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Abstract: This study was carried out to determine the Hirudinea fauna to Lake Karagol Keywords
(Sindirgi-Balikesir, Tiirkiye) and Lake Golciik (Bigadig-Balikesir, Tiirkiye), which has ¢ Limnology
not been found in any limnological studies before. It was determined the species of :

Placobdella costata, Helobdella stagnalis, Hirudo verbana, Haemopis sanguisuga and * D_ma punctate
Dina punctata in Lake Karagdl and P. costata, Glossiphonia concolor, Dina lineata and  ® First record

D. punctata in Lake Golciik. According to the findings of the present study Dina

punctata was reported for the first time in the Turkish Hirudinea fauna.

Ozet: Bu galisma, daha dnce herhangi bir limnolojik ¢aligmaya Anahtar kelimeler
rastlanmayan Karagdl (Sindirgi-Balikesir) ve Golciik Golii (Bigadig- e Limnoloji
Balikesir)’niin Hirudinea faunasinin belirlenmesi amaciyla yapilmistir. e Dina punctata
Calisma ile Karagol’de Placobdella costata, Helobdella stagnalis, o i1k kayit

Hirudo verbana, Haemopis sanguisuga ve Dina punctata, Golciik
Goli’nde ise P. costata, Glossiphonia concolor, Dina lineata ve D.
punctata tiirleri tespit edilmistir. Bu tiirlerden D. punctata Tiirkiye
Hirudinea faunasi i¢in ilk kez rapor edilmistir.

1. INTRODUCTION

Leeches have been on the agenda of humanity since ancient times. It is known that bloodletting
was recommended by Hippocrates in the 5™ century BC (Thearle, 1998). Leeches are parasitic on
mammals, fish, amphibians, birds and reptiles and are also among the diet of fish, crayfish, birds,
aquatic insects and other leech species (Sawyer, 1986). Since leeches can be found in a wide
ecological range, it is not sufficient to evaluate them alone in water quality monitoring studies
(Neubert and Nesemann, 1999; Kazanci et al., 2009). However, since using more species to monitor
the water quality provides more reliable results, it is recommended to include Hirudinea members in
the assessment of the water quality (Metcalfe et al., 1988; Bendell and McNicol, 1991; Scrimgeour et
al., 1998; Ahmad et al., 2002; Koperski, 2005; Kazanci et al., 2009). Several countries include various
leech species as water quality monitoring tools in line with the Water Framework Directive
(Tempelman, 2008).

In parallel with intensive agricultural activities, deforestation, industry, urbanization, domestic
wastes and improper land use, changes and degradation occur in the physicochemical properties and
biodiversity of aquatic environments (Adla et al., 2022). These changes cause significant changes in
the qualitative and quantitative distribution of all ecosystems and aquatic organisms in particular
(Kang et al., 2023). However, the efficient and rational evaluation of the ecological change process is
closely linked to the knowledge of biological diversity (Yoccoz et al., 2001).

The first report of leech fauna in inland waters of Tiirkiye was made by Deveciyan (1915), who
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reported the presence of medicinal leech (Hirudo sp.) in Bursa Yenisehir Lake. The first report of
leeches in the history of the Republic of Tiirkiye was made by Geldiay (1949) from Lake Eymir with
the species Hirudo medicinalis and Placobdella catenigera (Syn: Placobdella costata). Following
these studies, many studies have been carried out on the leech fauna in the wetlands of Tiirkiye. The
first records for the wetlands of our country were reported by Saglam (2001) for P. costata, Saglam
and Daoriicti (2002) for Helobdella stagnalis, and Kazanci et al. (2009) for Erpobdella vilnensis. New
species for the literature from the wetlands of our country were Dina vignai (Minelli, 1978),
Batracobdella euxina (Neubert and Nesemann, 1995) and Hirudo sulukii (Saglam et al., 2016).

With this study, it was aimed to contribute to the biodiversity of Turkiye by determining the
Hirudinea fauna of Lake Karag6l (Sindirgi-Balikesir) and Lake Golciik (Bigadig-Balikesir), where no
limnological study was found.

2. MATERIAL and METHODS
2.1. Study schedule

This study was carried out on 22.06.2012 and 11.07.2022.
2.2. Study field

This study was conducted in Lake Karagdl and Lake Golciik. Lake Karagol is located in Sindirgt
(Balikesir) district. With an altitude of 1020 m, the lake is located at the coordinates 39°19'12.5"N
28°30'46.7"E and extends in the east-west direction. It is 59 km from Sindirg: district center. The
surface area of the lake is approximately 3 ha and the entire surface except the littoral zone is covered
with lotus leaves. There are orchards around the lake and therefore the lake is used for irrigation
purposes.

Lake Golciik is located in Bigadi¢ (Balikesir) district. The lake, which is 830 m above sea level, is
located at the coordinates 39°20'19.7"N 28°29'05.0"E and extends in the southwest-northeast
direction. The lake is 46 km from Bigadic district center, and its surface area is approximately 1 ha.
The vegetation is predominantly reed plants; however, due to the excavation works, open water
surfaces (lake mirrors) have been formed in places in the lake. The lake water is used for irrigation of
the surrounding gardens. Lakes studied are connected to each other by a 9 km stabilized road. The
locations of the lakes on the map are given in Figure 1.

A,
IwLakc Karagil (Sindirgy)

"
- -//"

» —

1 (Sindirgi, Balikesir) and Lake Golciik (Bigadic, Balikesir) where this
study was conducted.

Figure 1. Map location of Lake Karagd
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2.3. Sampling of leeches

While actively swimming individuals were collected by plastic sieve, passive specimens were
collected by hand or with forceps from stones, plant leaves and foreign objects with surface area such
as wood, bags, sacks, etc. Since the colors of spot and papillae are also taken into consideration in the
species identification of Hirudinea samples (Neubert and Nesemann, 1999), the specimens were
transported live in different plastic jars with the locality information recorded to the Limnology
Laboratory of Egirdir Fisheries Research Institute Directorate.
2.4. ldentification of leeches

Leeches were gradually anesthetized with 15% ethanol. Species identification was performed under
an Olympus SZX2 stereo microscope according to Sawyer (1986), Davies (1991), Neubert and
Nesemann (1999) and Saglam (2004).

3. RESULTS

As a result of the species identification, 5 species belonging to 4 families were identified in Lake
Karag6l and 4 species belonging to 2 families were identified in Lake Golciik. The identified species
are given in Table 1.

Table 1. Leech species and sample numbers in Lake Karag6l and Lake Golciik by sampling period.
Number of leeches

Wetlands Familia Species collected
2012 2022
o Placobdella costata (Miiller, 1846) 5 4
Glossiphonidae o
Helobdella stagnalis (Linnaeus, 1758) 1 -
Lake Karagdl  Hirudinidae Hirudo verbana Carena, 1820 21 2
Haemopidae Haemopis sanguisuga (Linnaeus, 1758) 4 -
Erpobdellidae Dina punctata Johansson, 1927 54 8
o Placobdella costata (Miiller, 1846) 6 11
Glossiphonidae . . )
Glossiphonia concolor (Apathy, 1888) 1 7
Lake Golciik .
. Dina punctata Johansson 1927 4 -
Erpobdellidae .
Dina lineata (Miiller, 1774) 3 1

Among the species identified in this study, D. punctata is the first record for the Hirudinea fauna of
Tiirkiye (Figure 2). While all identified species could be sampled in 2012, H. stagnalis, H. sanguisuga
could not be sampled for both lakes and D. punctata could not be sampled in Lake Karagdl in 2022.
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Figure 2. Dina punctata Johansson, 1927: A new record for the Hirudinea fauna of Tiirkiye.
a: Ventral (left) and dorsal (right) view of the leech; upper part of the leech shows the anterior region (Bar: 5
mm). b: The genital pores are separated from each other with two annuli (Bar: 1 mm). ¢: Atrium and cornua of
the leech (Bar: 1 mm).

D. punctata is a medium-sized leech with a body length of up to 85 mm. Although the anterior part
of the body is more or less cylindrical, the anterior cecum is long and protruding and the pseudognatha
are well developed. The genital cavities are separated from each other by 1.5-2 annuli; usually the
male genital cavity is located at b2/a2, sometimes at the beginning of a2. The female genital cavity is
always located on the b5/b6 border. The coloration of living individuals varies considerably. They are
mostly dark red-brown and black. The dorsal surface is covered with yellow reddish spots on the
anterior part of the body. These spots are irregularly arranged in two transverse rows on the a2 annuli.
On the dorsal surface there is a pair of paramedian stripes that fade in the posterior part of the body.
The body surface is covered with small papillae, so it appears rough (Nesemann, 1993; Neubert and
Nesemann, 1999).

G. concolor is a small-sized leech with a maximum body length of 35 mm. The head is slightly
detached from the body. It has three pairs of eyes. The genital cavities are separated from each other
by 2 annuli, the male genital cavity is located at XI a3/XIl al and the female genital cavity at XII
a2/a3. The color of living individuals is yellowish and brownish. There are 3 pairs of dark stripes, of
which the inner paramedian pair is very prominent and irregularly interrupted at the a2 annuli. The
dorsal surface is completely covered with small yellow dots. The body surface is smooth, and papillae
are absent in young individuals, whereas papillae may be present in adults. There may be a stripe up to
the anterior half of the ventral region of the body (Nesemann, 1990; Neubert and Nesemann, 1999;
Sawyer, 1986; Elliott and Dobson, 2015; Grosser et al., 2016).

Among the leech species sampled, P. costata was found under the stones and attached to the boot.
H. stagnalis and G. concolor individuals were found to the surface of stones. H. sanguisuga was
sampled passively under the stones on the shoreline of the Lake Karagdl. The leeches belonging to D.
punctata was the dominant leech species in Lake Karagol; they were found under stones. Individuals
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of D. lineata were sampled under stones. H. verbana individuals were sampled with a plastic sieve
while actively swimming towards the wave source formed by mixing the water. They were also found
among the submersed plants in Lake Karagdl and clinging to the boots.

4. DISCUSSION

P. costata is a leech species that mostly prefers turtles as hosts, but can also survive on amphibians,
fish, reptiles, birds and mammals (Sawyer, 1986; Saglam, 2001). Interestingly, individuals of this
leech species have been also reported to parasitize humans (Cichocka et al., 2021). The species, whose
type locality is the Crimean Peninsula, is distributed in the Palearctic geography (Neubert and
Nesemann, 1999; Kuvist et al., 2022). In this study, it was the most collected leech species in Lake
Golciik.

H. stagnalis is a species with high ecological tolerance and is known to be distributed even in
wetlands with a salinity of %03.6 (Neubert and Nesemann, 1999). It can be sampled under stones in
stagnant waters with high macrophyte density (Ozbek and Sar1, 2007). The most important parameter
determining the distribution of the species has been reported as the presence of food (Sawyer, 1986;
Saglam and Doriicii, 2002). Its diet is dominated by macroinvertebrates of Chironomidae and
Oligochaeta, but also includes Gastropoda, Amphipoda, Copepoda and Cladocera (Davies et al.,
1979). The species is distributed in Palearctic and Nearctic regions (Neubert and Nesemann, 1999).

H. verbana is one of the two medicinal leech species distributed in Turkish wetlands with Hirudo
sulukii (Saglam et al., 2016; Ceylan et al., 2021a). The reason for the use of the species in the field of
medicine is the bioactive substance content in its secretions (Singh, 2010; Liu et al., 2019). Since the
exposure of its habitats to various pollutants and overfishing have caused H. verbana populations to
weaken, the cultivation of the species has gained importance (Saglam, 2018; Ceylan, 2020).
International trade of the species is carried out with certain quotas under the Convention on
International Trade in Endangered Species of Wild Fauna and Flora (CITES) (Saglam, 2011; Williams
et al., 2020; Ceylan and Cetinkaya, 2021). Depending on their developmental stages, mammals,
reptiles, birds, fish and amphibians are the main hosts preferred in nature (Wilkin and Scofield, 1990;
Manav et al., 2019). In this study, it could only be sampled from Lake Karagdl. It is thought that the
remote location of Lake Karagol from the settlement both partially protected the lake from human
intervention and provided an opportunity for wild animals, which are among its hosts, to colonize
more easily. It is thought that the interventions made to Lake Golciik, which was previously reported
to have medicinal leeches by the local people, destroyed the habitat, and it is thought that the water
withdrawal from the lake with pumps both changed the water regime of the habitat, and it is possible
that the leeches were removed from the lake by the pump.

H. sanguisuga is a predatory leech that feeds on both terrestrial and aquatic invertebrates. It is
naturally distributed in many habitat types of the Palearctic geography with stagnant and flowing
systems (Neubert and Nesemann, 1999). It is frequently found in the littoral zone of wetlands and can
also be sampled in waterfowl nests (Ceylan et al., 2021b). Since it has the potential to be used as live
feed in fish aquaculture, it is one of the leech species that can be brought into aquaculture (Ceylan et
al., 2017).

D. punctata, which was reported for the first time in Tiirkiye with this study, was the most
frequently sampled species in Lake Karagol. This species lives in both aquatic and moist terrestrial
environments (Ben Ahmed et al., 2015). The species, whose type locality is Barcelona Guardiola
(Spain), was previously reported to be distributed in wetlands in France, Italy, Switzerland,
Liechtenstein, Hungary, Austria, Slovakia, Tunisia, Algeria, Iran and Iraq (Nesemann and Neubert,
1994; Neubert and Nesemann, 1999; Beracko and Kosel, 2011; Ben Ahmed et al., 2013; Ben Ahmed
et al., 2015; Darabi-Darestani et al., 2016; Bilal et al., 2017). With this study, it was determined that
the species is also distributed in the wetlands of Tiirkiye.

G. concolor is a predatory species feeding on small Molluscs. The species, whose type locality is
Danube at Dunaharaszti (Hungary), has a wide distribution in Europe and can be found in lakes, ponds
and rivers (Nesemann, 1990; Neubert and Nesemann, 1999). Apart from Europe, it has also been
reported in lIran (Darabi-Darestani et al., 2016; Darabi-Darestani et al., 2021), indicating that the
distribution of the species also includes Asian countries.

D. lineata lives in both terrestrial and aquatic environments. This species is distributed in the
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Mediterranean and Middle East (Neubert and Nesemann, 1999).

5. CONCLUSION

Studies on Hirudinea fauna in Turkish wetlands are limited due to the low number of researchers
working in leeches. Recently, studies supported by molecular methods (Saglam et al., 2016) have
contributed both to the disclosure of the Hirudinea fauna in the wetlands of Tiirkiye and to the
introduction of new leech species to the literature. This study, in which a new leech species was
reported for the Hirudinea fauna of Tirkiye, indicates that our country can make important
contributions to the science in leeches.
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Abstract: Trout is the most widely cultivated and traded fish species in Turkey and Keywords
many European countries, and a total of 471686 tons of production was realized in ¢ Trout
Turkey’s seas and inland waters in 2021. In addition to its nutritive value, this fish takes
a crucial position in the aquaculture sector due to its continuous and intensive production. ;
In this study, innovative bioactive protein hydrolysates (PH) produced from sprat were ® C0ating
used as a coating to increase the quality and shelf life of trout fillets stored at +4 °C. The ® Sprat
yields of traditional hydrolysate (TH) and ultrasound-assisted hydrolysate (UH) were e Ultrasound
8.66% and 12.63%, respectively. Protein values of TH and UH were 75.88 and 74.45%,

respectively. Three fillet groups were prepared from trout: uncoated control group (C),

traditional enzymatic protein hydrolysate coated group (THC), and ultrasound-assisted

enzymatic protein hydrolysate coated group (UHC). TVB-N value, which was 12.96

mg/100g in fresh trout, exceeded the consumable limit with 38.52 mg/100g on the 9" day

of storage in the C. This value reached 32.92 mg/100g and 33.62 mg/100g on the 12"

day for THC and UHC, respectively. At the beginning of storage, 0.21 mg MA/kg TBA

reached the consumable limit with 7.72 mg MA/kg in the C on the 9" day, while THC

and UHC remained within the limit with 6.67 mg MA/kg and 6.79 mg MA/Kg,

respectively. Total aerobic mesophilic bacteria (TAMB) and total aerobic psychrophilic

bacteria (TAPB) counts on day O of storage were 2.13 log cfu/g and 1.66 log cfu/g,

respectively. These values were calculated as 6.90, 5.20, 5.04, 6.95, 3.48, and 3.22 log

cfulg for C, THC, and UHC on the 12" day of storage, respectively. The application of

ultrasound during the production of protein hydrolysate significantly increased the yield

and hydrolysis degree of UH compared to TH. The lipid ratio of UH was also found to be

significantly lower than TH. In these respects, the application of ultrasound has provided

an advantage. Although both coatings have provided significant protection compared to

the C, generally similar results were obtained between the THC and UHC. PH coatings

delayed the chemical, physical, and microbial spoilage of trout fillets and extended the

storage period. The results showed that PH can be used as a coating on fish fillets stored

in cold conditions.

e Protein hydrolysate

Ozet: Alabalik iilkemizde ve birgok Avrupa iilkesinde yetistiriciligi ve ticareti en fazla Anahtar kelimeler
yapilan balik tiirlidiir ve 2021 yilinda iilkemiz denizleri ve igsularinda toplam 471686 o Alabalik

tonluk iretimi gerceklestirilmistir. Besleyici degerinin yanisira siirekli ve yogun
iretiminden dolay1 bu balik su iiriinleri sektoriinde 6nemli bir yere sahiptir. Bu ¢aligmada
+4 °C’de depolanan alabalik filetolarinin kalite ve raf dmriinii uzatmak amaciyla cagadan
{iretilen yenilik¢i biyoaktif protein hidrolizatlar1 (PH) kaplama olarak kullanilmistir. ® Caca
Geleneksel hidrolizat (TH) ve ultrason destekli hidrolizat (UH) verimleri sirasiyla %8.66 o Ultrason
ve %12.63 olarak hesaplanmistir. TH ve UH’a ait protein degerleri sirasiyla %75.88 ve

%74.45 olarak belirlenmigtir. Kaplamasiz kontrol grubu (K), geleneksel enzimatik

protein hidrolizati ile kaplanmis grup (GHKS) ve ultrases destekli enzimatik protein

hidrolizat1 ile kaplanmis grup (UHKS) olmak iizere 3 fileto grubu hazirlanmistir. Taze

alabalikta 12,96 mg/100g olan TVB-N degeri K grubunda depolamanin 9. giiniinde 38,52

e Protein hidrolizati
e Kaplama
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mg/100g ile tiiketilebilirlik sinirin1 agmigtir. Bu deger GHKS ve UHKS i¢in 12. giinde
sirastyla 32,92 mg/100g ve 33,62 mg/100g’a ulagsmistir. Depolamanin basinda 0,21 mg
MA/kg TBA degeri 9. giinde K grubunda 7,72 mg MA/kg ile tiiketilebilirlik sinirina
ulagirken GHKS ve UHKS de sirasiyla 6,67 mg MA/kg ve 6,79 mg MA/kg ile sinirin
icerisinde kalmustir. Depolamanin 0. giiniinde toplam aerobik mezofilik bakteri (TAMB)
ve toplam aerobik psikrofilik bakteri (TAPB) sayilar sirasiyla 2,13 log kob/g ve 1,66 log
kob/g olarak bulunmustur. Bu degerler depolamanin 12. giiniinde K, GHKS ve UHKS
i¢in sirastyla 6,90, 5,20, 5,04 ve 6,95, 3,48 ile 3,22 log kob/g olarak hesaplanmigtir. PH
kaplamalar alabalik filetolarinda kimyasal, fiziksel ve mikrobiyal bozulmay: geciktirerek
depolama siiresini uzatmigtir. Elde edilen sonuglar PH’1in, soguk kosullarda depolanan
balik filetolarinda kaplama olarak kullanilabilecegini gostermistir.

1. INTRODUCTION

Today, the awareness of consumers has led to an increase in the consumption of functional
foodstuffs, especially seafood. This necessitated the use of safe additives to extend the shelf life,
improve color and textural properties, and increase flavor and nutritional value by preserving the
sensory properties of the foods to be consumed at the industrial food production stages, without
impairing the quality. In general, artificial acidity regulators, antioxidant and antimicrobial effects,
color, texture, flavor enhancers, emulsifiers, and stabilizing agents can be used in the processing
technologies to be applied to the product. In recent years, there has been a tendency to use chemical
additives in foods in natural and near-natural forms as much as possible (Ghanbari et al., 2013; Erkan
et al., 2015). There is a need for studies to develop alternative production models using natural raw
materials to meet the demands for healthy and safe products, and to obtain products with improved
nutritional value with different additives.

Fisheries are important sources in meeting the world's protein needs. The aquaculture sector is
among the important sectors that provide continuous input to the national economies. But there are
critical issues at all stages from the production to consumption of seafood faced by the aquaculture
industry, both economically and environmentally. Namely, species that landed as discarded, species
that traditionally have no demand for consumption, by-products and wastes generated during
processing, and poor and/or inadequate processing, packaging, and storage conditions (FAO, 2020).

With the scientific research in recent years innovative and environmentally friendly production,
processing, packaging, distribution, and storage techniques are being developed (Biji et al., 2015;
Hoek et al., 2021). At the same time, from the raw material to the final product; by evaluating the
discharged species and by-products and wastes, with added value, with functional features, Significant
progress has been made in the development of natural products versus synthetic products (Simat et al.,
2021; Tiwari and Khawas, 2021).

Lorenzo et al. (2018) reported that people are aware of the food-health relationship and that they
have started to use their food consumption preferences in favor of ingredients consisting of healthy
ingredients free from synthetic additives. Protein hydrolysates demonstrate great potential as
antioxidant additives to food because they can act in several ways: by reducing hydro-peroxides,
scavenging free radicals, ROS inactivation, pro-oxidative transition metal chelation, and modifying the
physical properties of the products (Sohaib et al., 2017). Loi, Eyres, and Birch, (2019) stated that
showing surface-active properties, proteins derived from protein hydrolysates they can act as a
physical barrier, minimizing the contact of lipids with oxidizing agents, which contributes to the
reduction of lipid peroxidation in such foods. Barcellos et al., (2020) determined the impacts of the
commercial fish gelatin hydrolysate added to rainbow trout fillets (Oncorhynchus mykiss) packed
under vacuum. Their results were compared and correlations were observed regarding fish
preservation assessments. The authors concluded that the application of protein hydrolysate as an
additive is promising and can effectively control food quality for a longer period.

In the evaluation of world fishery products, live fresh and chilled products have the largest share
among consumers' preferences (FAO, 2020). Usage areas of seafood products other than human
consumption are agricultural usage from wastes, industrial usage as a nutrient-rich soil amendment
and digest into fuel and fertilizer from by-products, and the highest and most preferred usage is food
grade usage for human consumption as maintaining food grade standards, hydrolyzed proteins,
nutraceuticals, pharmaceuticals, etc., (Anal, 2017).

In this study, sprat, which is the most cough fish after anchovy in Turkey’s seas, but is not used for
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human consumption was used for the production of a protein hydrolysate, and some physicochemical
properties of hydrolysate were determined. The enzymatic method was applied for Protein hydrolysate
production, and it was used in different ways as conventional and ultrasound-assisted. Trout fillets
were coated with sprat protein hydrolysate, with various functional properties, to reduce and/or delay
the quality losses during the storage at +4 °C. The quality changes that occurred by coating with
hydrolysate were investigated.

2. MATERIALS AND METHODS
2.1. Materials

In the study, whole sprat (Sprattus sprattus L., 1758). was used for the production of hydrolysates
(TH and UH) (Figure 1a). Sprat was caught by a research vessel of Central Fisheries Research
Institute, Trabzon, Turkey, stored in the freezer in the vessel, and reached the Food Technology
Laboratory in iced box adjusted Styrofoam boxes. Trout (Oncorhynchus mykiss, Walbaum, 1792) was
used for the production of coated fish fillets (Figure 1b). The fish were obtained from a local fish store
(Trabzon, Turkey) and brought to the laboratory under a cold chain. After measuring their length and
weight, the fish were washed under tap water and their internal organs and skins were removed, and
the fish were filleted. The enzyme used in the production of hydrolysate was Alcalase 2.4 L (AU/kg
Sigma Aldrich) (Novozymes, Bagswaerd, Denmark).

Food-grade glycerol; (99.96% purity W252506, Sigma-Aldrich) at 20% (w/w, based on biopolymer
content) was purchased from Sigma Aldrich (Steinheim, Germany) and used as a plasticizer. All other
chemicals, and solvents used in this work were of analytical grade.
2.2.Methods

The hydrolysis process was carried out in a shaking water bath at pH 8 and temperature of 60 °C,
using Alcalase at 0.5% enzyme/substrate ratio for 1 hour according to Sathivel et al. (2005) with some
modifications as expressed in Balgik Misir and Koral, 2019. Ultrasound pretreatment was applied for
UH production. A probe-type ultrasound (Bandelin, Sonoplus HD 4200, homogenizer, Germany) was
used for this purpose; the device was set up with 40% amplitude, and the pulse/wait time was set up
10/10 seconds as given Rodriguez-Turienzo et al. (2012).

Figure 1. Spratt (Sprattus sprattus)(a), rainbow trout (Oncorhynchus mykiss)(b)

2.2.1. Degree of Hydrolysis

The degree of Hydrolysis of protein hydrolysates was determined according to the pH-stat method.
The pH of the solution was kept constant at 8 with 0.1 N NaOH. NaOH consumption was recorded
every 5 minutes for 60 minutes. Results are expressed as % (Wrolstad et al., 2005).
2.2.2. Yield of Hydrolysate

Yields of fish protein hydrolysates were based on the initial substrate amount.
2.2.3. Proximate analysis

Standard methods were used for crude protein, and lipid, analysis (AOAC 1995). The amount of
crude protein was calculated by multiplying the amount of N% obtained by a factor of 6.25 (AOAC,
1995). A crude lipid with Soxhlet extraction with diethyl ether. The moisture content of the samples
was determined according to Ludorff and Meyer (1973). Ash analysis was conducted according to
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Mattissek et al. (1988).
2.2.4. Antioxidant Activity

Free radical scavenging activities of hydrolysates were carried out according to the method of
Brand-Williams et al. (1995).

