soliisyon, yaz mevsiminde %1,5-2
sirke, %4-5 tuz igeren soliisyon kullanilir. Enzimler
olgunlagmis tiriinde de etkisini gosterir. Buna bagl
olarak depolama siiresinin uzamasi ile {riiniin
agirliginda istenmeyen kayiplar meydana gelebilir
(Varlik vd. 1993).

Tuzlu {irlin ireten baz1 fabrika sahipleri
tarafindan da hizli et tuzlama islemi sirasinda asetik
asidin eklenmesi tavsiye edilmektedir. Bununla
birlikte literatiirde tuzlu suya asetik asit
eklenmesinin, tuzlanmis balik etinin duyusal ve
fiziksel ozellikleri iizerine etkisi hakkinda yeterli
bilgi yoktur (Kolakowski ve Bednarczyk 2002).

Marinasyon sirasinda sirke/tuz  orami  iyi
ayarlanmadiginda elde edilen {iriin ya ¢ok yumusak
ya da ¢ok sert olur (Dokuzlu 1997). Marinasyon etin
yumusatilmasi yaninda tadmn, tekstiiriin ve etin
yapisal oOzelliklerini degistirmek amac1 ile de
uygulanmaktadir. Bdylece diger islenmis balik
cesitlerine de alternatif olugturmaktadir (Poligne ve
Collignan 2000).

Marinatin daha c¢ok dayanmasi amaci ile
salamuradaki  asitlik  oraninin  yiikseltilmesi
distiniilirse de bu durum {iriiniin  lezzetini
bozacagindan pek uygun degildir. Olas1 bir
bozulmay1 6nlemek icin konserve edici maddelerin
miktarini arttirmak ta lezzet nedeni ile miimkiin
olmadigindan marinatlar sinirli dayanikl tirtinlerdir
(Varlik vd. 1993).

Materyal

Marinat yapiminda ringa, ¢aga, sardalya, hamsi,
morina gibi baliklar kullanilmaktadir (Erkan vd.
2000). Bu amagla taze, dondurulmus ya da tuzlanmis
balik ve balik kisimlari kullanilabilir (Varlik vd.
1993). Ayrica marine balik iriinleri haslama ve
kizartma gibi degisik pisirilme igleminden gegirilmis
balik etlerinin baharat, salca ve degisik soslarin
ilavesi ile de yapilabilmektedir (Yapar 1998).

Iyi kalitede marinat elde etmek icin kullanilan
baligin taze ve kalitesinin belirli diizeyde olmast
gerekir. Ayica marinat yapimminda kullanilan
ilave maddelerin kalitesi de onemlidir. Ornegin
marinatin lezzeti ve dayanikliliginda kullanilan
suyun biiyiik 6nemi vardir. Kullanilacak suyun
standartlara uygun temiz igme suyu kalitesinde
olmasi1 gerekmektedir. Marinat yapiminda kullanilan
asetik asit berrak renkte olmali, bogucu koku
icermemelidir. Tuz, temiz ve %98-100 saflikta
olmali, Ca, Mg oranm olduk¢a diisiik olmalidir.
Baharat ise arzu edilen miktarda kullanilmali
ve mikrobiyal yikiiniin diisik olmasina dikkat

edilmelidir (Varlik vd. 2000; Ozden vd. 2001; Ozden
ve Varlik 2004).

Olgunlastirma

Marinasyon islemi genellikle 4°C’de 1-2 hafta
icerisinde tamamlanmaktadir. Olgunlasma islemi
tamamlanan balik filetolar1 daha sonra cam ya da
plastik kaplar icerisinde seker ve baharatlarin da
ilavesi ile  paketlendikten sonra tiiketime
sunulmaktadir. Ayrica 1sil islem (pisirme ya da
kizartma) uygulandiktan sonra paketlenen marinatlar
da vardir. Marine edilmis tirtinler steril olmadigindan
hijyenik kosullar altinda hazirlanmast 6nemlidir.
Biitiin kaplarin, c¢aligma yiizeylerinin, aletlerin
ve katki maddelerinin temiz olmasi gerekmektedir
(Kilm¢ ve Cakli 2004a). Bir¢ok marinatin
asit bilesenleri igcermesi nedeniyle marinasyon
cam, seramik ya da celik konteynerlerde yapilmali,
asla  aliminyum  kaplar  kullanilmamalidir
(Ozden 2005).

Marinat i¢in hazirlanan salamura genelde %4-5
sirke ve %7-10 tuz igerir. Asit ve tuz igerisindeki
baligin fiziksel oOzelikleri birka¢ giin icerisinde
degisir. Bu sirada kas dokusu yumusar, deri ve kilgik
kolayca ¢ikar. Sirke asidi yapisal proteinlerin ve kas
zarlarinin par¢alanmasini saglar. Asit ve tuzun ortak
etkisi ile ilk gilinlerde yumusayan kas dokusu,
olgunlagma ile birlikte sikilagir, iglem sonunda
hammadde agirliginin %15-20’sini kaybeder (Erdem
vd. 2005).

Olgunlastirma ¢ozeltisinin bilesimi yani sirke
ve tuz miktar1 ve balik miktarinin ¢6zelti miktarina
orani 6nemlidir (Varlik vd. 1993). Meyer (1965)
kaliteli marine {riinlerde, olgunlagma siiresinin
sonunda salamuradaki asit miktarmin %2,5 balik
dokusunda ise %2-3 arasinda olmasi gerektigini,
ayrica tuzun koruyucu etkisi yaninda, tuz oraninin
fazla olmasinin iirliniin tadin1 bozdugunu bildirmistir
(Erdem vd. 2005). Ovayolu (1997)’na gbre marine
iirinlerde olgunlagma siiresi, balik/¢ozelti orant,
sirke/tuz iligkisi ve ortam sicakligr ile ilgilidir.
Ornegin ringa baligi %4 sirke ve %10 tuz igeren
cozeltide, 15°C sicaklikta 4-5 giinde
olgunlagmaktadir (Erdem vd. 2005). Buna karsin
marinatlarda sicaklik azaldik¢a olgunlasma siiresi
artmaktadir. Buzdolab1 kosullarinda olgunlagma
stiresinin 20-25 giin oldugu bildirilmistir (Erdem vd.
2005).

