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RESEARCH ARTICLE ARASTIRMA MAKALESI

The effects of nanoemulsions on the fatty acid profiles of sea bass fillets
during storage at 22 °C

Nanoemulsiyonlarin 2*2°C’de depolanan levrek filetolarinin yag asidi
profilleri izerine etkileri
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Abstract: The effect of nanoemulsions prepared from commercial oils on the fatty acid profiles of cold-stored sea bass fillets was investigated. The sea bass fillets
were treated with nanoemulsions prepared from sunflower, canola, com, olive, soybean, and hazelnut oils (14% of the total emulsion). Results of fatty acid analyses
showed that the main fatty acids found in all groups were determined to be miristic acid, palmitic acid, stearic acid, palmitoleic acid, oleic acid, linoleic acid,
eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA). At the end of storage, the control group (24.05%) had the highest SFA content, while the lowest
SFA among the nanoemulsion treatment groups was observed in the olive group (21.97%) followed by sunflower group (22.78%). The oleic (C18:1n9) and
palmitoleic acids (C16:1) from monounsaturated fatty acids (MUFA) varied between 30.45-23.82% and 4.92-3.42% during storage period. Among all
polyunsaturated fatty acids (PUFA), linoleic acid, EPA and DHA were predominant fatty acids. EPA and DHA ranged from 4.73 to 2.81% and 8.09 to 4.06%,
respectively. While the lowest PUFA content was observed in the control group, the highest value was determined in the soybean group (26.41%), followed by
olive (24.48%) and canola (24.46%) at the end of storage. The results showed that the nanoemulsion application delayed lipid oxidation. Application of
nanoemulsion compared to control group maintained the PUFA content of fish and can be used as a preservative for fish.

Keywords: Nanoemulsion, sea bass, fatty acids, EPA, DHA

Oz: Ticari yaglardan hazirlanan nanoemiilsiyonlarin sogukta depolanmis levrek filetolarinin yag asit profilleri Gizerindeki etkileri aragtinimistir. Levrek filetolari,
aycicedi, kanola, misir, zeytin, soya ve findik yaglarindan hazirlanan nanoemdisiyonlar ile muamele edildi (toplam emiilsiyonun % 14'). Yag asidi analiz
sonuglarina gére, tim gruplarda bulunan temel yag asitlerinin, miristik asit, palmitik asit, stearik asit, palmitoleik asit, oleik asit, linoleik asit, eikosapentaenoik asit
(EPA) ve dokosaheksaenoik asit (DHA) oldugu belirlendi. Depolama sonunda, kontrol grubu en yiksek SFA (%24.05) icerigine sahip iken, nanoemiilsiyon
uygulanan gruplar arasinda ise en dlislik SFA zeytin grubunda (%21.97), ardindan aygicedi grubunda (%22.78) gdzlenmistir. Tekli doymamis yag asitleri (MUFA)
‘den oleik asit (C18: 1n9) ve palmitoleik asit (C16: 1) miktarlari depolama siresi boyunca sirasiyla %30.45-23.82 ve %4.92-3.42 aralijinda degismistir. Coklu
doymamis yag asitleri (PUFA) arasinda linoleik asit, EPA ve DHA yag asitleri en yliksek dedere sahip oldugu belirlendi. EPA ve DHA miktarlari sirasiyla %4.73-
2.81 ve % 8.09-4.06 araliklarinda olduklari belirlenmistir. Depolama sonunda en duisiik PUFA igerigi kontrol grubunda gozlenirken, en yliksek deger soya grubunda
(%26.41), bunu takiben zeytin (%24.48) ve kanola (%24.46) gruplarinda gozlenmistir. Sonuglar nanoemdilsiyon uygulamasinin lipid oksidasyonunu geciktirdigini
gostermistir. Kontrol grubu ile kiyasladigimizda nanoemiilsiyon uygulamasinin, baliklarin PUFA icerigini muhafaza ettigini ve bir koruyucu olarak kullanilabilecegini
gostermistir.

Anahtar kelimeler: Nanoemiilsiyon, levrek, yag asitleri, EPA, DHA

INTRODUCTION

Fish oil contains essential fatty acids like eicosapentaenoic
acid (EPA) and docosahexaenoic acid (DHA), which makes
consumption of fish more important for human health. It is
known that these essential fatty acids have an important role in
preventing many diseases such as heart attacks,
cardiovascular diseases, depression, migraine, rheumatism of
the joints, diabetes, high cholesterol, hypertension, cancers
and allergies (Kinsella, 1987; Leaf et al., 1988; Simopoulos,

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

1991; Rendeiro et al., 2016; Palmquist, 2009; Stoll, 2002;
Itsiopoulos et al., 2009). In addition, omega fatty acids have an
important role in the development of the brain and the immune
system. Low DHA level in brain cells can lead to problems like
depression, memory loss, Alzheimer's, schizophrenia and
vision problems (Kaya et al., 2004). Children who consume fish
at least twice a week have a lower chance of developing
emotional and behavioural disorders (Llaurado et al., 2016).
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Fatty acids (especially unsaturated fatty acids) are the main
resource for the production of volatile compounds (Ba et al.
2013). Fatty acid composition affects fish meat’s sensory
quality and lipid stability (Nuernberg et al., 2005). Fish oils are
affected from the marine environment and the seasonal
changes in the water temperature and food availability. These
are the most important factors influencing the nutritional
composition of fish. The taste of fish meat is closely associated
with the protein and fat content, and the knowledge on the fatty
acid profile of fish especially important to predict the positive
effects of fish meat consumption on human health.

Lipid oxidation is not desired in most foodstuffs, as it can
lead to spoilage and unwanted tastes that are caused by toxic
reaction products (Halliwell et al. 1995). Lipid oxidation involves
a reaction between unsaturated lipids and oxygen. Oxygen
dissolves in food fats 3 times as much as it does in water (Ke &
Ackman, 1973). Synthetic or natural antioxidants can be used
to delay lipid oxidation. Lately use of natural antioxidants is
preferred by both the consumers and the food industry. As a
consequence, new methods that allow the use of safer and
more effective natural materials that can replace synthetic
methods has increased. Recently, nanotechnology has
become one of the methods that are used for food preservation.

The use of nanotechnology in food industry can be
classified under three categories: nutritional enrichment of
foods, protection of food and development of new products. An
important variety of nanotechnology applications in food is
nanoemulsions. Nanoemulsions are transparent or semi-
transparent emulsions that contain nano-scale droplets.
Nanoemulsions are nano droplets that consist of multiphase
colloidal  (homogenous looking heterogenous —mixture)
distributions that are created by taking two liquid that don’t
physically mix together and distributing one within the other
(Fathi etal., 2012; Liu et al., 2006; Mason et al., 2006; Meleson
et al., 2004; Russel et al., 1989). Different size ranges were
given for nanoemulsions in literature; for example size ranges
of below 100 nm (Guo et al., 2007; Porras et al., 2008; Shakeel
et al., 2010), between 10-100 nm (Talegaonkar et al., 2010),
between 100-500 nm (Anton et al., 2008; Constantinides et al.,
2008; Rossi et al., 2007; Tadros et al., 2004; Ungeret et al.,
2004) and between 100-600nm (Sakulku et al., 2009; Solans et
al., 2003).

Nanoemulsions are also known as antimicrobial
preservatives. The reason is that they connect the structure of
water and thereby limit the access to water of microorganisms
(Al-Adham et al., 2000). Many studies demonstrated that
nanoemulsions have a preventative effect on bacteria (Friberg,
1984; Jones et al. 1997; Bortoleto et al.,1998), fungi (Hamouda
et al., 1999; Myc et al., 2001; Zhang et al., 2008) and viruses
(Donovan et al, 2000; Chepurnov et al., 2003).
Nanoemulsions are not just kinetically stable, they are also
physically stable in the long term (Bouchernal et al, 2004).
Nanoemulsions can also be considered self-protecting
antimicrobials (Al-Adham et al, 2000). Furthermore, it was
reported that nanoemulsions delay lipid oxidation (Ozogul et al

2016; Durmus, 2016). Yazgan (2013) reported that sunflower
oil nanoemulsion reduce the lipid oxidation parameters in sea
bass and sea bream fillets. In our previous study (Ozogul et al.,
2017), the combined impact of nanoemulsion based on
commercial oils and vacuum packing on the fatty acid profiles
of sea bass fillets was investigated. Vacuum packaging and
nanoemulsion were reported to have a positive effect on fatty
acids in sea bass fillets (Ozogul et al. 2017). Shadman et al.
(2016) reported that sunflower oil nanoemulsions could prevent
lipid oxidation in rainbow trout fillets during storage. The aim of
present study was to investigate the effects of nanoemulsion
groups prepared using commercially oils (sunflower oil,
hazelnut oil, canola oil, soybean oil, corn oil and olive oil) on the
fatty acid profiles of cold stored sea bass fillets.

MATERIALS AND METHODS
Preparation of nanoemulsions

Nanoemulsions were prepared according to the method of
Joe et al. (2012) with minor modification. Oils used were
purchased from the local market (Adana, Turkey). The oil
phase of the oil-in-water (O/W) nanoemulsions consists of
commercial oil (sunflower (S), canola (Can), corn, olive (O),
soybean (SB), and hazelnut oils (H); 14% of the total emulsion),
ethanol (3%), and a surfactant (Tween 80, 3%, generally
regarded as safe (GRAS)) (Sigma-Aldrich, Lyon, France) and
represents 20% (v/v) of the emulsion. The components of this
oil phase were mixed and kept for 1 h at 86 °C and after which
the compounds were mixed with water (80%). The mixture was
homogenised using an ultrasonic homogeniser (Optic lvymen
System CY-500, Barcelona, Spain) for 15 min. Properties of the
oil-in-water nanoemulsions based on commercial oils were
given in our previous study (Ozogul et al., 2016).

Sample preparation

Sea bass (D. labrax) were obtained from a local fish farm in
izmir, Turkey. Fish were killed by dipping in ice-cold water
(hypothermia). After death, the fish were transported to the
laboratory in ice within 24 to 25 h from harvesting. The average
length and weight of the sea bass were 29.7 £ 1.0 cm and 270
1 23 g. They were immediately gutted, filleted with skin on, and
divided into seven lots. The control group (C) was stored on
plates (6 fillets per plate) wrapped with permeable stretch film
(Prima Gida |ht. Mad. Ambalaj. San, Mersin, Turkey). The other
samples were treated with nanoemulsions. Fish fillets were
immersed for 4 min in the nanoemulsions prepared with
different oils and then stored 6 fillets to a plate wrapped with
stretch film. The average sea bass fillet weight was 55 £ 7 g.
For each analysis day, 3 plates (total 18 fillets) were randomly
selected for each group. All samples were stored in a chill room
(2 £ 2 °C). Data were obtained from fillets from three plates
(triplicate) treated separately with duplicate measurements of
the appropriate sample from each plate (n = 6).

Fatty acid analyses

Lipid content was determined by the method of Bligh & Dyer
(1959). Lipid samples were converted to their constituent fatty
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acid methyl esters by the method of Ichihara et al. (1996), by
using 2 M KOH in methanol and n-heptane with minor
modifications. Twenty mg of extracted oil was dissolved in 2 ml
n-heptane followed by 4 ml of 2 M methanolic KOH. The tube
was then vortexed for 2 min at room temperature. After
centrifugation at 4,000 rpm for 10 min, the n-heptane layer was
taken for gas chromatography analyses.

Statistical analysis

SPSS 22.0 was used to determine for statistical analysis.
Data obtained from quality parameters of sea bass fillets
treated with nanoemulsions during storage carried out with
Duncan.

RESULTS AND DISCUSSION

The main fatty acids observed in all groups were miristic
acid (C141), palmitic acid (C1e:), stearic acid (C1s:0), palmitoleic
acid (C1e1), oleic acid (C1s:4n9), linoleic acid (Cis2n6),
eicosapentaenoic acid (EPA, Czsn3) and docosahexaenoic
acid (DHA, C226n3). The results of the studies by Turkkan et al.
(2008), Yildiz et al. (2008), Ozden et al. (2010), Yazgan (2013)
and Ozogul et al. (2017) on sea bass were in agreement with
the results of the current study.

The changes in saturated fatty acid (SFA) in sea bass fillets
treated with nanoemulsions and stored in cold storage were
given in Table 1. SFA was found to be 19.21% at the beginning
of storage, and 24.05% in the control group (untreated group)
at the end of the storage period. In groups treated with
nanoemulsions, SFA values changed between 19.08% and
23.43% during storage. SFA levels increased in all treated
groups during storage. At the end of storage, the highest SFA
level was found in the canola group with 23.43% whereas with
the lowest SFA found in the olive oil group with 21.97%. Ozogul
et al. (2007) reported that the amount of saturated fatty acids in
the muscle tissues of commercially valuable freshwater and
saltwater fish were in the range of 25.5-39.4%. Baki et al.
(2015) reported that the total saturated fat amounts (2SFA) in
wild and cultured bass (Dicentrarchus labrax) as 26.50%+0.06
and 25.10%z0.01, respectively. Total saturated fatty acid
values found in present study were lower than the values given
in these studies. Yazgan (2013) determined that the total SFA
values for sea bass fillets stored after applying the
nanoemulsion prepared with sunflower oil were 21.14% before
storage and 21.73% after storage.

The main fatty acids among SFA in all groups were miristic
acid (C14.), palmitic acid (C1.0) and stearic acid (C1s.0). Miristic
acid was determined as 2.65%, 2.55%, 2.56%, 2.61%, 2.82%,
2.39%, 2.19% on day 2 of storage and as 3.68%, 3.08%,
3.51%, 3.37%, 3.41%, 3.11%, 3.08% on the last day of storage

(day 12) for the control, sunflower, hazelnut, canola, soybean,
corn and olive oil groups respectively. Fluctuations were
observed in miristic acid levels during the storage period.
However, increases were also observed in miristic acid level on
days 8, 10 and 12 of storage (p<0.05). Statistically significant
differences were observed between groups during the storage
period (p<0.05).

Fatty acid with the highest value among SFA was found to
be palmitic acid (C1e0). Alasalvar et al. (2002) reported that
palmitic acid was an important fatty acid among saturated fatty
acids of wild and cultured sea bass. Similar results were
reported by Saglik et al. (2003), Periago et al. (2005), Yazgan
(2013) and Ozogul et al. (2017). Palmitic acid level was found
as 12.86% at the beginning of the storage period, while it was
determined as 16.50%, 15.92%, 15.69%, 15.79%, 15.16%,
15.94% and 15.08% at the end of the storage period for the
control, sunflower, hazelnut, canola, soybean, corn and olive oil
groups respectively. A statistically significant difference was
observed between the control group and all nanoemulsion
treatment groups on day 2, 4, 6 and 10 of the storage period
(p<0.05).

The changes in (MUFA) of sea bass fillets treated with
nanoemulsions and stored in cold storage were given in Table
2. Adecrease was observed in MUFA levels during the storage
period. MUFA level was found as 35.88% at the beginning of
the storage period. While on the second day of storage,
sunflower oil nanoemulsion group was found to have the
highest MUFA value with 36.30%, the control group gave the
lowest MUFA value with 28.80% on day 12 of the storage
period. Ozogul et al. (2017) demonstrated that SMUFA values
for sea bass changed from 41.7% to 36.41% during storage
period. Baki et al. (2015) reported the total monounsaturated
fatty acid values for wild and cultured sea bass as 27.55% and
30.14%, respectively. Ozogul et al. (2007) found MUFA levels
in commercially valuable fish species between 13.2 and 29.0%.

Palmitoleic acid (C11) and oleic acid (C1s4n9) among
MUFA were main fatty acids in all groups as reported for sea
bass by Ozden et al. (2010) and Lenas et al. (2011). The initial
palmitoleic acid level was found as 4.71% and it was changed
between 3.42-4.92% for all groups during the storage period.
Over the storage period, statistically significant differences
were observed in all groups on every day except day 2
(p<0.05). Oleic acid level was determined as 29.95% at the
beginning of the storage period. Over the storage period,
decrease in oleic acid values and statistically significant
differences were observed in all groups (p<0.05). At the end of
the storage period, the control group gave the lowest oleic acid
(23.82%), while olive oil group had the highest oleic acid value
(30.45%) on day 2 of storage.
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Table 1. Changes in SFA (%) content of sea bass treated with/without nanoemulsions during storage period

Days c12:0 C14:0 c16:0 c17:0 c18:0 C200  SFA Groups
0 044013 250£0.07 12.86+0.51 009001 318018 0158000 19218076 C
093:011:  265:008% 13632001 009:001:  3.130.04 018£001% 2060£011a C
0731001  255:019% 12726001 008+0.012 3240100 020:0.05: 1951£016° §
05760000 256£040%  1300£0.13: 008:001:  263+0.06° 047£002 1908:033 H
2 060:007%  261£043®  125610.19%  007+0.01s  3324005%  0.16+001° 19.31£046° Can
05010075 282042 12456001 00940.02:  33304d®  020£001= 19474065 SB
061:004%  239:007%  12.8140.04¢ 007£001:  3.19+0.02 047£001 1924£004 Comn
075:005  249£0.01> 13.26+0.010 007£002  3.44+0.07° 047£001 1987+006% O
051004  336:021° 15.62£0.33 000:002  269+0.00° 018£004 2243£035 C
050:001c 250013 1292¢008% 00620005  336:0.10° 020£006° 1962£007% §
034:000¢  2.56£0.07 13280145 0074000%  293:013 020:001 1937:008 H
4 053:0.04c  243:001 12.80+0.04¢ 008:0.01% 3474003 0.18:0.02: 19.47£010¢ Can
07240410 250£0.14 12806052 007+001% 330004 020£000° 1968:030% SB
096:007:  270£048 131950275 0071001  268£0.15¢ 0212002 1979:021% Corn
040£003% 262004 13.48£0.13 009£0012 3394004 0.18:0.03 20.15£027 O
0421000 2526015«  1543:036 00810012 3.50+0.25 04760000 2219+045¢ C
0376002 255:012%¢  13.4240.11¢ 008:000:  3490.02%  047:000° 1976:023 S
0371003 241009 13716003 0073000 3324008% 0174001 2004+0.06% H
6 0321004 2.85£0.10¢ 13.1420.18¢ 00740012 352£006%  020£000¢ 20.10040% Can
076:006:  260:003%  13.10£0.18¢ 007£001:  3.03+0.10¢ 016£000° 19726015 SB
047:004> 2548013 1343:004« 000001 326£008%  018:002 19.96£0.01c Corn
047:006°  276:008%  1404+0.150 009:002  3.00+0.08° 047:001 2060:003 O
055:003  269£012 15.92+1.172 008:001°  3.10£0.00° 0478001 22498122 C
045:008%  303:007: 13544027 0002001%  3.14006° 0182001 20428022 S
0421004  258£007 145060480 00820010 20240034 0174001 2075:040° H
8 037:006%  308£0.13: 148340135 0102001s 364006 020£001® 2220£013% Can
069:004  2.65:0.04 13.4340.119 008:0000  3.08+0.11c 047£001> 2009:022 SB
026:007¢  3.010.08: 141120130 00020012 339018 02240.04: 2106£035% Corn
043:005% 278006 147350148 0082000  2.820.08¢ 018£002 2101£0.15% O
082:001: 3108005 15932006 010£002 251046 024£001% 2268£036* C
064:006%  318+004 1486£000  007:0012 3342004 020:0.01% 2227£013% §
058:0.03¢  301£009%  1488:014% 008001 287:013®  022£002% 21624016 H
10 066:003%  323:011: 15.1240.17> 009:001:  3.12+0.01e 018£003 2240:001: Can
073:0.04> 30260185 1417£023¢ 009£0.02:  3.050.11e 020:0.01% 2125:059 SB
0571003  299:004%  1582£0.11s 009£0.02:  3.24+0.10¢ 020:0.01% 2289£024= Corn
0498001 2.86£043 14.70£0.03¢ 007:001:  286+0.41%  021:003® 2118:021c O
052:005 368011 16.50£0.10° 00820012 3108021® 0198002 2405013 C
055:001c  3.080.06¢ 15,920,000 007:0012 2954008 02240028 2278£017¢ §
078:010% 3512003  1560+008" 007:000:  3410.44®  020:001 2335:000° H
12 0804004  337£012%  1579+01%b 0080.01e  308+01® 0254002 2343:035° Can
090:0.012 34120205 1516011 008:0.02: 3484028 01980000 2321£020° SB
067:004 34120434 1594£001 008:000:  3208020%  022£002% 23312012 Corn
056:004 308003 15.08+0.06° 008:001:  3.03+0.07 018:003 2197:008 O

Means sharing the same letter in the same row (a—€) are not significantly different (p > 0.05) using Duncan’s multiple range test. C: Control, S: sunflower, H:
hazelnut, Can: Canola, SB: Soybean, Com: Com, O: Olive.

230



The effects of nanoemulsions on the fatty acid profiles of sea bass fillets during storage at 2+2 °C

Table 2. Changes in MUFA (%) content of sea bass treated with/without nanoemulsions during storage period

Days C14:1 C16:1 C17:1 C18:1n9 C20:1 C22:1n9 MUFA Groups
0 0.08+0.00 4.71£0.10 0.10+0.00 29.95+0.47 0.83+0.08 0.22+0.04 35.88+0.25 C
0.09+0.012 4.20+0.112 0.110.002 28.30+0.30° 1.03+0.002 0.24+0.032 33.96+0.37¢ c
0.11£0.022 4.79£0.072 0.11+0.012 30.18+0.112 0.88+0.102be 0.24+0.042 36.30+0.352 S
0.10+0.012 4.76+0.042 0.10£0.012 30.27+0.082 0.74%0.03¢ 0.210.032 36.17+0.0620 H
2 0.07+0.042 4.61+0.032 0.10+0.012 30.12+0.112 1.04+0.142 0.22+0.022 36.15+0.252 Can
0.09+0.012 4.70£0.092 0.11+0.012 30.15+0.072 0.81+0.130¢ 0.12+0.02° 35.97+0.2120 SB
0.08+0.012 4.25+0.612 0.10£0.012 30.13+0.522 0.91+0.062 0.24+0.012 35.700.00° Corn
0.07+0.032 4.32+0.48° 0.09+0.012 30.45+0.402 0.96+0.0020 0.27+0.032 36.16+0.0120 0
0.11£0.012 4.04+0.01¢ 0.10+0.042 28.68+0.44¢ 0.80+0.02¢ 0.28+0.012 33.99+0.38¢ c
0.08+0.0120 4.61+0.05b° 0.09+0.002 29.24+0.16° 0.86+0.06t¢ 0.21%0.062> 35.08+0.09° S
0.09+0.002 4.75+0.152 0.100.002 30.17+0.042 0.73+0.01¢ 0.26+0.012 36.09+0.132 H
4 0.08+0.00% 4.5240.04¢ 0.10+0.012 29.94+0.092 0.88+0.010¢ 0.18+0.04° 35.69+0.072 Can
0.07£0.01° 4.69£0.01b° 0.10+0.012 30.04+0.022 0.83+0.040¢ 0.18+0.010 35.89£0.012 SB
0.07£0.01° 4.27+0.08¢ 0.09+0.012 28.73%0.25¢ 1.17%0.012 0.25+0.05% 34.56+0.24¢ Corn
0.10£0.032 4.9240.122 0.12+0.022 29.70£0.0720 0.92+0.06° 0.25+0.01 36.00+0.152 0
0.07£0.012 3.88+0.11¢ 0.10+0.012 28.66+0.41¢ 0.85+0.072 0.18+0.010 33.74£0.57¢ c
0.06+0.062 4.33+0.08° 0.11+0.012 29.04+0.12« 0.79£0.0220 0.21+0.05% 34.51£0.23 S
0.07£0.012 4.31£0.08° 0.09+0.002 29.80+0.082 0.75+0.02° 0.27+0.032 35.28+0.042 H
6 0.08+0.032 4.83+0.072 0.10+0.022 29.30+0.07be 0.83+0.0220 0.28+0.042 35.41+0.082 Can
0.07+0.032 4.06+0.07° 0.10+0.002 29.96+0.092 0.80+0.0420 0.26+0.012 35.24+0.002 SB
0.08+0.012 4.32+0.07° 0.100.002 28.39£0.22¢ 0.76+0.0420 0.18+0.00° 33.83£0.18¢ Corn
0.08+0.022 4.20+0.06 0.11+0.012 29.58+0.0720 0.81£0.0120 0.26+0.022 35.02+0.0120 0
0.08+0.000 3.81+0.23¢ 0.10+0.010 28.39+0.28« 0.71£0.01¢ 0.27+0.012 33.35£0.05¢ c
0.08+0.000 4.44+0.09 0.11£0.0120 28.49%0.11< 0.89£0.1120 0.20+0.05¢ 34.20+£0.19¢ S
0.09+0.002 3.93+0.03 0.100.00° 29.41£0.13% 0.800.040¢ 0.26+0.022c  34.58+0.11bc H
8 0.08+0.030 4.85+0.142 0.13+0.002 28.78+0.40¢ 0.93+0.032 0.30+0.012 35.07+0.562 Can
0.09+0.002 4.19£0.01b° 0.100.00° 29.81+0.082 0.79+0.010e 0.19+0.01¢ 35.16+0.072 SB
0.10+0.01 4.12+0.06° 0.11£0.0120 28.16+0.06¢ 0.87+0.062 0.27+0.03 33.62+0.01¢ Corn
0.11£0.002 4.11£0.11¢ 0.12£0.0120 29.28+0.16° 0.73£0.03¢ 0.23+0.040¢ 34.57+0.020¢ (¢}
0.09+0.002 3.89+0.06° 0.12+0.012 23.88+0.54° 0.87£0.0120 0.26+0.020¢ 29.10+0.46° c
0.07+0.002 4.68+0.062 0.09+0.002 27.05+0.142 0.77£0.01¢ 0.18+0.01¢ 32.84+0.2120 S
0.09+0.012 3.76+0.09¢ 0.10+0.012 27.62+0.092 0.87+0.0820 0.21£0.01< 32.64+0.122 H
10 0.09+0.002 4.13+0.05° 0.12+0.022 27.52+0.302 0.81+0.040¢ 0.27+0.02° 32.92+0.27% Can
0.08+0.002 4.27+0.11° 0.11+0.002 27.02+0.252 0.89+0.0020 0.12+0.01¢ 32.49£0.15° SB
0.08+0.032 4.24+0.04° 0.11+0.012 27.52+0.242 0.91£0.012 0.34+0.012 33.19+0.212 Corn
0.08+0.012 4.26+0.09° 0.09+0.022 27.11£0.132 0.74£0.01° 0.22+0.04 32.48+0.02° 0
0.06+0.012 3.72+0.092 0.10+0.012 23.82+0.444 0.83+0.0220 0.29+0.012 28.80+0.30¢ c
0.09+0.032 3.75+0.11 0.10+0.012 25.04+0.11200 0.89+0.042 0.29+0.032 30.15+0.10° S
0.09+0.012 3.60£0.010¢ 0.09+0.002 24.44+0.16% 0.68+0.01° 0.22+0.00¢ 29.110.14¢ H
12 0.09+0.002 3.76+0.092 0.10+0.012 24.9620.01be 0.76+0.062 0.09+0.03¢ 29.75%0.18° Can
0.06+0.01° 3.88+0.022 0.11+0.032 25.75+0.542 0.72+0.1020 0.25+0.01abe 30.76+0.422 SB
0.09+0.002 3.42+0.12¢ 0.11+0.012 25.1740.132 0.82£0.1320 0.28+0.04abe 29.87+0.17° Corn
0.09+0.012 3.88+0.124 0.12+0.022 25.74£0.142 0.76+0.062 0.21£0.030¢ 30.61+0.222 0

Means sharing the same letter in the same row (a-€) are not significantly different (p > 0.05) using Duncan’s multiple range test. C: Control, S: sunflower, H:
hazelnut, Can: Canola, SB: Soybean, Com: Com, O: Olive.

231



Durmus and Ozogul, Ege Journal of Fisheries and Aquatic Sciences, 35(2): 227-235 (2018)

The changes in PUFA content of seabass fillets treated with
nanoemulsions and stored in cold storage are given in Table 3.
The initial PUFA value was determined as 29.25%. This value
decreased over the storage period and at the end of the storage
period it was determined as 20.94%, 24.30%, 23.70%, 24.46%,
26.41%, 23.78%, 24.48% for the control, sunflower, hazelnut,
canola, soybean, corn and olive oil groups respectively.
Similarly, Ozogul et al. (2017) reported that the PUFA amount
of sea bass decreased with storage time. While corn oil
nanoemulsion group was found to have the highest PUFA value
(29.83%) on the second day of storage, the control group had
the lowest PUFA value (20.94%) on day 12.

The main fatty acids among PUFA in all groups were
linoleic acid, eicosapentaenocic acid (C20sn3) and

docosahexaenoic acid (Cz20:6n3). Linoleic acid was determined
as 14.52% at the beginning of the storage period, and this value
decreased throughout the storage period. Statistically
significant differences were observed between groups during
the storage period. At the end of the storage period, hazelnut
oil group had the lowest linoleic acid value (13.36%) and
soybean oil group had the highest linoleic acid value (14.87%).
Yazgan (2013) reported the linoleic acid levels of nanoemulsion
treatment groups in sea bream as 10.13% and 11.28% at the
beginning and the end of the storage period respectively. Lenas
et al. (2011) reported the linoleic acid level of wild caught sea
bass as 6.39% and cultured sea bass as 18.05%. This
difference in linoleic acid levels was thought to arise from the
contents of feed used in aquaculture.

Table 3. Changes in PUFA (%) content of sea bass treated with/without nanoemulsions during storage period

Days C18:2n6 C18:3n3 C20:2 C20:3n6 C20:5n3 C20:4n6 C22.2 C22:6n3 PUFA Groups
0 14524042  0.56+0.01 0.194¢0.00  0.42+0.00 4.21+0.08  1.05+0.07  0.23+0.04 8.09+0.19 29.25+0.35 c
14.54£0.09«  0.54+0.042>  0.19£0.00a  0.44+0.000  4.10+0.03c  0.47+0.04c  0.28+0.002 6.42+0.56>  26.97+0.52¢ c
14.20£0.14¢  0.5540.04a  0.20+0.052 0.47+0.072 4.55+0.14a> 1.35%0.20=  0.22+0.04>c  7.88+0.23=  29.41+0.602 S
14.73£0.15bc  0.52+£0.012>  0.19+£0.012  0.41+£0.000 4.60£0.012>  0.23+0.04c  0.18%0.01¢ 74840250  28.31+0.33° H
2 1508+0.25® 0.46+0.04> 0.20+0.02¢ 0.44+0.042 4.40%0.07> 0.30£0.08c 0.25+0.02  7.9740.22a  29.08+0.112>  Can
15.44+0.022  0.56+0.04c=  0.19+0.012  0.47+0.072  4.42+0.19%> 0.72#0.11>  0.20£0.04bc  7.68+0.252  29.66+0.422 SB
15.15+£0.06® 0.50£0.032>  0.19+£0.01=  0.42+0.022 4.73+0.08=  1.25+0.112  0.21+£0.01c  7.41+0.22=  29.83+0.542  Corn
14.70+0.39  0.50+£0.012>  0.19+0.022  0.42+0.052 4.57+0.042>  0.26+0.04c 0.23+0.03zc  7.38+0.212  28.22+0.70° (o]
14.26+0.88> 0.54+0.08®> 0.25+0.032 0.50£0.05¢=  3.79+0.01>  0.86+0.06> 0.22+0.012t  6.19+0.92°>  26.59+1.94° c
14.18+0.04>  0.52+0.012>  0.26+0.052 0.46+0.02¢ 4.46+0.152  1.39£0.082  0.20£0.00c  6.80+0.242>  28.24+0.212 S
14.37+£0.18>  0.50+0.03®>  0.20+0.012  0.44+0.012=  4.21+0.07a  0.37£0.05¢  0.17+0.01c  7.06+0.062>  27.31+0.122 H
4 14.79£0.10®  0.48+0.04c  0.19£0.00¢ 0.41+0.012  4.19£0.10=  0.33+0.02c  0.20+0.01>c  6.59+0.142>  27.17£0.20®>  Can
1551£0.312  0.52+0.01t  0.21£0.022  0.44+0.060 4.23+0.09°  0.30+0.01c  0.22+0.01et  7.52+0.06=  28.92+0.06 SB
14.15£¢0.210  0.4840.02c  0.23+0.012  0.45+0.032=  4.37+0.200 1.47+0.12¢  0.26%0.032 6.49+0.100  27.89+0.112>  Corn
1451£0210  0.59£0.04a  0.22+0.042  0.49+0.072  4.18+0.072=  0.35+0.05c 0.22+0.042t  6.96+0.112>  27.50+0.06 (o]
14.28+0.37  0.474£0.032  0.20+0.002  0.45+0.012  3.39+0.12¢  0.35+0.01c=  0.21%0.032 5.56+0.11¢  24.90+0.30¢ c
13.89+0.06> 0.53+0.012  0.19+0.00a  0.43+0.012  4.38+0.04=  0.5240.02¢  0.18+0.012 6.33£0.01  26.44+0.09 S
14.17£0.04>  0.50£0.032  0.19+0.00@2  0.44+0.00=  4.07+£0.07>  0.31+0.012=  0.18%0.012 6.87£0.07a  26.73+0.06% H
6 14.86+0.13=  0.38£0.212  0.21£0.022  0.44+0.022  4.15+0.08> 0.2840.0172  0.20%0.012 6.43£0.040  26.93+0442  Can
15.15+£0.112  0.53£0.03¢=  0.19+0.002  0.44+0.01=  3.83+0.15¢  0.23£0.04c=  0.19+0.012  6.60+0.28>  27.15+0.33a SB
1491+£0.092  0.47+£0.03¢=  0.19+0.012  0.43+0.012=  4.20£0.0726  0.81+£0.70¢  0.18+0.002 6.31£0.06>  27.49+0.782  Corn
14.22+0.04>  0.55£0.022  0.20+0.012  0.44+0.012  4.04+0.09> 0.30£0.03¢=  0.20+0.012 6.76+0.162  26.69+0.21b (o]
137610410  0.43+0.042>  0.20+0.012 0.46+0.01bc  3.18+0.01¢  0.34+0.03®>  0.19+0.01> 5.31+£0.40¢  23.86+0.86¢ c
13.80+0.07°  0.49+0.01>  0.22+0.032 0.49+0.042> 424+0.082 0.33+£0.02> 0.20£0.05%>  6.03£0.08>c  25.79+0.01¢ S
14.12+0.08>  0.48+0.01>  0.19+0.002  0.44+0.01c  3.94+0.06> 0.27£0.03> 0.22+0.012t  6.73+0.052  26.36+0.14ac H
8 147740142 0.35£0.14>  0.23+0.00a  0.52+0.012=  4.11£0.10e>  0.37£0.05=  0.23+0.01a  6.19£0.09®c  26.75+0.24®>  Can
15.14£0.37a  0.51£0.012  0.20+0.012  0.46x0.01cc  3.79+0.09¢ 0.30£0.012>  0.19+0.0126  6.40+0.112>  26.96+0.402 SB
14132013 0.44+0.0226  0.22+0.042  0.43+0.01c  3.89+0.13c  0.35+0.04=  0.20+0.046  581+0.07c  2545+0.21c  Corn
14.10+£0.02>  0.524#0.03¢=  0.19+0.00a  0.45+0.01c  3.93+0.06 0.34+0.022>  0.19+0.01>  6.204£0.08>c  25.90+0.06 (o]
13.25£0.210  0.45+0.012t  0.23+0.000  0.53+0.002=  3.12+0.02c 0.41+0.022> 0.22+0.00®>  4.32+0.11¢  22.51+0.31¢ C
10 13.75#0.20®> 0.46+0.012> 0.18+0.01>  0.42+0.01t 3.56+0.162> 0.36+0.04>> 0.19+0.01>  5.73%0.07>¢  24.63+0.23¢ S
13.92+0.042  0.46+0.012>  0.2240.022> 0.47+0.062 3.36+0.21tc  0.34+0.04bc  0.20£0.032>  5.95+0.13ac  24.91+0.14bc H
14.12+0.0826  0.33+0.17°  0.21£0.022> 0.47+0.06®> 3.71+£0.072  0.31£0.01c  0.19+0.01>  6.01+0.1126  25.33+0.130 Can
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15.20+0.142  0.50+0.022>  0.23+0.012  0.50+0.012> 3.43%£0.162 0.35+0.03vc 0.22#0.012>  6.17+0.042  26.59+0.032 SB
14.07+£0.29%  0.45+0.022>  0.23£0.002  0.50+£0.032>  3.68+0.042 0.32£0.06*¢ 0.23£0.002  5.59+0.06%¢  25.06£0.31®«  Corn
14.08£0.06®>  0.54+0.022  0.22+0.03® 0.49+0.06®® 3.69+0.09c 0.48+0.04= 0.20£0.02>  551+0.35¢  25.18+0.06° 0
12.34£0.37¢  0.41x0.01>  0.21%0.03=  0.55+0.03=  2.81+0.12¢  0.38£0.04=  0.18+0.012 4.06+0.08¢  20.94+£047¢ c
1348+0.10>  0.44+0.012> 0.21%0.03¢ 0.47+0.06®> 3.48+0.05®° 0.34£0.022  0.21£0.042 5.69+0.06>  24.30+0.27° S
13.36£0.16° 0.44+0.022> 0.20%0.012  0.42+0.00> 3.23£0.12° 0.27£0.01=  0.17x0.012  5.63%0.07  23.70+0.01° H
12 13.49£0.28> 0.43+£0.03® 0.21%0.022 0.47+0.04=> 3.62+0.162 0.27£0.04=  0.20£0.022  579+0.20®>  24.46+0.01° Can
14.87£0.04=  0.47+0.03=  0.20%0.03= 0.49+0.06=> 3.28+0.08®> 0.97+0.35  0.18+0.032 5.96+0.122  26.41+1.082 SB
13.45£0.28> 0.44+0.012>  0.20%0.012  0.46+0.022> 3.45+0.16® 0.30£0.012  0.19+0.022 531+0.08¢  23.78x0.12>  Corn
13.81+0.08>  0.48+0.022  0.25+0.042 0.55+0.082> 3.35%0.2126  0.39£0.022  0.20+0.022  5.45+0.05«¢  24.48+0.06° 0

Means sharing the same letter in the same row (a-€) are not significantly different (p > 0.05) using Duncan’s multiple range test. C: Control, S: sunflower, H:

hazelnut, Can: Canola, SB: Soybean, Comn: Corn, O: Olive.

Eicosapentaenoic acid (EPA) is one of the most important
polyunsaturated fatty acids for human health. EPA level was
found as 4.21% at the beginning of the storage period, while it
was measured as 2.81%, 3.48%, 3.23%, 3.62%, 3.28%, 3.45%,
3.35% at the end of the storage period for the control,
sunflower, hazelnut, canola, soybean, corn and olive oil groups
respectively. Statistically significant differences were observed
between the control group and treatment groups during the
storage period (p<0.05). The highest EPA level was found in
the corn oil group on day 2 of storage as 4.73%. The lowest
EPA level was found in the control group at the end of the
storage period as 2.81%. While there were no statistically
significant differences between treatment groups on the second
day of storage, a statistically significant difference was found
with the control group (p<0.05). While no statistically significant
differences were observed between soybean and corn oil
groups on storage day 8, statistically significant differences
were observed between all groups and the control group
(p<0.05). Ozogul at al. (2017) reported that the EPA values of
sea bass (Dicentrarchus labrax) fillets treated with commercial
oil nanoemulsions decreased during the storage period. On the
other hand, the EPA values of the groups treated with
nanoemulsions were higher than the control group throughout
the storage period. A similar decrease was observed in present
study. Ozogul et al. (2007) reported that the EPA values of
commercially valuable species present in Turkish seas were
between 4.74% and 11.7%.

DHA is another very important polyunsaturated fatty acid.
At the beginning of the storage period, DHA value was found
as 8.09% and this is the highest DHA value recorded during the
storage period. This value decreased during storage period and
statistically significant differences were observed between
groups. At the end of the storage period, DHA value was found
as 4.06%, 5.69%, 5.63%, 5.79%, 5.96%, 5.31%, 5.45% for the
control, sunflower, hazelnut, canola, soybean, corn and olive oil
nanoemulsion groups respectively. At the end of the storage
period, the highest DHA level was found in the soybean oil
group with 5.96%, while the lowest DHA level was found in the
control group with 4.06%. During the storage period, it was
determined that the DHA levels were higher in the treatment
groups compared to the control group. Alasalvar et al. (2002)

reported that the DHA values for wild caught and cultured bass
were 19.5% and 18.1% respectively. Ozogul et al. (2007)
reported that the DHA value in sea bass fillets was 14.7%.
Lenas et al. (2011) reported the DHA level of wild caught bass
as 17.17% and cultured bass as 8.62%. The DHA level found
in present study was similar to the value of sea bass found by
Lenas et al. (2011).

Fatty acid composition of sea bass was significantly
influenced by nanoemulsion application (p <0.05). In general,
the nanoemulsion treatment groups were found to have higher
MUFA and PUFA contents than those of the control group.
Among the nanoemulsion treatment groups, the highest PUFA
value in the soybean group was observed and the lowest value
in the hazelnut group was observed at the end of storage.

CONCLUSIONS

At the end of the storage period, saturated fatty acid levels
in the control and nanoemulsion treatment groups increased
and monounsaturated and polyunsaturated fatty acid levels
decreased. Most researchers associate this decrease with the
transformation of especially unsaturated fatty acids among fatty
acids becoming free as a result of lipolysis reactions to first
peroxides and secondarily to aldehydes, ketones, alcohols and
esthers as a result of auto-oxidation reactions. In the present
study, lowest polyunsaturated fatty acid levels were found in the
control group on the last day of the storage period. Among
nanoemulsion groups, soybean oil group gave the highest
PUFA content. It was thought that the application of
nanoemulsions delay the auto-oxidation reactions of
unsaturated fatty acids. As a result, it was thought that the type
of oil used to prepare nanoemulsions can have a positive effect
on fatty acid compositions.
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Abstract: This study aims to bring to light behavioral impairment and the delayed mortality of discards below legal catch rate in a simulated trawl operation.
Behavioral impairment of 126 fish in the aftermath of trawling operation was tested in two different methods through observing their reflexes. In the first method, all
the fish in the tank was compared with the control groups on account of their responds to different stimulants, while in the second method, reflex measurement
was individually carried out. Reflexes from these two processes were taken as the extent of behavioral impairment and a relation with delayed mortality was
established. A considerable number of fatalities among those returning to the water came about within 24 hours. There was a proportional connection between
behavioral impairment and delayed mortality. However high the behavioral impairment might be, the mortality rate remained at a certain proportion. A considerable
number of fish survived under confined medium in the laboratory tanks.

Keywords: Reflex, behavioral impairment, trawl simulation, discard, delayed mortality

0z: Bu galismanin amaci sanal bir trol operasyonu gergeklestirerek yasal yakalama boyunun altinda olan iskartalarin davranis bozuklugu ile gecikmis élim orani
arasindaki iliskiyi agiklamaktir. Deneysel trol gekimleri sonrasinda 120 baligin davranis bozuklugu, farkli uyaricilara kargi reflekslerin gozlemi yoluyla iki farkli
metotla test edilmistir. ilk metotta gézlem tiim baliklarin farkli uyaricilara karsi reflekslerin gozlemi toplu halde kontrol gruplari ile karsilastirilirken ikinci metotta
refleks testleri bireysel olarak yapiimistir. Iki metotta da davranis bozuklugunun derecesi olarak alinan refleksler ile gecikmis 6lim arasinda bir iliski bulunmustur.
Denize canli dénen bireylerdeki 6limlerin dnemli bir kismi yaklasik 24 saat sonra gerceklesmektedir. Davranig bozuklugu ile gecikmis 6lum arasinda dogrusal iligki
bulunmustur fakat davranis bozuklugu ne kadar yliksek olursa olsun 8liim belli bir oranda kalmaktadir. Canlilarin 6nemli bir kismi laboratuvar ortamindaki kisitlanan
tanklarda canligini sirdirmistr.

Anahtar kelimeler: Refleks, davranig bozuklugu, trol simiilasyonu, 1skarta, gecikmig 6lim

INTRODUCTION

Sea resources for exploitable aquatic organisms are
presently under heavy strain by overexploitation (Anonymous,
2002). In addition to the over use of resources, the “discards”
are a case in point. Annual global amount of discards was cited
by Alverson et al. in 1994, as 27 million tons while Kelleher
estimated it in 2005 as 7.3 million tons.

Though referred to as unfavorable way of fishing due to its
nonselective nature, trawling is still one of the most common
methods across the world since it has no alternative from
technical, sociological and economical aspects. Although this
kind of fishing exhibits certain differences according to locality
and season, it still has rather high discard ratio (Anonymous,
2002). Market conditions in traditional trawling change in
discarded species and/or their discard ratios. It is rather

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

important to be selective for such species before taking on
board without letting them into the trawl net or allow them to
escape from the net if caught. Yet, in spite of efforts in this
direction such discard species in remarkable amount are taken
on board and disposed to sea after catch.

Delayed mortality events result from physical injure,
infection, wounds due to prey-predator relation and acute
physiologic stress all arising from behavioral impairment
(Davis, 2002; Davis and Parker, 2004; Simsek, 2012; Demirci
etal., 2012). Although tried to be controlled with environmental
conditions and distribution of species as well as with their
interaction, delayed mortality factors are still not accurately
understood (Davis, 2002). Studies on the impact of stress of
fish are important to understand and control the ecological
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impact of discard mortalities and other natural as well as human
induced stresses on exploited sea ecosystem.

In order to measure the delayed mortality rate, several
approaches have been employed so far (Davis, 2002, 2005,
2007, 2009). Direct method for estimation of delayed mortality
is to observe discard and survival rate in tanks on the board.
(Schreck et al., 1997; Saygu and Deval, 2014; Simsek and
Demirci, 2016). There exist certain deaths which remain
unobserved. These deaths or mortalities can occur long time
after the trawling operation and they are called delayed
mortality (Chopin and Arimoto, 1995; Davis, 2002; Benoit et al.,
2012; Benoit et al., 2013; Demirci et al., 2012; Simsek, 2012;
Simsek and Demirci, 2016). An approach would be to develop
the studies carried out in laboratory medium with such
measurement criteria including injuries, physiology and
behavioral observations will help us find out reasons for
unknown deaths. In addition to being an ecologic
measurement, behavioral impairment could be due to several
stress resources including being discarded (Beitinger, 1990;
Schreck et al., 1997; Davis and Parker, 2004).

In this study, observations were taken as basis with a view
to develop methods and application for use in fisheries
management for Eastern Mediterranean.  Behavioral
impairment in fish exposed to trawling simulation was evaluated
through two different approach. In these two approaches, the
fish, subjected to experimental trawl tired, were examined
behavior impairment. In the first approach, individual reflex
tests were performed of fish. In the second approach, the fish
groups were evaluated behavior.

MATERIALS AND METHODS

Experiments were conducted at Fish Behaviour Laboratory
from January to March 2012. 126 Sea bream (Sparus aurata)
were used in this experiment was provided from a local fish
farm. All of the individuals included in the study were males with
an average length of 13.7 c¢m, ranging from10 to 15.4 cm
lengths. Length of legal catch size of sea bream is 20 cm in the
fishing area in Turkey (Anonymous, 2016).

Trawling simulation system

The simulation system consist of rotating in a tank of water
in the tank is 2.5 m in diameter creates two traw! bag. Rotational
power is provided by a quiet and powerful electric motor. It was
carried out rotation with speed control unit under control. In the
study 126 fish were used for all tests and each simulating trawl
hauling taken 2 hours in this system. 87 of these fish were used
for total behavioral impairment of fish shoals in 7 simulating
trawl hauling. 39 of these fish were used for individual
behavioral impairment in 10 simulating trawl hauling.

Subjecting fish to simulated trawling operation

Tiring process: In this phase fish were subjected to
simulated trawling operation so that they are tired. Trawling
speed was 7 rpm and 1.8 knot.

Exposing to air: Upon hauling the trawl net from water in
trawling operations, fish are left exposed to the effect of air
depending on several variables including fish selecting work on
board, relaying the trawl net and other time consuming
variables. In this study, fish subjected to tiring process for 2
hours were all exposed to air for 5 minutes before being put in
the observation tanks.

Observing total behavioral impairment of fish shoals

Shoals of fish were put into the observation tank so that
they could be compared with the control group. In this
observation tank, behavioral impairments occurring due to
exhaustion were observed at the end of 5 min, 10 min, 20 min,
40 min, 60 min, 90 min, 120 min and 24 hours. In all the
observations ranging from 5 min to 24 h, general behavioral
change, and their responses to sound, sight and sense of
feeling external contacts were all taken into account. The
correlation between the mortality rates and reflex impairment
values obtained from the 8 different times after trawling
simulation.

Swimming ability: There was difference between the
general condition of the control group and that of the fish tired
during the trawling simulation, which can be attributed to their
co-ordination in the shoal, in the other words to their behaviors
resulting from their awareness of each other. A classification
from 1 to 4 was based on the number of fish with different
behaviors and the degree of difference. In the experiment the
fish were observed on the basis of the peculiarities and the
speed of their swimming and grouping (Fig. 1).

No Impairment Middle Impairment

Most Impairment
) (lor2)

(3or4)

||

— Normal —= Impaired

Figure 1. Monitoring tanks after trawling simulation to observe the
reflex impairment (The fish exposed to trawl simulating tired were
placed on the observation tank in shoals and were scored scales by
following the tank from a distance according to the figure)

Sound: The sensitiveness of fish in the control group to
sound was compared with that of the fish exhausted in the
trawling operation. Also, the number of fish responding to an
external impact on the tank was assessed both in the control
and test groups.

Vision: An effort was made to identify the different
responses to action made on the surface.

Touching: An easy and decisive method which leads to a
conclusive assessment in the observation. If you manage to
touch the fish, in other words, if it doesn’t swim away but seems
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to be uncaring, this denotes behavioral impairment. In the
experiment, effort was made to approach the fish with a plastic
stick and their reflect was evaluated.

Determining individual behavioral impairment

According to Davis (2009), the response by a fish to an
external impact is an indication of the intensity resistance to
increasing stress factors. The starting time of the spontaneous
response to the external force is significant. Here in this study,
four distinct responses were counted. The responses under
question were measured with the help of a holder and a nylon
probe 5 min, 30 min and 60 min after a 2 hour-trawling
simulation including 5 min air exposure.

Gill movement: The movement of gills is important for the
breathing of fish. Gill flaps were opened with a nylon probe of 3
mm diameter and were then closed before the reaction could
be observed and recorded.

Movement of mouth: When the mouth was in closed
position, it was opened with a probe and then closed. Here the
adaptation of the fish’'s movement to gills was observed.

Eye response: One of the essential stages in individual
examine was the condition of eyes after trawl tiring simulation.
Here was to observe visually the change in eye diameters,
which is considered to determine stress factor. That's why eye
diameters were followed up after tiring process and compared
with those of the control group.

Table 1. The number and the mortality rates of samples

Throat reflex: Throat response was observed with a probe.

General body reflex: Upon positioning the fish on the
observation kit in away which would not harm it, every changing
movement on the body was observed with a view to make an
assessment. Unlike other tests, the fish were not subjected to
an additional process, but was only observed.

Assessment of the data: All the findings were evaluated
with MS Office Excel Program using arithmetical mean and
simple regression.

RESULTS AND DISCUSSION

Given in Table 1 are the number of fish employed in 7 valid
trawling operations as well as mortality ratio within 48 hours
after hauling. The fact that most of the deaths occurred 24
hours after the hauling appears to be in parallel with similar
studies (Saygu and Deval, 2014; Simsek and Demirci, 2016).

Behavioral impairment observed are given in Table 2
according to duration after hauling. Here, score ‘4" means
maximum disorder and ‘0’ is means normal behavior. According
to this visual index obtained from preliminary studies, a partial
improvement occurs in time in behaviors and reflex of the sea
bream subjected to trawling tiring and exposed to air, however,
complete normalization should not be expected.

Number of Haul 24 hrs 48 hrs Mortality Rate
Alive Death Alive Death Delayed Acute
1 13 0 10 3 0.30 0.00
2 1 1 9 2 0.22 0.09
3 12 1 9 3 0.38 0.08
4 1 1 7 4 0.50 0.09
5 12 1 9 3 0.38 0.08
6 12 1 10 2 0.18 0.08
7 10 1 8 2 0.22 0.10
Table 2. Assessment of general reflex impairment depending on time
?I\;Ilir::;t?e r)1 Swimming Hearing Visual Touch
5 4 4 4 4
10 3.75 4 3.75 4
20 35 4 35 3.75
40 35 4 3.25 375
60 3.25 3.75 3.25 3.25
90 325 325 3.25 3.25
120 3.25 3 3 3.25
24 hrs 2.75 2.75 2.75 2.75

It was evaluated according to Figure 1 by comparison with a control group as a test group; Swimming; there is not any intervention, only observation. Hearing;
the responses of fish when after the tank outside shot. Visual; the response when any object is seen. Touch; the response of fish when any object is touch.
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It is known that deaths following haulage occur more as
delayed mortality than acute ones. This period and ratio of the
delays exhibit difference according to particular species (Davis
and Olla, 2002; Davis and Parker, 2004; Davis and Ottomar,
2006).

The response by a fish to stimulant is an indication for the
intensity of the resistance of the fish to external stress
contributing factors (Davis, 2009). Regarding any stimulating
event, the starting time of the spontaneous response by the fish
to this event is of importance. If the response starts in no time
with the approach of the probe, we can regard this behavior as
normal. Yet, if the fish does not seem to be disturbed by the
probe, without showing any reflex, we say it has a behavioral
impairment (Davis, 2009). Sea bream, employed in this study
exhibited a rather high degree of behavioral impairment,
however, 50 % of the fish exhibited improvement to the normal
conditions within 48 hours. Later on these fish, kept in the tank,
displayed a total improvement in four days, though this was not
included in the assessment.
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Figure 2. Correlation between mortaliies and reflex impairment
values (a; swimming, b; hearing, ¢; visual, d; touch)

Although acute mortalities occurred in all trawling
simulations except in one, these mortalities were rather low in
ratio. Nonetheless, there were so called delayed mortalities
occurring within 24 hours following the trawling simulations.
Submitted below are the values of different reflex impairments
observed (Fig. 2). In figure 3 all reflex impairment values are
given in general mean.

Table 3. Individual reflex impairment depending on time
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Figure 3. Correlation between mortality ratios and combined reflex
impairments

According to these results, values for impaired vision and
swimming reflex may be compared to mortality rates, however,
in practice it is easier to identify any reflex impairment with the
help of touching with a probe. On the other hand, with a fish
having healthy reflex, it is not even possible to approach a fish
with healthy reflex, let alone touch it. Although it was clear in
practice that the fish exhibited normal reflex, findings are
considered not to have displayed appropriate numerical data
for use in assessment. Yet, the relation gains significance when
four different observed values are used together.

The relation between the mortality rate and reflex
impairment is expected to be rather different than linear one,
because no matter how high is the reflex impairment, mortality
rate ceases to increase at a certain point, stabilizing there.
Actually, due to insufficient control of the conditions during the
experiment, it is felt that distinctions between trawling
simulations were inadequate. Minute daily fluctuations in water
and air temperature could be put in the distinction list. It is
considered that more accurate studies be planned for the sake
of better control.

For all that, the presence of a particular relation means that
the very method could be useable. The fact that reflex
impairment values depend on personal observations leads to
unwelcome results with that method. With a view to reach less
unfavorable results, the higher degree of experience of the
researcher plays a vital role. Moreover, it would be preferable
to use statistical methods other than those numerical ones
based on observations.

Duration Number Values for Reflex impairment

(Minute) of Fish GBR VR MM GR TR
5 16 0.4 08 0.3 0.4 0.6
30 13 0.5 0.7 0.0 0.3 0.5
60 10 0.6 038 0.3 0.2 0.4

“Each fish's reflex was assessed individually” GBR: General Body Reflex VR: Visual Response, MM: Mouth Movement, GR: Gill Response, TR: Throat Reflex
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Assessment of individual reflex impairment given in table 3
was based on that by Davis (2007; 2009). Though a partial
improvement depending on time was observed with the Sea
bream in this trawling simulation carried out with these
variables, the time elapsing for the improvement was rather too
long. To this end, 10 trawling simulation were performed in
groups of six fish.

As the reflex impairment obtained from this method is more
related with the very response rather than the observations the
assessment is considered more accurate. On the other hand, a
second intervention to each fish for individual test is regarded
potential acute stressor, for each fish is to be captured in the
tank so that its response can be studied out of water within
approx. 30 seconds. Following this second test most of the fish
died. That is why the relationship between the reflex impairment
obtained here and mortality rates was not investigated.
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Oz: Plastiklerin tabiatta pargalara ayrilmasi dolayisiyla da mikroplastiklerin (<5mm) olusmasi dogal olarak hava, riizgar, giines ve su akisi etkileriyle ve/veya
antropojenik etkilerle gerceklesebilir. Mikroplastik kirliligi gtinimizde yeni anlasilan bir konudur. Son zamanlarda cevrede ve sulardaki mikroplastik kirliligi
konusunda yapilmis calismalar artsa da gidalardaki mikroplastik kirliligi ve sagliga etkileri agisindan yapilmis pek fazla ¢alisma bulunmamaktadir. Yemek tuzu, basit
Uretim teknikleri ile deniz, gl ve kaya (kuyu) gibi dogal kaynaklardan temin edilmektedir. Abiyotik bir su Griinii olan tuz, guinlik hayatta ok kullanilan ve “li¢ beyaz”
olarak bilinen gida maddelerinden biridir. Yapilan bu calismada tilkemizdeki marketlerden alinan ve temel gida maddelerinden biri olan sofra (yemek) tuzlarindaki
mikroplastik kirlligi incelenmistir. incelemeler sonucunda yemeklik tuz icerisinde bulununan mikroplastik sayisinin higte azimsanamayacak miktarda oldugu
anlasiimistir. Kaya tuzlarinda ortalama 28, deniz tuzlarinda 56 ve gél tuzlarinda 63 MP/200g tespit edilmistir.

Anahtar kelimeler: Tuz (NaCl), mikroplastikler, antropojenik, kirlilik, gida, Tiirkiye

Abstract: In the nature, the plastics are broken down to smaller pieces, producing microplastics (<5mm), through exposure to elements such as air, wind, sunlight,
water, as well as due to anthropogenic effects. Microplastic pollution is a problem that we are just beginning to understand. Even though an increase in the number
of studies on microplastic pollution in the environment and in water has seen some increase recently, studies focusing on microplastic pollutions in food, and their
effect on health are few and far between. Table salt is obtained from natural resources such as the sea, lakes, and rocks (wells), using very simple production
techniques. As an abiotic aquatic product, salt is a widely used foodstuff, constituting one leg of the so-called “three whites”. The present study analyzed the level
of microplastic pollution in tablesalts (food), deemed a basic foodstuff, and procured from the supermarkets in Turkey. The analyses revealed that the microplastic
counts observed in table salt samples are not negligible at all. The amounts of average MP in rock salt, sea salt and lake salt were found to be 28, 56 and 63,
respectively.

Keywords: Salt (NaCl), microplastics, anthropogenic, pollution, food, Turkey

GIRiS
Diinyadaki plastik tiketim orani yaklasik son 70 yildir  gibi canlilara zararli olabilecek katki maddelerinin kullanildig
katlanarak artmakla beraber bilim adamlar, icinde bilinmektedir. Bunun yani sira plastikler lipofilik dzelliktedir ve

bulundugumuz jeolojik dénem olan Antroposen donemde  diklorodifeniltrikloretan (DDT), polisiklik aromatik

“Plastik Cag’a girildigini” aciklamigtir (Waters vd., 2016;
Zalasiewicz vd., 2016). Bunun yani sira plastiklerin asiri
kullanimindan dolayi, uzun vadeli ¢dkelme ve fosillesme
olaylari neticesinde meydana gelecek jeolojik tabakalarin ciddi
miktarda plastiklerden olusacadi bildirimektedir. Cevreye
birakilan plastiklerin, dogadaki yagislar ve akislar sayesinde
derin okyanus ylzeylerine ve hatta diplerine kadar taginabildigi,
okyanuslardaki girdap akimlarinin ortasinda dev plastik
¢Opligl olusturdugu gorilmistir (Eriksen vd., 2014; Jambeck
vd., 2015; Yurtsever, 2015).

Gerek mukavemeti artirmak gerekse farkli ve istenilen
ozellikte tiriin tretmek amaciyla plastiklerde Bisfenol A (BPA),
agir metaller (Kursun, Bakir, Kadmiyum vb. gibi), ftalatlar vb.

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

hidrokarbonlar (PAH), polibromlu difenil eter (PBDE), Poliklorlu
bifeniller (PCB) gibi gesitli kalici organik kirleticileri (POPs),
organoklorlu pestisitleri ve hormon bozuculari adsorplayarak
ylizeyinde taslyabilmektedir (Mato vd., 2001; Lee vd., 2014;
Bakir vd., 2012; Bakir vd., 2014; Rochman vd., 2013a).

Nufusun yogun oldugu ve sanayilesmis alanlarda, en gok
karasal kaynaklardan gelen plastik c¢oplere rastlanmaktadir
(Klein vd., 2015; Duis ve Coors, 2016; Pruter, 1987; Gregory,
1991). Kanada'daki Halifax Limaninda yapilan bir arastirma,
limandaki toplam ¢dplerin % 62'sinin rekreasyon ve karasal
kaynakli kaynaklardan olustugunu gdstermistir (Ross vd.,
1991). Ozellikle kentsel yerlesimin fazla oldugu bolgelerdeki
atmosferik dékintlide gok fazla mikroplastik liflere rastlandigi
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bildirilmistir (Dris vd., 2016). Mikroplastiklerin riizgar, hava, ve
akarsular vasitasiyla dogal yollarla tasinarak gevreye ve su
kaynaklarina dokuldigl, su kaynaklarinda ise rizgar, kiyi
akintilari, dalga hareketleri, mikroorganizmalar, canlilar ve
gelgit olaylari gibi cesitli faktorlerle tasiniminin gergeklestigi
bilinmektedir (Browne vd., 2010; Ilwasaki vd., 2017; Kooi vd.,
2017). Literatirde yapilan calismalarda atik yonetimi olmayan
ok kiigik nifuslu yerlesim yerlerinin bile gok buytkgolleri
kirletebildigi ifade edilmistir. Ornedin Free ve arkadaslarinin
(2014),yerlesimden uzakta bulunan Mogolistan Hovsgol dag
gélinin pelajik bolgesinde yaptiklar arastirmada bile yiiksek
miktarda mikroplastik kirliligine rastlamiglardir. Hatta Atlas
Okyanusu ve Akdeniz' de 1176-4844 m derinlikteki yerlerden
alinan 11 sediment érnegi (izerindeyapilan incelemelerde de
mikroplastige rastlandigi bildirilmistir (Van Cauwenberghe vd.,
2013).

Bununla beraber mikroplastiklerin ¢evreye ve insan
sagligina olumsuz etkileri heniiz tam anlamiyla ortaya
konulamasa da bazi énemli gelismeler kaydedilmistir. Bilim
adamlari son yillarda MP kirlili§i konusuna iyice odaklanmig
olup; bu kirliligin biyotaya karsi kompleks ekotoksikolojik
etkilerinin ortaya gikarilmasinin gerekliligini bildirmislerdir (Cole
vd., 2015; Huvet vd., 2016; Avio vd., 2017; Rochman vd.,
2013b; Katsnelson, 2015; Oliveira vd., 2013).

insanlar tarafindan siirekli solunmasi veya yutulmasi
durumunda mikroplastikler bagisiklik sistemini indUkleyerek
veya gl¢lendirerek lokalize pargacik toksisitesi gosterebilir.
Bilesen monomerlerinin, plastikteki katki malzemelerinin ve
adsorbe edilmis gevre kirleticilerinin lokalize sizmasi nedeniyle
kimyasal toksisite meydana gelebilir. (Wright ve Kelly, 2017).
Mikroplastiklere kronik maruziyet, zamanla olusabilecek birikim
etkisinden dolayr daha blyilik endise kaynadi olarak
ongoriilmektedir.

Mikroplastiklerin insanlarin ¢ogunlukla tikettigi gidalarda
bulunup bulunmadidi konusunda da yeni yeni arastirmalar
yapilmaya baglanmistir. Literatirdeki iki yeni galismada farkli
marka sofra tuzlari MP kirliligi agisindan incelenmistir (Yang
vd., 2015; Karami vd., 2017). Tuz (NaCl), ginlik hayatta
beslenmede ¢ok kullanilan ve asirya kagildiginda saglik
acisindan oldukca fazla zararlari olan “l¢ beyaz” (Un, Tuz,
Seker) olarak bilinen temel gida maddesinden biridir. Basit bir
kimyasal bilesik olan Sodyum Klortir diger adiyla Sofra tuzu,
basit tekniklerle denizlerden, géllerden ve kayalardan (kuyu)
temin edilmektedir. Genelde su kaynaklarindan tuz Uretimi, si§
havuzcuklarda herhangi bir kimyasal katki veya isil islem
olmadan, giines ve riizgar gibi dogal etkilerle buharlastirma ile
kristallestirme seklinde gerceklestirimektedir. Tuz, gidalarin
uzun sire bozulmadan kalmasini saglamak igin de kullanilan
onemli bir “koruyucu madde”dir. Bunlara ilaveten tuz; kimya,
cam, kagit, kauguk ve tekstil sanayinde, dericilikte, hayvan
besiciliginde, su yumusatma sistemlerinde ve yollarda
buzlanmayr ¢ézmek amaciyla da yaygin  olarak
kullaniimaktadir.

