Ege Journal of

Fisheries and Aquatic Sciences

Su Uriinleri Dergisi

Volume 34 Number 4 2017




Instructions for Authors

Scope of the Journal

Su Uriinleri Dergisi (Ege Journal of Fisheries and Aquatic Sciences) is an open access,
international, double blind peer-reviewed journal publishing original research articles, short
communications, technical notes, reports and reviews in all aspects of fisheries and aquatic
sciences including biology, ecology, biogeography, inland, marine and crustacean
aquaculture, fish nutrition, disease and treatment, capture fisheries, fishing technology,
management and economics, seafood processing, chemistry, microbiology, algal
biotechnology, protection of organisms living in marine, brackish and freshwater habitats,
pollution studies.

Su Uriinleri Dergisi (EgeJFAS) is published quarterly (March, June, September and
December) by Ege University Faculty of Fisheries since 1984.

Submission of Manuscripts

Please read these instructions carefully and follow them strictly to ensure that the review and
publication of your paper is as efficient and quick as possible. The Editors reserve the right to
return manuscripts that are not in accordance with these instructions. All manuscripts will be
peer-reviewed by at least two referees.

Submission of manuscripts to this journal should be presented in electronic form via online
submission system at http://www.egejfas.org. If your submission is not successful via online
system, you can send the file via e-mail. The correspondence regarding editorial matters
should be sent to editor@egejfas.org.

Please prepare your manuscript according to the instructions below.
Work submitted for publication must be previously unpublished, not under consideration for
publication elsewhere and, if accepted, it should not then be published elsewhere.

Preparation of Manuscripts

Papers must be clearly written in Turkish or English. Manuscripts should be typed double
spaced on A4 size paper in 12-point Times New Roman font including the references, table
headings and figure captions with standard margins (25 mm) all around. The author's name
should appear centered under the title. Numbered (*) note should give the author's institutional
address and an asterisked (*) note should indicate the correspondence author's e-mail
address. Degrees and qualifications should not be included.

Please prepare your typescript text using a word-processing package (save in .doc or .docx).

The complete manuscript should be in a single file containing full text, references, figures and
tables. Figures and tables should be at the end of the manuscript file and the locations should
be indicated in the text.

. Research papers and reviews must not exceed 25 manuscript pages including tables
and figures.
. Short communications, technical notes and reports which are results of brief but

significant work, must not exceed 10 manuscript pages including tables and figures.
Title page

The title must be short and concise. The first name and surname of each author should be
followed by department, institution, city with postcode, and country. The e-mail address of the
corresponding author should also be provided. It is editorial policy to list only one author for
correspondence.

It is important that authors ensure the following: (i) all names have the correct spelling and are
in the correct order (first name and family name). Occasionally, the distinction between
surnames and forenames can be ambiguous, and this is to ensure that the authors’ full
surnames and forenames are tagged correctly, for accurate indexing online.

Abstract

English and Turkish abstracts (contributors who are not native Turkish speakers may submit
their manuscripts with an English abstract only) of maximum of 300 words should be included
in all submissions. The Abstract should be comprehensible to readers before they have read
the paper, and reference citations must be avoided. It is essential that the Abstract clearly
states the legal importance of the work described in the paper. A list of keywords (maximum
six) must be proposed.

Following pages

These should content the rest of the paper and should be organized into an Introduction,
Material and methods, Results, Discussion, Acknowledgements and References. Short
communication and technical notes both should follow the same layout, without the abstract.
In writing of systematic papers, the International Codes of Zoological and Botanical
Nomenclature must be strictly followed. The first mention in the text of any taxon must be
followed by its authority including the year. The names of genera and species should be given
in italics.

Acknowledgements
Acknowledgements should be kept brief and placed before the reference section.
References

Full references should be provided in accordance with the APA style. The usage of reference
managers as Mendeley© or Endnote© or an online reference manager as Citefast
(http://www.citefast.com/) with the output style of APA 6" edition is advised in organizing the
reference list.

All references must be written in English. The in-text citation to the references should be
formatted as surname(s) of the author(s) and the year of publication: (Kocatas, 1978) or
(Geldiay and Ergen, 1972); in Turkish article (Geldiay ve Ergen, 1972). For citations with more
than two authors, only the first author's name should be given, followed by “et al.” —in Turkish
article ‘vd.’- and the date. If the cited reference is the subject of a sentence, only the date
should be given in parentheses, i.e., Kocatas (1978), Geldiay et al. (1971). There should be
no parentheses for the citations that the year of the citation is given in the beginning of the
sentence, i.e. “In 1978, Kocatas's study of freshwater ecology showed that...”

When its needed to cite two or more works together, in-text citations should be arranged
alphabetically in the same order in which they appear in the reference list, i.e. (Geldiay and
Ergen, 1972; Kocatas, 1978; Thurry, 1987) or (Kocatas, 1978, 1979, 1981) or (Geldiay and
Ergen, 1972a, 1972b)

© Published by Ege University Faculty of Fisheries, 1zmir, Turkey

All citations should be listed in the reference list, with the exception of personal
communications. References should be listed alphabetically ordered by the author’s surname,
or first author’s surname if there is more than one author at the end of the text.

Hanging indent paragraph style should be used. The year of the reference should be in
parentheses after the author name(s). The correct arrangement of the reference list elements
should be in order as “Author surname, first letter of the name(s). (publication date). Title of
work. Publication data. DOI

Atrticle title should be in sentence case and the journal title should be in title case. Journal
titles in the Reference List must be italicized and spelled out fully; do not abbreviate
titles (e.g., Ege Journal of Fisheries and Aquatic Sciences, not Ege J Fish Aqua Sci). Article
titles are not italicized. If the journal is paginated by issue the issue number should be in
parentheses.

DOI information (if available) should be placed at the end of the reference as in the example.
The DOI information for the reference list can be retrieved from CrossRef © Simple Text Query
Form (http://www.crossref.org/SimpleTextQuery/) by just pasting the reference list into the
query box.

The citation of journals, books, multi-author books and articles published online should
conform to the following examples:

Journal Articles
Oztiirk, B. (2010). Scaphopod species (Mollusca) of the Turkish Levantine and Aegean seas.
Turkish Journal of Zoology, 35(2): 199-211. doi:10.3906/200-0904-23

Ozbek, M. & Uluturk, E. (2017). First record of Spongilla lacustris (Porifera: Demospongiae)
from the Eastern Black Sea (Uzungol Lake, Trabzon) (in Turkish with English
abstract). Ege Journal of Fisheries and Aquatic Sciences, 34(3):341-346.
doi: 10.12714/egejfas.2017.34.3.14

Books
Parsons, T.R., Matia, Y. & Lalli, C.M. (1984). A manual of chemical and biological methods
for seawater analysis. New York: Pergamon Press.

Chapter in Books
Gollasch, S. (2007). Is ballast water a major dispersal mechanism for marine organisms? In
W. Nentwig (Ed.), Biological Invasions (pp 29-57). Berlin: Springer.

Proceedings

Soultos, N., Lossifidou, E., Lazou, T. & Sergedilis, D. (2010). Prevalence and antibiotic
susceptibility of Listeria monocytogenes isolated from RTE seafoods in Thessaloniki
(Northern Greece). In $. Cakli, U. Celik, C. Altinelataman (Eds.), West European Fish
Technologists Association Annual Meeting 2010 (pp. 94-98). Izmir, Turkey:
Proceedings Book.

Online Articles

Andrews, T. (2010). What vitamins are found in fish? Retrieved from
http://www.livestrong.com/article/292999-what-vitamins-are-found-in-fish
(27.11.2012).

Tables and Figures

Allillustrations, except tables, should be labeled ‘Figure’ and numbered in consecutive Arabic
numbers, and referred to as Table 1, Figure 1....in the text, unless there is only one table or
one figure. Each table and figure, with a concise heading or with a descriptive statement
written in English -and Turkish- (only contributors who are native Turkish speakers) should be
placed inside the manuscript in proper places. Tables need not to exceed 175 x 227 mm.
Figures, which are recommended for electronic formats such as JPEG, TIFF (min. 300 dpi)
should be also arranged in available dimensions. When it is necessary, the original copies of
the figures will be asked from author(s) as separate files, after the reviewing process being
concluded.

Copyright and License

Upon receipt of accepted manuscripts at EgeJFAS, authors will be invited to complete a
copyright license to publish form.

Please note that by submitting an article for publication you confirm that you are the
corresponding/submitting author and that EgeJFAS may retain your email address for the
purpose of communicating with you about the article. If your article is accepted for publication,
EgeJFAS will contact you using the email address you have used in the registration process.

Proof Sheets and Offprints

Page proofs will be sent to the corresponding authors. These should be checked immediately
and corrections, as well as answers to any queries, returned to the Editorial Office via e-mail
within 3 working days (further details are supplied with the proof). It is the author's
responsibility to check proofs thoroughly. No changes or additions to the edited manuscript
will be allowed at this stage. The journal provides free access to the papers.

Page Charges and Reprints

No page charges are collected. Corresponding authors will receive one hardcopy of the
journal. All authors/readers have free access to all papers.

Plagiarism Detection

In accordance with its publishing policies EgeJFAS requires plagiarism check for each study
that has undergone the "Review Process". The iThenticate plagiarism checker software is
used for plagiarism detection.

Indexes

EgeJFAS is indexed in TUBITAK ULAKBIM TR Dizin, ESCI, Zoological Records (Clarivate
Analytics), DOAJ, EBSCOhost, ASFA, ProQuest, CiteFactor, OAJl, SHERPA/ROMEO,
Paperity, DRJI, Scilit

Corresponding Address

Ege Journal of Fisheries and Aquatic Sciences

Ege University Faculty of Fisheries

35100 Bornova-izmir, Turkey

Phone: +90 232 311 3838 ISSN

Fax: +90 232 388 3685 1300-1590 (Print)
E-mail: editor@egejfas.org 2148-3140 (Online)


http://www.citefast.com/
http://www.crossref.org/SimpleTextQuery/
http://www.livestrong.com/article/292999-what-vitamins-are-found-in-fish/

Su Uriinleri Dergisi

Ege Journal of Fisheries and Aquatic Sciences

Volume 34 Number 4 ISSN 1300-1590

ICINDEKILER CONTENTS

ARASTIRMA MAKALELERI RESEARCH ARTICLES

Catching efficiency of multifilament trammel nets with different twisted twine for shrimp fishing in Kotabaru, Indonesia
Ahmadi, Ellysabet KriSting ...................ooo s R 363-368

Determination of the quality parameters of African catfish (Clarias gariepinus) finger during refrigerated storage
Sogukta depolanan karabalik kroketlerinin kalite parametrelerinin tespiti
Beyza Ersoy Altun, FIgen Kaba GUINGOT...............o ittt ettt ettt e bttt e s £ 4t 4he 4o b2 b bt e b ek e b £ ekt e a bt bt e bt ekt e bt e e be e b et e e e as 369-373

Ceyhan Nehri (Adana-Tirkiye)'nin farkli bélgelerinden yakalanan Afrika kedi baligi (Clarias gariepinus Burchell, 1822)'nda su kalitesinin bazi hematolojik

parametreler tizerine etkisi

Assessment of pollution indicator some hematological biomarkers in African catfish (Clarias gariepinus Burchell, 1822) living in the Ceyhan River (Adana-Turkey)

Aysel $ahan, SeVKan OZUOK, FAMA GOVIK ...............c..co.covevueveeeeieirsistieeeeee s eesesssssseesesssss sttt e et ena s s s ess s ssnnees 375-382

Pathogenicity and antibiotic susceptibility of two bacterial pathogens associated with the clam Tapes decussatus in some Egyptian fisheries
Bahaa Abdella, Eman El-Wazzan, Nermeen A. El-Sersy, Soraya A. Sabry, Ehab R, EI-HEIOW ... 383-389

Determination of quality changes of fish sausage produced from saithe (Pollachius virens L., 1758) during cold storage
Mezgitten (Pollachius virens L., 1758) Uretilen balik sosislerin soguk muhafaza sirasindaki kalite degisimlerinin belirlenmesi
M. Tolga Dinger, E. Burcu $en YIImaz, SUKran GakIi ...............cc.oiiiiiiiiii ettt 391-399

High level of micro-plastic pollution in the Iskenderun Bay NE Levantine coast of Turkey
Tirkiye'nin kuzeydogu Levant kiyisindaki Iskenderun Kérfezi'nde yiksek diizeyde mikroplastik kirliligi
S@AAE GUNAOFUU ... bbb bR 401-408

Gokkusagi Alabaligi i¢ organlari ve Van Balidi ile hazirlanan balik yemlerinin Gékkusagi Alabaliklarinin blyime performansi lzerine etkisi
Effect of fish feed prepared with trout organs and Van Fish on the growth performance of Rainbow Trout
Asli Gilingir YelteKin: ARMet F. YEIEKIN ............ooiiiiiiiiiiii ettt h e st a1t e bt bt e s e s est e e bt e e bt et e e e te e bt e e nnes 409-414

Tirkiye'de ticari gift kabuklu yumusakga avciliginda kullanilan av araglari
The fishing gear used in commercial bivalve fishery in Turkey
Serhat GOlaKOGIU AGNAN TOKAG .........ccuiiiiiiiiiiit ettt ettt sttt et e e s bt e st e ea e e eh b e bt e eh ekt e o8 ebe st e bt eh e eh e ek b e b et e e eb e en b e eh b e bt e bt et e et e aneas 415-421

Farkli aglik tokluk besleme déngiilerinin lepistes (Poecilia reticulata) baliklarinda cinsiyete gore blyiime performansi ve maliyet tzerine etkileri
Effects of cycled starvation feeding regimes and gender on growth performance and cost analysis of quppy (Poecilia reticulata)
GUrel TUrKMEN, ONUI KQradal ...............ooiiiiiiii ittt et eete e e oo 4s e e 22 b e e 2 as e e e e as e e e ae a2 e s e e eas s e e nb e e e st s e e ns e e e mnae e ant e e e nabeen s e enebn s et nsseeensseann 423-430

Gamalti Tuzlasinin (Sasal/izmir) alg florasi ve mevsimsel degisimleri
The seasonal changes and algal flora of Gamalti Saltworks (Sasali / Izmir)
Edis KOTU, MUSEAfa DENIZ................oeiiiiiiiiiii ittt ettt ettt e et et e st e e e st e e e ts e st e e e es s e e eae e e e st e e e sess e a2t a2 e as a2 e ns a2 et e e en st e e ent e e e aa e e e e e nne e e nnaeranneahe s 431-442

Comparison of the mechanical properties of meat and fish salamis
Et ve balik salamlarinin mekanik 6zelliklerinin karsilagtiriimasi
M. Tolga Dinger, O. Alper Erdem, E. BUICU SEN YIIMAZ ..............ccoiiiiiiiiii ittt 443-449

KISA ARASTIRMALAR SHORT COMMUNICATIONS

Bazi makroalglerin Drosophila melanogaster'in hayatta kalisi Uzerine etkileri
The effects of some macroalgae on viability of Drosophila melanogaster
$Siikran Gakir Arica, Sevil Demirci, Ayse Ozyilmaz, Selda Oz, Ecem Arslantas .....................ccooiiiiiiiiiiiiiii e 451-454

Length-weight relationships for 11 fish species from the Central Black Sea, Turkey
Orta Karadeniz'den 11 balik tirinun boy-agirlik iligkileri
Osman Samsun, Okan Akyol, Tevfik Ceyhan, Yakup Erdem

TEKNIK NOT TECHNICAL NOTE

istilact balik tiirii Pseudorasbora parva (Temminck ve Schlegel, 1846) Cakil Baligrnin Gokgeada (Ganakkale)'dan ilk kaydi
First record for invasive Topmouth gudgeon Pseudorasbora parva (Temminck and Schlegel, 1846) from Gokgeada (Canakkale)
llker Bakag, Siikran Yalgin Ozdilek, F. GUIEr EKMEKG .............coiiiiiii e 459-462

... 455-458

DERLEMELER REVIEWS

Yeralti suyunda alg kiiltiirleri ile nitrat kirliliginin giderimi
Removal of nitrate from groundwater by using algae culture

Eda Tuna Oztiirk, Serdar Goncii ... ... 463-467

Yaglanma ve alglerin anti-gerontolojik etkileri
Aging and anti-gerontological effects of algae
SUKFAN GAKIF ATICA ... bbb h bbb bbb 469-474

Published by
Ege University Faculty of Fisheries, izmir, Turkey

WWERSITY
<V
&




Su Uriinleri Dergisi
Ege Journal of Fisheries and Aquatic Sciences

Sahibi Director
Ugur SUNLU Dekan V. D. Dean

Ege University Faculty of Fisheries, Turkey

Yazi Isleri Miidiirii Editor-in-Chief

Ufuk CELIK
Ege University Faculty of Fisheries, Turkey

Yazi isleri Miidiir Yardimcilari Co-Editors-in-Chief

Girel TURKMEN Ege University Faculty of Fisheries, Turkey
Hasan M. SARI Ege University Faculty of Fisheries, Turkey

Yardimci Editorler Associate Editors

Okan AKYOL Ege University Faculty of Fisheries, Turkey
Mehmet AIp SALMAN Ege University Faculty of Fisheries, Turkey
Clineyt SUZER Ege University Faculty of Fisheries, Turkey

Zafer TOSUNOéLU Ege University Faculty of Fisheries, Turkey
Vahdet UNAL Ege University Faculty of Fisheries, Turkey

Teknik Editor Technical Editor

M. Tolga TOLON Ege University Faculty of Fisheries, Turkey

Yabanci Dil Editorii Foreign Language Editor

Eren ALKAN Ege University School of Foreign Languages, Turkey

Yayin Kurulu Editorial Board
Ela ATIS Egel University, Turkey ~ Aynur LOK Ege University, Turkey
Asli BASARAN Ege University, Turkey K. Karal MARX Fisheries College and Research Institute, India
S. Serap BiRINCIOGLU Adnan Menderes University, Turkey ~ JOrg OEHLENSCHLAGER Sseafood Consultant, Germany
Javier BORDERIAS ICTAN-CSIC, Spain M. Bahadir ONSOY Mugla Sitki Kogman University, Turkey
Kurt BUCHMANN Universityof Copenhagen, Denmark ~ Murat OZBEK Ege University, Turkey
Ibrahim CENGIZLER Gukurova University, Turkey Hlseyin OZBILGIN Mersin University, Turkey
Melih Ertan CINAR Ege University, Turkey — MUifit OZULUG istanbul University, Turkey
Yilmaz CIFTCI ordu University, Turkey ~ Giuliana PARISI university of Florence, Italy
Deniz COBAN Adnan Menderes University, Turkey ~ Hatice PARLAK Ege University, Turkey
Mark DIMECH FAO Fish. Aqua. Dept., Greece ~ Ferit RAD Mersin University, Turkey
M. Tolga DiNCER Ege University, Turkey ~ Sahin SAKA Ege University, Turkey
Ozdemir EGEMEN Ege University, Turkey ~ Hilya SAYGI Ege University, Turkey
Erciiment GENGC Ankara University, Turkey ~Radu SUCIU Danube Delta National Institute, Romania
Ana GORDOA CEAB-CSIC, Spain  Tamas SZABO Szent Istvan University, Hungary
Arif GONULOL ondokuz MayisUniversity, Turkey ~ William W. TAYLOR Michigan State University, USA
Gertrud HAIDVOGL uni. Nat. Res. Life Sci., Austria ~ E. Mimtaz TIRASIN Dokuz Eyltl University, Turkey
Chiaki IMADA TokyoUni. Marine Sci. Tech., Japan ~ Adnan TOKAGC Ege University, Turkey
F. Saadet KARAKULAK istanbul University, Turkey ~ SUhendan Mol TOKAY istanbul University, Turkey
Tuncer KATAGAN Ege University, Turkey M. Rusen USTAOGLU Ege University, Turkey
Nilgiin KAZANCI Hacettepe University, Turkey ~Mustafa UNLUSAYIN Akdeniz University, Turkey
Ferah KOCAK Dokuz Eyliil University, Turkey ~ Hijran YAVUZCAN Ankara University, Turkey
Marcelo de Castro LEAL university of Lavras, Brazil  Argyro ZENETOS Hellenic Centre for Marine Research, Greece

Yayin Ofisi Editorial Office
Halise KUSCU  Ege University Faculty of Fisheries, Turkey

Su Uriinleri Dergisi yilda dért sayi olarak yayinlanir. Ege Journal of Fisheries and Aquatic Sciences is published in four issues annually.

T.C. Kultur ve Turizm Bakanligi Sertifika No: 18679

Basim Printing . ) Basim Tarihi Printing Date
Ege Universitesi Basimevi, Bornova, Izmir. Ege University Press, Bornova, Izmir. December 15, 2017

iletigim Contact )
Ege Uni. Su Urinleri Fakultesi, 35100, Bornova, Izmir Ege Uni. Faculty of Fisheries, 35100, Bornova, Izmir, Turkey
Tel: +90 232 311 3838 Fax: +90 232 388 3685 http://www.egejfas.org info@egejfas.org


http://www.egejfas.org/
mailto:info@egejfas.org

http://lwww.egejfas.org
Ege Journal of Fisheries and Aquatic Sciences, 34(4): 363-368 (2017)

Su Uriinleri Dergisi (2017)
DOI: 10.12714/egejfas.2017.34.4.01

RESEARCH ARTICLE ARASTIRMA MAKALESI
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Abstract: Fishing experiments were carried out in Kotabaru of Indonesia to determine catching efficiency of double-twisted and triple-twisted multifilament trammel
nets. A total of 10 nets were constructed with the same dimension and inner-outer mesh sizes (40-mm and 80-mm). Trials covered 160-net hauls/type with 1-hour
submersion time. The shrimps were composed of Penaeus monodon, Penaeus merguensis, Metapenalis monoserus, Penaeus semiculatus and Parapenaeopsis
sculptilis. A total of 142.8 kg shrimp comprises 84.46 kg (59.15%) for double-twisted and 58.34 kg (40.85%) for triple-twisted were collected over 16-daytrip
sampling period, indicating double-twisted multifilament trammel net was 45% more efficient. The average weight of double-twisted (5.25+1.64 kg) was considerably
higher than that of triple-twisted (3.65+1.41 kg) as well as total YPUE of double-twisted (1.056+0.02 kg) was considerably higher than that of triple-twisted
(0.72940.02 kg) (P<0.05). Some recommendations for improving performances and efficiency of trammel nets are made, for example, by inserting the additional
bag collector along the lower part of the nets, placing selvedge between the lead line and the net or using underwater lamps associated with the net.

Keywords: double-twisted, triple-twisted, trammel net, weight, YPUE, Kotabaru

INTRODUCTION

The development of fishing technology in Indonesia is in
line with the progress of fishing science, including the
knowledge of the gear efficiency and catch handling. This
knowledge is essential for efficient fishing and better fisheries
resource management. Pauly & MacLean (2003) stated that
transferring fishing effort from industrial fisheries to small-scale
fisheries will have benefits for the socio-economy of the
fisheries sector as well as for the ecosystems supporting the
fisheries. However, in order for this to be realized, the level of
information availability for small-scale fisheries should at least
be as high as that of their industrial counterparts. Thus, the
need to improve knowledge of small-scale fisheries is urgent.

Recently trammel nets are the most common type of fishing
gears that are being used to collect shrimps from different
habitats for both research and commercial purposes (Akyol,
2008; Metin et al., 2009; Aydin et al, 2013). Other
comprehensive studies in shrimp fisheries sector are also
conducted for trawls (Hannah et al., 2015, Xing et al., 2015,
Wong et al., 2015; Osawa et al. 2015), liftnet (Abdussamad,
2006; Puspito & Suherman, 2012; Puspito et al., 2015), traps
(Calado & Narciso, 2004); lighted trap (@resland, 2007;
Ahmadi, 2012; Ahmadi & Rizani, 2013), and fyke nets (Barko
and Habik, 2004; Jin et al. 2007; Zamyatina & Semik, 2015).
Trammel nets are also often used to sampling of populations

© Published by Ege University Faculty of Fisheries, Izmir, Turkey

both marine fishes (Hunt et al., 2012) and freshwater fishes
(Balik, 2001). This is because trammel netting is widely
considered to be a nonlethal capture technique (Hubert, 1996).

Dealing with catching efficiency, multifilament trammel nets
caught on average two times more prawns than monofilament
gill nets (Thomas et al., 2003). In trammel net fisheries, the
length of net is more important than the height of net for
enhancing the weight of shrimp catch, which is similar with the
shrimp trawl net (Engas & God, 1989; Dickson, 1993; Ahmadi
et al. 2005; De Rezende et al. 2015).

Trammel nets were firstly introduced in Kotabaru District
around 1980s in respond to the Presidential Decree No.
39/1980 concerning trawl ban in Indonesia. Prohibition against
trawls had an adversely impact on the shrimp exporter
industries. Practically, the use of mini trawls is still allowable
under the local regulation to support shrimp industries. At the
same time, the like of mini trawls (e.g. cantrang, arad) are also
being operated in other provinces bring all consequences.
Nowadays, all things considered, the Ministry of Marine Affairs
and Fisheries of the Republic of Indonesia issued the
Ministerial Regulation No. 2/2015 to again prohibit fish trawl for
the reason of fish resources protection from and against
overfishing practices. Trammel nets-based shrimp fisheries
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presented opportunity and challenge for replacing trawls in
Kotabaru and are considered as alternative environmentally
friendly fishing gear. Fishing with trammel nets is on-going
throughout the year regardless of the seasonal periods
indicating shrimp in this region are available in great
abundance. Table 1 clearly shows that the annual production
of shrimp in Kotabaru increases proportionally with increasing
the number of trammel nets. Thus, improving the catch
efficiency of the trammel nets for shrimp fishing in Kotabaru is
really necessary.

SAMUDRA PASIFIK

Figure 1. Map showing the location of fishing experiments in Kotabaru,
South Kalimantan

There are two types of trammel net twines used in
Kotabaru, namely monofilament and multifilament-nylon
twines. Recently most of fishermen using multifilament trammel
nets for catching shrimp. They believe that the netting twines
affecting on the number of shrimp to be caught. For this reason,
we conducted actual investigation on trammel nets with double-
twisted and triple-twisted multifilament net twines to compare
its relative efficiency. Scientifically, catching efficiency of such
trammel nets in Kotabaru is still poorly studied.

MATERIALS AND METHODS

The field experiments were carried out in Kotabaru waters
located at 02°20'S and 115°15'E (Figure 1). In the present
study, a total of 10 trammel nets consisted of 5 double-twisted
and 5 triple-twisted multifilament nylons were simultaneously
tested for collecting shrimp species from the sea at 12-13.5-m
deep. Such treatments give equal chance of success for both
nets in terms of catching efficiency. Each type was constructed
with two outer walls of 80-mm PA multifilament nylon and one
inner wall of 40-mm PA multiflament nylon. The twine
diameters of outer and inner walls are 110D/9 and 210D/3
respectively. Individual nets had 30-m long and 2-m deep with
hanging ratios of E=0.50 for outer wall and E=0.45 for inner

wall. Each net attached to the head rope and foot rope 32 m
long, @ 2 mm. The float made of foam, circle-shape, 74 pcs;
while the sinker made of lead, oval-shape, 74 pcs plus extra 5
kg weigh of cast-cement on otter board.

Table 1. The trend status of shrimp fishing in Kotabaru District during
2011-2015

) Year
D Vet 2011 2012 2013 2014 2015
1 Amual 19094 33764 59087 70904 4930
production
(ton)
2 Caplurefishery 5492 5495 5045 4591 9393
households
3. Fishingboats 4966 4970 4790 3892 6749
(<5 GT)
4 Numberof 1618 2962 3368 3668 3778

trammel nets

On each sampling date, ten replicates were arranged
randomly with the same method and deployed in different
locations following day using outboard wooden motor boat (6.5-
m long, 1.5-m wide, 1.5-m high, engine of Tianli Domping 20,
China). The fishing spots were about 2-mile from coastal line
and the nets left at the bottom sea for about 1-hour. All fishing
operations were conducted in the morning and supported by
professional fishers. The trials consisted of 160-net hauls/gear
type with 1-hour submersion time. Both net types were
standardized to a yield per unit effort (YPUE) of total catch (kg)
per 16-daytrip. On landing site, the catches were removed
separately from each net and then identified for species and
measured for weight to determine and compare the YPUEs of
trammel net types. The YPUE was calculated using the
following equation (Godoy et al., 2003), which is adapted for
this study:

Z weight

YPUE = :
Z number of nem*z fishing trials

The daily total and average of all catches are stated in
mean * standard deviation. The weight data analyzed met the
assumptions of Lilliefors normality test. The t-test was used to
examine whether or not significant difference occurred between
the catch weight of individual nets in the same type or that of
two trammel nets types tested. All statistical analyses were
considered significant at 5% (P<0.05) using SPSS-16.0
software.

RESULTS

A total of 142.80 kg shrimp comprises 84.46 kg (59.15%)
for double-twisted multifilament trammel nets and 58.34 kg
(40.85%) for triple-twisted were collected over 16-daytrip
sampling periods as shown in Table 2. The daily total and
average of all catches were also recorded as 8.93 kg and 4.44
kg respectively. The average weight of 160-net hauls/gear type
of shrimp captured by double-twisted and triple-twisted
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multifilament nets was 5.28+1.64 kg and 3.65+1.41 kg. There
was statistically significant difference in the percentage of daily
average weight between double-twisted and triple-twisted
multifilament nets (t=5.530, df=30, P<0.01). The percentage of
daily average weight for double-twisted ranged from 35.31 to

78.30 % and from 21.70 to 64.69 % for triple-twisted
multifilament.

The total weight of the captured shrimp was 1.45 times
higher for double-twisted multifilament nets than triple-twisted
ones (t=3.022, df=30, P<0.05).

Table 2. The descriptive comparison of caught shrimp (kg) between double-twisted (DT) and triple-twisted (TT) multifilament trammel nets over

16-day sampling periods. (YPUE = Yield per Unit Effort)

Double-twisted Triple-twisted

Daily all

Daily average

hlumeriofiil multifilament multifilament catches of all catches UL E
1 2.6 1.48 4,08 2.04 176:1 P>0.05
2 4.02 2.44 6.46 3.23 1.65:1 P<0.01
3 3.27 2.66 5.93 297 1.23:1 P>0.05
4 5.1 472 9.82 4.91 1.08:1 P>0.05
5 6 6.65 12.65 6.33 0.90:1 P>0.05
6 3.45 6.32 9.77 4.89 0.55:1 P<0.01
7 7 1.94 8.94 4.47 3.61:1 P<0.01
8 4.3 3.06 7.36 3.68 141:1 P>0.05
9 5.25 3.99 9.24 4.62 1.32:1 P>0.05
10 8 37 1.7 5.85 2.16:1 P<0.05
1 5.75 3.26 9.01 4.51 1.76:1 P<0.01
12 7.25 4.06 11.31 5.66 1.79:1 P<0.01
13 342 2.66 6.08 3.04 129:1 P>0.05
14 7.3 415 11.45 573 1.76:1 P<0.05
15 6 3.26 9.26 4.63 1.84:1 P<0.05
16 5.75 3.99 9.74 4.47 144 :1 P<0.01
Total (kg) 84.46 58.34 142.8 714 1.45:1 P<0.05
Average (kg) 5.28 3.65 8.93 4.44 1.45:1 P<0.01
YPUE (kg) 1.056 0.729 0.893 0.888 1451 P<0.05

Dealing with the ratio of all catches, the double-twisted was
considerably higher than triple-twisted across all trials (P<0.05),
except for the fifth- and sixth-trial (see Table 2). There was
significantly difference in the YPUE rate between double-
twisted and triple-twisted multifilament (t=3.041, df=30,
P<0.05). The total YPUES gained for double-twisted and triple-
twisted multifilament nets were 1.056+0.02 kg and 0.729+0.02
kg respectively. In addition, it was also clearly visible in the ratio
of daily average YPUEs to the mesh size of inner wall where
double-twisted was significantly higher than triple-twisted
(t=3.023, df=30, P<0.05) as plotted in Figure 2.
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Figure 2. The relationship between relative efficiency and the ratio of
daily average YPUE to mesh size (40-mm) of double-twisted (O) and
triple-twisted (M) multifilament trammel nets

The relationships between the relative efficiency and the
ratio of YPUESs to mesh size of double-twisted and triple-twisted
were expressed in the following linear equations: y = 0.4599x -
0.3336 (R2=0.9818) and y = 0.5131x -0.1596 (R* = 0.8963),
respectively. Figure 3 shows the daily total weight of both
typical nets and percentage of daily YPUE gained over 16-
daytip periods. The data points of daily total weight spread on
the figure didn’'t seem to be linear (R? = 0.1825) and implied
that the abundance of shrimp is different from one to other
fishing spots. Meanwhile the data points of percentage of daily
YPUE seem definite linear regression (R2 = 1), which meant
that the proportion of weight of double-twisted was considerably
higher than triple-twisted. It was determined in this study that
the effect of double-twisted multifilament net twine on efficiency
of rammel nets was found to be 45% more efficient than triple-
twisted multifilament net twine for catching shrimp in this region.
The weight of shrimp catch between individual nets within the
same type of trammel nets were not found statistically different
(P>0.05).

The catches composition included tiger prawn (Penaeus
monodon Fabricius, 1798), white shrimp (Penaeus merguensis
De Man, 1888), brown shrimp (Metapenalis monoserus
Fabricius, 1798), green tiger prawn (Penaeus semiculatus de
Haan, 1844), and rainbow shrimp (Parapenaeopsis
sculptilis Heller, 1862). All shrimp species are readily available
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market particularly for shrimp processing industries in Kotabaru
as shrimp frozen export products.
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Figure 3. The daily all catches of double-twisted and triple-twisted
multifilament trammel nets (A) and percentage of daily YPUE (@) of
double-twisted over triple-twisted during 16-daytrip periods

DISCUSSION

The catching efficiency of trammel nets is much influenced
by the twine materials, the colour of material, mesh size,
hanging ratio, tension acting on the net due to buoyancy of
floats, visibility of netting, change in the shape of netting by the
current and others (Klust, 1982; Koike & Matuda, 1988). The
twine material should be carefully chosen in order to have a
flexibility of netting structure, high breaking strength, lesser
visibility, softness, and knot strength. However, there is no ideal
material having all the desired properties, and therefore, the
selection of the best available material for a specific purpose is
important.

In the present study, double-twisted multifilament trammel
net is 45% more efficient than triple-twisted due to the higher
elasticity and flexibility of the thinner twine. It is practically
accepted that the diameter and material of twine can influence
visibility, elasticity and flexibility of both gilinet and trammel net
(Ballk & Cubuk, 2000; Holst et al., 2002). Typically,
monofilament is more elastic and more efficient than
multifilament due to smaller twine diameter (Karlsen &
Bjarnason, 1986, Ayaz et al., 2011) and is less visible (Backiel
& Welcomme, 1980; Radhalakshmi & Gopalan Nayar, 1985)
explaining the primary differences in efficiency between these
twine materials. Thus, the catching efficiency of monofilament
trammel nets is higher than multifilament for catching fish
species (Wudianto et al., 1988; Balik, 2001). Meanwhile
Matsuoka (1995) explained that the catch ability of the
multifilament nylon was better than the monofilament nylon for
gilled capture of croaker species. Thus, information on the
catching efficiency of trammel nets is inconsistent, which is
depending on the targeted species, net webbing, selectivity
mechanism or experimental conditions.

In our observation, trammel net fishing with double-twisted
multifilament seemed to be more suitable for keeping the catch
shrimp with intact condition. Despite many benefits of using
double-twisted multifilament, they may not be appropriate in all

situations. This typical net has also limitations like all sampling
devices. It was less durable and not repairable. Fishermen said
that the use of such net only for about one month, while another
prevail up to three months. Therefore, it is a great challenge for
the local netting factory to produce multi-monofilament with
high breaking strength, more elastic and more durable.
According to Hovgard & Lassen (2000), nylon multi-
monofilament is made of a number of monofilament nylon
thread or monofilaments in parallel. Multi-monofilament nets
are generally considered the most efficient as the use of thin
parallel threads make the net softer than monofilament or
multifilament. It makes multi-monofilament nets more flexible
underwater. Such type of net can be recently seen in the
millennium gillnet fisheries (Rakhmadevi et al., 2008).

The size and type of trammel nets used in the present study
are the same as those used by local fishermen. The inner panel
mesh size of 40-mm of both net types is considered suitable for
catching shrimp species in Kotabaru waters. Such mesh size is
slightly larger than minimum mesh size regulation of 38-mm.
We observed that the outer panel mesh size (80-mm) used in
the trials did not significantly affect the catch characteristics in
terms of catch weight and species composition as well as the
size selectivity of the trammel nets. Its function is more or less
as a temporary ‘bag’ when shrimp entangled in the net. Fujimori
et al. (1996) observed the fishing mechanism on how kuruma
prawn (Penaeus japonicus) becomes entangled in a trammel
net with monofilament nylon in a small water tank. First, the
prawn slowly crawls forward and approaches the edge of the
trammel net. On contact with the inner and/or outer part of the
net, the prawn jumped backwards to avoid the net. However, if
in this process the rostrum or appendages entangles, then the
prawn on further struggling tangles with the mesh and is
caught. The probability that an appendage of the prawn
touches and entangles with the net is assumed to be related to
the body length and the mesh size.

Selectivity analysis is not performed in this study since both
typical nets had the same mesh size (40-mm), and therefore a
comparison within a mesh size is not possible. To the best
knowledge of the authors, there is no study on the selectivity
properties of trammel nets for shrimp fisheries in Kotabaru, so
far. For this reason, we intend to conduct a series of the
trammel net fishing with different mesh sizes. The observation
includes the age class group corresponding to the mesh sizes
as well as determination of allometric growth pattern and
condition factor of shrimp. Practically trammel net or gillnet with
the same nominal mesh sizes but different twine thicknesses
will possibly result in different mesh openings during the fishing
operation. Ayaz et al. (2011) investigated the effect of twine
thickness on the selectivity of multifilament gillnet when
targeting Bogue (Boops boops L), and found that the 22 mm
mesh size net (0.45 mm &) captured significantly larger fish
than the 23 mm mesh size net (0.54 mm &), due to the higher
elasticity and flexibility of the thinner twine. Park et al. (2011)
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found that the size selectivity of the trammel net and gillnet was
significantly different with only 0.2 cm difference in the modal
length.

Among technical problem beyond our observation is that
we cannot precisely estimate the amount of shrimp get out of
the nets (after being caught) and then fall to the seabed
particularly when the nets are being lifted on board. For this
reason we plan to attach the additional net as ‘bag collector’
along the lower part of trammel nets to accommodate shrimps
that released from the nets. By doing this, the catch ratio
between shrimp entangled in the net and shrimp dropped into
the ‘bag collector’ is comparable. This includes investigation of
the effect of soaking time in such trammel net at different depth
of the sea, and the results are still open for discussion. Placing
selvedge between the lead line and the net is also good option
to reduce discards. Metin et al. (2009) used selvedge to
decrease discards of crustaceans and gastropods in prawn
(Melicertus kerathurus) trammel nets in |lzmir Bay of Turkey,
and successfully reduced discards by 40%. More site-specific
studies for testing trammel net models would be required to
determine the optimum fishing levels that would satisfy fisheries
and nature conservation interests in Kotabaru. Innovation in
this fishery can also be served through the use of LED
underwater lamps associated with trammel net during nighttime
produces many predictable results. This is a great challenge for
us (Ahmadi, 2012) since there are no reports on the phototactic
response in shrimp and its application in Kotabaru, so far. It is
also greatly possible to increase the efficiency of trammel net
by changing the way of catching from passive to active method,
where the trammel nets (with various mesh sizes or different
webbing materials) towed encircling and swept over the sea
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Abstract: The quality parameters and shelf life of African Catfish (Clarias gariepinus) fingers during the storage at +4°C were investigated in terms of sensory,
chemical and microbiological changes. Sensory, chemical [pH, total volatile basic nitrogen (TVB-N)] and microbiological (total aerobic mesophylic bacteria (TAMB),
total yeast and mold, coliform bacteria and salmonella) analyses were performed during the storage. pH values decreased significantly (p<0.05); on the other hand
TVB-N value increased statistically. These values were lower than the acceptable limits at the end of the 21-days of storage. Sensory scores declined to lower
than acceptable limit of consumption after 12t day of the storage. Microbiological values were lower than maximum limits during the 12-days of storage of fish
finger. TAMB level exceeded 7 log cfu/g after 12 days. At the end of the storage period, pH, TVB-N, TAMB, total yeast and mould were determined as 5.88, 31.75
mg N/100, 8.18 log cfu/g and 5.87 log cfu/g, respectively. It was also concluded that African catfish is a good source for producing fish finger and its products could
be stored in a refrigerator (at +4°C) for at least 12 days.

Keywords: Clarias gariepinus, fish finger, chilled storage, quality parameters

0z +4°C'de depolama boyunca karabalik kroketlerinin (Clarias gariepinus) kalite parametreleri ve raf dmrii duyusal, kimyasal ve mikrobiyolojik degisiklikler
bakimindan arastiriimistir. Depolama stiresince duyusal, kimyasal [pH, toplam ugucu bazik nitrojen (TVB-N)] ve mikrobiyolojik (toplam aerobik mezofilik bakteri,
toplam maya-kif, koliform bakteri ve salmonella) analizleri gergeklestirilmistir. TVB-N degeri istatistiki olarak énemli 6igtide (p<0.05) artmasina ragmen, pH degeri
azalmigtir. Bu degerler 21 giiniin sonunda kabul edilebilir limitlerin altinda kalmistir. Duyusal skorlar 12 giin sonra tiketilebilirlik limitinin altinda tespit edilmistir.
Mikrobiyolojik degerler 12 glnliik depolama boyunca kabul edilebilir degerlerden daha diisiik bulunmustur. TAMB seviyesi 12 giinden sonra 7 log kob/g't agmistir.
Depolama periyodu boyunca pH, TVB-N, TAMB, toplam maya ve kiif degerleri sirasiyla 5.88, 31.75 mg N/100, 8.18 log kob/g ve 5.87 log kob/g olarak tespit
edilmistir. Karabaligin balik kroket tiretimi icin iyi bir kaynak oldugu ve bu irlnlerin buzdolabinda en az 12 giin depolanabilecegi (+4°C) tespit edilmistir.

Anahtar kelimeler: Clarias gariepinus, balik kroket, soguk depolama, kalite parametreleri

INTRODUCTION

African catfish (Clarias gariepinus), which has a wide oriented restaurants. They can be baked in the oven, grilled,

distribution from the South and Central Africa to the Middle East
and Turkey, is a common commercial species in the southern
region of Turkey, especially in Hatay province. 486 tons of
African catfish were caught in 2007 (Anonymous, 2007) which
were consumed locally. Hence, African catfish is an important
source of cheap and high-quality protein for the region.

In recent years, the increase of world population,
socioeconomic factors and increase of numbers of working
women have led to consumer's preference to ready-to-eat
foods. Fish finger is one of ready-to-eat foods. Fish fingers,
known as fish sticks are processed food made using a whitefish
such as cod, haddock or pollock which have been battered or
breaded. They are commonly available in the frozen food
section of supermarkets and on children's menus in family-

© Published by Ege University Faculty of Fisheries, lzmir, Turkey

shallow fried, or deep-fried (FAO/WHO, 1989). Some reports
have focused on quality changes of fish fingers during
processing and frozen storage (Cakli et al., 2005; Gokoglu and
Yerlikaya, 2009; Elyasi et al., 2010; Berik et al., 2011; izcietal.,
2011). Ersoy and Yilmaz (2003) investigated frozen storage of
fish balls from African catfish as the storage of an alternative
product. Ersoy (2000) also studied refrigerator shelf life
conditions of African catfish balls. However, there are no
studies on fish fingers produced from African catfish mince.

The aim of this study was to produce fish fingers from
African catfish, because of their suitability in producing fish
fingers, and to investigate the sensory, chemical and
microbiological quality changes of the fish fingers during
refrigerated storage.
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MATERIALS AND METHODS
Sample preparation

African catfish C. gariepinus captured from Lake Gélbasl in
Turkey was used for this study. A total 10 kg fish comprised of
31 individuals, 120£2.25 g in weight and 4.47£1.14 cm in
length, was transported to laboratory in ice boxes following the
capture.

Fish were gutted, washed with tap water, skinned, filleted
and cut into pieces. Flesh yield was 40% and 4 kg. Obtained
flesh was minced at room temperature with a Blue House
BH560MG (1600 W) grinder using a 3 mm diameter holes plate.

Fish fingers were produced as 25 gr products. Each
included 73% fish mince, 12% potato, 6% milk, 0.5% bread,
1.2% semolina, 0.24% cumin, 0.24% coriander, 0.48% salt, 6%
wheat flour. The ingredients were homogenized with blender
for 3 minutes and shaped into fish fingers. A total of 220 catfish
fingers were produced and covered with conventional breading
crumbs before pre-frying in 1 It sun flower oil at 180 °C for 60 s.
Fish fingers were cooled at room temperature. Four catfish
fingers (75x50 mm) were packaged in a foam plate (21x12x3
cm in size) and wrapped with cling film. They were stored at
+4°C+1 for 21 days.

The initial sensory quality as well as chemical and
microbiological quality of catfish fingers were performed at day
0. All of the analyses were performed in triplicates in an air
conditioned laboratory at 18°C.

Sensory analysis

Sensory quality of fish fingers produced from mince was
assessed by six trained persons. Fish fingers were deep-fried
with sunflower oil until they were cooked and then they were
served to the panelists to evaluate the sensory attributes of the
samples. Sensory evaluation was carried out according to
Kurtcan and Gondl (1987). Panelists scored for appearance,
colour, odour, texture, flavour and general acceptability, using
a five-point. The overall quality evaluation criteria as follows: 5
very good, 4 good, 3 medium, 2 acceptable limit of
consumption, 1 below consumption limits.

Table 1. Microbial changes of fish finger during storage at 4°C

Chemical analysis

pH value was measured as described by Lima Dos Santos
et al. (1981), by using a digital pH meter (Orion 420 A). Total
volatile basic nitrogen (TVB-N, mg N/100 g) values were
determined, as described by Botta et al. (1984).

Microbiological analysis

For all microbiological counts, 10 g of sample was taken
and transferred into 90 ml peptone water (0.1% peptone, Oxoid
L 37) and homogenized for 3 minutes. Further decimal serial
dilutions were prepared from this homogenate. TAMB count
was determined by using the pour plate method. Plate Count
Agar (PCA, Oxoid) was used as medium. Plates were
incubated at 37 °C for 48 h (Harrigan, 1998). Potato Dextrose
Agar was used as the medium for total mould-yeast counts.
Plates were incubated at 21 °C for 120 h (Oxoid, 1982). Violet
Red Bile Agar (Difco B12) was used for the coliform bacteria
count. The samples were incubated at 30 °C for 24 h and the
red precipitation zones that occured during incubation were
counted (ICMSF, 1982). For salmonella sp., samples were
taken and transferred into peptone water and homogenized.
Then samples were incubated at 37 °C for 24 h in Triple Sugar
Iron Agar (TSIA) (Oxoid, CM 277) and Lysine Iron Agar (LIA)
(Oxoid, CM 381) medium. The typical colonies were evaluated
(ICMSF, 1982).

Statistical analysis

Analysis of variance was used to evaluate the analysis data
and significant differences among means were determined by
One-way analysis of variance (ANOVA) and Duncan’s Multiple
Range Test (p=0.05) (SPSS 16.0 for windows). Duncans
multiple range test for chemical quality and the Kruskal-Wallis
for sensory quality were used to find significant differences
between storage periods.

RESULTS
Table 1 shows total aerobic mesophylic bacteria (TAMB),

salmonella, coliform bacteria, total yeast and mould counts of
fish fingers during refrigerated storage.

Storage Period TAMB Salmonella Coliform Total yeast and mould
(Day) bacteria

0 3.8740.062 Nd Nd 1.63+0.052

3 4.03+0.0220 Nd Nd 1.81+0.082

6 4.27+0.06° Nd Nd 2.2240.04°

9 5.36+0.09¢ Nd Nd 2.53+0.05°

12 6.09+0.044 Nd Nd 3.36+0.09°

15 7.19+0.06¢ Nd Nd 4.15%0.094

18 7.83+0.03f Nd Nd 5.08+0.06¢

21 8.18+0.049 Nd Nd 5.87+0.06f
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At day 0 TAMB count and, total yeast-mould counts of fish
fingers were determined as 3.87 log cfu/g and 1.63 log cfu/g,
respectively. However, total coliform bacteria and salmonella
were not detected (Table 1).

TAMB of the fish fingers stayed around 3.87-6.09 log cfu/g
at the end of the 12 days of cold storage. These values were
found to be 8.18 log cfu/g at the end of the storage.

Total yeast and mold significantly (P<0.05) increased
during storage.

Yeast and mold was found to be 3.36 log cfu/g on 12t day
of the storage.

The pH value of fish finger was found to be 6.80 at day 0
(Table 2). After storage period, the pH value of fish finger was
significantly (p<0.05) decreased and this value was found to be
5.88 at the end of the 12t day of the storage. The TVB-N value
of caftfish fingers was measured as 6.06 mg/100 g at the
beginning of the storage. Significant (P<0.05) increase was
observed in TVB-N values during storage period (Table 2).

Table 2. pH and TVB-N values of fish finger during storage at 4°C (mg N/100)

Storage Period (Day) pH TVB-N (mg N/100)

0 6.80+0.002 6.06+0.01¢

2 6.78+0.002 10.21£0.00¢
5 6.74£0.012 12.05+0.01cde
7 6.69+0.012 17.60+0.11bed
9 6.40+0.00° 20.49+0.11c
12 6.36+0.01be 23.05+0.00a0
14 6.28+0.00be 23.17+0.062
16 6.22+0.01¢ 25.99+0.00a0
19 5.98+0.014 27.24+0.012b
21 5.88+0.014 31.75+0.112

a\/alues are shown as mean +standard deviation of triplicates, n=3
bwithin the column values with different letters are significantly different (P<0.05)

Sensory changes and overall acceptability of fish fingers
produced from catfish are given in Table 3. According to the

Table 3. Sensory changes of fish finger during storage at 4'C

results of overall sensory evaluation of fish fingers significantly
declined after the 12 days of cold storage priod.(p<0.05).