Siizme

Olgunlagtirma islemi sonrasi iriiniin ambalaj
igerisinde herhangi bir sekilde kotii bir goriiniim
gostermemesi gerekir. Ayrica depolama agamasinda
iriniin bozulmasina sebep olacak su cikiglarinin
olmamasi i¢in suyun siiziilerek uzaklastiriimasi
gerekir (Ozden ve Varlik 2004).
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Ambalaj

Uriiniin ambalaji kendine has, dis ortamla
iligkisini kesebilecek, sizintilara ve nakliye sirasinda
olusabilecek ¢atlama ve patlamalara dayanabilecek
yapida olmalidir. Ayn1 zamanda firiin ambalajinin
gidayla tehlikeli etkilesimlere (gecisim) sebep olacak
materyalden yapilmamis olmasit gerekir. Aymi
zamanda ambalaj icerisinde kullanilacak olan
salamura, yag, sos ve diger malzemeler {iriin kalite
Ozelliklerine uyacak esasta olmali, iriiniin temel
aromasini baski altina alacak kotii tat ve renk
olusumlarina yol agmamalidir (Ozden ve Varlik
2004).

Depolama

Marine edilerek islenmis su iriinlerinin uygun
depolanma sicakliklar1 4/8°C (4£2) arasinda olup
direkt 151k temasindan korunmasi gerekir. Ozellikle
bu tip {riinlerin yag oksidasyonuna karsi
hassasiyetlerinin oldugu gbéz ardi edilmemelidir
(Ozden ve Varlik 2004). Bu tip iiriinlerde sirke ve
tuzun etkisi balikta bulunan bakteri ve enzim
faaliyetlerini durdurarak, triinin daha uzun raf
omriine sahip olmasim saglamaktadir (Ozden ve
Baygar 2003). Ludorf ve Meyer (1972)’e gore ise
mikroorganizmalarin  geligsmelerinin ~ 6nlenmesi
icin  olgunlastirma  islemi  sonunda  sirke
konsantrasyonunun %?2,5, tuz konsantrasyonunun ise
%6,5 olmasi gereklidir. Olgunlastirma ¢ozeltisi balik
etine miimkiin oldugunca ¢abuk etki etmelidir. Aksi
taktirde etin kirmizilagmasi seklinde goriilen, arzu
edilmeyen bozulma olaylari baglar (Varlik vd. 1993).
Meyer (1965)’e gore raf omrii depolama sicakligina
ve marine edilmis balikla iliskili bakterilere de
baglhidir. Benzoik asit, sorbik asit ve nisin gibi
koruyucularin kullanilmasi raf Oomriinii uzatabilir
(Kiling ve Cakli 2005b). Borgstrom (1965) ve
Inal (1992)’a gére marinatlarin raf &mriiniin
belirlenmesinde en onemli faktér depolama 1sisidir.
Bu nedenle piyasaya kutular icinde sunulan
marinatlarin etiketlerinde “sogukta saklanmalidir ve
cabuk tiiketilmelidir” ibarelerinin eklenmesi yararl
olacaktir (Dokuzlu 1997).

Marinat Cesitleri

Marinatlar  iiretim teknigine goére soguk,
pisirilmis  ve  kizartilmig marinatlar  olarak
gruplandirilabilir,

1. Soguk marinatlar: taze materyal asetik asit ve
tuz ¢ozeltisinde olgunlastirilmaktadir. Is1 uygulama
islemi yoktur.

2. Pisgirilmis marinatlar: Baliklar 85°C’deki
asetik asit ve tuz c¢ozeltisinde bekletilmektedir.
Bu islemle ¢ogu bakteri oldiiriiliir ve enzimler
inaktive olur.

3. Kizartilmis marinatlar: Asetik asit ve tuz
¢Ozeltisinde  paketlenmeden Once  kizartilan
materyalde cogu bakteri oliir ve enzimler denatiire
olur (Kiling ve Cakli 2004a).

Marine Edilmis Farkl Uriinler

Diinya genelinde birgok tilkede yapilis teknigi ve
kullanilan malzemelerde kiiiik farkliliklar gosteren
ve degisik isimlerle adlandirilan marine iirtinler elde
edilmektedir. Bu liriinler; kizartilarak marine edilmis
uskumru ya da sardalya, marine edilmis midyeler,
ceviche, escabeche, paksiw (Kiling ve Cakli 2004a),
dumanlanmis marinat, bitkisel ve baharat aromali
marinat, marinat salatasi, paneli marinat, zeytinli
marinat, aci biber soslu marinat, pismis marinat,
kizartilmis marinattir (Ozden ve Varlik 2004).

Marine Uriinlerin  Kalitesinde Gériilen
Degisimler
Su drlinlerine uygulanan diger isleme

tekniklerinde oldugu gibi marine iiriinlerin besin
bileseninde ve kalite parametrelerinde de depolama
stiresince degisiklikler oldugu bilinmektedir. Bu
degisiklikler uygulanan teknolojiye ve kullanilan
hammaddelere bagli olabildigi gibi canli tiiriine gore
de farklilik gostermektedir.

Nemdeki Degisimler

Ham materyale gbére marinatin nem
degerindeki hafif bir azalmanin tuzun su tutma
kabiliyetine baglanabilecegi bildirilmektedir (Celik
2004). Asetik asit ete diflizyon ile geger. Asetik asit
balik etine gecerken balikk suyu da salamuraya
gecerek asetik asit konsantrasyonunu  diisiiriir.
Hammaddedeki su igerigi ¢ok onemlidir. Suyun
yiiksek diizeyde olmasi salamuranin asetik asit ve tuz
derigimini seyreltir. Materyalin su igerigine gore
balik/salamura orani1 ve salamuranin asetik asit/tuz
icerigi ayarlanmalidir. Sirke miktart i¢in de ayni
ayarlama gecerlidir. Su miktar1 yiiksek materyal,
temizlenmemis ve suyu iyi drene edilmemis materyal
icin daha konsantre salamura gerektirmektedir. Ayni
durum temizlenmis ve suyu iyi giderilmemis
materyal icin de gecerlidir (Ozden ve Varlik 2004)

Dondurulduktan sonra -27°C’de depolanmis
marine edilmis karidesler marine edilmemis
karideslerden daha yiiksek nem igerigine sahiptir.