Yang ve arkadaslarinin (2015) Cin’de sofra tuzlarindaki

mikroplastik varliginin arastiriimasi kapsamindaki ¢alismalarda
incelenen tuzlar; deniz tuzu, gél tuzu ve 100m derinligindeki
kuyulardan elde edilen kaya tuzlardir. 15 farkli marka tuzda
yaptiklari incelemelerde deniz tuzlarinda 550-681 adet MP/ kg,
gol tuzlarinda 43-364 adet MP/ kg ve kaya/kuyu tuzlarinda 7-
204 adet MP/ kg farkli maddeye rastlamiglardir. incelemeler
sonucunda, deniz tuzundaki mikroplastik konsantrasyonunun,
g6l tuzundakinden (¢ kat, kaya tuzundakinden de yedi kat daha
fazla oldugu goriilmstir. Bunun sebebi de gél tuzu kaynaginin
sehre uzak (nlifus;12 kisi/m2) dag gélleri, deniz tuzu kaynaginin
ise sehre (nifus:559 kisi/m2) yakin olmasidir. 100 m derinlikteki
kapali ortamdaki kuyulardan alinan kaya tuzlarinin en az
etkilendigini dusundllrse, sehirlesmis bolgelerde mikroplastik
kirliligi seviyesinin yliksek olacagi daha net anlasilacaktir (Yang
vd., 2015). Karami ve arkadaslarinin yapti§i ¢alismada ise,
dinyanin farkli (lkelerine ait (Avustralya, Fransa, Iran,
Japonya, Malezya, Yeni Zelanda, Portekiz ve Glney Afrika)
toplam 17 farkli marka sofra tuzu (deniz ve gél tuzlar) Malezya
pazarindan satin alinarak mikroplastik Kkirliligi agisindan
incelenmis ve bir marka hari¢ diger hepsinde 1-10 adetMP/kg
arasinda mikroplastik tespit etmislerdir (Karami vd., 2017).

Bu calismadaki amag; tlkemizde ticari olarak satilan ve
marketlerden kolaylikla temin edilebilen farkli marka sofra
tuzlarindaki mikroplastik varligini incelemek ve bu kirliligin
boyutlarini  ortaya  koyabilmektir.  Boylelikle  Tlkemizde
beslenme, gida ve saglik alaninda simdiye kadar pek
onemsenmeyen mikroplastik kirliligi hakkinda farkindalik
olugturabilmektir.

MATERYAL VE METOT

Bu calismada, Sakarya ilindeki marketlerden alinan 10
farklimarkaya ait deniz, gl ve kaya tuzlari incelenmistir. Alinan
tuzlarin  gogdunlugu ylksek yogunluklu polietilen (HDPE)
polimerinden yapilmis ambalajlar igerisindedir. 1 litrelik bir
ayirma hunisine 200 g tartilarak alinan tuz numunesinin iizerine
ultrasafsu (100 mL) eklenerek karistiriimistir. Daha sonra
organik safsizliklarin giderilmesi amaciyla tGzerine 100 mL %35
H20: eklenmis ve yavasca karistiriimigtir. Numunelerin agizlari
kapatilarak oda sicakliginda bir ¢alkalayicida bir glin slreyle
calkalanmigtir. Daha sonra Uzerine 10 g Nal (3.67 g.cm?)
eklenip karigtirilarak ¢oziilmis ve ultrasafsu ile hacim 1 L'ye
tamamlanmistir. 3 dakika siddetli karistirildiktan sonra tekrar 1
gin boyunca calkalayicida calkalanmistir. Daha sonra
supernatant kismi, vakum dizeneginde 0.45 pm’ lik filtre
kagidindan gegirilerek suzilmdstir. Filtreler hemen bir petri
kabina alinarak (zeri kapatiimig ve oda sicakliinda 4 saat
bekletilerek kurutulmustur. Bdylece numuneler mikroskop
altinda MP inceleme ve siniflandirma islemleri i¢in hazir hale
getirilmigtir. Deneyler her numune igin 3 tekrarli olacak sekilde
yapilmistir. Deneyler sirasinda tim yiizeyler temiz ve lif
birakmayan alkolli bez ile silinmistir. Ortamdan ve havadan
herhangi bir MP kontaminasyonu olup olmadidini anlamak
lzere ayni islemler sirasinda bos bir filtre de konularak
Uzerindeki MP varligi da incelenmistir. Numunelerdeki MP’ ler
kamerali (Olympus DP20) isik mikroskobu (Olympus BX31) ile
incelenmis ve mikroskop goruntileri (4x magnification)
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alinmistir. Rastlanan mikroplastikler; renklerine, sekillerine ve
boyutlarina gdrekategorize edilerek sayimigtir. Mikroskop
incelemelerinden sonra rastlanan MP’ lerin polimer tiir(inG
anlayabilmek amaciyla micro-ATR-FT-IR Spektrometre (micro-
Attenuated Total Reflection/Fourier Transform Infrared
Spectroscopy) cihazi ile kimyasal yapi incelemesi yapilmigtir.
FT-IR incelemeleri; filtre kagidi Uzerindeki parcaciklarin
mikroskop incelemelerinde plastik olarak belirlenenlerin
kimyasal yapisini tayin amaciyla yapilmistir. incelemelerde
Bruker marka (Opus 7.5, Lumos, Germany) micro-ATR-FT-IR
Spektrometre cihazi kullaniimistir.

Tuz numuneleri, mikroplastik kirliligi agisindan incelenerek
mikroskop ile sekillerine, renklerine veya buyUkllklerine gore
bir siniflandirma yapilmistir. Ayrica bu mikroplastiklerin hangi
tir plastikten oldugunu anlamak amaciyla FT-IR ile kimyasal
karakterizasyon tayini gerceklestiriimistir. Sekil 1" deki
gérintilere bakildiginda incelenen tuz numunelerinde farkli
safsizliklarin - bulundugu gérilmektedir. Goruntilerden de
anlagildigi  Gzere, tuzlarin igerisinde farkli bUytkliklerde
mikroplastikler ~ bulunmaktadir.  Cogunlukla lifler gdze
carpmaktadir ve bunun yani sira pargacik ve film tipinde
mikroplastiklere de rastlanmistir.
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$Sekil 1. Sofra tuzlarinda rastlanan mikroplastiklere ait bazi gériintiiler
Figure 1. Some images of microplastics found in table salts
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Figure 2. Amount of MPs

Tuz numuneleri mikroskop altinda detaylica incelenerek
rastlanan mikroplastikler sayilmis ve renk ve sekillerine gore
elde edilen ortalama degerler Sekil 2' de gdsterilmistir. Tespit
edilen mikroplastikler; mikrolif (L), parcacik (P),film (F) ve
toplam (T) olarak gdsterilmistir

Sekil 2’ den anlagildigi Uzere tuz numunelerinde en fazla
miktarda lif seklinde ve mavi renk tonlarinda mikroplastige
rastlanmistir. Tim tuz incelemelerinden elde edilen MP
sonuglarina gére genel bir degerlendirme yapildiginda kaya,
deniz ve gél tuzlarinda (200g) rastlanan MP sayisi ortalama
olarak sirasiyla; 28, 56 ve 63 adet olarak belirlenmistir.

Havadan herhangi bir mikroplastik kontaminasyonu olup
olmadigini anlamak Uzere bir kontrol (blank) Uzerinde yapilan
islemlerde filtreler Uzerinde en az sifir (0), en fazla da 8 adet
mikroplastige rastlanmigtir. Bunlarin cogu
mikroliflerdir.incelenen numunelerde rastlanan
mikroplastiklerin cogunlukla 300 pm civarl boyutta oldugu
gérilmektedir (Sekil 3). Bunun yani sira tuzlarda 1 mm
boyutundan daha biyik lifler de azimsanamayacak élclide
mevcuttur.

MicroATR-FT-IR analiz sonuglarina gére agirlikli olarak
polyamid (polyamide (PA) 66 Durethan (Nylon 6.6)) polimer
tirevlerine rastlanmistir (Sekil 4). ATR-FT-IR ile yapilan
analizlerde kugUk boyuttaki sentetik polimer liflerin yapisi ¢ok
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net olarak tayin edilememektedir. Bundan dolayi, sonuglara
yansimasa da numunelerde rastianan 50 ym’ nin alti ve nano
boyuttaki pargaciklar da plastik polimer kaynakli olabilir.
incelemelerde en ¢ok rastlanan PA 66polimerinin ATR-FT-IR
analizine ait bir sonug Ornek olarak asagidaki Sekil 4’ te
gosterilmistir. FT-IR analizleriyle elde edilen sonuglarda,
maddelerin tamaminin sentetik polimer olmadi§i tespit edilse
de, mikroplastiklerin gogunlugunun kiigiik lif formunda
bulunmasindan dolayr bununla ilgili net bir oran
belirlenememistir. Calismada 20 um’ den kigik olanlar dikkate
alinamamigtir
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Figure 3. MP sizes

00 04

04

Abs
0.0

Do 04

Moo e

(%95)Polyamide 66
PA 66 Durethan (Nylon 6.6)

venumber cm-1

Sekil 4. microATR-FT-IRanaliz sonug
Figure 4. Result of microATR-FT-IR analysis

4 - (
4000 3500 3000 2500 2000 1500 1000

246



Microplastic pollution threat in table salt that an abiotic sea product

TARTISMA

Yapilan bazi calismalarda plastiklerin yogunluguna bagl
olarak; deniz-okyanus yiizeyinde, su kolonu boyunca, deniz
tabaninda ve sedimentlerde mikroplastiklerin (MP) varligi
gosterilmistir (Van Cauwenberghe vd., 2013; Claessens vd.,
2013; Maes vd., 2017). Dinyada, Cevresel Koruma
kapsamindaki bélgelerin bile stirekli bir plastik kirliligine maruz
kaldigi ve bunun engellenemedidi bildiriimistir (Baztan vd.,
2014). Durumdan da anlagilacagl gibi ufalanarak oldukga
kiigik boyutlara ulagabilen plastikler gevresel ve antropojenik
olaylarla her yere taginabilmekte ve; okyanuslarda, denizlerde,
gol, akarsu gibi dogal su kaynaklarinda (Storck vd., 2015),
atiksularda ve hatta antimig sularda bile blylk oranda
mikroplastige rastlanabilmektedir (Lee vd., 2002; Webb vd.,
2012; Eich vd., 2015; Depledge vd., 2013; Jambeck vd., 2015).

Mikroplastikler suda, havada rahatlikla dolagabildiklerinden
dolayr gesitli driinlerin Gretim proseslerinden veya havadan
urinlere girmeleri muhtemeldir. Basit bir laboratuvar incelemesi
sirasinda bile inceleme siresi uzadiginda ve ortam
kalabaliklagtiginda o6nemli sayida mikroplastigin havadan
¢Okelerek inceleme vyapilan kaba girebildigi gbz oninde
bulundurulursa, uzun sireler boyu dogal stireclere agik
bekleyen gida ya da malzemelere sulardan, havadan, gevreden
mikroplastiklerin tasinacag daha iyi anlasilabilir. Bu sebeple,
gida malzemesi Uretim slreglerinde hijyen ve sanitasyonun
sadlanmasinda ¢ok dikkatli olunmali ve gerekli tedbirler
alinmalidir. Gida (reticilerine bu konuda buytik sorumluluk
dusmektedir. Buna ilaveten, laboratuvarda yapilan mikroplastik
calismalarinin  da; mimkin oldugunca laminar kabinde
yapilmasi, bunun mimkin olmadigi durumlarda inceleme
sirasinda mikroskoplarin etrafinin seffaf bir ortii ile értliimesi ve
numune agzinin iyice kapatilmasi gibi tedbirler, sonuclarda
pozitif hataya sebebiyet vermemek agisindan iyi olacaktir.

Tuz elde etme yontemlerinin en yaygin olani tuzla denilen
goletlerde tuzlu suyun buharlastiriimasidir. Bu yol ile elde
edilen tuzlarda mikroplastikler gibi havadan, su yollarindan ve
desarjlardan gelebilecek safsizliklar olabilir. Bu agidan
degerlendirildiginde strekli plastik kullaniminin, denizlerden ve
gollerden temin edilen tuzlarda ciddi bir mikroplastik kirliligi
olusturacadi tahmin edilebilir. Turkiye’de tuz dretiminin %28'i
izmir-Camalt’nda deniz suyundan, %64’ i Tuz Gélii, Seyfe
GOl ve Palas Goli' nden, kalani da kaya tuzu yataklarindan
yapiimaktadir. Turkiye’ de 6nemli kaya tuzu yataklari Gankiri,
Nevsehir-Gilsehir ve Yozgat-Sekili’ de bulunmaktadir (MTA,
2017). Bu durumda Ulkemizdeki tuz tretiminde gél tuzlarinin
oraninin ¢ok biylk oldugu da dikkate alindiginda, tlkede tuz
ihtiyacinin yarisindan fazlasini kargilayan géllerimizin bayUk bir
plastik kirliligi ile karsi karsiya oldugu gorilecektir. Ozellikle,
Ozel Gevre Koruma bélgesi kapsaminda olan Tuz Gélii’niin de
ne yazik ki bu kirlilikten nasibini almis oldugu anlasiimaktadir.

Tuzlarda en fazla lif formuna rastlanmasinin sebebi sentetik
tekstil trlnlerinin Glkemizde yaygin sekilde kullanilmasi olabilir.
Ayrica en fazla tiiketilen tuz, Tuz gélinden saglandigindan ve
Tuz Goli yillarca cevre illerden gelen kanalizasyon

desarjlariyla beslendiginden (Karatas, 2006; Ucan ve Dursun,
2009) dolay, atiksularda ciddi bir problem olan sentetik lifler bu
desarjlarla tasinarak gél tuzlarina girmis olabilir. Ayrica bu
sonuglar; ¢ok iyi bir rekreasyonel ve turistik potansiyele sahip
olan bu deniz ve gol kiyllarimizin, insanlarin yapmis oldugu
cesitli antropojenik aktivitelerin olumsuz neticelerine maruz
kalan acik sistemler oldugunun da ispatidir.

Guiniimlizde mikroplastik inceleme konusunda halen tam
bir standart metot ve protokol bulunmasa da yapilan
galismalarda tatli-tuzlu su kaynaklarinda, sedimentlerde,
atiksularda, aritma gamurlarinda ve gidalarda mikroplastiklerin
ciddi miktarlarda bulunabilecegi bildirilmektedir. Kaya, deniz ve
gol tuzlarinda yaptigimiz ¢alismada; gol tuzlarinin gok fazla
mikroplastik  kirliligi icerdigi, rastlanan mikroplastiklerin
gogunlukla liflerden olustugu ve polyamid tiirli polimerin en
fazla bulundugu belilenmistir. Ulkemizdeki sofra tuzlarindaki
mikroplastik kirliligi konusunda yapilan diger yeni bir calismada
ise; deniz tuzlarinda 16-84 adet/kg, gdl tuzlarinda 8-102
adet’/kg ve kaya tuzlarinda 9-16 adet/kg mikroplastik tespit
edilmistir (Gindogdu, 2018). G6l tuzlarinin mikroplastik
kirliliginin  fazla oldugu, en fazla mikrolif formundaki
mikroplastiklerin ve polietilen ve polipropilen turi polimerin
bulundugu tespit edilmistir. iki calismadaki sonuglar bell
oranda uyumlu olsa da, mikroplastik incelemelerinde elde
edilecek sonuglarin; incelemede kullanilan farkli ayirma
metodu, kimyasal madde, cihaz ve spektroskopik metotlara
gbre degisebildigi buradan da anlasilmaktadir. Ayrica
incelenen tuz markalarinin farkli olmasi vb. gibi ihtimaller de
olasidir.

Mikroplastiklerin, insan tliketimine sunulan yiyeceklerde
(tuz, midye, karides, balik gibi su Grlinleri ve seker, bal), bira,
soda gibi igeceklerde (Oliveira vd., 2013; Liebezeit ve Liebezeit,
2013; Liebezeit ve Liebezeit, 2014) ve i¢-dis ortam havasinda
(Dris vd., 2016) mevcudiyeti bilinmektedir. Bu sebeple
beslenme ve solunum (inhalasyon) yoluyla mikroplastiklere
maruz kalabildigimiz agikca gértlmektedir, fakat bunun insan
sagligi  (zerindeki  etkileri  heniz  bilinmemektedir.
Mikroplastiklerin insan saglig Uzerindeki olumsuz etkileri esas
konu olmasina ragmen, mevcut alanlardaki tamamlayici
calismalar mikroplastiklerin olasi parcacik, kimyasal ve
mikrobiyal tehlikelerine isaret etmektedir (Wright ve Kelly,
2017).

Mikroplastiklerin igeriginde zehirli bilesikler bulunabilmesi,
cesitli toksik kirleticiyi adsorplayarak canlilara tasiyici bir arag
gibi rol oynamasi ve her an her yerde bulunabime gibi
dzelliklerinden dolayi gevrede olusturdugu tehdit endise verici
boyuta ulagsmistir. Dogal tatl ve tuzlu su kaynaklarinda, havada
ve toprakta asiri miktarda rastlanan mikroplastik kirliligi cevre,
biyota, gida ve saglik agisindan biiyik bir problem olarak
dikkate alinmalidir.

Gincel calismalar, mikroplastiklerin  insan  saghg!
tizerindeki potansiyel etkilerini bilimsel olarak disiplinler arasi
ortamda tartismanin ve bunun gelecekteki arastirmalar icin
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oncelikli alanlar kapsamina alinmasinin gerekliligini ortaya
koymaktadir.

SONUG

Marketlerde satilan farkli markalara ait sofra tuzlarinda
yapilan incelemeler sonucunda mikroplastiklerin  kaya
tuzlarinda ortalama 28, deniz tuzlarinda 56 ve g6l tuzlarinda 63
MP/200g oldugu ve ¢ogunlukla 300 ym boyutta ve mavi renk
tonlarinda liflerin bulundugu tespit edilmistir.

Mikroplastiklerin saglik tzerindeki olumsuz etkileri henliz
tam olarak anlagilamasa da yasamimiz  boyunca
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0z: Calismada, degisen av kompozisyonun Gokova kdrfezinde kullanilan kiigiik dlgekli av araglarinin 6zelliklerine yansimas arastinimistir. Bu amagla Akyaka,
Akcapinar ve Akbiik kooperatifleri tyelerince kullanilan aglarin teknik ézellikleri tanimlanmistir. Balikgilik takimlarinin teknik gizimlerinde FAO standardizasyonu
dikkate alinmistir. Av araglarindaki degisim, ayni bdlgede daha énce yapilan galismalar ile karsilastirilarak ortaya konmaya galisiimistir. Bolgede toplam 11 (5'i
galsama 5'i fanyali ve 1 adedi de kombine) adet farkli uzatma agr kullanilmaktadir. Ayrica ince, orta ve kalin olarak adlandirilan 3 farkli paragat takimi tanitilmistir.
En biiylk degdisimin galsama aglarinda oldudu tespit edilmistir. 2005 yili dncesi, palamut, barbunya ve sardalye galsama agi olmak lizere (¢ farkli a§ tanimlanirken,
glniimtizde barbunya, tranca, yem baligi, hava baligi ve palamut galsama agi olarak bes farkli tipte ag tanimlanmigtir. Fanyali uzatma aglarinda ise karides ve
bilidye agi artik kullanilimamaktadir. 2005 yil dncesi ve sonrasinda kullanilan sade ve fanyali aglarin hedef tiirlerinde ve teknik yapilarinda (donam faktdri, uzunluk,
yukseklik) farkliliklar bulunmustur. Farkliliklarin muhtemel sebebi bdlgeye lesepsiyen ve istilaci tiirlerin yerlesmesi ve bunlarin ekonomik olarak yararlanmaya
baglanmasidir. Av kompozisyonunun degistigi bu tir alanlarda, benzer calismalarin belirli dénemlerde tekrarlanarak balikgiigin daha iyi yonetilmesine katki
sunacaktir.

Anahtar kelimeler: Kiigiik 6lcekli balikgilik, av kompozisyonu, G6kova Korfezi

Abstract: In this study, it was investigated that changed catch composition reflected on characteristics of small scale fishing gear in Gokova Bay. For this purpose
technical characteristic of fishing gears, used in cooperative members of Akyaka, Akcapinar and Akbik, were identified. FAO standardizations were taken into
consideration when technical drawing of fishing gear. The changes in fishing gears have been presented to be compared with the previous studies in the same
region. In total 11 different nets, 5 gilinet, 5 trammel net and combine (gill+trammel net), were identifies in the Gokova bay. In additon, 3 different longline called
thin, middle and thick were presented. The most important changes were found in gillnets. While three type of gillnets, red mullet, Atlantic bonito and sardine were
used before 2005, five different gillnets, red mullet, pink dentex, yem balidi, air species, Atlantic bonito were identified. For trammel nets, shrimp and bilidye nettings
are no longer used. There are some differences on technical structures (hanging ratio, length, height, etc.) of both gill and trammel nets used before and after
2005. Possible reason for these differences in inhabiting of lessepsian and invasive species and to begin to exploit them commercially. In such areas where catch
composition changes, similar studies will be repeated at certain times to contribute to better management of fisheries.

Keywords: Small scale fisheries, catch composition, Gékova Bay

GIRiS

Giiney Ege’de yer alan Gokova Kdrfezi, Tirkiye'nin dnemli
balikgilik sahalarindan biridir. 10 Temmuz 2010 tarihli ve 27637
Sayill Resmi Gazete'de yayinlanarak yurirliige giren 2/1
Numarali Ticari Amagl Su Uriinleri Avciligini Diizenleyen
Teblig ile Gokova Korfezinde toplam 24 km?'lik alti alan (Akbuk
Limani, Akyaka, Gamli Limani, Boncuk Koyu, ingiliz Limani
(Degirmen BukU) ve Bordubet Limani) deniz koruma alani ilan
edilerek her tiirli su trdnleri avcih§r yasaklanmigtir (Anonim,
2018). Gokova Korfezinin 6nemli bir kisminda trol ve girgir
avciiginin yasak olmasi nedeniyle kuglk olgekli balikgilik
hakimdir (Unal ve Erdem, 2009a; Ayaz vd., 2010). Genelliklede

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

uzatma aglari, paraketa ve oltalarla avcilik yapiimaktadir.

Korfezde farkli disiplinlerde gok sayida bilimsel galisma
mevcut olup, balikgilik Gzerine olanlar; CPUE ve boy-agirlik
iliskileri (Akyol vd., 2007a, b, Ceyhan vd., 2009a,b ; Dereli vd.,
2015), yasadisi balikgilik ile miicadele (Unal and Erdem,
2009b), kayip av araglari (Ayaz vd., 2010), geleneksel balikgilik
(Unal ve Erdem, 2009a) ve balikgilik yonetimi ve sosyo-
ekonomik (Unal vd., 2009a, b; Unal and Franquesa, 2010)
calismalaridir. Ceyhan ve Akyol (2005), G6kova Kdrfezi'nde
(Akyaka ve Akcapinar) kigik Olcekli balikgilikta kullanilan
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uzatma aglarinin teknik ozellikleri Uzerine ile detayli bilgiler
vermistir.

iklim degisikliginin denizel ekosisteme ve balikgiliga etkisi
lzerine giderek artan bir endise vardir (Klyashtorin, 2001;
Brander, 2010). Balikgilik (izerine de ¢ok sayida bilimsel
arastirma yUrutiimekte olup bunlardan bazilari; birincil dretim,
fitoplankton ve degisimleri (Gregg et al. 2003; Richardson and
Schoeman, 2004), iklim degisikliginin denizel ekosisteme
etkileri (Brender, 1995; Attril and Power, 2002; Bax et al. 2003;
Atkinson et al. 2004; Edwards and Richardson, 2004; Perry et
al. 2005; Katsanevakis et al. 2014), tropikal orkinoslar (izerine
yurttilen ¢alismalar (Lehodey, 2001; Lehodey vd., 2003),
sardalya ve hamsi stoklarindaki Uretim ve degiskenlik
(Jacobson et al. 2001; McFarlane et al. 2002; Chavez et al.
2003) Uzerinedir. Tim diinyada oldugu gibi Akdeniz'deki
yabanci tlir sayisi her gegen giin artmaktadir. 2012 yilinda 986
olan Akdeniz'deki yabanci tir sayisinin 775'i Tlrkiye'nin de
icinde bulundugu Dogu Akdeniz bélgesinden rapor edilmistir
(Streftaris and Zenatos, 2006). Tirkiye'nin en batisinda yer
alan Gokova Kérfezi bu durumdan son derece etkilenmektedir.
Korfezde yapilan bir galismada 95 familyaya ait 205 balik
tirlnin, yizde 10Qunun (21 tir) Lessepsiyen oldugu
bildirilmistir (Coker ve Akyol, 2014). Bu tiirlerden Nemipterus
randalli, Apogon queketti ve Champsodon nudivittis en son
eklenmis tlirler olup Sphyraena chrysotaenia, Scomberomorus
commerson, Siganus luridus, Siganus rivulatus, Saurida
undosquamis, N. randalli, Upeneus molluccensis ve Upeneus
pori) son birkag yil icerisinde Gokova Korfezindeki dnemli ticari
tirler arasinda yer almaya baglamiglardir (Coker ve Akyol,
2014).

Balikgilikta, hedef tlirlerin degisimine bagh olarak av
araclarindaki degisimi ortaya koymaya y6nelik Tlrkiye'de
herhangi bir ¢alisma bugiine kadar henlz yapiimamistir. Bu
calisma ile Gokova Kdrfezindeki av kompozisyondaki degisimin
(Goker ve Akyol, 2014; Dereli vd., 2015; Unal et al. 2016) kiigiik
Olgekli balikgilikta kullanilan av araglari ve bunlarin yapisal
dzelliklerine nasil etkiledigi acida cikariimaya calisiimigtir.

MATERYAL VE METOT

Av araglarinin teknik ézelliklerine iliskin bilgiler, Gékova
Korfezinde faaliyet gosteren iic Su Uriinleri Kooperatif
(Akyaka, Akcapinar ve Akbuk) Uyelerinden ve bu Uyelerin
kullandiklari av araglarin yerinde incelenmesinden alinmistir.

Gokova  Korfezinde  kullanilan  av  araglarinin
siniflandirimasinda (ISO, 1974) ve av araglarina ait teknik
planlarinin giziminde FAO kataloglari referans alinmigtir
(Nedelec, 1975; FAO, 1978). Bazi av araglari ve detaylar ise
FAO kataloglarindaki gibi olgeksiz gdsterilmistir. Cizimler,
Microsoft Visio 2010 programinda yapilmistir. Girgir adlari igin
uzunluk ve derinlik mesafeleri 1 boy 120 m, 1 kulag 183 cm
olctileri seklindedir.

Gokova Korfezinde kullanilan  kigik Olgekli av
araglarindaki degisim, Ceyhan ve Akyol (2005)'un yaptigi
calisma ile karsilastirma yapilarak degerlendirilmistir.

BULGULAR

_ Gokova Korfezinde Akyaka, Akgapinar ve Akbik Su
Uriinleri Kooperatiflerine (iye ve lye olmayan balikgilar ile
yapilan gérismeler sonucunda 11 farkli gesit uzatma aginin
kullanildigi tespit edilmistir. Bu uzatma aglarindan 5'i galsama
(solungag), 5'i fanyali ve 1 adedi de kombine agdir. Barbun,
tranga, palamut, sinagrit ve dil uzatma aglari hedef tire yonelik,
yem baligi, hava balgi, Gékova, voli ve kombine hava balig
aglar da ayni zamanda birgok tirl yakalamaya yoneliktir.
Gokova Korfezinde Akyaka'da bagl bulunan iki girgir
teknesinin kullandiklari aglar 4,5 boy x 90 kulag derinlik ve 3,5
boy x 45 kulag derinliktedir. Yine korfezde ince, orta ve kalin
seklinde ifade edilen farkli igne boyutuna sahip paragatlar da
kullaniimaktadir.

Galsama (Sade) uzatma aglari
Barbunya galsama agi

Gokova Korfezinde kullanilan barbun galsama uzatma
agdlari poliamid (PA) materyalden yapilmis olup, 210d/3 no ip
kalinhiginda, 40 mm géz agikhigindadir. Genellikle % 50 donam
faktord ile donatilan bu agdin ylksekligi 1,38 m dir. 1 posta agin
uzunlugu 100 m olup, ¢akoda (bir birim mesafeye donatilan ag§
g6zl sayisi) 5 ag gozl, yaka halatlarina (mantar yaka — kursun
yaka) serbest donam ile donatiimaktadir. Mantar yakada 5 mm
gapinda, kursun yakada ise ¢apl 4-1,5 mm capinda 2 adet
kosmali polipropilen (PP) materyalden yapiimis yaka ipi
kullanilmaktadir. Agin bir boyunda toplam 167 adet 2 numara
plastik (Pl) mantar ve 250 adet 30 glik kursun agirlik
kullanilmaktadir (Sekil 1).

Tranga galsama agi

Gokova Korfezinde kullanilan tranga galsama uzatma
aglari PA materyalden yapilmis olup, 210d/21-22 no ip
kalinhi§inda, 220 mm g6z agikhigindadir (Sekil 2). Genellikle %
50 donam faktoru ile donatilan bu agin yiiksekligi kullanilan géz
sayisina (25-50 gbéz) gore 4,70 ile 9,50 m arasinda
degismektedir. 1 posta agin uzunlugu 100 m olup, ¢akoda tek
bir ag g6zu yaka halatlarina serbest donam ile donatiimaktadir.
Mantar yakada 4 mm gapinda, kursun yakada ise ¢api 2,5 mm
gapinda 2 adet kogsmali PP materyalden yapilmis yaka ipi
kullanilmaktadir. Agin bir boyunda toplam 152 adet 4-5 numara
PL mantar ve 152 adet 100-150 g'lik kursun agirlik
kullaniimaktadir.

10000 PP OGS
5000

a0 40 mm PA 210d/3 40

5000 _
100.00 PP & 4-1.5

100 PA 210 d/9 no
to7d2 no Foerer | A 21 °

250 Pb 30 gr

Sekil 1. Barbunya galsama aginin élgekli plani ve detay!
Figure 1. Techical drawing and details of red mullet gillnet
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$Sekil 2. Tranga galsama aginin 6igekli plani ve detayi.
Figure 2. Techical drawing and details of pink dentex gillnet

Yem baligi galsama agi

Gokova Korfezi'nde kullanilan yem galsama uzatma aglari
PA materyalden yapilmis olup, 210d/2no ip kalinhi§inda, 36 mm
g6z agikhgindadir (Sekil 3). Genellikle % 50 donam faktoru ile
donatilan bu agin 1 posta uzunlugu 100 m olup, ¢akoda 4 ag
g6zU yaka halatlarina serbest donam ile donatiimaktadir. Agin
yuksekligi 3,1 m'dir. Bir boyda toplam 232 adet 2-3-5 numara
PL mantar ve 232 adet 80 g'lik kursun agirlik kullaniimaktadir.
Mantar ve kursun yakada 4 mm capinda PP materyalden
yapilmig yaka ipi kullaniimakta olup kursun yaka kosma

seklinde donatiimaktadir.
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Sekil 3. Yem baligi galsama aginin 6lcekli plani ve detayi.
Figure 3. Techical drawing and details of “yem baligi” gillnet

Hava baligi galsama agi

Hava bali§i a§ denmesinin sebebi pelajik baliklarin
avciliginin - hedeflenmesinden  kaynaklanmaktadir. Gokova
Korfezi'nde kullanilan hava bali§i galsama uzatma aglari PA
materyalden, 210d/6no ip kalinhginda, 64 mm g6z
acikhgindadir (Sekil 4). Yaklasik % 30 donam faktorl ile
donatilan bu agin 1 posta agin uzunlugu 112 m olup, 3 ve 2 ag
g6zl (toplam 5 gdz) 2 esit pargaya bélinen gakolara pergelli
donam ile donatilmaktadir Agin yiksekligi 8 m’'dir. Bir boyda
toplam 74 adet 4-5 numara PL mantar ve 311 adet 30 g'lik
kursun agirlik kullanilmaktadir. Mantar ve kursun yakada 4 mm
capinda PP materyalden yapilmis yaka ipi kullaniimakta olup
kursun yaka (2 adet) kosma seklinde donatilmaktadir.
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$Sekil 4. Hava baligi galsama uzatma aginin 6lgekli plani ve detayi
Figure 4. Techical drawing and details of air species gillnet

Palamut galsama agi

Gokova Kérfezinde kullanilan palamut aglari tekneden
tekneye degisiklik gdsterebilmektedir. Aglar PA materyalden
yapiimis olup, 210d/4-9 no ip kaliniginda, 72-84 mm goz
acikhigindadir (Sekil 5). %50 donam faktéri ile donatilan bu
agin 1 posta agin uzunlugu 100 m'dir ve 1 gako boyu (108 mm)
mesafeye 3 a§ gozi donatlarak serbest donam ile
donatiimaktadir. Agin yiiksekligi yaklasik 13 m’dir. Bir boyda
toplam 232 adet 4-5 numara PL mantar ve 232 adet 75-150
gk kursun adirlik kullaniimaktadir. Mantar yakada 4 mm,
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kursun yakada ise 2,5 ve 4 mm c¢apinda PP materyalden
yapiimig yaka ipleri kullaniimakta olup kursun yaka (2 adet)
kosma seklinde donatiimaktadir.
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$Sekil 5. Palamut galsama uzatma aginin dlgekli plani ve detayi
Figure 5. Techical drawing and details of Atlantic bonito gillnet

Fanyali uzatma aglari
Barbunya fanyali uzatma agi

Gokova Korfezi'nde kullanilan barbunya fanyali uzatma
aglarinin tor kismi; 210d/3-4 no ip kalinliginda, 44 mm g6z
acikhginda ve 50 géz yiksekligindedir. Tor agin her iki tarafina
konulan fanyalar ise 210d/4-6 no ip kalinliginda, 230 mm géz
acikhginda ve 5.5 g6z ylksekliginde olup, her iki a§ da PA
materyalden yapilmistir. %50 donam faktorii ile donatilan agin
1 posta uzunlugu 88 m olup, 1 ¢ako boyu (115 mm ) mesafeye
6 tor ag gdz(i ve her iki tarafa birer fanya almak suretiyle serbest
donam ile donatilmaktadir Agin yiksekligi 1,10m’dir. Bir boyda
toplam 152 adet 2 numara PL mantar ve 152 adet 30-40 g'lik
kursun agirlik kullanilmaktadir. Mantar yakada 4 mm, kursun
yakada ise 1,5 ve 4 mm gapinda PP materyalden yapilmis yaka
ipleri kullaniimakta olup, kursun yaka (2 adet) kosma seklinde
donatiimaktadir (Sekil 6).
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$Sekil 6. Fanyali barbunya uzatma aginin dlgekli plani ve detayi
Figure 6. Techical drawing and details of red mullet trammel net

Gokova (pig) fanyali uzatma agi

Barbunya ve voli aglari temel alinarak yeniden tasarlanan
ve farkll balik tlirlerinin yakalanmasini hedefleyen bu ag,
balikgilar arasinda “pi¢ ag!” olarak isimlendirimektedir. Gokova
korfezinde yogun olarak kullanildidi igin bu ¢alismada Gokova
fanyall uzatma adi olarak tanimlandiriimistir. Bu aglarinin tor
kismi; 210d/9 no ip kalinh§inda, 50-56 mm gdz agikliginda, 50
g6z ylksekligindedir. Tor adin her iki tarafina konulan fanyalar
ise 210d/6 no ip kalinliginda, 320 mm géz agikliinda ve 5 goz
yuksekliginde olup, her iki a§ da PA materyalden yapilmigtir.
%48 donam faktorl ile donatilan agin 1 posta uzunlugu 96 m
olup, 1 ¢ako boyu (160 mm) mesafeye 6 tor ag gézl ve her iki
tarafa birer fanya almak suretiyle serbest donam ile
donatiimaktadir. Agin ylksekligi 1,50-1,65 m'dir. Bir boyda
toplam 150 adet 2 numara PL mantar ve 200 adet 30-40 g'lik
kursun agirlik kullaniimaktadir. Mantar ve kursun yakada 4 mm
PP materyalden yapilmis yaka ipleri kullaniimakta olup, kursun
yaka (2 adet) kosma seklinde donatiimaktadir (Sekil 7).

Voli fanyali uzatma agi

Gokova Korfezi'nde kullanilan barbunya voli aglarinin tor
kismi; 210d/3-4 no ip kalinliginda, 60 mm gdz agikliginda, 100
g6z ylksekligindedir. Tor agin her iki tarafina konulan fanyalar
ise 210d/4 no ip kalinliginda, 320 mm gdz agikliginda ve 17 goz
yuksekliginde olup her iki ag da PA materyalden yapilmistir.
%40 donam faktdrd ile donatilan adin 1 posta uzunlugu 80 m
olup, 1 ¢ako boyu (90 mm ) mesafeye 3 tor ag gézl ve her iki
tarafa birer fanya almak suretiyle serbest donam ile
donatilmaktadir. Agin yuksekligi 4,85 m'dir. Bir boyda toplam
185 adet 3 numara PL mantar ve 278 adet 50-70 g'lik kursun
agirlik kullaniimaktadir. Mantar yakada 5 mm, kursun yakada
ise 2,5 ve 4 mm capinda PP materyalden yapiimis yaka ipleri
kullaniimakta olup, kursun yaka (2 adet) kosma seklinde
donatilmaktadir (Sekil 8).
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Sekil 7. Gokova fanyali uzatma aginin élgekli plani ve detay gésterimi
Figure 7. Techical drawing and details of Gékova trammel net
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$Sekil 8. Voli fanyali uzatma aginin élgekli plani ve detayi
Figure 8. Techical drawing and details of “voli” trammel net

Sinagrit fanyali uzatma agi

Gokova Korfezi'nde kullanilan sinagrit fanyali adlarinin tor
kismi; 210d/12 no ip kalinhi§inda, 90 mm g6z agikhiginda, 40
g6z ylksekligindedir. Tor agin her iki tarafina konulan fanyalar
ise 210d/18 no ip kalinliinda, 360 mm gdz agikliginda ve 5,5
g6z ylksekliginde olup her iki aj da PA materyalden
yapiimistir. %60 donam faktorl ile donatilan agin 1 posta
uzunlugu 120 m olup, 1 ¢akoya (270 mm ) 3 ardindakine 2 tor,
fanyalar ise 3 g6zlli cakoya (2 ag g6zl gako fanyasiz ) gelecek
sekilde donatilmaktadir. Agin yiiksekligi 1,30 m'dir. Bir boyda
toplam 74 adet 4 numara PL mantar ve 111 adet 40 g'lik kursun
agirlik kullaniimaktadir. Mantar yakada 5 mm, kursun yakada
ise 3 ve 4 mm c¢apinda PP materyalden yapilmis yaka ipleri
kullaniimakta olup, kursun yaka (2 adet) kosma seklinde
donatilmaktadir (Sekil 9).
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Sekil 9. Sinagrit fanyali uzatma aginin dlgekli plani ve detay gdsterimi
Figure 9. Techical drawing and details of common dentex trammel net

Dil Fanyali Uzatma Ag

Gokova Kdrfezi'nde kullanilan dil fanyali aglarinin tor kismi;
210d/3-4 no ip kalinh§inda, 84 mm g6z agikliginda, 40 géz
yiiksekligindedir. Tor adin her iki tarafina konulan fanyalar ise
210d/12 no ip kaliniginda, 320 mm gdz agikliginda ve 4,5 goz
yuiksekliginde olup her iki a§ da PA materyalden yapilmigtir.
%40 donam faktdri ile donatilan adin 1 posta uzunlugu 80 m
olup, 1 ¢ako boyu (202 mm ) mesafeye 6 tor ag gézl ve her iki
tarafa birer fanya almak suretiyle serbest donam ile
donatiimaktadir. Agin yiksekligi 1,12 m’dir. Bir boyda toplam
79 adet 3 numara PL mantar ve 79 adet 30-75 g arasinda
degisen kursun agirlik kullaniimaktadir. Mantar yakada 4 mm,
kursun yakada ise 1,5 mm gapinda 2 adet PP materyalden
yapllmis yaka ipleri kullaniimakta olup, kosma seklinde
donatilmaktadir (Sekil 10).
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Sekil 10. Dil fanyali uzatma aginin élgekli plani ve detay gésterimi
Figure 10. Techical drawing and details of common sole trammel net

Kombine uzatma aglan
Hava baligi kombine uzatma ag

Hava bali§i kombine ag; Ust tarafta galsama, alt taraf ise
fanyalidir. Fanya belli yiikseklikteki tor a§ goziine fanyalarin
yarim goz olusturularak donatiimasi ile olusturulmustur. Her iki
béllimdeki sade aglar; 210d/6 no ip kalinhginda, 64 mm géz
acikhginda, alt sade a§ 80, st sade aj 50 goz
yuksekligindedir. Alttaki adin fanyasi olarak kullanilan aglar,
210d/9 no ip kalinliginda, 320 mm gdz agikliginda ve 10 géz
yliksekliginde olup, adlarin hepsi PA materyalden yapilmistir.%
28 donam faktéri ile donatilan agin 1 posta agin uzunlugu 112
m dir. Agin galsama kisminin Ust tarafi mantar yaka halatina,
fanyali kismi ise kursun yaka halatina pergelli donam ile
gakolarda (90 mm) sirasi ile 3 ve 2 g6z alinarak
donatiimaktadir. Her iki taraftaki fanyalar tor agin belli
yiksekligine yarim géz olusturularak birlestirimektedir. Agin
yuiksekligi 6,15 m'dir. Bir boyda toplam 74 adet 4-5 numara PL
mantar ve 311 adet 30 g'lik kursun agirik kullaniimaktadir.
Mantar ve kursun yakada 4'er mm ¢apinda PP materyalden
yapiimis yaka ipleri kullanilimakta olup, kursun yaka (2 adet)
kosma seklinde donatilmaktadir (Sekil 11).
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Sekil 11. Hava bali§i kombine uzatma aginin Slgekli plani detay
gosterimi

Figure 11. Techical drawing and details of air species combined
trammel net
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Paragatlar (Pareketalar)

Gokova korfezinde kullanilan paragat takimlari ana beden
(monoflament) kalinigina gére isimlendirilmektedir. Bolgede
ince, orta ve kalin paragat olarak tanimlanan paragat
takimlarinda kullanilan igne sayisi, av sahasinin buytkligine
gore, azaltiip ¢ogaltilabiimektedir.

ince paragat

ince paragatin ana bedeninin gapi 60 mm, ara beden ve
kosteklerin ise 40 mm’dir. Késteklerin uzunlugu 50-80 cm ve iki
kostek arasi mesafe ise 4,5-5,0 m dir (Sekil 12). Gokova
Korfezinde ince paragatta 14-15 numara diz igneler
kullaniimaktadir. Selelerde igne sayisi genellikle 600 adet olsa
da bu sayl 400 ile 1200 arasinda degisebilmektedir. ince
paragat Gokova Korfezi'nin gamur zeminlerinde diiz atilirken,
taslik yerlerde zigzag seklinde birakilmaktadir. Her bir kiigik
olgekli balikgi teknesinde 1 yada 2 sele bu paragat takimindan
bulunmaktadir.

Orta paragat

Orta kalinliktaki paragat ana bedeninin ¢api 70-80 mm, ara
beden ve kdsteklerin ise 60 mm’dir. Kbsteklerin uzunlugu 60-
120 cm ve iki kdstek arasi mesafe ise 8 m'dir (Sekil 13). Gokova
Korfezinde orta paragat selelerinde kullanilan igne sayisi
genellikle 700-800 adettir. Bu paragatin da atim sekli yere gére
degismekte olup ince paragata benzerdir Az sayida teknede bu
takimdan bir adet bulunmaktadir.

Kalin paragat

Gokova Kdrfezi'nde kalin paragatin ana beden ¢api 80 mm,
ara beden ve késteklerin ise 70 mm'dir. Késteklerin uzunlugu
1m ve iki kostek arasi mesafe ise 15-40 m olup 7-8 numara diiz
igneler kullaniimaktadir (Sekil 14). Selelerde igne sayisi 300
adettir. Kdstekler arasi mesafe ise 15 ile 40 m arasinda
degismektedir. Bu paragatin da atm sekli yere gore
degismekte olup, ince ve orta paragata benzerdir. Kalin paragat
igneleri cogunlukla mamun ile yemlenmektedir.

4550m
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14115 no diiz igne
400-1200 adetfsele J

Sekil 12. Gokova Korfezi'nde kullanilan ince paragata ait detayl teknik
plan
Figure 12. Techical drawing of thin longline using in Gokova Bay
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Sekil 13. Gokova Korfezi'nde kullanilan orta paragata ait detayli teknik
plan.
Figure 13. Techical drawing of middle longline using in Gokova Bay
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Sekil 14. Gokova Korfezi'nde kullanilan kalin paragata ait detayli
teknik plan
Figure 14. Techical drawing of thick longline using in Gokova Bay

TARTISMA

Bu calismada, Gokova korfezinde kullanilan kiiglk olcekli
balikgilikta kullanilan av araglarin  teknik yapilarindaki
degisimler Uzerinde durulmustur. Bélgede 5i galsama
(solungag), 5'i fanyali ve 1 adedi de kombine olmak Uzere
toplam 11 degisik uzatma adi ve ince, orta ve kalin olmak tzere
3 farkli paragat ile girgir agina iligkin plan ¢ikartilmistir. Av
araglarindaki en blylk degisim galsama aglarinda
gorilmektedir. Ceyhan ve Akyol (2005) bdlgede palamut,
barbunya ve sardalya olmak Ulzere 3 tip sade ag kullanildigi
bildirilirken, bu c¢alismada; barbunya galsama agi, tranca
galsama ag|, yem galsama agi, hava bali§i galsama agi ve
palamut galsama agi olarak 5 farkl tip galsama agi tespit
edilmigtir (Tablo 1). Uzatma aglari agisindan palamut galsama
uzatma agi her iki ddnemde kullanilan tek sade agdir. Fanyali
uzatma aglarina degderlendirildiginde 2005 yilinda karides,
sinagrit, barbunya, dil, Voli I, Voli Il ve bilidye adi olarak 7 farkli
uzatma agi tanimlanirken, bu galismada; barbunya, Gokova pig
fanyali uzatma ag, voli, sinagrit, dil olmak tzere 5 farkli fanyali
uzatma ag tespit edilmistir. Ayrica bu calismada kombine
uzatma ag olarak hava bali§i kombine uzatma ag
tanimlanmistir.

Pasif av araci olan uzatma aglarinin teknik yapilarindaki
(ag materyali, ip kalinigi, rengi, ag géz acikiigi, donam faktori
vd.) her bir degisim, hedef tir, turlerin boylari, birim av glicl ve
segiciligi etkileyebilmektedir (Steward, 1987; Millar and Freyer,
1999; Hovgard and Lassen, 2000; Balik ve Gubuk, 2001; Holst
et al. 2002; Ozdemir ve Erdem, 20086; Yiiksel ve Aydin, 2012).
Bu agidan degerlendirildiginde; palamut galsama uzatma
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agalarinda Ceyhan ve Akyol (2005) tam g6z boyunu 84 mm
olarak bildirirken, bu galismada 72-74 mm arasinda oldugu
tespit edilmistir. Bu durumun, Akdeniz balikgiligi lizerindeki av
baskisi ylziinden hedef tiirlerin daha kiglk boyuttaki
bireylerinin varligindan kaynaklanmis oldugu disuntlmektedir.
Akdeniz'de yapilan ¢alismada stoklarin %72’sinin (36 stogun
26'sinda) hedeflenen maksimum surdirdlebilir trlin seviyesinin
Uzerinde avlandigi ve stoklarin %85'nin asir avlandigi
bildirilmis; asir aveilik, ylksek mortalite ve diislk segiciligin ise
daha kiiglk bireylerin hakim oldugu stok yapilarini olusturdugu
ortaya konmustur (Collaco et al. 2013).

Tablo 1. Mevcut ¢alisma ve Ceyhan ve Akyol (2005)'da tespit edilen
av araglari

Table 1. Fishing gears identify in current study and presented by
Ceyhan ve Akyol (2005)

Galsama aglan Mevcut ¢alisma Ceyhan ve Akyol (2005)

Barbunya PA galsama aglari X

Barbunya monoflament galsama aglar1 X
Tranga galsama aglart
Yem balig galsama aglart
Hava balig galsama aglart

xX X X X

Palamut galsama aglart

Sardalya galsama aglar1 X

Fanyah aglar
Barbunya fanyah aglart
Pi¢ fanyali uzatma aglar
Voli Fanyali uzatma aglar1

Sinagrit fanyal uzatma aglari

X X X X X

Dil fanyal uzatma aglari
Karides fanyali uzatma aglar
Bilidye fanyali uzatma aglari
Yiiksek kefal agt

Kombine aglar

X X X X X X

Hava baligi kombine uzatma aglar: X

Ceyhan ve Akyol (2005) iki tip voli fanyali uzatma agin
kullanildigi bildirmis, bu ¢alismada ise bolgede tek tip voli
fanyall uzatma agi tanimlanmistir. Mevcut galismadaki voli
fanyall uzatma aginin teknik Ozellikleri Ceyhan ve Akyol
(2005)de bildirilen aglarin her ikisin den de farklilik
gostermektedir. En 6nemli farkliliklarin basinda aglarin
uzunlugu gelmektedir. Calismamizda bir posta ag uzunlugu 80
m olarak tanimlanirken, Ceyhan ve Akyol (2005) de ag
uzunluklarini 100 metre olarak bildirmistir. Ayrica voli aginin tor
kisminda 60 mm tam g6z acikiginda ag kullanildigi tespit
edilirken, Ceyhan ve Akyol (2005) voli adi | ve Il de sirasiyla 50-
56 ve 44-50 mm aglar kullanildigini bildirmistir. Bu durum fanya
kismina da yansimistir. Bu galismada, voli aglarinin fanyali
kisminda 320 mm tam goz boyunda aglar kullanilirken Ceyhan
ve Akyol (2005) Voli | ve Il de fanyali kisimda 280 mm ve 250
mm TGB fanyalar kullanildigini bildirmistir.

Sinagrit avciliginda kullanilan aglarin ip kalinliklarinda
belirli bir artis oldugu tespit edilmistir. Bu ¢alismada aglarin tor
ve fanya kisminda sirasi ile 210d/12 ve 210d /18 numara ip
kullanilirken, Ceyhan ve Akyol (2015)da sinagrit fanyali
aglarinin tor ve fanya kisminda 210 d/9 ve 210 d/9-12 no ip

kullanildigini bildirmigtir. ~ Aglarin ~ donam  faktdrlerine
bakildiginda, mevcut calismada sinagrit fanyali aglari %60
donam faktori ile donatilirken, Ceyhan ve Akyol (2005) %50
donam faktord ile donatildigini bildirmistir.

Dil fanyali uzatma aglan karsilastiriidiginda en blylk ve
degisimin donam faktérinde oldugu goriimektedir. Bu
galismada fanyali dil aglar %32 donam faktor( ile donatilirken,
Ceyhan ve Akyol (2005) %57 donam faktérintin kullanildigini
bildirmistir. Bir diger gdze carpan degisim ise fanyada kullanilan
aglarin ip kalinligindadir. Mevcut galismada dil fanya adlarinda
210d/12 no kullanilirken, Ceyhan ve Akyol (2005) ip kalinigini
210 d/6 numara olarak bildirmistir.

Her iki ddnemde de kullanilan barbunya fanyali uzatma
aglarinin yapisinda énemli bir degisiklik tespit edilememistir.
Diger taraftan Ceyhan ve Akyol (2005) barbunya hedefli 210d/4
numara kalinhginda 34-44 mm tam géz boyundaki
monoflament galsama aglarin  kullanildigini  bildirmigtir.
Monoflament agdlarin denizlerde kullanimi 1 Eylil 2010 yilinda
yasaklanmis ve o tarihten beri denizlerde kullaniimamaktadir
(Anonim, 2008).

Ceyhan ve Akyol (2005) Mayis, haziran temmuz aylarinda
kullanilan karides aglarinin uzatma aglarinin teknik dzelliklerini
ayrintili olarak sunmuglardir. Bu calismada giiniimiizde
karidese hedefli uzatma agi tanimlanamamistir. Karides,
barbunya fanyall uzatma aglarinin hedef tirleri icerisinde
oldugu belirlenmistir. Benzer sekilde Ceyhan ve Akyol
(2005)'un  sardalya galsama adi bu galismada
tanimlanamamis, sardalya yem galsama aginin hedef tirleri
arasinda yer almigtir.

Av kompozisyondaki degdisimin av araglarinin yapisal
dzelliklerine yansimasi agisindan degerlendirildiginde en biyik
degisim tek tlir odakli degil gok sayida tirlerin yakalanmasinin
hedeflendigi aglarin gelistirilmesi olmustur. Bu durum galsama
aglarinda yem baligi galsama ag|, fanyali aglarda ise Gokova
aglarinda gorilmektedir. Ozellikle Lessepsiyen tiirler basta
olmak tizere gok sayida (barbunya, beyaz-siyah sokkan, sarpa,
sinagrit, mercan, kilkuyruk, lokum, palamut, tirsi, giplak, kupes,
karagdz, turna, iskorpit, 1sparoz, kaya barbunu (tekir), pasa
barbunu) tiirlin yakalanmasini hedefledigi icin Gkova fanyali
uzatma ag kullanimi bélgede son yillarda giderek

yayginlagmistir.

Gokova korfezinde paragat balikgiligina iliskin CPUE ve
paragatta yakalanan bazi tirlerin boy-agirlik iligkilerine iligkin
calismalari yapilmis olmasina ragmen (Akyol vd., 2007¢; Dereli
vd., 2015) av takimlarinin teknik dzelliklerine iliskin herhangi bir
veriye rastlanmamistir. Bu nedenle paragat av araglarinin
teknik 6zellikleri bu galisma ile ilk defa ortaya konmus ve yillar
icerisindeki  degisiklikle ilgili herhangi bir degerlendirme
yapllamamigtir.  Blylk  olgekli  balikgilik  agisindan
degerlendirildiginde bolgeye kayith 2 adet girgir teknesi tespit
edilmis olup, trol balikgisi ve agina rastlaniimamistir. Kisitl
alanlarda vyapilan trol balik¢idi icin 6zellikle bandirma
bélgesinden gelen tekneler Gékova Korfezi'nin trol balikgiligina
serbest olan yerlerinde avcilik yapmaktadiriar.
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Sonug olarak, gerek ekonomik gerek ekonomik olmayan
lesepsiyen ve istilaci turlerin ekosistem ve balikgilik
Uzerindeki etkilerinin ortaya konarak belirli dénemlerde bu
tlr calismalarin tekrarlanmasi balikgilik ve balikgilik
yOnetimi agisindan son derece 6nem arz etmektedir.
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0z: Bu galismada, dokusal degisiklikleri incelemek igin sari prenses baliklari 0, 10, 20, 30, 40 mg L' kadmiyum Kloriir konsantrasyonlarina 96 saat sireyle maruz
birakilmistir. Kadmiyuma maruz birakilmis baliklardan kas, karaciger, solungag ve dalak émekleri alinmigtir. Bu drekler histolojik olarak analiz edilmistir.
Kadmiyum, konsantrasyon artislarina bagl olarak sari prenses baliklarinin i¢ organlarinda ciddi bozukluklara sebep olmustur. 10-20 mg L' kadmiyum
solungaglarda dem, hiperplazi, kikirdak ve epitel dokuda dejenerasyonlar; 30-40 mg L-' kadmiyum ise yine solungaglarda yogun hiperplazi, karaciger hticrelerinde
biyiik vakuolesmeler ve dejenerasyonlar, dalakta graniiloma ve nekroza gegis gorilmustir. Sonug olarak kadmiyumun sucul canlilar igin 6nemli bir gevre kirtetici
oldugu séylenebilir.

Anahtar kelimeler: Histoloji, kadmiyum, sariprenses

Abstract: In this study, to examine histological alterations, electric yellow cichlid exposed to 0, 10, 20, 30, 40 mg L-* cadmium concentrations for 96 hours. After
96 hours, 4 fish were selected per aquarium and their gills, liver, muscle, spleen samples were collected. The samples stained with standart tecniques for
haematoxylin and eosin (H&E). Cadmium depending on concentrations increase causes severe disorders on viseral organs of electric yellow cichlid. It was caused
edema, hyperplasia, degenerations of cartilage and epithelial tissue in gills at 10-20 mg L-' of cadmium exposure; at 30-40 mg L-' of cadmium exposure, intensive
hyperplasia in gills, vacuolation, degeneration in liver, granulomas and necrosis in spleen. As a result, it can be said that cadmium is an important environmental
pollutant for aquatic organisms.

Keywords: Histology, cadmium, electric yellow cichlid

GIRiS

Glnlimuzin en 6nemli konularindan biri su kirliligidir.
Cagimiz geregi endstriyel, tarimsal ve madencilik faaliyetleri
sonucu blylk miktarda atik sular gol, akarsu ve denizlere
kismen veya hi¢ aritiimadan birakilmaktadir (Marcussen vd.,
2007). Bu atiklar icinde agir metaller dnemli bir yer tutmaktadr.
Agir metallerden toksisitesi en fazla olanlar kadmiyum, kursun,
civadir. Adir metaller normalde sularda iz miktarda
builunmaktadir. Fakat bu miktar bélgenin endistriyel, tarimsal
ve madencilik faaliyetlerine ve jeokimyasal yapisina bagli
olarak  artis  gostermektedir.  Suda  ¢ok  disuk
konsantrasyonlarda bulunan agir metaller su canlilarinin
binyesinde birikim yapmaktadir. Agir metaller baliklarin kas
dokularinda ve karaciger, b6brek, bagirsak, solungag gibi diger
dokularinda birikim yaparak morfolojik ve biyokimyasal
degisikliklere yol agmaktadir (Abdel-Warith vd., 2011;
Jalaludeen vd., 2012; Youis vd., 2013). Bu birikim kiglk

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

canlilarda baslayip sonrasinda baliklara, diger canlilara ve
insanlara ulagmaktadir. Bu sekilde besin zincirine giren agir
metaller en alt halkasindan en st halkaya kadar artarak
birikme  0Ozelligi  gbstermektedir. Adir metallerin  bu
‘biyomagnifikasyon”  ozelligi  insan  sagligini  tehdit
edebilmektedir (Ozkan vd., 2018).

Kadmiyum (Cd*2) en toksik agir metallerden biridir. Ayrica
biyolojik olarak esansiyel element degildir ve canl viicuduna
alindiginda pargalanmayan bir agir metaldir. Devamli ve diistk
dozlarda kadmiyum toksisitesi, yiksek dozlara gére daha
biyuk biyolojik etkilere sahiptir (Thophon vd., 2003). Kadmiyum
kirlilik ¢alismalarinda ¢ok yaygin olarak kullaniimaktadir (Kalay
ve Canli 2000; Olvisk 2001; Mol vd., 2010; Begum vd., 2013;
Bashir vd., 2013). insanlarda yiiksek kadmiyum alimi bobrek
bozukluklarina (Goyer ve Cherian, 1995) ve uzun sreli
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kadmiyum maruziyeti iskelet bozukluklarina ve kemik
kiriklarina yol agmaktadir (Alfven vd., 2000). Hatta Japonya'da
Toyama bolgesinde kursun isletmesinden c¢ikan sularda
yetistirilen piringlerin insanlar tarafindan tliketilmesi sonucunda
1910-1970 yillari arasi kadmiyum zehirlenmesi (itai itai
hastaligi) gérilmistir. Bu akut zehirlenme sonunda bébrek
yetmezIigi, anemi, ciddi kas agrisi gibi semptomlar saptanmistir
(Oktiiren Asri vd., 2007).

Sari prenses baligi; Labidochromis caeruleus bir tatl su
akvaryum bah@ tiirldir. Chordata subesinin Actinopterygii
sinifinin Perciformes takiminin Cichlidae familyasinda yer alir.

Baliklar agir metalleri deri, solungag ve bagirsak yoluyla
almaktadirlar ve gesitli organlarinda (solungag, karaciger,
bdbrek, kas, gonad, beyin, kemik, mide-bagirsak, vb.)
biriktirmektedir. Bu konuda yapiimig birgok alisma mevcuttur
(Ozturk vd., 1995; Unlii vd., 1995; Kalay ve Canli, 2000; Calta
vd., 2000; Mol vd., 2010; Begum vd., 2013). Kadmiyumun
baliklar (zerine toksik etkisinin histolojik olarak incelenmesi
uzerine yapilmig bazi calismalar olmasina ragmen (Thophon
vd., 2003; Van Dyk vd., 2007; Liu vd., 2011; Selvanathan vd.,
2013). Kadmiyumun akut toksisitesinin sari prenses
(Labidochromis caeruleus) baliklari (zerine histolojik etkileri
hakkinda hentiz mevcut bir arastirma olmadigindan bu galisma
da bu tir tercih edilmistir. Ayrica bu kadar yliksek tozlarin
kullaniimasinin sebebi ise LCso degerine (% 50 &limim
gergeklestigi letal konsantrasyon) yakin dozlarin kullaniimak
istenmesidir. Beyaz deniz levregi (Lates calcarifer) igin 96 saat
LCso degeri 20.12 mg L-* (Thophon vd., 2003); lepistes balig
(Poecilia reticulata) igin 30.4 mg L1 (Yilmaz vd., 2004) ve tilapia
baligi (Oreochromis mossambicus) igin 96.57 mg L' (Benjamin
ve Thatheyus, 2012) olarak bildirilmistir. Bu calismada,
kadmiyumun farkli dozlarina (0, 10, 20, 30, 40 mg L") 96 saat
streyle maruz birakilan sari prenses baliklarinda olusan
histolojik degisimlerin incelenmesi amaclanmistir.

MATERYAL VE METOT
Baliklarin kadmiyum maruziyeti

Bu calismada, laboratuvarda vyetistirimis 6 g'lik sari
prenses baliklari kullaniimigtir. Baliklar 0, 10, 20, 30, 40 mg L'
kadmiyum klorlr (CdCl2.H20, Fluka katalog no: 20899-25G-F)
konsantrasyonlarina 96 saat slreyle maruz birakilmistir. On
balik 5 L'suya stoklanmig (35x16x25 c¢m) ve 24 saatte bir ayni
kadmiyum konsantrasyonlarina sahip sularla % 100 su degisimi
saglanmistir. Calisma iki tekrarli (toplam 10 akvaryum)
ylrGtllmistir ve deneme yapilmistir. Baliklar glinde bir kez
doyana kadar yemlenmistir. Ortam sicakhdi 24 °C'de sabit
tutulmustur. Deneme siresince her akvaryuma ilave
havalandirma yapilmistir. Gunlik kontroller sonunda her
akvaryumda varsa 6lu baliklar sayisi kayit ediimistir. Baliklar

ornekleme dncesi 24 saat ag birakilmiglardir. Deneme boyunca
her akvaryumda sicaklik, ¢6ziinmis oksijen, pH gibi su kalite
parametrelerinin Glgiimii glinde bir kez Multi Parameter Cihazi
(WTW Multi 3420 set G) kullanilarak yapiimistir. Su kaynaginin
toplam sertlilik, alkalinite, amonyak, nitrit Glgiimleri bir kez
deneme baglangiginda dlgilmustir.

Histolojik inceleme

Baliklar ylksek doz (400-500 mg I'* letal doz) anestezik
(tricaine methansulphonate) kullanilarak bayiltiimistir (Topic
Popovic vd., 2012). Sonrasinda her akvaryumdan 4’er balik
secilerek baliklardan kas, karaciger, solungac ve dalak doku
ornekleri alinmistir. Ornekler % 10'luk tamponlu nétral formalin
sollisyonuna koyularak en az 24 saat fikse edilmistir.
Fiksasyondan sonra doku ornekleri Roberts (2012)e gore
yiikselen alkol serilerinde dehidre edilmistir. Sonrasinda parafin
icinde dondurulan érneklerden Rotary Mikrotom Cihazi (Leica
RM2125 RTS) ile 56 pm kalinliginda kesitler alinmistir.
Ardindan doku kesitleri ksilen ile seffaflagtirilip hematoksilen-
eozin boyama (H&E) yontemi ile boyanmistir (Culling vd.,
1985). Bu sekilde hazirlanan preparatlar isik mikroskobu
(Euromex-Novex B serisi) altinda incelenmis ve histopatolojik
degerlendirmesi yapilmistir. Bulunan histopatolojik bulgular
kamera (Novex Cmex DC 5000) kullanilarak fotograflari gekilip
kayit altina alinmistir.