Days Apparance Colour Odour Texture Flavour General Acceptability
0 4.8+0.22 4.8+0.22 4.7+0.22 4.7+0.22 4.8+0.22 4.7+0.22
2 4.7+0.22 4.5%0.220 4.30.22 4.3+0.220 4.2+0.22b 4.3+0.220
5 4.2+0.320 4.01£0.3° 3.840.20¢ 3.740.20c 3.840.3° 3.8£0.3°
7 3.840.20c 3.840.4° 3.7+0.2¢ 3.3+0.2¢ 3.540.20 3.740.20
9 3.3+0.2¢ 2.8+0.3¢ 3.3+0.2¢ 3.2+0.3¢ 2.7+0.2° 2.8+0.2°
12 1.8+0.3¢ 2.340.2¢ 2.0%0.24 2.0£0.3¢ 1.8+0.3¢ 2.0+0.44
14 1.3+0.2¢ 1.740.2¢ 1.540.24 _ _ 1.240.2¢
16 1.0£0.0 ¢ 1.04£0.2¢ 1.040.0¢ _ _ 1.040.0¢
19 1.04£0.2¢ 1.0+0.0¢ 1.0+0.0¢ _ _ 1.040.0¢
21 1.0£0.0 ¢ 1.040.0¢ 1.040.0¢ 1.040.0¢

aValues are shown as mean =+ standard deviation of triplicates, n=6

bwithin the column values with different letters are significantly different (P<0.05)

DISCUSSION

TAMB and salmonella were not detected. It was reported
by other authors (Sowmya Praneetha et al., 2015) that
pathogenic bacteria like Salmonella and Escherichia coli were
not detected in fish finger during the entire period of refrigerated
temperature. Absence of other pathogenic bacteria like
Salmonella and Escherichia coli might be due to flash frying of
the product. Total aerobic mesophylic bacteria level did not

exceed the maximum limits (7 log cfu/g) of microbiological
criteria for fresh fish given by the International Commission on
Microbiological Specifications for Foods. The maximum log cfu
for breaded and precooked fish products (fish sticks, fish cakes)
was given as 7 log cfu/g (ICMSF, 1978). In this study the TAMB
counts of the fish fingers were lower than the maximum limit
until 12t day. Similar to our results, Patir et al. (2009) found that
the numbers of total aerobic mesophilic bacteria were 5.04 log
cfu/g on the day zero. The number increased rapidly in shrimp
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fingers stored at 4° C and reached to 6.50 log cfu/g on the 3rd
day. The number of mould and yeast of shrimp finger stored at
the 4° C increased from 1.73 log cfu/g to 2.22 log cfu/g at the
end of 3 days. The same increase of bacterial count was
observed by various researchers in different fish products
stored in refrigerated condition (Taskaya et al., 2003; Kiling,
2007; Baygar et al., 2008). Similar to our results, TAMB and
Psychrophilic bacteria level did not exceed the maximum level
of 7 log. cfu/g of meat as described by the ICMSF (1978).

This increase is thought due to spices and additives used
in making fish finger. This conclusion implies that sensory
analysis correlated with the microbiological analysis of the
samples.

The pH value does not offer a certain criterion of spoilage.
It has to be supported by other chemical, sensory and
microbiological analysis. The pH value of fresh fish is often
between 6.0-6.5 (Schormiiller, 1968; Ludorf and Meyer, 1973;
Varlik et al., 1993). In accordance with the findings of our
investigations, Inanli et al. (2005) have reported a pH value
decreasing from 6.85 to 5.69 for 21 days cold storage of Barbus
esocinus. Praneetha et al. (2015) reported that the pH value of
fish fingers from Rohu (Labeo rohita) decreased significantly
(P<0.01) from 6.95 to 6.44 for 15 days refrigerated storage.

The TVB-N is used for the determination of the spoilage
level and fish quality during the storage period (Kietzmann et
al.,, 1969; Cobb and Vender-Zont, 1975; Oehlenschlager,
1981). The TVB-N value is affected by species, catching
season and region, age and sex of fish. A level of 35 mg/100 ¢
has been considered as the maximum limit, above which
fishery products are considered as unfit for human consumption
(Schormdiller, 1968; Ludorf and Meyer, 1973). As expected, a
significant (p<0.05) increase was observed in TVB-N values at
the end of the cold storage (Table 2). Similarly, inanli et al.
(2005) reported that the initial TVB-N value of fish fingers made
from Barbus esocinus was 6.56 mg/100 g, and this value
increased to 28.16 mg/100 g at the end of the cold storage.
Patir et al. (2009) reported that the TVB-N values of shrimp
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0z Bu calisma, Ceyhan Nehrinin evsel, mezbaha ve endiistriyel atiklarinin desarj kaynaklarinin yakininda bulunan bolge ile ayni nehir iizerindeki Aslantas
Baraji'nin kret alti bolgesinde gerceklestirilmistir. Calismada, su kalitesinin durumu ve bu durumun Afrika kedibali§i (Clarias gariepinus Burchell, 1822)' ndaki bazi
hematolojik parametreler izerindeki etkileri belirlenmistir. Arastirma, Ceyhan Nehri lizerindeki Aslantas baraji'nin kret alti bélgesi (istasyon ) ile ayni Nehrin evsel,
tarimsal ve endiistriyel atiklarin meveut oldugu (istasyon Il) bolgesinde yapiimistir. Bu iki istasyonda, su sicakii§i, kimyasal oksijen ihtiyaci (KOI), pH, nitrat (NO3-
N), nitrit (NO2-N), amonyak (NHs-N) ve ¢oziinmiis reaktif fosfor (CRF) degerleri tayin edilmistir. Aragtirma, yaz mevsiminde (Haziran, Temmuz, Agustos) ve her bir
istasyondan 45 adet balik drneklenerek gergeklestiriimistir. Ayrica hematolojik parametrelerden eritrosit (RBC) ve RBC indeksleri (MCV: Ortalama Eritrosit
Buyikligi, MCH: Ortalama Eritrosit Hemoglobini, MCHC: Ortalama Eritrosit Hemoglobin Konsantrasyonu), 16kosit (WBC), hemoglobin (Hb), hematokrit (Hct)
degerleri ve Iokosit hiicre formilleri (lenfosit, monosit, nétrofil, eozinofil) ile serum glikoz ve protein seviyeleri gozlenmistir. istasyon II'deki fiziko-kimyasal parametre
KOI, NHz-N, NO2-N, pH ve CRF seviyeleri, istasyon I'den daha yiiksek bulunmustur. Calismada, Ceyhan Nehrinin desarj bélgesinden yakalanan C.gariepinus'ta
WBC degerleri ve I6kosit hiicre formillerinde gevresel stresérlerden dolayi artiglar, RBC, RBC indeksleri, Hb ve Hct dederlerinde ise azalma tespit edilmistir
(p<0,05). Diger yandan ayni bélgedeki serum glikoz seviyeleri yikselmis, protein degerleri ise dusmistiir. Calisma, sucul ekosistemlerin kirliliklerinin biyolojik
takiplerinde, hematolojik parametrelerin rasyonel kullanimlari agisindan 6nem arz etmektedir.

Anahtar kelimeler: Afrika Kedi Baligi (Clarias gariepinus Burchell, 1822), Ceyhan Nehri, fiziko-kimyasal parametreler, hematolojik parametreler, kirlilik

Abstract: This study was carried out in a domestic, slaughter house and industrial discharging region of Ceyhan River and under the crest of the Aslantas Dam
on the same river. In this study, the state of water quality and their effects on some hematological parameters of African Catfish (Clarias gariepinus) was identified.
Reserach, in the area under the crest of the Aslantas Dam (station 1) located on the Ceyhan River and discharging region on the same river (station II). water
temperature, chemical oxygen demand (COD), pH, nitrate (NOs-N), nitrite (NO2-N), ammonia (NH3-N) and soluble reactive phosphorus (SRP) values were
determined in these two stations. The study was realised on 45 fish from each station during the summer seasons (June, July, August). The hematological
parameters included erythrocyte (RBC) and RBC indices (MCV: mean corpuscular volume, MCH: mean corpuscular hemoglobin, MCHC: mean corpuscular
hemoglobin consentration), leukocyte (WBC), haemoglobine (Hb), hematocrit (Hct) values and leukocyte cell formulas (lymphocyte, monocyte, neutrophil,
eosinophil), serum glucose and protein levels were evaluated. The physico-chemical parameters observed that the water at station Il had higher COD, NH3-N,
NO2-N, pH and SRP than at station I. In this study, WBC values and leukocyte cell formulas of C. gariepinus were found increasing by means of environmental
stressors and also, RBC, RBC indices, Hb and Hct values were determined decreasing in C. gariepinus collected from station Il (p<0.05). On the other hand, serum
glucose levels were increased and protein levels were decreased in station Il. The study was found to be important in the biomonitoring of pollution of aquatic
ecosystems, in terms of rational use of hematological parameters.

Keywords: African Catfish (Clarias gariepinus), Ceyhan River, physico-chemical parameters, hematological parameters, pollution.

GIRIS
Sucul organizmalar i¢in kirlenme, bir stres faktériidir ve bu  yer alan tim canlilar icin oldukga dnem tagimaktadir (Firat,

nedenle stres faktorlerinin organizmalar Uzerindeki olumsuz ~ 2007; Alak vd., 2012; Arslan, 2015). Dogal ortamlarda yasayan
etkilerini belilemek ekosistemin gelecegdi ve besin zincirinde  baliklar, ylzyillardir, gevre kalite degerlendirmeleri, biyo-
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cografik galismalar, cevresel kirlilik izleme, degerlendirme ve
tir koruma galismalari ile su rejimi yonetimi ¢alismalarina biyo-
indikatér olarak dahil edilmislerdir (Kestemont vd., 2000;
Economou vd., 2007; Bashir vd., 2013). Baliklarin dokularinda
kirletici kaynakli toksik madde birikimine bagl olarak birgok
patolojinin gelisebildigi ve bu birikimin de baliklari tiketen

ylksek organizasyonlu canlilar igin yasam tehlikesi
olusturabildigi bildirilmistir (Arslan, 2015).
Hematoloji, baliklarin, fizyolojik durumlarinin

belirlenmesinin yani sira sucul ortamlardaki pestisit kaynakli
kirliligin baliklarda yarattigi stres dizeyinin belirlenmesi gibi
ekolojik durumlarin tespitinde de yararlanilan énemli bir bilim
dahidir (Azizoglu ve Cengizler, 1996). Kan hticreleri, baliklarin
internal veya eksternal gevrelerinde olusan degisikliklerin
tespiti agisindan dnemli indikatdrlerden birisidir. Baliklarda
kimyasal kirleticiler ve cevresel etkilerle olusan ilk degisimler,
hematolojik parametrelerden elde edilebilecedi gibi baz
biyokimyasal parametrelerdeki dalgalanmalardan da izlenebilir
(Stanley ve Omerebele, 2010).

Kan parametreleri, toksik maddelere maruz kalmis
baliklarda tim viicudun pato-fizyolojik indikatorleri olarak ele
alindigindan yapisal ve fonksiyonel durumlarin teghisinde de
oldukga 6nemli yer tutmaktadir. Hematokrit (Hct), hemoglobin
(Hb), eritrosit (RBC) ve RBC indeksleri sucul ekosistemdeki
metal kirliligi ve kanin oksijen tasima kapasitesinin en iyi
gbstergeleri olarak tanimlanir. Ayrica, balikta kan plazmasi ya
da serum parametreleri, kirleticilerin etkiledikleri hedef
dokularin  belilenmesinde, organizmalarin  genel saglik
durumlari hakkinda bilgi eldesinde ve stresli organizmalarda
potansiyel hasarin saptanmasinda erken uyarici sistemlerdir
(Jacobson-Kram ve Keller, 2001; Adhikari vd., 2004; Firat,
2007; Arslan, 2015). Eritrosit indeksleri olarak bilinen MCV,
MCH ve MCHC degerleri, canlilarda eritrosit hiicrelerine bagli
herhangi bir anomali olup olmadidi veya buna bagl anemik
durumlarin  ortaya cikarimasinda  bagvurulan  dnemli
hematolojik indikatorlerdendir. Baliklarda eritrosit indekslerinin,
cevresel faktdrlerden suyun kalitesi, sicakligi ve oksijen miktari
gibi degiskenlere kargi duyarli oldudu, ayrica RBC miktarindaki
artis ve azaliglara bagl dediskenlik gdsterdigi bildirilmistir
(Onusiriuka ve Ufodike, 2000; Stanley ve Omerebele, 2010;
Saravanan vd., 2011).

Karabalik, Sekiz biyik, Karayayin gibi yoresel isimlerlede
bilinen ve yetistiriciligi de yapilan C. gariepinus, kirlilige karsi
direngli, pato-fizyolojik degisimlere hizla cevap verebilen ve
ekonomik énemi olan bir tiirdlr (Geldiay ve Balik, 1998; Musa
ve Omoriegie, 1999; Appelbaum ve Kamler, 2000; Yal¢in vd.,
2001; Seith ve Saxena, 2003). C.gariepinus ile ilgili, tirdn
morfometrik 6zellikleri, nehir kirliligine kargi gdstermis oldugu
hematolojik ve histopatolojik cevaplar ile drenaj sistemlerindeki
kirlilik etmenlerinin toksik etkileri lizerine ¢ok sayida ¢alismaya
rastlanmistir (Yesilbudak vd., 2013; Yal¢in vd., 2001; Durmaz
Bekmezci, 2010).

Bu calismada, Ceyhan Nehrinin denize yakin bolgesi ile
ayni nehir Uzerinde kurulu olan Aslantas Baraji kret alti

bélgesindeki su kalitesinin durumu belirlenmis, bu durumun
strese dayanikli ve bdlge pazarina da sunulan, C. gariepinus
Uzerindeki etkisi hematolojik parametrelerle ortaya gikarilmistir.

MATERYAL VE METOT
Su numuneleri ve balik 6rneklerinin alinmasi

Aragtirma, bdlgede yillik periyotlarla yapilmis dnceki
calismalar da g6zoniinde bulundurularak, Kkirliligin st
duzeylere ulasti§i yaz aylarinda gergeklestirilmistir (Yilmazer
ve Yaman, 1999). Su ve balik drnekleri, Ceyhan Nehrinde
belirlenen farkli iki istasyondan aylik periyotlarla ve es zamanli
olarak (Haziran, Temmuz, Agustos) temin edilmigtir. ilk
istasyon; Ceyhan Nehri (izerine kurulu olan ve kirlilikten daha
az etkilendigi dustnilen Aslantas baraji kret alti bdlgesindedir.
ikinci istasyon ise; nehrin farkli desarj kaynaklarinin yakininda
yer alan ve kirliligi farkli calismalarla da tespit edilmis, gliney
bélgesindedir (Yilmazer ve Yaman, 1999; Anonim, 2010) (Sekil
1). Ceyhan Nehri, tekstil, gida, tarm ve pamuk Uretim
sektoriinin basini ¢eken dnemli bir endlstriyel merkezdir
(Anonim, 2000). Yine ayni bolgede yer alan, Baki-Ceyhan
dogal gaz boru hatti da, bdlgeye ayri bir stratejik ve endiistriyel
o6nem katmaktadir. Diger yandan hemen hemen yilin dért
mevsimi, yogun zirai aktiviteye maruz kalan bdlgenin kirlilikten
dogrudan etkilendigi ¢esitli arastirmalarla da belirlenmistir
(Yilmazer ve Yaman, 1999; Anonim, 2000; Durmaz Bekmezci,
2010) (Sekil 1).

A
raj Golu
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036 °16 64E

® OSMANIYE

Sekil 1. Ceyhan Nehri ve Omekleme Istasyonlari (I: Aslantas Barajl
Kret alti, II: Ceyhan Nehri)

Figure 1. Ceyhan River and Sampling Stations (I: Under the Crest of
the Aslantag Dam, II: Ceyhan River)

Su analizi

Su drnekleri, her istasyon icin seyreltilmis HCl ile 3-4 kez
calkalanmis ve iyice durulanmig, numune kaplari yardimiyla g
tekrarll olarak alinmistir. Ardindan, soguk zincir altinda
Cukurova Universitesi Su Uriinleri Fakiiltesi, Su Kalitesi
Laboratuvarina tasinmistir. Suyun sicaklik ve pH degerleri,
dijital pH metre (WTW marka) ile 6rnekleme alaninda
Olcllmistlr. Su kalite analizlerinden, Nitrit diizeyi (NO2-N)
kolorimetrik yontem, nitrat diizeyi (NOs-N) kadmiyum indirgeme
yontemi, amonyak diizeyi (NHs-N) fenat yontemi, ¢dziinmis
reaktif fosfor diizeyi (CRF), askorbik asit yontemi ve kimyasal
oksijen ihtiyaci (KOI) ise, titrimetrik yontemle tayin edilmistir
(APHA, 1998). Su kalite parametrelerinin kirlilik y6ninden
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sonuglari UNESCO/WHO/UNEP
degerlendirilmigtir.

(2003)e gére

Balik 6rneklerinin incelenmesi ve hematolojik analizler

Uzatma agi ve olta kullanilarak her ay 15 adet balik
orneklenmigtir. ~ Baliklar, nehir suyuyla dolduruimus ve
oksijenlendirilmis 250 L'lik tanklarla, Gukurova Universitesi Su
Urinleri  Fakiltesi Ballk Hastaliklari  laboratuvarlarina
tasinmistir. Baliklara, tagima sirasinda olusabilecek stresi en
aza indirebilmek Gzere, banyo tarzinda, 15 mg/L kinaldin
(Quinaldine) uygulanmigtir (Kuguk vd., 2016). Daha sonra
baliklarda, vicut adiri§i ve boy 6lgiimleri yapilip, makroskobik
ve mikroskobik (paraziter ve mikrobiyal) saglik taramasi
gergeklestirilmistir (Bauer, 1987; Moravec, 1994; Konuk, 1981).
Saglikli oldugu belirlenen her bir baligin kuyruk bélgesinden 1
cm?lik heparinli plastik siringalar yardimiyla, kan 6rnekleri
alinmis ve RBC (Eritrosit), WBC (Ldkosit), Hb (Hemoglobin) ve
Hct (Hematokrit) tayini icin EDTA'll tlplere aktariimistir.
Ardindan, laboratuvar kosullarinda hazirlanan ve asagida
icerigi verilmis olan Natt-Herrick sollsyonu ile kan drneklerinin
sulandirimasindan sonra RBC ve WBC sayilari, 1sik
mikroskobunda, Thoma lami ile belirlenmistir. Hb tayininde,
Syanmethemoglobin yontemi kullanilmis, Hct tayini ise mikro-
hematokrit yontem ile yapilmistir (Blaxhall, 1972; Tanyer,
1985).

RBC ve WBC sayilarinin tayini igin hazirlanan Natt-Herrick
sollisyonu (Natt ve Herrick, 1952);

3,88 g Sodyum klorur

2,50 g Sodyum stilfat

2,91 g Disodyum fosfat 12H20
2,25 g Monopotasyum fosfat

7,50 cc (%37) Formalin
0,1 g Metil kirmizisi
1000 cc Distile su

RBC indeksleri ise asagida gosterildigi sekilde formiilize
edilip, hesaplanmistir (Schreck ve Moyle, 1994):

MCV: Ortalama Eritrosit BuyukIigu (u®) = HcYRBCx10
MCH: Ortalama Eritrosit Hemoglobini (pg) = Hb/RBCx10

MCHC: Ortalama Eritrosit Hemoglobin Konsantrasyonu
(%) = Hb/Hctx100

Serum glikoz ve protein tayininde, Kolorimetrik
(Spektrofotometre  benzeri)  yontemden  yararlaniimigtir
(Fujimaki ve Isoda, 1990). Diger yandan baliklardan heparinsiz
olarak dogrudan alinan kan Orneklerinden yapilan kan
yaymalari, My Griinwald-Giemsa karisik boyama teknigine
uygun olarak boyanmistir (Kocabatmaz ve Ekingen, 1984;
Konuk, 1981). Boyali yaymalar 11k mikroskobu (Olympus CH-
20) ile x100'llik objektifte incelenmistir. Her bir yayma igin 100
[6kosit siniflandinimis ve I6kosit hiicre formdlleri (lenfosit,
monosit, ndtrofil, eozinofil) ylizde olarak ifade edilmistir
(Fujimaki ve Isoda, 1990).

istatistiksel analizler

Sonuglar ortalamax% 95 giiven araliinda degerlendiriimis
ve SPSS-17 paket programinda t-testi uygulanmigtir (Erol,
2010). P degeri (<0,05) 6nem derecesini géstermektedir.

BULGULAR

Su analizlerinde, Il. istasyona ait tim su kalitesi parametre
degerlerinin, I. istasyona ait degerlerden daha yliksek oldugu
tespit edilmistir (Tablo 1).

Tablo 1. Ceyhan Nehri'nin fiziko-kimyasal 6zellikleri. |: Aslantas baraji kret alti, Il: Ceyhan nehri. NOs-N: Nitrat, NO2-N: Nitrit, NH3-N: Amonyak,

CRF: Céziinebilen Reaktif Fosfor, KOI: Kimyasal Oksijen ihtiyaci

Table 1. Physico-chemical oroperties of Ceyhan River. |: Under the crest of the Aslantag Dam, II: Ceyhan River. NO3-N: Nitrate, NO2-N: Nitrite,
NHs-N: Ammonia, SRP: Soluble Reactive Phosphorus, COD: Chemical Oxygen Demand

Su Parametreleri

istasyonlar Sicaklik pH NOs-N NOz-N NH3-N CRF (mglL) KOI
(C) (mglL) (uglL) (ugll) (mglL)
| 21,067 4* 8,10+0,0 0,55+0,0 0,007+0,0 0,25+0,2 0,01£0,0 8,81+3,1
I 26,80+7,5 7,21%0,0 1,26+0,0 0,04+0,0* 0,45+0,0 0,03+0,1* 37,7546 ,4*
* |stasyonlararasi ayinm (p<0,05). Degerler, ortalamazstandart sapma olarak tanimlanmigtir
Diger yandan istasyonlardan yakalanan baliklarin ortalama  rastlanmamigtir.  Analizlere alinincaya kadar 6nemsiz
boy-adirlik degerleri ise sirasiyla, I. istasyon i¢in boy: 44,0+2,8  miktarlarda gdézlenen mortalite, calismayl etkileyecek

cm., agirhik: 671,74+13 g.; Il. istasyon igin boy: 44,05+1,5 cm.,
agirhik: 722,5+74 g. olarak olgllmusttr.

Denemeler siresince istasyonlardan temin edilen baliklar
Uzerinde vyapilan mikroskobik ve makroskobik saglk
taramasinda, baliklarda énemli bir bulgu ve olumsuziuga

duzeylerde bulunmamistir.

Hematolojik analizlerde, Il. istasyondan yakalanan
baliklardaki tlim parametre degerlerinde, I. istasyon degerlerine
gbre azalma belirlenirken, WBC ve I6kosit hiicre formiillerinde
onemli diizeyde artis kaydedilmistir (p<0,05) (Tablo 2, Tablo 3).
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Tablo 2. Clarias gariepinus’un Hematolojik Parametreleri. I: Aslantas Baraji kret alti, II: Ceyhan Nehri. Hb: Hemoglobin, Het: Hematokrit, RBC:
Eritrosit, RBC indeksleri; MCV: Ortalama Eritrosit Biyiikligii, MCH: Ortalama Eritrosit Hemoglobini, MCHC: Ortalama Eritrosit Hemoglobin
Konsantrasyonu

Table 2. Hematological Parameters of Clarias gariepinus. I: Under the Crest of the Aslantas Dam, II: Ceyhan River. Hb: Haemoglobin, Hct:
Hematocrit, RBC: Erythrocyte, RBC Indexis; MCV: Mean Corpuscular Volume, MCH: Mean Corpuscular Haemoglobin, MCHC: Mean Corpuscular

Haemoglobin Concentration

RBC indeksleri

lstasvonlar Hb Het RBC Mcv MCH MCHC
Y (g/dL) (%) (10%/mm?) () (pg) (%)
| 891£24 31,904,7 2,017+12 171,64+ 21,8 48,12+7,6 25,70+3,0
I 55,84+1,3* 24,9045,1* 1,83358°* 133,62+17,1* 29,0745,7* 22,03£2,6*

* [stasyonlar arasi ayinm (p<0,05). Degerler, ortalamazstandart sapma olarak tanimlanmistir.

Tablo 3. Clarias gariepinus’un |6kosit hiicre miktari ve hiicre formdilleri. I: Aslantas Baraji kret alti, Il: Ceyhan Nehri. WBC: Lokosit
Table 3. Leukocyte cell amount and cell formulas of Clarias gariepinus. I: Under the Crest of the Aslantas Dam, II: Ceyhan River. WBC: Leukocyte

Lokosit Hiicre Formiilleri

istasvonlar WBC Lenfosit Monosit Notrofil
g (10%/mm?3) (%) (%) (%)
| 1055430 76,10£9,8 13,30+3,5 1,80+1,4
I 3934£10* 95,60£2,0* 37,0£6,1* 5,0£2,1*

* [stasyonlar arasi ayinm (p<0,05). Degerler, ortalamazstandart sapma olarak tanimlanmistir.

Baliklarin serum protein ve glikoz degerleri de Sekil 2'de
gosterilmistir. Buna gére, Il. istasyondaki glikoz degerleri
(146,4+6,0 mg/dL), |. istasyon degerlerine oranla (55,30+6,8
mg/dL) daha yuksek iken, protein seviyelerinin ise |. istasyona
gére (9,74+1,8 g/dL), Il. istasyonda daha duslk oldugu
(3,14£0,9 g/dL) tespit edilmistir (p<0,05).

14,00
160,00
T
140,00 12,00
120,00 10,00
3 mistasyonl || 3 m [atasyon I
g 10000 2 .00
£ s000 mistasyonll || £ m Istasy on IT
g 2 600
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20,00 2,00
0,00

Sekil 2.Clarias gariepinus’'un Serum Protein ve Glikoz Seviyeleri.
istasyon |: Aslantas Baraji kret alti, istasyon Il: Ceyhan Nehri

Figure 2. Serum Protein and Glucose Levels of Clarias gariepinus.
Station I: Under the Crest of the Aslantas Dam, Station II: Ceyhan
River

TARTISMA

Evsel, endistriyel ve tarimsal atik sularda bol miktarda
bulunan azotlu ve fosforlu bilesikler, sucul sistemlerde kirlilige
neden olan unsurlarin basinda gelmektedir (Giiler ve
Cobanoglu, 1997; Aslan vd., 1999; Edwards ve Guillette, 2007).
Yilin yaklasik dort mevsimi yogunluklu olarak tarimsal atik ile
endustriyel, evsel ve kanalizasyon atiklarina maruz kalan
Ceyhan Nehrinde, demir (Fe), aliminyum (Al), nikel (Ni),
kursun (Pb) ve kadmiyum (Cd) varliginin yiksek oldugu

bildirilmistir (Yilmazer ve Yaman, 1999). Bu arastirmada II.
istasyonda, su kalite parametrelerinden KOI, NOs-N, NO2-N,
NHs-N ve CRF degerleri, Aslantas Baraji kret alti bolgesinde
segilen |. istasyondaki degerlerden daha yiiksek diizeylerde
bulunmustur. Calismada, UNESCO/WHO/UNEP (2003)’e
gore, Il. istasyonun . istasyona gére kirli oldugu bildirilmistir.

Havza'da yapillan bir ¢alismada noktasal kirlilik
kaynaklarinin (kentsel yerlesimler, endistriyel tesisler ve
duzenli kati atik depolari) daha kiigiik bir paya sahip oldugu
tarimsal alanlardan gelen kirliligin ise daha énemli oldugu
bildirilmistir. Ayni ¢alismada havzanin denize yakin bdliminde
cok kirli su sinifina girecek 6lgiide organik madde ve amonyum
yogunlugu oldugu vurgulanmistir (Anonim, 2010).

Nitrit genel olarak ylizey sularinda 0,001 mg/L civarindadir.
Daha yiksek derisimlerde olmasi mikrobiyolojik olarak su
kalitesinin iyi olmadigini veya endustriyel etki altinda oldugunu
diisiindiirmektedir. Otrofikasyon igin izin verilen nitrat degeri ise
0,2 mg/L’dir. Fosfat fosforu derisimi ¢odu ylizey sularinda
0,005-0,020 mg/L arasinda degismekte ve ylksek derisimleri
otrofikasyona neden olmaktadir (UNESCO/WHO/UNEP,
2003). Arastirma alanindan elde edilen degerler ise bu
degerlerin izerinde tespit edilmistir.

Tayel vd. (2008), Nil Nehrinde El-Rahawy drenajinda
yapllan bir calismada, ¢ozinmis inorganik nitrojenin;
amonyak, nitrit ve nitratin toplami oldugunu ve nitratin yiksek
konsantrasyonlarinin mikrobiyal aktiviteyi de tesvik ettigini
bildirmislerdir. Ayrica nehirde, kaydedilen yiksek miktardaki
nitrat  seviyesinin, nitrifikasyon  bakterileri  tarafindan
gerceklegtirilen nitrit-nitrat dontsumnn bir géstergesi oldugu
bildirilmistir.
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Kanalizasyon sulari, yiksek BOI, KOI degerlerine sahip
olup, amonyum, fosfat, klorit ve adir metalleri de yiksek
seviyelerde bulundurmaktadir. Kirlilik galismasi  yapilan
alanlarda genellikle ¢oziinmiis oksijen (CO) seviyelerinin diisiik
olmasinin, toksisitenin artmasina yol actigi ve budurumun da
cesitli toksikantlar igin letal konsantrasyon degerlerinin
dusmesine neden oldudu bildirilmistir (Audu vd., 2014). Clarias
gariepinus tiriinin 6rneklendigi asagr Seyhan Ovasi drenaj
kanallarinda yapilan bir galismada, segilen bes istasyonda, su
kalitesi ve kirleticilerin baliklarin karaciger, kas ve beyin
dokularindaki metal birikimi, Glutatyon (GSH) redoks durumu,
oksidatif stres ve norotoksisite olusturma potansiyelleri ile
biyometrik 06zellikleri incelenmistir. C. gariepinus’un tim
istasyonlarda baliklarin kirlilige karsi cesitli adaptasyonlar
gelistirdigi ve kirlilige karsi dayanikl bir tir oldugu bildirilmistir
(Durmaz Bekmezci, 2010). Ayrica, Seith ve Saxena (2003), C.
gariepinus’un diger sucul organizmalarda da gdzlendigi gibi

olumsuz gevre kosullarinda, dlgilebilir  pato-fizyolojik
degisimlerle hizli cevap verebilen bir tir oldugunu
bildirmislerdir.

Rogers vd. (2003), kursun toksisitesi ile ilgili

arastirmalarinda, 72 ve 96 saatlik kursun uygulamalarinda
hematolojik parametrelerden Hb ve Hct konsantrasyonunda
onemli dlzeyde azalmalar, protein ve glikoz miktarinda ise
onemli bir degisim izlememislerdir. Benzer bir ¢alismada,
Javed ve Usmani (2013), yetistiricilik havuzlarinda, ¢esitli agir
metallerin sinerjistik etkisi ile toksik stres ve balik saghg
bakimindan, hematolojik parametrelerin indikator olarak
6neminden bahsetmiglerdir. Ayrica kirletici unsurlar ile
beslenme ve enfeksiy6z hastaliklarin, baliklarda hematolojik
acidan  degerlendirildigi  cesiti  calismalarda,  eritrosit
degerlerinin farkli tirden stres kaynaklari igin guvenilir
gostergeler oldugu bildirimistir (Rehulka, 2000; Rehulka,
2002a; Rehulka, 2002b Rainza-Paiva vd., 2000; O'neal ve
Weirich, 2001; Adeyemo, 2007).

Calismamizda kirli oldugu tespit edilen, Il. istasyonun
bulundugu bélgeden yakalanan baliklarda RBC, Hb ve Hct
degerlerinin dnemli diizeyde azaldig, Idkosit hiicre miktarinin
ise onemli artiglar gosterdigi tespit edilmistir. Su kalitesinin
kirleticiler tarafindan etkilendigi durumlarda, herhangi bir
fizyolojik degisimin, hematolojik parametrelerin bir veya daha
fazlasi lizerinde yansimalari olacaktir. Yapilan bir calismada,
sucul ortamda zaman iginde biriken kirlilik faktdrlerinin, dzellikle
sicakhgin arttigi donemlerde ortamdaki oksijen diizeyini de
duslrmesiyle, hematolojik parametrelerden RBC, Hb ve Hct
seviyelerinin dogrudan etkilendigi ve yari yariya azaldigi
bildirilmistir (Audu vd., 2014). Il. istasyondan tespit edilen RBC,
Hb ve Hct miktarlarinin, 6zellikle sicakligin da yiiksek oldugu
yaz aylarinda azalmasi, yapilan dnceki galisma sonuglarini da
destekler niteliktedir.

Onceki caligmalarda (Gaber vd., 2013), toksik stres
altindaki baliklarda lenfomiyeloid doku’larindan lenfositlerin
salinimina bagh olarak lenfopoesis tespit edilmistir. Bu durum
stres altindaki baliklarda I6kosit sayisinin da artmasina neden
olmustur. Arastirmamizda lokosit hlicre formllerinden lenfosit,

monosit ve nétrofil hiicrelerin l6kosit hiicre sayisindaki artisa
benzer bir artis gdsterdigi bildirilmistir. Cesitli stres faktorlerine
maruz kalmis baliklarda, immin sistemin canli (zerindeki
koruyuculugunu ve savunmasini artirmak Uzere nétrofil ve
monosit hicrelerin artarak savunmaya dahil olduklari
izlenmistir (Hoeger vd., 2004). Pestisitler, igerdigi bilesige ve
dozuna gdre immun sistem (zerine baskilayici ya da uyarici
etkiye sahiptir. Baliklarda kirlilige bagli olarak, artan serbest
radikallerin, I6kositlerin birikmesine ve dolayli yoldan nétrofil
aktivasyonuna neden oldugu bildirilmistir (Ascherio vd., 2006).

C. gariepinus ile yapilan gesitli galismalarda, gevre kirliligi
ile patojen kaynakli hastaliklarin neden oldugu strese bagli
olarak, MCV, MCH ve kan glikoz seviyeleri ile boy ve agirlik
arasinda pozitif korelasyon belirlenmistir (Onusiriuka ve
Ufodike, 2000). Stanley ve Omerebele (2010), artan toksik
madde konsantrasyonu ile MCH ve MCHC duzeylerinin
azaldigini kaydetmislerdir. Calismada mikrositik aneminin
yanisira, stres biyo-indikatdrlerinden Hb ve Hct degerlerinin,
eritrositosis’in iki kati azaldi§i ve MCV, MCH ve MCHC
degerleri ile paralel olarak distigl vurgulanmistir. Benzer
dusUgler, formaline maruz kalmig C. gariepinus igin de
kaydedilmistir (Okomoda vd., 2010). Saravanan vd. (2011)
yaptiklari ¢alismada, sazan (Cyprinus carpio)lari 24 saat
suresince, lindan’'in 0,38 ppm’lik dozuna maruz birakmislardir.
Pestisite maruz kalan baliklarda kontrol grubuna kiyasla MCV,
MCH, MCHC, hemoglobin, hematokrit ve eritrosit degerlerinde
dusts, I6kosit sayllarinda ise artis meydana geldigini
bildirmiglerdir. Il. istasyondan yakalanan baliklarin, eritrosit ve
eritrosite bagll hemoglobin ve hematokrit degerleri ile RBC
indekslerinde de dugslsler kaydedilmistir. Elde edilen veriler
onceki calismalarda bildirilen sonuglari da destekler niteliktedir.

Diger yandan yapilan gesitli toksisite c¢alismalarinda,
baliklarda patolojik faktorlerin  de etkisiyle eritrosit
dejenerasyonlarinin oksijen tasinimini etkiledigi ve uzun sireli
Hb eksikligine neden oldudu bildiriimistir. Bu durumun ise
eritrosit hilicre  membraninda yapisal hasarlar biraktigi,
hemoglobin sentezinde aksamalar ve hemolize neden oldugu
vurgulanmistir (Adeyemo, 2007; Gafaar vd., 2010). Okomoda
vd. (2013), yaptiklari galismada farkli konsantrasyonlardaki
(18,33; 20,93 ve 16,05) bir tir herbisitin karabaliklarin (C.
gariepinus) hematolojik parametreleri (zerine etkilerini
incelemiglerdir. Hemoglobin miktari, eritrosit sayisi (RBC),
trombosit sayisi (PLT) ve paket hiicre hacmi (PCV) degerlerinin
artan toksikan konsantrasyonuna bagli olarak azaldigini tespit
etmislerdir.

Glikoz, omurgall hayvanlarda, yliksek eneriili bir bilesik
olup, kas ve karaciger dokularinda glikojen formunda depo
edilir. Bu nedenle kirleticilerin etkisinde kalan sucul
organizmalarin metabolik ve fizyolojik faaliyetleri ile hematolojik
parametrelerde meydana gelen degisimlerin belirlenmesi,
ortamdaki kirlilik dlizeyini yansitmasi bakimindan oldukga
dnem tagimaktadir (Arslan, 2015). Yapilan ¢alismalarda, farkli
stresOrlere maruz kalmis gesitli balik tirlerinde kanda hizl bir
glikoz artisi tespit edilmistir (hiperglisemi) (Pickering, 1992;
Yavuzcan Yildiz ve Polatsu, 1999). Farkli bir galismada, serum
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glikoz seviyesindeki artigin, kullanilan medikamentler veya
kimyasallara karsi metabolik savunmadaki asiri enerji
ihtiyacinin sonucu olabilecegi vurgulanmistir (Ciftgi vd., 2008).
Baliklarda, kan glikoz dizeyinin stres, mevsimler, toksik
maddeler, sanayi atiklari ve enfeksiyonlardan dogrudan
etkilendigi bildirilmistir (Celik, 2008).

Dokularin  protein  diizeyleri, sucul organizmalarda
kimyasallarin neden oldudu stres belirtegleri olarak ifade
edilmektedir. Serum proteinleri enzimatik taginim ve hormonal
isleve sahip olduklarindan, kirleticilerden dogrudan etkilenirler.
Seyhan ovasi drenaj kanallarinda C. gariepinus'ta yapilan
kirlilik calismasinda, tarimsal, evsel ve sanayi kirliliginin protein
sentezini  baskiladigi  bildiriimigtir  (Osman vd., 2010).
Calismamizda serum protein dederlerinin kirli bolgede dnemli
dlizeyde azalma gOstermesi, 6nceki ¢alisma sonuglari ile
uyumludur. Yapilan arastirmalarda serum protein degerlerinin
toksik maddeler, hastaliklar, stres, sanayi ve evsel atiklara
bagl kirlilik, su sicakhigi, mevsimler ve balik tiirG ile ilgili oldugu
bildirilmistir (Celik ve Bilgin, 2007).

Diger yandan stresorler, glikoz, trigliserid veya kolesterol
dlzeyinde artiglara neden olup, bunun da bir gesit enerji rezerv
artisi oldugu ve organizmanin stresle bas edebilme yeteneginin
gostergesi  olarak tanimlanmigtir  (Priya vd., 2012).
Calismamizda, II. istasyona ait glikoz degerlerinin, 1. istasyona
gére oldukca ylksek oldugu kaydedilmistir. Glikoz
seviyesindeki artisin akut ve subletal olarak uygulanan
kirleticilere kargi baligin verdigi genel bir tepki oldugu cesitli
arastirmalar ile de desteklenmistir. Stres faktorleri ve kas
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Abstract: Bivalve aquaculture is generally influenced by bacterial pathogens that cause high mortality-related losses in hatcheries. Six bacterial phenotypes had
been previously isolated as the most predominant microorganisms in carpet shell clam (Tapes decussates) samples collected from natural beds in representative
Egyptian clam fisheries. The main aims of this study were to investigate the nature of the pathogenic strains that significantly affect clam survival and test their
susceptibility to commercially available antibiotics. Based on their 16S rRNA sequences and some biochemical features, two potent clam pathogens were emerged;
one of which is gram-positive and the other is gram-negative. The former isolate was identified as Micrococcus luteus and the latter as Vibrio alginolyticus.
Experimental challenges with the two bacterial pathogens introduced at different initial cell concentrations (2.5 X 104 - 7.5 X 104 cfu ml') showed markedly diverse
clam mortality results. However, the pathogenic interaction of M. luteus with clam survival was generally higher than that of V. alginolyticus. When introduced at a
relatively low initial cell density, the infectious records of V. alginolyticus were significantly increased suggesting that the expression of its key virulence factors is
mainly triggered as a response to host contact. Antibiotic susceptibility tests suggested chloramphenicol and tetracycline as markedly effective agents that can be

used to control the spread of these two bacterial pathogens in aquaculture applications.

Keywords: Micrococcus luteus, Vibrio alginolyticus, Tapes decussates, pathogenicity, fisheries and Aquaculture

INTRODUCTION

Bivalves are traditionally used in most of the coastal regions
as food. They are rich in proteins with essential amino acids
and polyunsaturated fats with significant amounts of omega-3
fatty acids required for the growth and development of the
human body (livestrong.com, 1969; Dong, 2010). However, due
to feeding by filtering large volumes of water, bivalves can
concentrate different types of pollutants including trace metals
and microorganisms and exert health risks to consumers (Collin
et al., 2008; Ramos, et al., 2012; Tubiash, 1975).

Microbial diseases affecting marine cultured bivalves have
been previously revised and analyzed taxonomically and
phylogenetically (Paillard et al., 2004). These included Pecten
larvae-Vibrio pectinicida, brown ring disease, juvenile oyster
disease, Pacific oyster nocardiosis and summer mortalities of
oysters.

Disease-associated mass mortalities of bivalves were
responsible for declining bivalve populations in commercial
clam beds and fisheries in many areas such as the Yellow Sea
of Korea, China as well as in Europe (Paillard, 2004; Park, et
al., 2006). Aquaculture of molluscs is greatly influenced

© Published by Ege University Faculty of Fisheries, Izmir, Turkey

worldwide by bacterial pathogens that cause high mortalities
and losses in hatcheries as well as in natural beds. Vibrio
species are considered the main bacterial pathogens being
responsible for the mortality outbreaks in aquaculture over the
past few years (Romalde and Barja, 2010, Chatterjee and
Haldar, 2012). As well, a new bacterial pathogen identified as
a Vibrio spp has been recently isolated from bivalves (Dubert
etal., 2016).

Therefore, the control of bacterial diseases in aquaculture
is still an active research field. It involves investigating
alternative treatment and disease prevention methods such as
the use of disinfectants, antibiotics and vaccines (Romero, et
al., 2012). However, governmental controlling actions are
required for responsible use of antimicrobial agents in
commercial scales. Based on preliminary research results, it
has been also suggested that probiotics enhance the immune
response of fish and confer tolerance against different stressors
(Dawood and Koshio, 2016).

Investigations regarding the occurrence of pathogens in
bivalves and their possible effects on bivalve survival and
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production in some countries and water areas are still needed.
The present work was mainly conducted to uncover some
necessary microbial information related to marine bivalves
collected from Egyptian commercial fisheries using the carpet
shell clam, Tapes decussatus as a model.

The main aims of the present study were to identify major
clam-associated bacterial pathogens and assess their
potentials to cause clam mortalities in addition to their
sensitivity to some commercially available antibiotics.

MATERIALS AND METHODS
Test animal

Healthy clams of Tapes decussatus were collected from
natural fishery of Ismailia coast with the aid of divers. In each
experiment, about two hundred clams were used. The shell
lengths of clams ranged between 19.2-38.5 (28.3+6.1) mm,
whereas the whole weight range was between 1.28 - 10.33
grams.

Bacterial growth medium

Bacterial isolates were kept in refrigerator on nutrient agar
medium. Nutrient broth was used for cultivation of bacterial
strains. Both medium was prepared by seawater instead of
distilled water.

Bacterial isolates and mortality assay

Six distinct bacterial phenotypes have been previously
isolated from Egyptian clam fisheries on TCBS agar plates
(Abdella, et al., 2015). Bacterial isolates were purified and kept
at-80 in cryo-tube. The assessment of the bacterial potential to
infect clam was conducted using a modified method after
Gomez-Ledn et al., (2008). Three replicates of 4 L containers
were used for each of the six bacterial isolates in addition to
three containers as control without bacteria. Containers were
filled with two liters of seawater sterilized by chlorination
followed by de-chlorination (Kemp, 2006). Thirty randomly
chosen clams were added to each container at room
temperature. Bacterial cells were introduced with a final
concentration of approximately 5x104 cfu ml-. Clam survival
was checked twice in a day and gaped or dead clams were
removed and counted. The water was replaced in 50% weekly.

Statistics

All statistical analyses were conducted using Microsoft
Excel 2013. The differences in survival between clam samples
exposed to different concentrations of experimental pathogenic
bacteria were analyzed by the one-way ANOVA test to evaluate
their global significance. This was followed by LSD post-hoc
test to determine the specific pairs of means that differ
significantly at o= 0.05.

Molecular characterization of bacterial isolates

DNA was obtained by harvesting up to 2 x 109 bacterial
cells in a 1.5 ml micro-centrifuge tube by centrifugation for 10
min at 5000 x g. The pellet was re-suspended in 180 ul of lysis

Solution (Sigma). Proteinase K (20 pl) was added and mixed.
The mixture was incubated at 56°C with shaking till complete
lysis (about 30 min). RNase A (20 ul) was added, mixed and
incubated for 10 min at room temperature. After centrifugation
(10 min, 5000 x g), clear filtrate was transferred to a new
microfuge tube for ethanol precipitation. DNA was then purified
using genomic DNA purification columns (GeneJET™). PCR
reaction was performed with Maxima® Hot Start Master Mix.
The PCR components were mixed with F27 and R1492 16S
rDNA universal primers and DNA template in nuclease free
water (Lane, 1991). PCR was then performed using the thermal
cycling of 94, 94, 50, 72, 72°C for 10 min, 20 s, 1 min, 1.5 min,
10 min respectively. PCR product was loaded on 1% agarose
gel against 1 Kb ladder for analysis, purified using GeneJET™
purification column and sequenced by an ABI 3730xI DNA
sequence analyzer. Homology search for the obtained
sequences was performed using BLAST through NCBI. A
maximum likelihood phylogenetic tree was constructed using
the software Molecular Evolutionary Genetics Analysis version
7.0 (Kumar et al., 2016)

Phenotypic characterization

In addition to microscopic examination of cell morphology
and gram staining, potent clam pathogens were subjected to
biochemical characterization using API 20E for Gram-negative
and the API STAPH for Gram-positive isolates following the
manufacturing instructions (biomerieux).

Antibiotic susceptibility test

Antibiotic susceptibility test was carried out using disc
diffusion method (Kayser et al., 2005; Jorgensen and Ferraro,
2009) on Muller-Hinton Agar. Sodium chloride was added to the
medium (1%) to give optimal growth for Vibrio spp. (Ottaviania
et al., 2001). The antibiotics tested included Rifampicin (RD
5ug), Chloramphenicol (C 30ug), Gentamicin (CN 10pg),
Amoxicillin (AML 10ug), Metronidazole (MTZ 5ug), Piperacillin
(PRL 100ug), Fusidic acid (FD 10ug), Streptomycin (S 10ug),
Cephalexin (CL 40ug) and Tetracycline (TE 30ug)] (CLSI,
2007; Jorgensen and Ferraro, 2009; Kayser et al., 2005).
Plates incubated at 37°C for 24 h and the inhibition zone
diameter was measured and recorded to the nearest millimeter.
Observed diameters were translated into susceptible,
intermediate and resistant categories according to the inhibition
zone diameter standard table of Clinical and Laboratory
Standards Institute (CLSI, 2007; Jorgensen and Ferraro, 2009).

RESULTS
Experimental bacterial challenges

We evaluated the relative survival of Tapes decussatus
under experimental challenges using six phenotypically distinct
bacterial isolates (B1-6) that had been previously isolated as
the most predominant microorganisms in some Egyptian carpet
shell clam samples. After 15 days of bath exposure,
considerable differences in susceptibility to bacterial
challenges were observed. However, among the six examined
bacterial isolates, only B4 and B6 showed significant clam
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mortality records that exceeded 50% (data not shown). Until the
end of the incubation period, no mortality was detected in the
control cultures.

Characterization of the potent clam pathogens B4 and
B6

After  Gram  staining,  microscopic  examination
demonstrated that B4 cells are Gram-positive cocci and that B6
cells are Gram-negative and rod-shaped. PCR amplification of
the DNA extracted from each of the two pathogenic isolates
resulted in approximately a 1400 base pair fragment of the 16S
rDNA region. Based on nucleotide homology analysis of the
obtained sequences, the isolates B4 and B6 have been
identified as members of the species Micrococcus luteus and
Vibrio alginolyticus which are well known causative agents of
severe diseases such as meningitis (Altuntas et al., 2004) and
vibriosis (Lagana et al., 2011), respectively. The two sequences
were submitted to DNA Data Bank of Japan (DDBJ) with the
accession numbers AB859252 and AB859251 for isolate B4
and B6 respectively. The phylogenetic relationships between
each of the two isolates and some closely related genotypes
showed in Fig 1.

Micrococcus yunnanensis MER_3a
{‘7— Microcaccus aloeverae strain AN-04 7]
Micrococcus yunnanensis 0312MAR1AS

Micrococeus lylae strain DSM 20315

Micrococcus luteus strain OAct832

Micrococcus luteus ML

Strain B4

Strain B6
Wibrio alginolyticus strain HQBE0S

Vibrio parahaemaolyticus Xmb045

ibrio jasicida CR-I-1

Vibrio cyclitrophicus FAST

Wibrio metschnikovii NG155

o

Figure 1. Amaximum likelihood phylogenetic tree based on 16S rDNA
genes of the isolates B4 (A) and B6 (B) and closely related sequences.
The branch lengths indicate the number of substitutions per site

The two pathogenic isolates were further subjected to
biochemical tests which confirmed the molecular
characterization results of B4 as a M. luteus strain and B6 as a
V. alginolyticus strain (data not shown).

Effect of M. luteus and V. alginolyticus dosages on
survival of Tapes decussatus
Carpet shell clam cultures were separately exposed to

three different concentrations of the experimental pathogenic
strains of M. luteus and V. alginolyticus. As shown in Fig 2 and
3, mortalities were absent or very low under unchallenged
control conditions. However, all bath exposure challenges
showed that M. luteus and V. alginolyticus induced
considerable mortalities. The highest examined M. luteus cell
concentration (7.5 X 104) induced T. decussatus mortalities up
to more than 50% death after 17 days of exposure and 100%
in the 18t day (Fig 2). Lower mortality records were observed
with the lower concentrations (2.5 X 104 and 5.0 X 104). On the
other hand, the lowest examined level of V. alginolyticus cells
(2.5 X 104) appeared to be the most effective dose as it induced
the highest T. decussatus mortality records (more than 30%)
within 17 days of exposure (Fig 3). The number of dead clams
was then continued to increase to reach 45% within 39 days.
On the other hand, lower mortality records were observed in the
presence of higher bacterial cell concentrations.