Dondurulmus depolama ve pisirmeden sonra,
marine  edilmis  karideslerin  hala  marine
edilmemislerden daha yiiksek nem igerigine sahip
oldugu tespit edilmistir. Bununla beraber marine
edilmis ve marine edilmemis karideslerin nem igerigi
donmus depolamadan sonra bu calismada Onemli
oranda degismemistir. Marine edildikten sonra daha
diisiik pisirme kaybi olmus, pismis ornekler daha
fazla neme sahip olmus pisirilmis karideslerin
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santrifij edilmis sulu dokularindan daha yiiksek
bulunmustur. Bunun anlami marine edilmis
karideslerin daha yiiksek su tutma kapasitesine sahip
oldugu olarak agiklanmistir (Huang vd. 1996). Love
ve Abel (1966) islenmis balik filetolar1 {izerinde
STPP (Sodyum tripolifosfat) ile proteinlerin
etkileserek  bir  ylizey filmi  {rettiklerini
belirtmislerdir. Onlarin teorisine gore, bu film sivi
gecisini engelleyecek ve sadece ¢oziilme kayiplarini
azaltmayacak ayni zamanda donmus depolama
esnasinda nem kaybini da en aza indirecektir (Huang
vd. 1996). Paneli alabalik marinatlarinin modifiye
atmosferle paketlemesinde de depolamaya bagh
olarak nem kayiplar1 gézlenmistir (Erkan vd. 2000).

Toplam Yag Icerigindeki Degisimler

Baliklarda yag orani tiirlere gore biiyiik degisim
gosterdigi gibi, ayni tiirin kendi iginde yaslarina,
cinsiyete ve mevsimlere gore de énemli farkliliklar
gosterir. Yavru ve geng baliklarda yag orani diisiik
olup, baligin yas1 ilerledikge yag oraninda bir artis
gbzlenir (Giilyavuz ve Unliisayin 1999). Taze
ornekten elde edilen degerlere gdre marinasyon
islemine tabi tutulmus 6rneklerden elde edilen yag
icerigi arasindaki degisimlere bakildig1 zaman Cakli
ve Kiling (2003) tarafindan sardalya baliklarindan
elde edilen yag degerleri, Eke (2007)’nin palamut,
hamsi ve zargana baliklarindan elde ettigi yag
degerleri, Cadun vd. (2005) tarafindan karideslerden
elde edilen yag degerleri, Kiling ve Cakl1 (2004b)’ nin
dondurulmus ¢ozdiiriilmiis sardalya filetolarinin
marinasyonundan elde ettikleri yag degerleri, Ozden
(2005)’in hamsi ve alabaliklar i¢in bildirdigi yag
degerleri ile Sallam vd. (2007)’nin pasifik
zarganasindan elde etikleri ham yag degerleri
arasindaki degisim, taze Ornege gore marine edilen
iiriinlerin toplam yag degerlerinde artis oldugunu
gostermektedir.

Protein Icerigindeki Degisimler

Balik etlerinde protein orani genel olarak %14-20
arasinda degisir. Bu deger baligin tiiriine, yasina,
cinsiyetine, beslenme ortamina, ilireme ve gog
mevsimine gore degisiklikler gdsterebilir. Beyaz etli
ve yavru baliklarda, kirmizi etli ve yash baliklara
oranla protein miktar1 biraz diisiiktliir. Anadrom,
katadrom ve tireme gogli yapan baliklarda go¢ dncesi
protein orani yiiksek iken go¢ sonrasi viicuttaki yagla
birlikte bir kisim protein de yikima ugradigindan
protein oram diiser. Ancak bu degisim yaglarda
oldugu gibi ¢ok fazla olmaz. Ortalama %]1-3
civarindadir (Giilyavuz ve Unliisayin 1999).

Ludorf ve Meyer (1973)’e gore baligin yliksek
protein igerigi islenmesinde ¢ok yonlii olanaklar
saglar. Protein istenen formda degisiklige
ugratilabilir ya da yikimlanabilir. Boylece aromatik

yikimlanma T{riinleri olusur. Balik etinin yeme
olgunluguna getirilmesi hem sicak islemle (pisirme,
kizartma, sicak dumanlama vb.) hem de soguk
islemle (tuzlama, sirke-tuz salamurasinda tutma)
yapilabilir. Arzu edilmeyen protein yikimlamasi,
bozulmanin gostergesidir. Bu tip yikimlamada
bakteriyel-enzimatik olaylar rol oynar (Ozden ve
Varlik 2004).

Marine akivadeslerde ve marine giimiis balig
protein degerinde diisiis saptamistir (Celik 2004,
Cetinkaya 2008). Cetinkaya (2008) salamuradaki
asetik asit orani ile protein degerinin ters orantili
degistigini bildirmistir. Benzer diisiis Eke (2007)
tarafindan palamut, hamsi ve zargana baliklar
marinatlar1 i¢in de bildirilmigtir. Bununla birlikte
marinasyonda olgunlastirma islemi ile balikta
minimum diizeyde protein kaybinin saglanabilecegi
de vurgulanmistir (Olgunoglu 2007). Buna karsin
ham protein degerlerinde, salamura ya da marinasyon
islemi sonrasinda farkli oranlarda artis oldugu da
goriilmiigtiir (Cadun vd. 2005; Cakli ve Kiling 2003;
Kiling ve Cakl1 2004b; Kiling ve Cakli 2005a; Kiling
ve Cakl1 2005b; Ozden 2005; Sallam vd. 2007).

Ham Kiil Miktarindaki Degisimler

Su {rilinleri etlerinde inorganik madde %1-2
civarindadir. Bu deger deri ve ince kemik
pargalarmin (kilgik) et igerisinde bulunmasi halinde
biraz yiikselebilir. Inorganik madde baliklarin yasi
ilerledik¢ce bir miktar artar. Baliklarin etlerinde
bulunan inorganik madde igerisinde beslenmede
Oonemi biliylik olan mineral maddeler de mevcuttur
(Giilyavuz ve Unliisayin 1999). Dean (1990)’a gére
insan viicudu agirhigimin yaklasik %4’{ini olusturan
mineraller, biiyiime ve saglik i¢in gerekli olan
maddelerdir. Kalsiyum, fosfor, sodyum, potasyum,
magnezyum, iyot, demir, bakir, flor, kobalt ve ¢inko
su {rilinlerinin igerdigi 6énemli minerallerdendir. Su
iiriinlerinin baz tiirleri her 100 g’da 15 mg’dan 200
mg’a kadar degisen kalsiyum, 100-400 mg arasinda
fosfor miktar1 ile milkemmel bir kalsiyum, fosfor
kaynagidir. 100 g kasta ortalama 60 mg sodyum
miktar1 ile balik, sodyum diyeti gereken insanlara
tavsiye edilebilmektedir. Kalp atiglarinin
diizenlenmesi, sinir transmisyonu, kas kasilmasi,
karbonhidrat ve protein metabolizmasinda katalizor
rolii oynayan potasyum, 100 g balik etinde 250-500
mg arasinda degismektedir. Yine balik eti, enzim
sisteminde  katalizor rolii olan magnezyum
bakimindan iyi bir kaynaktir (Turan vd. 2006).