2.2.5. Preparation of the coatings:

Coatings were prepared according to Rodriguez-Turienzo et al. (2012). FPH content of the coatings
was adjusted to 8% and weighted values mixed with distilled water at 20 °C for 30 minutes. By adding
glycerol to the mixtures with a protein/glycerol ratio of 2:1, the pH was adjusted to 7 with 1N NaOH
in a water bath at 60 °C and shaken for 30 min (Figure 2).

Protein hydrolysate (TH/UH) +Distilled water (8%
protein; w/ w)

'

Mixing (30 min. at 20 °C)

'

Addition of glycerol (protein: glycerol ratio 1:1)

Homogenization (water bath 60 °C, pH 7, 30 min.)

Coating material
Figure 2. Preparation of coating materials

2.2.6. Coated Trout Fillets
2.2.6.1. Preparation of coated fillets:

The dipping method was used for the coating process. Fish fillets were coated with TH and UH as
given by Balcik Misir and Koral (2021). Briefly 5 min. immersing into the coating solution for 3 min.
draining on the grill. The coating process of trout fillets is demonstrated in Figure 3.

Fillets were prepared by hand, washed, and drained. Drained fillets were divided into three
treatments: control without any coating (C), TH coated group (THC) UH coated group (UHC).

Immersing trout fillets in coating materials (5 min.)

Draining on the grill for (3 min.)

Placing in Styrofoam containers one by one and
covered with stretch film,

'

Stored in cold storage at +4°C.

'

Coating material
Figure 3. The coating process of trout fillets

In the study, samples were separated from each group for day 0 analyses. Analyzes were performed
at +4 °C with an interval of 2 days.
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2.2.6.2. Water activity

The water activities of the samples were measured with a water activity device (Aqualab 4TE,
USA). The amount of water activity in the samples is placed in the measuring cups of the device and
read automatically.
2.2.6.3. pH measurement

The pH values of the samples were determined using a pH meter (Mettler Toledo, FiveGo F2,
Greifensee Switzerland).
2.2.6.4. Color Analysis

Color analysis was performed using Konika Minalto CR 10 (Inc., Japan) color analyzer. L*, a*,
and b* values were determined according to the criteria given by the International Commission on
Illumination CIELAB (Commission Internationalele de I'E Clairage), which is based on three-
dimensional color measurement.
2.2.6.5. Total Volatile Basic Nitrogen (TVB-N) Analysis

The determination of total volatile basic nitrogen (TVB-N) was determined by the distillation
method (Varlik et al., 1993) applied by Antonacopoulos and Vyncke (1989).
2.2.6.6. Thiobarbituric Acid (TBA) Analysis

TBA analysis was made according to Tarladgis et al. (1960).
2.2.6.7. Microbiological Analysis

All microbial counts were made using a 10 g sample. Nine times the weighed amount of dilution
liquid was added to form a 10-1 dilution. Other decimal dilutions were prepared from the 10-1 dilution
obtained by transferring 90 ml of 0.01 peptone water on the sample.
2.2.6.8. Total aerobic mesophilic bacteria count:

The total aerobic mesophilic bacteria count was made according to the AOAC, 990.12 method. 3M
Petri films (3M™ 7100039374) were used for the analysis and the Petri films were incubated at 35+1
°C for 4843 hours under aerobic conditions. The total number of aerobic mesophilic bacteria was
determined by counting petri films at the end of incubation (AOAC, 1995).
2.2.6.9. Total coliform bacteria count

Total coliform bacteria counts were made according to the AOAC, 991.14 methods. 3M Petri films
(3M™ 7100126846) were used for the analysis. The colonies were counted after incubating for 242
hours at 35+1 °C for total coliform by seeding on petri films in appropriate amounts from the prepared
dilutions (AOAC, 1995).
2.2.6.10. Yeast-Mold count

Yeast-mold counting was done according to the method of AOAC, 997.02. 3M Petri films (3M™
7100039379) were used for the analysis. The colonies were counted after incubating at 20-25 °C for 3-
5 days by planting the prepared dilutions on petri films used in appropriate amounts (AOAC, 1995).

All experiments were performed in triplicate. All reagents used were of analytical grade.
2.2.6.11. Statistical analysis

In the comparison of days and groups, repeated measures of variance analysis were applied. The
difference between measurement times for each group and the difference between groups at each
measurement time was evaluated with a one-way ANOVA. Duncan's multiple comparison test was
used to reveal the difference between the means. The results were considered significant at the p<0.05
significance level. MedCalc 17.9 package program was used for statistical analysis.

3. RESULTS AND DISCUSSION
3.1. Fish Protein Hydrolysates

The relationship between the degree of hydrolysis of TH and UH obtained from sprat is presented
in Figure 4. Accordingly, the maximum hydrolysis degree was determined as 22.93 +0.08% and
25.45+0.01% for TH and UH, respectively. A rapid increase in the hydrolysis degrees of both groups
was observed from the beginning of the process until approximately 20 min. Afterward, a decrease in
the reaction rate was observed with a certain decrease in the degree of hydrolysis of TH. The increase
in UH continued until 35" min. Then, the reaction continued at a constant rate. While the difference
between the hydrolysis degrees of the groups was insignificant between the 10" and 30" min.
(p>0.05), it was significant in the other stages of hydrolysis (p<0.05).
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Figure 4. Degree of hydrolysis of TH and UH.

Kog (2016) calculated the hydrolysis degrees of protein hydrolysates obtained from anchovy meat
and waste after 1 hour of hydrolysis; as 56.7% and 73.5%, respectively.

Huang et al. (2015) compared three different ultrasonic methods based on the production of
antioxidative peptides from corn protein. The corn protein was sonicated with probe ultrasound (PU),
flat plate ultrasound with sweeping frequency (FPUSF), and flat plate ultrasound with fixed frequency
(FPUFF) before hydrolysis by acalase. As a result of the study, it was revealed that the hydrolysis
degrees of all three ultrasound pre-applicated groups were higher than the control group.

The yield, pH, and color analysis results of TH and UH are presented in Table 1. The yields of TH
and UH were 8.66+0.01% and 12.63+0.06%, respectively. The difference between these values was
found to be statistically significant (p<0.05).

Arslan (2016) determined the yield of protein hydrolysate produced by using alcalase from trout
waste as 9.05%. Hau et al. (2018) calculated the yield of yellow-striped horse mackerel (Selaroides
leptolepis) protein hydrolysate produced by using alcalase after freeze and spray drying as 0.6%-1.6%
and 12-16% for spray drying and freeze drying, respectively. Sinthusamran et al. (2020) determined
the yield of protein hydrolysates obtained from salmon fillet using 3% alcalase and flavourzyme for
180 minutes, as 28.5% and 32.3% g/100g for alcalase and flavourzyme, respectively.

It can be thought that ultrasound application together with the alcalase used in the current study
positively affected the activity of alcalase and increased the hydrolysate yield.

The pH values for TH and UH were measured as 8.82+0.01 and 8.66+0.01, respectively. The
difference between these values is statistically significant (p<0.05).

Similar results were found in the study conducted by Hu et al. (2019). The researchers reported that
the ultrasound application on cuttlefish mantle did not cause any difference in the pH values of the
product. Arredondo-Parada et al. (2020) investigated the physicochemical and functional properties of
ultrasound-treated Dosidicus gigas mantle hydrolysate. They explained that the application of
ultrasound at various times is affected on pH value but the difference was reported as not statistically
significant. Jambrak et al. (2009) determined that 20 kHz probes and 40 and 500 kHz ultrasound
applications changed the pH values of soy proteins.

Compared to the literature, it is seen that ultrasound application has different effects on meats and
hydrolysates produced from different raw materials. pH changes are dependent on applied frequency,
time, and various factors such as sample conditions, protein concentration, sample geometry, or
dimensions. It has been shown that when used in large samples such as tissue and muscle, the
application can affect the cell membrane with a more aggressive effect and cause ionic imbalance,
while it does not have such an aggressive effect when used in protein solutions.

L*, a*, and b* values of C, THC, and UHC are presented in Table 1. In the study, L* and b* values
were lower, a* value was higher in TH than UH. The differences between the L*, a*, b* values of both
groups were found to be statistically significant (p<0.05).
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Mintah et al. (2020) investigated the effects of different ultrasound applications (constant and
sweeping frequency ultrasound) on the structural, physical, and functional properties of protein
isolates and hydrolysates obtained from the soldier fly (Hermetia illucens) by enzymatic method. The
researchers found the L* values of the hydrolysates to be 74.71, 74.41and 73.52 for conventional
enzymatic hydrolysate, fixed frequency pre-applied hydrolysate, and scavenging frequency ultrasound
pre-applied hydrolysate, respectively. They revealed that ultrasound applications did not affect the L*
values of hydrolysates significantly. The a* and b * values of the same samples differed in all 3 groups
(p<0.05). Among these values, b* values of fixed and sweeping frequency ultrasound groups were
statistically similar, while the other values differed.

Table 1. The yield, pH and color values of TH and UH.

. Color
Yield pH > a* b~
TH 8.66+0.01° 8.82+0.01° 75.23 +0.18% 2.66+0.01° 16.49+0.182
UH 12.63+0.06" 8.66+0.01° 79.08 £0.04" 1.43+0.04° 18.34 £0.05°

+ standard error (n=3). Different letters (a, b) on the numbers in the same column indicate differences between the groups (p<0.05). TH:
traditional hydrolysate; UH: ultrasound-assisted hydrolysate

The biochemical composition findings of the hydrolysates (TH and UH) produced from sprat are
presented in Table 2.

Table 2. Biochemical composition findings of TH and UH

Hydrolysate groups Protein Lipid Ash Dry matter
TH 75.88+0.47% 2.05+0.07° 12.88+0.23% 96.51+0.03%
UH 74.45+0.282 1.51+0.03° 14.97+0.08° 96.55+0.03%

+ standard error (n=3). Different letters (a, b) on the numbers in the same column indicate differences between the groups (p<0.05). TH:
traditional hydrolysate; UH: ultrasound-assisted hydrolysate

In the study, protein values of TH and UH were found to be around 75%. When compared with
sprat used as raw material (the protein value of sprat is 14.43+0.03%, Dagtekin et al., 2021), it can be
said that the protein value is due to the general characteristics of hydrolysates. It has been reported that
during the hydrolysis process, its proteins become largely soluble (Chalamaiah et al., 2010). The lipid
values of TH and UH lipid values were about 1.5 to 2%. This can be explained by separating the oil
layer and removing it from the medium during the centrifugation and other separation processes
performed after the hydrolysis process. Low lipid values are desirable in hydrolysates. Similarly,
several researchers have reported the lipid content of different fish protein hydrolysates to be <5%
(Benjakul and Morrissey, 1997; Kristinsson and Rasco, 2000; Wasswa et al., 2007).

It has been reported that low lipid value can prolong the shelf life of the product by delaying the
deterioration due to lipid oxidation in fish protein hydrolysates (Kristinsson and Ingadottir, 2005). The
ash value of UH was found to be higher than that of TH. It is thought that the high ash value may be
caused by the salts coming from the alkali added to keep the pH constant during the hydrolysis process
or the breakdown of raw materials such as bone and skin (Choi et al., 2009; Batista et al., 2010). Dry
matter values of TH and UH were found to be very close to each other and very high since the product
was dried after hydrolysis. According to these results, it was determined that ultrasound did not have a
significant effect on the protein and dry matter values of hydrolysates. Similarly, Zou et al. (2016)
reported that the protein values of ultrasound-treated porcine cerebral hydrolysate were higher than
normal hydrolysate, but this value was not statistically significant, whereas the ash values increased
statistically significantly. In the study of Kog (2016), protein, oil and ash and dry matter values based
on dry matter in hydrolysates obtained from anchovy meat and waste are respectively; 83.36%,
15.38%, 10.3%, 97.98%, and 76.55%, 14.13%, 0.93% and 94.60%. Arslan (2016) determined the
biochemical content of powdered protein hydrolysate made from trout wastes as 94.75+0.68% dry
matter, 86.40+0.34% crude protein, 0.37+£0.01% crude oil, and 6.344+0.01% raw ash.

According to the literature above, it has been reported that the protein content of protein
hydrolysates obtained from various aquatic products and by-products varies between 70.0% and
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90.0% on average. When evaluated in general, it is concluded that different process parameters such as
raw material, enzyme type and rate, hydrolysis time, and temperature used during the production of
hydrolysate can greatly affect the biochemical composition of the obtained hydrolysates. However, in
the current study, similar to the literature, it was revealed that ultrasound application did not perform a
statistically significant change on the chemical composition of protein hydrolysates.

Three different concentrations of hydrolysates were used in the analyzes made with the DPPH
method. According to this, the DPPH radical scavenging activity levels of TH are as % inhibition for
three different concentrations of 10%, 15%, and 20%, respectively; 11.83; 21.52 and 31.54; 23.96 for
UH, respectively; It was determined as 27.90 and 30.96. It was observed that the antioxidant activity
value increased as the hydrolysate concentration increased. It was determined that antioxidant levels of
TH and UH showed a significant difference in all three concentrations (p<0.05). When the two
hydrolysate groups were compared, it was determined that only 20% of concentration values showed
similarity (p>0.05) (Figure 5).
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Figure 5. Antioxidant activities of TH and UH.

3.2. Coated Fillets

a, and pH values of C, THC, and UHC are presented in Figure 6. According to the results, a,, value
of fresh trout, which was 0.9981, decreased with similar values in all groups during storage. The
lowest a, value was recorded as 0.9680 on the 12" day in the THC. When a,, values of the groups
were evaluated statistically, it was determined that the differences between the groups were significant
(p<0.05). The differences between a, values of C and UHC on the 12" day were insignificant
(p>0.05), and significant on the other days (p<0.05).

Although these conditions allow many microorganisms to grow in the medium for all groups, the
fact that the decreases are not significant also shows that no significant changes have occurred in the
fillets' tissues. It has been reported that a,, value alone is not sufficient to reveal the quality status of
the product (Karagali, 2002).

Linn et al. (2021) treated the catfish fillets with different coatings (distilled water, chitosan,
alginate, and a combination of these materials). The water activity of fillets was increased gradually
from 0.9916 to the maximum value of 0.9941 for the control sample. The researchers attributed the
higher water activity of the control samples, compared to the coated groups, to moisture migration by
edible coatings on the fish surface. When compared with the literature, it is seen that there are
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similarities between the studies using FPH, and differences when polysaccharide-based products are
used.
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Figure 6. a,, and pH values of C, THC, and UHC

The pH value, which was 6.5 at the beginning, decreased until the 5th day and increased from this
day to the 12" day. The minimum and the maximum pH value was determined at C as 6.26 and 6.71
on the 5™ and 12" day, respectively. The differences between the pH values of C, THC, and UHC
were insignificant on days 0, 3, and 7 (p>0.05). On the fifth, 9", and 12" days, THC and UHC were
insignificant (p>0.05), while C was significant (p<0.05).

The increase in pH values was higher in C, lower and close to each other in THC and UHC.
However, this increase in pH remained within consumable limits throughout storage, including the last
day. It is thought that the conversion of glycogen to lactic acid during storage may have caused the pH
value to decrease. The formation of nitrogenous compounds such as ammonia, trimethylamine, and
histamine, which are derived from both autolysis by endogenous enzymes and microbial enzymatic
activities, may have caused the pH value to increase.

A similar trend was found by Sun et al. (2019). They investigated the effects of fish gelatin coating,
enriched with curcumin/B-cyclodextrin (CUR/BCD), on grass carp fillets during storage at +4 °C. The
authors expressed that the pH values of the fillets increased during the first 3 days and decreased rest
of storage. However, while the decrease in the values of the control group was less, the increase was
higher than the other groups. Linn et al. (2021) found that the pH value increased continuously during
21 days of storage in the control and all coated groups.

The L*, a*, and b* values for C, THC, and UHC are given in Figure 7. Accordingly, L*, a*, b*
values of fresh trout were determined as 41.92, 10.15, and 20.25, respectively on day 0. The maximum
L* value was 47.94, in C on the 12" day of storage; the minimum L* value was 39.33, recorded in
UHC on the 7" day of storage.

The differences; in L* values were not significant in all groups on the oM 9" and 12" days of
storage (p>0.05); a* values were also found to be insignificant in all groups at 0, 5, 9, and 12 days of
storage (p<0.05); and b* values were found to be insignificant in all groups on the 7™ day of storage
(p>0.05).
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The L* value, which remained similar for the first 9 days in C, reached the highest value on the
12th day of storage and the fillets took on a darker color. In the case of THC and UHC L* values
showed more fluctuations, although they did not change much. In general, L* values of all groups
were close to each other during storage. The a* and b* values of the fillets followed a fluctuating trend
with a similar value throughout storage. Increases in a* values indicate an increase in the redness of
the fillets, while increases in b* values represent yellowing. It can be said that the increase in b*
values may have occurred due to the lipid and protein oxidation of the fillets.

I*
g#C #THC mUHC
60
50
&
'qﬁ
40 B
o
30 a
)
R
20 =
0 =
0 =]
0 3 5 7 9 12
a #*
18
&UHC
16

3 5 7 9 12
b*
aC BTHC BETUHC
25
20 ik
=
15 :i
10 &
)
5 ::
0 :

Figure 7. Color parameters (L*, a* and b*) of C, THC and UHC
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The changes in TVB-N and TBA values for C, THC, and UHC, are given in Table 3 and Table 4,
respectively. While the TVB-N value of fresh trout was 12.96 mg/100g, it increased over time in all
three groups. In the C, it exceeded the consumable limit with 38.52 mg/100g on the 9" day of storage.
It was determined that the differences between all days of TVB-N values of C during storage were
significant (p<0.05).

TVB-N values of THC and UHC were statistically similar at 0, 3, 9, and 12 days of storage
(p>0.05) but were significantly lower than C (p<0.05). It differed significantly in all groups on the 5"
and 7" days (p<0.05), and the highest values on these days belonged to C.

In the current study, TVB-N values increased in all groups due to bacterial and enzymatic
deterioration during storage, but this increase was lower in THC and UHC than in C. It exceeded the
consumable limit in C on the 9" day of storage. While it did not reach the limit value in THC and
UHC on the 12" day of storage. This can be explained by the fact that TFPH and UFPH may have
effectively delayed the microbial degradation of protein and nitrogen-containing components.
However, the absence of a significant difference between THC and UHC can be considered a sign that
ultrasound application does not show a significant superiority over THC.

Table 3. TVB-N values of C, THC, and UHC during the storage at +4 °C

Days TVB-N
C THC UHC
0 12.96+0.23* 12.96+0.23* 12.96+0.23%
3 16.11+0.43" 13.66+0.18** 14.01+0.05*
5 24.51+0.37° 21.71+0.43"8 18.21+0.72°
7 31.52+0.37% 23.11£0.37°A 24.51+0.37°®
9 38.52+0.37°® 30.12+0.37% 31.52+1.16™
12 41.32+1.18™® 32.92+0.37°A 33.62+0.20%A

+ Indicates the standard error (n=3). Different lowercase letters (a, b, c.. ) in the same column show the differences between different days of
the same group (p<0.05), and different uppercase letters (A,B,C...) in the same row show the differences of different groups on the same
days. C: uncoated control group, THC: traditional enzymatic protein hydrolysate coated group, UHC: ultrasound-assisted enzymatic protein
hydrolysate coated group

Yu et al. (2021) investigated the effects of ultrasound-assisted chito-oligosaccharide coating (COS-
UA) on the quality of chilled grass carp fillets. It was reported that the TVB-N value increased slowly
in all groups until the 3rd day of the study and this increase was statistically insignificant, and the
TVB-N value of the control group increased sharply in the following days. Barcellos et al. (2020)
investigated the effect of protein hydrolysate obtained from commercial fish gelatin on rainbow trout
fillets that were vacuum-packed and stored in refrigerator conditions. It was reported that although
there was a difference in TVB-N values and bacterial deterioration between the control and
hydrolysate groups, these differences were statistically insignificant, and optimization of the
procedures was needed. In the study, the hydrolysate was applied by injecting it into the vacuum
package. The application difference because the fish were not directly exposed to the hydrolysate
solution suggests that the results may have been obtained in different directions.

While TBA values were calculated as 0.21 mg MA/Kg at the beginning of storage, it reached the
consumable limit with 7.72 mg MA/kg in C on the 9" day. On the same day, this value remained
within the consumable limit with 6.67 mg MA/kg and 6.79 mg MA/kg for THC and UHC,
respectively.

According to the statistical analysis between the groups, the TBA values of THV and UHC showed
significant differences on the 3", 5™ and 7™ days of storage (p>0.05), and insignificant on the 9™ and
12" days (p>0.05). TBA values of C were significantly higher than THC and UHC during the whole
storage (p<0.05).
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Table 4. TBA values of C, THC and UHC during the storage at +4 °C

TBA
Days
C THC UHC
0 0.21+0.00* 0.21£0.01% 0.21+0.00*
3 1.36+0.50°C 0.96+0.02%8 0.84+0.02°4
5 3.46+0.50° 2.93+0.01A 3.18+0.01°®
7 5.02+0.53% 3.34+0.02% 4.68+0.05%
9 7.7240.57%8 6.67+0.02°A 6.79+0.05%A
12 9.13+0.165™ 8.19+0.06™ 7.96+0.01%

+ Indicates the standard error (n=3). Lowercase letters (a, b, c) in the same column show the differences between different days of the same
group (p<0.05), and uppercase letters (A,B,C...) in the same row show the differences of different groups on the same days. C: uncoated
control group, THC: traditional enzymatic protein hydrolysate coated group, UHC: ultrasound-assisted enzymatic protein hydrolysate coated
group

It has been reported that the increase in TBA value is associated with the presence of oxygen (Cai
et al., 2014). It can be said that the coating layer formed on the fillet surface is effective in reducing
the secondary products of lipid oxidation, so the increase in TBA values is lower than the C depending
on the coating materials used. Although the antioxidant activity of UFPH was higher than GFPH in the
antioxidant activity analyses performed on protein hydrolysates, it was observed that it did not provide
significantly better protection than GFPH when applied to fillets.

Parvathy et al. (2018) reported that the TBA value of the control group reached 5.14 mg
manolaldehyde/kg on the 5th day of storage. However, it was determined that the increase in TBA
value in the coated groups was significantly less than in the control group and remained within the
consumable limits until the 11th day.

It has been reported in the literature that coating and film materials, which can show higher
potential in in-vitro studies, show lower activity when applied to foods. It has been stated that the
reason for this is that a more complex matrix is formed when the coating material combines with food
(Kulawik et al., 2019). This explains why newly developed coatings and films need to be tested on
foods. de Abreu et al. (2011) also encountered similar results in their study.

In the study, TAMB, TAPB, coliform bacteria, and yeast mold (Figure 8) analyses were performed
for C, THC, and UHC. While the number of TAMB was 2.13 log cfu/g on day O, it increased during
storage in all groups. The maximum TAMB value was calculated at 6.90 log cfu/g and C on the 12"
day, it was determined as 5.20 log cfu/g and 5.04 log cfu/g for THC and UHC on the same day,
respectively.

It was determined that the differences between the TABM values of all three groups were
significant on the same days during the entire storage period (p>0.05).

The number of TAPB, which was 1.66 log cfu/g at the beginning, increased during storage and
reached a maximum of 6.95, 3.48, and 3.22 log cfu/g for C, THC, and UHC on the 12t day,
respectively.

The number of coliform bacteria, which was 1.66 log cfu/g on 0. day, increased in all groups
during storage. This value reached 4.54 log cfu/g, 2.56 log cfu/g, and 2.86 log cfu/g, respectively, for
C, THC, and UHC on the 12" day. The differences between different days of each group were found
to be significant (p>0.05).

According to the statistical analysis between the groups, it was determined that the differences
between the Coliform bacteria values of all groups were significant on the same days during the entire
storage period (p>0.05).

The yeast-mold count was 1.66 log cfu/g on 0. day, and reached its maximum values 4.60 log
cfulg, 2.74 log cfulg, and 2.74 log cfu/g for C, THC, and UHC on the 12" day of storage, respectively.

The differences between different days of each group were found to be significant (p>0.05).

When the statistical analysis between the groups was examined, it was determined that the
differences between the yeast-mold values of all groups were significant on the same days during the
entire storage period (p>0.05).

Throughout the study, increases were observed in the number of TAMBs of C, THC, and UHC.
These increases were also in parallel with the TVB-N values and were higher in C than in THC and
UHC (Table 3). As of the 12" day of the study, the number of TAMBs determined for C reached the
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consumable limit, whereas it remained around 5 log cfu/g for THC and UHC. However, the TAMB
values of UHC were significantly lower than those of the THC.
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Figure 8. TAMB, TAPB, Coliform, Yeast, and Mold counts of C, THC, and UHC

A similar trend was obtained in TAPB numbers, reaching the consumable limit for C on the 12"
day. On the same day, it remained within the acceptable limits in terms of consumables with 3.48 log
cfu/g and 3.22 log cfu/g for THC and UHC, respectively. It can be said that the growth of
microorganisms may have been prevented in this environment, where the coating materials cover the
fish surface and create a barrier between the fillet and the external environment, preventing the
passage of oxygen. A similar trend was also observed in coliform bacteria and yeast-mold numbers.
However, the increases are significantly higher for C compared to other groups.

Goémez-Guillén et al. (2011) reported that fish gelatin hydrolysate showed bacteriostatic and
bactericidal properties. However, it has also been reported that edible coatings can act as a rich
nutrient medium for bacteria in some products and support microbial growth (Sardari and Nordberg
Karlsson, (2018).