BULGULAR

Akvaryumlarda su kalite parametreleri sicaklik 23.2+0.68
°C, pH 8.61£0.23 ve oksijen 7.90+0.56 mg L, toplam sertlik
735 mg L1 CaCOs, alkalinite 595 mg L-* CaCOs, amonyak 0.20
mg L, nitrit 0.0068 mg L' olarak olgiilmistir. Gunlik su
degisimi sirasinda akvaryumlarin tabaninda az miktarda beyaz
kireg tarzinda ¢okelmelerin oldugu gériimustir.

Akut kadmiyum konsantrasyonlari bazilari sari prenses
baliklarinda gdzle gériilebilecek bazi klinik semptomlara neden
olmustur. Bunlar hidropik dalak, solgun karaciger, hiperemik
solungaclardir Bunun yaninda énemli histolojik degisiklikler de
saptanmistir.

10-20 mg L'k kadmiyum konsantrasyonlarinda
solungaclarda édem, hiperplazi, kikirdak ve epitel dokuda
bozulmalar, 30-40 mg L-"lik kadmiyum konsantrasyonlarinda
pillar hiicrelerde dagilmalar gézlenmistir (Sekil 1). Karacigerde,
kadmiyum konsantrasyonlari (10-40 mg L) artisina bagh
olarak vakuolesme, hepatositlerde ve kan damarlari
kanallarinda dejenerasyon gérilmistir (Sekil 2). Dalakta,
konsantrasyon artisina (10-40 mg L-') bagli olarak vakuolesme,
dejenerasyon ve nekroza gegis saptanmistir (Sekil 3). Fakat
genel olarak kas dokusunda hig bir degisiklik gézlenmemistir.
Ayrica, deneme boyunca baliklarda yasama orani ise % 100
olmustur.
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$Sekil 1. Solungag, A) Kontrol 40x (H&E), B) 10-30 mg L' 40x (H&E) kadmiyuma maruz birakilmis baliklarda sekonder lamellerin kikirdak
yapisinda genislemeler ve hiperplazi, C) 40 mg L' 40x (H&E) kadmiyuma maruz kalmis baliklarda yogun hiperplazi ve 6dem

Figure 1. Gills, A) Control 40x (H&E), B) Enlargement of cartilage structure of seconder lamella and hyperplasia in fish exposed to 10-20 mg L-*
of Cd 40x (H&E), C) Intensive hyperplasia and edema in fish exposed to 40 mg L' of Cd 40x (H&E)

Sekil 2. Karaciger, A) Kontrol 40x (H&E), B) 10 mg L-" 40x (H&E) kadmiyuma maruz kalan baliklarda vakuolesme ve dagilma, C) 20 mg L-* 40x
(H&E) kadmiyuma maruz kalan baliklarda vakuolesmelerde artis ve dagiimalar D) 30 mg L' 40x (H&E) kadmiyuma maruz kalmig baliklarda
biiytik vakuolesmeler, dagilmalar ve kan damarlarinda dagilmalar, E) 40 mg L' 40x (H&E) kadmiyuma maruz kalmis baliklarda derin
vakuolesmeler ve dagiimalar

Figure 2. Liver, A) Control 40x (H&E), B) High vacuolation and degeneration in fish exposed to 10 mg L' of Cd 40x (H&E), C) Increases of
vacuolation and degeneration in fish exposed to 20 mg L' of Cd 40x (H&E), D) Huge vaculation, degeneration and dispersion of blood vessels
in fish exposed to 30 mg L' of Cd 40x (H&E), E) Deep vacuolation and degeneration in fish exposed to 40 mg L of Cd 40x (H&E)
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Sekil 3. Dalak, A) Kontrol 10x (H&E), B) 10 mg L' 10x (H&E) kadmiyuma maruz kalmis baliklarda hemosterin kiimelerinde artis, vakuolesme
ve yirtilmalar C) 20 mg L' 10x (H&E) kadmiyuma maruz kalmis baliklarda ok sayida hemosterin kiimeleri, vakuolesme D) 30 mg L-* 10x
(H&E) kadmiyuma maruz kalan baliklarda graniiloma baslangici ve dagilmalar E) 40 mg L' 10x (H&E) kadmiyuma maruz kalan baliklarda

hemosterin kiimelerinde artis, nekroz bagslangici ve dagiimalar

Figure 3. Spleen, A) Control 10x (H&E), B) Increase of hemosterin clustering, vacuolation and degeneration in fish exposed to 10 mg L' of Cd
10x (H&E), C) Numerous hemosterin clustering and vacuolation in fish exposed to 20 mg L-* of Cd 10x (H&E), D) Beginning of granuloma and
degeneration in fish exposed to 30 mg L of Cd 10x (H&E), E) Increase of hemosterin clustering, set-up of necrosis and degeneration in fish

exposed to 40 mg L' of Cd 10x (H&E)
TARTISMA

Solungaclarda, pillar hiicrelerde dejenerasyon, epitel ve
kikirdak dokuda dejenerasyon, 6dem ve hiperplaz;
karacigerde, hepatosit hicrelerinde vakuolesme ve kan
damalarinda dejenerasyon; dalak hiicrelerinde vakuolesme,
dejenerasyon ve nekroza gegis bu calismada sonucunda
saptanmistir. Kadmiyumun cesitli balik tlirleri (izerine etkisi
histolojik olarak birgok calismada incelenmistir. Bu galisma ile
dnceden yapilmis g¢alismalarin sonuglari arasinda oldukga
biyik benzerlikler bulunmustur. Thophon vd. (2003) beyaz
deniz levreklerini (Lates calcarifer) 96 saat boyunca akut

kadmiyum konsantrasyonlarina (0, 5.6, 10, 18, 25, 32 mg L)
ve 0.8 mg L' kronik kadmiyum konsantrasyona 3 ay boyunca
maruz birakmislardir. Akut toksisitede hedef organlar solungag
lamelleri ve bdbrek tibdlleri iken kronik toksisitede solungaglar,
bdbrek ve karacigere gore daha az etkilenmigtir. Solungag
epitelinde ddem, pillar hicrelerde dejenerasyon, andrizm,
hiperplazi;  karacigerde  sinusoidlerde  kanli  tikanma
(kongesyon), hidropik sisme, vakuolesme ve siyah grandil
yapllar bulmuglardir. Van Dyk vd. (2007) Oreochromis
mossambicus baligini 0.018 mg L-* kadmiyum + 0.16 mg L~
cinko ve 0.03 mg L' kadmiyum + 0.3 mg L' ¢inko
konsantrasyonlarina kisa periyotta 96 saat, uzun periyotta 672
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saat slreyle kadmiyum + ¢inko karigimina maruz
birakmiglardir. Karacigerde hyalizasyon, vakuolesme, kanli
kongesyon saptamislardir. Liu vd. (2011) Cin Pasifik Okyanusu
kiyllarindan Liaoning'de Synechogobius hasta adli deniz
baligini 96 saat boyunca akut kadmiyum konsantrasyonlarina
(0,0.1,0.20, 0.40, 0.80 ve 1.6 mg L") ve 15 giin boyunca kronik
kadmiyum konsantrasyonlarina (0, 0.1, 0.17, 0.29 mg L)
maruz birakmiglardir. Solungag lamellerinde dagilma ve
andrizm, epitel hlcrelerde 6dem; karaciger ve dalakta kanlh
kongesyon ve vakuolesme oldugunu rapor etmislerdir. Yilmaz
vd. (2011) Avrupa tatlisu kefal baligini (Leuciscus cephalus) 0,
1, 2 mg L' kadmiyum konsantrasyonlarina 10 gin sireyle
maruz birakmiglardir. Solungaglarda sekonder lamel epitel
dokusunda dejenerasyon, klorid epitel hiicrelerinde nekroz ve
hidropik  dejenerasyon; karaciger dokusunda hidropik
dejenerasyon ve nekroz oldugunu bulmuglardir. Bais ve
Lokhande (2012) Ophicephalus striatus baligini 0.63 mg L
kadmiyum konsantrasyonuna 96 saat sireyle maruz
birakmiglardir. Solungaglarda hipertrofi, solungag lamellerinde
dejenerasyon, kanli kongesyon; karacijerde dejenerasyon,
nekroz ve hipertrofi gdzlemlemislerdir. Omer vd. (2012)
Oreochromis niloticus baligini 5, 10 mg L' kadmiyum
konsantrasyonlarina 7 gun streyle maruz birakmiglardir.
Karacijerde yad vakuolesmesi, nekroz, kongesyon
saptamislardir. Selvanathan vd. (2013) bir tatlisu baligi olan
Clarias batrachus'u 0.12, 0.17, 0.30, 0.66 mg L' kadmiyum
konsantrasyonuna 30 giin sireyle maruz birakmiglardr.
Solungaglarda hiperplazi, sekonder lamellerde flizyon, epitel
hiicrelerde dejenerasyon; karacigerde vakuolesme ve nekroz
bulmuslardir. Younis vd. (2015) Oreochromis niloticus baligini
1.68, 3.36, 5.04 mg L-* kadmiyum konsantrasyonlarina 20 giin
stireyle maruz birakmiglardir. Karacigerde vakuolesme ve
graniilasyon oldugunu rapor etmislerdir.

Kadmiyumun, baliklarin tim hayati organlarini etkileyip
onlar Uzerinde dokusal degisimlere neden olabilmektedir. Zira
kadmiyumun, balk kani Ca*2, Na*, CI, K* seviyelerinde
dusmelere, kan sekeri ve Mg*? seviyelerinde yikselmelere;
ayrica deri, bagirsak ve solunga¢g mukoz salgisinda artisa,
solungaglarda klorid hiicre sayisinda artisa ve omurgada
deformasyonlara neden oldugdu bildirilmistir (Olsson, 1998)

KAYNAKCA

Abdel-Warith A.A., Younis E.M., Al-Asgah N.A. & Wahbi O.M. (2011). Effect of
zinc toxicity on liver histology of Nile tilapia, Oreochromis niloticus.
Scientific Research and Essays, 6(17), 3760-3769.

DOI: 10.5897/SRE11.883

Alfven, T., Elinder, C.G. & Carlsson, M.D., 2000. Low-level cadmium exposure
and osteoporosis. Journal of Bone Mineral Research, 15, 1579-1586.
DOI: 10.1359/jbmr.2000.15.8.1579

Bais, UE. & Lokhande, M.V. (2012). Effect of cadmium chloride on
histopathological changes in the freshwater fish Ophiocephalus striatus

(Channa). Interational Journal of Zoological Research, 8, 23-32.
DOI: 10.3923/ijzr.2012.23.32

Bashir, F.H., Othman, M.S., Mazlan, A.G., Rahim, S.M. & Simon K.D. (2013).
Heavy metal concentration in fishes from the coastal water of Kapar and

Bu calismada yiksek kadmiyum dozlari kullaniimasina
ragmen dort ginlik yasama oraninin yliksek cikmasindaki
sebeplerden biri de suyun toplam sertlilik ve alkainite
degerlerinin yilksek olmasi olabilir. Clinki, kadmiyum sudaki
fazla karbonat iyonlari ile etkilesime girip kadmiyum karbonat
seklinde (suda beyaz kireg) cokelmelere neden olabilir. Sonug
olarak bu durum kadmiyumun toksisite degerini zayiflatmis
olabilir (Pascoe vd., 1986; Kiyani vd., 2013).

SONUG

Bu calismada, kadmiyum toksisitesini histolojik olarak
incelemek igin sari prenses baliklari 0, 10, 20, 30, 40 mg L
CdClz konsantrasyonlarina 96 saat streyle maruz birakilmigtir
Bu calismanin sonuglari kisaca sdyle 6zetlenebilir:

a. Kadmiyumun cesitli balik tirleri (zerine etkisi histolojik
olarak birgok calismada incelenmistir. Bu c¢alisma ile
onceden yapilmis galismalarin sonuglari arasinda oldukga
biiyiik benzerlikler bulunmustur.

b. Kadmiyumun LC 50 degerine yakin olmasi amaciyla
kullanilan yUksek dozlardan 30-40 mg L' kadmiyum
toksisitesi solungaglarda yogun hiperplaziye, karaciger
hicrelerinde biylk vakuolesmelere ve dejenerasyonlara,
dalakta granilomaya ve nekroz baglangicina neden
olmustur.

c.  Cok toksik bir element olan kadmiyumun canlilar Gizerinde
olusturabilecegi histolojik bozukluklar model balik olarak
sarl prenses baliklar kullanilarak bu calismada ortaya
konmustur. Nitekim karaciger, dalak ve solungaglarda
ciddi bozukluklar olusmustur.

d. Nil tilapiasi toksikoloji galismalarinda en gok kullanilan bir
turdr. Sariprenses baliklari da ayni familyadan (cichlidae)
gelmektedir. Sonugta, bilimsel calismalara bir tir esitliligi
getirilmigtir.

TESEKKUR

Bu calismanin yapiimasinda desteklerinden dolayi Kilig
Deniz Urinleri A.$. ¢alisanlarina tesekkr ederiz.

Mersing, Malaysia. Turkish journal of Fisheries and Aqautic Sciences, 13,
375-382.

Begum, A., Mustafa, A.l., Amin, M.N., Chowdhury, T.R., Quraihi, S.B. & Banu,
N. (2013). Levels of heavy metals in tissues of shingi fish (Heteropneustes
fossilis) from Buriganga River, Bangladesh. Environmental Monitoring
Assessment, 185, 5461-5469. DOI: 10.1007/s10661-012-2959-4

Benjamin, D. & Thatheyus, A.J. (2012). Acute toxicity of nickel and cadmium to
the cichlid fish Oreochromis mossambicus (Peters). Research in Zoology,
2,19-22.

Culling, A.F., Allison, T.R. & Barr, T.W. (1985). Cellulary Patholog Technique.
Fourth Edition, London, UK.

Galta, M., Canpolat, O. & Nacar, A. (2000). Elazi§ Keban Baraj Gol'nde
yakalanan Capoeta trutta (HECKEL, 1843)'da bazi agir metal diizeylerinin

265


https://doi.org/10.5897/SRE11.883
https://doi.org/10.1359/jbmr.2000.15.8.1579
https://doi.org/10.3923/ijzr.2012.23.32
https://doi.org/10.1007/s10661-012-2959-4

Kiigiik et al., Ege Journal of Fisheries and Aquatic Sciences, 35(3): 261-266 (2018)

belilenmesi, Dogu Anandolu Bélgesi IV. Su Uriinleri Sempozyumu, 28-30
Haziran 2000, Erzurum.

Goyer, R.A. & Cherian, G. (1995). Renal effects of metals. In: Metal Toxicology
(eds RA Goyer, CD Klaassen and MP Waalkes) Academic Press, San
Diego. DOI: 0.1016/B978-0-12-294375-1.50019-2

Kalay, M. & Canli, M. (2000). Elimination of essential (Cu, Zn) and non-
essential (Cd, Pb) metals from tissues of a freshwater fish Tilapia zilli.
Turkish Journal of Zoology, 24, 429-436.

Kiyani, V., Hosynzadeh, M. & Ebrahimpour, M. (2013). Investigation acute
toxicity some of heavy metals at different water hardness. International
Journal of Advanced Biological and Biochemical Research, 1, 134-142.

Jalaludeen, M.D., Arunachalam, M., Raja, M., Nandagopal, S., Showket, A.B.,
Sundar, S. & Palanimuthu D. (2012). Histopathology of the gill, liver and
kidney tissues of the freshwater fish Tilapia mossambica exposed to
cadmium sulphate. International Journal of Advanced Biological
Research, 2(4), 572-578.

Liu, X.J., Luo, Z., Li, C.H., Xiong, B.X., Zhao, Y.H. &Li, X.D. (2011). Antioxidant
responses, hepatic intermediary metabolism, histology and ultrastructure
in Synechogbius hasta exposed to waterbome cadmium. Ecotoxicology
and Environmental Safety, 74, 1156-1163.

DOI: 10.1016/j.ecoenv.2011.02.015

Marcussen, H., Holm, P.E., Ha, L,T. & Dalsgaard, A. (2007). Food safety
aspects of toxic element accumulation in fish from wastewater-fed ponds
in Hanoi, Vietnam. Tropical Medicine and International Health, 12, 34-39.
DOI: 10.1111/j.1365-3156.2007.01939.x

Mol, S., Ozden, O. & Oymak, S.A. (2010). Trace metal contents in fish species
from Atatirk Dam Lake (Euphrates, Turkey). Turkish Journal of Fisheries
and Aquatic Sciences, 10, 209-213. DOI: 10.4194/trjfas.2010.0208

Olsson, P.E. (1998). Disorders associated with heavy metal pollution. In J.F.
Leatherlaand and P.T.K. Woo (Eds.), Fish Diseases and Disorders,
Wallingford, UK. (pp 386).

Omer, S.A., Elobeid, M.A., Fouad, D. & Daghestani, M.H. (2012). Cadmium
bioaccumulation and toxicity in tilapia fish (Oreochromis niloticus). Journal
of Animal and Veterinary Advances, 11, 1601-1606.
DOI: 10.3923/javaa.2012.1601.1606

Oktiiren Asri, F., Sénmez, S. & Citak, S. (2007). Kadmiyumun gevre ve insan
sagligi tzerine etkileri. http://batem.gov.tr/yayinlar/derim/2007/32-39.pdf.
(12.Nisan 2018).

Ozkan, E., Taglipinar, M.Y. & Yesilkaya, S. (2018). A§ir Metal Zehirlenmeleri.
http://www.jcam.com.tr/files/KATD-1599.pdf. (15 Ocak, 2018).

Oztiirk, M., Bat, L. & Oztiirk, M. (1995). Altinkaya Baraj’'nda (Samsun) yasayan
Cyprinus carpio L., 1758 tirlintin cesitli organ ve dokularindaki bazi agir
metallerin birikimi. 1l.Ulusal Ekoloji ve Gevre Kongresi Bildirileri, 11-13
Eyliil, Ankara.

Olvisk, P.A., Gundersen, P., Andersen, R.A. & Zachariassen, K.E. (2001).
Metal accumulation and MT in Brown Trout Salmo trutta from two
Norwegian rivers differently contaminated with Cd, Cu and Zn.

Comparative  Biochemistry Toxicol.ogy — and

Pharmacology, 128, 189-201.

Pascoe, D., Evans, S.A. & Woodworth, J. (1986). Heavy metal toxicity to fish
and the influence of water hardness. Archives of Environmental
Contamination and Toxicology, 15, 481-487. DOI: 10.1007/BF01056559

Roberts, R.J. (2012). Fish Pathology. Fourth Edition. Chapter 12. Laboratory
Methods, Wiley-Blackwell.

Selvanathan, J., Vincent, S. & Nirmala, A. (2013). Histopathology changes in
freshwater fish Clarias batrachus (Linn.) exposed to mercury and
cadmium. International Journal of Life Sciences and Pharma Research,
3(2), 11-21.

Unlii, E., Cengiz, E.I., Akba, O. & Giimgiim, B. (1995). Dicle Nehrindeki
Capoeta trutta Heckel, 1843'da agir metal birikimi. 1l.Ulusal Ekoloji ve
Cevre Kongresi Bildirileri, 11-13 Eylil, Ankara.

Thophon, S., Kruatrachue, M., Upatham, E.S., Pokethitiyook, P., Sahaphong,
S. & Jaritkhuan, S. (2003). Histopathological alterations of White seabass,
Lates calcarifer, in acute and subchronic cadmium exposure.
Environmental Pollution, 121, 307-320.

DOI: 10.1016/S0269-7491(02)00270-1

Topic Popovic, N., Strunjak-Perovic, I., Coz-Rakovac, R., Barisic, J., Jadan, M.,
Persin Berakovic, A. & Sauerborn Klobucar, R. (2012). Review: Trivaine
methane-sulfonate (MS-222) application in fish anaesthesia. Journal of
Applied Ichthyology, 28, 553-564.

DOI: 10.1111/1.1439-0426.2012.01950.x

Van Dyk, J.C., Pieterse, G.M. & Van Vuren, J.H.J. (2007). Histological changes
in the liver of Oreochromis mossambicus (Cichlidae) after exposure to
cadmium and zinc. Ecotoxicology and Environmental Safety, 66, 432-440.
DOI: 10.1016/j.ecoenv.2005.10.012

Yilmaz, M., Giil, A. & Karakose, E. (2004). Investigationn of acute toxicity and
the effect of cadmium chloride (CdCl2.H20) metal salt on behavior of the
guppy (Poecilia reticulata). Chemosphere, 56, 375-380.

DOI: 10.1016/j.chemosphere.2003.11.067

Yilmaz, M., Ersan, Y., Kog, E., Ozen, H. & Karaman, M. (2011). Toxic effects
of cadmium sulphate on tissue histopathology and serum protein
expression in European chub, Leuciscus cepahlus (Linnaeus, 1758).
Kafkas Universitesi Veteriner Fakiiltesi Dergisi, 17, 131-135.

Younis, E.M., Abdel-Warith, A.A., Al-Asgah, N.A., Ebaid H. & Mubarak M.
(2013). Histological changes in the liver and intestine of Nile tilapia,
Oreochromis niloticus, exposed to sublethal concentrations of cadmium.
Pakistan Journal of Zoology, 45(3), 833-841.

Younis, E., Abdel-Wahab, A., Nasser, A. & Hossam, E. (2015).
Histopathological alterations in the liver and intestine of Nile tilapia
Oreochromis niloticus exposed to long-term sublethal conentrations of
cadmium chloride. Chinese Journal of Oceanology and Limnology, 33,
846-852. DOI: 10.1007/s00343-015-4082-1

and  Physiology.

266


https://doi.org/10.1016/B978-0-12-294375-1.50019-2
https://doi.org/10.1016/j.ecoenv.2011.02.015
https://doi.org/10.1111/j.1365-3156.2007.01939.x
https://doi.org/10.4194/trjfas.2010.0208
https://doi.org/10.3923/javaa.2012.1601.1606
http://batem.gov.tr/yayinlar/derim/2007/32-39.pdf
https://doi.org/10.1007/BF01056559
https://doi.org/10.1016/S0269-7491(02)00270-1
https://doi.org/10.1111/j.1439-0426.2012.01950.x
https://doi.org/10.1016/j.ecoenv.2005.10.012
https://doi.org/10.1016/j.chemosphere.2003.11.067
https://doi.org/10.1007/s00343-015-4082-1

Su Uriinleri Dergisi (2018)
DOI: 10.12714/egejfas.2018.35.3.06

http://lwww.egejfas.org
Ege Joumal of Fisheries and Aquatic Sciences, 35(3): 267-277 (2018)

ARASTIRMA MAKALESI RESEARCH ARTICLE

Mikrozooplanktonik Tintinnid'lerin (Protozoa: Ciliophora) izmir
Korfezi'ndeki son 20 yillik tiir gesitliligi ve dagilimlar

Microzooplankton Tintinnida (Protozoa: Ciliophora) communities from the
Izmir Bay, Turkey and their diversity and distribution for last 20 years

Levent Yurga’

1 Ege Universitesi, Su Uriinleri Fakiltesi, Temel Bilimler Blimii, 35100, Bomova, izmir, Tiirkiye
levent.yurga@ege.edu.tr

Received date: 24.01.2018 Accepted date: 02.05.2018

How to cite this paper: )
Yurga, L. (2018). Microzooplankton Tintinnida (Protozoa: Ciliophora) communities from the Izmir Bay, Turkey and their diversity and distribution for last 20 years.
Ege Joumal of Fisheries and Aquatic Sciences, 35(3), 267-277. DOI:10.12714/egejfas.2018.35.3.06

0z: Bu calismada, izmir Kérfezinden 20 yil siireyle toplanan émeklerdeki Tintinnida familyalarinin dagilimlari incelenmistir. Saptanan 11 Tintinnid familyasina ait
tirlerin her yil icin diizenlenen ttir listeleri, kantite ve kalite bilgileri, dénem boyunca degisim gdsteren deniz suyu sicakliklariyla birlikte incelenmis, genel bir tir
listesi olusturulmustur. Kérfez'de siirekli bulunan yerli tiirlerin yaninda, ballast tanklariyla veya farkli taginim yollari ile izmir Kérfezine geldigi diisiiniilen yabanci
tirlerin de kdrfezdeki durumu ele alinmigtir. izmir Biyik Kanal Projesinin 2000 yilinda devreye girmesiyle nispeten temizienen kérfezde siirekli bulunan 2 bilyiik
grup olan dinoflagellat ve diyatom familyalarina ait tiirlerin yaninda, tintinnid familyalarina ait tiirlerin kalite ve kantitesinde artis gorilmustr.

Anahtar kelimeler: Mikrozooplankton, Protozoa, Tintinnid, Siliyat, izmir Kérfezi

Abstract: The distributions of families belonging to Tintinnida on samples collected from [zmir Bay for 20 years were examined in this study. The species list,
quantity and quality information prepared for each species of the 11 families belonging to the Tintinnida were examined together with the seawater temperature
changes during the period and a general species lists were established. In addition to the indigenous species that are constantly found in the bay, non-indigenous
species that have been transported by ballast tanks have also been discussed. The Izmir Grand Canal Project was inaugurated in year 2000 and the relatively
increase in the quality and quantity of the species belonging to the Tintinnida families has been observed in addition to the dinoflagellate and diatom family species,
which are two relatively large groups in the bay.

Keywords: Microzooplankton, Tintinnida, Protozoa, Ciliophora, izmir Bay

GIRiS

Deniz ve okyanuslardaki besin zincirinde  tukettikleri ortaya konmustur. Tintinnidler grazing sirasinda,
mikrozooplanktonun rolii kesinlegmis olup, planktonun énemli  agiri treme gdsteren ve zehirli olabilen kimi dinoflagellat
bir bilesenini olusturur. Tintinnidler, denizsel ortamda tlrlerini de tiketmektedir (Watras vd., 1985; Nakamura vd.,

1996). Alexandrium tamarense (Lebour) Balech gibi toksik
dinoflagellat turlerini besin olarak aldiklarinda, tintinnid
populasyonlarinda  onemli  élglide  azalmalar  oldugu
gorulmastdr (Nielsen vd., 1990; Buskey ve Hyatt, 1995).

nanoplankton ve pikoplanktonu tliketerek beslenir (Fenchel,
1987). Tintinnidlere ait yedi tirin beslenmeleri (izerine yapilan
laboratuvar arastirmalarinda, bu tlrlerin bdyime oraninin,
lorika aciklidi ve genisligi ile dogru orantili oldugu saptanmigtir
(Dolan, 2010). Tintinnidlerin cogu, i¢i bos lorikalara sahip olup
bu dayanikli yapilariyla, deniz ve okyanuslarda belli derinliklerin
indikator tiirleri olarak bilinirler (Kato ve Taniguchi, 1993).
Tintinnidlerin ~ beslenmelerinin  ve  bliyime  oranlarinin,
ortamdaki fitoplankton bollugu ile ilgili oldugu bilinmektedir

Akdeniz'deki en kapsamli bilimsel galismalardan ilki, Kimor
ve Wood'un 1975 yilindaki galismasidir (Kimor ve Wood,
1975). Yizeyden 4.400 metre derinlige kadar Ornekleme
yapiimistir. Akdeniz'in birgok farkli yerinden alinan 6rneklerde,
ylizeyden 200 metre derinlije kadar tim derinliklerde

(Hansen vd., 1997). Yapilan gesitli arastirmalarda siliyatlarin
bakteri (Hollibaugh vd., 1980), diyatom ve dinoflagellatlar
(Heinbokel ve Beers, 1979; Stoecker vd., 1981, 1983, 1984) ile
bazi protozoa gruplarina ait ufak bireyleri de besin olarak
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tintinnidlere rastlaniimistir. Mikrozooplanktonik tintinnidlerle
ilgili, Travers ve Travers tarafindan 1960-1968 yillar arasinda,
Marsilya Kérfezi'nde yapilan diger bir arastirmada (Travers ve
Travers, 1975), bolgedeki diyatom ve dinoflagellat tirleri
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listelenmis ve tintinnidlerin daha az oranda bulundugu tespit
edilmigtir.  Dinophyceae, Bacillariophyceae ve Ciliata
(=Ciliophora) olarak saptadiklari 3 bilyik gruba ait
tanimladiklari toplam 84 tiriin higbirisi 0 dénemde baskin
Ozellik gostermemistir. Calismada 9 tir Eutintinnus, 8 tiir
Tintinnopsis, 7 tir Salpingella tiirl saptanmigtir (Travers ve
Travers, 1975).

Tlrkiye denizlerinde yapilmis planktonla ilgili ilk
galismalara bakildiginda, ¢alismalarin Ege Denizi'nde dzellikle
izmir Kérfezinde yogunlastigi gorilmektedir. Balik-kirmi
olayini ve bunun agiri tremelerle olan ilgisini incelemek igin,
Alman arastirict Nimann (1955)'in yapti§i calisma, korfezdeki
bilimsel aragtirmalardan ilkidir. izmir Kérfezindeki plankton
gruplarini ve tiirlerini igeren, kalitatif ve kantitatif ozellikteki
kapsamli ilk taksonomik calisma ise, Ergen (1967) tarafindan
yapilmistir. Bu calismada, bolgedeki Ciliophora sinifindan,
basta Cyttarocylis, Codonellopsis, Eutintinnus, Favella,
Helicostomella, Petalotricha, Protorhabdonella, Tintinnopsis ve
Xystonella genuslari olmak (izere toplam 16 tlir rapor edilmistir.
Bolgedeki Ciliophora sinifi (izerine yapilan galigmalari takiben,
1979-1981 vyillari arasinda kérfezden segilen 17 istasyondan
alinan tlrler incelenmis ve bu sinifa ait toplam 44 tir
listelenerek korfezdeki tintinnidlerle ilgili genis bir rapor
hazirlanmistir (Koray ve Ozel, 1983a). Daha sonra, bolgedeki
plankton tlrlerinin diger tlrlerle karsilastirmasini yapan Koray
(1987a), bélgeden alinan érneklerde 55 siliyat tiirii tanimlamig
Koray (1987b), ortamdaki kirlilikle tiirlerin dagilimlari arasindaki
iliskiyi incelemistir (Koray, 1987c). Ayrica, izmir Korfezi
mikroplanktonu ile ilgili 1978-1985 yillar arasinda koérfezden
alinan ornekler incelenmis ve simbiyotik 6zellik gosteren, bir
tanesi tintinnid (Tintinnus inquilinus (O.F. Mdller, 1776)
Schrank, 1803) olan toplam 4 siliyat tiir(i tespit edilmistir (Koray,
1988).

izmir Kérfezinde, ozelliikle i Kérfezdeki gamurlu su ve
evsel atiklarla kirlenmis, oksijence fakir bélgelerde Yurga
(1992)'nin yaptig1 calismada, kirli ve oksijensiz ortama tolerans
gosterip, bu kosullara en ¢ok uyum saglayabilen dayanikli
tirlerin, Ciliophora sinifina ait oldugu tespit edilmistir.
Korfezdeki kirlenmenin mikroplankton topluluklari zerindeki
etkisini inceleyen baska bir galismada ise (Koray vd., 1999)
toplam 26 siliyat tird verilmistir. Bblgede Ciliophora sinifi
Uzerine yapilan diger arastirmalar ise, Koray vd., (1999; 2000);
Colak Sabanci ve Koray (2001)a aittir.

izmir Kérfezinde yapilan mevsimsel galismalar sirasinda,
bélgedeki yerli turlerin arasinda 2000'li yillarin baglarinda, ¢ok
az miktarda gorilen, ballast tanklariyla tasinmis, yabanci
kokenli Oligotrichea sinifina ait (Leptotintinnus nordqvisti
Brandt, 1906 ve Rhizodomus tagatzi Strelkow & Wirketis, 1950
(=Tintinnopsis corniger), trleri Yurga (2012) tarafindan rapor
edilmistir. Balkis ve Koray (2014), Tirkiye kiyilarini kapsayan
calismasinda da, Leptotintinnus nordqvisti Brandt, 1906 tlirinii
Ege Denizi'nde, Rhizodomus tagatzi Strelkow & Wirketis, 1950
(=Tintinnopsis corniger) tirini Ege ve Marmara Denizi'nde
saptamis, bu iki yabanci tirlin ancak akintilar ve gemilerin
ballast tanklariyla taginabilecegini belirtmiglerdir.

Bu calismada, 20 yil boyunca izmir Kérfezinden toplanan
ornekler incelenmis, siliyat sinifinin korfezdeki dagilimlari
dinoflagellat ve diyatom siniflari ile birlikte karsilastirmali olarak
ele alinmig, sonuglar 20 yillik deniz suyu sicakliklariyla birlikte
verilmigtir.

MATERYAL VE METOT
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mevsimsel olarak ¢lkilan arastirma seferleri sirasinda
toplanmistir. izmir Biiyiksehir Belediyesi ve Dokuz Eylil
Universitesi Deniz Bilimleri ve Teknololojisi Enstitisi’'nin
ortaklasa yaptigi projelerden toplanan plankton 6rneklerinin
saklanmasi ve degerlendirimesini Ege Universitesi Su Urtinleri
Fakiltesi Temel Bilimler BolimU gergeklestirmistir. Dig Kérfez
(1), Orta Kérfez (2) ve Ig Korfez (3) seklinde segilen 3
istasyondan, kalitatif 6rnekler igin yapilan horizontal ¢ekimler,
10 dakika sire ve 2 mil hizla gergeklestiriimis ve toplanan
materyal sonug konsantrasyonu %4 olacak sekilde formaldehit
ile fikse edilmistir (Sekil 1, Tablo 1).

wwe = wose

o0
2ro0e

£ "o, 1
L /}:& a7

----- 3 § oafir 5 S swas N
NG

L Gaated
P

o

Sekil 1. izmir Kérfezi ve ornekleme istasyonlari
Figure 1. Sampling locations in Izmir Bay

istasyonlardan alinan yiizey (0,50 metre), orta su (5.0
metre) ve dip suyu (10-20 metre arasi) kantitatif 6rnekleri, 5
litrelik pet kaplara konmus, bunlar lugol ile fikse edilmislerdir.
Alinan kalitatif ve kantitatif materyal, 7-10 ginliik bir bekletme
stiresinde sedimentasyona birakilmiglardir. Sedimentasyon
sonrasl, dibe ¢dken drneklerin Uzerindeki fazla deniz suyu
peristaltik pompayla emilerek, kalan kisim 250 cc'lik cam

mezirlere  aktarllarak,  ikinci  bir  sedimentasyona
brrakilmiglardir. ~ 7-10  glinlik  beklemenin  ardindan,
mezlrlerdeki orneklerin  (izerindeki denizsuyu pompayla
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alinarak, kalan kisim tuplere aktarilmigtir. Etiketlenen kantitatif
tlplerden alinan 6rnekler, tek damla ydntemiyle sayilmis,
kepge oOrneklerinden alinan kalitatif drnekler incelenerek, tir
listeleri olusturulmustur. incelenen dmeklerin hepsi Olympus
BX-50 ve Olympus CX-31 arastirma mikroskoplariyla, 15x20 ve
14x40 blyltmelerle, faz-kontrast teknikle incelenmistir. Tek
damla sayim islemi tamamlandiktan sonra, kantitatif drneklerin
1 litredeki miktarlarinin belirlenmesi igin, hiicre sayim sonuglari
her ornek igin ayri ayri hesaplanarak, bireyllitre sekline
déndstlirlimUstir. Mevsimsel olarak yilda 4 defa cikilan arazi
calismalarinda her yil igin U¢ istasyondan (¢ derinlige ait 36
kavanoz drnek alindigindan, 20 yil i¢in 720 kavanoz kantitatif
ornek galisilmistir. Excel'de olusturulan tlim kantitatif sayim
sonuglari ve tir listeleriyle, her istasyondaki familya ve tir
dagilimlari elde edilmistir. Bu sekilde olusturulan listelerle,
1996-2016 yillar arasini kapsayan, bolgedeki dinoflagellat ve
diyatom sinifina ait tirlerle birlikte, tintinnidlerin dagiimina ait
istatistiksel sonuglar elde edilmistir. Gegen 20 vyillik stire
boyunca korfezdeki deniz suyu sicaklik ortalamalarindaki artis,
deniz suyu sicaklik ortalamalarindaki degisimlerle tiir sayilari
arasindaki iligkiyi gdsteren T Testi igin Past istatistik programi,
Bray-Curtis hiyerarsik kimelenme testi icin Biodiversity Pro
kullanilmigtir.  Tlr tayinlerinde Boltovskoy (1981), Isamu
(1982), Sournia (1976), Tregouboff and Rose (1957), Marshall
(1969), Tomas (1997), Koray, Yurga, Colak-Sabancr'nin (2007)
eserlerinden yararlaniimistir. TUr isimleri ve otorler Plankweb

40
35
30
254

20

Tir Sayilari

154

104

(Check-list of Turkish Seas Microplankton), WoRMS (World
Register of Marine Species), MSIP (Marine Species
Identification Portal) ve Algaebase’ten kontrol edilerek
glincellenmistir. izmir Kérfezine ait 1996-2016 yillarinda ait
aylik hava ve deniz suyu sicakliklari, Ankara Meteoroloji Genel
Mudirligu’'nden alinan ve Yurga (2015)'de kullanilan hava
sicakliklari ortalamalari bu makalede  yeniden
dederlendirilmigtir.

BULGULAR

izmir Kérfezinde 1996-2016 yillari arasinda yapilan
calismalarda, siliyat sinifina ait toplam 255 tiir, bu tirlere ait
167 cins saptanmistir. Kérfezden toplanan 20 yillik 6rneklerin
incelenmeleri sonucu elde edilen tir listeleri birlestirildiginde
toplam tir sayisi 65'tir (Tablo 1). Saptanan 255 tiirin yillara
gore dagihimi Sekil 2'de verilmistir.

Birlestirilmis listelere gore, 20 yillik ddnemde saptanan 65
tire ait cins sayisi 23 olup, bunlar Amphorides, Codonella,
Codonellopsis, ~ Cyttarocylis,  Dadayiella,  Dictyocysta,
Eutintinnus, Favella, Helicostomella, Leprotintinnus, Metacylis,
Parundella, Proplectella, Protorhabdonella, Rhabdonella,
Rhizodomus, Salpingella, Schmidingerella, Steenstrupiella,
Stenosemella, Tintinnopsis, Undella ve Xystonella olarak
belirlenmistir (Tablo 1).

1996 1998 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016

YILLAR

Sekil 2 izmir Kérfezi'nde Tintinnida tiir sayisinin 1996-2016 yillari arasindaki dagilim
Figure 2. Distribution of the number of Tintinnida species between 1996 and 2016
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Tablo 1. Izmir Kérfezi'nde 1996-2016 yillari arasinda rastlanan
Tintinnida ya ait tiir listesi .

Table 1. Tintinnida species list found in Izmir Bay between 1996-
2016

Amphorides amphora (Claparéde & Lachmann, 1926)
Amphorides quadrilineata (Claparéde & Lachmann, 1926)
Codonella aspera Kofoid & Campbell, 1929

Codonellopsis schabi (Brandt, 1906) Kofoid & Campbell, 1929
Codonellopsis sp.

Cyttarocylis ampulla Bachy et al., 2012 (=Petalotricha ampulla)
Cyttarocylis ampulla f. cassis Bachy et al., 2012 (=Cyttarocylis
cassis)

Cyttarocylis ampulla f. magna Bachy et al., 2012 (=Cyttarocylis
magna)

Cyttarocylis ampulla f. major Bachy et al., 2012 (=Petalotricha major)
Dadayiella ganymedes (Entz, 1884) Kofoid & Campbell, 1929
Dadayiella sp.

Dictyocysta elegans Ehrenberg, 1854

Dictyocysta lepida Ehrenberg, 1854

Dictyocysta sp.

Eutintinnus apertus Kofoid & Campbell, 1929

Eutintinnus elegans (Jérgensen) Kofoid & Campbell, 1939
Eutintinnus fraknoii (Daday, 1887)

Eutintinnus latus (Jérgensen, 1924) Kofoid & Campbell 1939
Eutintinnus lusus-undae (Entz, 1885)

Eutintinnus macilentus (Jérgensen, 1924) Kofoid & Campbell 1939
Eutintinnus sp.

Favella azorica (Cleve, 1900) Jorgensen, 1924

Favella campanula (Schmidt, 1902) Jorgensen, 1924

Favella ehrenbergii (Claparéde & Lachmann, 1858) Jérgensen, 1924
Favella fistulicauda Jorgensen 1924

Favella markusovszkyi (Daday, 1887) Jorgensen, 1924

Favella sp.

Helicostomella edentata (Fauré-Fremiet, 1924)

Helicostomella subulata (Ehrenberg, 1833) Jérgensen 1924
Leprotintinnus nordqvistii (Brandt, 1906) Kofoid & Campbell, 1929
Metacylis joergensenii (Cleve) Kofoid & Campbell 1929

Metacylis mereschkowskii Kofoid & Campbell, 1929

Parundella lohmanni (Joergensen, 1924) Kofoid & Campbell, 1929
Parundella sp.

Proplectella angustior Jérgensen, 1924

Proplectella claparedei (Entz, 1908)

Proplectella ellipsoida Kofoid & Campbell, 1929

Proplectella subacuta Kofoid & Campbell, 1929

Protorhabdonella simplex (Cleve) Jorgensen, 1924

Rhabdonella brandti Kofoid & Campbell, 1929

Rhabdonella spiralis (Fol, 1881)

Rhizodomus tagatzi Strelkow & Wirketis, 1950 (=Tintinnopsis
corniger)

Salpingella acuminata (Claparéde & Lachmann, 1858) Jorgensen,
1924

Salpingella attenuata Kofoid & Campbell, 1929

Salpingella curta Kofoid & Campbell, 1929

Salpingella decurtata Jorgensen, 1924

Salpingella minutissima Kofoid & Campbell, 1929

Salpingella sp.

Schmidingerella serrata (Mobius, 1887) Agatha & Striider-Kypke,
2012 (=Favella serrata)

Steenstrupiella steenstrupii (Claparéde & Lachmann) Kofoid &
Campbell, 1929

Stenosemella nivalis (Meunier, 1910)

Stenosemella ventricosa (Claparéde & Lachmann, 1858) Jérgensen,
1924

Tintinnopsis beroidea Stein, 1867

Tintinnopsis butschlii Daday, 1887

Tintinnopsis campanula Ehrenberg, 1840

Tintinnopsis cylindrica Daday, 1887

Tintinnopsis lobiancoi Daday, 1887

Tintinnopsis nana Lohmann, 1908

Tintinnopsis radix (Imhof, 1886)

Tintinnopsis sp.

Undella hyalina Daday, 1887

Xystonella lohmanni (Brandt) Kofoid & Campbell, 1929
Xystonella longicauda (Brandt, 1906) Brandt, 1906
Xystonella sp.

Xystonella treforti (Daday, 1887)

Elde edilen genel tiir listesine gére 20 yillik stire boyunca
gortilen tirlerin ait oldugu toplam 11 familya tespit edilmistir.
Bunlar: Codonellidae, Codonellopsidae, Cyttarocylididae,
Dictyocystidae, Metacylididae, Ptychocylididae,
Rhabdonellidae, Tintinnidae, Tintinnidiidae, Undellidae ve
Xystonellidae familyalaridir. 20 yil stire boyunca kérfezde en
sik gortilen tirler Tintinnidae familyasina aittir (%33,7). Bunu
%21,2 ile Codonellidae, %12,2 ile Ptychocylididae ve %9,8 ile
Metacylididae familyasi izlemektedir. Gegen silire boyunca
kérfezde en az rastlanan tiirler ise Cyttarocylididae (%1,6) ve
Codonellopsidae (%1,6) familyalarina aittir (Tablo 2). 20 yil
boyunca korfezde en sik rastlanan Tintinnidae familyasindan
saptanan cinsler Amphorides, Dadayiella, Eutintinnus,
Rhizodomus, Salpingella ve Steenstrupiella'dir. Codonellidae
familyasindan saptanan cinsler Codonella, Codonellopsis ve
Tintinnopsis; ~ Codonellopsidae  familyasindan  saptanan
Stenosemella cinsi; Ptychocylididae familyasindan saptanan
Favella cinsi; Metacylididae familyasindan saptanan cinsler
Helicostomella ve Metacylis ve Xystonellidae familyasindan
saptanan cinsler Parundella ve Xystonella olmustur.

Tablo 2. 1996-2016 yillar arasinda saptanan Tintinnid familyalari ve
tir sayilarinin dagilimlari

Table 2. Tintinnid families designated between 1996 and 2016 and
their species distributions

Familya Tiir _Cins % Toplam
Codonellidae 11 3 21,2 55
Codonellopsidae 2 1 1,6 3
Cyttarocylididae 4 1 1,6 4
Dictyocystidae 3 1 2,0 5
Metacylididae 4 2 9,8 27
Ptychocylididae 6 1 12,2 3
Rhabdonellidae 4 3 78 20
Tintinnidae 19 6 33,7 86
Tintinnidiidae 1 1 2,0 5
Undellidae 5 2 43 1
Xystonellidae 6 2 3,9 10
65 23 100 255
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Korfezde 20 yil boyunca yuritilen galigmalarda en bol
gbzlenen tintinnid tlrleri Helicostomella subulata, Eutintinnus
fraknoii, Tintinnopsis cylindrica, Tintinnopsis campanula,
Steenstrupiella steenstrupii, Favella ehrenbergii, Codonellopsis
schabi, Salpingella acuminata, Favella campanula, Salpingella
curta ve Amphorides quadrilineata olarak saptanmigtir.

Korfezden alinan 6rneklerin incelenmeleri sirasinda gegen
20 yillik slre boyunca sadece bir kez gdzlenmis olan nadir
tiirler ise Codonella aspera (2001 yilinda), Cyttarocylis ampulla
f. magna (=Cyttarocylis magna) (2001 yilinda), Cyttarocylis
ampulla f. cassis (=Cyttarocylis cassis) (1998 yilinda),
Dictyocysta lepida (2001 yilinda), Eutintinnus apertus (1998
yilinda), Eutintinnus elegans (1996 yilinda), Eutintinnus
macilentus (1996 yilinda), Favella azorica (2011 yilinda),
Metacylis mereschkowskii (1998 yilinda), Parundella lohmanni
(2007 yilinda), Cyttarocylis ampulla (=Petalotricha ampulla)
(2011 yilinda), Petalotricha major (2001 yilinda), Proplectella
angustior (2001 yilinda), Proplectella ellipsoida (2007 yilinda),
Proplectella subacuta (2001 yilinda), Stenosemella ventricosa
(2007 yilinda), Tintinnopsis  butschlii (2007  yilinda),
Rhizodomus tagatzi (=Tintinnopsis corniger) (2012 yilinda) ve
Xystonella lohmanni (2001 yilinda) olarak verilebilir.

Tintinnidlerin - %50 benzerlik seviyesine gdre yapilan
hiyerarsik kimelenme analizi sonucunda 5 grup saptanmistir
(Sekil 3). B grubunda Metacylis joergensenii, Salpingella curta,
Salpingella acuminata, Protorhabdonella simplex, Favella
campanula, Eutintinnus fraknoii, Steenstrupiella steenstrupii,
Tintinnopsis campanula, Tintinnopsis cylindrica, Helicostomella
subulata, Favella ehrenbergii, Codonellopsis  schabi,
Proplectella claparedei, Salpingella decurtata, Rhabdonella
spiralis, Amphorides quadrilineata ve Dadayiella ganymedes
ve Amphorides amphora kendi aralarinda bir kime
olusturmustur. C grubunda ise Xystonella longicauda, Favella
fistulicauda, Eutintinnus latus, Schmidingerella  serrata
(=Favella serrata) ve Eutintinnus lusus-undae kendi iginde
kiime olusturmustur. D grubunda Helicostomella edentata,
Favella markusovszkyi ve Eutintinnus sp. kendi aralarinda bir
kiime olusturmustur. E grubunda ise Xystonella treforti,
Tintinnopsis nana Stenosemella nivalis ve Salpingella
minutissima kendi aralarinda kiime olusturmustur. Bray-Curtis
benzerlik katsayisi dendograminda da gérilecegi Uzere, B,C,D
ve E gruplari igerisinde Undella hyalina, Tintinnopsis beroidea,
Favella sp. ve Salpingella attenuata olacak sekilde daha biyuk
bir grup olan A grubunun igerisinde kimelenmiglerdir. Fakat
Rhizodomus tagatzi (=Tintinnopsis corniger), Salpingella sp.,
Tintinnopsis  sp.,  Tintinnopsis lobiancoi, Leprotintinnus
nordquistii, Rhabdonella brandti, Dictyocysta elegans ve
Tintinnopsis radix drneklemelerde az rastlanmalari sebebiyle
bu gruplarin disinda kalmistir (Sekil 3).

1996-2016 yillar arasindaki siliyat sinifi tlir sayilarina
baktigimizda, en fazla tlir sayisi 2001 yilinda (36), en az tir
sayisl ise 2006 yilinda (1) gorlimUstir (Sekil 2). Ayrica, Kasim
2009'da Salpingella curta ve Kasim 2013'te Helicostomella
Subulata tirleri tum istasyonlardaki derinliklerde gézlenmistir.

Korfezde en sik rastlanan Tintinnid tirleri bakimindan
yapilan kantitatif degerlendirmeler sonucunda 2008 Ocak
ayinda H. subulata 2 no’lu istasyonda 10 metrede 675 birey I,
Salpingella decurtata Temmuz ayinda 3 no’lu istasyonun 0,5
metrede 100 birey I, H. subulata 2008 Temmuz ayinda 2 no’lu
istasyonun 0,5 metrede 136 birey I, 2008 Kasim ayinda 2 no’lu
istasyonun 0,5 metrede 136 birey I', 2009 Subat ayinda 3 no’lu
istasyonun 0,5 metrede 50 birey I, 2009 Nisan ayinda 2 no’lu
istasyonun 5 metrede 444 birey I, 2009 Temmuz ayinda 2
no'lu istasyonun 0,5 metrede 68 birey I, 2009 Kasim ayinda 1
no'lu istasyonda 0,5 metrede 32 birey I', Favella campanula
Subat ayinda 3 no'lu istasyonun 0,5 metrede 2048 birey I, H.
subulata 2010 Temmuz ayinda 3 no’lu istasyonun 0,5 metrede
49648 birey I, 2011 Subat ayinda 3 no’lu istasyonun 5 metrede
2040 birey I, 2011 Nisan ayinda 2 no’lu istasyonun 10 metrede
10 birey I, 2011 Temmuz ayinda 3 no'lu istasyonda 0,5
metrede 288 birey I, 2011 Kasim ayinda 3 no’lu istasyonda
0,5 metrede 897 birey I' ve 2013 Kasim ayinda 1 no'lu
istasyonda 10 metrede 348 birey I bollugunda gdzlenmistir.

istasyonlara bagli farkliligin belilenmesi icin yapilan
galismalar sonucunda tintinnidlere ait en dislk bolluk Nisan
2006 doneminde 4 birey I olarak Eutintinnus fraknoii turi
olarak belirlenmis (3 no'lu istasyon, derinlik 0,5 m), en yiksek
bolluga ise Temmuz 2010 déneminde Helicostomella subulata
tir( 49648 birey I ile ulasmistir (3 no'lu istasyon, derinlik
0,5m).

1996-2016 yillari arasina ait, izmir Korfezinin en yiksek ve
en distk deniz suyu sicakliklari Ankara Meteoroloji Bolge
Midirldgi’'nden alinarak, ortalamalari hesaplanmistir (Sekil 4).
Deniz suyunun 20 yillik sicaklik ortalamalarina baktigimizda,
en yiksek degere 2010 yilinda 29,4°C olarak Adustos ayinda
ulastigi gordlir. En distik deniz suyu sicakligi ise 2009 yili
Subat ayinda 8.0°C olarak dlglimistir. 20 yillik stire boyunca
korfezdeki siliyat tirlerinin dagiimina baktigimizda, ézellikle
2001-2007 wyillari ve 2010-2012 arasindaki deniz suyu
sicakliginin nispeten daha disik oldugu dénemlerdeki tlir
sayllarinda disme agik olarak gortlir. Deniz suyu sicaklik
ortalamalariyla, tir sayilarindaki artis ve azalmalar gozle
géraltr bir sekilde uyum halindedir (Sekil 5). Ankara Meteoroloji
Genel Mudurligi'ntn kérfeze ait aylik deniz suyu sicakliklari
ile hava sicakliklari arasindaki iligkiyi gorebilmek amaciyla
yapilan korelasyon hesabinda, gegen slre boyunca deniz suyu
ve hava sicakli§i arasinda pozitif bir iliski oldugu gérilmustir
(r: 0,703; p:0,03). Parametrik test varsayimlari dikkate
alindiginda, T testinde 1996 yili ve 2016 yili deniz suyu sicaklik
ortalamalari karsilastirlmistir. 1996 yilindaki ortalama deniz
suyu sicakhgr 17,9°C, 2016 yilindaki ortalama deniz suyu
sicakligi ise 19,1°C'dir. Yapilan T testiyle, denizsuyu
sicakliklari, hava  sicakliklari  aylik  ortalamalariyla
karsilastiriidiginda 0,05 yaniima diizeyinde, %95.0 guvenirlikle
istatistiksel farklik bulunmustur ve deniz suyu sicakhiginin
gegen 20 yillik stirede 1,20°C artig g6sterdigi gorilmektedir (t:
1.1776; p: 0.2466).
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Bray-Curtis Cluster Analysis
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Sekil 3. 1996-2016 yillari arasinda tintinnid tiirlerinin hiyerarsik kimelenme analizi sonuglari
Figure 3. The results of hierarchical cluster analysis in tintinnid species between 1996 and 2016
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Sekil 4. 1996-2016 yillari arasi maksimum, minimum ve ortalama deniz suyu sicakliklari (Yurga, 2015)
$Sekil 4. Maximum, minimum and average sea water temperatures between 1996 and 2016 (Yurga, 2015)
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Sekil 5. 1996-2016 yillari arasinda siliyat sinifinin kérfezdeki dagilimi ve deniz suyu sicaklik ortalamalari
Figure 5. Distribution of the Ciliata class in the bay between 1996 and 2016 and sea water temperature averages

TARTISMA VE SONUG

Korfezde periyodik olarak yapilan calismalarda H.
subulata, S. decurtata ve S. steenstrupii dénem dénem bolluk
bakimindan baskin oldugu dikkat gekmektedir (Golak Sabanci
ve Koray, 2016). Ozellikle H. subulata cinsinin yaygin olarak
neritik sularda dagilis gdsterdigi bildirilmistir (Pierce ve Turner,
1993). Ayrica, Helicostomella tlirlintin ilkbahardan sonbahara
kadar ortamdaki diger tintinnid tlrlerinden daha bol olarak
bulundugu da rapor edilmistir (Bojani¢ ve ark., 2006). Kis
aylarinda bu tiriin nispeten daha seyrek olarak goriiimesinin
sebebi, kist haline doniiserek dibe c¢okmesidir (Paranjape,
1980). Amphorides, Codonellopsis, Eutintinnus, Salpingella ve
Steenstrupiella kozmopolitan; Rhabdonella sicak su tiirQi ve
Favella, Metacylis ve Tintinnopsis genusuna ait tlrler ise neritik
olarak degerlendirilirler (Pierce ve Turner, 1993). Salpingella
cinsine ait tlrler oseanik olarak degerlendirilse de (Lee ve Kim,
2010) bu arastirmada Salpingella curta tiri 2009 Kasim ayinda
caligilan istasyonlardaki tim derinliklerde gdzlenmistir. S.
curta, 1 no'lu istasyonda 0,5 metrede 64 birey |1, 5 metrede 35
birey I, 10 metrede 35 birey I, 2 no’lu istasyonda 0,5 metrede
36 birey I, 5 metrede 70 birey I', 10 metrede 37 birey I ve ig
Korfezdeki 3 no'lu istasyonda 0,5 metrede birey 34 I, 5
metrede 99 birey I ve 10 metre derinlikte 35 birey I
bollugunda saptanmistir. S. curta Subat 2010'da 2 no'lu
istasyonun 0,5 metre derinligindeki bollugu 144 birey I-""dir.

Balkis (2004) yaptigi calismada, tintinnidlerin tir ve birey
sayllarinin Ekim ve Kasim aylarinda arttigini, bununla iligkili

olarak fitoplankton yogunlugunun azaldigini bildirmis, ayrica
tintinnidlerle fitoplanktonik turlerin arasinda negatif bir iligki
oldugu da vurgulanmistir (Balkis, 2004; Balkis ve Toklu Aligl,
2009; Lee ve Kim, 2010). Ancak, Kimor ve Golandsky (1977)
ve Sorokin'in  (1977) yaptigi arastirmalarda ortamdaki
fitoplankton bolludu ile tintinnid tirleri arasinda pozitif bir iligki
oldugu bildirilmistir (Balkis ve Koray 2014). Bu galismamizda,
Balkis'in  2004'teki galismasindakiyle benzer  sekilde,
tintinnidlerin Ekim ve Kasim aylarinda tlr ve birey sayilarinin
artti§r, bununla iliskili olarak fitoplankton yogunlugunun
azalmasi sebebiyle negatif bir iliski oldugu bulunmustur.

Cesitlilik durumunu belilemek amaciyla, 20 yillik tintinnid
bolluk verisi, dis korfezden i¢ korfeze dogru ele alinarak
karsilastirildiginda, dis kérfezin kantite ve kalite yéninden
daha zengin, i¢ kdrfezin ise kalite ydniinden fakir fakat kantite
yonlinden bol oldugu goriiimektedir. Dis kérfezden, orta ve i¢
kérfeze dogru gidildikge tintinnid tlr gesitliligi azalmakta, fakat
saptanan tirlerin bolluklari artmaktadir. Sadece tintinnidlerin
degil, diyatom ve dinoflagellatlarin da dig kérfezdeki tlr
cesitliligi her zaman fazladir (Biiyikk Kanal Projesinin izmir
Korfezi Denizel Ortaminda Fiziksel, Kimyasal, Biyolojik ve
Mikrobiyolojik Etki Ve Sonuglarinin izlenmesi 2007 Yili Final
Raporu). Tintinnidler, oksijence fakir, nitrientge zengin,
nispeten kirletiimis kiyisal bdlgelerde yasamaya diger tirlere
gbre daha kolay adapte olabilen canlilardir (Yurga, 1992).
Ozellikle i korfezde 2000'li yillarin baslarindan sonra goriilen
kirliligin artisi, 2000'li yillarin sonuna dogru hizlanmig, izmir
Bliylik Kanal Projesinin devreye girmesiyle kirlilik kontrol
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edilebilmis, orta ve i¢ kdrfezde diyatom, dinoflagellat ve tintinnid
tirlerinde artig gorilmis ve izmir Korfezi Atiksu Aritma
Tesisinin 2000 yilinda devreye girmesiyle, kdrfezdeki 2 biyik
planktonik ana grup olan diyatom ve dinoflagellat topluluklari
Uzerine olumlu etkiler g6zlemlenirken, siliyat topluluklari
tizerinde nispeten olumlu bir zenginlesme oldugu gorilmustr
(Sekil 6) (Bilylk Kanal Projesinin izmir Kérfezi Denizel
Ortaminda Fiziksel, Kimyasal, Biyolojik Ve Mikrobiyolojik Etki
ve Sonuglarinin izlenmesi 2012 Sonug Raporu). Kérfezden
saptanan 11 tintinnid familyasinin yillara gdre kiimelenme
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oranlarinin g6sterildigi Sekil 7’de, 20 yillik zaman boyunca artis
ve azalig gosteren deniz suyu sicaklik ortalamalari verilmistir.
Ozellikle Rhabdonellidae familyasina ait tlrlerin artan deniz
suyu sicaklgi ile dénem boyunca uyumlu olarak kérfezde
dagilim gosterdikleri gortlmistir (Sekil 7). Buna gére 20 yillik
stire boyunca korfezde en fazla tiirle temsil edilen familyalar
Tintinnidae (%33,7), Codonellidae (%21,2), Metacylididae
(%9,8), Rhabdonellidae (%7,8), Undellidae (%4,3) ve
Xystonellidae (%3,9) oranlari ile temsil edilmis, diger familyalar
%2'nin altinda kalmistir (Tablo 2).
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$Sekil 6. 1996-2016 yillari arasinda deniz suyu sicaklik ortalamalari ve kdrfezdeki Dinoflagellat, Diyatom ve Tintinnidlerin dagilimi
Figure 6. Sea water temperature averages between 1996 and 2016 and the distribution of the Dinoflagellates, Diatoms and Tintinnids in the

bay
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Sekil 7. 1996-2016 yillari arasinda siliyat familyalari kiimelenme oran grafigi ve deniz suyu sicakliklar ortalamalari
Figure 7. Clustered stacked column charts of the Ciliata families and sea water temperature averages between 1996-2016

Yabanci gemilerin ballast tanklariyla taginarak kérfeze
gelmis, Oligotrichida takimina ait dis kaynakli 2 siliyat tlrd ilk
kez olarak 2007 vyilinda, korfezden alinan 6rneklerde
saptanmis, Leprotintinnus nordqvistii ve Rhizodomus tagatzi

(=Tintinnopsis  corniger), dikkat ¢ekici asin gogalmalar
yapmadan, calismalarda nadiren goriilen dis kaynakli 2 yeni
siliyat tirl olarak rapor edilmistir (Yurga, 2012). Arastirma
sonucunda 20 yillik tintinnid verisi incelendiginde, dis kaynakli
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iki tir olan Leprotintinnus nordqvistii ve Rhizodomus tagatzi
(=Tintinnopsis corniger) yaninda Salpingella sp., Tintinnopsis
sp., Tintinnopsis lobiancoi, Rhabdonella brandti, Dictyocysta
elegans ve Tintinnopsis radix korfezde en az rastlanan tiirlerdir
(Sekil 3). Rhizodomus tagatzi tiiriini galismalarinda istilaci bir
tr olarak ele alan Saccd ve Giuffré (2013), bu tirin
okyanuslarda tasimacilik yapan blylk gemilerin ballast
tanklarinda tasindigini tespit etmiglerdir. Turkiye kiyilarini
kapsayan galismada Balkis ve Koray (2014) Rhizodomus
tagatzi tirini Ege ve Marmara Denizi'nde saptamis, diger bir
dis kaynakli tir olan Leptotintinnus nordqvistiile bu tliriin ancak
akintilar ve gemilerin ballast tanklariyla taginabilecegini
belirtmislerdir.

Sonug olarak, Tintinnidae familyasina ait
mikrozooplanktonik tirler, korfezde en bol bulunan grubtur.
1996 yilindan itibaren korfezdeki siliyat tir cesitliligindeki
azalma, kirliligin artisiyla birlikte dikkat gekicidir. Kérfezde tlim
zamanlar boyunca en baskin sinif olan diyatom ve bunu takip
eden dinoflagellat tir cesitlilijinde de benzer azalmalar tespit
edilmistir (Sekil 6), (Biiyiik Kanal Projesinin izmir Korfezi
Denizel Ortaminda Fiziksel, Kimyasal, Biyolojik ve
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Abstract: In this study, experiments were carried out to evaluate the blue mussel (Mytilus edulis) trochophore as a potential live feed for marine fish larvae. A
short-term low temperature storage method has been developed to preserve and transport live trochophores. The mean size of M. edulis trochophores was found
to be 73,50 £ 5,24 my. The survival rates of trochophores were ascertained in 4-5 °C storage condition. Blue mussel fatty acid profile showed a predominance of
16: 0 (14,17%) and 20: 5 (w-3) (20,01%), and high concentrations of 16: 1 (®-7) (7,79%) and 22: 6 (®-3) (6,14%). Concentrations of 20: 5 (»-3) and 22: 6 (®-3)
totaled 26, 15%. Total w3-HUFA accounted for 36,14% of the total fatty acids. The study suggested that mussel trochophores would be a good diet for marine fish
larvae due to the size, suitable fatty acid composition, storage time up to 6-7 days and also capability to swim at low temperatures.

Keywords: Blue mussel, trochophore, size, fatty acids, live storage

0z Bu galismada, mavi midye (Mytilus edulis) trokoforlarinin deniz baligi larvalari igin potansiyel canli yem kaynagi olarak degerlendirilmesi icin deneyler
gerceklestirimistir. Canli trokoforlarin kolay kullanimi ve taginmalari igin kisa donem depolama metodu gelistirilmistir. Depolama kosullarinda (4-5 °C) trokoforlarin
yasama yizdeleri belirlenmistir. Trokoforlarin ortalama boyu 73,50 + 5,24 um olarak élgiilmiistir. Yag asit profilleri incelendiginde 16: 1 (%14,17) ve 20: 5 (®-3)
(%20,01) bakimindan zengin olup, yiiksek oranlarda da 16: 1 (@-7) (% 7,17) ve 22: 6 (w-3) (% 6,14) yag asitlerinin varligi belirlenmistir. 20: 5 («-3) ve 22: 6 («-3)
konsantrasyonlarinin toplamda % 26,15 oldugu, ®-3 HUFA’ nin toplam yag asitlerinin % 36,14'Uni olusturdugu saptanmistir. Sonug olarak midye trokforlarinin
buydkligd, uygun yag asiti kompozisyonu, 6-7 giine kadar depolama stresi ve ayrica dislk sicakliklarda ylzebilme yetenegi gdstermelerinden dolayi deniz
baliklari larvalari igin iyi bir yem olacagi 6n gortiimektedir.