The one-way ANOVA test revealed that there are significant
variations among the observed mortality records (Table 1) with
P=0.00818 for M. luteus and P=0.000283 for V. alginolyticus.
Performing post-hoc tests and plotting the means of number of
dead clams against concentration of bacteria (Fig 4) confirmed
that the challenging effects caused by the highest examined M.
luteus dose and the lowest introduced V. alginolyticus level on
clams are significant.
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Figure 2. Survival percentage of T. decussatus challenged with three
different concentrations of M. luteus (conc. 1= 2.5 x 104, conc. 2= 5 X
104 and conc. 3=7.5 X 104 cfu mI-")
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Figure 3. Survival percentage of T. decussatus challenged with three
different concentrations of V. alginolyticus (2.5 x 104, 5 X 104 and 7.5
X 104 cfu ml)

Table 1. ANOVA test for the effect of different bacterial cell
concentrations of M. luteus and V. alginolyticus on T. decussatus
mortalities

Organism SS df MS F P-value
M. luteus 1757167 3 585.7222  6.60025  0.00818
V. alginolyticus ~ 371.5167 3 123.8389 1558316  0.000283

BMicrococcus luteus B Vibrio alginolyticus

Control 25 55

Bacterial cells concentration

Figure 4. Means of dead T. decussatus as a response to exposure
to different bacterial concentrations

Screening for antibacterial susceptibility

Intensive aquaculture applications lead to the spread of
several bacterial pathogens, which in turn necessitate the use
antimicrobials. In the present work, the experimental M. luteus
and V. alginolyticus isolates were assayed for their
susceptibility to ten different antibiotics currently used in
aquaculture practices. Based on the inhibition zone diameters
shown in Fig 5, the phenotypes of B4 and B6 can be described
as sensitive, intermediate or resistant to an antibiotic. The
results indicated that M. luteus and V. alginolyticus isolates
respond similarly with most antibiotics; for instance, both are
resistant to metronidazole and fusidic acid and highly sensitive
to chloramphenicol and tetracycline. However, the effects of
gentamicin, piperacillin, streptomycin and cephalexin on the
two pathogens are relatively intermediate. On the other hand,
the two isolates responded oppositely to rifampicin and

amoxicillin where the former was not effective against M. luteus
and the later was resisted by V. alginolyticus.

35 BMicrococcus luteus

BVibrio alginolyticus

Diameter of inhibition zone (mm)

Antibiotics

Figure 5. Inhibition zone diameters expressed in mm corresponding
to ten antibiotics against M. luteus and V. Alginolyticus

DISCUSSION

In the present study, two microbial pathogenic strains that
significantly affect clam survival have been isolated and
identified as members of the gram-positive species M. luteus
(B4) and the gram-negative species V. alginlyticus (B6). These
results support the findings reported by other workers who
suggested the ability of these two-bacterial species to cause
disease and induce mortality in bivalves (Wu et al., 2013). They
examined the ability of M. luteus and V. anguillarum to induce
an immunological response in the mussel Mytilus
galloprovincialis such as osmotic stress, disturbance in energy
metabolism and alteration of metabolic biomarkers. They found
that both of these two bacteria are able to induce osmotic
regulation disturbances, oxidative stress, cellular injury but with
different levels of severity in mussels.

Many Micrococcus spp. and closely related genera are
generally harmless saprophytes. However, M. luteus can infect
different hosts including humans, mammals, and some marine
animals such as fish, sharks, crustacean shellfish, shrimps, and
prawns (PHAC, 2011). M. luteus has been reported as a
causative agent in cases of meningitis, intracranial abscesses,
pneumonia and septic arthritis in immune-suppressed or
immune-competent persons (Altuntas et al., 2004; PHAC,
2011). The study conducted by Aydin et al. (2005) also
confirmed that M. luteus must be considered as a potential
bacterial pathogen for fish.

The cell wall teichuronic acid (TUA) of M. luteus is an acidic
long-chain polysaccharide polymer and has some similarity
with that of the so-called capsular polysaccharides which are
usually considered to be essential and virulent factors for
pathogenic bacteria, such as Streptococca and Staphylococca
(Deng et al., 2010). Therefore, the more the doze of M. luteus
cells faced by the host, the more their infectious severity.
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The second isolated pathogenic bacterium, V. alginolyticus has
been reported as a causative agent of vibriosis which is the
most commonly encountered disease associated with intensive
bivalve cultures in hatcheries and nurseries (Miossec et al.,
2009). In the South China Sea, V. alginolyticus was reported to
be the dominant causative agent of high mortality vibriosis in
the large yellow croaker, sea bream, grouper, kuruma prawn
and shellfish species (Liu et al., 2004). V. alginolyticus reported
to be common in adult bivalve over the bivalve in the hatcheries
(Wang et al., 2016). Besides, it was reported that other vibrios
such as Vibrio europaeus cause mortality in larvae of other
kinds of clams (Dubert et al. 2017).

In contrast to the case of M. luteus, our results demonstrated
that the clam mortality caused by the V. alginolyticus isolate is
inversely proportional to initial challenge concentrations of the
cells. A similar observation has been previously reported with
respect to susceptibility of cod yolk-sac larvae to different
concentrations of Vibrio spp (Sandlund et al., 2010). They
found that the larvae challenged with relatively low doses (10¢
cfu ml') suffered mortality significantly more than those
infected by higher bacterial cell densities. This unpredicted
mortality impact of the relatively low bacterial doses observed
in the present work could be explained as a consequence of
host and/or pathogen behavior and interaction. With respect to
the host, it has been reported that bivalves have the ability to
regulate ingestion of particles present at high concentrations by
rejecting the excess as pseudofaeces (Arapov et al., 2010).
Concerning the bacterial pathogen, it can be speculated that
the community of Vibrio cells developed on the host as a growth
environment is more physiologically adapted as pathogens
when compared to seed culture cells grown on the
experimental growth medium.

Moreover, the metabolic and behavioral activities of a bacterial
community is affected by quorum sensing; a cell-to-cell
bacterial communication which involves intercellular signaling
mechanisms in response to cell density (Sifri, 2008). It is also
known that most bacterial cells have a remarkable ability to
adapt to enormously diverse environmental conditions.
Pathogenic bacteria, for example, have to cope with adverse
conditions, such as the host environment and host defense
reactions. This normally takes place by triggering alternative
metabolic and energy generation pathways in bacterial cells
(Kidd, 2011).

Another considerable issue is that pathogens have to induce
complex regulatory networks that ensure adequate expression
of their virulence genes (Duprey et al., 2014). This is mainly
because many virulence factors are costly metabolic products
and their production is under strict regulatory control
mechanisms including quorum sensing (Ruwandeepika et al.,
2012). For instance, the alkaline serine protease was shown to
be a virulence factor of V. alginolyticus and its expression takes
place at late growth stages to reduce the possibility of effective
host defenses (Rui et al., 2009). As well, the development of
capsule is involved in attachment of the vibrios to the host cells
(Hsieh et al., 2003) and plays an important role in immune

avoidance (Chen et al., 2010). Therefore, it can be concluded
that expression of key virulence factors in V. alginolyticus is not
constitutive but rather depends on regulatory mechanisms
controlled by bacterial cell-density as well as the nature of the
host as a growth environment. Thereby, infection of the clam
body with few numbers of V. alginolyticus cells may allow a
chance for a lag adaptation phase followed by generating a
huge number of bacterial cells that have evolved with
specialized metabolic regulations customized for interaction
with the host environment. On the contrary, invasion of the clam
with a large number of Vibrio cells that are not pre-adapted to
operate with the host body as a growth environment would not
be as much effective.

From genomic point of view, a study conducted by Castillo et
al. (2015) who worked on two draft genomes of V. alginolyticus
has identified different virulence factors that could be related to
pathogenicity. They have succeeded by using computational
approach in the detection of the genes that encodes virulence
factors such as collagenases, proteases, and hemolysin), and
toxins (RTX, YafQ).

Intensive aquaculture applications have promoted the growth
of several bacterial diseases and consequently increased the
need for appropriate microbial control methods (Carvalho et al.,
2012; Romero et al., 2012). Vaccination was suggested as an
ideal method for preventing infectious diseases in the
aquaculture field (Deep et al., 2011). However, many
aquaculture vaccines are predicted to prompt the evolution of
more virulent strains because of being developed for preventing
disease symptoms and mortality rather than avoiding infection
and transmission (Kennedy et al., 2016). Therefore, it is still
necessary to consider chemotherapeutic agents as effective
tools against bacterial infections in aquaculture practices.

The results of antibiotic sensitivity test carried out in this work
showed that the two experimental M. luteus and V. alginolyticus
isolates are highly sensitive to chloramphenicol, and
tetracycline which are protein synthesis inhibitors. In addition,
the V. alginolyticus isolate was also sensitive to gentamicin
which interferes with protein synthesis as well. Similar
sensitivity results have been reported for M. luteus (Fazlani et
al., 2011) and V. alginolyticus isolates (Mustapha et al., 2013).
However, the use of such chemotherapeutics in aquacultures
must be controlled by government agencies, particularly with
respect to dose rates and limitations.
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Abstract: The objectives of this study were to determine the texture and quality parameters of surimi sausage which was prepared from saithe flesh, during the
cold storage. First stage was the production of surimi by using saithe flesh (Pollachius virens) and second stage was preparation of fish sausage and monitoring
its quality during the cold storage condition. Quality parameters of prepared sausages were determined by using chemical (Total Volatile Base Nitrogen mg/100g,
Tiyobarbutric acid mg malonaldehyde/kg and pH analyses), microbiological (Total Aerobic Mesophilic Bacteria Count, Psycrophilic Bacteria Count, Anaerobic
Bacteria Count, Staphylococcus aureus count and Yeast - Mould) and sensorial analysis. The mechanical parameters were observed by using texture profile
analysis (TPA) and shear test during the storage period at 0,+ 4°C. Spoilage was detected due to the microbiological analysis results on the 15t day of storage.

Keywords: Texture, quality, surimi, fish, sausage, colour measurement, saithe

0z: Bu galismanin amaci soguk depolamada mezgit etinden (retilen surimiden yapilan sosis dokusunu ve kalite parametrelerini tespit etmektir. Birinci asamada
mezgit filetolarindan (Pollachius virens L., 1758) surimi Uretimi gerceklestirilmis ve galismanin ikinci asamasinda ise hazirlanan surimi ham materyalinden sosis
uretimi gerceklestirilmis ve soguk muhafaza kosullarinda kalite degisimleri gézlemlenmistir. Hazirlanan sosislerin kalite parametreleri kimyasal (Toplam Ugucu
Bazik Azot mg/100gr, Tiyobarbutiric asid miktari mg malonaldehit’/kg ve pH analizleri) mikrobiyolojik (Toplam Aerobik Mezofilik Bakteri sayisi, Psikrofilik Bakteri
Sayisl, Anaerobik Bakteri sayisi, Staphylococcus aureus sayisi ve Maya —Kiif) ve duyusal analizler kullanilarak tespit edilmistir. Mekanik parametreler ise 0, + 4
°C'de depolama siiresi boyunca doku profili analizi (TPA) ve kesme testi kullanilarak gézlemlenmistir. Depolama 15. giinde yapilan mikrobiyolojik analiz sonuglarina

gore bozulma tespit edilmistir.

Anahtar kelimeler: Doku, kalite, surimi, balik, sosis, renk élgiimi, mezgit

INTRODUCTION

Surimi is a Japanese term, which defines a concentrate of
myofibrillar proteins obtained after mincing and water washing
of fish flesh (Park and Morrissey, 2000; Toyoda et al. 1992).
Surimi is light in color, has a bland odor, low in fat and high in
myofibrillar protein and extremely functional due to the unique
gelling properties of these myofibrillar proteins and these
qualiies make surimi an ideal and useful ingredient for
fabricating new food products (Lee, 1986). Surimi is the term
used for minced fish in which, most of the water-soluble
components, including sarcoplasmic proteins have been
removed by leaching with water (Murakawa et al., 2003). Surimi
process functionality including gelling, binding, and emulsifying
properties can be used as a functional protein ingredient in
several products (Lanier, 1986). Surimi which is a highly
functional protein raw material, is one of the most famous and

© Published by Ege University Faculty of Fisheries, Izmir, Turkey

preferred Japanese seafood for production technologies (Kim
and Park, 2006). Surimi can be used as raw material for a
variety of popular food products such as fish ball, fish noodles,
fish sausage, fish burger or fish cakes. Thus, gelling properties
of surimi can be influenced by many factors causing the
structural alteration in sausage (Jin et al., 2007). This version
of sausage development is very important not only for
consumers but also for the seafood industry. Fish is known as
a rich source of long-chain n-3 fatty acids, and those fatty acids
are known to have a range of health benefits. Especially
potential roles in reducing the risk of coronary heart disease,
inflammatory disorders, and immune disorders have resulted in
interest among consumers and manufacturers (DeDeckere et
al., 1998; Trautwein, 2001). Besides, emulsified fish products
like salami and sausage can be other alternatives for food
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manufacturers. Minced fish and surimi/surimi powder have
been used as raw materials for emulsion sausage production
for many years, especially in Asian countries (Konno, 2005). Al
over the world the health organisations recommend limiting the
intake of saturated fatty acids and cholesterol (Kris-Etherton et
al., 1988). The best solution might be to encourage consumers
to consume fish-based products.

Several recent studies have examined the use of various
functional ingredients or adjuncts in sausage formulations.
Among such ingredients are starch (Shand, 2000), egg white
(Carballo et al., 1996), salt (Ripoche et al., 2001), carrageenans
(Hughes et al., 1997), other gums (Xiong et al., 1999) and
konjac flour (Chin et al., 1998).

The aim of this study was to produce a surimi and sausage
from saithe (Pollachius virens L., 1758) fillets and determining
the quality changes of sausage product during cold storage.
Achieving a pleasant appearance and an extended shelf life
without loss of the traditional spicy sausage taste and the
reduction of nitrate content were the main goals of the product.

MATERIALS AND METHODS
Raw Material

Frozen saithe fillets (Pollachius virens L., 1758) which have
skins were used as raw material in this study. It was known that
the frozen fillets were imported from Norway by the Pinar
Company (Izmir, Turkey) 2 months before and have been
stored in — 24 °C up to the beginning of the study. Frozen
samples were transported to the Pinar Et R&D laboratory in the
frigorific vehicle (-18°C) from the company freezing storage unit
the night before the production.

Surimi production

Traditional method of surimi production technique was
preferred for the production. Frozen saithe fillets (Polachius
virens. L., 1758) were were thawed up to -2 °C before the
sarcoplasmic tissues were removed. First skins were removed,
then myofibril proteins were separated from dark flesh and
deboned by hand and then they were washed to remove any
remaining slime, scales or blood adhering to the flesh. Cleaned
fish flesh was next minced by using Kitchen Aid KPM5
Professional meat grinder (St. Joseph, Michigan, USA),
equipped with 2 cm grinding blades and a metallic screen with
six mm diameter circular holes. Minced flesh was washed in a
stainless-steel tank with iced water (1/1w/v) in the ratio of one
part flesh to three parts water (w/v) and gently stirred for a
residence time of 5 min. Dewatering was achieved by wrapping
surimi inside of a cheese cloth and squeezed by using screw
press. That process of washing and dewatering was repeated
two times in the production steps. Then the final wash (third
wash) was done by adding 0.1% salt and ice(w/w) to finalize
the dewatering process. As additives cryoprotectants; 4% (w/v)
sorbitol and 4 % (w/v) polyphosphate were added and blended
by using a bowl chopper (Mainca Bowl Chopper, Maquinaria
Industria, Barcelona, Spain) to complete the process. Surimi
temperature was maintained lower than 8 °C throughout the

process. Surimi was formed into blocks, over wrapped with
oxygen permeable polyvinyl-chloride film and kept in frozen
storage at -18 °C for two days before the process of sausage
production.

Casing material

Cellulose sausage casings (Wienie-Pak®, Belgium) were
used for the processing fish sausage. The physical property of
casing material was 21mm diameter (n0:19), 15 cm long and
colorless. This material can hold up to 4.5 kg of filling. During
the pasteurization process, this cover material can protect the
physical and chemical properties of its content.

Formulation

The formula and the ingredients for production were as
follows: raw surimi material, 67.84%; ice, 16.28%; cow fat,
5.09%; sun flower oil, 5.09%; soy protein concentrates (SN
650, Heilongjiang  Shuanghe  Songnen  Soybean
Bioengineering Co., Ltd., Heilongjiang, China), 1.7%; modified
potato starch (PenCling® 530, Penford Food Ingredient CO,
Colorado, USA); 1.7%; salt, 1.36%; sodium tripolyphosphate
(STPP), 0.17%; red pepper, 0.07%; black pepper, 0.14%;
sugar,0.15%; pimento, 0.04%; coriander, 0.10%; ginger,
0.10%; ascorbic acid, 0.02%; sodium nitrite, 0.02%; coloring,
0.02%, MSG, 0.14%. Sausage formula was taken from the
National Patent No: TR 2009 02207B (Dincer and Cakli, 2012).

Sausage production

Frozen surimi was tempered with room temperature for 2 h
and optimized formulations for fish-surimi sausage were
prepared in a bowl chopper. The appropriate quantities of the
various ingredients were weighed in order to produce 15 kg of
batter. Sausage batter was prepared in sequential steps as
follows. First minced surimi was mixed with salt and STPP for
2 min with an industrial bow! cutter (15 kg capacity; Mainca
Bowl Cutter Model C-14, Berkshire, UK). During mixing batter
temperature was recorded as -2.24+1.02 °C. In the second
step, ice-water (1/3 of the total ice), soy protein concentrates
and potato starches were added with additional mixing for 1
min. Thereafter, cow fat and sun flower oil were added
separately and mixed for one min each. Spices and another 1/3
of total ice were added. The last step involved the addition of
the leftover additives and preservatives and the unused ice-
water. Additional mixing for 2 min at the same speed was done.
The comminuted batter was stuffed into a No.19 cellulose
casing using a hydraulic filler (model EC-12A, Mainca Sausage
Fillers, Berkshire, UK). Each sausage unit was sized as 50 g
by using an automatic clipping and filling apparatus. The stuffed
casing was linked in 20 cm length and cooked in 85 °C
convection oven (model FKG-042, Inoksan Industrial
Equipments, Bursa, Turkey) with 75 °C internal temperature
(measured by a thermocouple probe) held for 35 min. Upon
cooking, the sausages were immediately cooled in ice-water
(1:1, wiv) and the casings were removed by hand. Sausages
were over wrapped in oxygen permeable (6000-8000
cm3/md/24 h at STP) polyvinyl-chloride film (Wrap Film
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Systems Ltd., Halesfield 14, Telford TF7 4QR, Shropshire,
England) by using vacuum packaging technique and the
second pasteurization was done by placing inside of a boiling
water for 15 min to protect the product from cross
contamination then kept in cold storage (1.14+1.1 °C) to
monitor the conditions for the duration of the trial (15 days).

Proximate Composition

Moisture content was determined by drying the samples at
105°C to a constant weight (AOAC, 1990). Crude protein
content was calculated by converting the nitrogen content as
determined by Kjeldahl's method (AOAC, 1995). Crude fat was
determined by using the method described by Bligh and Dyer
(1959). The crude ash content was determined by using the
method of Ludorff and Meyer (1973). The analysis of the
samples were all carried out in triplicate.

Chemical Analysis

Total volatile basic nitrogen (TVB-N, mg/100g) was
determined according to the method of Vyncke (1996).
Thiobarbituric acid (TBA, mg malonaldehyde/kg) was
determined according to the method proposed by Tarladgis et
al. (1960). The pH value was recorded by using a Hanna 211
models pH meter (Cluj-Napoca, Romania), and the glass
electrode was applied directly to the homogenate (5g of
fish/5ml distilled water).

Microbiological Analysis

Microbiological counts were performed for Total Aerobic
Mesophilic Bacteria Count (TAMBC) (Harrigan and McCance,
1976) and Total Aerobic Psychrotrophic Bacteria Count
(TAPBC) (Ariyapitun et al., 1999). 10 g of sample was taken
and transferred in 90 ml, 0.1% peptone water (Difco, 0118-17-
0). Other decimal dilutions were prepared from the 10-1
dilution. The inoculated plates were incubated at 30 £1°C for 48
+3 h and at 4°C for 14 days for total aerobic mesophilic counts
and psychrophilic counts respectively. Anaerobic Bacteria
Count (ABC) (FDA,1992), Staphylococcus aureus Count
(Mossel and Moreno Garcia, 1985) Yeast and Mould Count
(Harrigan and McCance, 1976), used as methods for
determining the microbiological quality of the sausage. The
number of anaerobic bacteria was determined as pour plate
counts in PCA but incubation was carried out in anaerobic jar,
for 5 days at 25 -C. Yeast Extract Glucose Chloromphenicol
Agar was used for moulds-yeast count and plates were
incubated at 25°C for 5 days.

Colour Measurement

The colour measurement was carried out using the
Schubring (2002) method by measuring 10 times of different
parts of the upper smooth surface. In the CIE Laboratory
system, L * indicates the intensity of light in black from 0 to 100
scales; a * (+) red or (-) green; and b * (+) indicates yellow or
(-) blue.

Texture Profile Analysis (TPA)

TPA was performed using the TA-XT Plus texture analyzer
(Stable Micro Systems, Godalming, UK) according to
Schubring (2003) method. Prior to the test, the sausage
samples were equilibrated to room temperature for 30 minutes
and sectioned into a 2 cm thick layer drawn into a 2.5 cm
diameter cylinder. The samples were compressed twice in a
cross speed of 0.80 mm / second to 60% of the original height.
The mechanical properties of hardness, cohesiveness,
springiness, resilience and chewiness were evaluated from the
resulting force/deformation curves.

Shear Test

Specimen loading, test conditions and specimen
preparation followed the procedure described by Su et al.
(2000). The samples were compressed once at a crosshead
speed of 0.80 mm/second to cut the whole sausages by using
the Warner-Bratzler blade set with a 25 kg load cell. Shear force
and the work of shearing samples were estimated with a
Warner—Bratzler blade attached to the same texture analyser.
Maximum force to cut the sample (shear force) and the work
needed to move the blade through the sample (work of
shearing) were recorded.

Sensory Analysis

Sensory evaluation of the sausage was conducted after the
first day of storage following the procedures by Fernandez-
Fernandez et al. (2002) using a panel of 5-7 individuals from
Ege University Fisheries Faculty, Department of Seafood
Processing Technology who are familiar with the sensory
assessment of seafood products. In each session, each
panelist received 3 whole sausages. The samples were
presented in a randomized order to the 5 panelists. The
descriptors considered were appearance, visible fat, perceived
hardness, fish odour, spicy odour, spoiled odour, taste,
fattiness, juiciness, acid taste, bitterness, and rancidity.
Sensorial panel score of 5 was defined as the limit of
acceptance for some attributes (appearance, hardness and
taste). Rest were the amount of the attributes assessed by the
panelists. All properties were evaluated on 10-point intensity
scales (ISO-4121-1987, 1987).

Statistical analysis

Statistical analysis was carried out using SPSS (SPSS,
1999, Version 9.0. Chicago, IL, USA) by Duncan’s multiple
range test. One Way Anova test was used to compare the
differences among means between the analysis periods and
results. The results are presented as means + SD with the
significance level set at p< 0.05 and defined as different
superscript letters represents significant difference (p<0.05)
during the storage period in tables.
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RESULTS AND DISCUSSIONS
Assessment proximate composition

The concentrations of the constituents in sausages used in
these experiments, and their means show 51.92 (g/100g)
moisture; 1.94 (g/100g) crude ash; 17.34 (g/100g) crude protein
and 11.44 (g/100g) crude fat. These results were similar to the
study reported by Dincer (2008) about fish sausages. In the
study of Dincer et al. (2007) the proximate composition values
of prepared fish sausages were reported as 52.73 (g/100g)
moisture, 1.97 (g/100g) ash, 19.60 (g/100g) protein and 12.28
(9/100g ) crude fat and these results were similar to the results
in the study of Cardosa et al. (2008).

Assessment of chemical analysis

The TBA index is a widely used indicator for the
assessment of the degree of lipid oxidation (Nishimoto et al.,
1985). According to Schormiiller (1969), the TBA value should
be less than 1 mg malonaldehyde/kg for “excellent” quality, 3
mg for “very good” quality, and 3-5 mg for “good” quality. It has
been proposed that the acceptability limit of TBA value for
consumption is 8 mg malonaldehyde/kg. TBA values increased
(P<0.05) in samples over time indicating an increase in lipid
oxidation. TBA values of the samples can be seen in Table 1.
By the end of the storage period no spoilage was detected
according to the TBA test on sausage. The changes of TBA
values were negligible for the 15 days retail period (Table 1).
Normally, lipid oxidation in muscle systems is initiated at the
membrane level in the intracellular phospholipid fractions (Gray
et al.1996). This may be due to the fact that, susceptibility to
lipid oxidation is closely related to fat levels like in the study of
Murphy et al. (2004) in their study different fat levels brought
different lipid oxidation values in the same conditions. Using
lower values of fat and oil causes lower TBA values during the
storage in the current study.

TVB-N is a spoilage index for fish and seafood (FAO 1986).
FAO has indicated that samples with less than 25 mg N/100g
TVB-N values are ‘perfect quality’, samples with up to 30 mg
N/100g TVB-N value are ‘good quality’, samples with up to 35
mg N/100g TVB-N are ‘marketable quality’ and the samples
with more than 35 mg N/100g TVB-N value are indicated as
‘spoiled’ (Schormuller 1968; Ludorff & Meyer, 1973). At the
beginning of the storage period TVB-N values of the samples
were determined as 13. 60+0. 51 mg N/100g whereas the TVB-
N values of raw fillets were 10. 20+0.63 mg N/100g (Frozen
fillet). These values improved fressness of the fish at the
beginning of preparation. However, TVB-N values of the
samples were still found under the limits on 15" day. The pH
values of samples showed a significant decrease over the 15
days of shelf life evaluation.

The pH values were recorded in the range of 6.68-6.87.
Chemical tests showed that oxidation of the product was
negligible or not present at all, and the pH was observed to
decline and volatile compounds increased during the storage
period but not reached the spoilage limits.

Table 1. Chemical quality analysis results of fish sausage during
storage

TVB-N TBA
Days  (mg/100g) (mgMDA/kg) pH
T1  13.6040.512 0.31£0.032 6.68+0.092
T3  15.96+0.8%° 0.36+0.012 6.7740.0320
T6  16.26+1.02° 0.42+0.00° 6.79+0.06%°
T8  17.73+0.89 0.45+0.04b¢ 6.81+0.01°
T10  19.80+0.51c 0.4840.02¢ 6.84+0.04°
T13  20.39+0.89¢ 0.50£0.01¢ 6.85+0.01°
T15  21.28+0.89° 0.65+0.014 6.87+0.01°

Different superscript letters within the same column represents
significant difference (p<0.05), n=3

Microbiological Analysis

Microbiological quality control analysis was used in three
stage of process. The first sample was taken from the prepared
surimi material and the determined counts were 2.96 log cfu/g
for TAMBC and 2.85 log cfu/g for PBC. In the second step of
the sausage process sample was taken from the prepared
batter. The taken data was significantly higher (p<0.05) and
surimi samples (raw material) and TAMBC and PBC counts
were 5.59 log cfu/g, 4.30 log cfu/g respectively, as expected. In
the last step of microbiological quality control samples were
taken from double pasteurized sausage samples during the
cold storage (4 °C). The initial bacterial loads were determined
lower than the loads of batter. As expected, determined low
load was the result of termal treatment (pasteurization). The
bacterial counts of Total Aerobic Mezophilic Bacteria Counts
(TAMBC), Psychrotrophic Bacteria Counts (PBC), Anaerobic
Bacteria Counts (ABC), Yeast-Mould Counts (YMC) and
Staphylococcus aureus loads can be seen in Table 2.
Sausages on the day 15t exceeded 6 log cfu/g, due to the Total
Mezophilic Bacterium Counts sausages exceeded the 6 log
cfu/g value on the 15t day of storage, which was the maximum
limit of bacterial load for the acceptability on seafood products
(ICMSF 1978). Yeast-Mould counts and Salmonella aureus
were observed, neither in raw surimi material nor sausage
product during the storage period. In another study, which was
about production of sausages using Tilapia nilotica fillets
showed similar results (Orellana et al., 1999). Similar results
can be seen in the study of Dincer et al. (2007). In both studies
pathogenic microorganisms and yeast-mould counts were not
detected.
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Table 2. Microbiological quality analysis results of fish sausage during storage (log cfu/g)

TAMBC PBC ABC YMC Staphylococcus

Days log cfu /g log cfulg log cfulg log cfulg  aureus

T 3.17 £ 0.062 2.00 £ 0.002 3.32£0.09 ND ND
T3 3.27 £ 0.072 3.54 £0.03° 3.18 £0.03° ND ND
T6 3.60 + 0.06° 3.85 £ 0.02¢ 3.20 + 0.062 ND ND
T8 3.90£0.01¢ 4.36 + 0.06¢ 3.78 £0.03¢ ND ND
T10 4,62 +0.02¢ 4.89 +0.02¢ 3.91£0.01d ND ND
T13 5.77 £ 0.02¢ 5.73+0.01f 4.30 + 0.00¢ ND ND
T15 6.32 £ 0.04f 6.08 £ 0.08¢ 4.77 £ 0.04f ND ND

Different superscript letters within the same column represents significant difference (p<0.05), n=3. ND=Not determined

Assessments of textural properties

The mean texture scores from the Texture Profile Analyse
(TPA) tests press peak values are indicated in Table 3. As seen
in table, hardness and chewiness, in this fish-based product,
had values between 29.65-33.92 (N) and 3.97-4.65 (Nmm),
respectively. These results were lower than the study of Llull,
et al. (2002) and the similar with the study of Dincer (2008). On
the other hand, when compared with the research of Dincer and
Cakli (2010) which was about the textural properties of rainbow
fish sausage produced from frozen fillets the determined values
were harder and less chewable than their findings. The
determined, hardness values of the sausage decreased slightly
up to the end of the first ten days and then increasing values
were observed until the end of storage period. Significant
differences (P<0.05) are shown in the middle of the storage
period when compared with initial days and the end of the
period. These results indicated that the hardness value of
surimi sausage samples gradually increased by increasing
storage time (days). Cohesiveness is a measure of the degree
of difficulty to break down the internal structure of the sausages.
The cohesiveness of sausage samples varied between 0.18
and 0.23. Cohesiveness data from the first day of storage were
showed a slight similar with no significant difference (P>0.05)
except the 13t day value. In general, the addition of water and
ice in sausage preparation made the structure softer and less
breakable supported by the evidence of the data observed
before.

Springiness represents the extent of recovery of sausage
height and sometimes referred to as “elasticity” (Sanderson
1990). The springiness of the sausage samples did not differ
significantly at all between the periods. In the chewiness values
of samples decreasing values can be observed in the first week
but after that increasing values were observed. These results
were inconsistent with those reported by other investigations
which demonstrated that the addition of soy protein, or starch
improved the textural properties by decreasing hardness in the
product (Dawkins et al., 2001; Ho et al., 1997, Prabhu and
Sebranek, 1997). Carballo et al. (1996) found only small
differences in cohesiveness among bologna sausages made
using different amounts of added oat, starch and egg white. Lee
and Toledo (1976) observed that marked reduction in
compressive strength and increase in shear strength occurred
in Spanish mackerel sausages after frozen stored and the
extent of the change became more pronounced as moisture
content increased. They also reported the improvement of
texture with addition of shortening (12 g/100g muscle) and soy
protein fiber (15g/85g muscle) when two-stage comminution
process was employed (Lee and Toledo, 1979). Potato starch
can be added to improve structural integrity and make fish
sausage firmer (Kasapis et al., 2003). Lower values were
recorded for hardness, gumminess, chewiness, and
fracturability when added tofu powder to lean frankfurters.

Table 3. Texture profile analysis (TPA) results of fish sausage during storage

Parameters(N) Hardness Springiness Cohesiveness Chewiness Resilience Adhesiveness
™ 29.65+1.512 0.84+0.032 0.23+0.022 5.63+0.772 0.07+0.012 -0.1240.132
T3 32.1944.372 0.83+0.03¢ 0.19+0.03 4.96+0.50% 0.06+0.012 -0.07£0.11a
T6 29.67+4 .84 0.83+0.072 0.16+0.020 3.9740.570 0.06+0.012 -0.1540.142
T8 24.39+3.98 0.81+0.06° 0.17+0.03 3.44+0.89% 0.06+0.012 -0.15+0.152
T10 23.73+7.8" 0.79+0.132 0.18+0.0920 3.32+1.710 0.07+0.042 -0.11£0.112
T3 31.55+3.302 0.83+0.062 0.15+0.02v 4.03+0.30bcd 0.06+0.012 -0.18+0.132
T15 33.92+3.752 0.78+0.062 0.18+0.042 4.64+0.80d 0.07+0.022 -0.18+0.162

Different superscript letters within the same column represents significant difference (p<0.05), n=10
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Assessment shear test (Warner-Bratzler)

The mean texture scores from the Warner Bratzer
compression tests press peak values are summarized in Table
4. The shear force values of surimi sausage were arranged
between 10.17N and 12.15N. The firmness values were
between 2.69 and 3.34. The firmness values of sausage were
decreasing due to time storage. Except the peak in T3 no
significant difference was determined (P>0.05). The texture of
formulated flesh is dependent upon composition and
processing conditions employed. Furthermore, these factors
may be influenced by product flesh formation, which also
depends on salt activation and heat coagulation of myofibrillar
muscle proteins (Terrell et al., 1981). Troy et al. (1999)
concluded that blends, in particular those using tapioca starch,
oat fiber and whey protein, when formulated together, bind and
retain water to produce a tenderer product, thereby reducing
shear forces. Ho et al. (1997) reported that the addition of tofu
powder to lean frankfurters improved product texture.

These results are in agreement with other numerous
studies where the replacement of meat muscle (and fat)
resulted in a marked decrease in product hardness (Crehan et
al., 2000; Pietrasik and Duda 2000). Similarly, Desmond and
Kenny (1998) found that hardness and shear force of
frankfurters significantly decreased with increasing addition of
beef heart surimi. Similarly, in this study statistical analysis of
pasteurized surimi sausage systems showed that all periods
derived for shear force were significant (P<0.05). These results
were similar to the study of Moreira et al. (2002) who prepared
emulsified sausage from tilapia fillets to determine their textural
parameters. Among texture attributes, firmness and shear force
are important properties for the consumer because they
determine the texture acceptability of a product (Chambers and
Bowers, 1993). There is a cut-off point below which the textures
of many comminuted food products such as meat balls,
frankfurter and sausages would be unacceptable (Yu and
Yeang, 1993; Nurul et al., 2008).

Table 4. Shear test (Warner Bratzler) results of fish sausage during storage

Days Cutting Strength (N) Work of Shear (N)
™ 3.21£0.39 10.39£0.76 2

T3 3.60+0.57 12.15¢1.21°

T6 3.0710.7720 10.69+1.61 2

T8 3.34+0.78% 11.80£1.26
T10 3.17%0.40%0 11.46+0.6920
T3 3.23+0.33# 11.34£0.7620c
T15 2.69+0.212 10.17£0.432

Different superscript letters within the same column represents significant difference (p<0.05), n=10

Assessment of sensory analysis

The sensory characteristics in each group were monitored
over 13 days (Table 5). Results show that significant effects
were not observed on spicy odour and juiciness and in visible
fat during the storage. On the first day of storage perceived
hardness, taste and appearance received the highest scores
(Table 5). Significant differences in perceived spicy odour and
juiciness could be explained by the volatile compounds and
microbial loads as observed in a previous study (Fernandez-
Fernandez et al. 2002). The effects of storage time on odour,
bitterness, taste, and rancidity can be observed as increasing.
Thus was explained by comparing the differences between the
last week and the first week. The fish odour intensity increased
over time as a result of off-odours, such as acidity and rancidity,
these factors were observed to increase but they were still with
in the acceptable range.

The perceived hardness, appearance, taste, bitter flavour
declined with time storage. Other descriptors that increased
during storage were: fish odour, spoiled odor, fattiness,
bitterness, rancidity but showed no significant differences in
first week (p>0.05) except in the case of juiciness attribute.
Gomez-Guillen and Borderias (1996) observed that the
hydrated starch granules adhered to the matrix formed by the
squid muscle proteins and contributed to the overall structural
cohesion. At temperatures higher than 60°C, starch gelatinized
and produced a planar mesh that spread throughout the gel
matrix. Similar structural changes in added starch in our
sausage products during cooking and subsequent effect on the
sensory properties of surimi sausages are expected. The
reported scores were the panel means values. Sensorial panel
score of 5 was defined as the limit of some attributes (for
appearance, hardness and taste) for acceptance limit so the
sausages were not determined as spoiled according to the
sensorial results.
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Table 5. Sensory analysis results of fish sausage during storage

Attributes ™ T3 T6 T8 T10 T3

Appearance® 9.0+0.102 8.8+0.042 8.6+0.052 7.220.02° 6.5¢0.00¢  6.0+0.10¢
Visible fat 0.0£0.00 0.0£0.002 0.0£0.002 0.0+0.002 0.0£0.002  0.0+0.002
Hardness* 8.0+0.022 7.840.04° 7.840.04° 7.0£0.00° 6.8+0.00¢  6.5+0.10¢
Fish odour 4,0£0.002 4,0+0.002 4,0+0.002 4.2+0.10° 42010 4.2+0.10°
Spicy odour 1.0+0.002 1.0+0.002 1.0+0.002 1.00£0.002  1.0+0.002  1.0+0.00
Spoiled odour 0.0+0.002 0.0+0.002 0.0+0.002 0.0£0.002 1.0£0.00®  1.0+0.00°®
Taste” 9.5+0.052 9.5+0.052 9.0+0.00° 8.5+0.00c 7.0£0.00¢  7.0£0.00¢
Fattiness 1.0+0.002 1.0+0.002 1.0+£0.002 1.00£0.00a  2.0+0.00®  2.0+0.00°®
Juiciness 2.0£0.002 2.0£0.002 2.0£0.002 2.00£0.002  2.5+0.00>  2.0+0.002
Acidic taste 0.0£0.002 0.0+0.002 0.0+0.002 0.00£0.002  1.0+0.00>  1.0+0.00°
Bitterness 1.5+0.002 1.5+£0.002 1.0+0.00 ® 1.0+0.00° 1.0£0.00®>  1.0+0.00°
Rancidity 0.0+0.002 0.0+0.002 0.0+0.002 0.00£0.002  0.0+0.002  1.0+0.00°

Different superscript letters within the same rowrepresents significant difference (p<0.05)
Different superscript letters within the same column represents significant difference (p<0.05)
*Acceptability limit for appearance, hardness and taste score was 5. Rest are giving the amount of the attributes assessed by the panelists

Assessment of colour measurement

Colour is one of the sensory properties that can easily affect
the consumer opinions. The colours of meat sausages are
generally red or pink colours. So by using coloring same meat
sausage colour was performed in surimi sausage. When the
values of each period were compared, no statistical difference
was observed (P>0.05) in a* and b* values during the storage.
In the current study L*, a* and b* values were ranged between;
67.95-72.02, 5.64-5.54 and 15.05-14.50, respectively. In the
study of Gimeno et al. (2001), the color values of traditional
meat sausage were determined as follows; for L* value 56.14,
for a* value16.85 and for b* value 10.63. But in fish sausages
the L* value varied between 67.95 and 72.02 like the study of
Dincer et al (2007). Big differences were determined between
redness (a*) and yellowness values (b*) when compared with
meat sausages. Fish sausages were determined to be much
less red and much more yellow.

While the values for L* were increased, a* and b* were
decreased during the storage time without showing any
significant differences. Similar colour results can be seen in the
study by Koizumi and Nonaka (1980). Cardoso et al. (2008)
also investigated the development of healthy low-fat fish

sausage; similar colour results were observed in their
experiments.

CONCLUSION

As a conclusion, it was determined that saithe flesh can be
used sufficiently to prepare a surimi product and by using that
product successful fish sausage can be produced. Textural
properties and the sensorial results approved that statement in
the current study. For future studies increasing shelf life should
be the main target. Although double pasteurization technique
was used still for 15 days shelf life is not enough for these types
of emulsified products so in future studies it is better to focus
on studies about additives and packaging techniques.
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Abstract: Microplastic pollution is a global problem. The Mediterranean Sea, especially, has high pressure of pollution as it is enclosed by highly populated and
industrialized countries. In this study, we have determined the level of microplastic pollution in the Iskenderun Bay, located in the Northeastern Levantine coast of
Turkey. The average level of microplastic has been determined to be 1,067,120 particles/km? at fourteen stations. The highest level has been determined at the
M4 station in the middle of the bay (with 1820 items; 2,888,889 particles/km?), and the lowest level has been found at the M11 station (62 items; 98,412
particles’km?). As a result of this study, it was determined that the microplastic pollution level in the Iskenderun Bay is higher than the other regions of the
Mediterranean Sea.

Keywords: Microplastic, Marine litter, Levantine Sea, Iskenderun Bay

0Oz: Mikroplastik kirliligi, kiiresel bir problem haline gelmistir. Ozellikle Akdeniz, gevresinde bulunan endiistrilesmis ve yiiksek niifuslu yerlesimlerden kaynakli,
yogun bir Kirliik baskisi altindadir. Bu galismada, Tiirkiye'nin Kuzeydogu Levant kiyisinda bulunan Iskenderun kérfezindeki mikroplastik kirliliginin diizeyi
arastinimistir. 14 istasyonda yapilan galismada ortalama mikroplastik partikil miktari, 1,067,120 partikiil/km? olarak tespit edilmistir. En yliksek mikroplastik miktari
kérfezin orta noktasina denk gelen M4 nolu istasyonda tespit edilmistir (1820 partikiil; 2,888,889 partikiil/ km2). Sonug olarak Iskenderun kérfezindeki mikroplastik
kirliligi miktar1 Akdeniz'in diger bélgelerine gore oldukga fazla bulunmustur.

Anahtar kelimeler: Mikroplastik, Deniz ¢pleri, Levant denizi, [skenderun Korfezi

INTRODUCTION

Because of their durability, light weight, and low cost,
plastics have become an industrial product (Osborn &
Stojkovic, 2014). However, the durability of plastic also results
in its persistence in the marine environment (Bouwmeester et
al,, 2015). ltis estimated that about 10% of the plastic produced
in the world enters the ocean (Barnes et al., 2009). According
to Jambeck et al. (2015), the quantity of plastic litter that
reached our oceans in 2010 was approximately 8 million tons.
For example, till 2025 the quantity of plastic is expected to enter
the marines and oceans annually—double compared to the
quantity that entered the ocean in 2010 (Jambeck et al., 2015).
Although marine plastic litter can originate from fisheries or
marine-related activities, the majority of marine plastic litter is
thought to be generated from land-based activities (GESAMP
2001a, 2001b), accounting for about 80% of marine plastic litter
(Andrady, 2011; Derraik, 2002; UNEP, 2005). 92% of the total
amount of plastic in marine ecosystem is in the form of

© Published by Ege University Faculty of Fisheries, Izmir, Turkey

microplastics (MPs) (Eriksen et al., 2014; Suaria et al., 2016;
Thompson, 2016).

According to many researchers, the Mediterranean Sea
consists of the highest amount of plastic litter in the world
(Eriksen etal., 2014; Lebreton et al., 2012). Due to the industrial
facilities surrounding it, the Levantine coast of Turkey,
especially the Iskenderun Bay, is very significantly polluted. A
significant portion of this pollution is plastic litter (Glindogdu &
Cevik, 2017; Guven et al., 2017). Gindogdu and Cevik (2017)
in their preliminary study stated that the average quantity of
MPs particles in surface water samples of north part of the bay
was 225,400 particles/km?.

This study reveals the facts about pollution caused due to
the MPs in entire Iskenderun Bay. The results obtained from
this study provide a broad perspective on the situation of the
Iskenderun Bay in terms of pollution caused by the MPs. In this
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way, this study is different from the previous studies done by
Gilindogdu and Cevik (2017) and Given et al. (2017).

MATERIALS AND METHODS
Study Area

Sampling was performed in February 2017 in the
Iskenderun Bay at fourteen stations (Figure 1). The stations
were chosen by taking the whole picture of Bay. Sampling was
performed in conditions where the wind speed was below force
2-4 miles/h and the wave sizes were under 10 cm. Through
this, the effect of wind and waves was minimized.

1
60 Kilometers

Figure 1. Study area and sampling stations
Survey Methods

Samples were collected using a “Manta Trawl” net attached
to a frame sized 0.6 m x 0.25 m with a length of 260 cm and
mesh size of 333 um. To avoid affecting particle distribution,
the net was towed at the side of the boat. During the tow, the
speed of the boat was kept at 2 knots, and the tow took 20
minutes. The depth of filtering was set to filter through the water
mass 15 cm below the surface.

Microplastic Separation

The separation of MPs was carried out as indicated by
Masura et al. (2015).
i) Wet sieving

Samples were sieved through stainless steel sieves with 5
mm and 300 um mesh size, and all the materials left above the
sieve were transferred to a beaker using distilled water.

ii) Wet Peroxide Oxidation

20 ml 30% hydrogen peroxide and 20 ml of 0.05 M Fe(ll)
solution (prepared by adding 7.5 g of FeS04°7H20 (= 278.02
g/mol) to 500 mL of water and 3 mL of concentrated sulfuric
acid), were added to the sample. The mixture was placed on a
hot plate set to 75°C and the reaction was allowed to continue
until all organic material disappeared.

iii) Density seperation

After the full dissolution of the organic matter was observed,
6g NaCl for each 20 ml was added and stirred in at 75°C. After
this, the whole mixture was placed in a density separator and
kept there overnight.

iv) Microscopic examination

After density separation was completed, the solution was
sieved again and then examined under the microscope with
regard to size, color, and shape.

MPs classification was performed under a SZX 16
microscope. A wide zoom range between 0.7x and 11.5x was
used. The classification of MPs was done according to Doyle et
al. (2011) and Hidalgo-Ruz et al. (2012). Microscopic
examination was repeated three times to make sure all plastic
particles were fully identified. To avoid contamination, the
laboratory was cleaned with deionized water, and all the
materials used were washed for 3 times with the same. All
analytic process was done in a sterile fume hood, and the
processes were finished as quickly as possible. During the
study, covered materials and glass sample containers were
used.

The quantity of MPs was given as particles per km2. A one-
way ANOVA test was used to determine whether there is a
difference in (In(x+1)-transformed for homogenization of
variances) plastic particle numbers between the stations,
shapes, types, and size classes. All analyses were performed
at significance level 0.05 using the SPSS v22 software.

RESULTS

In this study, MPs sampling was performed at fourteen
stations. In fourteen stations, a line with a total length of 8.64
km was traced, and a surface area of 9.5 km2 was swept.
Average quantity of MPs was determined as 1,067,120
items/km? (Total N = 9412). Size range of plastic particles was
determined to be 55 um — 4.9 mm (Table 1; Figure 2). Most
frequent size group of MPs was 0.1-0.3 mm (n = 2729, 29%)
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Table 1. Number of MPs according to stations, shape, types, and size classes

Stations*

M1 M2 M3 M4 M5 M6 M7 M8 M9  M10 M1 M12  M13  M14  Total

Fibril 463 261 138 341 123 59 53 21 80 24 8 8 90 102 1922
Film 557 318 20 132 36 133 70 5 378 4 20 8 52 50 1861

Type™  Foam 1 32 33
Fragment 511 611 195 1249 199 719 126 36 609 110 190 488 244 210 5497
Pellet 1 98 99
<01 mm 200 606 68 560 96 64 6 25 61 79 204 48 28 2045

01-03 mm 461 414 143 736 107 124 62 27 38 41 64 272 114 126 2729
Size”  03.05 mm 72 65 54 279 52 58 81 18 168 21 34 80 69 86 1127

05-1 mm 248 37 56 156 56 170 64 10 575 2 70 8 79 82 1693
1-5 mm 551 69 32 89 47 57 42 1 211 13 45 15 76 40 1818
Elongated 463 261 138 319 123 59 53 21 8 24 8 8 90 102 1902
shaper  Flat 560 324 60 417 67 248 135 19 523 16 68 217 92 70 2816
Irregular 505 489 155 983 168 604 61 22 462 98 142 355 204 190 4438
Spheruloids 4 117 101 32 2 256
Black 178 117 75 242 45 18 4 13 55 36 62 72 53 23 993
Blue 87 48 98 252 71 93 8 3 48 24 29 129 21 42 953
Brown 12 5 4 5 5 2 9 42
Cream 19 1 1 21
Gray 7% 1 40 6 40 1 5 35 28 12 6 31 12 308
Green 2 4 2 5% 2 25 3 1 25 { 2 1 6 5 195
Color  Orange 16 1 1 16 14 9 8 65
Pink 5 6 1 12
Purple 1 1 9 2 13
Red 12 2 3 14 15 15 1 10 9 5 8 114
Transparent 882 882 136 903 168 562 156 28 652 34 89 252 183 237 5164
White 177 66 38 307 50 155 64 11 197 15 74 197 66 32 1449
Yellow 51 1 10 1 16 1 1 2 83

"Number of MPs were found statistically significantly different (p<0.05; one-way ANOVA)
" Number of MPs were not found statistically significantly different (p>0.05; one-way ANOVA)

It was determined that MPs were of 5 different types and 13 different colors (Table 1; Figure 2; Figure 3; Figure 4).

Most frequent type of MPs were plastic fragments (n = 5497; 64.6%), and the most dominant color was transparent (n = 5164;
54.9%). It was determined that the number of MPs types were not statistically and significantly different (one-way ANOVA, p >
0.05; Table 1).

With regard to shape, MPs had 4 different shapes (elongated, flat, irregular, and spheroids), and the most frequent shape was
irregular (n = 4438, 47.2%; Figure 2; Figure 3; Figure 4; Table 1). MPs shapes were found to be statistically significantly different
in terms of number (one-way ANOVA, p < 0.05; Table 1).
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Figure 2. MPs (a) type, (b) size, (c) shape, and (d) concentration of 14 stations in iskenderun Bay
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Figure 3. Types, colors, and shapes of the MPs from iskenderun Bay
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c)

Figure 4. Plastics with different shapes (a) fibril/elongated, (b) film/flat, (c) foam/spherical, (d) fragment/irregular, (e) pellet/spherical

DISCUSSION

In this study, the presence of MPs was established. MPs
are highly abundant in the Iskenderun Bay. The highest number
of MPs was found at the M4 station (Table 1, Figure 2). The
amount of plastic at this station was almost two to three times
higher when compared to that of the other stations except for
stations M1, M2, and M9. This difference is statistically
significant (one-way ANOVA, p < 0.05). Doyle et al. (2011) and
Desforges et al. (2014) stated that the number of MPs
increases in the presence of the currents. From this point of
view, it is thought that M4’s location, in the middle of the
currents of the bay, can be the reason behind high levels of
MPs because of the current cyclone (Doyle et al., 2011). The
second station with high concentration of MPs is the M1 station.
According to de Lucia et al. (2014), there is a direct relationship
between human activities (e.g. urbanization) and the
concentration of the MPs. It can be said that M1’s location being
close to the mouth of the Ceyhan River may cause the MPs
level be higher here. Ceyhan River passes through the most
significant source of irrigation for the Gukurova agricultural

area. While considering the state of the bay, it is thought that
the reason for this station to have a statistically and significantly
higher MPs content is due to the presence of the Ceyhan River.