The low levels of coliform bacteria can be explained by the low storage temperatures during the
fish slaughtering process and the time it takes to take their place on the shelves (Junior et al., 2014).
On the other hand, high contamination with coliform bacteria is mostly associated with environmental
factors related to fish farming, such as the degree of contamination of the water and the feeding of
fish.

4. CONCLUSION

In the current study, it has been demonstrated that the protein hydrolysate produced from sprat can
be used as a coating material in cold-stored fish fillets, which can extend the storage period of the
fillets. Compared with the control group, it was revealed that the coating materials prepared with UH
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and TH can effectively protect the trout fillets microbiologically and chemically and prolong the
storage period, therefore the hydrolysates obtained from sprat can be used as a coating material for
fillet fish. It is thought that different results can be obtained with studies that can be done by changing
the ultrasound application parameters.
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Abstract: In this study, the length-weight relationship (LWR) and condition factor (CF) Keywords

of Mesopotamian spiny eel Mastacembelus simack (Banks & Solander, 1794) caught ¢ \Mesopotamian spiny eel
from the Tigris River and Murat River basins between 2014 and 2016 were investigated. LWR

While the length of the fishes ranged between 24.00 and 67.40 cm for Tigris basin and

27.20 and 60.50 cm Murat basin, the weights changed between 31.70 and 585.30 g for ® CF

Tigris basin and 38.20 and 385.00 g for Murat basin. It was determined positive e Negative allometric
allometric growth in individuals with a length of between 27.20 and 31.80 cm (b=3.54)

in Murat Basin, 41.20 and 52.80 cm (b=3.27), and 53.70 and 67.40 cm (b=4.77) in Tigris

Basin, while negative allometric growth (b<3) was determined in total all samples of

both basins. The length-weight relationship was found as W=0.005L2"® (R®=0.94) for

Tigris and W=0.005L>"® (R?=0.97) for Murat rivers. Average CF has the same value

(CF=19) for Tigris and Murat rivers basin fish.

Ozet: Bu calismada, 2014-2016 yillar1 arasinda Dicle Nehri ve Murat Nehri Anahtar kelimeler
havzalarindan yakalanan Mezopotamya dikenli yilan baligi Mastacembelus simackin ¢ Mezopotamya dikenli  yilan
(Banks & Solander, 1794) boy-agirlik iliskisi (LWR) ve kondisyon faktérii (CF) baligi
arastirilmistir. Incelenen baliklarin toplam boy ve agirliklar1 Dicle Havza’sinda 24.00 ve

67.40 cm ile 31.70 ve 585.30 gr arasinda, Murat Havzasi’'nda 27.20 ve 60.50 cm ile * LWR

38.20 ve 385.00 g arasinda degismektedir. Her iki havzadaki toplamda tiim 6rnekler igin ~ ® CF

negatif allometrik biiyiime (b<3) belirlenirken, Murat Nehri'nde boyu 27.20 ile 31.80 cm e Negatif allometrik
(b=3,54), Dicle Havzasinda 41,20 ile 52,80 cm (b=3,27) ve 53,70 ile 67,40 cm (b=4.77)

arasinda olan bireylerde pozitif allometrik biiylime belirlenmistir. Boy-agirlik iliskisi

Dicle Havzasi’nda W=0.005L%"® (R?=0.94) ve Murat Nehri'nde W=0.005L%"° (R?=0.97)

olarak bulunmustur. Dicle ve Murat nehri havzalarindaki baliklar, ortalama ayni CF

degerlerine sahiptirler (CF=19).

1. INTRODUCTION

Mastacembelus simack (Spiny eel)is a species from the family Mastacembelidae (Kottelat, 2022). It
is an endemic freshwater fish species living in the Euphrates and Tigris rivers (Coad, 1996). Spiny eel
is economically important and palatable as a table fish, and demand for fish almost always exceeds
supply, especially in northern and eastern India where people love alive and less bony fish
(Serajuddin, 2005). Similarly, spiny eel species of Mastacembelidae are also considered delicious,
excellent food, and aquarium fish in the Asian subcontinent (Narejo et al., 2003). Additionally, it is
used as a native aquarium fish in America, Europe, and Asian countries in terms of ornamental value
(Sugunan et al., 2002; Tripathi, 2004; Grupta & Banerjee, 2014). It is also consumed as food in
Tirkiye and an important source of income for commercial fishing (Oymak et al., 2009). They
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generally live in lotic and lentic systems with muddy and sandy bottoms where vegetation is plentiful
and altitude is low (Froese & Pauly, 2023; Coad, 2021). Additionally, they hide in plants or are buried
in the bottom mud to protect themselves during the day (Kara et al., 2014; Vreven & Teugels, 2005;
Jalali et al., 2008). Mesopotamian spiny eel is distributed in Tigris, Euphrates, and Asi River systems
(Dagli & Erdemli, 2009; Geldiay & Balik, 2009). The Mesopotamian spiny eel was reported (Koyun
et al.,2018; Koyun & Celik, 2020) in Goyniik Stream (Bingdl) from Murat River, in the Aksu,
Merzimen, Ambar, Sinnep streams from Euphrates Basin (Kalayc1 & Durmaz, 2022), in Basur, Zarova
and Baglica streams and Rotan River (Siirt) from Tigris Basin, and in the Amber Stream (Diyarbakir)
(Kaya et al., 2016).

The weight-length relationship (LWR) has been used in many fields for fish biology and fisheries
management (Petrakis & Stergiou, 1995; Froese & Pauly, 2012) to calculate the production and
biomass of a fish population (Giacalone et al., 2010). LWR is also useful in local and interregional,
morphological, and life history comparisons of species and populations (Kara & Bayhan, 2008). The
condition factor (CF) is also an effective parameter to assess the evolution of fish overweight status
and to compare the general physiological state of the fish population during a seasonal cycle or basins
with different ecological conditions (Lévéque, 2006). a, b, and CF values are valid parameters used to
evaluate the dynamic characteristics and biomass of populations (Da Silva et al., 2020).

LWR and CF give information about the growth of the fish species. Therefore, they have great
importance in fisheries evaluation studies (Jisr et al., 2018). The size of fish is representative of age,
diet, and other physiological and environmental factors. Variability in size has important implications
for various aspects of fisheries science and population dynamics (Erzini, 1994). In general, the fish's
LWR is also useful for cross-regional comparisons of species' life history (Binohlan & Pauly, 1998;
Stergiou & Moutopoulos, 2001).

Although there are many studies on the LWR and CF of different spiny eel species (e.g.
Macrognathus armatus: Serajuddin, 2005; Narejo et al., 2003; Sarkar et al., 2013; Awas et al., 2020;
Ponnuvel et al., 2022, M. aculeatus: Pathak & Mohd, 2015, M. pancalus: Pathak et al., 2013; Hussain,
2013; Abujam & Biswas, 2016; Sarkar et al., 2013, M. siamensis and M. aral: Ponnuvel et al., 2022)
in many Asian countries. However, studies on M. simack, which is an endemic species for Tigris and
Euphrates basins, are limited. Studies on the age structure and growth properties of M. mastacembelus
in southern Iran (Pazira et al., 2005). Further, Oymak et al. (2009) reported preliminary information on
LWR and the growth of M. mastacembelus from Tiirkiye. The age and growth of M. mastacembelus,
from south-eastern Anatolia were studied by Giimiis et al. (2010). Then, Gerami et al. (2013) reported
on LWR of M. mastacembelus from Cholvar River, western Iran, and some biological properties
including LWR of M. mastacembelus were reported from the upper Euphrates River Basin in Tiirkiye
by Coban et al. (2021). Therefore, this study aimed to provide basic data and updated information
about the LWR and condition factor for M. simack in two different water basins (Tigris and Murat
rivers). Obtained results will contribute to the protection of natural M. simack stocks in these regions.

2. MATERIALS and METHODS
2.1. Sample collection

Two sampling sites were selected, located on two different rivers (Tigris and Murat rivers) in the
same geographical region and characterized by different environmental conditions. The station in
Tigris River Basin was selected in Bismil/Diyarbakir (37°50'02.94"N, 40°41'52.10"E) and Murat
River Basin was selected in Geng/Bingdl (38°49'20.42"N, 40°40'16.94"E) from May 2014 to July
2016. 4 samplings from Murat River and 6 samplings from Tigris River Sampling were based on
annual sampling. 6 samples were taken from the Tigris River (May and September 2014, 2015, and
2016) and 4 (December 2014, June and October 2015, and June 2016) from the Murat River. All fish
samples were caught by gill net, bag net, and fish trap during the sampling period. Fish samples were
transported to the laboratory and necessary measurements were made immediately.
2.2. Length-weight relationship (LWR) and Condition factor (CF)

The LWR of Mesopotamian spiny eel was analyzed by measuring the length and weight of fish
specimens collected from the sampling area. The total length (TL) of each fish specimen was
measured to a sensitivity of 0.1 cm. The total weight (TW) was taken using a digital balance with a
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precision of 0.01 g. The statistical relationship between these parameters of the fish was established by
using the equation of TW=axTL". In this equation; TW is the total weight of specimen (g), TL is the
total length (cm), a is the intercept and b is the slope of the relationship (Bagenal & Tesch, 1978). In
other words, TW = the total weight of fish (g), TL = the total length (cm), a = the coefficient related to
body form, and b = an exponent indicating isometric growth expressing the relationship between
length-weight.

Fulton’s CF is used to reveal the condition of the length and weight of fish. It is based on the
assumption that heavier fish of a given length are in better condition (Sheikh & Ahmed, 2018).
Fulton’s CF was calculated for all individuals by the following equation (Fulton, 1911):

CF = 100TW/TL®

Preliminary statistics (mean, standard deviation, minimum and maximum values) were computed
for TW, TL, and CF.

2.3. Statistical analysis

The relationships among the variables were identified using the regression analysis (Spearman
Rank Correlation). The observed differences were evaluated statistically using STATISTICA software
and t-test, independent, by groups. Statistical differences in b value were tested among the locations
using a one-way analysis of variance (ANOVA) test with p<0.05.

3. RESULTS and DISCUSSION

The length-weight relationship of M. simack collected from Tigris and Murat rivers was analyzed
in this study. 62 were collected from Tigris/Bismil, and 24 were collected from Murat/Geng of the 86
specimens,. The total length of Murat River ranged from 27.20-60.50 cm with a mean of 38.80 cm.
The total length of Tigris River ranged from 24.00-67.40 cm with a mean of 42.00 cm. The total
weight values of Murat and Tigris rivers ranged from 38.20-385.00 g (mean=123.99 g) and 31.70-
585.30 g (mean=156.07), respectively (Table 1).

The calculated linear regression showed the differences between the slopes of the LWR in M.
simack between the location of Tigris and Murat rivers. The significance of the LWR and CF of M.
simack were tested among these locations using ANOVA, and the values for each location were tested
by Fisher’s LSD (Least Significant Difference) test to verify its significance level in length and
weight.

The difference between the two locations was statistically insignificant in terms of total length
(p=0.15) and weight (p=0.18) (p>0.05). The most dominant length group in Tigris Basin was between
31.00 and 40.90 cm with an average value of 37.90 cm (n=25). Every length group number in Murat
Basin was equal with 8 samples and the total sample number was 24 (Table 1). Therefore, every
length group was at the same dominant rate. Some studies reveal the LWR of individuals belonging to
the Mesopotamian spiny eels (Table 2).
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Table 1. Mean length-weight relationship parameters of M. simack in Tigris River and Murat River (p<0.05)

n Mean TL£SD L(cm) Mean TWSD W (g) a b R’ CF+SD CF LWR Growth
(cm) (Min-Max)  (9) (Min-Max) (Min-Max) (t-test)

Murat/Geng

8  29.80+1.44 27.20-31.80  53.57+9.31 38.2-66.8 0.0003 354 094 0.20+0.10 0.19-0.22 W=0.0003L>>"  A(+)

8  36.83+3.26 32.40-40.90  91.18+20.96 57.16-121.8 0.03 218 0.61 0.18+0.03  0.14-0.24 W=0.03L**® A(-)

8  39.70+1.16 42.10-60.50  227.23+98.22 140.1-385.00 0.002 296  0.96 0.19+0.03  0.15+0.20 W=0.002L2% I

24  38.80+9.45 27.20-60.50  123.99+96.33 38.20-385.00 0.005 275 097 0.19%0.03  0.14-0.27 W=0.005L2" A(-)
Tigris/Bismil

8  27.81£2.46 24.00-30.00 46.48+11.94 31.7-62.8 0.02 239 074 021+0.03 0.17-0.25 W=0.0164L**  A(-)

25  37.90+2.64 31.00-40.90  105.51+22.12 65.2-152.4 0.06 206 049 0.19+0.03  0.14-0.27 W=0.057L2% A(-)

24 47.39+3.54 41.20-52.80  201.89+51.93 118.50-282.2  0.0007 327 080 0.19+0.03  0.15-0.25 W=0.0007L>?"  A(+)

5  59.28+5.62 53.70-67.40  364.26+167.83  217.00-585.30 0.0000001 4.77  0.97 0.17+0.03  0.14-0.21 W=1E-06L*"7  A(+)

62 42.00+8.91 24.00-67.40  156.07+100.37  31.70-585.30  0.005 2.75 0.94 0.19+0.03  0.14-0.27 W=0.005L*" A()
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Coban et al. (2021) identified that Mesopotamian spiny eel was in the 59-64 cm lengths and 13-
1131 g weights group in Euphrates River, Tiirkiye. Wahab (2019) reported as 27-63 cm for lengths
and 48-549 g weights in 62 individuals of M. mastacembelus in Irag. Pazira et al. (2005) found the
maximum total lengths for M. mastacembelus were 432 mm in Southern Iran. Oymak et al. (2009)
indicated that total lengths and weights ranged from 7.0 to 85.0 cm and from 6 to 1100 g, respectively
in Atatiirk Dam Lake, South-eastern Tiirkiye. It was reported that it reached a length of 1 m and a
weight of 1 kg in Iraq by Coad (2010). We found that there was no statistically significant difference
between the locations in terms of both length (p=0.15, p>0.005) and weight (p=0.18, p>0.05).

LWR interprets the effect of different factors such as habitat type and feeding habits on fish growth
(Agumassie, 2018). Ricker (1975) stated that the live weight of the fish is affected by different factors
such as the season, stomach content, spawning status, etc. The paired sample Student t-test of was
used to compare b to 3. The value of b is 3 when fish growth is unchanged (b=3), indicating isometric
growth and is a good indicator of the type of growth (Wootton, 1990). When the b value is greater
than 3 (b>3, p<0.05), it means that the weight of a fish increases as it grows in length, it shows
positive allometric growth, and when it is less than 3 (b<3, p>0.05), its weight decreases as the body
length increases, and when it looks 'slimer’, it shows negative allometric growth (Richer, 1975; Yilmaz
etal.,, 2012).

In this study, length groups were formed to determine which group of individuals showed the
highest growth rate. Length groups were determined based on b “high b values”. b values are different
from 3 in both Murat (2.75) and Tigris rivers (2.73). The length-weight relation (LWR) of M. simack
was W=0.005L>" for Tigris/Bismil and W=0.005L*" for Murat/Geng with negative allometry
(Student’s t-test; p < 0.05) (Table 4). Pazira et al. (2005) found that the growth of M. mastacembelus
was negative allometric growth (b=2.54 males; b=2.73 females). Oymak et. al. (2009) found b<3 for
M. mastacembelus had negative allometry from Atatiirk Dam Lake in Tiirkiye (Oymak et al, 2009).
Giimiis et al. (2010) referred that b was 2.84 (negative allometry) for M. mastacembelus from
Southern Tiirkiye. Similarly, b was 2.68 from Cholvar River in the Karun River, Iran (Gerami et al.,
2014). In addition, when the values of different length groups were compared, it was determined that
individuals with a length of between 27.20 and 31.80 cm showed positive allometry (b=3.54) in the
Murat Basin. Individuals with a length of between 41.20 and 52.80 cm (b=3.27), and 53.70 and 67.40
cm (b=4.77) showed positive allometry in Tigris Basin. Negative allometry indicates that the fish
species expend more energy on axial growth than biomass (Liu et al., 2016) and helps them escape
predators and forage (Weitzman & Palmer, 2003). To appreciate the fish’s well-being, b is compared
to 3. If b is not significantly different from 3, the species shows a good adaptation to the dominant
ecologic condition of the habitat. If it is not, there is less adaptation (Baijot et al., 1994).

The coefficient of determination (R?) values explained the proper fit of the growth model (Datta et
al., 2013). R? for M. simack was reported as 0.97 in Tigris River (Iran) by Esmaeili et al. (2014) and
0.98 in Atatiirk Dam Lake (Turkey) by Giimiis et al. (2010). R* was 0.94 in Tigris Basin and 0.97 in
Murat Basin (Figure 1, Table 1). Combined genders and the use of a small sample size may affect R?
values (Esmaeili et al., 2014). It is assumed that males gain more weight as they grow taller, indicating
better well-being. It was observed that the groups with the longest length-weight range had the highest
R? value in both Murat and Tigris Basin samples. The highest R? value was between 38.60 and 40.90
cm in length, 140.1 and 385.00 g weight ranges (R*=0.96) in Murat Basin. 53.70-67.40 cm length and
217.00-585.00 g weight ranges had the highest R*value (R*=0.97) in Tigris Basin (Table 1).
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Figure 1. The total length-weight relationship of M. simack in Tigris/Bismil (a), Murat/Geng (b)
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Table 2. Comparison of growth parameters of the spiny eels reported by different studies

Locations Species L (min-max) W (min-max) a b R*> CF(min-max)  Authors

Helleh and Dalaky rivers, Iran M. mastacembelus 0.42-43.20 2.6-201.90 - - - 0.16-0.46 Pazira et al., 2005
Atatiirk Dam Lake, Euphrates River M. mastacembelus 7.00-80.00 6.00-1100.00 - - - - Oymak et al., 2009
Atatiirk Dam Lake, Euphrates River M. mastacembelus 14.40-76.90 6.00-950.00 0.004 2.84 0.98 - Gilimiis et al., 2010
Cholvar River, Iran M. mastacembelus 19.80-46.50 20.07-210.01 2E-05 2.68 0.97 - Gerami et al., 2013
Keban Dam Lake, Euphrates River M. mastacembelus 14.20-81.80 13.20-1131.10 0.006 2.73 0.97 0.14-0.49 Coban et al., 2021
Mymensingh, Bangladesh M. armatus 14.80-47.50 8.00-139.40 - - 0.99 0.80-1.31 Narejo et al., 2003
Ganges River, India Macrognathus aculeatus 1.13-1.31 - -1.28 2.02 0.38 - Pathak and Mohd, 2015
Godavari River, India Macrognathus aculeatus 1.16-1.40 - -3.16 353 0.88 - Pathak and Mohd, 2015
Mahanadi River, India Macrognathus aculeatus 1.24-1.44 - -3.14 352 0.88 - Pathak and Mohd, 2015
Gomti River, India Macrognathus pancalus 10.10-18.50 - -2.61 3.17 0.88 - Pathak et al., 2013
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While the CF was ranged from 0.14 to 0.27 (average 0.19) in Tigris Basin, the CF varied from 0.14
to 0.25 (average 0.19) in Murat Basin. When the mean values were examined, it was determined that
both basins had an equal condition for Mesopotamian spiny eel and there was no statistical difference
between the locations (p=0.47, p>0.05).

Total a, b, R? and CF of the Mesopotamian spiny eel had no significant difference in both Murat
and Tigris basins. However, there were differences between the length groups for these parameters in
both basins. It is known that LWR differs depending on many environmental factors such as different
habitats, physicochemical properties of water, pollution status, amount of food in the environment,
season, and reproduction in the same species. Therefore, there may be great differences between
parameters related to the same species (Avsar, 2005). In this study, even if it is the same species, we
can say that these differences between the length groups, even if it is the same species are due to the
different environmental conditions of the two different river basins.
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Ozet: Son yillarda balik yemlerinde kullamilan balik unlarmin yerine bitkisel protein Anahtar kelimeler
kaynaklarinin kullanilmasi ile birlikte baliklar i¢in esansiyel olan mikro elementlerin yem o Nanopartikiil giimiis
icerisindeki miktarlar1 da oransal olarak azalmistir. Bu sebeple, kritik seviyelerde o Termal tolerans
kullanilmas1 gereken bu mikro besinlerin nanopartikiil formlarinin, 6zellikle soguk su ¢ Yem katki maddeleri
baliklarinda kullaniminin aragtirilmasi 6nem arz etmektedir. Bu ¢aligmada yemlere ilave o yem alimi

edilen giimiis nanopartikiilin (Nano-Ag) gokkusagi alabaliginin (Oncorhynchus mykiss)

biiyiime, yem alimi, tiim viicut besinsel kompozisyonu ile kritik termal maksima degeri

iizerine olan etkileri aragtirilmistir. Denemede 3 farkli dozda (0, 0.2 ve 2 mg/kg) Nano-

Ag iceren yem hazirlanmigtir ve baslangi¢ agirliklar1 41,5+0,31 g olan baliklar bu yemler

ile 60 giin siiresince giinde iki defa olacak sekilde beslenmislerdir. Deneme sonunda,

alabaliklarin final agirliklart 118,9 ve 112,9 g arasinda degismis, gruplar arasinda

istatistiki 6nemli bir farklilik bulunmamustir (P>0.05). Aym sekilde, canli agirlik kazanc,

yem tiiketimi, yemden yararlanma orani, visero-somatik indeks ve hepato-somtik indeks

acisindan da gruplar arasinda istatistiksel olarak 6nemli bir farklilik bulunmamugtir

(P>0.05). Gruplar arasinda tiim viicut ham protein igerigi %16,1-16,3 arasinda degisirken

lipit icerigi %11,4-12,2 arasinda degisim gostermistir (P>0.05). Deneme sonunda

gerceklestirilen kritik termal maksima (CTMax) denemesinde yemlere ilave edilen Nano-

Ag’nin 6nemli diizeyde istatistiki bir etkisinin olmadig1 gozlenmesine karsin (P>0.05),

yiiksek Nano-Ag’nin termal toleransi kismen de olsa artirdig1 gézlenmistir. Kontrol, 0.2

mg/kg ve 2 mg/kg grubu bireylerinin ortalama CTMax degerleri sirasiyla 27.0°C, 27.2°C

ve 27.8°C olarak belirlenmistir. 2 mg/kg Nano-Ag’nin CTMax’t %3 artirdigt

gozlenmistir. Bu calisma ile yemlere ilave edilen Nano-Ag’nin gokkusag: alabaliklarinda

biiyiime performans verilerine ve yem alimina etkisinin olmadig1 ancak kismen de olsa

CTMax degerini artirma egiliminde oldugu ortaya konmustur.

Abstract: In recent years, with the use of plant protein sources instead of fish meals in Anahtar kelimeler
fish feeds, the amounts of dietary essential microelements have decreased proportionally. e Nanoparticle silver
For this reason, it is important to investigate the use of nanoparticle forms of these o Thermal tolerance
micronutrients, which should be used at critical levels, especially in cold-water fish. In ¢ Feed additives
this study, the effects of silver nanoparticles (Nan- Ag) added to feeds on growth, feed o Feed intake

intake, whole-body nutritional composition, and critical thermal maximum value of

rainbow trout (Oncorhynchus mykiss) were investigated. A feed containing Nano-Ag at

three different doses (0, 0.2, and 2 mg/kg) was prepared for the trial, and fish with initial

weights of 41 g were fed twice daily with these feeds for 60 days. At the end of the

experiment, the final weights of the trout ranged between 118.9 and 112.9 g, without a

statistically significant difference between the groups (P>0.05). Similarly, there was no

statistically significant difference between the groups in terms of body weight gain, feed

consumption, feed conversion ratio, viscerosomatic index, and hepatosomatic index
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(P>0.05). Whole body crude protein content varied between 16.1-16.3%, while lipid
content varied between 11.4-12.2% between the groups (P>0.05). The critical thermal
maxima (CTMax) trial carried out at the end of the trial exhibited that Nano-Ag added to
feeds did not have a significant statistical effect (P> 0.05) although it was observed that
high Nano-Ag partially increased thermal tolerance. The mean CTMax values of
individuals in the 0 (control), 0.2, and 2 mg/kg groups were found to be 27.0°C, 27.2°C,
and 27.8°C. In the present study, it was revealed that Nano-Ag added to the feeds did not
affect the growth performance data and feed intake of 41 g rainbow trout but partially
increased the CTMax value.

1. GIRIS

Su iriinleri yetistiriciligi yoluyla yapilan iiretim diinya ¢apinda toplam balik {iretiminin yaklagik
%44’'int teskil etmekte olup, 2030 yilina kadar bu payin kiiresel {iretimin %60'n {lizerine ¢ikacagi
tahmin edilmektedir. (Cottrell vd., 2020; FAO, 2020). Yetistiricilik endiistrisinde en 6nemli konularin
basinda yemler ve yemlerin besinsel igerikleri gelmektedir (Halves, 2002; Austin vd., 2022). Son
yillarda yapilan arastirmalarda gostermistir ki yemlerde artan orandaki bitkisel yem hammaddeleri
kullanimin canlinin gereksinim duydugu mineralleri ve iz elementleri yeterli diizeylerde
karsilayamadigi bu da baliklarda ciddi bagisiklik sorunlarina neden olmaktadir (Prabhu vd., 2019;
Wischunes vd., 2020, Figueiredo-Silva, 2020). Mikro besinler esansiyel olan (¢inko, demir, bakir) ve
esansiyel olmayan (civa ve giimiis gibi) iz elementleri kapsamakta (Shaw & Handy, 2011) ancak
esansiyel olmayanlarda mineral karmalarinda kullanilmaktadir (NRC, 2011). Baliklarda iz
elementlerin (demir, ¢inko, bakir, giimiis vb.) canlilar iizerindeki fizyolojik etkileri ile ilgili bilgiler
oldukga eskiye dayanmaktadir. iz elementlerin 6zellikle baligin optimum (en uygun) konfor alanindan
ciktigr ve cevresel strese maruz kaldigi ortamlarda fonksiyonlari daha 6nemli hale gelmektedir
(Kamunde & Wood, 2004; Shaw & Handy, 2011). Iz elementlerden olan giimiis ve bakir gibi bir¢ok
metal nanopartikiillerin baliklarin bagisiklik potansiyellerinin artirilmasinda, hastaliklarin 6nlenmesi
ve tedavisinde basarili sonuglarin alindig1 rapor edilmektedir (Marquez vd., 2018; Nasr-Eldahan vd.,
2021; Ogunfowora vd., 2021; Aly vd., 2023). Hedefe yonelik ¢aligmalarda nanopartikiiller, inhibitér
bilesiklerin uygulanmasina yonelik yeni yontemleri kolaylastirabilir. Bu yontemler, geleneksel
yaklagimlardan daha hizli, miidahaleci olmayan ve daha uygun maliyetli olabilir (Fajardo vd., 2022).
Gilinlimiizde su triinleri yetistiriciliginde degerlendirilen nanopartikiiller sadece hastaliklar iizerine
degil ayn1 zamanda pek ¢ok tiirli kompozit formlar halinde (polilaktidkoglikolit, aljinat, bagisiklik
uyarict kompleksler, kitosan, cesitli metaller, karbon nanotiipler, lipozomlar ve virozomlar)
yetistiriciligin cogu asamasinda kullanilmaktadir (Taffala vd., 2013; Vinay vd.,2019).