Anahtar kelimeler: Mavi midye, trokofor, boy, yag asitleri, canli depolama

INTRODUCTION

Feeding studies with several marine fish larvae have

suggested that the (®-3) HUFA content of the feed is a
principal factor determining its dietary value (Sargent et al.,
1989). Bivalve eggs and trochophores have a high percentage

of 20: 5 (®-3) and 22: 6 (-3) fatty acids (Pollero, 1979; Trider
et al, 1980; Waldock et al., 1984; Beninger et al., 1985;
Napolitano et al., 1992). Moreover, at certain times of the year
bivalve larvae may be a part of the natural plankton
assemblage which forms the natural diet of marine fish larvae.
However, the use of bivalve trochophores as a potential food
item for larval fish has not been adequately researched.

Netto (1982) reported that during production of larval mullet
(Mugil liza), green water (between the 5t day and throughout
the culture period), fertilized oyster (Crassostrea brasiliana)
eggs (between the 31 and 12t days), rotifers (between the 5t
and 21st days), and brine shrimp nauplii and metanauplii (after
the 16t day) were used. Survival rates at 6 months, indicated
this feeding regime to be the best. Grouper larvae, (hybrid of
white-spotted green grouper, Epinephelus amblycephalus, and
wild red grouper, E. akaara) were sufficiently reared by feeding
with fertilized oyster eggs, rotifers, and brine shrimp nauplii
(Tseng and Poon, 1983). Similar results were also obtained for
E. amblycephalus larvae fed fertilized oyster eggs, rotifers, and

Only a few studies using fertilized eggs and trochophores
as food sources have been reported. Benetti and Fagundes-
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Artemia nauplii (Tseng and Chan, 1986) and milkfish (Chanos
chanos) larvae fed with fertilized oyster eggs, rotifers,
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copepods, brine shrimp, flour and prepared feed, together with
Chlorella (Liao et al., 1979).

By using natural plankton and nutritionally rich oyster
trochophores as first food, Hawaiian stream goby (Lentimes
concolor) larvae were reared successfully up to 21 days
(Lindstrom, 1994). Hongchao and Feng (1990) determined that
oyster trochophores were found to be the most suitable food
item among the three kinds of live food sources (oyster
trochophores, rotifers and Artemia nauplii) for the first feeding
of black porgy (Sparus macrocephalus) larvae. Kentouri and
Divanach (1986) reported that black mussel (Mytillus
galloprovincialis) trochophores were treated as substitute prey
by gilthead seabream (Sparus aurata) larvae. In addition, green
mussel (Perna viridis) eggs and trochophores were considered
to be the best potential live food source for greasy grouper
(Epinephelus tauvina) larvae which cannot feed on S-type
rotifers directly because of its small mouth size (Lim, 1991). The
nutritional value of trochophores was illustrated in the study of
Watanabe et al. (1996) who found that larval nassau grouper
(Epinephelus striatus) fed a mixed-prey of 50% cryopreserved
Crassostrea gigas trochophores and 50% SS-type rotifers
exhibited higher growth and survival than those fed rotifers or
trochophores and rotifers in sequence.

Since trochophores develop from fertilized eggs in just a
few hours and quickly develop into shelled veliger larvae, it is
very unlikely that a sufficient number of trochophores could be
produced to coincide exactly with the availability of initial
feeding fish larvae. Thus, for eventual commercial development
of marine fish culture, a means of holding and transporting live
trochophores for “on demand” use at distant locations is
needed. This need can be met by developing storage
management techniques for bivalve trochophores. Storage of
the trochophores below their culture or ambient temperature
can be used to prolong their viability. The majority of relevant
publications relate to storage of fish milt under chilled
conditions, usually in domestic refrigerators (Stoss and Holtz,
1983; Scott and Baynes, 1980; McAndrew et al., 1993).
Although fish ovaries can be successfully stored, most of the
studies and applications of liquid storage of gametes relate to
spermatozoa and to salmonids (Buyukhatipoglu and Holtz,
1978; Labbe et al., 2018; Paredes et al., 2012 and 2013; Stoss
and Holtz, 1983; Scott and Baynes, 1980; McAndrew et al.,
1993).

The main objective of the study is 1) to determine the sizes
of the trochophores, 2) to investigate fatty acid composition of
the trochophores, and 3) to establish the short-term storage
methods to maximize trochophore survival.

MATERIALS AND METHODS
Experimental animals

Broodstock of blue mussel (Mytilus edulis) were obtained
from different shellfish companies located along the eastern

Maine coast, Maine, USA (Table 1). Replications were
determined by spawning dates for the broodstock and each
replicate represents one batch of eggs from the mussel species
spawned on a particular day. In grouping the blue mussel
replications, egg colour was also considered a variable for both
storage and fatty acid composition studies. During the
spawning operations, orange, white, and mix (mix of white and
orange) colored eggs were fertilized separately. The egg
colours of M. edulis broodstock is shown in Table 2.

Spawning operations

Mussel broodstock was obtained from nature, and they
were transported in a container packed in ice. These mussels
were kept moist in a refrigerator at 4-6 °C overnight. The next
day, they were transferred into the spawning tank and filtered
seawater (22-24 °C) was added to a depth of 5 to 6 cm. The
tank was drained and refilled continuously. When mussels
started spawning, they were placed in containers of seawater
to collect eggs and sperm separately. A small volume of sperm
suspension (2-3 mL) was used to fertilize the 20 million eggs in
the fertilization tank. Fifteen minutes after fertilization, a sample
of eggs was checked under a microscope to determine
fertilization success (Myrina et al., 2015). A compound
microscope (Olympus) with 100x magnification was employed
to determine developmental stages of the bivalve eggs, and
measurements of the trochophore size and survival.

After 1 h, developing embryos were collected on a 23 mp
mesh sieve, and placed into 150-mL glass serum bottles
(Myrina et al., 2015). They were then transported on ice to the
laboratory and kept overnight in the refrigerator at 4 °C and
were prepared for both fatty acid analysis and short-term
storage studies. It was observed that 1 day after spawning,
most of the embryos had reached the trochophore stage while
in the refrigerator. They were moved from the refrigerator and
left at room temperature (approximately 20 °C) for 15- 30 min.
When the water temperature started to increase in the
containers, viable trochophores started to swim into the upper
part of the water column, while embryos remained at the bottom
of the containers. The percentage of embryos that developed
to trochophores was not examined. These embryos were
removed from the containers by using a pipette. Mussel
trochophores became mobile at 4 °C, so the separation
between M. edulis embryos and trochophores was performed
without leaving the containers at room temperature.

Size study

The size of the trochophores was determined using a blood
cell counter and a compound light microscope. Each replicate
was mixed well, and a 1 mL sample was taken from each
container with a pipette. A 1 mL sample was diluted in
containers with 24 mL sea water, mixed well and a 1 mL
subsample was used for size measurements. This step was
repeated five times for each replicate.
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Table 1. Experimental M. edulis broodstock: replication number, source, and nutritional history

Species Replicate Source Nutritional history

M. edulis 1 Private Company I* naturally-conditioned
M. edulis 2 Private Company | naturally-conditioned
M. edulis 3 Private Company | naturally-conditioned
M. edulis 4 Private Company II** naturally-conditioned
M. edulis 5 Private Company || naturally-conditioned
M. edulis 6 Private Company || naturally-conditioned
M. edulis 7 Private Company || naturally-conditioned
M. edulis 8 Private Company || naturally-conditioned

*GEMF: Great Eastern Mussel Farm, Long Cove Rd, Tenants Harbor, ME 04860, USA

**Maine’s Best Seafood, 61 Union St, Blue Hill, ME 04614, USA

Table 2. The experimental M. edulis broodstock species: replication number, spawned female and male number, and their egg colours

Species Replicate No No egg colour
of female of male

M. edulis 1 Nd Nd Orange

M. edulis 2 Nd Nd Orange

M. edulis 3 10 12 Not specific’
M. edulis 4 6 8 Orange

M. edulis 5 5 8 White

M. edulis 6 7 7 White

M. edulis 7 8 7 Orange

M. edulis 8 15 7 Not specific

Nd: Not determined, * Not specific : mix of white and orange colour

Fatty acid composition study
Sample preparation

After embryos were removed from the containers,
trochophore density was determined. A minimum of 0,5 million
trochophores was added to each tube to provide sufficient lipid
content for extraction and subsequent analysis. Using an
average weight of 150 ng/trochophore and a lipid concentration
of 20% (Whyte et al., 1987), 0.5 million trochophores would
provide approximately 15 mg of lipid. Trochophores were
collected on a 23 my screen and rinsed with filtered seawater
followed by ammonium formate solution (3,2%, wiv), in order to
prevent oxidation of the lipids during storage (Whyte et al.,
1991). They were then transferred into tapered test tubes,
freeze-dried, and stored at -80 °C until they were analyzed
(Whyte et al., 1987).

Total lipid extraction process

The method described by Bligh and Dyer (1959) was used
for lipid extraction. Moisture content of the samples was
determined by drying overnight at 105 °C in a laboratory oven
(Stabil-Therm, Model OV500) and calculating the weight
difference. In order to extract and purify all lipids from
trochophores, chloroform-methanol (1:2) was added to the
trochophore sample tubes at an amount equal to 3.75 times
their water content, and mixed well. The mixture was kept for
30 minutes at room temperature and centrifuged at 2500 rpm
for 10 minutes in a refrigerated Sorvall RC-5B centrifuge. The
supernatant, containing the lipid, was removed and stored. The
remaining sedimented trochophore sample was re-extracted

with 2-mL chloroform-methanol-water (1:2:0,8), mixed, and
centrifuged. The second supernatant was combined with the
first. The total volume of the extract was calculated. By dividing
the total volume (mL) by 3.75, the amount of chloroform (mL)
added to the extract was calculated. Then, 2 M (molar)
potassium chlorate (KCl) was added to the extract in the same
amount of chloroform, and mixed well. At this point, two phases
were observed. For exact separation of the phases, the mixture
was left in the refrigerator overnight at 4 °C. The upper phase
was removed using a pipette. The lower phase, containing the
lipid, was dried under nitrogen in a water bath (Nap Co., Model
202) at 45 °C. One ml chloroform was added to the dried tubes
and the mixture was filtered through a glass funnel packed with
glass wool into a weighed round-bottom tube to remove any
undissolved material. The procedure was repeated with the
addition of 1 mL of chloroform, and the filter was washed with
1 mL chloroform to wash out the lipid. The filtered extract was
dried under nitrogen for 15 minutes and the tube was weighed.
For 10 mg extract, 1 mL chloroform with 0.005% BHT (butylated
hydroxy-toluene) was added to the dried extract just before the
storage of the lipid sample in the freezer at -20 °C (Bligh and
Dyer, 1959).

In the third step (transesterification), a 30 uL sample was
taken from the stored lipid sample solution and placed into a
tapered tube. The sample was dried under nitrogen in a water
bath. First, 0,5 mL toluene then 0,5 mL metabolic base reagent
(Alltech, Inc.) were added into the dried tube. After it was mixed
well, the tube was placed in a Lab-Line multi-block heater at 70-
80 °C for 15-20 minutes. The mixture was then allowed to cool
to room temperature, and 1,5 mL of distilled water and 1,5 mL
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methylene chloride were added to the tube. The mixture was
capped and mixed well. At this point the sample was stored in
the freezer at —20 °C to separate the phases prior to gas
chromatographic analysis (Bligh and Dyer, 1959).

A Gas Chromatograph (Hewlett Packard, Model 5890A),
fitted with a capillary inlet system, a flame ionization detector,
and connected to an integrator (Hewlett Packard, Model
3390A), was used for the analysis. The fatty acid methyl esters
were separated on a Supelcowax 10 fused silica capillary
column (30x 0,32 mm ID, 0,25 m film) programmed to 160 °C
with a 3 °C/min rise in the column temperature and held at 262
°C for 6 min. Both injection and detector temperatures were
maintained at 250 °C. Helium carrier gas was purified through
a high capacity heated gas purifier (Supelco, Inc.) and
controlled at a linear velocity of 40 mL/min with a split ratio of
25:1. Analyte solutions (1-2 mL) were separated and identified
by comparison with standard (cod liver oil) (Dr. Desiervo, pers.
comm.). The integrator was programmed to reject areas less
than 1000 and peak widths less than 0,04 min for noise
rejection and peak recognition.

Short-term
measurements

storage  conditions and  survival

After embryos were removed from the spawning buckets,
trochophores were stored in 150 mL containers at a density of
2500 individuals/mL, and they were transported from Rogers
Hall, University of Maine to the Darling Marine Center,
University of Maine, where short-term storage studies were
conducted. The containers were placed in the refrigerator at a
constant temperature of 4 to 5 °C. According to the second
preliminary experiment, 4 °C was found to be the best for short-
term storage because at that temperature, development
beyond the trochophore stage does not occur in M. edulis. In
order to reduce the bacterial growth in the containers, 1000 1U
penicillin, 100 pg streptomycin and 500 ug neomycin were
added to each milliliter trochophore suspension. Kanamycin
(100 pg/mL) was used to replace neomycin during the last two
months of the experiment (Dr. Opitz, pers. comm.). Every other
day, filtered (0.22 mu mesh size) seawater was removed and
replaced with 100 mL oxygen- rich seawater for the
trochophore larvae.

The survival of the trochophores was determined daily.
Each trochophore suspension was thoroughly mixed, and a 1
mL sample was taken from each container with a pipette and
placed in a blood cell counter. The number of live and dead
trochophores was observed under 100x magnification and
recorded. This procedure was repeated five times for each
sample. The short-term storage experiments were stopped
when the survival rate of trochophores was 0 %. The storage
period varied from 4 to 19 days.

During the storage experiments, salinity was measured with
a hand-held refractometer (Atagor C., Ltd., Model 2441-W05).
Dissolved oxygen levels (ppt) in the containers were measured
with a Sentry Il Oxygen/ Temperature Monitor (Otterbine,

Bartbo, Inc.). A pocket size ATC pH Tester (Cole Parmer,
Model 59000-20) was used to measure pH.

Statistical analysis

Size and fatty acid composition data were analyzed using
the MEAN Procedure using SAS (SAS Institute Inc., 1990). All
data were expressed as means standard deviation. Survival
data were analyzed using the LIFETEST Procedure with
Logrank Test described by SAS (SAS Institute Inc., 1990). The
logrank method has been used for biological data that compare
survival rate among patients who received different treatments,
or physical data that compare the lifetime of different diesel
engines. The Logrank test compares the survival period using
the Chi-square statistic. This method has several advantages
over the other methods such as analysis of variance (ANOVA)
and GLM. The Logrank fits nonparametric data, uses all data
during the experimental period instead of a fixed time period,
and it can analyze incomplete data. The LIFETEST procedure
provided product-limit or life table estimates (day, with median
survival period (days to 50% survival) standard error), and
linear rank statistics using either Wilcoxon or log-rank scores.

RESULTS AND DISCUSSION
Size of trochophores

Mean size of mussel trochophores recorded here as
73.50+5.24 myis similar to that found previously (Bayne, 1976;
and C. Lantaigne, unpublished results). Trochophores of M.
edulis are 70-110 myp in size (Bayne, 1976). C. Lantaigne
(unpublished results) also found that M. edulis trochophores
were 81-711 mpin size.

The importance of prey size to successful first feeding of
larval nassau grouper (E. striatus) was demonstrated
previously (Watanabe et al., 1996). Watanabe et al. (1996)
concluded that crypreserved C. gigas trochophores (mean
diameter = 49,9 my; range = 35-60 mp), although insufficient
when used alone, resulted in improved survival of larval E.
striatus when used in combination with S-type rotifers,
Hawaiian strain, (mean lorica length = 161 my; range = 74-264
mu) and SS-type rotifers, Thai strain, (mean lorica length = 147
my; range = 67-237 mp). Using a mix prey regime allowed
greater percentage of the larvae at the time of mouth opening
to ingest C. gigas trochophores probably related to the small
size and low motility of C. gigas trochophores (Watanabe et al.,
1996).

Based on size, M. edulis trochophores would be best prey
item for cod or similar size fish larvae. Previous studies show
that the prey size for Pacific cod larvae at 5 mm total length
ranged between 67.5 mp and 129 my (Takatsu et al.,1995).

Fatty acid composition of trochophores

The fatty acid profiles (%, mean + standard deviation) of
the M. edulis trochophores are presented in Table 3. Results
show that the fatty acids of 16: 0; 16: 1 (@-7); 18: 0; 18: 1 (-
9); 20: 5 (w-3); as well as 22: 6 («-3) are, in general, the major

282



Size distribution, fatty acid composition and short-term storage studies on Blue mussel (Mytilus edulis) trochophores

constituents (Table 3). The M. edulis fatty acid profile showed
a predominance of 16: 0 (14,2 %) and 20: 5 (®-3) (20 %), and
high concentrations of 16:1 (w-7) (7,8 %) and 22:6 (@-3) (6 %).
Concentrations of 20: 5 (®-3) and 22: 6 (®-3) totaled 26.2 %.
Total w-3 HUFA accounted for 36,1 % of the total fatty acids.
This result reflects a major characteristic of the marine food
web where unicellular algae of phytoplankton are the primary
producers and they contain approximately 20 % of their dry

(1985), and Napolitano et al. (1992). These studies found that
endogenous lipid reserves and fatty acid composition of bivalve
eggs and trochophores are dependent on the nutritional status
of the female parents.

Table 3. The fatty acids (%, mean + standard deviation) of M. edulis
trochophores

weight as polar lipids, of which about 50 % is the ®-3 series f:,ttg acids %gggg%g;:s)
HUFA. The »-3 HUFA in the phytoplankton is accumulated in 14: 1 0,075£0 131
the tissues of primary consumers such as zooplankton, 15: 0 1,171%0,206
bivalves and zooplanktivorus fish (Sargent et al., 1989). Most 16: 0 14,165+3,661
fish species require -3 HUFAs. Their tissues contain 16: 1 (w-9) 0,000+0,000
predominantly HUFAs of the «-3 series rather than the @6 16:1 (@-7) 7,793£3,288
series. In fact, 20: 5 (-3) and 22: 6 («>-3) are the major HUFAs ~ 16:1 («-5) 0,15620,297
of fish, whereas linoleic acid, 18: 2 (w-6), and arachidonic acid, ]; ‘1’ mffgm
20: 4 (@-6), are the major HUFAs of land animals. For most fish 18:0 3:206;0:806
species, this.specif.ic requirement reﬂect§ amajor characteristic 18: 1 (-9) 2,507+0,768
of the aquatic environment where relatively low and constant 18:1 (-7) 2,701+0,857
temperatures occur (Sargent et al., 1989). The high level of 20: 18:1 (-5) 0,060,093
5 (-3) (20 %) and 22: 6 (w-3) (6 %) were found in M. edulis. 18: 2 (0-6) 1,2090,697
These results support the conclusions obtained previously that 18: 3 (0-3) 0.634+0.291
bivalve eggs and trochophores have high levels of essential 18: 4 (w-3) 2,667+1,115
fatty acids in their lipids (Pollero, 1979; Trider et al., 1980; 20:0 0,171+0,418
Waldock and Holland, 1984; Beninger and Stephan, 1985;and ~ 20: 1 (o-11) 1,623+0,496
Napolitano et al., 1992). A comparison of the fatty acid  20:1(w-9) 2,7030,905
composition of bivalve trochophores found in the present study ~ 20: 1 (-7) 1,884:+0,692
with that of previous studies revealed differences in 20: 5 (©-3) 20: 2 (-6) 0,793£0,896
and 22: 6 («-3) compositions (Table 5). The dissimilarities of 205 3(w-6) ?g;gfggig
essential fatty acid composition among the bivalve species may gg: g ((’"g) 0]833; 1 ’ 430
be due to taxonomic differences, or differences in the diets of : (0-3) POSOPY
. 20: 4 (@-3) 3,922+8,154

the parents. Watanabe and Ackman (1974) also found species 20:5 (0-3) 20.008:£6.249
specific fatty acid composition of C. virginica and O. edulis. M. 22: 1 (-11) 3,2161 15]é34
edulis trochophores from different sources have different fatty 22; 1(-9) 0,085+0,224
acid profiles (Table 4). In the present study 20: 5 (®-3) and 22: 22:1 (o-7) 0,0310,082
6 (w-3) of M. edulis trochophores were found to be 20.01 % 21:5 (-3) 0,835+0,301
and 6,14 %, respectively. In previous studies, the values were 22: 4 (©-6) 0,200+0,269
1,74 % and 40,5 % (J.N.C. Whyte, unpublished results), 18,85 22: 5 (0-6) 0,376+0,994
% and 13 % (C. Lantaigne, unpublished results), and 9,27 % 22:5 (w-3) 1,330+0,585
and 10 % (C. Lantaigne, unpublished results), respectively. 22:6 (w-3) 6,137+2,573
These differences in essential fatty acid composition of M. 2 (@-3) HUFA 36,135+5,774
edulis trochophores supports conclusions obtained previously Y (0-6) HUFA 4,345+2,508
by Sastry (1979), Bayne et al. ( 1975), Bayne et al. (1978),  (®-3)/(w-6) 10,482+ 4,871
Gallager and Mann (1986), Pollero et al. (1979), Trider etal. ~ XHUFA 40,700+6,609
(1980), Waldock and Holland (1984), Beninger and Stephan ~ _20:5 (-3)/22: 6 (-3) 3,3760,447
Table 4. Essential fatty acid (%) composition of living organisms

Species Sorce 20:5(w-3) 22:6(@-3) 2 (-3) Hufa References*

C. gigas From nature 15,59 13,5 41,41 J.N.C. Whyte

M. edulis From nature 20,01 6,14 36,14 Present

M. edulis From nature 18,85 13 Np” C. Lantaigne

M. edulis I. galbana 9,27 10 Np C. Lantaigne

M. edulis Np 1,74 40,5 Np J.N.C. Whyte

M. merceneria Np 0,72 27,6 Np J.N.C Whyte
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M. merceneria Np 11,2 10,2 Np C. Lantaigne

S. solidissima Np 13,5 11,2 Np C. Lantaigne

B. plicatilis I. galbana 3,06 5 Np C. Lantaigne

B. plicatilis w-yeast 9-12 7-9 25-26 Watanabe et al. (1983)
I. galbana Np 46 10,7 Np C. Lantaigne

I. galbana Np 2,21 25,85 Np J.N.C. Whyte

C. gracilis Np 10,24 1.2 Np C. Lantaigne

C. gracilis Np 33,71 1,84 Np J.N.C. Whyte

Pavlova lutheri Np 28,6 13,7 Np C. Lantaigne

A. salina Super selco 10,2 75 Np Stottrup and Attramadal (1992)
Acartia clause From nature 29,2 27,2 58 Watanabe et al. (1983)
T. japonicus S-yeast 10,8 13,6 26,6 Watanabe et al. (1983)
Moina sp. Poultry manure 20,8 tr 215 Watanabe et al. (1983)
Daphnia sp. Np 16,5 0,2 Np Watanabe et al. (1983)

‘Present: Present study results; C. Lantaigne: C. Lantaigne and John Catell (unpublished results); J.N.C. Whyte : J.N.C. Whyte (unpublished results)

“Np: Not presented
“tr: trace

The comparison of fatty acid composition between living
organisms such as B. plicatilis, A. salina, and trochophores
shows that trochophores are very rich in essential fatty acids.
Thus they have high nutritional value to larval fish. The
concentrations of 20: 5 (®-3) and 22: 6 (®-3) in the
trochophores are as high as the values that were found in
enriched B. plicatilis and A. salina. For example, in the present
study, 20: 5 («-3) level was 20,01% in M. edulis trochophores.
This amount is higher than those found in enriched B. plicatilis
(9,12%) and in A. salina (10,2%). These results suggest that
using individual or combined trochophore mixed diet can supply
the same or higher level of essential fatty acids than those
commonly used for feeding of marine fish larvae.

A number of factors should be avoided in future
experiments. The fatty acid composition studies should be
conducted only on bivalve trochophores whose parents
received the same diet. This will allow detection of species
specific fatty acid compositions. The fatty acid composition of

the broodstock diet should also be taken into account when
evaluating the trochophore fatty acid profiles to reduce the
variation in fatty acids.

Based on fatty acid content and composition, M. edulis
trochophores would be best prey items for cod, haddock,
flounder, snapper, grouper, red drum, black drum, and black
sea bass larvae due to their rich 20: 5 (@-3), 22: 6 (®-3), and
total (w-3) HUFA contents.

Short-term storage of trochophores

The survival curves of the trochophores and the median
survival periods (days, with median + standard errors) of the
trochophores during storage at 4-5 °C are presented in Table 5.
At a temperature of 4-5 °C, survival of the trochophores
decreased with increasing length of storage. The median
survival period, LDso, (days, with standard error) for the stored
M. edulis trochophores was found to be 6,6 + 0,2 days at 50%
survival.

Table 5. Median survival period (days, with median + standard errors) of M. edulis trochophores during the short-term storage period at 4-5 °C

Day Survival (%) of Std. error
M. edulis (N=6)
0 94,94 0,0110
1 87,34 0,0167
2 81,01 0,0197
3 73,42 0,0222
4 65,82 0,0239
5 58,23 0,0248
6 50,63 0,0252
7 43,04 0,0249
8 35,44 0,0241
9 27,85 0,0226
10 20,25 0,0202
1 12,66 0,0167
12 07,59 0,0133
13 03,80 0,00962
14 01,27 0,00562
15 0 0
16 0 0
17 0 0
18 0 0
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19 0
Day
MSP* 6.6354

0
Std. Error
0.2012

*Median survival period at 50% survival (LDso).

Table 6. Water quality parameters (with mean tstandard deviation and range) during storage at 4-5 °C (N=125)

Water quality Mean Standard Range
parameters deviation

Temperature (°'C) 4,83 0,25 4-5
Oxygen (ppm) 8,09 0,38 6,8-8,8
PH 7,74 0,16 7,5-8,5
Salinity (ppt) 30,89 0,17 30-32

Water quality parameters during the storage experiment, as
shown in Table 6, were within the tolerable range for bivalve
eggs and larvae (Lough, 1975; Davis and Calabrese, 1964; and
Bayne,1976). Water temperature varied from 4 to 5 °C.
Dissolved oxygen ranged from 6,8 to 8,8 ppm. PH varied from
7,510 8,5. Salinity was between 30 and 32 ppt.

There are several different areas which warrant further
investigation: (a) the depletion of the endogenous lipid stores
of the bivalve trochophores during storage, (b) the use of
cryoprotectants such as sucrose and methanol during the
storage period and their effects on survival of trochophores, (c)
the use of the antibiotics such as penicillin and streptomycin
during the storage and their effects on bacterial growth in the
containers and (d) preparing different trochophore products
such as, freezed, freezed dried trochophores and their fatty
acid composition quality and performance in the feeding of fish
larvae.

CONCLUSION

The literature supports the importance of prey size for first
feeding of larval fish (Watanabe et al., 1996). The size of the
trochophores found (M. edulis (73,50 mpy)) in this study were
similar to those obtained previously (Galtsoff, 1964; Kennedy
et al., 1995; Broom, 1976; Loosanoff and Davis, 1963; Bayne,
1976; and C. Lantaigne, unpublished results). In future studies,
suitability of the trochophore size should be tested for fish
larvae in order to evaluate feeding potential of trochophores. M.
edulis trochophore would be considered a good prey item for
cod, G. morhua, larvae because previous study shows that the
prey size for Pacific cod, G. macrocephalus, larvae in 5 mm
total length varied between 67,5 mu and 129 mp (Takatsu et
al., 1995). M. edulis trochophores could be used for rearing
operations of larval mullet, groupers, milkfish, goby, red drum,
black sea bream, and gilthead bream larvae (Bennetti and
Fagundes-Netto, 1982; Tseng and Poon, 1983; Tseng and
Chan, 1986; Lindstrom, 1994; Hongchao and Feng, 1990;
Kentouri and Divanach, 1986; Lim, 1991; Pickering and Holt,
1993; and Watanabe et al., 1996). Although, size is the major
factor for determining prey selectivity, the other important
factors such as prey visibility, and speed also play important
roles and should be considered.

The nutritional qualities (mainly, 20: 5 (®-3) and 22: 6 (-
3)) of M. edulis trochophores were presented in this study. A
high level (20,01%) of 20: 5 (®-3) and a high level (6,14%) of
22: 6 (w-3) were found in the M. edulis trochophores. The study
of fatty acid composition of M. edulis trochophores revealed in
the present study supports previous work showing that bivalve
eggs and trochophores have a high ratio of essential fatty acids
in their lipids (Pollero et al., 1979; Trider et al., 1980; Waldock
and Holland 1984; Beninger and Stephan, 1985; Whyte et al.,
1990 and 1991). Thus trochophores of M. edulis have high
potential as a food source for fish larvae. M. edulis
trochophores would be the best diet for cold water marine fish
larvae because of their ability to swim at low temperature (4-5
°C), their high essential fatty acid composition, their larger size,
their possible storage and transportation period up to 6,6 days.

The survival of bivalve trochophores during storage was
facilitated by the maintenance of a relatively low temperature
(4-5 °C), using antibiotics, and fresh filtered seawater. The
median survival periods were found to be 6,6 days for M. edulis
trochophores. Evidence for a period of delayed development
during cold storage was provided by the results of this study.
The trochophores stored at 4-5 °C did not develop to the D-
larval stage (Joyce and Vogeler, 2018). The procedures
followed in this experiment hold the possibility of reducing larval
development of the bivalves at the trochophore stage and
keeping them for 5-7 days at 4-5 °C. Cryoprotectants such as
sucrose or methanol were not used in this study. The bacterial
growth in the containers was not examined, however antibiotics
were employed. Besides water quality and bacterial growth,
lipid reserves in eggs and trochophores could greatly affect
their survival (Bayne et al., 1978; Gallager and Mann, 1986;
Huo, etal., 2017). Bayne et al. (1978) stated that less lipid being
apportioned to each egg causes a reduction in larval survival.
Until more is learned about the factors affecting survival of
trochophores during low temperature storage, the method
tested in this study appears suitable for short-term storage of
trochophores.

The storage procedure could be used in commercial
aquaculture operations which require holding and transporting
live trochophores up to 5-7 days. The successful results could
bring benefits to both marine fish producers who want to use
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trochophores for first feeding of fish larvae, and shellfish
producers who wants to market their trochophores.
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0Oz: Galismada Porphyridium purpureum tiirii disart ortamda farkl 1s1k yolu uzunluguna (3, 5, 7 cm) sahip diiz panel fotobiyoreaktor sistemlerinde killtiire alinmistr.
Lipid, protein, biyomas ve polisakkarit miktarlari belirlenmistir. Porphyridium purpureum turt igin en yiksek polisakkarit miktari (0,48 gL-), 1,316 gL' biyomas ve
%29,7 protein igerigi ile 3 cm 1sik yolu uzunluguna sahip diiz panel photobiyoreaktdr sistemde belirlenmistir. En diistik polisakkarit miktari 0,31 gL' ve en yiksek
protein %32,3 ile 7 cm isik yoluna sahip photobiyoreaktdr sistemde belirlenmistir. Sonug olarak, Porphyridium purpureum tiriinin Gukurova (Adana, Trkiye)
kosullarinda tiretimi, panel sistemlerde basarili bir sekilde tamamlanmistir. En iyi biiyime 3 cm 1sik yoluna sahip panel fotobiyoreaktérde elde edilmistir.

Anahtar kelimeler: Porphyridium purpureum, 1s1k yolu, polisakkarit, fotobiyoreaktér sistem

Abstract: In this study, Porphyridium purpureum was cultured in a flat panel photobioreactor systems, with different light path (3, 5 and 7 cm). Lipid, protein,
biomass and polysaccharide rate were determined. The highest polysaccharide content (0.48 gL-') for Porphyridium purpureum in the study was obtained from the
culture with 1.316 gL-* biomass rate, 29,7% protein it the panel PBR system with 3 cm light path. The lowest polysaccharide content and highest protein were found
as 0.31 gL, 32.3% respectively, at it the panel PBR system with 7 cm light path. Consequently, Porphyridium purpureum cultured successfully completed in flat

panel photobioreactor system at Cukurova Conditions (Adana, Turkey). The best growth was obtained from 3 cm light path photobioreactor system.

Keywords: Porphyridium purpureum, light path, polysaccharide, photobioreactor system

GIRiS

Son yillarda mikroalgal biyoteknolojiye giderek artan ilgi,
bazi mikroalg tirlerinin hiicre iginde yliksek miktarda biriktirmis
oldugu metabolitlerden kaynaklanmaktadir. Algler hiicre iginde
biriktirdikleri protein, vitamin, yag asitleri, karbohidrat, mineral
ve pigmentler, hidrokarbonlar, polisakkaritler, antibiyotikler ve
daha bircok metabolitleri nedeniyle insanlar tarafindan baslica
besin  deste§i olmak lzere dedisik amaglarla
kullaniimaktadirlar. Bu nedenle Il. Diinya savasindan itibaren
Amerika, Japonya, Ingiltere, Aimanya ve Norveg gibi gelismis
Ulkelerde mikroalglerin besinsel zenginliklerinden
yararlaniimaktadir (Becker, 1994).

1970'li yillarda degisik enerji kaynaklari arayis! ile birlikte
gunes enerjisi diinyanin ilgisini tzerinde toplamistir. Algler,
gunes enerjisini en etkin kullanan canli sistemlerdir ve bu
nedenle farkli mikroalg tdrlerinin  besin bilesenlerinin
incelenmesi amaciyla mikroalg dretim teknolojisine ilgi giderek
artmaktadir.

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

Temel fitoplankton gruplarindan alinan 6rnek tirlerin
kiltirleri yapilarak, biyimeleri Uzerine farkli fiziksel ve
kimyasal faktorlerin etkilerinin saptanmasi, bu gruplarin dogal
populasyonlarinin blytmeleri icin gerekli olan sicaklik, CO:
duzeyi, besin kaynaginin kalitesi ve dlizeyi, 1s13in yogunluk ve
stresi gibi kritik faktorlerin saptanmasi agisindan da 6nemlidir
(Cirik ve Gokpinar, 1999). Gerek dogal ortamda yasamlarini
stirdiren gerekse laboratuvar kosullarinda kltirleri yapilan
denizel ve tatli su alglerinin ekonomideki énemi blyUktir. Bu
dnem alglerin  gesitli alanlarda  kullaniimasindan ileri
gelmektedir. Besin kaynagi olarak degerlendirilmelerinin yani
sira, atik su aritimi ve tarim alaninda da kullaniimaktadir. Diger
taraftan canli kitleden bazi kimyasal maddelerin (metan gaz,
antibiyotik, karragen, agar) tiretiminde de yararlanilabilmektedir
(Goldman, 1979).

Akuakltir calismalarinda ve tek hiicre proteini (SCP) elde
etme amacina yonelik tim alg kiltir ¢alismalarinda temel
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amag, fotosentez isleminde inorganik maddenin organik
maddeye dénidsiumindeki verimliligi en yiksek seviyeye
ulagtirmaktir. Algal biyoteknolojideki gelismelere ragmen
mikroalg  tlrlerinin  kdltirlerinde  gesitli  glgluklerle
karsilagiimaktadir. Mikroalg kiltirlerinde canli  kitlenin
biyokimyasal kompozisyonu, gevresel faktorler, besin ortam,
sicaklik, tuzluluk, pH, 1sik gibi blyime kosullarina bagldir
(Sukenik, 1991).

Porphyridium purpureum (Rhodophyta), tek hiicreli veya
musilajli, diizensiz koloniler halinde birlesmis halde bulunabilir
(Vonshak, 1988). Hicreler ylksek dizeyde stilfatli sekerleri
uretirler (Singh vd., 2000; Vonshak, 1988). Sekerler 6zellikle
biylmenin durgunluk fazinda ve azotun sinirli oldugu ortamda
daha yiiksek miktarda Uretilmektedir (Ramus ve Groves, 1972).
Zengin bir polisakkarit kaynadi olarak  Porphyridium
purpureum’un ticari potansiyeline ilk olarak Golueke ve Oswald
(1962) tarafindan deginilmis, ancak o yillarda algin yigin kiilttiri
lzerinde caligmalar olmadigindan degerlendiriimemistir. Son
yillarda  Porphyridium  purpureum’'un  disarida  tubular
fotobiyoreaktorlerde, agik havuzlarda, polietilen ince borularda
uretim denemeleri yapilmaktadir (Rebolloso Fuentes vd., 1999;
Cohen vd., 1988; Singh vd., 2000). Porphyridium purpureum
gok doymamis yad asitlerinden  (PUFA), EPA
(eicosapentaenoic asit, 20:5w3) ve ARA (arachidonic asit,
20:4w6) bakimindan zengindir (Vonshak, 1988). EPA son
zamanlarda kalp hastaliklarinda ve yiiksek kolestrol
tedavisinde, kandaki kolestroll diistirmede, romatizma riskinin
azaltiimasinda kullaniimaktadir (Dyerberg, 1986; Simopoulus,
1991). Ayrica EPA ve ARA gibi bazi gok doymamig yag asitleri
insan vucudunda prostaglandinlerin  precursor'udur ve
prostaglandinler yag metabolizmasi, kalp atis hizi, kan basinci
Uzerinde etkin oldugu bulunmustur. Astim, romatid artrit gibi
alevlenme donemleri olan atesli hastaliklarin tedavisinde,
peptik Ulserlerde, ylksek tansiyonun kontroliinde, kan basinci
ve yaj metabolizmasinin diizenlemesinde etkilidir. GLA
(gammalineloic asit, 18:3w6) bazi deri hastaliklarinin, diabetin
ve Ureme bozukluklarinin énlenmesinde rol oynadigi
saptanmistir (Gunstone, 1992; Horrobin, 1992). ARA ve DHA
(decasoheksanoic asit, 22:6w3)'nin sinir sisteminin gelisimini
destekledigi  (Innis, 1991; Nettleton, 1993; Singh ve
Chandra,1988) ve buna ek olarak retina gelisimi ile iliskisi rapor
edildi (Brown vd., 1997). Cesitli saglik kuruluglari (FDA), bebek
gelisimi Uzerinde olumlu etkileri nedeniyle bebek mamasi
formillerini DHA ve ARA ile guglendirilmesini tavsiye
etmektedirler (Gill ve Valivety, 1997). Mikroalgal hiicre
metabolitleri daha ¢ok dinlenme fazinda (Uretiimektedir
(Schlegel, 2007). Bu metabolitler organik asitler, karbohidrat,
aminoasit, pestisit, vitamin, organik madde, antibiotik, enzim ve
toksik bilesenlerdir. P. cruentum’un kuru agiriginin yaklasik
%28-39'unu protein, %40-57'sini karbohidrat ve %9-14'Uni de
lipid olusturur. Ayrica tokoferol, K vitamini ve bllyik miktarda da
karotenoid igermektedir (Becker, 1994). Hiicrelerin karakteristik
kirmizi rengi, igermis olduklari fikoeritrinden kaynaklanmaktadir
(Gantt, 1981). Sinirlayici kosullar altinda kiltlir viskoz bir yapi
alir ve polisakkarit tretmeye baglar (Ramus vd., 1989).

Bu calismada farkh 1sik yollarina sahip diiz panel
sistemlerde  Porphyridium  purpureum  tiirlinin  kilttrd
denenecek ve en ylksek biyomas, polisakkarit ve yag igerigi
belirlenmesi amaglanmistir.

MATERYAL VE METOT

Denemede kullanilan tir Porphyridiophyceae sinifina ait,
Porphyridium purpureum tiriidir. Tir Ege Universitesi Su
Uriinleri ~ Fakiiltesinden  temin edilmistir.  Porphyridium
purpureum, denizlerde bulunan tek hicreli kirmizi alglerdendir.
4-9um capinda kiresel hicrelere sahip olan Porphyridium
purpureum’da hiicre duvari yoktur. Hiicreler tek bagina ya da
yidin bir sekilde duzensiz koloniler olusturarak musilaj bir kilifin
iginde bulunurlar (Vonshak, 1988).

Denemede, denizel tiir olan Porphyridium purpureum tlrG
icin F/2 (Guillard, 1973) kiltir ortami kullaniimistir. Kiltiir
ortaminin igerigi (Tablo 1 ve Tablo 2)'de verilmistir. Denemede
kullanilan deniz suyunun tuzlulugu salinometre (Orion 3 Star)
ile Olclildikten sonra %30 olacak sekilde saf su ile
ayarlanmistir. F/2 kiltiir ortaminin hazirlanmasinda kullanilan
deniz suyu 0.45 um géz agikliinda GF/C (Whatman 0,45um)
filtre kagidindan slziimistir. Besi ortamlarinin pH'1 8 olarak
ayarlanmistir. Deneme kurulmadan 6nce besi ortamlari
121°C'de 30 dakika siire ile otoklavda (Hirayama-HV-50L)
steril edilmistir.

Tablo 1. F/2 Kiiltir Ortami (Guillard, 1973)
Table 1. F/2 Culture Medium (Guillard, 1973)

Miktar Kimyasal Soliisyon ~ Molar
Konsantrasyon
1mIL~ NaNOs; 75 gL 882umolL-!
1mIL~ NaH2PO4-H20 5L 363umolL!
1mIL~ fl2 metal  Tablo 2
solution

Tablo 2. F/2 Metal Solution

Table 2. F/2 Metal Solution
Kimyasal Miktar
FeCl3-6H20 3,15g
Na2EDTA-2H20 4,369
CuS04-5H20 0,0098g
NazMoOs-2H.0 0,0063g
ZnS04-7TH20 0,022g
CoCl26H20 0,01g
MnCl2-4H.0 0,18g

Denemeler farkli 1sik yollarina sahip (3 cm, 5 cm ve 7 cm)
dlz panel reaktér sistemde disari ortamda ve 3 tekerrirli
olarak gergeklestirilmigtir. Diiz panel sistemler 3*50*50 ¢cm (7,5
L), 5*50*50 cm (12,5 L) ve 7*50*50 cm (17,5 L)lik ebatlarda
olup, cam materyalden yapilmistir. Ginliik olarak sicaklik, pH,
Isik siddeti, optik yogunluk, klorofil, kuru madde analizleri ile
deneme sonunda biyokimyasal kompozisyonu belirlemek
amactyla polissakkarit, ya§ ve protein analizleri yapiimistir.
Deneme slresince isik kaynadi olarak glnes Isigindan
yararlaniimig, gece herhangi bir aydinlatma kullaniimamisgtir.
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Kiltirler ortalama 14 saat glin 1s1§indan yararlanmis, 8 saat
karanlik ortamda kalmistir.

Optik yogunluk igin 5 mL ve klorofil analizi igin 5 mL érnek
alinmistir. Porphyridium purpureum igin 680 nm (Kusmiyati ve
Agustini, 2007) dalga boyunda visible spektrofotometre
(Shimadzu, UV mini 1240) ile degerlendirilmistir. Klorofil analizi;
Parson (1963)’un belirttigi metotla yapilmistir. Yag ve protein
degerleri % kuru madde oranina gore hesaplanmistir. Yag
analizi Bligh ve Dyer (1959)in uyguladi§i ydntemegédre
yapiimistir. Protein analizi Kjeldahl ydntemine gére yapilmigtir
(AOAC, 1995). Kuru madde etlivde 103 °C'de 4 saat
bekletilerek gerceklestirilmistir (AOAC, 1995). Polisakkarit
analizi ise Geresh ve Arad (1991)'in bildirdigi yonteme gére
yapilmistr.

Denemede farkli 1sik yollarina sahip panel reaktor
sistemlerden elde edilen verilerin kiiltlirde OD, kuru madde,
klorofil, yag, protein ve polisakkarit degeri iizerine farklilik

0,6 -

OD (680 nm)

m7cm m5cm

olusturup olusturmadigini belirlemek amaciyla, tek yoénli
varyans analizi (ANOVA) ve bu analizin sonucuna bagli olarak
farkllik olusmasi durumunda farklih§ saptamak amaciyla
Duncan goklu karsilastirma testi SPSSX 14.0 paket programi
kullanilarak yapilmistir (Zarr, 1999).

BULGULAR

Panel sistemde Kkiiltlire alinan Porphyridium purpureum
farkli 151k yollarina sahip olan sistemlerde, farkli glnlerde
duraklama fazina girmistir. Baslangig OD degerleri 7 cm igin
0,167, 5 cm icin 0,161 ve 3 cmicin 0,164 olarak belirlenmistir.
Deneme 3 cm 151k yoluna sahip panelde 16 giinde, 5 cm 1sk
yoluna sahip panelde 14 giinde ve 7 c¢cm isik yoluna sahip
panelde ise 11 giinde tamamlanmigtir. En ylksek OD degeri 3
cm 151k yoluna sahip panelde son giin 0,544 ile elde edilmistir.
En disik OD degeri ise 7 cm'lik panelde 0,360 olarak
belirlenmistir. 5 cm’lik panelde ise son gin elde edilen OD
degeri 0,460 olarak tespit edilmistir. Farkli isik yoluna sahip
panellerden elde edilen OD degerleri Sekil 1°de verilmistir.

3cm

Zaman (Giin)

$Sekil 1. Farkli 1sik yollarina sahip diiz panel sistemlerden elde edilen OD degerleri
Figure 1. The OD values obtained from flat panel systems with different light paths

Baslangi¢ biyomas miktarlari 7 ¢m igin 0,737, 5 cm igin
0,732 ve 3 cmigin 0,733 gL-" olan degerler, deneme boyunca
artis gostermistir. Kultdr duraklama fazina girince hasat
edilmigtir. 7 cm’lik panel igin en son giin elde edilen biyomas

miktari 1,00 gL' olmustur. En fazla biyimenin tespit edildigi 3
cm g1k yoluna sahip panelden elde edilen biyomas miktari ise
1,316 gL' olarak belirlenmistir. 5 cm’lik panelden elde edilen
biyomas miktari 1,105 gL' olarak belirlenmistir.
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m7cm m5cm

Biyomas (gL™?)

3cm

Zaman (Giin)

Sekil 2. Farkli isik yollarina sahip diiz panel sistemden elde edilen biyomas miktarlari
Figure 2. Biomass quantities obtained from flat panel systems with different light paths

Baslangig klorofil a degerleri 7 cm igin 44,51, 5 cm igin
46,37 ve 3 cm icin 45,65 pgL-" olan degerler deneme boyunca
artis gostermistir. Kiltirlerin duraklama fazina girmesiyle bu
degderler 7 cm igin 286,92, 5 cm igin 299,70, 3 cm icin 303,57
pgL-" olarak tespit edilmistir. Deneme boyunca sicaklik 26-
28°C arasinda degisim gosterirken; aydinlanma siddeti ise
ortalama 1590 pmolfotonm-2s- olarak élgtimustir.

Deneme sonunda elde edilen veriler dogrultusunda en

fazla polisakkarit miktari 3 cm 151k yoluna sahip sistemden elde

edilirken, en distk ise 7 cm'lik sistemden elde edilmistir
(p<0.05). Lipid ve protein miktarlarina bakildiginda ise en
yliksek lipid orani en fazla polisakkaritin elde edildigi 3 cm’lik
sistemden elde edilmistir (p<0.05). En yiiksek protein miktari
ise 7 cm 1sik yoluna sahip panelden elde edilmistir (p<0.05).
Calisma sonunda farkli 1sik yollarina sahip panel sistemlerden
elde edilen lipid, protein ve polisakkarit miktarlari Tablo 3'de
verilmigtir.

Tablo 3. Diiz panel sistemlerden elde edilen polisakkarit, lipid ve protein oranlari
Table 3. Polysaccharide, lipid and protein ratios obtained from flat panel systems

| Parametre 3 cmsik yolu 5 cm gtk yolu 7 cmisik yolu
Lipid (%) 7,89£0.32 7,23+0.2° 6,48+0.6°
Protein (%) 29,7+1.6° 30,8+1.20 32,3+1.32
Polisakkarit (gL"') 0,48+0.0022 0,36+0.001° 0,31+0.002¢
Polisakkarit (%) 36,47+1.42 32,58+1.3° 31,0¢1°

a.b.¢ harfleriyle sembolize edilen satirlar ortalamalari arasinda istatistiksel olarak fark vardir (p<0.05).

TARTISMA

Algal biyoteknolojideki gelismelere ragmen mikroalg
tirlerinin  kdltirlerinde gesitli gtcliklerle karsilagiimaktadir.
Fototrofik organizmalarin Uretimindeki temel amag genelde
optimal hiicre yogunlugunda surekli bir kltir saglamaktir. Bir
alg tlrlnin dis ortamda sirdirllen kiltirG sirasinda, gesitli
gevresel faktérler hem glinlik hem de mevsimsel olarak biyUk
dedisimler gosterdigi igin, kultirdeki hicrelerin bu kosullara
stirekli tepki gbstermesi gerektirir. Biyomasin biyokimyasal

kompozisyonuna, cevresel faktorler, besin ortami, sicaklik,
tuzluluk, pH, 1sik gibi biiyime kosullarina baghdir (Sukenik,
1991).

Farkll 1sik yollarina (3,5 ve 7 cm) sahip diz panel
sistemlerde, disari ortamda Porphyridium purpureum tlrinde
en iyi biylimeyi belilemek amaciyla yapilan ¢alismada, en iyi
biyime 3 cm 1sik yoluna sahip olan panel sistemde tespit
edilirken, en yiksek polisakkarit miktari da bu grupta
belirlenmistir. Singh vd. (2000) yaptiklari galismada da farkli
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1sik yollarina sahip panel sistemlerde en iyi blyimeyi ve
polisakkarit eldesini 1,3 ¢cm 1sik yoluna sahip sistemde elde
ettikleri ve 1sik yolu uzadikga verimliligin dustiguini
bildirmiglerdir. Yaptigimiz bu galismada da isik yolu arttikga
elde edilen biyomas miktarinda azalmalar tespit edilmistir.

Porphyridium purpureum’un kuru agirhginin yaklasik %28-
39'unu protein, %40-57'sini karbohidrat ve %9-14'linu de lipid
olusturur. (Becker, 1994). Protein ve lipid Uretimi agisindan
baktigimizda ise iyi bir protein kaynagi iken, lipid miktari
oldukea disik bir tlird(r.

Porphyridium purpureum tiriinde polisakkarit dretimi igin
yapllan digari Kkultlr calismalarinda, diz cam panel
fotobiyoreaktor sistemler diger sistemlere gére daha cok tercih
edilmektedir. Cohen ve Arad (1989)'in yaptiklari ¢alismada agik
sistem havuzlarda elde ettikleri polisakkarit miktari (1,2 g m-2d-
1), Singh vd., (2000) diz cam panel sistemlerde (20 cm)
yaptiklari calismada elde ettikleri polisakkarit miktarindan (4,15
g m d) oldukga distik bulunmustur. You ve Barnett (2004)
farkli 1sik yogunluklarina (39, 48, 60, 70, 90 pmolfotonm-2sn-1)
sahip BIOIIl reaktdriinde spesifik biylime hizi ve hiicre digl
polisakkarit birikimi izerine etkilerini inceledikleri arastirmada,
maksimum biiylime hizini 70 pmolfotonm-2sn-! 11k siddetinde
0,38 gun' olarak (4,37 x 109 hicreL") ve maksimum
polisakkarit miktarini ise benzer sekilde 70 umolfotonm-2sn-!
1sik yogunlugunda 0,95 gL' belirlemislerdir.

Disari ortam kosullarinda yapilan galismalarda gevresel
etmenler blytmeyi etkilemektedir. Galisma boyunca sicaklik
26-28°C arasinda degismis ve tuzluluk %030 olacak sekilde
ayarlanmistir. Singh vd., (2000) 1,3 c¢cm ile 30 ¢cm arasinda

KAYNAKGCA

AOAC Method. (1995). Official methods of analysis, 16th edn. In: Cuniff P
(ed) AOAC International, Arlington, VA, USA, pp:32-33

Becker, E.W. (1994). Microalgae: Biotechnology and Microbiology (Vol. 10).
Cambridge University Press.

Bligh, E.G. & Dyer, W.J. (1959). A rapid method of total lipid extraction and
purification. Canadian Journal of Biochemistry and
physiology, 37(8):911-917. DOI: 10.1139/y59-099

Brown, M.R., Jeffrey, S.W., Volkman, J.K. & Dunstan, G.A. (1997). Nutritional
properties of microalgae for mariculture. Aquaculture, 151(1-4):315-331.
DOI: 10.1016/S0044-8486(96)01501-3

Cirik, S. & Gokpinar, $. (1993). Plankton Bilgisi ve Kiiltiiri. Ege Universitesi
Su Uriinleri Fakiiltesi Yayinlari, 47:131-133.

Cohen, E. & Arad, S.M. (1989). A closed system for outdoor cultivation of
Porphyridium. Biomass, 18(1): 59-67. DOI: 10.1016/0144-
4565(89)90081-4

Cohen Z., Vonshak, A., Boussiba S. & Richmond, A. (1988). The effect of
temperature and cell concentration on the fatty acid composition of
outdoor cultures of Porphyridium cruentum. In: Stadler T, Mollion J,
Verdus M-C, Karamanos Y, Morvan H, Christiaen D (eds.), Algal
Biotechnology (pp 421-430). Elsevier Applied Science, London.

Dyerberg, J. (1986). Linolenate-derived Polyunsaturated Fatty Acids and
Prevention of Atherosclerosis. Nutrition Reviews, 44(4):125-134.
DOI:10.1111/j.1753-4887.1986.tb07603.x

Gantt, E. (1981). Phycobilisomes. Annual Review of Plant Physiology, 32(1):
327-347.

degisen 1sik yolu uzunluga sahip cam panel reaktérlerde P.
cruentum ile yaptiklar galismalarinda optimum sicaklik 261
C° ve tuzlulugu %27 olarak rapor etmislerdir. Ayrica Golueke
ve Oswald (1962), P. cruentum Kultir( ile yaptiklari
galismalarinda en distik 13°C ve en ylksek 31°C sicaklik
arali§inda kultiriinlin yapilabildigini ve optimum sicaklik olarak
ise 21-26 °C olarak bildirmiglerdir. Jones vd. (1963) pH araligi
olarak 5,2 ile 8,3 arasinda ve optimum tuzlulugu %35 ile 45
arasinda oldugunu saptamislardir.

Sonug olarak, P. purpureum tirGnin Cukurova
kosullarinda, digari ortamda kilturti ince cam panel sistemlerde
basarili bir sekilde tamamlanmis ve en iyi blylime ve
polisakkarit eldesi 3 cm 11k yoluna sahip cam panellerde elde
edilmistir.

Algal biyoteknoloji alaninda ilk calismalar genelde protein
icerigi yUksek ve kolay kiltlre edilebilen tirler ile
gerceklestirilmistir. Bununla birlikte protein disinda degerli diger
metabolitleri Ureten alglerin  kesfedilmesine de devam
edilmistir. Hicre iginde biriktirmis metabolitleri nedeniyle
Porphyridium purpureum mikroalgal biyoteknoloji alaninda
onemli tlrlerden biridir. Calisma alani ¢ok genis olan bu
sektorde, ekonomik anlamda degerli tiirlerin ticari boyutlarda
galigiimasi, yeni tiirlerin  kesfedilmesi ve  bunlarin
uygulanabilirliginin belirlenmesi algal biyoteknoloji konusunun
llkemizde gelismesine yardimci olacaktir.

TESEKKUR

Bu calisma Cukurova Universitesi Bilimsel Arastirma
Projeleri Birimi (SUF2012BAP7) tarafindan desteklenmistir.

Geresh, S. & Arad, S. (1991). The extracellular polysaccharides of the red
microalgae: chemistry and rheology. Bioresource Technology, 38(2-
3):195-201. DOI: 10.1016/0960-8524(91)90154-C

Gill, I. & Valivety, R. (1997). Polyunsaturated fatty acids, part 1: occurrence,
biological activities and applications. Trends in
Biotechnology, 15(10):401-409. DOI: 10.1016/S0167-7799(97)01076-7

Goldman, J.C. (1979). Outdoor algal mass cultures—I. Applications. Water
Research, 13(1):1- 19. DOI: 10.1016/0043-1354(79)90249-5

Golueke, C. G. & Oswald, W. J. (1962). The mass culture of Porphyridium
cruentum. Applied Microbiology, 10(2):102-107.

Guillard, R.R.L. (1973). Division Rates. In: Stein, R.J. (Ed.) Handbook of
Phycological Methods: Culture Methods and Growth Measurements.
Cambridge University Press.

Gunstone, F.D. (1992). Gammar linolenic acid—occurrence and physical and
chemical properties. Progress in Lipid Research, 31(2):145-161.
DOI:10.1016/0163-7827(92)90007-6

Horrobin, D.F. (1992). Nutritional and medical importance of gamma-linolenic
acid. Progress in Lipid Research, 31(2):163-194.
DOI:10.1016/0163-7827(92)90008-7

Innis, S.M. (1991). Essential fatty acids in growth and development. Progress
in Lipid Research, 30(1):39-103. DOI:10.1016/0163-7827(91)90006-Q

Jones, R.F., Speer, H.L. & Kury, W. (1963). Studies on the growth of the red
alga Porphyridium cruentum. Physiologia Plantarum, 16(3):636-643.
DOI: 10.1111/.1399-3054.1963.tb08342.x

293


https://doi.org/10.1139/y59-099
https://doi.org/10.1016/S0044-%098486(96)01501-3
https://doi.org/10.1016/0144-4565(89)90081-4
https://doi.org/10.1016/0144-4565(89)90081-4
http://dx.doi.org/10.1111/j.1753-4887.1986.tb07603.x
https://doi.org/10.1016/0960-8524(91)90154-C
https://doi.org/10.1016/S0167-7799(97)01076-7
https://doi.org/10.1016/0043-1354(79)90249-5
https://doi.org/10.1016/0163-7827(92)90007-6
https://doi.org/10.1016/0163-7827(92)90008-7
https://doi.org/10.1016/0163-7827(91)90006-Q
http://dx.doi.org/10.1111/j.1399-3054.1963.tb08342.x

Uslu et al., Ege Journal of Fisheries and Aquatic Sciences, 35(3): 289-294 (2018)

Kusmiyati, K. & Agustini, N.W.S. (2007). Antibacterial activity assay from
Porphyridium cruentum microalgae. Biodiversitas Journal of Biological
Diversity, 8(1):48-53.

Nettleton, J.A. (1993). Are n-3 fatty acids essential nutrients for fetal and
infant development?. Journal of the American Dietetic
Association, 93(1):58-64. DOI: 10.1016/0002-8223(93)92132-H

Parsons, T.R. (1963). Discussion of spectrophotometric determination of
marine plant pigments, with revised equation for ascertaining
chlorophylls and carotenoids. J. Mar. Res., 21:155-163.

Ramus, J. & Groves, S.T. (1972). Incorporation of sulfate into the capsular
polysaccharide of the red alga Porphyridium. The Journal of Cell
Biology, 54(2):399-407. DOI: 10.1083/jcb.54.2.399

Ramus, J., Kenney, B.E. & Shaughnessy, E.J. (1989). Drag reducing
properties of microalgal exopolymers. Biotechnology and
Bioengineering, 33(5):550-557. DOI: 10.1002/bit.260330506

Rebolloso Fuentes M.M., Garcia Sanchez, J.L., Fernandez, Sevilla J.M.,

Acien Fernandez, F.G., Sanchez Perez, J.A., Molina Grima, E. (1999).

Outdoor continuous culture of Porphyridium cruentum in a tubular
photobioreactor: quantitative analysis of the daily cyclic variation of
culture parameters. Journal of Biotechnology, 70: 271-288.

Schlegel, H.G. (2007). Allgemeine mikrobiologie. Georg Thieme Verlag.

Simopoulos, A.P. (1991). Omega-3 fatty acids in health and disease and in
growth and development. The American Journal of Clinical
Nutrition, 54(3):438-463. DOI: 10.1093/ajcn/54.3.438

Singh, S., Arad, S.M. & Richmond, A. (2000). Extracellular polysaccharide
production in outdoor mass cultures of Porphyridium sp. in flat plate
glass reactors. Journal of Applied Phycology, 12(3-5):269-275.

Singh, G. & Chandra, R. K. (1988). Biochemical and cellular effects of fish
and fish oils. Progress in Food & Nutrition Science, 12(4): 371-419.

Sukenik, A. (1991). Ecophysiological considerations in the optimization of
eicosapentaenoic acid production by Nannochloropsis
sp.(Eustigmatophyceae). Bioresource Technology, 35(3): 263-269.
DOI: 10.1016/0960-8524(91)90123-2.

Vonshak, A. (1988). Porphyridium. In: Borowitzka MA, Borowitzka LJ (eds)
Micro-algal Biotechnology (pp 122—134). Cambridge University Press,
Cambridge.

You, T. & Barnett, S.M., (2004). Effect of light quality on production of
extracellular polysaccharides and growth rate of Porphyridium cruentum.
Biochemical Engineering Journal. 19: 251-258.

Zarr, J.H. (1999). Biostatistical analysis. Prentic Hall. Upper Saddle River,
New Jersey. Pg, 161-164.

294


https://doi.org/10.1016/0002-8223(93)92132-H
http://dx.doi.org/10.1083/jcb.54.2.399
http://dx.doi.org/10.1002/bit.260330506
https://doi.org/10.1093/ajcn/54.3.438
https://doi.org/10.1016/0960-8524(91)90123-2

Su Uriinleri Dergisi (2018)
DOI: 10.12714/egejfas.2018.35.3.09

http://lwww.egejfas.org
Ege Joumal of Fisheries and Aquatic Sciences, 35(3): 295-304 (2018)

RESEARCH ARTICLE ARASTIRMA MAKALESIi

The effect of frozen storage on chemical and sensory quality of horse
mackerel (Trachurus trachurus) coated whey protein isolate enriched with
thyme essential oil
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Abstract: In this study, the effectiveness of whey protein isolate (WPI) and WPI enriched thyme essential oil coating to improve the quality of horse mackerel
during frozen storage at -18 °C+2 were evaluated for nine month. Whey protein isolate without thyme essential oil (WPI0) and three different proportion thyme
essential oil (3, 5 and 7 %, v/v) in whey protein isolate (WPI3, WPI5 and WPI7) coating solutions were applied to horse mackerel. As a control, non-coated and
distillated water coating (DW) horse mackerel were used. The results showed that the lowest peroxide value (PV) (meq of peroxide oxygen kg-1) and thiobarbutiric
acid value (TBA) (mg malonaldehyde/kg muscle) were determined in WPI coatings enriched with 3% thyme essential oil treated group (p<0.05) while the highest
PV and TBA values were determined in WP coatings enriched with 5% and 7% thyme essential oil treated groups (p<0.05). Among the treatment, DW and the
WPI coatings enriched with 7% thyme oil gave significantly higher protein solubility than other treatments during frozen storage (p<0.05). Electrophoretic studies
in the presence and absence of 3-mercaptoethanol showed that high molecular weight polymers via non-disulfide and disulfide cross-linking occurred in the horse
mackerel proteins extracted in 5% NaCl in all groups during frozen storage. Sensory assessment showed that the horse mackerel coated WPI enriched with 5 and
7% thyme essential oil could not be stored for more than 9 months.

Keywords: Whey protein isolate, coating, thyme essential oil, frozen storage, horse mackerel

0z: Bu calismada, 18 +2 °C'de dondurularak depolanan istavritin kalitesini gelistirmek amaciyla peynir alti suyu protein izolati (WPI) ve kekik esansiyel yag! ile
zenginlestirilmis WP kaplamanin etkisi 9 aylik siire igin degerlendirilmistir. Istavritlere, kekik esansiyel yag ilave edilmemis (WPI0) ve tig farkli oranlarda kekik
esansiyel yagi (%3, %5 ve %7, viv) iceren peynir alti suyu protein izolath (WPI3,WPI5 ve WPI7 ) kaplama soliisyonu uygulanmistir. Kontrol grubu olarak, herhangi
bir kaplama uygulanmayan ve saf su glazeli (DW) istavritler kullaniimigtir. Arastirmanin sonucunda, en disiik peroksit (PV) ve tiyobarbitirik asit (TBA) degerleri
%3 oraninda kekik esansiyel ya§ uygulanan grupta bulunurken (p<0.05), en yiiksek PV ve TBA degerleri %5 ve %7 oraninda kekik esansiyel yagi uygulanan
gruplarda bulunmustur (p<0.05). Gruplar arasinda DW ve %7 oraninda kekik esansiyel yagi uygulananlar, dondurularak depolama boyunca diger gruplara gore
onemli oranda daha yuksek protein ¢ozinirligiine sahip olmustur (p<0.05). B-mercaptoethanol varliginda ve yoklugunda yapilan elektroforetik calismalar
sonucunda, dondurarak depolama boyunca tiim gruplarda disiilfit olan ve disiilfit olmayan gapraz badlarin olusmasiyla yiiksek molekiler agirlikli polimerlerin %5
NaCl'da ekstrakte edilen istavrit proteinlerinde meydana geldigi gériimistir. Duyusal degerlendirmeye gore, % 5 ve %7 kekik esansiyel yagi ile zenginlestirilmis
WPI kapli istavritlerin dokuz aydan daha uzun siire dondurularak depolanamayacagi belirlenmistir.