Olgunlasgtirma salamurasinda tutulan balik
orneklerinin % ham kil degerlerinde artis
olmaktadir. Bu durum balik etinde bulunan su ile
salamurada bulunan tuzun yer degistirmesinden ve
tuzun firinda yanmamasindan kaynaklanmaktadir.
Buna karsin salamuradaki asit oranindaki artisa bagh
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olarak balik kasinda bulunan bir kisim mineral
maddenin ¢dzlinerek salamuraya ge¢mis olmasindan
kaynakli % ham kil degerlerinde diisiis
gozlenmektedir (Cetinkaya 2008). Genel olarak
marinasyonla taze 6rnege gore kiil degerlerinde artig
gorlilmistiir (Cakli ve Kiling 2003; Kiling ve Cakli
2004b; Kiling ve Cakli 2005a; Kiling ve Cakl1 2005b;
Ozden 2005; Sallam vd. 2007; Eke 2007).

Yag Asitlerindeki Degigimler

Balik yaglar1 ortalama %20 doymus, %380
doymamus yag asitleri igerir. Balik yaglarinda 16, 18,
20, 22 karbonlu (C) 1, 2, 3, 4, 5, 6 ¢ift bag iceren yag
asitleri bulunur. Ayrica serbest yag asitlerine de
rastlanir. Balik yaginda antioksidan 6zelligi gosteren
tokoferoller oldukca az bulunur. Bu nedenle yaglarin
oksitlenmesi ¢ok hizli oldugundan renkleri koyulagir
ve acilasir (Giilyavuz ve Unliisayin 1999).

Tiiketilen gidalardaki yaglarin, doymamis
yaglarca zengin olmasi ¢ok Snemlidir. Ciinkii ®-3
serisi yag asitlerinin viicutta, biyokimyasal ve
fizyolojik aktivitelerde Onemli gorevler istlendigi
artik kesin olarak bilinmektedir. Yag asitleri, insan
viicudunda goz, beyin, testis ve plesantada toplanir.
Gozlerin uygun sekilde ¢aligmasina ve beyin
fonksiyonlarin1 eksiksiz olarak yerine getirmesine

yardimc1 olur. Kandaki yag konsantrasyonunu
diizenler (Kaya vd. 2004). Ozden vd. (2001)’nin
bildirdigine goére de baligin yag asitleri
kompozisyonu beslenme kosullarina, mevsim,
cinsiyet, yas gibi Ozelliklere bagli olarak
degismektedir. Coklu doymamis yag asitleri

yoniinden zengin olan deniz iirlinleri isleme ve
depolama sirasinda {irlinlin aromasi: ve raf Omrii
iizerinde belirleyici faktdrlerden birini olugturur. Yag
asitleri kompozisyonu baligin beslenme yoniinden
Onemini arttirmakta, ayrica depolanabilirlik siiresi
iizerinde etkili olmaktadir.

Baliklar ®-3  grubu yag  asitlerinden
Eikosapentaenoik vs Dokosaheksaenoik asitlerin tek
kaynagidir. Bu yag asitleri ise tatli su baliklarinda,
deniz baliklarindan daha az bulunmaktadir. Yagsiz
baliklarda  trigliseridler =~ yerine  fosfolipidler
bulunmaktadir (Ozden ve Varlik 2004). Steffens
(1997)’e gore deniz baligi tiirlerinin yag asitleri
genellikle linoleik asit (18:2 ® 6) ve linolenik asit
(18:3 @ 3) seviyelerinin diisiikligii ve uzun zincirli
® 3 grubu ¢oklu doymamis yag asitlerinin yiiksek
miktarlar1 ile karekterize edilmistir (Ozogul vd.
2007). Balik yaglarmm yag asidi kompozisyonu,
ozellikle coklu doymamis yag asitleri (PUFA),
baliklar tarafindan tiiketilen yaglarin yag asitleri
profillerine gore cesitlenir. Yag asidi kompozisyonu
su sicaklig1 degisikliklerine, tuzluluga ve derinlige
karg1 viicut adaptasyon mekanizmasinin cevaplarina
gore de ¢esitlenir (Tanakol vd. 1999).

Yapilan bir ¢aligmada (Cetinkaya 2008) giimiis
baligina uygulanan marinasyon sonrasi yag asidi
kompozisyonlarindaki degisimler incelendiginde
doymus yag asitlerinden miristik asit, pentadekanoik
asit ve heptadekanoik asitin depolama sirasinda
azalma gosterdigi buna karsin palmitik asit ve stearik
asitin arttig1 saptanmigtir. Alabaliktan ve hamsiden
yapilan marinatlarin doymus yag asitlerinden
miristik asit, pentadekanoik asit, palmitik asit ve
stearik asitin depolamanin 120. giiniinde diisiik
degerlerle artis gosterdigi, buna karsin Alabalik
marinati i¢in bir ¢ift bagli doymamis yag asitlerinden
oleik asitin ve coklu doymamis yag asitlerinden
linoleik asit ve arasidonik asitin  azaldig1
belirlenmistir. Hamsi marinati i¢in de bir ¢ift bagh
doymamis yag asitlerinden oleik asit ve coklu
doymamus yag asitlerinden linolelaidik asit, linolenik
asit, arasidonik asit ve dokosahekzaenoik asit
azalmustir (Ozden vd. 2001).