Nano-giimiis (Nano-Ag) karasal hayvanlar ve su iiriinleri yetistiriciliginde dezenfektan ve terapotik
materyal olarak kullanilmaktadir (Nia, 2009). Diyetsel Nano-Ag kullanimi1 ¢ok az c¢alisilmis bir
konudur. Mevcut arastirmalardan Aly vd. (2023) Nil tilapias1 (Oreochromis niloticus) yemlerine 1
mg/kg diizeyinde Nano-Ag ilavesinin biliyime ve yemden yararlanmayi etkilemese de bagigiklik
parametreleri ve hastalik direncini O6nemli derecede artirdifini rapor etmislerdir. Diger
nanopartikiillerden, nano-selenyumun yemlere eklenmesinin baliklarda biiylime performansi ve
antioksidan savunma sisteminde onemli bir iyilesme sagladigi bildirilmistir (Shah ve Mraz, 2020).
Gokkusagi alabaliklarinda, yem katilan kitosan-aljinatin Lactococcus garvieae ve Streptococcus iniae
bakterilerinin neden oldugu laktokokoz ve streptokokokoza karsi etkili oldugu belirlenmistir (Fajardo
vd., 2022; Austin vd., 2022).

Dogal sartlarda baliklar, viicut 1sisin1 gevresel sicaklik degisikliklerine gére dengeleyebilirler ya da
dengelemek amaciyla optimum su sicakliginin oldugu bdolgelere go¢ edebilirler (Cossins vd., 2006;
Eissa & Wang, 2016). Su {riinleri yetistiriciligi kosullar1 dikkate alindiginda, 6zellikle baliklarda
ilkbahardan yaza ve/veya sonbahardan kisa gec¢i donemlerinde su sicakliklarinin yetistirilen tiir igin
optimumun istiindeki veya altinda etkilerinin bilinmesi 6nemlidir. Axenov-Gribanov vd. (2016)
optimum {izerindeki su sicakligi degisimlerinin baliklarda termal stresi tetikledigi ve baligin yem
alimmi ve bilylime performansim diislirdiiglinii bildirmistir. Baliklarm yam sira diger sucul canlilarin
da termal toleransi, sicaklik stresine karsi direnglerinin belirlenmesinde hayati bir kriterdir. Bazi
caligmalar termal toleransin oksijen tutma kapasitesini artiran mikro elementler ile artirilabilecegini
gosterirken, genel goriis oksijen tutma kapasitesinin baliklarda termal tolerans1 artirmadig1 yoniindedir
(Brijs vd., 2015). Ancak, sucul canlilarin artan su sicakligi karsisinda nasil adapte olduklari, nasil
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yasamlarini devam ettirdikleri ve sicakliga karsin nasil direndiklerini arastirmak bilim insanlarinin
onemle iizerinde durduklari konularinda basinda gelmistir (Kumar vd., 2018). iklim degisikliginin
beraberinde gelen beklenmedik su sicakligi dalgalanmalar1 da dogal popiilasyonlarda ciddi kayiplara
sebep olmaktadir. Bu kayiplar, yiikleme, nakliye, yemler ve esas olarak kiiltiir kosullarinda yiiksek
sicakliklara maruz kalma gibi pek ¢ok stres faktorlerine baglhidir (Kumar vd., 2018; Galappaththi vd.,
2020). Sucul canlilarin alt ve Gst sicaklik toleranslarinin belirlenmesinde yaygin olarak kullanilan bir
yontem, kritik termal metodoloji (CTM) olarak bilinmektedir. Bu yontem, ilk olarak Cowles ve Bogert
(1944) tarafindan ve tanimlanmis ve daha sonra Cox (1974), Spotila vd. (1979), Lutterschmidt &
Hutchison (1997), Beitinger vd. (2000) gibi ¢esitli arastirmacilar tarafindan gelistirilerek baliklar ve
diger sucul hayvanlar iizerinde uygulanmistir. CTM verileri, baliklarin ekstrem sicakliklara
toleranslar1 hakkinda kesin bilgiler vermek yerine goreceli bilgiler sunarak tiirler arasinda
karsilastirma yapilmasini saglar. CTMin ve CTMax verileri kullanilarak hesaplanan termal tolerans
poligonu, baliklarin yasayabilecegi sicaklik araligimin genisligi hakkinda bilgi verir (Bennet &
Beitinger, 1997). Bu parametreler, sucul canlilarin sicaklik toleransi hakkinda onemli bilgiler
saglayarak, cevresel faktorlerin sucul ekosistemler iizerindeki etkilerinin anlasilmasina yardimei
olmaktadir. Balik yetistiriciligi acisindan, yemlere eklenen alternatif yem kaynaklar1 veya iz
elementlerin balik tiirlerinin sicaklik toleranslarina etkileri hakkinda bilgi ihtiyact s6z konusudur
(Olsvik vd., 2016; Kumar vd., 2017a; Kumar vd., 2017b; Kumar vd., 2018).

Bu c¢aligmasinin amaci, gokkusagi alabaligi yemlerine farkli dozlarda (0, 0.2 ve 2 mg/kg) yeme
ilave edilen Nano-Ag partkiillerinin biiylime ve yemden yararlanma performansi ile besin madde
bilesenlerine olan etkilerini aragtirmaktir. Ayrica, deneme sonunda alabaliklarin termal toleransinin
kritik termal tolerans (CTMax) verileri oOlgililerek Nano-Ag’iin su sicaklik degisimlerine etkisi ilk defa
incelenmis olacaktir.

2. MATERYAL VE METOT
2.1. Deneme materyali ve Dizayni

Calisma, Cukurova Universitesi Su Uriinleri Fakiiltesi Yetistiricilik Unitesinde gerceklestirilmistir.
Denemede kullanilan gokkusagi alabaligi 6zel bir alabalik tesisinden (Kahramanmaras) alinarak
deneme {initesine getirilmistir. Baliklar deneme sisteminde bulunan tanklara (190 L) ve deneme
kosullarina aligmalari i¢in 2 hafta boyunca giinde 2 kez doyana kadar kontrol yemi ile beslenmigler ve
yaklasik 40 g agirliga kadar biiyiitiilmiislerdir. Deneme boyunca tanklardan desarj edilen su partikiil
filtrasyonuna tabi tutulmus ve ¢oziinmiis oksijen seviyesi 7-8 mg/L’nin altina diismeyecek sekilde
stirekli olarak bir hava motoru ile havalandirtlmistir.

Tim deneme gruplart 3 tekerriirlii olacak sekilde tesadiif parselleri deneme desenine gore
planlanmis ve her bir deneme tankina 30 balik stoklanmistir. Denemede balik biiyiikliiklerine gore 2-3
mm’lik alabalik yemleri (Ham protein: %45, ham yag: %20, ham seliiloz: %3, su: %10, kiil: %10)
(Giimiisdoga Yem A.S., Mugla) kullanilmistir. Denemede 3 farkli dozda (0, 0.2 ve 2 mg/kg) Nano-Ag
olacak sekilde deneme yemleri hazirlanmistir. Nano-Ag deiyonize su ile bir sprey yardimiyla
peletlerin {izerine sikilarak kaplanmistir. Kontrol grubu yemi ise sadece deiyonize su ile muamele
edilmistir. Tim yemler 50 °C’de bir gece kurutulmustur. Denemenin ilk asamasinda 2 mm daha sonra
ise 3 mm’lik alabalik yemleri kullanilmistir. Baliklarin beslenmesi 60 giin boyunca giinde iki kez saat
09:30 ve 16:30’da doyana kadar gerceklestirilmistir. Yemlemeden bir saat sonra tiiketilmeyen yemler
sifonlanarak sabit agirliga kadar 70°C'de kurutularak yem tiiketimleri her tank icin giinliik olarak
kaydedilmistir. Deneme sonunda baliklarin bireysel agirliklart alinmugtir. Tartim islemlerinde
baliklarin strese girmelerini engellemek amaciyla 0.3 ml/L dozunda 2-phenoxyethanole (Sigma, St.
Loise, MO, USA) kullanilmistir.

Denemede kullanilan Nano-Ag, NANOEN (Antalya, Tiirkiye) firmasi tarafindan iiretilmis su bazlh
yapidadir. Bilesik yiliksek oranda anti-mikrobiyal etki gosteren bir ¢dzelti olup, zararl olarak kabul
edilen hi¢bir ugucu organik bilesik, peroksit cesitli antibiyotik tiirevleri, triklosan, paraben,
benzalkanyum Kkloriir gibi kimyasallar da icermemektedir. Firma tarafindan saglanan Nano-Ag
sollisyonuna ait partikiil dagilimi (36 mm) Sekil 1’de verilmistir.




Ugas vd., 2023 Acta Aquat. Turc., 19(3): 246-256 249

Size Distribution by Number

f " N ' " .

A f . [ ‘ " .

hU """"""""" e srEEEs s Emmm e L I"-"""'. """"""""" -2 ¥
L [ W P P "

S AU heeeee] I O SR e ;

Number (%)

10 ...--Iu-,.-....

Size (d.nm)

|— Record 318: nano gﬂrrﬂg_?.-]

Sekil 1. Denemede kullanilan Nano-Ag’nin partikiil bitytkligu.

Deneme baslangict ve sonunda tiim baliklarin agirliklart bireysel olarak alinmistir. Baliklarin
bliyime performansi, yem alimlar1 ve viicut indeksleri ile ilgili veriler asagidaki formiiller ile
hesaplanmustir.

Spesifik Biiyiime Oran1 (SBO, % / giin) = 100 x [(In (agirlik fina)) — (IN agirlik pugang,) /glin))1;

Agirlik Kazanci (%) = 100 x [(agirlik final — agirlik baslangic) /agirlik basglangic];

Giinlik Agirhik Kazanci = (agirlik final — agirlik baglangig) /giin;

Yem Cevirim Oranm1 (FCR) = (Verilen yem miktar1 (g) / agirlik kazanci (g))

Giinliik yem alim (g/balik) = tank basina tiiketilen yem/ balik sayis1
2.2. Kimyasal analizler

Deneme sonunda her tanktan 3 adet balik, toplamda her bir deneme grubu igin 9 balik tiim viicut
kompozisyonlar1 belirlenmek {izere 6rneklenmistir. Homojenize hale getirilen 6rnekler analize kadar -
20 °C’de muhafaza edilmistir. Orneklerin besin madde bilesenleri analizleri (nem, ham protein (HP),
ham yag (HY) ve ham kiil (HK) standart metoda (AOAC, 1990) gore yapilmugtir.

2.3. CTMax Calismasi

CTMax c¢alismasi i¢in, 60 giinliik deneme ve orneklemelerin ardindan geriye kalan baliklar ait
olduklar tanklara tekrar yerlestirilmistir. Baliklar test yemleri ile bir hafta daha beslenmeye devam
edilmistir. Bu siirenin ardindan CTMax o6lg¢iimleri igin bir giin a¢ birakildiktan sonra her deneme
tankindan rastgele 3 adet balik (N=9) anestezi uygulamas1 yapilmadan, {i¢ yiizeyi siyah film ile kaplh
bir akvaryuma (20 x 30 x 40 cm) yerlestirilmistir. Akvaryum deneme tanklarindan alinan 15 °C’de
tath su ile doldurulmustur. Akvaryum ii¢ hava tasi yardimi ile siirekli havalandirilmig ve Slglimler
esnasinda oksijen seviyesi ve su sicakligi siirekli olarak YSI (Yellow Spring Instrument Co., Yellow
Spring, Ohio, Amerika) marka bir oksijen-metre ile anlik kontrol edilmistir. Kritik Termal Metodoloji
(CTM) yontemi Cowles ve Bogert, 1944’gore gergeklestirilmistir. Test siiresince sicakligin artisi
Becker ve Genewoy (1979) tarafindan 6nerildigi gibi 0,3°C/d olacak sekilde yapilmistir. Su sicakligi,
baligin motor aktivitesi ve koordinasyonunu yitirdigi, sonucta denge kaybinin olustugu ana kadar
artirllmigtir (CTMax). Denge kaybi i¢in, baliklarin bir dakikadan fazla dorsoventral oryantasyonu
sirdirememesi esas almmistir (Bennett & Beitinger, 1997). Her sicaklik artis asamasinda
(baslangigta) kronometre ile siire takibi baglatilmig ve sicak su akvaryuma homojen sekilde bir piset
yardimiyla dagitilmistir. CTMax deneyi boyunca, baliklarin sicaklik degisimine karsi gosterdikleri
hareketlilik, denge kaybi, salgi {iiretimi ve digkilama gibi tepkiler dikkatlice g6zlemlenerek
kaydedilmistir. Baliklarin bireysel olarak kaydedilen CTMax degerlerinin aritmetik ortalamas,
gruplarin CTM degeri olarak not edilmistir.
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2.4. Istatistiki analizler

Gruplar arasindaki farkliliklar tek yonlii varyans analizi ile P<0,05 6nem diizeyinde test edilmistir.
Deneme sonunda yemlere ilave edilen Nano-Ag ve balik agirliklart arasindaki iki yonlii iliskinin kritik
termal maksima (CTMax) iizerine olan etkisi general linear model ile iki yonlii varyans analizi ile test
edilmistir. Onemli farklarm bulundugu durumlarda, ortalamalar Duncan (n sayilar1 esit oldugu
durumlarda) ya da Scheffe’s (n sayilart esit olmadigi durumlarda) ¢oklu karsilagtirma testleri ile
kargilagtirilmigtir. Sonuglar ortalama =+ standart sapma (ort. £S.S.) seklinde verilmistir. Deneme
sonunda elde edilen biitlin veriler SPSS 15 (SPSS, Chicago,IL, Amerika) istatistik paket programinda
analiz edilmistir.

3. BULGULAR
3.1. Cevresel Parametreler

Deneme kapali devre bir sistemde yiiriitiilmils olup su kalite kriterleri gokkusagi alabaliginin
optimum biiylimesini saglayacak araliklarda tutulmustur. Sistemde su sicakligi, oksijen, amonyak,
nitrit ve nitrat seviyelerinde herhangi olumsuz bir degisim ger¢eklesmemistir. Deneme siiresince su
sicakligl ortalama olarak 14,2+0,1°C olarak kaydedilmistir. Diizenli olarak Slgiilen ¢oziinmiis oksijen
seviyesi ise deneme siiresince ortalama 10,1+0,7 mg/L olarak tespit edilmistir.
3.2. Bilyiime Performansi ve Yem Alim

Altmig giinlik deneme sonunda gruplar arasindaki yasama orani %98-100 arasinda degismistir
(P>0.05). Deneme sonunda ortalama agirliklar1 gruplara gore istatistiki agidan farklilik bulunmamus,
kontrol, 0.2 ve 2 mg/kg Nano-Ag yemlerinde sirasiyla 115,6+2,89 (kontrol), 118,94+5,81 (0,2 mg/kQg)
ve 112,96+5,40 (2 mg/kg) olarak kayit edilmistir (P>0.05) (Tablo 1). Kontrol ve 0,2 mg/kg grubu
bireylerinin final agirliklart 2 mg/kg grubu bireylerine gore sirasiyla %2,30 ve %5,98 daha fazla
ortalama canli agirlik degerlerine ulagmislardir. Deneme gruplarindaki spesifik biiylime orani %1,67-
1,75 arasindan degisim gostermis ancak istatistiki bir farklilik bulunmamistir (P>0.05). Deneme
yemlerinin baliklarin yem tiiketimlerine olan etkileri de istatistiki olarak onemli diizeyde farklilik
gostermemistir (P>0.05). FCR verileri 0,98-1,04 arasinda degisim gosterirken, her ne kadar istatistiki
olarak bir farklilik ¢cikmamustir (Tablo 1). Biiyiime verileri de dikkate alindiginda, bu yem igerisindeki
en yiksek glimiis nanopartikiill konsantrasyonlarinin baligin gelisimine etki yaratmadigi
degerlendirilmistir.

Tablo 1. Altmis giin siiresince deneme yemleri ile beslenen alabaliklarin biiyiime performans verileri ile yem
alimi ve viicut indeks verileri

Deneme Gruplari

Kontrol 0.2 mg/kg 2 mg/kg
Baslangig¢ agirligi (g) 41,7 £0,43 41,4 +0,27 41,5+0,24
Final agirlik (g) 115,6 +2,89 118,9 £5,81 113,0 £5,40
Agirlik kazanci (%) 177,2 £5,00 186,8 £12,15 172,2 £14,53
Giinliik agirlik kazanci (g) 1,2 +£0,04 1,3 £0,09 1,2 £0,09
SBO (% /giin) 1,7 £0,03 1,8 £0,07 1,7+0,09
FCR 1,03£0,07 0,98 £0,06 1,04 £0,15
Yem tiiketimi (g/balik) 76,2 £1,25 76,3 £2,22 74,7 £2,32
VSI (%) 10,6+0,65 10,6 £0,50 10,1 0,87
HSI (%) 1,00£0,13 0,96+0,08 1,00+0,03
VYI (%) 2,394+0,50 2,54+0,33 2,84+0,60

Tek yonlii varyans analizine gore gruplar arasinda fark goriilmemistir (P>0.05).
SBO: Spesifik Biiyiime Orani

FCR: Yem Tiiketim Orani

VSI: Visero somatik indeks

HSI: Hepato somatik indeks

VYI: Visero yag indeksi

Baliklarda hesaplanan visero somatik indeks (VSI) verileri 10,13-10,58 (%) arasinda degisirken
istatistiki agidan gruplar arasinda farklilik ¢ikmamistir (P>0.05). Hepato somatik indeks (HSI) ve
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visero yag indeks (VYI) verilerinde de benzer sekilde gruplar arasinda onemli bir farklilik
bulunmamustir (P>0.05).
3.3. Tiim Viicut Besin Madde Bilesenleri

Farkli dozlarda Nano-Ag ilaveli yemler ile beslenen alabalik bireylerinde deneme sonunda elde
edilen besinsel kompozisyon verileri incelendiginde, 0, 0.2 ve 2 mg/kg gruplarinda analiz edilen ham
protein verileri sirastyla %16,3, 16,1 ve 16,2 arasinda degismis ve istatistiki olarak énemli bir farklilik
gbzlenmemistir (P>0.05). Tiim viicut lipit degerleri %11,4-12,2 arasinda degisim gdstermistir ve
istatistiki olarak onemli bir farklilik bulunmamustir (P>0.05) (Tablo 2).

Tablo 2. Farkli dozlarda Nano-Ag ilave edilmis yemlerle beslenen alabaliklarin tiim viicut besin kompozisyonu
seviyeleri

Nano-Ag seviyeleri

Kontrol 0.2 mg/kg 2 mg/kg

Ham protein 16,3+0,29 16,1+0,42 16,2+0,81
Lipit 12,2+1,09 11,4+1,25 12,0+0,26
Kuru Madde 28,2+4,15 28,0+4,24 28,3+3,43
Kiil 2,6%0,50 2,8+0,70 3,5+0,56

*Tek yonli varyans analizine gore gruplar arasinda fark goriilmemistir (P>0.05).

3.4. Kritik Termal Maksima (CTmax)

Deneme sonunda gergeklestirilen kritik termal maksima (CTMax) denemesinde yemlere ilave
edilen Nano-Ag’nin onemli diizeyde istatistiki bir etkisinin olmadigi gozlenmesine karsin, yiiksek
Nano-Ag’nin termal toleransi kismen de olsa rakamsal olarak arttirdigi gozlenmistir. Tablo 3’te
goriilecegi gibi kontrol, 0.2 mg/kg ve 2 mg/kg grubu bireylerinin ortalama CTMax degerleri 27.0°C,
27.2°C ve 27.8°C. Tek yonlii varyans analizine gore gruplar arasinda bir farklilik bulunamamistir
(P>0.05).

Tablo 3. Deneme sonunda 6l¢iilen Kritik termal maksima (CTMax, °C) degerleri
Nano-Ag seviyeleri
Kontrol 0.2 mg/kg 2 mg/kg
CTMax (°C) 27,0+0,85 27,2 +£0,70 27,8 £0,25

*Tek yonli varyans analizine gore gruplar arasinda fark goriilmemistir (P>0.05).

Deneme sonunda CTMax oOlgiimleri igin Nano-Ag ve balik biiylikliigiiniin bir etkisinin olup
olmadig1 iki yonlii varyan analizi ile test edilmistir. Buna gore, balik agirligi ve Nano-Ag’nin CTMax
iizerine bir etkisi bulunmamistir (P>0.05). Ancak, bireysel veriler detayl1 sekilde incelendiginde Nano-
Ag’nin termal tolerans lizerine bir etkisinin olabilecegi ortaya ¢ikmistir. Detaylandirmak gerekirse,
tim gruplarin ortalama CTMax degeri 27.3°C’dir ve kontrol grubu ve 0.2 mg/kg gruplarinda
orneklenen sadece 4 balik bu ortalamanin iizerinde bir CTMax degeri gosterirken, 2 mg/kg grubunda 6
balik ortalama CTMax degeri 27.3°C’nin lizerinde bir deger gostermistir. Bu veriler dogrultusunda,
her bir gruptan Orneklenen toplam 9 baligin ortalama agirliklari <100 g alti1 ve 100> seklinde
gruplandiginda, baliklarin CTMax degeri yatay bir bar grafik ilizerinde gosterilmistir. Sekil 2’de
verilen yatay bar grafikte goriilecegi gibi kontrol grubundan 6rneklenen ve ortalama agirliklart <100 g
alt1 baliklarin CTMax degerinin yiiksek oldugu gdézlenmistir. Kontrol grubunda érneklenen bu kiigiik
baliklarin (<100 g) sicaklik toleransinin 100-142,5 g’lik baliklara goére daha diisik oldugu
belirlenmistir.
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Sekil 2. 0, 0.2 ve 2 mg/kg grubu bireylerinde 6rneklenen baliklarin agirlik ve bu baliklarin CTMax verileri
arasindaki iliski.

4. TARTISMA

Deneme sonunda elde edilen biiyiime performans verileri degerlendirildiginde, yemlere ilave edilen
farkli dozlardaki Nano-Ag’nin gokkusagi alabaliklarinda agirlik kazanci, spesifik biiylime oranina
tizerine bir etkisi bulunmamistir. Benzer sekilde, Galvez vd. (2001) 0.05 pg/g (kontrol yemi) ve 3,1
ug/g (deneme yemi) giimiis iceren yemlerle 128 giin beslenen gokkusagi alabaliklarinda biiyiime
performansi ve yem aliminda belirgin bir etkinin olmadigini bildirmislerdir. Paralel olarak, 1 mg/kg
dozunda Nano-Ag ilave yemlerle 60 giin boyunca beslenen Nil tilapialarinda biiyiime ve yemden
yararlanma bakimindan herhangi bir fark tespit edilmemistir (Aly vd., 2023). Calismamizda deneme
siiresince akut bir balik 6lim vakas1 gerceklesmemistir. Bu veri bize yemlere ilave edilen Nano-Ag
dozlarinin toksik bir etki yaratmadigini gostermektedir. Diger taraftan, zebra balig1 ile yapilan
calismada farkli konsantrasyonlar1 (5, 10, 25, 50 ve 100 uygulanan pg/ml) Nano-Ag’nin embiryonik
gelisimde toksik etkisinin olduguna dair bulgular bazi arastiricilar tarafindan rapor edilmistir
(Asharani vd., 2008). Benzer sekilde, Yeo ve Kang (2008) Nano-Ag’ye maruz kalan zebra baliklarinda
embriyo gelisiminde yasanan problemlerden dolayr yumurtalarin agilma oraninin diistiigiini tespit
etmislerdir. Farkli tiirlerde yapilan toksisitite ¢caligmalarda kullanilan metal iyonlar1 ve benzeri sentetik
(veya organik) partiikiillerin yiiksek doz seviyeleri toksit etki yarattigi bildirilmektedir (Asharani vd.,
2008). FCR 0,98 ile 1,04 arasinda degisirken, balik basina diisen yem tiikketimi deneme siiresince
ortalama 74-76 gr/balik olacak sekilde degisim gostermistir. Galvez vd. (2001) gokkusagi
alabaliklarinin yemlerine ilave edilen glimiisiin FCR’1 istatistiki olarak etkilemedigini ve baliklarin
istahinin yemlerden kaynakli bir olumsuzluga neden olmadigini vurgulamiglardir. Deneme sonunda
alinan karaciger ve igorgan indeks verileri incelendiginde, Nano-Ag’nin bu veriler {izerine de bir
etkisinin olmadigi bulunmustur. Ancak, yemde artan Nano-Ag ile i¢ organlarda yaglanmanin
kismende olsa arttigi (%2,5) gozlenmistir. He vd. (2017) bir mikroalg tiirii olan Scenedesmus
obliquus’un gelisimi ve lipit depolamasina yo6nelik yaptiklari ¢alismada demir oksit (Fe,Os) ve
magnezyum oksit (MgO) nanopartikiillerin lipojenik aktiviteyi artirdigini bulmuslardir. Laboratuvar
farelerinde yaptiklar1 ¢calismada, Yue vd. (2019) Nano-Ag’nin obeziteyi artirdigini ve 2 mg/kg Nano-
Ag’nin intraperitonal kasa enjeksiyonu sonucunda lipit birikiminin 6nemli diizeyde artigim
bulmusglardir. Ayni arastiricilar, bunun sebebinin asir1 Nano-Ag’nin reaktif oksijen tiiri (ROS)
seviyelerini artirarak mitokontriyal islevleri bozdugunu, bdylece adipéz doku olusumunda ve tiim
viicut enerji dengesini etkiledigini ileri siirmiislerdir. Selenyum (Se)’'un Ag iizerinde yiiksek bir
afinitesi oldugu, bu iki elementin toksik etkilerinin birbirlerini etkileyebilecegi rapor edilmektedir
(Lall, 2022). Nano-Ag’nin tiim viicut protein ve lipit igeriklerine istatistiki bir etkisinin olmadigi
gbzlenmistir. Baliklarda tiim viicut yapisininin 6nemli bilesenleri olan protein ve lipit icerikleri
sirastyla %16,1-%16,3 ve %11,4-%12,2°dir. Yukaridaki boliimlerde de ele alindigi gibi yemlere ilave
edilen Nano-Ag’nin tiim viicut protein miktarina bir etkisinin olmadig1 séylenebilir. Ancak, Nano-Ag
oOzellikle bakterilerin protein hiicre membranlarina Ag+ formunda tutundugu ve bakterinin hiicre
yapisinin bozulmasina ve sonugta oliimiine yol agtig1 bildirilmistir (Lara vd., 2010; Huang vd., 2011).
Ancak, bu konularda denememizde kullanilan oranlarda veya daha yiiksek oranlarda Nano-Ag
kullaniminin  protein birikimine etkisi ilizerine daha fazla c¢aligmanin yapilmasi gerektigi
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goriilmektedir.