Anahtar kelimeler: Peynir alti suyu protein izolat, kaplama, kekik esansiyel yagi, dondurularak depolama, istavrit

INTRODUCTION

Freezing, one of the oldest methods of food preservation,
is still the most common and effective technique for providing a
significantly extended shelf life. Although freezing and frozen
storage are able to control or decrease biochemical changes,
degradation of lipid and protein cannot terminate, which causes
deteriorative quality changes in flavour, odour and texture.

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

Application of edible film and coatings are a good alternative for
suppressing quality changes during frozen storage by, for
instance, delaying moisture, aroma and oil loss or gain and
reducing lipid oxidation. They also can be used as a potential
biopolymer for carrying and holding antioxidants and
antimicrobials at food surfaces (Janjarasskul and Krochta,
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2010).

Edible films and coatings are usually made from proteins,
lipids and polysaccharides. One consisting of protein, whey
protein isolate (WPI) created by filtering milk protein, is of
particular interest for coating owing to its excellent oxygen,
aroma and oil barriers: it has good mechanical properties,
excellent gloss and transparency. Although the use of edible
coatings made of different types of biodegradable polymers
during frozen fish storage has been researched (Duan et
al.,2010; Kilincceker et al.,2009; Sathivel et al., 2007), few
studies have been published to date about whey protein isolate
coating (Motalebi et al.,2010;Stuchell and Krochta, 1995;
Rodriguez-Turienzo et al., 2011).

Bioactive edible coatings can be enriched with plant
essential oils (EOs), thus further improving food quality and
safety (Ojagh et al.,2009). Thyme EOs have phenolic
compounds responsible for the high antioxidant capacity due to
their biologically active compounds such as carvacrol and
thymol and offer a promising alternative to synthetic
antioxidants in minimizing rancidity (Altiok et al.,2010;Burt et
al., 2005). The protective effect of thyme oil against lipid
oxidation in frozen seafood has been thoroughly reviewed
(Coban, 2012; Erkan and Bilen, 2010). However, there is no
information about the use of edible coatings enriched with
essential oil on frozen horse mackerel.

Horse mackerel (Trachurus trachurus), a semi-pelagic fish
distributed mainly over the continental shelf of the Northeast
Atlantic from Norway to Senegal, and in the Mediterranean and
Black Seas, has recently attracted great commercial attention
because of its moderate price and large quantities captured
(Aubourg et al., 2004; Ozden, 2010). Horse mackerel is highly
prone to oxidation because it contains high levels of w3
polyunsaturated fatty acids (PUFAs), which can have a
negative effect on the commercial value (Gimenez et al.,2011).
The aim of this work was to determine the effects of whey
protein isolate coatings enriched with different concentrations
of thyme essential oil on chemical and sensory quality of horse
mackerel during frozen storage at -18 +2 °C.

MATERIALS AND METHODS
Materials

Horse mackerel (Trachurus trachurus), 13.31 £0.68 cm
length and 17.36 + 1.59 g weight, were caught in eastern Black
Sea Coast in December and transported in crushed iced till
arrival to the laboratory within 10 hours. The whey protein
isolate (WPI) was obtained from Davisco Foods International
Inc. (BIPRO, La Sueur, MN, USA). According to the
manufacturer, the composition of the product was 97.9 %
protein (dry weight basis), 4.6% moisture, 1.8 % ash, 0.2 % fat
and 6.9 pH (10%@20C). Candelilla wax was supplied from
Strahl and Pitsch Inc. (West Babylon, N.Y., U.S.A.). Food grade
glycerol and NaOH were purchased from a commercial food
ingredient grocery store in Istanbul. Commercial thyme oil
(Karden, Kardelen Tarim Urlnleri Ltd., Ankara) was supplied

from a local herbal store. All chemicals and reagents used were
of analytical grade and purchased from either Merck
(Darmstadt, Germany) or Sigma (St. Louis, MO).

Methods
Preparation of coating solutions and application to fish

The WPI coatings solutions were prepared as described by
Seydim and Sarikus (2006). Whey protein isolate (5% w/v) was
dissolved in distilled water, and glycerol (5% wi/v) was added.
The pH was adjusted to 8.0 with 2 N NaOH. The solutions were
heated to 90 + 2 °C while being stirred continuously. Candelilla
wax (0.8% w/v) was added during heating. The coating
solutions were filtered through a layer of cheesecloth. Thyme
oil 3%, 5%, and 7% ratios (v/v) were added to the coating
solutions. After homogenizing for two minutes using an Ultra-
turax homogenizer (IKA, Germany), the solutions were cooled
to room temperature for 1.5 hours. Vacuum was applied for 30
minutes to remove dissolved air in the solutions.

After the fish arrived at the laboratory, A total of 48 kg of
fresh horse mackerel (8 kg in each group) were washed with
tap water and frozen at -80 °C for overnight storage. The
coatings were applied after freezing. They were divided into six
groups. One was directly packaged in polyethylene zip-lock
freezer bags and stored at -18°C and considered as the non-
coating group (Control). Others were dipped in distillated water
(DW), whey protein isolate coating solution without thyme oil
(WPI0) and WPI coating solution enriched with three different
concentrations of thyme oil (WP13%, WPI5% and WPI7%). The
fish were dipped in the coating solution enriched with different
concentrations of thyme essential oil for 30 seconds, drained
for 15 seconds, packed in zip-lock freezer bags (Rodriguez-
Turienzo et al., 2011) and then stored at — 18 £2 °C for nine
months.

Proximate analyses

The crude protein was determined by Kjeldahl's method
(AOAC, 1984). Lipids were extracted by the method of Bligh
and Dyer (1959). The moisture content (AOAC, 1990) and
crude ash content (AOAC, 1998) were determined in an oven
at 103°C and 550°C respectively until the weight became
constant.

Gas chromatography mass spectrometry (GC/MS)
analyses of thyme essential oil

Thyme EO was analyzed using gas chromatography mass
spectrometry (GC/MS). GC/MS analyses were performed on a
Perkin Elmer Clarus 500 capillary gas chromatograph directly
coupled to the mass spectrometer system (Japan). SGE non
polar fused silica capillary column (60 m x 0.25 mm, ID. BPX5
0,25um, USA) was used under the following conditions: oven
temperature program from 60°C (10 min) to 250°C at 4°C/min,
and the final temperature kept for 10 min; injector temperature
220°C; helium as carrier gas, flow rate 1.5 mL/min. The volume
of injected sample was 1 pl of diluted oil in hexane; splitless
injection technique; ionization energy 70eV, in the electronic
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ionization (El) mode; ion source temperature 200°C; scan
mass range of m/z 35-425 and interface line temperature
250°C. The constituents of essential oils were identified and
calculated in relation to the retention time of a series of alkanes
(C4- C28) as reference products and the similarity of their mass
spectra with those gathered in the NIST-MS and WILEY-MS
library, or reported in the literature. As a result of GC-MS
analysis, the main components in the commercial thyme oil
showed that it contained carvacrol (78.12%), trans-
Caryophyllene (4.27%), beta Bisabolene (3.34%), dinopol NOP
(2.86%), thymene (1.91%), gamma terpinene (1.59%) and
caryophyllene oxide (1.18%).

Chemical analyses

Peroxide value (PV), expressed in milliequivalents of
peroxide oxygen kg-1 of fat, was determined according to
AOCS (1994). The value of thiobarbituric acid (TBA) was
determined according to the method of Tarladgis et al. (1960),
and results were expressed as TBA value, mg malonaldehyde/
kg muscle.

The protein solubility was measured according to
Dyer et al. (1950). 0.5 g fish muscle were homogenized with 5
% NaCl solution using a homogenizer (Ultra-turrax, lka T8, 1KA
Labortechnik, Staufen, Germany) for 1 min at speed 5 (20.000
rpm) in ice. Homogenate was then centrifuged at 5.000 x g at
40C for 20 min using a Hettich Rotina 420 R bench centrifuge
(DJB Labcare Ltd., Buckinghamshire, UK). The supernatant
was used for SDS-PAGE and for the determination of protein
concentrations. The protein content of the extract was
determined by the Lowry method (Lowry et al., 1951). Bovine
serum albumin was used as a standard. Percentage of soluble
protein was expressed as the ratio of the quantity of soluble
protein after frozen storage to that of original soluble protein
from fresh samples.

Sodium dodecyl sulfate (SDS)-polyacrylamide gel
electrophoresis was used to monitor polymerization and
fragmentation of proteins using a BioRad Mini vertical gel
electrophoresis  (Laemmli, 1970). To determine the
polymerization of myosin heavy chain (MHC), samples
prepared with sample buffer with and without -
mercaptoethanol were compared. SDS-PAGE was performed
in a 10% (w/v) resolving gel and 4% (w/v) stacking gel run at
240 volt for 40 minute. Gels were stained overnight with 0.025%
(w/v) Coomassie blue R-250 in 40% aqueous methanol and 7%
acetic acid. Destaining was achieved by sequential treatment
of gels first with an aqueous solution consisting of 40%
methanol and 7% acetic acid, followed by 5% aqueous
methanol and 7% acetic acid, and finally distilled water. Protein
molecular weight standards were obtained from Sigma Ltd. (St.
Louis, MO) consisted of myosin (200 kDa), B-galactosidase
(116 kDa), phosphorylase b (97 kDa) bovine serum albumin (66
kDa), glutamic dehydrogenase (55 kDa), ovalalbumin (45 kDa)
and glyceraldehydes-3-phosphate dehydrogenase (29 kDa).

Sensory Analysis

For sensory analysis, each assessment was carried out by
a six to eight trained panelists. Sensory analyses of fish
(appearance, odour, flavour and texture) were assessed
according to the method of Paulus et al. (1979) with
modification.  modification.  Fish  were  cooked in
a microwave oven for 3 min (450 w) and then served to the
panelists to assess. A hedonic scale from 9 to 1 was used to
evaluate frozen horse mackerel. A score of 9 represents ‘very
good quality’, a score of 7-8, ‘good quality’, a score of 5-6
‘acceptable’, while a score of 1-4 was regarded as ‘bad or
unacceptable’.

Statistical analyses

Experiment statistics were performed using SPSS for
Windows software program (SPSS 18.0 for Windows). The
results were expressed as the mean and standard deviation.
Data analysis for each treatment was carried out in triplicate
and the mean of each sample for each group was analysed
three times. One-way analysis of variance (ANOVA) was used
to check the variance homogeneity, normality and compared by
using Duncan’s multiple range test at 95% confidence interval.
The treatment effect was performed using Duncan’s multiple
range test in the general linear models procedure (GLM).
Sensory analyze was performed using non-parametric test and
differences between in groups were evaluated analysis of
variance.

RESULTS AND DISCUSSION
Proximate analyses

The moisture, lipid, crude protein and crude ash content of
raw horse mackerel were found to be 76.4 + 0.64 % , 6.86
£0.12 %, 21.74 £0.48 % and 1.22+0.03%, respectively. The
proximate composition of the horse mackerel showed
similarities to the findings of Bandarra et al. (2001) and
Vareltzis et al. (1997) with little differences. However, some
researchers have found different results in lipid content of horse
mackerel (Aubourg et al., 2002, Aubourg et al.,2004; Boran and
Karacam, 2011). These differences may be related to size,
food, migration and sexual changes and geographic region
(Bandarra et al., 2001; Losada et al., 2005; Celik, 2008; Boran
and Karagam, 2011). The moisture, lipid, crude protein and
crude ash content of horse mackerel coated with WPl were
found to be 73.70+£1.04 %, 5.86 +0.06 % and 24.48 +0.45 %
and 1.14 +0.05 %, respectively. There was an apparent net
increase in protein content of horse mackerel coated with WPI
compared to the raw ones but a decrease in the moisture, lipid
and crude ash. The increasing the crude protein content in it
was related to coating of whey protein isolate. The decreasing
the moisture, lipid and crude ash can be explained by the
increase in the protein content.

Chemical quality

Peroxide value (PV) of horse mackerel coated whey protein
isolate enriched with thyme oil is given in Table1.
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Table 1. PV (meq of peroxide oxygen kg-1) of horse mackerel coated whey protein isolate enriched with thyme oil123

Months Control DW WPI0 WPI3 WPI5 WPI7

0 0.55£0.03¢! 0.44£0.01v 0.41£0.01ab 0.34£0.0321 0.84+0.06¢! 0.97+0.02¢!
1 0.55£0.01¢! 0.45+0.03" 0.59£0.0192 0.39+0.0221 0.89+0.02¢! 0.96+0.03"
2 1.23+0.03°2 1.110.0322 1.35+0.015<3 0.71x0.55212 1.49+0.025¢2 1.71£0.03%2
3 1.23+0.03%? 1.14+0.04°2 1.34+0.0143 1.02+0.0222 1.44+0.02¢2 1.71£0.02%2
4 3.63£0.02%3 3.54£0.0203 3.67+0.0244 3.46+0.0133 5.18+0.02¢3 5.29+0.02°
5 6.38£0.03> 6.53£0.02¢ 6.54+0.02% 6.34£0.012 6.96+0.0244 7.034£0.02¢
6 7.06+0.0205 7.05£0.03% 7.16+0.02¢6 6.97+0.0235 7.8240.029 7.96+0.03¢5
7 11.03+0.0236 10.98+0.0236 11.04£0.0297 11.27+0.4436 11.21£0.0436 11.37+0.03%
8 14.04+0.02°7 14.07+0.0257 14.08+0.0208 14.00+0.01¢7 14.810.03¢ 14.98+0.01¢
9 16.12+0.01%8 16.15+0.03%8 16.300.06°° 16.010.0128 16.61+0.0148 16.77+0.05¢8
GLM 6.18° 6.15° 6.25¢ 6.05302 6.7253¢ 6.8739¢

"Values are mean + standard deviation.

2Means within the same column (1,9) and the same row (a,f) with different letters are different (P < 0.05).
3 GLM, genel linear model DW, distillated water; WPI0, whey protein isolate coating without thyme oil; WPI3, whey protein isolate coating with 3% thyme oil; WPI5,
whey protein isolate coating with 5% thyme oil; WPI7, whey protein isolate coating with 7% thyme oil

Table 2. Thiobarbutiric acid (TBA) (mg malonaldehyde / kg muscle) value of horse mackerel coated whey protein isolate enriched with thyme

oil123
Months Control DW WPI0 WPI3 WPI5 WPI7

0 0.5620.01¢" 0.5920.017" 0.4920.000" 0.4620.024" 0.4620.01¢" 0.47£0.00"
1 0.730.01%2 0.64:£0.002 0.56:£0.0022 0.56:£0.00%2 0.62+0.00%2 0.61:£0.0202
2 0.730.01%2 0.650.01¢3 0.56:£0.0022 0.5740.0022 0.62+0.00%2 0.620.00%2
3 0.85:£0.04%3 0.87+0.00a% 0.86:£0.0020 0.85:£0.00%3 0.88:£0.00%3 0.9240.01¢3
4 0.96:+0.00%* 0.96:£0.00%5 0.87£0.0124 0.86:£0.00%3 1.040,02¢ 1.10+0.00%
5 1.11£0,00% 1.12:0,00% 0.96:£0.00%5 0.88:£0.00% 1.170.00% 1.22+0,00%
6 1,52:0.02¢ 1.480.00°7 1.40+0.00% 1.40£0.00% 1.560.00% 1570,00%
7 1.560.00°7 1580.01%8 1.560.0097 1.560.00% 1.80+0.00¢7 1.970.007
8 3.5120.0508 3.48:0.00% 3.3120.00%8 3.3120.00¢7 3.43:0.1208 3.70+0.00%
9 3.46:£0.03% 3.48:0.00% 3.3120.00%8 3.3120.00¢7 3.7540.00% 3.84:0.03¢8
GLM 1499277¢ 1483677¢ 13865860 13750032 1549548 1625110

"Values are mean +standard deviation.

ZMeans within the same column (1,9) and the same row (a,f) with different letters are different (P < 0.05).
3 GLM, genel linear model DW, distillated water; WPIO, whey protein isolate coating without thyme oil; WPI3, whey protein isolate coating with
3% thyme oil; WPI5, whey protein isolate coating with 5% thyme oil; WPI7, whey protein isolate coating with 7% thyme oil

The secondary lipid oxidation products were measured by
means of thiobarbituric acid values (TBA) expressed as mg
malonaldehyde /kg muscle. As seen in Table 2, the initial TBA
for the raw non-coated horse mackerel was found to be 0.55
mg malonaldehyde /kg muscle. This value was higher than
finding for horse mackerel by other researchers (Simeonidou et
al.,1997; Aubourg et al., 2002; Aubourg et al.,2004). The
reason of higher TBA value could be resulted from higher lipid
content and iced storage (10 hour) before freezing (Aubourg et
al., 2002). During frozen storage, TBA value showed an
increase in all groups. WPI coating without thyme oil caused a
decrease in TBA value when compared with noncoated and

water coated groups. Similarly, coating with WPI
solution/antioxidant overspray of King salmon have been found
to be effective in controlling lipid oxidation after 77 days of
frozen storage (Stuchell and Krochta,1995). Similar results
have also been reported by Sathivel et al. (2007). As well as
the present PV, the higher TBA value were found in samples
coated WPI with enriched thyme oil 5% and %7 than others
one, while the lowest TBA value was found in samples coated
with WPI enriched with thyme oil 3%. The prevention of lipid
oxidation for frozen horse mackerel by using antioxidant have
been reported previously (Aubourg et al., 2004). But antioxidant
effect of thyme oil alone or combined with edible coating for
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horse mackerel during frozen storage did not evaluated before.
It has been observed that 1% tyhme oil-treated chub mackerel
(Erkan and Bilen, 2010) and rainbow trout (Coban, 2012) had
lower TBA value during frozen storage. In the current study, the
using higher than 3% concentration thyme oil combined with
WPI showed prooxidant acvtivity during frozen storage for
horse mackerel. Several authors claim that a variety of testing
systems is required when assessing the antioxidant potential of
a substance, since a substance exhibiting high antioxidant
activity in one system may have a pro-oxidant effect in another
system (Laughton et al.,1989; Pearson et al., 1997.) Recent

works indicate that high essential oils can have pro-oxidant
effects (Mennen et al., 2005; Bakkali et al., 2008). Undeger et
al. (2009) observed that high concentrations (100 uM) carvacrol
showed a pro-oxidant effect and high concentrations of thymol
(25 pM) increased DNA damage. This might explain why the
higher thyme oil treated groups had a higher TBA value than
the lower thyme oil treated groups.

Effect of whey protein isolate coating enriched with thyme
oil on protein solubility (%) in 5% NaCl during frozen storage of
horse mackerel is given in Table3.

Table 3. Protein Solubility (%) of horse mackerel coated whey protein isolate enriched with thyme oil

Months  Control DW WPI0 WPI3 WPI5 WPI7

0 100! 1003 1002 1004 1003 1004

1 96.80+0.1423 103.500.17¢ 102.760.22¢" 103.12+0.1241 101.63+0.07¢! 100.37+0.1503
2 97.02+0.24% 101.37+0.28% 100.29+0.3002 101.04+0.20%2 101.13+0.132 104.48+0.16¢"
3 98.86+0.55%2 101.31£0.2192 99.75+0.19°2 100.43+0.143 101.13+0.23%2 103.02+0.20e2
4 86.02+0.1747 89.49+0.3706 92.8+02.62° 93.43+0.25% 88.14+0.1404 91.82+0.11%
5 85.10+0.1728 88.47+0.1497 90.31+0.24¢ 87.88+0.15%67 87.22+0.3255 91.180.17%
6 93.98+0.19% 86.00+1.36% 89.63+0.21¢4 86.54+0.13® 87.28+0.195 88.29+0.199
7 93.98+0.18¢ 93.660.34¢4 93.31+0.15% 85.58+0.19%° 86.33+0.2106 88.39+0.29%°
8 90.12+0.16% 92.20+0.29¢ 86.28+0.17% 88.12+0.126 88.25+0.21%4 89.550.178
9 91.62+0.38% 91.88+0.15% 85.58+0.172 87.70£0.13%7 87.51£0.16 90.05+0.11¢7
GLM 93.35¢ 94.792 94.15° 93.38¢ 92.86¢ 94.722

"Values are mean + standard deviation.

ZMeans within the same column (1,9) and the same row (a,f) with different letters are different (P < 0.05).
3 GLM, genel linear model DW, distillated water; WPI0, whey protein isolate coating without thyme oil; WPI3, whey protein isolate coating with
3% thyme oil; WPI5, whey protein isolate coating with 5% thyme oil; WPI7, whey protein isolate coating with 7% thyme oil

Protein solubility in 5% sodium chloride is used to
characterize the degree of protein denaturation during frozen
storage. In present study, protein solubility showed slightly
decrease in all samples during frozen storage, similar to
previous research on frozen horse mackerel (Undeland et al.,
2003). There are published data indicating that a reduction in
protein solubility during frozen storage was due to denaturation
and aggregation of myofibrillar proteins in frozen fish
(Geirsdottir et al., 2007). Hurling and McArthur (1996) studied
frozen storage effects in cod and they found that myofibrillar
protein solubility decreased from 70 to 22% of the total protein
after 9 month storage at—30°C. They also indicated that decline
in protein solubility was not caused by complete protein
unfolding. Insolubilization of proteins during frozen storage is
caused by formation of intermolecular hydrogen and/or
hydrophobic bonds as well as disulfide bonds and ionic
interaction (Akahane,1982). Montecchia et al.(1997) observed
a slight increase in salt-soluble protein from hake after 15 day
frozen storage at —20°C followed by gradual decrease until the
end of frozen storage. This slightly increased protein solubility
might be caused by modifications of chemical groups,

especially sulfhydryls. These changes would cause a transitory
modification of molecular conformation as was suggested by in
vitro experiments with carp actomyosin, myosin, and heavy
meromyosin during short term frozen storage (Matsumoto,
1980). Comparison among the different treatments showed
that coating process was helpful to protect the decrease in
protein solubility till first three months (Aubourg et al., 2004).
Among the treatment, DW and the WPI coated enriched with
7% thyme oil caused significantly higher protein solubility than
other treatments during frozen storage (p<0.05). However, the
reduction of solubility did not change regularly. These
fluctuations during frozen storage could be caused by
interactions of proteins with other compounds such as fatty
acids, decomposition products of lipids and amine compounds
(Saeed and Howell 2002, Siddaiah et al., 2001).

SDS-PAGE

The electrophoretic profiles of the salt-soluble proteins
extracted with 5% NaCl from groups during frozen storage are
shown in Figure 1.
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Figure 1. The electrophoretic profiles of the salt-soluble proteins extracted with 5% NaCl from groups prepared without (A) and with B-
mercaptoethanol (B) during frozen storage (DW, distillated water; WPIO, whey protein isolate coating without thyme oil; WPI3, whey protein
isolate coating with 3% thyme oil; WPI5, whey protein isolate coating with 5% thyme oil; WPI7, whey protein isolate coating with 7% thyme oil,
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In this study, electrophoretic protein profiles in groups
showed that the remarkable changes seen in the protein band
around 200 kDa in the absence of B-mercaptoethanol,
indicating the absence of intermolecular disulfide bridges
(Figure 2). In control, DW, WPI0 and WPI7, the intensity of this
band decreased and/or increased throughout the frozen
storage period of 9 months at — 18 °C +2, while it didn't seen in
WPI3 from at the beginning of the storage to at the end of the
storage and it didn’t seen in WPI5 at the beginning four month
and then appeared at month 6 and 9. A double protein bands
with molecular weight around 97 kDa did not seen in the groups
coated with thyme oil during storage. No significant differences
were observed in other protein bands both between samples
and during frozen storage. The protein profiles of samples
treated with -mercaptoethanol as reducing agent showed that
there were many new bands in all samples when compare with
the protein profiles of samples treated without -
mercaptoethanol during frozen storage. The new bands in the
presence of reducing agent were attributed to polymerization
high molecular weight via disulfide cross-linking (Le Blanc and

Le Blanch 1989). Formation of disulfide band also contributes
to decrease in salt soluble protein during frozen storage
(Owusu-Anash and Hultin 1986). In this study, the decrease in
protein solubility observed in all samples during storage. These
decreases could be resulted from cross-linking of protein
(Keyvan et al., 2008). No significant differences between the
electrophoretic profiles obtained within samples but the
appearance of new bands of low moleculer weight (<36 kDa)
were seen in all samples during frozen storage. Main
differences within groups were observed in control samples at
six month of storage, the protein bands near 200 kDa
completely disappeared and new bands occurred near 116 and
97 kDa. At the interface of stacking and resolving
electrophoresis gels, there was a proteins that did not penetrate
the resolving gel, with a higher molecular weight than MHC,
probably formed by the covalent linkage during frozen storage
of muscle (Careche et al., 2002). In frozen fish, high molecular
weight protein aggregate accumulated by hydrophobic
interaction as well as by disulfide bonds and other covalent
cross-links (Haard, 1992).
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Sensory Quality

The results of the sensory analyses of horse mackerel
coated WPI enriched thyme oil during frozen storage are shown
in Figure 2.

Panelists scored for brightness, color, odor, flavor, texture
and general acceptability using a nine-point hedonic scale (1,
dislike extremely to 9, like extremely) for the assessment of
sensory quality in samples. Results of the sensory evaluation
obtained reveal that samples coated WPI enriched with %5 and
%7 thyme oil showed the most marked changes (p<0.05).

Significantly higher scores for color, odor and flavor were
given to control, DW, WPI and WPI3, while WPI7 scored the
significantly lowest for all parameters at the beginning of the
storage (p<0.05). When they stored longer, lower scores were

Brightness

given subsequently for all groups by the panelists. However,
rancid flavor was estimated in samples coated WPI enriched
with 5% and 7% thyme oil after nine month storage and the
scores samples reached unacceptable levels. But, other groups
received scores above the acceptability limit of 5. These
conclusions were also supported by the results for lipid quality
analyses. The higher PV and TBA value were noticed at the
later stage of storage days and these could be due to the
production of lipid oxidation products, resulting in the
unacceptable flavor. Similar trends were also observed in
brightness, color, odor, texture and general acceptability
(Figure 2). Similarly, Rodriguez-Turienzo et al. (2011) found
that no significant differences (p>0.05) between whey protein
coated samples and controls and the sensory properties of
salmon samples were not affected negatively by these
coatings.

Texture
0
9
9 1
6 2
5 3
4
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Figure 2- Sensory evaluation of horse mackerel coated whey protein isolate enriched with thyme oil during frozen storage

No significant (p > 0.05) effects of protein coating on a*, b*,
and whiteness values for cooked pink salmon after 3 mo frozen
storage were also reported by Sathivel (2005). The changing of
brightness and color with addition of essential oil in edible
coatings have been reported previously by researchers who
claimed that addition of EOs in edible films may change the
native color of edible films and the degree of change is
concentration-dependent (Du et al., 2011; Rhim et al., 2000).
Those results showed that the horse mackerel coated WPI
enriched with 5 and 7% thyme oil could not be stored for more
than 9 months.
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0Oz: Bu calisma, Elazig il merkezinde yasayan hane halkinin dogadan yakalanan balik ile killtiir (giftiik) baliginin tiiketim tercih ve davranislarinin belirlenmesi
amaciyla yapilmistir. Elazi§ ilinde hane-halki temel kabul edilerek yapilan bu arastirmada, veriler anket yolu ile toplanmistir. Hazirlanan “tliketici anket formu”,
Elazi§ ili iginde farkl gelir gruplarini temsil eden 415 aile ile yiiz yize g6risme yoluyla uygulanmistir. Ankete katilanlarin %96'sinin balik tikettigi ve bunlarin %
88'inin dogada yakalanan, %12'sinin ise kultiir baligini tikettigi belilenmistir. Dogada yakalanan baligi tercih edenlerin %47’sinin lezzetli ve %35'nin ise daha
saglikl olmasi ve givenilirligi nedeniyle tercih ettikleri belilenmistir. Kiiltir baligini tercih edenlerin %44'iiniin daha taze oldugu icin tercih ettiklerini ifade etmiglerdir.
Ayrica tiiketiciler dogadan yakalanan baliklara ekstra para 6deme s6z konusu oldugunda, %70'i daha fazla para ddemeye hazir olduklarini bildirmislerdir.

Anahtar kelimeler: Dogal balik, kiiltiir balik, tiketim tercihi, Elazi§

Abstract: This study was conducted to determine the preferences of consumers towards culture and wild fish production and their consumption in Elazi§. The
results are based on data collected by surveys considering households as a basis. It was determined that 96% of the consumers consume fish; 88% prefer wild
fish whilst 12% prefer culture fish. Of all, 47% of the consumers who prefer wild fish stated that they prefer wild fish because they are delicious (35%) and healthy
and safety (35%) to consume. Those who prefer culture fish (44%) stated that they prefer culture fish as they are always fresh. Although the price is higher than
that of culture fish the consumers (70%) are ready to pay extra money to buy wild fish.

Keywords: Wild fish, culture fish, consumption preference, Elazig

GIRiS

Glinlimuzde, ozellikle gelismis Ulkelerde insanlar,
beslenmelerine ok dikkat etmekte ve beslenme rejimlerinde
sadllk agisindan  uygun gidalari  segmeye  Ozen
gbstermektedirler (Kaya vd., 2004; Turan vd., 2006; Kearney,
2010). insanlarin yeterli ve dengeli beslenmeleri igin
gereksinimleri olan enerji; protein, vitamin ve mineral madde
ihtiyaglarinin karsilanmasinda hayvansal Grlnler birinci sirada
gelmektedir. Bu konuda dnemli bir hayvansal gida kaynagi olan
balik, diinyanin her tarafinda gegmisten glnimize insan
beslenmesinde kiymetli bir hayvansal protein kaynagi olarak
yerini korumaktadir (Brown, 2007; Besler, 2008). insan
viicudunun gereksinim duydugu hemen hemen tim besin

asitlerini, vitamin ve mineral maddelerini icermesi ve buna karsl
dusuk kolestrol ve duslik kalori degerine sahip olmasi
nedeniyle miikemmel bir gida portresi gizmekte; Ustelik birgok
hastaliga karsi da diren¢ sadladigi bilinmektedir (Varlik vd.,
2004).

Su Urlnleri Gretimimiz, avcilik ve yetigtiricilik yoluyla
gerceklestirilmektedir. 2000 yilinda 582 bin ton olan Uretimimiz,
2016 yilinda 588.715 ton olmustur. 2016 yilindaki Uretimin
%43’ yetistiricilik, %57'si avcilik yoluyla
gerceklestirilmistir. 2016 yiinda su  Uriinleri  yetistiricilik
uretiminin %40'1 i¢ sularda, %60’1 denizlerde gergeklestirilmistir

maddelerini en uygun miktar ve oranda igeren balik, dengesiz
beslenme sorununun ¢oziimlenmesinde (izerinde dénemle
durulmasi gereken hayvansal gida kaynaklarindan birisidir.
Balik eti, ylksek protein ve disiik karbonhidrat igeriginin yani
sira vicut igin gerekli esansiyel amino asitleri, omega-3 yag

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

(TUIK, 2017). Alabalik, levrek ve cipura yetistiriciligi yapilan en
dnemli tlrlerdir. Denizlerden vetistiricilik yoluyla Gretilen
baliklarin %53'lnu levrek, %38ini gipura, %4'lnu alabalik
olusturmaktadir. i¢ sulardan yetistiricilik yoluyla (retilen
baliklarin ise tamamina yakini denebilecek kismini alabaliklar
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olusturmaktadir. Su Uriinleri yetistiricilik Gretimimiz hizla
artmasina ragmen, kisi basina dlsen su Urlnleri tlketimimiz
her gegen yil dismektedir. Bu rakam 2000 yilinda 8 kg iken
2016 yilinda 5,4 kg'a diismiistiir (TUIK, 2017). 2014 yilinda kisi
basi su Grlnleri tliketimi diinyada 20 kg, Avrupa'da 25 kg'dir
(FAO, 2016). Diger taraftan Tlrkiye'de su Urlnleri tlketim
miktari bélgelerarasi degisim gdstermektedir. Tlrkiye'de kisi
basina balik tiiketimi Dogu Anadolu, Giineydogu Anadolu ve i¢
Anadolu Bélgesinde ¢ok distkken, Karadeniz ve diger kiyi
bdlgelerinde oldukga yliksektir (Colakoglu vd., 2006; Dagtekin
vd., 2007; Erdal ve Esengil, 2008; Cadir ve Duman, 2013;
Saygi vd., 2015).

Elazi§ ili Dogu Anadolu Bélgesi'nin glineybatisinda, Yukari
Firat Bolimiinde yer almaktadir (Oztiirk, 2011). Ug tarafi
sularla gevrili olan Elazi§ ili su kaynaklari yoniinden oldukga
zengin bir potansiyele sahiptir. Dogal gél, baraj gélleri ve
nehirleri ile toplam 50 697 hektar ylzey alani, su drinleri
uretimi agisindan énemli bir dogal sermayedir (Gékhan, 2010).
ilde i¢ su avciligi ve yetistiricilik faaliyetleri ile balik Gretimi
gerceklesmektedir. Elazi§'da 162 alabalik yetistiricilik isletmesi
bulunmaktadir (Saglam vd., 2014). Tirkiye'de i¢ sularda
alabalik Uretiminde yillik 13-14 bin tonluk Uretim ile Elazi§
birinci sirada yer almaktadir (Anonim, 2017).

Toplumlarin  sosyo-ekonomik  yapilarindaki ~ degisim,
tiketim aligkanliklarina da yansimaktadir (Baysal, 2002;
Kearney, 2010). Tiketicilerin satin alma davranigini etkileyen
faktorler arasinda o (rlne duyduklar ihtiyac kadar alisveris
aliskanliklari da 6nemlidir (Erkmen ve Yiksel, 2008). Bu
aliskanliklarin bolgesel ve 6zellikle lokal olarak belirlenmesi,
tiketicilerin tercihlerinin belirlenmesi agisindan 6nem arz
etmektedir. Bu calisma ile alabalik yetistiriciliginde éne ¢ikan
illerin baginda gelen Elazi§ ili Merkez ilgede yasayan
tiketicilerin avcilik ve yetistiricilik yoluyla elde edilen balik
tiiketim aliskinliklarinin karsilastirimasi ve bu tiiketimlere etki
eden faktérler ortaya koymaya galisiimigtir.

MATERYAL VE METOT

Arastirmanin anakitlesi, Elazi§ ili Merkez ilgede ikamet
eden ailelerden olusmaktadir. Calismanin verileri balik tiketimi
konusunda bilgi dlzeylerini ve tercihlerinin belirlenmesi
amactyla ile Basit Tesadufi (Simple RandomSampling)
ornekleme yontemiyle yliz ylize yapilan anket uygulamasindan
elde edilen verileri igermektedir. Anket, 3-21 Nisan 2017
tarihleri arasinda rastgele segilen ve gondilliliik esasina uygun
olarak ankete katilmayi kabul eden aileler arasinda yapilmistir.
Anketin birinci bdliminde bagimsiz degiskenlerin (evdeki hane
halki sayisi, hane halki reisinin meslegdi, egitimi ve aylk
ortalama hane geliri) belilenmesi amaciyla dort adet; ikinci
béliminde katilimcilarin tiketim davraniglarini belirlemeye
yonelik 11 adet soru kullanilmistir. Aylik ortalama hane geliri alt

gruplari, 2016-Temmuz ayi TUIK verilerine gére 16 yas izeri
calisanlarin net asgari Gcretleri, Turkiye'deki aclik ve yoksulluk
sinirlari dikkate alinarak olusturulmustur.Aragtirmada dncelikle
elde edilen verilere ait % dagiimlar ve frekans dagilimlari
belirlenmistir. Sonra tliketici tercihleri ile ilgili goriislerine aylik
ortalama hane geliri ve dgrenim durumu faktérlerinin etkilerini
belilemek amaciyla ki-kare (Pearson’s Chisquare) analizi
yapilmistir. Bu analizler, SPSS Windows 22.0 paket programi
kullanilarak gergeklestirilmistir.

BULGULAR

Elazi§ ilinde yasayan ailelerin balik tliketimleri ile ilgili
tercihlerini gdsteren sosyo-demografik ve sosyo- ekonomik
ozellikleri Tablo 1’ de verilmigtir.

Egitim dlzeyi agisindan dagiima baktigimizda, % 15'lik
bolliminin ilkokul, %29'Inin lise, %33'Uniin ise (niversite
mezunu oldugu goriiimektedir. Hane halki reisinin meslek
grubu degerlendirildiginde, katiimcilarin %28'i serbest meslek,
%25'i memur, %17’si is¢i, %16 issiz ve %15'i emekli oldugu
belirlenmistir. Ayrica, evdeki hane halki sayisi incelendiginde
katilimcilarin %25'inin dort kisilik hanede yasadiklari, iki kisilik
hane halki sayisina sahip katilimcilarin ise sadece %10’luk bir
orana sahip olduklari tespit edilmistir. Ankete katilanlarin aylik
ortalama hane gelirleri %47 oranda 1501 TL - 3000 TL arasinda
iken, 1500 TL ve alti geliri orani %26 olarak saptanmistir
(Tablo1).

Tablo 1 Katilimcilarin sosyo-demografik ve sosyo-ekonomik
Ozellikleri

Table 1. The socio-demographic and socio-economic proportion of
participant

incelenen Faktorler ~ Tanimlar Frekans &r):):m
Hane halki reisinin ~ Okur-Yazar 24 6
egitimi ilkokul 63 15

Ortaokul 69 17
Lise 121 29
Universite 138 33
Hane halki reisinin -~ Memur 103 25
meslegi Isci 69 17
Serbest meslek 115 28
Emekli 62 15
issiz 66 16
Ailedeki birey 2 40 10
sayisl 3 70 17
4 103 25
5 93 22
6 49 12
7vedahafazla 60 14
Aylik ortalama 1500 TL ve alti 107 26
hane geliri 1501-3000TL 193 47
3001-5000TL 71 17
5000-7000 TL 24 6
70001TL ve 20 5
lizeri
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Arastirma sonucunda elde edilen veriler genel olarak Tablo
2'de verilmistir. Arastirma sonucunda elde edilen veriler
6grenim diizeyi ve aylik ortalama hane geliri dikkate alinmadan
genel olarak incelendiginde; hanelerin kisi basina yillik balik et
tiiketimi %52,28'i 0-5 kg ve %4,33 ise hig balik tiketmedikleri
belirlenmistir. Katimcilarin %88'i avcilik yoluyla elde edilen
baligi, %12'si sinin ise kiltir baldini tercih ettiklerini
bildirmiglerdir. Avcilik yoluyla elde edilen baligi tercih edenler
%55,89'u lezzetli, %41,97'inin ise daha saglikli oldugunu ifade

Tablo 2. Balik tliketim aligkanliklari ve tlketici davraniglari
Table 2. Fish consumption habits and consumer behaviour

etmislerdir. Kiiltir baligini tercih edenler ise %43,75'i daha taze
ve %20,83'U ise daha ucuz oldudu icin tercih ettiklerini
sOylemislerdir. Katilimcilari %72,05'i kiiltir baliklarinin insani
sagligini tehdit eden katki maddeli yemlerle beslendigini ifade
etmislerdir. Ballk satin almadaki oncelikli kriterler ise
tazelik(%86,98) olmustur. Katilimeilarin %70'i avcilik yoluyla
elde edilen baliklar i¢in fazlada Ucret 6deyebileceklerini ifade
etmislerdir. Ankete katilan tlketicilerin 6grenim durumlarina
gore tiketim aligkanliklari Tablo 3'te verilmistir.

Incelenen Faktorler Tanimlar Frekans Oran (%)
Kisi bagina balik tiketimi 0 18 4,33
0-5 217 52,28
6-10 93 22,40
11-15 40 9,63
216 37 8,91
Ailenin balik tercihi Dogal 365 88,00
Kiiltar 50 12,00
Cevabiniz dogal balik ise Albenisi 7 1,90
Lezzetli 204 55,89
Saglikli 153 41,91
Cevabiniz kiiltir baligi ise Daha iyi 7 14,58
Daha lezzetli 3 6,25
Daha saglikh 7 14,58
Daha taze 21 43,75
Daha ucuz 10 20,83
Kiiltir baliginin insan saghigini tehdit eden Evet 299 72,05
yemlerle beslendigini diistinliyor musunuz? Hayir 116 27,95
Balik satin almada éncelik tercihiniz Fiyati 38 9,16
Tazeligi 361 86,98
Fikrim yok 16 3,86
Dogal balik igin fazladan para dder misiniz Evet 290 70,00
Hayir 125 30,30
Tablo 3. Katilimcilarin 6grenim durumlarina gére tuketim aligkanliklari
Table 3. The consumption habits according to education level of participant
Ogrenim Durumu
Anket Sorulari Okur-Yazar ilkokul Ortaokul Lise Universite
n_ % n % n_ % n % n %
Kisi basina balik tiketim miktari (kg/yil) 0 kg 3 125 2 317° 4 57% 4 3300 5 3,620
0-5kg 21 875 55 87300 28 4057° 60 49,58> 63 4565
5-10 kg 3 4768 20 2,89 30 24,79 40 28,98
11-15kg - - 9 13,04 15 1239 16 11,59
16 kg - 3 4762 8 115% 12 991 14 10,14
Ailenin balik tercihi Dogal 15 62,2528 53 84,112° 60 86,950 118 97,526 128 92,75
Kiiltdr 9 375 10 1587 13,046 3 247¢ 10 7,24k
Cevabiniz dogal balik ise Albenisi 3 20,008 7 13,200 3 5,00¢ 2 1,69¢ 2 1,56¢
Lezzetli 8 53300 31 58492 35 5833 89 7542 37  28,90°
Saglikl 4 26260 15 2832 22 36660 27 22882 89 69,53
Cevabiniz kiltiir baligi ise Daha 1 11,112 1 10,002 - - - - 2 20,000
lezzetli
Daha 1 11,112 3 30,000 - - - - 4 40,000
saglikli
Dahataze 5 5555 - - 5 5555 3 1000 4 40,00¢
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Dahaucuz 2 22222 6 60,00c 4 44440 - - - R
Uriin satin almada oncelikli tercihler Fiyati 9 37,508 21 33342 7 10,14 - - 2 1,44¢

Tazeligi 3 12,502 38 6032 62 8985 121 100° 135 97,80¢

Fikimyok 12 50,000 4  6,34° - - - - 1 0,72¢
Dogal baliklar igin fazladan (icret dder Evet 10 41672 23 36,502 37 5362 87 71,900 112  81,15b
misiniz?

Hayir 14 58332 40 6349 32 4637 34 28,090 26 18,84b

a, b, c: Her bir ézellik igin faktorlere ait alt gruplardan farkli harfleri tagiyanlar arasindaki farkliliklar dnemlidir

Tablo 3'te ankete cevap veren okur-yazar (%12,5), ilkokul
(%3,17), ortaokul (5,79), lise (%3,3) ve Universite (%3,62)
mezunlarinin hig balik tiiketmedikleri belirlenmistir. ilkokul
mezunlarinin %87,30'u kisi basina yillik balik tiketim miktari 0-
5 kg olarak belirlenmistir. Okur-yazar olanlarin %62,25', ilkokul
mezunlarinin %84,12'si, ortaokul mezunlarinin %86,95', lise
mezunlarinin %97,25'i ve dniversite mezunlarinin %92,75'inin
dogada avlanan bali§i tercih ettikleri saptanmistir. Ogrenim
durumu dikkate alindiginda okur-yazar olan grup ile diger
gruplar arasinda fark istatistiki bakimda 6nemli bulunmustur (x
2 =31,871; p=0,001).

Tablo 4. Katilimcilarin aylik gelirlerine gore tiketim aligkanliklari

Avcilik yoluyla elde edilen baligi tercih eden ilkokul
mezunlarinin -~ %58,49'G lezzetli, (niversite mezunlarinin
%69,23'0 saglikl oldugu igin tercih etikleri belirlenmistir. Kultdr
baligini tercih eden lise mezunlarinin %100 daha taze oldugu
icin tercih ettikleri tespit edilmistir. Egitim durumuna gére
gruplar arasinda énemli (p<0,05) farkliliklar belirlenmistir.

Dogada yakalanan baliklar i¢in ekstra para ddeme s6z
konusu oldugunda, ilkokul mezunlarinin %36,5'i, Universite
mezunlarinin ise %81,15'i fazladan para 6demeye hazir
olduklar belirlenmistir. Aylik ortalama hane gelirine gore balik
tiketimine iligkin bilgiler Tablo 4'te verilmistir.

Table 4.The consumption habits according to monthly income of participant

Aylik Gelir (TL)

Anket Sorulari <1500 1501-3000 3001-5000 5001-7000 27001
n % n % n % n % n %
Kisi bagina balik 0 kg 30 28,042 40 20,720 8 11,27¢ - -
tiiketim miktari 0-5kg 65 60,742 97 50,250 34 4789 12 50,00 6 30,00
(kglyil) 5-10 kg 12 11,212 56 29,020 22 30,99 9 37,50¢ 7 35,000
11-15kg - - 7 9,862 2 8,332 4 20,00°
16 kg - - - 1 417 3 15,00
Ailenin balik tercihi ~ Avcilik 92 85,98 171 88,60 64 90,14 21 87,75 17 85,00
Kiiltr 15 14,02 22 11,40 7 9,86 3 12,50 3 15,00
Cevabiniz dogal Albenisi 7 7,602 20 11,70P 8 12,500 - -
balik ise Lezzetli 46 50,002 92 53,802 31 48,440 7 33,33 6 35,29
Saglikl 39 42,392 59 34,500 25 39,062 14 66,66° 11 64,70
Cevabiniz kiltir Lezzetli 1 6,662 3 13,640 1 14,29 - -
bali§i ise Saglikl 1 6,602 2 9,092 1 14,29 - -
Daha taze 5 33,330 12 54,540 3 42,862 2 66,66° 3 100d
Daha ucuz 8 53,332 5 22,73 2 28,57 1 33,33¢ -
Uriin satin almada Fiyati 44 41,122 114 59,070 13 18,31¢ 5 20,84¢ -
oncelikli tercihler Tazeligi 35 32,712 77 39,902 42 60,56° 16 66,66° 20 100°
Fikrim yok 28 26,172 2 1,03 16 22,532 3 12,50¢ -
Dogal baliklar igin Evet 24 22,432 123 63,73 54 76,06° 21 87,500 20 100
fazladan Ucret 6der ~ Hayir 83 77,572 70 36,270 17  23,94¢ 3 12,504 -
misiniz?
a, b, c: Her bir 6zellik icin faktorlere ait alt gruplardan farkli harfleri tagiyanlar arasindaki farkliliklar 6Gnemlidir
TARTISMA VE SONUG insanlarin  saglikli  ve lezzetli riin  konusundaki

Kultdr balik¢iligi ile dikkat ceken Elazig ilinde, halkin balik
tiiketim davranislarinin incelenmesi diistiniimis ve bu amagla
anket yapiimistir. Elazig Merkez ilgede yasayan insanlarin
severek en ¢ok tiikettikleri balik tirl, satin almadaki oncelikli
kriterleri aylik ortalama hane gelir dizeyleri ve 6grenim
durumlari degiskenleri etkili faktorler olmustur.

hassasiyetlerinin oldugu yapilan benzer ¢alismalarda da bunun
vurgulandigi gorilmektedir (Golakoglu vd., 2006; Gaviglio ve
Dermartini, 2009; Claret vd., 2014; Dogan vd., 2012; Saygi vd.,
2015: Terin vd., 2016; Tomi¢, vd., 2017).

Dagistan vd. (2009) Hatay ilinde tiketicilerin organik balik
Urlinleri  satin alma davranislarini incelemistir. Calisma
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sonucunda, tiketici tercihleri ile ilgili Gnemli olan faktérler satin
alma veri, kalite, saglk ve fiyat olarak belirlenmistir.
Tiiketicilerin yarisindan fazlasinin organik baliklar igin %10-30
daha fazla ddemeye istekli oldugu sonucuna ulagmistir.

Musa vd. (2012), Kenya'nin Nyanza bdlgesindeki
tiketicilerin ciftlik ve deniz baliklar satin alirken sergiledikleri
davraniglari ve &deme istekliligini 6lgmeyi amaglamigtir.
Calisma sonucunda balik tliketiminin gelir ve hane halki
blydkligiyle 6nemli derecede iligkili oldugu gorilmustr.
Tiketicilerin ~ deniz  baliklarini  ¢iftlik  baliklarina  tercih
etmelerinde lezzetin biyik 6nemi oldudu ve tiketicilerin deniz
baligina daha yuksek fiyat 6demeye razi olduklari gérllmastar.
Elazi§ ili baz alinarak yapilan bu calismada kisilerin balik
hakkindaki ~ gorlgleri, ~gelir ~grubuna gore  degistigi
gorilmektedir. Ogrenim diizeyi ve gelir diizeyi artikga kisilerin
lezzetli ve saglikli diye nitelendirdikleri avcilik yoluyla elde
edilen baliklari tercih ettikleri belirlenmistir. Avcilik yoluyla elde
edilen baliklara katiimcilarin =~ %69,88'i  fazladan para
odeyebilecekleri ortaya ¢ikmistir.

Bu arastirmada Elazi§ ili balik tlketimi genel olarak
incelendiginde; (elde edilen veriler 6grenim diizeyi ve aylik
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Abstract: In the current study two different types of organic acids were used in gelatin extraction. The scales of gilthead seabream (Sparus aurata) were used as
a source of gelatin. Also the effects on quality and gelling properties of used organic acids were investigated. Due to the determined gel strength values, high
quality gelatins were produced in both groups with good functional properties. Total yield of the obtained products was found to be 31.10% (acetic acid), and
31.19% (propionic acid). According to the results, scale gelatin recovered by using acetic acid was found more suitable for industry with its 8.9 °C gelling point.
Foam formation ability of acetic acid group was determined as 2.8 where the value of propionic was 3.0. Organic acids difference did not effect the colour of the
product, both groups determined colourless and transparent. Result of the study showed that recovered collogen from gilthead sea bream scales have the potential
to be an alternative source of gelatin with the determined functional properties.

Keywords: Fish scales, collagen, gelatin, bloom value, viscosity,

0z Yapilan calismada jelatin ekstraksiyonu igin iki farkli organic asit kullaniimigtir. Gupra (Sparus aurata) baliklarinin pullari gelatin kaynag olarak kullaniimistir.
Kullanilan organik asitlerin kalite ve jellesme dzellikleri Uzerine etkileri incelenmistir. Uretilen jelatinlerin jel dayanim degerlerine, iyi fonksiyonel 6zelliklere sahip
Grdinler olduguna ve her iki grupta da yiiksek kalitede jelatinlerin elde edildigi belirtilmistir. Elde edilen toplam verim sirasi ile %31,10 (asetik asit), ve %31,19
(propiyonik asit) olarak tespit edilmistir. Sonuglar dogrultusunda, asetik asit kullanilarak elde edilen jelatinin jellesme noktasi 8,9°C degeri ile endiistri agisindan
daha uygun oldugu gérilmusttr. Koplk olusum kabiliyeti degerleri asetik asit uygulamasi icin 2,8 ve propiyonik asit uygulama grubu igin 3,0 olarak tespit edilmistir.
Farkli organic asit kullanimi renk degerlerinde bir farka neden olmamis, tiim gruplarda renksiz ve transparan Urtin eldesi gériilmustir.

Anahtar kelimeler: Balik pulu, kolajen, jelatin, bloom degeri, viskozite

INTRODUCTION

Gelatin has a real wide range of applications in many
industries; food, pharmaceutical and photographic industries
can be some examples to identify its range. Although gelatins
from beef and pork have been extensively researched, fewer
studies have been published on the extraction procedures and
functional properties of gelatin from cold blooded animals like
fish (Norland, 1990; Osborne et al., 1990; Leuenberger, 1991;
Grossman and Bergman, 1992; Kim and Cho, 1996;
Gudmundsson and Hafsteinsson, 1997; Karim and Bhat, 2009).
Just 1.5 % of total gelatin was obtained from fish skin and
scales in the World (Aresen and Gildberg, 2002).

To convert the insoluble natural collagen to gelatin, a
process is required to break non-covalent bonds to manipulate
the protein structure so that cleavage and cleavage of
intramolecular and intermolecular bonds leading to sufficient

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

collagen solubility is necessary (Stainsby, 1987; Gdémez-
Guillén and Montero, 2001). While obtaining gelatin from
collagen reasonable acid treatment should be enough to effect
solubilization (Norland, 1990). The type of organic acid used
naturally influences the functional properties of the gelatin. The
type A gelatin can be identified with its isoelectric point for this
determination pH value (between pH 6 and 9) can act a key role
and this type of gelatins are suitable for food industry (Stainsby,
1987). Thus, the quality of food grade gelatins is largely
dependent on their viscometric properties (especially the gel
strength). Neverthless, other properties are also important like
color, transparency, flavor and easy dissolution in quality. Most
of the mentioned study on gelatin was obtained from fish skins.
However, there is little information about gelatin recovery from
farmed fish scales (Dincer et al., 2015).
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49 000 tons of scale raw material can be obtained annualy
and from the fish de-scaling processing in seafood processing
sector. Fish scales contain connective tissue protein, collagen
and its structure almost covered with calcium salts. The range
of protein can be changed 41% to 84% but the remaining was
the combination of calcium phosphate and calcium carbonate
(Sankar et al., 2008). Sea bass scale contain; 40-45 %
moisture, 0. 10-0. 20 % fat and 27-30% ash on its chemical
structure (Dincer et al., 2013). Of course these values changes
depending on species and the size. As mentioned before
reports can be seen about collagen from skin of marine
organisms but a few studies on fish scales can be seen like
Kimura et al., (1991), Nagai et al., (2004), Dincer et al., (2016).
In the study of Kimura et al., (1991) collagen was recovered
from the carp scales with using 0. 5 m acetic acid with the yield
7% on dry weight basis. Nomura et al., (1996) reported in their
study that with using sardine scale collagen was recovered by
different solvent systems. However, there is little scientific
information on effects of used organic acids on gelatin obtained
from collagens of fish scale.

In the current study, functional differences of (foam
formation capacity and foam stability, viscosity and gelling
temperature, colour, gel strength and texture profile) gelatins
obtained by different organic acid extraction (acetic acid and
propionic acid) solutions were studied.

MATERIALS AND METHODS
Raw material

Gilthead seabream (Sparus aurata) with in weight of 400 —
600 g were selected in the commercial company in lzmir,
Turkey. The scales were removed by an automatic scale
remover (AGK Nr. 300 scaling machine, AGK Kronawitter
GmbH, Wallersdorf, Germany) and a total of 3.5 kg scales were
transported to the laboratory packaged inside of polyethylene
bags. Scales were washed and dried by using circulating air for
two days. For each group, 1200 grams of scales were taken for
collagen extraction and gelatin recovery.

Gelatin extraction

By removing non - collagen proteins, lipids and mineral
contents, Type 1 collagen proteins was obtained from the
scales. Two productions were done using 1200 g of dried
scales to conduct research with Group A (acetic acid) and
Group B (propionic acid). Same extraction procedure was
followed for collagen extraction up to the end of
demineralization stage. Acetic acid and propionic acid solutions
were used in hydrolization stage. Used extraction steps and
gelatin production wererealized by using the method of Dincer
etal, (2015).

At the hydrolization step, scales were soaked in 0.05 M
acetic acid (Group A) and 0. 05 M propionic acid (Group B)
solutions for 3 h. Then filtering was realized and 1/ 3 (w / v)
water was filled in to the tray kept in an oven which was set at
60 °C (overnight). Next morning solution was carried to plastic
trays and dried at room temperature by using air conditioner

(which was set on 18 °C with the flow temperature 10+ 2 °C).
The dried thin films were grounded using a powder mill.

Proximate composition and yield value

AOAC, (2000) methods were used to determine the
moisture (934. 01) ash content (942. 01) crude protein (954. 01)
and crude fat contents (991. 36) of seabream scales and
gelatin. Carbohydrate content was determined by using Merril
and Watt (1993) method by substracting technique..The yield
of the gelatin production was calculated by using the formula;
dry weight gelatin/dry weight fish scale x100.

Foam formation capacity and foam stability

Foam formation capacity and foam stability were measured
using a partially modified method of Sathe et al., (1982). 5 g
gelatin samples were placed in 50 ml distilled water and left to
swell. The sample solution dissolved at 60°C and foam was
prepared by homogenizing at 10.000 rpm for 5 min (Yellow line
model homogenizer, Germany). The homogenized solution
was poured into 250 ml mess flask. The foam formation ability
was calculated as the volume ratio of foam liquid and foam
stability calculated as the ratio of the initial volume of foam to
the volume of foam after 30 min.

Colour measurements

Colour measurements were taken using method of Dincer
et al., (2016). 6.67% (w/v) gel blocks were used to determine
the colour values. This method was modified from the method
of Scubring (2003). Before measuring each lot, the colorimeter
was calibrated against a white standard (LZM 229). Samples
were weighed into the bloom bottles and dissolved in distilled
water to a final concentration of 6.67 % (w/v). Dissolved gelatin
content was transferred to a plastic container box and then
placed in refrigerator for 16 hours at 5°C. The gel blocks
obtained had same smooth surface and thickness. Preliminary
measurements were taken from the surface of calibration kits
to record the blind. Then gel blocks were put into the calibration
kits for measurements. Due to its transparent nature,
measurements were taken on standard calibration kits (Tile
white and Tile black). And after calculations, reference blind
values were subtracted from the taken value from gel blocks.

Used calibration kit were LZM 256- Tile white (x=14. 8,
Y=21. 2., Z=13. 9) and Tile Black (x=14. 5, Y=20. 8, Z=15. 0).
Using this technique, constancy was performed in
measurement. In the CIE Lab system, L* denotes lightness on
a 0 to 100 scale from black to white; a* denotes (+) red or (-)
green; and b* denotes (+) yellow or (-) blue.

Determination of gel strength

Standart method of GMIA, (2013) was used to determine
the gel strength values of produced gelatins. Dried gelatin
samples were put into Bloom flasks (6.67% (w / v) and
dissolved in distilled water (100ml) with using hot plate at 55
°C. Then kept in to refrigerator for 16 hours at 5 °C to perform
the gells. The gel strength measurement was realized via using
a TAXT Plus (Stable Micro Systems, Godalming, UK) with a
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load cell of 25 kg (with using GL 4 / P 05S probe). The
maximum force (in grams) was recorded when the probe
penetrated 4 mm into the surface of the gelatin.

Determination of viscosity and gelling temperature

Viscosity measurement was done (6.67% w/ v) at 55°C gel
solution via using a viscometer (Brookfield DV + || Pro model,
Middleboro, USA) with using HA - 4 spindle in 60 rpm (25 °C,
100 ml solution). In addition, helipad stand equipment was used
to get the rheological values in different heights of the solution
solution due to the method of Zhou and Regenstein, (2004).

Gelling point (temperature) was also determined with using
the same equipment and the same spidle but that time data was
recorded in each minute (the test continued until the spindle
stopped) while the spindle was running at 60 rpm. First data
was taken from 50 °C gel solution and continuesly software was
recorded the value in each minute when the solution
temperature was decreasing. In order to accelerate the cooling
step and to reach 4 °C temperature, the samples flask was
placed in an ice-filled chamber and sample was first cooled
down to room temperature and than cooling continued until the
spindle stopped. Used original method was from the study of
Zhou and Regenstein, (2004) but modified to determine the
gelation temperature by Dincer et al., (2016). The gelling
temperature value was detected when spindle forced with
maximum viscosity and the rotation of the spindle stopped.

Texture profile analysis

The measurement was made on 6.67% (w / v) gel form.
6.67 grams of gelatin was dissolved in 100 water. The prepared
solution was poured in a rectangular plastic container to
perform a rectangular and uniform gel formation at 5 ° C for 16
hours. Gel block was cut in to 2cm x2cm square pieces with
using a blade. Samples were compressed twice at a cross
speed of 0.80 mm / sec with using 65% compression rate. 5 cm
diameter cylindric probe was used to perform the TPA
measurement. The mechanical parametres of textural profile
was evaluated by using the modified method of Yang et al.,
(2007).

Statistical analyses

SPSS programme (SPSS 15. 0 for Windows, SPSS Inc,
Chicago, IL, USA) was used. The difference of means between
groups were determined by using an Independent Sample T-
Test technique. And level of significance was set for p < 0. 05
in the software.

Table 1. Chemical composition values of obtained fish scale gelatins

RESULTS AND DISCUSSION
Yield and the proximate composition

Scales of gilthead sea bream (Sparus aurata) proximate
composition data were determined as follows; 0.10% crude fat,
41.56% moisture, 29.12% ash, 0.84% carbohydrate, and
27.14% crude protein in the scale structure. Determined values
of the produced scale gelatin were (in dried form) determined
as follows; in Group A 3.17% moisture, 0.006% ash, 96.81%
crude protein and in Group B 6.69% moisture, 0.006% ash,
93.30% protein, and no crude fat and carbohydrate were
determined in both groups (Table 1). The yield value of gelatin
was found 31.10% (Group A-373.20 g), and 31. 19 % (Group
B-374.28 g) respectively. As Montero and Gomez-Guillen
(2000) mentioned in their study, yield value and the quality of
gelatin generally depend on the extraction method of collagen.
Essentially, acid treatment is mainly used and preffered for fish
and fish skin; in the extraction method the collagen was first
acidified for a certain period of time and then heat treatment
was used to solubilize the collagen structure. Both acidity part
and the heat treatment part require the monitoring process to
obtain better quality of gelatin. In the current study, acidified
period was fixed at 3 hours before being heated at 60°C. The
difference in chemical composition between the gelatin groups
could be perceived as resulting from different organic acids
used in the process. In general, the reduction of yield may
cause losses of collagen extracted by leaching throughout the
washing stages, or full hydrolysis of collagen may be realiyzed
(Jamilah and Harvinder, 2002). In the current study, though
high yield values were obtained, they still conform to the
previous studies.

Muyong et al., (2004) recovered gelatin from skin of Nile
perch in their study. These researchers also compared the
differences of skin and gelatin chemical composition values in
the mentioned study. Skin proximate composition values for
protein and crude fat contents were given 78.1% and 5.6%,
respectively. On the other hand, when the extraction
temperature was set at 50°C, the protein, water and fat
contents in the extracted gelatin from the Nile perch were
determined as follows; 88.0%, 10.5% and 0.10%, respectively.
In a comparison with Muyong et al., (2004) and the current
study it can be said that obtained gelatin from sea bream scales
have higher protein and lower water contents.

Chemical composition (%) Protein Moisture Ash Fat
Group A 96.81+1.052 3.17£0.742 0.0060+0.312 0.00£0.00°
Group B 93.30+1.01° 6.69+0.24° 0.0063+0.002 0.00+0.00°

Data are expressed as mean  stdev, (n=3)

Different superscript letters in the same column indicate significant differences (p < 0.05)
Group A; Sea bream scale gelatin obtained by acetic acid, Group B; Sea bream scale gelatin obtained by propionic acid.
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Foam formation ability and foam stability

Foaming formation ability is one of the important properties
of gelatin. Especially for commonly used foods and food
industry. Foam formation abilities of Group A and Group B
gelatins are shown in Table 2. Data were given as ratio (the
ratio of foam volme/liquid volume). Foam formation ability of
Group A was determined as 2.8 while the value of Group B was
3.0. No statistical difference was determined between the two
groups (p > 0.05). This implies that using different organic acids
did not have effect on foam formation ability of the two groups.
Similiar high results were also found in the study of Cho et al.,
(2004). These researchers studied the gelatin obtained from
shark cartilage and compared the functional properties of
obtained fish gelatin with porcine gelatin. According to their
results, foam ability of shark cartialge gelatin was 2.6. In the
same study, analytical grade gelatin (GA) and food additives
grade(GF) of porcine gelatins were also investigated.

Determined results of foam abilities were as follows; for GA 2.8
and 2.9 for GF. When these results were compared with the
findings of current study, it was found that fish scale gelatins
foaming ability were found to be higher than shark cartilage
gelatin (GS) and somehow of similar values with that of porcine
gelatin.

Foam stability of Group A and Group B gelatins are also
given in Table 2. As shown, statistical differences (p<0. 05)
were abserved between foam stability of Group A (1.6) and
Group B (2.1). Foam stability may directly effectthe aggregation
of proteins (generally reduce) which the interactions between
protein content and needed water for foam formation (Kinsella,
1977). The increment observed could also be assumed to result
from the same reason or the acid used propionic acid. Foam
stabily values found in both groups of our study were higher
than the determined GA, GS, GF foam stability values of Cho
etal., (2004).

Table 2. Foam ability and foam stability values of obtained fish scale gelatins

Samples Foaming ability Foam stability
Group A 2.8+0.212 1.6 £0.192
Group B 3.0£0.222 2.1£0.16°

Data are expressed as mean = stdev, (n=3). Different superscript letters in the same column indicate significant differences (p < 0.05). Group A; Sea bream scale
gelatin obtained by acetic acid, Group B; Sea bream scale gelatin obtained by propionic acid.