Marine edilmis baliklarda genel olarak doymus
yag asitlerinde bir artis, ¢oklu doymamis yag
asitlerinde azalig dikkati ¢ekmektedir. Coklu
doymamis yag asitlerindeki azalmanin nedeni
baliklarda ¢ok bulunan bu tiir yaglarin kolay okside
olma oOzellikleri olabilir. Baliklarin yiiksek oranda
doymamis yag asitleri icermesi muhafaza sirasinda
oksidasyonun hizlanmasina neden olmaktadir.
Gunstone (1984)’iin belirttigine gore yag asitlerinin
oksidasyonu, karbon zincirinde karbon-hidrojen
bagina bir molekiil oksijenin hidroperoksit vermek
tizere katilmasi ile baglar. Hidroperoksitler aktif
oksidantlar olup kolayca diger molekiillerle
reaksiyona girme egilimindedirler (Ozden vd. 2001).

PH’daki Degisimler

pH degeri mikrobiyal ve enzimatik aktiviteyi
etkileyen onemli bir faktordiir. Marinasyon sirasinda
taze baligin pH degeri 6nemli 6l¢iide diigmektedir.
Hemen hemen tiim gidalar1 bozan ve zehirlenmelere
neden olan bakterilerin c¢ogalmast pH 4,8’de
oOnlenebilir. Organik asitler, pH’y1
mikroorganizmalarin gelisimi i¢in uygun olan
araligin  altma digsiirtir (Cadun vd. 2005).
Meyer (1965) marinatlarda depolamaya bagli olarak
pH degerlerinde artis ve etteki asit degerlerinde
azalma oldugunu belirtmistir (Cakli ve Kiling 2003).
Marine iriinlerde pH degerinin 4,1-4,5 arasinda
olmasi (Aksu vd. 1997) ve 4,8’den daha yiiksek
olmamasi1 gerekmektedir (Cadun vd. 2005).
Marinatlarda pH 4-4,5 araliginda tutuldugu zaman
bozulmadan sorumlu bakteriler etkili bir sekilde
engellenirse de mayalarin, kiiflerin ve laktik asit
bakterilerinin gelisebilecegi ortam halen
bulunmaktadir. pH 2,5’ta kiifler, 3,5’te laktik asit
bakterileri, 4,2’de aside dayanikli saprofit ¢ubuk
seklindeki bakteriler 4,5te Clostridium botulinum ve
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aside duyarsiz Coli aerogenes gelisebilmektedir
(Ozden ve Varlik 2004). Asetik asit etkisiyle
pH degeri 4,3 civarinda olur. Bu pH derecesi
proteazlar, 6zellikle de katepsin tipi enzimler igin cok
uygundur. Viicuda 6zel bu enzimlerin marinata 6zgii
aromanin olusumunda etkisi oldukca biyiiktiir
(Ozden vd. 2001). Marinat iiretiminde sicakhigin
sirke/tuz gegisi lizerine etkisinin arastirildigl bir
calismada, etin baslangic pH degeri 6,5, ¢ozeltinin
pH degerini 2,5 olarak dl¢iilmiis, 4 saatlik araliklarla
yapilan Ol¢limlerde etin pH’sinda diisme, ¢6zeltinin
pH’sinda yiikselme oldugunu belirlenmistir. Bir siire
sonra ette ve ¢ozeltide pH degerleri esitlenmis ve bu
noktada olgunlasma igleminin  tamamlandigi
belirlenmistir.  Ayrica 20°C’de  olgunlagsmaya
birakilan o6rneklerdeki pH degisiminin 4°C’de
olgunlasmaya birakilanlardan daha hizli oldugu
bildirilmistir (Varlik vd. 1993).

Toplam Ugucu Bazik Azot (TVB-N) ve
Trimetilamin-azot (TMA-N) ’taki Degisimler

Gilinlimiizde baligin bozulma derecesinin tahmin
edilmesinde kullanilan en yaygin analizlerden olan
toplam ugucu bazik azot (TVB-N) degerinin
belirlenmesi ilk olarak Boury (1935) tarafindan
onerilmistir. Bununla birlikte {irliniin kalitesini
belirlemedeki etkinligi saglik uzmanlarin1 tamamen
tatmin etmemesine ragmen, bir¢cok arastirici
tarafindan giivenli bir analiz olarak kabul
edilmektedir (Olgunoglu 2007). TVB-N’nin etteki
yogunlugu balik ve balik iiriinlerinde bozulma indisi
olarak kullanilan en fazla calisilmig
parametrelerdendir (Ruiz-Capillas vd. 2001). TVB-N
ve trimetilamin-nitrojen (TMA-N) igeriginin
belirlenmesi balik tazeliginin degerlendirilmesinde
en fazla kullanilan kimyasal metotlardandir.
Bu yiizden TVB-N ve TMA-N seviyeleri buzlanmis
baliklarin  depolanmasinin  kontrolii  iizerindeki
deneylerde gelencksel olarak caligilmistir. Bu
bilesenlerin  seviyesi  mikrobiyal bozulmanin
baglamasi ile artar. Ayni zamanda baliks1 kokunun
oncelikli sorumlusudur ki bozulmanin ilerlemesiyle
artar (Ruiz-Capillas ve Horner 1999).

TVB-N biitiin ugucu aminleri igermektedir (Cakl
ve Kiling 2003). TVB-N degeri, su friinlerinde
depolama siiresine paralel olarak artmakta ve iiriin
kalitesinin belirlenmesinde 6nemli bir yontem olarak
kullanilmaktadir (Erdem vd. 2005).

Balik ve balik iirlinlerinin kalite ve raf dmriiniin
belirlenmesinde kullanilan kalite kontrol
yontemlerinden TVB-N ve TMA-N analizleri marine
balik triinleri i¢in normal Olg¢iitler icerisinde sonug
vermemektedir. Ozellikle alabalik gibi tath su
baliklar1 s6z konusu oldugunda, TMA-N miktar1 goz
ardi edilecek diizeyde olmakta ve bozulmanin
takibinde kriter olarak kullanilamamaktadir. TVB-N

analizi ortamin asitliginden dolay1 kullanisli bir kalite
parametresi degildir (Ozden vd. 2001). TVB-N
degerini baligin cinsi, avlanma mevsimi, beslenme
durumu, cinsiyeti ve yasi gibi faktorlerin etkiledigi de
bildirilmektedir (Ozden ve Baygar 2003).