Calismanin ikinci ve O6nemli amaci olan Nano-Ag’nin gokkusagi alabaliklarinin kritik termal
maksima degerine CTMax olan etkisidir. Her ne kadar tek yonlii varyans analizi Nano-Ag’nin CTMax
lizerine istatistiki bir etkisi goriinmese de artan Nano-Ag’nin CTMax degerlerini kismen de (%3) olsa
artirdigr  gdzlenmistir. Ozellikle sucul canlilarm 6liimciil su sicakligi kosullarinda antioksidan
enzimlerin devreye girmesiyle, viicuttaki serbest radikaller ile protein ve karbonhidratlart metabolize
eden enzimler artar (Kumar vd., 2017c). Bu durumda canlinin oksijen ihtiyaci artacaktir. Nano-Ag
canlinin viicut igerisindeki mevcut kullanilabilir oksijeninin tastyicisi rolii oynamaktadir (Kumar vd.,
2018). Su sicakligmin artigr sub-optimal kosullarda Nano-Ag’nin bu yetenegini kullanarak serbest
oksijeni viicutta ihtiya¢ duyulan bolgeye tasimasi ve bdylece serbest radikallerin seviyesini azaltmasi
beklenebilir. Calismamizda, Nano-Ag 2 mg/kg grubu bireyleri 27.8°C kadar yiikseltilen su sicakligina
kadar dayanabilmislerdir. Deneme sonunda 6rneklenen baliklarin ortalama agirliklar1 ayn1 olmasina
karsin, CTMax c¢alismasinda &rneklenen baliklarin agirliklart ve bu baliklarin CTMax  verileri
incelendiginde, Nano-Ag 2 mg/kg grubunda 6rneklenen baliklarin (N=9) 6 adedinin CTMax’nin 27.6°
C’in iizerinde oldugu goriilmiistiir. Ayn1 degerlendirme kontrol grubu bireylerinde yapildiginda sadece
4 baligin 27.0°C’in lizerinde bir CTMax gosterdigi gézlenmistir. Ancak, bunun iizerine yapilan iki
yonlii varyan analizi ile 6rneklenen balik bilyiikliigii ile CTMax bir iliskisi olmadig1 tespit edilmistir.
Bilindigi iizere, baliklarda 1s1 degisimi viicut boyutu ve agirlig ile iliskilidir (Elliott, 1981). Yani balik
biiyiikliigli ile CTMax arasindaki iliski, kiigiik baliklarin balik yiizey alanina oraninda biiyiik baliklara
gore daha yiiksek oldugu bu yiizden de biiyiik baliklara gore su sicakligindan daha fazla etkilendigi
bildirilmistir (Recsetar vd., 2012). Bazi yetistiricilik bolgelerinde gokkusagi alabaligi yaz periyodunda
gecici siirelerde yiiksek (>26-27°C) su sicakliklarina maruz kalabilirken (Ineno vd., 2020), bu tiiriin
termal toleransinin 24°C oldugu bildirilmistir (Ineno vd., 2005). Yukarida belirtilen ¢aligmalardaki
CTMax ftizerine alman farkli sonuglar denemelerin fotoperiyotlar1 (Elliott, 1981; Healy & Schulte,
2012; Ineno vd., 2020) veya balik biiyiikliikleri ve tiirlerine gore degisiklik gdstermektedir (Ineno vd.,
2019; Ineno vd., 2020). Diger taraftan, canlinin sicaklik toleransi yemlere eklenen katki maddeleriyle
de artirllabilemektedir (Tejpal vd., 2014; Kumar vd., 2014; 2017). Kumar vd. (2018) 0,5 mg/kg Nano-
Ag’nin tropik bir tir olan Channa striatus CTMax toleransini artirdigini gozlemlemislerdir. Bu tez
caligmasinda Nano-Ag ve CTMax arasindaki iliskiyi gokkusagi alabaliklarinda ilk defa ortaya
koymustur. Ancak, ilerleyen donemlerde 6zellikle farkli dozlarda Nano-Ag, Se (mineral, organik ve
nano formlarinin) ve farkli boyutlarda gékkusagi alabaliklariin CTMax verisi iizerine aragtirmalarin
yapilmasi gerektigi ortaya ¢cikmustir.

5. SONUC

Sonug olarak, biiyiime verileri dikkate alinmadan eger baliklarin sicaklik toleransimi artirilmasi
isteniyorsa, >40 g gokkusagi alabaliginda &zellikle yaz mevsimlerinde ve su gecislerinin oldugu
donemlerde Nano-Ag igeren yemlerin kullanilmast 6nerilebilir. Ancak, bu konuda daha fazla 6rnek
sayistyla daha detayli ¢alismalarin yapilmasi gerekmektedir. Nano-Ag’nin toksik olmayan daha
yiiksek dozlarinda gokkusagi alabalik yemlerinde kullanilmasi ve baliklarin geligim, lipit birikimleri
ve beslenme masrafi ile ilgili molekiiler diizeyde analizlerin gerceklestirilmesi Nano-Ag’nin etkisini
daha net ortaya ¢ikartacaktir.
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Ozet: Bu ¢alismada, hedef tiiriin alabalik oldugu ve 238 amator balikginin katilimu ile Keywords
26-27.03.2022 tarihleri arasinda, Keban Baraj Golii’nde gergeklestirilmis olan bir sportif e CPUE
olta balik¢ilii turnuvasinda yakalanmig olan baliklarin av kompozisyonu (I), e YPUE
katilimeilarin birim ¢abaya diigen av miktarlarini (1), uygulanan aveilik teknigini (111), o QOjta Balik¢ilig1 Turnuvast
kullanilan ignelerin balik viicudunda tutundugu anatomik bolgelere (IV) ve ignelerin 4 Oncorhynchus mykiss
¢ikarilma siireleri ile kanamaya yol agip agmadigini (V) belirlemek amaciyla yapilmistir.

Alabalik i¢in ilan edilen yasal asgari av boyu olan 25 cm’nin minimum av boyu olarak

uygulandig1 turnuvada, 25,4 — 49,2 cm total boy ve 180,2 — 2100,5 g total agirlik

araliginda 24 adet alabalik yakalanmistir. Avin %37,5’inin avlandig: rapala en verimli

olta tiirli iken, %33,4 ile kasik, %20,8 ile spinner ve %8,3 ile jig izlemistir. Kullanilan

olta tiplerine gére av miktarlar: arasinda istatistiksel farklilik bulunmamugtir (X?=4,39,

p>0,05). Yakalanan baliklarin ortalama boy ve agirlik degerleri kullanilan olta tiplerine

gore farklilik gostermemistir (p>0,05). Ignelerin balik viicuduna en yiiksek oranda alt

geneden (%66,7) tutundugu tespit edilmistir. Igne tipi ile balik viicuduna tutunma noktast

arasinda istatistiksel farklilik bulunmanustir (p>0,05). ignelerin ¢ikarilmas: siirecinde

avin %83,3’linde kanama gézlemlenmemis, kanamaya en yiiksek oranda (%75) rapala

tipi olta sebep olmustur. Olta balik¢isi basna saatlik av verimi adet olarak 0,007

(CPUE), agirlik olarak ta 5,1 g (YPUE) olarak belirlenmistir. Sonug olarak {ilkemizde

yapilan amator olta balik¢iligi turnuvalarindan elde edilecek veriler, siirdiiriilebilir

balikgilik ve stok yonetimi agisindan ihtiyag duyulan bazi verilerin eksikliginin

giderilmesi bakimindan 6nemli olacaktir.

Abstract: In this study, the catch composition of the fish caught in a sportive angling Anahtar kelimeler
tournament held in Keban Dam Lake on 26-27.03.2022 with the participation of 238 e CPUE

amateur fishermen and the target species was Rainbow Trout, the catch composition of o YPUE

the fish (1), the amount of catch per unit effort (I1), which fishing technique applied (Il1), ¢ Angling Tournament
the anatomical status of the fish (IV), the times of removal from the hooks and whether 4 Oncorhynchus mykiss
they cause bleeding (V). Twenty-four O. mykiss were caught in the tournament, where

the legal minimum catch length was 25 cm, with a total length of 25.4 - 49.2 cm and a

total weight of 180.2 - 2100.5 g. While 37.5% of the fish caught was Rapala, it was

followed by spoon with 33.3%, spinner with 20.8%, and jig with 8.3%. There was no

statistical difference between the number of catches according to the fishing hook models

used (X2=4.39, p>0.05). The average length and weight values of the caught fish did not

differ according to the fishing hook models (p>0.05). It was determined that the hooks

were from the highest lower jaw (66.7%) according to the anatomical status of the trout.

There was no statistical difference between the hook type and the anatomical status of the

fish according to the catch status (p>0.05). Bleeding was not observed in 83.3% of the

catch during the removal of the hooks, and the highest rate (75%) was caused by the

Rapala hook type. The catch per unit effort for the angler was determined as 0.007

(CPUE) and 5.1 g (YPUE) by weight. As a result, the data to be obtained from the

amateur angling tournaments held in our country will be important in terms of

eliminating the lack of some data needed in terms of sustainable fishing and stock

management.
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1. GIRIS

Tiirkiye’de ticari ve amatdr balikgiligin yasal gergevesi 1380 Sayili Su Uriinleri Kanunu, Su
Uriinleri Yénetmeligi hem amatdr hem de ticari amagl su iiriinleri aveiligini diizenleyen tebliglerle ile
belirlenmistir. Amatér Amagli Su Uriinleri Avciliginin Diizenlenmesi Hakkindaki 5/2 Numarali
Teblig’e gore sportif balikcilik, “Sportif balik avciligi federasyonlarinca konulan kurallara dayali,
yakalanan baliga zarar vermeme, saglikli ve canli olarak suya iade edilmesi gibi temel prensipler
iceren bireysel ya da takimlar arasindaki miisabaka esasina dayali balik avciligi etkinligini,” olarak
tanimlanmaktadir (BSGM, 2022). Sportif balik avi yarismalar1 amator olta balike¢iligi dernekleri ya da
federasyonlar: tarafindan Balikgiilk  Su  Uriinleri Genel Miidiirliigiinden izin  almarak
yapilandirilmaktadir.

Amator balik¢ilik gelismis iilkelerde milyarlarca dolarlik bir ekonomi yaratirken, bazi gelismekte
olan flilkelerde de sosyal ve ekonomik bir ara¢ olarak ortaya ¢ikmaktadir (Parkkila vd., 2010).
Giiniimiizde diinya genelinde amatdr balik¢ilikla ilgilenen yaklasik olarak 700 milyon kisinin oldugu
tahmin edilmektedir (Cooke & Cowx, 2004). Gerek ekonomik gerekse de sosyo-kiiltiirel etkilerindeki
artisa bagli olarak amator balik¢ilik giliniimiizde kiiresel balik¢iligin 6nemli bir bileseni haline
gelmistir (Pawson vd., 2008).

Amator balikgilik temel olarak herhangi bir piyasa giicline maruz kalmadigi i¢in profesyonel veya
ticari balikgiliktan farkli olarak girisin serbest oldugu bir aktivitedir. Bu durum amatoér balikciliga
dahil olmay1 kolaylastirirken, bu aktivitenin yonetimini de gliglestirmektedir. Son yillarda kiyisal
alanda ve kiyiya yakin denizel alanlarda sayisi gittikce artan rekreasyonel aktiviteler turizm igin
oldukc¢a 6nemli bir potansiyel olusturmaktadir (Markovic vd., 2009).

Amatdr balikcilik, gerceklestirildigi bolgede dogrudan ve dolayh iliskili oldugu sektorlerde
ekonomik bir aktivite yaratir. 19 Avrupa iilkesinde %9,5 oranla toplamda 44,8 milyon amator balikei
bulunmaktadir. Yilda 25 milyon amatdr balik¢inin 25 milyar Avro ekonomisinin oldugu bilinmektedir
(Gaudin & De Young, 2007).

Insanlar refah diizeyleri arttikga eglenceye, bos vakit gecirme aktivitelerine, sportif amagcl
ugraslara daha ¢ok zaman ve para ayirmaktadir. Dogayla i¢ ige yapilan amator balikeilik, birgcok
kiyisal iilkede bu ugrasilarin basinda gelmektedir. Sutinen ve Johnston (2003), amator balik¢iligin,
Kanada, Italya, ispanya ve Amerika Birlesik Devletleri gibi birgok iilkede gerceklestirilen popiiler bir
deniz rekreasyon aktivitesi oldugunu bildirmektedir.

Sportif (Amator) Olta Balik¢iligi, Dinlenme, eglenme, spor ve dogayla i¢ i¢ce olma amaci tasiyan
rekreaktif bir etkinlik olarak ifade edilebilir. Bu amagla bir iilkeden diger bir iilkeye turlar
diizenlenerek biiyilk paralar karsiiginda gruplar halinde insanlar gétiiriilmektedir. Ornegin
Japonya’dan Avustralya’ya bu amag icin diizenlenmis 7 giinliik paket programina katilmanin kisi
basina bedeli 4.200 $USD ve Tayland i¢in ise 2.300 $USD’dir (Anonim, 2001).

Amator olta balikgiliginin turizme katkis1 azimsanmayacak kadar etkili oldugu bilinmektedir.
Ancak amator olta balik¢iligi turizminin siirdiiriilebilir kalkinmada pozitif bir yer alabilmesi igin ¢evre
korumaya onem verilmesi gerekmektedir. Bu nedenle turizm, artik yalnizca ekonomik yararlari
acisindan degil, oOzellikle toplumsal ve fiziki ¢evre lzerindeki etkileri yoniinden de bilimsel
aragtirmalara konu olmakta, hatta arastirmalarda ekonomik yararlar ve etkilerin gergekte yarara
doniislip donligmedigi sorgulanmaktadir. Son zamanlarda rekreasyonel balik¢ilik turnuvalar diinyanin
gelismis ve gelismekte olan birgok iilkesinde sportif, sosyal ve ekonomik katkilarindan dolay1 yogun
sekilde yapilmaktadir. Ozellikle turnuvalar sayesinde amatdr balikeilik yapan kisiler birbirleriyle
kaynagmalar1 sdz konusu olmaktadir. Yore halkina 6nemli ekonomik girdileri de séz konusudur.
Birbirlerine deneyimlerini anlatan ve aralarinda kaynasan bu balik¢ilarin kurduklar1 dernekler 6nciilitk
ederek, turnuvalarin yapilmasi ve siirdiiriilebilir balik¢ilik agisindan 6nemli rol oynamaktadir.

Diinyada ticari balik avciligin 6nemi giin gectikce balik stoklari lehine azalirken amatoér balikgilik
aktiviteleri, stoklar1 koruma ve stoklara verdigi faydalar neticesinde glinlimiizde 6nemli hale gelmistir.
Amator olta balikgiliginda kullanilan tekneler ve buna bagli olarak kullanilan olta ve malzemeleri
ekonomik olarak dénemli seviyelere gelmistir. Ulkemizde amatdr balik¢i sayist net olmadigi igin,
ekonomik boyutu hakkinda bilgiler kisitl kalmaktadir. Amator olta balik¢iligi belgesi zorunlu bir
belge olmamasma ragmen, yaklasik olarak bir milyon kisi bu zevkli aktiviteyi yaptig1 tahmin
edilmektedir. Bu kadar biiyiik bir potansiyeli olan sektoriin sosyal ve ekonomik 6zellikleri ile ilgili




Atessahin ve Cilbiz, 2023 Acta Aquat. Turc., 19(3): 257-265 259

calisma sayisi oldukga azdir (Atessahin & Cilbiz, 2018; Atessahin & Cilbiz, 2019). Insanlarin hangi
amagla, ne kadar para ve zaman harcayarak amator balik¢ilik ile ugrastigi tam olarak bilinmemektedir.
Buna karsilik, ticari avcilik yapilan su kaynaklarinin neredeyse tamaminda amatdr avcilik faaliyetinin
de yogun sekilde yapildigi goriilmekte olup avlanan baligin miktari, iilke ekonomisine katkisi,
stoklardan yararlanma oranlar1 ile ilgili herhangi bir resmi kayit bulunmamaktadir. Hem denizlerde
hem de tatlisularda bolgesel ayrim yapilmaksizin bir¢ok turnuvalar diizenlemektedir. Tarim ve Orman
Bakanlig1 iznine tabii olan bu turnuvalarda amatdr olta balik¢iligindan kaynaklanan aveilik
verimlilikleri toplanmaktadir. Ancak bu veriler sadece ka¢ tane balik yakalandigi, kag¢ tanesinin suya
iade edildigi gibi konularin disina ¢ikmamaktadir. Yarismaya katilan amatér olta balik¢ilariin
sayilar1, birim ¢abaya diisen avcilik verimlilikleri gibi hesaplamalar yapilmamaktadir. Ulkemizde
turnuva kayit sistemlerinin artmasiyla birlikte bu tarz kayitlarin tutulmasi gerekliligi vardir.

2. MATERYAL ve METOT

Calismaya konu olan turnuva 26-27 Mart 2022 tarihlerinde diizenlenmis olup, 65 farkli ilden
toplamda 238 amatér balik¢r katilim saglamigtir. Turnuva Elazig Sportif Olta Balikgilart ve Su
Hayatin1 Koruma Dernegi tarafindan organize edilmistir. Turnuva kurallar1 geregi sadece yasal boy
sinirlarindaki alabaliklarin avlanmasina izin verildiginden dolay1 diger tiirler ve 25 cm toplam boyun
altindaki bireyler suya geri birakilmistir. “Hobi degil tutku, yaris degil dostluk” ifadesi turnuva
slogani olarak kullanilmisgtir.

Turnuva Keban Baraj Go1’iiniin 3. Avlak sahasinda yer alan ve S.S. Keban Su Uriinleri Kooperatifi
tarafindan isletilmekte olan ve Sekil 1°de gosterilmis alanda gergeklestirilmistir. Tekne kullaniminin
yasak oldugu turnuvada, avcilik kiyidan gergeklestirilmistir. Her 20 metrede iki kisi olacak sekilde
belirlenen avlanma noktalari, amator balik¢ilar arasinda kura c¢ekimi ile tesadiifi olarak
paylastirilmstir.

39.2 P
Qemi.sgezek
390 /
Pertek
[ ]
38.8
k Kovapcnar
=\
38.6
— A
38.4 0 10 20km S
39.0 39.5 40.0

Sekil 1. Turnuva avlak sahasi

Organizasyon komitesi tarafindan yarismaya katilan amator balikcilara kurallar hakkinda gerekli
bilgilendirmeler yapilmistir. Minimum av boyunun 25 c¢cm oldugu, ayrica katilimcilardan uygulanan
avcilik tekniginin belirlenmesine yonelik olarak, avcilikta kullanilan igne tipinin (i), avcilik sonrasi
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kanama durumunun (ii) ve ignenin baligin hangi noktasina tutundugu (iii), kanama gézlemlenip
gozlemlenmedigi (iv) gibi bilgilerin kaydedilmesi istenmistir. Iki kisilik takimlar halinde
gergeklestirilen turnuva bir-buguk giin silirmiis, her bir amatér balik¢i toplam 14 saat avcilik
gergeklesmistir. Turnuva boyunca elde edilen parametrik (toplam boy, ignenin ¢ikarilma siiresi) ve
parametrik olmayan veriler (ignenin balik viicuduna tutunma noktasi, ignenin kanamaya neden olup
olmadigi, avcilikta kullamilan igne tipi, avcilik sonunda avin canli kalma durumu) formlara
kaydedilmistir.

Turnuvada kullanilan farkli olta tiplerinin birim ¢abaya diisen av miktarlart adet (CPUE) ve
agirlhiga (YPUE) gore Aydin (2011) tarafindan bildirilen asagidaki formiiller [1, 2] yardimi ile
hesaplanmistir. Verilerin normal dagilim igeresinde yer alip almadiginin belirlenmesinde “Shapiro-
Wilk normality test” kullanilmigtir. Normal dagilim gdstermis olan verilerin karsilastirilmasinda
ANOVA, test gruplar arasindaki farklihigin belirlenmesinde de TUKEY™® test kullamilnustir. Tiim
istatistiksel degerlendirmeler 0,05 6nem diizeyinde Rstudio (v2022.07.1) bilgisayar programinda
yurltilmistiir.

J'adet (n)
CPUE=—— — 1
J1gne sayis1x 3 'Operasyon sayisi x aveilik siiresi

Jagirlik (g)

YPUE=—: 2
2/ Igne sayisi x }'Operasyon sayisi x avcilik siiresi

3. BULGULAR

Calisma sonucunda amatdr balikgilarin dort farkli olta takimi (Jig, Kasik, Rapala ve Spinner)
kullandiklar1 belirlenmistir. Avlanan baliklarin olta tiplerine gore toplam agirlik ve boy dagilimlar
Tablo 1’de verilmektedir. Hem agirlik hem de adet bakimindan en verimli olta takimi Rapala, en
verimside Jig olmustur. Olta tipine gore avin ortalama agirliklart istatistiksel farklilik géstermemistir
(p>0,05). Spinner ile avlanan baliklarin ortalama boylar1 diger olta tiplerine gore daha yiiksek
bulunmustur, ancak bu durum istatistiksel farklilik gostermemistir (Sekil 2) (p>0,05).

Kanca tipine gére ortalama av boyu Kanca tipine gore ortalama av agirhgi
50-

2000 -

45-

_ (fivean = 40.36 o 1500
£ ® -
el - x
> S
o] 5 =
[11] Hmean = 37-44] )? >y
E ﬁmean =36.00 5 1000 - Himean = 952.52
g_ 35- -
Ll ﬁmean =33.45 lg '
ﬁmean =715.90 o ﬁmean =734.72
= 500- . | {0 = 5385
@” |

25~

Jig Ka'§|k Ra;laala Spir'mer Ji'g Ka'§|k Ra;')ala Spir'mer
(n=2) (n=8) (n=9) (n=5) (n=2) (n=8) (n=9) (n=5)

Sekil 2. Avlanan alabaliklarin olta tipine gore boy ve agirlik dagilimlari
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Tablo 1. Yakalanan baliklarin olta tipine gore boy ve agirlik dagilimu

. Boy (cm) Agirlik (g)
Olta tipi N : -
Ort.+SH Min.-Max. Toplam Ort.£SH Min.-Max.
Jig* 2 36,0+8,2 27,8 - 44,2 1431,8 715,9+465,6 250,3 - 1181,5
Kasik 8 33,542,1 25,4 -44,3 4308,7 538,6+113,2 180,2 - 1120,7
Rapala 9 37,4+2,2 29,4 - 48,2 6612,5 734,7+142,8 294,5 - 1475,2
Spinner 5 40,4+3,8 30,3 - 49,2 4762,6 952,5+371,1 285,6 - 2100,5

*: Yetersiz 6rnek sayis1 nedeniyle ANOVA testine dahil edilmemistir.

Genel olarak her dort olta tipinin de alabalik viicuduna cogunlukla alt ¢eneden tutundugu
belirlenmistir (Tablo 2). Bu genellemeyi sadece Jig bozmus olup alt ¢ene ve her iki ¢cene orami esit
bulunmustur. Spinner’da alabaliklarin her iki ¢enesine de tutunma durumu gozlemlenmemistir (Sekil
3).