Viscosity and gelling temperature

Viscosity values of Group A was determined as 20 Cp,
lower than 33Cp value of Group B in room temperature. The
gelling temperatures of the samples are given in Figure 1 and
Figure 2. The plots of delta (viscosity —temperature) compared
with temperature (°C) can be seen in these figures also. Gelling
temperature of Group A and Group B were closed to each other
and from these values, Group A was found to be more suitable
for foods in refrigerator conditions. The samples studied had a
relatively sharp increase in delta value as the temperature
decreases and rapid phase change was observed for both
samples when viscosity became zero. Lower gelling
temperature (8.9°C) was measured in Group A compared
11.9°C in Group B. Determined gelling temperatures were
found to be lower (in Group A) and higher (in Group B) when
compared with the study of Kasankala et al., (2007). Those
researchers reported 10. 5 °C gelling temperature for porcine
skin gelatin gels in their study. These results showed that sea
bream scale gelatin produced by using acetic acid is more
suitable for industry with its 8. 9 °C gelling point and might be
more useful for particular food applications that require gelling
temperatures like other gelatins. All these results have some
similarities with the study of Boran et al., (2010).

Gelling temperature of Group A
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Figure 1. Gelling temperature value of Group A gelatin
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Figure 2. Gelling temperature value of Group B gelatin
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Gel strength and mechanical properties

Fish orginated gelatin is typically known to have a lower gel
strength than mammalian gelatin. Gel strength (bloom value) is
the most important functional properties that is directly related
with the quality (Gilsen and Ross-Murphy 2000). While the
values found in the study of Cho et al (2004) agreed with this
statement, on the other hand in the study of Dincer et al., (2015)
the gel strength of sea bass scale gelatin (305 g) was found to
be higher than the findings of Cho et al., (2004) contradicts this
statement. The part and species of the used fish were
considered to be the sources of this difference. We could say
that the statement of Gilsen and Ross-Morphy, (2000) may only
be accepted for the gelatin obtained from cold-water species
and especially fish skin gelatins. Gel strength is a function of
complex interactions determined by the ratio of a-chain and the
amount of B- component and structure of gelatin is more stable
when the imino acids(Hydroxy proline+ proline) content is
higher(Gommez-Gullien et al., 2002). In another study,
researchers investigate the imino acid contents of the fish
scales and these imino acids were found higher in fish scales
than in fish skin (Dincer et al., 2015; Cho et al., 2004). Gel
strength of Group A and Group B are shown in Table 3. In both
groups gel strengths were found to be higher than 300g.
According to Gelatin Manufacturers Institute of America
(GMIA)'s standards (GMIA, 2012), commercial gelatin gel
strength should have gel strenght value between 100 and 300
g to used in the industrial sector. So in the current study
obtained gelatins Bloom values were determined more than
300 g which can be considered in the range of “high-bloom
gelatin” for the industry. In previous studies Bloom value range

of aquatic gelatins varies between 0 and 270 g (Karim and Bhat,
2009). Moreover, Bloom values for bovine or porcine gelatin,
which have gel strength values of 200-240 g. And also in some
studies gelatins of warm-water fish species have been reported
to exhibit relatively high Bloom values, close to that of pork
gelatin. Such high gel strength values can be seen only from
the skins of warm-water fish such as tilapia (Zhou et al., 2006).
Bloom values ranging from 128 to 273 g have been reported for
tilapia gelatin (Zhou et al., 2006; Jamilah and Harvinder, 2002).
In the current study, the Bloom value of gelatin was also found
to be high (in Group A; 312.06+ 8.47 g and in Group B; 317.
36+ 9. 18), signifying that high quality gelatin was recovered in
both groups. Textural profile values of the gels are also
important in gelatin quality. In the current study determined
texture profile analyses (TPA) results were higher than the
results of the study done by Wangtueai and Noomhorm, (2009).
In that study, researchers studied with lizard fish scales. TPA
results of the extracted gelatins from lizard fish scales were as
follows: hardness of 644+ 21.2, chewiness of 616+ 64.07, and
springiness of 1.01% 0.07. Researchers also compared their
results with bovine gelatins but determined values of bovine
gelatin were also lower than sea bream scale gelatin values.
Similiar results in comparisons were also seen in the study of
Rahman and Al-Mahrouqi, (2009). In their study these
researchers compared grouper skin gelatin and bovine-porcine
mixed gelatin but in all groups of their study, determined results
were lower than the values of current study. These
comparisons show that, in the current study, high-quality fish
scale gelatin was produced with a better textural profile. Also
very similiar results were found in the study of Dincer et al.,
(2015) in sea bass scales. TPA results can be seen in Table 3.

Table 3. Gel strength and mechanical properties (TPA) of the gelatin groups

Gelatin Gel strenght Texture profile analyses

Groups (9) Hardness(g) Adhesiveness  Springiness  Cohesiveness  Chewiness (g) Resilience
GroupA  312.06+8.472 3914.55+341.952 -23.83+9.502 0.98+0.022 0.83+0.022 3018.514620.712  0.63+0.042
GroupB  317.36+9.182  3779.574508.482 -31.31+12.622  0.97+0.022 0.80+0.01° 3047.984422.732  0.65+0.022

Data are expressed as mean = stdev, (n=10)

Different superscript letters in the same column indicate significant differences (P < 0.05)
Group A; Sea bream scale gelatin obtained by acetic acid, Group B; Sea bream scale gelatin obtained by propionic acid.

Commercial gelatin is not colourless in solution but has
colours varying from a very pale yellow to dark amber (Cole and
Roberts, 1996). There can be no doubt that the colour attribute
of gelatine has practical significance in that some 60% of world
production is consumed by the confectionery industry (Yang et
al., 2009). Furthermore, in the minds of most people the lack of
colour is associated with purity, hence, pale colour is normally
more desirable than darker colour. Manufacturers (Hoffmann,
1985) recognise the importance of gelatine colour. As
mentioned in material section two different reference kits were
used as a base in color measurements (B&W) because of the
transparency of the gels. Figure 3 denotes the results of White
tile values and determined L*, a*, b* values were respectively;

13.72£0.44, -8.62+0.26, 2.37+0.22 in Group A and
12.40+1.36, -9.19+£0.96, 2.13+£0.52 in Group B. Figure 4
denotes the results of Black tile values. From the obatined
results gelatins L¥, a* and b* values were determined as
follows; 13.35+0.57, -8.79+0.27, 1.54+0.31 in Group A and
12.57+ 0.98, -8.53+0.36, 1.52+0.16 in Group B. No statistical
differences were determined between groups (P<0.05). The
difference in color among gelatins may occur due to the
presence of pigment inherent in the material and depends on
the raw material (Jongjareonrak et al., 2010). But observed
results show that the different organic acids used did not affect
the colour of the gelatin. In both groups colourless, transparent
gelatin was obtained.
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mGroupA > Group B

*Data were given as L*, a* and b* from left to right

Figure 3. Colour measurement results over Tile White(x=14.8, Y=21.2., Z=13.9)

mGroupA ~Group B

Figure 4. Colour measurement results over Tile Black (x=14.5, Y=20.8, Z=15.0)

*Data were given as L*, a* and b* from left to right

CONCLUSION

From the results obtained, it is clear that fish scales have
the potential to be an alternative source of collagen to
mammalian collagen. Both acetic acid and propionic acid can
be used in gelatin recovery. The main problem encountered in
this stage was the production costs in laboratory conditions
especially, the cost of EDTA and isobutyl alcohol that took
much of the production cost. In future studies, alternative
chemicals should be tried for deminerilasation and fat removing
steps (like citric acid and less expensive alchols). We could
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Abstract: The aim of this study is to determine the effects of red mullet gillnets that commonly used in Turkish waters on sustainability of non target fish species.
For these purpose, surveys were realized with 18 - 20 - 22 mm nominal bar length red mullet gillnets between December 2008 and May 2010 along the north
Aegean Sea coasts (5-30 m). SELECT method was used with five different model (Normal location, normal scale, log-normal, gamma and bi-modal) for evaluating
selectivity parameters of non target fish species. Selectivity models were determined as bi-modal for Serranus scriba and Symphodus tinca, log normal for
Scorpaena porcus and Spicara maena and gamma for Pagellus acarme. Optimum catch lengths and spread values and selectivity curves were given for 5 species.
Results showed that use of a larger mesh size over the 22 mm mesh is important for ensuring stock sustainability of the non target fish species.

Keywords: Gillnet, selectivity, optimum catch length, non target fish species,

0z Bu calismada yaygin olarak kullanilan barbun uzatma aglarinin hedef disi balik tiiflerinin siirdiiriilebilirligine olan etkisinin belirlenmesi amaglanmistir. Bu
amagla, kuzey Ege Denizi kiyilarinda (5-30 m.) Aralik 2008 — Mayis 2010 tarihleri arasinda 18 — 20 — 22 mm gdz genigligine sahip barbun uzatma aglari ile
denemeler gerceklestirilmistir. Hedef disi tiirlerin segicilik parametrelerinin tespitinde 5 farkli model ile (normal location, normal scale, gamma, log-normal ve bi-
modal) SELECT tahmin metodu kullaniimigtir. Yakalanan gizgili hani ve girgir igin bi-modal, iskorpit ve izmarit igin log-normal, yabani mercan icin ise gamma en
uygun segicilik modeli olarak belirlenmistir. 5 tiir icin optimum yakalama boylari ve yayilim degerleri ile segicilik egrileri verilmistir. Calisma sonucunda barbun
aveiliginda kullanilan uzatma aglarinda a§ gz genisliginin 22 mm’nin tizerine gikariimasinin ilgili tiirlerin stok stirdurtlebilirligi bakimindan énemli oldugu tespit
edilmistir.

Anahtar kelimeler: Uzatma adi, segicilik, optimum yakalama boyu, hedef disi balik tiirleri,

INTRODUCTION

Gillnets are one of the most widely used fishing gear over
the world due to their low costs and easy to use (Hamley, 1975;
Reis and Pawson, 1992; Hovgard and Lassen, 2000). Because
of the pronounced size selectivity by comparison with the other
fishing gears (Guland, 1983), gillnets are extremelly important
with regard to sustainable fisheries. In order to develop suitable
management strategy in fisheries, the selectivity properties of
whole fishing gears should be known by management authority
(Millar, 1992; Millar and Holst, 1997). Although methods of the
estimation of selectivity has been used for a long times,
estimation of the gillnet selectivity studies were increased with
the development of the SELECT method since 1990 (Millar,
1992; Millar and Holst, 1997). Selectivity studies of gillnets are
especially stick to target species. Gillnets are effective fishing

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

gears in the multi species fishing fields. Besides, proven of
single species management approach with the gillnets have not
been discussed enough yet.

Gillnets are commonly used fishing gears in the
Mediterranean Sea ( Martin et al., 1999; Papaconstantinou and
Farrugio, 2000; Sbrana et al., 2007; Karakulak and Erk, 2008;
Ayaz et al., 2010b) that known as multi species fishing field.
Discard rate was calculated as 15% by Kelleher (2005) around
Mediterranean and Black Sea, whereas 58% (Ayaz et al,
2010a), 56% (Aydin et al., 2008) and 77.4% — 81.4% (Aydin et
al. 2013) in red mullet gill nets Turkish coasts of the Aegean
Sea.

It may not be right to implement a management plan
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considering only the target species because of the high non-
target rate of multispecies fishing fields. Therefore the right
approach with the viewpoint of ecological sustainability might
be consider of the selectivity for each species that have high
catch rates from the gillnets. The first information deal with
selectivity of the Symphodus tinca and Scorpaena porcus in
this study, contribute this consideration.

In this context, the aim of this study is to determine the
effects of gillnets on the stocks of fish species of red mullet gill
nets with the viewpoint of ecosystem based fisheries
management.

MATERIALS AND METHOD

Survey was conducted between December 2008 and May
2010 along the commercial fisheries coasts of Canakkale,
North Aegean Sea. Substratum type of habitats consist of
sandy beaches, rocky shores and seagrass beds. Samples
were collected by gillnets from 7 stations and 65 operations
between 5-30 m depts (Fig. 4). Gillnets were made of
multiflament nylon with a twine diameter 210d/2. Three different
gillnets each with a 40 mesh height were used, the nominal bar
length of which were 18, 20 and 22 mm with hanging ratio 0.50
(Fig. 1,2 and 3).

222PLNo2 E=050
100 PA 210 490
100PPO4

OO0

r 5555

|

8 36 mmPA210d2 T
|

5655

102 PP 0 2.5
oo 102 PP 0 4

E=051
222Pb a0 gr L

222PLNo2
7% e %0

PE—

—

9%
222Pb a0 gr

E=051

Figure 1. Technical plan of the 18 mm nominal bar length red mullet
gill net

Due to the target species of red mullet gillnets were only mullet
species (Mullus spp.), apart from these all species were
evaluated as non target fish species. Nets were used as
passive and were set parallel to coast at the bottom as S-
shaped. Operations were realized 3 hours before dawn and
dusk. The soaking time was approximately 3 hours per nets.
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Figure 2. Technical plan of the 20 mm nominal bar length red mullet

gill net
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Figure 3. Technical plan of the 22 mm nominal bar length red mullet
gillnets

Study Site

Figure 4. Study area and and general view of the Northern Aegean
coasts of Turkey
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The total length was measured with millimetric
measurement board and weighed to the nearest 1 g with digital
scales. Length frequency class values calculated from the
individuals that sampled varied nominal bar lengths. In the
calculation of selectivity parameters, SELECT (Share Each
Lengthclass Catch Total) method was used (Millar, 1992; Millar
and Fryer, 1999; Millar and Holst, 1997). In this method, be
assumed that the number of length /fish caught in gillnet j, have
one nj Poisson distribution and is then distributed as;

nj = nj = Pois (pj A (1))

where; abundance of length / fish was caught in gillnet A, is
the relative fishing intensity of gillnet j, pj, is the selectivity curve
of gilinet j, (/)

log-likelihood distribution of nj as;

zz{n| Iog[ pj /1| rj (I)]' pj /1| rj (I)}

Statistical analyses were conducted with PASGEAR ||
version 2.5 (Kolding and Skalevik, 2011). The SELECT method
was used to evaluate selectivity parameters as five different
model (Normal location, normal scale, log-normal, gamma and
bi-modal). The most suitable model was selected by taking into
consideration of minimum deviation value.
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RESULTS

A total of 1452 non target fish species individual
representing 5 species were sampled from the red mullet gill
nets with 18 — 20 — 22 mm nominal bar lengths. Species were
consist of Serranus scriba, Symphodus tinca, Spicara maena,
Scorpaena porcus and Pagellus acarne with 403, 207, 576, 107
and 159 individual, respectively. S. scriba individuals were
ranged between 11.3 and 29.7 cm in length, 22 and 441 g in
weigth. S. tinca were ranged between 9.5 and 18.8 cm in
length, 17 and 122 g in weight. S. maena were ranged between
9.8 and 19.5 cm in length, 10 and 93 g in weight. S. porcus
were ranged between 10.1 and 28 cm in length, 19 and 471 ¢
in weight. Lastly, P. acarne were ranged between 12.8 and 18.5
cm in length, 22 and 80 g in weight (Table 1).

Frequency values of non target fish species were calculated
due to the length groups. Peak length values of non target fish
species differ according to nominal bar length. P. acarne, S.
porcus, S. maena and S. tinca were peaked in length with 20
mm nominal bar length at 15, 12, 14 and 13 cm in length,
respectively. Beside, S. scriba peaked in length with 18 mm
nominal bar length at 13 cm in length. In all species, the length
of the individuals were increased as the nominal bar length
increased (Fig. 5).

The most suitable selectivity models were calculated according
to minimum deviation values for each species. Within the
species, bi modal was selected for S. scriba and S. tinca, log
normal was selected for S.porcus and S.maena and gamma
model was selected for P. acarne. (Table 2).

Optimum lengths and spread values (Table 3) and selectivity
curves (Fig. 6) were calculated for S. scriba, S. tinca, S. maena,
S. porcus and P. acarne as 18, 20 and 22 mm nominal bar
length respectively.
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Table 1. Catch number, length and weight values of the Non target fish species caught by 18,20 and 22 mm red mullet gill nets

) Length Value Weight Value
Species Nominal
Bar Length Mean Length Minimum
(mm) Number ~ Minimum Maximum  and Standard Weight Maximum  Mean Weight and
(n) Length (cm) Length (cm)  error (cm) (9) Weight (g) Standard error (g)
18 201 12.3 224 14.70 £ 1.53 22 167 4432 +17.79
Serranus 20 128 13.8 25.3 1714 £ 1.89 34 218 73.45 £ 28.95
scriba 22 74 11.3 29.7 17.49 £ 2.65 23 411 79.82 £ 48.23
Total 403 11.3 20.7 16.44 + 2.02 22 167 65.86 + 31.66
18 78 95 18.7 1217 £ 1.47 18 106 29.31+£12.62
Symphodus 20 78 10 18.8 13.91+1.43 17 122 40.14 + 1417
tinca 22 51 13 17.4 14.70 + 1.03 34 421 47.61+10.37
Total 207 95 174 13.6 £1.31 17 106 39.02 £ 12.39
18 188 9.8 19 14,38 £1.21 10 68 37.72+ 859
Spicara 20 225 101 19.5 15.41+£1.25 12 93 48.55 + 12.68
maena 22 165 13 19.5 16.07 £ 1.18 31 84 54.99 + 11.05
Total 576 9.8 19 15.29 + 1.21 10 68 47.09 £10.77
18 19 101 255 14.65 + 3.85 20 273 66.95 + 59.85
Scorpaena 20 42 11 213 14.09 + 2.63 19 177 55.88 + 35.88
porcus 22 46 10.8 28 15.73 £ 3.77 19 471 84.61 £ 82.65
Total 107 101 213 14.82 + 342 19 177 69.15 + 59.46
18 40 12.8 18.5 14.08 £ 0.95 22 79 33.98+8.73
Pagellus 20 72 13.7 17.3 15.62 + 0.71 33 68 46.63+6.16
acarne 22 47 13.3 18.2 16.00 £ 1.10 35 80 51.94 £9.65
Total 159 12.8 17.3 15.23 +0.92 22 68 4418 + 8.18
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e e e W 8 m
12 13 14 15 16 17 18
20 o, Scorpaenaporcus
16
12 — —
81 = £ E
eadddadas ..
10 11 12 13 14 15 16 17 18 19 21 23 25 8
Spicara maena
80 =
2 = =
g w = 5 é
= 2 =
s - 4 g 41 .
E 9 10 11 12 13 14 15 16 17 18 19
10 Symphodus tinca
30 4 =
20 4 =
10 { L 5
ol - - = = g é —m —
9 10 11 12 13 14 15 16 1 18
Serranus scriba
&0
10
20 = s =
ol e m i 1 E wm = . o
11 1 13 14 15 16 17 18 19 20 21 2 3 24 25 29
Total lenght (cm)

Figure 5. Length — frequency distribution of caught non target fish species
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Table 2. Selectivity parameter values of non target fish species

Model Degree of
Model Parameter Deviance P Value e dgom (df)
Normal location (k;0)=(4.610; 2.088) 96.829 0.000000 33
Normal scale (k1;k2)=(4.666; 0.508) 100.413 0.000000 33
Serranus Lognormal (M1,0)=(2.816; 0.113) 83.861 0.000003 33
scriba Gamma (k;a)=(0.057; 81.553) 88.066 0.000001 33
(k1;ka; k3;ka;w)
Bimodal (4.340; 0.292; 5.226; 0.703; 0.499) 56.589 0.002335 30
Normal location (k; 0)=(3.695; 1.455) 41.086 0.005472 21
Normal scale (k1; k2)=(3..737; 0.373) 47.831 0.000725 21
Symphodus Lognormal (u1; 0)=(2.595; 0.097) 34.823 0.029527 21
tinca Gamma (k; 0)=(0.036; 104.778) 38.546 0.011113 21
(ki1; k2; ks; ka; w)=
Bimodal (3.683; 0.291; 5.128; 0.162; 0.273) 11.898 0.852453 18
Normal location (k; 0)=(4.078; 1.755) 28.337 0.203309 23
Spicara Normal scale (k1; ka)=(4.124; 0.441) 29.888 0.152640 23
maena Lognormal (M1;0)=(2.699; 0.107) 24.240 0.390617 23
Gamma (k; 0)=(0.047; 88.279) 25535 0.323316 23
Bimodal No Fit
Normal location No Fit
Scorpaena Normal scale No Fit
Lognormal (1. 0)=(2.356. 0.300) 17.395 0.983273 32
porcus Gamma (k. @)=(0.411. 6.65) 17.765 0.980160 32
Bimodal No Fit
Normal location (k; 0)=(4.043; 1.258) 41.308 0.000159 14
Pagellus Normal scale (k1; k2)=(4.074; 0.310) 38.288 0.000469 14
acame Lognormal (u1; 0)=(2.685; 0.077) 38.402 0.000451 14
Gamma (k; «)=(0.024; 171.982) 38.132 0.000496 14
Bimodal No Fit
Table 3. Optimum length and spread values of the caught non target fish species
Species Model Mesh size Optisngth phedd
(cm) (cm)
18 mm 15.62 1.05
Serranus scriba Bimodal 20 mm 17.36 1.17
22 mm 19.10 1.28
18 mm 13.26 1.05
Symphodus tinca Bimodal 20 mm 14.73 117
22 mm 16.21 1.28
18 mm 14.70 1.60
Spicara maena Lognormal 20 mm 16.33 1.78
22 mm 17.96 1.96
18 mm 9.64 3.39
Scorpaena porcus Lognormal 20 mm 10.71 3.76
22 mm 11.78 4.14
18 mm 12.31 0.94
Pagellus acarne Gamma 20 mm 13.68 1.05
22 mm 15.05 1.15
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Table 4. Comparison of the selectivity studies deal with the same species

Mesh size Spip Spread
Species Method Area length Referance
(mm) (cm)
(cm)
18 14.74
HOLT Ce(r,‘\}l:' n,?ae'gegzas)ea 20 16.38 Kinacigil et al. (2000)
22 18.02
Serranus 18 15.62 1.05
soiba oo Ganakale shores 2 17.36 147 In this study
i-modal (Marmara Sea) 2 19.10 108
18 13.26 1.05
Symphodus SoCT Qg\;l‘:‘r‘nkf;'f:sh::;s 20 1473 147 In this study
tinca 22 16.21 1.28
SELECT Gokgeada 18 15.10 107 Karakulak and Erk,
bi-modal (North Aegean Sea) 2 16.78 119 (2008)
22 18.46 1.30
22 18.54 1.91
SELECT Cyclades Island 24 20.23 2.08 Stergiou and Erzini,
lognormal (Aegean Sea) 26 21.92 2.25 (2002)
Spi 28 23.60 243
picara 18 15.00
maena HOLT ( AZ”;';mBaSyea) 20 16.67 Metin et al. (1998)
9 22 18.33
18 14.70 1.60
k?:nLOE"?]L C(a,\’/‘l:‘r‘:ifasggss 20 16.33 178 In this study
22 17.96 1.96
Scorpaena SELECT Ganakkale kiyilari 18 9.64 3.39
porcus loanormal (Marmara Sea) 20 10.71 3.76 In this study
g 22 1178 4.14
SELECT/ Gokgeada I o i Karakulak and Erk,
bi-modal (Kuzey Ege Denizi) ' ' (2008)
22 16.76 0.69
E?lrecF Izmir Bay, Urla
Pagellys ~ Cstimation (Aegean Sea) 18 137 lkyaz, (2005)
acarne Method . :
18 12.31 0.94
SELECT/ anakkale shores .
SELECT Q(Marmara oo 20 13.68 1.05 In this study
22 15.05 1.15
Table 5. The length at first maturity of fish species caught in this study
Species Area The Length at First Maturity ( cm) Referance
Lanzarote Island
Serranus (Middle East Adriatic) 17.3 Tuset etal. (2005)
scriba Trigor Bay )
(Middle East Adriatic) 93 Zorica et al. (2006)
Symphodus Sfax shores Males 13.1: Females 13.4 Ghorbel et al. (2002)
tinca (ITunu5|a )
Spicara lzmir Bay Males 13.1; Females 11.5 Kinacigil et al. (2008)
maena (Aegean Sea)
Sinop shores . . .
Scorpaena (Black Sea) Males 16.7; Female 17.5 Bilgin and Celik (2009)
porcus Sinop shores
(Black Sea) 20 (3rd and 4th ages) Koca. (2002)
Saroz Bay ( North Aegean Sea) Males 15.3; Females 18.1 Ismen et al. (2010)
Pagellus |zmir Bay ( Aegean Sea ) Males 13.9; Females 14.5 Kinacigil et al. (2008)
acarne Mediterranean Males 13; Females 18 Whitehead et al. (1986)
Aegean Sea 11 JICA (1993)
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Figure 6. Selectivity curves of the caught non target fish species
according to mesh sizes

CONCLUSION

The selectivity results of the species varied between
studies, due to using varied methods and models for analyzing
selectivity pattern. The selectivity values may vary depending
on the fish morphometrics (length, body shape etc.),
geographical differences and gillnet properties (nominal bar
length, net material, hanginig ratio etc.).

It has been observed that the selectivity parameters of the
species showed differences when compared to previous
studies. Kinacigil et al. (2000) have found a smaller optimum
length at each mesh for S. scriba even though used gillnets with
the same nominal bar length. It is thought that this difference is
caused by using different model and sample size (Table 4).

First maturity length is important for evaluating selectivity.
Due to the sustainability of the stocks, offsprings get at least
one chance to spawn. The first maturity length of S. scriba was
determined as 17.3 cm (Tuset et al., 2005) in Lanzarote Island
(Table 5). Whereas optimum catch length in this study was
determined as19.1 cm at 22 mm nominal bar length. The use
of a smaller nominal bar length than 22 mm is thought to be
unsuitable for sustainability of stocks.

Ghorbel et al. (2002) indicated that first maturity length of S.
tinca was 13.1 cm for males and 13.4 cm for females around
Sfax shores of Morocco (Table 5). In our study shows that
optimum catch length of the 18, 20 and 22 mm nominal bar

length of S. tinca were 13.3, 14.7 and 16.2 cm, respectively.
So, 18 and 20 mm mesh size could endanger regenerating of
the stocks.

First maturity length of S. maena was detected as 13.1 cm
for males and 11.5 ¢m for females (Kinacigil et al., 2008) (Table
5). The optimum catch length and spread value in minimum
mesh size in our study were calculated as 14.7 and 1.6 cm,
respectively. The results appear to be similar to those of other
studies where selectivity of S. maena is calculated (Metin et al.,
1998; Karakulak and Erk, 2008) (Table 4). Conversely, in the
work carried out by Stergio and Erzini (2002), a higher optimum
catch length was detected. These differences can be explained
by the geographical differences and varied environmental
parameters. Consequently, it is thought that only 18 mm of
nominal bar length can cause of threat on the stocks with a
slight possibility.

Bilgin and Celik (2009) confirmed that first maturity length
of S. porcus was 16.5 cm for males and 17.5 cm for females
(Table 5). Whereas optimum catch lengths were calculated as
9.6, 10.7 and 11.8 cm from 18, 20 and 22 mm nominal bar
length, respectively. There is a significantly difference between
first maturity length and optimum catch length. It can be thought
that this difference is not significant due to having lots of spines
around the gills. It is clear that any nominal bar length or gillnet
will have an adverse effect on the stocks of S. porcus.

ismen et al. (2010) were calculated the first maturity length
of P. acarne in Saros Bay as 15.3 ¢cm for males and 18.1 cm for
females (Table 5). In this study, optimum catch length of P.
acarne were found 12.3, 13.7 and 15.1 cm from 18, 20 and 22
mm nominal bar lengths, respectively. These results are similar
to those of other studies (Karakulak and Erk, 2008; ilkyaz,
2005) (Table 4). Both the fact that all of the optimum catch
length values are smaller than the first maturity length and the
similar results in three different studies indicate that the stocks
of P. acarne are affected in a dangerous manner by the red
mullet gillnet fisheries.

In conclusion, it is evident that commersial red mullet
gillnets has highly hazardious effects on non target fish species.
Both using higher than 22 mm nominal bar length and 0.5
hanging ratio may serve as protective measures. Undoubtedly
that the selectivity results for each species contribute to
fisheries management. In terms of ecosystem-based fisheries
management, studies that examine the potential adverse
effects of each fishing tool on all living organisms should be
increased. These findings enhance our understanding of the
importance of selectivity of the non target fish species.
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0z: Bu calismada, Trabzon ili Siirmene kiyilarinda yaz ve sonbahar mevsiminde kiigiik balikgilar tarafindan mezgit (Merlangius merfangus) avciliginda yaygin
olarak kullanilan derin su serpme aginin (Garmikli serpme) kullanim yogunlugunu ve av verimini incelemek amaglanmistir, dort farkli balikg barinaginda bu aveilik
ile ugrasan 26 balikgi teknesi ile 2016 ve 2017 sezonunda anketler yapiimistir. Buna ek olarak, derin su serpme aginin yaygin olarak kullanildigi bu bdlgede 12 ay
boyunca aylik 6rneklemeler gergeklestirilerek bu agin bélgedeki av verimi de belirlenmistir. Balikgilarin beyanlararina gére, 2016 ve 2017 yillarinda 50 guintn
Uzerinde av yaptiklari, her denize giktiklarinda bu av iin 6 litrenin (izerinde yakit tikettikleri ve operasyon basina ortalama 1,2+0,1 kg/operasyon balik yakaladiklari
belirlenmistir. Denemelerde ise av verimi balikgilarin belirttigi av sezonunda 1,9+0,2 kg/operasyon hesaplanmigtir. Tim yil icin bu deger 1,1+0,1 kg/operasyon
olarak belirlenmistir. Aragtirmanin sonucunda, bu av aracinin tim Karadeniz sahilinde kullanim durumunun arastiriimasi gerekliligi ortaya ¢ikmistir.

Anahtar kelimeler: Derin su serpme agi, Stirmene, av verimi,

Abstract: In this study, it was aimed to investigate the usage intensity and catching efficiency of deep water cast net for catching whiting (Merlangius merlangus)
which is commonly used by small scale fishermen in summer and autumn seasons on the coast of Stirmene town of Trabzon city, questionnaires were performed
with 26 fishermen who used this gear in 2016 and 2017 fishing season of this gear. In addition, monthly sampling was carried out to determine the catching
efficiency of this gear for 12 months in this region where deep water cast net is widely used. According to the statements made by the fishermen in the surveys, it
was determined that fishermen are overboard in more than 50 days, consume more than 6 liters of fuel per fishing operation when they go to the sea and catch at
least 1.2+0.1 kg fish per operation. In the experiment, 1.9+0.2 kg was calculated during the fishing season specified by fishermen. As a result of the study, it is
clear that this fishing methods need to be investigated for the whole Black Sea coast.

Keywords: Deep water cast net, Siirmene, catching efficiency,

GIRiS

Serpme aglari genel olarak, baligin (zerine atilan veya
birakilan aglardir (Anonim, 2008). Bu aglar su (rlnleri
mevzuatinda baligin Usten atilan ag ile kapatilmasi ve a§ icinde
kalmasini saglayan istihsal vasitasi olarak tanimlanmaktadir
(Anonim, 1995). Genel tanimi ise su icerisinde parasit gibi
acllarak atildigi alandaki mevcut baligin Uzerini kapatarak
gevreledigi alan igerisindeki baliklar avlayan av araci olarak
yapilmaktadir. Serpme, aglarin siniflandirmasinda kapama
aglari sinifi igerisinde yer almaktadir. Serpme aglarinin yapisi,
avlanacak balik tiriine ve kullanildigi su ortamina gore farklilik
gosterir. Serpme aglar bizmeli, sade, cepli (dere serpmesi),

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

carmikli (derin su serpme agi), merkezi ipli ve merkezi ipsiz
serpme aglari olmak tizere alti gruba ayrilir (Anonim, 2008).

Diinyada, derin su serpme aglari ile ilgili bir galismaya
rastlanmamakla birlikte, Gabriel vd. (2008), diinyada balik
yakalama ydntemleri (Von Brandt's Fish Catching Methods of
the World) adinda yazdidi kitapta bu avciliga deginmistir.

Tirkiye'de serpme aglari, daha ¢ok i¢ sular ve kiyisal
alanlarda kullaniimakta olup, ézellikle amator avcilar tarafindan
derelerde, kayalik dere agizlarinda, sig deniz ve gél kiyilarinda
ve kumluk si§ sularda avcillk yapmak amaciyla
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kullaniimaktadr. ig sular ve kiyisal alanlarda serpme aglari ile
avlanan baliklar arasinda ilk siralarda alabalik, sazan ve kefal
yer almaktadir. Su Uriinleri mevzuatinda 4/2 numarali amator
(sportif) amagli su Urinleri aveidini diizenleyen tebligin besinci
bélimUnde yer alan denizlerde amatdr avcilik kisminda serpme
adlari ile ilgili yasaklara deginilmistir (Anonim, 2016).

Su Urlnleri mevzuatina gére denizlerimizde boy ve yer
yasaklarina uymak kosuluyla amator olarak serpme agi
kullanmak serbesttir. Ancak kullanilacak serpme aginin, kapali
iken yerden ylksekligi 3 m'yi gegemez, goz agikligi 28 mm' den
kiiclik olamaz seklinde bir kisittama bulunmaktadir (Anonim,
2016). Amatér avcilik igin Tlrkiye'de mevzuat béyle iken, Dogu
Karadeniz Bdlgesinde Mezgit (Merlangius merlangus)
avciliginda ticari olarak ¢armikli serpme isminde derin sularda
bir serpme tipi yaz ve sonbahar mevsiminde yaygin olarak
kiiclik Olgekli balikgilar tarafindan kullaniimaktadir. Ticari
avcilgr duzenleyen tebli§g de bu avcilik yontemi ile ilgili bir
duzenleme bulunmamaktadir.

Carmikli serpmeler derin sularda yasayan baliklari aviamak
amaciyla yapilmis bir serpme c¢esididir. Tekneden denize
birakildiginda dibe indikce parasit gibi agilan igine giren
baliklari carmiklar yardimiyla kapatmak suretiyle yakalayan bir
av aracidir (Anonim, 2008). Derin su serpme aglari 30 - 100 m
derinliklere kadar kullaniimaktadir. 30 metreden daha sig
sularda yeteri kadar aciimadigindan istenilen verim
sadlanamamaktadir. Bu av araci llkemizde Dogu Karadeniz
Bdlgesi'nde yaygin olarak kullanildigi bilinmektedir. Bélgede bu
ag ile dzellikle mezgit avciiginin yapildidi, tek operasyonda
bazi zamanlarda 30 kg'a kadar eski zamanlarda mezgit
avlandi§i balikgilar tarafindan sdylenmektedir. Ayrica avda
barbun, tirsi, istavrit baliklarinin da bazen yakalandigini
balikgilar belirtmektedirler.

Derin su serpme agi dzellikle Dogu Karadeniz Bélgesi'nde
mezgit avciliginda yaygin olarak kullaniimasina ragmen, bu
konu ile ilgili yapimis herhangi bir arastirmaya
rastlanilamamistir. Yaz ve sonbahar mevsiminde, alamana agi
ile lufer (Pomatamus saltatrix) ve palamut (Sarda sarda) baligi
avciliginin durumuna gére bu takim ile ciddi miktarda mezgit
baligi aveihiginin yapildigi yillardir  bilinmektedir. ~ Dogu
Karadeniz Bélgesi balikgiliginda 6nemli bir yer tutan bu av araci
hakkinda herhangi bir aragtirma yapilmamis olmasi, yapilan bu
arastirmayi oldukca degerli kilmaktadir. Bu galismada, Dogu
Karadeniz Bélgesi'nde Trabzon ilinin Sirmene ilgesinde Yaz ve
Sonbahar mevsiminde yaygin olarak kullanilan, garmikli
serpme (bolgedeki ismi sagma) av aracinin mevcut durumu ve
av veriminin incelenmesi amaglanmigtir.

MATERYAL VE METOT
Materyal

Arastirmanin materyalini derin su serpmesi ve Trabzon ili
Strmene  ilgesinde bu avcilikla ugrasan  balikgilar
olusturmaktadir. Calisma iki asamali ylrGtlimUstar.

ilk asamada sezon éncesi ve sonrasi bolgedeki balikgilarla
anket ve goriismeler gerceklestiriimistir. ikinci asamada ise
bélgede bu av araci ile avcilik yapilmistir.

Calisma derin su serpme aginin yogun olarak kullanildigi
Trabzon ili Strmene ilgesi kiyilarinda Haziran 2016 - Haziran
2017 tarihleri arasinda gergeklestirimistir (Sekil 1). Strmene
ilgesi, Trabzon ilinin 36 km. dogusunda yer alr.

Calismada, bolgede derin su serpme agi kullanan 26 adet
tekne sahibi ile yiiz ylze gérismelerde anketler yapilmistir. Bu
anketler Stirmene ilgesi kiyilarinda yer alan Balikli, Yeniay,
Camburnu ve Zarha balikgl barinaklarindaki balikgilar ile
gerceklestirilmistir.

Deniz galigmalari ise, 12 ay boyunca 40 - 100 metre derinlik
konturu arasinda aylik 10 érnekleme olacak sekilde yapilmigtir.
Deniz galismalari icin EMANET isimli 7 m boyunda 3 m eninde
ve 13 HP beygir giicline sahip balikgl teknesi kullaniimistir.

Ornekleme Sahasi

A

Balikh Balik¢: Barmag: Ankara
Rk y

Trabzon
lirmene)

Zarha Balike1 Barmag

Yeniay Balik¢t Barmag
Camburnu Balike Barinag

S, - o Ut
s T e
Akdeniz”

$Sekil 1. Calisma sahasi
Figure 1. Study area

Aragtirmanin materyalini bolgede sagma olarak da bilinen
derin su serpme agi olusturmaktadir. Orneklemeler igin
kullanilan bu ag; 210d/4 numara ipliklen 14 mm gbz
genigliginde, 30 metre agiz ¢evresinde, 8 metre ylksekliginde
olacak sekilde donatiimistir. Ayrica av aracinda 22 adet garmik
adi verilen agin altini kapatmaya yarayan ipler bulunmaktadir.
Bu carmiklar kromdan yapilmis igten ice 4 cm gapinda
halkalara sahip bir firdéndiye bagli bulunmaktadir (Sekil 2).
Operasyon esnasinda bu firdondiye c¢ekme halati
baglanmaktadir. Serpme aginin  koni seklinde oldugu
dusndlirse, koninin en (st kisminda ¢armiklarin bagh oldugu
firdondinin  gecebilecegi  bir boyutta metal halka
bulunmaktadir (Sekil 3).
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Sekil 2. Serpme agi firdondist (a) (Anonim, 2008), firdondiiniin
serpme agina baglanmis hali (b)

Figure 2. Cast net swivel (a) (Anonymous, 2008), the position of the
swivel attached to cast net (b)

$Sekil 3. Deniz érneklemelerinde kullanilan serpme agi
Figure 3. The cast net used in the samplings

Denemelerde kullanilan serpme aginin yaka uzunlugu 23,4 m
ve bir gember seklinde maksimum agacagi alan 43,69 m?
olarak hesaplanmigtir. Deneme aginin teknik plani Sekil 4'te
verilmigtir.

o 0305 1
e —

e

Sekil 4. Denemelerde kullanilan serpme aginin teknik plani
Figure 4. The technical plan of the cast net used in the samplings

Metot

Calisma iki asamada gerceklestirilmistir. Galismanin birinci
asamasinda, bolgede bu av aracl ile av yapan balikgilar ile
anket calismalari yapiimistir. Anketler 2016 ve 2017 olmak
Uzere iki serpme ag! av sezonunun sonunda gergeklestirilmistir.
Balikgilara gorlismelerde, kullandiklari teknelerin  teknik
dzellikleri, bu aveilik igin calisan kisi sayisi, derin su serpme
aginin denize atilip toplanma siresi, yillik bu avcilik igin denize
glikilan gln sayisi sorulmustur. Bunun yaninda, derin su
serpme avciliginin av veriminin en yiiksek oldugu aylar ve
saatler, sezon igerisinde ortalama bir avda yakalanan balik
miktari, bir av gliniinde harcanan yakit miktari, avcilik sorunlari
ve gorisleri de sorulmustur. Sonug olarak yapilan anketler ile
bélgede bu avcilik ile ugrasan teknelerin teknik ozellikleri ve
bdlgedeki ortalama avcilik miktarlari belirlenmeye caligiimistir.
Calismanin ikinci agsamasinda, Stirmene kiyilarinda balikgilarin
bu av araci ile operasyon yaptiklari bélgelerde 1 yil boyunca
aylik olarak avcilik drneklemeleri yapilmistir. Her ay, ayin ortas|
gibi, deniz kosullarinin iyi oldugu ginlerin birinde 10 adet
serpme atimi gerceklestirilerek érnekleme yapilmistir.
Orneklemeler igin kullanilan derin su serpme aglari birakma
yontemi ile denize atiimistir. Bu yontemde bir yone dogru
kivrilip suyun Ustline getirilen ag kivrilan yonin tersine
dénmeye bagslayinca denize birakilmistir. Derine inig sirasinda
kivrilan yonln tersine ddnmeye devam eden ag acilmaktadir.
Dibe serbest olarak inen serpme dibe ulaginca gekme ipi bir kag
kez gerdirilerek agin altinin kapanmasi saglanmistir. Daha
sonra hidrolik makara yardimiyla tekneye alinan ag bir sonraki
atis icin hazirlanmistir. Baligin bol oldugu érneklemelerde ayni
anda iki serpme agi suya birakilmigtir.

Bu ydntemle yakalanan baliklarin her 6rnekleme igin
toplam agirliklar alinmistir. Aylik olarak yakalanan baliklardan
rastgele alinan 100 adet Ornedin boy adirlik Odlgimu
gergeklestirilmistir. Operasyon bagina av verimi, toplam avin
operasyon sayisina bélinmesi ile hesaplanmistir.

Calismada serpme agi 12 ay Ornekleme yapilarak
kullaniimig ve 1 yil boyunca av verimi aylara gére belirlenmigtir.
Balikgilar ise serpme agini bdlgede Haziran — Ekim aylari
arasinda kullanmaktadir. Arastirmada, anket verileri ile
ornekleme verilerini karsilastirabilmek igin belirtilen serpme
avciligi sezonu igin av verimi ortalamasi hesaplanmigtir.

BULGULAR

Anket calismalari sonucunda Trabzon ilinin Sirmene
ilgesinde, 4 balik¢! barinaginda toplamda 26 adet teknenin bu
avciligr yaptigi belirlenmistir. Bu teknelerin 16 adedi 5 - 7 m
arasinda ve 10 adedi 7 m ve Uzerinde oldudu belirlenmistir.
Anketler sonucunda balikgilarin bu avciligi Haziran — Ekim
aylari arasinda, vyaptiklari belirlenmigtir. Asil balikgilik
sezonunda palamut baliginin (Sarda sarda) av durumuna gére
serpme avcilijl  sezonunun uzaylp kisaldi§r balikgilar
tarafindan belirtilmistir.

Kiigiik boy gurubundaki 5 — 7 m arasindaki teknelerde
beygir gigleri iki tekne (17 ve 35 HP) haricinde 9 - 13 HP
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arasinda oldugu belirlenmistir. Teknelerde genelde ¢aligan kisi
sayisinin 1 oldugu belirlenmistir (sadece 2 teknede 2 kisi
galismaktadir). Bu teknelerin anketlerde verdikleri ortalama
gUnluk yakit tiketimleri 2016 yilinda 5,3+0,3 litre, 2017 yilinda
5,340,3 litre olarak belirlenmistir. Ortalama denize giktiklari giin
sayisi 2016 yilinda 58+4,5 glin, 2017 yilinda ise bu sayinin
52,8+4,7 gln oldugu anket sonuglarindan elde edilmigtir.

Balikgilarin sezon iginde operasyon basina ortalama av
verimleri beyanlara gére belirlenmistir. Bu deger operasyon
basina 2016 yilinda 1,03£0,1 kg, 2017 yilinda ise 1,12£0,1 kg
olarak balikgilar tarafindan beyan edilmistir.

Tablo 1’de bdlgede derin su serpme adi avciligi yapan
teknelerin 6zellikleri ve galigan kisi sayilari verilmigtir. 7 m ve
lUzeri boya sahip teknelerde beygir glgleri oldukca fazla
degiskenlik gbsterdigi gorilmektedir.

Tablo 1. Teknelerin 6zellikleri ve galigan personel sayilari
Table 1. Features of the boats and number of crew working on boats

Tekne Ballk  Donanim (Ag Caligan Kisi
No iz bulucu makarasi) il Sayisi
1 55 var var 10 1
2 6 yok yok 13 1
3 6,1 var var 13 1
4 55 var var 35 2
5 5 var yok 13 1
6 75 var var 75 2
7 5 yok yok 9 1
8 6 var yok 13 1
9 7 yok var 13 2
10 8 var var 100 1
11 6,73 var var 13 1
12 4,95 yok yok 9 1
13 5,55 yok var 13 1
14 78 var var 75 1
15 6 var var 13 1
16 8,6 var var 75 1
17 5 yok var 13 1
18 6,5 var var 9 2
19 9 var var 26 1
20 5 var yok 10 1
21 73 var var 13 1
22 71 yok var 22 2
23 5 yok var 10 1
24 10 var var 100 2
25 8 var var 85 2
26 5 yok var 17 1

2016 ve 2017 yillarinda 50 glnin Uzerinde av yaptiklari, her
denize ciktiklarinda bu av igin 6 litre yakit miktarinin Gzerinde
yakit tilkettikleri ve operasyon basina minimum 1,2+0,1 kg
balik yakaladiklarini beyan etmislerdir.

Balikgilar serpme avciligi sezonunda sabah 6:00 ve 9:00 saat
arali§inda, aksam 15:00 — 19:00 saat araliinda denizde bu av
operasyonlarini gerceklestirdiklerini gorismelerde
belirtmislerdir. Ayrica 1 operasyonun 20 dakika zaman aldigini
sOylemislerdir. Bu durumda, denize ciktiklari ginde 15 -20
operasyon gergeklestirebilmekte olduklari ortaya ¢ikmistir. Bu
durumda her balik¢i anket beyanlarina gére minimum yaklagik
20 kg balik avladi§i belirlenmistir. Sezonda denize ¢iktiklari giin
sayisi da hesaba katildiginda her tekne ortalama 1 ton mezgit
baligi avladigini beyan etmisgtir.

Anketlerde balikgilara avcilik ile ilgili problemleri de
sorulmustur. Bu problemlerin baginda, akintidan dolayi takimin
dibe inerken galismamasi gelmistir. Bunun yaninda dip
yapisinin aga zarar vermesi, balik miktarinda azalma ve baligin
duslik fiyat yapmasi da problemler arasinda sayiimistir. Sekil
5'te avcilik problemlerinin % dagilimlar verilmektedir.

Avcilik Problemleri

Dustlk Fiyat
14%
Balik
Miktarinda Ak'? t
42%
Azalma
19% ‘
Dip Yapisi
25%

$Sekil 5. Avcilik problemleri
Figure 5. The problems of fishing

Calismada derin su serpmesi ile her ay 10 6rnekleme olmak
tzere 1 yil icinde toplamda 120 adet av operasyonu
gerceklestirilmistir. Bu operasyonlarda, toplam 129,7 kg balik
yakalanmigtir.  Tablo 2'de  aylara  gbre  avcilik
operasyonlarindan elde edilen balik miktarlari verilmistir.

Tablo 2 incelendiginde, bu avcilijin sezonunun Yaz mevsimiile
Sonbahar mevsimi oldugu gérilmektedir. Kis ve llkbahar
mevsiminde av veriminin dislk oldugu g6rilmektedir.
Operasyonlar sonucunda elde edilen baliklarin ortalama boy ve
agirliklar incelendiginde aylara gére énemli bir degiskenlik
gostermedigi gérilmektedir (Tablo 3).
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Tablo 2. Aylara gore avcilik operasyonlarindan elde edilen balik miktarlar (kg)
Table 2. The amount of fish caught in fishing operations according to the months (kg)

Gekim No AVLAR
Haziran Temmuz Agustos Eylil Ekim Kasim  Aralk Ocak  $ubat Mart Nisan Mayis
1 1 3 29 5 2 05 0,7 05 0,2 0,3 0,1 2
) 1 5 1 59 1 2 1 0,25 0,1 0,2 0,2 0,1
3 08 2 6 5 3 1 05 1 05 0,3 1 0,1
4 05 2,75 3,9 4 1 1,5 0,75 0,7 0,3 1 0,2 0,9
5 0,2 3 2 25 2 0,5 0,25 0,4 0,4 0,1 0,2 1
6 2 0,25 05 0,1 05 1 0,1 0,2 05 0,1 0,1 0,6
7 1 1 0,1 1,5 2 1 0,25 08 0,25 0,2 0,3 0,1
8 05 1 0,1 25 1 05 0,75 0,25 0,1 0,2 0,2 1
9 2 1 1,5 2 1 0,2 0,6 0,4 0,25 0,1 0,1 1,2
10 2 1 1 1,5 05 1 0,1 05 0,4 05 0,1 1
Toplam 11 20 19 30 14 9,2 5 5 3 3 25 8

Ortalama 1,1%0,2 2#0,5 1,9%0,6 3+0,6 1,4%0,3 0,92%0,2 0,5%0,1 0,501 0,3%0,1 0,3%0,1 0,25%0,1 0,8+0,2

Tablo 3. Denemelerde aylara gére yakalanan mezgit baliklarinin minimum, maksimum, ortalama boy ve agirlik degerleri
Table 3. The minimum, maximum, average length and weight values of whiting caught according to the month in the experiments

Aylar N (adet) Minimum Boy Maksimum Boy Ortalama Boy Mjnimum Mavksimum Oftalama

(cm) (cm) (cm) Agirlik (g) Agirlik (g) Adirlik (g)
Haziran 100 11,5 18 14,60,1 10,6 30,4 21,5£0,4
Temmuz 100 10 22 15,840,2 1,3 53,2 23,8+0,8
Agustos 100 1M1 20,5 14,940,1 9,27 49,63 25,1+0,7
Eyliil 100 79 20,1 14,940,1 3,56 55,32 26,2+0,9
Ekim 100 9,5 18,9 13,840,2 79 41 18,440,7
Kasim 100 10,5 17,6 14,0£0,1 8,1 36,6 18,60,5
Aralik 100 10,6 18,2 14,0401 91 39,5 18,5£0,5
Ocak 100 1,2 18 14,6+0,1 1,3 41,2 21,940,5
Subat 100 11,3 19,2 14,8+0,1 9,9 476 22,240,7
Mart 100 10,9 18,1 15,0+0,1 9,4 40,1 25,3+0,6
Nisan 100 12,1 19,5 14,8101, 14,1 53,1 22,5+0,6
Mayis 100 9,9 21,2 13,80,1 7,1 48,6 19,7+0,6
Genel 1202 79 22 14,5+0,04 3,56 55,32 21,940,2

Denemelerde 10 operasyon sonucunda elde edilen baliklardan
rastgele ornekleme yapilarak 100 adet érnek alinmistir. Bu
drneklerin boy ve agirlik dlgiimleri yapiimistir. Olgiimler sonucu
elde edilen baliklarin genel boy dagilimlari Sekil 6°da verilmistir.
Calismada yakalanan baliklarin yasal ve yasal olmayan boy
dagiimlari da degerlendirmelere alinmigtir.

Her ay rastgele alinan Olgiimler birlestirimis ve elde edilen
Olglimler icinden yasal boyda olmayan baliklarin sayisi
ayiklanarak, bu oran belirlenmistir (Sekil 7). Bu oranlara gore
serpme aginin mezgit baligi igin yasal boyda baliklari yakalama
orani % 85 olarak belirlenmistir.
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Denemeler sonucunda, serpme agi ile hedef disi av olarak, 6
adet barbun (Mullus barbatus) bal§i yakalanmistir. Sayi az
oldugu igin bu baliklar degerlendirmeye alinmamistir.
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$Sekil 6. Bir yillik drneklemeden elde edilen baliklarin boy dagilimlari
Figure 6. Size distributions of fish obtained from a year sampling
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Sekil 7. Serpme avcili§inda elde edilen baliklarin yasal boy dagilimlari
Figure 7. Legal size distributions of the fishes caught by cast net

Calismada Haziran — Ekim aylari arasinda yapilan serpme
érneklemelerinde sezon igin ortalama 1,9+0,2 kg/operasyon
balik yakalanmistir. Bu av igin glnliik mazot sarfiyatina da
dikkat edilmistir. Operasyonlarda 13 HP motor glclinde tekne,
motor durdurulmaksizin kullaniimig ve gunliik olarak yaklasik
ortalama 5 litre mazot sarfiyati yapiimistir.

Deniz ¢alismalarinda serpme agi ile her ay 10 operasyon olmak
Uzere toplamda 120 adet érnekleme gergeklestirimistir. Bu
drneklemeler sonucunda ortalama yil boyunda av verimi
1,1£0,1 kg/operasyon olarak belirlenmistir.

TARTISMA

Bu avciligin Ordu ilinden itibaren Rize ili kiyilari dahil olmak
lzere yapildigi bilindigine gére, Dogu Karadeniz Bélgesi igin
dnemli bir av araci oldugu gértlmUstir. Av aracinin maliyetinin
duslk olmasi, az yakit sarfiyati gerektirmesi, disik insan
guicline ihtiyag duyulmasi ve kullaniminin diger av araglarina
gore de kolay olmasindan dolay! bdlge balikgisina oldukca
fazla avantaj sagladigi goriimustur.

Boylari 7 m’ den kigik olan teknelerde ginlik yakit
sarfiyati 5,5 litre civarinda iken 7 m’ den biyik teknelerde
gunliik yakit sarfiyati 8 litre civarinda oldugu belirlenmistir. Bu

teknelerin av verimleri de sirasi ile operasyon basina ortalama
av verimleri 1,1 ve 1,5 kgloperasyon olarak beyan edilmistir.
Ginliik av miktarlari bu teknelerin kiigiik boylar icin minimum
18 kg, biylk boylar igin 26 kg oldugu hesaplanmistir. Ortalama
av verimleri de iki sezon icin 1,25 kg/operasyon olarak
belirlenmistir.

Paralel yiirliyen deniz galismalarinda ise 1,9 kg/operasyon
av verimi elde edilmistir. Bu galisma ile balikgilarin beyan
ettikleri av verimi arasinda ortalama operasyon basina 0,65 kg
av verimi farki bulunmaktadir. Bu farkliligin balikgilarin av
verimi igin arastirmacilara karsl temkinli cevap vermelerinden
kaynaklandi§i distnilmektedir. Calismada, kullanilan tekne,
13 HP motor giiclinde ve operasyon boyunca motor
durdurulmaksizin kullanilmigtir. Buna ragmen motorun yakit
sarfiyati 5 litre civarinda olmustur. Balikgilarin - gogu
operasyonlarda  gerekmedikge motoru  kapali  tuttugu
gozlenmistir. Anketlerde balikgilarin yakit sarfiyatlarini fazla, av
verimlerini dlstik gosterdikleri ortaya gikmistir.

Denemelerde Haziran ve Ekim aylari dahil operasyon basina
av veriminin 1 kg ve Uzerinde oldugu tespit edilmistir. Diger
aylarda ise av verimi oldukca fazla asagiya diigmistr. Yapilan
arastirmalarda, mezgit baliginin genellikle 30 - 100 m
derinlikteki sahil sularinda bulunduklari, ilkbaharda 15 — 30 m
derinliklere geldikleri, sonbaharda ise 80 — 100 m derinlikteki
sulara geldikleri belirtilmistir (Aydin vd., 2008; Slastenenko,
1956; Fischer vd., 1987). Bu durum av veriminin neden ilkbahar
ve sonbaharda disiik ve yliksek oldugunu agiklamaktadir. 30
m derinlikten daha s1§ sularda bu av araci yeteri kadar agzini
agamadigindan dolay! av verimi az olmamakta, derin sularda
da yeteri kadar balik bulunmamaktadir. Sonbahar mevsiminde
ise ballk derin sulara g6¢ ettijinden dolaylr av miktari
ylkselmektedir. Muhtemelen, kis sezonunda ise baliklar bir
miktar daha derine gd¢ ediyor olmalarindan, ya da havalarin
firtinall gitmesine bagli olarak akintinin fazla olmasindan
takimin iyi galismamasi av verimini diisirtyor olmasi muhtemel
bir durumdur.

Bilgin vd. (2012), disiler icin ilk Greme boyunu 14,6 cm, erkekler
icin ise 19,9 cm olarak hesaplamiglardir. Gida Tarim ve
Hayvancilik Bakanli§i, Balikgiik ve Su Uriinleri Genel
Mudirligu'nin yayinladigr “4/1 Numarali Ticari Amagli Su
Uriinleri Aveiliginin Diizenlenmesi Hakkinda Tebligde” mezgit
baligi i¢in minimum avlama boyunu 13 cm olarak vermigtir.
Calisma slresince avlanan mezgit baliklarinin ortalama
boyunun yasal avcilik boyundan yukarida, ancak bu baliin ilk
treme boylarindan ise diisiik oldugu gériilmektedir. Bu durum
Dogu Karadeniz mezgit stoklarinin ne denli tehlikede oldugunu
da ortaya koymustur.

Denemelerde tebligdeki minimum avlanma boyu dikkate
alinarak, yasal boyun altinda avcilik boyu, toplam av miktari
icinde % 15 olarak gerceklesmistir. Kalayci ve Yesilgicek
(2014), Dogu Karadeniz’de, 16, 18, 20 ve 22 mm goz
genigliginde uzatma aglar ile vyaptiklar galismada,
yakaladiklari mezgit baliklarinin % 13,27 sinin yasal yakalama
boyunun altinda oldugunu belirtmislerdir. Elde edilen sonuglar
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bu uzatma aglarinin yakaladi§i hedef ve hedef disi av oranlari
ile benzerlik gdstermektedir.

Oztas ve Balik (2012), Dogu Karadeniz’de Ordu ve Giresun
kiyilari arasinda 3 bdlgede, 16, 17 ve 18 mm g6z genisligine
sahip uzatma aglari ile yaptiklari ¢alismada, yillik ortalama av
verimini 16,7 - 20 ve 25, 9 g/m olarak hesaplamiglardir. 1 posta
ag olarak bu degerleri degerlendirdigimizde, bu av veriminin aj
basina 1,6 kg/posta ile 2,59 kg/posta arasinda degistigini
bulmuslardir. Yaptigimiz calismada av sezonunda ortalamanin
1,9 kgloperasyon, yillik ise 1,1 kg/operasyon olarak
gerceklesmistir. 1 gUnlik serpme ile av sonucunda (20
operasyon gergeklestirildigi var sayilirsa) toplam av, sezon igin
38 kg/gln, tim yil igin ise ortalama 22 kg/gin olarak
hesaplanacaktir. Bu av miktari da uzatma aglari ile 10 posta
agin yapacagi av verimine karsilik geldigi belirlenmistir.

Ciloglu vd. (2002), trol ile Dodu Karadeniz’de yaptiklari
calismada, mezgit baliginin yil boyunca 30 m derinlikte
0,0025+0,00083, 60 m derinlikte 0,0042+0,00072, 80 m
derinlikte  0,0087+0,0038 ve tim derinlikler igin ise
0,0051£0,0018 kg/m2 olarak belirlemislerdir.

KAYNAKCA

Anonymous (1995). Water Products regulation (In Turkish). Official Newspaper
Date: 10.03.1995, Issue: 22223. Retrieved from
http://www.resmigazete.gov.ir

Anonymous (2008). Castnet fishing (In Turkish). Strengthening the vocational
education and training system project (MEGEP)). Retrieved from
http://lwww.megep.meb.gov.ir/ Default.aspx?page=moduller.

Anonymous (2016) Notification numbered 4/2 about regulation for amateur
purpose fisheries. Retrieved from
https://www.tarim.gov.tr/BSGM/Duyuru/65/4_2-Numarali-Amator-Amacli-
Su-Urunleri-Avciliginin-Duzenlenmesi-Hakkinda-Teblig (15.08.2016)

Aydin, I., Eroglu, O., & Kiigiik, E. (2008). Demersal fishes of the Black Sea (In
Turkish). SUMAE Yunus Arastirma Biilteni, 8(2), 4-8.

Bilgin, S., Bal, H. & Tasci, B. (2012). Length Based Growth Estimates and
Reproduction Biology of Whiting, Merlangius merlangus euxinus
(Nordman, 1840) in the Southeast Black Sea. Turkish Journal of Fisheries
and Aquatic Sciences, 12, 871-881. DOI: 10.4194/1303-2712-v12_4_15

Giloglu, E., Sahin, C., Gozler, AM.,- & Verep, B. (2002). Vertical Distribution
and ratio of Whiting fish (Merlangius merlangus euxinus Nordmann, 1840)
in the total catch on the Eastern Black Sea Coasts. (In Turkish). Ege
Journal of Fisheries and Aquatic Sciences, 19(3-4), 303 — 309.

Yaptigimiz galismada ise maksimum 43,69 m?lik bir alani
tarayan serpmenin yil boyu operasyon ortalamasi 2017 yili igin
1,1£0,1 kg (0,0252 kg/m?) olarak belirlenmistir. Bu durumda,
galismanin yapildigi 2002 yil oldugu da disindldigiinde balik
miktarinin ortamda daha fazla olmasi da muhtemel bir
durumdur. Trol av veriminin bu av aracindan c¢ok digsik
miktarda metrekare basina av yapmasi, mezgit baliginin trol
agindan kagmasindan kaynaklanmis olabilir.

Anketlerde bu avciligin Giresun ile Rize illeri arasinda yapildig
bilgisine ulagilmigtir. Aragtirmanin sonucu olarak, bu av
aracinin  tim Karadeniz sahilinde kullanim  durumunun
arastinlmasi, mezgit avcihdr icin segicilik galismalarinin
yapiimasi gerekliligi ortaya ¢ikmistir. Ayrica, mezgit i¢in bu av
aracinin iyi bir drnekleme araci oldugu gérilmustir.

TESEKKUR

Anketlere katilarak calismaya destek veren Balikli, Yeniay,
Camburnu ve Zarha balikgi barinaklarindaki bulunan tekne
reislerine katkilarindan dolayi tesekkiirii borg biliriz. Bu makale
Mustafa Emanet’in yliksek lisans tezinden uretilmigtir.

Fischer, W., Bauchot, M.-L. & Schneiderm, M. (1987). Fiches FAO
d'identification des espéces pour les besoins de la péche. (Révision 1).
Méditerranée et mer Noire. Zone de péche 37. Volume |. Végétaux et
Invertébrés. Publication préparée par la FAQ, résultat d'un accord entre la
FAO et la Commission des Communautés Européennes (Projet
GCP/INT/422/EEC) financée conjointement par ces deux organisations.
Rome, FAO, Vo1.1:760 p.

Gabriel, O., Lange, K., Dahm, E. & Wendt, T. (Eds.) 2008. Von Brandt's Fish
catching methods of the world. Blackwell, Oxford, UK, 536 pp.

Kalayci, F. & Yesilgigek, T. (2014). Effects of Depth, Season and Mesh Size on
the Catch and Discards of Whiting (Merlangius merlangus euxinus) Gillnet
Fishery in the Southern Black Sea, Turkey. Turkish Journal of Fisheries
and Aquatic Sciences, 14, 449-456. DOI: 10.4194/1303-2712-v14_2_15

Oztas, M. & Balik, I. (2012). Comparation of CPUEs For Catching Whiting
(Merlangius merlangus (Linnaeus, 1758)) Caught by Gillnets From Three
Different Areas in the Southeast Black Sea (OrduGiresun) (In Turkish).
Journal of FisheriesSciences. com 6(4), 287-296.

Slastenenko, E. (1956). Black Sea Basin Fishes. (In Turkish) Translated by
Altan, H.E. from Russian to Turkish, E.B.K. Umum Midurltigii, istanbul,
711s.

333


http://dx.doi.org/10.4194/1303-2712-v12_4_15
http://dx.doi.org/10.4194/1303-2712-v14_2_15




http://lwww.egejfas.org
Ege Journal of Fisheries and Aquatic Sciences, 35(3): 335-342 (2018)

Su Uriinleri Dergisi (2018)
DOI: 10.12714/egejfas.2018.35.3.14

DERLEME REVIEW

Baliklarda viral ensefalopati ve retinopati

Viral encephalopathy and retinopathy in fishes

A.Erdem Donmez" e Doruk Yiimaz!