Compared to other studies conducted in the Mediterranean
Sea, the average amount of MPs found in this study (1,067,120
particles/km?) is similar to the results found by van der Hal et
al. (2017) in the Israeli Mediterranean coastal waters. (Table 2).
However, the values found in this study are higher than those
of other studies conducted at the Mediterranean Sea (Collignon
et al.,, 2014; Cozar et al., 2015; Glindogdu & Cevik, 2017;
Given et al., 2017; Kornilios et al., 1998; Ruiz-Orejon et al.,
2016). The most important reason behind these differences is
thought to be the effect of the Ceyhan River flowing to the bay,
the season in which the sampling is conducted, and the
seasonal dependent hydrographic conditions at the time of
sampling. It is a widely known fact that marine currents vary
seasonally. The main sources of this variability are the
seasonal winds and the central Mediterranean current from the
southern coast of the eastern Mediterranean. According to
Uysal et al. (2008) in the Eastern Mediterranean, where the
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Gulf of Iskenderun is also in the period that included the time of
the sampling, the main currents continue counterclockwise,
parallel to the shore. Following the Lebanese and Syrian
borders, the northward currents follow the Turkish coast
westwards.

The main stream flows into the iskenderun Gulf, while the
others continue without entering the bay (Ozsoy & Sozer,
2006). Therefore, it is thought that these plastics can be
transported by seasonal discharge to the bay, and the amounts
and distributions in the bay can be derived from the current.

Table 2. A comparison of the results found in this study and other studies regarding the MPs pollution in the Mediterranean Sea

Location Sampling Time ?int:nnlnhf:)’s References
Mediterranean, Surface (Cretan Sea) July 1997 0.119 Kornilios et al.(1998)
NW Mediterranean July-August 2010 0.116 Collignon et al.(2012)
Mediterranean (Ligurian/Sardinian Sea) June-July 2011 0.310 Fossi et al.(2012)
Mediterranean (Bay of Calvi) August 2011- August 2012 0.062 Collignon et al.(2014)
Mediterranean, Surface May 2013 0.250 Cozar et al.(2015)
\l\l/lvitiitt;errrrlagzratl;, Surface (Central and 2/I0a1y3-JuIy 2011 - April June 0147 Ruiz-Orejon et al. (2016)
l;/laer(:)iterranean, Surface (Central/Western May-June 2013 0.400 Suaria et al.(2016)
Mediterranean (NE Levantine) October — November 2016 0.376 Giindogdu and Cevik(2017)
Mediterranean (NE Levantine) July-August 2015 0.163-0.520 Giiven et al.(2017)
Israeli Mediterranean coasts Summer 2013 and Spring 2015 1.518 van der Hal et al.(2017)
Mediterranean (NE Levantine) February 2017 1.067 This study (2017)

The percent of MPs types were, in general, found to be
similar to other studies (Cozar et al., 2015; Faure et al., 2015;
Gilindogdu and Cevik 2017; Moore et al., 2001; Moret-Ferguson
et al., 2010; Ruiz-Orejon et al., 2016)

The most frequent type of MPs in this and those other studies
is plastic fragments. According to Hidalgo-Ruz et al. (2012), as
plastic fragments can be part of any plastic product, it is
expected that the plastic fragments are high in both this study
and other studies.

Table 3. The comparison of the percentage of different MPs types in the total sample

Location Average concentrations (%) Source
Fragments Pellets/ Filaments/ Films Foams
Granules Fibrils
N. Pacific 59% 0% 1% 29% 1% Moore et al. (2001)
N. Atlantic 30°N 91% 5% 2% 1% 1% Moret-Ferguson et al. (2010)
Mediterranean 87% 1.8% 2.3% 5.9% 2.3% Cozar et al. (2015)
W Mediterranean 7% 1% 2% 15% 5% Faure et al.(2015)
W Mediterranean 87.2% - 1.7% 3.9% 5.5% Ruiz-Orejon et al. (2016)
NE Mediterranean 60% 0.2% 7% 30% 3% Giindogdu and Cevik(2017)
NE Mediterranean 64% 0.3% 21.6% 13% 0.5% This Study

Results of our study show that the size of MPs is mostly in
the 0.1-0.3 mm range (Table 1; Figure 2b). The number of MPs
particles, defined as particles with 0.1-0.3 mm size, is
determined to be 2729 particles (29%).

This presence is similar to the ratio reported by Hidalgo-
Ruz et al.(2012). Hidalgo-Ruz et al.(2012) stated that most MPs

were found in the size classes 0.5 to 1 mm.
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MPs show a great variety with regard to color as well as
shape. Among the 68 studies reviewed by Hidalgo-Ruz et al.
(2012), the most dominant colors were white (or colors related
to white) and transparent and the most dominant type of MPs
were fragments. The findings regarding MPs shapes and color
in this study support this (Table 1; Figure 2; Figure 3).

Plastic pollution is quite a new phenomenon. Although it is
anew phenomenon, all aquatic ecosystems are at a concerning
level (Thompson, 2016). The results of this study show that
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0z: Bu calismada ekonomik degeri az olan Gékkusagi alabaligi (Oncorhynchus mykiss) i organlari ve Van baliginin (Alburnus tarichi, Gilldenstadt 1814) daha
verimli bir sekilde degerlendiriimesi amaglanmistir. Balik yetistiriciliginde masrafi yiksek olan balik yemi maliyeti dustirtlerek, baliga sindirilebilirligi kolay, dogal
yeme yakin degerde bir yem verilmistir. Yari yas yem yapim metodu ile daha kolay bir yolla atiklar islenmis, triinin depolama imkani olugturulmustur. Olusturulan
yemlerin kimyasal analizleri yapilarak yemlerin protein, yag, kil, maya, kif, Mezofilik aerobik bakteri degerleri karsilastirimistir. Arastirmadan elde edilen canli
agirhik artisi ve ekonomik analiz sonuglari; Van baligi ve Alabalik ic organt ile yapilan yari yas yemlerin gékkusadi Alabaliklarinin beslenmesinde kullanilabilecegini
ve yem giderlerinde bir azalma yapacagini géstermistir.

Anahtar kelimeler: Balik yemi, gékkusagi Alabaligi, Van Baligi, balik yan driin

Abstract: In this study, it was aimed to evaluate more efficiently Rainbow trout (Oncorhynchus mykiss) internal organs not consumed by humans and Van fish
(Alburnus tarichi, Glildenstadt 1814), which have low economic value. Easy digestible feed for Rainbow trout were prepared that is low cost and similar to natural
food. The wastes were processed in an easy way with the semi-wet feed construction method and the product was stored. The chemical analyzes of the prepared
feeds were made. Protein, fat, ash, yeast, mold and Mesophilic Aerobic Bacteria values of the feeds were compared. Results of live weight gain and economic
analysis obtained from the study; It has been shown that semi-aged feeds made with Van fish and trout internals can be used in feeding Rainbow trout and will
reduce feed costs.

Keywords: Fish feed, rainbow trout, Van fish, by-product

GIRiS

Yeni kaynaklarin gelistiriimesi ve mevcut kaynaklarin en iyi
sekilde degerlendiriimesi artik her alanda éncelikli konular
arasinda yer almaktadir. Su Urtnleri isleme, sanayi atiklarinin
degerlendiriimesi  ve elde edilen Urinin  depolama
masraflarinin azaltilmasi 6nemli ekonomik kazanglar sagladigi
gibi cevrenin korunmasina da katki saglamaktadir.

Su drinleri igleme fabrika atiklari blylk bir potansiyel
olusturmaktadir. Atiklar ¢ogunlukla kabuk, i¢ organlar, deri,
kilgik ve kiiglik miktarda et parcalarindan olusmaktadir (Jaswal,
1989). isleme fabrikalari artiklari degerlendirimeden denize
dokuldiginde kirlilige sebep olarak cevre sagligini olumsuz
yonde etkilemektedir. Bu artiklarin degerlendirilmesi hem su
Urdnleri endistrisi agisindan hem de halk saghdi agisindan
oldukga énemlidir. Kop ve Korkut 2010, yaptiklari ¢alismada
alabaliklarin beslenmesinde kontrol grubu (normal ticari yem)

© Published by Ege University Faculty of Fisheries, Izmir, Turkey

ile isleme atiklarindan elde edilen balik ununu kullanarak
olusturulan yemleri karsilagtirmiglardir. iki yem arasinda énemli
bir gelisim farkinin olmadidi belirtilmistir. Ton baliginin %40-
50'si, somon baliklarinin %30-35'i istiridyelerin  %75-80'i,
yengeglerin %70-75'i, karideslerin %50-55'i atik maddelerden
olugsmaktadir (Hermes, 1998).

Yetigtiricilikte en  ylksek gideri yem  masrafi
olusturmaktadir. Basta balik unu, balik yagi olmak izere yem
yapiminda kullanilan énemli hammaddelerin fiyatlar gittikce
artmaktadir. Bu nedenle balik vyetistiriciliginde kullanilacak
degisik yem maddeleri arastiriimaktadir. Bunun yani sira duslk
maliyetli hazirlanan yemlerin optimum canli agirlik artigini
saglamasi gerekmektedir (Bharadwaj vd., 2002; Li vd., 2002;
Cheng ve Hardy, 2002). Bu amagla pek ¢ok arastirma yapilmig
ve yapllmaya devam etmektedir.
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Bu calismada, protein bakimindan zengin bir yem olasi igin
Alabalik i¢ organlari ve Van baliginin tamami kullanilarak
hazirlanan yari yas yemler ile beslenen Alabaliklarin gelisme
performansi, pelet yemlerle beslenen alabaliklar ile
kiyaslanmistir. Ayrica kullanilan her G¢ yemin maliyeti de
karsilastiriimistir.

MATERYAL VE METOT
Balik

Calisma Van'in Girpinar ilgesinde bulunan 6zel bir Alabalik
ciftliginde yapiimistir. Bu ciftlikte bulunan 10x3x1 m ebatlarinda
3 adet beton havuz kullanilmistir. Tesiste kullanilan kaynak
suyunun ortalama su sicakli§i 12°C (en ylksek 16 “C en disiik
8 °C), suda ¢dzinmiis oksijen miktari 9.5 mg/L ve suyun
ortalama pH’si 7.4 olarak tespit edilmistir (Portatif oksijen metre
YSI). Van baligi, avlanma mevsiminde yerel marketten temin
edilmistir. Calismada kullanilan baliklara herhangi bir zarar
verilmedigi icin etik kurul raporuna T.C. Gida Tarm ve
Hayvancilik Bakanligr'nca gerek gorilmemistir.

Calismada her bir grupta 100 adet balik olacak sekilde
toplam 300 adet balik (g gruba ayrilmistir. Baliklar gunlik
olarak yem alimi kesilinceye kadar (ad-libitum) yemlenmistir.
Yem tiketimi ve yemden yararlanma oranlari her bir grup icin
ayri ayri tiiketilen yem miktarlar (zerinden hesaplanmistir.
Gokkusagi Alabaliklari porsiyon adirigina ulasincaya kadar
(90 gln) galismaya devam edilmistir. Calismanin basinda,
ortasinda (45. giin) ve sonunda (90 gin) U¢ gruptaki her bir
balik elektronik terazide tartilarak, bunlarin ortalama agirliklari
tespit edilmistir (Anderson ve Gutreuter, 1989).

Balk beslemede gelisimin izlenmesini saglayan cesitli
yontemler bulunmaktadir (Korkut vd. 2007). Calisma sonunda
elde edilen veriler asagidaki formile gére hesaplanmigtir
(Riche vd., 2004)

[In Son canli agirhik (g) — In ilk canh agirlik (g)] 10
x

SBO = 0

Giin sayis1

Tiiketilen toplam yem

Yem Déniisi _
em Dondstim Orant Toplam canli agirlik artisi

Gruplar ve yem hazirhg

Bu calismada yaklasik 100 g agirliginda olan 300 adet canli
GoOkkusagi alabaligi  (Oncorhynchus mykiss), Gokkusag
alabali§r artiklar, Van baligi (Alburnus tarichi, Guldenstadt
1814), soya unu ve bugday kepegi kullaniimistir.

Calismada; 1.gruba: Alabalik pelet yemi, 2. gruba: %50
kiylimis alabalik i¢ organi + %30 Soya Fasulyesi Unu (SFU) +
%20 Bugday Kepegi (BK) iceren yem, 3. gruba: %50 kiyiimis
Van bali + %30 SFU + %20 BK igeren yem olmak (izere 3
farkli yem kullanilmistir (Tablo 1). Yemlerde kullanilan alabalik
i¢ organi, galismanin yapilacag! tesisten, Van bali§i, avianma
mevsiminde yerel marketten temin edilip dondurularak

saklanmistir. Pelet yem, dretici bir firmadan, soya fasulyesi ve
bugday kepegi de piyasadan temin edilmigtir.

Serum glikoz ve protein tayininde, Kolorimetrik
(Spektrofotometre  benzeri)  yontemden  yararlaniimistir
(Fujimaki ve Isoda, 1990). Diger yandan baliklardan heparinsiz
olarak dogrudan alinan kan &rneklerinden vyapilan kan
yaymalari, My Grinwald-Giemsa karisik boyama teknigine
uygun olarak boyanmistir (Kocabatmaz ve Ekingen, 1984;
Konuk, 1981). Boyali yaymalar 1s1k mikroskobu (Olympus CH-
20) ile x100'llik objektifte incelenmistir. Her bir yayma icin 100
[6kosit siniflandinimis ve 6kosit hiicre formilleri (lenfosit,
monosit, ndtrofil, eozinofil) ylzde olarak ifade edilmistir
(Fujimaki ve Isoda, 1990).

Tablo 1. Yem tirline g6re olusturulan gruplar
Table 1. Groups formed according to feed type

Grup 1 Grup 2 Grup 3
Alabalik pelet %50 kiyilmis alabalik i¢ %50 kiyilmis Van
yemi organi + %30SFU + %20  bali§i + %30 SFU +

BK %20 BK

Kiyilmig Alabalik i¢ organi ve kiyilmig Van bali§i ayri ayri
65-67 “C'de 30 dakika cift cidarli kazanda igme suyu kalitesinde
su verilerek pastdrize edilmistir. %50 kiyilmis Alabalik i¢ organi
+ %30 Soya Fasulyesi Unu (SFU) + %20 Bugday Kepegi (BK)
belirtilen oranlarda karistiriimistir. Karisim pelet makinesinden
gecirilerek kurutma dolabinda % 9-10 nem igerigi olusana
kadar kurutulmustur. Ayni islem Van baligindan hazirlanan yem
icin de tekrar edilmigtir. Elde edilen yemler kuru, 11k gérmeyen,
havalandirmasi uygun bir yerde muhafaza edilmistir (Tablo 2).

GCalismada kullanilan yemlerin ekonomik analizleri igin
Kasim 2013 Urin fiyatlarindan vyararlaniimigtir.  Maliyet
hesaplamalari tesis, iscilik, yakit gibi giderler dahil edilmeden;
balik alis fiyati, yem masrafi ve balik satis fiyati g6z 6nline
alinarak yapilmistir. Calismada kullanilan alabalik pelet yemin
kg fiyati 3.89 TL, soya fasulyesi ununun kg fiyat 8.74 TL,
bugday kepeginin kg fiyati 0.43 TL ve Van baliginin kg fiyati
3.88 TL Uzerinden hesaplanmigtir. Alabalik i¢ organi icretsiz
temin edilmistir. Elde edilen bu sonuglar ile 2017 fiyatlari
kullanilarak  hesaplanan  ekonomik  analiz  degerleri
kiyaslanmisgtir.

Bu fiyatlar tizerinden her bir grup icin maliyet asagidaki gibi
hesaplanmigtir:

Yem Gideri = (TTYM) x (YM)
Denemede kullanilan alabalik, Van balii iceren yemler
icin;

Yem Maliyeti: [(TTYM x 0.5 x [0-VBF) + (TTYM x 0.3 x
SUF) + (TTYMx0.2 x BKF]
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Tketilen Top. Yem Mik. (kg): TTYM, Yem Maliyeti (TL):
YM, Soya Ununun kg Fiyati (TL)): SUF, ig Organ veya Van
Baligi kg Fiyati (TL): iO-VBF, Bugday Kep.kg Fiyati (TL): BKF
seklinde hesaplanmistir.

Kimyasal analizler

Hazirlanan yemlerin protein tayini, Kjendahl metodu
kullanilarak  yapilmigtir. Yag tayini icin Soxhlet cihazi
kullanilmigtir. Kil tayini, hazirlanan yemlerin 550 °C’ de kil
firninda kullendirilip kalintinin tartimi yapilarak tespit edilmistir.
Mezofilik aerobik bakteri tespiti icin TSE’'nin TS 7703 EN ISO
4833 nolu kitapgiginda yer alan metot kullanilmigtir. Yine maya
ve kif gelisimini tespit etmek igin TSE'nin TS ISO 21 527-1
kitapgiginda yer alan metotlar kullaniimistir.

BULGULAR VE TARTISMALAR

Su  drlinlerinin  islenmesi,  sanayi  atiklarinin
degerlendirilmesi  ve  Urlinin  depolama  masraflarinin
azaltimasi 6nemli ekonomik kazanglarin yani sira gevre
korumasina da katki saglamaktadir. Yapmis oldugumuz bu
galismada Alabalik yetistiriciligi igin, Alabalik i¢ organlari,
atiklari ve Van baligi (Alburnus tarichi, Guldenstadt 1814)
kullanilarak yari yas yem uretildi, yem maliyetleri belirlendi ve
bu yemlerin balik gelisimine katkilari aragtirilarak agsagidaki
bulgular elde edildi.

Hazirlanan yemlerin kimyasal analizlerine gére; Van baligi
ile yapilan yemin protein ve ya§ oranlarinin Gékkusag!
Alabaligi (Oncorhynchus mykiss) i¢ organlari ile yapilan
yemden daha yuksek oldugu tespit edildi (Tablo 2). Gilli ve
Giizel (2003) Van balginda (Alburnus tarichi, Guldenstadt
1814) silajdan pelet yem yapimi Uzerine bir calisma
yapmiglardir. Bu ¢alismada, balik silajindan hazirlanan pelet
yemin maliyeti, balik unundan hazirlanan ticari pelet yemlerin
maliyetinden daha duslk bulunmustur.  Sundugumuz
galismada yag orani bu calismadaki degerlerden daha yiiksek
iken protein ve kiil orani daha diisik bulunmustur (Tablo 2).

Balikhane artiklari balikgilik mevsimlerinde ucuza veya
Ucretsiz olarak temin edilebilmekte ve Alabaliklara
verilebilmektedir. Bu tir yemler vyetistiricilik maliyetlerinde
oldukga 6nemli dizeyde indirime yol agmaktadir (Harlioglu,
2011). Tirkiye’'de Gretilen su drdinlerinin miktari tlirlere gdre
incelendiginde dncelikle Alabalik, Hamsi, Sardalya, Istavrit ve
Palamut seklinde siralanmaktadir (Tuik, 2013). Ayrica ig
organlarin vicut agirhgina orani bakimindan Palamut baligi
(Sarda sarda) yuzde 6.71 (Erkoyuncu vd., 1994), iken
Gokkusagl Alabaliginda (Oncorhynchus mykiss) ylzde
12.24'tir (Ustaoglu ve Bircan, 1998). Yapilan arastirmalara
gore, ciftliklerde yetistirilen Gokkusagi Alabaliginin 5002 ton
kadar i¢c organinin atik haline geldigi soylenebilir (Turker ve

Blylkhatipoglu, 2006). Gokkusagdi Alabaligina  sigir
iskembesinin bir boliminden hazirlanan yemlerle 240 giin
stiren bir calisma yapiimistir. Calisma sonunda en ylksek canli
agirlik artis1 sadece pelet yem verilen grupta, en disik canl
agirlik artisi ise % oraninda sigir iskembesi iceren yemle
beslenen grupta elde edilmistir. (Dinger ve Aras, 1990). Sigir
dalaginin Gokkusadi Alabaliginda blylime hizi ve yasama
oranina etkisinin incelendigi 182 ginliik bir ¢alismada yem
déniisiim orani ortalama 2.63 olarak tespit edilmistir (Aras ve
Aras,1992). Norveg'te Kalamar (Todarodes sagittarus)
(Asgard, 1987) ve Koépek Bali§i (Squalus acanthias) ig
organlarinin (Asgard ve Austreng, 1985) salmon ve Gokkusag!
Alabaligi igin bir yem kaynagi olarak cesitli sekillerde
kullanilabilecegi, ayrica Mavi Midye (Mytilus edulis)nin de
Gokkusagl Alabaligina dider yem maddeleri ile birlikte
verilebilecedi bildirilmistir (Berge ve Austreng, 1989). Gimis’
in (2011) Gimis baligi ununun yavru sazan (Cyprinus carpio)
yemlerinde kullanim potansiyelinin  belirlenmesi amaciyla
yaptigi bir calismada bes farkli yem kullanilarak akvaryumdaki
baliklar 13 hafta siireyle beslenmistir. Elde edilen sonuglara
gére GUmus baligi unu igeren yemlerle beslenen baliklarin
biylime performansinin hazir satilan yem ile beslenen
baliklardan daha dstk oldugu bulunmustur.

Tablo 2. Kullanilan yemlerin kimyasal analiz sonuglari
Table 2. Chemical analysis results of feeds used

Yapilan kimyasal bR 16 Van baligi ile
" organlari ile

analizler yapilan yem

yapilan yem

Kuru Maddede

Protein % 2573 2112

Kiil % 2.64 2.1

Yag % 18.61 22.06

Mezofilik aerobik 6 s

bakteri (Koblg) > 10 1.1x10

Maya(Kob/g) 5.4x103 5.5x103

Kiif 1.3x103 1.3x108

Tablo 3 de gérlldigu tzere Alabalik i¢ organlari ile yapilan
yemin kg maliyeti 2.71 TL ile en disik olmustur. Bunun nedeni
en dnemli girdi olan Alabalik ig organlarinin bedelsiz olarak elde
edilmesidir. Projenin tasarimi agamasinda ortalama fiyati 1.5
TL olan Van baligi ¢alisma déneminde 3.88 TL (2017 yili 4.00
TL) (KDV Dahil) fiyata temin edilmistir. Van baligi arzinda fiyat
istikrari olmayisi yem maliyetine olumsuz yansimistir. Pelet
yem fiyati ise 4TL yem baz alinarak piyasa arastirmasi
neticesinde kg'i ortalama 3.89 TL (2017 yili 4.50 TL) olarak
tespit edilmigtir.
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Tablo 3. Denemede kullanilan yemlerin birim maliyetleri
Table 3. Unit costs of feeds used in the trial

Alabalik I¢ Organlari lle Yapilan Yem

Hammadde Kg Fiyati TL Kg Fiyati TL Orani % Tutar TL Tutar TL
2013 yil 2017 yih 2013 yil 2017 yih
Alabalik i¢ organi 0 0 50 0 0
Soya Unu 8.74 9.75 30 2622 292.5
Bugday Kepegi 043 0.50 20 8.6 10
Toplam 271TL 3.025 TL
Van Balii ile Yapilan Yem
Hammadde Kg Fiyati TL Kg Fiyati TL Orani Tutar TL Tutar TL
2013yih 2017 yih
Van baligi 3.88 4.00 50 194 200
Soya Unu 8.74 9.75 30 2622 292.5
Bugday Kepegi 043 0.50 20 8.6 10
Toplam 465TL 5.025 TL
Pelet Yem
Toplam 3.89TL 4.50 TL

Deneme sonunda bireysel canli agirlik artisi ve glnlik canli
agirlik artisi bakimindan en ylksek deger alabalik pelet yem
verilen grubundan elde edilmistir. Alabalik atiklari ile hazirlanan
yemi yiyen grup, pelet yem ve Van baligi ile hazirlanan yem
tiketen guruplardan daha distik derecede agirlik artisi
sadlamistir. Van baligindan hazirlanan yem ile beslenen
gurubun agirlik artisi, Alabalik atiklarindan hazirlanan yem ile
beslenen gruba gdre daha fazla, pelet yem ile beslenen guruba
gbre daha dusuk degerdedir (Tablo 4).

Romero vd., (2014) Mercan baligina deniz yengeci ve
denizkestanesinden yem hazirlamiglardir. 180 gln siren
calisma sonucunda denizkestanesi ile beslenen grubun daha
iyi gelisim gdsterdigini tespit etmislerdir. Gokkusadi Alabaligi
beslenmesinde midye etinin kullanimi izerine yapilan bir
denemede yem donlstim oranlari hazir yemde 1.83 ve midye
ile hazirlanan yemde 1.1 olarak saptanmistir (Aral vd., 1999).
Yapilan bu caligsmalar ile sundugumuz ¢alismanin értistigu

Tablo 4. Gelisme analizi sonucunda elde edilen veriler
Table 4. Results of developmental analysis

gorilmektedir. Hernandez ve Roman (2016) Gokkusag
Alabaliklarina soya fasulyesi ve bakladan yem hazirlamiglardir.
66 glin slren calismada, normal yem ve baklali yem ile
beslenen gruplarin agirlik artiginin yaklasik oldugu fakat soya
fasulyeli yem ile beslenen grubun biraz daha fazla agirlik artis|
gosterdigi tespit edilmistir. Bizim galismamizda ve diger
galismalarda bitkisel protein kaynagi olarak soya unu kullanimi
ile ilgili genetigi degistirimis bu gida drtinintn etkilerinin uzun
dénemde ayrintili bigimde incelenmesi ve ona gdre kullaniimasi
Gida Guvenligi agisindan faydali olabilir.

Ekonomik analiz sonuglarinda, tiiketim miktari fazla olan
alabalik atiklari ile hazirlanan yar yas yemin fiyati pelet
yemden yaklasik olarak %30 daha uygundur. Bu durum dnemli
bir maliyet kazanimi olarak g6ze ¢arpmaktadir (Tablo 5). Van
baliginin Van ilinde balik hali kurulmasi ile fiyat istikrari
yakalayacagdi dustintlmektedir. Uzun siiregli diisunillir ise Van
baligi strekli bir protein kaynagdi olarak dnem arz etmektedir

Pelet Yem Grubu Alabalik Atiklari Grubu Van bahgi Grubu
Denemede Kullanilan Balik Sayisi (Adet) 100 100 100
Deneme Sonu Balik Sayisi (Adet) 94 92 91
Olim Orani % 6 8 9
Deney Basi Ortalama Agirlik (g) 99.92 99.78 100.01
Deney Sonu Ortalama Agirlik (g) 310.24 251.49 257.16
Gunlik Agirlik Artis Orani (g) 25 1.7 1.9
Toplam Tiiketilen Yem Miktari (g) 26 826 35410 33 264
Yem Donuigim Orani 145 2.95 2.87
Spesifik Bliylime Orani 1.25 1.02 1.04
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Tablo 5. Ekonomik analiz sonucu elde edilen veriler
Table 5. Economic analysis result data

idanguby  akanguby  YpaOgu Vanbatg  Peetyem o ST
2013 2017 2017
Tiiketilen Toplam Yem(kg) 3541 3541 33.264 33.26 26.826 26.83
Birim Maliyet Fiyati (TL) 271TL 3025TL 465TL 5025 TL 3.89TL 450TL
Toplam Maliyet (TL) 9596 TL 107.427TL 154,68 TL 16743TL  104357L 12074 TL
Pelet Gore Fiyat Orani (%) +% 30 Kar %1128 9% 24 9% 38.42
Toplam Tiiketimde Pelet Yeme Gore g 397 +8.39TL 5032TL 5032TL  0.007L 0.00TL

Fark

Bu galismada; hazirlanan yemlerin Gokkusagi Alabaliginin
blylme ve gelismesine etkisi ile yetistiricilikte oldukga dnemli
paya sahip olan yem giderlerinin azaltimasina katkisi
arastinimigtir. Elde edilen sonuglara gére hazirladigimiz
yemlerin verildigi gruplarda, pelet yem verilen gruplardan daha
az agirlik artisi gézlenmistir. Bu gruplar arasindaki agirlik artisi
farki; hazirladigimiz yemlerin protein oraninin pelet yemlerdeki
protein oranindan daha distk olmasina, yliksek protein iceren
balk  ununun  kullaniimamasina ve  vitamin-mineral
yetersizligine baglanabilir. Yem donlstim orani, Alabalik i¢
organlari ve Van baligi ile hazirlanan yemlerde pelet yeme gore
daha yliksek degerde gozlenirken spesifik bliyime orani, her
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0z Bu calismada, Tiirkiye'nin Bati Karadeniz, Marmara Denizi ve Ege Denizi kiyisal alanlarinda, ift kabuklu yumusakgalarin ticari aveiliginda kullanilan av
araclarinin teknik 6zellikleri ile aveilik yontemlerinin genel 6zellikleri tespit edilmistir. Avcilik dalarak, kiyidan insan glicl ve tekne gucti ile olmak Uzere (¢ ana
bélimde degerlendirilmis, tiire 6zel 8 tipte av araci ve yontemi belirlenmistir. Arastirma bélgelerinde sekiz adet kama, bes adet el tirmigi, sekiz adet elekli kiirek,
on U adet el dreci, U¢ adet istiridye dreci, dort adet kara midye dreci, dokuz adet mekanik dreg ve yedi adet hidrolik dre¢ olmak tizere toplam elli yedi adet av araci
saptanmistir.

Anahtar kelimeler: Kiyi balikgiligi, av araglari, aveilik ydntemi, Marmara Denizi

Abstract: In this study, general characteristics and technical features of the gear used in the commercial fishery of bivalve molluscs are evaluated in the coastal
areas West Black Sea, Marmara Sea and Aegean Sea of Turkey. Bivalve fisheries are assessed in three main sections by dive fishing, man power coast fishing
and boat power fishing, and 8 types are determined fishing gear and methods. A total of 57 various types gears of which eight wedges, five hand rake, eight hand
shovel, thirteen hand dredges, three oyster's dredges, four mussel’s dredges, nine mechanical dredges and seven hydraulic dredges were identified in the research

areas.

Keywords: Coastal fisheries, fishing gear, fishing method, Marmara Sea

GIRiS

Cift kabuklu yumusakgalar denize kiyisi olan (lkelerde
oOzellikle kiyi bélgelerinde halkin 6nemli gegim kaynagini
olusturmakta, dogal yataklardan avcilik veya yetistiricilik
yoluyla  Uretilmektedir. ~ Dlnya ticaretinde,  Gretimi
gerceklestirilen su Urinlerinin toplam degeri igerisinde cift
kabuklularin orani %3, toplam miktar icerisindeki oraninin ise
%5,6 oldugu belirlenmistir (FAO, 2016). Ulkemizde ise Gift
kabuklu dretimi, neredeyse tamami dogal yataklardan avcilik
yolu ile yapilmaktadir. Turkiye'nin yillar nezdinde artan sekilde
ilerleyen cift kabuklu yumusakga Gretimi, giiniimizde toplam su
Grtinleri Gretiminin yaklagik %6-7'sini olusturmaktadir (TUIK,
2010). Bu iretimin %67.33'ln{ clam grubu (Chamelea gallina,
Tapes decussatus, Ruditapes philippinarum, Donax trunculus),
%32.55'ini kara midye (Mytilus galloprovincialis) ve %0.12'ini
diger cift kabuklular (Ostrea edulis) olusturmustur.

Cift kabuklu yumusakcalar, Ulkemizin kiyisal alanlarda
onemli balikgilik alanlarina sahip (rinlerdir. Bu Grlnler, Bat
Karadeniz, Marmara ve Ege Denizi'nde tiirden tire farklilk
gostermekle beraber, genellikle 0-20 m derinlikler konturlarinda
yogun sekilde dagiim gostermektedir. Ozellikle Marmara
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Denizi, Akdeniz ve Karadeniz'in etkisinde olmasi nedeniyle, ¢ift
kabuklu yumusakgalar igin avcilik alanlarinin fazla, driinlerin
bol ve cesitli olmasina imkan saglamaktadir. Gift kabuklu
stoklarinin -~ dadilim  yodunlugunun  kiyisal  alanlarda
yogunlagsmasi, balik¢iligin kiclk teknelerle ya da kiyidan
balikgl yardimiyla yapiimasina ve gelismesine sebep olmustur
(Tokag ve Golakoglu, 2012).

Cift kabuklu yumusakga avciligi, aktif ya da pasif av araglari
kullanilarak yapiimaktadir. Aktif av araci olarak, genellikle insan
ya da tekne glict yardimiyla dip siriikleme araglari (dreg, el
dreci, el tirmidi vb.) kullanilarak yapilmaktadir. Pasif avclilik ise,
dalgic  yardimiyla  Urinlerin  toplanmasi  seklinde
gerceklestiriimektedir. Cift kabuklu avciliginin yapildigi kiyi
alanlarinda (6zellikle 2-20 m derinliklerde) kullanilan aktif dip
surikleme av araclari (mekanik ve hidrolik dre¢ gibi) bentik
ekosistemleri olumsuz etkilemekte, canlilara ciddi zararlara
neden olmaktadirlar (Alves vd., 2003; Moschino vd., 2003). Bu
olumsuz etki nedeniyle, llkemizde ¢ift kabuklu avciliinda
kullanilan av araglarinin 6zellikle de dip stiritme av araglarinin
belilenmesi ve teknik &zelliklerinin ortaya konulmasi
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gerekmektedir.

Tlrkiye'deki ¢ift kabuklu yumusakga avciiginin yapisal
sorunlari (av araglarinin standardizasyonu, siniflandiriimasi,
teknolojileri, kayit altina alinmasi vb.), mevcut kaynaklarin
rasyonel bir sekilde isletimesinin temini, avcillk ve Gretim
planlamalari gibi genel sayilabilecek konularda sorunlari
giderebilecek ve ¢Oziim Onerileri olusturabilecek bilgilere
ihtiya¢ duyulmaktadir. Bu kapsamda, Gida Tarim ve
Hayvancilik Bakanligi tarafindan “4/1 Numarali Ticari Amagl
Su Urlinleri Aveilhginin Diizenlenmesi” hakkindaki tebligle gift
kabuklu yumusakgalarin bazi tirlerinin aveiliginda kullanilan av
araglarina yonelik bazi diizenlemeler getirilmistir. Ancak,
aragtirmalarla bu bilgilerin  glincellenmesi ve eksiklerin
tamamlanmasi  gerekmektedir. Ulkemizde, ¢ift kabuklu
yumusakga avciliginda kullanilan av araglari ve ydntemlerine
iliskin gesitli yayminlar bulunmaktadir. Bu vyayinlarda, cift
kabuklularin avciligi ve avlanma teknikleri genel bilgiler
seklinde verilmis olup (Hossucu, 2000; Dalgic vd., 2005;
Doyuk, 2006), ayrintili olarak sadece Tokag ve Colakoglu
(2012)’'nun yaptigi calismada verilmistir.

Cift kabuklu yumusakgca av araglarinin teknik 6zellikleri ile
avcilikta kullanilan ydntemlerin - belirlenmesi, glinimizde
stirdurtlebilir ve sorumlu balikgilik agisindan biyik 6nem arz
etmektedir. Bu nedenle bu ¢alismada, llkemizde ekonomik
dneme sahip cift kabuklularin avciliginda kullanilan av arag ve
gereclerinin teknik ézellikleri ile avlanma ydntemleri yeniden
degerlendirilmis, sorunlar tartigiimistir.

MATERYAL VE METOT

Bu calisma, Ege Denizi (izmir'in inciralti ve Bostanli-Degaj),
Marmara Denizi (Canakkale’'nin Kepez, Eceabat, Sevketiye ve
Denizkent; Balikesirin Misakca ve Bandirma; istanbul'un
Rumeli Kavagi ve Sile) ve Bati Karadeniz'in (Kocaelinin
Kefken; Kastamonu'nun Cide) cift kabuklu yumusakca
avciiginin yodun vyapildigi  bolgelerde S.S. Su  Urinleri
Kooperatifleri,  balikgilar ~ ve  firmalarla  gérusulerek
gerceklestirilmistir.  Aragtirmada, avcilikta kullanilan av
araclarinin yerinde tespiti yapilarak, her bir av aracinin teknik
ozellikleri gikartilmis ve ilgili formlara kaydedilmistir. Gift
kabuklu yumusakga avciliginda kullanilan yontemler (¢ ana
baslk altinda degerlendirilmis, her biri kendi igerisinde
detaylandiriimistir.

BULGULAR
Dalma Yontemi ile Avcilik

Dalarak toplama yontemi, genellikle Ege ve Marmara
Denizinde kara midye (Mytilus galloprovincialis), istiridye
(Ostrea edulis), akivades (Tapes decussatus ve Ruditapes
philippinarum), beyaz kum midyesi (Chamelea gallina), kidonya
(Venus verrucosa) ve tarak (Pecten sp.) gibi ekonomik degeri
ylksek ¢ift ~kabuklularin avciiginda yodun  sekilde
kullaniimaktadir. ~ Balikgl,  teknede  mevcut  bulunan
kompresérin verdi§i hava yardimiyla deniz dibindeki ¢ift
kabuklular toplayarak filede biriktirir, filenin dolmasi ile tekneye
cikarir. Ayrica, SCUBA dalis ve snorkel ile avcilik yapan

dalgiglarda bulunmaktadir. Bu yéntemlere ek olarak, tirlere
ozel gelistirilmis teknikler asagida agiklanmistir.

Kama ile Avcilik

Cift kabuklu yumusakcalardan oOzellikle akivades (Tapes
decussatus, Ruditapes philippinarum) ve beyaz kum midyesi
(Chamelea gallina) kendilerini kuma gémerek yasam faaliyetini
devam ettirdiklerinden, kama ile avcilik tercih edilmektedir.
Balikgl, teknede galisan kompresorin verdigi hava yardimiyla
ile deniz dibinde rahatga dolasarak bu tlrlerin yerini tespit eder,
daha sonra kamay kuma batirip gikararak Grtnlerin avciligi
yapar ve Urunleri file de biriktirerek tekneye cikarir.

Ayrica, balikgi deniz dibinde tespit ettigi akivades ve beyaz
kum midyesini eli ile kumu hareketlendirerek kumun
dagilmasini sadlayarak da Grlnleri toplayabilmektedir (Tokag
ve Colakoglu, 2012). Bu ydntemlerle avcilik, daha gok izmirin
Bostanli-Degaj, Balikesir'in Bandirma ve Misakga bdlgelerinde
yapilmaktadir. Bu bélgelerde avcilikta kullanilan toplam 8 adet
kama tespit edilmis olup, teknik ozellikleri incelendiginde
bdlgeden bolgeye boyutsal farkliliklarin oldugu gériimustiir.
izmir Bostanli-Degaj ve Inciralti avcilik bdlgelerinde, 5 adet
kamanin élglimil gergeklestiriimis olup, kamanin sapi 15-16 cm
ve kamanin topraga giren metal kismi 13-15 c¢m arasinda
degismistir. Balikesir'in Bandirma ve Misakga bolgelerinde ise
3 adet kamanin teknik dzellikleri belirlenmis, kamanin sapi 13—
15 ¢cm ve kamanin topraga giren metal kismi ise 12-13 c¢cm
arasinda degismistir.

El Tirmigi ile Gikartma Yoéntemi

Cift kabuklulardan kidonya (Venus verucosa) ve japon
akivades (Ruditapes philippinarum) avciliinda kullanilan el
tirmidi, dalgic yardimiyla deniz dibinde zemini tarayarak
urdnleri cikarir ve fileye doldurur. Ganakkale'nin Gelibolu
bélgesinde 3 ve Balikesir'in Bandirma bdlgesinde 2 adet olmak
Uzere toplam 5 adet el tirmiginin dlgimu gergeklestirilmistir.
Canakkale ve Balikesir bélgelerinde el tirmiginin  teknik
dzellikleri; av aracinin sapt 12-15 c¢m, dis uzunlugu 4-6 cm, dis
sayisi 3 adet ve dis araligi 1-2 cm olarak belirlenmis ve
boyutlarinda  bdlgeden  bdlgeye farkliliklarin  olmadig
belirlenmigtir.

Kiyidan insan Giicii ile Avcilik
Elekli Kiirek Yontemi

Bu ybntem, O&zellikle akivades (Tapes decussatus,
Ruditapes philippinarum) ve beyaz kum midyesi (Chamelea
gallina) avciliginda kullanilmaktadir. Elekli kiirek, balikginin
ayaklari yardimiyla denizde kumluk zemine girmesi saglanir,
daha sonra bu kirek su iginde sallanarak Urnlerin elekleri
nedeniyle kirek tzerinde kalmasi saglanir. Kirekte kalanlar
arasindan drinler segilerek balikginin yaninda bagli torbada
biriktirilmektedir (Sekil 1). izmirin inciralti ve Bostanli ile
Balikesirin Bandirma kiyisal avcilik alanlarinda, balikgilarla
yapilan gériismelerde 8 adet elekli kiirek tespit edilmistir. izmir
bdlgesinde 5 ve Balikesir bélgesinde ise 3 adet olmak lzere
Olclimi gergeklestirilen elekli tirmiklarinin teknik zellikleri
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siraslyla; agiz genisligi 40—-44 cm, elek boyu 32-36 cm, elek
arka genisligi 28-32 cm, elek g6z acikligi 6-8 mm, elek yan
kenarlari 6-8 mm, bigak kismi 4-5 cm, sap boyu 110-120 cm

ve ayaklik (sag-sol) 4-8 cm olarak belirlenmigtir. Teknik
dzellikler incelendiginde, av aracinin boyutlarinda bdlgeden
bdlgeye kiictik farkliliklarin oldugu gérilmistir.

$Sekil 1. Avcilikta kullanilan elekli kiirek
Figure 1. The sieving shovel used in fisheries

El Dreci ile Avcilik

Kum sirlani (Donax trunculus) avciliginda kullanilan el
drecinin ucunda bigak ve elek, arkada ise ince érgiilli file torba
bulunmaktadir. Balikginin bu av aracini tutmasi igin 120-130
cm’lik dre¢ ceki kolu ve bele baglamak igin kemer
bulunmaktadir. Balikgi, kemeri beline baglayarak ceki kolu
yardimiyla el drecini kendine dogru gekerek avciligi yapar
(Sekil 2). Drecin filesi dolunca kiyiya gikararak torbayi bosaltir
(Colakoglu, S., 2011). Kum sirlani avciligi, Marmara Denizi'nde
ozellikle Denizkent, Misakga, Karacabey, Silivri ve Sarkdy
bélgesinde, 1-2 m derinlikte kumsal alanlarda yapilmaktadir.

Arastirma kapsaminda bdlgede bu driinG isleyen firmalar
ve avciligini yapan balikgilarla yapilan gériismelerde
belirlenen, toplam 13 adet el drecinin teknik O6zellikleri
belirlenmistir. El drecinin yapisal 6zellikleri blgeden bélgeye
herhangi bir farklilik gdstermemis olup, sadece kiiguk oranlarda
boyutlarinda degisikliklerin oldugu tespit edilmistir. Marmara
Denizinde  avciligin  yapildigi  bdlgelerde  dlgimu
gerceklestirilen el dreglerinin teknik &ézellikleri; agiz genisligi
56-60 cm, agiz yuksekligi 10-12, elek boyu 50-60 cm, elek g6z
acikhig 6-8 mm, adiz bigak kismi 5-6 cm, dreg ceki kolu 120—
130 c¢m ve dreg arka genislik 28-30 cm olarak belirlenmistir.

$Sekil 2. Kum sirlani aveiliginda kullanilan el dreci
Figure 2. The hand dredge used to harvest wedge clam (Donax trunculus)
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Tekne Giicli ile Avcilik

Siritme av araci olan dreg; ag torba, gergeve ve ¢ekilme
halati olmak Uzere (i¢ bdlimden olusmaktadir. Torba seklinde
olan agin agiz kismini agik tutmaya yarayan dikdortgen veya
yarim ay seklinde demirden bir gerceve bulunmaktadir. Demir
cercevenin zemine gelen tarafinda, deniz dibini taramaya
elverisli bigak veya disler bulunmaktadir. Avlanan ¢ift kabuklu
tirline gore, istiridye dreci, kara midye dreci ve kum midyesi
dreci seklinde siniflandiriimistir.

istiridye Dreci

Dreg, yarim ay seklinde bir demir gerceveye bagli bir torba
ve (¢ koldan ibaret ¢eki demirinden olusmaktadir. Demir
cercevenin alt kismi deniz dibini kazimak icin tasarlanmis olup,
bigak seklinde yapilmistir (Sekil 3). Bu av araglari ile, Marmara
Denizi’nde 2-20 m derinliklerdeki kiyisal sularda istiridye
avciligi yapildigr belirlenmistir.

Arastirmanin yapildigi Canakkale'nin Kepez bdlgesinde 2
adet ve Istanbul'un Rumeli Hisari bélgesinde 1 adet olmak
Uzere, toplam 3 adet istiridye drecinin teknik ozellikleri
belirlenmistir. Dreclerin agiz genisligi 100-120 cm, dre¢ geki
demiri 100-120 c¢m, yarim ay ¢gember uzunlugu 200 cm, torba
uzunlugu 2-3 m ve torba ag gézl acikli§i 40-60 mm arasinda
degistigi tespit edilmistir.

$Sekil 3. Marmara Denizi'nde kullanilan istiridye dreci (Fotograf: Tokag
ve Golakoglu, 2012)

Figure 3. Oysters dredge used in Marmara Sea (Photos by Tokag and
Golakoglu, 2012)

Kara Midye Dreci

Dreg, dikdortgen veya yarm ay seklinde bir demir
cerceveye badli ag torba ve c¢eki demirinden meydana
gelmektedir (Doyuk, S.A., 2006). Genellikle Canakkale’nin
Eceabat ve Kepez ile istanbul'un Rumeli Kavadi bélgelerinde,
kara midyelerin yogun olarak bulundugu 2-20 m derinliklerdeki
kiyisal alanlarda dreg cekimi yapiimaktadir (Sekil 4). Canakkale
bélgesinde 3 adet ve istanbul bélgesinde 1 adet olmak (izere,
toplam 4 adet kara midye drecinin teknik Ozellikleri
belirlenmistir. Rumeli Kavagrnda teknik ozellikleri belirlenen
drecin agiz genisligi 70 cm, dreg ¢eki demiri 90 cm, yarim ay
¢ember uzunlugu 120 cm, dis sayisi 5 ve torba uzunlugu 2 m;
Canakkale'deki dreclerin ise agiz genigligi 50-60 cm, dreg geki
demiri 70-80 cm, yarim ay gember uzunlugu 100-110 cm, dis

sayisi 3 ve torba uzunlugu 1,5-2 m arasinda oldugu tespit
edilmigtir. lki bdlge arasinda tespiti yapilan dreglerin
boyutlarinda farkliliklarin oldugu goriilmistr.
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$Sekil 4. Kara midye dreci (Fotograf: Tokag ve Colakoglu, 2012)
Figure 4. The mussels dredge (Photos by Tokag and Colakoglu, 2012)

Beyaz Kum Midyesi Dreci

Beyaz kum midyesi dreci, dikddrtgen seklinde demir bir
cerceveye bagll aj torba ve g¢eki dlzeninden olusmaktadir.
Ayrica, demir gergevenin zemine gelen kismi deniz dibini
taramak icin tarak seklinde diglerden yapilmistir. Avcilik, motor
guclyle tekne yardimiyla cekilerek yapiimaktadir. Cekim
esnasinda drecin diglerinin zemine 10-15 cm kuma girmesi ile
urdnlerin torbada toplanmasi ile istinsal yapiimaktadir. Beyaz
kum midyesi avciliinda, mekanik ve hidrolik drecler olmak
Uzere iki tip dreg kullaniimaktadir.

Mekanik Dreg

Mekanik drecin ana yapisi 1zgara elekli ve ucunda digleri
bulunmakta, arkada 1-2 m uzunlugunda ag torba ve drecin alt
yanlarinda zeminde kaymasi igin kizaklar (tekerlek)
bulunmaktadir (Sekil 5). Dreg, kapasitesi ve biyiikliigline gore
insan gici ya da motor giclyle tekneye alinmaktadir.
Genellikle, Marmara Denizi'nin Sevketiye, Kemer, Misakga,
Gelibolu ve Tekirdag Kumbag ile Bati Karadeniz'in Kefken ve
Sile bolgelerinde 3-20 m derinliklerdeki kiyisal alanlarda
kullaniimaktadir. Marmara Denizinde 3 adet ve Bati
Karadeniz'de 6 adet olmak (izere toplam 9 adet mekanik drecin
teknik dzellikleri belirlenmistir. Bu dreglerin zeminde kaymasi
igin, bazi bolgelerde tekerlek bazilarinda ise kizaklarin
kullaniimasi seklinde yapisal farkliliklar oldugu gérilmustir.
Marmara Denizi ve Bati Karadeniz’de Oolgiimleri yapilan
dreglerin teknik 6zellikleri sirasyla; agiz genisligi 60-70 cm ve
80-90 cm, adiz yiiksekligi 35-40 cm ve 40-55 c¢m, elek boyu
50-60 cm ve 70-80 cm, elek gdz acikigi 8-10 mm, dis
uzunlugu 8-10 cm, dis arali§i 8-10 mm ve dis sayisi 25-30
adet ve 35-45 adet olarak belirlenmistir. Avciigin yogdun
yapildigi Kefken ve Sile bélgelerinde daha blyik boyutlu
dreglerin kullanildigi tespit edilmistir.
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Sekil 5. Avcilikta kullanilan mekanik dreg.
Figure 5. Mechanical dredge used in fisheries

Hidrolik Dreg

Ukemizde, beyaz kum midyesi avciliinda tekne
biyikligine gore farkh boyutlarda hidrolik dregler
kullanilmaktadir. Hidrolik dre¢ ve otomatik elek sistemleri
teknenin  ki¢ tarafinda konumlandiriimistir. Dre¢ suya
indirildikten sonra teknede mevcut bulunan farkli bir dizel
motordan sadlanan gii¢ yardimiyla drece bagli hortum sistemi
ile zemine basingli su verilerek 1,5-2 knot hizla cekim
gergeklestiriimektedir  (Dalgig  vd., 2005). Basingli su

verilmesinin ana amaci, zemindeki mevcut Griinleri kaldirarak
drece daha kolay girmesini saglamaktir (Sekil 6).

Sekil 6. Avcilikta kullanilan hidrolik dreg
Figure 6. Hydraulic dredge used in fisheries

Ulkemizde, Bati ve Orta Karadeniz'in Sile, Kefken ve Cide
bélgelerinde 5-20 m derinliklerdeki kiyisal alanlarda beyaz kum
midyesi avciliinda kullaniimaktadir. Arastirma kapsaminda
Sile’de 3 adet, Kefken'de 3 adet ve Cide’de 1 adet olmak (izere
toplam 7 adet hidrolik drecin teknik &zellikleri belirlenmis,
boyutsal farkliliklarin oldugu tespit edilmistir. Sile, Kefken ve
Cide bolgelerinde tespiti yapilan dreglerin dzellikleri sirasiyla;
agiz genisligi 2-5 m, 3-5 m ve 3 m uzunlugunda; agiz yiksekligi
35-55 cm, 40-55 cm ve 45 cm; elek géz acikhgr 7-8 mm, 7-8
mm ve § mm; dis uzunlugu 9-10 cm ve dis araliklari 8-10 mm
arasinda belirlenmigtir.
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TARTISMA VE SONUG

Bu calismada, Tirkiye'de ¢ift kabuklu yumusakga
avelliginin yogun sekilde yapildigi Izmir'in iciralti ve Bostanli-
Degaj; Canakkale’nin Kepez, Eceabat, Sevketiye ve Denizkent;
Balikesirin Bandirma ve Misakga; istanbul'un Rumeli Kavag
ve Sile, Kocael’'nin Kefken ve Kastamonu'nun Cide
bélgelerinde balikgilar ve Su Uriinleri Kooperatifleri ile birebir
gortismeler yapilarak gerceklestirilmistir. Aragtirmada, 8 adet
kama ve 5 adet el tirmi§i olmak (izere toplam 13 adet dalarak;
8 adet elekli kiirek ve 13 adet el dreci olmak tizere toplam 21
adet kiyidan insan giici ile ve 3 adet istiridye, 4 adet kara
midye, 9 adet mekanik dreg ve 7 adet hidrolik dre¢ olmak tzere
toplam 23 adet tekne gticl ile avcilik yapan av aracinin teknik
Ozellikleri saptanmistir. Ayrica, bu av araglarinin kullanim
yontemleri ile hedef tiirleri de tespit edilmistir.