Tablo 2. Olta tiplerine gore ignenin balik viicuduna tutunma noktalar1

igne tiirii Anatomik durum Adet (n) Oran (%)
Jig Alt gene 1 50
Her iki ¢ene 1 50
Alt ¢ene 6 75
Kasik Her iki ¢ene 1 12,5
Ust ¢ene 1 12,5
Alt gene 5 55,6
Rapala Her iki ¢ene 2 22,2
Ust gene 2 22,2
. Alt gene 4 80
Spinner ..
Ust ¢ene 1 20

Avcilik sonrasi kanama vakasi iki balikta gbézlemlenmis olup kanamanin oldugu olta tiplerinin
Kasik ve Rapala oldugu belirlenmistir. Avin  %83,3’linde herhangi bir kanama durumu
bildirilmemistir. ignelerin ortalama gikarilma siireleri Jig, Kasik, Rapala ve Spinner igin aym sira ile
7,5, 13,8, 10,0 ve 7,0 sn olarak bulunmustur. Bu kapsamda en kisa siirede ¢ikarilan olta tipinin
Spinner, en geg cikarilan ise Kasik oldugu sdylenebilir. Olta tipine gore ignelerden ¢ikarilma siireleri
arasinda istatistiksel farklilik belirlenmistir (p<0,05) (Sekil 3).
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Sekil 3. Olta tipine gore ignelerin ¢ikarilma siireleri
Tim turnuva boyunca gerceklesen aveiligin CPUE ve YPUE degerleri ayni sira ile 0,0072 (igne
In/saat) ve 5.1367 (igne/g/saat) olarak bulunmustur (Tablo 3). CPUE bakimindan kasik en verimli Jig

en verimsiz, YPUE bakimindan da Rapala en verimli Jig en verimsiz olta olmustur.

Table 3. Olta tipine gore CPUE (igne/n/saat) ve YPUE (igne/g/saat) degerleri

Parametre Genel Jig Kasik Rapala Spinner
CPUE 0,0072 0,0018 0,0072 0,0081 0,0045
YPUE 5,1367 0,4297 1,2931 1,9845 1,4293

4. TARTISMA ve SONUC

Amatdr olta balik¢iligr turnuvalari, bir grup balik¢inin belirli bir siire i¢inde en biiyiik veya en agir
balig1 yakalamak igin yaristig1 organizasyonlar olarak tanimlanmaktadir. Bu turnuvalar genellikle
bolgesel diizeyde diizenlenir ve genellikle amator balikgilar arasinda popiilerdir. Bu tiir turnuvalarin
amaglar1 arasinda, balik¢ilik becerilerini gelistirmek, deneyim kazanmak, yeni insanlarla tanigmak,
cevreye duyarli olmak ve sonug olarak ddiiller kazanmak yer alir (Cooke ve dig., 2013). Amator olta
balik¢ilig1 turnuvalari, ayn1 zamanda balik popiilasyonlarinin yénetimi ve korunmasi i¢in 6nemli bir
arag olarak da goriilebilir. Bu turnuvalar, belirli bir bolgedeki balik stoklarini izlemek ve analiz etmek
icin veriler saglayabilir. Bu veriler, balik stoklarinin durumunu, biliylime hizini, tiir gesitliligi ve
popiilasyon yogunlugu gibi faktorleri degerlendirmek i¢in kullanilabilir (Cooke vd., 2015). Ayrica,
amator olta balik¢iligi turnuvalari, insanlarin dogayi ve gevreyi korumaya yonelik bilincinin artmasina
da katkida bulunabilir. Turnuvalar sirasinda, c¢evreye karsi duyarlilik ve siirdiiriilebilir balik¢ilik
uygulamalar1 hakkinda bilgi verilmesi, katilimcilarin ve izleyicilerin bu konularda daha bilingli
olmasina yardime1 olabilir (Boucek vd., 2023).

Yapilan ¢alismalarda yakala-birak (catch & realise) olarak degerlendirilen balik tiirlerinde igne
lokalizasyonu ve kanama durumlar1 baligin tekrar suya iade edilmesinde en 6nemli faktorler arasinda
yer almigtir. Asirt derecede kanama olan durumlarda baliklarin ignelerden kaynaklanan o6liim
oranlarina iliskin 6nemli bulgular tespit edilmistir (Cooke & Cowx, 2004). Yapilan bu ¢alismada genel
olarak her dort olta tipinin de alabalik viicuduna ¢ogunlukla alt ¢eneden tutundugu belirlenmistir
(Tablo 2). Bu genellemeyi sadece Jig bozmus olup alt ¢cene ve her iki ¢ene orami esit ¢cikmistir. Bu
durumun 6rnek yetersizliginden kaynaklandigi diisiiniilmektedir.

Skov vd. 2022'de Salmo trutta deniz alabaliginin olta balik¢iligi davranislari, ignelerin yakaladigi
bolgelere ve kanama durumunun az ve ¢ok olma durumuna gore 6liim oranlari iizerine etkilerini
aragtirmiglardir. 35,826 alabalik iizerinde yapilan ¢alismada; % 46 ile spin balik¢iligi, %35°1 ise Fly
Balik¢iligi seklinde gergeklestigini tespit etmislerdir. Balik avlanabilir boy limitinin altinda
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oldugunda, %80,0 oraninda suya geri iade edildigini tespit etmislerdir. Yakalanan baliklarin %25,0°
inde kanama gergeklestigini, ancak %2’ sinin asir1 kanama oldugu bulunmustur. Bu ¢alismada ise
turnuva boyunca avlanan alabaliklardan %8,3’linde az seviyede kanama gdzlemlenmistir. Turnuva
sirasinda bir saat yakalandig1 bolgede suda bekletilen alabaliklarda ignelerden kaynakli 6liim oranlari
gbzlemlenmemistir.

Diinyada amat6r balik¢ilar tarafindan yakalanan yaklasik 47 milyar balik avlandigi tahmin
edilmektedir. Gerek goniillii olarak gerekse yasa koyuculardan kaynakli olarak % 60 civarinda baligin
tekrar alic1 suya iadesi s6z konusudur (FAO, 2012). Ulkemizde ise yakalanan balik miktarlar1 ve
yakala- birak oranlar1 hakkinda veri eksikligi mevcuttur. Amator olta balik¢iliginin gelismesine bagli
olarak yakalanan balik miktarlari, tiirii, avlanma boylar1, igne tipi, olta tipi, kanama durumlar1 gibi
parametrelerin kayit altina alinmasina bagli olarak siirdiiriilebilir balik¢iliga ve stogun zarar
gormemesine katki saglayacaktir.

Yakalanan baliklardaki ignelerin ¢ikarilma siiresi de 6liim oranlar1 {izerinde 6nemli bir etkiye sahip
oldugu yapilan c¢alismalarda belirlenmistir. igneden ¢ikarilma siireleri azaldik¢a &liim oranlarinda
azalmalar s6z konusudur. (Atessahin, 2019). Bu calismada ise ignelerin ortalama g¢ikarilma siireleri
Jig, Kasik, Rapala ve Spinner i¢in aym sira ile 7,5, 13,8, 10,0 ve 7,0 sn olarak bulunmustur. Bu
kapsamda en kisa siirede ¢ikarilan olta tipinin Spinner en ge¢ cikarilan ise Kasik oldugu tespit
edilmistir. Genellikle amator olta balik¢ilig1 turnuvalart 6zelinde tecriibeli balikgilar katilmaktadir.
Katilan amatdr olta balik¢ilarinin ignelerden ¢ikarilma siirelerinin az olmasia ve buna bagli 6liim
oraninin olmamasina neden oldugu diistiniilmektedir.

Rekreasyonel balikgilik yonetiminde yakalanan baligin tekrar suya iade edilmeleri konusunda
tartismalar mevcuttur (Paukert vd., 2001; Radomski vd., 2001). Baz1 arastirmacilara gore yakalanan
balik tekrar suya iade edilmeleri halinde oliirken (Munuoke & Childress, 1994) baz1 arastirmacilara
gore iade edilen baligin yasamsal faaliyetleri, biiylimeleri gibi konularda azalmalar meydana geldigi
bildirilmistir (Cooke vd., 2002; Arlinghaus vd., 2007). Bu calismada bir saat siire icerisinde ignelerden
kaynakl1 herhangi bir 6liim oran1 gerceklesmemistir.

Amator olta balik¢iligr turnuvalari, eglenceli ve rekabetgi bir etkinlik olmanin yami sira, balik
stoklarinin yonetimi ve korunmasi ig¢in Onemli bir arag da olabilir. Ancak Oncorhynchus mykiss
icsularda ekolojik agidan zararli tiirler arasinda yer almaktadir (BSGM, 2022). Bu nedenle
Oncorhynchus mykiss tiiriiniin diger tiirler tizerinde baskilar olusturdugu bilinmektedir. Amator olta
balik¢iligr ile Oncorhynchus mykiss tiiriiniin diger tiirler {izerindeki baskilari azaltmasi agisindan
turnuvalarin yayginlastirilmasi siirdiiriilebilir balik¢ilik uygulamalarinin tesvik edilmesi agisindan
onemli olacaktir.

Ulkemizde zaman igerisinde amator balikgilik ile ilgili calismalardaki artisa bagl olarak, elde
edilecek verilerin miktar ve kalitesinde de 6nemli bir artis olmasi beklenmektedir. Bilimsel ¢alismalar
ile toplanacak verilerin kayit altina alinmasi, gerekli mercilerce yorumlanmasi ve yonetim agamasinda
kullanilmasinin  yolu acilmis olacaktir. Ulkemizde ticari su iiriinleri stoklarmn siirdiiriilebilir
yonetiminin saglanmasina yonelik olarak veri toplama siireci farkli mecralarda siirdiiriilmekte iken
amator balik¢iliga yonelik herhangi bir veri toplama siireci tam anlamu ile baslatilamamistir. Sonug
olarak hem amatdr hem de ticari balik avciliginin da igerisinde bulundugu balik¢ilik kaynaklarinin
daha etkin korunmasi ve siirdiiriilebilirliginin saglanmasina yonelik olarak balik¢ilik politikalarinin
belirlenmesinde kilit 6neme sahip olan nitelik bilimsel veri toplanmasi siirecinin gelistirilmesi
gerekmektedir.

TESEKKUR

Yazarlar desteklerinden dolay1 Elazig Sportif Olta Balikgilar1 ve Su Hayatini Koruma Dernegi’ne
tesekkiirlerini sunmaktadirlar. Bu ¢alisma 6. Ulusal Alabalik Sempozyumunda sozlii sunum olarak
sunulmustur.

FINANS
Bu ¢alismada herhangi bir kisi ya da kurumdan finansal destek alinmamistir.
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CIKAR CATISMASI BEYANI
Yazarlar, herhangi bir ¢ikar ¢atismasi olmadigini beyan etmektedirler.

YAZAR KATKILARI
TA: ¢aligmanin tasarlanmasi, verilerin elde edilesi ve derlenmesi, taslak makalenin yazilmasi; MC:
verilerin degerlendirilmesi, taslak makalenin yazilmasi, makalenin revize edilmesi.

ETIK ONAY BEYANI
Rutin amator avcilik operasyonu ile elde edilmis baliklara herhangi bir deneysel islem yapilmadig:
icin, etik kurul onay1 alinmasina gerek yoktur.
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Talep edilmesi durumundan ¢alisma verileri sorumlu yazar tarafindan paylasilacaktir.
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Ozet: Bu calismada Tiirk Somonu olarak adlandirilan ve Karadeniz’de yetistiriciligi Anahtar kelimeler
yapilan gokkusagi alabaligi (Oncorhynchus mykiss), kiraz (K), erik (E), ve elma (A) e Tiirk Somonu
agaci talaslar1 kullanilarak sicak dumanlama islemine tabii tutulmus ve sonrasinda 3 =  Sicak dumanlama

1°C’de  depolanmustir. Dumanlanmis Tiirk Somonunun depolama siiresince; ® Farkli agag talaglari
mikrobiyolojik (toplam mezofilik aerobik bakteri-TMAB, toplam psikrofilik aerobik *° Kalite
bakteri-TPAB, Listeria monocytogenes, maya-kii-MK) ve duyusal (renk, koku, tat, ® Scguk depolama
tekstiir ve goriiniis) analizleri yapilmistir. Uriinlerin mikrobiyolojik analizlerinden elde

edilen sonuglara gore; ¢ig baliketinde TMAB sayisi 2,5+0,02 log KOB/g, TPAB

2,1+£0,08 log KOB/g, MK 2,4+0,03 log KOB/g, olarak tespit edilmis olup, sicak

dumanlama isleminin mikroorganizma gruplar1 iizerinde inhibe etkisi gozlenmistir.

Depolamanin sonunda kiraz, erik ve elma talasi ile dumanlanmig Tiirk Somonlarinda

TMAB, TPAB ve MK sayilar1 sirasiyla 7,85+0,23, 7,48+0,63, 7+0,72; 7,5+0,86,

7,21+0,97, 6,98+0,88; 3,1+0,28, 2,78+0,40, 2,59+0,60 log KOB/g olarak bulunmus, L.

monocytogenes tespit edilmemistir. Duyusal analiz sonuglarindan, koku ve tekstiir

acisindan farkli talag kullaniminin etkisinin 6nemsiz oldugu saptanmustir (p>0,05).

Depolamanin sonunda, A grubu 6rneklerinin mikrobiyolojik ve duyusal olarak en iyi

kaliteye sahip oldugu belirlenmistir.

Abstract: In this study, rainbow trout (Oncorhynchus mykiss), which is called Turkish Keywords

Salmon and farming in the Black Sea, was subjected to hot smoking process using cherry e Turkish Salmon

(K), plum — (E), and apple —(A) tree and then stored at 3 + 1°C. Smoked Turkish Salmon e Hot smoking

were performed microbiological (total mesophilic aerobic bacteria -TMAB, total o Different tree sawdust
psychrophilic aerobic bacteria -TPAB, Listeria monocytogenes yeast-mold -MK) and Quality

sensory (color, odor, taste, texture and appearance) analysis during storage. According to
the results of microbiological analysis of products; while TMAB, TPAB and MK counts
were determined as 2.5+0.02, 2.1+0.08 and 2.4+0.03 log CFU/g respectively in raw fish
meat, it was observed that microorganisms were inhibited in the first week in all groups
after hot smoking application. At the end of the storage, the TMAB, TPAB and MK
count of trout smoked with cherry, plum and apple shavings respectively were 7.85+0.23,
7.48+0.63, 7£0.72; 7.5+0.86, 7.21+0.97, 6.98+0.88; 3.1 +£0.28, 2.78 +0.40, 2.59 +0.60
log CFU/g, L. monocytogenes was not detected. With sensory analysis, it was found that
the effect of using different sawdust in terms of odor and texture on smoking trout was
insignificant (p>0.05). As a result of 42 days of storage, it was determined that group A
samples had the best microbiological and sensory quality.

¢ Cold storage

1.GIRIS
Diinyada artan niifusla birlikte kaliteli ve saglikli gida iiriinlerine ulagsmakta giicliikler
yasanmaktadir. Onemli bir protein kaynag1 ve diger besin bilesenleri ile 6ne ¢ikan baliga ilgi her gegen
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giin artmaktadir. Bu nedenle tiiketicilerin ulasilabilir ve besin kalitesi yiiksek olan tiirlere ilgisi
artmaktadir. Son yillarda yasanan salginlar bagisiklik sistemi i¢in saglikli ve dengeli beslenmenin
Onemini giindeme getirmistir.

Gokkusagi alabaliginin (Oncorhynchus mykiss) tilkemizde yetistiriciligi igsularda 1970’li yillarda
baglamistir (Emre vd.,2008). Kuzey Amerika kokenli olan Gokkusag: alabaligi Salmonidae familyasi
icerisinde yetistiriciligi en yaygin olan tiirdiir. 2019 yilinda Tarim ve Orman Bakanligi Balik¢ilik ve
Su Uriinleri Genel Miidiirliigii tarafindan, Tiirkiye’de 6zellikle Karadeniz’de iiretilen gokkusag
alabaligi markalasarak “Tiirk Somonu” adini almistir (Ozal, 2021). Rusya marketlerinde bu tiiriin
“biiyiik kirmuz1 Tiirk balig1” olarak da pazarlandig: bildirilmistir (FAO, 2022). Ulkemizde 2021 yili
itibariyle 471 bin ton olan yetistiricilik tiriinleri arasinda gokkusagi alabalig: tiretimi, i¢ sularda 134
bin ton ve denizde 31 bin ton ile dnemli bir paya sahiptir (TUIK, 2022).

Orta Karadeniz Bolgesi’nde yetistiriciligi yapilan Tirk Somonunun besin igerigi ile ilgili
yapilan bir ¢alismada ham protein igeriginin %19,04, ham yag miktarinin %6,3 ve toplam omega-3
yag asitleri degerinin de %12,96 oldugu bildirilmistir (Keskin vd., 2022). Tirk Somonu ile ilgili
calismalarda bu tiir element konsantrasyonu (Oztiirk, 2022) ve agir metal (Ogretmen, 2023) yéniiyle
incelenmis ve saglik agisindan uygun oldugu vurgulanmustir.

Dumanlama islemi mese ve kaymn gibi sert yapili agaglarin talas veya odunlar1 kullanilarak
yapilmaktadir. Duman ic¢indeki bilesiklerin antimikrobiyal ve antioksidan &zellikleri, dumanlamada
uygulanan 1s1 ve tuzlama gibi islemler dumanlanmis {irlinlerin raf Omriinii artirict faktorlerdir
(Sikorski, 2016). Diinya genelinde dumanlama teknigi baliklar da dahil olmak iizere bircok gidaya
uygulanmaktadir. Baliketi kolay bozulabilen gidalar arasinda yer aldigindan (Ashie vd., 1996;
Siirengil & Kiling, 2011; Tavares vd., 2021), bozulmay1 geciktirmek veya onlemek i¢in baliketine
farkli isleme teknikleri uygulanmaktadir. Bu tekniklerden biri dumanlama teknolojisidir. Dumanlama
teknolojisi sicaklik ve duman bilesenleri ile mikroorganizma sayisi ve su aktivitesini diisiirerek {iriine
aroma da kazandirmaktadir (Kaba vd., 2009). Dumanlama teknolojisi sicak ve soguk dumanlama
olmak iizere farkli yontemlerle yapilabilmektedir. Alabaliklara hem sicak dumanlama hem de soguk
dumanlama teknolojisi uygulanmaktadir (Arvanitoyannis & Kotsanopoulos, 2012). Ulkemizde ise
gokkusagi alabaligina uygulanan yontem sicak dumanlama teknigidir.

Tiirkiye’de gokkusagi alabaliklar1 bagarili bir sekilde dumanlama iglemine tabi tutulmakta ve elde
edilen irinler ¢esitli iilkelere ihra¢ edilmektedir. Tirk Somonunun sicak dumanlanmasi ile ilgili
herhangi bir calismaya rastlanilmadigi i¢in bdyle bir ¢alisma diisiiniilmiistiir. Calismada sicak
dumanlama isleminde farkli agaglarin odun talaslarindan yararlanilmistir. Bu g¢aligmada “Tiirk
Somonu” olarak adlandirilan ve Karadeniz’de yetistirilen baliklarin erik agaci, elma agac1 ve kiraz
agaci talaglar ile sicak dumanlanmasi ve soguk muhafaza siiresince mikrobiyolojik ve duyusal kalite
degisimlerinin belirlenmesi amaglanmustir.

2. MATERYAL ve METOT
2.1. Materyal

Arastirmanin materyalini olusturan Karadeniz’de yetistirilen ve Tiirk Somonu olarak adlandirilan
taze gokkusagi alabaliklar1 (O. mykiss) Isparta’ya giinliik olarak getirilen balik satis noktasindan temin
edilmistir. Her biri Yaklagik 2,5 kg olan Tiirk Somonlar1 bekletilmeden Isparta Uygulamali Bilimler
Universitesi (ISUBU), Su Uriinleri Uygulama ve Arastirma Birimine getirilmistir. Calismada
kullanilan erik, elma ve kiraz agaclarin odunlar1 yerel meyve iireticilerinden temin edilerek hizar
atdlyesinde talas haline getirilmistir. Elde edilen talaslar ISUBU Ziraat Fakiiltesine ait bitki kurutma
tablalarinda oda sicakliginda 7 giin siire ile kurutulmustur. Kurutma siirecince homojen bir kurutma
saglayabilmek igin talaslar belirli araliklarla karigtirilmistir. Kurutulan talaslar dumanlama asamasina
kadar kapali kaplarda muhafaza edilmistir. Dumanlama 6ncesi salamura soliisyonu i¢in kaya tuzundan
imal edilmis salamura tuzu kullanilmistir.
2.2. Metot
2.2.1. Dumanlama islemi

ISUBU Su Uriinleri Uygulama ve Arastirma Birimine getirilen Tiirk Somonlar1 temizlenmis,
filetolar1 c¢ikarilmis ve dilimlenmistir. Baliklarin temizlenmesinde igme suyu kullanilmistir.
Dilimlenen balik 6rnekleri %18 (balik/salamura w/v - 1/1) tuz ¢ozeltisinde 20 dakika tutulmustur.
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Daha sonra sularinin siiziilmesi i¢in yaklagik 10 dakika bekletilmistir. Dumanlama islemi; AFOS tipi
ornek alinarak ve talagin kendi kendine yanmasi esas alinmig sicaklik ayarli termostatli dumanlama
dolabinda gergeklestirilmistir. Dumanlamada kurutulmus kiraz agaci (Grup K), erik (Grup E) ve elma
(Grup A) talaslar1 kullanilmistir. Tiirk Somonlarmin sicak dumanlama islemi, Egirdir Su Uriinleri
Fakiiltesi Gida Isleme Laboratuvarina ait dumanlama dolabinda Giilyavuz & Unliisaym (1999)’mn
bildirdigi yonteme gore gerceklestirilmistir. Sicak dumanlama igsleminde 6rnekler her bir grup i¢in ilk
30 dk siiresince 30 °C’de tutulmus sonrasinda sicaklik kademeli olarak 50,60 ve 70 °C’ye artirilmustir.
Balik 6rnekleri son 45 dk 85 °C sicaklikta tutulmustur. Dumanlama sonrasinda sogutulan 6rnekler
vakum ambalajlama islemine tabi tutulmustur. Dumanlanmig balik 6rnekleri 18x23 cm ebatinda 110
mikron kalinliginda vakum posetlerinde, vakum paket cihazi (Abant Makine Sanayi, Tiirkiye) ile
paketlenmistir. Vakum paketlenen Ornekler 3+£1°C'de muhafaza edilmistir (Sekil 1). Caligmada
analizler 3 paralelli olarak gergeklestirilmistir.

s head

Sekil 1. Kiraz (K) erik (E) ve elma agac1 (A) talaslari ile dﬁﬁ{anlanls ve vakum ktemis bhk éekleri

2.2.2. Mikrobiyolojik analizler

Dumanlanmig alabaliklar depolamanin 1., 7., 14., 21., 28., 35. ve 42. giinlerinde mikrobiyolojik
(TMAB, TPAB, Listeria monocytogenes, MK) agidan incelenmistir. Analiz giinlerinde aseptik
kosullarda calisilarak steril bistiiri ve pens yardimiyla 10 g drnek ve 90 ml steril % 0.1’lik pepton
water (MERCK) ile homojenize edilmistir. Steril pepton water ile seri desimal diliisyonlar yapilarak
her diliisyondan yayma plak yontemiyle ekimleri yapilmistir. TMAB ve TPAB sayimu i¢in Plate Count
Agar (PCA) besiyeri (MERCK 5463), Listeria monocytogenes i¢in PALCAM Listeria Selective Agar
Base, MK saymmu i¢in YGC agar besiyeri kullanilmistir. TPAB sayis1 i¢in 5-7+1°C’de 10 giin, diger
mikroorganizma sayimlar i¢in 30+1°C 48-72 saat inkiibe edilmistir. Inkiibasyondan sonra 30-300
arasinda koloni olusturan plaklar degerlendirilmistir. Sonuglar log KOB/g olarak hesaplanmistir
(Harrigan & Mc Cance, 1976).
2.2.3. Duyusal analizler

Duyusal analizler Egirdir Su Uriinleri Fakiiltesi akademik personeli arasindan 10 deneyimli
panelist tarafindan; renk, koku, tat, tekstiir ve goriinis degerlendirmeleri yapilmistir (Kurtcan &
Goniil, 1987). Degerlendirmede 1 ile 10 aras1 puanlama yapilmis ve puanlamada; 1-2 (cok kotii), 3-4
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(kotii), 5-6 (Normal), 7-8 (iyi), 9-10 (¢ok iyi) olacak sekilde degerlendirilmistir.

2.2.4. Istatistiksel Analizler

Elde edilen mikrobiyolojik ve duyusal analiz verileri SPSS 22 paket programinda Tek Yonlii
Varyans Analizi (ANOVA) ile karsilastirildiktan sonra gruplar arasindaki 6nemlilik diizeyinin
belirlenmesinde Duncan Coklu Karsilastirma Testi ile ortaya konulmus olup, bu istatistiksel énem
farki p<0,05 ile gosterilmistir. Sonuclar ortalama =+ standart sapma olarak verilmistir (n=3).

3. BULGULAR ve TARTISMA

Caligmamizda erik agaci, elma agaci ve kiraz agaci talaglariyla dumanlanmig ve vakum
paketlenmis Tiirk Somonu 6rneklerinin depolama siiresince TMAB, TPAB, L. monocytogenes., MK
ve duyusal analizleri gerceklestirilmistir. Cig baliketinde yapilan mikrobiyolojik analizler sonucunda
TMAB 2,5+0,02 log KOB/g, TPAB 2,1+0,08 log KOB/g, MK 2,4+0,03 log KOB/g oldugu tespit
edilmistir. E, A ve K grubu 6rneklerin TMAB degerleri Sekil 2°de verilmistir.