Taze baliklarda bile bir miktar TVB-N
bulunabilirken, erimis buzda 20-25 gilin tutulan
bozulmus baliklarda TMA ve TVB-N yogunlugu
50-70 mg N/100 g degerine yiikselebilirken, iyi
kalitede taze balik, paketleme Oncesinde
15 mg/100 g TMA-N degerini agmamalidir.
Sogutulmus baliklarda TMA-N ve TVB-N sirasiyla
10-15 mg/100 g ve 35-40 mg/100 g degerleri sinir
degeri olarak degerlendirilmelidir (Connell 1995).
Kietzmann vd. (1969) balik {irinlerinin TVB-N
degerlerine gore kalite siniflandirmasini 100 gram
balikta 25 mg’a kadar ¢ok iyi, 30 mg’a kadar iyi, 35
mg’a kadar pazarlanabilir, 35 mg’dan fazlasim
bozulmus olarak bildirmektedir (Dokuzlu 1997).
Ludorf ve Meyer (1973) ise baliklarda 35 mg/100 g
TVB-N degerini pazarlanabilir, 40 mg/100 g TVB-N
degerini ise bozulmus olarak degerlendirmektedirler
(Dokuzlu 1997). Avrupa Birligi direktiflerinde (EC
guidelines 95/149/EC, 1995) farkli tiirler i¢in taze
balikta miisaade edilebilir seviye olarak 35 mg/100 g
bildirilmistir (Sallam vd. 2007).

Salamura ya da marinasyon islemi TVB-N’de
onemli bir diismeye neden olmamakta, sadece ¢ok az
bir azalma saglamakta ve marine edilmis baliktaki
Kimyasal degisikliklerin azaltilmasinda asetik asitin
onemli etkileri olmaktadir (Sallam vd. 2007). Aksu
vd. (1997) farkl asit ve tuz yogunluklarinda hamsi
marinati iiretiminde {iretim asamasindan baglayarak
yapilan analizler sonucunda tiim 6rneklerin TVB-N
agisindan diizenli ve siirekli bir artig gosterdigini ve
analizlerin kesildigi 150. giinde dahi limit degerleri
asmadigini belirlemislerdir.

Cadun vd. (2005) marine iiriinlerin taze baliktan
daha diisiik TVB-N icermesini tuz ve sitrik asit
ilavesine baglamaktadir. TVB-N degeri depolama
stiresince diizensiz degismektedir (Varlik vd. 2000;
Eke 2007). Bu durum asetik asit etkisi ile
biyokimyasal aktivitelerin engellenmesine
baglanmaktadir (Ozden ve Baygar 2003). Depolama
stiresince devamli artis gosteren duyusal degisimler
ile kiyaslandiginda TVB-N degeri diizensiz bir
degisim gdstermesi ve degisimin sabit olmamasindan
dolaytr marine {riinler i¢in uygun bir bozulma
belirteci olarak gorilmemektedir (Arik vd. 2001;
Ozden ve Baygar 2003).

Tiyobarbiturik  Asit
Degisimler

Balik bozulmasinda en onemli degisim baligin
yaginda ve oOzellikle acilasma seklinde olup yagh
baliklarda daha ¢ok goriilmektedir. Yagin bulundugu

(TBA)  Degerindeki
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dokularda ve diger gidalarda ortaya ¢ikan bozulma ve
pargalanma {iirtinlerinin etkisi ile tiriin tiketilebilme
ozelligini kaybeder. Yaglarin bozulmasi sonucunda
irinde meydana gelen degisimler, lezzet ve koku
degisimi, asitlik degisimi, peroksit olusumu, aldehit
olusumu, keton olusumu seklindedir (Ozden vd.
2001).

Balik viicudunda yaglar dokular igerisinde
kendilerini hidrolize eden bazi enzimlerle birlikte
bulunmaktadir. Yag: hidrolize eden enzimlerin pek
cok fonksiyonu vardir. Bunlar nétral yaglart serbest
yag asitlerine ve gliserine pargalar. Canli
organizmada cesitli mekanizmalarla kontrol altinda
tutulan bu enzimler viicutta nétral bir haldeyken,
Olimiin gerceklesmesinden sonra hiicreleri koordine
eden mekanizmanin ortadan kalkmasiyla lipaz
enzimi yaglara etki etmeye baslar. Dokulardaki bu
orijinal lipaz dolayisiyla yaglarda meydana gelen
bozulma durumu 6nemsenmez. Buna karsin yaga
bulasabilen mikroorganizmalarin etkisiyle ortaya
cikan lipolitik enzim faaliyetleri ¢ok daha 6nemlidir.
Bu faaliyetler ile hem aerobik hem de anaerobik
sartlarda hidroliz olusabilir. Hidroliz sonucu
karakteristik kokuyu ortaya ¢ikaran ugucu bilesenler
olusur (Ozden vd. 2001).

Baliklar, yaglarinda bulundurduklar1 bir ve daha
fazla cift bag iceren yag asitleri nedeniyle, diger
etlere kiyasla lipit oksidasyonuna karsi daha acik
durumdadirlar (Ramanathan ve Das 1992). Kutlu
(1996) ve Soyer (1999)’in bildirdigine gore baliktaki
yaglar, isleme ve depolama sirasinda gerek lipolitik
ve lipoksidatif enzimlerin etkisi ve gerekse de
havayla temas sonucu parcalanarak, oksitlenme
irlinleri olusturup ileri diizeyde aci (ransit) tat
olusumuna yol agarak acilagabilir. Oksidasyon
sonucu ilk olarak kokusuz ve tatsiz ozellikteki yag
asitleri ve peroksitler olusur. Bunlar balikta
organoleptik goriiniis olarak higbir bozulmanin
olmadig1 zamanda da ortaya c¢ikabilmektedir. Bu
asamadan sonra peroksitler de oksitlenerek aldehit ve
ketonlara déniisiirler (Ozden ve Varlik 2004;
Olgunoglu 2007). Boylece balikta hosa gitmeyen bir
koku ve acilagsma ortaya ¢ikar. Baslangic asamasinda
yagin oksitlenmesi ile ortaya ¢ikan peroksit degerinin
tespiti baligin baglangigtaki kalitesi hakkinda bir fikir
veritken TBA degerinin Olglimii de baliklardaki
acillasma hakkinda bilgi verir (Olgunoglu 2007).
Baliklarda ortaya ¢ikan oksidasyon mekanizmasi
oksijen varligi, sicaklik, metaller, enzimler gibi
cesitli faktorlere bagli olarak ta degismekle birlikte,
en Onemlisi otooksidasyondur. O nedenle
oksidasyonun 6nlenmesi ya da geciktirilmesi i¢in bu
faktorlerin kontrol altina alinmas1 gerekmektedir
(Yapar ve Erdol 1999). NaCl demirin lipit
peroksidasyonunu arttirici yonde pro-oksidatif bir
etkiye sahiptir (Sallam vd. 2007).