Ulkemizde cift kabuklu yumusakga avciliginda kullanilan av
araglar ile ilgili farkl bdlgelerde arastirmalar yapilmis,
calismalari daha ¢ok beyaz kum midyesi avciligi olusturmustur.
Tokag ve Colakoglu (2012) farkli bdlgelerde cift kabuklu
avciliinda kullanilan on iki adet av araci tanimlamis,
galismada sadece bir av araci Uzerinde yapilan Glglimler
sonucunda degerlendirmeler yapilmis kendi iginde yapisal ve
bélgesel farkliliklar ile ilgili bilgiler eksik kalmistir. Yapilan bu
galismada, toplam 57 adet av aracinin teknik 6zellikleri
belirlenmis ve her bir av araci kendi icinde degerlendirilerek
yapisal farkliliklar ile bdlgesel kullanimlar ortaya konulmaya
calisiimistir. Bilecik (1986) Kuzey Marmara Denizi'nde beyaz
kum midyesi avciliginda kullanilan hidrolik drecin mekanik
drece gore yararlari ve zararlarini incelemistir. Cebeci (1994)
kum midyesi stoklarinin korunmasi igin 30 mm boydaki
Urdnlerin avlanmasinin uygun olacagi, bunun icin dre¢ agiz
acikhiginin 80 cm, agiz derinliginin 20 cm, dis araliginin 2 cm,
kafes cubugu araliginin 1 cm, drece bagli torbanin boy
uzunlugunun 1 m, gz agikiginin 1 cm, avianma boyunun da
30 mm olmasi gerektigini belirlemistir. Atay (1995), beyaz kum
midyesinin avlanma teknikleri ve stoklarin kalitatif 6zelliklerinin
korunmas! Uzerine arastirmalar yapmis ve hidrolik drecin
mekanik drece oranla stoklara daha az zarar verdigini
belirlemistir. Dalgi¢ vd. (2005) ve Dalgi¢ (2006) Bati ve Orta
Karadenizde yapilan calismada, beyaz kum midyesi
avciliginda kullanilan mekanik ve hidrolik drecin av potansiyeli,
teknik 6zellikleri ile tlrlin populasyon yapisi degerlendirilmistir.
Colakoglu (2011) ise, Giney Marmara'da beyaz kum midyesi
ve kum sirlaninin ticari aveiliinda kullanilan mekanik ve el
drecinin teknik Ozellikleri, av potansiyelleri ile drlinlerin
populasyon yapilarinin belirlenmesi ile ilgili bolgesel calismalar
gerceklestirmistir. Ayrica, Doyuk (2006) tarafindan Canakkale
bdlgesinde su Urinleri aveiliginda kullanilan av araglarindan
kara midye drecinin teknik dzelliklerini tespit etmistir.

Cift kabuklu yumusakcalar ilkemiz denizlerinin kiyisal
alanlarinda yogun sekilde yayiim gdstermekte olup, dzellikle
Marmara Denizi tir gesitliligi yoninden verimlilik arz
etmektedir. Balikgilar, izmir bélgesinde akivades; Ganakkale ve
Balikesir bolgelerinde kara midye, istiridye, japon akivades,
beyaz kum midyesi ve kum sirlani; istanbul, Kocaeli ve

Kastamonu bdlgelerinde ise beyaz kum midyesi ve kum sirlan
hedef tir olarak belirlemislerdir. Bu turlerin aveiliklari, genel av
yasaklari (ireme donemi) ve avcilik alanlarinin agilip
kapanmasina bagli olarak, bahsedilen av araglari ile ddnemsel
olarak yapilmaktadir.

Cift  kabuklular  sularda  planktonlari  stizerek
beslendiklerinden beraberinde mikroorganizma ve kimyasal
maddeler gibi zararli bilesenleri de biinyelerine alabilmekte,
biriktirdikleri bu unsurlar nedeniyle insan tiketiminde tehlike
olusturabilmektedirler. Bu nedenle, avcilik alanlarinin istihsale
acllimadan dnce gevresel kosullarin takip edilmesi ve alanda
urtinlerin tiketim agisindan uygunlugu rutin sekilde izlenmesi
onemli bir gereklilik ve tek secenek olarak ortaya gikmaktadir.
Ulkemizde, Gida, Tarim ve Hayvancilik Bakanh§i tarafindan
avcllik alanlarinda mikrobiyolojik, biyotoksin, agir metal, toksik
alg ve su kalitesi analizleri periyodik olarak yapilmakta, eger
sonuglar uygun ise avciliga aglimaktadir. Bakanligin belirledigi,
izmirde 2 adet akivades; Balikesirde 1 adet kum sirlani ve 3
adet japon akivades; istanbul'da 1 adet kara midye ve 2 adet
beyaz kum midyesi; Sakarya'da 3 adet, Diizce’de 1 adet,
Kocaeli'nde 2 adet ve Kastamonu’da 3 adet beyaz kum midyesi
olmak (lizere toplamda 18 adet avcilik alani bulunmaktadir
(Anonim, 2017). Ozellikle akivades, kara midye ve kum sirlani
avcllik alanlarinin yeterli olmamasi balikgiligi ve bu drinleri
isleyip satisa sunan isletmeleri olumsuz ydnde etkilemektedir.
Bu durum, resmi olarak avcilik alani ilan edilmeyip yogun
sekilde drtinlerin oldugu bdlgelerde kagak avciligin artmasina
sebebiyet vermekte, insan tlketimine uygun olmayan ve
guvensiz Uriinlerin piyasaya veriimesine neden olmaktadir.

Cift kabuklu yumusakca avciliyina Gida Tarim ve
Hayvancilik Bakanhgi tarafindan “4/1 Numaral Ticari Amagli
Su Uriinleri Avciliginin Diizenlenmesi Hakkindaki Teblig”
kapsaminda bazi sinirlama ve dizenlemeler getirmistir. Bu
tebligde avcilik koordinatlarla belirlenmis olup, bazi bélgelerde
tamamen yasaklanmigtir. Ayrica, tiire 6zgl Ureme ddnemi
yasaklari (akivades, kidonya, istiridye, tarak ve kum sirlani igin
15 Nisan-31 Adustos; kara midye igin 15 Nisan-30 Haziran) ile
avciliginda kullanilan arag ve gereglerine yasaklar getirilmigtir.
Bunlar, beyaz kum midyesi avciliginda kullanilan algarna ve
dreglerin; 1) Agiz acikhigr 80 cm'den, agiz derinligi 20 cm'den
biyuk, torba boy uzunlugu ise 200 cm'den fazla olamaz;
hidrolik dreclerin agiz acikliklari 350 cm’den, boylari 300
cm'den fazla olamaz, 2) Dreglerde ve eleklerdeki metal
yuvarlak gubuklar arasindaki mesafe 8,5 mm'den kiglk
olamaz; akivades avciliginda kullanilan eleklerde elek géz
acikhgr 24 mm'den, kidonya istihsalinde kullanilan eleklerde
elek géz agikhd 30 mm'den kiigik olamaz; kum sirlani
avciliginda kullanilan eleklerde elek gz agikhgr 1,6 cm’den
kiglk olamaz seklinde yasaklar getirilmistir.

Ekonomik degeri yiksek olan gift kabuklu yumusakgalar,
Ege, Marmara ve Karadeniz'in kiyi kesimlerinde yore halki ve
kiy balikgisinin gegim kaynagidir. Ayrica, bu drlinleri arindiran
veya isleyen birgok su Grlinleri isletmesi mevcut olup, i¢ ve dis
piyasaya (AB Ulkeleri) satis yapabilmektedirler. Bu nedenle, bu
denli ekonomik potansiyele sahip ¢ift kabuklu Uretiminin
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desteklenmesi igin, tlre gbre avcilik alanlarinin belirlenerek
stok  tespitlerinin  yapilmasi, populasyon  yapilarinin
aragtirlmasi ve izleme programlarinin uygulanmasi byik
dnem arz etmektedir.

Bunlara ek olarak stoklarin yonetimi ve surddrilebilir
kullanimi igin, avcilikta kullanilan av araglarinin av verimleri
(CPUE), hedef disi av oranlari (by-catch) ve av araglarinin
segicilik galismalarinin da en kisa zamanda yapilmasi, elde
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Oz Lepistes (Poecilia reticulata), pratikte ¢ogu zaman diizenli beslemenin uygulanmadigi hatta cogu giinler beslemenin bile yapilmadigi gériilen bir siis baligi
tliridur. Bu calismada, farkli aglik tokluk beslenme déngulerinin lepistes baliklarinda cinsiyete gore biiylime ve gelisme tzerine etkileri arastinimistir. Calisma disi
ve erkek bireylerde 3 tekrarli olarak yiritilmistir. Baglangicta ortalama agirliklari ve total boylari 0,129+0,025 g ve 2,39+0,20 cm olan disi ve 0,122+0,019 ve
2,3910,14 cm olan erkek bireyler 30/50L stok yogunlugunda kullaniimistir. Denemede disi (D) ve erkekler (E) ile ayri deneme gruplari olusturularak, bu gruplar
guinde bir (K), bir glin ag bir giin tok (AT) ve iki giin a¢ bir giin tok (AAT) olarak beslenmislerdir. Besleme doyana kadar pul yem ile yapilmistir. Baliklarda biytime
ve gelisim 15 giinde bir 6rekleme (agirlik ve total boy) ile 16 hafta boyunca takip edilmistir. Calisma sonunda en iyi agirlik artisi disi kontrol (KD) grubunda
goriliirken ATD grubu disi bireylerde daha az ve AATD, KE, ATE ve AATE gruplarinda ise esit agirlik artiglar gorilmastir (P<0,05). Total boylar arasinda anlamli
bir fark gortlmese de (P>0,05) en iyi total boy artisi KD ve KE gruplarinda gériilmiistir, diger gruplarin total boy degerleri birbirlerine yakindir. Maliyet analizleri
sonucunda ise en karli besleme KD grubunda saptanmistir. Sonug olarak lepisteslerin ticari besiciliginde en azindan giinde bir kez beslenmeleri énerilmistir.

Anahtar kelimeler: Lepistes, Poecilia reticulata, besleme déngtist, biyime performansi, maliyet analizi

Abstract: Guppy (Poecilia reticulata) is an ornamental fish species which regular feeding has often been applied even it cannot be done on most days for its
feeding, in practice. In this study, effects of cycled starvation feeding regimes and gender on growth of guppy were investigated. The study was carried out with
three replicates with male and female groups. Female guppies with mean weight of 0.12940.025 g and mean total lenght of 2.39+0.20 cm and male guppies with
mean weight of 0.122+0.019 g and mean total lenght of 2.39£0.14 cm were placed to each aquarium with 30 ind./50 L stocking density. In the experiment, female
(D) and male (E) guppies were formed in separate groups, these groups were fed with once a day (K), every other day (AT) and other two days (AAT) starvation
cycles. Fish were fed at satiation with flake feeds. Growth and development of fish were measured at every 15 days (weight and total lenght) during 16 weeks. The
best weight gain was shown in female control group (KD) while lower in ATD than the KD group and equal weight gain was observed in the AATD, KE, ATE and
AATE groups (P<0.05). A significant difference was not appeared between mean total lenghts (P>0.05). The best total lenght gain was shown in KD and KE groups,
and also mean total length values of other groups are close to each other. As a result of cost analysis, the most profitable feeding has been stated on KD group.
In conclusion, at least once a day feeding is recommended for commercial guppy feeding.

Keywords: Guppy, Poecilia reticulata, feeding cycle, growth performance, cost analysis

GIRiS

Sis bali§r dretimi dinya genelinde ylkselen bir ivmeye
sahiptir. FAO verilerine gére 2011 vyilinda akvaryum
sektorlindeki toplam retimin 717 milyon $ oldugu belirtilmistir
(FAO, 2017). Yine son 10 yilda toplam uretim degerinde ciddi
bir artis gorilmektedir. Canli balik ticareti haricinde diger yan
{rlnler ile birlikte diinya akvaryum sektoriiniin 15-30 milyar $
seviyelerinde bir hacme ulastigi belirtiimektedir (Celik vd.,
2014). Dinya sus bahgi dretiminde meydana gelen artisa
paralel olarak akvaryum sektériinde de hizl gelisim ve degisim
devam etmektedir. Modern kulugkahane ve Uretimhanelerde
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gerek cama cam akvaryumlarda gerekse daha gelismis kapali
devre sistemlerde akvaryum baligi yetistiriciligi yapilmaktadir.
Bu gelismelerin sonucu olarak akvaryum sektdriinde ele alinan
tatl su baliklarinin yaklasik %90' yetistiricilik yolu ile
saflanmaktadir  (TUrkmen vd., 2011). Sis baliklar
yetistiriciligindeki bu gelismeler akvaryum sektdriinde ele
alinma potansiyeli olan bircok tir ile yapilan galismalarin da
artmasina sebep olmustur. Sls baliklarinin énemli gruplari
arasinda canl doguranlar, ciklitler, labirentliler ve sazangiller
bulunmaktadir (Hill ve Yanong, 2010; Karadal ve Giroy, 2015).
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Calismada ele alinan lepistesler Poecilidae familyasinda
bulunan, orijinleri Giiney Amerika olan ve canli doguranlar
grubuna ait tlirlerdir. Genellikle omnivor olarak beslenirler.
Erkekleri renkli, disileri ise sade oldugundan dolayi cinsiyet
ayrimi kolay vyapilmakta ve oldukga fazla sayida yavru
vermektedirler. Bu gibi dzelliklerinden dolay! lepistes baliklari
amatér akvaristler tarafindan sikga tercih edilmektedirler. Bu
ilginin sonucu olarak lepistesler, pazar talebi en yliksek
akvaryum bali§ tiirleri arasindadir (Tirkmen ve Alpbaz, 2001).

Sirdirulebilir ve ekonomik bir su Uriinleri yetistiriciliginin,
birgok faktériin kontrol altina alinmasi ile saglanabilinecegi
dusuntimektedir. Baliklarda saglikli ve normal bir gelisim
kaliteli bir yem rasyonu ve ideal bir besleme stratejisi ile
gerceklestirilebilir (Karadal vd., 2017). Dolayisiyla isletmelerde
basit bir yemlemeden ziyade, Ureticilerin kendi tecriibeleri ve
kayitlari dogrultusunda belirledikleri metotlarla sistematik bir
yemleme yonetimi uygulanmasi gereklidir. Yemlemedeki
basari, yemlemeyi yapan personelin deneyimi ile de dogru
orantihdir. Bu kisinin balik davranisini ve baligin yem
alimindaki istahini iyi takip etmesi gerekir (Yigit ve Celikkol,
2011). Baliklar agiri yemlendigi takdirde hem ekonomik hem de
gevresel sorunlar meydana gelir (Talbot vd., 1999). Dolayisiyla
stirdurtlebilir yetistiricilikten uzaklasiimig olur. Baliklar az
yemlendiginde ise kanibalizm ve agresiflik gibi baliklarin
sagligini olumsuz etkileyen stres faktérleri ortaya gikmaktadir
(Woynarovich vd., 2011). Diger hayvanlarda oldugu gibi
baliklarda da mide, aclik tokluk oraninin belirlendigi en 6nemli
organdir. Dolayisiyla midenin dolulugu tlketilecek yemin
miktarini belilemektedir. Baliklarin midelerini bogaltmalari igin
gerekli zaman; su sicakligi, balik blyikligu, midenin ylizey
alani, tiketilen yemin ylzey alanina, yem miktari ve kalitesi ile
degismektedir. Bu sebeple bir tiriin besleme stratejisinin
belirlenmesi oldukca 6nemlidir (Okorie vd., 2013).

Telafi blylmesi veya aclik tokluk dongst, yetersiz
yemleme donemi / dénemlerinin ardindan doymus yemleme
dénemi izlenerek gergeklestirilen bir besleme rejimidir.
Béylece, beslenme zamanlari dikkatli bir sekilde segilerek
baliklarin 6zellikle biiyime performanslarinda iyilestirilmeler
hedeflenir (Zhu vd., 2004). Sinirli yemlemeyi takiben yapilan
iylesme ddéneminde elde edilen agirik kazanci ne kadar
fazlaysa, besleme rejimi o kadar basarilidir denilebilir (Kim ve
Lovell, 1995). Lepisteslerin ticari Uretimlerinde giinde 3-5 kez
besleme programi uygulanmasina karsin hobi amagli
bakimlarinda glinde bir kez beslenmeleri 6neriimektedir.
Pratikte ise ¢gogu zaman dizenli beslemenin uygulanmadig
hatta ¢odu glnler beslemenin yapilamadidi gérilmektedir
(Harpaz vd., 2005). Dolayisiyla, bu gelisigizel besleme
aliskanligindan pozitif giktilar elde edebilmek igin telafi
biylmesi uygulanabilecedi duslnllmektedir. Ayrica, birgok
balik tiir(i ile telafi blylimesi ya da dongiilii aglik tokluk besleme
calismalarinin yapilmis olmasina karsin lepistes tlrli izerine
benzer calismalarin yeterince yapilmadigi gértimustur.

Bu galismanin amaci, akvaryum sektoriinde yaygin olan
lepistes baliklarinda farkli aglik tokluk déngleri (her gun, bir
gun ag bir giin tok ve iki giin a¢ bir giin tok) uygulanarak

yemleme isteminin siniflandiriimasi ve uygulanacak rejim
agisindan en uygun maliyetin arastinimasidir. Ayrica biiylime
performansi ve maliyet parametrelerinin cinsiyet farkliliklari én
plana alinarak degerlendirmesi de yapilmistir.

MATERYAL VE METOT
Deneme baliklar

Calismada 6zel bir isletmeden temin edilen Poecilia
reticulata turl lepisteslerin Aiman varyetesi kullanilmigtir.
Calisma baglangicinda ortalama agirliklari ve total boylari
0,129+0,025 g ve 2,39+0,20 cm olan disi ve 0,122+0,019 g ve
2,39+0,14 cm olan erkek bireyler 16 hafta boyunca farkli aglik
tokluk rejimlerinde beslenerek blylime, gelisme ve yasama
oranlari arastirimistir. Lepistesleri beslemede TetraMin®
marka pul yem kullaniimistir (Tablo 1).

Tablo 1. Deneme yeminin kimyasal kompozisyonu
Table 1. Chemical composition of experimental diet

icerik Pul Yem
Ham Protein (%) 46

Ham Yag (%) 8

Ham Seluloz (%) 2

Ham Kil (%) 10

Nem (%) 6

Deneme dizayni

Deneme, Ege Universitesi Su Uriinleri Fakiiltesinde
ylrGtiimistir. Denemede disi (D) ve erkekler (E) ile ayri
deneme gruplar olusturularak, bu gruplar giinde bir (K), iki
guinde bir (AT) ve Ug glinde bir (AAT) beslenmiglerdir (Sekil 1).
Tiiketilmeyen yemler ortamdan sifon yardimi ile alinmigtir.
Calismada 47x31x34 cm boyutlarinda cam akvaryumlar
kullaniimigtir. Her bir akvaryuma 30 adet birey konulmustur.
Deneme 3 tekrar ile 18 akvaryumda yaritulmastir (Sekil 1). Su
sicakhgr  25,7¢0,3 °C ve fotoperiyot 14:10 saat
(aydinlik:karanlik) seklinde uygulanmigtir.  Akvaryumlarda
haftada 2 kez %30 oraninda su degisimi yapilmistir. Su
degisiminden sonra tim akvaryumlara strekli havalandirilan
klorsuz musluk suyu ilave edilmigtir. Her akvaryumdaki
¢6zinmis oksijen (WTW-Oxi 315), pH (Sartorius PT-10),
amonyak (HANNA C205), su sertli§i (Aquamerck® 114652
toplam sertlik test kiti) ve alkalilik (Aquamerck® 111109 alkalilik
test kiti) degerleri deney bagslangicinda, su degisimlerinde ve
deney sonunda olgtimstir.

Bilyiime performansinin belirlenmesi

Biliylime performansi verileri, iki haftada bir yapilan agirlik,
total ve standart boy Olclimleri ile elde edilmistir. Agirlik
dlglimleri deneme baslangici ve deneme sonunda bireysel
olarak yapilmig, ara tartimlarda ise biyomas seklinde alinmigtir.
Tartimdan 6nce baliklar tanklardan kepge ile toplandiktan
sonra kagit havlu ile kurutulmustur. Yem tiiketiminin
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belirlenebilmesi agisindan ise her ara tartimin sonunda kalan
yemler tartilmistir. Agirlik élglimlerinde 0,1 mg duyarli analitik
terazi (AND GR-200) kullanilmistir. Total boy dlgiimleri ise tim
baliklarda kumpas ile yapiimistir. Ayrica, denemeler stresince
6len baliklar tank numaralarina ve deneme gruplarina gére
kaydedilerek deneme sonunda yasama oranlari tespit
edilmistir. Blylime parametreleri asagidaki formillere gore
hesaplanmustir.

Blylime parametrelerinin hesaplanmasinda;
o Agirlik artigi = Son Agirlik - ilk Agirlik

-

-

e Yem Donlstim Orani = Harcanan Yem Miktari / Agirlik Artigi

e Spesifik Biiyime Orani = [(In Son Agirlik - In ilk Agirlik) /
Siire] x 100

e Kondisyon Faktérii = Son Agirlik / (Son Standart Boy)? x 100

e Yem Tiiketimi = Verilen Toplam Yem Agirligi / Tanktaki Balik
Sayisi

e Yagama Orani = (Canli Balik - Olen Balik) / Toplam Balik x
100

formiillerinden yararlanilmistir.

-

S

N

e

30 Adet

Giinde bir

Poecilia reticulata
Disi Deneme Grubu

3 Tekrar

-

W) il

30 Adet

Giinde bir

Poecilia reticulata
Erkek Deneme Grubu

3 Tekrar

Sekil 1. Calisma dizenegi
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3 Tekrar 3 Tekrar

Figure 1. Schedule of experimental design

Maliyet analizleri

Calismada kullanilan yemler ile baliklarin blyidmesi
arasindaki iliskiyi ekonomik agidan degerlendirmek amaciyla
Martinez-Llorens vd. (2007)'e gére maliyet analizi yapilmistir.
Bu baglamda, ekonomik donlsliim orani ve ekonomik karlilik
indeksi asagidaki formiillere gére hesaplanmistir:

e Ekonomik Dénislim Orani = Yem Donisiim Orani x Yem
Maliyeti

e Ekonomik Karlilik indeksi = [(Son Agirlik x Satig Fiyati) -
(EDO x Agirlik Kazanimi)]

istatistiksel analizler

Blyime verilerinin istatistiksel olarak degerlendirilmesinde
cift yonli varyans analizi (ANOVA) uygulanmigtir. Gruplar
arasindaki farkliigin tespitinde ise Duncan testinden
yararlaniimigtir. Verilerin  bilgisayar ortaminda istatistiksel
degerlendirilmesi ~ Statgraphics  Centurion XVl paket
programiyla saglanmis ve grafikler MS Office Excel
programiyla olusturulmustur (Zar, 2001). Elde edilen ortalama
degerler “OrtalamazStandart Hata” seklinde verilmigtir. Tlm
testlerde yanilma diizeyi P<0,05 olarak kabul edilmistir.
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BULGULAR

Denemedeki erkek ve disi baliklara ait biyime
performanslari Tablo 2'de verilmistir. Deneme sonunda en
yliksek ortalama agirlik KD grubundan elde edilirken (1,27 g),
AATD grubu ile KE, ATE ve AATE gruplarinin ortalama
agirliklar istatistiksel agidan benzerdir (P<0,05). Ayrica son
ortalama agirlk degeri cinsiyet farkliigindan etkilenmistir
(P=0,0154). Agirlik artisinda son ortalama agirliktaki gibi
benzer istatistiksel degisimler gériinmesine ragmen hem aglik
tokluk donglsi hem de cinsiyet farkliigindan etkilendigi
sonucuna variimistir (P=0,0353 ve P=0,0098). Baliklarin son
ortalama total boylarinda herhangi bir istatistiksel farklilik
ortaya ¢ikmamis olsa da (P>0,05) yine en yiksek deger KD
grubunda (4,77 cm) tespit edilmistir. Son ortalama standart boy
verilerine gore, istatistiksel agidan gruplar arasinda en distk
ve en yliksek biyime oranlari sirasiyla AATE (2,54 ¢cm) ve KD
(3,77 cm) gruplarinda gériimistir (P<0,05). Bunun disinda
gruplarin son ortalama standart boylari hem aclik tokluk
dongulsi hem de cinsiyet farkliigindan etkilenmistir (P=0,0113
ve P=0,0031). Gruplarin yasama oranlari yalnizca aglik tokluk
donglsinden etkilenmis (P=0,0002) ve K gruplarinda
beslenenlerde en yiksek, AAT gruplarinda ise en disuk
degerler bulunmustur (P<0,05). KD ve ATD gruplarinin spesifik
blylme oranlari diger gruplara nazaran daha yliksek olmakla
birlikte bu gruplar arasinda da istatistiksel farklilk ortaya
¢ikmistir (P<0,05). Bununla birlikte spesifik biiyiime oranlarinin
aclik tokluk déngisi ve cinsiyet farkliligi yonlerinden de
etkilendigi saptanmistir (P<0,05). ATE grubunda en yliksek

yem donisim orani (2,06) bulunurken, KD grubunda (1,28) bu
deger istatistiksel anlamda en disik seviyededir (P<0,05).
Ayrica yem donlsim oraninin cinsiyet farkliligindan etkilendigi
bulunmustur (P<0,05). Gruplarin yem tiiketimi ve kondisyon
faktori parametreleri arasinda herhangi bir istatistiksel
farklihga rastianmamistir (P>0,05).

Deneme stiresince haftalik agirik degisimi Sekil 2'te
verilmistir. Her gin beslenen disilerin (KD) agirliklarinin 2.
haftadan itibaren diger gruplara oranla daha yiiksek bir ivmeyle
arttigi gértimstr. Total ve standart boylarin deneme boyunca
haftalik degisimleri sirasiyla Sekil 3 ve Sekil 4'te sunulmustur.
Gruplarin  total boylari arasindaki  degisimlerin  yakin
seviyelerde olusmasina ragmen standart boylarda yine 2.
haftadan itibaren daha fazla artis gdzlenmistir. Disi deneme
gruplarindan alinan ortalama yavru sayilarinin 2 haftalik
degisimleri ise Sekil 5'te sunulmustur.

Deneme sonundaki maliyet analizleri Tablo 3'te
sunulmustur. Bu analizlere gore, ekonomik dénisiimi en
yuksek grup ATE grubu iken en dustk grup ise KD grubudur
(P>0,05). Karlilik agisindan ise KD grubu istatistiksel olarak,
ATD grubu disindaki diger tim gruplardan daha Ustindir
(P<0,05). Maliyet analizlerindeki her iki parametre cinsiyet
farkliliklarindan etkilenmistir (P<0,05).

Calisma boyunca su kriterleri; ¢dzinmds oksijen 8,42+0,27
mg/L, pH icin 7,91+0,18 amonyak icin 0,05+0,02 mg/L, nitrit
icin 0,02+0,01 mg/L, alkalinite igin 87,09+4,64 mg/L, sertlik icin
121,39+5,88 mg/L olarak kaydedilmistir.

Tablo 2. Disi ve erkek lepisteslerin 16 hafta sonundaki buyime performanslari

Table 2. Growth performance of female and male guppies after 16 weeks

Disi Erkek Gift Yonlii ANOVA
Parametreler
K AT AAT K AT AAT Dadngii Cinsiyet Etkilesim

Ik ortalama agirhk 0,13+0,03  0,13+0,02  0,13+0,03  0,12+0,02  0,13+0,02  0,13+0,02 0,9833 0,7606 0,9927
Son ortalama agirhk 1,2740,32>  0,83+0,08® 0,61+0,08¢ 0,63+0,12¢  0,46+0,012  0,40+0,05 0,0582 0,0154 0,3968
Agirlik artigi 1414029  0,70+0,05®> 0,48+0,052=  0,51+0,102= 0,330,012  0,28+0,03= 0,0353 0,0098 0,3218
ik ortalama total boy ~ 2,39+0,20  239+021 2412021  2400,14  239+020  2,40%0,19 0,9968 0,9918 0,9995
Son ortalama total boy  4,77+0,34  4,15+0,19  4,14+0,22  455+0,15  4,18+0,13  4,1440,13 0,0775 0,7238 0,8026
ilk ortalama standart 1,984£0,17  2,00+0,18  2,02+0,18  1,89+0,03  1,88+0,05  1,92+0,04 0,9648 0,3492 0,9946
gg!r/\ ortalama standart  3,77+0,17¢  3,29+0,15¢ 3,00+0,082c 3,09+0,24>> 2,70+0,072b  2,54+0,132 0,0113 0,0031 0,7710
$ggama orani (%) 91,67+1,67¢ 76,67+3,33> 61,67+1,672 91,67+5,00c 80,00+3,33> 60,00+3,33=  0,0002 0,8417 0,7484
Spesifik biiylime orani  2,03+0,05¢  1,66+0,08¢  1,3740,05" 1,46+0,03«¢ 1,16+0,13  1,04+0,052 0,0009 0,0002 0,2967
Yem doniigiim orani 1,2840,122  1,54+0,342>  158+0,36> 1,88+0,15®> 2,06+0,03> 2,00£0,01a 0,5538 0,0281 0,9189
Yem tiiketimi 0,59+0,13  0,53+0,03  050+0,14  046%0,14  0,65+0,06  0,55+0,05 0,7605 0,8883 0,4692
Kondisyon faktorii 2,31£0,28  2,334£0,11  2,24#0,12  2,12#0,08  2,33%0,07  2,44+0,06 0,6340 0,9646 04315

*K: Kontrol (her giin), AT: Bir giin ag bir giin tok, AAT: Iki giin ag bir giin tok

*Ayni satirdaki farkli harflerle gdsterilen ortalamalar istatistiksel olarak farklidir (P<0,05)
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Figure 2. Mean weights of experimental groups during 16 weeks
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Figure 4. Mean fork lenghts of experimental groups during 16 weeks

Tablo 3. Disi ve erkek lepisteslerin 16 hafta sonundaki maliyet analizleri
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Figure 3. Mean total lenghts of experimental groups during 16 weeks
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Figure 5. Mean offspring counts of female experimental groups during
16 weeks

Table 3. Economical analysis of female and male guppies after 16 weeks

Disi Erkek Cift Yonlii ANOVA
Parametreler
K AT AAT AT AAT Dongii Cinsiyet Etkilesim
Ekonomik ddnGglim orani 0,038+0,0042  0,046+0,0102® 0,047+0,0112® 0,056+0,0052® 0,062+0,001° 0,060+0,0012 0,5538 0,0281 0,9189
Ekonomik karlilik indeksi 1,23+0,30° 0,79+0,082 0,59+0,072 0,600,122 0,440,012 0,380,052 0,0569 0,0145 0,3838

*K: Kontrol (her giin), AT: Bir giin ag bir giin tok, AAT: Iki giin ag bir giin tok

-Yemin kg fiyati tim deneme gruplari igin 30 % olarak alinmis ve g degeri kullaniimigtir.

-Lepistes tlriintn g fiyati 1 % olarak alinmigtir.

*Ayni satirdaki farkli harflerle gdsterilen ortalamalar istatistiksel olarak farklidir (P<0,05)

TARTISMA VE SONUG

Bu ¢alismada, akvaryum sektdriinde pazar talebi oldukga
yiksek olan lepistes tlirl kullanilmis ve cinsiyete bagl olarak
farkli aglik tokluk déngtileri uygulanmigtir. Calisma sonucunda
en iyi agirlik ve boy artigi her glin beslenen disi lepisteslerde
ortaya ¢ikmistir. Calisma bulgularina gore, erkek lepisteslerin

her giin, iki glinde bir ya da U glinde bir beslemesi istatistiksel
anlamda herhangi bir dnem tagimamaktadir. Ayrica, her giin
beslenen erkeklerin ancak (i¢ glinde bir beslenen disiler kadar
biyuyebildigi ortaya konulmustur. Her giin beslenen disilerin
ise hem yavru verimi hem de karlilik agisindan en yuksek
degerlere sahip olduklari tespit edilmistir. Dolayisiyla
lepisteslerin, diizgln bir besleme rejimiyle gok kolay bir bicimde
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biyudikleri ve (redikleri sdylenebilir. Ayrica lepistesler canli
doguran baliklar olduklari igin yavrular, su ortaminda yumurta
gibi hassas bir evrede bulunmazlar. Fakat ebeveynler ag
kaldiklari zaman yavrular igin predator tehlikesi olustururlar
(Krause ve Liesenjohann, 2012). Dizenli bir besleme rejimi
saglandi§i takdirde ise yavrularini yemezler ve bdylece ireme
verimliliginde artis goralir.

Royle vd. (2006) lepisteslerle yaptiklari besleme dongusi
calismasinda (g farkli deneme grubu olusturmuslardir. GG
grubunu galisma boyunca her giin, PG grubunu calismanin ilk
yarisinda haftada (¢ kez diger yarisinda her gin, PP grubunu
ise calisma boyunca haftada (i¢ kez beslemislerdir. PG
grubundaki bireylerin, denemenin ilk yarisinda PP grubu kadar
yavas blyuduklerini, ancak her giin beslemeye gegildiginde ise
deneme sonunda boyut bakimindan PG grubu erkeklerinin GG
grubundaki erkekleri tamamen, PG disilerinin ise GG disilerini
hemen hemen yakaladiklari bildiriimistir. James ve Sampath
(2003) 0,04 g agirhk ve 13,10 mm total boya sahip
kiligkuyruklarda (Xiphophorus helleri) G¢ glinde bir, iki glinde
bir, glinde bir, glinde iki ve glinde (i¢ kez uygulanan besleme
déngilerinin blylime ve (ireme performansi lzerine etkilerini
arastirmislardir. 210 gln slren galismanin sonucunda en
yiksek blylime giinde (¢ kez beslenen grupta gdriilmistr.
Ayrica, gonad agirli§i ve gonadosomatik indeks gibi treme
parametrelerinin besleme ile dogru orantii olarak arttigini
belirtmiglerdir. Glinde (i¢ kez beslenen gruptan toplam 704
yavru elde edilirken, iki glin ag bir giin tok beslenen gruptan
yalnizca 8 yavru alindigini bildirmislerdir. Lepistes tlrl ile
ylrtilen bu calismada ise disi ve erkek baliklar deneme
stiresince ayri akvaryumlarda tutulmasina ragmen disilerin
yavru biraktiklar gériimUstir. Baglangigta ayni akvaryumda
bulunan disi ve erkek baliklarin daha sonra deneme amagli ayri
akvaryumlara dagitimasiyla birlikte lepisteslerin  sperm
depolama  Ozellikleri  sayesinde  yavru  biraktiklari
duslnulmektedir. Aral ve Sahin (2015) disi lepisteslerin 9 ay
boyunca sperm depolayabildiklerini ve yavru birakabildiklerini
bildirmiglerdir. Bu denemede, KD grubundan ortalama
273,331£9,53 adet, ATD grubundan 147,33+11,05 adet ve
AATD grubundan ise 48,67+4,81 adet yavru alinmistrr.
Lepisteslerde aglik stresi hem yavru verimliligini azaltan hem
de kanibalizmi arttiran 6nemli bir faktérdir (Meffe ve
Vrijenhoek, 1981). Auer vd. (2010) lepisteslerle yaptiklari
calismada, telafi blylmesinin Ureme performansina negatif
etkileri oldugunu bildirmisler ve yavru dretiminin kontrol
grubuna gore %20 azaldigini ortaya koymuslardir. Dolayisiyla
bu denemenin ¢iktilari, canli doguran tirleriyle yapilan dnceki
calismalarin sonuglari ile uyumluluk géstermektedir.

Diger akvaryum baliklarinda besleme déngulerinin bliylime
performansi Uzerine etkilerini arastiran cesitli calismalar
yurGtilmastir. James ve Sampath (2004) 0,45 g agirlik ve
14,43 mm total boya sahip beta (Betta splendens) baliklarini 77
guin boyunca iki glin ag bir giin tok, bir giin ag bir glin tok, her
guin, glinde iki kere ve giinde (¢ kere beslemigslerdir. Bu tirde
ginde iki kere beslemenin optimum oldugu sonucuna
varmiglardir.  Fujimoto  vd. (2016) melek baliklariyla

(Pterophyllum scalare) yaptiklari galismada, glinde bir, giinde
iki ve giinde dort kere olmak Uzere kontrol gruplarini haftanin
her giind, diger gruplari ise haftada (¢ defa ticari bir yem ile
beslemigslerdir. Giinde dort kere beslenen telafi blylimesi
grubunun ancak gunde iki kere beslenen kontrol grubu kadar
biydyebildiklerini bildirmiglerdir. Kasiri et al. (2011) ayni tlrin
0,87 g agirlida sahip bireyleri (izerine yirUttikleri calismada
ginde iki ve dort defa beslenen gruplarda ortalama son
agirliklarin ve spesifik bilyiime oranlarinin diger gruplara gére
daha yiksek oldugunu belirtmislerdir. En yiksek yem dénisim
oranina sahip olan grubun giinde dért defa beslenenler oldugu
ve gruplarin yagama oranlari ile kondisyon faktérleri arasinda
herhangi bir istatistiksel farklilik olmadigi ortaya konulmustur.
Calismada en diisiik biiylime performansinin bir giin ag bir giin
tok olarak beslenen grupta gortldiigu bildirmistir. Bu ¢alismaya
benzer bir sonug, Montajami et al. (2012) tarafindan Teksas
ciklitlerde (Herichthyes cyanoguttatus) ylr(tiilen arastirmada
rapor edilmistir. Genel olarak diger akvaryum tirleriyle yapilan
tim bu ¢alismalarda baliklarin her glin beslenmesi gerektigi ve
dzenli bir besleme olmadigi takdirde mortaliteye kadar uzanan
olumsuz durumlarin ortaya ¢iktigi tzerinde durulmustur.

Telafi blylmesi, dzellikle akvaryum kdpek baligi olarak
bilinen pangasius tirleri Gzerinde de ¢aligiimigtir. Rohul Amin
vd. (2005) Pangasius hypophthalmus tiirilyle yaptiklari
calismada, 38,5 g adirlia sahip baliklar1 18 hafta boyunca dort
farkli rejimde beslenmislerdir. A grubu her giin iki kez, B grubu
bir glin ag bir guin tok, C grubu iki glin ag iki guin tok ve D grubu
bes giin a¢ bes gin tok seklinde deneme gruplari
olusturulmustur. Sonugta baliklarin son vicut agirliklar ve
kondisyon faktorleri besleme azaldikga dlserken spesifik
blylme oranlarinda artis gérildigi bildirilmistir. Jiwyam
(2010) ise P. bocourti tiirinde yem donlistim oraninin aglikla
birlikte yukseldigi sonucuna varmigtir. Bu ¢alismalarda telafi
biyimesi ile beslenen baliklar kontrol grubunun biyime
performansini  yakalayamamis  ve  sonuglari  bizim
bulgularimizla paralellik gdstermigtir. Fakat yine cesitli kedi
baliklari tiirleriyle yapilan bazi ¢alismalarda telafi biyimesinin
olumlu etkilerinden séz edilmektedir. Zhu vd. (2004) Leiocassis
longirostris tlriinde kontrol grubunu glinde iki kez, telafi
biylimesi grubunu bir hafta ag iki hafta tok seklinde 12 hafta
boyunca beslemislerdir. Deneme sonunda  biyime
performansi agisindan telafi blylmesi grubunun kontrol
grubunu  %75-80 oraninda yakaladigini  belirtmislerdir.
Chatakondi ve Yant (2001) 2,5 g agdirhga sahip kanal yayin
baliklarini (Ictalurus punctatus) 10 hafta boyunca her giin, bir
guin ag bir giin tok, iki giin ag bir giin tok ve U¢ gin a¢ bir giin
tok seklinde beslemislerdir. Deneme bitiminde her gln
beslenen baliklar 26 g, dort glinde bir beslenenler ise 30 g
agiriga ulagsmiglardir. Bu calisma sonucunda, periyodik
besleme yapilmayan giinlerin tetikledigi telafi blylmesinin,
biylime hizini ve yem tiiketimini artirabilecegi bildirilmistir. Kim
ve Lovell (1995) yine ayni tiriin 41 g agirhigindaki bireyleriyle
yaptiklari calismada dort farkli deneme grubu olusturmuslar ve
telafi bliyimesi gruplarini dért glinde bir kez yemlemislerdir. 18
hafta siren denemede FF grubu kontrol olarak her giin, 3W
grubu ilk ti¢ hafta boyunca telafi rejimiyle, 6W grubu ilk alt hafta
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boyunca telafi rejimiyle ve 9W grubu ise ilk dokuz hafta
boyunca telafi rejimiyle beslenmislerdir. Deneme bitiminde
gruplarin son agirliklart FF, 3W, 6W ve 9W gruplar igin
sirastyla 560, 570, 510 ve 495 g olarak kaydedilmistir. Yine bu
galismada da biiyime performansi bakimindan telafi
gruplarinin kontrol grubunu yakaladigi ve hatta bir grubun
gectigi tespit edilmistir.

Akvaryum baliklarinda maliyet analizlerini arastiran bazi
galismalar yirdtilmistir. Fujimoto vd. (2016) melek baliklarini
(P. scalare) haftada bes gin ve haftanin her gini
beslemiglerdir. Yaptiklari maliyet analizleri sonucunda ise
haftada her gin beslemenin bilylime parametrelerine bagli
olarak daha karli oldugunu ortaya koymuslardir. Silva vd.
(2007) paku (Colossoma maropomum) baliklariyla yaptiklari
besleme déngusl calismasinda biiylime ve maliyet lizerine
olan etkileri incelemislerdir. Baliklari her gtin iki ve ¢ 6gn,
viicut agirliklarinin %5 ve %10°'u oraninda besledikten sonra,
en iyi blylmeyi U¢ 6din %10 oraniyla beslenen grupta
bulmuslardir. Fakat bu grubun 2 &3iin beslenenlere oranla
daha maliyetli oldugunu bildirmislerdir. Ancak, biylime
performansi ve maliyet analizi parametrelerini birlikte
degerlendirerek, iki 6glin beslemenin daha uygun oldugu
sonucuna varmiglardir. Yapilan bu ¢alismada ise lepistesler
icin ideal bulunan besleme donguisi maliyet agisindan da daha
karli bulunmustur.

Sonug olarak, akvaryum baliklari (retiminde &nemli
kriterlerden biri de iyi bir besleme yonetiminin uygulanmasidir.
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Baliklarin agiri yemlenmesi su parametrelerini olumsuz olarak
etkilemekte ve 6limlere sebep olmaktadir. Ayrica doyan baligin
yem almaya devam etmesi de mortaliteye kadar varan birgok
olumsuzlugu beraberinde  getirmektedir.  Balklar az
yemlendiginde ise cesitli fiziksel deformasyonlar, biyime
performansinda ve Ureme verimliliginde dususler, kanibalizm
ve tim bunlarin sonunda yine élimler meydana gelmektedir.
Ozellikle lepistes gibi kolay tretimi yapilan baliklar genellikle
“‘yemle-unut” mantigiyla beslendiklerinden dolayi, baliklarin
Uretim miktarlari ve degerlerinde kayiplar yaganmaktadir. Bu
calismada da gorlldigu Uzere lepisteslerin ac¢ birakilmalari,
disilerde  ozellikle (reme performansinin  diismesine,
erkeklerde ise biylimenin sinilanmasina sebep olmustur.
Fakat her gin beslenen baliklarda bu parametrelerin ciddi
olarak artti§i ve maliyet agisindan da pozitif sonuglar meydana
geldigi goriimustir. Dolayisiyla hem ticari isletmelerde hem de
ev akvaryumlarinda bakilan lepisteslerin en azindan glnde bir
kere beslenmeleri dnerilmektedir.
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0z: Bu arastirma izmir Gamalti tuzlasi ekosisteminde dagilim gésteren alglerinin belilenmesi amaciyla 2015 yilinda, 8 istasyonda mevsimsel ve aylik rneklemeler
yapilarak gerceklestirilmistir. Calisma sonunda; Camalti tuzlasi deniz alglerinden Cyanophyceae sinifina ait 4, Chlorophyceae sinifina ait 7, Bacillariophyceae 11
takson, Phaeophyceae sinifina ait 3 takson, Rhodophyceae sinifina ait 3 takson ve Monocots sinifina ait 1 takson olmak iizere toplam 29 takson belirlenmistir.

Anahtar kelimeler: Ege denizi, Gamalti tuzlasi, alg, Dunaliella, izmir, Tiirkiye

Abstract: This research was carried out in 2015 with the aim of determining the algae distributed in izmir Camalti saltworks ecosystem by making seasonal and
monthly sampling in 8 stations. At the end of study; in total, 29 taxa including; 4 taxa belonging to Cyanophyceae class, 7 taxa including to Chlorophyceae class,
11 belonging to Bacillariophyceae class, 3 belonging to Phaeophyceae class, 3 taxa including to Rhodophyceae class and 1 taxa including to Monocots classis

were determined.

Keywords: Aegean sea, Camalti Saltworks, Algae, Dunaliella, [zmir, Turkey

GIRiS

Sulak alanlar, yerytiziiniin biyolojik, endustriyel, sosyolojik
olarak verimli ve en Uretken ekosistemlerini olusturmaktadir. Bu
alanlar, yore insanlarina ve (lkenin geneline genis yelpazede
(ekonomik, sosyolojik, kdiltrel, turizm vb.) hizmet veren
oldukca karmasik dogal sistemlerdir ve yeryizindeki bagka
hicbir ekosistemle karsilastirnimayacak 6lgide islev ve
degerlere sahiptir. Tirkiye'nin de taraf oldugu Ramsar
Sozlesmesi'nde sulak alanlarin tanimi; "Dogal ya da yapay,
stirekli ya da mevsimsel, tatl, aci ya da tuzlu, durgun ya da
akan su Kkitleleri, nehir ve gdller, batakliklar, turbaliklar ve
gelgitin gekilmis aninda derinligi alti metreyi asmayan deniz
sular" olarak tanimlanmaktadir (Pritchard, 2010). Sulak alan
kapsaminda degerlendirilen ylksek tuzluluktaki kiyisal deniz
tuzlalari, birincil retim ve ekolojik dzellikleri bakimindan tim
Dinyada ve Akdeniz havzasindaki 6nemli biyolojik
kaynaklardan bazilaridir (Korovessis ve Lekkas, 2000: UNEP,
2013). Deniz kaynakli Tuzlalar ayni zamanda mineral maden,
su Urnleri, ekoturizm, riizgar ve glines enerjisi, biyomas ve
biyoteknolojik bakimindan son derece &énemli ekonomik
potansiyele sahip ekosistemlerdir (Cheng, 1991; Borowitzka,
1997). Sulak alan dzelliklerine sahip olan ve Gediz Deltasi
sinirlarl igerisinde bulunan izmir Camalti Tuzlasi, Gediz

© Published by Ege University Faculty of Fisheries, Izmir, Turkey

Deltasrnin yaklasik 20.400 kmZlik kisminin 1998 yilinda
Bakanlar Kurulu karariyla Ramsar Sozlesmesi Listesine dahil
edilmesiyle “Uluslararasi Oneme Sahip Sulak Alan” kapsamina
alinmistir. Ramsar statiisi diginda da bélgenin 1981 yilindan
beri ‘Sit Alani’ statlisii bulunmaktadir. Olusturulan "Sulak Alan
Yonetim Plan" 2007 yilinda tamamlanarak uygulamaya
baglanmistir. Ramsar Sozlesmesi kapsamindaki izmir Camalti
Tuzlasi isletmesi 32.382.000 m2 alandaki gesitli hacimdeki
buharlastirma havuzlari ve 3.148.491 m2 alana yaygin 77-78
adet kristalizasyon havuzu ile izmir Kug Cennetiyle birlikte,
Tarkiye’nin dnemli sulak alanlarindan biridir. Ayni zamanda
Trkiye'nin tuz ihtiyacinin %35-40'ni karsilayan, 2 adet deniz
kaynakli tuz tretim alanindan, en biytik tek tuzlasidir. Cografik
olarak 38° 30 dk. 18 sn. Kuzey, 26° 54 dk. 55 sn. Dogu
koordinatlarinda, izmir ili Sasali beldesi, Cigli ilgesindedir (Sekil

1).

Bu aragtirmada, izmir Camalti tuzlasi ekosistemi kiy littoral
bdlgeyle, tuz iretim parsellerindeki biyolojik (algler), fiziksel,
kimyasal ve su kalite 6zelliklerinin belirlenmesi ve daha sonra
yapilacak olan ¢alismalarda kullaniimak (zere bir veri tabani
olusturmasi amaglanmistir.
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Camalt1 Tuzlas1

B

$Sekil 1. Camalti tuzlasi (Sasall-izmir_). (Google Earth, www.google.com/intl/tr/earth/)
Figure 1. Camalti saltworks (Sasali-lzmir). (Google Earth, www.google.com/intl/tr/earth/)

MATERYAL VE METOT
Calisma alani

Calisma, 2015 yilinda, izmir Camalti tuzlasi ekosisteminde 8 istasyonda mevsimsel ve aylik érneklemelerle yiriittilmiistir
(Sekil 2).
SO e ﬁ*@’x SRS

i 5. Istasyon

7. Istasyon

Sekil 2. izmir Camalti Tuzlasi ve 6rnekleme yapilan istasyonlar (Google Earth, https://www.google.com/intl/tr/earth/)
Figure 2. Izmir Camalti Saltworks and sampling stations (Google Earth, https://www.google.com/intl/tr/earth/)

Fitoplankton Ornekleme ve Teshisi altindan da 1 L su drnegi alinmistir. Laboratuvara getirilen
drnekler I-KI (ltgol) ¢Ozeltisi ilave edilerek 1 L hacme sahip cam

Ekosistemindeki fitoplankton tiir gesitliligini ve yogunlugunu ~ mezirlerde 24 saat ¢oktirllmis ve son hacim 100 ml'ye
belirlemek igin her bir 6rnekleme havuzundan kiyl ve merkez ~ ayarlanarak saklanmigtir.  Fitoplankton ~ 6rneklerinin  tiir
olmak Uzere iki noktadan ¢ekim yapilarak, ylzey su filminin ~ kompozisyonunu belirlemek igin ise belirlenen istasyonlardan
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45um g6z agikligina sahip plankton kepgesiyle ylizeyden yatay
cekim yapilarak érek alinmigtir. Omekler %4'lik formaldehit
soliisyonu ilave edilerek tespit edilmistir. Alg taksonlarinin
tayininde Bourrelly (1968, 1970): Bourrelly ve Couté (1991);
Hecky ve Kilham (1973); Oren (2005); Koray vd. (2007); Ak
(2008); Nagasathya ve Thajuddin (2008); Yurga (2015) gibi
arastirmacilarin eserlerinden yararlaniimigtir.