Gida kaynakli psikrotrofik bir patojen olan L. monocytogenes siklikla tiitsiilenmis balik
iirlinlerinden izole edilmektedir. Soguk dumanlanmig baliklarda, sicak tiitsiilenmis baliklara gore daha
yikksek bir L. monocytogenes etkisi gorilmektedir (Heinitz & Johnson, 1998). Kaliteli
hammaddelerden kontrollii kosullarda, firinlarda veya tiinellerde iiretilen dumanlanmis gidalarin, raf
omrii bitmeden tliketildiginde saglik lizerinde herhangi bir tehlike olusturmadigr bildirilmektedir
(Sikorski, 2016). Suiien vd. (2003) farkli sivi duman bilesikleri ile dumanlanmig alabalikta gida
kaynakl1 patojenlere karsi antimikrobiyal etki iizerine ¢aligma yapmuslardir. S6z konusu calismada
alabaliklar %20 tuzlu salamurada bekletildikten sonra siv1 tiitsiilenmis ve vakum paketlenerek 4 °C'de
depolanmistir. Calisma sonunda farkli duman O&zlerinin L. monocytogenes’e karsi inhibitdr etki
gosterdigini belirlemislerdir. Benzer sonug¢ ¢alismamizda da elde edilmis, sicak dumanlanmis 6rnek
gruplarinda L. monocytogenes tespit edilmemistir.

TMAB
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Sekil 2. Kiraz, erik, elma talasiyla dumanlanmis Tiirk Somonlarinin soguk depolama siiresince TMAB
sayisindaki degisimler (log KOB/g) Biiyiik harfler gruplar arasindaki farki, kiigiik harfler giinler arasindaki farki
gostermektedir) p<0.05)
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Cig Tirk Somonu orneklerinde TMAB degeri 2,5 +0,02 log KOB/g olarak belirlenirken
dumanlama sonrasinda tespit edilmemistir. Depolamanin son giinii olan 42. giinde K grubu 7,85+0,23
log KOB/g, E grubu 7,48+0,63log KOB/g, A grubu 7+0,72 log KOB/g ile sinir deger (7 log KOB/g)
asilmustir (ICMSF, 1986). Ozkaya (1995), alabaliklarda baslangictaki TMAB sayisim 2,47 log KOB/g
olarak tespit etmistir. Arastirmaci, sicak tiitsiileyip vakumla paketleme sonrasi 4°C'de muhafaza ettigi
orneklerin, depolamanin 1. giinlinde toplam bakteri sayisini1 4,32 log KOB/g ve 28. giiniinde 7,67 log
KOB/g olarak belirlemistir. Bilgin vd.,(2008) ¢ipura baliklarinin baslangic TMAB degerinin mese
talasi ile sicak dumanlama islemi ile azaldigini tespit etmislerdir. Calismamizda da sicak dumanlama
isleminin raf dmriine olumlu yansidigi, farkli odun talasi kullaniminin ise genel olarak onemli bir
degisiklige neden olmadigi (p>0,05) belirlenmistir. Dogan ve Izci (2016), sicak dumanlanmis
gokkusag1 alabaligi filetolarinda soguk muhafazanin (4+1 °C) 21. giiniine kadar TMAB tespit
etmemistir. Tacumin vd. (2017) dilimlenmis O. mykiss soguk tiitsiilenerek vakum paketlenen
orneklerin baglangicta TMAB sayisinin tespit edilebilir degerin altinda kaldigini ve 15. giinden sonra
hizli bir artisin oldugunu belirtmistir. Ayrica arastirmacilar o6rneklerde L. monoctogenes’e
rastlanmadigini ifade etmislerdir.
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Sekil 3. Kiraz, erik, elma talasiyla dumanlanmig Tiirk Somonlarinin soguk depolama siiresince TPAB
sayisindaki degisimler (log KOB/g) (Biiyiik harfler gruplar arasindaki farki, kiiglik harfler giinler
arasindaki farki gostermektedir) (p<0.05)

Farkli odun talaslariyla tiitsiilenerek vakum paketlenmis orneklerin soguk muhafazasi sirasinda
TPAB sayisina iligkin bulgular Sekil 3’te verilmistir. Tiirk Somonu etinin ilk giin TPAB sayisi
2,1+0,08 log KOB/g olarak tespit edilirken, dumanlanmis iriinlerin depolamanin sonunda K grubu
i¢in 7,5+£0,86 log KOB/g, E grubu i¢in 7,21+0,97 log KOB/g ve A grubu i¢in 6,98+0,88 log KOB/g
olarak saptanmistir. Yapilan istatistiksel analizde gruplar arasinda TPAB sayist bakimindan fark
olmadig1 goriilmiistiir (p>0,05). Ancak depolamanin 7. giiniinde A grubunda iireme goriilmezken, K
ve E gruplarindaki degisimin ise istatistiksel olarak genellikle 6nemli olmadig1 gézlenmistir (p>0,05).
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Dogan ve Izci (2016), sicak dumanlanmis ve kaplama uygulanmamis gokkusagi alabaligi filetolarinda
TPAB sayisinin depolama siiresince (42 giin) sinir degerleri agsmadigi belirtilmistir. Erkan (2012),
sicak dumanlanmis gokkusagi alabaliklarim kekik ve sarimsak yagi ile muamele edildikten sonra
vakum paketleyerek soguk ortamdaki raf dmriinii incelemistir. Calismada psikrotrofik bakteri sayilari
acisindan tiim gruplarda 6 log KOB/g' astigini1 tespit etmistir.
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Sekil 4. Kiraz, erik, elma talasiyla dumanlanmis Tiirk Somonlarinin soguk depolama siiresince MK sayisindaki
degisimler (log KOB/g) (Biiyiik harfler gruplar arasindaki farki, kiigiik harfler giinler arasindaki farki
gostermektedir) (p<0.05)

Dumanlanmis balik 6rneklerinin muhafazasi sirasinda tespit edilen MK degerleri Sekil 4’de
verilmistir. Cig balik etinde, MK degeri 2,4 £0,03 log KOB/g olarak tespit dilmisken dumanlanmis
iiriinlerin 42. giinlinde MK degeri K grubu i¢in 3,1 +0,28 log KOB/g, E grubu i¢in 2,78 +0,40 log
KOB/g ve A grubu i¢in 2,59 +£0,60 log KOB/g olarak bulunmustur. K ve E grubunda 21. giine kadar,
A grubunda ise 28. giine kadar MK mikroorganizmalarinda {ireme olmadigi goriilmiistiir (Sekil 4).
Uriinlerde MK say1s1 bakimidan depolama sonuna kadar istatistiksel olarak fark olmamustir (p>0,05).
Balik canli iken kas dokusu steril kabul edilir (Aras Hisar vd.2004). Avlandiktan sonra g¢evre
kosullarina bagl olarak bu durum degisir. Dumanlama islemi aroma etkisinin yanisira konserve edici
0zelligi olan bir prosestir. Dumanlama isleminde konservasyon saglanmakta olup bu islem tuzlama ve
kurutma iglemlerini de igermektedir. Bu islemler su aktivitesini diisiiriirken bakteriostatik ve
bakterisitik etki gdstermektedir. Dumanlamanin bdyle koruyucu etkilerine ragmen bu tiir {iriinlerde de
kalite degisimleri olabilmektedir. Bu degisimler baligin yag oranina, tiiriine, uygulanan metoda,
depolama kosullarina baghdir (Varlik, 2004). Dumanlanmig alabalikta da ilk zamanlar
mikroorganizmalar tespit edilmemis olup, depolamanin ilerleyen giinlerinde MK’iin gelistigi
goriilmistiir (Sekil 4). Patir vd., (2005) akgiirgen, mese, kavak, sogiit ve ¢am kullanilarak tiitsiilenen
aynali sazan filetolarinda baslangigtaki MK sayis1 2,51 log KOB/g iken dumanlama sonrasinda azalma
gostermis, depolamanin 21. giiniinde ise ayni1 diizeyde devam ettigi, gruplar arasinda da farkliligin
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goriilmedigi belirtilmistir. Bilgin vd., (2008) ¢ipura baliginda sicak dumanlama sonrasi 35 giin
boyunca 4 °C de depolanan 6rneklerde maya ve kiif tespit edilmedigi, depolamanin son giinii olan 60.
giinde MK sayisinin 2,56 + 0,01 oldugunu belirtmiglerdir. Dumanlama isleminin; 1sitma, kurutma ve
tuzlama islemlerinin entegre etkisiyle bozulma bakterileri ve patojenik bakteri faaliyetlerini azalttig
belirtilmektedir (Hagos, 2021).

Dumanlanmig Tiirk Somonu 6rneklerinin muhafazasi siiresince meydana gelen duyusal degisimler
Sekil 5’te verilmistir.
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Sekil 5. Kiraz, erik, elma talagiyla dumanlanmis Tiirk Somonlarinin soguk depolama siiresince duyusal
degisimleri (*Biiyiik harfler gruplar arasindaki farki, kiigiik harfler giinler arasindaki farki géstermektedir)
(p<0.05)
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Calismada tiim 6rnek gruplarinda renk puanlar1 baslangigta 7,3+0,41 - 8,6+0,49 arasinda degisirken
depolamanin son giinii olan 42. giinde K, E ve A gruplari icin sirasiyla 5,2+1,75, 5,5+1,01 ve 6,2+0,73
olarak tespit edilmistir (Sekil 5). Depolama siiresi sonunda A grubu 6rnekler ile K ve E grubu 6rnekler
arasindaki renk parametresindeki degisimin onemli oldugu tespit edilmistir (p<0,05). Farkli agac
talaglartyla dumanlanmis orneklerin koku puanlari incelendiginde depolamanin ilk giiniinde K, E, A
gruplarinda sirastyla 7,5+1,07, 8,6+£1,64 ve 8,8+1,54 bulunurken 42. giinde 5,2+1,39, 5,4+1,50 ve
6+1,05 olarak belirlenmistir (Sekil 5.). Tim gruplarda koku parametresi i¢in 1. giin ile 42. giin
arasindaki degisimin 6nemli (p<0,05) oldugu saptanmistir. Ayrica depolama sonunda A grubu
ornekleri ile K ve E grubu 6rnekleri arasindaki farkinda énemli oldugu belirlenmistir (p<0,05) (Sekil
5). Dumanlama sonrasi 6rneklerin gériiniim degerleri K, E, A gruplarinda sirasiyla 8,7+1,63, 7,4+0,89,
8,5+1,17 olarak tespit edilmistir (Sekil 5.3). Baslangicta gruplar arasinda onemsiz farkliliklar tespit
edilirken depolamanin 42.giiniinde K grubu disinda diger ornek gruplar1 arasindaki degisim 6nemsiz
bulunmustur (p>0,05). Duyusal degerlendirme sonucunda tat bakimindan baslangigta en yiiksek puan
sirasiyla A, E ve K grubu orneklerde elde edilmistir (Sekil 5). Tekstiir agisindan depolamanin 42,
giiniinde tiim 6rnek gruplar1 panelistlerce 4 puanin altinda degerlendirilmistir. Tiim 6rnek gruplarinda
tekstiirde baglangic ve depolama sonundaki degisimin 6nemli (p<0,05) oldugu, depolama sonunda ise
K ve E grubu ornekler ile A ve E grubu ornekler arasindaki degisimin ise énemsiz (p>0,05) oldugu
saptanmistir (Sekil 5).

Panelistlerce degerlendirilen tiim ornek gruplart iginde A grubu Orneklerin tiim duyusal
degerlendirmeye esas parametreler yoniiyle en yiiksek puanlari aldigl gézlenmistir.

Mutlu ve Bilgin (2016), mese agaci1 kullanilarak sicak dumanlanan alabaliklar (O. mykiss) ile
yaptiklar1 calismada renk, goriiniim, koku ve tekstiir parametrelerinin depolama siiresince azalma
gosterdigi, ancak 28. giinde mikrobiyolojik sinir degerlerin asilmasi nedeniyle panelistlere tadim
yaptirilmadig1 belirlenmistir. Dogan ve izci (2016), herhangi bir kaplama uygulamadigi dumanlannis
gokkusagi alabaligi filetolarinda 42. giin yapilan duyusal analizler sonucunda tiiketilemez diizeye
ulasildigini belirtmistir.

Acar (2021), Atlantik somon (Salmo salar) filetolarinda mese, ceviz, elma, kiraz talaglari ve
kurutulmus kekik, ithlamur, biberiye ve defne bitkileri ile dumanlama sonucu 6rneklerin duyusal
ozelliklerinin tiiketici begenisine etkisi {izerine yaptiklar1 arastirma sonucunda; genel begeni puanini
en yliksek alan gruplarin sirasiyla ceviz, elma+ihlamur ve ceviz+defne somon 6rneklerinin oldugu, en
az begenilen kiraz+biberiye dumanlanmus iiriinlerinin oldugu bildirilmistir. Tiirk Somonu ile yapilan
calisgmamizda en yliksek begeniyi elma grubu almistir. lacumin vd. (2017), soguk dumanlanarak
vakumlanmis gokkusagi alabaligi 6rneklerinin 60 giinliik raf 6mrii duyusal olarak desteklenmis olsa
bile raf 6mrii i¢in 45 gilinlin ticari olarak daha uygun olacagimi ifade etmislerdir. Caglak ve Karsh
(2020) havuz baligina (Carassius carassius) dumanlama islemi uyguladiktan sonra vakum
paketleyerek muhafaza (+44+1 °C) etmislerdir. Goriiniis, doku, renk ve koku kriterlerinin
degerlendirildigi duyusal analiz sonucunda 90. giine kadar kalitesini korudugu belirtilmistir. Ayrica
diger kalite parametreleriyle beraber degerlendirildiginde ise 75 giin buzdolabi kosullarinda muhafaza
edilebilecegi vurgulanmistir.

Vakum paketlenmis sicak tiitsiilenmis gokkusagi alabaliklarmin duyusal 6zellikleri FAO Kodeks
Standartlarma (1999) gore degerlendirildiginde 5 puan minimum kabul edilebilirlik skoru olarak
belirlenmistir. Bu baglamda ¢alismada duyusal degerlendirmeler sonucunda K ve E oOrnekleri 42.
giinde genel olarak 5 puan altinda alirken A grubu o6rnekler ise genel olarak 5’in {izerinde puanlar
almig ve ¢alismanin en begenilen 6rnek grubu olmustur.

4. SONUC

Son yillarda Tiirk Somonu olarak BSGM tarafindan tescillenen gékkusagi alabaliginin iiretimi,
tilketimi ve pazarlanmasi her gegen giin artmaktadir. Rengi, lezzeti, et yapisi ve besin igerigi acisindan
kendi kategorisindeki diger somon baliklariyla rekabetci diizeye gelmistir. Diinyada ve iilkemizde bu
baglamda ilgi odagi olmustur. Ulkemizde Tiirk Somonunun farkli sunum ve lezzetlerle
degerlendirilmesi, su drtinleri tiketim aligkanligin1 olumlu ydnde etkileyecektir. Bu kapsamda
yaptigimiz calismada, Karadeniz’de yetistirilen Tiirk Somonunun farkli talaglar kullanilarak
dumanlamasi sonrasinda tiriinlerin mikrobiyolojik ve duyusal 6zellikleri incelenmistir. Elde edilen
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sonuglara gore; tiim gruplarin 42. giinde mikrobiyolojik agidan sinir degerlerini astig1 tespit edilmis,
elma agaci talasi ile dumanlanmis iiriinlerin lezzet, tekstiir, koku, renk ve goriiniim a¢isindan diger
gruplara gore panelistlerce daha ¢ok begenildigi gbzlenmistir. Isparta elma, kiraz ve erik yetistiriciligi
bakimindan iilkemizin 6nde gelen merkezlerinden biridir. Bu yoniiyle son zamanlarda popiilaritesi
artan Tirk Somonu farkli isleme tekniklerinin uygulanabilirligi yoniiyle degerlendirildiginde,
tilketiciye yeni bir lezzet sunulmasi yaninda katma degerinin de artirilabilecegi ve iilke ekonomisine
katki saglanabilecegi diisiiniilmektedir.

TESEKKUR
Bu c¢aligma 15-16 Eyliil 2022 tarihinde diizenlenen, “6. Ulusal Alabalik Sempozyumunda
(Uluslararas1 Katilimli)” sozlii bildiri olarak sunulmustur.

FINANS

Bu calismanin yiiriitiilmesinde herhangi bir finans destegi alinmamustir.

CIKAR CATISMASI BEYANI

Yazarlar, bu ¢aligmayi etkileyebilecek finansal ¢ikarlar veya kisisel iligkiler olmadigini beyan eder.

YAZAR KATKILARI ‘ ) )
Kurgu: SB, LI; Metodoloji: SB; Deneyin gerceklestirilmesi: SB, LI, GS, FU; Veri analizi: GS, FU;
Makale yazimi: GS, Denetleme: SB, LI. Tiim yazarlar nihai taslag1 onaylanustir.

ETiK ONAY BEYANI
Bu ¢alismada deney hayvanlar1 kullanilmamasi nedeniyle Yerel Etik Kurul Onay1 alinmamustir.

VERI KULLANILABILIRLIK BEYANI
Bu ¢alismada kullanilan veriler talep tizerine ilgili yazarlardan temin edilebilir.
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Ozet: Bu calisma, Ege ve Akdeniz bolgesinde bulunan gokkusagi alabalig Anahtar kelimeler
(Oncorhynchus mykiss) giftliklerinde Mart 2022 tarihinde mortaliteye neden olan e Gokkusagi alabalig:
hastaligin ~ tanimlanmasi  amaciyla yiiriitiilmiistir. Enfekte alabaliklarin  dig (Oncorhynchus mykiss)
incelemelerinde gdzlerde bilateral ekzoftalmus, alt ¢enede kanama, dropsi, internal e Staphylococcus warneri
olarak karacigerde anemi, sindirim sisteminde sar1 eksiidat birikimi, yag dokusunda ve 4 165 fRNA

aniis bolgesinde kanama, dalakta biiyiime goriildii. Enfekte baliklarin karaciger ve on
bobreginden Gram-pozitif bir bakteri olan Staphylococcus warneri izole edildi. S.
warneri, morfolojik ozellikleri, baz1 geleneksel testler ve 16S rRNA ve sodA gen
bolgeleri kullanilarak molekiiler genetik yontemler yardimiyla teshis edildi.
Histopatolojik incelemelerde enfekte baliklarin karaciger dokusunda infiltrasyon, dalak
dokusunda hiperemi ve bobrek tiibiil epitelinde nekrotik degisiklikler saptandi. Disk
difiizyon yontemine gore S. warneri izolatinin en duyarli oldugu antibiyotigin
doxycycline oldugu belirlendi. Gokkusagi alabaliklarinda yapilan daha Onceki
¢aligmalarda S. warneri tiirii izole edilmekle birlikte bu ¢alisma ile ilk kez S. warneri
tiiriiniin organlardaki histopatolojik etkileri belirlenmistir.

e sodA geni
¢ Histopatoloji

Abstract: This study was conducted to identify the disease that caused mortality in e Rainbow trout (Oncorhynchus
rainbow trout (Oncorhynchus mykiss) farms in the Aegean and Mediterranean regions in mykiss)

March 2022. External examination of infected trout revealed bilateral exophthalmos, e Staphylococcus warneri
hemorrhage in the lower jaw, dropsy, anemia in the liver, yellow exudate accumulation o 16 S rRNA

in the digestive system, hemorrhage in the adipose tissue and anus area, and spleen o sodA gene
enlargement. A Gram-positive bacterium, Staphylococcus warneri, was isolated from Histopathology
infected fish's liver and anterior kidney. S. warneri was identified using morphological

features, some conventional biochemical tests, and molecular genetic methods utilizing

the 16S rRNA and sodA gene regions. Histopathological examination showed infiltration

in the liver tissue, hyperemia in the spleen tissue, and necrotic changes in the kidney

tubular epithelium of infected fish. According to the disk diffusion method, doxycycline

was determined to be the most sensitive antibiotic against the S. warneri isolate.

Although S. warneri was isolated in previous studies on rainbow trout, its

histopathological effects on organs were determined for the first time in this study.

1. GIRIS

Baliklarin yasadigi su ortam1 ve sediment mikrobiyotasi deri, solunga¢ ve sindirim sistemindeki
mikrobiyal gesitliligin ve miktarin belirlenmesinde etkin rol oynamaktadirlar. Bu ortamlarda bulunan
firsat¢1 patojenler ise baliklarin bagisiklik sistemlerinin zayiflamasiyla birlikte yiiksek 6liim oranlar
ile dikkati ¢eken hastaliklara neden olurlar (Korun vd., 2019; Atanasoff & Urku, 2022). Bu
patojenlerden biri olan, Staphylococcus warneri, saglikli baliklarin derisindeki mikrobiyotanin bir
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bileseni olarak bulunmaktadir. Gram pozitif bir bakteri olan S. warneri, ABD’ nin New Mexico
eyaletinde bulunan bir kulugkahanede yetistirilen saglikli gokkusagi alabaliginin deri mukusundan
izole edilmistir (Musharrafieh, 2014). Ispanya’ min kuzeybatisinda yapilan bir diger calismada enfekte
gokkusagi alabaliklarinin ylizgeclerinde ilserli deri lezyonlart ve ekzoftalmus dikkati g¢ekmis,
inceleme sonucunda S. warneri tiiri tanimlanmigtir (Gil vd., 2000). Metin vd, (2014) yaptiklar
caligmada enfekte ana¢ gokkusagi alabaliklarinda letarji yam sira goz, ¢ene, agiz ve aniiste hemoraji
gibi belirtiler tespit etmisler ve inceleme sonucunda S. warneri enfeksiyonunu bildirmislerdir. Bir
diger calismada, Sibirya mersin baliklarinda (Acipenser baerii) ve hibrit mersin baliklarinda (Huso
huso x Acipenser baerii), S. warneri ve S. putrefaciens koenfeksiyon vakasi bildirilmistir (Rusev vd.,
2016). Cin’ de ise S. warneri enfeksiyonunun neden oldugu bir salginda C. guichnoti balik tiiriinde
¢ok sayida olim goézlenmistir (Xiao vd., 2022). Ayrica zoonotik karakterde olan S. warneri’ nin
insanlarda menenjit, endokardit ve septik artrite neden oldugu bildirilmistir (Wood, 1992).

Bu caligmanin amaci1 Ege ve Akdeniz Bolgesinde yer alan farkli alabalik isletmelerinde
mortaliteye neden olan hastalik etkeninin tespiti, identifikasyonu ve izole edilen etkenin dokulara
verdigi hasar1 tespit etmektir.

2. MATERYAL VE YONTEM
2.1. Hasta baliklarin 6rneklenmesi

Caligmada, Ege (n=10) ve Akdeniz (n=15) bolgesinde yer alan iki farkli ticari alabalik
isletmesinden ortalama agirligi 7,5-10 g olan toplam 25 adet balik temin edilmistir ve Egirdir Su
Uriinleri Fakiiltesi Balik Hastaliklar1 laboratuvarina canli olarak nakledilmistir. Orneklemeler, ilgili
isletmelerden hastalik c¢ikismmin bildirildigi Mart (2022) ayinda yapilmistir. Orneklemenin yapildig
tarihte, yogun yagmur yagisi oldugu belirtilmis ve tesislerdeki su sicakligi 11°C, oksijen 10,8 ppm, pH
7,3 olarak ol¢iilmiistiir.

Hastalik belirtisi gdsteren yeni 6lmiis baliklarin dis ylizeyleri makroskobik olarak incelenmis ve
mikrobiyolojik incelemeler i¢in deri, solungag ve yiizge¢ kisimlarindan drnekler alinmigtir.

2.2. Patojenin izolasyon ve identifikasyonu

Patojenin izolasyonu amaciyla 25 adet baligin karaciger, dalak ve 6n bobreklerinden Tryptic Soy
Agar (TSA) besiyerlerine ekimler yapilmis ve petriler 25°C” de 48 saat inkiibe edilmistir. Inkiibasyon
sonunda bakteriler saflastirilmis ve geleneksel teknikler (Gram boyama, katalaz ve sitokrom oksidaz
testleri, hareket testi (asili damla yontemiyle), O/F testi (Hugh-Leifson vasati) kullanilarak identifiye
edilmistir (Bergey & Holt, 1994; Gil vd.,2000).

2.3. Bakteriyal DNA izolasyonu ve PZR protokolii

Bakteri kiiltiirlerinden tek koloniler alinarak 50 ml’ lik nutrient sivi besiyerinde (NB) (Merk,
Almanya) 37°C* de 1 gece inkiibe edilmistir. Inkiibasyonun ardindan suslar 2000 rpm’de 5 dk
santrifiijlenerek ¢oktiirilmiistiir. Elde edilen peletteki bakteriler PBS (Merk, Almanya) tamponu ile 2
kez yikandiktan sonra bu 6rnekler DNA izolasyonu i¢in kullanilmigtir. DNA izolasyonu ticari bir kit
olan DNeasy Blood&Tissue Kiti (Qiagen, USA) ile gergeklestirilmistir. Bakteriyel DNA izolasyonu
bu kitin protokoliine gére yapilmistir. izole edilen DNA’ lar %1’ lik agaroz jelde yiiriitiilerek DNA
kalitesi kontrol edilmistir.

Bakterilerin molekiiler tanimlanabilmesi icin {i¢ farkli primer kullanilmustir. ilk olarak 16S rRNA
gen bolgesini ¢ogaltmak i¢in 16S rRNA evrensel primeri 63f (5'-CAGGCCTAACACATGCAAGTC-
3") ve 1387r (5'-GGGCGGWGTGTACAAGGC-3") kullanilmistir (Marchseive vd., 1998). S. warneri
tirlerini ayirt edebilmek ve dogrulayabilmek igin tiire 6zgii SOdA gen bdlgesini (superoxide dismutase
A) ¢ogaltabilmek igin iki ayri primer daha kullanilmistir (Kim vd., 2018). Bunlar S. pasteuri igin
PA237F (5>-GCTAATTTAGACAGTGTACCTTCTG-3?) ve PA237R (5°-
GCCCGTTATTTACTACTAACCA-3’) primer ¢ifti, S. warneri igin SWI110F (5’-
GTAACAAAATTAAATGCAGCTG-3") ve SW110R (5’-TCTTACTGCAGTTTGAATATCAGA-3’)
primer ciftidir.