Baliklarin  tazelik  belirlemesinde  siklikla
kullanilan TBA analizleri yag oksitlenmesini
belirlemede  O6nemli  bir kalite  indeksidir.

Oksidatif acilagsma siireg olarak karigik  bir
bozulmadir ve 6zellikle yagl baliklarda gerceklesir
(Connell 1995). Yag icerigi yoniinden zengin
baliklarda TBA degeriyle duyusal test arasinda
acillasma yoniinden bir korelasyon oldugundan

ozellikle balik wve balik {irlinlerinde lipit
oksidayonunu tespit etmede basarili sonuglar veren
onemli bir metot oldugu vurgulanmaktadir

(Ramanathan ve Das 1992).

Schormiiller (1968, 1969) miikemmel kalitedeki
bir = materyalde @ TBA  degerinin 3 mg
malonaldehid/kg’dan daha az olmasi, iyi kaliteli
materyalde 5 mg malonaldehid/kg’dan daha fazla bir
deger gostermemesi gerektigini bildirmis, tiiketim
smirin1 - ise  7-8 'mg malonaldehid/kg olarak
belirlemistir (Cadun vd. 2005). Curran vd. (1980) ise
ozellikle tuzlanmis su iirtinlerinde acilasmanin bir
gostergesi olarak kabul edilen TBA degerinin,
balik etinde 4 mg malonaldehit/kg’t astigi zaman
acillasmanin  basladigini,  tiiketilebilirlik ~ smir
degerinin ise 8 mg malonaldehit’kg oldugunu
bildirmisglerdir (Erdem vd. 2005). Kundakg¢1 (1989)
tiikketilebilirlik iist smirin1 4 mg malonaldehit/kg
olarak bildirirken, Sinhuber ve Yu (1958) iyi kalite
iiriinlerde TBA degerinin 3 mg malonaldehit/kg ve
altinda olmasi gerektigini, 4-27 mg malonaldehit/kg
arasinda TBA degerlerine sahip iiriinlerin kotii
kaliteli olarak nitelendirilebilecegini belirtmistir
(Yapar 1998).

Yapar (1998) tarafindan yapilan bir ¢alismada
iki farkli olgunlastirma ¢ozeltisi kullanilarak
hazirlanan hamsi marinatindan elde edilen TBA
degerleri incelendiginde %10 tuz + %2 sirke
kullanilarak yapilan marinattan elde edilen degerler
depolamaya bagli olarak diizenli bir artig egilimi
gosterirken, %15 tuz + %2 sirke kullanilarak yapilan
marinattan elde edilen TBA degerleri inisli ¢ikisl bir
degisim gostermistir. Benzer durum Cadun vd.
(2005) tarafindan marine edilmis akivades
orneklerinde, Eke (2007) tarafindan hamsi ve
zargana Orneklerinde ve Sallam vd. (2007) tarafindan
pasifik zarganasi marinat 6rneklerinden elde edilen
TBA degerlerinde de goriilmektedir.

Mikrobiyal Degisimler

Baliklarin bozulmasi fiziksel, kimyasal ve
mikrobiyolojik mekanizmalarin karistigi karmasik
bir siire¢ olarak tanimlanmistir (Sallam vd. 2007).
Marinasyon isleminden sonra tamamen inaktive
edilmemis  bakteriler,  depolama  esnasinda
asit ortamma adapte olma kabiliyetine gore
gelismelerini siirdiirebilmektedir (Fuselli vd. 1994).
Sirke, bir¢ok bakterinin bilylime araliginin altinda pH
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diistiriicii etkisi olan etkili bir asit kaynagidir (Sallam
vd. 2007). Karl ve Schreiber (1990)’¢ gore baligin
sirke/tuz ¢Ozeltisi ile muamele edilmesi mevcut
nematod larvalarimin 6liimiine neden olabilir. Balik
eti ile olgunlastirma  ¢Ozeltisinin  sirke/tuz
konsantrasyonunun  esitlenmesi  1-2  haftada
gergeklesmesine karsin nematod larvalarinin 6lmesi
icin en az 35 giinliik bir siire gereklidir (Varlik vd.
1993). Kosev (1985)’e gore ise marinat {iretiminde
kullanilan yemeklik tuzun koruyucu etkisi asit
ilavesiyle arttirilmaktadir. Tuzun koruyucu etkisi, su
aktivitesinin azalmasi ile mikroorganizma gelisimi
ve Ozellikleri tizerine etki etmesi seklinde olmakta ve
raf Omriiniin artmasini saglamaktadir (Serdaroglu vd.
2015). %20 tuz yogunlugunda iiremesi duran
mayalarin, pH 2,5 olacak sekilde asetik asit ilave
edilmis %14’liik tuz konsantrasyonunda da tiremesi
durmaktadir  (Dokuzlu  1997). Homo  ve
heterofermentatif laktobasiller marine edilmis ¢ig
uskumrunun bozulmasinda kilit rol oynar (Fuselli vd.
1998). Fuselli vd. (1998; 2003), Lyhs (2002)’e gore
Lactobacillus sp. bozulmus ve bozulmamig
marinatlarda 6zel bozulma organizmalar1 olarak
tanimlanmisgtir (Kiling ve Cakli 2005b). Fuselli vd.
(1994) depolama sirasinda baskin gelen mikroflora
olarak Lactobacillus spp. 6zellikle L. casei subsp. ve
Micrococcus ve ozellikle M. varians oldugunu,
bununla birlikte Staphylococcus spp. koliform,
Enterobacteriaceae, maya ve kif, E. coli,
Pseudoamaonas aeruginosa ve Clostridia tiirii
bakterilerin ise bulunmadigini bildirmislerdir.