Taksonlarin  giincel isimleri ve sistematik kategorileri

Algaebase, WoRMS (World Register Marine Species), LPSN
(List of Prokaryotic names with standing in nomenclature) ve
Plankweb (Check-list of Turkish Seas Microplankton) veri
tabanindan kontrol edilmistir (Yurga, 2015). Taksonlarin nispi
bolluk dereceleri belirlenmis ve baskin (m), yari baskin (A ) ve
mevcut (+) olarak siniflandirimistir.

Fiziksel Olgiimler

Su sicakh@r (T: °C), toplam ¢dzlinmis oksijen(mg/L),
tuzluluk (S:ppt), pH gibi analitik degerler i¢in HI98194 model
multiparametre 0dlgim cihazi ve Atago Brix 32 tuzluluk
reflaktometresi, in situ olarak kullanilmigtir.

Kimyasal Analizler

Omekleme istasyonlarindan alinan su numunelerinin
analizleri érneklemeyi izleyen ilk 24 saat icerisinde yapilmistir.
Analizlerde, Standarts Methods for the Examination of Water
and Wastewater, American Public Health Association (APHA),
metotlari uygulanmistir (APHA, 1992).

BULGULAR
Biyolojik Bulgular

Camalti tuzlasi ekosisteminde 6 sinifa ait 29 takson
belirlenmistir. Belirlenen taksonlarin 4 tanesi Cyanophyceae
(%13,79), 7 tanesi Chlorophyceae (%24,13), 11 tanesi
Bacillariophyceae (%37,93), 3 tanesi Phaeophyceae (%10,34),
3 tanesi Rhodophyceae (%10,34), 1 tanesi Monocots (%3,44)
siniflarina aittir. Takson listesi Tablo 2'de verilmistir.
Ekosistemde en fazla takson sayisi Bacillariophyceae ve
Chlorophyceae siniflarina aittir. Bu siniflari  sirasiyla
Cyanophyceae, Rhodophyceae, Phaeophyceae ve tek tir ile
Monocots takip etmektedir. Camalti tuzlasi ekosisteminde 6
biyik alg sinifina ait organizmalarin aylik degisimi Tablo 1.'de
verilmigtir.

Tablo 1. Camalti tuzlasinda 2015 yilinda tespit edilen algler ve aylara gére dagilimi (Taksonlarin nispi bolluk dereceleri; baskin (m), yari baskin

(A ) ve mevcut (+) olarak ifade edilmistir)

Table 1. The algae of Camalti saltworks and distribution by monthly in 2015 (Propotional abundance ratings of taxa expressed as; dominant (m),

semi-dominant (A ), and present (+)

Zaman (2015 Yili)
Aylar
Ocak:(Ock): Subat, ($bt), Mart: (Mrt), Nisan: (Nsn), Mayis: (Mys), Haziran: (Hzn), Temmuz: (Tmz), Agustos: (Ats), Eyliil: (Eyl), Ekim: (Ekm), Kasim:
(Ksm), Aralik: (Ark)

Ornekleme istasyonlan: (D), @), ®), ®, G, ®), @), ®.

Zaman
Z?/I;z?)r:;; e Ock Sht Mrt Nsn Mys Hzn Tmz Ats Eyl Ekm Ksm Ark
Aphanothece halophytica @+ | @+ @+ @+ @+ @+
Frémy in Hof & Frémy G+ 3+ B3+ B+ B+ Q)+
1933 @+ | @+ @ | @ | @ @+
G |G+ |G+ |G+ |G+ O
Lyngbya majuscuta C. | (Mm @+ | @+ | @+ @+ @+ @+ @+ | @ | @+ @+ @+
Agardh ex Gomont, 1892 %‘f @+ 3+ @+ 3+ 3+ O @+ | @
Oscillatoria sp. Vaucher ex %i @+ | G+ Q)+ @+ @+ @+ | @ | G+
Gomont, 1822 3+ ©+ | O @+ | @+
@+ | @
Halospirulina sp. Nibel et | (3)+ e+ | O+
al., 2000
Chlorophyceae
Dunaliella salina @nm @nm @nm @nm @nm @nm @nm @m | @m @m @m @m
Teodoresco, 1905 ®Bm Gm Gm ®3m Gm Gm ©7 Gm | 3m Gm Gm Gm
@m @m | (Om | @m @m @m @nm @m | @m | @n @m @m
G+ |G |G |[Or |G |G |G |G |G |G |G+ |G
@m | ®m | @n | @®= ®m ®m_ | ®m ®m ®+ ®+

433




Koru and Deniz, Ege Journal of Fisheries and Aquatic Sciences, 34(4): 431-442 (2017)

Dunaliella viridis O [+ [O+r [T+ @O+ O+ [+ [+ [O+ [ @O+ o+ | O+
Teodoresco, 1905 @A | @A | @A | @A @A Gm G+ G4
A | DA [ A | BA | BA
Dunaliella sp. O+ |+ [+ | @O+ O+ G+ 6L
@nm @m | @m | @m @m
] L] Gm L] L]
] L] @m L] L]
5+ 5+ 5+ 5+ 5+
Tetraselmis indica Arora @+ @+ @+ @+ @+
etal, 2013, @+ [ |G+ |+ |@
Ulva rigida C. Agardh ®&m &m &m ®&m em | (m | (Em
1823 (@0 (@0 @0 @0 @m | Om m
Chaetomorpha aerea Dm Om Mm Dm Om Om Om Om

(Dillwyn) Kiltzing 1849

Enteromorpha intestinalis @+ @+ @+ @* @+

(Linnaeus) Nees, 1820

Bacillariophyceae

Flagilaria sp. Lyngbye, O+ O+ | O+ | W+ O+ O+

1819,

Navicula sp. Bory de O+ O+ D+ O+ D+ O+ D+ O+ | O+ D+
Saint-Vincent, 1822 @+ @+ @+ @+ @+ @+

Closterium navicula 0+ D+ D+ D+ O+ O+
(Brébisson) Liitkemiiller @+ @)+ @)+ @)+ @+ @+

Ceratoneis closterium O+ O+
Ehrenberg 1839 @+ @+
(5)+

Chaetoceros affinis Lauder e+ | e+

@+ | O+
Chaetoceros didymus e+ | e+
Ehrenberg @+ @+
Gyrosigma sp. Hassall 0+
Gymnodinium sp. e+ | &+

@+ | @+
Pleurosigma formosum W. | (D)+
Smith 1852
Skeletonema costatum e+ | (&
(Greville) Cleve @+ | D+
Thalassiosira sp. ®+ | O+

@+ | O+
Phaeophyceae
Cystoseria barbata ®+ e+ |+ | 6+ &+ ®+ e+ &+ | ©+ | o+ 6+ 6+
(Stackhouse) C. @+ @+ @+ @+ @+ @+ @+ @+ | @D+ D+ D+ @+
Agardh,1820
Stypocaulon scoparium ®)+ ®)+ e+
(Linnaeus) Kiitzing @+ ™+ @+
Dictyota dichotoma ®+ | e+ e+
(Hudson) J.V. Lamouroux @+ D+ @+
1809
Rhodophyceae
Gracilaria verrucosa A | (A | ©A | ®A (6A (©A (®©A (®©A
(Hudson) Papenfuss 1950 | (DA | MDA | DA | DA (@)Y DA DA DA
Laurencia papillosa (C. O Om | On | Om Om Om Om Om Om
Agardh) Greville 1830 2m Cm | @Om | @m 2m @m @m @m @m
Hypnea sp. J.V. ©+ | © | |©F
Lamouroux, 1813 @+ @+ @+ | @+
Monocots
Posidonia oceanica ®+ e+ | e+ | o+ ©+ &+
(Linnaeus) Delile 1813 @+ @+ D+ @+ @+ @+

Fiziksel ve Kimyasal Bulgular Adustos 2015'de en disik ise Ocak 2015 tarihinde

Gamalti tuzlasi ekosisteminde sicaklik degerleri 9-30 °C  Olctilmiistur. Galisma siresince pH 7-8 arasinda degigmist.
arasinda degisim gostermistir. Sicakliga ait en yiiksek deger ~ PH' nin yillik ortalama degeri 8,01 olup en yuksek pH degeri
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Eyliil 2015 tarihinde 1. istasyonda, en dusuk ise Eylil 2015'de
2. istasyonda  kaydedilmistir.  Cozlinmis  oksijen
konsantrasyonu golde 0,2-9,1 mg/L arasinda olup yillik
ortalama degeri 5,6 mg/L'dir. En yliksek ¢dziinmis oksijen
konsantrasyonu Subat 2015'de en diisiik Temmuz-Adustos

2015'de dlgilmustir. Meteorolojik veriler Davis Vantage Pro2
olglim cihazi ile oOlglillip, Meteoroloji Genel MUdarligi
verileriyle kiyaslanarak tespit edilmistir (Tablo 2). Ekosistemde
yapilan bazi fiziksel dlglimlere ve kimyasal analizlere ait sayisal
veriler Sekil 3-6 ve Tablo 3 de sunulmustur.

Tablo 2. Ege bélgesi (izmir) Yillk Mevsimsel ikim Degerleri (MGM, 2015. http:/www.mgm.gov.triveridegerlendirme/il-ve-ilceler-

istatistik.aspx?m=IZMIR#sfB)

Table 2. Aegean Region (izmir) Annual Seasonal Climate Values (MGM, 2015. http://www.mgm.gov.tr/veridegerlendirmefil-ve-ilceler-

istatistik.aspx?m=IZMIR#sfB)

IZMIR Ocak $Subat Mart Nisan Mayis Haziran Temmuz  Agustos  Eylil Ekim Kasm  Aralk
Zaman(yil) Yillar iginde Gergeklesen Ortalama Degerler (1950- 2015)

Ortalama Sicaklik (°C) 8.9 9.5 1.7 159 20.8 256 28.0 27.7 237 188 140 10.6
Ortalama En Yiiksek 125 135 163 209 26.0 30.7 33.2 329 29.1 239 185 14.1
Sicaklik (°C)

Ortalama En Diisiik 5.9 6.2 78 1.3 15.5 20.0 226 225 187 147 107 77
Sicaklik (°C)

Ortalama Giineglenme 42 5.1 6.2 75 9.5 11.3 121 115 10.1 7.3 53 41
Siiresi (saat)

Ortalama Yagigh Giin 119 108 9.2 8.2 54 2.1 0.5 05 20 5.6 8.9 12.5
Sayisi

Aylik Toplam Yagig 1251 1019 756 464 309 9.8 18 26 150 453 9438 1411

Miktari Ortalamasi(kg/m?)

Aylik pH Degisimleri

8,8
8,6
8,4

8,2

7,8
7,6
74
72

Ocak  Subat  Mart  Nisan  Mayis
—O=— 1 Istasyon].Istasyon ={J=2.Istasyon

—¥— 5 Istasyon —0O—6.Istasyon

Sekil 3. Aylik pH degisimleri
Figure 3. Monthly pH changes
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Tablo 3. 2015 yili aylik dénemlerde 6lciilen ve hesaplanan kimyasal parametrelerin drnekleme istasyonlarina gére degerleri

Eyliil

Ekim

Kasim  Aralik

4 Istasyon W5 Istasyon ®6.Istasyon m7.istasyon m8.istasyon

Table 3. The values of the chemical parameters measured and calculated for the 2015 monthly periods according to the sampling stations

Kasim (Ksm), Aralik: (Ark)

Zaman (2015 Yili)
Aylar
Ocak:(Ock): Nisan: (Nsn), Haziran: (Hzn), Agustos: (Ats), Eyliil: (Eyl),

Orekleme istasyonlan: (1), @, ®), ®, ), 6), @, ®).

Analitik Degiskenler Ock Nsn Hzn Ats Eyl Ksm Ark Analiz
Yontemi
% Fosfat (PO43 ug/l) 0,30® 0,37® 1,99 1,60 1,70 0,06® 0,08® APHA 4500-
0,36@ 0,28@ 2,3@ 2,99 2,99 0,099 0,08@ PO4
0,32® 0.18® 1,99 2,7® 2,3® 01® 0,01®
0,11® 0,15® 0,14® 1,1® 1,1® 0,07® 0,06®
0,13® 0,15® 0,96® 1,20 1,99 1,6© 0,96®
0,96© 1,2© 2,6© 2,8® 1,7© 0,2® 0,01®
0,71@ 1,00 3,00 2,30 1,50 0,17® 0,01®
0,01® 0,01® 0,01® *® *® *® 0,01®
Nitrat (NOs pg/l) 0,67® 0,271® 0,36® 0,67® 0,67® 0,470 0,48© APHA 4500-
0,82@ 0,66@ 0,68@ 0,84® 0,84® 0,34®@ 0,23® NO;
0,93® 0,74® 0,67® 0,96® 0,84® 0,46® 0,28®
0,78® 0,57® 0,57® 0,78@ 0,48@ 0,28® 0,18®
0,83® 0,51® 0,61® 0,93® 0,63® 0,53® 0,96®
0,62© 0,92® 1,2© 0,99® 0,17® 0,13® 0,11®
0,64@ 0,96@ 1,20 0,97@ 0,19@ 0,13® 0,12®
0,00® 0,00®© *® *® *® *® 0,00®
Nitrit (NO2~ ug/l) 0,06® 0,720 0,78® 10,4® 8,90 2,90 1,40 APHA 4500-
0,46@ 6,63@ 10,8@ 16,8@ 11,8® 9,9@ 6,5® NO:
1,10® 7.00® 0,74® 15,9® 11,5® 11,5® 11,5®
1,88® 1,56® 0,57® 1,34® 1,03® 1,1® 0,78®
1,34® 1,1® 0,51® 1,01® 0,98® 0,98® 0,98®
0,07® 0,13® 0,92® 0,07® 0,04® 0,04® 0,04®
0,05@ 0,11®@ 0,96@ 0,07® 0,05@ 0,05@ 0,04@
0,01® 0,00® 0,00® *® *® *® *®
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Amonyak (NH4 0,33® 0,08® 0,060 1,890 1.90 0,20 0,24® APHA 4500-
* ugll) 0,35®@ 740 134@ 14,6® 15,3® 10,8@ 0,54® NHsH
0,33® 7,10 12,10 15,1® 15,1® 10,5® 0,48®
0,36® 31® 3,88® 2,771® 22® 1,99 0,78®
0,57® 2,980 2,340 2,89® 360 2,930 0,93®
0,67© 0,07® 0,07® 0,16® 0,07® 0,09® 0,99®
0,709 0,050 0,050 0,15@ 0,05@ 0,07® 0,97@
0,01® 0,01® 0,00® *® *® *® *®
Siilfat (SO+2 mglL) 1780® 23600 35700 37500 3200© 23200 1670® APHA SO4
7480@ 7980@ 9800@ 5774@ 5230®@ 3960@ 4120
7476® 7996® 9806® 5800® 5300® 43500 48900
8812® 8898® 8812® 6457® 4000® 3400® 4300@
9610® 9780® 9610® 18900® 7000® 5680© 6200©
3400© 3400© 3400© 3390© 3200© 3200© 3230®
34109 34109 34009 3391@ 32409 32009 32380
10000® 10000® *® 1980® *® *® *
Chl. a pg/l 0,04® 0,56® 1,30 290 1,70 2,990 0,230 APHA (EPA
0,05@ 0,40@ 340 25@ 1,99 250 0,33® 446.0, SM
0,05® 0,45® 3,50 2,6® 2,1® 2,6® 0,35® 10200
0,04® 0,55® 1,99 2,3® 1,7® 2,3® 0,299 H2b)
0,03® 0,43® 1,6© 1,50 0,98® 1,50 0,12®
0,03© 0,49© 0,9© 0,49© 0,49© 0,49© 0,2©
0,03® 041@ 0,94® 041 041 041© 0,199
0,09 0,0® 0,1® * * * 0,0®
Magnezyum (Mg | 1357® 1357® 1290® 1300® 12300 1120© 1190® TS EN ISO
mg/l) 5678@ 5678@ 4700® 5200@ 4560@ 41009 2890@ 11885
5700® 5700® 4760® 5190® 4700® 4190® 2800®
3200® 3200® 2200® 1980® 1470® 1200® 1900®
2700 2700® 2700® 1700® 1290® 1000® 1070®
1260© 1260©® 1260©® 1100® 1160® 1260© 1160©
12709 12709 12109 111300@ 11709 12709 1100@
3340® 3340® 3500© *® *® *® *®

* Olglim yapilamadi: Havuzlarin yiksek tuzlulukta (~300 ppt) veya tuz hasadindan dolayi bos olmasi

TARTISMA VE SONUG

Kiyisal deniz tuzlalarinda ekosistemi etkileyen en 6nemli
abiyotik etken tuz yogunlugudur. Ekosistemi olusturan tuz
Uretim havuzlarindaki tuz yogdunlugu, yalnizca biyolojik
bilesenleri kontrol etmekle kalmaz, ayni zamanda (retilecek
olan tuzun kalitesi ve miktarini da belirler. Bu yizden tuz
yogunlugunun kontroll, birinci dereceden énemli tek etkendir
(Dolapsakis et.al, 2005; Davis, 2006). Tuzluluk degeri
bakimindan Camalti Tuzlasi 4 ana kisma ayrilir. 1. Soguk su
havuzlari (35-70 ppt), 2. Depo (Sergen) Havuzlari (70-130 ppt),
3. Sicak su Havuzlari (130-250 ppt), 4. Kristalizasyon Havuzlari
(250-290 ppt). Tlim bu havuzlarin sayisi 155 adet olup her yil
fiziki altyapi bakimindan farkli  kullanis  sekillerinde
olabilmektedir. Havuzlardaki tuz yogunlugunun, (retim
strecine bagll olarak dengede tutulmasi ve korunmasinda,
Camalti tuzlasinin  bulundugu cografik bdlgedeki yillik
meteorolojik degerler de 6nemlidir. Havuzlardaki yiiksek veya
dusuk tuzluluk, su devir daimini saglayan (10-20 ton/dakika)
pompalarla dengelenmektedir. Bu sayede her bir tuz Uretim
havuzundaki  tuz ~ yodunlugu istenilen  yogunlukta
tutulabilmektedir (Davis ve Giordano, 1996). Kiyisal deniz
tuzlalarinda, sudaki kimyasal degerler blyltk farkliliklar
gosterebilmektedir. Bunun sebebi, meteorolojik etkenlere bagli
olarak, sistemde olusan buharlagma (23-24 cm/m?2) sonucu, su
takviyesi yapiimasiyla sirekli olarak 10-20 ton/dakika suyun
hareket halinde olmasidir. Bu sebeple 700 yM’ ye kadar
amonyum ve 40 pM den fazla nitrat degerleri de tespit

edilebilmektedir (Du Toit, 2001). Tuz Gretiminin basladigi Nisan
ayindan, tuzun elde edildigi Eylil ayina kadar ekosistemde
buharlasmaya bagli olarak stirekli bir su devir daiminin olusu,
biyotik faktérleri de oldukca degisken kilmaktadir.

Gamalti tuzlasi ekosisteminde takson sayisi bakimindan ilk
sirada yer alan Bacillariophyceae sinifindan Navicula sp. h&kim
tir olarak goziikmekle beraber, Camalti tuzlasina has su devir
daiminden dolay|, aslinda sadece 1. ve 2. istasyonlarda mevcut
bulunan bir takson olarak tespit edilmistir. Bu istasyonlardan,
tuzlulugu daha yiksek olan sahalara suyun sirekli, dakikada
10-20 ton pompalanmasindan dolayl  Navicula  sp.
rastlanmamigtir. Camalti tuzlasi sulak alaninda sistemin
dinamiklerini etkileyen abiyotik ve biyotik dzelliklere bakildigi en
yaygin olarak bulunan alg tliriinin Chlorophyceae sinifindan
(%24,13) 7 taksondan biri olan Dunaliella sp. oldugu tespit
edilmistir. Cyanophyceae sinifi (%13,79) 4 takson ile yaygin
olarak ekosistemde bulunmaktadir. Phaeophyceae sinifindan
(%10,34), Camalti tuzlasinin kiyisal alaninda 3 takson tespit
edilmistir.6. ve 7. Istasyon alanlarindan deniz suyu gekilmesine
ragmen ekosistemin icerisindeki yliksek tuz yogunlugundan
dolayr Phaeophyceae ve Monocots sinifi  alglerine
rastianmamistir. Rhodophyceae sinifi algleri 3 takson (%10,34)
ile tespit edilmistir. Bu taksonlardan sadece Laurencia papillosa
ekosistemin igerisinde tuzlulugun 50-100 ppt oldugu alanlarda
rastlanmigtir. Gracilaria sp., Hypnea sp. Ulva sp. ve
Enteromorpha sp. makro algleri Camalti tuzlasinin kiyisal deniz
ekosisteminde tespit edilmistir. Enteromorpha sp. Ocak-Mayis
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aylarinda daha ¢ok dagilim gdstermektedir. Ancak Ulva sp.
deniz suyundaki sicaklik ve besin tuzlarinin artigindan dolay!
yogun miktarda bulunmaktadir. Bu sebeple de Camalti tuzlasi
kiyisal zonunda Mayis ve Haziran aylarinda kokusmaya sebep
olmaktadir.

Tuzlanin bulundugu cografik bélgede endustriyel ve kentsel
olusumlarin varligi da suyun kalitesinde etken olabilmektedir.
Camalti tuzlasindan alinan su numunelerinde fiziksel ve
kimyasal parametre analizi yapilarak Su Kirliligi Kontrol
Yonetmeligindeki  (Anonim, 2004; 2016) kita ici su

kaynaklarinin siniflarina gére kalite dlgitleri ve suyun baz
parametrelere gore kalite siniflari  ortaya konulmaya
galisiimigtir. Tablo 4'teki degerlendirmeye bakildiginda,
Camalti tuzlasinin; sicaklik, pH, nitrat ve toplam fosfor
bakimindan 1. sinif. Yalniz Temmuz, Agustos aylarinda
ekosistemde gd¢ eden Flamingo kuslarinin sayisinin artmasina
ve diskilamaya bagli oldugu dustinilen fosfor ve siilfat artisi
tespit edilmistir. Bu bakimindan da silfat ve fosfor igin IV. sinif
su kalitesine de girmektedir. C6zlinmUs oksijen bakimindan II.
sinif su kalitesine sahip oldugu belirlenmistir.

Tablo 4. T.C. Su Kirliligi Kontrol Yénetmenlii Kita ici Su Kaynaklarinin Siniflarina Gére élgiitleri (Anonim 2004; 2016)
Table 4. Republic of Turkey Water Pollution Control Directive Criteria for Classes of Inland Water Resources (Anonymous 2004;2016)

Su Kirliligi Kontrol Yonetmenligi Kita igi Su Kaynaklarinin Siniflarina Gore Olgiitleri

Su Kalitesi Degiskenleri Su Kalitesi Sinifi

Fiziksel ve inorganik- l. 1. 1l V. GCamalti Tuzlasi
kimyasal degigkenler Degerleri
Sicaklik (°C) 25 25 30 >30 19,9

pH 6,5-8,5 6,5-8,6 6-9 >9 7,76

Gozunmus oksijen (mg O2/L) 8 6 3 >3 5,51

Siilfat iyonu (mg SO47/L) 200 200 400 >400 5300

Amonyum azotu (mg NHs*- 0,2 1 2 >2 0,70-5,46

:i/tl_r)at azotu (mg NOs-N/L) 5 10 20 >20 0,33-1,65
Toplam fosfor (mg P/L) 0,02 0,16 0,65 >0,65 0,15-15.07

Camalti tuzlasi ekosistemi; T.C. Su Kirliligi Kontrol
Yonetmenligi Goller, Goletler, Batakliklar ve Baraj Haznelerinin
Otrifikasyon Kontrolii Sinir Degerleri olan pH, ¢éziinmiis
oksijen, toplam fosfor ve Klorofil-a bakimindan “Otrofikasyon
kontroll sinir degerleri” igerisinde yer almaktadir.

Yalniz Ozellikle Temmuz, Agustos aylarinda gd¢men
flamingo kuglarinin  sayisinin artisindan dolayr oldugu

dustnilen sudaki kimyasal degerlerde gecici bir artis
gbzlenmistir. Tablo 6'daki degerlendirmeye bakildiginda izmir
Camalti tuzlasi fosfat bakimindan yliksek mezotrofi ile &trof
seviyede; nitrat bakimindan distik mezotrofi ile 6trof seviyede;
amonyak bakimindan dlslik mezotrofi ve otrof seviyede;
klorofil a dederi bakimindan oligotrof ve &trof seviyede
gorilmektedir.

Tablo 5. Géller, Goletler, Batakliklar ve Baraj Haznelerinin Otrofikasyon Kontrolii Sinir Degerleri (Anonim 2004; 2016)
Table 5. Eutrophication Control of Lakes, Ponds, Swamps and Dam Reservoirs Boundary Values (Anonymous 2004;2016)

istenilen Ozellikler Dogal koruma alami ve Cesitli kullanimlar i¢in (Dogal Camalti Tuzlasi Degerleri
rekreasyon olarak tuzlu, aci ve sodali
goller dahil)
pH 6,5-8,5 6-10,5 6,9-8,1
Oksijen (mg/L) 75 5 53-7
Toplam fosfor (mg/L) 0,005 0,1 0,15-15.07
Klorofil- a (mg/L) 0,008 (8 pglL) 0,025 (25 pg/L) 0,03-4,77
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Tablo 6. Kiyisal bélgelere ait 6trifikasyona seviyeleri degerlendirmesi (Simboura et al., 2005)
Table 6. Assessment of eutrophication levels of coastal zones (Simboura et al., 2005)

Otrifikasyona Degerleri Calisma

) Sonuglan
Parametre Oligotrof Diisiik Yiiksek Otrof Camalti

Mezotrofi Mezotrofi Tuzlasi

PO4-3(uM) <0,07 0,07-0,14 0,14-0,68 >0,68 0,15-15.07
NOs-(uM) <0,062 0,62-0,65 0,65-1,19 >1,19 0,33-1,65
NHq +(uM) <0,055 0,55-1,05 1,05-2,20 >2,20 0,70-5,46
Chl a (mgfl) <0,10 0,1-0,6 0,6-2,21 >2,21 0,03-4,77

Yang etal, (2008) in belitigi Cin Cevre Koruma
Kurumunun gol ya da rezervuar ylzey sularinin kalitesi
standartlarina gére de Camalti tuzlasi su kalitesi sicaklik, pH,
¢Oziinmis oksijen degerleri bakimindan I. sinif, Amonyum

Tablo 7. Gol ya da rezervuar ylizey sularinin kalitesi (Yang et.al., 2008)

azotu Ill.-IV. sinif, nitrat azotu, fosfor ve klorofil a bakimindan
IV.-V. sinif sular kapsamindadir. Otrofikasyonlu sulardaki N ve
P degerleri bakimindan fosfor agisindan orta derecede 6trofik;
azot bakimindan oligotrofik sular kapsamindadir.

Table 7. The quality of surface water on lake or reservoir waters (Yang et.al., 2008)

Su Kalitesi | Su Kalitesi Sinifi

Degiskenleri

Fiziksel ve | L II. . Iv. V. Camalti

inorganik- Tuzlasi

kimyasal Degerleri

degiskenler

Sicaklik (°C) Haftalik en fazla artis<1 ve diiglis <2 10,3-29,8

pH 6-9 6,9-8,1

Cozinmis oksijen | Saturasyon=90% 26 25 23 22 5,3-7

(mg O2L)

Amonyum  azotu | <0.15 <0.5 <1.0 <15 <20 0,70-5,46

(mg NH4*-NIL)

Nitrat azotu (mg | <0.06 <0.1 <0.15 <1.0 >1.0 0,33-1,65

NOz-NIL)

Toplam fosfor (mg | <0.01 <0.025 <0.05 <0.1 <0.2 0,15-15.07

PIL)

Klorofil- a (mg/L) <0.001 <0.004 <0.01 <0.03 <0.065 0,03-4,77

Otrofikasyonlu sulardaki N ve P degerleri

Parametre Oligotrofik Orta  Derecede Otrofik Hiperétrofik Camalti Tuzlasi Degerleri
Otrofik

3 P(uglL) 5~10 10~30 30~100 >100 0,15-15.07

3 N (uglL 250~600 500~1100 1000~2000 >2000 0,33-1,65
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Camalti tuzlasi izmir korfezinde insan miidahalesiyle tuz
uretmek amaciyla olusturulmus bir sulak alandir. Tuz Gretiminin
geregi olarak akiskan bir su rejimine sahiptir. Bu 6zelliginden
dolayr gerek yilllk meteorolojik egisimler gerekse dretim
sureciyle ilgili degisimlerden dolayi her yil biyotik ve abiyotik
dzellikler bakimindan farkliliklar gdsterebilmektedir. Calismada
2015 yilina ait alg tirlerinin dagilimi ortaya konulmaya
calisiimistir. Elde edilen veriler kapsaminda Gamalti tuzlasinin
abiyotik etkenlere bagli olarak en yaygin bulunan alg tirinin
Cyanophyta grubundan Dunaliella spp. oldugu tespit edilmistir.
Genis tuzluluk araliklarina dayanikli olan Dunaliella mikroalgleri
ekosistemdeki farkli ve yogun tuzluluk alanlarinda dagilim
gosterebilmektedir. 154 Uretim havuzundan ancak 25 adetinde
tuzluluk 50 ppt, diger 104 havuzda 50-300 ppt. tuzluluk
degerlerinin oldugu bir sulak alanda diger alg tlrleri yaygin
olarak bulunamamaktadir. Mevsimsel olarak da her ay
ekosistemde bulunan bir mikroalgdir. Ekosistemin kiyisal
zonasyonunda her mevsim bulunan alg olarak Cystoseria tirii
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Abstract: The aim of this study was to determine the textural and sensory properties of prepared fish salami from saithe (Polachius virens) fillets. In the research
the mechanical property of produced fish salami was compared to purchased beef salami. The comparison was realized in their textural, physical, and sensorial
properties. Acceptable textural desirability was observed with the formulation, which was improved with the addition of selected spices. Prepared fish salami
exhibited a weaker texture than purchased beef salami according to mechanical properties (TPA and shear test), but no difference (P>0.05) in overall liking was
determined by the panelists.

Keywords: Fish salami, water holding capacity, shear test, cooking loss, color values

0z: Galismanin amaci mezgit (Polachius virens) filetolarindan hazirlanmis olan balik salaminin dokusal ve duyusal dzaelliklerinin tespit edilmesidir. Calismada
retilen balik salaminin ve piyasada bulunan et salaminin mekanik 6zelliklerinin kiyaslamasi yapilmigtir. Kiyaslama triinlerin dokusal, fiziksel ve duyusal 6zellikleri
arasinda gergeklestirilmistir. Kullanilan formiil ve baharat gesitleri sayesinde kabul géren bir doku elde edilmistir. Uretilen balik salaminin dokusal yapisi, piyasadan
satin alinan et salami ile kiyaslaninca, mekanik zellikler agisindan (TPA ve kesit testi) daha yumusak olmus fakat panelistler tarafindan genel begeni agisindan

bir fark gorlilmemistir (P>0.05).

Anahtar kelimeler: Balik salami, su tutma kapasitesi, kesit testi, pisirme kaybi, renk degerleri

INTRODUCTION

Fish mince offers great flexibilities in production,
formulation, and also texture modification (Yoon et al., 1991) in
emulsified products. Many fish based products can be
produced by using fish mince such as; sticks, cakes, sausages,
salamis, and patties. But seafood is known as more perishable
than other high-protein foods. Cool chain should not be broken,
and protecting case and package should be used for preserving
quality. The production in fish based emulsion products can be
alternatives for the usual high-fat, high-calorie pork, or beef
salami and sausages. Fish is known as a rich source of long-
chain n-3 fatty acids, and those fatty acids are known to have a
range of health benefits. Especially potential roles in reducing
the risk of coronary heart disease, inflammatory disorders, and
immune disorders have resulted in interest among consumers
and manufacturers (DeDeckere et al., 1998; Trautwein, 2001).
Besides, emulsified fish products like salami and sausage can
be other alternatives for food manufacturers. Mince of fish and
surimi/surimi powder have been used as a raw material for
emulsion sausage production for many years, especially in the
Asian countries (Konno, 2005). All over the world the health
organisations recommend limiting the intake of saturated fatty

© Published by Ege University Faculty of Fisheries, Izmir, Turkey

acids and cholesterol (Kris-Etherton et al., 1988). The best
solution might be to encourage consumers to consume fish-
based products.

Emulsion sausages and salamis are widely consumed in
both Western and Asian countries (Panpipat and
Yonsawatdigul, 2008). Fish salami production steps were just
like the products made from beef, pork, and chicken salamis
which had nearly 20-30% fat in formulas. Distinctions in the
steps were using higher contents of fish flesh, lower amounts
of fat, and different types of seasoning. Texture is the most
important sensory property for acceptability of this kind of
seafood product (Botta, 1991). The overall quality of seafood is
generally based on the sensorial acceptability by the consumer
(Sikorski et al., 1991). Wholesomeness is affected by chemical
composition and microbiological considerations, while sensory
acceptability is determined largely by flavor and texture
(Sawyer et al., 1984). Destabilization of fat and water during
cooking causes an undesirable separation of fat and water
which results in poor texture (Lee et al., 1987). Soybean
proteins have the ability to enhance and stabilize fat emulsions
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and improve viscosity, texture and moisture retention as well as
overall yields in emulsified products (Kinsella 1979). So the
principles of true emulsions have been employed to explain the
mechanism by which fat is stabilized. There are various studies
about the meat emulsions (Gerigk et al., 1986; Perchonok and
Regenstein 1986). However, there are few studies on fish-
based emulsion products (Cardoso et al., 2008; Moreira et al.,
2002; Panpipat and Ravishankar 1992; Panpipat and
Yonsawatdigul 2008). Therefore, the objective of this study was
to show how fish salami is produced and to investigate and
compare its mechanical properties and color with commercial
beef salami.

MATERIALS AND METHODS
Raw material

As raw material, frozen and skinless saithe (Polachius
virens) fillets were preffered in the current study. Fish samples
were supplied by a commercial seafood company. And the
used beef salamis were purchased from a commercial market
chain. It was known that frozen fish fillet samples were stored
for 2 months at — 24 °C. At the beginning of production fish
samples were thawed (10kgs) in to -2°C. Other ingredients
(Sunflower oil, fat, spices) were purchased from the suppliers.
Same Turkish Standard Institute (TSI, standard number 9269/
December 1991) formula was used for fish salami production.
Fish mince was replaced with beef mince and modification of
spices were the difference in the formula.

Formulation

The formula and ingredients of the fish salami was as
follows: skinless saithe fillets, 67.29; ice, 16.15; beef fat, 5.04;
sun flower oil, 5.05; soy protein concentrate, 2.36; potato starch
(modified), 2.36; salt, 1.01; sodium tripolyphosphate (STPP),
0.17; red pepper, 0.07; black pepper, 0.13; sugar, 0.13;
pimento, 0.07; coriander, 0.07; ginger, 0.03; ascorbic acid,
0.02; sodium nitrite, 0.01 g.

Preparation of Salami

Frozen fish fillets were thawed overnight in the fridge
(0,+4°C). Fish filets were chopped with using 2 cm grinding
blades in kitchen aid grinder (2 kg / min, model KPM 5, St.
Joseph, MI, USA) equipped with a 6 mm diameter circular
perforated metallic screen and pusher. At the same time, beef
fat was minced, and appropriate rations were prepared (750 g).
Appropriate quantities of various additives were weighed to
produce 15 kg of dough.

Salami dough was prepared in sequential stages as
follows: First, the shredded filet is mixed with an industrial bowl
cutter for 2 minutes with salt and STPP (20-kg capacity; Mainca
Bowl Cutter model C-14, Berkshire, UK). During the mixing
process, the internal temperature of the dough was recorded as
-2.16£0.09 ° C. In the second stage, ice water (1/3 of the total),
soy protein concentrate, and potato starch were added for 1
minute with additional mixing. After that, fat and sunflower oil
were added separately and each was mixed for 1 minute.

Spices and a 1/3 ice water were added. The final step included
the addition of additives and preservatives and the rest of the
iced water. Additional stirring was carried out at the same rate
for 2 minutes. Then stuffed in a casing which has a length of 15
cm and a radius of 2.5 cm and a weight of about 250 g. The
stuffed dough was dried in a 80 ° C conventional oven (model
FKG-042, Inoksan Industrial Equipments, Bursa, Turkey) for 35
minutes.

After drying, the salamis were immediately cooled in ice
water (1: 1, v/ v). After being sealed with a stapler, the salamis
were hung on, rinsed quickly with cold water, and dough
residues were removed.

The salamis were then cooked for 3 hours at 90°C scalding
boiler (Model BKR-054, Inoksan Industrial Equipment, Bursa,
Turkey) with an internal temperature of 75°C (measured with a
thermocouple probe). The cooled salamis were kept overnight
in a refrigerator (0+4°C) and used the following day.

Color measurement

The color measurement was carried out using the
Schubring (2002) method, measuring 10 times using different
parts of the upper smooth surface. In the CIE Laboratory
system, L * indicates the intensity of light in black from 0 to 100
scales; a * (+) red or (-) green, and b * (+) indicates yellow
or (-) blue.

Texture profile analysis (TPA)

Texture Profile Analysis (TPA) was performed using the
TA-XT Plus texture analyzer (Stable Micro Systems,
Godalming, UK) according to Schubring (2003) method. Prior
to the test, the salami samples were equilibrated to room
temperature for 30 minutes and sectioned into a 2 cm thick
layer drawn into a 5 cm diameter cylinder. The samples were
compressed twice in a cross speed of 0.80 mm / sec to 65% of
the original height using a 5 cm diameter cylindrical probe. The
mechanical properties of hardness, cohesiveness, springiness,
resilience and chewiness were determined by the resulting
force/deformation curves.

Shear test

Sample loading, test conditions, and sample preparation
followed the procedure described by Su et al. (2000). The
samples were compressed to 60% of their original height at a
cross speed of 0.80 mm / sec using a Warner-Bratzler blade
(Stable Micro Systems, Godalming, Surrey, UK) once set up
with a 25 kg load cell. Shear force and cutting samples were
detected with a Warner-Bratzler knife attached to the same
texture analyzer. The maximum force (shear force) to cut the
sample and the work required to move the blade along the
sample (work of shearing) were recorded.

Kramer test

The firmness of the sample was measured using a texture
analyzer equipped with a Kramer shear-compression test cell
with 5 blade aluminum plates. 40.000 mm/sec cross head
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speed was used in the test. Samples were cut in 25 x 50 x 12
mm sizes and placed in the cells; five samples were used. Peak
values were recorded during drilling of samples (Kao and Lin,
2006).

Pate penetration

The minced sample was placed on an 8-hole plate. The
samples are compressed once using a multi-needle probe at a
crosshead distance of 15,000 mm / sec. The test speed was
set at 1.10 mm / sec and peak values were recorded during
drilling of samples while in operation (Smewing, 1996).

Water-holding capacity (WHC)

Expressible moisture of salami samples was measured with
WHC using a filter paper pressing method as described by
Schubring et al. (2003) with slight modification. Salami pieces
(21 mm in diameter, 20 mm thick), were placed between
parallel plates with a pair of filter paper (Schleicher & Schuell
2043A, 7cm x 7cm) using a texture analyzer TA-XT Plus
(Stable Micro Systems), Godalming, Surrey, UK. A 25 kg load
cell and a cross head speed of 1.7 bar / s were used for
pressing the samples.

The samples were compressed to 90% deformation and
held for 10 seconds. Percentage expressible moisture was
used as the WHC and was calculated as: 100 *(initial weight -
final weight)/initial weight.

Cooking loss

Cooking loss was calculated from differences in the weight
of uncooked and cooked samples and expressed as a
percentage of the initial weight.

The method used during the test is described in weight
(Boles and Swan 1996). The samples were placed in
polyethylene bags and cooked in a water bath at 100 ° C until
an internal temperature of 75 ° C was obtained. Weight loss
after cooking was used as % cooking loss: 100 x (weight loss)
[ initial weight.

Sensory analysis

The sensory evaluation of fish salami followed the method
described by Siddaiah et al. (2001) using a panel of 5-7 experts
familiar with the sensory evaluation of seafood. Three pieces of
salamis were cut into pieces in two cm thick. For each panelist
and 3 slices from the same salami sample were served. The
salamis were shared to five plates, so each panelist could both
examine 3 samples and served at the same time. During the
panelists, five sensory criteria were evaluated as appearance,

Table 1. Texture profile anlysis results of fish and beef salamis

color, smell, texture and taste. The evaluators were also asked
to specify the general acceptability score based on the five
sensory features.

Statistical analyses

SPSS statistical package (SPSS 15. 0 for Windows, SPSS
Inc, Chicago, IL, USA) was used to perform the analysis. The
difference of means between pairs was resolved with
confidence intervals using a T-Test. The level of significance
was set for P <0.05.

RESULTS AND DISCUSSION

Textural profile results

The mean mechanical properties of Texture Profile
Analysis (TPA) tests press peak values are summarized in
Table 1. Commercial meat salami and produced fish salami
were compared due to their mechanical properties. Hardness
and chewiness, in this fish-based product, had values 49.47 (N)
and 22.34 (Nmm), respectively. These values were nearly two
and three times lower than the taken values from meat
salami(P<0.05). But on the other hand, results were little bit
higher than the meat salami reported by Llull et al. (2002).
Similar values for textural parameters were mentioned in the
papers of other researchers in meat products: hardness
between 21.3 and 35.3 N for salami (Letelier et al., 1995) and
chewiness between 11.6 and 22.8 N for dry-cured hams
(Monin, 1998). Moreover, in a cooked meat product such as
bologna sausages, hardness values ranged between 27.1 and
45.8 N (Jimenez, 1995). Cohesiveness is a measure of the
degree of difficulty to break down the internal structure of the
salami. The cohesiveness of prepared salami samples was
0.51 where the value from meat salami was 0.0. Springiness
represents the extent of recovery of salami height and
sometimes referred to as “elasticity” (Sanderson, 1990).
Presented data on Table 1 was 1.05 in fish salami and 0.01 in
meat salami. In general, the addition of water and ice in salami
preparation made the structure softer and less breakable but
the potato starch and soy flour made the product substantial
supported by the evidence of the data observed above. The
difference of fish and meat salamis in TPA results can be seen
in Table 1. As known, soybean protein has protein structure to
increase and stabilize oil emulsions and the ability to increase
viscosity, tissue and moisture retention and total yield in
emulsified products (Kinsella, 1979) so in future work on
balancing mechanical properties with potato starch and soya
flour content should also be augmented in fish salami.

Products Hardness (N) Adhesiveness Springiness (mm) Cohesviness Chewiness (Nmm) Resilience
Fish salami 49.47+1.62 -30.23+4.0 @ 1.05+0.0 2 0.51£0.0 2 22.34+752 0.05+0.0 2
Beef salami 104.21£21.6° -0.01£0.0° 0.01£0.0° 0.00£0.0 2 60.5£22.0 0.00+0.0 @

Different superscript letters in the same column indicate significant differences (P < 0.05) n=10
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The mean mechanical properties from the Kramer shear
and Warner Bratzer compression tests press peak values are
summarized in Table 2. The shear force values of fish salami
were determined by using two mechanical tests. The shear
force results were 50.80 and 50.82, respectively. And the
firmness values were 3.71N (taken by Warner Bratzler from
whole) and 2.70 N (taken from pate penetration Test). On the
other hand, taken data from meat salami were 166 N and 178.4
N (Shear force), these values were three times higher than fish
salami. Formulated meat texture depends on the composition
and processing conditions used. In addition, these factors affect
product skin formation, which is also due to salt activation and
heat coagulation of myofibrils and sarcoplasmic muscle
proteins (Terrell et al, 1991). In contrast, texture
measurements have shown that fish salami samples do not
contribute as effectively as tissue strength of chicken or red
meat myofibril proteins. As already mentioned, it is known that
the quality of proteins and oil affects the textural properties of
processed foods (Park et al., 2001). But addition of texture
modifying agents like potato starch and soy flour, the product
became more substantial. These results were similar with the
study of Moreira et al. (2002) who prepared emulsified sausage
from tilapia fillets to determine their textural parameters. The
results obtained are also consistent with the other studies
showing that the addition of soy protein or starch improves
textural properties by reducing product stiffness (Dawkins et al.,
2001; Ho et al., 1997; Prabhu and Sebranek, 1997). Ho et al.
(1997) reported that the addition of tofu powder to lean
frankfurters improved product texture. In a previous study, Lee
(1985) showed that when fish muscle was chopped with NaCl
and sodium polyphosphate, a considerable reduction in
compressive strength and a marked increase in shear strength
occurred after the material was frozen and thawed compared
to the fresh material.

Table 2. Mechanical properties of fish and beef salamis and cooking
loss results

Methods Fish salami Beef salami
Kramer Test
Force(N) 50.8+4.22 166.0£1.8
Warner Bratzler
Firmness (N) 3.7+0.32 6.76+1.9°
Force (N) 50.8+2.92 178.4+18.8°
Pate penetration (N)
27402 3.640.3°

WHC (%)2>

11.1£0.12 14.0£0.2°
Cooking loss (%)°

11.0£0.12 8.120.1°

Different superscript letters in the same row indicate significant differences (P
<0.05)n=10

Expressible moisture test was used to determine Water Holding Capacity.
Cooking loss and WHC results were given as percentage (%)

Cook loss and water holding capacity (WHC) results

One of the important features of salami and other
emulsified products is its ability to retain and bind moisture and

other liquids in the product both before and after the process.
In the present study, cooking loss describes the measurement
of the amount of moisture lost during cooking. Water-holding
capacity (WHC) test is used to measure how well liquids are
kept in the cooked product. Cooking loss and water holding
capacity of fish and meat salam sample are shown in Table 2.
Due to the results 3% difference was determined. Chang and
Carpenter (1997) reported that higher expressible moisture
values were found with increased addition of water and lower
levels of oat bran. The WHC can be observed to increase and
cooking losses decrease with increased addition of soy flour
(Dzudie et al., 2002). Sodium polyphosphate is known to act
synergistically with NaCl, and increases the water holding
capacity of different meat preparations (Huffman et al., 1981;
Moore et al., 1976; Neer and Mandigo, 1972) as well as
stabilizes color, increases binding among meat particles, and
improves cooking yield (Rongey and Bratzler, 1996). As shown
in Table 2 cooking loss of fish salami was 11% and the
expressible value was determined as 11.12 %. Kerr et al.
(2005) suggested that the presence of texture-modifying
extenders may reduce binding among the proteins rather than
the water binding property of the extenders. The influence of
texture-modifying agents on hardness associated with the
water binding property of the agents is complicated and
remains in dispute. So in the production of fish salami 1.36
g/100g NaCland 0.17g/100g sodium phosphate was used and
determined enough for a substantial product. But to equalize it
with meat salami, these ratios should be increased. Pepper and
Schmidt (1975) reported that a 2.0g/100g NaCl and
0.5 g/100 g sodium phosphate was an optimal combination for
obtaining the highest cook yield in red meat product.

Color results

Color is one of the sensory properties that can easily affect
the consumer opinions. Visual appearance and color are
important factors in consumer’s selection of food (Francis and
Clydesdale 1975; Hutchings 1999). The colors of meat salamis
occurred generally in red or pink colors. By using color
additives, it was possible to make salamis with traditional meat
salami color. In the study of Gimeno et al. (2000) color values
of traditional meat sausage were determined as follows; for L*
value 56.14, for a* value16.85 and for b* value 10.63. But in
fish salami the L* value was determined 68.35. a* and b* values
can be observed in Table 3. Big difference can be seen in
redness (a*) value when compared with meat salami like the
stated data of Gimeno et al. (2000). Fish salami was
determined to be much less red and nearly same yellow.
Similar color results can be seen in the study by Koizumi and
Nonaka (1980).

Sensory results

According to the results of sensorial evaluation for each
attribute scores were observed higher than 8.0 points. The
reported scores show the panel means values (Figure 1). An
overall acceptability score of 5 was defined as the lower limit
for acceptance. According to the results of overall acceptability,
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the panelist found the product in the range of “like extremely”.
Although the taste of the products was different from meat
salami, texture effects dominated the acceptability and the
comparison of the product. Lee et al. (1976) reported a good
correlation between textural properties and sensory attributes
of frankfurters prepared by employing various formulations and
processing parameters. This was also true for similar products
prepared from chicken (Prusa et al., 1982). Shehata et al.
(1989) declared that 6 % of added soy flour to fish protein gave
the most favorable sensory scores but the soy flour content of
the current study was 2.98% and this content found favorable.
In a review article, Szczesniak (1963) argued that properly
conducted evaluation tests should yield reliable correlations
between instrumental and sensory measurements, especially,
for hardness. Thus, instrumental hardness was highly

Table 3. Color measurement result of fish and beef salamis

correlated with sensory texture followed by over all
acceptability. Acceptable textural desirability was obtained in
the presence of 1.70% starch and 1.70% soy flour in the
formulation and this was further improved with the addition of
selected spices. But these textural properties should be
strengthened if the product aimed to be just like meat salami.
These kinds of emulsified products are very sensitive when it
comes to consumer acceptance. Whereas other foods compete
for consumer preference by, for example, innovating new
products and flavors, meat is often graded just by its texture, a
factor linked to its perceived quality. Texture and the
appearance are the primary considerations made by a
consumer in emulsified products. If the texture is too tough or
too tender, or its texture has changed, perceptions of the
product are normally affected.

Products L* a* b*
Fish Salami 68.35+0.42 2 9.78+0.14 2 10.64+0.14 @
Beef salami 52.14+0.21° 17.50+0.5b 9.15+0.10 b

Different superscript letters in the same column indicate significant differences (P < 0.05) n=10

Sensory Appearance
10,00

Flavor 9.0
nﬁ'
7,00
6,00 i Color

500% | —a—Fish salami|
| —#—Beef Salami|

VAN
.Texture

a:Score points: 9-like extremely; 8-like very much; 7-like moderately;
6-like slightly; 5-neither like nor dislike; 4-dislike slightly; 3-dislike
moderately; 2-dislike very much; 1-dislike extremely

Figure 1. Sensory results of overall acceptability
CONCLUSION

There are dozens types of salamis in the markets but main
differences in their types depend on the changes in their texture
and flavor. Types are produced due to the character and
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0z: Bu alismanin amaci i¢ farkii makroalgin (Codium sp., Cystoseira sp., ve Polyides sp.) lizerinde en ok calisilan ve arastirma yapilan model canli olan
Drosophila melanogaster’ in hayatta kaligina etkisinin arastiriimasidir. Drosophila melanogaster’in nicin ¢alisildiginin birincil nedeni; bu tiiriin, cok kisa sirede ve
hizli Greme oranina sahip olmasidir. Diger laboratuvar hayvanlari ile karsilastiriidiklarinda Drosophila melanogaster’ in genetik bilgi birikiminin yeterli olmasidir. Bu
nedenle, birgok sentetik ve dogal bilesenin canlinin hayatta kalma orani iizerine etkisi, 6karyotik bir canli olan Drosophila’da siklikla test edilmistir. Tam metamorfoz
gegiren bu canliya test bilesikleri larva evresinde uygulanir ve dongii tamamlandi§inda, yetiskin formda etki arastirilir. Bu galismada, makroalglerden Codium sp.,
Cystoseira sp., and Polyides sp., 6zitleri Instant Drosophila Medium Formula 4-24' e eklenip Drosophila melanogaster’e larval dénemde, tig grupta verilmis, kontrol
grubunda ise su kullanilmigtir. Bu galisma, makroalglerden Codium sp., Cystoseira sp., and Polyides sp., 6zitlerinin, Drosophila melanogaster'in hayatta kalisina
pozitif etkisini géstermistir.