1 Mersin Universitesi, Su Urinleri Fakiiltesi, Yenisehir Kampiisii, 33160, Mersin, Tiirkiye
* Corresponding author: edonmez@mersin.edu.tr

Received date: 09.03.2018 Accepted date: 30.04.2018

How to cite this paper:
Doénmez, A.E. & Yilmaz, D. (2018). Viral encephalopathy and retinopathy in fishes. Ege Journal of Fisheries and Aquatic Sciences, 35(3), 335-342.
DOI:10.12714/egejfas.2018.35.3.14

Oz: Viral hastaliklar, hem su iiriinleri yetistiriciliginin yapildigi hem de dogal sucul ortamlarda biyolojik cesitlligin siirdiiriilebilirligi agisindan her zaman dnemli
sinirlayici faktdrlerden birisi olmustur. Virlslerin baliklarda bazi hastaliklara neden oldugu uzunca bir stiredir diigtinilmekle birlikte, hiicre kiilturlerinin kullaniimaya
baglanmasina kadar kesin tanilari gergeklestirilememistir. Viral nervéz nekroz olarak da adlandirilan balik viral ensefalopati ve retinopati (VER) ise diinyanin pek
cok yerinde 6zellikle deniz kdiltir balikgidi igin 6nemli viral kékenli hastaliklardan birisi olarak kabul edilmektedir. Nodaviriislere dahil olan viriis, larva ve juvenil
bireylerde daha etkili olmakla birlikte yetiskin formlarda da hastalik olusturabilmektedir. Yetistiricilik sektoriinde dzellikle son yillarda énemli kayiplara yol agmis ve
kiresel 1sinma tehdidi nedeniyle de gittikce daha dnem kazanacag tahmin edilen bir enfeksiyon halini almistir. Bu derlemede; baliklarin 6nemli viral hastaliklardan
biri olarak degerlendirilen bu enfeksiyona iliskin bilgiler sunulmustur.

Anahtar kelimeler: Nodaviriis, viral ensefalopati retinopati, deniz baliklari, enfeksiyon,

Abstract: Viral diseases have always been one of the limiting factors in the sustainability of biodiversity, both in the aquaculture and in the natural aquatic
environment. Although viruses are thought to be to cause some diseases in fish for a long time, exact diagnosis has not been achieved until the use of cell cultures
has begun. The viral encephalopathy and retinopathy (VER) also known as viral nervous necrosis is considered one of the most important viral diseases in the
world, especially for marine aquaculture. The virus belonging nodaviruses is more effective on larvae an d juvenile individuals and can also cause infection in adult
forms. In the aquaculture sector, especially in recent years has led to significant loss and also expected to become increasingly important due to the threat of global

warming. In this review, information about this infection which is considered to be one of the major viral diseases of fish has been presented.

Keywords: Nodavirus, viral encephalopathy and rethinopathy, marine fishes, infection,

GIRiS

Dogal stoklarin azalmasi ve balik tiketim talebinin artmasi
ile beraber, son yillarda su driinleri yetistiriciligi hizl bir bilyime
egilimi gdstermis ve 2015 yilinda dlinya genelinde yaklasik 77
milyon ton civarinda bir verim elde edilmesi saglanmistir (Zhou,
2017). Vetigtiricilik ~ sektorl, glnumizde gida (retim
endustrisinin en hizli gelisen sektérlerinden birisi olarak kabul
edilmektedir. Bu sektdr icerisinde, piyasa talebi ve ekonomik
deger bakimindan énemli bir yere sahip olan deniz baliklari
yetistiriciligi de belirgin diizeyde artis gdstermektedir. Fakat bu
hizli gelisim ve yogun Uretim tarzi, yetistirilen balik tirlerinde
farkli etkenlere bagl bulasici hastaliklarin da artigina neden
olmaktadir. Viral hastaliklar hem su CGrinleri yetistiriciliginin
yapildigi hem de dogal ortamlardaki biyolojik gcesitliligin
strdUrdlebilirligi  agisindan her zaman Onemli dizeydeki
sinirlayici faktorlerden birisi olmustur. Guiniimiizde baliklarin
farkli cografi bdlgelerde yasayan farkli cinslerinden DNA ve
RNA taslyan pek cok virls izolasyonu gergeklestirilmigtir.
Diinya Hayvan Saglg: Orgiitii (OIE), yayilma riskleri nedeniyle
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izole edilen bazi virislerin ve olusturduklar hastaliklarin
bildirimini  zorunlu tutmaktadir. Bu hastaliklar; epizootik
hematopoetik nekroz (ranavirus), enfeksiydz hematopoetik
nekroz  (novirhabdovirus), enfeksiydz salmon anemisi
(isavirus), koi herpesviriis hastaligi (cyprinivirus), kirmizi fangri
iridoviris  hastaligi (iridovirus), sazan bahar viremisi
(vesiculovirus) ve viral hemorajik septisemi
(novirhabdovirus)'dir (Walker ve Winton, 2010; Kibenge vd.,
2012). Viral nervéz nekroz olarak da adlandirilan balik viral
ensefalopati ve retinopatisi (VER) de diinyanin pek ¢ok yerinde
ozellikle deniz baliklar yetigtiriciligi agisindan 6nemli viral
hastaliklardan birisi olarak kabul edilmektedir. Nodavirislere
dahil olan virUs, balik larva ve juvenillerinde daha etkili olmakla
birlikte ergin baliklarda da hastalik olusturabilmektedir. Etken
ndropatojenik bir karakter gdstermekte ve en Onemli
lezyonlarini hiicresel vakuolasyon ve sinir dejenerasyonu
araciigiyla merkezi sinir  sisteminde ve retinada
gerceklestirmektedir (Totlandl vd., 1999; Johansen vd., 2004).
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Bu derlemede; baliklarin énemli viral hastaliklardan biri olarak
kabul edilen viral ensefalopati ve retinopati hakkindaki bilgiler
verilmistir.

BALIK VIRUSLERI

Virlsler yalnizca canli hiicreler igerisinde gogalabilen gok
kliclik enfeksiydz ajanlar olmakla birlikte basit yapilari ve
cogalma sekilleri ile bakterilerden farklilk gdstermektedir
(Smail ve Munro, 2012). Yaklasik biyiklikleri 20-400 nm
arasinda olup niikleik asit yapisinda bir gekirdek ve etrafini
saran protein bir kilif (kapsid) ile en dista varli§i degiskenlik
gosteren lipoprotein icerikli bir zarftan olusmaktadirlar. Kapsid
kismi, elektron mikroskobunda viriis ylizeyinde sivri ya da
yuvarlak gikintilar seklinde farkedilebilmektedir. Kabaca;
kiiresel, kibik (ikosahedral), filamentdz, mermi, tugla ya da
kompleks formlarda gézlemlenebilirler. NUkleik asit, ya tek / ift
iplikcikli DNA ya da RNA'dir (Bergman ve Fichtner, 2008).
Virtslerin tanimlanmasinda; DNA ya da RNA icermesi (tek ya
da cift iplikgikli), kapsid simetrisi, zarfin bulunup bulunmamasi,
ortalama buyiklik, nlkleik asidin  molekiler agirlgi,
genomdaki guanin sitozin orani, viral protein sayilari, molekiiler
agirliklari ve antijenik 6zellikleri ile ilag, sicak, soguk ve tuzluluk
direncliligi gibi bazi morfolojik ve biyokimyasal dzellikleri géz
oniinde bulundurulmaktadir  (Méller ve Anders, 1986).
Virtslerin neden oldugu hastaliklarin patojenitesi, gértlen lim
oranlari ve ekonomik boyutu viriis tlirlerine gore de
degiskenlikler gdstermektedir (Workenhe vd., 2010). Su ortami,
daha dengeli bir ortam olmakla birlikte ortamdaki akintilar
virlslerin taginimi bakimindan aerosollerden daha zayif bir
etkinlik gdstermektedir. Cok az sayida balik virlisii vektor olarak
arthropodlari  kullanmaktadir. Ayrica su ortaminda dogal
rezervuar sayisi da daha azdir ve baliklar poikiloterm canlilar
olduklarindan sicaklik agisindan viriisiin replikasyon hizi ile
konak immun yaniti da farkli dizeylerde etkilenmektedir.
Baliklarda treme sivilarinda da bol miktarda viris bulunmakla
birlikte dogrudan ebeveynlerden yavruya dikey bulagma orani
daha dusiktir. DNA iceren herpesvirlsler ve iridovisler ile
RNA igeren rabdovirlsler, birnavirlisler ve nodavirlslerin bu
yolla bulastiklarina dair kayitlar bulunmaktadir. Baliklarda dikey
bulagma daha gok virlislerin yumurta ylizeyinde (fransovum) ve
yumurta iginde  (transovaryal)  yerlesmesi  seklinde
gergeklesmektedir (Brock ve Bullis, 2001; Walker ve Winton,
2010).

1980’lerden itibaren baliklarda virlis izolasyonu amaciyla
hiicre kultdrlerinin kullanilmaya baglanmasi, modern balik
virolojisinin gelisimine 6nemli katkilar saglamistir. Son yillarda
balik yetistiriciliginin hem tatli hem de tuzlu sularda, (retim
miktarlarinin yani sira tir gesitliligi bakimindan da artmasiyla
birlikte balik¢ilik sektorli kiresel Olgekte gelisim gostermeye
baglamistir. S6z konusu artis suda yagayan viris tlrlerinin
baliklara bulagmasi igin yeni olanaklarin olugmasini saglamistir
(Crane ve Hyatt, 2011). Gerek tatli sularda gerekse tuzlu
sularda yagsayan balik tlrlerinde hastalik olusturan en 6nemli
virlis aileleri; Rhabdoviridae, Birnaviridae ve Herpesviridae
aileleridir. Bunun yani sira Reoviridae, Coronaviridae,
Picornaviridae, Adenoviridae, Papillomaviridae,

Paramyxoviridae, Retroviridae ve Iridoviridae’ye dahil virislerin
de dnemli enfeksiyonlara neden olduklari tespit edilmistir
(Hetrick, 1989). 2016 yilinda Kiberge ve Godoy, yetistiriciligi
yapilan balik tlrlerinde tanimlanan viriis gruplarini ve olusan
hastaliklari derlemislerdir (Tablo 1).

Tablo 1. Yetistiriciligi yapilan baliklarda tanimlanan virlis gruplari ve
olusan hastaliklar (Kibenge ve Godoy, 2016)

Table 1. Virus groups and their diseases identified in fish farmed
(Kiberge and Godoy, 2016)

Viriis Grubu
1 Adenoviriisler

Karakteristik Hastalik

2 | Alloherpesviriisler Koi herpesvirls hastaligi

(KHVD)
3 Bimaviriisler Enfeksiyoz pankreatik nekroz
(IPN)
4 Kalisivirlisler
5 | Sirkovirlsler
6 | Koronavirisler
7 Hepevirlisler
_ . Lenfosistis
8 Iridovirlsler/Irido benzeri Viral eritrositik nekroz (ENV)
virisler Epizootik Hematopoetik Nekroz
(EHN)
Nodavirlsler/Noda benzeri Viral ensefalopati ve retinopati
9 o
viriisler (VER)
Ortomiksovirlsler/Ortomikso Enfeksiydz salmon anemisi
10 S
benzeri viriisler (ISA)

11 | Papilloma/Polyomaviriisler
Paramiksoviriisler/Paramikso ) .
12 S Viral epitelyal nekroz
benzeri viriisler

13 | Pikornaviriisler

14 | Poksvirlsler

Sazan ddem virlisii (CEVD)
Viral hemorajik septisemi (VHS)
Sazan Bahar Viremisi (SVC)

15 | Rabdoviriisler

16 | Reovirlsler
Retrovirlisler/Retro benzeri

17 . Viral eritositik infeksiyon (VEI)
virisler
Togaviriisler/Toga benzeri Pankreas hastaligi (SPDV)
18 e
viriisler (SDV)
19 | Totiviriisler Kardiomiyopati sendromu
(CMS)

Baliklarda viral hastaliklar gerek dogal ortamlarda gerekse
klltlr kosullarinda epizootiler seklinde gérilebilmektedir. Bu
durum dnemli ekonomik kayiplara yol agmaktadir. ABD’de
infeksiydz salmon anemisi (ISA) ve sazan bahar viremisi
(SVC)'nin yol actigi kayiplarin ekonomik boyutunun 20 milyon
dolar civarinda oldugu belirtiimigtir. Sili'de ise 2005-2010 yillari
arasinda infeksiydz salmon anemisi nedeniyle Atlantik salmonu
Uretim miktarlarinda 300.000 tonluk bir dislis yasandigi
kaydedilmistir (Salgado Miranda vd., 2013)

NODAVIRUSLER - VIRAL ENSEFALOPATI VE
RETINOPATI (VER)

Nodaviriis Uyeleri, kabuklu sucul canlilari ve baliklari
enfekte edebilen alfa ve betanodaviriisler olmak iizere iki cinse
sahiptirler (Cherif vd., 2009). Alfanodavirisler; Nodamura Virus
(NoV), Blackbeetle Virus (BBV), Flock House Virus (FHV),
Boolarra Virus (BoV) izolatlari olarak gogunlukla boceklerden
izole edilmisken, betanodavirisler tatli su ve deniz baliklarinin
cogunlukla larva ve juvenil formlarindan izole edilmiglerdir
(Maltese ve Bovo, 2007). Diinyada Afrika kitasi disinda kalan
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dider tim bodlgelerden izolasyonlari — gerceklestirilmistir.
Aragtirmalar 40'tan fazla balik tlriinde nodavirlslerin etkili
oldugunu belirlemistir. S6z konusu tlrler arasinda en fazla
etkilenen tirlerin yassi balik tirleri ile Avrupa deniz levregi
(Dicentrarchus labrax) oldugu tespit edilmistir (Bovo ve Florio,
2008; Hegde vd., 2003).

Bu virisler, 25-34 nm ¢apinda, kiiglik, zarfsiz bir virion ile
genomlart 2 pargali ve tek sarmalli bir RNA zincirinden
meydana gelmektedir. Bazi arastirmacilar etkeni yaklasik 5
nm’lik acik renkli bir katmanla gevrili 13-21 nm'lik elektron
yogun bir gekirdek yapi olarak tanimlamiglardir (Munday, 2003;
Nishizawa vd., 2009). iki pargali RNA'dan, RNA1 (3.1 kb) RNA
polimeraz'a bagli oldugu kabul edilen RNA'y1 kodlarken, RNA2
(1.4 kb) dncii kapsid proteinini kodlamaktadir (Ucko vd., 2004;
Chia vd., 2010). Farkl arastirmacilar, RNA2 segmentindeki T4
kapsid proteininin degisken bélgesinin nikleotid dizilerinin
filogenetik analizi sonrasinda virlistin farkli izolatlarini
tanimlamiglardir. Bu izolatlarin sayilarini; Gagne vd., 2004 yedi
adet, Vendramin vd., 2013 bes adet, Toffan vd., 2017 ise dort
adet olarak belirtmislerdir (Tablo 2). Nodaviriis izolatlarinin
cografi dagiimlarinda, sicakligin konakg! tiirline gére daha
belirleyici bir faktér oldugu ileri strliimektedir. Aslen deniz
baliklarinin patojen etkeni olarak kabul edilmekle birlikte
Oreochromis niloticus, Anguilla anguilla, Poecilia reticulata ve
Parasilurus asotus bazi tatll su baliklarindan da izole
edilmiglerdir (Korsnes vd., 2005; Bigarre vd., 2009).

Tablo 2. Betanodaviris izolatlari
Table 2. Betanodavirus isolates

izolat ismi Kaynak

1 \S/it:LTd Jack Nervous Necrosis Gagne vd., 2004; Vendramin vd.,
(SINNV) 2013; Toffan vd., 2017

2 a?fsr Puffer Nervous Necrosis Gagne vd., 2004; Vendramin vd.,
(TPNNV) 2013; Toffan vd., 2017

3 Ezrcﬂgsis Vﬁ:ﬁ:nder Nervous Gagne vd., 2004; Vendramin vd.,
(BFNNV) 2013; Toffan vd., 2017

4 Redspotted Grouper Nervous | Gagne vd., 2004; Vendramin vd.,
Necrosis Virus (RGNNV) 2013; Toffan vd., 20177
Lates calcarifer Encephalitis

5 | Virus Gagne vd., 2004
(LcEV)
Dicentrarchus labrax

6 | Encephalitis Virus Gagne vd., 2004
(DIEV)
Japanese Flounder Nervous | Gagne vd., 2004

7 | Necrosis Virus
(JENNV)
Turbot Nervous Necrosis Virus )

8 (TNNY) Vendramin vd., 2013

Betanodavirtisler igin optimum sicaklik araliklari, viris
izolatina ve balik tirine bagh olarak degisiklikler
gosterebilmektedir. Optimum sicakliklar; SINNV igin 20-25 °C,
BFNNV igin 15-20 °C, TPNNV i¢in 20 °C, RGNNV igin ise 25-
30 °C olarak tespit edilmistir (Yanong, 2010). Nodavirls
enfeksiyonlari;  viral nervdz nekroz, ensefalomiyelit,
ensefalopati  ve  retinopati  gibi  farkh isimlerle

tanimlanabilmektedir. Enfeksiyon ilk olarak Avustralya’'da Lates
calcarifer tirl baliklarda bildirilmekle birlikte sonrasinda
Oplegnathus fasciatus, Scopthalmus maximus, Dicentrarchus
labrax, Epinephalus akara, Pseudocaranx dentex Liza ramada,
Merlangius merlangus, Mugil cephalus, Mullus barbatus,
Sparus aurata gibi tirlerde, Avrupa, Kuzey Amerika ve Asya
kitalarinda da tespit edilmistir (Skliris vd., 2001; Giacopello vd.,
2013; Banerjee vd., 2014).

Ulkemizde de ilk betanodaviriis izolasyonunun 2011 yilinda
Mersin ilinde yetistirilen levreklerden — gergeklestirildigi
belirtiimektedir (Ozyer vd., 2014). Bazi arastirmacilar Sciaena
umbra ve Salmo salarlarda etkenin higbir Klinik belirti
olusturmadigini bildirmektedirler (Crane ve Hyatt, 2011; Shetty
vd., 2012). Viral nervz nekroz ismiyle de bilinen viral
ensefalopati ve retinopati (VER), ¢ogunlukla deniz baliklari
yetistiriciligi kosullarinda, 6zellikle de sicak sularda salginlara
yol acabilen dnemli viral hastaliklardan birisi olarak kabul
edilmektedir. Yetistiricilik sektoriinde &zellikle son vyillarda
dnemli kayiplara yol agmis ve kiresel 1sinma tehdidi nedeniyle
de zararlarinin gittikce daha kritik diizeylere ulagacadi tahmin
edilen bir enfeksiyon halini almigtir (Doan vd., 2017).
Glazebrook ve Campbell (1987), tarafindan beyin lezyonlariyla
iliskili ilk betanodavirus kaynakli enfeksiyon, Lates calcarifer
tirlinde belilenmekle birlikte hastaliga iliskin ilk detayl
tanimlama 1988 yilinda Martinik'de yetistirilen Dicentrarchus
labrax larvalari ve yavrularinda ortaya ¢ikan kitlesel olumler
sonrasinda gerceklestirilmistir (Maltese ve Bovo, 2007).
Hastalik etkeni virlis, ilk olarak ortaya ciktigi donemlerde
pikorna benzeri virlsler grubuna dahil edilmig, ancak virion
blyUkligi ve genom karakteri agisindan Pseudocaranx dentex
nervoz nekroz viristi (SINNV) ile ayni 6zellikte oldugu tespit
edildiginden Nodavirlslerin bir Gyesi olarak siniflandiriimigtir
(Costa ve Thompson, 2016). Hastalikla ilgili tatl su tirlerinde
daha az sayida kayit ve klinik bulgularina dair de daha az bilgi
bulunmakla birlikte, tuzluluk viriis agisindan sinirlayici bir faktor
olarak degerlendiriimemekte ve ekonomik dneme sahip tatli su
tlrlerinin de hastaliktan etkilendigi belirtilmektedir (Bovo vd.,
2011). Enfeksiyonda néropatojenik bir tablo olusturdugundan
ilk olarak “levrek viral ensefaliti” ismini almigtir. Daha sonralari
viral nervoz nekroz, balik viral ensefaliti ve viral ensefalit ve
retinit isimleri ile de anilmaya baslayan hastalik son olarak
Diinya Hayvan Saghgi Orgtii tarafindan hastaliga eslik eden
histopatolojik bulgulara da dayandirilarak viral ensefalopati ve
retinopati olarak adlandiriimigtir (Costa ve Thompson, 2016).

KLINIK BULGULAR VE BULASMA

Betanodavirlsler, baliklarda hem akut hem de latent
enfeksiyonlara neden olabilmektedirler. Latent enfeksiyonlar,
biyolojik ve gevresel stres faktorleri ile ya da virlistin dikey veya
yatay iletimini kolaylastirabilmek amaciyla akut faza da
donisebilir (Binesh, 2013). Klinik bulgular; balik tird, biyolojik
gelisim evresi, hastaligin asamasi ve sicakliga bagl olarak
degiskenlikler ~ gosterebilmektedir.  Genel olarak larva
asamasinda hastalik hiperakut bir seyir izlemekte, istahsizlik
gelisimi ve sonrasinda 6limler ortaya gikmaktadir. Juvenil
bireylerde &zellikle yiiksek su sicakliklarda anormal yiizme
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davranislari ile karakterize akut bir seyir tespit edilmistir (Souto
vd., 2015). Nodavirislerin baglica hedef organlari beyin,
omurilik ve retina olmak Uzere merkezi sinir sistemidir. Buna ek
olarak viriis stres kosullari altinda, gonadlar ve sindirim kanali
gibi organlara da ulagip cogalabilmektedir. istahsizlik,
pigmentasyon degisiklikleri, anormal yiizme seklinde ortaya
clkan norolojik belirtiler ile &zellikle larva ve juvenillerde
%100'lere ulagsan mortalite oranlari gdzlenmektedir. Yiizme
bozuklulari, normal statk ve dinamik  dengenin
saglanamamasi, hiz ve ylizme yoniin(in ayarlanamamasi, hava
kesesinin sisirilmesinin kontrol edilememesi ve bazi tlirlerde
spinal deformite gibi belirtiler de gdrilebilmektedir (Oh vd.,
2002; Roongkamnertwongsa vd., 2005; Zorriehzahra vd.,
2016; Doan vd., 2017). ig organlar incelendiginde karacigerde
renkte agiimalar, sindirim kanalinin bos olmasi ve bagirsaklarin
kahverengi bir sivi ile dolu olmasi dikkat gekmektedir (Terlizzi
vd., 2012).

Histopatolojik bulgularda, immunohistokimyasal pozitif
bulgular ile beyin ve retinada nekroz ve vakuolasyonlar
gozlenmektedir (Patel vd., 2007; Binesh vd, 2013; Zorriehzahra
vd., 2016). S6z konusu vakuolasyonlarin bazi durumlarda
omurilikte de gdzlendigi belirtilmektedir (Binesh vd., 2013).
Elektron mikroskobik bakida hiicre sitoplazmasina yerlesmis
virlis kiimelerinin varligi da saptanabilmektedir (Johansen vd.,
2004; Bitchava vd., 2007; Maeno vd., 2007; Nazari vd., 2014).
Epinephelus  septemfasciatus tlrinde vakuolasyon ve
nekrozlarin daha ¢ok beynin olfaktorik loblarindaki sinir
hiicrelerinde ortaya ¢iktigi belirtimistir. Bu durumu takiben
mikroglia ve makrofaj hiicre infiltrasyonlarinin olustugu da
belirtimektedir. Beyincik bdlgesinde ise purkinje ve golgi
hiicrelerinin enfekte oldugu tespit edilmistir. Preoptik bdlge,
talamus, omurilik sogani ve omurilikte ise megalohiicreler ve
klgUk sinir hcrelerinin cekirdeklerinin daha fazla hasar
gordUkleri saptanmistir (Tanaka vd., 2004).

Su, dnemli bir abiyotik vektdr olarak kabul edildiginden
betanodavirlisler, dogrudan su araciligiyla, yetistiricilik
ortamlarinda ise calisan personel, aglar, botlar ve diger
ekipmanlar vasitasiyla kolayca yayilabilir. Enfeksiyon acik
denizlerde bir bolgeden digerine, gelgitler, akintilar, farkl
isletmeleri ziyaret eden tekneler ve gé¢ eden baliklar sayesinde
tasinabilmektedir. Viriis asidik ortamlara ve 37 °C'ye direng
gosterebildiginden su kuslari da potansiyel vektorler olarak
kabul edilmektedir. Ayrica viriisiin Nereidae ailesine ait farkli
kum kurtlarindan ve enfekte ¢iftliklerin yakinindan yakalanan
Nereis cinsi kurtlardan da izolasyonlari gergeklestirilmistir (OIE,
2017). Baliklarda hem horizontal hem de vertikal yolla
bulasmanin varligi tespit edilmistir. Dogada yasayan birgok
tirin bu viriisiin tasiyicisi oldugu ve kiltir baliklarinin bu tirler
araciligiyla hastaliga yakalandiklari  6ne  slrllmektedir
(Yamashita vd., 2005; Gomez, vd., 2008). Pseudocaranx
dentex, Dicentrarchus labrax, Lates -calcarifer, Verasper
moseri,  Hippoglossus  hippoglossus ve  Epinephelus
septemfasciatus tlrlerinin  anaglarindan yavrulara dikey
bulasim tespit edilmistir. Horizontal bulasma ise deneysel
olarak hasta larvalarin saglikli bireylerle dogrudan temasi

neticesinde ve enfekte doku homojenatlari ile izole edilen
virlisiin suya karigtirimasi yollari ile saglanmistir (Castric vd.,
2001). Ayrica horizontal bulasmanin gogunlukla morfolojik
acidan daha gelismis larvalardan, enfekte olmayan daha geng
yavru ve larva formlarina aktariima seklinde gergeklestigi ve
virlisle kontamine cevrelerin bu bulasmayi kolaylastirdigi
belirtiimektedir (Azad vd., 2006). Laboratuvar g¢alismalari
betanodavirislerin, kontamine olmus canli yemler (Artemia,
Tigriopus japonicus ve Acetesinte medius gibi kabuklular) ile
Gig baliklar ve yumusakgalarla beslenme sonrasinda da
bulasabildigini géstermektedir (Yanong, 2010).

TANI, TEDAVi VE KONTROL

Son yillarda betanodaviriislerin tanisi amaciyla; 1sik
mikroskobu, duyarli hiicre kiltirleri, indirekt antikor floresan
testi (IFAT), immunohistokimya ve ELISA gibi bazi farkli
yontemler kullanilir hale gelmistir. Glinimizde ise gergek
zamanli polimeraz zincir reaksiyonu (RT-PCR) ve yuvalanmig
polimeraz zincir reaksiyonu (Nested PCR) analizleri yalniz
baslarina ya da hiicre kiltirleri ile birlikte kullanilarak daha
etkin bir tani yontemi olarak kabul g6rmektedir. VER
enfeksiyonu agisindan bahsi gecen PCR protokolleri,
enfeksiyonun tanimlanmasinda gelistiriimis hassasiyetlere
sahiptir. Bununla birlikte, amplifikasyon sonrasinda olasi
bulasmalar nedeniyle hatali pozitif reaksiyon olasiliklari daha
yliksek olan ve daha fazla zaman alan prosedirlerden agar jel
elektroforez ve etidyum bromid boyama gibi yéntemler de héla
kullaniimaktadir (Dalla Valle vd., 2005). Isik mikroskobu
bulgular arasinda, beyinde, omurilikte vel/veya retinadaki
vakuollerin - gérinimd  énemli  bir  bulgudur. Elektron
mikroskobunda virlis, vakuollesmis hicrelerle ve dizi veya
kimeler halinde intrasitoplazmik parakristalin yapilarla birlikte
gozlemlenebilir. ~ Dogrulayici  tani  igin  histopatolojik,
immunohistokimyasal boyama ve hiicre kiltirlerinde izolasyon
asamalarindan sonra PCR ydntemi uygulanmalidir. RT-PCR,
kiinik olarak etkilenen baliklarda en hizli ve etkin tan
yontemidir. Nested PCR ise dzellikle latent enfekte baliklarda
tani igin faydalidir. Ophicephalus striatus tiri baliklarin beyin
dokularindan elde edilen SSN-1 ve E-11, hani baliklari
(Epinephelinae spp.)'nin ylizge¢ dokularindan elde edilen GF-
1 ve kalkan baligi (Scophthalmus maximus)'nin kuyruk ylizgeci
dokularindan elde edilen TV-1 ve TF hicre kulturlerinin
betanodavirisler icin  uygun hiicre Kkiltiirleri  oldugu
saptanmistir (Nakai vd., 2009). Enfekte Gadus morhua ve
Epinephelus  coioides tirlerinde, beyin  dokusu
homojenatlarinin SSN-1 hiicre kiiltiirlerine inokulasyonunda 7
gun icinde sitopatolojik etkilerin (CPE) gelistigi tespit edilmistir
(Johnson vd., 2002; Roongkamnertwongsa vd., 2005). CPE
gelisiminin baslangicinda hicre kiltirlerinin bazi alanlarinda
yuvarlak, grandler, refraktif hiicrelerin olustugu, sonrasinda bu
gérinimin Ust katmandaki tlm hicrelere yayildigi ve en
sonunda da hicre tabakalarinin tamamen dejenere olarak
hiicrelerin ortam igerisinde yiizer duruma geldigi tespit edimistir
(Parameswaran vd., 2008). Nodaviruslara karsi gelisen
antikorlar, ELISA yontemi kullanilarak Pseudocaranx dentex,

338



Viral encephalopathy and retinopathy in fishes

Dicentrarchus labrax, Verasper moseri ve Lates calcarifer
tdrlerinin erigkin bireylerinin serumlarindan izole edilmistir
(Poisa Beiro vd., 2008).

VER viriis( farkli gevresel kosullara karsi ¢ok direnglidir ve
deniz suyunda uzun slre yasamda kalabilir. Yatay yolla
bulagmasini énlemek igin, sodyum hipoklorit, benzalkonyum
klorir, iyot, asit peroksijen ve ozon gibi virisi inaktive
edebildigi tespit edilmis dezenfektanlarin kullanimi etkilidir
(Nakai vd., 2009). Isil islem, ultraviyole Isini ve ozon
uygulamasinin, SBNNV izolatini etkili bir sekilde inaktive ettigi
belirlenmis fakat formalin, etanol, metanol, eter ve kloroformun
ise virlstin inaktivasyonunda daha az etkili oldugu saptanmistir
(Costa ve Thompson, 2016). Japonya Deniz Tarim Dernegi
(JASFA), 1990 yilinda Pseudocaranx dentex larvalarinda VER
ile ilgili arastirmasinda ve virls tasiyan damizliklarin
eleminasyonunu sagladiktan sonra ddllenmis yumurtalari ve
yetistirme suyunu dezenfekte ederek hastaligin kontroliini
gerceklestirmeyi basarmistir. Ayrica anti-RNA viral aktivitesine
sahip bir guanozin analogu olan ribavirin (1-P-D-ribofuranozil-
1,2,4-triazol-3-karboksamit, 1)'in betanodavirlis enfeksiyonu
icin etkinligi arastirildiginda RGNNV RdRp ile etkilesime girerek
viral enfeksiyonu in vitro olarak inhibe ettigi tespit edilmistir.
Enfeksiyonun erken asamalarinda bitkisel bir polifenol olan
oligonol'iin, virlise bagl gelisen CPE, virlis Uremesi ve viral
protein  ekspresyonunu  azaltti§l  tespit edimis ve
betanaodavirlis replikasyonunu inhibe etti§gi gosterilmistir.
Antimikrobiyal peptidlerin (AMP) de konakginin bagisiklik
tepkisini modiile edebilme yetenekleri, betanodavirlis bulasmig
baliklarin tedavisinde alternatif bir yol olarak distiniimelerini
saglamigtir. Tilapia hepsidin 1-5 (TH1-5) ve epinedikin-1 (Epi-
1) isimli iki farkli AMP tipinin bazi balik tiirlerine uygulanmasi
sonrasinda, TH1-5'in enfeksiyon sirasinda viral yiiki azaltmaya
yardimci oldugu belirlenirken, Epi-1 uygulamasinin enfeksiyon
sirasinda ve sonrasinda virdsleri ortadan kaldirdigi tespit
edilmistir (Moriyama vd., 2008; Ichinose vd., 2013; Costa ve
Thompson, 2016). Ayrica endozomal asidifikasyon inhibitorleri
ve gimnemagenol (Gymnema sylvestre bitkisi 6zitl) ile bir
triterpen glikozid olan saponin’in betanodaviriis enfeksiyonunu
inhibe edebildigini belirten galismalar bulunmaktadir (Ichinose
vd., 2013).

Asilama birgok virlis enfeksiyonunda umut verici sonuglar
sajlamakla birlikte VER enfeksiyonunda oncelikle larva ve
yavru baliklar etkilendiginden ve bu baliklarin boyutlari ile
bagisiklik sistemleri yeterince gelismemis oldugundan, olugan
korunmanin yeterli olmadi§i belirtiimektedir. Buna ragmen asi
ve asllama calismalar sirdiriimektedir. Escherichia coli
bakterisine rekombinant viral kapsid proteininin eklendigi,
bakuloviriis ekspresyon vektor sistemine virlis benzeri
partikillerin eklendigi veya inaktive virls igeren uygulamalarin
hastaligin  kontrollinde etkili olabilecedi belirtimektedir.
Avirlilent sucul biravirlis primer enfeksiyonlarinin da ikincil
olarak gelisen betanodaviris enfeksiyonlarinda koruyucu
olabildiginin farkedilmesiyle akuabirnaviriis inaktive asilar ile
c¢ift asilamanin, hastaligin 6nlenmesinde yararli oldugu
belirtiimektedir (Nakai vd., 2009). VER'e karsi deneysel asi

denemelerinin ¢ogunlugu duyarli tirler arasinda ekonomik
acidan degerli kabul edilen Epinephelus spp.'lerde
uygulanmistir. Ayrica arastirmalar, formalin ile inaktive asilarin
enjeksiyon yoluyla uygulanmalarinin levreklerde daldirma
asllama uygulamalarina gére miicadelede daha glivenli ve
etkili olabilecegini gdstermektedir (Nunez Ortiz vd., 2016).
Levreklerde nodavirtistin kapsid proteininden turetilmis sentetik
peptidlerin ise yeterli dizeyde koruyucu etki saglamadigi
belirlenmis, betanodaviriis kapsid proteinlerini kodlayan yapilar
ile tretilmis DNA temelli asilarin ise yine levrek ve kalkan gibi
baliklarda zayif da olsa bir koruma olusturdugu tespit edilmistir
(Thiery vd., 2006).

SONUG VE ONERILER

Viral ensefalopati ve retinopati enfeksiyonu, Avrupa
Birliginin balik hastaliklari gozetim ve kontrol mevzuati
degerlendirme listesine eklenmemis olmakla birlikte, Diinya
Hayvan Saglg Orgitii (OIE) tarafindan Gnemli hastaliklar
sinifina dahil edilmistir (Barja, 2004). Ulkemizde baliklardan ilk
betanodaviriis 6rnedi 2011 yilinda Ozyer vd., (2014) tarafindan
Mersin ilinde vyetistirilen levreklerden izole edilmis ve izole
edilen virisin % 99 oraninda RGNNV izolati ile benzerlik
gosterdigi tespit edilmistir. Bununla birlikte Uluslarasi Akdeniz
Yiksek Zirai Etitler Merkezi (CIHAEM), 2004 vyilinda
Turkiye’nin de dahil edildigi ve Akdeniz'e kiyisi olan 9 ilkeye ait
27 farkl arastirma laboratuvarindan temin ettikleri verileri bir
araya getirerek hazirlamis olduklari raporda bu lkelerin
tamaminda nodavirlslerin varligini bildirmistir (Barja, 2004).
Ayrica Akdeniz'de orfoz baliginin populasyon degisimlerini
gozlemek amaciyla kurulmus olan orfoz ¢alisma grubu (Groupe
d’Etude du Merou), iclerinde Tiirkiye'nin de yeraldigi Akdeniz
kiyisinda bulunan 12 (lkede nodavirlslerin izole edildigi
bilgisini vermektedir (GEM, 2015). Bunlara ek olarak Avrupa
Balik Hastaliklari Ulusal Referans Laboratuvarlari Birligi, 2013
- 2016 vyillar arasinda bu enfeksiyonun gelisimini izlemeye
almis ve levrek-cipura baliklari Gretimi ile ekonomisinde yol
actig kayiplar nedeniyle 6zellikle deniz baliklar yetistiriciligi
acisindan son yillardaki en énemli hastalik sorunu oldugunu
ifade etmektedir (Olesen ve Vendramin, 2017). Bu nedenlerle,
2016 yili rakamlarina gére toplam yetistiricilik Uretiminin
yaklasik % 60'ini deniz baliklari Gretiminin olusturdugu ve
Avrupa Ulkeleri arasinda yapilan degerlendirmede levrek ve
cipura dretimi miktarlarinda ilk ¢ sira igerisinde yer alan
Tirkiye icin bu enfeksiyon daha da énemli bir hal almaktadir
(BSGM, 2017; Vendramin, 2017).

Son yirmi yil icerisinde viral ensefalopati ve retinopati
enfeksiyonu ile ilgili 100'den fazla makale yayinlanmistir. Bu
durum betanodavirtsler ile ilgili &zellikle tani ve kontrol
yontemlerinin  gelistiriimesine dnemli katkilar saglamistir.
Ornegin bir aragtirmada iki farkli nodavirtis serotipinin (RGNNV
ve SINNV) aralarinda gerceklesen gen aktarimi sonrasinda
ortaya ¢ikan virls tipinin, cipuralarda daha gugli bir
enfeksiyona neden oldugu tespit edilmistir. Ustelik viriisiin
tanimlanmis serotiplerinin bu baliklarin larva asamalarinda
etkin oldugu bilinirken, séz konusu yeni tipin yetiskin baliklarda
da enfeksiyona neden oldugu saptanmigtir (Vendramin vd.,
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2014). Bununla birlikte, virisin molekiler 6zellikleri, konak tiir
ile virlis arasindaki etkilesimler ve dogal ortamlardaki aktarim
mekanizmalarinin daha detayl olarak ortaya konabilmesi i¢in
yeni galismalara gereksinim vardir. Bu hastalikla micadelede
her hastalikta oldugu gibi oOncelikle koruyucu O6nlemlerin
alinmasi daha yararli olacaktir. Deniz baliklari Greticileri ve
sektor calisanlarinin hastalik konusunda bilgilendirilmeleri ve
ozellikle balik nodavirtislerinin dikey yolla bulagimini énlemek
icin spesifik patojen icermeyen damizliklarin segilmesinin
sajlanmasina yonelik calismalar baslica hedef olmalidir.
Bunun yaninda hastaligin daha siddetli olarak seyrettigi
larvalarda periyodik olarak virls taramalarina yonelik
calismalarin yapiimasi énemlidir.
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Oz: Bu derlemede, denizel makroalg &ziitlerinin antimikrobiyal dzellikleri izerine yapilan calismalar aragtinimistir. Birgok arastirmaci, makroalg ézitlerinin
antimikrobiyal aktivitesini belirlemek igin ¢alismalar yapmistir. Cesitli literatirlerde, yesil, kahverengi ve kirmizi makroalg dzitlerinin, maya, kiif ve bakterilere karsi
antimikrobiyal aktiviteye sahip oldudu bildirilmektedir. Denizel makroalg 6ziitlerinin antimikrobiyal etkisinin iceriginde bulunan kimyasal bilesenlerden (aminoasitler,
yag asitleri, terpenoidler, florotanninler, fenolik bilesenler, steroidler, halojenli ketonlar ve alkanlar gibi) kaynaklandigi rapor edilmektedir. Bu derlemenin amaci,
denizel makroalg 6zutlerinin antimikrobiyal 6zelliklerini arastirmak ve mikroorganizmalara karsi antimikrobiyal aktivitelerini gdstermektir.

Anahtar kelimeler: Makroalg, Oziit, Antimikrobiyal madde, Mikroorganizma,

Abstract: In this review, it was searched conducted research studies on antimicrobial properties of marine macroalgae extracts. Many researchers were studied
to determine the antimicrobial activity of macroalgae extracts. In several literatures stated that have been found antimicrobial activity in the extracts of green, brown
and red macroalgae against fungi, yeast and bacteria. The antimicrobial compounds derived from consist of diverse groups of chemical compounds (aminoacids,
fatty acid, terponoids, phlorotannins, phenolic compounds, steroids, halogenated ketones and alkanes etc.). The aim of this review was to investigate antimicrobial
properties of marine macroalgae extracts and to indicate antimicrobial activities against microorganism.

Keywords: Macroalgae, Extract, Antimicrobial substances, Microorganism,

GIRIS

Makroalgler,  kahverengi ~ (Phaeophyta),  kirmizi  fouling organizmalara karsi savunma igin Grettikleri biyoaktif

(Rhodophyta) ve yesil (Chlorophyta) algler olmak iizere U ana
filum altinda siniflandirimaktadir. Makroalglerin - kimyasal
kompozisyonu; tiir, cografik bolge, mevsim ve suyun sicakligi
gibi degiskenlerden etkilenerek farklilik gdstermektedir (Qiao,
2010; Shannon ve Abu-Ghannam, 2016). Makroalgler ve deniz
organizmalari, karsik topluluklarda birbirleri ile rekabet
ortaminda yagsamakta ve bu zor gevresel kogullarda gelisimleri
sirasinda metabolizmalarinda herhangi ciddi bir fitodinamik
hasar gérilmemektedir. Bunun nedeni, makroalg hiicrelerinin
bazi koruyucu bilesen ve mekanizmalara sahip olmasiyla
aciklanmaktadir (Matsukawa vd., 1997). Hayatta kalmak igin
ekolojik basinca bir cevap olarak drettikleri ikincil metabolitler
olarak da adlandirilan biyoaktif bilesenlerden bazilari diger
rekabetci mikroorganizmalarin - biyime ve gelismesini
sinirflandirici  ya da engelleyici  antimikrobiyal ~ 6zellik
gostermektedir (Gupta vd., 2012; Perez vd., 2016). Algler,
stingerler ve mercanlar gibi, deniz sesil organizmalari epifit ve

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

bilesenleri igeren fizyolojik adaptasyon 6zelliklerine sahiptirler.
Bu nedenle, yesil, kahverengi ve kirmizi deniz makroalgleri;
bakteri, virls ve mantar gelisimlerini engelleyici etki
gostermektedirler  (Perez  vd., 2016).  Makroalgler,
antimikrobiyal bilesenlerin, w3 yag asitlerinin, antioksidan
maddelerin ve diger biyoaktif bilegenlerin iyi bir kaynag olarak
ilgi gérmektedir (Gupta vd., 2012).

Literatlrde, arastirmacilar farkli tiir makroalglerden degisik
ekstraksiyon yontemleri ile 6zt elde etmis ve gesitli
antimikrobiyal aktivite yéntemleri kullanarak bu 6ziitlerin
antimikrobiyal Gzellikleri izerine arastirmalar yapmislardir. Bu
derlemede, denizel makroalg &zdtlerinin - antimikrobiyal
dzellikleri, antimikrobiyal aktivitesini belirlemek icin yaygin
olarak kullanilan metotlar, elde edilen éztlerin antimikrobiyal
ozelliklerinden sorumlu olan bilesenler ile ilgili 6zet bilgi
verilmeye caligiimistir.
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Denizel makroalg 6ziitlerinin antimikrobiyal 6zellikleri Bu calismalarda, degisik organik ¢oziciler (su, metanol,

Denizel makroalg oziitlerinin antimikrobiyal ozellikleri ~ €tanol, aseton, butanol, etil asetat, diklorometan, kloroform,

izerine vyapilan calismalar, kahverengi (Phaeophyceae),

dietil eter ve hekzan) ile 6ziitler elde edilmis ve bu dztlerin
kirmizi (Rhodophyceae) ve vyesil (Chlorophyceae) alg

cesitli  mikroorganizmalarin  geligimlerini  engelleme etkisi

siniflarina ait farkli tirler igin rapor edilmis ve bu calismalarin

bazilari Tablo 1'de verilmigtir.

arastinimigtir.

Tablo 1. Denizel makroalg 6zUtlerinde antimikrobiyal aktivitenin belirlenmesi igin yapilan galismalar
Table 1. The studies for determination of antimicrobial activity in marine macroalgae extracts

aeruginosa

Tiir Cozgen Test Edilen Mikroorganizma Kaynaklar
Caulerpa racemosa var. laetevirens, Codium
capitatum, Halimeda cuneata, Ulva fasciata, Amphiroa Bacillus subtilis, Staphylococcus aureus, .
bowerbankii, Amphiroa ephedraea ve Dictyota Metanol Escherichia coli, Candida albicans Stirk vd. (2007)
humifusa
Klebsiella pnemoniae, Enterobacter aerogens,
Caulerpa racemosa, Ulva lactuca, Gracilaria folifera, Escherichia coli, Pseudomonas aeruginosa, Kandhasamy ve
Hypneme muciformis, Sargassum myricocystum, Metanol Micrococcus luteus, Enterobacter faecalis, Arunachalam
Sargassum tenneerimum, Padina tetrastomatica Streptococcus faecalis, Staphylococcus aereus, | (2008)
Bacillus subtilis
Escherichia coli, Enterobacter aerogenes,
o . Staphylococcus aureus, Pseudomonas Kolanjinathan
Gracilaria edulis, Calorpha peltada, Hydroclothres sp. Etanol aeruginosa, Streptococcus feacalis, Bacillus vd. (2009)
cereus
Bacillus subtilis, Staphylococcus aureus,
Enterobacter aerogenes, Escherichia coli,
Colpomenia sinuosa, Dictyota dichotoma var. Implexa, | Metanol, Diklorometan, Proteus vulgaris, Salmonella typhimurium, Demirel vd.
Petalonia fascia, Scytosiphon lomentaria Hekzan methisilin-oksasilin direngli Staphylococcus (2009)
aureus, hemorojik Escherichia coli, Candida
albicans
Ul Diklorometan/metonol Bacillus sublils, Bacillus cerus, El-Baky vd.
va lactuca K Staphylococcus aureus, Micrococcus luteus,
ansimi Klebsiella pneumoniae, Serratia marcescen (2009)
pneumoniae, escencs
Candida albicans, Aspergillus niger, Fusarium Gerasi
C . erasimenko
Laminaria cichorioides Etanol oxysporum, Staphylococcus aureus, Escheria vd. (2010)
coli )
Laminaria digitata, Laminaria saccharina, Himanthalia %60 Listeria monocyt 099’763’ Salmonella abony, Gupta vd.
elongata %60 metanol Enterococcus faecalis, Pseudomonas (2010)

Laminaria digitata, Laminaria saccharina, Himanthalia
elongata, Palmaria palmata, Chondrus crispus,
Enteromorpha spirulina

Metanol, Etanol, Aseton

Listeria monocytogenes, Salmonella abony,
Enterococcus feacalis, Pseudomonas
aeruginosa

Cox vd. (2010)

Chaetomorpha aerea, Enteromorpha intestinalis, Ulva
fasciata

Aseton, Metanol, Etanol

Escherichia coli, Pseudomonas aeruginosa,
Klebsiella pneumoniae, Staphylococcus aureus

Seenivasan vd.
(2010)

Cladophora glomerata, Ulva lactuca, Ulva reticulata,
Gracilaria corticata, Kappaphycus alvarezii,
Sargassum wightii

Metanol, Distile su

Escherichia coli,

Pseudomonas aeruginosa, Salmonella typhi,
Staphylococcus

epidermis, Streptococcus pyogenes

Mansuya vd.
(2010)

Ulva fasciata, Codium tomentosum, Sargassum

Bacillus subtilis, Staphylococcus aureus,
Streptococcus sp., Pesudomonas aeruginosa,

Christobel vd.

Codium fragile

Salmonella sp. Pseudomonas aeruginosa

wightii, Dictyota dichotoma, Padina tetrastromatica, Su Escherichia coli, Micrococcus luteus, Proteus (2011)
Gracilaria corticata, Hypnea musciformis mirabilis, Vibrio alginolyticus, Vibrio fischeri,
Vibrio harveyi, Klebsiella pneumoniae
. Staphylococcus aureus, Bacillus cereus,
C?lgdop hora glom orata, Enteromorp ha Ilnlza, Uhva . Aspergillus niger, Salmonella typhimurium, Ertirk ve Tas,
rigida, Cystoseira barbata, Padina pavonica, Corallina | Etanol Listeria monocytogenes, Escheria coli, Candida | 2011
officinalis, Ceramium cilfatum albicans, Pseudomonas aeruginosa
Aeromonas hydrophila, Pseudomonas
: fluorescens, Proteus sp., Vibrio alginolyticus, Priyadharshini
Ulva fasciata Butanol, Metanol, Su Enterobacter sp., Rhizopus sp., Aspergillus vd. (2011)
niger, Candida sp.
Cystoesria myrica, Cystoesira trinodis, Padina Staphviococeus aureus. Bacillus cereus
gymnospora, Sargassum dentifolium, Sargassum . phyl0coccUS ’ o Salem vd.
. S E o Metanol, Etil asetat Escherichia coli, Enterococcus feacalis,
hystrix, Actinotrichia fragilis, Caulerpa racemosa, (2011)
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Pseudomonas aeruginosa, Enterococcus

Himanthalia elongata %60 metanol faecalis, Listeria monocytogenes, Salmonella g%qt;) va.
abony
Klebsiella pneumoniae, Escherichia coli,
Staphylococcus aureus, Enterococci sp.,
Proteus sp., Streptococcus sp., Pseudomonas
Sargassum wightii, Stocheospermum marginatum, Aseton, Metanol, aeruginosa, Vibrio parahaemolyticus, Kayalvizhi vd.
Gracilaria folifera, Padina boergesenii Kloroform, Dietil eter Salmonella sp., Shewanella sp., Vibrio flurialis, (2012)

Vibrio splendidus, Aspergillus niger, Candida
albicans, Penicilium sp., Aspergillus flavus,
Aspergillus tetreus

Caulerpa scalpelliformis, Gracilaria crassa,

Aseton, Metanol,
Kloroform, Dietileter, Etil

Vibrio parahaemolyticus, Salmonella sp,
Escherichia coli, Klebsiella pneumoniae,
Streptococcus pyogenes, Staphylococcus

Ramalingam ve

Acanthophora spicifera, Sargassum wighii asetat, Su aureus, Enterococcus faecalis, Pseudomonas Amutha (2013)
aeruginosa
Ulva rigida, Ulva lactuca, U. olivascens, Enteromorpha
compressa, E. linza, E. intestinalis, Chaetomorpha
linum, Caulerpa prolifera, Codium dichotomum,
Cystoseira humilis, C. compressa, Cladostephus Escherichia coli, Staphylococcus aureus, Zbakh vd.
. . Metanol .
spongiosus, Gymnogongrus patens, Plocamium Enterococcus faecalis (2012)
coccineum, Asparagopsis armata, Centroceras
clavulatum, Gracilaria confervoides, G. bursa-
pastoris, Hypnea musciformis, Alsidium corallinum
Sargassum wighti, Amphiroa anceps, Padina Bacillus subtilis, Escherichia col, Klebsiella .
tetrastromatica, Stoechospermum marginatum, ; . Ghanthikumar
S Metanol pneumoniae, Proteus vulgaries, Salmonella
Gracilaria pygmaea, Ulva vd. (2012)

fasciata

typhimurium, Staphylococcus aureus

Caulerpa scalpelliformis, Gracilaria crassa,

Aseton, Metanol,
Kloroform, Dietileter, Etil

Vibrio parahaemolyticus, Salmonella sp,
Escherichia coli, Klebsiella pneumoniae,
Streptococcus pyogenes, Staphylococcus

Ramalingam ve

Acanthophora spicifera ve Sargassum wightii asetat, Su aureus, Enterococous faecalis Pseudomonas Amutha (2013)
aeruginosa
Gelidiella acerosa, Gracilaria verrucosa, Hypnea Metanol, Etanol, Salmonella paralyp h I Enfe_rococcus acrogenss, | varier vd.
PN Staphylococcus epidermidis, Salmonella typhi,
musciformis Kloroform, Su . . (2013)
Shigella flexneri
Ulva lactuca, Enteromorpha compressa, Padina Escherichia CO(” Pseudgmonas aeruginosa, Elnabris vd.
. : Metanol Proteus vulgaris, Klebsiella pneumoniae,
pavonica, Jania rubens . o (2013)
Staphylococcus aureus, Bacillus subtilis
Ulva lactuca, Cheatomorpha linoides, Helimeda Aseton, Etanol, Metanol, Staphy /O(’?OCCUS aureus, Bacillus §ubphs, ; Arunachalam
Lactobacillus acidophilus, Escherichia coli,
macroloba Kloroform vd. (2014)

Pseudomonas aeruginosa, Proteus mirabilis

Spatoglossum asperum

Hekzan, Etil asetat,
Kloroform, Metanol

Bacillus cereus, Bacillus subtilis,
Staphylococcus aureus, Klebsiella pneumoniae,
Pseudomonas aeruginosa, Salmonella typhi

Pandithurai vd.
(2015)

Bacillus subtilis, Staphylococcus aureus,

Enterococcus faecalis, Listeria monocytogenes. Gums ve
Ulva rigida, Gracilaria verrucosa Etanol E RN ’ ! " | Unlisayin
scherichia coli, Pseudomonas aeruginosa, (2016)
Aspergillus brasiliensis, Candida albicans
Metanol. Heksan Staphylococcus aureus, Bacillus sp., .
Gelidium sesquipedale, Laminaria ochroleuca Diklororﬁetan Y Streptococaus faecalis, Pseudomonas sp., Boujaber vd.
’ ' Escherichia coli, Candida albicans, Candida (2017)

Diklorometan/Metanol, Su

tropicalis, Cryptococcus neoformans

Caulerpa racemosa, Caulerpa sertularioides, Ulva

lactuca, Padina gymnospora, Dictyota dichotoma,
Gracilaria multipartita

Metanol

Staphylococcus

aureus, Escherichia coli, Pseudomonas
aeruginosa, Klebsiella pneumoniae, Proteus
mirabilis, Salmonella enterica

Veeramohan vd.
(2017)

Ulva intestinalis (E. intestinalis)

Metanol, Etanol,
Diklorometan, hekzan

Bacillus cereus, Enterococcus

faecalis, Listeria monocytogenes,
Staphylococcus aureus,

Methisilin direngli Staphylococcus aureus,
Escherichia coli, Klebsiella pneumonia, Proteus
mirabilis, Pseudomonas aeruginosa, Salmonella
typhi, Vibrio alginolyticus, V. harveyi, V.
parahaemolyticus

Srikong vd.
(2017)

Kandhasamy ve Arunachalam (2008) Hindistan'in giineydogu
sahillerinden topladiklari yesil makroalglere ait metanol

oz(itlerinin gram pozitif ve gram negatif bakterilere karsi in-vitro
antibakteriyel dzelliklerini arastirmiglardir. Aragtirmada, yesil
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alglere ait tyelerin, test edilen alglerin diger Uyelerinden daha
ylksek antimikrobiyal aktivite gdsterdikleri ve tlim metanolik
makroalg Gzitlerinin antibakteriyel ~aktivitenin genis bir
spektrumunu  sergiledikleri  belilenmistir. Bu  calisma
sonucunda, makroalg Oziitlerinin antibakteriyel bilesenlerin
potansiyel bir kaynag olarak kullanilabilecegi belirtiimektedir.

Kolanjinathan vd. (2009), 3 farkli makroalgden elde ettigi etanol
oz(tlerini toplam 6 patojen bakteriye karsi test etmislerdir.
Gracilaria edulis'in etanol 0z(tlerinin Bacillus cereus ve
Enterobacter aerogenes harig tlim test mikroorganizmalarinin
biyumesini engelledigini belirlemislerdir. Gracilaria edulis’in
etanol dzitleri, Staphylococcus aureus'a karsi 13.7 mm ile
maksimum, Enterobacter aerogenes’e kargi 3.1 mm ile
minumum zonu olusturmustur. Calorpha peltada makroalg
ozlitlerinin - Escherichia coli, Staphylococcus aureus ve
Streptococcus feacalis gibi bakterilere karsi etkili oldugu
bulunmustur. Hydroclothres sp. 8zitlnin test edilen 6 patojen
mikroorganizmadan sadece Pseudomonas aeruginosa’nin
gelisimini engelledigi bildirilmistir.

Demirel vd. (2009), izmir sahillerinden toplanan kahverengi
makroalglerden metanol, diklorometan ve hekzan éz(tlerinin
buhar distilasyon ile esansiyel yaglarini elde etmigler ve
bunlarin antimikrobiyal ve antioksidan 6zelliklerini arastirdiklari
calismada, diklorometan Oziitlerinin 1 ve 1.5 mg/disk
konsantrasyonlarinda diger iki ¢dzgenden daha iyi antioksidan
ve antimikrobiyal aktivite gdsterdigini belirlemiglerdir.

El-Baky vd. (2009), Ulva lactuca deniz makroalg &zitlerinin
dogal koruyucu madde olarak kullanimini arastirmiglardir.
Antibakteriyel aktiviteyi kagit disk difiizyon yéntemi kullanarak
Ulva lactuca ham organik 6zUtlerini 6 bakteriyel susa karsi
potansiyel antibakteriyel aktivite sergiledigini tespit etmislerdir.
Kagit diske Ug farkll konsantrasyonda (1, 2 ve 4 mg/her disk
icin) Ulva lactuca 0ziti ilave etmiglerdir. Ulva lactuca
o6zdtlerinin kloramfenikol antibiyotigi ile kiyaslandiginda ise
ticari olarak kullanilan bu antibiyotik kadar etkili olmadi§i ancak
ozutlerin antibakteriyel aktivitesinin kullanilan doza bagli olarak
artti§ini belirtmiglerdir. Bu ylizden Ulva lactuca 6z(itlerinin gida
ve eczacilik endstrisinde dogal bir koruyucu madde olarak
kullanilabilecegini bildirmislerdir.

Gerasimenko vd. (2010), Laminaria cichorioides kahverengi
alginin etanol 6zitinln test edilen tim mikroorganizmalar
uzerine antimikrobiyal etkiye sahip oldugunu belirlemislerdir.

Gupta vd. (2010), taze makroalglerden sagladiklari %60’k
metanol 6zitlerinin test edilen dort bakteriyel organizmanin
timine karsi glclli antimikrobiyal 06zellik gdsterdiklerini
belirlemislerdir. Bu calismada kullanilan mikroorganizmalarin
timdiine kars! engelleme etkisi en ylksek olan tiir Himanthalia
elongata olarak tespit edilmistir. Caligilan makroalg turlerinin
metanol 8zitlerinin Listeria monocytogenes’e kargl maksimum
engelleme gosterdigi belirlenmigtir. Test edilen 6ziitlerin
sodyum nitrit ve sodyum benzoat gibi sentetik koruyucularla
kiyaslandiginda neredeyse esit aktivite  gosterdigini
bildirmiglerdir.

Cox vd. (2010), 6 adet tiiketilebilir irlanda makroalginden farkli
cOzgenler  kullanarak  sagladiklari  &z(tleri  kurutarak
antimikrobiyal aktivitesini incelemiglerdir. Chondrus crispus
ozlitleri harig, metanolik makroalg &z(tlerinin tlminin test
edilen gidalarda bozulmaya neden olan bakteriler ve patojen
bakterileri engelledigi  belirlenmigtir.  Kirmizi ve  yesil
makroalglerin - kurutuimus metanolik dzdtleri kahverengi
makroalg tiirlerinden daha dlstik antimikrobiyal aktiviteye
sahip oldugunu belirlemislerdir. Himanthalia elongata % 100
engelleme kapasitesiyle en ylksek antimikrobiyal aktiviteye
sahip olan tlir olmustur. Bu ¢alismada, ekstraksiyon ¢ozgeni
olarak etanol ve aseton kullanildiinda kirmizi ve vyesil
makroalg  &zltlerinin ~ dnemli  dlzeyde antimikrobiyal
aktivitelerinin arttigi belirtilmektedir.

Seenivasan vd. (2010), Hindistan'in glineydogu sahillerinden
toplanan (i¢ adet yesil algin %80 etanol, metanol ve aseton
6zltlerinin test edilen gram negatif ve gram pozitif bakteri
gelisimini  engelleme  yetenegine  sahip  olduklarini
saptamiglardir.

Mansuya vd. (2010), yesil, kirmizi ve kahverengi alglerden elde
ettikleri su ve metanol &zitlerinin engelleme zonu sulu
o6z(itlerde 9-45 mm, metanol 6zitlerinde 6-40 arasinda oldugu
tespit edilmistir. Maksimum aktivite (45 mm) Ulva reticulata su
6z0tlndn 200 mg'1 Salmonella typhi'ye karsi, minimum aktivite
(9 mm) ise Ulva lactuca su 0ziitinin 50 mg'i Streptococcus
pyogenese karsl kayit edilmistir. Buna kargin, metanol
o6zutlerinde; maksimum aktivite (40 mm) Escherichia coli ve
Streptococcus pyogenes’e karsl Ulva reticulatanin metanol
6z(tinln 200 mg’inda ve Pseudomonas aeruginosa’ya karsl
Cladophora glomerata 6zitinin 200 mg'inda; minimum
aktivite (6 mm) Staphylococcus epidermis’e kargi Kappaphycus
alvareziive metanol 6z(itliniin 50 mg'inin oldugu belirlenmistir.
Alglerin tamaminin ham metanol &z(tleri tiim test patojenlerine
karsi engelleyici etki gbstermis ve Ulva reticulata 6zitinin en
etkili tir oldugu saptanmigtir. Bununla birlikte, Ulva
reticulata’nin su 6zutlnin Escherichia coli ve Pseudomonas
aeruginosa'ya karsi engelleyici etkisinin olmadidi bildirilmistir.

Christobel vd. (2011), Hindistan'in glineybati sahillerinden
toplanan 7 makroalg tirinin su 6ztlerinin 10 patojenik bakteri
susuna ait antibakteriyel aktivitesini arastirmiglardir. Test
edilen bakteri isolatlarinin %70'ine karsl en yiiksek aktiviteyi
Ulva fasciata, Gracilaria corticata, Sargassum wightii ve Padina
tetrastromaticanin  gosterdigini  bildirmiglerdir. Maksimum
engelleme zonu kirmizi alg tirl Gracilaria corticata'nin Proteus
mirabilis (17 mm) ve kahverengi bir alg tiri olan Padina
tetrastromatica’nin Staphylococcus aureus ve Vibrio harveyi
(15 mm)e karsi oldugu tespit edilmistir. Genel olarak
engelleme aktivitesinin Gram negatif bakterilere karsi daha
yuksek oldugu bildirilmigtir.

Ertirk ve Tas, 2011, Tirkiye'nin Vona kiyisindan toplanan
yesil, kahverengi ve kirmizi olmak (zere toplam yedi deniz
makroalg tiriinden elde ettikleri etanol dzUtlerini alti bakteri ve
iki mantara karsi antibakteriyel ve antifungal aktivitelerini
degerlendirmiglerdir. Analiz edilen deniz makroalglerinin
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icerisinde Cladophora glomerata ve Padina pavonica, test
organizmalarinin en yaygin spektrumuna karsi en gigli
aktiviteyi sergiledikleri belirlenmistir. Enteromorpha linza ve
Padina pavonica, tiirleri Aspergillus nigere karsi en yliksek
antifungal aktiviteyi gdsteriyorken, Cladophora glomerata
turlinlin ise  Staphylococcus aereus'a karsi en yiksek
antibakteriyel aktiviteyi gdsterdigi belirlenmistir. Bunun yani
sira, makroalglerden elde edilen tim 6z(itlerin Staphylococcus
aureus, Aspergillus niger ve Salmonella typhimurium’a kars
onemli bir antimikrobiyal aktivite gosterdikleri belirlenmistir. Bu
calisma sonucunda Cladophora glomerata ve Padina pavonica
makroalg tlirlerinin biyoaktif bilesenlere potansiyel olarak sahip
oldugunu ve dogal antibiyotik olarak kullanim olanaklarinin
arastirilabilecegini tavsiye etmektedirler.

Priyadharshini vd. (2011), Ulva fasciata’nin butanol, metanol ve
su Ozitlerinin  balik patojenlerine karsi antimikrobiyal
aktivitelerini - arastirmiglardir.  Vibrio  alginolyticus'a  karsl
maksimum (16 mm), Enterobacter sp.'ye kargi minimum (12
mm) engelleme zonu olusturdugu tespit edilmistir. Ulva
fasciata'nin  fungal patojenlere karsi daha zayif aktivite
gosterdigi bildiriimektedir. Aspergillus niger ve Candida sp.
mantarlarina  kargi  antifungal  aktivite  gdstermedigi
belirlenmistir. Bu arastirma sonucunda, yetistiricilik icin saghg
tesvik eden gida olarak ya da eczacllik igin antimikrobiyal bir
ajan olarak makroalglerin kullanilabilecegi belirtilmektedir.

Salem vd. (2011), Kizil Deniz (Misir)'den toplanan kahverengi,
kirmizi ve yesil makroalglere ait metanol ve etil asetat dzltlerini
gram pozitif ve gram negatif bakterilere karsi test etmislerdir.
Algal 6zitlerin gram pozitif bakteriler Gzerine (19 mm’ye kadar
inhibisyon zonu) gram negatif bakterilerden (14 mm'ye kadar
inhibisyon zonu) daha fazla etkili oldugu rapor edilmistir. Test
edilen mikroorganizmalar Uzerine efil asetat O6zitlerinin
metanolik &ézltlerden daha iyi sonug¢ verdigi ve Caulerpa
racemosa etil asetat dzltlerinin en gugli engelleyici etkiye
sahip oldugu belirlenmistir.