Duyusal Ozelliklerdeki Degisimler

Duyusal analizler son yillarda elde edilen
iiriinlerin  kalite Olgiitlerinin degerlendirilmesinde
yaygin bir sekilde kullamlmaktadir. Ozellikle
deneysel bulgularla elde edilen sonuglarin duyusal
degerlendirme analizleri ile desteklenmesi ve
giiclendirilmesi  gerekir. Duyusal degerlendirme
balik tazeliginin degerlendirilmesi icin en popiiler
yoldur. Basit, hizli ve kalite hakkinda aninda bilgi
saglar. Baligin duyusal 6zellikleri agik¢a goriiliir ve
tilketici memnuniyeti i¢in temeldir (Sallam vd.
2007). Marine {riinlerde raf omriinii belirlemeye
yonelik olarak yapilan kimyasal analiz sonuglarinda
Ozellikle ortam asitligine bagli olarak dengeli
sonuglar ortaya ¢ikmadigi, bu nedenle de yaptiklar
calisma  sonucunda  marinat  teknolojisinin
uygulandig1 triinlerin kalitesinin belirlenmesinde
uygulanabilecek en uygun analiz ydonteminin duyusal
analiz oldugu ifade edilmistir (Ozden vd. 2001).
Kimyasal, fiziksel ve mikrobiyolojik analiz sonuglari
ne kadar iyi olursa olsun gida maddelerinin kalite
kontroliinde duyusal analizler {iriin hakkinda karar
vermede son sbdze sahiptirler (Celik 2004).
Organoleptik 6zelliklerin gida kalitesi {izerine 6nemli

etkileri vardir ve gidanin tiiketilebilirligini dogrudan
belirleyebilir (Aksu vd. 1997; Dokuzlu 1997; Ozden
vd. 2001). Bu amagla cesitli degerlendirme tablolar1
ve  puanlandirma  sistemleri  gelistirilmistir.
Schormiiller ~ (1968)  tarafindan  gelistirilen
degerlendirme sistemine gore 15,0 ve {istii puan alan
marinatlar birinci sinif, 13,0-14,9 arasi puan alanlar
ikinci smif, 11,0-12,9 arasi puan alanlar {i¢iincii sinif,
6,0-10,9 arast puan alanlar dordiinci sinif marinat
olarak degerlendirilirken, 6,0 puandan daha az
alanlarin insan gidas1 olarak tiiketilemeyecegi,
standart dis1 oldugu belirtilmistir (Aksu vd. 1997).

Duyusal olarak yapilan incelemede, marinat ve
baharatli {riinlerde sirke ve baharatin {iriinin
lezzetini arttirdign gibi ayn1 zamanda koruma
sagladigi, salamura iirlinlerde ise marinat ve baharatl
iiriinlere gore kalite ve begenilirliginin daha diisiik
oldugu belirlenmistir (Erdem vd. 2005). Tiiketiciler
tarafindan arzu edilen kaliteli marinat tiriinlerinde et
rengi balik cinsine bagli olarak dogal beyazlikta,
yapisi yumusak ve sulu olmalidir. Duyusal bozulma
genellikle dirlinlin  iglenme Oncesinde, isleme
sirasinda ve sonrasinda yapilan hatalar sonucunda
olugmakta ve bunu depolama hatalar1 izlemektedir.
Isleme &ncesinde hammaddenin uygun olmayan
depolama kosullarinda tutulmasi ya da depolama
amaciyla uygulanan hatali dondurma islemine bagh
olarak ortaya ¢ikan hatalar, liretim sonrasinda elde
edilen triinlerin duyusal 6zelliklerinde bozulmalara
yol acgacaktir. Yanlis dondurma uygulamasi
sonrasinda yag igerigi bakimindan zengin baliklarin
karm bolgelerinde ortaya ¢ikabilen sariya calan
renklenme, marine iirlinde acilagma gostergesi olarak
degerlendirilmektedir  Benzer sekilde isleme
asamasindan sonra {rliniin {izerinde goriilen kan
lekeleri ve renk degisimleri de duyusal olarak iiriiniin
begenilmemesine neden olmaktadir. Duyusal olarak
bozulmus oldugu degerlendirilen marinat tipi
iriinlerde goriiniis, renk, koku, lezzet ve kivam
yoniinden arzu edilmeyen degisimler ortaya
cikmaktadir (Ozden ve Varlik 2004).

Poligne ve Collignan (2000) asetik asit ve
glukonik asit kullanilarak  hamsilerin =~ hizli
marinasyonu isimli ¢aligmalarinda, duyusal analizin
tuzlu ve eksi lezzetin gilivenilir bir bicimde
belirlenmesi i¢in uygun, ama sululugun belirlenmesi
icin uygun olmadigimm bildirmislerdir. Sallam vd.
(2007) pasifik zarganasi marinatinin depolama
stiresinin zargana filetolarmin goriiniim, sululuk ya
da yumusaklik 6zellikleri {izerindeki etkisi 6nemsiz
(p>0,05), ama renk, koku, tekstiir, acilik, lezzet ve
agizda kalan tat 6zellikleri tizerindeki etkisini 6nemli
(p<0,05) bulmustur. Ayrica iriiniin genel kabul
edilebilirlik skorlart depolama zamani arttik¢a
onemli (p<0,05) oranda azalma gostermistir. Benzer
sonuclar Sallam (2007) tarafindan dilimlenmis
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salmon marinati iginde belirlenmis ve depolama
zamaninin artmasi ile salmon koku, lezzet ve agizda
kalan tat bakimindan 6nemli (p<0,05) bir azalma
oldugu bildirilmistir. Varlik vd. (2000) tarafindan
marine balik koftesinin raf Omriiniin belirlenmesi
amactyla yapilan bir ¢alismada, duyusal analizlerin
degerlendirilmesinde Amerina vd. (1965) tarafindan
gelistirilen puanlama tablosu kullanilmigtir.

Tartisma ve Sonug¢

Sonu¢  olarak  degerlendirildigi ~ zaman,
marinasyon su Uriinleri isleme sektoriiniin temel
amaglar1 arasinda yer alan, avlanan driinlerin uzun
stireli dayanimin1 saglayan isleme yontemlerinden
birisidir. Asetik asit ve tuzun ete islemesi ile farkli
lezzette bir iirlin ortaya cikmaktadir. Yontemin
uygulanmasi ile su {iriinlerinin kalite niteliklerini
yitirmeksizin daha genis bir zaman diliminde ve daha
uzak pazarlara sunulmasi saglanabilmektedir.
Boylece gerek avcilik, gerekse de yetistiricilik yolu
ile elde edilen su iiriinlerinin katma degerli iirlinlere
dontstiiriilerek sektor calisanlarina daha fazla gelir
kazandirilmasi yaninda, tiiketiciler i¢cinde saglikli ve
damak tadina uygun bir segenek olusturulmaktadir.
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