Anahtar kelimeler: Makroalg, Codium sp., Cystoseira sp., Polyides sp., Hayatta kalis, Drosophila melanogaster

Abstract: The aim of this study is to investigate the effects of three different macroalgae (Codium sp., Cystoseira sp., and Polyides sp.) on viability of Drosophila
melanogaster which is the most widely studied insect species in scientific researches. One of the primary reasons why Drosophila melanogaster is one of so widely
studied insect is because of their extremely fast breeding rate in a very short time. Compared to other laboratory animals, the Drosophila melanogaster gene
pattemn is one of the most widely understood. This may allow some modifications to be made with a very good survival rate. Once these basic functions are
completed, the insect hatches and develops into a larval form and stars feeding. At this point, the larvae are feed with what kind of feed want to be tested. In this
current study, extracts of macroalgae, Codium sp., Cystoseira sp., and Polyides sp., were added into Instant Drosophila Medium Formula 4-24 and given the
Drosophila melanogaster in three groups. There was also a fourth group (control group) which is not added extracts of macroalgae in their feed but water. The
results of this study showed that macroalgae, Codium sp., Cystoseira sp., and Polyides sp., had positive effects on viability of Drosophila melanogaster.

Keywords: Macroalgae, Codium sp., Cystoseira sp., Polyides sp., viability, Drosophila melanogaster

GIRiS

Gok hicreli dkaryotik organizmalardan olan makroalgler,
denizlerin dnemli canli kaynaklarindan biridir. Ayrica, birincil
uretimin ~ temel  prosesi olan  fotosentez  olayini
gerceklestirdiklerinden dolay ekolojik agidan da ¢ok dnemli
gruptadirlar. Dolayisiyla dengeli bir ekosistem icin en énemli
yapitaglarindan biridir (Wilson, 2002).

Bu canlilar zengin biyokimyasal icerikleri nedeniyle gida,
tip, tarim, hayvancilik ve endistriyel alanlarda hammadde
kaynag olarak kullaniimaktadir (Ak, 2015). Denizel makroalgal
hammaddeler, enerji ve ¢evre sorunlarinin dstesinden gelmek
icin tercih edilen bir ydntem olarak artan bir éneme sahiptir
(Baghel v.d., 2017). Ayrica, yaslanma Kkarsiti olarak
dermatolojik tedavide, etken madde kaynadi olarak bir

© Published by Ege University Faculty of Fisheries, Izmir, Turkey

potansiyel olarak gérilmektedir (Wang vd., 2017; Figueiredo
vd., 2016). Ayrica stres kaynakli metabolik sendromlarda algal
bioaktif bilesiklerin terapik yoni son yillarda 6nem kazanmigtir
(Freile-Pelegrin ve Robledo, 2014). Ozellikle kiyilarimizda
dogal yayilig alanina sahip olan Cystoseira cinsine ait tirler
hayvan glibre ve gida isletmeciliginde protein kaynagi olarak
kullaniimaktadir (Cetingll vd., 1996). Yapisal polisakkarit ve
lignin seviyelerine bagl olarak, sivi biyoyakit tiretiminde cazip
besin stoklari arasindadir. Makroalgler su ortaminda
yetistirilebildiginden, kara kaynakl bitkilerle dolayisiyla insan
gidalariyla rekabet halinde degillerdir. Bu ylzden 6nemli
cevresel avantajlara da sahiptir (Mohseni vd., 2016).

Dinya genelinde, 291 makroalg tird kullaniimaktadir. Bu
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makroalgler ekonomik olarak yaklasik 6 milyar dolar degerinde
Urtin pazari olusturmaktadir. Hem yetistiricilik hem de dogadan
toplama yoluyla 28 milyon ton retim yapilmaktadir (McHugh,
2003; Ak, 2015) Akdeniz sahillerinde ise Chlorophyta Uyelerine
ait 82, Phaeophyta Uyelerine ait 85, Rhodophyta (iyelerine ait
228 takson dadilim gostermektedir (Ozvarol, 2009). Algler
hiicre icinde biriktirdikleri pigment, protein, karbonhidrat, yag,
vitamin ve mineral maddeler nedeniyle birgok canli grubu igin
esansiyaldirler. Bu maddeler; farmasotik ve nutrasétik olarak
metabolitler ismi ile anilirlar (Becker, 2007).

Algler ayni zamanda yilksek protein ve yag icerikleri ile
biyoteknoloji  ¢alismalarinda  aranan  degerli  kaltdr
organizmalaridir. Yetistiricilik icin elverigli olmalarini saglayan
yiksek adaptasyon yetenegi gibi pek gok 6zellige de sahiptirler
(Taskin ve Oztiirk, 2005; Wells vd, 2017).

Alglerin 6zellikle endustriyel amagli kullanimlari mikro ve
makroalgler diizeyinde farkliliklar géstermektedir. Mikroalglerin
uretiminde (bakteriyel kaynaklarda oldugu gibi) kontaminasyon
ve hasat zorluk riski nedeniyle, endistriyel Uretimde
hammadde kaynadi olarak daha ok denizel makroalgler
(Porphyra, Laminaria, Gracilaria gibi) tercih edilmektedir
(Gzdemir ve Erkmen, 2013).

Makroalglerin katki maddesi olarak kullanimi ve hatta tip
alaninda kullanimi giderek artmaktadir (Murdinah, 2008).
CUnkd, alglerin karbonhidrat, protein, lipid, yag asitleri, gliserol,
dogal pigmentler (beta-karoten, astaksantin, ksantofil, fikobilin)
ve amino asitlerce (Durmaz vd., 2002) ok zengin olduklari,
ayrica mineral, vitamin, polisakkaritler (Arasaki ve Arasaki,
1983) ve polifenoller gibi antibakteriyel, antifungal ve antiviral
Ozellige sahip biyoaktif maddeler (Chandini vd., 2008; Wang
vd., 2017) igerdikleri tespit edilmistir. Algler antioksidan vitamin
ve pigmentlerin yani sira ¢oklu doymamis yag asitlerinin de
zengin bir kaynagidir (Gokpinar vd., 2001). Ayrica uygun
biyolojik 6zelliklerinden dolayl manuple edilebilirligi de oldukga
ylksektir. Bu nedenle, model organizmalar olarak siklikla
kullaniimaktadirlar (Creed vd.1998, Prathep 2003). Bu da
yaslanma ve dmdir uzunlugdu gibi galismalarda (Sarikaya vd.,
2006; Peleg vd., 2016) temel etken madde olarak kullaniimalari
imkanini ortaya koymaktadir.

Drosophila melanogaster genotoksisite (Cakir ve Sarikaya,
2005; Oz ve Cakir Arica, 2016), yaslanma ve émiir uzunlugu
calismalari (Cakir ve Bozcuk, 2000; Sarikaya vd., 2006), cesitli
hastaliklarin ~ molekller ~ mekanizmalarinin  arastiriimasi
(Laurent vd., 2013; Broughton vd., 2008; Zhang vd., 2013) gibi
cesitli arastirmalarda da kullanilan bir organizmadir. Okaryotik
bir canli olan Drosophila melanogaster ve memelilerdeki
biyolojik, fizyolojik ve ndrolojik 6zelliklerin birgogu benzerlik
gdstermektedir (Pandey ve Nichols, 2011).

Bu calisma, farkli tiirlerden olugan algal 6z(itiin, Drosophila’
nin embriyonel gelisim ve hayatta kaligina etkisinin tespiti igin
bir 6n calisma niteligindedir. Bu ¢alismada temel amag, farkli
tirlerden olusan alg 6zitlerinin Drosophila melanogaster’in
hayatta kalisina etkisini aragtirmaktir.

MATERYAL VE METOT
Alg drnekleri

Konacik ve Kale olmak tizere, denizel biota agisindan Dogu
Akdeniz'in 2 farkli bolgesinden makroalg Grnekleri toplandi.
Ornekleme Subat-Mart aylarinda  yapildi. Bu tirler,
Chlorophyta, Phaeophyta ve Rhodophyta olmak Uzere (¢
familyaya aittir. Ait olduklari familya sirasina gére Codium sp.,
Cystoseira sp. ve Polyides sp. olarak cins dizeyinde
adlandirildi (Sekil 1).

T

Sekil 1. Arastirma icin dmeklenen Codium sp., Cystoseira sp. ve
Polyides sp. fotograflari (Anonim)

Figure 1. The sampled photographs of Codium sp., Cystoseira sp. ve
Polyides sp. in the study

Alg ekstraktlarinin hazirlanmasi

Dalma ve elle toplama ydntemiyle elde edilen algler, deniz
suyu ile yikanarak epifitler, sedimentler ve diger organik
maddelerden temizlendi. Orneklenen algler, polietilen posetler
icinde laboratuara tasinip, tuz ve kirliligin gideriimesi igin
musluk suyu ile tekrar yikandi (Sivasankari, 2006). Yikama
isleminden sonra drnekler 0.5 cm ile 1cm boyutunda pargalama
islemine tabi tutuldu. Daha sonra 40 °C'lik etlivde 2 hafta sire
ile kurutulan Ornekler porselen havanda 6gutiildu. Her bir
ornekten 20 gr tartilarak, tizerine 200 ml etanol eklendi ve yatay
calkalayicida (125 rpm), oda sicakliinda 24 saat sireyle
ekstraksiyona tabi tutuldu. Slre sonunda ekstraksiyon filtre
edildikten sonra, evaporator araciligiyla etanol uzaklastirildi.
Elde edilen déz(tler, denemelerde kullanilincaya kadar +4°C'de
amber rengi siselerde muhafaza edildi.

Uygulama ve degerlendirme

Hayatta kalig calismalarinda Drosophila melanogaster’in
dogal irki olan, oregon, kullanildi. Drosophila stok kultlrleri
%40-%60 bagil nem, 25+1°C sicaklik ile sirekli karanlik
kosullarini taglyan etlivde, hazir Drosophila ortami (Instant
Drosophila Medium Formula 4-24, Carolina Biological Supply
Cooperation, Burlington, NC, USA) iceren siselerde yasatild!.
Oregon irkina ait stoklar bogaltildiktan sonra ortalama 4 saat
iginde virgin (ciftlesmemis) disileri toplandi. 1-3 ginlik disi ve
erkek bireylerin gaprazlanmasindan ortalama 72+1 saat sonra
larva toplama iglemi yapildi. Larvalar besi ortamindan musluk
suyu ile yikanarak ayrildi. Her uygulamada 1,5 gr hazir
Drosophila ortami 5 ml test soliisyonu ile 1slatildi ve 100 larva
ortama eklendi (Graf vd, 1989). Alg 6ztitleri 1,5mg/5ml dozunda
uygulandi, kontrol grubunda sadece distile su kullanildi. Her bir
ornek ve kontrol grubu igin 3 tekrarli uygulama yapildi. Test
maddeleri iceren ortama gdmilen larvalar gelisimlerini
tamamlamaya birakildi. Her uygulama grubu i¢in pupadan
cikan bireyler eterle bayiltilarak cinsiyetlerine gére ayrildi,
toplam disi ve erkek birey sayisi kaydedildi (Cakir ve Sarikaya,
2004). Elde edilen sayisal sonuglar MS Excel ile grafikte
sunuldu.
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BULGULAR VE TARTISMA
Codium sp., Cystoseira sp. ve Polyides sp. 6z(tlerinin

Drosophila melanogaster larvalarinin hayatta kalislari tizerine

100
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Su Codium sp
Ortam

Cystoseira sp.

etkileri Sekil 2'de sunulmaktadir. Test edilen Ug alg 6zitintin
her biri kontrol grubuna gore larvalarin hayatta kali oranlarini

pozitif yonde etkilemistir.

Ortalama
Erkek
Disi

Polyides sp.

Sekil 2. Disi, Erkek ve Toplam Drosophila melanogaster bireylerinin farkli alg ortamlarda hayatta kalma oranlari
Figure 2. The survival rates of Drosophila melanogaster by female, male, and total number in the different algae environments

Su kontrol grubunda hayatta kalis oranlari hem disi hem de
erkek bireyler igin % 65 olarak bulunmustur. Test edilen her 3
alg grubu iginde hem disi hem de erkek bireylerde hayatta kalis
orani su kontrol grubuna gére bir artis gostermistir. Kontrol
dahil tim gruplarda hayatta kalis orani erkek bireylerde disilere
nazaran daha yiksek bulunmustur. Bu durum, bdceklerin
metabolik hizinin, dis faktérlerden olan besin gartlariyla
degismesine baglanabilir (Lanciani vd., 1991; Macedo vd.,
2003). Ozellikle erkek bireylerdeki artista, Drosophila’nin
populasyon yogunlugu, besin miktari ve cesidi gibi etkenlerde
onemli rol oynamaktadir (Kog ve Giilel 2006).

Alg gruplarinin su kontrole gére hayatta kalis oranlarindaki
artisa bakildiginda Codium sp. en az artis gosterirken (%78),
Polyides sp. (%89) en fazla artig gdsteren grup olarak
degerlendirilmistir. Bu artisin nedeni, diger tiirlerden farkli
olarak bu grubun floridae nisastasi depo etme 6zelliginden
kaynaklandidi diistiniiimektedir. Polyides sp. Florideophyceae
sinifina ait bir tlir oldugundan bu sinifin dyelerinin hem floridae
nisastasini depo etme &zellikleri hem de hiicrelerin birlesim
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Abstract: This study reports length-weight relationships (LWRs) of the 11 fish species in the Central Black Sea. The values of b ranged from 2.523 (+0.62) for
Liza aurata to 3.445 (£0.56) for Sarda sarda. The median value of b was 2.933. The information about the length-weight relationships of fish species in the Black
Sea is still very scarce and incomplete. The LWR for Sparus aurata was not recorded before for the Black Sea. Consequently, this paper contributes the LWR of
some Black Sea fishes, especially with S. aurata and Diplodus annularis, which are given for the first time.

Keywords: Length-weight relationship, fish, size, Black Sea

Abstract: Bu calisma Orta Karadeniz'den 11 balik tiiriiniin boy-agirlik iliskilerini rapor etmektedir. iliskilerin b degeri Liza aurata igin 2.523 (+0.62)'ten Sarda sarda
igin 3.445 (+0.56)'e degismektedir. b'nin medyan degeri 2.933'tir. Karadeniz'de balik tiirlerinin boy-agirlik iligkileri tizerine bilgi hala eksik ve tamamlanmamistir.
Sonug olarak bu makale, dzellikle ilk kez verilen S. aurata ve Diplodus annularis'le birlikte bazi Karadeniz baliklarinin, boy-agirlik iliskilerine katkida bulunmaktadir.

Anahtar kelimeler: Boy-agirlik iligkisi, balik, boyut, Karadeniz

INTRODUCTION

Length-weight relationship (LWR) studies are useful for
fisheries research because they: (a) allow the conversion of
growth-in-length equations to growth-in-weight for use in stock
assessment models; (b) allow the estimation of biomass from
length observations; (c) allow an estimate of the condition of the
fish; and (d) to make interregional comparisons of life histories
of species (Stergio and Mautopoulos, 2001).

The knowledge of some biological parameters of fish such
as size values (i.e. minimum, maximum, and mean), and size
relationships (i.e. length-weight) helps for the sustainable
exploitation of the Black Sea’s natural resources (Yankova et
al.,, 2011). Besides, LWRs are important for FishBase, as well.
However, when we looked into the FishBase, LWR parameters
of fishes from the Black Sea are not enough; therefore, it should
be improved.

This study presents the parameters of LWR for 11 fish
species from the Central Black Sea of Turkey, including Alosa
immaculata Bennett, 1835, Belone belone (Linnaeus, 1761),
Diplodus annularis (Linnaeus, 1758), Trachurus mediterraneus
(Steindachner, 1868), Engraulis encrasicolus (Linnaeus, 1758),

© Published by Ege University Faculty of Fisheries, Izmir, Turkey

Liza aurata (Risso, 1810), Merlangius merlangus (Linnaeus,
1758), Mullus barbatus ponticus Essipov, 1927, Pomatomus
saltatrix (Linnaeus, 1766), Sarda sarda (Bloch, 1793) and
Sparus aurata Linnaeus, 1758.

MATERIAL AND METHODS

Total of 19092 specimens were collected from commercial
coastal gillnet and bottom traw! fisheries, which have especially
landed at Sinop fishing ports in the Central Black Sea, between
September 2016 and February 2017.

Total length (TL) of fish was measured to nearest £ 0.1 cm
and + 0.1 g. Length-weight relationship (LWR) was computed
from the following formula: W = a x TL®, which is estimated
through logarithmic transformation: logW =log a + b log L,

Where W is weight, a and b are constants. The obtained
coefficients were analysed with ANOVA (Zar, 1996). The
degree of relationship between the variables was computed by
the determination coefficient, R2. The null hypothesis of
isometric growth (Ho: b = 3) was tested by t-test, using the
statistic: £ = (b-3)/Ss, where Sy is the standard error of the slope
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for a = 0.05 (Sokal and Rohlf, 1987). All calculations were
performed using the SPSS 20.0 software package.

RESULTS AND DISCUSSION

The sample size, minimum, maximum length and weights
for each species, the parameters a and b of the LWRs, the SE
of b, and the coefficient of determination R? are indicated in
Table 1.

The values of b ranged from 2.523 (+0.62) for L. aurata to
3.445 (+0.56) for S. sarda. The median value of b was 2.933
(Figure 1). The exponent b was mostly close to 3. Concerning
the type of growth, isometric growth in 9 species, negative
allometry in 1 species, and positive allometry in 1 species were
obtained. The R? values ranged from 0.864 for S. aurata to
0.981 for A. immaculata

Table 1. Following are the descriptive statistics and estimated parameters of the LWR of fish species caught from the Central Black Sea. L =
total length, n = sample size, SE = standard error, R? = coefficient of determination, a = intercept, b = slope

Species n Lmin=Lmax Whnin-Wmax a b *SE (b) R? t-test
Alosa immaculata 1312 11.5-34.9 9.5-381.2 0.028 3.32 0.13 0.98 p<0.05
Belone belone 647 28.8-51.6 26.9-177.2 0.008 3.09 0.47 0.87 p>0.05
Diplodus annularis 210 12.5-23.4 39.9-249.3 0.031 284 0.56 0.92 p>0.05
Trachurus mediterraneus 1870 7.1-20.3 3.2-67.7 0.010 2.93 0.23 0.89 p>0.05
Engraulis encrasicolus 10062 5.5-14.5 0.9-17.4 0.008 2.86 0.10 0.89 p>0.05
Liza aurata 255 20.2-40.8 81.2-618.4 0.044 252 0.62 0.87 p>0.05
Merlangius merlangus 1891 7.5-234 3.7-113.8 0.010 290 0.19 0.93 p>0.05
Mullus barbatus ponticus 1602 8.2-19.8 5.6-86.5 0.007 3.15 0.14 0.97 p>0.05
Pomatomus saltatrix 820 16.1-27.5 325-227.9 0.005 325 0.27 0.95 p>0.05
Sarda sarda 314 24.862.8 152.6-2478.5 0.002 345 0.56 0.97 p>0.05
Sparus aurata 109 15.7-21.2 62.2-136.8 0.035 2.70 0.10 0.86 p<0.05
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Figure 1. Box-whisker plots of the exponent b of the LWR for 11 fish species from the Central Black Sea, Turkey

The information about the length-weight relationships of
fish species in the Black Sea is still very scarce and incomplete.
Data about previous studies of LWRs for fish species from the

Black Sea are presented in Table 2. Among these fishes, LWR
for two species, D. annularis and S. aurata could not found in
the previous studies.

Table 2. Some of the results of LWR parameters estimated in different localities of the Black Sea for the similar fish species targeted in the

present study
Mullus barbatus ponticus
Authors n Lmin=Lmax Winin-Winax a b R2?
Kalayci et al. (2007) 176 6.6-18.4 2.9-60.2 0.011 2.96 0.98
Demirhan and Can (2007) 432 6.8-14.6 - 0.005 324 0.97
Ak et al. (2009) 714 6.1-21.9 2.1-161.1 0.007 314 0.99
Aksu et al. (2011) 699 7.3-18.7 - 0.011 297 0.98
Ozdemir and Duyar (2013) 225 9.3-20.1 8.6-87.9 0.011 298 0.97
Aydin and Karadurmus (2013) 1435 6.4-21.5 2.1-105.4 0.009 3.03 0.97
Kasapoglu and Diizgines (2014) 2693 5.3-19.0 12-734 0.007 3.12 0.96
This study 1602 8.2-19.8 5.6-86.5 0.007 3.15 0.97
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Merlangius merlangus
Authors n Lmin=Lmax Winin-Wmax a b R?
Kalayci et al. (2007) 176 6.6-18.4 2.9-60.2 0.011 2.96 0.98
Demirhan and Can (2007) 432 6.8-14.6 - 0.005 3.24 0.97
Ak et al. (2009) 714 6.1-21.9 2.1-161.1 0.007 3.14 0.99
Aksu et al. (2011) 699 7.3-18.7 - 0.011 297 0.98
Yankova et al. (2011)* 3715 5.5-22.5 1.1-80.9 0.004 315 0.99
Erdogan-Saglam and Saglam (2012) 1884 10.1-23.1 6.3-96.7 0.006 3.04 0.88
Ozdemir and Duyar (2013) 225 9.3-20.1 8.6-87.9 0.011 298 0.97
Aydin and Karadurmus (2013) 1435 6.4-21.5 2.1-105.4 0.009 3.03 0.97
Kasapoglu and Diizglines (2014) 2292 5.9-22.2 14-73.7 0.005 315 0.92
This study 1891 7.5-23.4 3.7-113.8 0.010 2.90 0.93
Pomatomus saltatrix
Authors n Lmin-Lmax Winin-Wmax a b R?
Kalayci et al. (2007) 143 13.2-21.7 23.2-88.2 0.013 2.86 0.92
Ak et al. (2009) 14 11.6-21.2 12.0-131 0.003 3.34 0.96
Ozdemir et al. (2010) 529 9.7-23.1 9.8-126.9 0.003 340 0.98
Ozdemir and Duyar (2013) 207 12.2-24.0 15.4-127.2 0.005 325 0.98
Kasapoglu and Diizglines (2014) 25 12.5-20.2 16.0-75.2 0.009 3.01 0.87
This study 820 16.1-27.5 32.5-227.9 0.005 3.25 0.95
Engraulis encrasicolus
Authors n Lmin-Lmax Winin-Wmax a b R?
Kalayci et al. (2007) 575 8.0-14.7 2.9-19.1 0.017 2.60 0.85
Ozdemir et al. (2010) 363 7.6-14.6 2.7-18.8 0.009 2.83 0.96
Yankova et al. (2011)* 4027 10.3-15.7 8.3-24.5 0.024 2.51 0.99
Ozdemir and Duyar (2013) 696 8.0-13.6 3.5-16.4 0.018 2.62 0.88
Kasapoglu and Diizglines (2014) 1588 5.9-14.6 1.1-18.1 0.012 2.77 0.94
This study 10062 5.5-14.5 0.9-17.4 0.008 2.86 0.89
Alosa immaculata
Authors n Lmin-Lmax Winin-Wmax a b R?
Kalayci et al. (2007) 227 11.9-27.6 10.0-177.0 0.005 312 0.94
Ozdemir et al. (2010) 529 13.6-33.6 14.7-297.7 0.039 3.18 0.98
Yankova et al. (2011)* 191 24.2-37.7 175.0-515.0 0.071 2.49 0.78
Ozdemir and Duyar (2013) 489 13.6-35.2 10.2-300.3 0.004 3.21 0.98
This study 1312 11.5-34.9 9.5-381.2 0.028 332 0.98
Trachurus mediterraneus
Authors n Lmin-Lmax Winin-Wmax a b R?
Ozdemir et al. (2010) 1300 7.8-18.0 3.6-49.8 0.009 3.05 0.96
Yankova et al. (2011)* 1432 7.0-18.4 4.5-55.0 0.005 317 0.92
Ozdemir and Duyar (2013) 526 9.4-15.1 4.6-25.2 0.003 3.30 0.90
This study 1870 7.1-20.3 3.2-67.7 0.001 2.93 0.89
Belone belone
Authors n Lmin-Lmax Winin-Wmax a b R?
Samsun (1995) 643 31.2-52.2 31.6-167.7 0.0006 3.18 0.94
Polat et al. (2009) 278 23.7-60.3 12.0-277.0 0.0005 325 0.94
Bilgin et al. (2014) 1211 22.2-65.1 - 0.0005 314 0.92
This study 647 28.8-51.6 26.9-177.2 0.008 3.10 0.87
Liza aurata
Authors n Lmin-Lmax Winin-Winax a b R?
Bilgin et al. (2006) 500 16.2-44.0 10.0-917.0 0.004 3.21 0.75
This study 255 20.2-40.8 81.2-618.4 0.044 2.52 0.87
Sarda sarda
Authors n Lmin-Lmax Winin-Wmax a b R?
Oray et al. (1997)** 332 31.0-66.0 380-4848 0.007 3.23 0.94
Oray et al. (2004)** 415 21.8-70.5 110-5000 0.004 333 -
Ates et al. (2008)** 694 235-71.0 122-4724 0.005 322 0.98
Yankova et al. (2011)* 411 29.0-37.6 300-880 0.001 3.84 0.89
Kahraman et al. (2014)** 212 17.7-63.0 69-3860 0.010 3.09 0.99
Kasapoglu and Diizgiines (2014) 36 28.1-37.5 234-518 0.050 2.56 0.89
This study 314 24.8-62.8 152.6-2479 0.0022 345 0.97

* Bulgarian Black Sea waters
**Fish from both Black Sea and the Sea of Marmara

The values of parameter b for all fish species in the study  annularis, L. aurata, and S. aurata from the Black Sea were not
were between 2.5 and 3.5 as recommended by Froese (2006).  presented in FishBase, as well. Fish samples in this study were
The LWR for Sparus aurata was not being recorded before for  monthly collected throughout two seasons, autumn, and winter.
the Black Sea. Additionally, the LWRs of B. belone, D. So, the data are representative seasonally, and estimated
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parameters of LWR should not be considered as mean annual
values. In addition, Froese (2006) stated that small specimens
have a different LWR from larger specimens. Due to the gear’s
selection properties (i.e., legal mesh sizes), our fish samples do
not include small sized individuals for all the species.
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0Oz: Ganakkale ilinde yiriitiilen Biyolojik Cesitlilik ve Envanter Tarama calismalari kapsaminda 08.06.2016 tarihinde yapilan arazi galismasinda Ege denizindeki
adalarda ilk kez Gokgeada rezervuarda Pseudorasbora parva'ya rastlanmistir. Deniz bariyerine karsin Gokgeada'da bu tiriin bulunmasi, istilaci tiirlerin insan
etkisiyle yayilis alaninin genislemesinin gok agik bir kanitidir. Tiirkiye i¢ sularina kolay adapte olan ve hizli bir sekilde yayilig gdsteren bu istilaci tirlin morfometrik
dltimleri alinmis ve Ege adalari igin ilk kez kayit olarak rapor edilmistir.

Anahtar kelimeler: istilaci balik tiirii, Ege adalar, baliklandirma, Gokgeada rezervuari

Abstract: Pseudorashora parva was found in the Gokgeada Reservoir in the field study within the scope of the Biodiversity and Inventory Screening studies carried
out in Ganakkale, conducted on 08.06.2016. Despite the sea barrier, the presence of this species in Gékgeada is a very clear evidence of the expansion of the
invasive species by anthropogenic effects. Morphometric measurements of this invasive species, which is easy to adapt to the inland waters and spread rapidly,
was made and it was reported that this species firstly existed in Aegean islands.

Keywords: Invasive Fish Species, Aegean islands, Fish stocking, Gokgeada reservoir

GIRiS

Ttrkiye tathsular balik biyogesitliligi bakimindan zengin bir
fauna'ya sahiptir (Atalay ve Toslak, 2013; Freyhof vd., 2014;
Cicek vd., 2015). Tatlisu kaynaklarina yapilan su kanallari,
barajlar, antilmadan suya verilen evsel atiklar, asiri avcilik, su
kaynaginda dogal olarak bulunmayan baliklarin agilanmasi
dogal fauna (izerinde tahribe neden olmaktadir. Bu bahsedilen
faaliyetler tatisu kaynaginda dogal olarak bulunan balik
tirlerinin ~ beslenmesi, Uremesi ve neslini devam
ettirebilmesindeki olumsuz etkiyi arttirmakta ya populasyonda
azalmaya ya da neslin devamliiginin saglanamamasina neden
olmaktadir (Ekmekgi vd., 2013).

Tathisu kaynaginda inceleme yapmadan kontrolsiizce
yapilan yabanci balik agilamalari bulunduklari bélgede istilaci
olabilmektedir. Kontrolsiizce yapilan balik agilamalarinin dogal
tiirler Uzerindeki rekabet, habitat degistirme, predatorliik,
hibridizasyon, parazitlik ve hastaliklar gibi olumsuz etkileri
olabilecegi bilinmektedir (Ekmekgi ve Kirankaya, 2006).

© Published by Ege University Faculty of Fisheries, Izmir, Turkey

Pseudorasbora parva (Temminck ve Schlegel, 1846)
istilaci  balik tirinin yayihs alani Uzak Dogu Asya'dir
(Banarescu,1999). Zengin tatl su ihtiyofaunasina sahip olan
Trkiye sularinda yayilan bu istilaci balik tird ortamda bulunan
dogdal balik tlrleri igin tehdit olusturmaktadir (Polat vd., 2011).
Bu tehdit bu baligin tagimis oldugu parazitin de benzer sekilde
hizli yayilmasiyla da kendini géstermektedir (Ercan vd., 2015).
Bu istilaci balik tirtine Turkiye'de ilk kez 1982 yilinda Trakya
bdlgesinde rastlaniimistir (Erk’akan,1984). Bulundugu bélgeye
kisa slrede uyum saglayan, yayiimaci ve istilaci bir tutum
sergileyen bu balik hizli bir sekilde Tirkiye’nin pekgok tatlisu
havzasina yayilmistir (Cetinkaya 2006, Ekmekgi vd., 2013).
Ancak Canakkale ili tatlisu kaynaklari ile Gokgeada bélgesine
dair boyle bir kayda rastlanmamistir. Bu ¢alismada
Gokgeada'da kaydedilen P. parva istilaci tirlinin varligi,
yakalanan bireylere ait bazi morfometrik ve meristik 6zellikleri
belirlenmistir. Anadolu’nun yakin su havzalarina av araglarinin
tasinmasi veya canli balik agilamalari esnasinda giris yaptig!
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duglnilen bu tirin Gokgeada'va muhtemel giris yollari da
irdelenecektir.

MATERYAL VE METOT

2014-2016 vyillan arasinda Canakkale ilinde yir(itiilen
Biyolojik Cesitlilik ve Envanter Tarama calismalari kapsaminda
Gokgeada'da bulunan Gokgeada baraji girisinde 08 Haziran
2016 tarihinde “Samus-725MS”markali elektrogoker cihazi ile
200 m uzunlugunda, 10m genislik ve yaklagik 20cm derinlige

sahip bir kesimde drnekleme yapiimistir. Ormekleme bdlgesinin
haritasi Sekil 1'de verilmistir.

Orekleme yapilan kesimde su sicakligi 18,6 °C olarak
Olcllmistir. Yakalanan baliklar %410k formaldehit igerisine
konulup fikse edilmis ve teshis edilmesi igin laboratuvar
ortamina getirilmistir. Oreklerin teshisinde ve élgiimlerin de),
Kottelat ve Freyhof (2007) tarafindan verilen karakterler esas
alinmistir.
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$Sekil 1. Gokgeada bolgesi drnekleme yapilan alan
Figure 1. Sampling area in Gokgeada

BULGULAR VE TARTISMA

Gokceada rezervuarinda kisa sireli arazi calismasi
sirasinda gole giren akarsuyun agiz bélgesinde kiyidan aviama
yapilabilmis, 5-6 bireylik gruplar halinde dolasan P. parva'dan,
3 birey yakalanabilmistir. Gokgeada rezervuarinda taranan
alan boyunca baska balik tiri yakalanmamistir. Yakalanan
bireylerin metrik 6zellikleri Tablo 1’de ve drneklerden birinin
fotografi Sekil 2'de gdsterilmistir.

Pseudorasbora parva (Temminck & Schlegel, 1846)

Diagnostik dzellikleri: Dorsal ylizgeg 1sin sayisi: Il 8 Anal
ylizgeg 1sin sayisi: Il 6 pektoral ylzgeg 1sin sayist: |, 10-11
ventral ylzgec 1sIn sayis!: I, 7 yanal cizgideki pul sayisi: 36-37
Farinks disleri; 5-5.

Cyprinidae familyasina ait olan bu tlrin viicudu sirt
bélgesinde hafif kubbemsi goriinlis kazanmistir. Bagin hemen
arkasindan bagslayip kuyruga kadar uzanan siyah bant en
belirgin &6zelligidir. Agiz yukariya dogru donlk, kigik ve
gevresinde biyik bulunmaz. Kuyruk yiizgeci catallanmasi
fazladir. Urme déneminde erkeklerde kafa bolgesinde birgok
sazangilde oldugu gibi kigik tiuberkillere rastlanir. Ayrica bu
dénemde erkeklerde pullarin dig kismindaki pigmentasyon

daha koyu bir renk alarak disilere gre pullarin dis sinirlari daha
belirgin bir sekilde gordllr.

Sekil 2. P. parva érneginin fotografi (erkek birey)
Figure 2. The photo of P. parva specimen (a male specimen)

Gokgeada Ulkemizdeki en biyik ada olup, icerisinde bes
adet tatll su baraj goleti ve bir adet de tuzlu lagiini
bulunmaktadir. P. parva &rneginin kaydedildigi Gokgeada
rezervuari 1977-1983 vyillari arasinda Buylkdere akarsuyu
Uzerine igme ve sulama amagli olarak kurulmustur (DSI, 2016).
Gokgeada'da kurulan Sahinkaya ve Derekdy rezervuarlarinin
1981-1984 yillari arasinda Cyprinus carpio (Linnaeus, 1758) ile
baliklandirildigi bilinmektedir (Ulutirk vd., 1996). Devlet Su
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isleri 252. Sube Mudiirligi’'nden alinan bilgilere gére (T.C.
Basbakanlk iletisim  Merkezi  (BIMER)ne yapilan
1700119182 sayili  bagvuru) Gokgeada Zeytinlikdy Baraj
Golii(Gokgeada barajiyne 2004 yilinda Aynali Sazan balik
yavrusu atiimistir. Gokgeada'da mevcut baraj golleri ve bu
barajlari besleyen tatlisulardaki balik faunasi hakkinda detayli
bir bilgiye rastlanmamistir. Adadaki akarsularda yapilan genel
taramada, yaz mevsimi olmasi dolayisiyla birgok akarsuyun
kurumasi nedeniyle drnekleme yapilamamistir. Gokgeada'da
08.06.2016 tarihinde yapilan arazi galismasinda sadece Eselek
cayinda C. carpio bireyine rastlanmistir. Adada yapilan
incelemede Gokgeada Zeytinlikdy rezervuarinda daha énce o
bdlgede kaydi bulunmayan P. parva istilaci tiri bu ¢alisma ile
ilk kez bildirilmektedir. Tirkiye igsularinin dogal balik faunasi
icerisinde yer almayan bu tiriin buraya baliklandirma yolu ile
ulastigi distiniimektedir.

Tablo 1. P.parva 6rneklerinin metrik karakterleri (mm)
Table 1. Metric characters of P. parva specimens (mm)

Viicut 6l¢timleri OrttS.S. Min-Max
Total boy 56,75-76,1
Standart boy (SB) 46,25-62
Viicut dlgiimlerinin Standart

Boy'a oranlari (%SB)

Maksimum viicut yiiksekligi 25,37+1,37 24,52-26,96
Predorsal mesafe 48,11x1,46 45,36-50,27
Preanal mesafe 70,54+3,49 67,7-74,05
Prepelvik mesafe 48,68+2,93 46,17-51,89
Dorsal ylizgeg uzunlugu 11,66+1,46 10,05-12,91
Anal yiizgeg uzunlugu 7,64+0,82 6,7-8,23
Kuyruk sapi yiksekligi 11,18+1,04 10,05-12,11
Bas boyu 21,28+0,24 21,08-21,55
Bas ylksekligi 15,49+0,67 14,92-16,22
Elizgigfr']'?' (Gozinarka 43060171 12541348
Bastaki 6lglimlerinin Bag

boyuna (BB) oranlari (%BB)

Goz capl 29,91+1,10 29,74-31,09
Burun uzunlugu 31,22+4,68 25,84-34,36
Gozler arasi mesafe 40,39+3,97 35,90-43,45
Bas genisligi (Goz(in arka 61462171 50,49-62,55

hizasindan)

Ekmekgi ve Kirankaya (2006)’ya gore, P. parva tlirlinln
treme kapasitesindeki yiiksek basarisinin bir sebebi, bu tlirlin
biyik popilasyonlar olusturmasidir. P.parva bulundugu
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ortamda erken yasta eseysel olgunluga erismesi, lreme
mevsimi boyunca birka¢ defada nisbeten iri yumurtalar
birakmasi, erkeklerin yumurtalara bekgilik etmesi ve kisa
yasam dongusu gibi ézelliklerinin avantaji sonucunda Tirkiye
icsularina hizli bir sekilde yayildigi goriiimektedir (Erk’akan
1984; Wildekamp vd., 1997; Kiguk, 1997; Neer vd., 2000; Sas!
ve Balik 2003; Yilmaz vd., 2003; Ekmekgi ve Kirankaya 2006;
Ekmekgi vd., 2013; Tarkan vd., 2015). Dal, yaprak, plastik atik
gibi yerlere yumurtlayabilen P. parva, tehlikeli hastalik tasimasi
ve Oteki tlrlerin yumurtalari ile yogun bir sekilde beslenmesi
sonucu ortamda bulunan dogal tlirler i¢in olumsuz sonuglar
ortaya koymaktadir (Ekmekg¢i ve Kirankaya 2006). Bu
galismada ayni bolgede bagka bir balik tiriine rastlanmamig
olmakla birlikte baraj gélinde C. carpio tiriinin varlig
bilinmektedir. Adaya sazan ile baliklandirma esnhasinda
P.parva’nin istenmeden tagindigi olasihigi gok giiglidiir. Bunun
yanisira P. parva tirinin yumurta parazitligi ve hastalik etkeni
Sphaerothecum  destruens tasimasi nedeniyle (izerinde
onemle durulan bir istilaci balik tiridir (Gozlan vd., 2005,
Ercan vd., 2015). P.parva’nin herhangi bir sekilde bir
rezervuara tasindiginda kolayca yerlesebildigi  ve diger
sazangiller izerinde tasidi§1 parazitin yikici etkisinin olabilecegi
bildirilmektedir (Gozlan vd., 2005, Andreou ve Gozlan, 2016).
Gokgeada tatlisu balik faunasinin bilinen tek tiir olan C. carpio
ile P. parva’nin iligkisi ve bu ekonomik balik tiri Gzerindeki
etkilerinin arastiriimasi 6nem tagimaktadir.

Ada Anadolu’dan izole olmus bir ekosistem 6zelligine sahip
olmasindan dolay! fauna ya da flora'daki degisimlerinin ve
ekolojik degisimin izlenmesi agisindan bir laboratuvar
niteligindedir. Ada kosullari ana kara kosullarina gére daha
sinirlidir ve burada yasayan canlilarin bu zor kosullar altinda
ayakta durmalari zordur. P. parva tlrinin ada ekosistemi
iginde yer almis olmasi ekolojik agidan da ayrica énemlidir. Bu
nedenle adada tatl su balik faunasinin belirlenmesine yonelik
daha detayli mevsimsel galismalarin yapiimasi ve istilacilarin
bu tlrler (zerindeki etkilerinin arastirimasi gelecekte
planlanmaktadir. P. parva'nin hastalik tasiyiciligi g6z éniinde
bulundurularak, dzellikle ada tathsu balik populasyonlarindaki
enfeksiyonuna dair ve adada izole bir popllasyon
olusturacagindan genetik cesitliligi  lzerine calismalar
yapilmasi dnerilir.

TESEKKUR

Bu calisma verileri TC Cevre ve Orman Bakanh§i Doga
Koruma ve Milli Parklar Genel Midurligl tarafindan
desteklenen Canakkale i Biyogesitliik Envanter Projesi
kapsaminda toplanmigtir. Arazi galismalari esnasinda
yardimlarini esirgemeyen Muhittin AKSAN'a tesekkirli borg
biliriz.

Atalay, M.A. & Toslak, C. (2013). Baliklandirma, Yabanci ve istilaci Balik Ttirleri
ile llgili Ulusal ve Uluslararasi Mevzuat. istanbul Universitesi Su Uriinleri
Dergisi, 28:39-62.

461


https://doi.org/10.1017/S003118201600072X

Bakag et al., Ege Journal of Fisheries and Aquatic Sciences, 34(4): 459-462 (2017)

Banarescu, P.M. (1999). Gobio (Cuvier, 1816) In the Freshwater Fishes of
Europe. Vol. 5/I: Cyprinidae 2/l (Banarescu, P.M., ed.), pp. 33-36.
Wiebelsheim: Aula-Verlag.

Getinkaya, O. (2006). Turkiye Sularina Agilanan veya Stoklanan Egzotik ve
Yerli Balik Tiirleri, Bunlarin Yetistiricilik, Balikgilik, Dogal Populasyonlar ve
Sucul Ekosistemler Uzerindeki Etkileri Veri Tabani igin Bir On Galisma. In:
Emre Y, Diler | (eds), Baliklandirma ve Rezervuar Yénetimi Sempozyumu,
T.K.B Akdeniz Su Uriinleri Aragtirma, Uretim ve Egitim Enstitiisii Yaymnlari,
(pp 205-235). Antalya, Turkiye: Bildiriler Kitab.

Gigek E., Birecikligil S.S. & Fricke R. (2015). Freshwater fishes of Turkey; a
revised and updated annotated checklist. Biharean Biologists, 9(2):141-
157.

DSI, (2016). Gokgeada Baraji. Alintilanma adresi:
http://www2.dsi.gov.tribaraj/detay.cfm?BarajlD=83 (25.01.2017).

Ekmekgi, F.G. & Kirankaya, S.G. (2006). Distribution of an invasive fish
species, Pseudorashora parva (Temminck & Schlegel, 1846) in Turkey.
Turkish Journal of Zoology, 30:329-334.

Ekmekgi, F.G., Kirankaya, $.G., Gengoglu, L. & Yogurtcuoglu, B. (2013).
Tirkiye igsularindaki Istilaci Baliklarin Giincel Durumu ve Istilanin
Etkilerinin Degerlendirilmesi. Present Status Of invasive fishes in inland
waters of Turkey and assessment of the effects of invasion. Journal of

Fisheries and AquaticSciences, 28:105-140.

Ercan, D., Andreou, D., Sana, S., Onta§, C., Baba, E., Top, N., Karakus, U.,
Tarkan, A.S. & Gozlan, R.E. (2015). Evidence of threat to European
economy and biodiversity following introduction of an alien pathogen on
the fungal-animal boundary. Emerging Microbes & Infections, 4: e52.
doi: 10.1038/emi.2015.52

Erk'akan, F. (1984). Trakya Bolgesinden Tiirkiye igin Yeni Kayit Olan Bir Balik
Tirl Pseudorasbora parva (Pisces Cyprinidae). Doga Bilim Dergisi,
8(3):350-356.

Freyhof, J., Ekmekgi, F.G., Ali, A., Khamees, AR., Ozulug, M., Hamidan, N.,
Kiiglk, F. & Smith, K.G. (2014). The Status and Distribution of Freshwater
Biodiversity in the Eastern Mediterranean. In: Smith, K.G., Barrois, V.,

Darwall, W.R.T., Numa, C. (Ed.). Freshwater fishes, (pp:19-42).
Cambridge, UK, Malaga, Spain and Gland, Switzerland.

Gozlan, R.E., St-Hilaire, S., Feist, S.W., Martin, P. & Kent, M.L. (2005).
Biodiversity- Diseasethreatto Europeanfish. Nature, 435:1045-1046.

Kottelat, M. & Freyhof, J. (2007). Handbook of European freshwater fishes.
Kottelat, Cornol, Switzerland and Freyhof, Berlin, Germany.

Kugtik, F. (1997). Antalya Kérfezine Dokulen Akarsularin Balik Faunasi ve Bazi
Ekolojik Parametreleri Uzerine Bir Arastirma, Doktora Tezi, Siileyman
Demirel Universitesi, Fen Bilimleri Enstitiisii, Su Uriinleri Miihendisligi
Anabilim Dall, Isparta, 138s.

Neer, W.V., Wildekamp, RH., Kigiik, F., Unlisayin, M., Waelkens, M. &
Paulissen, E. (2000). Results of the 1996 Survey of the Fish Fauna of the
Aksu River and Some Lakes in Southwestern Anatolia, and the
Implications for Trade at Sagalasos, Sagalassos V, Report on the survey
and excavation campaigns of 1996 and 1997, Leuven University Press,
833-845.

Polat, N., Zengin, M. & Gimii, A. (2011). Istilaci balik tiirleri ve hayat
stratejileri. Karadeniz Fen Bilimleri Dergisi, 1(4):63-86.

Sasi, H. & Balik, S. (2003). The Distribution of Three Exotic Fishes in Anatolia,
Tr. J. of Zoology, 27:319-322.

Tarkan, A.S., Marr, S.M. & Ekmekgi, F.G. (2015). Non-native and translocated
freshwater fish species in Turkey. FISHMED 2015.003:1-28.

Ulutdrk, T., Yurder, G., Batir, H. & Yazici, M. (1996). Gokgeada Goletlerinde
Aynali Sazan (Cyprinus carpio L.) Uretilmesi ile ligili Arastirma. TUBITAK
VHAG - 581 Kesin Rapor. 124s.

Wildekamp, R.H., Neer, W.V., Kiigiik, F. & Unliisayin, M. (1997). First record
of the eastern Asiatic gobionid fish Pseudospora parva from the Asiatic
part of Turkey, Journal of Fish Biology, 51:858-861.

Yilmaz, F., Barlas, M., Ozdemir, N. & Yorulmaz, B. (2003). The Freshwater

Fishes of Mugla (South-West, Turkey). Interational Symposium of
Fisheries and Zoology, Istanbul, 287-292.

462


http://www2.dsi.gov.tr/baraj/detay.cfm?BarajID=83
https://doi.org/10.1038/emi.2015.52

http://lwww.egejfas.org
Ege Joumal of Fisheries and Aquatic Sciences, 34(4): 463-467 (2017)

Su Uriinleri Dergisi (2017)
DOI: 10.12714/egejfas.2017.34.4.15

DERLEME REVIEW

Yeralt suyunda alg kiiltiirleri ile nitrat kirliliginin giderimi

Removal of nitrate from groundwater by using algae culture

Eda Tuna Oztiirk*

Anadolu Universitesi, Milhendislik Fakiiltesi, Gevre Miihendisligi Bélimii, Eskisehir, 26555, Tiirkiye
* Corresponding author: edatuna@anadolu.edu.tr

e Serdar Goncii

Received date: 10.04.2017 Accepted date: 08.06.2017

How to cite this paper:
Tuna Ozturk, E. & Génc, S. (2017). Removal of nitrate from groundwater by using algae culture. Ege Journal of Fisheries and Aquatic Sciences, 34(4):463-467.
doi: 10.12714/egejfas.2017.34.4.15

0z: igme suyu kaynagi olarak kullanilan yeralti sulari diger su kaynaklarina gére daha giivenilir ve temiz olmasina kargin, kirlenmesi durumunda aritiimasi oldukga
guctir. Yeralti suyunun 6nemli kirlilik parametrelerinden biri olan nitrat, yeralti suyuna evsel ve endiistriyel atiklar, tarimsal faaliyetler, glibreler ve hayvan atiklari
ile ulasmaktadir. Nitrat kirliliginin gideriminde denitrifikasyon, iyon degistirme, ters ozmoz gibi yéntemler kullanilsa da biyolojik aritma yontemleri etkin sekilde
kullaniimaya devam etmektedir. Yeralti sularindan nitrat kirliliginin gideriminde biyolojik ydntemler arasinda mikroalgler alternatif bir ydntem olarak kullaniimaktadir.
Buna karsin, yeralti sularinin kimyasal bilesimi ve mikroalglerin biytttiimesi ile ilgili arastirimasi gereken bircok konu bulunmaktadr.

Anahtar kelimeler: Mikroalg, nitrat giderimi, yeralti suyu, biyolojik aritim

Abstract: Although groundwater is more reliable and clean water resource when it is used as a drinking water, it is difficult to treat once it is polluted. One of the
most important pollution paremeters in groundwater is nitrate which might be discharged by domestic or industrial wastes, agricultural activities, fertilizers and
animal wastes. Even though denitrification, ion exchange, reverse osmos are widely used treatment methods for nitrate removal, biological treatment methods
have effectively been also used. Nitrate removal from groundwater by microalgae is used as an alternative method in biological treatment methods. On the other

hand, there are some topics which need to be investigated about chemical compositon of groundwater and microalgae growth.

Keywords: Microalgae, nitrate removal, groundwater, biological treatment

GIRiS

Diinya'daki toplam su miktari 1,4 milyar km3 olup, okyanus
ve denizlerde tuzlu su olarak bulunan kisim bu miktarin
%97,5'ini, nehir ve gbllerde tatl su olarak bulunan kisim ise
%2,5'ini olugturmaktadir. Miktar1 az olan tatli su kaynaklarinin
%90’ Inin kutuplarda ve yeralti sularinda bulunmasindan dolay!
insanlarin kolaylikla erisebilecedi su miktari oldukga kisitlidir
(Anonim, 2014).

Devlet Su isleri Genel Miidiirliigi nden (DS) alinan verilere
gore, Turkiye'nin yillik yiizeysel su potansiyeli yaklasik olarak
193 milyar m3tir. Ylzeysel su kaynaklarina ek olarak,
Ttrkiye'nin yillik toplam yeralti su kaynaklari yaklasik olarak 14
milyar m3 ve toplam kullanilabilir ylzeysel ve yeralti su
kaynaklari 112 milyar m?civarindadir (Anonim, 2014).