16S rRNA gen bolgesinin Polimeraz zincir reaksiyonu (PZR) ile ¢ogaltilmasi i¢in 25 pL hacimde
IXPCR tamponu, 1.5 mM MgCl,, 1 pmol her bir primer, 0.1 mM dNTP karisimi ve 0.1 U Taq
polimeraz (Fermantas, Almanya) enzimi igeren reaksiyon karisimi kullamlmstir. PZR kosullar1 95°C’
de 5 dk baslangi¢ denatiirasyonu ardindan 30 dongii boyunca 95°C” de 1 dk, 55°C de 1 dk, 72°C’ de
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1,5 dk ve son olarak 72°C’ de 10 dk son uzama seklinde ayarlanmustir. SOdA gen bolgelerini PZR ile
cogaltmak icin hazirlanan karisimlar 16S rRNA gen bolgesinin ¢ogaltilmasi kosullartyla ayni olup icin
termal dongi sartlar1 Kim vd. (2018)’ e gore belirlenmistir. Elde edilen tiim PZR iiriinleri %1,5” luk
agaroz (Amplichem, Almanya) jelde yiiriitillerek goriintiilenmistir. Cogaltilan 16S gen bolgesi
Makrogen (Hollanda) firmasindan hizmet alimi yoluyla ¢ift yonlii olarak dizilenmistir. Diziler gen
bankasina OR144346 ve OR144247 numaralar ile kaydedilmistir.

16S rRNA gen bolgesi ile ilgili elde edilen PZR-dizileri ve gen bankasinda yer alan diger 16S RNA
gen dizileri ile karsilastirilma yapilmistir. 16S rRNA gen bolgesi dizileme sonucunda elde edilen
kromatogramlar Codoncode Aligner 6.0.2 (CodonCode Corporation) programinda agilarak piklerin
kalitesi kontrol edilmistir. Konsensus dizileri alinarak Genbank veri tabaninda BLASTn (Altschul vd.,
1997) algoritmasi kullanilarak veri tabanindaki dizilerle benzerligi kontrol edilmistir.

Genbank veri tabanindan ¢ogaltilan gen bdlgesinin uzunluguna uygun dizilerden rastgele secilerek
filogenetik agac¢ insasi gergeklestirilmistir. Filogenetik aga¢ insast icin MEGA X (Kumar vd., 2018)
programinda ClustalW algoritmasi kullanilarak hizalanan dizilerin mutasyon modelinin belirlenmesi
icin jModelTest (Posada, 2008) programi kullanilmistir. Filogenetik aga¢ insast Mr. Bayes v3.2
(Ronquist vd., 2012) programi kullanilmistir. Markov Chain Monte Carlo (MCMC) analizi 4 zincir
tizerinden gergeklestirilmis ve split frequency 0.01° in altina diisene kadar 10 milyon jenerasyon
boyunca analiz gergeklestirilmistir. Her 1000 jenerasyonda bir drnekleme yapilarak elde edilen
agaclarin %25’ 1 burn-in yapilarak uzaklastirilmistir. Analiz sonucunda elde edilen konsensus agaci
Figtree v1.4.2 (Rambaut, 2014) programinda diizenlenmistir.

2.4. Antimikrobiyal duyarhlik testi

Antibiyotik duyarlilik testi Kirby-Bauer disk difiizyon yontemi ile Mueller Hinton Agar
besiyerinde yapilmistir. Bu testte oxolinic acid, gentamicin, penicillin, oxacillin, florfenicol,
apramycin, ofloxacin, enrofloxacin, streptomycin, amoxicillin, colistin, cefoperazone, oxytetracycline,
cephalothin, norfloxacin, tylosin, tetracycline, sulphamethoxazole, doxycycline, kanamycin,
spectinomycin, pristinamycin, nalidixic acid, cefurocime, lincomycin, chloramphenicol, ampicillin,
clindamycin, flumequine, nitrofurantoin, vancomycin, erythromycin ve ceftriaxone antibiyotikleri
kullanilmstir. Inkiibasyon sonunda besiyeri iizerine yerlestirilen antibiyotik diskler etrafindaki zon
caplar1 oOlgiilerek NCCLS kriterlerine gore her bir antibiyotik i¢in duyarli veya direngli olarak
belirlenmistir (Weinstein & Lewis, 2020).

2.5. Histopatolojik incelemeler

Ortalama agirligr 0,75-10 gr olan toplam 10 adet balik disekte edilmis ve karaciger, bobrek ve
dalak dokular1 %10’Iuk formaldehit soliisyonu igerisinde tespit edilmistir. Tespit edilen doku Srnekleri
rutin doku takip isleminden gegirilerek parafine gomiilmiistiir. Dokulardan mikrotom ile 5 pum' lik
kesitler alinmistir. Daha sonra alinan doku kesitleri hematoksilen ve eozin (H&E) ile boyanmis ve 151k
mikroskobu (Olympus CX21, Olympus Corporation, Tokyo, Japonya) altinda incelenerek
degerlendirilmistir (Bancroft & Stevens, 1990).

3. BULGULAR

Isletmelerden alinan enfekte yavru gokkusagi alabaliklarinda yapilan dis incelemede; gozlerde
bilateral ekzoftalmus, alt ¢enede kanama, dropsi, i¢ organlarda anemi (karaciger ve bobrek), sindirim
kanalinda sar1 yesil sivi, yag dokuda hemoraji, aniis bolgesinde kanama, dalak dokusunda biiyiime
dikkati ¢ekmistir (Sekil 1). Aseptik kosullar altinda hasta baliklarin 6n bobrek, karaciger ve dalak
dokularindan TSA besiyerine yapilan bakteriyel ekim sonucunda 1,5-2 milimetre ¢apinda kiigiik beyaz
koloniler goriilmiistiir. Elde edilen izolatlarin Gram boyama sonucunda Gram pozitif, stafilokok
morfolojisinde oldugu goriilmiis olup oksidazi negatif, katalazi pozitif, O/F testi ise fermantatif olarak
tespit edilmistir.
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Sekil 1. A-Yavru baliklarda gozlerde ekzoftalmus, B-alt ¢genede kanama, C-sindirim sisteminde sar1 eksudat,
D-anemik solgun karaciger, E-yag dokuda kanamalar, dalakta biiyiime

Alabalik orneklerinden izole edilen bakteri susunun bazi biyokimyasal testlere ilave molekiiler
biyolojik tanimlama igin 16S rRNA ve tiire 6zgiil teshis igin secilen SOdA gen bolgesini kullanilarak
PZR analizleri yapilmistir. Toplamda 88 mutasyon modeli iizerinden Bayesian Information Criteria
(BIC) ile yapilan degerlendirme sonucunda mutasyon modeli JC olarak belirlenmistir. Filogenetik
analizlerdeki gen dizilerinin birbirine benzerlik oran1 %98 ile S. warneri (Sekil 2) bulunmustur.

Filogenetik analizlerdeki gen dizilerinin birbirine benzerlik oran1 %98 yiiksek olmasindan dolay1
daha tiir 6zgiil olan PA237F/ PA237R ve SW110F/ SW110R primerleri denenmistir. Bu tiire 6zgiil
belirleyici PZR analizlerinin sonucunda ¢alisilan 6rnegin S. warneri oldugu dogrulanmistir (Sekil 3).
Sekil 3’ de agaroz jelde goriilen bantlar S. warneri pozitif PZR gen bantlarin1 gostermektedir.
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| 137603 _1_S.wameri
- MHA426078 1 Swarmer
L MF807933_1_S.wameri
| KF478237 1_S.wameri
| KJ623586 1 S pasteur
L EU256493 1_S.pesteu
—— KY818676_1_S.wameri
—— MW307978 1_S pasteur
L MG757632_1_S pasteuri
L MG680735_1_S pasteuri
087 —[Ggg L3705 1 _Sepidemicis
25 MW940830_1_S.epidermidis
1000 KJ523584 1_S.epidermidis
1 ON241804_1_S.epidermidis
MW308346_1_S epidermidis
KF999668_1_S.aureus_subsp_aureus
052 ON222795_1_S.aureus
ON222794_1_Saureus
JF746996_1_S.aureus_subsp_aureus
ONZ222795_1_Saureus
g5~ AF198862_1_Sintemedius
89 AF193881_1_S.intermedius
MT509589_1_S.intermedius
NR036829_1_S.intermedius
DQ991032_1_S.intermedius
1 —— KT008125_1_S.hyicus
g7 NR036305_1_Shyicus
19 1783382 1_Shhyicus
1 L D83368_1_Shyicus
1 L MwW485735_1_S.hyicus
{08 Om;g_}_:.sam
_| 1 _1_Ssap
L OM617892_1_S saprophyticus
MH371229_1_S saprophyticus
MH371235_1_S saprophyticus

Sekil 2. 16S rRNA gen bolgesi kullanilarak ¢izilen filogenetik agag

Sekil 3. Tiir spesifik primerler kullanilarak elde edilen PZR {iriinleri (Molekiiler Markir; MM, 100 bp DNA
markir; 1-4. S. pasteuri spesifik primeri (PA237) PZR firiinleri; 5. S. pasteuri spesifik primeri i¢in negatif
kontrol; 6-9. S. warneri spesifik primeri (SW110) PZR driinleri; 10, S. warneri spesifik primeri i¢in negatif
kontrol

Histopatolojik incelemelerde, enfekte baliklarin bdbrek dokusunda tiibiillerde dejeneratif ve
nekrotik degisiklikler, dalak dokusunda; kirmizi pulpa ve beyaz pulpa smirinda kayip ve splenitis,
karaciger dokusunda vena centralis gevresinde yangisal infiltrasyon ve hepatositlerde dejenerasyon
goriilmistiir (Sekil 4 ve 5).
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Sekil 4. A-B-Bobrek tiibiil hiicrelerinde dejeneratif ve nekrotik degisiklikler (oklar) H&E 400-100pm,

C- Dalakta yangi hiicreleri (oklar) H&E 400 pm.
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Sekil 5. A- Karacigerde cenral vena evresinde yangisal infiltrasyon (ok) H&E 100 pm, B- Hepatositlerde
dejenerasyon (oklar) H&E 400 pm.

Antibiyogram testi sonucunda izole edilen etkenin gentamicin, florfenicol, apramycin, ofloxacin,
enrofloxacin, streptomycin, cefoperazone, cephalothin, norfloxacin, sulphamethoxazole, doxycycline,
kanamycin, pristinamycin, cefurocime, chloramphenicol, flumequine, vancomycin ve ceftriaxone
antibiyotiklerine duyarl oldugu belirlenmistir (Tablo 1).
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Tablo 1. S. warneri susunun antibiyogram test sonuglari

Antibiyotik Cap(mm) Diren¢/Duyarhlik
Oxolinic Acid 15 |
Gentamicin 21 S
Penicillin 11 |
Oxacillin - R
Florfenicol 28 S
Apramycin 17 S
Ofloxacin 32 S
Enrofloxacin 32 S
Streptomycin 25 S
Amoxicillin 15 |
Colistin - R
Cefoperazone 24 S
Oxytetracycline 10 R
Cephalothin 16 S
Norfloxacin 30 S
Tylosin 10 R
Tetracycline 14 |
Sulphamethoxazole 24 S
Doxycycline 34 S
Kanamycin 25 S
Spectinomycin - R
Pristinamycin 20 S
Nalidixic Acid 13 |
Cefurocime 28 S
Lincomycin 15 |
Chloramphenicol 29 S
Ampicillin 8 R
Clindamycin - R
Flumequine 33 S
Nitrofurantoin 15 |
Vancomycin 19 S
Erythromycin 8 R
Ceftriaxone 22 S

“S” = Duyarl1 (d > 15 mm); “I” = Orta (10 mm < d < 15 mm); “R” = Direngli (d < 10 mm)

4. TARTISMA

Staphylococcus tiirlerinin neden oldugu enfeksiyonlar baliklarda septisemi ile karakterize sistemik
hastaliklara neden olmaktadir (Shah & Tyagy 1986). Staphylococcus tiirlerinin sar1 kuyruk (Seriola
quinqueradiata) ve kirmizi mercan (Pagrus major) (Kusuda & Sugiyama, 1981), giimiis sazani
(Hypophthalmichthys molitrix) (Shah & Tyagi, 1986), ot sazan1 (Ctenopharyngodon idella) (Wang
vd., 1996), tilapia (Oreochromis sp.) (Huang vd., 1999), gokkusagi alabalig1 (Oncorhynchus mykiss)
(Gil vd., 2000; Timur & Akayli, 2003, Akayli vd., 2011; Metin vd., 2014, Turgay vd., 2015), ¢ipura
(Sparus aurata) (Kubilay & Ulukdy, 2004), levrek (Dicentrarchus labrax) (Korun vd., 2019; Canak &
Timur, 2020; Atanasoff & Urku, 2022), siraz (Capoeta capoeta) (Akayli vd., 2019) ve sinarit (Dentex
dentex) (Akayli vd., 2011) baliklarinda enfeksiyon etkeni oldugu tespit edilmistir.

S. warneri, balik ve diger hayvan tiirlerinden izole edilmis bir bakteri tiiriidiir (Metin vd., 2014;
Canak & Timur 2020; Haag vd., 2019) Gokkusagi alabaliginda yilizgeglerde iilserli deri lezyonlari,
ekzoftalmus, abdomende asidik s1v1 birikimi, karacigerde anemiye neden oldugu bildirilmistir (Gil vd,
2000). 1500-2000 g agirligindaki ana¢ gokkusagi alabaliklarinda S. warneri’ nin neden oldugu
enfeksiyonda letarji, anorexia, anal yiizge¢ kaidelerinde asinma, goz, ¢ene ve agizda kanama, renk
koyulagmasi, i¢ organlarda anemi, karacigerde petesiyel kanama, splenomegali ve barsakta sar1 renkli
eksudat bildirmistir (Metin vd., 2014). Bu arastirmada ise, Gil vd. (2000), Metin vd. (2014)’ den farkli
olarak enfekte yavru gokkusagi alabaliklarinin dis incelemesinde deride bir degisim olmadigi ancak
baliklarda gozlerde bilateral ekzoftalmus, alt ¢genede kanama, dropsi, i¢ organlarda (karaciger, bobrek)
anemi, sindirim kanalinda sar1 eksudat, yag dokuda hemoraji, aniis bolgesinde kanama, dalak
dokusunda biiylime gibi belirtilerin benzer oldugu dikkati ¢gekmistir.

Histopatolojik ¢alismalar, balik patojenlerinin dokuda biraktigi hasar1 ortaya koyan bunun yaninda
bazi1 hastaliklarin teshisine yonelik sonuglar veren 6nemli bir aractir. S. warneri ile enfekte baliklarda
yapilan c¢aligmalarda hastaligin teshisinde daha c¢ok bakteriyolojik ve molekiiler yontemler
kullanilirken, etkenin balik dokularinda neden oldugu patolojik bozukluklar ile ilgili arastirmalar ¢ok
stirlt kalmigtir. Rusev vd. (2016) yaptigi ¢alismada mersin baliklarinda (Acipenser baerii) ve hibrit
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mersin baliklarinda (Huso huso x Acipenser baerii) Staphylococcus warneri ve Shewanella
putrefaciens ko-enfeksiyonunun balik dokularindaki etkilerini incelemislerdir. Patolojik bulgularda,
dalakta hiperemi, karacigerde yiizeysel petesiyal kanamalar ve mezenterik kan damarlarinda hiperemi
goriilmiistiir. Bir bagka ¢aligmada, mersin baliklarinda (Acipenser gueldenstaedtii) Staphylococcus
pasteuri' nin neden oldugu enfeksiyonlarda histopatolojik incelemeler yapilmis ve nekrotik hepatosit
hiicrelerinin ¢evresinde lenfosit infiltrasyonu; bobrekte nekroz, dalakta hiperemi ve yogun hemorajik
alanlar belirlenmistir (Atanasoff ve Urku, 2022). Bu aragtirmada ise enfekte gokkusagi alabaliklarinin
karaciger dokusunda yangi hiicrelerinin infiltrasyonu, dalak dokusunda hiperemi, bobrek tiibiil
epitellerinde nekrotik degisiklikler goriilmistiir. Bulgularimiza benzer bir sekilde S. warneri ile
enfekte C. guichnoti' nin kas, solungag, karaciger, dalak, bobrek dokusunda patolojik degisiklikler
tespit edilmistir. S6z konusu arastirmada enfekte baliklarin karaciger dokusunda, 6énemli derecede
yang1 hiicre infiltrasyonu, dalak dokusunda hiperemi, bobrek dokusunda hiperemi ve tiibiillerde
nekrotik degisiklikler goriilmistiir (Xiao vd., 2022).

S. warneri tiiriiniin streptomycin, doxycycline, amicacin, florfenikol antibiyotiklerine duyarli
oldugu ve enfekte baliklarda hastaligin, doksisiklin kullanildiktan sonra etkili bir sekilde kontrol altina
almdig bildirilmistir (Xiao vd., 2022). Metin vd., (2014) yaptig1 bir baska calismada ise gokkusagi
alabaliklarindan izole edilen S. warneri’ nin florfenicol, enrofloxacin, doxycyclin, clindamycin,
kanamycin, gentamicin, vancomycin antibiyotiklerine duyarli oldugu bildirilmistir. Bu arastirmada da
Metin vd., (2014)’ nin sonuglarina benzer bir sekilde S. warneri’ nin s6z konusu antibiyotiklere
duyarli olduklari tespit edilmistir.

Bu calismada, yavru baliktan elde edilen ve konvansiyonel testlerle tanimlanamayan izolatlarinin
16S rRNA gen bolgesinin PZR analizi ve sonrasinda dizi analizi yapilmistir. Genellikle molekiiler
bakteri tanimlanmasinda kullanilan 16S rRNA universal gen bolgesi se¢ilmistir. Sekil 2°de goriilen
16S rRNA gen bolgesinin dizi analizi sonucunda elde edilen filogenetik aga¢ bulgusunda S.
warneri’nin diger bir Staphylococcus tiirii olan S. pasteuri’ye benzerlik oran1 %98 olarak bulunmustur
(Sekil 2). Metin vd., (2014) yaptig1 bir calismada yetiskin gokkusagi alabaliklarindan S. warneri’yi ilk
kez izole etmisler ve konvansiyonel tanimlama yontemlere ilave olarak 16STRNA gen dizi analizi
kullanarak bakteriyi S. warneri olarak tanimlamislardir. Bu caligmaya gore izole edilen oOrnek
filogenetik analiz sonucunda S. warneri ATCC 27836 %99,6 oraninda ve S. pasteuri suslarina ise %98
oraninda benzer oldugu bulgusunu raporlamiglardir. Ancak S. warneri susunun koloni renginin beyaz
oldugu ve bu da sar1 koloni olusturan S. pasteuri tiirinden farkli oldugunu gostermektedir (Atanasoff
ve Urku, 2022). Bizim sonuglarimizda bu bulgularla 6rtiismektedir.

Ancak, her ne kadar 16S rRNA filogenetik dizi analiz sonucu olduk¢a giivenilir olmasina ragmen
yakin tiirlerin tanimlanmasinda %98 gibi yiiksek benzerlik vermesi durumda yeterli olmadigi ve yanlig
tiir tanimlamalarina neden olan sonuglar verdigi disiiniilmektedir (Kim vd., 2018; Ghebremedhin vd.,
2008; Taponen vd., 2009). Calismamizda 16S rRNA gene dizi analizi benzerlik oraninin oldukga
yiiksek ¢ikmasi nedeniyle daha tiir spesifik ve korunmus bir gen bolgesi olan SOdA gen bdlgesinin
PZR analizleri yapilmistir ve bunun sonucu olarak 6rnegimizin S. warneri tiirii oldugu dogrulanmustir.
Bu sonucun literatiirde stafilokokuslarin tiir tanimlanmasi igin kullanilan korunmus gen bolgesi ile
yapilan ¢aligmalarla uyumlu oldugu bulunmustur (Kim vd., 2018).

5. SONUC

Sonug olarak bu calismada enfekte yavru donemdeki gokkusagi alabaliklardan firsat¢i bir patojen
olan S. warneri tirii teshis edilmis, ilk kez organlardaki histopatolojik etkileri belirlenmis ve
antibiyotik duyarlilik 6zellikleri de tespit edilmistir.

FINANS

Bu ¢alismanin yiiriitiilmesinde herhangi bir finansal destek alinmamustir.
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2, ... seklinde atif yapilmalidir. Tablolar, alintilandiklar1 yere en yakin yerde verilmelidir.

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

SEKILLER

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

TESEKKUR
Bu béliimde finansal destek disinda ¢alismanin yiiriitiilmesine katki sunanlar belirtilir.

C:)rnek: Yazarlar ¢alismanin laboratuvar boliimiinde yardim eden Ahmet Tas’a (Isparta Uygulamali Bilimler
Universitesi, Tiirkiye) tesekkiir etmektedir.

FINANS
Bu béliimde ¢aligmanin yiiriitiilmesine finansal destek saglayan kurumlar destek numarasi kullanilarak belirtilir.

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

Ornek-2: Bu ¢alismanin yiiriitiilmesinde herhangi bir finans destegi alinmamuistir.

CIKAR CATISMASI BEYANI
Bu béliimde yazarlarin varsa ¢ikar ¢atismalari belirtilir.

Ornek: Yazarlar, bu calismay: etkileyebilecek finansal ¢ikarlar veya kisisel iliskiler olmadigini beyan eder.

YAZAR KATKILARI
Bu boliimde isim ve soy ismin ilk harfleri kullanilarak yazarlarin ¢alismanin ilgili agsamalarina yaptiklar1 katkilar
belirtilir.

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

ETIK ONAY BEYANI

Bu béliimde ¢aligmanin yiiriitiilmesinde alinan etik kurul onayimin alindigi kurum, tarih ve numarasi belirtilir.
Omurgali hayvanlarla yiiriitilen ¢alismalarda Yerel Etik Kurul Onayi, anket/miilakat caligsmalarinda ise
Girisimsel Olmayan Aragtirmalar Etik Kurulu Onay1 gerektirdigi halde beyan edilmeyen makaleler bilimsel
degerlendirmeye alinmamaktadir.

Ornek-1: Bu galismada deney hayvanlari kullanilmamasi nedeniyle Yerel Etik Kurul Onay1 alinmamustir.

Ornek-2: Bu g¢alisma Isparta Uygulamali Bilimler Universitesi Hayvan Deneyleri Yerel Etik Kurul onay ile
yuritilmistiir (Tarih: 01.07.2010, No: 21438139-147).

VERI KULLANILABILIRLIK BEYANI
Bu boliimde makalede kullanilan verilerin anonim kullanilabilirligine iliskin beyanda bulunulmalidir. Acta
Aquatica Turcica dergisi, yazarlar1 arastirma verilerini paylasmaya tesvik etmektedir.

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



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

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

Ornek-4: Bu caligmada yeni veri olusturulmadigi veya analiz edilmedigi igin veri paylasimi bu makale igin
gegerli degildir.

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

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

- Tek yazar:

(Yazar, yil)

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

- Iki yazar:

(Yazar-1 ve Yazar-2, yil)

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

-- Ekici ve Koca (2021b)’a gore ...

- Ug ve daha ¢ok yazar:

(Yazar vd., yil)

-- ... donemsel olarak tekrarlayabilmektedir (Yigit vd., 2006a; Yigit vd., 2006b; Boyac1 vd., 2020)
-- Boyac1 vd. (2020)’e gore ...

KAYNAKLAR

Kaynaklar APA 7. versiyona gore yazilmalidir. Tiim yazarlarin isimleri verilmelidir, ancak 10. yazardan sonra
“vd.” kisaltmas1 da kabul edilmektedir. Ozel kullanimlar hari¢ olmak iizere tiim eser tiirlerinde eser isminin
sadece ilk harfi biiyiik, eserin yaymlandigi veya sunuldugu dergi, yayinevi, kongre isimlerinde gegen tiim
kelimeler biiyiik harfle baslanarak yazilmalidir.

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

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

Wagenaar, D. A., Hamilton, M. S., Huang, T., Kristan, W. B., & French, K. A. (2010). A hormone-activated

central pattern generator for courtship. Current Biology, 20(6), 487-495.
https://doi.org/10.1016/j.cub.2010.02.027

2-Kitap
Kitap basligi italik olacak sekilde ve yayin kurulus ismi olacak sekilde verilmelidir.

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

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

3-Kitap boliimii
Boliim bagligt normal, kitap baslig: italik olacak sekilde, editdr(ler), boliimiin sayfa numaralari, yayinci kurulus



ve varsa aktif link icerek sekilde DOI numarasina yer verilmelidir:

Le Couteur, D., Kendig, H., Naganathan, V., & McLachlan, A. (2010). The ethics of prescribing medications to
older people. In S. Koch, F. M. Gloth, & R. Nay (Eds.), Medication management in older adults (pp. 29-42).
Springer. https://doi.org/10.1007/978-1-60327-457-9 3

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

4-Web sitesi
Sayfa baglig1 italik, websitesinin ismi ve sayfanin aktif linki olacak sekilde verilmelidir.

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

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

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

Filik, N. (2020). Kiiltlir baliklarindan izole edilen Aeromonas hydrophila suslarinda fenolik bilesenlerin ¢evreyi
algilama sistemi iizerine inhibisyon etkisi ve suglar arasindaki klonal iliskinin pulsed field jel elektroforez
yontemiyle belirlenmesi [Doktora tezi, Isparta Uygulamali Bilimler Universitesi].

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

6- Konferans, sempozyum sunumlart

Etkinlik tarihi, sunu baghg (italik), sunum tiirii (S6zIli sunum, Poster sunum), etkinlik adi, sehir ve iilke
verilmelidir.

Ceylan, M., Cetinkaya, O. (2017, Ekim 4 - 6). Assessment of population structure and size of medicinal leech
Hirudo verbana, inhabiting some model wetlands of Turkey [S6zli sunum]. International Symposium on
Limnology and Freshwater Fisheries, Isparta, Tiirkiye.

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

NOT: Dergi yazim kurallarina uygun olarak hazirlanmayan makaleler degerlendirmeye