Gupta vd. (2012), Himanthalia elongata kahverengi makroalg
o6ztlerinin gidalarin korunmasi igin dogal bir antimikrobiyal
madde olarak kullanim olanaklarini ve Ug kinetik modelleme
yonteminin  bu amag¢ igin uygunlugunu aragtirmislardir.
Gidalarin  bozulmasina neden olan ve gida patojeni
mikroorganizmalarin gelisim kinetikleri (zerine Himanthalia
elongata 0zlitinin farkll  konsantrasyonlarinin  etkilerini
incelemiglerdir. Himanthalia elongata 6zitinin % 6'lik
konsantrasyonunun  caligilan  tim  mikroorganizmalarin
gelisimini engelledigi tespit edilmistir. Arastirmacilar gida
muhafazasinda dogal antibakteriyel madde olarak deniz
makroalg Ozitlerinin iyi bir potansiyele sahip oldugunu
bildirmektedirler. Bu oz(itlerin yliksek konsantrasyonlarinin
gidalarin organoleptik 6zelliklerini etkileyebilecegini, bununla
birlikte bakteriyel yikin disik oldugu durumlarda disik
konsantrasyonlarinin kullanimi gida givenligi igin yeterli
olabilecegini rapor etmiglerdir.

Kayalvizhi vd. (2012)'nin yapmis olduklari calismada, elde
edilen tim dzitlerin 6zellikle asetonla elde edilen kahverengi

makroalg &zUtlerinin dnemli dlizeyde antimikrobiyal aktivite
sergilediklerini ifade etmektedirler.

Zbakh vd. (2012), Akdeniz'in Morocco sahillerinden toplanan
20 makroalg tlrinin (9 yesil alg, 3 kahverengi alg ve 8 kirmizi
alg) metanol oztlerinin - antibakteriyel —aktivitesini  test
etmiglerdir. Kirmiz alglere ait ¢aligilan tlirlerin test edilen 3
bakteri susunun blylimesini engelledigi ve 20-24 mm arasinda
zon olusturdugu belirlenmistir. Test edilen algler arasinda 17
tanesinin antibakteriyel aktivite gdsterdigi tespit edilmistir. Ulva
lactuca, Gracilaria bursa-pastoris ve Chaetomorpha linum
6zutlerinin en ylksek antibakteriyel aktiviteye sahip olduklari
belirlenmistir. 15 6zt (%75) Staphylococcus aereus’a, 7 6zt
(%35) E. coliye ve 2 6zitin (%10) Enterococcus feacalis'e
karsi hayli aktif engelleyici etkisinin oldugu bildirilmistir. Ulva
rigida’nin metanol 6zitlinin ise test edilen tim suslara kars!
engelleyici etki gosterdigi rapor edilmektedir. Bu galismanin
sonuglarl gdstermistir ki, kullanilan makroalg tlrlerinin dnemli
derecede antibakteriyel kapatiseye sahip oldugunu, biyoaktif
bilesenlerin potansiyel bir kaynagi olarak kullanilabilecegini ve
dogal  antibiyotiklerin  dretimi  igin  caligilabilecegini
bildirmektedirler.

Ghanthikumar vd. (2012), 6 adet bakteriyel insan patojeni
Uzerine, 6 denizel makroalg 6zutliniin antibakteriyel etkilerini
disk diflizyon ydntemine gére calismiglardir. Maksimum
engelleme aktivitesi metanol ve toluol  Ozitlerinde
gbézlemlenmesine karsin, sulu Oziitlerde daha az aktiviteye
sahip oldugu belirlenmistir. Test edilen tlim makroalg 6z(itleriyle
karsilastirildi§i  zaman Amphiroa anceps ve Gracilaria
pygmaea tirlerinin metanol 9zltleri maksimum engelleme
zonunu olusturdugu belirlenmistir. Calismada saglanan
sonuglara gore; bu makroalg Ozitlerinin, test edilen
mikroorganizmalarin neden oldugu hastaliklarin tedavisinde
kullanilabilecegi arastirmacilar tarafindan tavsiye edilmektedir.

Ramalingam ve Amutha (2013), 4 adet denizel makroalg
6z(tlnln antimikrobiyal aktivitelerini test etmisler ve yaygin
olarak kullanilan antibiyotiklere alternatif olarak kullanimini
arastirmiglardir. Kloroform 6ziitleri harig, tim makroalg 6zitleri
8 mm'nin altinda bir engelleme zonu olusturmustur. Calisma
sonucunda en yiiksek Acanthophora spicifera, en dislk
Sargassum wightii tiriine ait 6zutlerin antibakteriyel aktivite
sergiledigi belirlenmigtir.

Varier vd. (2013), kirmizi alglerin ham dzitlerini gram pozitif ve
gram negatif bakterilere karsi antimikrobiyal aktivitesini
belirlemiglerdir. Gracilaria verrucosa’nin kloroform ézUtlerinin
Salmonella paratyphi'ye karsi en ylksek inhibisyon zonunu (21
mm) olusturdugu rapor edilirken su Oziitlerinin higbirinin
antibakteriyel aktivite gostermedigi belirlenmistir. Makroalglerin
tmindn, secilen bu patojen bakterilere karsi potansiyel bir
antibakteriyel ajan olarak kullanilabilecegi bildiriimektedir.

Elnabris vd. (2013), calismada kullandiklari makroalglerin
metanol 6zGtlerini gram negatif ve gram pozitif bakterilere karsi
antimikrobiyal aktivitelerini dederlendirmiglerdir. Ulva lactuca
makroalg tirinin E. coli haric test edien bitin
mikroorganizmalarin biyimesini engelledigi belirlenmistir. Ayn
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zamanda calismada kullanilan yesil makroalg sinifina ait
tirlerin, kahverengi ve kirmizi makroalg tirlerinden daha
yiksek  bir  antimikrobiyal —aktiviteye sahip  oldugu
belirtiimektedir.

Arunachalam vd. (2014), yesil algler sinifina ait 3 adet
makroalgin antimikrobiyal aktivitesini test ettikleri ¢alismada,
Ulva lactuca’nin metanol éztlinin Proteus mirabilis’e karsi
maksimum aktivite (7 mm) gdsterdigi belirlenmistir.

Pandithurai vd. (2015), Spatoglossum asperum makroalginin
cesitli cozgenlere karsi antimikrobiyal aktivitesini arastirdiklar
arastirma sonucunda, kloroform ve methanol Oziitlerinin
Staphylococcus  aureus’a karsi  maksimum  engelleme
gosterdigi ve genel olarak test edilen mikroorganizmalara kars!
metanol 6zlitlerinin daha etkili sonug gdsterdigi belirlenmistir.

Giimis ve Unliisayin (2016)'da denizel makroalg tiirlerinden
farkl ekstraksiyon sicakliklarinda etanol 6ziitleri elde etmis 6
bakteri ve 2 mantar tirline kargl antimikrobiyal aktivitelerini
aragtirdiklarl galismada; test edilen tim 6zitlerin Aspergillus
brasiliensis hari¢ tim bakteri ve mantarlara kargi antimikrobiyal
etki gosterdiklerini tespit etmislerdir.

Boujaber vd. (2017)nin yapmis olduklari calismanin
sonucunda, Gelidium sesquipedale ve Laminaria ochroleuca
makroalglerinin her ikisinin de lipid fraksiyonlarinin ve sadece
Gelidium sesquipedale makroalginin protein fraksiyonunun
antimikrobiyal aktivite sergiledigi belirlenmistir.

Veeramohan vd. (2017), Hindistanin bati sahillerinden toplanan
makroalg tirlerinin - methanol &z{tlerinin  antimikrobiyal
aktivitesini arastirdiklari galismada, test edilen bakterilerin
timiine karsl en yiksek aktiviteye Padina gymnospora ve
Dictyota dichotoma makroalg tlrlerinin  sahip oldugu
belirtiimektedir.

Srikong vd. (2017), Tayland'in giiney sahillerinde yaygin olarak
dagihm gosteren  Enteromorpha intestinalisden  farkli
¢Ozgenlerle hazirlanan &zltlerin antibakteriyel aktivitesini
arastirdiklari calismada sadece hekzan dzitlerinin gram pozitif
bakteriler (izerine antibakteriyel aktiviteye sahip oldugunu,
gram negatif bakterilere karsi antibakteriyel aktiviteye sahip
olmadigini belirlemiglerdir.

Denizel makroalglerde antimikrobiyal aktiviteden sorumlu
bilegenler

Deniz makroalgleri savunmalari igin kimyasal olarak
antibakteriyel, antialgal, antimakrofouling ve antifungal
ozelliklere sahip oldugu bilinen biyoaktif metabolitlerin genis bir
cesitliligini Uretmektedirler (Paul ve Puglisi, 2004; Bhadury ve
Wright, 2004). Cevresel etmenler altinda patojen bir saldiri
gerceklestigi zaman bu metabolitier, organizmalarin kendilerini
tekrar yenileyebilmelerine olanak saglamaktadir (Bourgougnon
ve Stiger-Pouvreau, 2012). Makroalglerde bulunan tallusun
farkli bollmleri (Vlachos vd., 1999) ya da tekrar dretim
asamasini igeren (Robles-Centeno vd., 1996) yasamsal
parametreler, cografik bélge ve mevsim gibi abiyotik faktorler,
makroalglerde  bulunan ikincil metabolitlerin  diizeyini

etkileyebilmektedirler
2012).

Antimikrobiyal metabolitlerin, iliman ya da tropikal denizel
makroalglerin tim siniflarinda (yesil [Ulvales ve Codiales],
kahverengi [Dictyotales, Laminariales ve Fucales] ve kirmizi
[Gigartinales ve Ceramiales]) bulundugu bildirilmektedir
(Pesando, 1990). Makroalg tirlerine gore farkliik gdsteren
ikincil metabolitler antimikrobiyal aktiviteden sorumlu olan
molekiiller olarak tanimlanmaktadir (Bourgougnon ve Stiger-
Pouvreau, 2012).

Denizel ~ makroalglerin ~ kimyasal ~ kompozisyonu  ve
antimikrobiyal aktivitesi; tir farkliigina, tallusun bulundugu
bdlgeye, fizyolojik duruma, gevresel kosullara (iklim, bdlge,
tuzluluk, sicaklik), kirlilige, blyime kosullarina, hasat zaman
ve epifitik organizmalara gore farkliliklar gdsterdigi yapilan
galismalar sonucunda rapor edilmektedir.

(Bourgougnon ve  Stiger-Pouvreau,

Farkli calismalarda, mevsimlere gdre alglerde bulunan
antimikrobiyal etkinin ve kimyasal kompozisyonun etkilendigi
belitilmektedir. ~ Aragtirmacilar,  alglerin ~ maksimum
antibakteriyel etkiyi ilkbahar déneminde sergilediklerini ve
bunun muhtemelen bu dénemde baskin olan bazi aktif
bilesenlerden kaynaklandigini belirtmektedirler (Perez vd.,
2016; Shannon ve Abu-Ghannam, 2016). Stirk vd, (2007),
Giiney Afrika'nin dogu sahillerinde Roky Kérfez'inden toplanan
yedi makroalg tiirlinGn metanol dzitlerinin - mevsimsel
degisimlere gére antifungal ve antibakteriyel aktivitelerinin
degisip degismediginin arastirdiklari galismanin sonucunda,
mevsimsel  degisimler sirasinda  antifungal  aktiviteleri
bakimindan farklillk bulunmadigini ancak antibakteriyel
aktiviteleri arasinda farklliklar bulundugunu tespit etmislerdir.
Yaz doneminde toplanan makroalglerde antibakteriyel aktivite
gbézlenmez iken; Temmuz, Eylil ve Kasim'da toplananlarda
antibakteriyel aktivite gozlenmistir. Tim yil  boyunca
antibakteriyel aktivite ve en yiiksek antifungal aktivite gésteren
makroalg Dictyota humifusa’nin oldugu tespit edilmistir.

Makroalglerden elde edilen 6zltlerde bulunan biyoaktif
bilesenleri saglamak igin cesitli yontemler kullaniimaktadir.
Kullanilan bu yéntemler sonucu elde edilen biyoaktif
bilesenlerin verimi; kullanilan ekstraksiyon ydntemi ve ¢ozgene
gore farklihklar gostermektedir. Denizel makroalglerden
antibakteriyel maddeleri elde etmek igin gesitli ekstraktsiyon
kosullar (dondurarak kurutma, soxhlet ekstraksiyonu, organik
gozlclilerin, enzimlerin ya da bakteriyel fermentasyon
kullanimi  gibi)  veriimektedir. Bununla birlikte;  farkli
ekstraksiyon sicakliklari, zaman, pH araligi, konsantrasyonlar
ve ¢ozlicli polaritesi gibi paremetrelerin timinin son Uriniin
antibakteriyel tesirini etkiledigi yapilan ¢alismalar sonucunda
belirtiimektedir (Sastry ve Rao, 1994; Seenivasan vd., 2010;
Salem vd., 2011; Shannon ve Abu-Ghannam, 2016). Bununla
birlikte; taze denizel makroalglerde bulunan ugucu
antimikrobiyal bilesenlerin (hidrojen peroksit, terpenoid, brom
eter bilesenleri ve ugucu yag asitleri) yiksek sicakliklarda
uygulanan kurutma yontemine bagli olarak miktarlarinda
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onemli derecede azalan bir degdisim oldugu bildirilmektedir
(Perez vd., 2016).

Makroalglerde bulunan ve antimikrobiyal etkiye sahip olan bu
bilesenlerden  bazilari;  polifenoller,  flavonoidler  ve
polisakkaritler olup, kahverengi, kirmizi ve vyesil alglerde
bulundugu belirlenmistir (Zaragoza vd., 2008; Cox vd., 2010).
Katesinler, flavonoller ve flavonol glikosidler kirmizi ve
kahverengi alglerin metanol ekstraksiyonlarindan tanimlanmig
ve antioksidan ve antimikrobiyal aktiviteye sahip olduklari tespit
edilmigtir. Alglerde bulunan pek cok fonksiyonel kimyasal
grubun (florotanninler, yag asitleri, peptidler, terpenler,
polisakkaritler, poliasetilenler, steroller, indol alkoloidler,
aromatik organik asitler, hidroquinonlar, alkoller, aldehitler,
ketonlar ve halojenli furanonlar gibi) bakteriyel engelleyiciler
olarak gorev yaptiklari bildiriimektedir (Shannon ve Abu-
Ghannam, 2016). Nagayama vd. (2002)'de kahverengi
alglerden elde ettikleri fenolik bir bilesen olan florotanninlerin
guclu bir bakterisit etkiye sahip oldugunu bildirmislerdir. Alg
hiicreleriyle fisodlar olarak adlandirilan fukosan grandllerinde
olusan, tallusun kuru kiitlesinin %1-15'ini igeren florotaninlerin
antibakteriyel aktivitesinin; hicre tahribatina sebep olan hiicre
membranlari ve enzimler gibi bakteriyel proteinlere baglanma
yeteneklerine sahip olmalari ve oksidatif fosforilizasyonu
engellemesi  gibi  dzelliklerinden  kaynaklandigi  rapor
edilmektedir ~ (Shannon  ve  Abu-Ghannam, 2016).
Florotaninlerin yani sira alglerde bulunan, yag asitleri,
polisakkaritler, proteinler ve peptidler, terpenler, laktonlar gibi
kimyasallarin da antimikrobiyal etkiden sorumlu olduklari
bildirilmektedir (Shannon ve Abu-Ghannam, 2016). Horie vd.
(2008)de Sargassum sagamianum kahverengi alginden
antibakteriyel 6zelliklere sahip olan sargaquinoik asit tiirevlerini
izole etmiglerdir.

Robles-Centeno vd. (1996), dogal veya kiltiir ortamlarinda
yetistirilen kirmizi alglerde biyoaktif bilesenlerin biyik bir
cesitliligini Greten karmasik bir kimyasal savunma oldugu
vurgulanmaktadir.  Kirmizi  alglerin  bir - kismi  halojenli
terpenoidleri tretmektedirler (Vairappan vd. 2001; Xu vd. 2004;
Vairappan vd. 2004). Yesil algler arasindan Ulva'lar ve
Acrosiphoniales’ler akrilik asit ve Caulerpa’larca zengindir ve
cok miktarda biyoaktif diterpenoidleri tiretmektedirler (Pesando
1990). Kahverengi alglere ait olan Fucales ve Dictyotales’ler
arasinda, akrilik asit, karmasik diterpenoid tirevleri, floratanin
ve fenolik yaglari iceren antimikrobiyal bilesenler bulunmustur
(Sastry ve Rao, 1994; Van Heemst vd., 1996; Abourriche vd.,
1999; Hellio vd., 2001; Zinedine vd., 2004; Bourgougnon ve
Stiger-Pouvreau, 2012).

Sphaerococus coronopifolius'dan izole edilen bromoditerpenin
(bromospehaerone) S. aureus bakterisine karsl, kirmizi
alglerden (Laurencia majuscule ve Laurencia marinensis) izole
edilen halojenli terpenler (lembeyne A ve lembeyne B), deniz
alglerinden izole edilen Almazole D (antibakteriyel oxazole
dipeptid)’nin bakterilere karsi gugli bir antibakteriyel bilesen
oldugu rapor edilmektedir (Smit, 2004; Venugopal, 2009).

Makroalglerin antimikrobiyal aktivitesi klorofil tiirevleri, akrilik
asit, terpenler, fenolik maddeler, halojenli alifatik bilesenler ve
s(ilfiir iceren heterosiklik bilesenlerden kaynaklanmaktadir. Bu
bilesenlerin yaninda antimikrobiyal aktivite bazi aminoasitler,
florotanninler, steroidler, halojenli ketonlar ve alkanlar, siklik
polistiffitler ve yag asitlerinden de kaynaklanmaktadir. Bununla
birlikte, hala cevaplanmasi gereken pek c¢ok soru
bulunmaktadir ve bu yiizden literatiirde strekli olarak yeni
calismalarin oldugu gortiimektedir (Espeche vd., 1984; Watson
ve Cruz-Rivera, 2003; Cox vd., 2010; Srivastava vd., 2010;
Salem vd., 2011; Radhika vd., 2012; Gupta vd., 2012; de
Almeida Mendes, 2012; Perez vd., 2016; Srikong vd., 2017,
Veeramohan vd., 2017).

Antimikrobiyal aktivitenin belirlenmesinde kullanilan

metotlar

Arastirmacilar, algal 6ziitlerin ya da onlarin metabolitlerinin
antimikrobiyal aktivitesini farkli metotlar ile belirlemislerdir.
Codunlukla in-vitro bazen de in-vivo analiz ydntemlerini,
birbirlerinden farkli alg o6ziitleri ve mikroorganizmalar igin
kullanmiglardir (Perez vd., 2016). Genellikle disk ya da kuyucuk
diflizyon agar, biylme inhibisyon ve minimum engelleme
konsantrasyon yontemi gibi farkli analiz yéntemlerini kullanarak
antimikrobiyal aktiviteyi belirlemislerdir.

Disk diflizyon agar yontemi, antibakteriyel ve antifungal
aktiviteyi degerlendirmek igin arastirmacilar tarafindan en
yaygin olarak kullanilan metotlardan biridir. Bu metot, steril
kagit disklerin kullanimina dayanan ve kagit diskler Uzerine
farkl konsantrasyonlarda enjekte edilen makroalg 6z(itlerinin,
bakteri, maya-kiife karsi etkilerini de@erlendirmek icin
kullanilan bir yontemdir. Agar (izerine belirli bakteriyel ya da
fungal kiltlirler (105-108 kob/ml oraninda mikroorganizma
slispansiyonu) eklenerek yapilmaktadir (Demirel vd., 2009; EI-
Baky vd., 2009; Ertlirk ve Tas, 2011; Ghanthikumar vd., 2012;
Varier vd., 2013; Elnabris vd., 2013; Arunachalam vd., 2014;
Perez vd., 2016; GlimUs ve Unlijsaym, 2016; Veeramohan vd.,
2017). Diger bir ydntem ise; Seenivasan vd. (2010) ve Mansuya
vd. (2010)'nin arastirmalarinda kullandiklari kuyucuk diftizyon
agar yontemidir. Bu ybntemde, agarlar igerisinde agilan
kuyucuklar igerisine makrolg 9zitlerini koyarak etrafinda
olusturduklar zona bagli olarak antimikrobiyal aktivite tespit
edilmektedir. Buylme inhibisyon analizi ise spektral bir dlglim
olup, belirli bir zaman igerisinde kuyucuklu petriler igerisinde
bulunan alg 6ziitlerinin varliginda antimikrobiyal gelismenin
izlendigi bir ydntemdir. Arastirmacilar farkli 11k yogunlugu (490
nm ve 600 nm gibiynda farkli alg o&zitlerinin farkli
konsantrasyonlarinda farkli siirelerde takiplerini yapmislar ve
bu yonteme goére alg 6zitlerinin antibakteriyel ve antifungal
aktivitesini belirlemiglerdir (Garcia-Bueno vd., 2014; Pinteus
vd., 2015). Bagka bir yontem olan minimum engelleme
konsantrasyon analizi; bakteriyel veya fungal biyimenin
engellendidi ham ya da saflastinimig makroalg 6ztlerinin en
disik konsantrasyonunun belirlendigi bir yontemdir (Stirk vd.,
2007; EI-Baky vd., 2009; Ertlirk ve Tas, 2011; Veeramohan vd.,
2017; Srikong vd., 2017).
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SONUG

Aragtirmacilar kirmizi, kahverengi ve yesil makroalg
oz(tlerinin ¢gesitli  mikroorganizmalara karsl antimikrobiyal
Ozellik gosterdigini ve makroalg 6z(tlerinde bulunan bu
antimikrobiyal aktivitenin, ikincil metabolitler olarak da bilinen
biyoaktif bilesiklerin varligindan kaynaklandigini
bildirilmektedirler. ~ Makroalgler  blinyelerinde  biyoaktif
bilesenleri bulundurmasindan dolay! uzun zamanlardan beri
tip, eczacilik, kozmetik ve dider endiistriyel alanlarda
kullaniimaktadir.
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0Oz: Bu derlemenin amaci, Avrupa ve Diinya killtiir balikgiliginda gok dnemli bir yeri olan iilkemizde viral balik hastaliklarinin miicadelesi ve bildirimi ile ilgili olarak
giincel bilgiler ortaya koymaktir. Gelismis ve organize kiiltir balik¢iligi isletmelerine sahip olan tilkemiz, Avrupa’da tiretim ve ihracatta 6nemli derecede s6z sahibidir.
Balik hastaliklarinin biiyik bdlimiini olusturan ve buyiik ekonomik kayiplara neden olan viral balik hastaliklarinin éneminin iyi bir sekilde anlagiimasinin yanisira
kontrol ve mlicadele 6nlemlerinin bilinmesi ve dodru anlagiimasi, sektériin gelisimine dnemli katkilar saglamaktadir. Ulusal ve uluslararasi mevzuatlari i¢eren bu
derlemenin sektérlin tim paydaglarina ulasmasi ve varolan farkindaligi daha da artirmasi amaglanmaktadir.

Anahtar kelimeler: Balik, kontrol, mevzuat, miicadele, viriis,

Abstract: The aim of this review is provide up-to-date information on the fighting against the viral fish diseases and their notification in our country which is very
important in European and world aquaculture. Turkey has developed and organized fisheries facilities and significant role in production and export in Europe. As
well as the well understanding of impotance of the viral fish diseases that make up the vast majority of fish diseases and cause large economic losses, the
knowledge and understanding of control and combat measures provide important contributions to the development of the industry. This review, which includes
national and international legislation, aims to reach all stakeholders of the sector and to increase current awareness.

Keywords: Fish, control, legislation, fighting, virus,

GIRIS

Ulkemizde 1970'li yillarda alabalik ve sazan yetistiriciligi,
1980'li yillarda ise levrek ve cipura yetistiriciligi baslamigtir
(Alpaz, 2005). Tiirkiye istatistik Kurumu (TUIK) 2013 yil
verilerine gore Ulkemizde 1935 adet i¢ su tesisi ve 418 adet
deniz tesisi olmak lizere toplam 2353 adet tesis bulunmaktadir
(Anonim, 2013). Balikgilik ve Su Uriinleri Genel Miiduirligir niin
verilerine gére avlanma ile elde edilen Uretim azalirken,

2017 yilinda su (rnleri ihracati ton bazida ithalat miktarinin %
50 fazlasiyken, elde edilen gelir agisindan ihracat miktari ithalat
miktarinin yaklasik 4 katidir (Anonim, 2018a).

Tablo 1. Yillar itibariyla Ttirkiye'de toplam su drtnleri dretimi (ton/yil)
Table 1. Total aquaculture production in Turkey by years (tons/year)

Yillar A\rﬂ_l.m{mn; v!—:‘l‘isﬂn_icinjx[:en] TOPLAM |
yetistiricilik ile elde edilen Gretimde ise son on yilda i¢ kat artis T T T maLU o LU
saflanmistir. Yefistiricilikteki tretim 2016 yili verilering gore o oo siom  seem  sese sy e erven
denizlerde 151.794 ton, ig sularda ise 101.601 tona UlagmiStir i s ss  ssou2  sse  sus  etow  swwsss
(Tablo 1). Bu siiregte yefistiricilikteki gelismeye paralel olarak e ssosss  som  ssmoss  sise | secos | imsss | sevees
. 2007 589.129 43321 632.450 80840 59,033 139.873 772323
ihracat artm|§ ve 2017 y|I|nda 156.681 tona ula§arak 2008 453.113 41011 44124 85.629 66557 | 152.186 646.310

. . o 2009 425.275 39.187 464.462 82481 76.248 158.729 623.191

854.731.829 Amerikan Dolari gelir saglamistir (Tablo 2). Elde 010 | 445680 | 40259 | 485939 88573 | 78568 | 16.141 | 653080
. . . o . . 2011 477.658 ar.oe7 514.755 88.344 100.446 188.790 703,545
edilen veriler detayl olarak incelendiginde, ihracat miktarinin 2012 | 39322 | 36120 | 432442 100853 | 111557 | 212410 | 64852
. L. . . 2013 339.047 35.074 374121 110.375 123.019 233.394 607.515

son 5 y||da buyuk b|r ivme kazanarak % 100 art|§ Sag|ad|g| 2014 266.078 36.134 302.212 126.894 108.239 235133 537345
2015 397.731 34176 431.907 138.879 101.455 240334 672.241

2016 301.464 33.856 335.320 151.794 101.601 253,395 S88,715

gorilmektedir. ithalat ve ihracat verileri karsilastirildiginda,
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Tablo 2. Yillar itibariyla Turkiye’nin toplam su Grnleri ithalat ve ihracati
Table 2. Total aquaculture importation and exportation of Turkey by years

IHRACAT ITHALAT

Yillar

Miktar (ton) Deger ($) Deger (&) Miktar {ton) Deger ($) Deger (t)
2000 14.533 46.374.937 28.752.958 44.230 36.647.254 22.601.314
2001 18.978 54.487.312 68.838.077 12971 11.295.373 11.917.561
2002 26.860 96.728.389 148.444.397 22.532 18.754.783 29.392.818
2003 29.937 124.842.223 186.152.895 45.606 32.636.120 48.123.816
2004 32.804 180.513.989 258.987.885 57.694 54.240.304 77.423.079
2005 37.655 206.039.936 277.963.150 47.676 68.558.341 92.425.248
2006 41.973 233.385.315 336.723.477 53.563 83.409.842 120.592.605
2007 47.214 273.077.508 356.293.408 58.022 96.632.063 126.432.371
2008 54.526 383.297.348 505.545.565 63.222 119.768.842 154.343.337
2009 54.354 318.063.028 494.899.926 72.686 105.822.852 163.633.104
2010 55.109 312.935.016 471.459.989 80.726 133.829.563 200.395.897
2011 66.738 395.306.914 664.333.252 65.698 173.886.517 290.826.203
2012 74.006 413.917.190 744.907.572 65.384 176.402.894 317.626.975
2013 101.063 568.207.316 1.083.243.678 67.530 188.068.388 |  350.490.196
2014 115.381 675.844.523 1.481.211.383 77.551 198.273.838 435.691.472
2015 121.053 692.220595 | 1.879.701.163 110.761 | 250.969.660 | 685.467.749
2016 145.469 790.303.664 2.398.269.090 82.074 180.753.629 548.878.092
2017 156.681 854.731.829 3.128.112.446 100.444 230.111.248 841.383.610

Gerek i¢ piyasada gerekse ihracatta hem isletmelerin verimliligi
ve kazanci hem de tiiketici sagligi agisindan balik sagligi birinci
derecede dnemlidir. Balik saghgi verimle, kazangla, isletmenin
gelecegi ile direk iligkilidir. Balik sagligi bazi etkenlerin zoonotik
karakterde olmasi veya toksikasyona yol agmasi nedeniyle
insan saglgi acisindan da bliyik 6nem tagimaktadir.

Ulkesel olarak balik yetistiriciliginde uluslararasi diizeyde
rekabet edecek seviyeye ulasiimasi igin isletmelerdeki
modernizasyon ve kapasite artirimlarinin yani sira isletme
ybnetim dlizeninin tam olarak saglanmasi, bakim ve beslenme
sartlarinin son standartlarda olmasi, kayitlarin zamaninda
tutulmasi ve hastaliklar ile toksikasyonlar igin gerekli tedbirlerin
yerinde ve zamaninda alinmasi buyik 6nem arz etmektedir.

Viral balik hastaliklari ile ilgili olarak olugabilecek bir salgin
durumunda yetkili yerel otoritelerle isbirligi yapilmasi, ulusal
otorite ile bilgi paylasiimasi ve uluslararasi boyutta bildirimlerin
zamaninda yapilmasi ile gerekli kontrol ve eradikasyonlarinin
zamaninda planlanmasi, olusabilecek daha ileri salginlari ve
milli ekonomideki kayiplari en az seviyede atlatmak igin
vazgecilmezdir.

Su drdinleri yetistiriciliginde 6nemli olan viral balik hastaliklari;
1. Enfeksiydz Pankreatik Nekrozis (IPN)*

Viral Hemorajik Septisemi (VHS)*23

Viral Nervdz Nekrozis (VNN)*

Koi Herpes Virus Hastaligi (KHVD)'23

Herpes Viral Hematopoetik Nekrozis Virus (HVHNV)4

Enfeksiy6z Hematopoetik Nekrozis (IHN)*23

Epizootik Hematopoetik Nekrozis (EHN)!23

Salmonid Alphavirus (SAV)?

Sazanlarin Bahar Viremisi (SVC)!2

Enfeksiyéz Somon Anemisi (ISA)!23

. Red Sea Bream iridoviral Disease (RSIVD)?

Oncorhynchus Masou Virus Disease (OMVD)*

. Viral Erythrocytic Necrosis (VEN)4

© o N o g k~ N
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14. Lymphocystis Disease Virus (LCDV)*

1 Ulusal mevzuatimiza gdre ihbari mecburi viral balik hastaliklari

2 OIE listesinde bulunan viral balik hastaliklari

32006/88/EC Avrupa Birligi direktifinde yeralan viral balik hastaliklari

4 Higbir listede bulunmayan, ancak ekonomik 6neme sahip viral balik
hastaliklari

BALIK HASTALIKLARI iLE MUCADELE MEVZUATI
Ulusal Mevzuat

Tiirkiye'de balik hastaliklarinin teshisi ve kontrolu ile ilgili
yetkili otorite Gida, Tarim ve Hayvancilik Bakanli§i — Gida ve
Kontrol Genel Mudurligt, Genel Midurliige bagh Veteriner
Kontrol ve Aragtirma Enstitiileri ve Bakanlik il Muddirlikleridir.
Balik hastaliklarinin teshisi ile ilgili olarak Ulusal Referans
Laboratuvari ise  bakanlk tarafindan  yetkilendirilen
izmir/Bornova Veteriner Kontrol Enstitiisi  MidirlGgirdiir
(Anonim, 2017; Anonim, 2018b).

Tlrkiye' de i¢ su ve denizlerde su drlinleri yetistiriciligi hizla
gelisen bir sektdrdir. Bu sektdrin gelisimini saglamak ve
verimliligini artirmak igin saglik kosullarinin  belirlenmesi
oldukga énemlidir. Bu nedenle Avrupa Birligine (AB) uyum
stirecinde dlkemizde ihbari mecburi olan balik hastaliklari ile
ilgili mevzuat calismalari da ivme kazanmistir. Balik hastaliklari
ile ilgili Ulkemizde vyapilan mevzuat calismalarinda AB
direktifleri ve Dlinya Hayvan Saghgi Teskilati (OIE) balik
hastaliklari ile ilgili programlari esas alinmaktadir.

Ulkemizde viral balik hastaliklarinin kontrol ve miicadelesi, her
yil bakanlik tarafindan yayinlanan “Hayvan Hastaliklari ile
Micadele ve Hayvan Hareketleri Kontrolli Genelgesi” ve
24.10.2006 tarihli ve 2006/88/EC sayili “Su Hayvanlari ve
Uriinlerine lliskin  Hayvan Saghgi  Gereklilikleri ve Su
Hayvanlarinda Belirli Hastaliklarin Onlenmesi ve Kontroliine
Dair Avrupa Birligi Konsey Direktifi’ne paralel olarak hazirlanan
31.01.2012 tarihinde Resmi Gazetede yayinlanarak y(rGrlige
giren “Su Hayvanlarinin Saglik Kosullari ile Hastaliklarina Kars!
Korunma ve Micadele Ydnetmeli§i® cercevesinde
ylritilmektedir (Anonim, 2006; Anonim, 2011; Anonim, 2012;
Anonim, 2017).

ihbari Mecburi Viral Balik Hastaliklari ve Yasal Bildirim

Ulkemizde 22 Ocak 2011 tarih ve 27823 sayili resmi gazete
yayinlanan “Ihbarr Mecburi Hayvan Hastaliklari ve Bildirimine
lligkin Yénetmelik” geregi ihbari mecburi viral balik hastaliklari;

»  Epizootik hematopoetik nekroz (EHN))

»  Viral hemorajik septisemi (VHS)

+  Baliklarin enfeksiydz hematopoetik nekrozis (IHN)
»  Enfeksiyéz somon anemisi (ISA)

»  Koi herpes virus hastaligi (KHVD)

»  Sazanlarin bahar viremisi (SVC) (Anonim, 2011)
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Bu kapsamda yer almamakla birlikte Viral Nervz Nekrozis
(VNN) ve Infeksiydz Pankreatik Nekrozis (IPN) hastaliklari da
Ulkemiz balikgihgr icin biyik 6nem tagimaktadir.

Bulasicl hayvan hastaligi ya da sebebi belli olmayan hayvan
élimlerinden haberdar olan hayvan sahipleri ve bakicilari,
veteriner hekimler ile muhtarlar, kdy koruculari, celepler,
cobanlar, gemi kaptanlari, istasyon ya da glimrik memur veya
idarecileri gibi ilgililer durumu yetkili otoriteye bildirmek
zorundadir (Anonim, 2011).

Resmi veteriner hekim, ihbari mecburi hastaliklardan herhangi
birine ait hem birincil mihrakin tespitinde hem de son mihrakin
eradikasyonundan sonra bu hastaliklara iligkin olarak getirilen
kisitlamalarin kaldirildigina iliskin gerekli bildirimleri 24 saat
icerisinde yetkili otorite araciligi ile Bakanliga yapar. Resmi
veteriner hekim yine bu hastaliklardan herhangi birine ait ikincil
mihrakin tespitinde 48 saat igerisinde yetkili otorite araciligiyla
Bakanliga bildirimde bulunur. Ancak, birincil ve ikincil mihrakin
tespiti ve son mihrakin eradikasyonundan sonra bu hastaliklara
iliskin olarak getirilen kisitlamalarin kaldirimasinda yapilacak
olan bildirimlerin kapsami, icerigi ve sikhdi, hastaligin ve
ozellikle epidemiyolojik gelismelerin 11§91 altinda, Bakanlik
tarafindan  gecici olarak degistirilebilir  Bakanlik, bu
hastaliklardan herhangi birinin birincil mihrakinin tespitinde ve
son mihrakin eradikasyonundan sonra bu hastaliklarla iligkin
olarak getirilen kisittamalarin  kaldirilmasinda, 24 saat
icerisinde Avrupa Komisyonuna gerekli bildirimleri yapar
(Anonim, 2011).

ihbari Mecburi Viral Balik Hastaliklari ile Miicadele
Kriterleri

Gida, Tarim ve Hayvancilik Bakanhigi - Gida ve Kontrol Genel
MUdUrlGgu, ihbari mecburi balik hastaliklari ile ilgili micadele
kriterlerini uluslararas| mevzuatlari géziniinde bulundurularak,
guncel epidemiyolojik bilgiler 1siginda hazirlamakta ve her yilin
baginda Hayvan Hastaliklari ile Miicadele ve Hayvan
Hareketleri Kontroli Genelgesi ile yayinlamaktadir. Bu
kriterlerden g6zéninde bulundurulmasi gerekenlerden bazilar;

1. Duyarli tir kapsamina girmeyen baliklarda hastalik
gorilmesi durumunda ihbari mecburi hastalik olarak
degerlendiriimeyecek  sadece izleme  calismasi
yapilacaktir.

2. Ihbari mecburi balik hastaliklarindan birinin gériilmesi
durumunda asagidaki miicadele ydntemi uygulanacaktir.

3. Kordon konulan stipheli alan igindeki tim balik giftlikleri
tespit edilerek, buralardan marazi maddeler alinacak ve
Balik Hastaliklari izZleme Formu ile birlikte laboratuvara
teshis igin gonderilecektir. Bu giftliklerin, hastali§a duyarli
ve duyarli olmayan tirler ydninden balik, yumurta, larva,
gamet ve yem alim ve satimi yaptigi yerlerin kayit altina
alinmasi saglanacaktir. Hastallk ¢ikan isletmelerde
Hastallk sonrasi Hastalik izleme programi, ayni su
kaynagindaki isletmeler ile balik, yumurta, larva, gamet,
yem aligverisi yapilan isletmelerde ise Hastalik izleme
Programi uygulanacaktir.

4.

10.

1.

12.

Hastalik ¢ikan ciftligin giris cikislarinda dezenfeksiyonu
saglayacak bir donanim bulundurulmasi saglanacaktir.

Oncelikli olarak, yenilebilecek biiyiiklikte olan ve
hastaligin klinik belirtilerini gostermeyen baliklar ¢
organlari cikartildiktan sonra kontrolli olarak tiketime
sunulacaktir. Bu islem igin isletmenin bulundugu yerde
uygun tesis bulunmamasi halinde baliklarin uygun bir
isleme tesisine sartll ve kontrol altinda cevreyi
bulagtirmayacak sekilde nakledilmesi saglanacaktir.
Tuketiimeyecek olan baliklar ile yumurtalar ve islem artigi
i¢ organlar gukura gdmme y6ntemi veya imha firinlarinda
yakilarak imha edilecektir.

Hasta baliklar, yumurtalar ve gametler mutlaka geri
cekilerek oldiirtilecek ve 6li baliklarla beraber gukura
gdmme veya imha firinlarinda yakilarak imha edilecektir.
Baliklarin porsiyonluk duruma gelmeleri igin kisa bir
zaman gerektijinde ve karantina  6nlemlerinin
uzatilmasinda sakinca gértiimedigi durumlarda baliklarin
ticari boyutlara erisene kadar biyitiimelerine izin verilir.

Karasal ciftikte havuzlarda bulunan tim baliklar
bosaltildiktan sonra (imha, porsiyon blyuklugtndekilerin
tiketime sunulmasi v.s.) havuzdaki suda dezenfekte
edilerek bogaltiir. Havuzlar temizlenir ve uygun
dezenfektanla, Ornegin ; % 3’ liik Formalin ile en az 5
dakika; %’ 2 lik NaOH ile en az 10 dakika; % 1 lik Virkon
ile en az 1 dakika havuzlar dezenfekte edilir, kurutulur ve
yikanir.

Havuzlarin yani sira tim alet, ekipmanlarda (tanklar,
giysiler vb) dezenfekte edilir. Ciftlik disina higbir sekilde
alet-ekipman, yem, balk, yumurta ve gamet
cikarilmayacaktir.

Hastaliin epizootik arastirmasi yapilacak ve Ozellikle
yemin de kaynag! arastirilacaktir.

Hastallk ¢ikan isletmeden son 3 vyil igerisinde balik,
yumurta veya gamet dagitilan yerlerin isim ve adresleri
tespit edilerek Bakanlik ve ilgili il/ilge Midurliiklerine
durum bildirilir.

Ayni su kaynag! iizerinde bulunan dider ciftliklere giren
su, giris yerinde dezenfekte edilir.

isletmelere asadida belirtilen hususlar énerilmelidir.

a) Yeni konulacak yumurtalar iodofor (0.1 ppm iodin)
ile 1 dakika muamele edilir. 3-5 dakika temiz deniz
suyu ile yikanip dezenfekte edilmis tanklara
aktarilir. Yeni balk populasyonu olugturulurken
alinacak baliklarin veya yumurtalarin alindigi
isletmenin viral enfeksiyonlardan ari oldugunu
gbsteren raporlari bulunmalidir.

b)  Enfeksiyon etkeninin yok edilmesi ve daha sonraki
salginlarin énlenmesi igin tesislerde UV rays UV-C
(254 nm)lik dezenfeksiyon sistemlerinin veya
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filtrasyon sistemlerinin kurularak suyun havuzlara
gitmeden nce bunlardan gegirilmesi gereklidir.

c) Isil islem gérmis yem kullaniimalidir (VHS virusu
50 °C'de 10 dakikada, IPN virusu 80 °C'de 10
dakikada inaktive olur).

13.  Inbari Mecburi olmayan ancak (lkemiz igin ekonomik ve
ticari éneme sahip Infeksiydz Pankreatik Nekrozis ve
Viral Nervéz Nekrozis hastaliklarindan supheli olgulardan
mutlaka teshis icin laboratuvara érnek gonderilecektir. Bu
hastaliklar yoninden Ulusal Referans Laboratuvar
tarafindan bolgesel / (Ulkesel tarama galigmalari
programlanacak ve Genel Midirlik onayl ile
uygulanacaktir (Anonim, 2017)

Avrupa Birligi tarafindan 24.10.2006 tarihinde yayinlanan
2006/88/EC — “Su Hayvanlari ve Uriinlerine iliskin Hayvan
Sagligi Gereklilikleri ve Su Hayvanlarinda Belirli Hastaliklarin
Onlenmesi ve Kontrolii” direktifi dogrultusunda hazirlanan ve
31.01.2012 tarihinde Resmi Gazetede yayinlanarak yuriirlige
giren “Su Hayvanlarinin Saglik Kosullari ile Hastaliklarina Karg!

Korunma ve Miicadele Yonetmeligi” ise;

a) Yetigtiriciligi yapilan su hayvani ile bunlardan elde edilen
Urtinlerin ithalatl ve transit gegisinde, pazara sunumunda
uygulanacak hayvan saghg sartlarini,

b) Yetistiriciligi yapilan su hayvani hastaliklari igin minimum
oOnleyici tedbirler konusunda, yetkili otoritenin, su driinleri
uretimi yapan isletmecilerin ve bu endlstrideki taraflarin
farkindaliginin ve hazirliginin artiriimasini,

c) Bazi su hayvani hastaliklarinin ortaya ¢iktigindan stiphe
duyulmasi veya bu hastaliklarin ortaya gikmasi durumunda
alinacak minimum kontrol 6nlemlerini amaglamaktadir
(Anonim, 2012).

Bu ydnetmelik temelinde ihbari mecburi viral balik hastaliklari
olusturabilecekleri riskler géz éniine alinarak liste-1 ve liste-2
olmak Uzere iki kategoride listelenmistir (Anonim, 2012).

Tablo 3. Liste-1 ve liste-2 hastaliklari ve duyarl tirler
Table 3. List-1 and list-2 diseases and susceptible species

Liste - 1 Hastaliklari

Hastalik Duyarh Tiirler
Epizootik hematopoietik Alabalik (Onchorhynchus mykiss) ve
nekrozis (EHN) Tatli su levredi (Perca fluviatilis)

Liste - 2 Hastaliklari
Hastalik Duyarh Tiirler

Kocabas sazan (Aristichthysnobilis),
Altinbalik (Carassiusauratus),

Havuz sazani (C.carassius),

Ot sazani (Ctenopharyngodon idellus),

Pullu sazan ve koi sazani (Cyprinuscarpio),
Gumis sazan (Hypophthalmichthys molitrix),
Yayin baligi (Silurus glanis) ve

Kadife bali§i (Tinca tinca)

Sazanlarin bahar viremisi
(SVC)

Mezgit (Gadusaeglefinus),

Morina bali§i (G. macrocephalus),
Atlantik morinasi (G. morhua),
Pasifik somonu (Oncorhynchus spp),
Gokkusagi alabaligi (O. mykiss),
Gelincik baligi (Onos mustelus),
Deniz alasi (Salmo trutta),

Kalkan (Scophthalmus maximus),
Gaca baligi (Sprattus sprattus) ve
Golge baligi (Thymallus thymallus)

Kopek somonu (Oncorhynchusketa),
Coho somonu (O. kisutch),
Seema alasi (0. masou),

Enfeksiy6z - . . .
hematopoietik nekrozis GokkU§gg| veya gelikbas alabaligi
(IHN) (O. mykiss), Kizil somon (O. nerka),

Pembe somon (O. rhodurus),
Kral somonu (O. tshawytscha) ve
Atlantik somonu (Salmo salar)

Koi herpes virus (KHV) Pullu sazan ve koi sazani (Cyprinuscarpio)

hastalig

Enfeksiybz somon Gokkg§ag| alabali§i (Oncorhynchus mykiss),
> Atlantik somonu (Salmo salar) ve

anemisi (ISA)

Deniz alas! (S. trutta)

Liste - 1 Hastaliklari:

Ringa baligi (Clupea spp.),

Viral hemorajik septisemi Beyaz balk (Coregonus sp.),

(VHS) Turnabaligi (Esox lucius),

a) Hastaligin Glkenin su hayvanlarinda yerlesik olmamasi ve
eldeki bilgiler dahilinde, ilgili patojenin (lke sularinda
bulunmamasi,

b) Hastaligin, lilkeye girmesi halinde, Uretim kayiplari veya
su hayvanlarinin ve (Grlnlerinin ticaretinde potansiyelin
kisitlanmasi yoluyla, Ulkenin su hayvanlarinda kayda
deger ekonomik etkiler yaratacak olmasi,

c) Hastaligin, llkeye girmesi halinde, tlke hukuku veya
uluslararasi hukumlerle korunmaya deger gérilen bir
varlik olan yabani su hayvani popllasyonuna yonelik
zararli gevresel etkiler yaratabilecek olmasi.

Liste - 2 Hastaliklari:

a) Ulkedeki bdlgelerin belirli hastaliktan ari olmasi,

b) Hastaligin, kati kontrol tedbirleri ve ticaret kisitlamalari
olmaksizin ¢iftik ya da yumusakca yetistirme alan
diizeyinde kontrol edilmesinin ve durdurulmasinin giig
olmasi,

c) Deneyimler isiginda, hastaliktan ari bélge veya
bolimlerin olusturulup korunabilecedi ve bu korumanin
maliyet etkin oldugu hallerde, hastaligin lke diizeyinde
kontrol altina alinabilmesi,

d) Su hayvanlarinin piyasaya arz edilmesi sirasinda,
hastaligin daha énce hastaliga yakalanmamis bir alanda
ortaya ¢ikma riskinin bulunmasi,

e) Enfekte su hayvanlar igin glivenilir ve basit testlerin
erisilebilir olmasi gerekir,

f)  Hastaligin, hastaliktan ari olan bir bélge veya bollime
girmesi halinde, hastalik ve kontrollyle baglantili yillik
maliyetlerin, bolgedeki duyarli su hayvani tiriinin Gretim
degerinin %5'ini agmasi ve Uretim kayiplari veya su
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hayvanlari ve drdnlerinin uluslar arasi ticaretindeki

olanaklarin  kisitlanmasi  yoluyla,  Glkenin  su
hayvanlarinda kayda deger ekonomik etkiler yaratacak
olmasi,

g) Hastaliin, hastaliktan ari bir bélge veya bélime girmesi
halinde, ortaya ¢ikti§i yerde Ulke hukuku veya
uluslararasi hikiimlerle korunmaya deger gér(len yabani
su hayvani poptlasyonuna yonelik zararli gevresel etkiler
yarattiginin belirlenmis olmasi (Anonim, 2012).

Ulusal Referans Laboratuvari

Ulkemizde Su Hayvanlari (balik, cift kabuklu ve yumusakga)
hastaliklari ile ilgili olarak referans laboratuvar; izmir/Bornova
Veteriner Kontrol Enstitiist Midurligt’'dar. Balik hastaliklari ile
ilgili Glkesel koordinasyon viroloji bollimi, ¢ift kabuklu ve
yumusakga hastaliklari ile ilgili Glkesel koordinasyon ise patoloji
bollimi tarafindan yiritllmektedir (Anonim, 2018b).

Ulusal referans laboratuvari OIE tarafindan her yil giincellenen
“Aquatic Animal Health Code” ve “Manual of Diagnostic Tests
for Aquatic Animals” bolimleri ile Avrupa Birliginin ilgili
direktifleri dikkatle izlenerek listelere yeni eklenen hastaliklar,
micadele ve kontrol stratejileri, uluslararasi ticaretteki etkileri
ve nitelikleri ve hastaliklarla ilgili giincel test metotlari takip
edilmektedir.

Viral balik hastaliklari ile ilgili olarak koordinatdr bélim, Gida ve
Kontrol Genel Midurliginin resmi onayi ile ilkesel ¢apta
tarama ve izleme programlari yuriitmekte, Avrupa Birligi
Topluluk Referans Laboratuvarlari ile isbirligi yapmakta ve her
yil dlzenli olarak viral balik hastaliklari ile ilgili yeterlilik
testlerine katiim saglamaktadir. Viral balik hastaliklari ile ilgili
referans ve saha izolatlari akreditasyon gercevesinde
muhafaza edilmekte, hastaliklarin teshisi ve izolatlarin
uretilmesi ile ilgili gerekli tim balik hicrelerini muhafaza
etmektedir. Bu cercevede (lkesel olarak ylritilen tarama
programlari;

- Alabalik Isletmelerinin Tarama Programi (IPN, VHS, IHN,
EHN)

- Levrek ve Cipura isletmelerinin Tarama Programi (VNN,
Iridovirus)

- Sazan Igletmelerinin Tarama Programi (SVC, KHV)

- Japon Bali§i Isletmelerinin Tarama Programi (CyHV-2,
SVC, KHV)

Yiritilen tarama programlari ve klinik vakalar sonucunda
ihbari mecburi hastaliklar veya ekonomik éneme sahip ihbari
mecburi olmayan hastaliklarin tespit ediimesi halinde de geriye
donuk arastirmalar da dahil olmak (zere 2 veya 4 yil sire ile
Hastallk sonrasi hastalik izleme programlari ylrGtilmektedir.
Bu kapsamda yuritulen izleme programlari;

- Koi Herpes Virus izleme Programi (Sazan isletmeleri)

- Viral Hemorajik Septisemi izleme Programi (Alabalik
Isletmeleri)

- Viral Nervoz Nekrozis izleme Programi (Levrek ve Cipura
Isletmeleri)

Su Hayvanlarinin Saglik Kosullari ile Hastaliklarina Kars
Korunma ve Miicadele Yonetmeligi geregi Ulusal Referans
Laboratuvarr'nin islev ve gorevleri;

1. Yoénetmelik uyarinca gérevlendirilen ulusal referans
laboratuvarlari, kendi sorumluluk alanlarina giren tani
standartlarinin  ve ydntemlerinin koordinasyonundan
sorumlu olur.

2. Liste-1 ve Liste-2’'de belirtilen hastaliklardan herhangi
birine iliskin  suphelerin ortaya ¢ikmasi halinde,
Uluslararasi standart metotlar ile teshisi yapmak ve
durumu  Bakanlida  gecikmeksizin  bildirmekle
yikumladr.

3. Liste-1 ve Liste-2’'de belirtilen hastaliklardan herhangi
birine iliskin slphelerin ortaya gikmasi halinde, OIE su
hayvanlarina yonelik tanisal test kilavuzunun son stirimu
ve konu ile ilgili Avrupa Birligi direktiflerine uygun
uluslararasi standart metotlar ile teshisi yapmak ve
durumu  Bakanliga  gecikmeksizin  bildirmekle
yukumladdr.

4. Teshis tekniklerinde bir érnekliligi saglamak igin bu
konuda gbrev yapan uzmanlarin egitimini yapar ve
egitimlerin strekliligini saglar.

5. Liste 1 hastaliklarinin tim hastalik ¢ikiglari ile Liste 2'de
belirttilen hastaliklarin ilk ¢ikislarinda ilgili pozitif
sonuglarinin teyit ediimesini saglar.

6. Bakanlikla diizenli ve agik bir diyalog iginde olur.

7. Yonetmelikte belirtilen farkli deney yontemlerine yonelik
kriterleri g6z 6nlnde bulundurarak, EN ISO/IEC 17025
Deney ve kalibrasyon laboratuvarlarinin yeterliligi icin
genel sartlar, EN 45002 genel galisma ve tanima
gerekliliklerini iceren kalibrasyon ve deney laboratuvarlar
akreditasyon sistemi Avrupa standartlarina gore caligir.
Bu standartlar akreditasyon kuruluglar tarafindan
akredite edilir.

8. Uluslararasi karsilagtirmali ve yeterlilik testlerine diizenli
olarak katilir ve ulusal dizeyde yeterlilik testleri dizenler
(Anonim, 2012).

Uluslararasi Mevzuat

Balik hastaliklari ile ilgili Ulkemizde yapilan mevzuat
galismalarinda AB direktifleri ve Diinya Hayvan sagligi Orgtii
(OIE) balik hastaliklari ile ilgili programlari esas alinmaktadir.

Ballk hastaliklarinin  kontrolinid  saglamak igin temel
yaklasimlar su sekildedir; Hastalik ile karsilasmay1 6nlemek igin
Ulkeye sadece saglikli balik girisini saglamak, hastalik varligini
kontrol etmek icin dizenli olarak Ulkede bulunan balik
ciftliklerini izlemek, dnemli bir hastalik salgini var ise yayilimini
onlemek ve kontrol etmek, hastaligin yayilimi veya girigini
onlemek amaciyla alinan her onlemi saglamak igin ciftlik
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yonetiminden canli balik hareketi, aligi ve satisi ile ilgili tim
bilgileri istemektir.

Diinya Hayvan Saghgi Orgiitii (OIE)

OIE'de su drinleri hastalik listesinin olusturulmasindaki
kriterler; Hastaligin ulusal ve uluslararasi dlizeyde énemli
ekonomik kayiplara neden olmasi, dogal aquatik hayvan
populasyonunu ekonomik veya ekolojik olarak olumsuz olarak
etkilemesi, etkenin halk sagligi ile iligkili olmasi, hastaligin
tedaviye direncli olmasi veya zayif cevap vermesi, sinirli
cografik alana sahip olmasi ve uluslar arasi ticarette 6nemli
tirlerde gorilmesidir (Anonim, 2018e).

OIE'ye lye ilkeler hastalik bildirimlerini WAHIS (The World
Animal Health Information System) sistemine yapmakla
yikumltdirler. OIE tarafindan listelenen hastaliklarin (ye
ulkeler tarafindan acil bildirimesi gereken durumlar vardir.
Bunlar; eger hastalik yeni bir konakgida gortilliyor ise, yeni bir
patojen sug veya yeni bir hastalik seklinde ise, yeni tanimlanan
zoonotik potansiyele sahip ise ve hastalik OIE listesinde yer
almiyor ancak acil hastalik vakasi var ise veya patojenik etken
diger ulkeler icin epidemiyolojik Gneme sahip ise 24 saat icinde
acil bildirimi yapilmalidir. Bildirimden sonra haftalik raporlar;
hastalik stabil hale gelene kadar veya hastalik eradike edilene
kadar elektronik olarak veya faks ile bildirilmelidir. Alti aylik
raporlarda ise liste hastaliklarin degerlendirilmesi, varligi veya
yoklugu, listede bulunmayan hastaliklarla ilgili olarak
epidemiyolojik olarak énemli veriler bildirilir. Ayrica llkelerde
¢ikan hastaliklarin timd yil sonunda tekrar yillik raporlar
seklinde dizenlenerek WAHIS sistemine veri olarak kaydedilir
(Anonim, 2018d).

OIE (2018) listesinde yer alan viral balik hastaliklarr;
- Epizootik hematopoietik nekrozis (EHN)
- Enfeksiyéz hematopoietik nekrozis (IHN)
- Sazanlarin bahar viremisi (SVC)
- Viral hemorajik septisemi (VHS)
- Enfeksiyéz somon anemisi (ISA)
- Mercan ridovirus Hastaligi
- Kaoi herpes virus (KHV) hastaligi
- Salmonid Alfavirus (Uyku Hastali§i) (Anonim, 2018f)

OIE binyesinde viral balik hastaliklarinin  uluslararasi
standartlarinin belirlenmesi, konfirmasyonlarinin yapilmasi ve
bilgi paylasiminin saglanmasi amaciyla her hastalik igin
referans laboratuvarlar ve referans kisiler belirlenmistir
(Anonim, 2018e).

Avrupa Birligi (AB)

Ulkemizde su hayvani hastaliklari ile ilgili olarak diizenlenen
mevzuatlar genel olarak Avrupa Birligi direktifleri dogrultusunda
hazirlanmistir. Biitin Avrupa Birligi (ye ve aday Clkeleri bu
konuda 2006/88/EC — “Su Hayvanlari ve Uriinlerine iliskin

Hayvan Sagligi Gereklilikleri ve Su Hayvanlarinda Belirli
Hastaliklarin Onlenmesi ve Kontrolii direktifini kendi iilke
mevzuatlarna  uyumlagtirmiglar ~ veya  uyumlagtirma
asamasindadir.

Avrupa Birligi Ulkelerinde iki laboratuvar tanimi vardir. Bunlar
National Reference Laboratory (NRL) — Ulusal Referans
Laboratuvari ve Community Reference Laboratory (CRL) -
Topluluk  Referans Laboratuvarrdir.  Ulkemizde  balik
hastaliklar ile ilgili NRL daha 6nce de bahsedildigi gibi
izmir/Bornova Veteriner Kontrol Enstitiisti'diir. Avrupa Birligi
balik hastaliklari ile ilgili CRL ise National Veterinary Institute
(DTU Vet), Technical University of Denmark'tir.

Ulkemiz AB (yelige kabul siirecinde oldugundan hastalik
bildirimlerini de 2006/88/EC ve 82/894/EC direktifleri
dogrultusunda 24 saat icerisinde Avrupa Birligi Hayvan
Hastaliklar Bildirim Sistemi (Animal Diseases Notification
System - ADNS)'ne bildirmek zorundadir (Anonim, 2018c).

2006/88/EC  direktifi son olarak 15.11.2012 tarihinde
glincellenmis ve liste hastaliklar Liste-1, Liste-2, Liste-3 gibi
gruplandirma vyerine ekzotik ve ekzotik olmayan viral balik
hastaliklari olarak gruplandiriimistir.

Tablo 4. 2006/88/EC direktifine gore ekzotik ve ekzotik olmayan
hastaliklar
Table 4. Exotic and non-exotic diseases according to council directive
2006/88EC

Ekzotik Hastaliklar EHN
VHS
Ekzotik Olmayan KHV
Hastaliklar IHN
ISA

2006/88/EC direktifine gore kayitlarin tutulmasi, giftlik bilgileri
ve hastalik izleme ile ilgili kriterler ise ézet olarak;

Tim balik ciftlikleri yetkili otorite tarafindan ruhsatlandiriimis
olmalidir. Yetkili otorite tarafindan izin igin;

- Ciftlik kayitlari olmali

- lyi hijyen uygulamalari olmali

- Hayvan saglik sirveyans programlari uygulanmali

- Yetkili otorite kontrol icin serbest ulagima sahip olmalidir.
Ciftlik kayitiarinda bulunmasi gereken bilgiler;

- Ciftlikte ki balik giris ve ¢ikiglarindaki tim hareketler

- Mortalite kayitlari

- Saglik slirveyans programlarinin sonuglari

2006/88/EC  Annex Il de ruhsath aquakiltir Uretim
isletmelerinde en az bulunmasi gereken bilgiler tanimlanmistir;

- Isletmenin ad adres ve iletisim bilgileri
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- Kayit numarasi ve ruhsatin dzellikleri
- Giftligin cografi durumu
- Ciftligin tipi, amaci, dretim kapasitesi

- Su kaynag, tahliye, sevkiyat ve aritma merkezi ile ilgili
bilgiler

- VYetistirilen tirler
- Saglik durumu hakkinda guincel bilgiler

2006/88/EC Annex Ill sadlik sertifikasi tanimlanmistir. Ciftlikler
her bir hastalik igin 5 kategoriye ayrilmistir. Bu kategorilere
gore de risk seviyeleri ve uygun siirveyans programlari
belirlenir. Bunun sonucunda saglik sertifikasi ve ciftlikler
arasinda ki aligveris durumu ortaya ¢ikar.

- Kategori 1: Hastaliktan ari
- Kategori 2: Siirveyans programi uygulanan

- Kategori 3: Durumu bilinmeyen ve herhangi bir programa
dahil olmayan

- Kategori 4: Eradikasyon programinda
- Kategori 5: Enfekte ciftlik

Avrupa Birli§i mevzuatlarinda (2001/183/EC, 2002/878/EC,
2003/466/EC) (Anonim, 2001; 2002; 2003) hastalik teshis,
izleme, arilik, ariligin devami ve stirveylans programlari ile ilgili
olarak isletmelerden ne kadar stire ile ve ne kadar blyUklUkte
ornekleme vyapilmasi ile ilgili olan mevzuatlar 11.09.2015
tarihinde yirirliikten kaldinimis ve hepsi 2015/1554/EC
komisyon uygulama karari ile tek bir cati altinda toplanmigtir.
Boylelikle glincelligi ve uygulanabilirligi tartisma konusu olan
mevzuatlar, meveut epidemiyolojik durumlar gézéniine alinarak
daha anlasilir ve agik bir hale getirilmistir. 2015/1554/EC
komisyon kararinda 6rnekleme ile ilgili yaklagimlar hastaliklarin
risk seviyelerine, teshisin amacina (klinik vaka, dogrulama
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testleri, resmi hastalik arastirmalari) sirveylansin amacina
(ariligin  kazanilmasi, devam ettirilmesi), eradikasyon
programina gore siresi 2-4 yil arasinda; 6rnek sayisi ise 30-75
adet baik arasinda degismektedir. Ayrica 6rneklemenin hangi
su sicakhgl araliginda ve iki 6rnekleme arasinda olmasi
gereken en az siire de hastaliga gére degismektedir. Ornegin
VHS ve IHN icin 6rnekleme, su sicakhidl 14 °C’ nin altina
dlstiigl zaman yapiimali ve iki Ornekleme arasinda en az 4 ay
olmahdir  (Anonim, 2015). Ulkemizde ilgili mevzuatin
uyumlastiriimasi galismalari devam etmektedir.

SONUG

Trkiye, Dinya ve Avrupa balik¢ilik endlstrisinde toplam
isletme sayisi, Uretim ve ihracat agisindan énemli bir yer
tutmaktadir.  Balikgilik  igletmeleri, ~ genel  olarak
degerlendirildiginde yetistiricilik agisindan gerekli bilgi ve
tecriibenin yanisira, endustrilesme ve modernizasyon ile ilgili
olarak ta onemli bir asamaya gelmistir. Bunun yaninda
Ulkemizde uygulanan biyogivenlik dnlemleri (isletmeye giris-
cikisin kisitlanmasi, dezenfeksiyon, sterilizasyon, asilama,
egitim) hastaliklarin ortaya ¢ikisinin engellenmesinde Kkilit rol
oynamaktadir.

Sirdirdlebilir ve gelistirilebilir bir balikgilik endUstrisinin
saglanmasi icin yetistiricilik yonuntn yani sira, hastaliklar da
énemlidir. Balik hastaliklarinin gogunu olugturan viral kdkenli
etiyolojilerin hem ulusal hem uluslararasi diizeyde korunma,
mUcadele ve eradikasyon kriterlerini iyi anlagilmasi sekt6rin
daha da gelismesine dnemli katkilar saglayacaktir. Bu amagla,
kamu ve dzel sektdrin isbirligi iginde olmasi, yurirlikte olan
mevzuatlar hakkinda fikir aligverisinde bulunmasi; hem
sektoriin bu konudaki farkindaliginin artmasina hem de kamu
kurumlarinin sektdrdeki sorunlari daha iyi anlamalarina olanak
saglayacaktir. Ayrica uluslararasi mevzuatlarin ilkemiz ulusal
mevzuatlarina uyumlastiriimasinda, bdlgesel sartlarin ortaya
konulmasi, ihtiyaglarin belirlenmesi, sektorimiiz ve (ilkemiz
adina daha gelistirilebilir mevzuatlar hazirlanmasina katki
saglayacaktir.
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