Yiizeysel su kaynaklarinin azalmaya baglamasi ile yeralti
sularl igme suyu kaynagi olarak kullanilmaya baglanmaktadir.
Yeralti suyu diger su kaynaklarina gore goreceli olarak daha
guvenilir ve temiz olmasindan dolayi uzun yillardir icme suyu
kaynagi olarak kullaniimaktadir. Zaman igerisinde asiri
kullanimindan dolay! yeralti sularina organik ve inorganik kirlilik
girisi olmus ve suyun kalitesi dismustir (Majumdar, 2000).

© Published by Ege University Faculty of Fisheries, Izmir, Turkey

inorganik kirleticilerden birisi olan nitrat kirliliginin baslica
kaynaklar atiksular, glbreler ve hayvan atiklaridir. Azot igerigi
cok fazla olan glibrelerin tarimda gereginden fazla kullaniimasi
yeraltt sularindaki yUksek nitrat derigiminin  baslica
sebeplerinden birisidir (Hu vd., 2000). Nitratin disinda,
amonyum ve amit formunda bulunan azot, minerallesme
vasitasiyla toprakta nitrat olusumuna sebep olmakta ve bu
olusum tropik ve subtropikal topraklarda daha hizli olmaktadir.
Sudaki ¢6zindrluguntin fazla ve toprak partikilleri tarafindan
kisa sireli adsorpsiyonundan dolayi, nitrat eger bitkiler
tarafindan emilmez ya da N20 ve N2'ye denitrifiye olmaz ise
vadoz bdlgeye ve 6zellikle yeralti sularinin bulundugu akifere
infiltre olmaktadir. infiltre olan kisim topragin ozellikleri ve
toprak sisteminde bulunan su miktari ile kontrol ediimektedir
(Majumdar, 2000). ideal kosullarin saglanmasi durumunda bile
tarimsal faaliyetlerde kullanilan azotlu gUbrelerin sadece
%50'si  bitkiler  tarafindan  kullaniimakta,  %2-20'si
denitrifikasyon nedeniyle kaybedilmekte, %15-25'i killi toprakta
bulunan organik bilesikler ile birlesmekte ve geriye kalan %2-
10'luk kismi ise yeralti ve yizey sularina karismaktadir
(S6nmez, 2008).
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Nitratin doygun olmayan bdlgeden infiltrasyonu arazi
kullanim yéntemleri, arazi Uzerindeki azot yiki tird, yeralt
suyu yenilenme miktari, topragin azot dinamigi, toprak

karakteristigi ve su tablasinin zamansal olarak degisiklik
gostermesi gibi birgok faktoriin birbiriyle etkilesimi sonucunda
gergeklesmektedir (Sekil 1).

Hayvan atklan
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Ugma ve yuzeysel
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$Sekil 1. Nitratin yeralti suyuna gegisi sirasinda gerceklesen siirecin sematik gdsterimi (Almasri, 2007)
Figure 1. A shematic representation of the processes during difussion of nitrate through groundwater (Almasri, 2007)

Nitrat yeralti suyuna ulastiginda, adveksiyon ve dispersiyon
gibi etkenlerle akiferde taginmaktadir. Uygun kosullarin olmasi
durumunda nitrat denitrifikasyon siirecine maruz kalmaktadir
(Frind, 1990; Korom, 1992; Postma vd., 1991; Shamrukh vd.,
2001; Tesoriero vd., 2000; Tesoriero ve Voss, 1997)

Yeraltt sularinda nitrat  kirliligi  kiresel bir artis
gdstermektedir. Bircok Ulkede igme suyu kaynaklarindaki nitrat
miktarlarinin siirekli olarak arttigi gérilmektedir. Tiirk igme
Suyu Standardi TS 266'da nitrat derigimi igin sinir deger 50 mg
NOs/L olarak belirlenmistir (Anonim, 2005; Polat, 2007).
Amerika Birlesik Devletler’nde Cevre Koruma Ajansi (EPA)
tarafindan icme sularinda nitrat limit degeri ise 45 mg NOs/L'dir
(Hu vd., 2000). Yeralti sulari birgok bélgede igme suyu olarak
kullaniimakta ve yiiksek nitrat derisiminden dolayl halk
sagligina, Ozellikle de yeni dogan bebeklerde ciddi saglik
sorunlarina neden olmaktadir. Yetiskinler igin yiksek nitrat
derisimleri mide kanserine neden olurken, yeni dogan
bebeklerde nitrat nitrite indirgenmekte ve kandaki hemoglobin
demirini oksitleyerek oksijen taginamamasi sonucunda mavi
bebek sendromuna (methemoglobinemi) neden olmaktadir
(Almasri, 2007; Kapoor ve Viraraghavan, 1997).

EPA 1990 yiinda yayinladigi raporda 250.000 su
kaynagindaki nitrat degerinin maksimum kirlilik seviyesinde
oldugunu agiklamistir. Diinya Saglk Orgitii (WHO), 2004
yilinda diinya genelinde 2000 kaynakta yaptigi calismada ise,
kaynaklarin %30’unun 24 mg/L'den daha fazla nitrat derigimine
sahip oldugunu belirtmistir (Archna vd., 2012).

Tlrkiye'de yeralti suyunda nitrat kirliligi ile ilgili yapilan
calismalarin blylik bir boliminde nitrat derigiminin sinir
degerlerin tizerinde oldugu gértlmustir. Ege Bolgesi'nde Urla
ve Menemen civarinda yapilan ¢alismada, 14 farkli kuyudan
alinan 6rneklerde yeralti suyu kirliliginin tarimsal faaliyetlerde
gubre ve tarim ilaci kullanimindan dolayi arttigi gdzlenmistir.
Menemen'de yapilan olglimlerde iki kuyudaki nitrat
derisimlerinin 53 mg/L ve 146 mg/L oldugu belirlenmistir. Urla
bdlgesinde ise alti farkli kuyu incelenmis ve nitrat degerlerinin
69 ve 129 mg/L arasinda degistigi gorilmustir (Aslan, 2001).

Konya'da vapilan calismada, sehrin yaklasik olarak
%75'ine su kaynag! olan yeralti sularinda nitrat kirliligi analiz
edilmigtir. 1998 yilinda 139 kuyuda nitrat 6lciimi ile baslanilan
calisma 2001 yilinda 156 kuyuda gergeklestirimistir. Ortalama
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nitrat derisimi 1998 yilinda 2,2 mg/L iken 2001 yilinda 16,1
mg/L’ye ¢iktigi, sehir merkezine dogru artti§i gorilmustir (Nas
ve Berktay, 2006).

2007 yihinda Cakmak tarafindan yapilan tez galismasinda,
Ekim 2005-Temmuz 2006 tarihleri arasinda Eskisehir ilinde
yeraltt ve ylzeysel sularda bulunan nitrat Kkirlilikleri
incelenmistir. 15 farkli yeralti suyu 6rnekleme noktasinda
yaplilan nitrat dlgtimlerinde nitrat degerlerinin 13 -360 mg/L
arasinda dedistigi gorlimustir. 8 adet ornekleme noktasinda
ise nitrat derisimi degerlerinin Diinya Saglik Orgutii (WHO)
tarafindan belirlenen sinir deder olan 50 mg/Lyi astidi
gortimustir (Cakmak, 2007).

Agustos, 2008 yilinda Deligay ve Tarsus Cayi arasinda
kalan kiyi akiferinde yapilan arazi galismasi sonucunda
toplamda 205 kuyudan yeralti suyu érnekleri alinmis ve suyun
icerisindeki nitrat derigimleri analiz edilmistir. Elde edilen
sonuglarda nitrat derigiminin calisma alaninda incelenen
kuyularda 0,44-73,48 mg/L arasinda oldugu bulunmustur.
Nitrat derisiminin ylksek oldugu bélgeler incelendiginde, yeralti
suyuna nitrat girisinin o alanda bulunan ¢esitli sanayi
faaliyetlerinden  ve evsel atiklardan  kaynaklandig
dustnulmektedir (Korkut, 2009).

Ugurluoglu (2013) tarafindan Mart 2012 - Subat 2013
tarihleri arasinda Eskisehir yakinlarinda bulunan Seydisehir
Havzasi'nda yapilan galismada, 20 farkli kuyudan yeralti suyu
ornekleri alinarak sicaklik (°C), iletkenlik (uS/cm), tuzluluk
(ppt), toplam ¢dzinmis, kati (g/L), pH, ORP (mV), amonyum
(mg/L-N), nitrat (mg/L-N), ¢dziinmus, oksijen (mg/l), nitrit (mg/L)
ve siilfat (mg/L) élgiimleri yapilmistir. igme suyu amaci ile
kullanilan Hamidiye Ko6yl'nde bulunan kuyuda yapilan
Olglimlerde yaz mevsiminde nitrat derigiminin 70 mg/L, kis
mevsiminde ise 72 mg/L oldugu g6zlemlenmistir. Seyitgazi
ilgesinde bulunan kuyuda yapilan olglimlerde ise nitrat
derisiminin sonbahar mevsiminde 37 mg/L, kis mevsiminde ise
56 mg/L oldugu gorilmustr.

Nitrat Kirliligi Giderim Yontemleri

Yeralti sularindan nitrat kirliliginin giderimi fiziksel, kimyasal
ve biyolojik teknolojiler kullanilarak yapilabilmektedir. Fiziksel
ve kimyasal metotlar kullanilan aritim yontemleri, disaridan bir
enerji kaynagina (elektrik veya organik karbon) velveya
kimyasal madde eklemesine gereksinim duydugundan Uretilen
atigin bertaraf edilmesi gerekmektedir. Bu yizden bu metotlari
kullanmak problemli ve pahali olabilmektedir (Hu vd., 2000).
Fizikokimyasal yontemlerden olan ters ozmoz ve iyon
degistirme teknikleri tam 6lcekli uygulamalarda denenmis olsa
da, nitrat gideriminde disik segicilik géstermekte ve yogdun
miktarda bertaraf edilmeyi gerektiren bir atik agiga gikmaktadir.
Biyolojik denitrifikasyon — atik Gretmeden bakteriler tarafindan
nitratin azot gazina indirgenmesi- en ¢ok galisilan metot olup
genellikle yeralti sularindan nitrat gideriminin ticari amacla
yapildigi yerlerde kullaniimaktadir. Her ne kadar ikincil aritima
ihtiyag duyulsa da, biyolojik denitrifikasyon yéntemi igin uygun
bir monitorlama ve kontrol gereklidir. Bahsedilen bu yéntemler
nitrat kirliligi giderimini pahali hale getirdiginden, uygun ve daha

kolay bir isletime sahip olan ydntemlere ihtiyag duyulmustur
(Lin vd., 2002).

Yeraltt sularindan nitrat  kirliliginin  giderilmesinde
kullanilabilecek  bir  dijer yontem ise fotosentetik
mikroorganizmalardir.  Fotosentetik  mikroorganizmalar,

siyanobakter gibi, nitrat giderimi igin bagli azot, inorganik
karbon ve blylimek icin 1s1§a ihtiya¢ duymaktadir. Mikroalg
klltrleri 1siktan yararlanarak fotosentez ile nitrati protein gibi
azot iceren organik bilesenlere dénistirirler (Hu ve
Sommerfeld, 2004). icme suyu kaynaklarinda nitrat kirliliginin
fotosentetik sistemler ile giderilmesi yeni bir arastirma konusu
oldugundan kaynaklar gok sinirlidir. Mikroalgler ile atiksu
artimi - ¢alismalart  kirk  yildan fazla slredir atiksu
kaynaklarindan besin ve adir metal gideriminde alternatif bir
yontem olarak kullanilmak igin incelenmektedir (Hoffman,
1998; Lee ve Lee, 2002). Her ne kadar aragtirmalarin bir kismi
icme sularinin antimasinda bu teknigin kullanilabilecegini
belirtse de, yeralti sularinin kimyasal bilesimi (pH, ¢oziinmiis
inorganik karbon, besin degeri ve metaller), yeralti sularini
atiksulardan farkl kilmaktadir (Hu vd., 2000).

Biyolojik metotlar kullanilarak nitrat kirliliginin giderimine
yonelik c¢alismalar incelendiginde, bu yontemin daha ¢ok
atiksulardan nitrat gideriminde kullanildi§r gérilmastir. Dislk
karbon/azot (C/N) oraninda, atiksudan mikroalgler ile azot
gideriminin mimkiin olup olmadigi test edilmistir. Nitratin azot
kaynag olarak kullanildi§i iki farkli yapay atiksu igerisine
Chlorella kessleri kultiri ekilmistir. Atiksulardan bir tanesi
organik karbon kaynagi olarak glukoz igerirken digerinde
organik karbon kaynagi bulunmamaktadir. Havalandirma hizi 1
vwm'nin (zerinde iki her iki atiksudaki blylme hizinin ayni
oldugu gérilmistir. Bu sonuglar karbondioksitin sinirlayici
olmadigi  durumlarda mikroalglerin  atiksulardan nitrat
gideriminde kullanilabilecegini gdstermistir. Organik karbon
icermeyen atksu da dahil olmak (zere, nitrat derisimi
baslangicta 140 mg NOs-N /mL iken, 10 giin sonunda 2 mg
NOs-N /mL'ye dismustir (Lee ve Lee, 2002).

Upadhyaya vd. (2010) yilinda seri olarak yerlestirilmis iki
adet biyolojik aktif karbon (BAC) reaktdriinden olusan sistemde
sentetik yeraltl suyundan nitrat ve arsenik giderimi denenmistir.
BAC reaktdriin igerisinde bulunan karisik mikrobiyolojik
biyofilm ¢dzlinmus oksijen, nitrat, arsenik ve silfati elektron
alici olarak kullanmistir. Giristeki nitrat derisimi 50 mg/L iken,
bu yontem ile nitrat derisimi 0,2 mg/L ‘ye diisurilmistir. Bu
calisma ile ilk kez biyoreaktdr kullanilarak igme suyu
kaynaklarindan nitrat ve arsenik gideriminin yapilabildigini
gostermistir.

Alg Uretim Sistemleri

Mikroalgler agik havuz sistemleri ve kapali fotobiyoreaktor
sistemler olmak (izere iki farkli sekilde biyiyebilirler. Her iki
sistemin de avantajlari ve dezavantajlari bulunmaktadir. Acik
havuz sistemleri daha disiik eneriji ihtiyacina sahip olup, biyik
Olcekli alg biyokUtlesi Uretimleri igin daha ucuzken, kapali
sistemlerin bircogu yapay Isik altinda gergeklestirildiginden
enerji maliyeti oldukga yuksektir. Bunun yani sira, agik havuz
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sistemlerinde glnes isigindan faydalanilsa da yalnizca alg
kiltdrlerinin kiigik bir kismi bagarili olarak bytyebilmektedir.
Kapali sistemlerde ise biyime kosullari daha dizenli takip
edildiginden alg (retimi daha fazladir. Acglk havuz
sistemlerindeki  problemler  genellikle  teorik  olarak
hesaplanandan daha distk dretimin gerceklesmesi ve
cevresel kosullarin  kontrolliniin daha zor olmasidir.
Buharlasma kayiplari, besi yerindeki sicaklik dalgalanmalari,
COz'in yetersiz olmasi, yetersiz karigtirma ve isigin limitli
olmasi alg kiltirlerinin bliylimesini engelleyen gevresel
kosullarin basinda gelmektedir. (Borowitzka, 1999; Brennan ve
Owende, 2010).

Mikroalgler U farkli kaynaktan CO2'i baglayabilirler; bunlar
sirasi ile atmosferdeki CO2, agir sanayi endiistrisinden atilan
gazlarin iginde bulunan CO2 ve ¢dziinlr karbonatlardan gelen
CO7dir. Dogal biytime kosullar altinda, mikroalgler havadaki
CO¢'i asimile ederler. Mikroalglerin birgogu tipik olarak 150,000
ppmv'ye kadar yiksek CO: seviyelerini kullanabilirler. Bu
nedenle, ortak iretim tinitelerinde, CO2 alg besi yerine ya enerji
santralleri gibi dis kaynaklardan ya da Na2CO3 ve NaHCO3 gibi
¢OzUnebilir karbonat seklinde beslenebilir. Ancak, yogun
karbondioksit igerigine sahip olan baca gazi gibi kaynaklar ile
atik besin maddelerinin bir araya getirimesi uygun maliyetli alg
uretimi icin baslica zorluklardan birisidir. (Brennan ve Owende,
2010; Christenson ve Sims, 2011).

Alg Biyokiitlesinin Ayrilmasi ve Hasat Edilmesi Igin
Kullanilan Yontemler

Artim  gergeklestikten sonra mikroalglerin - ortamdan
uzaklastiriimasi gerekmektedir. Bunun igin uygulanabilecek
yontemler; yergekimi ile ¢Oktlirme, flokulasyon, santrifiijleme,
ve filtrasyondur. Alg biyokutlesinin hasat ediimesinde sirasi ile
floktlasyon ve yercekimi ile ¢oktiirme isleminin uygulanmasi en
yaygin kullanilan tekniklerden birisidir. Flokilasyon ile
olusturulan alg floklarinin yergekimi ile ¢oktirtlmesi bu stirecin
verimliligini arttirmaktadir. Sirekli alg hasatinin yapilmasi
durumunda, cok klglk boyutlu mikroalgler icin yergekimi
cOkelme hizi oldukga diglik olmakla birlikte, alg biyokutlesini
uzun stire karanlik ve statik kosullar altinda tutmak solunum ve
bakteriyolojik bozunmadan dolayi biyokitlede énemli oranda
bir azalmaya sebep olmaktadir. Santrifijleme islemi neredeyse
her tir mikroalge uygulanmaktadir. Santriflij isleminde
¢Oktlrme iglemi ile ayni prensip uygulanmaktadir ancak
yergekimi kuvvetinin fazla olmasi ¢gékme hizini arttirmaktadir.
Partikil boyutu ve yogunluk farki santrifilj ile ayirma islemindeki
baslica faktorlerdir. Filtrasyon islemi hasat yontemleri arasinda
en rekabetci olandir. Genellikle boyutlari 70 um’den biyik olan
algler iin kullanilmaktadir. Filtrasyon verimliligini arttirmak igin
diatomlu topraklar ya da sellloz kullaniimaktadir. Bununla
birlikte basing ya da emme altinda calisan konvansiyonel
filtrasyon Chlorella, Dunaliella ve Scenedesmus gibi klglik
boyutlu algleri i¢in uygun degildir. (Rathod, 2014; Singh vd.,
2013).

Yeralti Suyundan Nitrat Kirliliginin Alg Biyokutlesi ile
Giderimi Uzerine Yapilan Galigmalar

Yeralti suyundan nitrat kirliliginin alg biyokutlesi ile
aritilmas!  konusunda literatirde sinirli sayida bulunan
galismalardan bir tanesi Hu ve arkadaglari tarafindan 2000
yilinda yapilan ¢alismadir. Bu ¢alismada tg farkli siyanobakter
tird kullanilarak, yeralti suyundan nitrat kirliligi giderimine olan
etkileri incelenmigtir. Nitrat ile kirlenmis yeralti suyuna fosfor ve
bazi iz elementlerin ilave edilmesi ile alg kulttrlerinin buylmesi
icin gerekli besi yeri saglanmistir. Synechococcus sp. PCC
7942 turlinin en ylksek nitrat giderim hizina sahip oldugu
gdzlenmigtir. Isik siddetinin kademeli olarak 100 pmol foton m-
2 g1 gikartiimas! ile nitrat giderim hizi da artis gostermistir. iki
gUnlUk Kdltir periyodunda, 730 nm optik yogunlukta ortalama
nitrat giderim hizi 0.05 mM NOs- s olarak bulunmustur (Hu vd.,
2000).

Hu ve Sommerfeld tarafindan Arizona’da 2004 yilinda
yapilan ¢alismada bes farkl alg kulturd izolasyonu yapilarak,
alg kultrlerinin yeralti suyundan nitrat kirlili§i giderimi (izerine
olan etkileri incelenmistir. Tim Kkultirler 300 mL cam kolon
reaktorlerde 25 °C ve 185 pmol m2 s' sk altinda
biyitilmistur. BG-11 media maksimum alg biylmesini
gozlemlemek igin  kontrol  amaciyla  kullanilmigtir.
Safsizlastirilan kiiltirlerden Chlorella sp. ‘in yeralti suyuna
kiyasla BG-11 media igerisinde daha hizli biyidiigi ve nitrati
daha hizli giderdigi gozlenmistir. BG-11 media igerisinde
bulunan 50 mg / L NOs—N derisimi Chlorella sp. tarafindan 24
saat icerisinde 10 mg/ L NOs—N ‘ye kadar giderilirken, ayni
giderim islemi yeralti suyunda 36 saatte gergeklesmistir.
Chlorococcum sp. ve Scenedesmus sp. ile yapilan ayni
deneyde, her iki kiltirin de BG-11 media ve yeralti suyundaki
biyime potansiyellerinin benzer oldugu gérilmusttr. 50 mg / L
NOs—N derisimine sahip olan BG-11 media ve yeralti suyundaki
nitrat azotu Chlorococcum sp. ile 32 saat igerisinde,
Scenedesmus sp. ile 24 saatten daha kisa bir slirede tamamen
giderilmistir. Ulothrix sp. ve Pseudanabaena sp.’in ise yizeysel
su ve BG-11 media iginde benzer blyime ve giderim
potansiyeli gosterdigi gdzlenmistir. Ancak diger Kiiltiirlere
kiyasla nitrat giderimine olan etkileri oldukga yavastir. Ulothrix
sp. 48 saatlk zaman periyodunun sonunda Ulothrix sp.
tarafindan 50 mg / L NOs—N derigiminin yalnizca %50sinin
antildigr  gorlimistir.  Pseudanabaena sp. kullaniimasi
durumunda ise Ulothrix sp.den daha iyi performans
gostermesine karsin istenilen verim elde edilememistir (Hu ve
Sommerfeld, 2004).

SONUG

Nitrat kirliligi giderim yéntemleri kiyaslandiginda, alg kultiirl
ile giderim galismalarinin atiksularda ¢ok siklikla gorildigu
ancak yeralti suyu kirliligi galismalarinda yeni yeni kullaniimaya
baslandigdi gérilmistir. Nitrat kirliliginin gideriminde kullanilan
yontemler incelendiginde alg biyokitlesinin kullaniimasinin
temel avantajlarinin oldugu gérilmektedir. Alg kiltlirlerinin
nitrat giderimi yaparken ayni zamanda karbondioksiti gideriyor
olmasi, glines 15191 haricinde ilave bir enerji gereksinimine
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ihtiya¢ duymamasi ve kimyasal maddeye ihtiyacinin diger
yontemlere gore ¢ok daha az olmasi baglica avantajlaridir.

Ancak bunun yaninda yeralti suyu sicakliginin ortalama 12
°C olmasl, birgok alg kiltirinin biiyimesi igin uygun bir
sicaklik degeri degildir. Bu nedenle alg kultiri ile yeralti
suyunda nitrat kirliligi gideriminin yapilabilmesi igin ex-situ
artim yontemleri kullanilarak yeralti suyu, kaynagindan
cikartilarak aritimi yapilmalidir. Ayrica alg kultirinGn bytmesi
icin gerekli 6nemli bilesenlerden birisi olan fosfor, yeralti
suyuna dogal ya da endUstriyel kaynaklardan ilave edilerek, alg
biyokitlesinin nitrat kirliliginin gideriminde biyoremediasyon
uygulamasi olarak kullaniimasi mimkin gérinmektedir. Bu
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0z Giiniimizde yeni kentsel yasam, calisma kosullari ve antropojenik faaliyetierde kullaniimakta olan kimyasallar ekolojik kirliligi beraberinde getirmistir.
Kimyasallarin canlilarda metabolizma ile ilgili, sitotoksik ve mutajenik hasarlar yaptigi bilinmektedir. Kimyasallarin mutajenik ve karsinojenik aktiviteleri arasinda
iliski vardir. Ulkemizde en sik 6lim sebebi olan kalp-damar hastaliklari ve kanser rahatsizliklari insanlarin genetik dmriinii tamamlamalarina engel olusturmaktadir.
Yaslanma, viicut fonksiyonlarinda geri ddnlisiimsuz ve ilerleyici bir azalma ve bu sirada yeniden sekillenme ile giden, dogum ile 6liim arasinda yer alan kompleks
yasam siirecinin dogal bir pargasi olarak tanimlanmaktadir. Gerontoloji Bilimi diinyasinda canlilarda yaslanma siirecini agiklamaya calisan birgok teori mevcuttur.
Somatik mutasyonlar teorisi, telomeraz aktivitesi teorisi, serbest radikaller teorisi, genetik yaslanma teorisi, immiinoloji ve endokrin teorisi, kalori kisittamasi teorisi
bunlardan bazilaridir. Bu teoriler iginde serbest oksijen radikallerinin kronik, birikici etkisi ile yaglanmayi aciklayan goris, giinimizde énde gelen teorilerinden
biridir. Bu teoriye gore kiiglik ama bitin yasam boyunca siiren antioksidan sistemdeki yetersizlikler yaslanmaya neden olmaktadir. Serbest radikaller, tek sayidaki
(eslenmemis) elektron sayisina sahip atomlar veya atom gruplaridir ve hiicredeki solunum sirasinda oksijen bazi molekiiller ile etkilesime girdiginde olusturulabilir.
Olustuktan sonra, bu oldukga reaktif radikaller, domino gibi, zincirleme reaksiyonlarla DNA gibi hiicre molekillerine zarar verebilirler. Bu hasarlarin tamir edilemeyip
birikmesi kanser gibi hastaliklara neden olabilir ve yaglanmayi hizlandirir. Antioksidanlar kanser, yaslanma ve cesitli hastaliklarin ortak yolagi olan hiicresel hasarin
dnlenmesinde yakindan ilgilidir. Vicudun kendi antioksidan savunma sistemine ek olarak, serbest radikal hasarini dnlemek igin antioksidanlar gidalarla birlikte
alinmalidir. Bu nedenle her gegen giin 6nemi artan bazi alg gesitleri ve onlardan teknoloji ile elde edilen antioksidan bilesikler destek besini olarak ticari isletmelerce
piyasaya sunulmaktadir. Bazi alglerin kiymetli antioksidanlar igerdigi bilinmektedir ve antioksidanlarca zengin bu alglerin anti-gerontolojik roli dnemli bir konudur.
Diyete 6zellikle alglerden elde edilen antioksidanlarin eklenmesi ile bazi model hayvan tirlerinde émir uzunlugu ile ilgili pozitif sonuglar alinmistir. Bu galismanin
amaci, alglerin zengin antioksidan igerikleri nedeniyle gelecekteki anti-gerontolojik potansiyellerine dikkat cekmekir.

Anahtar kelimeler: Algler, yaglanma, yaslanma teorileri, gerontoloji, antioksidan

Abstract: Today, a new urban living, chemicals that are being used in working conditions and anthropogenic activity has brought environmental pollution. It is
known that chemicals cause metabolismal, cytotoxic and mutagenic damage on living things. There is a relationship between the mutagenic and carcinogenic
chemicals activities. The most common cause of death, heart disease and cancer in Turkey, this situation creates obstacles to people's complete genetic life.
Aging, leading to progressive and irreversible decrease in body functions and meanwhile remodeling, is defined as a natural part of the complex life cycle between
birth and death. There are many theories trying to explain the aging process of living organisms in gerontology science. Somatic mutation theory, telomerase
activity theory, the theory of free radicals, the theory of genetic aging, immunology and endocrine theory, calorie restriction theory are some of them. Nowadays,
the view which explains the aging with chronic and cumulative effects of the free oxygen radicals is one of the leading theories. According to this theory, small but
all imperfections in antioxidant system during the period of life cause aging. Free radicals are atoms or groups of atoms with an odd (unpaired) number of electrons
and can be formed when oxygen interacts with certain molecules during the respiration in the cell. Once formed, these highly reactive radicals, such as dominoes,
can damage cellular molecules such as DNA by chain reactions. The accumulation of these damages can lead to diseases such as cancer and accelerate aging.
Antioxidants are closely related to the prevention of cellular damage, which is a common pathway to cancer, aging and various diseases. In addition to the body's
own antioxidant defense system, antioxidants must also be taken with foods to prevent free radical damage. Therefore, some varieties of algae growing in
importance every day and antioxidant compounds obtained from them by the technology have been offered to commercial enterprises by the market as nutritional
supplements. It is known that some algae contain valuable antioxidants and the anti-gerontological role of these algae rich in antioxidants is an important issue.
Some positive results were obtained on animal model species about longevity by dietary addition of antioxidants derived from the algae. The purpose of this study
is to draw attention to the future anti-gerontological potentials of algae because of their rich antioxidant content.

Keywords: Algae; aging; aging theories; gerontology; antioxidant

GIiRiS
Ginimiizde yasama kosullarinin degismesi, beslenme  uzaklasmislardir. Bu durum kanser, kalp-damar hastaliklari ve

aliskanliklarinda da degisiklige neden olmus, bununla badlantili  obezite gibi saglik sorunlarinin toplumdaki gériilme sikligini
olarak insanlar dogadan ve dogal besin kaynaklarindan  artirmig, bilim insanlarini yaslanmanin nedenleri ve alternatif
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¢Ozimler konusunda arayiglara yonelmistir. Oksidatif stresin,
birgok kardiyovaskiler bozuklugun patogenezinde 6nemli bir
bilesen oldugu, bu nedenle serbest radikallerin bu sistemin
hicrelerinde neden oldugu hasarin azaltiimasinda antioksidan
savunmanin dnemli bir role sahip oldugunu ve (Howden,
2013; Southgate, 1990; Schagen vd., 2012; Snare, vd., 2013).
BUtlin bu faktérlerin toplumda genetik 6mriin tamamlanmasi
oninde engel olusturdugu ifade edilmektedir. Kitle iletisim
araglari ve egitimin yayginlasmasi ile bu konuda zamanla
farkindalik olusmaya baglamis, hizla artan niifus ve karasal
dogal besin kaynaklarinin sinirli olusu insanligi sucul dogal
kaynaklara yoneltmistir (El-Sheekh, 2006; Wong ve Cheung,
2000).

Giinlimiizde yasa bagl hastaliklarin sikidi ve siddetinin,
alternatif beslenme modelleri ile hiicrelerde meydana gelen
hasar birikiminin yavaglatiimasi ile miimkiin olacagi ve saglikli
Omur suresinin uzatilabilecegi ifade edilmektedir. Zengin
biyolojik metabolit ve antioksidan igerikleri ile algler bu agidan
potansiyel olarak gorilmektedir (Kasimala vd., 2015).

Tirkiye, 8.333 km farkli iklim ozellikleri olan sahil
uzunluguna sahip, Ug tarafi denizlerle cevrili ve sucul sistemler
agisindan cok avantajli 6zelliklere sahip bir Ulke olmasina
ragmen (Zeybek, 1969; Durucan ve Turna, 2011; Cirik vd.,
2001), heniz sucul fauna ve florasindan yeterince
faydalanamamaktadir. Bu galismanin amaci, alglerin serbest
radikalleri nétralize eden ve yaslanma karsiti etkisi olan zengin
antioksidan icerigine dikkat cekmek ve anti-gerontolojik
potansiyelleri il ilgili yapilan bazi ¢alismalari da sunarak konu
ile ilgili farkindalik saglamakir.

Bazi yaglanma teorileri

Gerontoloji, yaslanmanin ve yaghligin bilimi anlamina
gelmektedir. Yaglanma, her canlida hayatin sireci iginde
gorilen, molekil, hicre, doku, organ ve sistemleri geri
dénissliz olarak, yapi ve fonksiyonu yoninden olumsuz
etkileyen bir olgudur. Bu olgunun hizi, genetik yapi, yasama
aliskanliklari ve cevre ile bunlara bagl olarak vicutta
gerceklesen biyokimyasal metabolizma ve immunolojik cevap
ile yakindan ilgilidir (Bishop ve Guarente, 2007). Hemen
hemen btlin canlilar igin evrensel bir gergek olmasi, gevresel
degisen faktérlere uyum ve viicut homeostasisini saglama
yeteneginde azalma, vicut i¢ ve dis degisken nedenli strese
cevap kapasitesinde azalma yaglanmanin bitlin canlilar igin
genel &zelliklerindendir (Cakir, 2000; Browner, vd., 2004).
Yaslanmanin nedenlerini agiklamaya ydnelik pek cok teori
gelistirilmistir (Medvedev, 1990; Guarente ve Kenyon, 2000;
Karan ve Tufan, 2010). Biyolojik yaslanmayi bir teori ile tam
olarak agiklayabilmek mimkin degildir, ¢lnk{ yaslanma ¢ok
faktorli bir olgudur. Bu calismada bilimsel arastirmalarla destek
kazanan, yaslanmayi genetik yoni ile agiklayan giincel bazi
teorilere yer verilmistir.

Somatik Mutasyonlar Teorisi: Bu teoriye gore hiicrede i¢ ve
dis faktorlerin etkisi ile olusan DNA hasarina hiicresel cevap
kapasitesinde yaslanma ile bir azalma olmaktadir. DNA
hasarina cevap, DNA'da meydana gelen hasar tirinin tespiti,

uygun tamir mekanizmasi ile tamiri, tamir mimkin degilse
hiicre siklusunun kontroli veya apoptoz (hiicrenin programli
sekilde 6limii) mekanizmasi ile hiicrenin organizmaya zararsiz
hale getirilmesi asamalarindan olusmaktadir.

Telomeraz Aktivitesi Teorisi: Hlcrelerdeki kromozomlarin
u¢ kisimlarinda, kromozomlarin stabilitesinden sorumlu,
telomer olarak adlandirilan tekrarlayan &ézgul DNA dizileri
vardir. Hiicrede kromozomlarin  gekirdek membranina
tutunarak belirli bir pozisyonu korumasini saglar. Dogrusal
DNA'ya sahip hiicrelerde (kanser hiicreleri gibi bazi istisnalar
harig), her hiicre bdliinmesi sonucunda bu telomer bdlgeleri
kendilerini tam olarak egleyemezler ve bir miktar kisalirlar. Bu
diziler kritk bir kisaliga ulastiginda hicre butinligund
koruyamaz ve yaslanmaile ilgili mekanizmalar tetiklenir (At ve
Bozcuk, 2002; Flores, vd., 2005). Bu durum “Hayflick sinir”
olarak adlandirilir (Hayflick, 1965; Hayflick, 1976). Kisalmis
telomer yapisinin, ateroskleroz, vaskiler demans ve Alzheimer
hastaliji (Taupin, 2010) gibi yagshlikla iligkili hastaliklarla
baglantili oldugu bildirilmistir.

Serbest Radikaller Teorisi: Yaslanmaya serbest radikallerin
neden oldugunu savunan bu teoriye gére, oksijenli solunum
yapan bitlin canlilarin hiicrelerinde bu metabolizma sonunda
dogal olarak serbest radikaller olusur. Bunlar en dis elektron
zarfinda bir elektron kaybetmis ve dolayisiyla bu elektron
acigini  kapatabilmek igin hiicredeki bagka atomlarin
elektronlarini paylasmaya calisan atomlardir. Antioksidanlar
tarafindan dengelenmedikge, bu reaktif oksijen tiirevleri
hiicrenin yapitasi olan hiicre zarina, proteinlere, yaglara ve
DNA'ya zarar veririler (Sohal, vd., 2002, Sekeroglu ve
Sekeroglu, 2009). Bu teoriye gore, yasla birlikte bu dengeleme
yetenegi azalr, bu nedenle viicudun Uretti§i antioksidan
enzimlere ilaveten besinle antioksidan almanin émir uzunlugu
lzerine olumlu etkisi olabilir. Bu dislncenin insan (zerinde
deneysel kanitlandidi calismalar olmamakla birlikte model
hayvanlarla yapilan bazi deney sonuglari (Guarente ve
Kenyon, 2000; Shimokawa ve Trindade, 2010) diyete
antioksidan eklenmesinin émur uzunlugunu pozitif etkiledigini
gostermistir. Ayrica, gevre kirliligi, sigara, herbisit ve pestisitler,
bazi ¢oziiciler, ilaglar, zararli glines isinlari, bazi tibbi tedaviler,
bazi gida bulasanlarinin da hiicrelerde serbest radikal
olusumunu artirdigi bilinmektedir (Cakir Arica ve Sarikaya,
2005).

Genetik Yaglanma Teorisi: Canlilarin dmir uzunlugunu
soy, cins ve Irka bagl olarak, DNA sifremize dayandiran bir
teoridir. Her ne kadar yasama aligkanliklari ve gevre kosullar
yaslanma hizini etkilese de her canli tirl igin genlerde
kodlanmis bir Ust limitin (genetik yas) oldugunu ifade eder. Her
canli tlirlindin ve hicresinin kendine gére az gok belirlenmis bir
ortalama &mrinin bulunmasi bu teoriyi desteklemektedir
(Hayflick, 1965; Hayflick, 1976). Genel olarak kadinlarin
erkeklere gére beklenen yasam siresinin daha uzun olmasi da
genetik nedene dayanrr.

immiinolojik ve Endokrin Teorisi: Yaglanma ile beraber
viicudun yabanci ve kendi elemanlarini tanima ve ayirt etme
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yetenedi azalir. Bagisikiik (immiin) sistem yaslaninca, viicudun
kendi dokulari ile yabanci olan arasindaki farki tanima
yetenegini kaybetmeye baslar ve viicut savunmasi aksar. Bu
teoriye gére, endokrin bezlerin hormon salgilamalarindaki
dlzensizlik veya yetersizlik yaslanmayi baslatmaktadir.

Kalori Kisitlamasi: Beslenme ve yaglanma her zaman iligkili
bulunmustur. ~ Ornegin, heniiz mekanizmasi tam olarak
bilinmemekle beraber, mayalardan memelilere kadar, eger
eksik ve vyanlis beslenme yoksa, kalori kisitlamasinin
yaslanmayi geciktirdigi ve omri uzattigi deneysel verilerle
genel olarak kabul gérmektedir (Masoro, 2000; Smith, , vd.,
2004; Shimokawa ve Trindade, 2010).

Alglerin potansiyel ierikleri

Denizlerin 6nemli zenginliklerinden biri olan algler, biyolojik
ve ekolojik fonksiyonlari ile sucul ekosistemin primer Greticisi
olmalari yaninda, dzellikle bazi uzak dogu (ilkelerinde insan
beslenmesinde de onemli bir yere sahiptir. Ayrica, hlcre
duvarinda bulunan agar, aljinat ve karaginin gibi polisakkaritler
eczacilikta ve gida endistrisinde katki maddesi olarak
kullanilirken, antibakteriyal, antiviral, antikanser, antifungal gibi
etkileri olan degerli kimyasal iceriklere de sahip olduklar
bilinmektedir (Gokpinar vd., 2006; Kasimala vd., 2015).

Diinyada Phaeophyceae (Ochrophycea) ve Rhodophyceae
siniflarindan olan 100'den fazla alg tir(i igerdikleri protein,
karbonhidrat, vitamin ve minerallerin varligindan dolayi
dinyanin gesitli yerlerinde insanlar tarafindan besin kaynag
olarak kullaniimaktadir (Ogur, S. 2016). Ornegin, gida takviyesi
olarak kullanilan tath su mavi-yesil alglerden Spirulina
platensis’in, protein, esansiyel yag§ asitleri, antioksidan
karotenoidler, B vitamini kompleksi, E vitamini, bakir,
manganez, magnezyum, demir, selenyum ve ginko gibi mineral
igerigi agisindan zengin bir kimyasal koruyucu oldugu ve gida
takviyesi olarak alindiginda damar sertligi, diyabet, hidroksil
radikalleri yakalayarak kansere karsi koruyucu etki gosterdigi
gdzlenmigtir (Ovando, vd., 2016). Ayrica, Padina pavonia'nin

antiproliferetif ve antikarsinojen etkisi arastinimis ve kolon
kanserinde pozitif etkisinin olabilecegi bildirilmistir. Bagka bir
galismalarda, U. lactuca’nin protein ve vitamin igerigi agisindan
zengin ozellikte oldugu, uzak dogu Ulkelerinde gida ve giibre
amaciyla kullanildigi (Durucan ve Turna 2011; Chu, vd., 2010;
Huangfu, vd., 2013) bildirilmistir. Son yillarda arastirmacilar
alglerde bulunan antioksidan bilesikler ve bunlardan porphyran
ve shinorinenin yaslanma karsiti etkisine dikkat gekmektedir
(Munir, 2013; Cornish ve Garbary, 2010). Ayrica Olasehinde ve
arkadaslar (2017) patogenezi, oksidatif stres, kolinerjik islev
bozuklugu, néronal hasar, protein yanlis katlanmasi ve
agregasyonu ile iligkili kompleks mekanizmalari igeren
yaslanma ile iligkili Alzheimer hastaliginin tedavisinde, bazi
mikroalgal biyoaktif bilesiklerin ve ekstraktlarin beyinde néronal
hasarin yani sira hafiza bozuklugunu onleyebilecegine dair
artan kanitlardan bahsetmesi tmit vericidir.

Dogal antioksidanlar olan flavonoidler, fenolik bilesikler,
tanninler ve terpenlerin hiicredeki kararsiz yapidaki serbest
radikalleri nétralize ederek hiicreleri korur. Bu nedenle, son
zamanlarda dogal antioksidan kaynaklari olarak bilinen bazi
alglerin hticre koruyucu ve onarici dzelliklerinden dolay!
biyoteknolojik iiretimleri yapimaktadir. Omegin, 6zel tekniklerle
kiiltlire alinan bazi alglerde yogun beta-karoten, astaksantin,
zeaksantin, lutein gibi kuvvetli antioksidan Ozelliklere sahip
pigment maddelerinin miktari artirilabilmistir. Son vyillarda
model hayvanlar ile yapilan émir uzunlugu calismalarinda
alglerden bazi olumlu sonuglar alinmistir (Tablo 1). Algler,
zengin antioksidan igeriklerinin fark edilmesi ile son yillarda
6nem kazanmiglardir (Gékpinar, vd. 2006; Cornish ve Garbary,
2010). Cinkii dogal antioksidanlarin  dejeneratif bazi
hastaliklarda hiicre koruyucu ve tedavi edici etkisinin oldugu
bildirilmektedir. ~ Kemoterapinin  yan  etkilerinin  tolare
edilmesinde de antioksidan i¢eren gidalar 6ne gikmaktadir. Bu
sonuglar, insan &mrlinin uzatimasi ve kaliteli yashlik
kriterlerinin - saglanmasi agisindan alglerin gelecekte bir
potansiyel olabilecegi fikrini desteklemektedir.

Tablo 1. Bazi alg tirlerinin anti-gerontolojik aktiviteleri ve bunlarin test edilen bilesikleri Gizerine daha énce rapor edilen bazi arastirma sonuglari
Table 1. Some previously reported research results on anti-gerontological activities and their tested compounds of some algae species

Baz alg tiirlerinin anti-gerontolojik aktiviteleri ve bunlarin test edilen bilesikleri ile ilgili

rapor edilen arastirma sonuglar

Kaynaklar

Porphyra haitanesis (Rhodephyta). Porphyra haitanesis'in (Rhodephyta) stilfatianmis polisakarit

Zhang, Q., vd., 2003

fraksiyonunun (F2), antioksidan enzim aktivitesi, lipit peroksidasyonu ve toplam antioksidan
kapasitesinde yaslilia bagli degisiklikler farede in vivo olarak farkli dokularda incelendi. F2'nin,
toplam antioksidan kapasitesindeki azalmayi ve antioksidan enzimlerin faaliyetlerini telafi etmekte
ve bdylece lipid peroksidasyon riskini azaltmakta etkili oldugu rapor edildi.

Makroalglerden (Endarachne binghamiae, Schizymenia dubyi, Ecklonia cava and Sargassum,
Silquastrum, Sargassum polycystum) tiiretilen bilesiklerin dermatolojide potansiyel terapotik
maddeler oldugu, elde edilen bazi 6zitlerin cilde renk veren melanin pigmenti ile ilgili tirozinaz
inhibe edici aktivitesi ile cildi foto hasarlarin yaslanma etkisinden ve deri kanseri melanomadan

Wang H.D. vd.,2017; Cha, S. H.,
vd., 2011 Chan, Y. Y., vd., 2011;
Balboa, E. M., vd., 2015 Jang, J.,
vd., 2012

koruduguna dair bulgulara yer verildi. Ayrica, Sargassum muticum'dan izole edilen
tetrapreniltolukuinol kroman meroterpenoid ve Ecklonia cava'dan izole edilen Eckstolonolun foto-

yaslanmaya kars etkilerine yer verildi.

471



Cakir Arica, Ege Journal of Fisheries and Aquatic Sciences, 34(4): 469-474 (2017)

Porphyra haitanensis'den elde edilen porfirinlerin diyetle alinmasinin, erkek ve disi Drosophila
melanogasterde émri uzatti§i ifade edilmigtir.

Zhao, T. vd., 2008

Lipidlerin oksidatif bozunmasinin, insanlarda ateroskleroz, yaglanma ve karsinogenezide énemli
rol oynadig, gidalarin raf 6mriini uzatmada kullanilan sentetik antioksidanlar yerine alglerden
elde edilen dogal antioksidanlarin sadlik risklerini azaltarak 6mrii uzatacag! ifade edilmistir.

Jin, C. vd., 2016

Asya'da en ¢ok yenilen bir kirmizi deniz yosunu olan Porphyra tenera'dan elde edilen ugucu yagin
(PTVO) 6miir uzatan antioksidan potansiyeli in vitro biyokimyasal deneyler ile degerlendirildi.

Patra, J. K. vd., 2017

Giinesin, canlilari UV-A ve UV-B gibi zararli radyasyona maruz birakti§i ve alglerin UV'nin  Rastogi, R.P., 2010
zararini gidermek igin MAA'lar, scytonemin, karotenoidler ve diger bazi bilesikler gibi bir dizi foto-
koruyucu bilesigi sentezleyerek veya biriktirerek toksisiteden kaginma, onarim ve koruma gibi
bazi mekanizmalar gelistirdigi belirtilerek, bu fotoprotektif bilesiklerin dermatolojik yaslanmayi

onleyici dzelliklerine dikkat gekildi.

SIRT gen ailesinin kodladigi proteinlerin, histonlarin deasetilasyonu kromatinin yogunlasmasi
(heterokromatin) ile gen ifadesinin baskilanmasinda rol aldigi bilinmektedir.

Kanfi, Y. vd., 2012.

Kanser, obezite ve insiline direncli diyabet de dahil olmak Uzere yasla iliskili hastaliklarin ve
metabolik sendroma bagli bozukluklarin énlenmesinde kullanilabilecek potansiyel adaylar olarak
yeni SIRT6 modiilatérleri icin kahverengi yosun tirlerinin tarandigi ve SIRT6 modiile edici
aktiviteye karsi test edilen bes gesit kahverengi yosundan F. distichus’un aktif maddesi fukoidanin
SIRT6 deasetilasyon aktivitesini doz bagimli bir sekilde artirdigi ifade edildi. SIRT6 eksikliginin
farelerin yasamini kisalttigi, asiri ekspresyonunun ise erkek farelerin émriini uzattigi ve diyetle
induklenen obeziteyi 6nledigi ifade edildi.

Rahnasto-Rilla, M. K. vd., 2017

Hucre kiltlrleri ile yapilan galismalarda, ticari olarak da iretilen ve tek hiicreli alg olan
Haematococcus pluvialis'den elde edilen Astaxanthin'in Hiicre mitokondrisini endojen oksijen
radikallerine karsi korudugu ve onlarin eneriji Uretim verimliligini gelistirdidi, insanda yasa bagl
bazi fonksiyonlarin azalmasinda da 6nleyici olabilecegi ifade edildi.

Kidd, 2011

Ug yesil mikro algin (Dunaliella tertiolecta, Tetraselmis Suecica ve Nannochloropsis sp) yag
ekstraksiyonundan sonra kalan kalintisi analiz edilmis ve Antioksidan ve anti-aging kapasitesi
ekonomik agisindan endustriyel énemde bulunmustur. Mikroalgden biyoyakit tretimi ve atigin
nutrasotik ve nutrikosmetik alanda endtstriyel kullaniminin strdrilebilirligi ve ekonomik
katkisina dikkat gekilmistir.

Norzagaray-Valenzuela, C. D.
vd., 2017

Algal biyokiitleden ekstrakte edilen fonksiyonel bilesenlerin diyet ve saglik agisindan yaygin
olarak kullanildigi belirtilen bu derlemede, yosunlardaki insan derisi tedavilerine iligkin aktif
bilesiklerden bahsedilip, anti enfeksiyon, anti-aging, cilt-beyazlatma ve cilt timéri tedavileri igin
yuksek potansiyel olduklari ile ilgili aragtirma sonuglarina yer verilmistir.

Wang, D. vd., 2017

TARTISMA VE SONUG

Algler gliniimiizde zengin icerikleri nedeniyle gida, ziraat,

degisken nedenli strese cevap kapasitesinde azalma genel
Ozelliklerindendir. lyi yasama beslenme ile bu olgunun
dnlenemese de yavaslatiimasi ve kaliteli bir yasliligin mimkiin

eczacllik, tip, biyoteknoloji ve hatta biyo-yakit olarak eneriji gibi
birgok endustriyel alanda gelecek vadeden potansiyel olarak
dikkat cekmektedir. Yasadigimiz cevrenin sanayi, tarimsal
faaliyetler, antropojenik etkiler gibi faktorlerle kirlenmesi
soludugumuz havayl, temas ettigimiz esyalar ve hatta
besinlerimizi kirletmistir. Bu durum, basta DNA olmak (izere,
hiicre biyomolekdilleri igin yikici etkisi olan serbest radikallerin
hicrelerde olusumu ve genotoksik etkisini artirmaktadir
(Sarikaya ve Gakir, 2005; Sarikaya vd, 2006).

Butlin canlilar icin evrensel bir gercek olan yaslanma gok
faktorll bir olgudur. Cevresel degisen faktorlere uyum ve viicut
homeostasisini saglama yeteneginde azalma, vicut i¢ ve dig

oldugu ve 6lim nedenlerinin baginda gelen kanser ve kalp-
damar hastaliklari gibi metabolizma ile ilgili hastaliklarin
azaltilabilecegi ve hatta yaslanmayanin geciktirebilecegi ifade
edilmektedir. Bu badlamda, bazi alglerin hiicredeki serbest
radikalleri etkisiz hale getiren antioksidan ozellikteki flavonoid
ve karotenoidler gibi besin 8delerince zengin olusu, onlari
glinimizde potansiyel canlilar ve etken madde kaynagi olarak
on plana ¢ikarmistir (Bhuvaneswari, vd., 2013; Burgak ve
Andican, 2004; Chandini vd., 2008).

Bu nedenle, diinyanin bazi (lkelerinde yillardir saglikli
beslenmenin vazgegilmez bir unsuru olan ve antioksidan igerigi
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zengin alglerin (Drum, 2013), insan beslenmesinde gelecek
vadeden potansiyeli géz ardi edilemez. Ug tarafi denizlerle
gevrili olan TUrkiye'nin sularinda potansiyel olarak var olan ve
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